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PREFACE 
 

As organizing this event of ICMATSE in 2024, we are excited and proud to have a magnificent scientific 
program, publish the main developments in the field in the form of 34 keynote/invited talks, a 
distinguished of 12 session presentations with recent advances. This book presents the papers / abstracts 
of material science focused on advanced materials and nanotechnology having in energy conversion and 
storage and LED lighting, optoelectronics, biomedical, agricultural and food and mechanical and thermal 
applications as well as commercialization issues. In addition to these, powder metallurgy, additive 
manufacturing, advanced manufacturing and joining techniques are also included. A committee discussed 
and determined the conference topics that constituted of renowned representatives of academia from 
Turkiye, several European Asian and African countries and the USA.  
 
Our world-renowned and top-ranked institutions enriched our conference by opening exhibitions. They 
deserve all the thanks. 
 
Due to the COVID - 19 outbreak, one – on - one contact events were carried out through online platforms 
at icmatse2020. Although we missed the face – to - face activities and there was a distance between them 
for public health, virtual meetings have been considered to be used. The virtual meeting took place 
between 2–4 October 2020. Remote/virtual presentations sessions were allowed for live interaction. But, 
icmatse 2022 and 2024 were held as hybrid format. The longing for face-to-face conferences is evident 
from the participation of a large number of audiences. We are proud to be able to achieve this. 
 
See you at icmatse 2026; Wishing you a healthy and successful life. All this has been possible thanks to 
your participation, to our institutions' supports, and to our colleagues' involvement.  
 
We would like to thank to keynote/invited speakers, participants and all sporters. 
 
Hakan ATES                                                Ersin BAHCECI                                            Gokhan SURUCU  
 (Prof. Dr.)                                                 (Assoc. Prof. Dr.)                                       (Assoc. Prof. Dr.) 
 
On behalf of the organizing Committee      
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Abstract:  Nowadays, modern electronics have been shifting towards organic materials based on their specific 
electroactivity. From the spectrum of technologies involved, Pentacene (C14H22) molecule is widely used as p-
type semiconductor channel in thin-film transistors (TFTs) and has high mobility. In this study, a 2-dimensional 
modelling was performed. Since, the TFT behaves like MOSFET, we simulated a high-k (εr) dielectric material 
between the gate and organic semiconductor (OSC) which helps to control the transfer of charge carriers and 
increase their accumulation inside the channel leading to estimable OTFT performance. Thus, from our results, 
the Al2O3 shows the best OTFT characteristics and parameters compared to SiO2, PMMA and HFO2. We simulated 
also the Poly(3-hexylthiophene) (P3HT) based OTFT since the P3HT is a p-type organic semiconductor with 
interesting properties. P3HT based OTFT exhibits a rapid response at low gate voltage compared to that based 
on Pentacene under the same conditions (length, width and topology) but its low mobility still limits considerably 
all its characteristics.  
Keywords— Pentacene-OTFT, P3HT, Al2O3 dielectric, high k dielectric, Silvaco Modelling.  

© 2024 Published by ICMATSE 
 

1. Introduction  
Recently, electronic organic devices have emerged as 
a suitable alternative to standard components. They 
are mainly based on electroactive organic materials, 
such as nanomaterials-based carbon and conjugated 
polymers. Pentacene (C14H22) as organic material is 
extensively used as organic p-type-semiconductor 
channel between the gate and the dielectric (oxide) 
in Thin Film Transistors (TFTs) (1). Usually, pentacene 
is used in TFTs because of its small model molecule 
with one of the highest field effects mobilities 
reported so far (2–4). Pentacene-based OTFTs have 
several applications due to their high specific 

sensitivity to toxic and dangerous gases to humans 
such as ammonia (NH3). Significant changes in current 
(Ion), intrinsic mobility (μ), and threshold voltage (Vth) 
were observed with respect to the change in 
ammonia concentration. Pentacene-based OTFTs 
have also been studied as a transducer for 
biochemical detection in aqueous media: when 
exposed to humidity, their saturation current 
decreases. This decrease has been shown to be 
reversible and can therefore be used to measure the 
amount of relative humidity in the surrounding 
environment. It has been found that the sensitivity 
depends on the thickness of the pentacene layer. 
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Indeed, the deposition of pentacene on the 
appropriate dielectrics is essential in order to control 
the morphology of the films and thus, to reduce the 
interface traps that help the transport of charge 
carriers, and finally allowing obtaining the ultimate 
performance of the OTFT. In fact, p-type organic 
semiconductors such as poly (3-hexylthiophene) 
(P3HT) stand out as large sensitive competitive 
devices for humidity levels and NH3 (1). Despite its 
low mobility, P3HT shows outstanding solubility, 
making it suitable for transistors dedicated to non-
invasive disease diagnosis and environmental 
monitoring through the detection of gaseous analytes 
such as methanol, acetone and chloroform(5). 
Basically, OTFT works similar to a capacitor by 
producing an electric field for p/n type organic 
semiconductors (OSCs) inside the dielectric (insulator 
between the OSC and the gate) at negative/positive 
gate-source voltages (Vgs). The OTFTs can be driven 
at lower supply voltages (less than 5 V) for a large 
capacitor (Ci), which helps to accumulate more charge 
carriers. So, among strategies to increase the Ci is to 
use high-k(εr) dielectric materials, such as PMMA, 
SiO2, Al2O3, HFO2 (4). Therefore, particular care has 
been given in this work to materials for OSC channel 
and dielectric by considering a two-dimensional 
model (2DM), involving the length (l) and 
thickness(d). This modeling was performed under the 
commercial Software Silvaco. Such an approach is 
advantageous since it can also allow to specify the 
third dimension (width). Fortunately, the OTF current 
is directly proportional to channel width, so it permits 
Silvaco to simulate a device with a default width (1 
μm) and multiply the results by the measured width 
(w) to obtain the correct current-voltage 
characteristics (6). 
 
2.Results and discussion  

The simulated material parameters are summarized 
in Tables 1, 2, and 3. Initially, a top contact top gate 
(TCTG) OTFT pentacene was explored where the 
inorganic dielectric materials Al2O3 and SiO2 
(inorganic) were compared to PMMA (organic). As 

The acronyms in Table.1,2 and 3 are Nc (Nv) is the 
effective density of states in the conduction (valence) 
band, Eg is the energy gap, χ is electron affinity, μn (μp) 
is electron(hole) Mobility and NA is the acceptor 
concentration. The subscrips T stands for tail, G 
stands for Gaussian, A stands for acceptor and D 
stands for donor, NTA and NTD denote edge intercept 
densities of valence and conduction band with 
exponential tail distribution. Its characteristic decay 
energy is WTA and WTD. NGA and NGD denote total 

density of state with Gaussian distribution and its 
peak energy distributions are EGA and EGD, 
respectively. Its characteristic decay energy is WGA 
and WGD. HA(HD) is the acceptor (donor) traps 
density of states, TCA (TCD) is the acceptor (donor) 
traps characteristic temperature, sigae (Sigah) 
Specifies the electron (hole) capture cross-section for 
acceptor traps, sigde (sigdh) Specifies the electron 
(hole) capture cross-section for donor traps and 
numa (numd) specifies the number of discrete levels 
used in continuous distribution of acceptor 
(donor)states. In the hopping mobility equation (3), 
V0n-hop is the frequency at which an electron attempts 
to jump into the conduction band, βn-hop is the 
percolation, and γn-hop is 1/carrier locus radius. While 
for pool Frenkel mobility equation, the δp_pf, δn_pf  are 
activation energy for holes and electrons. βn_pf and 
βp_pf denote the factor for electron and hole, 
respectively and γn-pf (γn-pf) is fitting parameter. 

As Fig. 1 shows, the Al2O3 presents the best features 
for either Ids-Vds or Ids-Vgs characteristics. The Al2O3 
allows better performance for the OTFT because of its 
high dielectric constant (εr = 9.3), and since SiO2 and 
PMMA have close dielectric constant value, they give 
the same results despite their difference in material 
type (inorganic/organic). 

 

Table.1: Materials and physical parameters under 
consideration  

 

P
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n
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Si
O
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P
M

M
A

 

A
l 2

O
3
 

H
FO

2
 

d (μm) 0.05 0.05 0.3 0.3 0.3 0.3 

Eg(eV) 1.08 1.9 9.1 3.6 6.75 5.45 

𝜒(eV) 4.17 3.4     

εr 11.8 3.0 3.9 3.6 9.3 22.0 

Nc(cm-3) 2.8x1019 2x1021     

Nv(cm-3) 1.04x1019 2x1021     

μn/Vnsat (cm/V) -/106 1x10-4     

μp/Vpsat (cm/V) -/106 5x10-4     

NA(cm-3) 2x1016 2x1017     
ref (6) (3) (6) 
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Table.2 Traps parameters for Pentacene and P3HT 
organic material  

Table.3: Mobility models for Pentacene and P3HT (Pool 
Frenckel and hopping) (references (3,7) 

Since, HfO2 has been applied and studied extensively 
in MOS technology (8) due to its high k value of 22, it 
is compared here to Al2O3. 
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Figure 1: Ids-Vds Characteristics and transfer 

Characteristics of OTFT for different dielectric materials. 

 

 

Indeed, as shown in Fig. 2a, 2b, and 2c, HFO2 offers 
better performance by increasing the OTFT Ids, 
especially for high gate voltages (Vg). As for the 
maximum transconductance, it is quite interesting 
with gm,max=13.89 μS for Vg=-10 V for Hafnia (HFO2) 
compared to 9.97 μS for Al2O3. But, HFO2 shifts the 
threshold voltage (Vth) towards less negative values, 
which is a disadvantage because it requires more gate 
voltage. Moreover, HfO2 has a smaller band gap of 
5.45 eV (9), since the gate dielectric band gap (Eg) 
must be large to ensure an adequate band 
discontinuity in MOS structures. Also, the conduction 
band shift (ΔEc) and valence band shift (ΔEv) relative 
to those of the OSC must be large enough to keep the 
hot carrier injection below the levels specified for 
gate current (Ig) and dielectric reliability 
requirements. Al2O3, with a considerably larger band 
gap of 6.75 eV (10) than other high-k dielectrics, gives 
higher energy band shifts with OSCs, resulting in 
reduced gate leakage currents for the same thickness 
as other high-k dielectrics. For this, the following 
work will be based on Al2O3 as gate dielectric. 

The charge carrier mobility (µ) is the average charge 
carrier drift velocity (Vdrift) per unit electric field along 
the channel: 

 
µ =  vdrift/Eds      Eq.1 

with Eds the field (Vg/x). µ reflects the measure of the 
moving efficiency of the charge carriers along the 
conducting channel; it is directly related to gm, 
(Fig.1.d) or Fig.2.b at |Vds|<<|Vg-Vth| according to 
Eq.2 (1,4) 

µ = (
L

W
) (

gm

CiVds
) =

μ0

[1+θ(Vg−Vth)]
2  Eq.2 

 
with θ the mobility attenuation factor. Furthermore, 
µ is not necessarily constant, so these slopes will not 
be either. This is one of the reasons why, in most 
cases, a linear fit of the Ids (Vds) curve is performed to 
extract an average mobility value; gm,max being 
calculated to provide a maximum mobility value. 

Parameters Pentacene Parameters P3HT 

HD (cm-3) 
4.75x1017, 
9.25x1016 

NTA (cm-3/eV) 1x1012 
NTD (cm-3/eV) 1x1012 

TCD (K) 
4.409x102, 
4.293x103 

NGA (cm-3/eV) 1x1016 
NGD (cm-3/eV) 1x1012 

numd  128, 128 EGA (eV) 0.5 
Sigde & sigdh 1x10-20, 1x10-20 EGD (eV) 0.7 

HA (cm-3) 
4.75x1017, 

9.25x1016 
WTA (eV) 0.5 

TCA (K) 
4.409x102, 
4.293x103 

WTD (eV) 0.7 

numa 128, 128 WGA (eV) 0.4 
Sigae & sigah 1x10-20, 1x10-20 WGD (eV) 0.1 
Ref (7) (3)  

Hopping Model Poole-Frenkel Model 

Parameters OSC Parameters OSC 

βn-hop  1.6 δn-pf (eV) 6.524x10-5 

γn-hop (cm-1) 2x108 βn-pf eV(cm/V)1/2 1.243 x10-2 

V0n-hop (Hz) 4x1011 γn-pf (cm/V)1/2 1.545x10-5 

βp-hop 1.7 δp-pf (eV) 1.792 x10-2 

γp-hop (cm-1) 9x108 βp-pf eV(cm/V)1/2 7.758 x10-5 

V0p-hop(Hz) 1x10121 γp-pf (cm/V)1/2 1.807 x10-5 

 Interface charge 
1 x 1010 (cm-2) 
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Figure.2: The influence of dielectric type (Al2O3 and 
HFO2): a) on Ids-Vds characteristics, b) on transfer 
characteristics and c) on gm transconductance (Vg) 
(Extraction of Vth and gm, max in the linear region), d) 

√𝐼𝑑𝑠(𝑉𝑔)  for Vds = −10 V to illustrate the linear fit for 

calculating mobility (µ) and Vth in saturation region. 
Right axis: Ids (Vg) in logarithmic scale to extract Ion and 
Ioff and calculate an approximate value for the 
subthreshold slope (SS) (which is the variation of Vg to 
produce one-decade change in Ids), e) Plot of Vg versus 
log10|Ids| and its first derivative to illustrate the SS 
calculation (method described in (1))  

It is also worth mentioning that thinner dielectrics, 
lower gate length values, and larger µ values, are 
related to higher switching speeds in digital circuits, 
but not necessarily to faster sensing responses and 
improved sensitivity (11). A similar phenomenon 
occurs as Vg approaches Vth (Fig.2.a). Since there is a 
region of the channel near the drain contact that is 
devoid of carriers, it is not advisable to relate this 
slope to µ. However, a rough estimate is obtained by 

a linear fit from the plot √𝐼𝑑𝑠(𝑉𝑔)  as in Fig. 2d, 

according to Eq.3 (1,4). 

𝜇𝑠𝑎𝑡 = (
2.𝐿

𝐶𝑖𝑊
) (

𝜕√𝐼𝑑𝑠

𝜕𝑉𝑔
)

2

    Eq.3 

 
Vth, which is the minimum gate-source voltage 
required to accumulate charge carriers at the 
semiconductor/dielectric interface and form a 
conductive path between the source and drain 
electrodes, is also an important parameter of OTFT to 
consider (Figs. 2a and 2d). Vth can be related to a 
current level, depending on the structure technology 
(i.e. conductivity and dimensions of the channel 

semiconductor), or more precisely, on the minimum 
of the second derivative of Ids with respect to Vg (Fig. 
2d). Known as the ratio of current in the accumulation 
and depletion modes, Ion/Ioff is a key parameter as 
well. The Ioff is related to the channel dimensions and 
conductivity (σs) and for a device transitioning from 
cutoff to saturation, the Ion/Ioff ratio can be extracted 
graphically from the log10(Ids (Vg)) plots (Fig. 2d). As a 
high k and a thin dielectric film are required to 
increase Ci, this can increase the leakage current 
density of the gate electrode as well, thus impacting 
Ioff. However, the other key factors to generate large 
current modulation are thin and lightly doped 
semiconductor films. For the subthreshold slope (SS), 
a graphical estimation was done from the plots 
|Ids|(Vg) in logarithmic scale (Fig. 2b). A more precise 
calculation is to plot Vg versus log10|Ids| and its first 
derivative (Fig. 2a and 2b). SS is the minimum of 
∂Vg/∂log10(Ids) in absolute values for Vg > Vth. It 
depends on the impurity concentration, interface 
state, and trap density, as for Vth and Ion/Ioff. The 
exponential increase in the channel current in 
absolute values, Fig. 2d, is a direct consequence of the 
transition from depletion to accumulation of charge 
carriers. In an OTFT, SS is closely related to the 
mobility enhancement for carrier hopping.  
 
The OSC material in TFT largely impacts the quality of 
the device in terms of performance and its use as a 
specific detector. P3HT based OTFT was then 
simulated to compare it to Pentacene OTFT with 
same structure topology and dimensions. Indeed, the 
P3HT-OTFT current Ids (Figs. 3a and 3b) is low 
compared to that of Pentacene due to its low mobility 
which impact the current. Also, the drain-source 
voltage Vds needed to switch to the saturation zone is 
(-14 V), the same for the shift in Vth to 1.72 V and the 
slope implying gm (7.24 x10-10 S) for Vds = -10 V. 
However, the P3HT based TFT is faster in terms of 
response at low Vg values. 
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Figure 3: Comparison of OTFT characteristics according to 
the type of p-type OSC material (P3HT/Pentacene). 
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Conclusion 

Even extensively explored, Pentacene based OTFT 
still constitute a hot research topic to enhance its 
performance. In this aim, a two-dimensional 
modelling under Silvaco software was done to 
simulate TGTC TFT based Pentacene semiconductor. 
First, Al2O3 dielectric allowed the best OTFT 

performances compared to SiO2, PMMA and HFO2 
due to its high k and band energy concur with gate 
and OSC (channel). Pentacene based OTFT also was 
compared to that on P3HT, where it stands more 
high-performing because to its high mobility value 
while P3HT based OTFT showed a rapid response at 
low Vg.  
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Abstract.  In this study, self-shielded flux-cored arc welding (FCAW-S) was performed using a newly developed hardfacing 
wire with a 2.4 mm diameter that meets the DIN 8555: MF 10 GF 60 G standard without any protective gas. Three-pass 
welding were applied on S355JR plates at low (320 A) and high (400 A) amperages. Beside the welding performance and the 
visual tests (VT) of the beads, the resulting samples underwent microstructural examinations, wear and hardness tests.  
 
Microstructural examinations were conducted to determine the homogeneity of the coating surface and the microstructural 
characteristics of the welded region. Wear tests were carried out to evaluate the mechanical strength and surface wear 
resistance of the coatings. Hardness tests were performed to compare the hardness values of the coating and the base 
metal regions. The study provides important insights into the performance of hardfacing coatings produced by FCAW-S, 
highlighting the effectiveness of the newly developed welding wire in achieving desirable microstructural and mechanical 
properties.  

 
Keywords: FCAW-S, self-shielded, hardfacing, wear, hardness 
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1.Introduction 
 
While over 50% of the total failure is wear induced, 
20% of the wear failures are caused by abrasion [1]. 
Hardfacing stands as a cost-effective method for 
depositing hard metal layers onto a comparatively 

more resilient and softer substrate, aiming to 
enhance its wear resistance or restore deteriorated 
surfaces [2,3]. Welding is the most widely used 
hardfacing technique due to its low setup cost, wide 
availability, and suitability for on-site applications. 
The most frequently employed welding methods for 
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hardfacing include gas tungsten arc welding (GMAW, 
GTAW), oxyacetylene welding (OAW), plasma 
transferred arc welding (PTAW), submerged arc 
welding (SAW), and shielded metal arc welding 
(SMAW) [4]. 

In the realm of hardfacing applications, self-shielded 
flux-cored wires have gained prominence, 
particularly for the repair and maintenance of critical 
engineering components compromised by wear. 
These wires are ingeniously designed based on 
advanced principles of second and third generation 
self-shielding alloy configurations, incorporating 
significant alloying elements such as carbon, 
chromium, niobium and molybdenum [5]. Among 
cobalt and nickel-based alloys, iron-based Fe-Cr-C 
and Fe-C-B hardfacing alloys are regarded as the most 
economical and appropriate options for industries 
such as iron and steel, mining and construction, 
cement production, and thermal power plants [6-9].  

In this present work, weldments were fabricated 
using a innovatively developed self-shielded hard 
cored wire underwent rigorous visual, mechanical, 
and microstructural analyses. 

2.Experimental Procedures 
 
The base metal used in this study is a standard hot-
rolled low-carbon structural steel, classified as 
S355JR. The welding processes were carried out 
using a self-shielded flux-cored wire with 2.4 mm 
diameter, innovatively designed by the R&D center 
of Gedik Welding Inc., with a typical chemical 
composition of C: 5, Si: 1.5, Mn: 1.3, Cr: 27, Fe: 
Balance, corresponding to the DIN 8555: MF 10 GF 
60 G standard. 3-pass overlay welding procedure 
were carried out at 300 A (Specimen A) and 400 A 
(Specimen B) on S355JR substrates with a 
25×15×100 mm. dimensions. The interpass 
temperatures during welding were kept below 
150°C. Following the welding process, the top layers 
of the samples were machined down by 0.6 mm to 
create a flat surface for the hardness and wear tests. 
Samples are sectioned by water cooled bandsaw for 
grinding, polishing, and later selectively etched by 
%2 Nital solution (HNO3 + Ethanol) for the base 
metal and Aqua Regia (3x HCl + 1x HNO3) fort he 
weld metal. ZEISS MERLIN model scanning electron 
microscope (SEM) used cross-section microstructure 
observations. Vickers hardness tests were 
performed on EMCOTEST DURASCAN G5 universal 
hardness test device with 1kgf load on the cross-
section from surface to the base metal and the 
results are converted into Hardness Rockwell C 

(HRC) scale. 5 to 8 indentations were taken with at 
least 2 mm distance between them. A linear 
reciprocating wear test was performed using a UTS 
10/20 Tribometer, following the ASTM G133-05 
standard. The samples were subjected to tests 
under a nominal load of 20 N and a sliding speed of 
200 mm/s. The test duration for each condition was 
set to 20.8 minutes, corresponding to a sliding 
distance of 250 m. 
 
 
3.Results and Discussions 
 
3.1 Wire Production and Welding Performance 
 
The FCAW-S wire were produced with DC03 class 
low-alloy sheet with %44 flux ratio. During the 
production process, no issues such as sheet 
breakage, failure to form into a tubular shape, or flux 
spillage were encountered with the wire, and no 
problems were observed in its welding performance 
or weld seam. Transverse cracks, which are 
commonly seen in hardfacing welds and allow stress 
relief in the weld metal according to AWS A5.21 [10], 
were observed (Figure 1). 
 

 
Figure 1. Transverse cracks on the weld bead. 
 
3.1 Microstructures 
 
The SEM microstructure of hardfacing layers is 
shown in Figure 2.  
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Figure 2. SEM images of a) sample A and b) sample 
B. 
 
In the A specimen welded with 300 Amps, due to the 
relatively lower heat input and rapid cooling, fine 
dendritic formations have been observed. The light-
colored phases predominantly consist of M7C3 
carbides, with a small amount of M23C6 carbides also 
present. The dark-colored matrix is austenite, while 
martensite was also expected to be observed due to 
the rapid cooling. Further investigation with XRD is 
needed for presence of martensite and distribution 
of the other phases. The carbide network seems 
more continuous, providing potential wear 
resistance but possibly indicating some brittleness. 
 
The dentritic and carbide formations are visibly 
more spaced out in specimen B, and the carbides 
seem more scattered, suggesting less uniform 
distribution. The larger dendrites could lead to 
reduced hardness, making the layer slightly more 
ductile but less wear-resistant. The slower cooling 
rate due to the higher heat input likely promoted the 
formation of coarser M7C3 carbides and much less 
amount of M23C6 carbides along the grain 
boundaries, with more retained austenite in the 
matrix. 
 
 

3.3 Hardness Test 
Cross-section hardness graphs are given in Figure 3. 
Mean hardness value of the base metal was found 
185 HV1 which is equivalent to 13 HRC. Gradual 
decrease from surface to the base metal is visible in 
both specimens. This is due to massive hardness 
difference between highly alloyed weld metal and 
low-alloyed ductile base metal and the dillution 
occured during welding.  
 
 

 
 
Figure 3. Cross-section hardness graph of the 
samples. 
 
As predicted from the microstructure evaluations 
specimen A showed higher hardness values 
throughout the cross-section indentations due to 
the finer and well distributed carbide formation. 
 
3.4 Wear Test 
 
Figure 4 illustrates the coefficient of friction (COF) 
values in relation to the sliding distance of the 
hardfacing deposits.  
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Figure 4. COF graphs of the samples. 
 
Since the wear specimens were too heavy and was 
not possible to section smaller, weight loss could not 
calculated. The coefficient of friction can indicate 
the accumulation patterns of wear debris. Although 
it is not possible to directly dictate a rule regarding 
the relationship between the coefficient of friction 
and wear resistance, materials with high wear 
resistance are generally expected to have a low 
coefficient of friction. Considering that the wear test 
was conducted under the same conditions, it can be 

said that the wear resistance of sample A is higher 
than that of sample B. 
 
4. Conclusion 
 
This study evaluated a novel self-shielded flux-cored 
arc welding (FCAW-S) wire for hardfacing applications 
on S355JR steel. Specimen A, welded at 300 A, 
displayed finer microstructures with better carbide 
distribution, resulting in higher hardness and 
improved wear resistance compared to specimen B, 
welded at 400 A, which showed coarser grains and 
reduced wear resistance. 

Hardness tests confirmed a gradual decrease from 
the surface to the base metal, with specimen A 
maintaining higher hardness due to the finer carbide 
network. The wear test results aligned with this, 
showing lower friction and better wear performance 
for specimen A. 

In summary, the novel FCAW-S wire proved effective 
in producing durable, wear-resistant coatings, 
particularly at lower amperages. These findings 
suggest that FCAW-S wires offer a viable alternative 
to conventional FCAW wires, providing effective 
hardfacing performance without the need for 
external shielding gases. Future work should focus on 
refining process parameters to enhance performance 
further. 
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Abstract. The heat-powered ejector refrigeration machine is a favorable alternative to the compression 
refrigeration system in terms of minimizing energy use due to the use of a free energy source and helping in the 
reduction of CO2 emissions in the atmosphere. As it’s known, the performance of this system is related to the 
performance of its ejector. Indeed, the entrainment ratio of this device is often low and influenced by several 
parameters such as the nature of the used refrigerant, operational conditions (generator, evaporator and 
condenser temperatures) and geometrical parameters. In order to investigate the effects of the above 
mentioned parameters on ejector performance in critical mode, a thermodynamic model based on one-
dimensional theory is established and simulated by the most commonly used software engineering equation 
solver (EES). The studied fluids are: R141b (reference fluid), R600, R600a, R290, R1270, R236fa, R245fa, R717, 
R134a, R1234yf and R1234ze. For fixed operational conditions, the simulation results showed that R717 is the 
best fluid followed by R1270, then R290.  

Keywords: refrigeration system; ejector; performance; modeling, EES software 
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Introduction 

In order to fulfill the population's need for greater 
well-being, the use of refrigeration systems has 
expanded in modern times. In today's world, air-
conditioning systems have brought about innovative 
changes in the rhythm that characterizes human 
lifestyles [1]. In view of this need, many researchers 
have analyzed a themodynamic model in ordre to 
investigate the effect of fluid nature and the 
operational conditions on ejector refrigeration 
system performance [2].  

In recent years, a lot of numerical and experimental 
research has been conducted on ejector 
refrigeration systems in order to improve their 
performances. Konstantinos Braimakis(2020) [3] 
,Chen et al (2015) [4] presented the most 
comprehensive review on the state of the art of 

ejector technology presenting The main aspects of 
design, operation and performance of ejector 
devices and The main research trends dealing with 
all ejector cooling cycles mentioned in the literature, 
while Besagni et al (2016) [5] reviewed the ejector 
technology, These studies provided all the detailed 
information on the ejector operating principle, 
working fluid selection and ejector technology.In 
this study, a one-dimensional mathematical model 
based on the real gas propreties were conducted in 
ordre to evaluate both ejector and system 
performance in critical mode using several working 
fluids.  

Materials and method 

the investigated refrigeration system as its 
presented in figure1 is composed from an: ejector, 
generator, condenser, evaporator, throttling device 
and pump. 
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The commonest working principle of this system is 
briefly explained as follows. The primary flow is the 
high-pressure flow emitted by the generator and 
enters the supersonic nozzle where it attracts the 
low-pressure flows coming from the evaporator, 
called secondary flow. The two flows are mixed at 
constant mixing chamber and leave the ejector after 
a pressure recovery in the diffuser. The mixed flow 
is then carried to the condenser. The resulting flow 
is divided into two streams. One goes through the 
expansion device to the evaporator. The remaining 
part is pumped back to the generator and completes 
the cycle. 

 
Figure 1. schematic diagram of ERS 
 
a thermodynamic model was conducted by applying 
the mass balance, energy balance and momentum 
balance equations at sevral key point of the ejector 
(figure2) in ordre to identify the entrainment ratio U, 
coefficient of performance COP and the geometric 
parameter Φ. The above mentioned equation and 
performance caracteristiques are presented 
respectively by the following equations: 

 

�̇� = 𝜌 ∗ 𝑉 ∗ 𝐴     (1) 

 

ℎ𝑖 +
𝑉𝑖

2

2
= ℎ𝑜 +

𝑉𝑜
2

2
    (2) 

 

𝑃𝑖 ∗ 𝐴𝑖 + �̇�𝑖 ∗ 𝑉𝑖 = 𝑃𝑜 ∗ 𝐴𝑜 + �̇�𝑜 ∗ 𝑉𝑜 (3) 

 

𝑈 =
�̇�𝑠

�̇�𝑝
     (4) 

𝐶𝑂𝑃 =
�̇�𝐸𝑣𝑎𝑝

�̇�𝐺𝑒𝑛+�̇�𝑃𝑢𝑚𝑝
= 𝑈 ∗

∆ℎ𝐸𝑣𝑎𝑝

∆ℎ𝐺𝑒𝑛+𝑤𝑃𝑢𝑚𝑝
 (5) 

Φ =
𝐴𝑚𝑖𝑥𝑖𝑛𝑔 𝑐ℎ𝑎𝑚𝑏𝑒𝑟

𝐴𝑐𝑜𝑙
    (6) 

 

Where, “i” and “o” indicate respectively the inlet 
and the outlet. 

 
Figure 2. configuration of the ejector 
 
Results and discussion 
 
Model validation: 
The experimental results of Huang [6] using R141b 
were employed in order to validate the accuracy of 
the developed 1_D model based on the real gas 
properties in a critical mode. In this part the 
experimental operational conditions were employed 
and generated the same as in the mentioned 
literature in order to obtain both the geometric 
parameter Φ and the entrainment ratio U. Then the 
obtained theoretical results were compared with the 
experimental results. 
 
Validation with Huang results: 
The Following figure3 (a & b) illustrate the 
comparison of the calculated theoretical results with 
the experimental data obtained from Huang studies. 
This comparison clearly shows that, in terms of 
geometric parameters Φ, the developed model 
achieves satisfactory results compared to the results 
obtained from Huang experiments.  An average error 
of 5,3% for the tested cases for Te=8 as its showed in 
figure3(a). In the other hand, the calculated results of 
entrainment ratio U were in good agreement with 
Huang experimental U, an average error of 10% was 
recorded for Te=8 as its presented in figure3(b).  
 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

24 
 

  

 

 

Figure3 (a-b). Comparison of the calculated Φ (a) 
and U (b) with Huang experimental results for Te=8 

 

The fluid nature effect: 

For a fixed cooling capacity of 5kW, generator, 
condenser and evaporator temperatures equal to 
85, 30 and 5°C, respectively. the simulation results 
showed that R717 is the best fluid followed by 
R1270, then R290 in term of COP, meanwhile, in 
term of entrainment ratio U, the R290 give the 
better result followed by R1270 then R600a. figure4 
gives a better presentation of the fluid nature effect 
for the rest of the tested fluid. 

Figure 4. entrainment ratio U and COP comparison 

Figure5 showed the difference between the critical 
geometric parameter Φ needed to generate 5kW of 
cooling capacity for the tested fluids 

 

Figure 5. Geometric parameter Φ comparison 

 

Where, R290 and R1270 need asmall geometry to 
generate the desired cooling capacity, meanwhile, 
R245fa and R141b need a biggest geometry as its 
showed. 

Operational parameters effect: 

In this part, we focused in the investigation of the 
influence of the operational conditions for the best 
tested fluids. 

Figure 6. Variation of the entrainment ratio U with 
Tg 

(a) 

(b) 
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Figure 7. Variation of the COP with Tg 

 

Figure 8. Variation of geometric parameter Φ with 
Tg 

 

Figure6 represent the variation of the critical 
entrainment ratio U with the generator temperature 
at a fixed cooling capacity of 5kW, Te=5 °C and Tc= 
30 °C, it’s noticed that the entrainment ratio 
increase with the increase in the generator 
temperature, it’s also noticed that for R600a the 
pattern of U become closer to the higher pattern of 
R290 at higher generator temperature. Meanwhile, 
when the generator temperature is above the 
critical temperature that causes the dysfunction of 
the system (R1270 case at 95°C). The same trend of 
evolution of COP is noticed in figure7, where, R717 
has the biggest value of COP. The effect of specific 
latent heat is remarqued in this part (R717 has the 
biggest value of latent heat. 

Figure8 depicts the variation of the critical Φ with 
the generator temperature, it’s showed that Φ 
increase with the increase of Tg, where, R1290 and 
R290 have the smallest values. 

 
Figure 9. Variation of the entrainment ratio U with 
Tc 

 

Figure 10. Variation of the COP with Tc 

 

Figure 11. Variation of geometric parameter Φ with 
Tc 

The previous figures (9,10 and 11) showed that the 
U, COP and Φ decrease with the increase of the 
condenser temperature. What can explain the 
decrease in U with the increase in Tc, is that the 
increase in the condenser temperature is followed 
by a large increase in the mixing pressure P3, which 
leads to a considerable reduction in the difference 
between the secondary flow pressure Pe and the 
mixing pressure P3, while the evaporator pressure 
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remains constant. As a result, there is less secondary 
flow to be entrained in the ejector. As it’s mentioned 
below, the COP is related to U so, the pattern of 
variation for the tested fluid follow the same trend 
of variation of the entrainment ratio U 

As a conclusion, the obtained result showed that the 
system COP, the entrainment ratio and the main 
geometrical parameter of ejector increase with 
generator and evaporator temperatures and 
decrease with condenser temperature in operating 
critical mode. 
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Abstract. The multiferroic material BiFe1-x[(Ti0.9Zr0.1)0.5Zn0.5]xO3, with various substitution rates including x = 0 and x = 0.1, 
was synthesized using the solid-state reaction technique. All compositions exhibited a distorted rhombohedral structure 
with R3c space group, as confirmed by XRD. A significant impurity phase (Bi25FeO40) was observed in both pure and doped 
BFO samples. UV-vis spectroscopy indicated that the optical band gap decreased with substitution. The smallest band gap, 
Eg = 1.80 eV, was observed for BiFe1-x[(Ti0.9Zr0.1)0.5Zn0.5]xO3. Highlighting the potential of doped BFO for applications in the 
visible spectrum, making it suitable for photocatalytic and solar cell applications. 
 

I. Introduction 
 

Multiferroics are a unique category of materials that 
exhibit both ferroelectric and ferromagnetic 
properties simultaneously. They have garnered 
significant attention in recent years due to their 
potential for various important technological 
applications [1]. The Bismuth Ferrite is the most 
studied multiferroic as it exhibits ferroelectric (TC ~ 
1100 K) and antiferromagnetic (TN ~ 643 K) ordering 
at room temperature. While the ferroelectric order 
in BiFeO3 emanates from the stereochemical 
activity of 6s2 lone pair of Bi3+, the antiferromagnetic 
order originates from the spin canting structure 
giving spiral modulation with a long cycloid 
periodicity of 62 nm [2]. BFO crystal exhibits 
rhombohedral distorted perovskite structure with 
R3c space group (ar = 3.96 Å and αr = 0.6◦ 
)[3].Furthermore, synthesizing a single-phase BFO is 
challenging due to factors such as oxygen vacancies, 
mixed valence states of Fe ions, and the presence of 
impurity phases like Bi25FeO40. These issues can 
enhance electrical conductivity, which presents 
significant drawbacks for device applications. To 
address these challenges and minimize leakage 
currents, various strategies have been employed, 
including the adoption of different processing 
techniques [4], substituting different atoms at either 
the A or B sites, or at both, has proven to be an 
effective strategy for modifying the aforementioned 
properties. However, despite significant 
advancements in BFO research, creating a low-

temperature synthesis method that avoids the 
formation of intermediate impurity phases remains 
a challenge [5]. On the other hand, BFO is notable as 
a promising lead-free ferroelectric material due to 
its remarkable intrinsic polarization, which exceeds 
100 mC cm−2 [6]. Doping at site A or B enhances the 
multiferroic properties of BFO [7]. This work aims to 
improve the multiferroic properties of BFO. 
Additionally, substituting Fe3+ with Ti4+ and Zr4+has 
been shown to enhance the electrical properties of 
BFO [8]. Furthermore, the incorporation of divalent 
ions like Zn2+ into BFO thin films has led to a 
significant reduction in leakage current and an 
improvement in ferroelectric properties [9]. 
 

II. Methods 
 

The BiFeO3 and BiFe1-x[(Ti0.9Zr0.1)0.5Zn0.5]xO3 ceramics 
were synthesized using the standard solid-state 
reaction method.The substitution rates of interest in 
this study are x = 0.00 and x = 0.1. 
 
The oxide powders (Bi2O3; Fe2O3; TiO2; ZrO2; and 
ZnO) are dried in an oven maintained at 180°C for 1 
hour. These oxides in powder form are weighed in 

stoichiometric proportions: 
1

2
Bi2O3 +( 

1−𝑥

2
)Fe2O3 + 

(0,45.x)TiO2+(0,05.x)ZrO2+(0,5.x)ZnO ⇒ 
BiFe0.9[(Ti0.9Zr0.1)0.5Zn0.5]0.1O3 

The powder was finely ground in an agate mortar for 
2 hours to ensure a homogeneous mixture.The 
milled powder was compacted into pellets 
measuring 13 mm in diameter and 10 mm in 
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thickness under a uniaxial load of 100 MPa for 5 
minutes at room temperature.The pellet was 
initially calcined at 650 °C for 2 hours. Afterward, it 
was ground again for 2 hours before undergoing a 
second calcination at 750 °C for 2 hours to promote 
the desired phase formation. Following this process, 
the resulting powder was ground for an additional 2 
hours and then pressed under 100 MPa into disks 
with a diameter of 8 mm and a thickness of 
approximately 1 mm.Finally, the pellets were 
sintered at 850°C for 2 hours, followed by furnace 
cooling. 
 
The phase purity of the synthesized samples was 
evaluated using an X-ray diffractometer equipped 
with CuKa radiation (λ= 1.5405 Å). 
 
Raman spectra of the sintered samples were 
obtained at room temperature using the HORIBA 
Jobin-Yvon Labram, HR 4600 h 800 equipped with a 
diode laser emitting a green line (λ=532nm). 
 
UV-visible diffuse reflectance spectra of the powder 
samples were measured using a LAMBDA 365 
UV/Vis Spectrophotometer. 
 
Impedance measurements were carried out on 
metallized pellets using a broadband dielectric 
spectrometer. 
 

III. Results and discussions 
 

       1.       Structural characterization  
 

To examine the influence of coding (Zr, Ti, Zn) on the 
crystal structure of BFO, X-ray diffraction (XRD) 
measurements were carried out at room 
temperature. Figure 1 shows the XRD patterns of the 
doped Bfo samples. The high-intensity peaks 
observed indicate the phase purity and good 
crystallinity of the prepared ceramic. However, 
traces of a secondary phase, specifically the selenite-
type Bi25FeO40, were detected in the doped sample, 
a common finding in the solid-state synthesis of 
BFO-based materials, as noted in various studies. 

 

Figure 1. X-ray diffractogram of the compound   
BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1 O3. 

The identified diffraction peaks correspond to the 
R3c space group of a rhombohedral structure [10]. A 
shift in peak position towards lower 2θ values is 
observed with increasing zn2+ Ti4+ and zr+4 content. 
This shift can probably be attributed to the increase 
in network parameters. To further examine the X-
ray diffraction data, a Rietveld refinement of the 
doped BFO diagrams was performed using the 
FullProf program to provide detailed crystal 
structure parameters [11]. Here, two-phase 
refinements were used to identify the amounts of 
BFO phase and Bi25FeO40 phase impurity in the 
prepared sample. 
 
2.   Vibrational analysis 
 

Raman spectroscopy is a powerful technique for 
investigating short-range ordered structures and 
local symmetries in various materials. This method 
leverages the scattering of monochromatic light to 
provide insights into molecular vibrations, which are 
indicative of structural characteristics. Figure 3 
presents the Raman scattering spectra of both 
undoped and doped BFO ceramics, obtained at 
room temperature using an excitation wavelength 
of 532 nm. According to group theory, the BiFeO3 
compound with rhombohedral structure and space 
group R 3 c exhibits 13 phonon modes active in 
Raman spectroscopy: G = 4 A1 + 9 E [12]. In our 
spectrum (Fig.2) we observe10 phonon modes in the 
range 50 to 800 cm-1 instead of the expected 13. 
 
To better understand the changes observed, we 
have divided the spectra into three regions: 
  * Region 1 between 50 and 235 cm-1 : Four bands 
are observed: E1, A1-1, A1-2 and A1-3, at room 
temperature. Variations in the low-frequency A1 
modes of the BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1O3 
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compound are associated with changes in the 
occupancy of Bi atoms in the perovskite unit. 
 
The A1-2 and A1-3 modes, associated with the Fe 
atoms responsible for magnetism, showed 
displacements. 
 
This shift is attributed to the incorporation of Ti, Zr 
and Zn, leading to an increase in disorder. 
 
*Region 2 between 235 and 400 cm-1: The E modes 
observed in this region are referred to in the 
literature as corresponding to the vibrations of Fe-O 
bonds. There is a high-frequency shift in the modes 
compared with the undoped compound. This shift 
can be attributed to modifications of the Fe-O bonds 
following the substitution of Ti, Zr and Zn on the Fe 
sites. 
 
*Region 3 between 400 and 800 cm-1: 
The bands observed towards higher frequencies, 
mainly in the area between 400 and 800 cm-1, are 
attributed to vibrations of oxygen atoms. Moreover, 
the bands in this frequency range are broadening. 
 
This reflects the increase in substitution-induced 
disorder. 

 

Figure 2. The Raman spectra in the range of 50-800 cm-1 
of BiFeO3 and BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1 O3 ceramics at 
room temperature. 

3.  Dielectric measurements 

Dielectric properties of BFO are of significant 
interest due to its multiferroic nature, exhibiting 
both ferroelectric and magnetic ordering. 

For BFO (Fig.3), we observed an anomaly at a 
temperature Tm = 450 K close to the Néel 

temperature. BiFeO3 exhibits two main transitions: 
a structural phase transition at Curie temperature 
Tc= 1103 k and a magnetic transition at Néel 
temperature TN= 640 K 

[ 13].                   

Figure 3. Variation of ε'r of BiFeO3 compounds as a 
function of temperature and for different frequencies. 

At Tm = 450 K, the permittivity ε'r associated with this 
maximum decreases rapidly from 1700 (1kHZ) to 770 
(10kHZ) as the frequency increases, with no change in 
temperature Tm, suggesting that this transition can 
be attributed to dipolar relaxation. A second anomaly 
is observed at a temperature TN = 675 K for a 
frequency of 1 kHZ. The dielectric permittivity ε'r 
related to temperature TN decreases from 4800 
(1kHZ) to 1769 (10 kHZ) with increasing frequency. 
We also note that the Néel temperature and 
dielectric permittivity ε'rmax associated with TN shift 
slightly towards higher temperatures, demonstrating 
the diffuse nature of this transition. Figure 4 shows 
the variation in ε'r of our second compound 
BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1 O3 as a function of 
temperature and for different frequencies. This result 
shows the significant effect of Fe substitution by the 
3 elements Ti / Zr / Zn. Indeed, we note that the 
temperature Tm shifts towards higher temperatures 
compared with the temperature (Tm = 450 K) of pure 
BFO, at around 512K. On the other hand, the 
temperature is lower than that of pure BFO at TN = 
636 K. The effect of substitution can also be seen in 
the lower Tc of BFO at 703K. This closeness of the 
TNand TC transition temperatures in our substituted 
compound may favor increased magnetoelectric 
coupling in this material. We also note that as 
frequency increases, the temperature Tm = 512 K 
shifts, while TN and Tc remain unchanged. 

Furthermore, the dielectric permittivity ε'r of the 
BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1O3 compound decreases as 
a function of frequency from 900 (1kHZ) to 321(10 
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kHZ), describing the phenomenon of dielectric dipolar 
relaxation.

Figure4. Variation of ε'r of BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1 O3 
compounds as a function of temperature and for different 
frequencies. 

4.       Optical properties 

To investigate the optical properties of bismuth 
ferrite (BFO), UV-Vis spectroscopy measurements 
were performed, providing valuable insights into its 
light absorption characteristics and band gap 
energy.  

Fig. 5 displays the results of these measurements 
taken at RT. 

We recorded reflectance spectra in the UV-visible 
range, from 200 to 800 nm, at room temperature, as 
shown in Figure 5. 
BiFeO3 exhibits quite low reflectance in the visible 
spectrum range (400-700 nm), suggesting that it 
absorbs much of the incident visible light in this 
wavelength range. Furthermore, in the near infrared 
(700 nm), the reflectance of BiFeO3 gradually 
increases, reaching higher values. This increase in 
reflectance is linked to the decrease in absorption in 
this region of the spectrum. The reflectance of 
BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1O3 decreases compared 
to that of the undoped compound which is explained 
by the doping with elements such as Ti, Zr and Zn in 
the material. 

We conclude that doping with Ti, Zr and Zn improves 
absorption. 

 

Figure 5. the reflectance spectra of the compounds 
BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1 O3, at room temperature. 

4.1. Energy Gap: 

The band gap energy is essential in determining the 

electrical properties of the material. The transfer of 

electrons can only occur when the energy of the 

incident radiation hV is equal to or greater than the 

energy of this band gap. 

The Kubelka-Munk method is used to analyze the 
reflection spectra of scattered light: 

F(R) =  
(1−𝑅) 2

2𝑅
  [14] 

The band gap is determined by extrapolating the 
linear part of the optical absorption curve up to the 
axis hν = 0. 

For the compound BiFeO₃, the energy gap Eg = 2.10 
eV [15], typical of a direct transition semiconductor. 
For the doped compound (Fig.6), the energy gap Eg 
=1.80 eV. This value indicates a slightly lower 
bandgap than that of BiFeO₃, likely due to 
substitution and associated effects on the electronic 
structure of the material. Energy gap values are 
crucial for determining the optical properties of 
materials. 

Doping with Ti, Zr and Zn reduces the gap energy, 
indicating a better ability to absorb visible light. 
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Figure 6. The evolution of (αhV)2 as a function of the 
energy (hV) of the compound. 

IV. Conclusion 
In this paper, BiFe0.9[(Ti0.9Zr0.1)0.5 Zn 0.5]0.1 O3and BFO 
were successfully prepared using a solid-solid 
method. The addition of X-ray diffraction analysis 
showed that the substitution by Ti/Zr/Zn in the Fe 
site did not affect the symmetry of BiFeO3. Dielectric 
studies show dielectric properties due to the 
existence of three interesting transitions at different 
temperatures (Tm, TN and Tc). Raman spectroscopy 
analysis confirms the correlation between 
vibrational and structural properties and we can 
classify these compounds among the family of 
semiconductors. 
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Abstract. The weldability of Strenx 700MC steel is very important, as it is preferred in the manufacture of transport vehicles, 
cranes, mining vehicles and machinery because it reduces costs. The joining process uses the traditional fusion welding 
method, the GMAW method with solid filler wire. The main disadvantage of this method is that the loss of alloying elements 
cannot be amortised in GMAW applications with solid filler metal. Flux-cored gas metal arc welding (FCGMAW) is a welding 
process that uses filler metal in the form of a mineral-filled tube to amortise the loss of alloying elements. The advantages 
of this method include the production of high-quality weld metal, smooth appearance of welds, reduced need for pre-
cleaning, reduced distortion and residual stress, and the weldability in all positions. For this purpose, the FCGMAW 
capability of Strenx 700MC steel was investigated in this study. The mechanical properties of the weldment were 
determined by tensile testing and hardness measurement, and its formability was determined by a three-point bend test. 
In addition, the microstructure of the weldment and the fracture surfaces of the test specimens were examined. The results 
showed that the strength and formability of the Strenx 700MC-Strenx 700MC joint were within acceptable limits. 

 
Keywords: Strenx 700MC steel, FCGMAW method, Weldability, Mechanical properties and microstructure 
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The main problem in the welding of HSLA steels is 
the loss of superior mechanical properties of the 
base metal due to localized softening due to thermal 
cycling. For this reason, research on the welding of 
these steels has been concentrated in this field [1]. 
It is a subject that needs to be determined and 
investigated whether local softening occurs in the 

joints made with cored wire [2]. In this context, 
FCGMAW welding capability of commercially 
available Strenx 700MC steel was investigated in this 
study [3–5]. The mechanical properties of the joint 
were determined by tensile test and hardness 
measurement, and the formability was determined 
by three-point bending test. Strenx 700MC steel 
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plate, the chemical composition of which is given in 
Table 1, was prepared in dimensions of 100 x 500 x 
5 mm3.  
 
Table 1. Chemical composition of the steels used in the 
study (% weight). 

 
 
60° V weld groove was opened on Strenx 700MC 
steel plate. SAF-PRO DIGIWAVE 3 520-R COOLER 
3PW/Water cooled GMAK machine was used in the 
welding process. Ø1.2 mm flux cored filler metal in 
accordance with EN ISO 17632-A standard was used 
for joining. Three three-point bending test 
specimens were prepared based on EN910 standard. 
Hardness was measured using a Vickers FV-700 
SHIMADZU microhardness tester which covered the 
weld metal, HAZ and base metal. For metallographic 
examination, microstructure images were taken 
after 5s etching with 2% nital on the sample 
prepared by classical metallography method. In the 
study, XRD measurements were taken after the 
fracture zones of the tensile specimens were 
powderised by mechanical grinding.  

 
Figure 1. Weldment and base material stress-strain curves 
and weldment fracture zone. 
 

The strength of the specimen welded by FCGMAW 
method was found to be more than two thirds of 

the strength of the base metal but lower than the 
minimum required YS and UTS of the base metal 
(Fig. 1).  
 
Macro views of the test specimens folded 180° 
during the test process are shown in Fig. 2. 
 

 
Figure 2. Macro view of the weldment after bending test. 

 
As a result of the test, no crack formation was 
observed on the weld cap, weld bead surfaces and 
weld root.  
 
• Depending on the cooling rate regime, the weld 
metal microstructure is mainly composed of phases 
such as acicular ferrite and bainite.  
• The strength of the joint was more than two thirds 
of the strength of the base metal and within the 
acceptable range. The %EL of the joint was lower 
than that of the base metal and the filler metal.  
• In the weldment, the hardness of the base metal 
averaged 267HV0.1, while the hardness, which 
increased slightly in the HAZ transition, reached 
290HV0.5 and then decreased as it progressed 
towards the weld metal and decreased to 240HV0.5.  
• In the bending test, no crack formation was 
observed on the weld cap and root as well as on the 
weld bead surfaces. The fact that the weldment, 
whose elongation decreased compared to the base 
metal, was not damaged during the test indicates 
that the formability is acceptable. 
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Abstract. The investigation was carried out to evaluate how hot rolling process affects the microstructure and mechanical 

properties of an Mg-3Zn-0.2Ca-0.3Mn alloy produced via gravity die-casting. After casting, homogenization heat treatment 

(12 h at 400 oC) and hot rolling (30 % deformation at 250 °C) were applied to the alloy. Optical microscopy, X-ray diffraction 

(XRD), field emission scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM-EDS), microhardness, 

and tensile test and measurements were used to characterize the alloy. The results showed that hot rolling resulted in lower 

grain size, formation of twins, and higher yield and tensile strength, hardness. However, the ductility of the alloy decreased 

after hot rolling.  

 
Key Words: Hot Rolling, Microstructure, Mechanical Properties. 
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Introduction 
 
Magnesium (Mg) is a lightweight material that 
exhibits mechanical properties and biocompatibility 
similar to natural bone[1]. Nevertheless, Mg and its 
alloys corrode uncontrollably in body fluid, leading to 
possible implant failure before tissue 
regeneration[2]. Therefore, one of the important 
challenges in front of the Mg-based implants is to be 
able to control the corrosion rate. On the other hand, 
Mg and its alloys face significant challenges when it 
comes to their ductility and strength, which limits 
their use in various applications[3]. Therefore, it is 
crucial to regulate the mechanical and corrosion 
properties of Mg alloys to address these issues and 
ensure their safe and effective use[4]. Over time, 
various methods have been attempted to reduce the 
rapid degradation of magnesium, such as high 
purification, alloying, thermomechanical processing, 
heat treatment, and surface modification treatments. 
However, a definite solution to this challenge remains 
elusive[5].  

Magnesium alloys have gained significant attention of 
the researchers due to their potential applications in 
various fields. It should be noted that Alper Incesu 

and Ali Gungor employed hot rolling after 
homogenization and alloying processes to enhance 
the mechanical properties of the magnesium alloys. 
Their research revealed that increasing the levels of 
zinc and calcium in magnesium resulted in a decrease 
in grain size and an increase in hardness [5]. Dae Hyun 
Cho et al. evaluated the microstructure, mechanical 
properties, and corrosion behavior of squeeze-cast 
Mg-4Zn-0.5Ca-xMn alloys, where x ranged from 0 to 
0.8 wt%. Their findings revealed that an increased Mn 
content led to enhancements in the homogeneity and 
refinement of the dendritic microstructure, as well as 
improvements in the corrosion resistance and 
mechanical properties of the alloys[6]. In this regard, 
Viacheslav et al. conducted a study on four variants of 
the Mg-Zn-Ca-(Mn) alloy. The study showed that 
lower temperatures of hot extrusion resulted in 
increased ultimate tensile strength and yield 
strength, but reduced elongation, while the opposite 
trend was observed for higher temperatures[7]. 
 
The aim of this study is to examine the effects of hot 
rolling on the microstructure and mechanical 
properties of Mg-3Zn-0.2Ca-0.3Mn alloy. The alloy 
was produced by gravity casting using high purity Ar 
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gas in the melting zone and 0.8 vol.% SF6+CO2 gas 
mixture in the casting zone of the furnace. Then, the 
alloy was homogenized and hot-rolled. 
Homogenization heat treatment was applied at 400 
oC for 12 hours. Hot rolling process was carried out at 
250 oC and 30% deformation was applied in three-
pass. 
 
Results and Discussions 
 
Chemical composition of the alloy measured using 
the XRF method is given in Table 1. The result shows 
that the targeted composition was closely obtained.  

Table 1. Nominal and measured composition of the 

alloy after homogenization. 

Nominal Composition Measured Composition 

Mg 
 

Zn 
 

Ca 
 

Mn 
 

Mg 
 

Zn 
 

Ca 
 

Mn 
 

96.5 3.0 0.2 0.3 96.57 2.91 0.21 0.29 

 
Optical microscope images of the homogenized and 
hot rolled alloys are shown in Fig.1. The figure shows 
that secondary phase (Ca2Mg6Zn3) is present along 
the grain boundaries and within the grains.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Optical microscope images of a 
homogenized alloy (a) and hot-rolled alloy (b).  

In addition, the images given in Fig.1 show that the 
initial coarse-grained microstructure in the 
homogenized sample (Fig.1 a) transformed into 
relatively fine elongated grains, and deformation 
twins appeared when the cross-section was reduced 
by 30% using hot rolling (Fig.1 b). The increased grain 
boundary area resulting from grain refinement and 
twin boundaries are expected to restrict the 
movement of dislocations on the slip planes, leading 
to higher strength but lower ductility. Fig. 2 presents 
SEM images illustrating the microstructure of the 
homogenized and hot rolled samples. The images 
reveal a secondary phase uniformly distributed as 
lamellar eutectic phase along the grain boundaries 
and in disc shape within the grains. Additionally, the 
alloy exhibits a predominantly coarse-grained 
microstructure. The presence of coarse grains in the 
homogenized alloy can be attributed to the grain 
growth and coarsening phenomena that occur during 
the homogenization heat treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. SEM images of the homogenized (a) and 
hot rolled (b) alloys. 

twins 

b 

(α-Mg + Ca2Mg6Zn3) eutectic 

a (α-Mg + Ca2Mg6Zn3) eutectic 

a 

twins 

b 
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The XRD patterns provide insight into the alloy’s 
microstructural features. Fig.3 shows XRD patterns of 
the homogenized and hot rolled alloys. The 
intensities of the peaks observed in XRD patterns 
provide information about the alignment of crystals 
along specific axes. The presence of all of the 
crystallographic planes in Fig. 3 indicates random 
orientation occurred in homogenized alloy, and a 
preferential texture was not developed during the 
homogenization het treatment process. However, 
after hot rolling, a transition from random to 
preferred orientation occurs as evidenced from the 
diminishing intensity of some reflections such as 
(100), (101), (200) etc. accompanying strong 
reflections from some crystallographic planes such as 
(002), (102), and (103). 

 
Figure 3. XRD patterns of the homogenized and hot 
rolled alloys, respectively. 
 
This means that more grains with a preferential 
orientation formed during hot rolling. Texture 
development during hot rolling can be explained with 
the rotation and alignment of crystals with rolling 
direction. At the same time, dynamic recrystallization 
process that formed during hot rolling provides 
randomly oriented grains. Therefore, texture 

development is a trade-off between the alignment of 
crystals and the degree of dynamic recrystallization 
process that takes place during hot rolling. Coarse 
Ca2Mg6Zn3 particles along the grain boundaries and 
inside the grains are crushed into fine particles during 
hot rolling. Dislocation density increases around the 
fine particles and clustering occurs. The increased 
dislocation density provides driving force for the 
dynamic recrystallization process. Therefore, it can be 
said that particle induced recrystallization occurs. It’s 
worth noting that Jiang et al. determined that larger 
isolated particles exceeding 1 µm can also act as 
nucleation sites during hot deformation, a process 
known as particle-induced nucleation [5]. The X-ray 
diffraction analyses of homogenized and hot-rolled 
alloys revealed the presence of peaks corresponding 
to the α-Mg and Ca2Mg6Zn3 phases. The XRD results 
are consistent with the findings of the previous 
study[8]. 
 
The tensile properties and hardness of the alloys after 
homogenization and hot rolling are given in Table 2 
and Fig. 4. it is seen from the table and figure, hot 
rolling results in much higher yield and tensile 
strength and hardness. However, strain at fracture 
that is a measure of ductility is much lower. The fact 
that homogenized alloy has larger grain size as well as 
higher ductility than hot rolled alloy can be explained 
with the precipitate coarsening that occurs during the 
homogenization heat treatment because finely 
dispersed secondary phase after hot rolling limits the 
dislocation movements and pins the grain 
boundaries. As a result, strength of the alloy inceases 
and its ductility decreases. 
 
Table 2. Results of the tensile test and Vickers 
hardness. 

 
 
 
 
 
 
 
 
 
 
 
Figure 4. The stress-strain graphics of the homogenized 
and hot rolled alloys.  

 

Sample 
Yield 

Strength 
(MPa) 

Tensile 
Strength 

(MPa) 

Elongation 
(%) 

Hardness 
HV0.5 

Homogenous 43.96 148.6 8.78 52.8 

Hot rolled 133.50 204.6 1.89 67.7 
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Conclusions 
 
SEM-EDS and XRD analyses showed that the alloy is 
composed of α-Mg matrix and Ca2Mg6Zn3 s phases.  
Hot rolling decreased the grain size and resulted in 
twin formation. 
 

The hot rolling enhanced the alloy's strength and 
hardness but lowered the ductility.  
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Abstract. Nitrogen-doped carbon black supported Fe, Zn and Mo catalysts were synthesized for being used as oxygen 
reduction electrocatalysts in fuel cells. Doping of carbon black was achieved by pyrolysis using melamine as nitrogen source. 
Metallic catalysts were prepared by polyol method where ethylene glycol was used as the reducing agent. The as-prepared 
catalysts were physically characterized by X-ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD) analyses. 
Cyclic voltammetry analysis was performed in an alkaline electrolyte environment to examine the oxygen reduction 
activities of the catalysts. According to the results, the nitrogen was successfully doped on carbon black with a percentage 
of 2.49% (wt). Physical and electrochemical characterization, the prepared Zn-CN sample was found to be the best catalyst 
in terms of metal distribution and oxygen reduction activity. According to cyclic voltammetry measurements, the Zn-CN 
catalyst gave an OR peak current of -1.04 mA around -0.4 V potential. 

 
Keywords: Carbon black, Nitrogen doping, Oxygen reduction reaction 
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1. INTRODUCTION  
 
Fuel cells are devices that convert chemical energy 
into electrical energy. Among different cell designs, 
PEM (polymer electrolyte membrane) fuel cell 
stands out with its advantages such as low operating 
temperature, corrosion resistance and high-power 
density. However, the performance of PEM fuel cells 
is limited by the low reaction rate at the cathode and 
the need for the use of high-cost platinum catalysts. 
Therefore, there is a need to develop active and 
inexpensive catalysts that do not contain platinum 

group metals for the electrocatalysis of the oxygen 
reduction reaction (ORR). To solve this problem, 
different approaches have been taken including the 
alloying of platinum with other transition metals [1] 
and developing new carbon supports [2]. However, 
very little progress have been made regarding 
alternatives for platinum so far.   
 
Recently, the heteroatom doping of carbon has been 
extensively studied due to its considerable ORR 
activity [3]. Although not as active as platinum, they 
can help increase the activity of inexpensive non-
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noble catalysts. Especially, the nitrogen-doped 
carbon supported non-noble catalysts have been 
reported to possess significant ORR activities [4]. 
Thanks to its similar size with the carbon atoms, the 
nitrogen atoms can be easily doped into the carbon 
framework and modify the electronic distribution on 
the surface [5]. Iron is one of the most extensively 
studied tansition metal combined with nitrogen 
doped carbons. Sibul et al., obtained significant ORR 
activity using N-doped graphene based iron catalysts 
[6]. Adabi et. Al, also used Fe-N-C catalysts as anion 
exchange membrane fuel cell cathode and obtained 
peak power densities over 2 W/cm2 [7]. Next to iron-
based catalysts, cobalt is also a commonly studied 
metal in nitrogen doped electrocatalysts. Cobalt 
based catalysts supported by nitrogen doped carbon 
nanotubes provided excellent performance in anion 
exchange membrane fuel cells [8]. Other transition 
metals such as Mn and Cu have also been studied 
and shown to be promising as oxygen reduction 
electrocatalysts [9,10]. Here in this study, nitrogen-
doped carbon black supported Fe, Zn and Mo 
catalysts were synthesized and characterized for 
their oxygen reduction activities.  
 
2. EXPERIMENTAL 
 
Doping of nitrogen on carbon black was achieved 
with pyrolysis at 650 °C using melamine as the 
nitrogen source. The metals were deposited on N-
doped carbon black by polyol method where 
ethylene glycol (EG) was employed as reducing 
agent. As metal precursors, Fe(NO3), Zn(NO3)2 and 
(NH4)6Mo7O2 were added to the EG solution in 
appropriate amounts corresponding to a 20% metal 
content (w/w). Chemical reduction was carried out 
at 120 °C under argon flow. Catalysts were then 
filtered, washed and dried before characterization.  
 
Catalysts were physically characterized by X-ray 
diffraction (XRD) and X-ray photoelectron 
spectroscopy (XPS). Oxygen reduction activities 
were tested by cyclic voltammetry in 0.1 M KOH 
electrolyte. CV measurements were conducted in a 
three electrode cell consisting of Ag/AgCl reference 
electrode, Pt counter electrode and a glassy carbon 
working electrode. The working electrode was 
prepared by applying a mixture of the catalyst and 
nafion solution on the glassy carbon disk. Scans were 
obtained in range between -0,1 and 0,2 V.  
 
 
 
 

 3. RESULTS AND DISCUSSION 
 
X-ray photoelectron spectroscopy confirmed that 
nitrogen was succesfully doped on the carbon black 
with 2.49% incorporation percentage (wt).  
 
 

 
 
Figure 1. XRD spectra of Fe, Zn and Mo catalysts 

supported by N-doped carbon black. 
 
According to X-ray diffraction studies, Mo and Fe 
were mostly in amorphous state, with weak peaks at 
13° corresponding to Mo2C and MoO3 and at 43° 
corresponding to Fe5C2, Fe3C. Graphitic carbon (002) 
was apparent in all catalysts. On the other side, Zn 
nanoparticles gave discernible peaks at 32°, 35°, 38°, 
48°, 57° and 63°, corresponding to the characteristic 
peaks of ZnO. This showed that the polyol method 
was more succesful in deposition of Zn nanoparticles 
on carbon black.    
 
According to the cyclic voltammetry results, the 
highest oxygen reduction activity was obtained from 
the Zn/C-N catalyst with -1.04 mA peak current 
around -0.4 V (vs. Ag/AgCl) potential. The catalyst 
metal-free C-N catalyst also gave a discernible OR 
peak and a considerable peak current of -0.88 mA, 
which shows that the doped nitrogen is a major 
contributor to the overall activity. OR activity was 
lower Fe/C-N and Mo/C-N, possibly due to poor 
metal distribution on the surface.  

Fe/C-N 

Mo/C-N 

Zn/C-N 
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Figure 2. Cyclic voltammograms of the catalysts 

 
 
 
 

4. CONCLUSIONS 
 
Nitrogen-doped carbon black supported Fe, Mo and 
Zn catalysts were prepared and tested for their OR 
activities. A nitrogen-doping of 2.49% (wt) was 
obtained by pyrolysis of melamine on carbon black. 
XRD analysis showed that ZnO nanoparticles were 
succesfully deposited on C-N by the polyol method, 
while Fe and Mo presence on the surface was poor. 
Cyclic voltammetry results were in accordance with 
the physical characterization, as Zn/C-N catalyst 
provided the highest ORR activity with -1.04 mA 
current at -0.4 V potential. Results show that the 
Zn/C-N catalyst is promising as a cathode catalyst in 
low-temperature fuel cells.  
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Abstract. Modern technologies are developing at lightning speed and apart of using the new materials, modern 
architecture also includes the virtual world and digital technologies. New virtual “realities” themselves lead to the 
changes in people’s behavior and attitude towards the environment. The issue of preserving the historical and cultural 
heritage and transferring it to future generations becomes particularly relevant. In this regard, we would like to discuss 
few examples: Vernacular wooden houses were spread all over Georgia and do not lose their relevance even today 
thanks to projects carried out in the 21st century.  The Tbilisi Opera and Ballet Theater meets modern requirements 
thanks to the large-scale renovation works carried out in 2010-2016. The use of clay pots characteristic of folk crafts as 
a cooling system on the facade of the Museum’s modern building (Telavi)  and the graffiti drawing of a khachapuri baker 
grandmother in Kutaisi express the continuity of cultural heritage. In our opinion, the examples discussed in the article 
are evidence of the combination of the historical and the new, the rethinking (expansion) of cultural heritage, which is 
carried out using the latest technologies and materials and puts technical innovations at the service of the continuity of 
history. 
 
Keywords: heritage, technologies, materials, architecture, modern 
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Introduction 
  
In the modern world, technologies are developing 
at lightning speed, and if historically the 
emergence of new inventions and techniques in 
architecture meant the formation of new styles 
and the use of new materials, then modern 
architecture also includes the virtual world and 
digital technologies. New virtual "realities" 
themselves lead to changes in human behavior 
and attitudes towards the environment. Along 
with the many advantages that new technologies 
provide in architecture, due to the abundance of 
information and the simplicity of visual 
implementation, there is a danger of 
homogenization of design. In this situation, the 
issue of preserving the historical and cultural 
heritage and passing it on to future generations is 
particularly relevant; this task is often performed 
by new technologies. In this context, we would like 
to discuss several examples: 
 
Results and Discussion 
 
 Wooden houses in various variations were 
widespread throughout Georgia. It acquired its 
final classical appearance in the 19th century, 
when sawmills, construction glass, and urban 
living conditions were created in Georgia. Wooden 
houses were especially widespread in Western 
Georgia, where the warm climate, humidity, and 
the development of new living conditions 
determined the leading role of the wide balcony in 
residential architecture (1). It was a wooden house 
with windows, a wooden balcony, wooden ceiling 
and floor. For the roof where used tiles or shingles. 
The houses where standing on stone or wooden 
poles. At the end of the 19th century, some houses 
had their first floors built of stone (2). This type of 
housing is quite diverse in its layout and 
volumetric-spatial solution. Three fundamental 
types can be distinguished, where a more complex 
space develops from a simple space (one room). 
The balcony acquired the most important 
significance in the architectural and artistic 
solution. The columns of the balconies were 
decorated with beautiful carving. Over time, hand 
carving was replaced by ornaments made with a 
saw. It is worth noting the excellent technique of 
disassembling and assembling a wooden house. 
Already built houses were transported on carts 
from one village to another. Many wooden houses 

have been given the status of immovable cultural 
monument. With the emergence of many new 
materials and technologies, wooden houses do 
not lose their relevance and keep up with 
modernity. For example, Latvian architect, 
founder of the architectural studio “Goodpattern” 
Guntis Zingis after a trip to Georgia created a 
prefabricated wooden house, which, according to 
the author, allows you to integrate with nature 
and lead a harmonious life, since the wide 
verandas and terraces characteristic of them are a 
kind of continuation of the internal living space 
and a transition zone to the environment. The 
name of the project is "Veranda". Three models 
were developed. Wooden frame-panel houses are 
produced in transportable sizes in the form of 
modules with a faced facade, windows and a roof. 
A house of this type is placed on a concrete block 
foundation, and as for the interior decoration, this 
part of the work is performed by a builder hired by 
the customer. The building has triple-glazed 
windows. Heat and wind insulation is also used on 
the walls and roof, which allows for virtually zero 
energy consumption. The wooden frame 
construction uses standard length wooden beems 
to avoid unwanted loss (3). 
 

 
 
Figure 1. House “Veranda”, model V102 
Source - https://shorturl.at/rSMhN 
 
In the north-eastern part of Western Georgia, in 
Racha, you can find centuries-old wooden carved 
houses in many places. Some of them are still 
preserved in their original form, while others need 
restoration. An interesting project is underway 
called “Write the History of Racha’s wooden 
houses”, where modern Internet technologies are 
at the service of cultural heritage. The goal of this 
project is the photodocumentation of wooden 
houses, finding their stories and placing them on a 
single bilingual platform, which will contribute to 
the creation of a new tourist route in Racha. The 
authors of the project hope, that the arrival of a 
tourist will stop the migration from Racha’s 

https://shorturl.at/rSMhN
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villages, whill develop this beautifull region and 
will stop the destruction of wooden houses (4). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Wooden house in Racha 

Source -https://shorturl.at/4hwWV 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The Georgian National Opera and Ballet 

Theater of Tbilisi  Source -

https://shorturl.at/A7Tch 

The Tbilisi Opera and Ballet Theatre, located on 
the main street of Tbilisi – Rustaveli Avenue, is a 
striking example of the use of modern 
technologies in the reconstruction of a historical 
building in Georgia. The appearance of the 
building is determined by the combination of 
elements characteristic of Islamic architecture. Its 
construction was completed in 1896 (architect V. 
Shreter). The territory is a historic district, and the 
building itself is a monument of cultural heritage. 
After the fire in 1973, it was reconstructed 
(architects L. Medzmariashvili, M. Chachanidze), 
and in 2010-2015, large-scale renovation works 
were carried out in the theater building (architect 
L. Medzmariashvili). The main building, the hall, 

the auxiliary buildings, all wings and levels, as well 
as the external territory have been completely 
renovated and reconstructed. Objects and areas 
with new functions were added to the theater (5). 
The stage as well as all necessary communications 
were equipped with the latest centralized and 
computerized management system. About the 
technical arrangement of the theater building Mr. 
I. Kavsadze (People's Artist of Georgia) and A. 
Ananiashvili (head of the staging department) 
talked to us. It was especially noted that the audio-
video and lighting system was computerized and 
updated, and so-called "Safes" were introduced  - 
mobile shelves for storing scenery, arranged 
under the stage floor (author A. Ananiashvili). The 
stage is separated from the hall by a curtain lined 
with fire-resistant material on both sides of the 
stage portal. An iconic stage curtain destroyed by 
fire in the 1970s has been restored in Germany 
and hang behind the main curtain. The railing 
separating the parterre and the orchestra space 
and the floor of the orchestra space are movable, 
which allows to reorganize and increase the stage 
space. A video projector was considered for 
modern opera productions, and a subtitle LED 
screen was also installed. An air conditioning 
system is provided throughout the building. As a 
result of the mentioned technical arrangement, 
the opera theater is a comfortable working space 
for the employees, and it does not lose its 
popularity and prestige for the audience. 
 
  
 
 
 
 
 
 
 
 
 
Figure 4. The Georgian National Opera and Ballet 

Theater of Tbilisi- stage  

In the Kakheti region, the Batoni Castle Museum 
Complex, located in Telavi, is one of the most 
important monuments of Georgian secular 
architecture of the late feudal era. In 2012-2018, 
the complex was rehabilitated (6), during which 
two buildings with an exhibition function, built in 
the 1930s, were dismantled and a new museum 
building was built, taking into account modern 
standards, equipped with a modern heating-
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cooling-ventilation system. The use of clay pots 
typical for folk crafts as a cooling system on the 
facade of the modern museum building can be 
seen as an act of respect for cultural heritage. 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Telavi historical museum 

The three-story Green Architecture and 
Engineering Technology Demonstration Center 
building (architect Gvantsa Kheladze) built in the 
village of Bazaleti, Dusheti district, 60 kilometers 
from Tbilisi, has been certified by the Green 
Construction Council of Georgia and has been 
awarded gold status. This 21st century building 
uses the latest technologies to absorb 
heat/electrical energy generated from the sun, 
wind, and agricultural waste. The entire energy 
storage and transmission system is registered with 
a special software package purchased from the 
American company Honeywell (7). During the 
planning, the inner yard, historically characteristic 
of a Tbilisi house, is preserved, on which the 
buildings come out with balconies. The solution of 
the balconies, on which the greenery is arranged, 
is also interesting, and it evokes the association of 
houses with a terrace common in Georgia. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Green building in Bazaleti 
Source -https://archiaward.com/ge/work/3166 
 
Modern street painting, which originates from 
graffiti (and graffiti is widely believed to have 
appeared during World War II), does not have a 
long history in Georgia, but it has recently become 
very popular and many beautiful examples have 
been created in the cities of Georgia. Techniques 
and materials for street painting, aerosol spray 
paint, marker pens, fire extinguishers, etching 
tools, represent an innovation. Ukrainian artist 
Sasha Korban's painting of the Khachapuri baker 
grandmother on the facade of a residential house 
in Kutaisi, "Khorumi" painting on the wall of a 
multi-storey house in Tbilisi by the street art 
movement "Niko" use technical innovation and 
are an expression of the continuity of history, 
respect and love for it. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. “With love” - Street art 
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The title of the painting made in Kutaisi by Sasha 
Korban is "With love", the artist took a photo of 
one of the elderly women living in Imereti as 
inspiration. This work has become a business card 
of Kutaisi. We would like to mention that 
khachapuri, a dish made from dough and cheese,  
is included in the list of intangible cultural 
monuments of Georgia. In the work of "Niko" - 
"Khorumi" - a shot of the dance performed by the 
Georgian national ensemble "Sukhishvili" is 
presented. "Khorumi" is an ancient Georgian folk 
dance of martial content and has been granted the 
status of a monument of intangible culture (8). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. “Khorumi” - Street art        

Source - https://rb.gy/lycl0c 
Conclusion and References 
 
 In our opinion, the examples discussed in the 
article are evidence of connecting the historical 
and the new, rethinking (extending) the cultural 
heritage, which is carried out using the latest 
technologies and materials, and puts technical 
innovation at the service of the continuity of 
history. 
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Abstract. in its arid regions such Algeria has abundant solar resources, faces the dual challenge of increasing 

electricity and freshwater demands. This study investigates the feasibility of integrating solar desalination 

systems to address these challenges, we were focusing on the Bechar region. The research proposes studied 

brackish well water desalination station using reverse osmosis (RO) technology powered by photovoltaic (PV) 

panels and grid-connected. This innovative approach examines the optimal design of desalination plant, 

considering factors such as configuration and sizing of the RO system, integration of a grid-connected PV system 

for maximum solar radiation energy captured and product electrical energy, studied impact of factors like angle 

tilt of fixed solar modules, soiling, and temperature on the efficiency of both the energy so on water systems. 

The study aims to demonstrate the technical of solar desalination in arid regions, providing a comprehensive 

design framework and quantifying the impact of environmental factors on system performance. This research 

contributes to advancing sustainable water access and environmental conservation in arid regions, aligning with 

the global need for innovative solutions to water scarcity and promoting renewable energy utilization. 

Keywords:  
Arid Region, Solar Energy, Well Brackish, Desalination, Reverse Osmosis 
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Introduction 
 
It is difficult to find enough drinkable water in semi-
arid and dry regions, such as Algeria, a semi-arid 
country with irregular rainfall. Due to the region's 
year-round abundance of solar energy, desalination 
processes, particularly reverse osmosis (RO) [1], 
which requires a lot of electrical energy to operate 
well, may be powered by solar energy[2]. In this 
work, we presented a study of how to implement a 
desalination station using brackish well water in the 
software TORAY DS.  in order to better understand 
the station and calculate how much electrical 
energy is required to operate it. In the second stage, 

we designed a PV system connected to the grid in 
PVsyst.  based on the station's specifications. This 
work investigated the incoming radiation and 
product electrical energy, as well as the number of 
solar modules required, and we investigated some 
factors that reduce electrical energy product, 
resulting in reduced flow water product, and we 
proposed how alleviated losses cross-reduced the 
effect of some factors such as angle tilt, soiling and 
temperature.First, we created a Brackish Water RO 
system that was used in the TORAY DS2 program. It 
has a recovery rate of 45% and generates 21 m3/day 
of drinkable and culturable water.  We use 42 
m3/day of feed flow, pH 7, a brackish surface, 25°C, 
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and 5000 mg/L of NaCl as inputs for feeding. The 
recommended design station requires 1,318 
kwh/m3 of electricity. The flow schematic for the 
desalination station is shown in (Fig. 1). 

 

 
Figure 01 show the flow diagram 

 

Our recommendation is to construct a grid-

connected photovoltaic system to supply solar 

energy to the investigated desalination facility 

facilities.  We want to carry out our investigation in 

the dry Bechar region of Algeria, specifically at 

latitude 31,6066° and longitude 2,2382°. Our design 

allows us to capture 2323 kw of incoming radiation 

for the PV system used in PVsyst. With seven bifacial 

solar modules fixed at an annual tilt angle of 31° and 

an azimuth of 0°, we are able to produce 4259 kw of 

electricity annually on a 12 m² surface with a 

performance rate of 83,02% and system losses of 

16%. (Fig. 2) system on grid. 

 

Figure 2 show design powered energy electric on grid 

Results and Discussion 
 

1- Output the calculate  

The simulation in PV sys provides a wealth of 

information in terms of input and output; we 

concentrated our efforts on the loss aspects 

that reduce the performance of our system. 

(Fig. 3) shows the loss diagram for our approach. 

With a global energy radiation intake of 2061 

kw/m³, our system collects 2323 kw/m³ and 

produces 4259 kw of electricity for the 

desalination unit. We can observe that 

temperature is the most significant contributor 

to loss, accounting for an estimated 10.51%. 

This makes sense because rising solar cell 

temperatures heat up all of the system's 

components due to electron movement 

(product current), reducing the system's energy, 

performance, and efficiency. In this study, we 

look at the aspects that have an impact on 

performance in order to mitigate these features 

and improve the design. 

 

       Figure 3 show the losses diagram 

2- Effect the plane tilt  

to investigate how fixed solar panel tilt angles affect 

the amount of electrical energy that enters and 

leaves the system while reducing radiation losses. 

Our study concentrated on tilting fixe solar modules 

in our region, which is above the equator in Bechar, 

Algeria, in the direction of the equator. To ascertain 

the impact of altering the tilt angle on fixed solar 

modules on system performance, we varied the tilt 

angle of the fixed solar panels as indicated in (Table 

1). a and compared the simulation results (Table 1). 

b show varied the tilt angle of the fixed solar panels 

twice in year. The relationship for calculating the tilt 

angle in Algeria above the line that runs from 

latitude 25° to latitude 50° is [3]: 𝑡𝑖𝑙𝑡 𝑎𝑛𝑔𝑙𝑒 =

(𝑙𝑎𝑡𝑖𝑡𝑢𝑑𝑒 ∗ 0.76) + 3                                      Eq. [1]  
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Table 1. a  

Angle 
tilt 

 Effective 
irradiation 
on collector 
(kwh/m²) 

   electrical 
energy  

System 
Losses 

 PERF 
RATION  

0° 2002 3698 0.14 0.827 
5° 2092 3857 0.14  0.828 
10° 2168 3990 0.15  0.829 
15° 2229 4096 0.15  0.829 
20° 2276 4177 0.16  0.829 
30° 2323 4259 0.16  0.830 
40° 2307 4236 0.16  0.831 
50° 2229 4111 0.16  0.833 
60° 2093 3886 0.15  0.835 

 

Table 1. b 

Angle 
tilt 

 Effective 
irradiation 
on 
collector 
(kwh/m²) 

   electrical 
energy  

System 
Losses 

 PERF 
RATION  

 
Summer 
20° and 
Winter 
50° 

2433 4446 0.17 0.829 

 

3- Effect soiling 

The second aspect of our research is soiling, which 

decreases the efficacy of design [4]. Our area has a 

lot of dust and dirt, as evidenced by this. This can be 

found in (Table 2): Soiling's Effect on System 

Performance. 

Table 02 effect the soiling on system 

 
Soiling  

 Effective 
irradiatio
n on 
collector 
plane 
(kwh/m²) 

 
Produce
d energy 
electric  

Syste
m 
Losses 

Performanc
e ration  

0% 2323 4259 0.16  0.830 
5%  2207 4071 0,15 0.793 
10% 2090 3880 0,15 0,756 

 
The effect of soiling forward diminishes irradiance, 
which is collected and converted directly into 
electrical energy. We see that 5% soiling reduces 
4.9% of incoming radiation and 4.4% of product 
electrical energy, while 10% soiling reduces 8.8% of 
incoming radiation and 10% of product electrical 
energy, implying that all factors are lowered in 
accordance with the presence of soiling. In our 
location, we utilize 5% soiling [5]. To avoid soiling in 

solar modules, we may always cleanliness monitor 
our solar modules, however we are cautious of the 
hot components in our design and dusty days. 
 

4- Effect temperature   

Understanding temperature losses is critical for 
improving design [6]. The PV system uses a balance 
to mimic and account for all incoming and outgoing 
energy flows in the array; we investigate the 
influence of temperature and how we may enhance 
our design. To calculate the cell temperature, use 
the relationship below.  

𝑇𝑐𝑒𝑙𝑙 = 𝑇 ambient +
1

𝑈
∗ (𝛼 ∗ 𝐺irradiance ∗ (1 −

𝐸efficiency)                                                      Eq. [2] 

Alongside: 

The heat loss factor [W/m²·k] is denoted by U. 

 𝛼 is the solar irradiance absorption coefficient. 

(Table 3) includes this effect.  

 

The coefficient of heat loss factor is the major input 
parameter used throughout the simulation to 
evaluate the performance of the design. We can 
lessen the influence of temperature and alleviate 
thermal losses using the approaches outlined 
below:  
 

 Open-rack systems with air circulation 
around collectors have a heat loss 
coefficient of U=29 w/ (m² k°),  

 while an air duct below the collectors has a 
heat loss value of U=20 w/ (m² k°).  

 Domes: U=27 w/ (m² k°)  

  Fully insulated backside: U=15 w/ (m² k°), 
Only one side contributes to heat exchange. 

we summarize above in (Table 3). 

Table 03 effect thermal losses    

 
 Temperature  

 Produced 
energy 
electric  

System 
Losses 

Performance 
ration  

Free-with air 
circulation  

4413 0.17 0.860 

Domes  4389 0.17 0.855 
with air duct 
below the 
collectors 

4259 0.16 0.830 

Fully insulated 
backside   

4087 0.15 0.796 
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We saw an effect of reducing heat losses in our 
design by enhancing all energy results while using 
open-rack systems[6]. 
 
Conclusion   
 

To summarize everything mentioned above, we 

studied the design of a brackish well station in 

Bachar, Algeria, with the goal of helping to 

sustainably develop our dry region in the future. We 

proposed using solar energy in particular to 

desalinate brackish water.  We simulated our ideas 

using the PVsystm and TORAY DS applications. We 

suggested tilting fixed solar modules 30 degrees 

each year to collect incoming radiation and produce 

electrical energy in order to explore how to improve 

performance and decrease losses. However, by 

manually changing the modules twice a year, we 

were able to maximize both incoming and outgoing 

energy. It's also crucial to clean solar modules in 

advance to lessen the impact of soiling.  and lastly 

affect the temperature. The methods we employed 

to update our design were crucial, particularly in a 

dry area. 
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Abstract. This work evaluates the feasibility and effectiveness of wind power in the Bechar–Algeria region to sizing and 
design an off-grid wind farm. We sized the wind system as a stand-alone system to provide energy for irrigating an area of 
300 m2. In previous studies, authors [1,2] have determined the required energy by detailing the steps of sizing and designing 
the irrigation network. Power requirement equals 1100 W (1.5 H). Researchers conduct a metrological study to determine 
wind data. Researchers use wind roses and histograms of wind speed frequencies to analyze and illustrate this data, to 
assess the wind potential energy. The study proved that the Bechar-Algeria region has suitable potential for wind energy 
projects with moderate wind resources, so we can use this renewable energy for small-scale irrigation. As a result, we 
designed an off-grid wind farm. The sizing explores that to provide the needed energy, the wind system must contain 2 
turbine, 4 batteries. 
 
Keywords: wind energy, irrigation, Weibull distribution, Bechar -Algeria region. 
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1. Introduction 
 

Bechar region is located the southern region of 
Algeria between longitudes -2.22000 and latitudes 
31.60778, hyper arid climate with mild winters and 
hot sunny summers characterizes it [4]; it is a 
significant city of the Algerian Sahara covering around  
5 0000 km2. Unfortunately, it is still depending on the 
power grid and electrogen group for providing 
needed energy for irrigation. These sources of energy 
affect the environment and make irrigation systems 
costly. This is one reason that led our city lacs of green 
spaces. There is thus a need for alternative energy 
source renewable and eco-friendly [5]. Wind energy 
is a renewable energy not degraded, geographically 
diffuse. It is one of the cleanest and most sustainable 
sources of power [6,7]. In this context, the study aim 
is to determine the requirement power of an off grid 
wind farm in order to irrigate an area of green space 
that is around 300 m2. 
 

2. Materials and methods 
 

To carry out this study, we collect data on wind 
direction and speed at a depth of 10 meters in the soil 
for ten years (from 01/01/2013 to 31/12/2023) for 
three hours per day. We get this data from the 
POWER Data Access Viewer, which is affiliated with 
the NASA power agency, and the Bechar 
meteorological station (airport) located 5 kilometers 
north-west of the city.  
 
The wind roses are the basic curves for determining 
the prevailing directions of the wind, and the 
histograms show the frequency of each speed. To 
determine the dominant directions of the wind and 
define the best wind field for this site, researchers 
conduct an annual and seasonal study of all wind 
directions during the study period, identifying 
changes between seasons. 
 
After determining the prevailing directions of the 
wind, we study the seasonal and annual variation 
wind speed frequencies [10] that allowed it possible 
to determine the average wind speed Vavr, scale factor 
c and shape factor k, these parameters allow direct 
access to the characteristics wind potential [11,12]. 
three wind turbines with distinct designs studied for 
the same nominal power 2kw (vertical axis wind 
turbine generator EN-2KW-H, spiral blades vertical 
axis small wind turbine EN-XL-2KW and small 
horizontal axis wind turbine EN-2KW-L) in order to 
choose the most efficient [13], according to them 

power curves the wind turbine EN-2KW-H is the most 
suitable for study region [14]. 
The productivity of a selected wind turbine is 
calculated using the Pallabazzer and Weibull 
distribution models and REETScreen software. 
After studying wind potential of the region, analyzing 
wind data and selection the wind turbine model that 
best match the site's wind conditions, then 
calculation its productivity, dimensioning a stand-
alone wind farm becomes clear. 
 
An off-grid wind system is an energy solution that 
uses wind turbines to generate electricity 
independently of the public utility grid. For isolated 
areas where grid electricity is either nonexistent, 
unstable, or too expensive to connect to, this kind of 
system is perfect. The following are the essential 
elements for Dimensioning a stand-alone wind 
system element [15,16]:  
 

 Estimating energy consumption 
 Determination of the optimal wind turbines 

number and their layout 
 Total storage capacity of batteries bank 
 Sizing charge controller 
 Sizing the inviter  

 

3. Results and Discussion 
 

The area to be irrigated has palm trees, grass, flowers, 
and aromatic plants, the irrigation network combines 
both sprinkler and drip irrigation systems, for more 
details about hydraulic sizing, the references [1,2] 
provide information of the model used to estimate 
the energy required, the simple layout of the green 
area is illustrated in figure 1: 

 

 

Figure 1. Layout of green space and different irrigation 
systems used [2]. 

The data shown in table (1) present some properties 
of the green space: 
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Table 1. Green space specification [1,2].  

Type of soil sandy loam 
Root Depth Zone RDZ (mm) 0.7 (Palm tree) 

0.5 (Grass) 
Evapotranspiration at peak 
demand (mm/day) 

7.4 (Palm tree) 
8 (Grass) 

Moisture FC-PWP (mm/m) 90 
Pump power requirement  1100 

Figure 2 presents the simulation of wind speed and 
direction data results in the annual wind rose and 
figure 4 illustrates wind rose for each season. 

 

 
Figure 2. Annual wind rose in Bechar in period of study 

2013-2023. 

 The annual wind rose illustrated reveals that the 
prevailing winds in Bechar during this period 
predominantly blow towards the northwest (NW). In 
fact, the three spokes representing the northwest 
direction (WNW, NW, and NNW) account for 44% 
(The summing the frequencies of each of these 
directions) of all hourly wind directions. In addition, it 
shows that southeast winds are infrequent. The wind 
rose also provide speed details from different 
directions. It shows that approximately 1% of the 
time (40.18 days of study period) the wind blows from 
the northwest at speeds between 0 and 2 meter per 
second (represented by the red color in the legend). 
Similarly, on this spoke, winds blow to the same 
direction at speeds between 2 and 4 m/s (green color) 
about 9% of the time (361 days), between 4 and 6 m/s 
(pink color) about 5% of the time (200.9 days), and 
between 6 and 8 m/s (blue color) about 1% of the 
time (40.18 days). Higher wind speeds are less 
frequent, where the speeds exceeding 8m/s (black 
color) being rare. 
 
 From the annual analysis, we can conclude that the 
Bechar region has two dominant directions, 15% 

northwest wind and 16% (NN- towards W) (the 
longest spoke). The more frequent wind speeds 
between 2 and 4 m/s which represents 9% of the time 
or 361 days of the study period. 
 
Based on the analysis of the wind rose for each 
season, we observe that the prevailing winds from 
the north-northwest (NN-O) in winter and autumn 
can reach 13%. While spring and summer have high 
frequencies towards (NN-O) in spring and on side (N-
O) for summer at the respective rates of 16% and 20% 
where the winds look stronger compared with the 
other seasons (between 4 and 6 m/s about 8% of the 
time). In autumn and winter, the more frequent 
winds ranging from 2 to 4 m/s (8% in winter and 11% 
autumn). 
 
Figures 3 and 5 show graphs of annual and seasonal 
histograms of wind speeds frequencies adjusted by 
the Weibull distribution. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The annual histogram of wind speeds at 10 m of 

the Bechar region adjusted by the Weibull distribution 
(2013-2023). 
 
From results shown in figure (2), wind speeds cover a 
range of variation up to 10 m/s, large frequencies on 
the range from 2m/s to 5m/s during the period of 
study, where they attain their pic (30%) between 3 
m/s and 4m/s, this confirms what the Weibull model 
is the suitable with speeds between 4 m/s and 10 m/s. 
The shape parameter k has a value of about 2.93. This 
suggests that the distribution has a relatively 
balanced spread between lower and higher wind 
speeds, but there is still some skewness towards 
higher wind speeds compared to a perfectly 
symmetric distribution. K presents the wind stability, 
where higher values represent a narrower 
distribution with more high-speed winds, while lower 
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values suggest a larger distribution with more low-
speed winds [17]. 
 
In addition, the average wind speed attains 
4.0294m/s and the value of scale parameter C equals 
4.51129 m/s, it means that this site is moderately 

windy, and the distribution has significant probability 
mass at both lower and higher wind speeds, making it 
potentially suitable for wind energy generation, 
because of the higher value of parameter c signify the 
more wind energy resources [11]. 
 

 

  

  

Figure 4. Seasonal wind rose in Bechar in period of study 2013/2023. 
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Figure 5. Seasonal histograms of wind speeds at 10 m of the Bechar region adjusted by the Weibull distribution (2013-2023). 
 
It shows from the Figure 5, summer season has the 
highest frequencies that exceed 35% for a speed of 3 
m/s to 4 m/s and 23% for 4m/s to 5m/s with a wind 
speed variation range that can reach 8 m/s. While the 
autumn season has a wide frequency range maximum 
which equals 19% with stability for speed values 
between 2 m/s and 4 m/s, and the variation of the 
wind speed can reach 8 m/ s. spring has almost the 
same characteristics of summer but the high 
frequency does not exceed 30%. In winter, wind 
speeds between 2m/s and 4m/s are the most 
frequent (30%). In addition, the graphs present how 
well the Weibull distribution fits the data of wind 
speed throughout all seasons. The average wind 
speed and Weibull parameters values  are converge 
in spring and summer: The range of the parameter k 
is from 3.26 to 3.49, between 5.22m/s and 4.57 the 
parameter c is the fluctuated, the mean wind speed 
varies between 4.69m/s and 4.16m/s. Winter and 
autumn also have a close values of Weibull 
parameters and average wind speed (k ranges from 
2.54 to 2.91, c from 4.21 m/s to 3.95 m/s, and vavr 
from 3.73 m/s to 3.53 m/s). 
    
These results present that spring and summer are the 
windiest period in the year, where the distribution 
has a higher probability of extreme wind speeds 
compared with other seasons.  

According seasonal analyzes, it mentioned that the 
study site gives a stability of data in all seasons, 
significant frequencies over almost the same range 
from 2m/s to 6m/s throughout the year, The Weibull 
distribution offers a well-fitting with data of wind 
speed in the four seasons. In result, spring and 
summer season are the windiest period in the year. 
 
Considering that the Bachar region has moderate 
wind resources, which is recommended for 

investment, where using a small-scale wind turbine is 
preferable. In this context, three wind turbines with 
distinct designs studied for the same nominal power 
2kw (vertical axis wind turbine generator EN-2KW-H, 
spiral blades vertical axis small wind turbine EN-XL-
2KW and small horizontal axis wind turbine EN-2KW-
L) in order to choose the most efficient [13], 
according to them power curves the wind turbine EN-
2KW-H is the most suitable for study region [14]. 
Table (2) presents technical specifications of the 
selected wind turbine. 
 
Table 2. The technical data of wind turbine selected. 

Turbine diameter 2,55m 

Rotor type vertical straight blades 

Blade material Strong glass fiber 

Peak output 2000w at 12m/s 

Cut in speed (vd) 2 m/s 

Rated speed (vn) 12 m/s 

Cut out speed (vm)  40 m/s 

Wheel height 3m 

Rated voltage 48v 

Generator type Permanent magnet 
generator 

 

Using Weibull distribution and Pallabazzer models 
and REETScreen software, the productivity of 
selected wind turbine is determined, figure 6 
presents the annual productivity [18]: 
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Figure 6. The annual wind energy output by wind turbine 

model EN-2KW-H. 

 
As graph illustrated in figure 4 shows there is 
variation in annual productivity estimates between 
the Pallabazzar model, the Weibull model and 
RETscreen software (18 Mwh by Pallabazzer model, 
4.5 Mwh by Weibull distribution and 8 Mwh by 
RETscreen software), this caused by the differences in 
approach and basic assumptions between them.  
 
The Pallabazzar is simpler and rely on technical 
characteristics of wind turbine as capacity factor, cut 
in speed, while Weibull distribution model is more 
mathematically rigorous and detailed, it provides a 
more precise estimation by Integrate wind turbine’s 
power curve with wind speed distribution. In the 
other hand RETScreen combines detailed climate 
data, turbine specifications, and various models in 
order to estimate energy production, it is considered 
tool that offers the most comprehensive and precise 
analysis, making it appropriate for expert feasibility 
assessments and detailed project planning. 
Therefore, each method has advantages and best use 
cases of its own. The choice depends on the specific 
needs and data for the wind energy project. 

The results of sizing an autonomy wind system 
illustrated in table (3): 

Table 3. Elements of autonomy wind system sizing. 

Wind turbine model  Vertical Axis Wind 
Turbine Generator 
EN-2KW-H 

Number of wind turbine 2 turbines 

Battery number & model 4 batteries & 
Victron Energy 
Lithium Smart 
battery with 
Bluetooth 

Wind controller model TriStar C60 

Wind inverter model EEJG-2000W 

 
4. Conclusion  

 
To realize an off-grid wind farm for irrigation, we 
need the efficiency method of calculation and sizing. 

This study concludes from the annual and seasonal 
analysis of wind data that there are two dominant 
wind directions in the Bechar region: northwest (NW) 
and north (NN-W), with wind speeds that are the 
more frequent (between 2 and 4 m/s). Here, the 
Weibull distribution model is more suitable at speeds 
varying from 4 m/s to 10 m/s. parameters k (4.5) and 
c (2.9 m/s) provide valuable insights into the wind 
speed characteristics of the location and are essential 
for wind resource assessment and wind energy 
project planning, recommend that Bechar region has 
suitable potential for wind energy projects with 
moderate wind resources. We made this effort to 
draw the attention of the persons responsible in the 
energy sector to use wind energy in the Bechar 
region. This can contribute to reducing the costs of 
irrigation systems and encourage the creation of 
green spaces.

 
 
Acknowledgements 
The General Direction of Scientific Research and Technology (DGRSDT) of the Algerian Ministry of Higher Education 
and Research support this social-economical project 2021/2024, N°2: protection de l’environnement et le 
développement durable au site de Béchar: traitement de l’eau usée par phytoépuration couplé à un système hybride 
PV-éolien and PRFU project N◦B00L02UN080120220004: Smart irrigation system for green space in semiarid region of 
Algeria powered by solar energy. 
 
We are grateful to Miss. Fouzia Mehdi for his significant contribution to finish this paper. 
 
References  
1. Hadja Guedaouria, Mebarka Daoudi, Youcef Benmoussa, Abdelhak Maazouzi; Irrigation Network Requirements for 
Watering Urban Green Space in Semiarid Region, 2022 IOP Conf. Ser.: Earth Environ. Sci. 973 012013. 
2. Mebarka Daoudi, Hadja Guedaouria, Youcef Benmoussa, Abdelhak Maazouzi, Karima Seddiki, Fouzia Mehdi, Hanane 
Maammeri and Asma Belaid, Hydraulic Sizing for Watering Green Space Application in Bechar-Algeria’. Urban Horticulture 
- Sustainable Gardening in Cities, IntechOpen, 17 July 2023. Crossref, doi:10.5772/intechopen.1001914. 

0

2

4

6

8

10

12

14

16

18

20

RETscreenPallabzzer Weibull distribution

A
n

n
u

a
l 

p
ro

d
ec

ti
v
it

y
 (

M
w

h
)



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

57 
 

3. Tony Burton, David Sharpe, Nick Jenkins, Ervin Bossanyi, WIND ENERGY HANDBOOK, (2001) by John Wiley & Sons, Ltd 
Baffins Lane, Chichester West Sussex, PO19 1UD, EnglandISBN: 978-0-470-69975-1.  
4. Abdesselem Kabour, Azedine Hani, Lynda Chebbah; İmpact Des Rejets Urbains Sur Laqalite Des Eaux Souterraines 
De La Ville De Bechar (SW ALGEIEN), second international conference on applied energetics and pollution. (ICAEP) 
2014 Constantine, Algeria. 
5. Preface of the First International Conference on Physics of Semiconductor Devices, Renewable Energies, and 
Environment M Daoudi, S Kadri, Y Himri, M Bensafi, A Talhi Physical Sciences Forum 6 (1), 9, 2023. 
6. Vaughn Nelson, Kenneth Starcher, Wind Energy: Renewable Energy and the Environment. 3rd Edition (2019). 
7. Bangga, G. Progress and Outlook in Wind Energy Research. Energies 2022, 15, 6527. https:// 
doi.org/10.3390/en15186527. 
8. Genç, M. S. Determination of the Most Appropriate Site Selection of Wind Power Plants Based Geographic 
Information System and Multi-Criteria Decision-Making Approach in Develi, Turkey. IJSEPM 2021, 30. 
9. Hakim Merarda, Mohamed Toumi, Azzedine Boutelhig, Analysis of heliostat fatigue: Impact of wind speed 
distribution, studied over six regions of Algeria, Solar Energy, Volume 278, 2024, 112776, ISSN 0038-092X, 
https://doi.org/10.1016/j.solener.2024.112776. 
10. Li, Z.; Xu, B.; Shen, X.; Xiao, H.; Hu, Z.; Cai, X. Performance Analysis of Ultra-Scale Downwind Wind Turbine Based 
on Rotor Cone Angle Control. Energies 2022, 15, 6830. https://doi.org/10.3390/en15186830. 
11. A, Marashli and all, Statistical Analysis of Wind Speed Distribution Based on Five Weibull Methods for Wind Power 
Evaluation in Maan, Jordan, Journal of Energy Technologies and Policy, SSN 2224-3232 (Paper) ISSN 2225-0573 (Online), 
Vol.11, No.4, 2021. 
12. Guenoukpati, A., Salami, Kodjo, M.K., and Napo, K, Estimating Weibull Parameters for Wind Energy Applications Using 
Seven Numerical Methods: Case studies of Three Coastal Sites in West Africa. International Journal of Renewable Energy 
Development (2020), 9(2), 217-226. 
13. Alcayde, A.; Hernandez-Escobedo, Q.; Muñoz-Rodríguez, D.; Perea-Moreno, A.-J. Worldwide Research Trends on 
Optimizing Wind Turbine Efficiency. Energies 2022, 15, 6559. https:// doi.org/10.3390/en15186559. 
14. Chitura, A.G.; Mukumba, P.; Lethole, N. Enhancing the Performance of Savonius Wind Turbines: A Review of Advances 
Using Multiple Parameters. Energies 2024, 17, 3708. https://doi.org/ 10.3390/en1715370. 
15.  Stand-Alone Wind Energy system A Buyer’s Guide, Marbek Resource Consultants and SGA Consulting for the Renewable 
and Electrical Energy Division, ( (2003  Energy Resources Branch of Natural Resources Canada (NRCan). 
16. Matt Little, Wind Turbine Electrical System Design Guide, 1 (2008) pp11-44. 
17. Azada, A. K  and all, Analysis of wind energy conversion system using Weibull distribution, 10th International Conference 
on Mechanical Engineering, ICME 2013, Procedia Engineering 90 ( 2014 ) 725 – 732ELSEVIER. Statistical Analysis of Corrosion 
Data Luciano Lazzari, in Engineering Tools for Corrosion, 2017. 
18.Sameh Alsaqoor1, Abdullah Marashli, Reem At-Tawarah, Gabriel Borowski, Ali Alahmer, Nader Aljabarin, Nabil Beithou; 
Evaluation of Wind Energy Pote ntial in View of the Wind Speed Parameters – A Case Study for the Southern Jordan. 
Advances in Science and Technology Research Journal 2022, 16(6), pp 275–285. 

https://www.sciencedirect.com/science/article/pii/B9780081024249000082
https://www.sciencedirect.com/science/article/pii/B9780081024249000082
https://www.sciencedirect.com/book/9780081024249/engineering-tools-for-corrosion


International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

58 
 

  

Prospects of laser processing of Ta-substituted TiO2 
for designing thermoelectric materials  

 
Diogo Lopes 

 
CICECO – Aveiro Institute of Materials, Department of Materials and Ceramic Engineering, 

University of Aveiro, 3810-193, Aveiro, Portugal, djlopes@ua.pt 
ORCID: 0000-0002-1087-9990  

 

Nuno Ferreira  

 
i3N – Physics Department, University of Aveiro, 3810-193, Aveiro, Portugal, nmferreira@ua.pt 

ORCID: 0000-0002-4398-9256  

 

Andrei Kovalevsky 
 

CICECO – Aveiro Institute of Materials, Department of Materials and Ceramic Engineering, 
University of Aveiro, 3810-193, Aveiro, Portugal, akavaleuski@ua.pt 

ORCID: 0000-0001-5814-9797  

 
Cite this paper as: Lopes, Diogo, Ferreira, Nuno, Kovalevsky, Andrei. Prospects of laser processing of Ta 

substituted TiO2 for designing thermoelectric materials. Int. Conf. Advanced. Mater. Sci.& Eng. HiTech.and 
Device Appl.Oct. 24-26 2024, Ankara, Turkiye 

 
Abstract. The potential of Ta-substituted titanium dioxide (TiO₂) for thermoelectric applications was investigated using the 
Laser Floating Zone (LFZ) method under varying growth atmospheres: air and H₂/N₂. Samples were also post-annealed in 
H₂/N₂ following LFZ growth in air to further analyze the effects of processing conditions. X-ray diffraction (XRD) revealed 
rutile as the dominant phase, with phase composition influenced by the atmosphere. While oxidizing conditions led to 
TiTa₂O₇, reducing conditions favored the formation of Magnéli phases, particularly in samples with lower tantalum content. 
Thermogravimetric analysis confirmed that LFZ processing in a hydrogen atmosphere promotes titanium reduction and 
oxygen vacancies, improving electrical properties. The Seebeck coefficient and electrical conductivity were measured at 
high temperatures to evaluate thermoelectric performance. A maximum power factor of 735 μW/(m·K²) was achieved at 
1120 K, one of the highest values reported for similar materials. This study demonstrates the effectiveness of LFZ processing, 
particularly in reducing atmospheres, for enhancing the thermoelectric performance of Ta-substituted TiO₂.  

 
Keywords: Thermoelectric oxide; Rutile; Laser Floating Zone technique; electrical performance; power factor. 

© 2024 Published by ICMATSE 

 

The need for sustainable energy and efficient 
technologies has driven the exploration of 
thermoelectric (TE) materials, which convert 
thermal gradients into electrical energy, thus 
recovering waste heat from industrial processes [1]. 
The efficiency of this conversion is expressed by the 
dimensionless figure of merit, ZT: 
 

𝑍𝑇 =  
𝛼2𝜎

𝜅
× 𝑇                                                        Eq. [1] 

 
Where α is the Seebeck coefficient, σ electrical 
conductivity, κ thermal conductivity, and T is the 
operating temperature, achieving high ZT values 
requires optimizing these properties [2]. While 

effective, traditional thermoelectric materials like 
PbTe and Bi2Te3 face limitations due to toxicity and 
instability at high temperatures [3]. Alternatively, 
TiO2-based materials are abundant, stable, and non-
toxic, making them promising candidates for high-
temperature applications [4]. 
This study focuses on using the Laser Floating Zone 
(LFZ), figure 1, to process Ta-substituted TiO2 under 
air and H2/N2 atmospheres. Samples were also post-
annealed in a reducing atmosphere to study its 
effects on microstructure and thermoelectric 
performance. Structural characterization was done 
via X-ray diffraction (XRD), while thermoelectric 
properties, including the Seebeck coefficient and 
electrical conductivity, were measured at high 
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temperatures. XRD revealed that rutile was the 
dominant phase across all samples, and the growth 
atmosphere significantly influences phase 
composition, with TiTa2O7 forming under oxidizing 
conditions and Magnéli phases appearing in 
reducing conditions, especially in samples with 
lower Ta content. 
Thermogravimetric analysis confirmed that LFZ 
processing in a hydrogen-containing atmosphere 

promoted the reduction of titanium cations and 
induced oxygen vacancies, enhancing electrical 
conductivity. A maximum power factor of 735  
μW/(m·K²) was achieved at 1120 K. The results 
indicate that LFZ processing can significantly 
improve the thermoelectric properties of Ta-
substituted TiO2, making it a promising candidate for 
high-temperature thermoelectric applications.  

 

 

Figure 1. Schematic representation of the LFZ growth process. 
 
References  

1. J. He, Y. Liu, and R. Funahashi, “Oxide thermoelectrics: The challenges, progress, and outlook,” J. Mater. Res., vol. 26, no. 
15, pp. 1762–1772, 2011, doi: 10.1557/jmr.2011.108. 

2. A. V. Kovalevsky et al., “Designing strontium titanate-based thermoelectrics: insight into defect chemistry 
mechanisms,” J. Mater. Chem. A, vol. 5, no. 8, pp. 3909–3922, 2017, doi: 10.1039/C6TA09860F. 
3. F. P. Carreira, N. M. Ferreira, and A. V. Kovalevsky, “Laser processing as a tool for designing donor-substituted 
calcium manganite-based thermoelectrics,” J. Alloys Compd., vol. 829, p. 154466, 2020, doi: 
10.1016/j.jallcom.2020.154466 

4. H. Lee, S. J. Han, R. Chidambaram Seshadri, and S. Sampath, “Thermoelectric properties of in-situ plasma spray 
synthesized substoichiometry TiO2−x,” Sci. Rep., vol. 6, no. 1, p. 36581, Nov. 2016, doi: 10.1038/srep36581



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

60 

 

  

Bulk Nanostructured Bainitic Steels: Superior Engineering Properties with 
Considerable Mechanical and Thermal stability 

 
Behzad Avishan 

 
Azarbaijan Shahid Madani University, Faculty of Engineering, Department of Materials Engineering, 

Tabriz, Iran  
Başkent University, Faculty of Engineering, Department of Mechanical Engineering, Ankara, Turkey 

bavishan@baskent.edu.tr  
ORCID: 0000-0001-7852-4478 

 
Cite this paper as: B. Avishan, Bulk Nanostructured Bainitic Steels: Superior Engineering Properties with 

Considerable Mechanical and Thermal stability, Int. Conf. Advanced. Mater. Sci.& Eng. HiTech.and Device 
Appl.Oct. 24-26 2024, Ankara, Turkiye  

 
Abstract. Bulk nanostructured bainitic steels represent a breakthrough in advanced high-strength steels (AHSS), offering 

exceptional mechanical properties due to their nanoscale microstructures. With ultimate tensile strengths ranging from 1.6 

to 2.5 GPa and elongation rates of 10-30%, these materials are strong contenders for various industrial applications. This 

article introduces these cutting-edge materials, emphasizing their microstructural characteristics and the resulting 

mechanical properties. The role of the TRIP effect and the factors influencing it are thoroughly examined, highlighting its 

contribution to the material's enhanced performance. Additionally, the thermal stability of the nanostructured 

microstructure is discussed, with a focus on its remarkable tempering resistance, essential for applications requiring high-

temperature durability. Key microstructural parameters such as size, morphology, and volume fraction, along with the heat 

treatment process, are identified as critical factors affecting the material’s properties. Furthermore, it is demonstrated that 

these steels maintain their mechanical integrity at temperatures up to 400 °C, showcasing their suitability for high-

temperature applications. By highlighting these advantages, bulk nanostructured bainitic steels are presented as a superior 

alternative to conventional AHSS, offering unmatched potential for high-performance applications that demand exceptional 

strength, toughness, and reliability.    
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Introduction: Advanced high-strength steels (AHSS) 
offer superior mechanical properties compared to 
conventional steels, including enhanced strength, 
ductility, and toughness. They are crucial in modern 
manufacturing technology and engineering and are 
extensively used in the automotive industry, 
construction, machinery, and other sectors where 
material performance is critical. Among their 
different types, TRIP-assisted steels, metastable 
austenitic steels, medium-Mn TRIP steels, Q&P 
steels, and nanostructured bainitic steels provide an 
interesting strength-ductility combination, thanks to 
the austenite phase present in their microstructure 
and the corresponding TRIP effect phenomenon [1]. 
Nanostructured low-temperature bainitic steels 
consist of nanoscale bainitic ferrite, high-carbon 
retained austenite films, and austenite microblocks. 
While bainitic ferrites are responsible for the 
strength properties, austenite morphology and 
content are critical factors in ductility performance. 

Additionally, the austenite phase adds to the 
strength of the engineering part due to the TRIP 
phenomenon [2]. On the other hand, high-carbon 
retained austenite present within the 
microstructure is susceptible to decomposition to 
ferrite and cementite at high temperatures, which 
can restrict component usage in high-temperature 
applications. Accordingly, both mechanical and 
thermal stability of the austenite must be 
considered to achieve the desired material with the 
required mechanical performance. The aim of the 
present work is to track the microstructural 
characteristics and the resulting mechanical 
properties in these high-performance steels. 
Moreover, the importance of the TRIP effect is 
examined, and the thermal stability of the high-
carbon retained austenite is discussed, which is 
essential for high-temperature applications. Primary 
steel with a chemical composition of 0.9C, 1.63Si, 
1.84Mn, 0.23Mo, 1.21Cr, 1.4Co, and 0.58Al (all in 
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weight percent) was received in sheet form after 
casting, homogenization, and hot rolling in 15 mm 
sheet shape. Nanostructured bainite was obtained 
after austenitizing at 900 °C for 30 min, followed by 
isothermal austempering at 200 and 300 °C for the 
optimum heat treatment time. The thermal stability 
of the microstructure has been studied after 
reheating the samples to the temperature range of 
400-650 °C for 1 h. Microstructural evaluations were 
performed using a field emission gun scanning 
electron microscope (FEG-SEM) and X-ray diffraction 
methods. The hardness of the materials was 
determined, and tensile and Charpy impact tests 
were carried out at room temperature.  
 
Results and discussion: Fig. 1 shows the 
microstructural characteristics of bainite obtained 
after isothermal transformation at 200 and 300 °C. 
The microstructure consists of bainitic sheaves 
separated by austenite microblocks, with each sheaf 
comprising alternating layers of nanoscale bainitic 
ferrites (bainite subunits) and austenite films. It is 
evident that bainitic ferrites and austenite films, 
with thicknesses of less than 70 nm, were achieved, 
being thinner at the lower transformation 
temperature.  
 

 
Figure 1. Microstructure of original nanostructured 

bainite 

Bainite transformation starts with paraequilibrium 
nucleation of bainitic ferrites from primary austenite 
grain boundaries and progresses by their shear 
growth mechanism. The strength of the parent 
austenite from which bainite forms is a critical factor 
for the thickness of the bainitic subunits. Stronger 
austenite restricts the motion of the glissile interface 
of austenite/ferrite, resulting in finer bainitic 
subunits. In this study, bainitic subunits of 68 and 27 
nm, and austenite films of similar thicknesses were 

achieved at the end of the 300 and 200 °C 
transformations, respectively. Unlike martensite, 
which forms by shear transformation, bainite 
transformation is a paraequilibrium process, during 
which carbon partitioning from bainitic ferrite into 
the surrounding austenite occurs due to the higher 
transformation temperature, increasing the carbon 
content in solid solution in austenite. Carbon in solid 
solution stabilizes austenite, and it has been shown 
that almost 1 wt% of carbon is sufficient to stabilize 
the austenite phase. Accordingly, different tempering 
behavior is expected for bainite compared to that of 
martensite, which is well discussed elsewhere [3]. 
Generally, austenite is present in two morphologies—
filmy and blocky—in nanobainite. Austenite 
microblocks are thermally and mechanically less 
stable compared to austenite films, and it is necessary 
to replace austenite blocks with austenite films as 
much as possible if enhanced mechanical properties 
are desired. Decreasing the primary austenite grain 
size, applying step austempering processes, and 
ausforming can be beneficial in this regard. Fig. 2 
illustrates the XRD profiles of the heat-treated 
samples, and the corresponding refinements 
indicated that approximately 30% and 43% of 
austenite were attained in samples austempered at 
200 and 300 °C, respectively. It is logical to obtain a 
higher volume fraction of bainite and, therefore, 
lower austenite content at lower transformation 
temperatures, according to the bainite 
transformation theory. 

 
Figure 2. XRD profiles for nanobainite obtained at two 

different temperaures 

 
Microstructural characteristics are directly 
responsible for the mechanical properties achieved in 
nanostructured bainite. Table 1 summarizes the 
resultant mechanical properties of steels heat-
treated at two different temperatures in this study. 
Generally, different parameters control the strength-
ductility combination in nanobainite. It is important 
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to note that while the volume fraction and thickness 
of the bainitic ferrites are critical factors for strength 
properties, austenite content and its morphology 
influence ductility. A higher volume fraction of 
thinner bainite is necessary for increased hardness 
and strength values. This is why stronger 
nanostructured bainitic steel is obtained at 200 °C. 
The dislocation density in nanobainite is also a crucial 
factor to consider when analyzing strength 
properties. A high number of dislocations are 
introduced within the microstructure of the material 
due to the shear transformation phenomenon, which 
can increase strength and hardness. Decreasing the 
transformation temperature and consequently 
stronger austenite, from which bainite forms, results 
in a higher number of dislocations in nanobainite. 
Examples of these dislocations can be found in Fig. 3. 

Table 1. Hradness (HV30), Yiels strength (YS), Ultimate 
tensile strength (UTS), Elongation (El) and Impact 
toughness energy (IE) of the heat-treated materials 

Mechanical 
properties  

200 °C 300 °C 

HV30   544±10 430±10 
YS (Mpa)  1500±11 1166±14 
UTS (Mpa) 2340±20 1620±16 
El (%) 14±2 30±3 
IE (J) 10±3 18±3 

 

 
Figure 3. dislocations introduced within the nanobainite 

achieved at 200 °C due to the shear transformation 
  

Although the austenite phase controls the ductility 
properties, its transformation to martensite during 
straining (TRIP effect) boosts both strength and 
ductility [2,4,5]. This is why the mechanical stability of 
austenite is a crucial factor that must be carefully 
considered. Moderate mechanical stability is 
essential to maximize the positive effect of the TRIP 
phenomenon, as it delays the austenite-to-
martensite transformation, allowing for greater 
energy absorption and enhanced mechanical 

performance [6]. Generally, austenite films are 
mechanically more stable compared to those with a 
blocky morphology. Austenite blocks are poorer in 
carbon, especially at their centers, making them 
prone to transform into martensite at earlier stages 
of deformation. As a result, replacing austenite blocks 
with austenite films and decreasing the size of the 
blocks can be beneficial for enhancing mechanical 
properties. Given the higher volume fraction of 
austenite in nanobainite obtained at higher 
transformation temperatures, it is logical to achieve 
higher toughness and elongation values, even if 
refined austenite blocks at an identical 
transformation temperature may further increase 
ductility. Besides the mechanical stability of 
austenite, its thermal stability is also of great 
importance, especially for high-temperature 
applications of nanostructured bainitic engineering 
parts. The question is: how does the tempering 
behavior of nanostructured bainite differ from that of 
martensitic steels? This can be addressed by 
examining the microstructural characteristics and 
mechanical performance of nanostructured bainite at 
high temperatures, by reheating the samples after 
the completion of the bainite reaction. As shown in 
Fig. 4, microstructural analysis confirms no significant 
change after reheating the sample up to 400 °C, 
indicating excellent resistance to microstructural 
decomposition. It can be concluded that, unlike 
martensite, the super bainite microstructure has 
significant thermal stability. Increasing the reheating 
temperature and corresponding microstructural 
studies indicated different behavior in 
microstructural changes. Cementite precipitations 
occurred at 500 °C, becoming more significant at 
higher temperatures. Moreover, austenite 
microblocks began to decompose into pearlite at 550 
°C. 

 
Figure 3. Microstructure of reheated nanostructured 

bainite 
 

The results indicate that nanostructured bainite 
exhibits high thermal stability of its microstructure 
at elevated temperatures up to 400 °C, making it 
suitable for high-temperature applications if its 
mechanical properties remain consistent. The 
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hardness changes in nanostructured bainitic steels 
were compared with those in high-carbon steel with 
a martensitic microstructure after reheating to 
various temperatures for 1 hour. The findings 
showed significant differences in the tempering 
behavior between nanostructured bainite and 
martensite. In steels with martensite, hardness 
began to decrease upon reheating to 300 °C, with 
further reductions as the temperature increased. 
Conversely, the hardness of nanostructured bainitic 
steel remained stable even at 400 °C (see Table 2) 
and matched the values achieved under optimal 
austempering conditions. At 500 and 550 °C, not 
only did the hardness not decrease, but it slightly 
increased, reaching a peak before declining when 
reheated to 600 °C and above. Therefore, it can be 
concluded that, unlike martensitic steel, 
nanostructured bainitic steel exhibits excellent 
tempering resistance up to approximately 400–450 
°C.  
 
Table 2. Hardness (HV30), Yiels strength (YS), Ultimate 
tensile strength (UTS), Elongation (El) and Impact 
toughness energy (IE) of the heat-treated materials 

Mechanical 
properties  

400 °C 500 °C 550 °C 

HV30 430±10 500±10 520±110 
YS (Mpa)  1125±15 1740±14 1545±10 
UTS (Mpa) 1514±20 2006±15 1797±15 
El (%) 29.1±2 5±1 5.3±3 
IE (J) 19±2 8±3 - 

 

Table 2 also summarizes the mechanical properties of 
the nanostructured bainite obtained at the end of 
austempering at 300 °C after reheating to higher 
temperatures. The sample reheated to 400 °C 
exhibited strength and ductility properties similar to 

the initially formed super bainite, as they shared 
nearly identical microstructural characteristics, as 
previously discussed. The minor reduction in yield 
strength (YS) and ultimate tensile strength (UTS) is 
likely due to dislocation recovery at 400 °C. An 
increase in reheating temperature to 500 °C led to 
cementite precipitation, which enhanced strength 
properties. However, at 550 °C, austenite 
decomposition and pearlite formation caused a 
decrease in strength, which became more 
pronounced at 600 and 650 °C due to severe 
austenite decomposition and cementite 
spheroidization. Spheroidized cementite within the 
ferrite matrix at these temperatures resulted in the 
lowest strength levels. Changes in elongation can be 
linked to microstructural transformations. The similar 
elongation of the original super bainite and the 
sample reheated to 400 °C can be attributed to their 
similar austenite content and microstructural 
morphology. A reduction in austenite content by 
nearly 50% in the specimen reheated to 500 °C led to 
decreased elongation. Nonetheless, pearlite 
formation, more extensive austenite decomposition, 
and cementite spheroidization at higher 
temperatures increased elongation compared to the 
initially obtained nanobainite. 

Conclusion: Nanostructured bainite is stable against 

any microstructural variations up to reheating at 400 

°C, and nearly identical hardness and strength-

ductility properties can be achieved compared to the 

base material. According to the results, large 

austenite blocks are susceptible to decomposition 

into pearlite, whereas austenite films are thermally 

more stable. 
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Abstract. In this study, different ratios of PbS quantum dots were doped to Nematic Liquid Crystals (NLCs) Dielectric 
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out to detailed investigation of the electrical properties of the samples. The optical characteristics of the samples were 
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QDs nanoparticals were doped into nanoparticles. The transmittance measurement showed that the doping of PbS QDs 
decreased the wave amplitude and, consequently, the nonlinear effects. 

 
Keywords: Nematic Liquid Crystals; Dielectric Spectroscopy; PbS nanoparticles; Conductivity 

© 2024 Published by ICMATSE 

 
1.Introduction 
  
Advances in nanoscience and nanotechnology bring 
about several application possibilities. Artificially 
designed materials are critical for applications in 
these areas. One material that is widely used in this 
application is liquid crystal (LC), which is a crucial 

material with a nonlinear nature that offers amazing 
application possibilities. Due to their self-assembly 
properties and spatial control capabilities, they 
provide a variety of designs and usage possibilities in 
a wide variety of display devices such as televisions, 
clocks, viewfinders, computer monitors, laptop 
screens, digital displays, billboards, and navigation 
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systems. Each display pixel is made up of a 
configuration of liquid crystals that are guided by its 

own electromagnetic field [1]. The capacity for self-
assembly and the simplicity with which their 
properties can be altered in response to external 
electric or magnetic fields make nematic liquid 
crystals (NLCs) unique among LCs. Recent 
advancements in nanotechnology have enabled the 
integration of nanoparticles, such as quantum dots, 
into LCs, which has opened up possibilities for 
modifying and enhancing their dielectric and 
conductive properties [2]. Lead sulfide 
semiconductor quantum dots (PbS QDs), with their 
adjustable bandgap and near-infrared emission, 
present promising opportunities for such 
modifications [3]. PbS QDs have excellent optical 
properties, suitable band width and near infrared 
emission wavelength range of 900 nm and 1600 nm. 
By controlling their size, they can easily extend the 
absorption wavelength of the primary exciton into 
the near infrared region. The calculated Bohr exciton 
radius for PbS semiconductors is approximately 20 
nm, and the energy range can be tuned between 0.7 
eV and 2.1 eV depending on the particle size.[4] 
 
In this study, the effect of doping PbS QDs into NLCs 

on their dielectric and optic properties were 

investigated. We examined the effects of the 

variation in PbS QDS doping concentration on the 

conductivity and dielectric response of NLCs using 

dielectric spectroscopy and current-voltage (I-V) 

measurements.  

2. Experimental  

 
ITO cells were filled with commercially purchased 
liquid crystals. To examine the effects of adding PbS 
QDs, three separate liquid crystal cells were 
prepared. PbS QDs were added to the other two in 
varying ratios, leaving one of them without adding 
QDs as a reference. Before measurements, each 
sample was kept for one hour at 70 °C on a hot plate.   
 
Optic characterizations of the samples were carried 
out by transmittance measurements using Agilent 
8453 UV-Vis spectrophotometer in the wavelength 
region 300-1100 nm.  For the electrical 
characterization, the capacitance-voltage (C-V) 
measurements were performed by using using a 
HIOKI 3522-50 LCR HiTester in the 0-5 V bias voltage 
range at constant frequencies for pure and PbS QDs 
added NLC samples. 
 

3. Results and Discussion 
 
In this section, we present the results of our study 
on the enhancement of the electrical and optical 
properties of liquid crystals doped with quantum 
dots. The following calculations and studies show 
how the dielectric characteristics, overall electrical 
and optical performance, and overall behavior of 
liquid crystals are affected by the addition of PBS 
quantum dots. These findings offer insights into the 
ways in which the quantum dot doping changes the 
electrical and optical properties of the liquid crystal 
cells as well as the dielectric constants. 
 
3.1. Electrical Characterization 
 
The study was focused on two samples: pure and 
PbS QDs doped NLC. The electrical response of these 
samples was evaluated by measuring the 
capacitance (𝐶𝑝) and dielectric loss (𝐷) over the 
applied fixed frequency and variable voltages. These 
parameters were then used to calculate the 
dielectric properties, specifically the real dielectric 
constant (𝜀′), imaginary dielectric constant (𝜀′′), and 
the conductivity (𝜎) using the following relations: 
 

𝜀′ =
𝐶𝑠.𝑑

𝜀0.𝐴
                                                                     (1) 

𝜀′′ = 𝜀′. 𝐷                                                                  (2) 

𝜎 =
𝐹.𝐶𝑝.𝐷.𝐴

𝑑
                                                               (3)  

where: 
 
𝐹 is the applied frequency signal of 5 kHz, 𝐶𝑝 is the 
parallel capacitance, 𝐷 is the dielectric loss factor, 𝐴 
is the ITO electrode surface area of 1.6 × 10⁻¹¹ m², 
and 𝑑 is the thickness of the cell, which is 5 × 10⁻⁶ 
m). To understand the effect of quantum dot doping 
on the electrical behavior of NLC composites, the 
changes in conductivity depending on the PbS QD 
concentration were analyzed. 
 
Figure 1 shows the conductivity – voltage (σ-V) 
graph of pure and PbS QDs added nematic liquid 
crystals samples. The calculated real dielectric 
constant (ε') and the imaginary dielectric constant 
(ε'') are given in Figure 2 (a) and (b), respectively. 
 
The dielectric constant of the doped liquid crystal (LC) 
samples was significantly elevated in comparison to 
that of the undoped nematic liquid crystal (NLC) cells. 
This increase in the dielectric constant suggests an 
enhanced polarizability within the doped material, 
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likely due to the influence of quantum dots on the 
alignment and orientation of the LC molecules[5]. 
Additionally, a marked reduction in electrical 
conductivity was observed upon doping. This decline 
can be explained by the quantum dots acting as 
localized charge traps or scattering centers, which 
impede the mobility of charge carriers and thus 
contribute to decreased conductivity. 
 

 
Figure 1. Conductivity – voltage (σ-V) graphs of pure and 

PbS QDs added nematic liquid crystals samples. 

 

 
 

Figure 2. (a) The real; (b) the imaginary dielectric constant 
- voltage graphs of the pure and PbS QDs added nematic 
liquid crystals samples. 

 
 
3.2. Optical Characterization 
 
The measurements were conducted within ITO-
coated cells. To ensure accuracy, the baseline 
transmission spectrum of the ITO layer was 
subtracted from the overall transmittance data, 
accounting for the ITO layer's contribution and 
isolating the intrinsic optical properties of the doped 

NLC samples. Figure 3 shows transmittance – 
wavelength graphs of the pure and PbS QDs added 
nematic liquid crystals samples.  
The results show a general decrease in 
transmittance for the doped samples across a broad 
wavelength in between 600-1000 nm as seen in Fig. 

3. The measurement of transmittance indicated 
that the doping of PbS QDs reduced the 
amplitude of the wave and, as a result, the 
nonlinear effects. 
 

 
 

Figure 3. Transmission spectra for pure and PbS QDs 
doped NLC.  

4. Conclusions 
 
In this study, the impacts of PbS QDs nanoparticles 

dopping into liquid crystals were investigated. The 
results of C-V and transmittance measurements 
shown that incorporating PbS quantum dots 
into NLC systems significantly alters their 
dielectric and conductive properties. These 
findings also present a possibility for 
applications requiring regulated electrical 
behavior. The results provide insight into the 
potential for innovative use of these 
nanocomposites in plasmonic and 
optoelectronic devices. 
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Abstract. Osteonecrosis of the Femoral Head (ONFH) is an osteonecrotic condition originated from the inadequate blood 
supply to bone. Although it has a high rate of disability, because there is no clear ethiology of the disease, there is still no 
certain treatment for. Since it is characterized by a functional disability in microcirculation, the treatment is expected to 
include both vascular structure and bone regeneration. Hydrogels are networks of hydrophilic polymer chains which are 
capable of retaining large amount of water and also are promising solution for ONFH treatment because of their desirable 
chemical and pysical properties as well as having a similar structure to extracellular matrix which may also give the 
advantage of the capability of regenerating different tissues such as bone and vascular structure, at the same time.  Here, 
in this lecture there will be a brief information about ONFH, vascularisation and the use of hydrogels in treatment of ONFH.  
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Introduction  
 
Bone is the second largest transplant tissue in the 
world following the blood. In bone grafting 
autografts are the gold standard yet the donor side 
morbidity and the limited graft material are the 
main problems. Following autograft, allografts are 
the second popular because it decreases the 
surgical burden on the patient as well as the blood 
loss yet the disease transmission possibilities and 
the lack of allograft banking are the problems. On 
the other hand, composite grafts are getting more 
attention every day because of their adjustable 
properties based on the required conditions 
(Figure 1). Extracellular matrix provides a base for 
cell attachment and is also responsible for cell-to-
cell signaling, cell migration, differentiation and 
proliferation. Therefore, throughout composite 
materials, because of their similarity to 
extracellular matrices (ECM), hydrogels have 
recently become more and more popular. 

 

 
Figure 1: Graft material classification  

 
Femoral head necrosis (FHN, aka osteonecrosis of 
the femoral head (ONFH), avascular necrosis (AN)) 
is a vascular disease and based on the etiology it 
can be mainly divided into two as traumatic 
femoral head necrosis or non‐traumatic femoral 
head necrosis (Figure 2).  
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Figure 2. Etiology of FHN 
 
Traumatic FHN is the most common type and 
steroid- and alcohol-induced FHN are the most 
frequently seen non-traumatic FHN types. 
Although the etiology can be divided into as 
such, the molecular reasons leading to FHN are 
not well described and well-known which 
causes many “early” treatment strategies for 
FHN not being successful. Hence, total hip 
arthroplasty (THA) is generally the last resort 
for treatment. However, in the case of early 
necrosis, which in clinics is defined as the state 
just before collapse, throughout the minimally 
inbasive surgery techniques, core 
decompression surgery is chosen as the first 
solution before THA (Figure 3). 

 
 

 
 
Figure 3. Surgical treatment techniques of FHN 
 
Conclusion  
 
Thus, in this study we aimed to explain the 
relation between osteogenesis and 
angiogenesis on FHN and how it can be treated 
with the use of hydrogels especially in case of 
core decompression surgery before FHN leads 
to physical disabilities.  
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Abstract. This study investigates the comparative effects of as-built and drilled holes on the mechanical properties, defects, 
and tolerances of ULTEM® 9085 and Onyx materials using polymer additive manufacturing. Utilizing Stratasys Fused 
Deposition Modeling (FDM) 900 MC Printer and Markforged, we explore the variances in tensile strength, failure strain, and 
modulus across identical dogbone test samples with different hole types. The analysis shows a significant variation in 
mechanical strength between the FDM parts and comparable injection-molded parts, with a notable increase in the 
coefficient of variation as layer orientation deviates from the primary load direction. Microscopic examinations relate these 
variations to the macrostructure and mechanical response of the materials. Hole quality, material integrity, accuracy, 
tolerances, time efficiency, and cost considerations between additive manufacturing and conventional drilling are also 
discussed, highlighting the trade-offs and operational efficiencies unique to each technique. This comparative analysis 
provides valuable insights into the optimized use of additive manufacturing for engineering applications requiring precise 
hole dimensions and mechanical robustness.  
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Introduction  
 
The broadening range of applications suggests the 
feasibility of utilizing three-dimensional (3D) printed 
parts in assemblies that include metal or other 
material components [1-3]. This situation presents 

challenges related to dimensional and geometric 
quality; areas that have not been fully explored by 
the scientific community. Due to its considerable 
importance to industry, this study focuses on 
examining parts made of Ultem 9085 (PEI, Ultem) 
using fused deposition modeling (FDM), which may 
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be used in conjunction with other components. The 
research aims to provide critical insights into surface 
quality, dimensional precision, and the key 
distinctions between creating final 3D printed parts 
versus those that are printed and then machined 
using traditional manufacturing techniques [4,5]. 
 
The advancement and industrial adoption of 
Additive Manufacturing (AM) depend on its ability to 
meet defined quality standards for material and 
dimensional properties while maintaining cost 
competitiveness. This requires confirming the 
intended properties through proper methods, 
selecting suitable materials, optimizing production 
processes, and aligning with environmental 
standards to transition AM from rapid prototyping 
to industrial-scale manufacturing. However, this 
shift necessitates thorough research and validation 
of all associated AM processes [6-8]. 
 
Current research in Additive Manufacturing (AM) 
identifies surface quality as a critical issue in 3D 
printing. Studies consistently show that the quality 
of parts produced by AM significantly depends on 
the precise control of printing parameters [9,10]. 
These issues are generally categorized into four 
areas: optimization of build orientation, layer 
thickness, fabrication parameters, and post-
treatment processes. The parameters of build 
orientation and layer thickness are particularly 
emphasized in scientific literature as crucial factors 
influencing the surface quality of specimens [11].  
Furthermore, achieving an optimal configuration of 
manufacturing parameters to enhance surface finish 
could potentially affect the structural integrity of the 
printed objects. Many studies have delved into how 
printing parameters, especially the printing angle 
which is often crucial for determining surface 
quality, impact mechanical properties [12-14].  
 
In recent years, various methods like steam 
smoothing, chemical treatments, and sandpaper 
polishing, finding that chemical treatments resulted 
in the lowest surface roughness have been explored 
to enhance the finish of 3D printed surfaces [15].  
 
Dimensional accuracy remains a critical issue and a 
limitation for the industrial expansion of additive 
manufacturing (AM) Technologies [16,17]. 
Therefore, this research addresses the dimensional 
accuracy of parts produced by fused deposition 
modeling (FDM), comparing two methods: printing 
or drilling the through-holes on FDM parts. The 

study explores both alternatives in detail to provide 
appropriate recommendations. 
 
Materials and Method 

 
The 3D Accuracy parameter impacts the surface 
finish (tessellation) of the STL file (input file for the 
printer). We used the value 0.01 as resolution in the 
option box of CATIA. 
 
The STLs were processed using single contour and 
+45/-45 solid rasters, which are typical default 
settings. After the samples were sliced, and support 
and toolpaths were generated, seam control was 
used to ensure the seams were on the corners of the 
specimen out of the areas of concern for testing. 
Produced specimen definitions are presented in 
Table 1. 
 
Table 1. Specimen Definitions 

Specimen Material Number of 
Specimens 

Direction  

Without 
Hole 

ULTEM 
9085 

3 XY 

Drilled Hole 
ULTEM 
9085 

3 XY 

As-built 
Hole 

ULTEM 
9085 

3 XY 

Without 
Hole 

Onyx 3 XY 

Drilled Hole Onyx 3 XY 
As-built 

Hole 
Onyx 3 XY 

 

 
Figure 1. XY Orientation 

 
The ASTM D638 Type 1 specimens were fabricated 
using Ultem 9085 and Onyx materials from the same 
CAD model. Some of the specimens were processed 
with holes drilled using a drill to achieve the final 
dimensions. The produced hole-free, drilled-hole, 
and as-built hole specimens were subjected to a 
study involving microstructure examination, 
measurements, and tensile testing. 
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The materials have been tested for tensile strength, 
defects and the tolerances of the samples. Tensile 
strength has been measured in accordance with 
ASTM D638. 

All specimens with holes have been examined with 
Zeiss Smartzoom 5 Digital Microscope. All specimens 
with hole diameters have been measured with Zeiss 
Smartzoom 5 Digital Microscope.  

Tensile mechanical tests were performed to ASTM 
D638 Type I samples, thickness = 3.3 mm (0.130 in.) 
tested with a cross-head speed of 0.2 in./min. All 
samples were conditioned for a minimum of 40 hours 
at 23 ± 2 oC (73 ± 3.6 °F) and 50 ± 10% RH prior to 
testing. 

Results and Discussion 
 
Microscopic examinations revealed porosities 
around the hole. No errors were encountered when 
the hole was drilled. Microscopic examination of 
specimen holes are presented in Table 2. 
 
Table 2. Microscopic Examination 

Specimen ULTEM 9085 ONYX 

As-built Hole 1 

 

 

As-built Hole 2 

  

As-built Hole 3 

 
 

Drilled Hole 1 

  

Drilled Hole 2 

  

Drilled Hole 3 

  
 
The hole measurements were taken twice with a 
microscope, once from top of the hole and once 
from bottom. Besides, all measurements were taken 
at 0 and 90 degrees to also examine the roundness. 
The hole measurements of ULTEM 9085 and ONYX 
specimens are presented in Table 3 and Table 4. 
 
Table 3. ULTEM 9085 Hole Measurement 

Specimen and 
Location 

Measured Diameter 
0-degree (mm) 90-degree (mm) 

As-built Hole 1 
Top 

2.90 2.94 

As-built Hole 1 
Bottom  

2.50 2.64 

As-built Hole 2 
Top 

2.90 3.08 

As-built Hole 2 
Bottom  

2.50 2.65 

As-built Hole 3 
Top 

2.90 2.96 

As-built Hole 3 
Bottom  

2.70 2.78 

Drilled Hole 1 
Top 

2.88 2.90 

Drilled Hole 1 
Bottom 

3.05 3.10 

Drilled Hole 2 
Top 

2.91 2.91 

Drilled Hole 2 
Bottom 

2.90 2.99 

Drilled Hole 3 
Top 

3.12 2.90 

Drilled Hole 3 
Bottom 

3.26 2.99 
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Table 4. ONYX Hole Measurement 

Specimen and 
Location 

Measured Diameter 
0-degree (mm)  90-degree (mm) 

As-built Hole 1 
Top 2.99 2.97 

As-built Hole 1 
Bottom  

2.95 2.79 

As-built Hole 2 
Top 

2.79 2.79 

As-built Hole 2 
Bottom  

2.79 2.79 

As-built Hole 3 
Top 

2.97 2.79 

As-built Hole 3 
Bottom  

2.90 2.86 

Drilled Hole 1 
Top 

3.12 2.92 

Drilled Hole 1 
Bottom 

3.19 2.88 

Drilled Hole 2 
Top 

3.10 2.82 

Drilled Hole 2 
Bottom 

2.90 2.97 

Drilled Hole 3 
Top 

3.12 3.13 

Drilled Hole 3 
Bottom 

3.02 3.05 

 
Drilled holes achieved 20% better precision 
compared to holes produced by additive 
manufacturing. 
 
Ultimate tensile strength results of tensile test are 
presented in Figure 2 and Figure 3. 
 

 
Figure 2. ULTEM 9085 Ultimate Tensile Strength 
 

 
Figure 3. ONYX Ultimate Tensile Strength 
 

The opening of a 3 mm hole in tensile test specimens 
resulted in a 27% reduction for both materials. 
Drilling the holes provided 12% higher tensile 
strength compared to creating the holes through 
additive manufacturing. 
 
Additive manufactured holes had some material 
deformation around the hole edges. The defects 
impact mechanical properties worstly [8]. 
 
Stress-strain curves of tensile test are presented in 
Figure 4 and Figure 5. 
 

 
Figure 4. ULTEM 9085 Stress-Strain Curves 

 

 
 
 
 
 
 
Figure 5. ONYX Stress-Strain Curves 

 
 
The results are presented in a compiled format in 
which without hole, drilled hole and as-built hole 
specimens considered are plotted on the same 
gragh for ease of visual comparison. The plots shown 
in Figure 4 and Figure 5 indicate the repeatability of 
the three specimens tested at each hole condition. 
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Conclusion 
 
As a result of the study, various differences were 
observed between additive manufacturing-produced 
holes and conventionally drilled holes for fasteners. 
The detailed results are provided below: 

 Hole Quality: The conventionally drilled holes 
showed improved surface finish and 
uniformity compared to additive 
manufacturing-produced holes. The 
conventionally drilling process allowed for 
better control over hole dimensions and 
reduced surface irregularities. 

 Material Integrity: Holes created through 
drilling process exhibited better material 
integrity and strength. On the other hand, 
additive manufacturing-produced holes had 
some material deformation around the hole 
edges. 

 Accuracy and Tolerance: Drilling allowed for 
achieving higher accuracy and tighter 
tolerances in hole dimensions, leading to 
better fit and alignment of fasteners. additive 
manufacturing-produced holes had slightly 
looser tolerances and showed minor 
deviations from the target dimensions. 

 Time and Efficiency: The additive 
manufacturing process demonstrated higher 
efficiency for producing holes, especially in 
complex geometries, as it eliminated the need 
for secondary machining operations. 
Conventional drilling required additional 
setup and machining time. 

 Cost Considerations:  The initial setup and 
equipment costs for drilling might be higher. 
Additive manufacturing holes in the overall 
cost per hole can be competitive due to lower 
labor costs for complex geometries. 

 Post-Processing Requirements: 
Conventionally drilled holes often required 
deburring and surface finishing, adding extra 
post-processing steps. In contrast, additive 
manufacturing-generated holes usually 
required minimal post-processing. 

Overall, the study showed that drilling can offer 
significant advantages in producing holes for 
fasteners, especially in terms of hole quality, 
accuracy, and material integrity. However, the choice 
between the two methods should consider factors 
such as geometrical complexity, production volume, 
and cost constraints. 
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Abstract. Rare earth elements (REE); constitutes the most important raw materials in renewable energy, aviation industry, 
electronics, defense industry and many other advanced technology fields. Today, the demand for REEs is increasing 
regardless of the supply security and diversity problem in USA and EU [1-3]. During and after the coal combustion (CC) in 
thermal power plants, huge amounts of by-products are released. These coal by-products contain a significant amount of 
REEs. For this reason, it is recommended to develop sustainable recycling technologies for the recovery of metals and REEs. 
While developing these technologies, accurate and precise analysis results in analytical chemical methods of REEs are 
required at every stage [4-7].The use of reference materials (RM) is a key activity to develop and maintain a consistent 
measurement system in the world. RM is used for various purposes such as deviation evaluation, calibration, method 
validation, etc. It has been emphasized that the use of CRM/RM is very important in order to ensure the quality and 
continuity of analysis in laboratories in a series of published all over the world and in EU [8-10].RM production process is a 
process that includes some major multiple steps but the most important ones are Representative Sampling (RS) and 
assurance of Homogeneity (H) and Stability (S) of the sample. Also, this is a production process that needs to be designed 
with different algorithms for each different matrix. Hence it is inevitable to evaluate the by-products generated by the CC 
in terms of REE recycling. While conducting RM production activities, it is determined that RS and H have a crucial 
importance on the process. It is concluded that these two important parts of the production are must be designed carefully 
in accordance with the specific matrix. Therefore, in this study, it is aimed to design the best RS and H processes for the 
production of RM that can be used in recovery of REE from coal ash. 
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Figure 1.Reference Material Production Flow Chart 

 
Keywords: reference material production, recovery of rare earth elements, coal ash, homogeneity, statistical data 
analysis  
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Introduction 
  
Rare Earth Elements (REEs) are a group of transition 
metals including lanthanides, scandium, and yttrium. 
There has been an increasing demand for REEs due to 
their wide range of applications, including phosphors, 
catalysts, ceramic and glass, metal alloys, polishing, 
permanent magnets, batteries, defense, and 
healthcare industries as well as clean energy 
technologies. Economic and environmental issues, as 
well as permitting and trade restrictions have raised 
concerns regarding the mining and availability of 
REEs. Hence, there has been significant interest in the 
recovery of these elements from secondary sources 
including coal and coal combustion by-products (e.g., 
Coal Fly Ash [CFA]) [2]. Recovering valuable elements 
from these waste streams is well aligned with the 
Waste to Value concept and enhances the 
sustainability of the current disposal practices. This 
also contributes European Green Deal Goals and 
Circular Economy Action Plan totally. 
 
Since coal is one of the indispensable resources used 
in electricity generation both in our country and in the 
world, it is important to evaluate economically and 
environmentally their byproducts which contain a 
significant amount of REE. Rare earth elements are 
needed as raw materials in most of the advanced 
technological applications that will be increasingly 
used in the next century. However, rare earths are 
included in the critical raw materials classification in 
both the USA and the EU in terms of supply security 
and diversity. Therefore, recovery from secondary 
sources other than mining has become very 
important. It is a globally accepted idea that the 
recovery of rare earth elements from coal ash is a 
promising practice. 
 
In this regard, there are many different recovery 
process designs in the literature. While designing 
these processes, accurate and precise analysis results 

in analytical chemical methods of REEs are required at 
every stage. However, feasibility analysis of recovery 
process designs made with accurate, precise and high-
quality analysis results (compliant with ISO / IEC-
17025 [11] criteria) will be useful in industrial 
applications. At this point, accurate, precise and 
high-quality analysis results can be obtained by using 
fully matrix-matched standard reference material or 
reference material, as it is accepted all over the 
world and Europe. 
 
The use of reference materials (RM) is a key activity to 
develop and maintain a consistent measurement 
system (like analysis/test laboratory) in the world. RM 
is used for various purposes such as deviation 
evaluation, calibration, assigning value to other 
materials and measuring device performance 
evaluation, method validation, demonstrating system 
adequacy. It has been emphasized that the use of 
CRM/RM is very important in order to ensure the 
quality and continuity of analysis in laboratories in a 
series of regulations and legal regulations published 
all over the world and in EU [10].  
 
Reference material production process is a process 
that includes some major multiple steps which are 
shown in Figure 1. Also, this is a production process 
that needs to be designed with different algorithms 
for each different matrix. 
 
Hence it is inevitable to evaluate the waste and 
residues (fly ash, bottom ash, etc.) generated by the 
coal combustion in terms of REE recycling. In Turkey 
and EU, there is no much study on the production of 
RM for REE in coal waste and residues (ash, etc.). 
 
There are lots of certificated reference materials of 
different matrixes for various applications which are 
especially produced by geological survey foundations 
of different countries or some metrological 
institutions. However, there are still certain need for 
production of new reference materials of different 
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matrixes for different applications with a broaden 
research and development disciplines from food, 
environment, mining, health and medicine. The 
innovation in this reference material production topic 
depends on different matrixes for different 
parameters. For instance, there are some coal ash 
certificated reference materials available today but 
they had produced for different purposes before thus 
now they do not include the required parameters 
(REE) for that matrix. Therefore, in our study, it is 
aimed to produce a RM that can be used in recovery 
of REE from coal ash and to design a production 
process that meets all the requirements stated in 
international sources for the RM production for the 
specified specific matrix (coal ash) and parameter/s 
(REE) [10-19]. While conducting RM production 
activities, it is determined that representative 
sampling and homogenization have a crucial 
importance on the process. Thus, in this study it is 
aimed to show the importance of representative 
sampling and homogenization in designing the 
reference material production processes. 
 
Results and Discussion 
 
In this study, it is planned to make representative 
sampling of fly ash from a coal thermal power plant 
which is actively used in the production of electricity 
in Turkey with designed sampling methods. One of 
the most important and critical points of the study is 
the representative sampling of coal fly ash.  
 
Homogenization of the representative sample is 
another key activity in order to determine the 
composition of coal fly ash taken from the power 
plant correctly in future chemical analyzes. With the 
homogeneity study, it is shown that the concentration 
of each element is the same throughout the 
representative sample. The "Representativeness" and 
"Homogeneity" studies mentioned here also appear 
as the conditions that must be met in the reference 
material production process in international 
standards, and each of them must be designed 
separately for each different matrix. 
 
In the literature, a comparison of the REE content in 
coal fly ash from different regions in the world has 
been made, and according to this, the REE content in 
coal fly ash in Turkey appears to be above the world 
average [60]. When the studies conducted for Türkiye 
[61] are examined in detail; for some power plants in 
Turkey (Soma, Tunçbilek, Çatalağzı, Yatağan), it is 
determined that the REE content in coal fly ash is 
significantly above the world average [61]. 

Considering that the samples with the highest REE 
content in coal ash will be taken into consideration in 
studies on REE recovery from coal fly ash, it is thought 
that the production of suitable matrix RM especially 
for coal fly ashes with high REE content will be a higher 
priority. This issue was taken into consideration in the 
coal fly ash sampling to be carried out from the field, 
and therefore field studies were planned by selecting 
the Manisa-Soma region. 
 
Very good planning is required before taking samples 
from the field. The importance of this issue is also 
highlighted in the UK Environment Agency's Technical 
Guidance Note (Monitoring) (2016) titled Ash 
Sampling and Analysis (TGN M4) [62]. There is even a 
sampling methodology proposal presented in the 
relevant document that takes into account the event 
holistically and from different aspects. It was thought 
that a similar method should be followed in 
representative coal ash sampling from the field in this 
study, and an original sampling plan was determined 
for this study. All details in the relevant Technical 
Guidance Note were taken into consideration when 
determining the sampling plan. The determined 
sampling plan is presented in Annex-1. 
 
Based on the assumption that coal ash waste is kept 
in a pile before going to the field, representative 
sampling processes are discussed theoretically, and 
different methods and factors that may affect the 
process are evaluated. However, in the studies carried 
out in the field, it was determined that the coal ash 
waste areas were almost the size of more than ten 
football fields for the power plant and that all kinds of 
waste from the power plant were stored together in 
these waste dams. For this reason, in order to purify 
the scientific research to be carried out specific to coal 
ash from unknown and other variables that may affect 
the results, fresh coal fly ash from freshly burned coal 
in power plants is collected from the point where the 
fly ash itself is formed and transferred from the 
systems to the waste pools, without contacting any 
material other than the point where it will be 
transferred from the systems to the waste pools, and 
by preventing possible contamination. It was 
determined that taking it hot would be the most 
appropriate method. Due to the high temperature of 
the coal fly ash produced, it was evaluated that it 
would be more accurate to sample it with a steel 
container instead of plastic barrels in order to prevent 
possible chemical reactions that may occur between 
the sample container and the hot fly ash. As a result, 
it was decided to sample the coal fly ashe freshly, 
conjugated with the feed coals, in steel containers 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

79 
 

using the shift-based deposition method, without 
contacting any other materials. 
 
On the other hand, representative sampling of coal fly 
ash fresh from the power plant, obtained under more 
ideal conditions, which is considered appropriate as a 
starting point in scientific research, cannot fully 
represent the coal fly ash waste that has been waiting 
in coal ash waste pools for years, so representative 
sampling methods can also be taken from coal ash 
waste pools waiting in the following stages. It is 
thought that it should be determined and research 
should be done. 
 
In the context of ensuring the high representativeness 
targeted in the representative sampling process, in 
order to minimize the effects of possible changes in 
the structure of the coal fed in 10-day periods on the 
composition of the sampled coal fly ash, it was 
determined that coal ash should be sampled as the 
highest amount (100 kilograms) by mass was collected 
for each fixed shift determined for each day within the 
10-day period. Thus, it was envisaged that the coal fly 
ash sample to be collected for 10 days would 
represent the coal fly ash waste generated during the 
routine operations of the power plant, including the 
effect of all variables that could affect the 
composition of the waste. In accordance with the 
designed plan, a total of one ton of samples, 100 
kilograms each, were taken from the same designated 
point of the process on the same shift for ten 
consecutive days. The samples taken for each day 
were coded and collected in separate containers. 
Afterwards, the samples taken for each separate day 
were manually mixed and quartered, and subsamples 
were made to represent each separate day. Finally, 
samples taken in equal amounts from each separate 
day were blended. All fly ash materials were mixed 

manually, dried at 80℃ for 24 hours, and 75% of the 
samples by mass were ground to below 75µm particle 
size. 
 
All representatively sampled fly ash materials were 
dissolved with two different dissolution methods (3 
acids and 4 acids) and chemical analysis of rare earth 
elements was performed with the ICP-MS device. The 
results are presented in Table-1. Here, with the 
prediction that the most daily change can be seen in 
the elements with the highest concentration, it is seen 
that the contents of the 4 elements with the highest 
concentration values (Ce, La, Nd and Y) in the waste 
fly ash on different days show undeniable changes 
and are not constant (Figure-2a and 2b).). Likewise, 
when making a representative sampling plan at the 
beginning of the study, the opinion that sampling 
should be done by daily accumulation in a 10-day 
period was to create a plan that would allow 
representative sampling to include the change in daily 
waste concentration that may result from daily 
changing feed coal. These data are an indication of 
how realistic the representative sampling plan 
determined at the beginning of the study was. 
 
All the materials were mixed again and divided into 
128 equal amounts by mass in an 8-compartment 
automatic sample divider. After the randomly 
determined samples are dissolved with the most 
appropriate dissolving method, REE analysis results 
will be conducted with the ICP-MS device and the 
homogeneity of the material will be shown by 
statistical data analysis. 
 
In addition, unlike the design of the RM production 
process, the total REE concentration of Manisa-Soma 
Fly Ash as a waste were determined to be 
approximately 133 ppm.
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Figure 2a. Sample No. 1-10 Manisa-Soma Fly Ash Change of REE analysis results in 10 days by dissolving the 
samples taken separately from Day 1 to Day 10 with 3 acids 
 

  

  
Figure 2b Sample No. 1-10 Manisa-Soma Fly Ash Change of REE analysis results in 10 days by dissolving the 
samples taken separately from Day 1 to Day 10 with 4 acids 

 

 

Table 1. REE Analysis Results of Coal Fly Ash Samples with Different Dissolution Methods and on Different Days 
Sample 
No 

Ce Dy Er Eu Gd Ho La Lu Nd Pr Sc Sm Tb Tm Y Yb 
Sample 
List 

1 43,6 2,7 1,4 0,9 3,1 0,5 24,9 0,3 21,6 4,6 7,6 2,9 0,6 0,3 14,6 1,8 3A-1 

1 11,8 0,6 1,2 0,4 0,9 0,3 6,9 0,1 7,2 1,2 4,5 0,8 0,3 0,2 2,3 1,1 4A-1 

2 44,8 2,8 1,4 0,8 3,2 0,5 25,9 0,3 20,3 4,7 7,8 2,9 0,6 0,3 14,7 1,7 3A-2 

2 11,9 0,7 1,4 0,5 0,9 0,3 10,2 0,1 8,9 1,3 4,5 1,8 0,3 0,2 3,4 1,1 4A-2 

3 38,9 2,7 1,5 0,7 2,8 0,5 23,3 0,3 18,2 4,1 7,1 3,5 0,5 0,3 13,7 1,9 3A-3 

3 10,2 0,6 1,3 0,3 0,7 0,2 5,9 0,1 7,5 1,1 4,2 1,2 0,3 0,2 1,9 0,9 4A-3 

4 40,3 2,6 1,7 0,7 2,9 0,5 24,8 0,3 19,4 4,2 7,8 3,6 0,5 0,3 14,1 1,9 3A-4 

4 14,9 0,9 1,2 0,5 1,1 0,3 8,9 0,2 9,4 1,6 4,2 1,8 0,3 0,2 3,4 1,1 4A-4 

5 42,1 1,9 2,4 0,9 2,8 0,5 24,9 0,3 19,2 4,4 4,8 4,6 0,5 0,3 10,5 1,9 3A-5 

5 41,4 1,9 2,3 0,9 2,8 0,4 24,7 0,3 18,9 4,3 4,8 4,6 0,5 0,3 10,4 1,8 4A-5 

6 46,7 2,8 1,8 0,8 3,4 0,5 30,6 0,3 21,9 4,9 8,4 4,4 0,6 0,3 16,4 2,1 3A-6 

6 28,2 1,5 1,9 0,7 1,9 0,4 19,8 0,2 15,6 2,9 5,8 3,6 0,4 0,3 7,2 1,6 4A-6 

7 40,3 2,7 1,7 0,9 2,9 0,5 25,8 0,3 20,7 4,2 7,9 3,7 0,5 0,3 14,3 1,9 3A-7 

7 15,4 0,9 1,5 0,5 1,1 0,3 11,7 0,2 10,8 1,6 4,1 2,4 0,3 0,2 4,1 1,2 4A-7 

8 48,8 2,9 1,9 1,1 3,5 0,5 30,7 0,3 21,5 5,1 8,8 4,2 0,6 0,3 15,6 1,9 3A-8 

8 36,4 1,6 2,1 0,8 2,6 0,4 22,9 0,2 17,9 3,8 5,6 3,9 0,5 0,3 9,2 1,7 4A-8 

9 39,4 2,6 1,7 0,9 2,9 0,5 24,1 0,3 20,3 4,2 8,4 3,8 0,5 0,3 14,1 1,9 3A-9 

9 24,5 1,3 1,8 0,6 1,8 0,4 15,6 0,2 14,7 2,6 5,3 3,1 0,4 0,2 6,9 1,4 4A-9 

10 49,3 3,1 1,5 1,1 3,6 0,5 31,9 0,3 22,4 5,2 8,3 4,7 0,6 0,3 17,2 2,2 3A-10 

10 43,6 1,8 2,4 0,9 3,1 0,4 23,6 0,2 16,5 4,6 2,9 4,2 0,5 0,3 9,8 1,7 4A-10 
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Abstract. Aluminum (Al) and zirconium (Zr) doping have been found to enhance the structural stability, thermal stability, 
and electrochemical performance of cathode materials, potentially improving their suitability for lithium-ion battery 
applications. Therefore, in this study, Al and Zr were incorporated into nickel-based hydroxide material (NiCoZn(OH)2, 
NCZ(OH)2) via sol-gel assisted solid-state doping synthesis to produce dual-doped Li1.05Ni0.8[Co0.054Zn0.046]Al0.08Zr0.02O2 (NCZ-
AZ) cathode material. Characterization was performed using SEM-EDS, X-ray diffraction (XRD) and Rietveld refinement 
analysis. As a result of the calcination process lasting 20 hours at 800 degrees, the ratio of I(003)/I(104) peaks was found to be 
1.2 and the c/a value was found to be 4.955. These structural parameters are critical indicators of the material's 
electrochemical stability and charge/discharge cycling performance. In conclusion, the dual-doped NCZ-AZ cathode 
materials synthesized in this study demonstrate promising characteristics for advanced lithium-ion battery applications. A 
systematic investigation of Al and Zr doping effects on the NCZ-AZ structure may provide valuable insights into the design 
and optimization of next-generation cathode materials with improved stability and performance. 
 
Keywords: Lithium-ion battery, cathode material, energy storage  
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Introduction 
 
Numerous studies are being carried out to improve 
the performance of active materials through 
techniques such as doping and/or surface 
modification to prevent solid-electrolyte reactions,  
 

 
 
Figure 1.  Schematic representation of the sol-gel assisted 
solid state doping method 

crack formation, and degradation mechanisms in 
cathode materials. Research shows that doping of 
aluminum (Al), a transition element, reduces cation 
mixing and improves the structural and thermal 
stability of batteries [1], while zirconium (Zr) doping 
enhances cycling stability and increases specific 
capacity [2]. Moreover, co-doping with Al and Zr 
minimizes cation mixing and microcrack formation 
[3,4] by creating synergistic effects.  
 
In this study, we have synthesized cathode materials 
doped with aluminum and zirconium using a sol-gel 
assisted solid state doping method (Fig. 1). Following 
calcination at 800°C for duration 
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of 20 hours, the materials underwent analysis via 
SEM-EDS, X-ray diffraction (XRD) and Rietveld 
refinement. 

 

Results and Discussion  
 
The XRD spectrum of the NCZ-AZ cathode material 
(Fig. 2) confirms the successful incorporation of 
aluminum and zirconium (no impurity peaks or other 
undesirable peaks observed), demonstrating the 
effectiveness of the adopted doping approach. 
 

 
Figure 2.  XRD spectrum of the synthesized NCZ-AZ 
 

The c and values are crystal lattice parameters and are 
obtained from Rietveld analysis (Fig. 3). In addition, 
the lithium layer gap (Li-gap) is also investigated.  
 

 
Figure 3.  Rietveld spectrum of the NCZ-AZ 

 
Table 1 includes an evaluation of the peak intensity 
ratio (I (003)/I (104)), which is considered as an indicator 
of cation mixing in our study, the c/a ratio, which 
reflects the cation order, and Li-gap value, which is 
important for facilitating Li+ de/intercalation during 
charge/discharge cycles. When these values are 

compared with related published studies, it was found 
that the results were in good agreement with the 
literature [2,5,6]. 
 
Table 1. Results of XRD and Rietveld refinement analysis 

c/a 4.955 

I (003)/I (104) 1.2 

(Li-gap) (Å) 2.6182 

 

 
 

 
Figure 4.  SEM images of a) Spherical NCZ(OH)2 powder 

and b) NCZ-AZ powders 

SEM images of the starting material NCZ(OH)2 and 
NCZ-AZ are given in Figure 4. When the images are 
examined, it is clearly seen that the spherical form is 

 
Figure 5.  NCZ-AZ cross-section EDS linear scan profile  

a) 

b) 
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not distorted after the doping and calcination 
processes and that the NCZ-AZ cathode material 
consists of secondary particles surrounded by 
primary crystals at the nanometer scale (Figure 4b).  

The cross-sectional linear element analysis of NCZ-AZ 
is shown in Figure 5. When the resulting spectrum is 
examined, it is clearly seen that Al and Zr elements 
are incorporated into the structure homogeneously 
throughout the particle after calcination at 800°C for 
20 hours.  

Conclusion 

 

As a result, when the data obtained from the XRD 
spectrum and Rietveld analysis, the importance of 

which has been emphasized in detail above, are 
evaluated; When we examine the I (003)/I (104) ratio, 
which is an important indicator of the Li+/Ni2+ cation 
mixture, and the c/a values representing high cation 
ordering and low cation mixing, it was determined 
that the calcination process applied at 800 °C for 20 
hours gave good results. In addition, it was 
determined that the lithium layer gap (Li-gap), which 
facilitates Li+ de/intercalation during the 
charge/discharge process, also gave results 
compatible with the literature as a result of the 20-
hour calcination process. In this study, which is 
carried out within the scope of the doctoral thesis 
subject, studies on the determination of different 
temperatures, different compositions and 
electrochemical properties are ongoing. 
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Abstract. This study investigates laser micromachining on complex ceramic substrates, including Al₂O₃, Al₂O₃-ZrO₂ eutectic, 
by employing a novel acoustic monitoring approach. Ceramics, with their inherent brittleness and high melting points, 
present significant challenges during laser processing, often leading to defects like cracking and uneven material removal. 
Traditional laser micromachining methods frequently lack effective, real-time monitoring capabilities, making it difficult to 
optimize machining parameters dynamically and prevent defect formation. To address this gap, our research integrates 
acoustic recording as a diagnostic tool, enabling real-time feedback on machining conditions and immediate identification 
of potential defects. 
 
The methodology revolves around in-situ acoustic monitoring, where sound intensity is recorded during the laser machining 
process. By analyzing sound signals produced during ablation, we can establish correlations between acoustic patterns and 
the physical characteristics of machined regions, such as surface roughness, crack initiation, and machining depth. This 
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approach offers a non-invasive, real-time means of assessing machining quality, helping to determine optimal parameters 
for efficient material removal and minimized defect formation. Our research aims to contribute a reliable, responsive 
monitoring tool for laser micromachining, enhancing control over the process and ultimately improving the quality of 
machined ceramic surfaces. 
 
In this study, we utilized a green femtosecond laser with a wavelength of 515 nm to conduct micromachining trials on Al₂O₃ 
and Al₂O₃-ZrO₂ eutectic plates. Parameters such as pulse energy, frequency, and scanning velocity were varied 
systematically to examine their effects on material ablation rates, crack formation, and surface morphology. Field emission 
scanning electron microscopy (FESEM) provided post-processing analysis, allowing for precise observation of crack initiation 
points, surface morphology, and the impact of machining parameters on each material. Comparative analysis between Al₂O₃ 
and Al₂O₃-ZrO₂ eutectic substrates revealed significant differences in machining behavior, attributed to the distinct thermal 
and mechanical properties of each material. For instance, the Al₂O₃-ZrO₂ eutectic displayed more complex crack 
propagation patterns under identical laser parameters, underscoring the need for customized parameter adjustments 
depending on the ceramic composition. 
 
The integration of acoustic monitoring proved effective in capturing real-time changes in machining quality, especially 
during multi-step laser treatment processes. In multi-pass treatments, each successive laser scan impacts surface integrity 
incrementally, which can be challenging to monitor visually. Acoustic signals provided continuous feedback on efficiency 
and surface quality, with the temporal evolution of sound pressure revealing insights into how repeated laser exposure 
affects crack formation and overall surface morphology. This acoustic data enables a more refined optimization of laser 
processing sequences, providing a comprehensive understanding of how each laser pass influences machining outcomes. 
 
The findings demonstrate that acoustic monitoring is a valuable addition to ceramic laser micromachining, providing a non-
destructive, real-time diagnostic tool that enhances control and adaptability. By monitoring sound intensity variations, 
operators can detect changes in machining conditions, allowing for on-the-fly adjustments that minimize defect formation 
without compromising ablation efficiency. This technique holds promise for applications requiring high precision and defect-
free surfaces, such as in microelectronics, biomedical devices, and high-performance ceramics. 
 
In conclusion, this research establishes a robust framework for optimizing laser micromachining of ceramics, introducing 
acoustic monitoring as a powerful tool for process control. The study highlights the critical role of material properties in 
machining outcomes and offers a practical, non-invasive method for assessing surface integrity in real time. This approach 
paves the way for more precise, efficient laser processing of brittle materials, with broad applicability across various high-
precision manufacturing fields. 
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Abstract. In this study, high value added products were produced from pomegranate peel, which was determined as a 
starting sample, and activated carbon (AC) and hard carbon (HC) products were obtained. The usability of the obtained 
activated carbons as electrodes in supercapacitors and hard carbons as anode materials in Na/Li ion batteries were 
demonstrated by characterization studies.  
The characterization studies of pomegranate peels were examined through proximate analysis and their structural-
functional properties were investigated with lignocellulosic material analysis. Then, comparative characterization studies of 
pomegranate peel, active carbon, and hard carbon were performed using BET, FTIR, and SEM analyses. As a result of the 
studies, SEM images of active carbon showed porous volumes, and according to BET analysis results, a surface area of 692.08 
m²/g was detected. Moreover, BET surface area of hard carbon was found to be 55.03 m²/g, consistent with the literature, 
and due to the absence of an activating agent, no porous structures were observed in SEM images. As a result of these 
studies, it was concluded that activated carbon is suitable for use as an electrode in supercapacitors, and hard carbon could 
be used as an anode material in Na/Li-ion batteries. 
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Introduction 

 

 Nowadays, with the spread of electric vehicles 
and electronic devices, the importance of large 
capacity and long-lasting energy storage 
systems is increasing [1]. The development of 
high-performance energy storage devices 
stands out as an important factor supporting 
the growth of the new energy sector. As one of 
the most mature energy storage technologies 
today, lithium-ion batteries are widely used in 
electric vehicles, electronic devices and many 
other fields [2]. Given the uneven distribution 
of global lithium resources and the limited 
availability of lithium reserves worldwide, 
widespread use of lithium-ion batteries (LIBs) 
in areas that do not require energy density is 
not a logical choice [3]. Sodium-ion batteries 
(SIBs) hold significant potential due to their 

excellent safety performance, ability to 
function well in both high and low 
temperatures, the abundance of sodium 
resources, and their cost-effectiveness. The 
development of materials for SIBs is therefore 
of great importance [4, 5]. Hard carbons are 
among the promising anode materials for 
sodium-ion batteries due to their high specific 
capacities, strong conductivities, low costs and 
environmentally friendly properties [6].  

 

In this study, since pomegranate fruit grows in 
Hatay region and pomegranate peel is 
obtained as waste, activated carbon and hard 
carbon products with high added value were 
produced. Characterization studies of the 
obtained AC and HC products were carried out 
and their usability in energy storage was 
investigated. 
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Materials and methods 

 

 In this study, activated carbon from 
pomegranate peel was obtained by 
impregnating it with 1/4 KOH by mass at 800 oC 
under experimental conditions. Hard carbon 
studies obtained from pomegranate peel were 
carried out at 1200 oC in an argon gas 
environment. 
 

Result and discussion 

  

The literature research conducted shows the 
different textural, surface and functional group 
properties of various biomasses used to 
prepare AC and HC by physical or chemical 
methods. The cellulose, hemicellulose and 
lignin percentages of the samples are given in 
Table 1 below. 

 

Table 1. Pomegranate peel approximate 
composition analysis (m/m%) 

Sample Hemicellul
ose 

Cell
ulos
e 

Ligni
n 

Pomegran
ate peel 

2,92 12,24 6,20 

 

Proximate analysis of the samples are given in 
Table 2 below. Proximate analysis of the 
samples is given in Table 2 below. Low ash 
content of pomegranate peel was found as 
2.78%. 

 

Table 2. Proximate analysis of the samples 

Sample Moistu
re% 

Ash
% 

Vola
tile
%  

Fixe
d 
Carb
on* 

Pomegranate 
Peel 

17,47 2,78 61,73 18,02 

*= 100- Calculated from the difference 

 

BET analysis of pomegranate peel and 
activated carbon and hard carbon obtained 
from pomegranate peel are given in Table 3 
below. 

 

Table 3. BET analysis of the samples 

Sample BET% (m2/g) 

Pomegranate 
Peel 

0,1923 

AC 692,08 
HC 55,03 

 

In Figure 1, it can be said that two broad peaks 
are observed in the raw sample pomegranate 
peel and these represent C-CH2 bonds, 
respectively [7]. FTIR spectrum of (AC) band at 
3432 cm-1 is attributed to OH stretching and 
the band at 2924 cm-1 is probably related to 
methyl and C-H vibrations [8]. Finally, FTIR of 
(HC) sample Contains the bending vibration of 
-CH2- at 1695 cm−1 [9]. 

 

 
Figure 1.  Pomegranate peel, Activated carbon 
and Hard carbon FTIR analysis  

 

When Figure 2 SEM images were examined, 
rough structures were observed in the raw 
pomegranate peel, and pores of different sizes 
were detected in the activated carbon 
samples. When hard carbon samples were 
examined, non-porous structures were 
detected due to the absence of any pore-
forming activator in the environment [10]. 

 

 
Figure 2. a) Pomegranate peel, b) Activated 
carbon c) Hard carbon SEM images 

 

Conclusion 

 

It was determined that the raw sample 
pomegranate peel had low moisture, low ash 
and volatile matter percentage. The amount of 
fixed carbon was found to be close to the 
literature. It was determined that the activated 
carbon produced from pomegranate peel 
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showed porous structures under the influence 
of KOH and the BET surface area was 692.08 
m2/gr. When the hard carbon BET surface 
analysis was examined, it was found to be 

55.03 m2/gr. According to these results, it can 
be said that activated carbon samples can be 
used in supercapacitors and hard carbon 
samples can be used in Na-ion batteries.
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Abstract. It is herewith aspired to portray the regulatory measures on energy under the legislation of the European Union 
that relates to dual use items. To this end, it is first attempted to see how the legislators in Brussels understand the concept 
of energy in general, including under the rules for the internal market for electricity [1]. Then it is examined, under what 
circumstances energy qualifies as a dual use item according to the Dual Use Regulation [2]. Should these circumstances be 
met, the Dual Use Regulation comes into play and therewith the imposition of restrictions and curtailments. Yet, dual use 
items also fall within the scope of some – not all – sanctions regimes of the European Union, such as the ones targeting 
North Korea [3], Iran [4], and Syria [5]. Consequently energy, as a dual use item, faces further restrictions under the apposite 
legislation. Additionally, some sanctions regimes of the European Union, such as the ones targeting North Korea [3], Libya 
[6] and Russia [7], restrict energy per se alongside the aforementioned restrictions related to dual use items. These energy 
restrictions are also outlined. Conclusively, this paper illuminates the regulatory obstacles that energy as a dual use item 
faces under the law of the European Union.  
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I. Introduction  
 

The seed that initiated the research for this paper 
was the news report from a conflict, where an 
electricity generating station was bombed and the 
reporter commented that this now destroyed 
station had been providing electricity to a hospital 
and to the military nearby. This is one of the most 
tangible examples of a dual use item, that being an 
item that has the capacity to be used for peaceful 
purposes and to be put into military use. From the 
perspective of law, and more specifically the law of 
the European Union qualifying as a dual use item can 
have significant consequences as it triggers the 
application of specific legislation. These issues are 
examined in the present paper. 
 
II. The Statutory Defintions under EU Law 
 
In pursuit of the meaning of energy under EU law, it 
is noted that Brussels regulates energy via a matrix 
of legislation setting out rules for matters such as 
the internal market for electricity [1], the natural gas 
market [8], the search for hydrocarbons [9], the use 
of renewable energy sources [10] and the trans-
European energy infrastructure [11]. Public 

procurement in the energy sector is also regulated, 
albeit in a different legal instrument [12].  
 
Still, it is here suggested to search for the meaning 
of energy in tax related legislation, that being the 
framework for the taxation of energy products and 
electricity [13], as taxation tends to be very specific 
and less theoretical. Indeed the legislator resorts to 
standardization for specifying the terms ‘energy 
products’ and ‘electricity’, therefore opting for a 
definition with objective criteria. As ‘energy product’ 
qualifies any product falling under CN codes 2701 
(coal, briquettes and ovoids), 2702 (lignite, 
excluding jet) and 2704 to 2715 (coke, coal gas, tar, 
products of the distillation of high temperature coal 
tar, pitch, petroleum oils, petroleum gases, 
petroleum jelly, petroleum coke, bitumen and 
asphalt and bituminous mixtures based on natural 
asphalt), 2901 and 2902 (acyclic hydrocarbons and 
cyclic hydrocarbons), 3403 (lubricating 
preparations), 3811 (anti-knock preparations), 3817 
(mixed alkylbenzenes and mixed 
alkylnaphthalenes). As such also qualify products 
falling within CN codes 1507 to 1518 (soya-bean oil, 
ground-nut oil, olive oil and other oils, palm oil, 
sunflower-seed, safflower or cotton-seed oil, 
coconut (copra), palm kernel or babassu oil, rape, 
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colza or mustard oil, other fixed vegetable fats and 
oils, animal or vegetable fats and oils and 
margarine), 2905 11 00 (methanol (methyl alcohol)) 
and certain chemical products, including biodiesel 

(3824 99 86, 3824 99 92, 3824 99 93 , 3824 99 96, 
3826 00 10 and 3826 00 90), but for some 
exceptions, as long as they are intended for use as 
heating fuel or motor fuel [13, Article 2(1)]. Similarly 
‘electricity’ is specified via correlation to products 
falling within CN code 2716 [13, Article 2(2)] that 
stands for electrical energy [14, Annex]. All 
references to codes of the combined nomenclature 
are to those of the Regulation on Statistical 
Nomenclature [14]. 
 
Nonetheless the legislator allowed for an abstract 
legal definition of these terms focusing on the 
human intention of items alongside the 
aforementioned standardization, thus introducing a 
parallel subjective definition. Accordingly other 
products may qualify as ‘energy products’, when 
they are intended for use, offered for sale or used as 
heating fuel or motor fuel or as an additive or 
extender in motor fuels. The same applies to 
hydrocarbons, with the exception of peat, when the 
intended or performed use or sale is for heating 
purposes [13, Article 2(3)]. 
 
Brussels defines the term dual use item in a similar 
manner, that being by adoptiong simultaneously a 
subjective and an objective approach. ‘Dual use 
items’ stands for items, including software and 
technology that can be used for civil and military 
purposes and includes items with non-explosive 
uses as well as items assisting in the manufacture of 
nuclear weapons and other nuclear explosive 
devices [2, Article 2(1)]. This definition could be 
characterized as a ‘cycle definition’ in view of the 
fact that it does very little to specify the word item 
and instead it focuses on elaborating the notion of 
dual use. Regardless, items is far from a blur term, in 
view of the list contained in the same legal 
instrument that contains nuclear and special 
materials, materials processing, electronics, 
computers, telecommunications and information 
security, sensors and lasers, navigation and avionics, 
marine and aerospace and propulsion [2, Annex I 
Parts 1 to 9]. This list implements international texts 
agreed by the Australia Group, the Missile 
Technology Control Regime, the Nuclear Suppliers 
Group and the Wassenaar Arrangement, those 
being non governmental organizations made by 
corporations that set standards for export controls 
of certain items and material. 

 
III. Energy as a Dual Use Item 
 
Comparing the notion of energy, as explained above, 
with the detailed description of the term dual use 
items, one can note the – partial – tautology among 
them and thus establish that energy constitutes, at 
least in certain instances, a dual use item. As an 
example of such tautology, which can be identified 
by ordinary persons without the expertise of 
science, would be lubricating materials (2, Annex I, 
1C006). It is highly probable that experts on the 
energy science who do possess the knowhow of 
building and operating power grids and electricity 
generating facilities, along with pipelines and 
natural gas facilities, shall be able to identify more, 
especially in view of the subjective approaches to 
the statutory definitions of ‘energy’ and ‘dual use 
item’. 
 
IV. Consequences of Energy Being a Dual Use Item 
 
The first obvious consequence for cases where 
energy qualifies as a dual use item is the application 
of the Dual Use Regulation, meaning that an 
authorization is necessary for their export [2, Article 
3].  
 
The legislator has opted for approaching the need 
for authorization in a way that reflects the objective 
and subjective approach to the term ‘dual use item’. 
Thus, the Dual Use Regulation differentiates 
between items listed in the law as dual use items [2, 
Article 3(1)] and items not listed in the law as such 
[2, Article 3(2)]. In the latter case, an authorization is 
necessary, only with regard to export to certain 
destinations, as long as the competent authority of 
a Member State has decided that the item in 
question is or may be intended for use in chemical, 
biological or nuclear weapons, or means of delivery 
of such weapons and explosive devices [2, Article 
4(1)(a)]. This also applies to items intended for 
military end-use, where the country of destination is 
subject to an arms embargo [2, Article 4(1)(b)]. Arms 
embargo, in the sense of prohibiting the export of 
arms and related materiel or items on the EU 
Common Military List [15] is currently imposed on 
Sudan [16, Article 2(a)], Lebanon [17, 2(a)], South 
Sudan [18, Article 2(1)], Myanmar/Burma [19, 
Article 3(1)(a)], Zimbabwe [20, Article 2(a)], Yemen 
[21, Article 1a(a)], Congo [22, Article 1a(1)&(2)], 
North Korea [3, Articles 5(1)(a) & 7(a)], Somalia [23, 
Article 8(1)(a)], Iran [4, Article 5(a)], Libya [6, Article 
3(1)(a)], the Central African Republic [24, Article 
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2(a)], Venezuela [25, Article 2(1)(a)], Syria [5, Article 
3a(a)], Russia [7, Article 4(1)(a)&(b)] and Belarus [26, 
Article 1b(1)(a) & (c)]. An authorization is finally 
necessary for items not listed in the Dual Use 
Regulation intended for use as parts or components 
of military items listed in a national military list, 
when these have been exported without 
authorization or in violation of an issued 
authorization [2, Article 4(a)(c)]. 
 
In the aforementioned cases, an export 
authorization is necessary that can be either 
individual, when it is granted to one specific 
exporter for a single end-user in a third country and 
covers one or more dual-use items [2, Articles 
12(1)(a) & 2(12)], or global, when it is granted to one 
specific exporter for one or more end-users or in one 
or more specified third countries and covers a type 
or category of dual-use items [2, Articles 12(1)(b) & 
2(13)]. Such authorizations are issued by the 
national authorities, where the exporter is resident 
or established [2, Article 12(2)]. Export 
authorizations may further have the form of national 
general export authozations, as long as they are 
defined by national law or practice [2, Articles 
12(1)(c) & (6) and 2(16)], and Union general export 
authorizations [2, Articles 12(1)(d), 2(15) and Annex 
II, Sections A to H]. 
 
A separate consequence of energy qualifying as a 
dual use item, is the application of sanctions regimes 
that restrict the use of dual use items. The regimes 
that provide for such restrictions are the ones with 
regard to North Korea [3, Article 3(1)(a) & (c) and 
Annex II Part I], Iran [4, Article 3a(1)(a) & (e) and 
Annex II], Myanmar/Burma [19, Article 3a(1)] and 
Syria [5, Article 2a(1)(a)]. Thus, the authorizations 
requested in these statutes are necessary parallel 
and in addition to the aforementioned export 
authorizations. 
 
V. Energy per se and Sanctions 
 
At this point it is noteworthy that certain sanctions 
regimes target energy as such; thus, an item 
qualifying as energy may well require further 
authorizations or face additional restrictions. Export, 
transfer and supply of coal, crude oil and aviation 
fuel is prohibited with regard to North Korea [3, 
Articles 3(1)(e), 16f & 3(1)(f)]. In relation to Libya, 
loading, transporting and discharging petroleum on 

certain designated vessels is prohibited [6, Article 
15(1)]. In regard to Syria, Syrian persons engaged in 
exploration, production and refining of crude oil 
may not be granted financial loan or credit [5, Article 
13(1)].  
 
Turning to electricity, supply, transfer and export of 
items and technology that shall be used for the 
construction and installation of new electricity 
power plants in Syria is prohibited [5, Article 12(1)(a) 
and Annex VII]. 
 
Finally, with regard to nuclear energy and Iran, an 
authorization is necessary for goods and technology 
that could contribute to Iran’s reprocessing- or 
enrichment-related or heavy water-related activities 
that are inconsistent with the Joint Comprehensive 
Plan of Action of 14 July 2015 [4, Article 3a(2)]. 
Goods and technology that could contribute to 
North Korea’s nuclear-related programms are 
prohibited [3, Article 3(1)(a) & (c) and Annex II Part 
II].  
 
VI. Conclusions 
 
In conclusion, one single item or technology can be 
subject to one or more restrictions or even 
prohibitions depending both on its nature and on 
the country of destination, or even the conception 
of national authorities. Thus, one specific item may 
be eligible for supply, transfer and export to one 
country, but not to another one, depending on the 
imposed sanctions regimes. Circumventing such 
prohibitions and restrictions is equally prohibited 
not just by the general rule of acting in good faith, 
but by explicit relevant prohibitions of 
circumvention in the relevant statutes as well. 
 
Conclusively, as the example of energy as a dual use 
item demonstrates, an item that appears to have a 
solid structure and to be thoroughly understood 
from the perspective of science and technology, 
could give rise to discussions and arguments on the 
application of several sets of legislation leading up to 
the necessity of authorizations or even outright 
prohibition. To this complexity, one could add the 
element of time, whereby an item may be set under 
such restrictive measures over night, not due to its 
nature or its actual use, but due to violence that 
erupted in some part of the world and obliged states 
to impose sanctions.
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Abstract. One of the most widely used global optimization algorithms in materials science is Bayesian optimization, which 
produces a statistical model of the objective function whose minima or maxima are to be found. New, potentially promising 
parameters are derived through Bayesian inference by taking the previous parameter samples into account and have been 
shown to work well for various materials optimization tasks. However, most Bayesian optimization implementations have 
focused on continuous variables only, such as optimization of topology parameters, while there is a need to co-optimize 
continuous variables with categorical ones, such as materials selection. Various strategies for incorporating mixed variables 
in Bayesian optimization have been proposed recently. Among them, reparametrizing the discrete random variables into 
continuous parameters for a more efficient acquisition function optimization has recently shown remarkable performance 
in non-material domains. This work demonstrates the potential of mixed-variable Bayesian optimization by probabilistic 
reparametrization by designing a solar selective absorber that absorbs well in the 0.3-2.5 µm range and poorly in the 2.5-
25 µm range. Such a coating design can find applications in photothermal conversion. 

 
Keywords: Bayesian optimization, mixed-variable, multi-layer structures, solar selective absorber 
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Introduction 
 
Numerical optimization, such as optical device 
design, is essential in various scientific and industrial 
settings. With the development of advanced 
deposition and processing technologies, structures 
on the order of micro- and nanometers are being 
fabricated accurately and flexibly. Numerical 
simulation and screening of chosen parameters can 
provide essential information, but simultaneous 
numerical optimization of all parameters (shape, 
thickness, material, etc.) is required for optimal 
structures. Such an optimization can take a 
prohibitively long time and requires an extensive 
computing infrastructure and efficient numerical 
optimization methods. 
 
It is possible to divide regularly applied optimization 
algorithms into three categories: local optimization, 
global stochastic optimization, and global model-
based optimization [1]. Local optimization methods 

that do not necessarily find the global minimum 
explore the neighborhood of the current best 
position. The second category of optimization 
algorithms relies on random variables. They include 
particle swarm optimization and differential 
evolution, which require many function evaluations 
to converge [1]. The final category is model-based 
optimization methods, which build a model of the 
objective function to explore new sets of promising 
parameters. Bayesian optimization (Fig. 1) is an 
example of a model-based optimization method. 
 
Bayesian optimization (BO) has been mostly used on 
only continuous parameters [2]. However, many 
problems that need to be optimized have categorical 
and continuous parameters. Thus, in recent years, 
researchers have proposed novel ideas to extend 
BO. For example, the algorithm COMBO produces 
the acquisition function's graph representation [3]. 
Another model named BODi uses dictionary-based 
embedding to achieve high performance [4]. Finally, 
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Daulton and colleagues propose reparametrizing the 
discrete random variables into continuous 
parameters for a more efficient acquisition function 
[5]. Co-optimizing categorical, continuous, or 
discrete variables can enable materials design for 
various scientific problems, including solar selective 
absorber design. 
 

 
Figure 1. Bayesian optimization loop to find the 
best combination of materials and their thicknesses. 
 

Solar selective absorbers are critical components in 
the solar energy domain [6]. An ideal solar selective 
absorber has high sunlight absorption (hence low 
reflectance) in the wavelength range of 300–2500 
nm and low emissivity (hence high reflectance) in 
the range 2.5–25 μm wavelength range. Such a 
material design would have the best characteristics 
for the photothermal conversion process. 
Applications of solar selective absorbers include 
solar desalination, thermophotovoltaics, personal 
thermal management, photothermal catalysis, 
photothermal sterilization, and solar-driven soft 
robots. 
 
When designing solar selective absorbers, it is 
essential to realize that the spectral irradiance is not 
constant and peaks around 550 nm [7]. Any 
irradiance below ~300 nm can be neglected as it is 
absorbed by the ozone layer. The irradiance starts to 
dip after around 600 nm and is nonexistent above 
2.5 μm (Fig. 2). 
 
 

 
 
Results and Discussion 
 
A Bayesian optimization algorithm capable of co-
optimizing categorical and numerical parameters 
minimizes reflectance in the 300-2500 nm range and 
maximizes reflectance between the 2500-25000 nm 
range. We focus on copper substrates with five 
layers with different thickness ranges (Table 1). The 
sample in the study has a metallic substrate, so the 
transmittance is zero. Only the sample's reflectance 
is studied as the sum of reflectance and emissivity 
(or absorptance) equals unity. The reflectance 
values are calculated using rigorous coupled-wave 
analysis, Torcwa library [8], and transfer-matrix 
method [9].  
 

 
Figure 2. Solar spectral irradiance spectrum with an 
absolute air mass of 1.5 [7]. 
 
In the study, we begin by constructing a database of 
materials with reported refractive index values. 
Some materials do not have reported refractive 
index values beyond 14 μm. Based on this 
constraint, the optimization problem maximized 
absorbance between 300 and 2500 nm while 
minimizing absorbance between 2500 and 14000 
nm. The materials we selected to include in our 
database are Al2O3, BaF2, SiO2, Cu, TiO2, Ti, Si, ZnO, 
Fe2O3, and Ge. Our selection of materials focused on 
the available data and ease of manufacture as they 
are among the most commonly used materials in 
thin coating. We chose five coating layers. It is 
important to note that the performance of the 
optimized solar selective absorber can increase with 
the number of layers.   
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Table 1. Multi-layer configuration used in the study  

 

Layer No  Thickness Range (nm) 

1  0-75  
2   0-50  
3 0-50  
4 0-50  
5   0-200 

 
When constructing an optimization problem, the 
thickness ranges for each layer are specified and 
tabulated in Table 1. Each layer can have a thickness 
between 0 and 50 to 200 nm, depending on the layer 
number (Fig. 3). Furthermore, in the program, 
thickness values of multiples of 5 are chosen to 
construct each layer. 
 

 
Figure 3. The ideal reflectance curve of a solar 
selective absorber and layer stack was used in the 
study. The red profile illustrates the reflectance 
characteristic of an ideal solar selective absorber. 
 
This study covered two different problem settings, 
which required using two different objective 
functions in the mixed-space Bayesian optimization. 
The first study used the arithmetic average of the 
absorbance in the wavelength range of 300 to 2500 
nm, subtracted by the arithmetic average of 
emissivity in the wavelength range of 2.5 to 14  μm. 
The second study used the solar irradiance weighted 
absorbance values instead of the arithmetic average 
of absorbance values subtracted by the arithmetic 
average of emissivity, which is given in Eqs. [1,2]. 
 

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 1 =  
1

𝑛
∑ 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑖 −𝑛

𝑖=1

 
1

𝑚
∑ 𝑒𝑚𝑖𝑠𝑠𝑖𝑣𝑖𝑡𝑦𝑖

𝑚
𝑖=1         (1) 

 

𝑂𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛 2 =  
1

𝑛
∑ 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑖 ∗𝑛

𝑖=1

𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑛𝑐𝑒𝑖 −  
1

𝑚
∑ 𝑒𝑚𝑖𝑠𝑠𝑖𝑣𝑖𝑡𝑦𝑖

𝑚
𝑖=1       (2) 

 
The first optimization resulted in a structure with 70 
nm of TiO2, 30 nm of Ge, 40 nm of Ti, 25 nm of Si, 
and 195 nm of Cu, which has a mean absorbance of 
0.827 and a mean emissivity of 0.092. In the second 
optimization, the optimized structure has 70 nm of 
ZnO, 40 nm of Fe2O3 (layers 2, 3, and 4 are of the 
same material), and 165 nm of Ge, which has a 
weighted absorbance of 0.803 and an emissivity 
mean of 0.044. 

 
Figure 4. Absorptance/emittance graphs for 
optimized results with (a) average and (b) weighted 
absorbance values. 
 
Conclusion 
In this study, we use mixed-space Bayesian 
optimization to design a 5-layer coating that will 
perform as a solar selective absorber. Material 
selection and thickness optimization were 
simultaneously performed. An average 
absorptance above 80% between 300-2500 nm 
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and an average emissivity value below 10% 
between 2.5-14 μm were achieved. Better 
results can be obtained by increasing the 
amount of materials in the search space and the 

number of layers. Such optimization solutions 
can be utilized in many materials-centric 
applications, such as solar energy utilization and 
energy storage.
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Abstract. Increasing the total collision energy and cumulative luminosity in particle accelerators enhances the importance 
of R&D efforts toward new detector systems resilient to higher radiation levels. In this context, the production of secondary 
emission ionization calorimeters (SE) resistant to high-radiation environments in clean-room facilities aims to develop, test, 
and analyze SE modules. This study focuses on the development, testing, and analysis of SE modules designed to replace 
traditional Hamamatsu R7761 Photomultiplier Tubes (PMTs) with more radiation-resistant alternatives. These modules 
replace traditional Hamamatsu single-anode R7761 Photomultiplier Tubes (PMTs). Specifically, three different voltage 
configurations integrating Gadolinium (Gd)-coated glass have been developed for each module, followed by comprehensive 
testing using cosmic, neutron, beta, and gamma radiation sources. Results indicate the functionality of all three modules 
and their sensitivity to neutron radiation. This study discusses the technical design, testing characteristics, and Gamma, 
Neutron, Beta, and cosmic radiation interaction results of the newly developed SE modules.  

 
Keywords: Gadolinium (Gd), PMTs, Radiation, SE 
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1. INTRODUCTION 
 
In high-energy, particle, and nuclear physics, 
calorimetry is a widely used technique for measuring 
the momentum and energy of particles. 
Calorimeters operate by converting showers, 

generated by primary particles, into light using 
materials like crystals, quartz, or plastic scintillators, 
which are then transformed into electrical signals by 
photodetectors. However, in high-energy radiation 
environments, calorimeters made of crystalline or 
plastic scintillators face challenges with maintaining 
long-term signal efficiency and calibration. The 
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materials also struggle to produce fast and 
narrowband signals, which are crucial for fast 
triggering and event selection algorithms. While 
quartz-based calorimeters produce a relatively low 
signal per charged particle [1-6]. To improve the 
performance of the PMTs in detecting gamma and 
neutron particles, we integrated gadolinium (Gd)-
doped glass. Materials such as Gadolinium (Gd), 
Boron (B), and Lithium (Li) are commonly used 
elements for neutron detection. Notably, Gd has a 
significantly higher neutron capture cross-section 
for low-energy neutrons (<1 eV) than other 
elements. The benefits of this integration include 
increased efficiency in neutron detection due to the 
Gd’s high neutron capture cross-section, improved 
overall sensitivity, and signal resolution of the PMTs, 
and enhanced resistance to high-radiation 
environments [6-11]. By examining their 
performance under cosmic, neutron, beta, and 
gamma radiation, this research aims to validate the 
effectiveness of these modules in high-radiation 
environments.  
 
2. EXPERIMENTAL DETAILS 
 
The SE modules were fabricated in clean-room 
facilities, where three distinct voltage configurations 
incorporating Gadolinium (Gd)-coated glass were 
developed for each module. We carried out the 
substrate preparation and gadolinium (Gd) thin film 
deposition process. Flat glass slides measuring 75 x 
52 mm with a thickness of 1 mm were utilized as 
substrates for the deposition of Gd thin film layers. 
Before deposition, the substrates underwent a 
sequential ultrasonic bath treatment in acetone, 
isopropanol, and deionized water, followed by 
nitrogen gas drying to eliminate any impurities. 
Gadolinium thin films were deposited on the 
prepared glass substrates utilizing the Electron 
Beam Evaporation (E-beam) process. Gd thin film 
layers of two different thicknesses, 100nm and 
500nm, were grown. In the test process, two 500nm 
Gd-coated glasses were used for 1000nm 
measurements, and three 500nm Gd-coated glasses 
were used for 1500nm measurements. The E-beam 
deposition technique was performed at a base 
pressure of 10-7Pa in a high vacuum chamber to 
reduce oxidation and contamination during 
deposition. Initially, the prepared glass substrates 
were positioned within the E-beam chamber, which 
was then evacuated to a pressure of 5x10-7 Pascal 
(Pa). Upon the beginning of the procedure, an 
electric current was applied to a conductive 
filament, resulting in its heating and subsequent 

electron emission. A voltage of approximately 6 
kilovolts was subsequently supplied between the 
center and filament to propel the electrons toward 
the granular Gd designated for deposition. A robust 
magnetic field channels these electrons into beams, 
subsequently directing them toward the deposition 
material. Upon collision, the high-energy electrons 
induced the evaporation of the substance, which 
then deposited onto the glass substrates. The 
thicknesses of the formed Gd film layers were 
measured in situ during deposition utilizing a crystal 
microbalance (QCM) incorporated into the E-beam 
deposition chamber. This real-time monitoring 
facilitated accurate regulation of the film's thickness 
[3,6,11]. The fabrication procedures for the Glass-Gd 
are illustrated in Figure 1. 

 
 
Figure 1. Fabrication of Gadolinium (Gd) Thin Film 
Layers on Glass Substrates by E-beam Deposition 
Techniques. 
 
3. RESULTS AND DISCUSSION 
 
To evaluate their radiation resistance and 
functionality, a series of tests were conducted using 
various radiation sources, including cosmic, neutron, 
beta, and gamma radiation. Table 1 illustrates the 
signal sizes generated by neutron rays for the three 
modules.  
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Table 1. The approximate signal sizes of Mode 1, 2, and 
3 with a Gd-coated sample mounted on the PMT due to 
neutron irradiation 
 

GdnThickness 
(nm) 

Mode1 
(mV) 

Mode2 
(mV) 

Mode3 
(mV) 

100 88.68 39.67 37.05 

500 87.23 39.81 36.94 

1000 86.97 38.88 35.09 

1500 85.78 39.02 35.75 
. 

Table 1 presents the signal amplitudes generated by 
neutron irradiation for the three experimental 
modules. It provides approximate values of the 
signals obtained from measurements conducted 
with Gd-coated glass samples of varying 
thicknesses—100 nm, 500 nm, 1000 nm, and 1500 
nm under neutron exposure from an Am-241/Be 
source (3.3 MBq) for Modes 1, 2, and 3. Figure 2 
shows the signal sizes of all three modes obtained 
from measurements with Gd-coated glasses with 
thicknesses of 100nm, 500nm, 1000nm, and 
1500nm for neutron irradiation. As seen in Figure 2, 
the highest signal size can be obtained in Mode 1. 
The signal sizes of Modes 2 and 3 are close to each 
other and approximately half the size of Mode 1. 
Mode 1 consistently produces the most distinct 
neutron signals, showcasing a significant 
enhancement attributed to the Gd coating.  
 
From this, we can conclude that Mode1 is the most 
suitable mode for Gd-coated measurements even if 
Mode2 and Mode3 are also sensitive to the Gd-
coated measurements. It is also observed that the 
Gd coating thickness for all modes does not 
significantly change the signal strength. Therefore, 
in the range we have studied, applying a certain Gd 
coating thickness is unnecessary to keep the signal 
strength at a certain level. 
 
Figure 3 illustrates the signal sizes obtained for 
cosmic rays, gamma rays, neutron, and beta (Sr-90, 
3.7 kBq) irradiation. All are obtained in Mode 1 using 
a 500 nm thick Gadolinium (Gd)-coated glass 
mounted on the PMT. As shown in Figure 3, the 
neutron signal is significantly larger compared to the 
signals from the other radiation sources. This 
heightened response to neutrons is attributed to 
Gadolinium’s high neutron capture cross-section, 
which enhances the detector’s sensitivity to 
neutrons. In contrast, the signals from cosmic rays, 
gamma rays, and beta radiation are identical in 

magnitude, indicating a similar response to these 
forms of radiation. This uniformity suggests that the 
detector, while efficient at all sources mentioned 
above, has a particularly strong sensitivity to 
neutrons (as developed with Gd-coated materials) 
making it well-suited for applications that require 
precise neutron detection.  
 
Figure 4.19 displays the pulse shape distributions of 
all three modes coupled with a 500 nm thick Gd-
coated glass due to neutron irradiation. Mode 3 
exhibits noticeable signal distortion, indicating 
reduced accuracy in neutron detection under these 
settings. Mode 2 also provides less pronounced 
signals compared to Mode 1, though without the 
severe distortions seen in Mode 3. The larger 
neutron signal observed in Mode 1 emphasizes its 
superior sensitivity and suitability for neutron 
measurements, as the Gd layer effectively amplifies 
the detector's response to neutrons.  
 

 
Figure 2. Pulse shapes of all three modes of the SE 
calorimetry module with Gd-coated glasses with 
thicknesses of 100nm, 500nm, 1000nm, and 
1500nm due to neutron irradiation. 
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Figure 3. The pulse shape comparison of Mode 1 
coupled with 500nm thick Gd-coated glass for 
Cosmic, Gamma, Neutron,  and Beta irradiation.  
 

This comparison highlights the critical role of mode 
selection in ensuring accurate and reliable neutron 
detection. Mode 1 emerges as the optimal choice, 
while Modes 2 and 3 are less effective, particularly 
for precise measurements, emphasizing the 
importance of careful calibration and configuration 
when using Gd-coated detectors. The double-pulse 
shape of Mode 3 is believed to be due to the 
afterpulse interaction of the delayed gammas 
produced by Gd atoms due to the capture of the 
neutrons. Both Mode 2 and Mode 3 would be 

developed as a sensitive mode to neutrons after 
careful optimization studies. 
 
4. CONCLUSION 
 
The development and testing of SE modules 
represent a significant advancement in the pursuit 
of radiation-resistant detection systems, crucial for 
particle detection. By integrating traditional 
Hamamatsu R7761 PMTs with gadolinium (Gd)-
coated glass, we have shown the potential to 
improve neutron detection and resilience in a high-
energy radiation environment. The neutron signals 
have significantly larger amplitudes compared to 
those produced by cosmic, gamma, and beta 
radiation, highlighting the superior neutron 
detection capability of the modules.  
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Abstract. Wire arc additive manufacturing (WAAM) is becoming increasingly popular since it offers flexibility to produce 
complex designs with minimum material at shorter production times. The mild steel WAAM process has been investigated 
in this study The influence of process parameters on bead geometry, microstructure, and mechanical properties were 
summarized. Although WAAM is recognized to have some advantages, the drawbacks of this technique, such as high heat 
input, result in serious thermal accumulation, which can significantly influence the microstructure and the mechanical 
properties, leading to anisotropy. The anisotropic phenomenon in WAAM is a serious problem. 

 
Keywords: Wire arc additive manufacturing (WAAM), Mild steels, WAAM mild steel, Welding microstructure 
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1.Introduction 
 
The manufacturing of products by melting a raw 
material in the form of wire with an electric arc used 
as a heat source and depositing it layer upon layer is 
called wire arc additive manufacturing (WAAM) [1]. 
The process is schematically represented in Figure 1 
[2].    The WAAM process reduces material waste 
and offers faster fabricating speeds than 
conventional manufacturing methods. [3].  
 
The mild steel is cheap, malleable and ductile. The 
mild steel has a lower tensile strength than other 

carbon steel types. It is machinable and weldable, 
which aids in its usefulness for most applications [4].  
In mild steel WAAM applications especially GMAW 
machines are used [5]. The WAAM process has 
become an interesting alternative for the 
manufacturing of low-medium complexity large mild 
steel parts due to its high deposition rate [5]. The 
high temperature gradient, fast cooling rate, and 
sequential heating and cooling cycles experienced 
during WAAM effected the final microstructure, 
leading to a heterogeneous grain structure and 
anisotropic mechanical properties [17]. 
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Figure 1. Schematic representation of the wire and 
the arc additive manufacturing (WAAM) process [6]. 
 
2. Results & Discussion 
 
2.1. Mild Steel WAAM Wall Building 
 
WAAM is a near-net shape technique, which means 
that the  manufactured components are nearer to 
their actual designs but still require additional 
machining and surface finishing to get their final 
shape [1]. In GMAW processes the current is directly 
proportional to the wire feed speed [7]. The wire 
feed speed, welding speed and arc voltage 
determine the the heat input, the geometry and 
cooling rate of the weld [8]. These parameters must 
be properly chosen to produce smooth layers in the 
wall [1]. Duarte and his friends used GMAW 
continuous and pulsed wave welding modes  to build 
WAAM steel walls [9]. The details of the welding 
parameters are given in Table 1. The results of width 
and height of each deposited layer measurements 
are shown in Figure 2 [9]. The results reveal the 
effects  of the welding wave, wire feed speed and 
welding travel speed on the layer size. An increase in 
the travel speed leads to thinner deposited layers 
while the width is mostly controlled by the wire feed 
speed. It is possible to produce thinner samples with 
the pulsed wave than the continuous welding mode. 
The waviness of a WAAM wall decreases with the 
heat input. Less machining is needed for high heat 
input welding operations, because less waviness 
occur with high heat input  [10]. 
 
 
 
 
 
 
 
 

Table 1. Process parameters of samples produced in 
GMAW pulsed andcontinuous wave modes [9]. 

Sample 

reference 

Deposition rate, 

kg.h-1 

Heat input, 

J.mm-1 

 PULSED WAVE MODE 

AP1 2.04 676.5 

AP2 2.04 297.6 

AP3 0.93 134.8 

 CONTINUOUS WAVE MODE 

AC1 1.11 521.8 

AC2 1.85 209.5 

AC3 1.11 155.0 

 
Figure 2. Average layer width and height of the as-built 
samples [9]. 
 
2.2. Microstructure of the Wall 
 
The Figure 3 demonstrates the overall 
microstructure of the ER70S-6 steel wall at different 
regions [11]. The microstructure is fine polygonal 
ferrite as the primary phase and a low-volume 
fraction of the lamellar pearlite  phase, which has 
primarily formed along the ferrite grain boundaries.  
The grain size is bigger in the top part compared to 
the lower part. This variation is a consequence of the 
different thermal history that the areas have 
undergone. Since the fusion boundaries experience 
a higher cooling rate during solidification process 
compared with the center of the melt pools, the 
formation of some acicular ferrite and bainite 
phases was detected adjacent to the fusion lines 
[12]. 
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Figure 3. (left) Macrostructure of mild steel wall. 
(right) Microstructure of the wall. Note the 
microstructures are taken in the areas marked with 
the boxes in the macrographs [21]. 
 
2.3. Mechanical Properties of WAAM Parts 
 
Sun and his friends investigated the mechanical 
properties of a steel component fabricated by WAAM 
[13].  They found the mechanical properties of 
transversal (horizontal) specimens are inferior to that 
of longitudinal (vertical) specimens, emerging 
anisotropic phenomenon as shown in Figure 4 [13]. 
The percentage of anisotropy (PA) was calculated. 
The anisotropic percentages of yield strength, 
ultimate tensile strength (UTS), and elongation was 
calculated as 10.1%, 4.2%, and 21.4%, respectively. 
The biggest difference happens in ductility. 
 

 
Figure 4. The anisotropic percentage of the 
mechanical properties low carbon high strength 
steels [25]. 
 
The hardness of mild steel WAAM weld beads are 
inversely proportional with the heat input [5]. Figure 
5 illustrates the  hardness variation in a mild steel 

wall  [14]. The upper region of the wall reveals the 
hardest average hardness value, while the middle 
region shows the smallest average hardness value. 
The hardness varies with the content and the grain 
size of the microstructure [14]. Acicular ferrite and 
bainite formation at the bottom and the top part of 
the Wall cause an increase in hardness. 
 

 
Figure 5. Hardness in mild steel WAAM wall [14]. 
 
The hardness values as well as tensile properties are 
related directly to the final microstructure. Figure 6 
illustrates  the influence of the heat input on tensile 
strength of deposited metal [9]. There is a sharp 
variation of the UTS for heat inputs around 200 
J/mm, while above 300 J/mm there is almost no 
variation [9]. The deposited material goes through 
two important phase transformations, first from 
liquid to solid and then solid-state phase 
transformations that produce the final 
microstructure. The local composition and cooling 
rate determine the kinetics of those mentioned 
phase transformations, which in turn determine the 
final microstructure. Cooling occurs rapidly with 
lower heat input, because the weld bead is smaller 
compared with one with higher heat input. Hence, 
the cooling rate can be controlled by varying heat 
input. However, it should be noted that heat input is 
not the only parameter that controls the local 
cooling rate or the local microstructure. 
 

 
Figure 6. Influence of the heat input on the ultimate 
tensile strength of the mild steel WAAM part [9]. 
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3. Conclusions 
 
The following major conclusions can be drawn 
from the reviewed WAAM mild steel papers: 
 
1. The dominant microstructure of the a WAAM 
mild steel component consistes of polygonal 
ferrite grains along with a small volume fraction 
of lamellar pearlite formed at the ferrite grain 
boundaries.  
 

2. There are fine grains at the bottom of the wall. 
At the top layer there are very coarse grains. 
3. Hardness and the tensile strength of welds 
decrease with the increase in welding heat 
input. 
 
4. The mechanical properties of the longitudinal 
tensile specimens are inferior to that of the 
transversal specimens, indicating anisotropy. 
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Abstract. Wire and arc additive manufacturing (WAAM) can produce medium to large components economically because 
of its high-rate metal deposition and potentially unlimited build size. An optimized process planning that provides uniform, 
defect-free deposition is key for the production of WAAM parts. In this study, the effects of wire feeding speed, welding 
speed and arc voltage on the deposited wall dimensions in the WAAM process using gas welding process were investigated. 
The weld width increases with the arc voltage and the wire feeding rate. It decreases with the welding speed. The weld 
heightness decreases with the arc voltage and the welding speed, The wire feeding speed has the opposite effect on the 
bead height. The size of deposited metal wall increases with the layers number. 
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1.Introduction 
 
Wire and arc additive manufacturing (WAAM)  
method uses standard metal welding wires and arc 
welding equipment to produce builds layer-by-layer 
[1]. In particular, WAAM offers special benefits in 
the manufacture of near-net-shaped pieces 
including the ability to produce large structural 
components efficiently with modest complexity [2], 
and a high rate of production [3].    
 
 

The WAAM technology produces steel, titanium, 
aluminum, nickel and magnesium components 
economically [3]. The WAAM process relies on the 
fundamental concepts of electric arc welding 
processes [1]. In mild steel WAAM applications 
especially GMAW machines are used, because high 
metal deposition rates are obtained with those 
machines [4]. The MIG based WAAM process is 
schematically represented in Figure 1 [5]. In order to 
provide dimensional accuracy on the wall and 
reduce the surface roughness, chip removal 
operation is applied after welding. 
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Figure 1. Schematic representation of the wire and the 
arc additive manufacturing (WAAM) process [6]. 

 
n GMAW process welding current, arc voltage and 
welding speed are called primary welding 
parameters [6]. These welding parametres directly 
determine the heat input energy and hence the weld 
geometry (bead width, height and penetration 
depth). In the case of MIG, the value is 0.8 [7]. Since 
the current varies with the wire feeding speed, it is 
possible to accept the wire feeding speed as the 
primary welding parameter [6]. The height of the 
WAAM wall depends on the number of layers. The 
wall dimensions are illustrated in Figure 2 [8]. Each 
dimension of the wall after chip removal is called as 
the effective dimension. For example, the wall width 
decreases to the effective width after machining. 
The amount of chips to be removed depends on the 
dimensions of the layers that make up the wall [9]. 
Metal losses and the production cost increase with 
the amount of chips removed from the wall [2]. The 
primary welding parameters are very effective on 
the geometry of bead on plate (BOP) welds [10]. 
 

 
Figure 2. Schematic diagram illustrating the effective 
dimensions of the wall [8]. 
 
2. Results & Discussion 
 
Mild steel (St37) plates with dimensions of 200 × 200 
× 8 mm were used as the substrates in the 
experiments. A Fronius TP400i GMAW machine was 

used to deposit the material over the substrate. The 
welding machine's torch was connected vertically to 
a robot arm. The route of the torch was programmed 
before welding. In all welding processes, a constant 
oscillatory movement was given to the welding 
electrode. Direct current electrode negative mode 
was used for the metal deposition. The wire material 
(AWS ER70S-6) was a 1.2 mm diameter mild steel wire 
with a copper coating. During the welding process, a 
93Ar/5% CO2/2%O2 gas was employed for the 
shielding purpose with a flow rate of 12 L/min. In 
every welding operation the free wire length was 7 
mm and the arc length was 4 mm. The wire feeding 
speed was adjusted on the welding machine and the 
welding current in amperes was read on the welding 
machine screen during welding. No preheating was 
done before the first welding process. In multilayer 
welds, the weld area was allowed to cool by two 
minutes idle time after each pass. The welding 
process was designed so that the weld seam was 
obtained exactly in the middle of the plate. 200 mm 
long welds were obtained. The deposition directions 
of two adjacent layers were opposite. In multilayer 
welds, each new seam was started from the point 
where the previous seam ended. The workpiece was 
removed from the table when it was completely 
cooled to room temperature. The width and height of 
the seams were measured with a digital Vernier 
caliper. For each weld, 9 measurements were made 
at 200 mm intervals from the beginning and 200 mm 
from the end of the seam. The arithmetic mean of the 
measured results was calculated. 
 
2.1. Effects of primary welding parameters on bead 
on plate weld geometry 
 
The effects of primary welding parameters on bead 
on plate weld dimensions were illustrated in Figures 
3, 4 and 5. First the the effect of the arc voltage was 
investigated. The experiments performed with 
different arc voltage at a constant 3.5 m/min wire 
feeding speed and 3.33 mm/s welding speed. The 
results are shown in Figure 3. The welding heat input 
increased with the increasing of the arc voltage from 
18 volts to 21 and 24 volts. The seam width 
increased and the seam height decreased with the 
arc voltage. The wire feeding speed or current 
intensity  effect was illustrated in Figure 4. In those 
experiments constant 18 volt arc voltage and 3.33 
mm/s welding speed were used. With the wire feed 
speed the deposited metal volume, bead width and 
bead height enlarged because of more heat input 
was performed. Figure 5 shows that there is a 
decrease in weld width and height with the welding 
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speed. The results of primary welding parameters 
are consistent with the results of other researchers 
[10-12]. 
 
 

 
 
Figure 3. The variation of weld width and height with 
the arc voltage of the bead on plate welds. 
 

 
 
Figure 4. The variation of weld width and height with 
the wire feed rate of the bead on plate welds. 
 

 
 
Figure 5. The variation of weld width and height with 
the welding speed of the bead on plate welds. 
 

2.2. Effect of heat accumulation on wall dimensions 
of WAAM parts 
 
The effect of the number of layers on WAAM wall 
dimensions is shown in Figure 6. In these 
experiments, 3.5 m/min wire feeding speed, 18 volt 
arc voltage and 3.33 mm/s welding speed were kept 
constant. The deposited metal volume increased with 
the weld layers number. As a natural result of the 
increase in metal volume, the wall height also 
increased. The wall width also expanded by layers. 
Growth rates in width and height were different. The 

width expansion rate is significantly lower than the 
wall height increase rate. 

 
 
Figure 6. Wall dimensions of multi layered WAAM 
parts. 

 
In GMAW based WAAM parts welding parameters, 
oscillations, and interpass temperature determine 
the arc conditions and the bead geometry [13]. 
During the process, the temperature of the 
substrate increases [14].  Higher weld heat input 
energy results in higher heat accumulation and 
interpass temperature [15]. The viscosity of the 
molten metal decreases with  increasing 
temperature. Therefore, the melt pool will flow 
outward faster in higher layers and form a wider 
width and a shallow height [16]. 
 
In Figure 7, we see how welding heat input affects 
wall dimensions. In general, as heat input increases, 
wider and higher walls are obtained. However, it 
should not be forgotten that each welding 
parameter has a different effect on the width or 
height of the weld. The difference in wall width 
between the 1st pass and the 10th pass in 
experiment number 7 was 16%. This difference was 
37% in experiment number 4. The wall height was 
28.75 mm in experiment number 7. In experiment 
number 4 the wall height was only 20.26 mm. These 
results indicate that welding parameters of number 
7 are more advantageous in terms of production 
economy. 
 

 
 
Figure 7. The variation of wall dimensions with 
welding heat input in 10 layered walls. 
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3. Conclusions 
 
Below are the results obtained from the study 
investigating the effect of WAAM welding 
parameters of mild steels. 
1. As the wire feeding speed increases, the weld 
cross-sectional area, width and height increase. 
2. Weld cross-sectional area decreases with the 
welding speed. 

3. The weld expands with arc voltage and its height 
decreases. 
4. Heat accumulation in the welding area increases 
the weld width and reduces its height. 
5. As the number of weld layers increases, wall 
dimensions increase 
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Abstract. In the field of aviation, reducing fuel costs by designing lighter vehicles and thus producing more environmentally 
friendly aircraft is one of the most important issues. This situation has led aircraft manufacturers to search for lighter and 
more durable materials. For this reason, Fibre Metal Laminate (FML) structures, which are used especially in the aerospace 
industry due to their superior fatigue and impact resistance properties, attract attention. Carbon fibre reinforced aluminium 
plates (CARALL), the most unique member of the FML hybrid structure family, has attracted the attention of researchers. In 
this study, the low velocity impact behaviour of CARALL FML structures with different composite layer thicknesses at 
different energy loading (8J-12J-18J) and different impactor types (Ø15 and Ø20) were statistically investigated. CARALL 
FML structures were modelled in 2/1 arrangement (Al- 0°[1] -Al, Al- 0°[3] -Al, Al- 0°[5] -Al) in LS-DYNA finite element 

programme. It is observed that the peak load Fmax increases with increasing energy loading. The increase in striker diameter 
decreased the amount of absorbed energy and increased the rebound. 

 
Keywords: Fiber Metal Laminat, Low-velocity impact, composite, CFRP, FML, ANOVA  
© 2024 Published by ICMATSE 
 

1. Introduction 

Fibre Metal Laminate materials (FMLs) are hybrid 
structures formed by combining thin metal layers 
with composite layers [1,2]. he most remarkable 
feature of FML materials is to combine the light 
weight of fibre reinforced polymer (FRP) materials 
with the good impact resistance of the metal layer 
[3]. FML materials were first developed in 1978 [4]. 
In the meantime, only Aramid fibre reinforced 
aluminium laminate and glass fibre reinforced 

aluminium laminate (GLARE) product models have 
matured and started to be used in the aerospace 
industry. However, with the development of 
technology in the following years, carbon fibre 
reinforced aluminium laminates started to attract 
attention [5]. Carbon fibre reinforced composites 
have a large area of use due to their performance 
and light weight [6]. Due to these superior 
properties, studies have focused on CARALL FML 
materials. CARALL materials provide great 
advantages for the aerospace industry [7].  



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

112 
 

FML materials are mostly used in the aerospace 
industry. According to statistics, more than 13% of 
aviation accidents are caused by impact 
damage[8]. Impact damage can occur at high and 
low speeds. Impacts occurring at high speed can be 
visually recognised and intervened. However, 
unlike high speed, low speed impact can cause 
damage that is not visible to the eye [9]. Low 
velocity impact is usually dominated by in-plane 
stresses. This leads to the formation of different 
damage modes in the internal structure of the 
structure. It is impossible to determine this 
intuitively. This situation jeopardises the safety of 
the structure [10]. For these reasons, low velocity 
impact damage is one of the important damage 
conditions in FML materials. Therefore, it is an 
issue that needs to be investigated in detail at 
different energy loads and different impact 
properties of the structure to guide the design and 
development of the next generation CARALL FML 
materials. In their study, Sharma et al. [11] 
produced FML materials in 2/1, two different 3/2 
and 4/3 formats by keeping the aluminium layer 
thickness constant. In the experiments, they 
observed that increasing the thickness of the 
structure decreases the degree of damage and 
increases the maximum peak load. Yaghoubi et 
al.[12] investigated the impact behaviour of 5 
different GLARE types such as 2/1, 3/2, 4/3, 5/4 
and 6/5. They reported that the critical behaviour 
of fibre and aluminium depends on the thickness of 
the panel. They stated that the threshold cracking 
energy varies parabolically with the thickness of 
the specimen. Fan et al. [14] observed that 
increasing both the number of metal layers and the 
thickness of the composite layer increased the 
puncture resistance.  

It has been proved that the contact shape between 
the impactor and the structure has a significant 
effect on the impact response of general structures 
[17,18]. De Cicco et al. [19] investigated the low 
velocity impact behaviour of magnesium FMLs 
under impact forces of different sizes and shapes. 
Yao et al. [20] investigated the low velocity impact 
behaviour of FML materials under various impactor 
shapes and energy loads. At the end of the study, 
they stated that the impact behaviour of FMLs 
strongly depends on the striker shape, energy load 
and metal layer distribution. 
In this study, we applied different composite layer 
thickness (0. 5 mm) of different composite layer 
thickness (Al-0°[1]-Al, Al-0°[3]-Al, Al-0°[5]-Al), The 

effect of different striker shapes (Ø15- Ø20) and 

different energy loads (8J-12J-18J) on the impact 
behaviour at low speed was investigated 
numerically and statistically. 
 
 

2. Material Method 

FML structures are materials that are formed by 
the combination of metal and composite structure. 
In this study, Al2024-T3 material with a thickness 
of 0.5 mm obtained from AMAG Rolling company 
was preferred as the metal layer. Tensile test 
specimens were prepared in accordance with TS 
EN ISO 6892-1 standards in order to use 
engineering data in numerical analysis of Al2024-
T3 material used in the study. The prepared tensile 
test specimens were carried out on a Zwick/Roell 
Z600 tensile testing machine. The tensile test data 
of Al2024-T3 material obtained as a result of the 
tensile test were added to the LS_DYNA related 
material card. 

  
 
Figure 1. Tensile test of Al2024-T3 material 
 

2.1. Multilayer Layer Design 

The CARALL structure was modelled in 2/1 format to 
consist of 3 layers. The top and bottom plates 
consist of Al2024-T3 material, while the middle layer 
has a CFRP structure. All CARALL materials are in 2/1 
format and modelled in LS_DYNA programme in 
such a way that only the composite layer thickness 
increases. The layer arrangement is shown in table 
1. In all materials, the metal layer thickness is 1 mm 
in two layers. Each layer thickness of CFRP layers is 
0.4 mm. Fibre orientations are modelled as 0° for all 
material groups. CARALL materials were modelled 
as multilayer shell elements with 3 different 
material codes. Material identification was made for 
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CARALL FML 

Impactor 

8J 

12J 

18J 

 

 

 

each layer. The test specimens were designed as 
Ø40 mm diameter. Experiments were carried out 
with Ø20 and Ø15 mm striking tips with 8J, 12J and 
18J values. 
 
 
Table 1. CARALL deney numunelerinin plaka dizilimi  

Material Code  Lay-up Total 
Thicness  

A Al-𝟎°[𝟏]-Al 1.4 mm 

B Al-𝟎°[𝟑]-Al 2.2 mm 

C   Al-𝟎°[𝟓]-Al 3 mm 

 
CARALL material The top and bottom plates consist 
of 0.5 m thick Al2024-T3 plates. In the middle layer 
there is a CFRP composite structure as shown in 
Table 1. All FML materials are stacked in 2/1 format. 
FML materials are modelled as shell elements in 
multiple layers. Material identification was made for 
each layer. Test specimens were designed in Ø40 
mm diameter. Experiments were carried out with 
Ø20 and Ø15 striking tips with 8J, 12J and 18J values 
(Figure 2.).   
 
 

 

 

 

 
 
Figure 2. Schematic representation of the impact test 
 
The Johnson-Cook material model was used to 
utilise the properties of the Al2024-T3 material used 
in the CARALL material. The Johnson-Cook material 
model best describes high strain rates and large 
deformation rates. It is widely used in researches 
due to its simplicity [21]. Johnson-Cook material 
model shows linear behaviour below the yield limit 
and plastic behaviour above the yield limit.  

The experimentally obtained mechanical properties 
of Al2024-T3 material as described in section 2 are 
shown in table 2. 
 
Table 2. Al2024-T3 malzemenin mekanik özellikleri  

Mechanical 
properties 

Units Value 

Modulus of 
Elasticity 

E (GPa) 72 

Poisson Ratio ѵ 0.33 
Yield Strength   𝜎𝐴𝑘  (MPa) 358 

The MAT054-055 material card is an improved 
version of the Chang-Chang composite damage 
model. This model is used for thin shells. The model 
is assumed to be elastic in the absence of damage. 
But when damage occurs, it is assumed to be 
nonlinear. MAT022 is an improved version of the 
material card.  

 
The mechanical properties of the CFRP structure 
used in the composite layer were taken from the 
ANSYS material library. These constants were 
integrated into the MAT054-055 material card in Ls-
Dyna. The engineering constants of the CFRP 
materials used are shared in Table 3.   

Table 3. Mechanical Properties of CFRP Materials 

Mechanical 
properties 

Symbols and 
Units 

Value 

Dentsity gr/cm³ 1.54 

1 direction Elasticity 
Modulus  

𝐸1 (GPa) 123 

2 direction Elasticity 
Modulus 

𝐸2 (GPa) 9.87 

Poisson Ratio ѵ12 0.27 

1 direction tensile 
strength 

𝑋𝑇 (MPa) 1979 

1 direction tensile 
strength 

𝑌𝑇 (MPa) 26 

1 direction 
compersion strength 

𝑋𝐶  (MPa) 893 

2 direction 
compersion strength 

𝑌𝐶  (MPa) 139 

Shear strength 𝑆𝐶  (MPa) 100 

In this experimental setup, it is assumed that the 
striker is not damaged and modelled rigidly using 
MAT020 board. The material properties of the 
striking tip using MAT20 are defined in Table 5.  

 

Table 4. MAT20 steel material properties 

Mechanical 
properties 

Symbols and 
Units 

Value 

Modulus of 
Elasticity 

E (GPa) 210 

Poisson Ratio ѵ 0.33 
Yield Strength   gr/cm³ 7.85  

                                 

3. Results and Discussion  

The maximum peak load (𝐹𝑚𝑎𝑥 ) is defined as the 
resistance of the specimen to the impact load in the 
low speed impact test. A high peak load means that 
the resistance of the material against impact is high. 
When the graphs of the maximum peak load in 
Figure 3 are examined, the increase in the thickness 
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of the composite layer led to an increase in the 
maximum peak load in all energy loads (8J-12J-18J) 
and in all samples. This situation shows that the 
increase in thickness is an effective factor in the load 
carrying capacity of the material. It shows that in 
specimens with low thickness, many damage modes 
occur in specimens where the peak load does not 
increase according to the energy load and the 
bearing capacity is lost [22]. It is seen in the figures 
that the striker diameter is another factor in peak 
loads. This shows that the contact area between the 
CARALL material and the striker is an important 
factor and is effective in the maximum peak load. It 
was found that as the contact area increases, the 
peak load increases [23].  
 

3.1. Variance analysis (ANOVA) 
Analysis of variance (ANOVA) at 95% confidence 
level was applied to determine the parameter 
effects and effect levels. The results of ANOVA at 
95% confidence level for maximum peak load are 
presented in Table 5.  
 
When the ANOVA table for maximum peak load is 
analysed, the interaction of striker diameter, 
material, impact energy and material impact energy 
(M*DE) is significant in terms of P<0.05. When the 
contribution rates were analysed in terms of factors, 
the effective parameter was impact energy with a 
contribution rate of 49.2%, followed by material 
with a contribution rate of 37.16%. The contribution 
rate of the striker diameter remained below 3%.  In 
terms of factor interactions, the material impact 

energy (M*DE) interaction contributed 9.74%, while 
the other interactions had no significant (<1%) 
contribution. It is seen that the R2 value is above 
99.29% and the adjusted R2 value is above 96.98%.  
 

 

 

Figure 3. Maximum peak load obtained at different 
energy loads and different impactor diameters 

 

 

Table 5. ANOVA results for maximum peak load 

Maksimum tepe yükü, Fmax 

Ç 1 2858441 2858441 15.26 0.017* 2.708 

M 2 39227079 19613540 104.7 0* 37.161 

DE 2 51937373 25968687 138.63 0* 49.202 

Ç*M 2 12249 6125 0.03 0.968 0.012 

Ç*DE 2 489226 244613 1.31 0.366 0.463 

M*DE 4 10285184 2571296 13.73 0.013* 9.744 

Hata 4 749321 187330     0.710 

Toplam 17 105558874       100 

R2=%99.29, R2
(Düzeltilmiş)=%96.98 

Kısaltmalar: Ç;Vurucu çapı, M;Malzeme, DE;Darbe enerjisi, F;Faktörler,    

SD;Serbestlik Derecesi, KT;Karaler toplamı, KO;Karaler ortalaması, %KO;Katkı oranı 
 

‘*’ ifadesi P<0.05 olmak üzere anlamlı terimleri göstermektedir. 
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4. Concslusion 

 

1. Increasing the composite thickness 
increased the maximum peak load. 

2. Reducing the diameter of the striker caused 
different damage mechanisms due to the 
lower contact area.  

3. According to ANOVA results; impact energy 
is the most effective parameter for 

maximum peak load with 49.29% 
contribution rate, followed by material with 
37.161% contribution rate.  In terms of 
factor interactions, the material impact 
energy (M*DE) interaction contributed 
9.74%, while the other interactions did not 
contribute significantly (<1%). 

4. The work should be evaluated in terms of 
absorbed energy and maximum 
displacement. 
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Abstract. The study of nanomaterials is increasingly significant in material science, unveiling new opportunities for diverse 
applications. Among these materials, nematic liquid crystals (NLCs) are particularly valuable due to their unique optical 
properties and ability to self-assemble, making them suitable for various electro-optic applications. This research 
investigates the effects of black phosphorus (BP) as a dopant in NLCs, focusing on different weight percentages. BP, a two-
dimensional material known for its excellent electrical conductivity and anisotropic properties, is anticipated to enhance 
the dielectric properties of NLCs, including the dielectric constant and response time. By establishing a clear relationship 
between BP concentration and the dielectric performance of NLCs, this study aims to contribute to the development of 
tunable materials for devices such as displays, sensors, and photonic applications. Ultimately, this work seeks to advance 

understanding of BP-doped NLC systems and their potential to drive innovation in liquid crystal technology. 

Keywords: Black Phosphorus, Nematic Liquid Crystals, Electro-optic Applications, Anisotropic Materials, Electrical 
Conductivity. 
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1.Introduction 

Nematic liquid crystals (NLCs) are widely recognized 
for their distinctive optical and electro-optical 
properties, making them crucial for applications such 
as displays, sensors, and photonic devices[1]. Their 
performance can be significantly enhanced by doping 
with nanoparticles, which improve dielectric 
properties, conductivity, and response times. In 
particular, recent research has focused on 
incorporating two-dimensional (2D) materials—
similar to black phosphorus (BP)—such as graphene 
oxide, molybdenum disulfide (MoS₂), and other 
transition metal dichalcogenides (TMDs)[2], [3]. 
These materials introduce anisotropic interactions 
with NLCs, offering promising enhancements in 
electro-optical behavior, molecular alignment, and 
light manipulation.In parallel, the use of plasmonic 
nanoparticles within NLCs has shown considerable 
promise in enhancing optical responses. Localized 
surface plasmon resonance (LSPR), induced by 
nanoparticles like gold and silver, creates highly 
localized electromagnetic fields that can be exploited 
to dynamically control light within NLCs. 2D materials 
such as graphene oxide and MoS₂ have been 
observed to leverage these plasmonic effects, 
improving the overall alignment of liquid crystal 
molecules and enabling tunable photonic devices[4], 
[5]. The thermoplasmonic heating generated by these 
nanoparticles allows for reconfigurable optical 
properties, which are particularly advantageous for 
applications in optical switching and advanced 
displays. 

Focusing on BP as a novel dopant, this study aims to 
explore its influence on the dielectric properties of 
NLCs. BP stands out due to its unique electronic and 
optical properties arising from its layered structure 
and high anisotropy, providing excellent electrical 
conductivity and substantial carrier mobility. When 
incorporated into NLCs, BP can enhance dielectric 
anisotropy and conductivity, leading to lower 
switching voltages and faster response times—key 
factors for efficient display technologies and optical 
devices[6]. Moreover, BP's ability to interact with 
electromagnetic fields can optimize the composite 
material’s light absorption and tunable photonic 
characteristics.The impact of BP doping on NLCs will 
be investigated by examining dielectric parameters 
such as dielectric constant, loss tangent, and 
frequency response.This research aims to establish 
BP as a promising dopant for enhancing the electro-

optical properties of NLCs, providing a foundation for 
the development of advanced tunable displays, 
sensors, and flexible electronic devices. The 
integration of BP into liquid crystal technology 
highlights its potential to drive material science 
innovation and expand the possibilities of 2D 
materials in electro-optic applications. 

3.Methods and Experimental Techniques 

To investigate the effects of black phosphorus (BP) 

doping on the dielectric properties of nematic liquid 

crystals (NLCs), a comprehensive set of methods and 

experimental techniques will be employed: 

3.1. Material Preparation 

3.1.1.Synthesis of Black Phosphorus 

 High-energy ball milling was employed to reduce 
bulk black phosphorus into nanoscale particles, a 
mechanical grinding process that effectively breaks 
down the material while maintaining its chemical 
integrity. The synthesis of black phosphorus (BP) was 
conducted under an argon atmosphere in a glovebox 
to prevent oxidation. In this process, 200 mg of red 
phosphorus was combined with zirconium balls at a 
mass ratio of 1:10 and ground for 24 hours. This 
approach efficiently converted red phosphorus into 
high-purity black phosphorus, suitable for doping into 
nematic liquid crystals to investigate enhancements 
in dielectric properties. 

3.1.2. Doping Process 

 Nematic liquid crystals (NLCs) were doped with 
varying concentrations of black phosphorus (BP) 
flakes, up to 1.0% by weight, to systematically study 
the impact of BP concentration on their dielectric 
properties 

3.2.Dielectric Characterization 

3.2.1.Impedance Spectroscopy 

 This technique was used to measure the dielectric 
constant and loss factor of the BP-doped NLCs over a 
range of frequencies (typically from 1 Hz to 1 MHz). 
This data will provide insight into the dielectric 
response of the composite materials. 
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3.2.2.Dielectric Relaxation Measurements 

 Using a HIOKI 3522-50 LCR HiTester analysis of the 
dielectric relaxation processes was conducted to 
understand how BP affects the dynamics of the liquid 
crystal molecules and their response to applied 
electric fields. 

The study focused on comparing pure NLCs with 

those doped with BP. Capacitance (𝐶𝑝) and dielectric 

loss (𝐷) were measured at varying frequencies and a 

fixed voltage (0.1 V). These measurements were used 

to calculate the real dielectric constant (𝜀′), imaginary 

dielectric constant (𝜀′′), and conductivity (𝜎) using the 

following equations: 

𝜀′ =
𝐶𝑠.𝑑

𝜀0.𝐴
   (1)         𝜀′′ = 𝜀′. 𝐷  (2)        𝜎 =

𝐹.𝐶𝑝.𝐷.𝐴

𝑑
  (3)  

where: 
 𝐹 is the frequency of the applied signal . 
 𝐶𝑝 is the parallel capacitance, 
 𝐷 is the dielectric loss factor, 
 𝐴 is the surface area of the ITO electrode 

(1.6 × 10⁻¹¹ m²), 
 𝑑 is the thickness of the cell (5 × 10⁻⁶ m). 

 
By analyzing how conductivity changes with varying 
BP doping, we aimed to understand its effect on the 
electrical behavior of NLCs and assess the potential 
for improved performance in various applications . 
 
4. Results and Discussion 
 

 This section presents the electrical characterization 
of pure and BP-doped nematic liquid crystal (NLC) 
samples. The graphs provide a comparative analysis 
of the dielectric properties and overall electrical 
behavior of the NLCs, highlighting the impact of BP 
doping on their performance. 
 
Electrical Characterization 
 

 Figure 1 illustrates the conductivity-voltage (σ-V) 
characteristics, revealing how the inclusion of BP 
nanoparticles affects the conductivity of the NLCs. 
The corresponding real (ε') and imaginary (ε'') 
components of the dielectric constant as a function 
of voltage are shown in Figures 2(a) and (b), 
respectively. 

 
Figure 1. Conductivity – voltage (σ-V ) graphs of pure and 

BP doped nematic liquid crystals samples. 

 

Figure 2. (a) The real; (b) the imaginary dielectric constant 
-  voltage graphs of the pure and BP doped nematic liquid 

crystals samples. 
 
The results demonstrate that doping NLC systems 
with BP nanoparticles significantly enhances the 
dielectric constant compared to pure NLC cells. This 
increase is attributed to the strong interaction 
between BP nanoparticles and LC molecules, which 
effectively enhances the overall polarizability of the 
composite material. BP's layered structure and high 
density of free charge carriers contribute to the 
formation of a localized electric field within the LC 
medium, facilitating greater distortion of the electron 
clouds of the LC molecules. Consequently, this leads 
to a marked increase in the dielectric response of the 
doped LCs. 
 
Moreover, incorporating BP nanoparticles modifies 
the molecular alignment of the LCs under applied 
electric fields. BP's anisotropic nature promotes 
improved alignment and orientation of LC molecules, 
resulting in a higher order parameter and enhanced 
sensitivity to external stimuli. These changes stabilize 
molecular orientation and improve the overall 
dielectric properties of the material. Collectively, 
these findings highlight the promising potential of BP-
doped liquid crystals for advanced applications in 
display technologies, tunable sensors, and responsive 
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optical devices, paving the way for innovative 
materials with tailored electro-optical functionalities. 
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Abstract. Laser surface treatments, which significantly increase resistance to wear and corrosion, have gained importance 

in recent years. Shallow penetration depth in laser coating enables the coating to occur without the parent material being 

affected by heat. In this study, a low carbon steel surface was coated by laser process by adding WC powder in different 

proportions to nickel-based powder. WC powder with the size of 106-44 microns was used in the coating at the rates of 20, 

40, and 60%wt. The study also examined the effect of the second melting process. In the laser process, 3 mm/sec scanning 

speeds were used in the first melting process and 7 mm/sec in the second melting process. The energy input was the same 

for both speeds and was chosen as 1.6kW. After the coating process, microstructural characterization was made, hardness 

and wear tests were carried out. As a result, it was seen that double melting process was effective in terms of microstructure, 

hardness and wear resistance. 

Keywords: Laser Cladding, Tungsten Carbide, Wear, Ni-based powder 
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1.Introduction  

Surface coating technologies, such as thermal spraying, 

electroplating, plasma transferred arc, and laser 

cladding, have gained widespread adoption in 

enhancing the surface hardness and wear resistance of 

components. This trend is driven by the continuous 

advancements in science and technology. These 

technologies are employed to create one or multiple 

layers of alloys or cermet coatings on the surface of 

metallic materials, utilizing diverse techniques. 

Consequently, these metallic materials exhibit 

enhanced properties like high hardness, wear 

resistance, corrosion resistance, and other desirable 

features that they lack in their original state [1-8]. 

Laser cladding stands out as a novel surface 

modification technology that utilizes high-power lasers 

to melt alloy powders onto the surface of substrates. 

Compared to conventional surface modification 

techniques, laser cladding offers several advantages, 

including a lower dilution rate, stronger bonding 
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between the cladded layers and substrate, and 

reduced thermal deformation. The rapid heating and 

cooling rates inherent in the laser cladding process 

contribute to the formation of a fine microstructure 

during solidification. The rapid evolution of laser 

cladding technology has led to a surge in interest and 

development, particularly in the area of repair 

applications. Ni-based alloys exhibit good wettability, 

enabling them to adhere effectively to the substrate 

during the cladding process. These alloys demonstrate 

superior performance at elevated temperatures, 

making them ideal for applications operating in high-

temperature environments. Compared to other high-

performance materials, Ni-based alloys offer a 

relatively moderate price, making them cost-effective 

for industrial applications. These combined advantages 

contribute to the widespread use of Ni-based alloy 

powders in laser cladding [9]. 

Although laser coatings using Ni-based/WC powders 

are available in the literature, the number of studies on 

double melting is quite low. Therefore, in this study, 

the effect of double melting was studied 

experimentally. 

2. Material and Method 

In the study, low carbon steel specimens, the analysis 

of which is given in Table 1, was used. The samples with 

dimensions of 10 x 100 x 10 mm were coated with Ni-

based and Ni-based powder/WC powder mixtures. The 

size range of Ni-based powder was between 53-150 

microns. Chemical analysis of Ni-based powder is given 

in Table 2. WC powders were mixed with Ni-based 

powder at the rates of 20, 40 and 60 (wt.%). The size 

range of WC powders was between 105-44 microns. 

Sample coding is shown in Table 3. Prepared powder 

mixtures were bonded to the sample surface with PVA 

in 3 mm thickness and laser melting processes were 

performed. 3 mm/s laser scanning speed at first 

melting and 7 mm/s at second melting process with 1.6 

kW laser power were used. In coated samples, samples 

were taken out for microstructure examination in the 

coating area and these were subjected to grinding and 

polishing processes. After necessary metallographic 

processing, the samples were etched in 3% nital 

solution. Images of the samples were taken with 

optical microscopy at different magnifications. In 

addition, X-ray analyses, wear tests and microhardness 

measurements were performed. Hardness tests were 

conducted using a Q ness branded microhardness 

tester, employing the Vickers microhardness method. 

In these tests, measurements were taken by indenting 

with a 200-gram load for 15 seconds. The wear 

resistance of the alloyed surfaces was assessed at room 

temperature using pin-on-disc wear tester. 60 mesh SiC 

abrasive papers were replaced after each test. A load 

of 20 N was applied to the specimens, and the sliding 

distance was set to 20 m. 

Table 1. Chemical composition of low carbon steel 

(wt.%) 

C Mn Si P S Fe 

0.14 0.48 0.21 0.02 0.02 Rest 

 

Table 2. Chemical composition of Ni-bsed powder 

(wt.%) 

C Fe Si Cr B Ni 

0.38 2.40 3.20 10.3 2 Rest 

 

Table 3.  Ni-based powder and WC powder ratios 

(wt.%) 

Specimen no Ni-based powder WC 

S1 (SM) 100 - 

      S2 (DM 100 - 

S3 (SM) 80 20 

S4 (DM) 80 20 

S5 (SM) 60 40 

S6 (DM) 60 40 

S7 (SM) 40 60 

S8 (DM) 40 60 

SM: Single melting    DM: Double melting 
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3.Results and Discussion 

3.1. Microstructural Examinations 

According to microstructural investigations, optical 

microscope images revealed that samples subjected to 

a single melting process exhibited a tendency for WC 

particles to agglomerate, leading to a non-

homogeneous distribution. In contrast, the double 

melting process resulted in a more homogeneous 

structure on the coating surface and a more uniform 

distribution of WC particles. The second laser melting 

at a higher scanning speed showed that the WC 

carbides were fragmented and precipitated to smaller 

sizes. Representative images of samples S1, S2, S7 and 

S8 are given in Figure 1. In XRD analysis, it was 

observed that the microstructure in S1 and S2 samples 

main phases consisted of -Ni, CrB and Cr23C6, while -

Ni, CrB, Cr7C3, WC, W2C, W2B phases appeared in WC 

added samples, S3-S8. WC powder added to nickel-

based powder dissolves with laser beam and leads to 

the formation of new phases [8]. To illustrate this 

situation, the XRD graph of the S8 sample is given in 

Figure 2. 

 

a) 

 

b) 

 

c) 

 

d) 

Figure 1. Optical micrographs of a) S1,b) S2, c) S7 and d) S8  

(Substrate + coating).          

          

 

Figure 2. XRD diffraction patterns of S8              

3.2. Hardness Test 

As a result of microhardness measurements, the 

average hardness values taken from the samples are 

presented in Figure 3. As can be seen from this graph, 

the hardness values with Ni-based powder increased. 

However, the addition of WC powder to the Ni-based 

powder further increased the hardness. Considering 

that WC powder has a very high hardness, this result 
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is consistent with the literature [8]. When the effect of 

secondary melting is examined, it is shown that this 

melting causes an increase in hardness. This situation 

can be related to the fragmentation of WC particles 

during secondary melting and their dispersion into 

smaller sizes and also precipitation hardening [8]. 

 

Figure 3. Average hardness values. 

3.3 Wear Test 

As a result of wear test, the mass loss values are given 

in Figure 4. As can be seen from this figure, laser 

coating with Ni-based powder and Ni-based/WC 

mixed powders protects the surface against wear. 

However, it is observed that adding WC powder to Ni-

based powder and secondary melting are effective in 

terms of wear resistance. The increase in wear 

resistance in secondary melting is attributed to the 

carbides distributed more finely and widely in the 

matrix [8]. 

 

Figure 4. Mass loss values  

4. Conclusion 

In this study, a low carbon steel surface was laser 

coated using Ni-based and Ni-based/WC mixed 

powders. Single and double melting processes were 

performed in the coating. The results obtained are 

generalized and given below. 

-  In the coating made by Ni- based powder, phases 

mainly consisted of  -Ni, CrB and Cr23C6, 
- In the coating made by Ni- based/WC powder 

mixture, phases mainly consisted of  -Ni, CrB and 
Cr7C3, WC, W2C and W2B. 
-   Double melting process caused the WC particles to 
break up and precipitated in the matrix in finer sizes, 
- Ni-based powder increased the surface hardness, 
-  Addition of WC to Ni-based powder provided a 
further increase in hardness, 
-   Hardness increased with double melting, 
- Ni-based powder increased the surface wear 
resistance 
-  Addition of WC to Ni-based powder provided a 
further increase in wear resistance, 
-  Double melting increased the wear resistance. 
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Abstract. As a result of the interest in additive manufacturing methods, which have many advantages over 
conventional manufacturing methods, there has also been an increase in the number of studies on metal powders 
used as feedstock materials in these methods. It is observed that the powders obtained by the ultrasonic atomization 
method, which has been developing in recent years, have a narrower particle size distribution and higher sphericity 
than the powders obtained by the gas atomization method, one of the conventional powder production methods. In 
this study, a comparison was made between 316L powders produced using wire as feedstock material by ultrasonic 
atomization method and 316L powders purchased commercially and produced by gas atomization method in terms 
of particle size distribution and sphericity. Powder production was carried out at a fixed frequency with different 
electric current values, one of the parameters used in the ultrasonic atomization process. In addition to particle size 
distribution and shape analysis of the powders, non- destructive testing was carried out via Micro-CT. As a result, it 
is likely that the ultrasonic atomization method, which has impressive findings regarding sphericity and gas porosity, 
will become a crucial feedstock material production method for additive manufacturing in the coming years.   

Keywords: Ultrasonic Atomization, 316L Stainless Steel, Powder Production, Sphericity  
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Introduction  
 
Due  to  their  advantages,  additive  manufacturing 
(AM) methods have attracted the attention of many 

researchers, and as a result of the studies carried 
out, they have made rapid progress in recent years. 
In  most  metal  AM  methods,  powder  is  

used  as feedstock  material.  Therefore,  the  
chemical  and physical properties of the metal 
powders, such as particle size distribution (PSD), 
particle morphology, density, porosity, satellite 
formation, etc., become very important for a reliable 
final product [1]. Gas and  plasma  atomization  
methods  produce  many commercially  used  metal  
powders  for  additive manufacturing.  These  two  
methods  are  highly profitable,  allow  for  producing  
large  amounts  of powder in a single process, and 
can be considered conventional [2,3]. Ultrasonic 
atomization (UA) has been developed recently and 
has brought significant innovations to powder 

production on a laboratory scale. Compared to 
traditional powder production methods,  it  has  
great  advantages  in  terms  of sphericity and particle 
size distribution [4]. Powders produced  with  UA  
have  narrower  particle  size distributions and much 
greater sphericity.  

This  paper  summarizes  the  comparison  of 
ultrasonically atomized and commercially available 
316L stainless steel metal powder using wire-form 
raw material regarding PSD and sphericity.  
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Methods  
 
Within  the  study's  scope,  stainless  steel  316L 
material in wire form was powdered by ultrasonic 
atomization using different electric current values. 
Then, the produced powders were compared with the 
powders previously purchased and produced in ingot 
form by vacuum inert gas atomization (VIGA). In order 
to produce metal powders with the desired properties 
using  the  UA  method,  the  working principle of the 
atomization device must be well understood (Figure 
1). First, an electric arc is used to melt  the  raw  
material.  This arc is  created between the atomization 
platform at the top of the sonotrode  and  the  non-
consumable  tungsten electrode.  The  working  
principle  of  the  energy source is very similar to that 
of Tungsten inert gas (TIG)  welding.  After  the  arc  is  
obtained,  the ultrasonic  vibrations  obtained  by  the  
ultrasonic generator are transferred from the cold end 
of the sonotrode  to  the  atomization  platform  via  
the sonotrode. After this stage, the raw material wire 
is  continuously  fed  into  the  pressurized atomization  
chamber.  The  wire  exposed  to  the electric arc melts 
as its temperature increases and forms a melt pool on 
the surface of the atomization platform. Due to the 
effect of surface tension, the liquid metal droplets 
take a spherical shape. They are thrown into the inert 
gas flow with the kinetic energy  gained  by  the  
ultrasonic  vibrations.  The metal droplets formed cool 
and solidified in the atomization chamber through the 
convection and radiation processes. The solidified and 
powdered metal  material  accumulates  in  the  
powder chamber located at the bottom of the  
atomization chamber due to the effects of 
aerodynamic forces and gravity [5].  

  

Figure 1. Schematic of Ultrasonic Atomization [6] 

For the experiments carried out within the scope of 
the study, the ATO LAB Plus ultrasonic atomization 

machine, which is in EKTAM's device infrastructure, 
was  used.  While  the  electric  current  from  the 
process parameters was given values ranging from 
120A  to  160A,  all  other  parameters  (ultrasonic 
frequency= 20 kHz, amplitude= 70%, argon flow= 
15l/min and  wire diameter= 1.2 mm)   were kept 
constant.  Powders  were  produced  using  three 
different process parameter sets. In addition to the 
powders produced, powders produced by the VIGA 
method and purchased  were  named  as  given  in 
Table 1.  

Table 1. Analyzed powders and electric current values 

  

Powders  Electrical 
Current (Amp)  

Powder-120 
Powder-140 
Powder-160 
Powder-VIGA  

120 
140 

160 -  

 

Results Results and Discussions  

 

The powders '  particle  size  distribution  and 
sphericity measurements were analyzed using 
laser  diffraction  and  digital  imaging  on  a 
Microtrac  MRB  Flowsync  particle 
characterization  machine.  Particle  size 
distributions of the powders used in the study are 
shown in Figure 2.  

 
Figure 2. Particle Size Distribution 

In Figure 2, the particle size distribution of the 
Powder-VIGA powder produced by the VIGA 
method  has  a  wider  range  than  that  of  the 
other  powders  produced  by  the  ultrasonic 
atomization method. Although the difference 
seems to be negligible, this is a factor affecting 
the predictability of the AM process.   
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Table 2. D10, D50 and D90 values of the 
powders (Micrometers) 

Powders  D10  D50  D90 

Powder-120  59.05  78.37  114.10 

Powder-140  60.48  78.95  112.30 

Powder-160  52.53  75.02  113.60 

Powder-VIGA  65.30  86.66  125.10  

Table  2  shows  the  powders'  D10,  D50,  and  D90 
values . The effect of the electric current used as a 
variable parameter in the production process is seen 
in this table. The fact that the Powder-160 powder 
produced with 160 Ampere contains more powder 
with a smaller diameter indicates that more small 
powder production than expected occurs due to the 
current exceeding a specific value. The D50 and D90 
values of the three powders produced with UA are 
pretty close to each other. The powder produced with 
VIGA contains particles of a larger diameter.  

Among  the  most  frequently  used  AM  methods, 
powder  bed  production  technologies  are  at  the 
forefront. One of the most essential elements of 
production made with this technology is laying the 
powder  properly  while  creating  the  powder  bed. 
Therefore, the more spherical the powder is, the more 
likely it is to obtain a uniform and smooth layer [7]. It 
can be seen in Figure 3 that the sphericity ratios of all 
powders produced by UA method are dramatically  
higher  than  those  of  powders produced by 
VIGA.  

 
Figure 3. Sphericity of The Powders 

 
Sphericity measurements were made by taking into 
account  the  number  of  particles.  When  a  high 
sphericity  ratio  of  98%  was  determined  as  the 
threshold, 87% of Powder-120, 82% of Powder-140, 
58% of Powder-160, and only 2% of Powder-VIGA 
were above the threshold. As the electric current 
increases during production, it is observed that the  

sphericity  decreases  at  high  sphericity  ratios. 
However,  even  these  ratios  are  well  above  the 
powders  sold  commercially  and  produced  by  gas 
atomization methods.   
 
As with other gas atomization methods, inert gas 
porosity  is  one  of  the most  well-known 
disadvantages  of  the  VIGA method.  This 
phenomenon occurs when the viscosity of the liquid 
metal  increases  during  solidification,  closing  on 
itself  and  trapping  the  gas  inside  the  powder 
particles [8,9]. To investigate this situation, Powder- 
140 and Powder-VIGA powders produced with two 
different methods (UA and VIGA) were examined 
non-destructively  with  the  Micro-Computer 
Tomography method. A Zeiss Xradia Versa 510 X-ray 
machine  within  EKTAM  was  used  for  the 
examination. As seen in Figure 4, while the powders 
produced with UA have no porosity, gas porosity is 
noticeable in the powders produced with VIGA. It 
was  also  determined  that  the  powders  produced 
with VIGA were worse in terms of sphericity and 
that there were satellites in some particules.  

 
Figure 4. X-Ray Micro-CT images of the powders 
produced by  ultrasonic  atomization  (left)  and  gas  
atomization (right)   

Conclusions  

 

This  study  discussed  the  effect  of  electric 
current  on  the  powders  produced  by  the 
ultrasonic  atomization  process  and  the 
comparison  of  the  powders  produced  by 
ultrasonic atomization and the VIGA method. The 
summary of the results is as follows:  

1) 316L  powders  produced  by  the  UA method  
are  dramatically  better  in terms  of  sphericity 
than  those produced by the VIGA method.  

 

2) When comparing Micro-CT images, the powders 
produced  with  UA  showed almost  no  porosity   
and  satellite formation.  At  the  same  time,  these 
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problems  were  observed  in  those produced 
with the VIGA method.  

 

3) The  particle  size  distribution  of powders  
produced  with  UA  is narrower  than  those  
produced  with VIGA,  but  this  difference  is  
not significant enough to be considered.  

 
4) Increasing  the  electric  current  in powder 
production with UA does not significantly  change  
at  low  currents. However,  when  currents  can  
be considered high, such as 160 Amperes, 
deterioration in the sphericity of the particles  may  
occur.  In  addition,  the traditional proportion  of  
particles  smaller  than its  commercial expected 
increases.  

 
5) The UA method has advantages in producing 
more spherical and denser powder compared to 
traditional methods. However, it has a slower 
production rate than traditional methods. 
Therefore, its commercial use is limited. With 
innovations and expansion of the material 
spectrum, it will be used more widely in the future.  
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Abstract. Ab initio ((Latin for “from the beginning”) computational materials science is play an important role in accelerating 
the development and optimization of new materials. It is widely used in materials science. The aim is to simulate the 
properties of materials in order to understand and complement experiments. Scientists use these methods in the discovery 
of new materials, materials design, catalysis and chemical reaction mechanisms. Ab initio method (often referred to as first-
principles methods) contains no experimental input other than the fundamental physical constants, making it possible to 
analyze the properties of systems that are difficult to characterize experimentally, or to predict the physical properties of 
materials that have not yet been made. We present an overview of the capabilities of ab initio methods in the structural 

and mechanical properties, illustrated with an example for 2D orthorhombic β-GeSe compound using the VASP computer 
program. 
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Introduction 

Ab initio computational materials science is a field 
that studies and simulates the structural, electronic, 
optical and mechanical properties of materials based 
purely on fundamental physical principles, without 
relying on experimental data. It is play an important 
role in accelerating the development and 
optimization of new materials [1]. This approach 
involves modelling and simulating the behavior of 
atoms and electrons using quantum mechanics, and 
is commonly carried out using methods such as 
Density Functional Theory (DFT). Unlike empirical 
methods that rely on experimental data, ab inito 
materials science operates solely based on the 
quantum mechanical interactions between atoms 
and electrons [2]. This is particularly useful for 
predicting the properties of unknown or newly 
designed materials before they have been 
synthesized. 

Ab initio materials science aims to understand the 
behavior of atoms and electrons using quantum 
mechanical principles. The interactions between 
electrons and nuclei in materials are described by the 
Schrödinger equation, and solving this equation 
provides insight into the microscopic behavior of 
materials, which in turn explains their macroscopic 
properties. Quantum mechanical theories are used in 
materials simulations in two main ways. The 

Schrödinger equation describes the wave function 
and energy of electrons in atoms or molecules. The 
Born-Oppenheimer approach makes calculations 
simple by separating the motion of the electrons from 
that of the nucleus [3], allowing the electronic 
structure of a material to be solved independently of 
the atomic positions. 

A widely used method in ab initio materials science is 
Density Functional Theory (DFT) [4]. DFT calculates 
the total energy and electronic structures of a system 
by focusing on the electron density rather than 
tracking each electron individually. This greatly 
simplifies the solution of the quantum mechanical 
equations. The Kohn-Sham equations are the 
fundamental equations used in DFT to calculate the 
energy and structure of a material, taking into 
account the electron density. Exchange-correlation 
functional are mathematical approaches used in DFT 
to model interactions between electrons. Common 
functional include the Local Density Approximation 
(LDA) and the Generalized Gradient Approximation 
(GGA) [5]. Recent developments in hybrid functionals 
and beyond-DFT methods aim to increase the 
accuracy of predictions for more complex systems. 

Results and Discussion 

Ab initio methods can predict various properties of a 
material based on the interactions of its fundamental 
building blocks atoms and electrons. This 
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computational technique is widely used to 
understand new materials, design novel materials 
with desired properties (e.g., semiconductors, 
superconductors, or catalysts), and explore 
fundamental questions in materials science. 
Simulations extract physical, chemical, and 
mechanical properties that arise from the 
arrangement and movement of atoms.  
 
Some of these properties are structural, electronic, 
elastic, optical and phonon. Electronic Structure 
estimates whether a material is a semiconductor, 
metal or insulator by calculating the energy levels of 
the electrons. Mechanical properties give the elastic 
modulus, hardness and tensile strength of materials. 
Optical properties model how materials interact with 
light. Phonon properties test stability, investigate 
heat transfer mechanisms and report thermodynamic 
properties that depend on temperature. Since first-
principles calculations are highly complex and require 
vast amounts of data, powerful computing systems 
are essential. Supercomputers and parallel 
processors are often employed to simulate large 
material systems [2].  
 
In this section, an overview of the capabilities of ab 
initio methods on structural and mechanical 
properties will be presented. For this, calculations for 
2D β-GeSe compound using VASP code [6-8] are given 
as an example. Details about the calculations and 
other results can be found in Ref. [9]. The 
orthorhombic crystal structure of 2D β-GeSe is shown 
in Fig. 1. 

 
Figure 1. The orthorhombic crystal structure of 2D β-
GeSe [9] 
 

Structural properties are given in Table 1. The 
calculated structural characteristics are in good 
agreement with experimantal data. 
 
 

Table 1. The lattice constant (a, b, Å), bond length 
(d1/Ge-Se, d2/Se-Ge, Å), layer thickness (h, 
Å) and other study for β-GeSe. 

 
The elastic constants and mechanical properties are 
given in Tables 2 and 3.  
 
Table 2. Elastic constants (Cij, N/m), Young's 

modulus (E, N/m), Poisson ratio (ν), shear 
modulus (G, N/m) for β-GeSe.  

C11 C12 C22 C66 Ref. 

33.44 -0.36 33.17 7.88  [9] 

 

The elastic constants meet the stability criteria, 
indicating its mechanical stability. 
 

Table 3. Young's modulus (E, N/m), Poisson ratio (ν), 
shear modulus (G, N/m) for β-GeSe.  

Ex Ey ν x ν y G Ref. 

33.43 33.16 -0.01 -0.01 7.88 [9] 

 
2D β-GeSe compound are relatively flexible materials 
due to its low Young's modulus. Moreover, a negative 
Poisson’s ratio indicates that the orthorhombic β-
GeSe is an auxetic material [9]. It can be seen from 
Tables 1 and 2 that the structural and mechanical 
properties for β-GeSe have been successfully 
predicted by ab initio computational materials 
science. 
 

Conclusion 

Ab initio computational materials science has 
revolutionized the way we understand and design 
materials. By leveraging quantum mechanical 
principles, these methods allow the prediction of 
material properties from first principles, without the 
need for empirical data. This has opened up new 
avenues for the discovery of materials with tailored 
properties for applications in electronics, energy, 
catalysis, and beyond.  
 
Despite their success, ab initio methods face several 
challenges, primarily related to computational cost 

a b d1 d2 h Method Refs. 

3.66 5.90 2.54 2.72 1.86 GGA-PBE Ref. [9] 

3.83 5.80     
Exp 
[10] 
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and accuracy. As system size increases, the 
computational effort grows exponentially, making 
large systems difficult to handle even with modern 
supercomputers. Additionally, the approximations 

used in DFT, especially the exchange-correlation 
functionals, can lead to inaccuracies, particularly in 
materials with strong electron-electron interactions 
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Abstract. A Focused Ion Beam Scanning Electron Microscope (FIB-SEM) is a combination of ion column and electron column 
in the same instrument.  This system uses electron beam in order to get high resolution image while ion beam (mostly 
gallium ions) is used for doing modifications like milling, etching, deposition on a material. In material science, FIB-SEM 
usage is expanding day by day and it creates insights of third dimension in studies. Researchers can use FIB-SEM for cross 
section imaging, TEM sample preparation, I-beam lithography etc. These processes can take time due to hardness and 
physical properties of the material. In order to reduce the time of FIB-SEM workflow, Laser-FIB takes place as a solution as 
a ZEISS product. With laser you can do all FIB process within short time and very precisely. 

 
Keywords: Ion, FIB, SEM, Laser, Cross section  
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FIB-SEM is an integrated system with ion and 
electron beam and it can be used for cross section 
imaging, TEM lamella preparation, lithography etc. 
Reserachers who interested with material science 
sometimes need information from below the 
sample surface [1]. No matter if they are burried 
features or layers, they can be milled with ion 
beam on nanometric scale and precision [2]. Also 
with a Gas Injection System (GIS), there can be 
apply deposition on sample surface with a specific 
material like platinum. It protects the area for 
precise milling and after the workflow, the cross 
section can be seen very smoothly. With platinum 
deposition, researcher can do lithograpy to the 
sample surface [3]. Words or even images can be 
deposited or milled on the sample surface with FIB.  
 
A LaserSEM is the combination of a fs-laser and a 
FE-SEM in one instrument (without FIB column) [4]. 
With LaserSEM you achieve high resolution and 
contrast imaging with the benefits of Zeiss Gemini 
optics and a new approach of rapid 3D-site-specific 
sample preparation with integrated fs-laser. 
Modern methods of sample preparation for high-
resolution microscopy are achieved using 
conventional focused ion beam (FIB), Plasma-FIB 
(PFIB) or standalone laser. Each of them has its own 
advantages and disadvantages and preferable for 
certain applications. For example, the highest 
quality of preparation of thin lamellas for TEM is 
achieved using GaFIB. Large cross sections and 

Large Trenches can be achieved by PFIB / laserFIB 
or Standalong laser. But in this case, the user meets 
the following challenges: limited sample size, cost 
prohibitive and time-consuming preparation 
process, contamination of the main PFIB chamber 
and limited opportunity of standalone laser 
preparation for air sensitive samples [5].  
  

 
Figure 1. A cross section image of semiconducter 
sample  
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The column design gives you access to five orders of 
magnitude in beam current, from 1 pA up to 100 nA. 
The larger beam currents of up to 100 nA allow fast 
and precise material removal and milling processes. 
Meanwhile, at low currents you will achieve 
exceptionally high FIB resolution of less than 3 nm. 
 
 
 

 
 
 
 
 
 

 
 
 
Micromanipulator is nothing but a needle. But this 
is really a sharp one. You have to use it while doing 
TEM lamella prep in order to detach your lamella 
from sample and attach to the lamella holder. It’s 
really a sensitive process. Manipulator can be 
navigate with software. So you can control every 
direction. After attach your lamella to the holder, 
you can polish the sides with ion beam and thin the 
sample for TEM study. 
 
 

 
 
 
A Crossbeam is a very universal instrument. Of 
course, it covers all typical SEM Applications. 
However the FIB column adds the capability of 
removing material from the sample. Therefore, 
analysis of the sample is not limited to its surface. 
Cross sections can be prepared to study what is 
underneath the surface. Crossbeams can be used to 
prepare samples to serve other characterization 
methods: e.g. to prepare TEM lamellae, atom probe 
specimens, ultra-sharp tips for SPM or to machine 
samples for deformation studies in the microscale. 
Another important application is 3D FIB 
Tomography: serial cross sections are prepared by 
FIB milling  and analyzed with the SEM, and athers 
standard analytical methods like 3D EDS, 3D EBSD 
FIB milling can be used for rapid prototyping of 
structures. In combination with a Gas Injection 
System it is also possible to deposit material from a 
precursor gas. This is a key component for Circuit 
Editing.   
 

 
 
 
With integrated FIB column to laser SEM you can 
benefit for TEM lamella preparation at atomic 
resolution or 3D tomography as potential future 
applications.  
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After laser prepared surface you need only few 
minutes of FIB polishing for high resol microscopy 
imaging and advanced analysis. Use your FIB for 

final step of APT (atom probe tomography) and TEM 
lamella for atomic resolution sample prep. 
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Abstract. Silicon Nitride (Si3N4) is a superior ceramic material that generally surpasses other ceramic materials, exhibits 
excellent mechanical properties, and is preferred in high temperature and structural applications. Compared to other 
ceramics, silicon nitride offers a combination of high strength, exceptional hardness, low coefficient of friction, high thermal 
conductivity, toughness and reliability, making it a preferred option for many applications. At the same time, in addition to 
being a very hard material today, it also attracts attention with its biocompatibility in addition to these features with the 
development of rod-like beta (𝛽) grains. In this study, it was aimed to determine the production parameters of Si3N4 
ceramic obtained by electroless Ni plating and to characterize these products. The effects of secondary phases with high 
thermal conductivity such as SiC, parameters that change the internal structure such as amorphous or crystalline grain 
boundary phases, on both the ultrasonic method and thermal properties were investigated. As a result of the studies, it was 
determined that the sintering temperature, i.e. density and grain growth, increased the ultrasonic longitudinal wave velocity 
values.  
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1. Introduction 
 

Silicon nitride ceramics have been widely used in 
aerospace, machining, automobile engines, bearings 
and other fields due to their high hardness, low 
density, high elastic modulus, high wear resistance, 
corrosion resistance and high fracture toughness as 
a self-reinforced material. In addition, the fact that 
they can maintain these properties at high 
temperatures is one of the main reasons why they 
are preferred in many fields [1-5]. It is a ceramic 

material with wide application expectations. With 
the addition of the potential for use as a biomaterial 
to these application areas in recent years, studies on 
Si3N4 ceramics have increased again in recent years 
[6-11]. Various techniques have been used to 
measure the physical and mechanical properties of 
materials as well as elastic properties. The most 
preferred of these techniques is non-destructive 
testing (NDT), which is an assessment performed on 
an object of any type, size, shape or material, 
without changing the object in any way, to 
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determine the presence or absence of 
discontinuities or to examine other material 
properties. One of the commonly used NDT methods 
is the pulse echo method. In this non-destructive 
testing method, in order to detect discontinuities in 
the material to be examined, it is based on the 
principle that high frequency (0.1-20 MHZ) 
ultrasound waves produced by the inspection probe 
propagate in the test material and are reflected back 
to the probe after hitting a discontinuity and thus 
detected by the probe. For sound waves in solids, 
liquids and gases, the vibrating bodies are the 
particles that make up the substance and the 
restoring forces are the elastic bonds that hold the 
substance together [12-15].  
 

2. Materials and Methods 
 

The starting powders used in the study were 99.8% 
purity Ni powders with a particle size smaller than 
40 µm and 99.9% purity Si3N4 powders with a 
particle size smaller than 150 µm. Ni and Si3N4 
powders were weighed so that the compositions of 
their powders at the given ratios of 0.85%Ni-
0.15%Si3N4 were approximately 5g. After weighing, 
the mixture was mixed homogeneously in a mixer 
for 24 hours and then shaped by uniaxial cold 
hydraulic pressing using a high strength cylindrical 
steel mold. A pressure of 300 Bar was used for 
compaction of all powder mixtures. The cold pressed 
samples were sintered at 1000°C, 1050°C, 1100°C, 
1150°C and 1200°C in a conventional tube furnace in 
an Argon gas atmosphere for 2 hours. After the 
sintering process, the samples were left to cool 
naturally in the oven and hardness measurements 
were performed using the METTEST-HT (Vickers) 
hardness tester. The volumetric changes of the 
prepared 0.85%Ni-0.15%Si3N4 composite material 

after sintering were calculated using the formula 
(d=m/V). 
 
In order to examine the ultrasonic properties, 
ultrasonic longitudinal wave velocities of the 
composite material obtained by the pulse echo 
method, which is one of the ultrasonic testing 
methods, were determined. Sonatest Sitescan 150s 
(pulse-echo method, A-scan) was used for ultrasonic 
characterization of %0.85Ni-%0.15Si3N4 composite 
samples. The center frequency of the transducer for 
longitudinal waves was 4 MHz (Sonatest SLH4-10) 
and this transducer was connected to the device to 
transmit ultrasonic waves to the sample. It was used 
to create a connector between the sample surface 
and the transducer. As a result of the ultrasonic 
signals of the samples examined with the 
transducer, the ultrasonic longitudinal wave 
velocities are determined by measuring the distance 
traveled between two back wall echoes, twice the 
2d sample thickness, taking into account the 
propagation time (∆t) of the ultrasonic wave 
measurements. 
 
 𝑉 = (2𝑥𝑑)/t          (1) 
 
where, d: thickness of the sample (mm), t: 
propagation time of the ultrasonic wave (ns) and V: 
velocity of the ultrasonic wave (m/s) [16-18].  
 

3. Results and Discussions 
 

The samples prepared and shaped in the study were 
sintered at different temperatures in a conventional 
tube furnace and made ready for physical, 
mechanical, metallographic and ultrasonic analyses. 
 

Table 1. Sintering temperature, ultrasonic longitudinal velocity, hardness, porosity and density of 0.85%Ni-
0.15%Si3N4 composite samples. 

 
Composite Samples 

Sintering 
Temperature 

(°C) 

 
VL (m/s) 

Hardness 
(HV) 

Porosity 
(%) 

Density 
(gr/cm3) 

 
 

%0.85Ni-%0.15Si3N4 

1000 2835±12.7 120.8 22.7 6.22 
1050 3037±12.0 128.4 12.1 7.08 
1100 3371±12.7 130.9 7.9 7.41 
1150 4001±14.1 139.8 14.4 6.89 
1200 4263±13.4 156.2 26.1 5.95 

The sintering temperatures, ultrasonic longitudinal 
propagation velocity, hardness, bulk density and 
apparent porosity of the samples are listed in Table 
1. The graph of sintering temperature, hardness, 

porosity and density with ultrasonic longitudinal 
wave velociy is shown in Figure 1. When the results 
are examined, it is seen that the ultrasonic 
longitudinal wave velocity and hardness values 
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increase linearly as the sintering temperature 
increases. During sintering, the bonding of the 
powders with each other, the development of 
particle bonding due to point contact and the 
attraction of the molecules within the material to 
each other also increase the surface energy of the 
material. The gaps within the material decrease and 
accordingly the ultrasonic wave sent into the 
material is reflected back without loss. In Figure 1a, 
the linear relationship and dependence between the 
ultrasonic wave velocity and the sintering 
temperature with the correlation value of 
R2=0.95826 is clearly seen. When the ultrasonic wave 
speed and hardness are examined in Figure 1b, there 
is a linear relationship between them. As the 
sintering temperature increases, the strength  

 

 

 

 
Figure 1. The graph of ultrasonic longitudinal wave 
velocity change with a) sintering temperature, b) 
hardness, c) porosity and d) density 
 

becomes higher as the grains come into contact with 
each other more, the ultrasonic wave travels to the 
target in a shorter way and accordingly the porosity 
decreases, both the hardness (strength) and velocity 
increase. In Figure 1c, the porosity decreases as the 
ultrasonic wave speed increases. The 0.85%Ni-
0.15%Si3N4 sample obtained at 1150°C is denser but 
its porosity is less. Since the ultrasonic sound wave 
cannot spend more time inside the structure, the 
ultrasonic wave velocity increases. In Figure 1d, it is 
seen that the ultrasonic wave speed also depends on 
the density of the medium. As the density in the 
material increases, the propagation velocity of the 
ultrasonic wave also increases. When the graphs in 
Figure 1c and Figure 1d are examined, there is a 
polynomial regression between them. This shows us 
how tightly the particles in the material are 
connected to each other, the phase transformations 
in the structure, and the increase in the sound 
velocity causes the nickel, which passes into the 
liquid phase with the electroless Ni coating, to wet 
the grains in the structure very well, thus eliminating 
the porosity in the structure. 
 

4. Conclusion 
 

Si3N4 ceramics with higher porosity were produced 
by electroless Ni coating method and their elastic 
properties were characterized by ultrasonic 
measurement. Ni coating is preferred because it 
facilitates the sintering of Si3N4 ceramic powders by 
providing a homogeneous coating and at the same 
time prevents oxidation. The relationship between 
ultrasonic sound wave velocity and sintering 
temperature, hardness, porosity and density was 
investigated. The obtained values and results 
showed good agreement with the literature values. 
The highest density in the composite made from 
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0.85%Ni-0.15%Si3N4 powders sintered at different 
temperatures was obtained as 1100 ° C. The highest 
density sample was found as 7.41 g/cm3 at 1100 ° C. 
The highest hardness in 0.85%Ni-0.15%Si3N4 
composite samples produced using the powder 

metallurgy method was found as 156.2 HV at 
1200°C. It was also found that the composition of 
0.85%Ni-0.15%Si3N4 showed the best properties at 
1200°C. 
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Abstract. The Multiphase fiber reinforced composites (MFRCs) and carbon nanotube (CNT) wires are highly innovative 
materials that have made important contributions to the field of materials science, namely in the aerospace and defense 
industries. MFRCs utilize a polymer matrix to incorporate several fiber types, including carbon, glass, and aramid, to improve 
mechanical characteristics such as strength, stiffness, and durability. These composite materials exhibit exceptional 
performance in harsh environments, making them well-suited for use in aircraft, drones, wind turbines, ships, spacecraft, 
and defense systems where reducing weight and maintaining structural integrity are of utmost importance. The integration 
of CNT wires in these sectors promises enhanced performance, reduced weight, and improved reliability of electronic and 
structural components. This study provides an extensive overview of the recent advancements in the manufacturing and 
characterization of FRCs and CNT wires, applications, and behaviors of these advanced materials under varied loadings and 
environmental conditions. The material's properties were found to be substantially enhanced with the incorporation of 
nanoparticles, nanomaterials, and hybrid reinforcement architectures within a polymer matrix. Also, findings from various 
numerical analyses are in close agreement with our numerous experimental studies. This research will help composite 
aircraft and wind energy businesses to build innovative and intriguing products based on fiber-reinforced nanocomposites 
and CNT wires. 

 
Keywords: Fiber Reinforced Composites, CNT Wires, Physical Properties, Industrial Applications.   
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1. Introduction 

The aerospace and defense sectors are always 
pursuing new materials to increase system 
performance, efficiency, and functionality, while 
lowering weight and increasing durability [1]. 
Multiphase fiber reinforced composites and carbon 
nanotube (CNT) wires have emerged as viable 
candidates for fulfilling these requirements owing to 

their distinctive properties and multifunctional 
capabilities [1], [2]. 
 
Multiphase fiber reinforced composites are 
materials comprising two or more distinct 
reinforcing phases embedded within a matrix 
material. Composites can be developed to 
demonstrate a mix of beneficial traits including high 
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strength, stiffness, toughness, and damage 
tolerance, by carefully selecting reinforcing phases 
and their distribution within the matrix. Reinforcing 
phases may consist of different fiber types, including 
carbon, glass, aramid, and basalt, in addition to 
nanomaterials such as carbon nanotubes and 
graphene [2]. 
 
CNT wires are macroscopic assemblies of aligned 
CNTs that demonstrate remarkable mechanical, 
electrical, and thermal properties [3]. Wires can be 
produced using several methods, including wet 
spinning, dry spinning, and direct spinning from CNT 
forests [4]. CNT wires may serve as substitutes for 
traditional metallic wires in aerospace and defense 
applications, providing notable weight reductions 
and enhanced performance during composite 
manufacturing. 
 
The integration of multiphase fiber reinforced 
composites and CNT wires into aerospace and 
defense systems offers both opportunities and 
challenges. This research aims to provide an 
extensive overview of recent advancements in the 
development and application of these materials in 
the aerospace and military sectors, addressing the 
challenges and emphasizing potential solutions and 
future research paths.. 
 

2. Multiphase Fiber Reinforced Composites 

 

2.1 Material Composition and Structure 

 

Multiphase fiber-reinforced composites (MFRCs) are 

composed of two or more types of fibers that are 

embedded in a matrix material, which is typically a 

polymer. The fibers can include carbon, glass, aramid, 

and natural fibers, as well as nanostructured 

reinforcements like carbon nanotubes (CNTs) or 

graphene. The integration of various fiber types 

enables MFRCs to attain a diverse array of properties 

tailored for particular applications.  

The matrix in MFRCs serves as a binder that holds the 

fibers together, providing shape and transferring load 

between the reinforcement phases. Typical matrix 

materials include thermosetting polymers like epoxy, 

polyester, or vinyl ester, and thermoplastics such as 

PEEK (polyether ether ketone) and PPS 

(polyphenylene sulfide). Thermosetting matrices are 

extensively utilized because of their outstanding 

mechanical qualities and heat stability, whereas 

thermoplastics provide benefits in terms of 

toughness and impact resistance [3]–[6]. 

Carbon fibers, glass fibers, aramid fibers, 

nanoparticles (e.g., carbon nanotubes, graphene), 

and ceramic whiskers are the most often utilized 

reinforcing materials. The selection of these 

reinforcement materials depends on the desired 

properties and specific application requirements. For 

instance, carbon fibers provided high stiffness, 

strength, and low density and are desired for weight 

sensitive applications. Unlike carbon fiber, glass fiber 

are heavier and offer good strength and corrosion 

resistance. The exceptional impacty resistance and 

toughness exhibited by aramid fibers make them 

desirable for ballistic applications.  

2.2 Material Composition and Structure 

 

Several production methods such as resin transfer 

molding (RTM), autoclave processing, extrusion 

compound, filament winding, injection molding, hand 

layup, and compression molding  has been explore in 

the literatures for the manufacturing of MFRCs. Fig. 1 

illustates the various processes/techniques used in 

the manufactuing of multiphase composites. Here are 

brief explanation of some common methods: 

 

Fig. 1.  Overview of various composites 
manufacturing techniques [7]. 

 Hand lay-up: This is a simple and widely used 

technique for producing multiphase fiber 

reinforced composites. It involves manually 

placing the reinforcing fibers or fabrics into a 

mold and then impregnating them with the 

matrix material. Then, appropiate curing 
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condition is used to cured the matrix to get 

the final composite. 

 Resin transfer molding (RTM): In this process, 

the reinforcing fibers are placed in a closed 

mold, and the matrix material is injected 

under pressure, allowing for the production 

of complex-shaped composites with high 

fiber volume fractions. 

 Filament winding: This technique is used to 

produce cylindrical or spherical composites 

by winding continuous fibers impregnated 

with the matrix material around a rotating 

mandrel. 

 Powder impregnation: This method involves 

impregnating the reinforcing fibers with a 

powdered matrix material, followed by 

consolidation through hot pressing or 

sintering. 

 3D printing: Additive manufacturing 

techniques, such as fused deposition 

modeling (FDM) and stereolithography (SLA), 

can be used to produce multiphase fiber 

reinforced composites with complex 

geometries and tailored properties. 

 

2.3 MFRC Application in Aerospace and Defense 

  

Multiphase fiber reinforced composites find 

numerous applications in the aerospace and 

defense industries, owing to their exceptional 

properties and multifunctional capabilities. Some 

key applications include: 

1. Structural components: Multiphase fiber 

reinforced composites are used in the 

production of lightweight and high-

strength structural components, such as 

aircraft wings, fuselages, and satellite 

structures [8], [9]. 

2. Ballistic protection: Composites 

reinforced with high-strength fibers, such 

as aramid and ultra-high molecular 

weight polyethylene (UHMWPE), are 

used in the development of ballistic 

protection systems for personnel and 

vehicles. 

3. Electromagnetic interference (EMI) 

shielding: Composites incorporating 

conductive fibers, such as carbon fibers 

and CNTs, can be used for EMI shielding 

in aerospace and defense electronic 

systems. 

4. Thermal management: Multiphase 

composites with high thermal 

conductivity, achieved through the 

incorporation of materials like graphene 

and CNTs, can be used in the design of 

thermal management systems for 

spacecraft and high-performance 

electronics [8], [9]. 

 

3. CNT Wires 

 

3.1 Overview and properties 

 

Carbon nanotube (CNT) wires are macroscopic 

assemblies of aligned CNTs that exhibit 

exceptional mechanical, electrical, and thermal 

properties [7]. These unique nanostructures are 

composed of one or more layers of graphene, 

cylindrically wrapped to form tubes with 

diameters ranging from a few nanometers to tens 

of nanometers and lengths that can extend up to 

several centimeters [3], [10], [11]. The 

remarkable properties of CNTs, stemming from 

their unique structure, make them ideal building 

blocks for the development of high-performance 

wires and cables. 

CNT wires possess a range of extraordinary 

properties that set them apart from conventional 

materials. Firstly, they demonstrate exceptional 

mechanical strength and stiffness, with tensile 

strengths up to 100 times higher than that of 

steel, along with high elastic moduli. This makes 

them particularly attractive for applications 

requiring lightweight and robust materials. 

Secondly, CNT wires exhibit excellent electrical 

conductivity, comparable to or even surpassing 

that of copper, rendering them suitable for a wide 

range of electrical and electronic applications 

[11]. Thirdly, these wires also boast high thermal 

conductivity, outperforming traditional materials 

like copper, which enables their use in efficient 
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thermal management systems. Lastly, CNT wires 

have a significantly lower density compared to 

metallic wires, offering substantial weight 

savings, which is of particular interest in the 

aerospace and defense industries [8]. 

3.2 Production Methods 

 

To harness the exceptional properties of CNT 
wires, several production methods have been 
developed, each with its own advantages and 
challenges. One widely used technique is wet 
spinning, which involves dispersing CNTs in a 
solvent to form a spinnable solution. This solution 
is then extruded through a spinneret and 
undergoes coagulation in a non-solvent bath, 
resulting in the formation of CNT wires [26]. 
Another approach is dry spinning, where CNTs 
are directly drawn from a CNT forest or aerogel 
and twisted into a wire without the use of a 
solvent. This method offers a more 
straightforward and environmentally friendly 
process. 
 
In addition to these methods, direct spinning has 
emerged as a promising technique for the 
continuous production of CNT wires. In this 
process, CNTs are grown in a chemical vapor 
deposition (CVD) reactor and simultaneously 
drawn into a wire, allowing for a seamless and 
efficient manufacturing process. Alternatively, 
dip coating involves coating a pre-existing fiber or 
wire with a CNT dispersion, followed by drying 
and consolidation, which can be used to enhance 
the properties of existing materials. 
 
3.3 CNT Applications in Aerospace and Defense 

 
The exceptional properties and multifunctional 
capabilities of CNT wires make them particularly 
well-suited for applications in the aerospace and 
defense industries. One of the most promising 
applications is in the development of lightweight 
electrical wiring. By replacing conventional 
metallic wires with CNT wires, significant weight 
savings can be achieved, along with improved 
electrical performance, which is crucial for 
reducing fuel consumption and enhancing the 
overall efficiency of aircraft and spacecraft [5]. 
 
Moreover, the high strength and low density of 
CNT wires make them ideal for the production of 
structural cables. These lightweight and durable 

cables can be used in various aerospace 
applications, such as aircraft, satellites, and space 
tethers, where weight reduction is of paramount 
importance. CNT wires can also be employed as 
active elements in electromechanical actuators, 
exploiting their high strength and electrical 
conductivity to create compact and efficient 
actuation systems [12-14]. 
 
Another exciting application of CNT wires lies in 
the development of sensors and smart 
structures. By integrating CNT wires into 
composite materials, multifunctional structures 
with built-in sensing and structural health 
monitoring capabilities can be created. These 
smart materials can provide real-time 
information about the stress, strain, and damage 
states of aerospace components, enabling 
predictive maintenance and improved safety [4]. 
 
4. Challenges and Future Research Directions 

 
Despite the immense potential of multiphase 
fiber reinforced composites and CNT wires in 
aerospace and defense applications, several 
challenges must be addressed to enable their 
widespread adoption. These challenges include 
scalability and cost, interfacial interactions, 
standardization and quality control, and long-
term durability [8], [9]. To overcome these 
obstacles, researchers are exploring advanced 
manufacturing techniques, such as 3D printing 
and automated fiber placement, to reduce 
production costs and improve consistency. 
Additionally, surface modification and 
functionalization of reinforcing fibers and CNTs 
are being investigated to enhance interfacial 
interactions and mechanical properties. 
Multiscale modeling and simulation tools are also 
being employed to provide insights into 
structure-property relationships and guide 
material design [13,14]. Furthermore, in-situ 
characterization and monitoring techniques are 
being developed to assess the real-time 
performance and durability of these materials in 
aerospace and defense applications. 
 
5. Conclusion 

 

Multiphase fiber reinforced composites and CNT 

wires have emerged as potential materials for 

aerospace and military applications, having 

extraordinary characteristics and multifunctional 
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capabilities. This paper provides an extensive 

overview of current advances, characteristics, 

processing techniques, and significant uses of 

these materials in the aerospace and 

defense sectors. Despite challenges such as 

scalability, cost, interfacial interactions, and long-

term durability, ongoing research efforts focusing 

on advanced manufacturing techniques, 

functionalization, multiscale modeling, and in-

situ characterization are expected to pave the 

way for the successful integration of these 

materials into next-generation aerospace and 

defense systems, revolutionising these industries 

and shaping the future of aerospace and defense 

technologies. 
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Abstract. These days, energy consumption is constantly increasing due to urbanization and industrialization. Escalating 
energy need is met predominantly by fossil fuels. However, high cost of fossil resources, their limited availability and 
possibility of their depletion in the future are serious disadvantages. In addition, the use of fossil resources causes an 
increase in greenhouse gas emissions, which causes environmental problems such as climate change and pollution. 
Therefore, an alternative energy source is urgently needed. In this regard, a large attention is paid to biomass thanks to its 
valuable features that include renewable, environmentally friendly, economical and accessible. In the study, structural 
analysis of pomegranate membrane, one of the waste biomass sources, was examined and its conversion into a value-added 
product was evaluated. The study demonstrates that pomegranate membrane is a potential precursor can be employed as 
an energy resource and converted into value-added products, which will finally provide to come through energy crises to a 
degree. 
Keywords: Biomass, energy, pomegranate, waste. 
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1. Introduction 
 
Today, due to the rapid increase in population and 
the increase in transportation, urbanization and 
industrialization, energy consumption is constantly 
increasing. Based on the International Energy 
Agency (IEA), it is expressed that energy 
consumption doubled between 1970-2000, and 
increased by 26% between 2000 and 2010 while 
there has been a large jump in energy production in 
recent years [1]. Although a significant part of this 
increase is due to renewable energy sources, 80% of 

energy production is still provided by fossil 
resources [2]. However, consumption of fossil 
resources causes the release of greenhouse gases 
into the environment that has negative effects on 
the environment such as climate change and air 
pollution. In addition, cost of fossil resources is high 
and there may be a shortage of reserves, which 
poses a problem in terms of sustainability. 
Therefore, an alternative renewable, sustainable, 
and economical energy source to fossil fuels is of 
critical importance in meeting the escalating energy 
demand. 
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Biomass is generally a variety of by-products 
resulting from agricultural and industrial production 
and can be classified as lignocellulosic biomass and 
non-lignocellulosic biomass. Plants, agricultural 
wastes (corn stalks, straw, sugar cane bagasse) and 
forest wastes (paper and sawmill waste) are 
considered lignocellulosic biomass, while many 
industrial by-products such as fertilizer and 
industrial wastes, algae, and city sewage are 
considered non-lignocellulosic biomass. 
Hemicellulose, lignin and inorganic components are 
the main contents of lignocellulosic biomass [3]. On 
the other hand, lignocellulosic biomass has become 
a promising resource in terms of its evaluation due 
to its high yield, low-costness, abundance and easy 
access. In addition, the fact that lignocellulosic 
biomass can provide a number of uses with desired 
products as a sustainable and renewable carbon 
source increases its appeal. Therefore, 
lignocellulosic biomass attracts intense interest 
from researchers worldwide to accommodate 
world's increasing energy and material needs and as 
an alternative to traditional waste utilization 
methods. 
  
To date, many biomass sources have been studied in 
the literatüre related to being an alternative to fossil 
fuels or to be converted into value-added products 
to be used in various applications [4], [5]. One of 
these is pomegranate waste. As pomegranate 
waste, researchers have mostly studied 
pomegranate peel and pomegranate seed [6], [7]. 
However, another pomegranate waste, the inner 
pomegranate membrane, has been overlooked and 
not focused on. In this study, the structural analysis 
of pomegranate membrane, an agricultural waste 
from lignocellulosic biomass sources, was used to 
investigate its potential to be transformed into 
energy and value-added products. To the best of the 
authors knowledge, the study is the first reported 
case in the literature and will fill the gap in this 
regard. 
 
2. Material and Method 
 
Firstly, pomegranate fruits were collected from 
Adana province in the Mediterranean region of 
Turkey for the supply of raw materials. The collected 
pomegranates were broken and the membrane 
were separated from the grains. The pomegranate 
membrane were dried in an oven at 100 °C for 3 
hours. Then, it was grounded in an agate mortar in 
order to make them ready for analysis. 
 

While the functional group and phase change of the 
pomegranate membrane were determined by FTIR 
(Jasco FT/IR 6700 spectrometers) and XRD (Malvern 
Panalytical EMPYREAN) respectively, its morphology 
and elemental composition were determined with 
devise of SEM and EDX Thermo Fisher Scientific 
Apreo S. 
 
3. Results and Discussion 
 
Fig. 1 demonstrates XRD pattern of agricultural 
waste biomass in the scanning range of 5 to 90 
degrees. XRD measurement can provide information 
about the amorphous or crystalline structure of the 
material. From the structure, it is seen that the 
pomegranate membrane has both an amorphous 
and crystalline structure. The amorphous structure 
of the pomegranate membrane is consistent with 
the presence of hemicellulose and lignin in its 
content [8].     

 
Figure 1. XRD pattern of pomegranate membrane 

 
Structure of the pomegranate membrane was 
examined in more detail with FTIR analysis and the 
results were given in Fig. 2. FTIR results show that 
the pomegranate membrane contains cellulose, 
hemicellulose and lignin. Also, one of the most 
important points to be noticed in the spectrum from 
the figure is the existence of the peak at 2927 cm-1 
and the -OH stretching vibration, which proves the 
cellulose, hemicellulose and lignin content [9]. In 
addition, 3286, 2927 and 865-1002 (cm-1) bands in 
the structure show the presence of cellulose. 
Similarly, the peaks at 2927, 1713, 865-1002 (cm-1) 
bands also prove the presence of hemicellulose. 
Regarding the lignin content, the 1713 and 1432-
1597 (cm-1) bands also reveal this [10]. The peak at 
3286 cm-1 shows the -OH stretching of the carboxyl 
group in cellulose [10], [11]. The peak at 2927 cm-1 is 
due to the asymmetric stretching mode of C–H in 
cellulose [12]. The band between 1713 and 1651 cm-
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1 is caused by the C=O stretching vibration of acetyl 
groups found in lignin and hemicellulose. The band 
between 1597 cm-1 and 1432 cm-1 represents the 
C=C aromatic skeleton vibration of lignin [13]. 
 
Surface properties of the pomegranate membrane 
were shown in Fig. 3, obtaining SEM analysis. From 
the SEM analysis, it is seen that the material consists 
of scattered and hollow bundles. At the same time, 
there are fractures and cracks on the cell surfaces. 
With this structure, it can be said that the material is 
suitable for energy storage by facilitating electron 
transfer [14].  
 

 
Figure 2. FTIR analysis of pomegranate membrane 

 
Elemental analysis results of the pomegranate 
membrane obtained from EDX were presented in 
Fig. 4. The concentration of the elements in the 
material content is important in terms of obtaining 
energy from biomass or evaluating it as a raw 
material in various transformation methods to 
which it will be subjected for material production 
[15]. For example, Ca, Mg, K, P are elements that 
increase the amount of ash and can significantly 
affect the thermal power generation. In addition, 
The high atomic and weight numbers mean that the 
amount of volatile matter in the biomass fuel during 
combustion is low, and therefore it can be said that 
there is an inverse proportion between them. From 
the results, it is seen that the pomegranate 
membrane has a high oxygen content of 47.40%. 
The high oxygen content means that it can be easily 
burned in the production of energy from biomass, 
particularly  in the case of gasification. Another point 
worth mentioning is that carbon content of 51.66% 
in the pomegranate membrane is higher than the 
oxygen content (47.40%) as a result of its cellulose 
and hemicellulose content. 
 

On the other hand, inorganic content can also be 
seen from the figure and this content is known as the 
impurity of the material. The high inorganic content 
of the material negatively affects the efficiency of 
the conversion process to be applied [16]. From the 
analysis, it can be deduced that total inorganic atom 
content in the pomegranate peel is quite low (below 
1%) and can be useful in obtaining bioenergy.  
 

 
 

 
 
Figure 3. SEM images of pomegranate membrane 
 

4. Conclusions 
 
In the study, structural analysis of pomegranate 
membrane from agricultural biomass waste was 
revealed and its potential in conversion into a value-
added product using various conversion methods 
and energy production was investigated. From the 
results, it was concluded that pomegranate 
membrane is a valuable material that should be 
evaluated in this regard due to its cellulose, 
hemicellulose and lignin content, amorphous 
structure, porous surface properties, high carbon 
and low inorganic matter content. 
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Figure 4. EDX analysis of pomegranate membrane 
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Abstract. This study aimed to synthesize a more cost-effective and efficient catalyst than commercial platinum catalysts for 
the cathode side of Proton Exchange Membrane (PEM) electrolyzers, to support Turkey's green hydrogen production goals. 
Ruthenium (Ru) was chosen as a promising catalyst for hydrogen evolution reactions (HER) due to its low overpotential, low 
Tafel slope, high stability, and lower cost compared to platinum. Literature indicates that phosphorus (P) reduces catalyst 
activity but increases durability, while boron (B) enhances activity by lowering the free Gibbs energy of ruthenium. In this 
context, four catalysts were synthesized: Ru/AC, Ru-P/AC, Ru-B/AC, and Ru-B-P/AC. Electrochemical tests showed that the 
Ru-B-P/AC catalyst, with 8.5 wt% ruthenium, exhibited an overpotential of 174 mV and a Tafel slope of 99.9 mV dec⁻¹ in an 
acidic medium (0.5 M H2SO4), remaining stable after 50 cycles. Ru/AC, with 30 wt% ruthenium, displayed the highest activity. 
Despite having nearly half the ruthenium content, Ru-B/AC showed similar activity to Ru/AC, indicating boron’s positive 
impact. Conversely, Ru-P/AC was less active due to lower ruthenium content and reduced conductivity caused by 
phosphorus. These findings suggest boron positively affects HER, while phosphorus has a negative impact. Future studies 
could focus on optimizing phosphorus content. 
 
Keywords: Ruthenium-based catalysts, Hydrogen evolution, Electrocatalyst, Acidic media 
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Introduction 
 
Global energy demand is increasing with the 
growing population and rising living standards. 
Over 95% of this energy demand is met by fossil 
fuels [1]. However, the use of these fossil fuels 
contributes to global warming and environmental 
pollution by emitting high concentrations of 
greenhouse gases [2]. Efforts have begun to meet 
global energy demand in a sustainable and clean 
manner. In this context, the "Paris Agreement," 

framed and ratified by 196 parties at the 21st 
Conference of the Parties (COP 21) in 2015, aims to 
actively respond to global warming and keep the 
global temperature rise below 1.5°C [3]. Each 
participant has roughly indicated their target year 
for achieving net-zero emissions. Turkey’s target is 
to reach net-zero emissions by 2053.  
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Considering Turkey’s 2053 net-zero target, the 
Ministry of Energy and Natural Resources of the 
Republic of Turkey has published the "Turkey 
Hydrogen Technologies Strategy and Roadmap," 
which outlines the prioritization of hydrogen in the 
future of net-zero goals and sustainable energy by 
2035 [4]. To meet Turkey's goals, efforts have been 
made to synthesize a more efficient and cost-
effective catalyst than commercial platinum 
catalysts for use on the cathode side of proton 
exchange membrane (PEM) cells in green hydrogen 
production.  

Experimental 
 
To examine the effects of boron and phosphorus on 
the catalyst, four different catalysts were 
synthesized. The chemicals used in these catalysts 

are ruthenium (III) nitrosyl nitrate as ruthenium 

source, activated carbon, boric acid as boron source, 

and ammonium dihydrogen phosphate as phosphorus 

source. Schematic illustration of experimental 
procedure is given in Figure 1. 

 

 
Figure 1. Schematic illustration  of Experimental Procedure 

Results and Discussions 
 
XRD and XPS analyses were conducted to examine 
the structure of the catalysts. The XRD pattern of 
active carbon matched the JCPDS 00-056-0159 [5] 
reference, indicating successful synthesis with 
minimal impurities. The XRD pattern of Ru/AC 
matched the JCPDS 6-663 [6] reference, showing 
that ruthenium was synthesized in a single-phase 
nanocrystalline form. The absence of additional 
peaks beyond those from the active carbon support 
suggests the catalyst's purity, with peak widths 
supporting small ruthenium crystal sizes. 
 
For Ru-B/AC, the XRD pattern conformed to the 
JCPDS 6-663 [6] reference but did not show new 
peaks indicating Ru-B bonds. This suggests that Ru-
B bonds may be amorphous or too small to detect 
with XRD. Literature also supports the presence of 
amorphous RuBx, as no new diffraction peaks 
specific to RuBx were found. 
 
The XRD pattern of Ru-P/AC matched the active 
carbon reference (JCPDS 00-056-0159) [7], but no 
peaks corresponding to a regular crystalline 
structure of ruthenium were observed. XPS 
confirmed the presence of Ru-P bonds, but the lack 

of distinct peaks in the XRD pattern suggests these 
bonds may be amorphous. This indicates that the Ru-
P/AC catalyst has an irregular structure, resulting in 
no prominent peaks in the XRD analysis. 
 
The XRD patterns of the main Ru-B-P/AC catalyst are 
shown in Figure 2. The XRD pattern for Ru-B-P/AC 
reveals distinct diffraction peaks around 24.4°, 26.3°, 
30°, 40°, 49°, and 63.2°, indicating the presence of 
BPO₄ crystals (XRD reference card code no. 96-101-
0300) [9]. Additionally, peaks around 23° and 44° can 
be indexed to the (002) and (100) reflections of 
graphite (JCPDS 00-056-0159). However, 
characteristic peaks for ruthenium from the JCPDS 6-
663 reference are absent, suggesting that ruthenium 
may be in an amorphous form. 
 
XPS results support the chemical bonding of 
ruthenium to BPO₄ crystals. This finding indicates 
that ruthenium forms an amorphous structure with 
both boron and phosphorus contributions, co-
existing with BPO₄ crystals on the catalyst surface, 
as also supported by XPS analysis (see Figure 3). The 
results confirm that the catalyst has a complex 
structure supported by active carbon, containing 
both carbon and BPO₄ phases. XPS spectra for Ru-B-
P/AC are shown in Figure 3. From XPS data wt. 
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Percentage of Ru in Ru/AC, Ru-B/AC, Ru-P/AC and 
Ru-B-P/AC are found as 30.3%, 14.55%, 9.59% and 
8.50% respectively. The electrocatalytic HER 
performance of Ru-B-P/AC and other catalysts was 
studied at 25°C in 0.5 M H2SO4 using a three-
electrode electrochemical system with a scan rate of 
5 mV s⁻¹. The HER activity was found to be in the 
order: Ru/AC > Ru-B/AC > Ru-B-P/AC > Ru-P/AC (see 

Figure 13). Notably, the overpotential for Ru-B-P/AC 
was calculated to be only 400 mV vs. Ag/AgCl (to 
achieve a current density of 10 mA cm⁻², j₁₀). When 
converted to RHE, this overpotential is 174 mV, 
achieved with just 8.5 wt% ruthenium content. 
Catalytic performance comparison of prepared 
catalysts are given in Figure 4 and Table 1. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 

 

 
Figure 2. XRD Pattern of Prepared Ru-B-P/AC 
Catalyst 

 

 

 

Figure 3. XPS Surve y of Ru-B-P/AC 

 

 
Figure 4. Comparative Activity of the Prepared Catalysts: (a) Overpotential (b) Tafel Curve 

Table 1. Comparison of the Prepared Catalysts' Activities Based on Catalyst Content 

Catalyst Element Element Ratio (wt.%) 
Overpotential vs 

Ag/AgCl (mV) 
Overpotential vs 

RHE (mV) 
Tafel Slope 
(mV·dec-1) 

Ru/AC Ruthenium 30.3 
310 84 51.4 

 Carbon 69.70 

Ru-B/AC Ruthenium 14.55 

340 114 61.2  Carbon 83.80 

 Boron 1.65 

Ru-P/AC Ruthenium 9.59 

510 284 162.6  Carbon 65.21 

 Phosphorus 25.20 

Ru-B-P/AC Ruthenium 8.50 

400 174 99.9 
 Carbon 47.04 

 Boron 12.71 

 Phosphorus 12.44 

 

(a) (b) 
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Figure 4 and Table 1 show that the most active 
catalyst is Ru/AC, which is expected due to its 
highest ruthenium content among all catalysts. 
Comparing Ru/AC and Ru-B/AC, the latter, 
despite having nearly half the ruthenium 
content, shows similar activity, indicating that 
boron positively affects HER by lowering the 
free Gibbs energy of ruthenium. Conversely, 
Ru-P/AC is significantly less active than Ru/AC, 
likely due to lower ruthenium content and 
phosphorus reducing conductivity, which 
negatively impacts HER. Comparing Ru-P/AC 
with Ru-B-P/AC, the latter is notably more 
active despite similar ruthenium levels, due to 
the positive effect of boron and the negative 
impact of higher phosphorus content in Ru-
P/AC. To assess durability, cyclic voltammetry 

analyses of Ru-B/AC and Ru-B-P/AC are 
performed. Both catalysts remained stable 
over 50 cycles. Ru-B-P/AC showed good activity 
compared to other catalyst with phosphorus in 
literature with high ruthenium content, 
indicating that boron positively affects HER, 
whereas phosphorus has a negative impact. 
The 12.44% phosphorus in Ru-B-P/AC reduces 
activity but improves durability, suggesting 
that optimizing phosphorus levels could be 
beneficial in future studies. 
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Abstract. The additive manufacturing sector, one of today's innovative production methods, continues to become 
widespread day by day. In this study, materials were produced with Cu filaments used in metal 3D printers, and the thermal 
and crystallographic properties of the material formed at each step were examined. Firstly, XRD, TGA and DTA analyzes of 
the raw material Cu filament were performed. Then, the material produced from the filament and the produced material 
were analyzed after the washing process. Finally, after washing, the material was sintered and turned into the final product, 
and XRD, TGA and DTA analyzes were completed. The results obtained showed that there was a mass loss in the materials 
until the sinter stage. This shows that there may be polymer-derived materials inside the copper filament. XRD analyzes 
showed that there was a main Cu peak in the materials at every stage. The presence of polymers in it could not be detected 
by XRD analysis. DTA and TGA analyzes detected similar results in the filament, the produced material and the materials 
washed after production. In the material, which is the final product after sintering, it was observed that the polymers were 
removed from the structure with the effect of sintering. 

 
Keywords: Additive manufacturing, metal 3D printers, thermal analyzes 
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Metal powders play a very important role in 
additive manufacturing processes [1]. Basically, 
powder and wire fed systems are used. Copper 
material can be used in electronic components, 
coolers and inductors through additive 
manufacturing due to its very high electrical and 
thermal properties [2]. In this study, the thermal 
and crystallographic properties of filaments 
used in metal 3D printers were examined at 
every step from the wire stage to the sinter 
stage. 

 
 

 
 

Figure 1. DTA and TGA analysis of copper filament 
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As a result of DTA and TGA analyzes performed 
to determine the thermal properties of the 
materials, it was observed that there was a mass 
loss in the materials until the sinter stage. This 
proved the existence of polymer-derived 
materials in the copper filament. However, the 
presence of polymers could not be detected by 
XRD analysis. 
 
1.Introduction 
 

Copper is one of the oldest metals used by 

humanity. With the industrial revolution, there 

was a tremendous increase in the production 

and consumption of copper and copper alloys. 

Today, copper remains the main metal in 

modern power generation facilities. Electrolytic 

copper is obtained after refining and purification 

by electrolysis in the production of metallic 

copper from copper ore. In this way, the quality 

of copper increases in terms of electrical 

conductivity. Since their workability increases, 

they can be easily turned into wire and sheet [3]. 

Copper and copper alloys are frequently used in 

industry due to their thermal and electrical 

properties [4]. Pure copper is widely preferred in 

aviation, automotive, and electrical fields, 

especially due to its high heat, electrical 

conductivity, and ease of machinability [5]. It is 

very difficult to process complex structures with 

traditional production methods. In recent years, 

additive manufacturing has become an 

alternative for the production of complex parts 

[6]. Previous studies have examined the 

structural and mechanical properties of pure 

copper parts produced by additive 

manufacturing with selective laser melting 

(SLM), selective electron beam melting (SEBM), 

powder bed fusion (PDF), laser metal deposition 

(LMD), and binder jetting (BJ) methods. In 

different studies, laser-based powder bed fusion 

(L-PBF) has attracted great attention by 

academic and industrial research aiming to meet 

the increasing demand for the efficiency of 

electrical and thermal management 

components [7]. The forming mechanism of 

ultrasonic additive manufacturing (UAM) 

additive manufacturing technology was 

examined in different studies. It is found that the 

bonding mechanism of UAM additive 

manufacturing is the formation of severe shear 

deformation at the interface [8]. The aim of this 

study is to examine the thermal and 

crystallographic properties of copper material 

produced by the ADAM method using the 

commercial system available on the market, 

Markforged Metal X, by obtaining copper from 

copper filaments by diffusion. Copper filament 

and samples produced from the filament were 

characterized before and after washing and 

sintering. 

 
2. Experimental Studies 
 
The materials produced in experimental studies 
were obtaned with the Markforged metal X – 
washing - sinter device. The washing step of the 
designed parts is done in chemical solvent to 
remove polymers. Drying was done to remove 
the remaining solvent in the raw piece. The raw  
parts, whose printing, washing and drying 

periods were completed, were loaded into the 

sinter furnace to be sintered. 2.6%  H2 and 87.4% 

Ar (Mix) gas were used for sintering. Thermal 

analysis of the prepared samples was carried out 

on the Hitachi STA7300 device at a speed of  

10°C/min. Necessary calculations were made 

with the data obtained as a result of the analysis 

using the Bruker D8 Advance device for 

crystallographic analysis. Samples produced 

from the copper filament, washed after 

production, and finally sintered were 

characterized separately at each stage. 

 
3. Result and Discusion 
 
Figure 2(a) shows DTA and TGA analysis of 

copper filament. It was observed that there was 

a transformation at approximately 200, 300, 400 

and 500 °C and a mass loss of 5% occurred. 

Figure 2 (b) shows that the material produced 

from filament shows approximately the same 

results. In Figure 2 (c), it was observed that after 

the washing process, although the 

transformation temperatures of the sample 

were the same as the other samples, their 

intensity decreased and the mass loss decreased 

by 2.5%. Figure 2 (d) shows that there are no 
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more transformations with the copper filament, 

which is sintered and the final product is 

obtained, and the mass loss decreases by 0.1% 

with temperature. This situation proves the 

presence of polymer material in the other three 

samples except the sintered sample. While the 

polymer material causes more phase mass loss 

against temperature, it also shows endothermic 

transformation at certain temperatures. 

 

 
 
Figure 2. DTA and TG graphs of samples  (a)copper filament (b) sample made from copper filament (c) 
washed sample (d) sintered sample 
 

Figure 3 shows the XRD analysis of the whole 

material. In each sample, the main peaks were 

all found to be Cu. The presence of polymers 

could not be detected here. However, by XRD 

analysis, it was determined that there was a 

difference in the FWHM value of the 

diffraction peaks in the samples. Half-

maximum full widths changed with each 

process in the production phase. This situation 

shows the hardness value, dislocation density, 

grain size, strain value, and texture effect of 

the material [9,10]. 
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Figure 3. XRD patterns of samples (a)copper filament (b) sample made from copper filament (c) 
washed sample (d) sintered sample 
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Abstract 
Firstly, adsorption studies were carried out with the wastewater of Eti Mine Works with waste clays and zeolites taken 
from Eti Mine in a shaking, thermostat water bath. Modified walnut shells and waste corn cobs also with waste 
sunflower stems were used. The adsorption processes were insufficient to remove boron from wastewater because of 
high boron content. For this reason, chemical precipitation with lime as a preliminary process before adsorption was 
carried out. Secondly, it was aimed to eliminate high boron content in Espey Spring Water in the Espey Site to improve 
the quality of irrigation water within the framework of social responsibility. Then, the adsorption studies were carried 
out. Modified walnut shells and almond shells at different fractions and amounts were used at the same adsorption 
conditions as in the first part of this study, at the different pH values. Almond shell was found to be effective. Following 
studies, saw dust was soaked to Espey Spring Water, diluted with pure water at different ratios, at the same adsorption 
conditions. Also saw dust was found to be a promising adsorbent with its porous cellulosic structure and boron 
complexation with the hydroxylic, carboxylic and phenolic groups in the structure of it. 
 
Keywords: boron removal, adsorption, waste waters 
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Introduction 

Boron, located in III A group of periodic table and 
shown as B, has semi-metallic and semi-
conducting properties. Boron is never found free 
in nature [1]; it tends to bond with oxygen. It is 
found in nature as minerals bound to sodium, 
calcium and magnesium oxides and containing 
crystal water. The general name of boron-
oxygen compounds is borate. Turkey has 73% of 
the world's boron reserves. Known boron 
deposites are located in Eskişehir- Kırka, 
Kütahya-Emet, Balıkesir-Bigadiç and Bursa-
Kestelek [2,3].  The production, operation and 
marketing activities of boron mines in Turkiye 
were given to the Eti Mine Works.  The impact of 
boron on the environment is to the air, soil and 

water. The effect of boron on water is evaluated 
as its effect on drinking water and its effect on 
agricultural water. Waste waters generated 
during the operation of mines can cause soil and 
water pollution problems and reach to high 
levels if precautions are not taken. When the 
boron concentration in these wastes exceeds the 
limit values determined by the legislation, it 
harms aquatic creatures or plants if used in 
agricultural irrigation. And then they can be 
harmful to people who use them in their diet. 
Boron limit values vary depending on the 
receiving environment where the wastewater 
will be discharged. There is no simple method for 
removing boron from water and wastewater [4]. 
One of the methods used for this purpose has 
been adsorption due to its ease of application 
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[4]. Evaluating natural waste adsorbents is 
important from an environmental and economic 
perspective. Boron is an essential micronutrient 
for plants and animals. Although boron has 
important micronutrient properties, it has 
harmful effects when taken in high doses. As a 
result, although boron is necessary, too much of 
it has a poisonous effect for living things. So, the 
importance of keeping the amount of boron in 
various water resources under control and 
removing boron from wastewater becomes 
evident. In this study, it is aimed to conduct 
studies on the removal of boron in wastewaters 
and spring waters taken from Eti Mine Works to 
determine the best removal method using 
natural and modified adsorbents. 

Results and Discussion 

At the first part of this study, boron removal from 
wastewater taken from the Emet Boric Acid 
Factory Waste Dam belonging to the Emet Boron 
Operations Directorate, which has a high boron 
content was studied. This waste water had 5883 
ppm boron value. Different adsorption studies 
were carried out with natural clays which exit in 
the site of Emet, Kırka, Bigadiç, Bandırma Boron 
Operations Directorate which  belong to the Eti 
Mine Works and also with zeolite exists in the 
site of Bigadiç Boron Operations Directorate. All 
adsorption studies were carried out at 25 ℃ in a 
water bath with 170 rpm rapid shaking. 100 mL 
boron wastewater was used. These two 
adsorbents did not have sufficient capacity in 
terms of boron adsorption. Using clay, after 
adsorption there was an increase in the amount 
of boron in the water compared to the initial 
value. This increase in boron concentration can 
be explained by the release of boron during 
adsorption from clay minerals that extracted 
from the same mine and saturated with boron. 
So, being saturated with boron negatively 
effected adsorption for these two adsorbents. 
Different adsorption studies were carried out 
with natural adsorbents as modified 
walnutshells, modified waste sunflower stems 
and waste corn cobs. These adsorbents were 
found to be insufficient for the removal of boron 
from waste water too. An additional method was 
needed before adsorption since the adsorption 
process using environmentally friendly 
adsorbents were insufficient for removing boron 
from industrial wastewater with high boron 
content. It was thought that it would be more 
suitable to remove some boron from waste 
water by chemical precipitation then to continue 
to removal by adsorption  using environmentally 
friendly adsorbents. In the second part of this 
study, it was decided to study removal of boron 
from Espey Spring Water which causes 
environmental problems due to its impact on 

agricultural surface waters because of having 
high boron content. This water is located in the 
Espey Open Pit Site belonging to the Emet Boron 
Operations Directorate of Eti Mine Works. So it 
was thought to continue studies with this water 
in the scope of social responsibility. For boron 
removal, firstly chemical precipitation with lime 
was carried out in a temperature-controlled 
magnetic stirrer heater at a temperature of 25 ℃ 
and a rotation speed of 760 rpm for one hour. 1 
hour working time, 1 hour waiting time were 
applied. Espey Spring Water’s initial boron value 
was 4590 ppm. Three different amounts of lime 
were added (5, 10, 20 g) to 200 mL Espey Spring 
Water samples. The change in amount of lime 
did not have much effect on the removal of 
boron and at the same time, as the amount 
increased, the formation of process waste sludge 
increased according to the chemical reaction 
between boron and lime. So, it was decided that 
chemical precipitation with 5 g lime would be 
sufficient. The decrease from 4590 ppm to 424 
ppm can be considered as a very good result in 
terms of purification. Afterwards, adsorption 
studies were carried out at 25 ℃ in a water bath 
with 170 rpm rapid shaking. 100 mL of Espey 
Spring Water was used.  Adsorption studies were 
carried out using different amount of adsorbent, 
pH and particle size to determine the effects of 
these parameters on adsorption.. As the amount 
of adsorbent increased, the adsorption amount 
and efficiency increased slightly because of 
increased sites. Output results were 410 ppm for 
2 g adsorbent, 401 ppm for 4 g adsorbent. 
Studies continued by adjusting the pH.  In the 
study conducted by adjusting the pH to 9, more 
efficient results were obtained compared to 
study with pH 11.67, which was spring water’s 
pH value after chemical treatment. The highest 
efficiency, 379 ppm, was obtained with 4 g of 
adsorbent at pH 9. The study continued using 0.1 
M HCL treated walnut shells in the -63 µ fraction 
at different pH values. Optimum removal pH was 
found to be 9 with 346 ppm output boron value. 
It was concluded that as the degree of acidity or 
alkalinity increases, adsorption was negatively 
affected. Because walnut shell particles were 
modified with HCl to eliminate impurities. They 
had a surface with (+) charged. So in this 
situation, for effective adsorption, the molecule 
to be adsorbed should have (-) charge. And pH is 
an important parameter affecting the behaviour 
of boron in water. When the pH is less than 7, 
boron is present in water in the form of non-
ionized boric acid, H3BO3 and at pH values 
greater than 10.5 behave as, (-) charged borate, 
B(OH)4-. So, in this conditions borate is more 
favourable for (+) charged surfaces. Ah higher 
pH’ s as 12, the reason for the decrease in boron 
adsorption is that the hydroxyl ion competes 
with the (–) ions on the surface of adsorbent. 
Because at higher pH’ s, (+) charged surfaces 
turns to (-) charge. When the studies carried out 
with different particle sizes of walnut shells, 
+500 µ and -63 µ fractions compared, it was 
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observed that when the particle size decreased, 
the adsorption efficiency would increase slightly 
because of increased surface area. Since efficient 
results could not be obtained, almond shells as 
different adsorbent were tried. Adsorption was 
carried out under the same conditions, using 
+500 fraction almond shells treated with 0.1 M 
HCl. At pH 9, output values of 330 ppm (2 g 
adsorbent) and 325 ppm (4 g adsorbent) were 

obtained. Considering that the initial boron 
concentration was 424 ppm, approximately 100 
ppm boron was removal. At pH 9 with -63 µ at 
the same adsorption conditions, output value 
was 324 ppm. When the particle size decreases, 
the adsorption efficiency increases when the -63 
µ and + 500 µ fractions are compared. The 
results can be seen from Tables-1-3. 

Table 1. Adsorption Results of Espey Spring 

Water with 2 g Almond Shell Particles 

(Activated with HCl, (+500 µ) at 25 ºC, at 

Different pHs 

pH                      B2O3                     B 

                          [ppm]                [ppm] 

12,10  1117             347 

9  1064             330 

7  1134             353 

4  1134             353 

Table 3. Adsorption Results of Espey Spring 

Water with 2 g Almond Shell Particles 

(Activated with HCl, (-63 µ) at 25 ºC, at 

Different pHs 

pH                       B2O3                     B 

                           [ppm]                [ppm] 

12,10                  1077                   334 

9                          1042                   324 

7                          1095                   340 

4                          1112                   345 

Table 2. Adsorption Results of Espey Spring 

Water with 4 g Almond Shell Particles 

(Activated with HCl, (+500 µ) at 25 ºC, at 

Different pHs 

 pH                       B2O3                     B 

                           [ppm]                [ppm] 

12,10                  1099                   341 

9                          1046                   325 

7                          1099                   341 

4                          1117                   347 

Table 4: Adsorption Results of Espey Spring 

Water with 2 g of Saw Dust at 25 ºC, at 

Different Dilution Rates 

Dilution Rate       B2O3                     B 

                              [ppm]                [ppm] 

  0                         1233                     383 

1/2                        616                       191 

1/5                        205                       64 

1/10                      120                       37

Afterwards, it was decided to work with 0.1 M 
NaOH treated wood sawdust, and the adsorption 
process was carried out under the same 
conditions. The boron value of spring water 
decreased from 424 ppm to 404 ppm which was 
due to calcium borate precipitation formed at the 
bottom of Espey Spring water over time. As a 
result of the adsorption study performed without 
dilution at the same conditions, the amount of 
boron remaining in the wastewater was 383 ppm 
as seen from Table 4 above. The boron removal 

achieved was 21 pmm (5.2 %), which was much 
higher than the discharge upper limit value 
specified in the wastewater regulation of Turkiye. 
For this reason, it was decided to carry out 
adsorption studies by diluting the spring water. 
After adsorption using 1/2 diluted Espey Spring 
Water, the boron concentration remaining in the 
wastewater was found to be 191 ppm. With 
dilution, the initial waste boron concentration in 
wastewater, which was 202 ppm before 
adsorption, decreased to 191 ppm after 
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adsorption. In other words, 11 ppm (5,4 %) 
removal was achieved. Since it was observed that 
boron removal increased with dilution, it was 
decided to conduct adsorption studies by 
increasing the dilution rates. After adsorption with 
1/5 diluted water, the boron concentration 
remaining in the wastewater was found to be 64 
ppm. Considering that the initial boron 
concentration with dilution was 81 ppm, it could 
be seen that 17 ppm (26,6%) boron removal was 
achieved by adsorption. After adsorption with 
1/10 diluted water, the remaining boron 
concentration in the wastewater was found to be 
37 ppm. Considering that the concentration of 
wastewater before adsorption as a result of 
dilution was 40 ppm, 3 ppm (7,5%) boron removal 
was achieved with adsorption. When all results 
were evaluated for 2g adsorbent, boron removal 
was achieved. The reason for this can be explained 
as the fact that sawdust is a material with a porous 
cellulosic structure and complexation with the 
hydroxylic, carboxylic and phenolic groups in the 
structure of sawdust. In addition, it can be 
mentioned that treatment with NAOH has a 
positive contribution to adsorption in terms of 
removing impurities in the adsorbent and allowing 
easier access of boron to the pores. As explained 
in the literature, concentration is an important 
parameter affecting the behaviour of boron in 
water. The concentration constant (K) of boric acid 
increases with increasing concentration. It is 
known that if the total boron concentration in 
aqueous solution is less than 0.025 M (270 mg 
B/L), only H3BO3 and B(OH)4- ions are present in 
the environment. At higher concentrations 
(>0.025 M), conversion to polyborates occurs. At 
high concentrations, polyborate ions such as 
B3O3(OH)4−, B4O5(OH)4− and B5O6(OH)4 are formed. 
The reason for the positive effect of dilution on 

adsorption is that as a result of dilution, H3BO3 and 
B(OH)4- ions present in water at low 
concentrations; This can be explained as easier 
adsorption compared to large molecules such as 
polyborate, which is thought to exist at a 
concentration of 404 ppm before dilution. 

Conclusions 

These results showed that, sawdust and almond 
shells showed effective performance in 
adsorption studies. For saw dust; there was an 
optimum dilution rate for boron removal of 
Espey Spring Water. Based on these results, it 
could be concluded that the active area of the 
adsorbent might be insufficient at high boron 
concentrations, in other words, since all active 
areas were occupied by boron, the adsorption 
phenomenon reached a dynamic balance and 
the amount of adsorbent was increased and the 
adsorption experiments were carried out with 
different dilution rates.  

Adsorption experiments were repeated for 
different dilution rates and by increasing the 
amount of adsorbent. Also other natural 
adsorbents may be used for further studies. 
Within the framework of social responsibility, it 
will be determined whether the boron 
concentration in Espey Spring Waters can be 
lowered below the regulation limit values under 
the best adsorption conditions. In literature, 
generally, boron removal from synthetically 
prepared boron solutions were studied. From 
environmental and economic perspective, boron 
removal from waters which have high boron 
content with evaluating natural waste 
adsorbents in adsorption makes this study 
specific. 
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Abstract. This study investigated the electronic, structural, elastic, and optical properties of KSiI3 perovskite using density-
functional theory (DFT). Our calculations show that the material is mechanically stable. Electronic calculations suggest that KSiI3 
has a metallic behavior. The results obtained from this study agree with previously published literature. This research explores the 
structural, electrical, elastic, and optical properties of KSiI3, a promising lead-free alternative. To comprehend the electrical 
properties of a material, a thorough analysis of its solid-state optical properties is indispensable. Understanding the interaction 
between photons and matter requires a deep dive into optical characteristics. Consequently, a profound knowledge of the optical 
properties of materials used in light-driven applications, such as photocatalysis, is crucial for advancing this field.  
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INTRODUCTION 
 
The ABX₃ perovskite family, comprising a broad 
spectrum of ternary oxides, presents significant 
potential as a functional material for diverse 
applications. These applications extend across 
chemical engineering, thermal engines, hydrogen 
separation membranes, actuators, sensors, 
electrochemical systems, and solid oxide fuel cells [1]. 
Despite extensive research on the structural, elastic, 
dielectric, and piezoelectric properties of pristine 
ABO₃ perovskites and their alloys, further 
investigation is required to fully harness their 
potential. The tunable piezoelectric and dielectric 
responses observed in perovskite solid solutions make 
them particularly suitable for various technological 
advancements, including high-dielectric constant 
capacitors, ferroelectric thin-film memory devices, 
and transducers used in sensors, actuators, 
piezoelectric sonars, atomic force microscopes, 
ultrasonic generators, piezoelectric motors, inkjet 
printer nozzles, and fuel injectors [2]. The mechanical 

response of a material to external macroscopic stress 
is quantified by its elastic constants. A strong 
correlation exists between interatomic bonding, 
mechanical stability, thermal relaxation, and internal 
strain within the material [3].  
 
COMPUTATIONAL METHOD 
 
Density Functional Theory (DFT) is a quantum 
mechanical computational method used to investigate 
the electronic structure of multi-electron systems. 
Instead of directly solving the Schrödinger equation, 
DFT calculates the system's energy and other 
properties based on the ground state electron density, 
n(r). All computational tasks in this study were 
performed using the Vienna Ab initio Simulation 
Package (VASP). The Perdew-Zunger type generalized 
gradient approximation (GGA) functional was 
employed to model exchange-correlation effects 
within the electron-electron interactions. A plane wave 
basis set with a kinetic energy cutoff of 750 eV was 
utilized within the projector augmented wave (PAW) 
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method to describe electron-ion interactions. A 
12x12x12 Monkhorst-Pack k-point mesh was adopted 
to sample the Brillouin zone. Elastic constants were 
determined through a stress-strain analysis. 
 
STRUCTURAL AND ELASTIC CHARACTERISTICS 
 
Initially, the lattice parameters corresponding to the 
energy minimum were determined through an 
optimization process using the VASP program with ISIF 
= 3, enabling the unit cell volume to relax. 
Subsequently, energy values were calculated for 
different lattice constants, and the bulk modulus and 
its pressure derivative were calculated using the 
Murnaghan equation of state (EOS). 
 

Table 1. Structural and Elastic characteristics 

 

The calculated lattice parameters, bulk modulus, and 
elastic constants align well with those reported in 
previous studies. Based on the computed elastic 
constants, the KSiI3 compound was determined to be 
mechanically stable. Poisson's ratio provides valuable 
information regarding the material's microstructure 
and interatomic bonding. Materials with a low 
Poisson's ratio tend to be more susceptible to brittle 
fracture, characterized by high hardness and low 
ductility. The B/G ratio is a parameter used to assess 
the tendency of a material to fail in a brittle or ductile 
manner. A B/G ratio below 1.75 suggests a more brittle 
material, which fails without significant plastic 
deformation. 
 
 Born mechanical stability conditions; 
 

C11 > 0, C12 > 0, C44 > 0, C12 > C44,  
C11 + 2C12 > 0, C11 – C12 > 0  
 
ELECTRONIC CHARACTERISTICS 

 
Figure 2. Electronic band structure graph 
 
The electronic band structure is illustrated in Figure 2. 
For KSiI3, the energy band gap Eg was calculated to be 
0 eV, indicating a semimetal behavior of the 
compound. However, a previous study [2] reported Eg 
as 1.027 eV. Recalculations will be conducted using 
correction terms such as HSE06 or mBJ to address this 
discrepancy. 
 

 
Figure 3. Total and projected density of states 
 
When analyzing the total and partial densities of states, 
it is evident that the DOS graphs align with the band 
structure. Within the valence band, between -14 eV 
and 0 eV, the primary contributions originate from the 
s and p bands of I and Si atoms. Additionally, the p band 
of K atoms contributes to the valence band. 
Furthermore, Si atoms contribute to both the p and s 
bands near the Fermi level in the valance band. In the 
conduction band, contributions arise from the d band 
of K atoms and the p band of Si atoms. A small 
contribution is also observed from the d band of I 
atoms. The prominent peaks formed in the valence 
band near the Fermi energy are characteristic of 
materials suitable for thermoelectric applications. 
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OPTICAL CHARACTERISTICS 

 

a                                 b                           c                               

d                             e       

 

Figure 4. a.)Real Dielektric Constant, b.) Imagıne 

Dielektric Constant, c.) Refractive index, d.) extinction 

coefficient, e.) Absorption coefficient  

The interaction of materials with electromagnetic 

radiation is characterized by their optical properties, 

including the dielectric constant, refractive index, and 

absorption coefficient. The bulk optical properties of 

solids in the linear regime are governed by the 

frequency-dependent dielectric function, 

 ε(ω) = ε₁(ω) + iε₂(ω), 

 which is significantly influenced by the electronic 

structure. Optical functions provide valuable insights 

into the electronic band structure, revealing the fine 

structure of the electronic energy dispersion within 

both the valence and conduction bands. The imaginary 

component of the dielectric function, ε₂, directly 

correlates the electronic structure with the occurrence 

of interband transitions. Additionally, the dielectric 

function is crucial for studying light absorption, as 

elevated values of ε₂(ω) indicate enhanced absorption 

at specific frequencies. As illustrated in Figure (a), the 

real part of the dielectric function, ε₁(ω), exhibits a 

prominent peak centered at 4.1 eV with an amplitude 

of 7.78, originating from a constant background value 

of 6.1. Static dielectric constan ε₁(ω)= 25.5 .  The 

dielectric function, ε(ω), quantifies the probability of 

electronic transitions between various energy states 

within a material. An examination of Figure (b) reveals 

a pronounced peak in ε₂(ω) at approximately 5 eV, 

attributed to electronic transitions from the valence 

band maximum, specifically the 1-p state, to the 

conduction band minimum, characterized by the Si-p 

state. These findings align with the density of states 

(DOS) data. The most prominent peak in the spectrum 

resides in the ultraviolet range, with a peak energy 

falling between 5 and 10 eV.  

The refractive index, n, signifies the extent to which 
light slows down and deviates from its original path as 
it traverses a material. Materials with elevated 
refractive indices are favored for applications such as 
lenses and optical fibers. The relatively large refractive 
index values observed in certain materials are often 
attributed to their small band gap. The refractive index 
at zero frequency, n(0), is determined to be 5.5.  The 
highest peaks of the refractive index are situated in the 
ultraviolet region, while a minimum value is observed 
around 10 eV. The extinction coefficient, k(ω), 
measures the degree to which an electromagnetic 
wave is attenuated as it propagates through a material 
and is directly related to the absorption of radiation. 
The energy-dependent behavior of k(ω) closely 
resembles that of the imaginary component of the 
dielectric function, ε₂(ω). The maximum peak of k(ω) 
occurs at approximately 2eV. The absorption 
coefficient, α(ω), provides valuable information 
regarding a material's solar energy conversion 
efficiency and indicates the penetration depth of light 
at a specific frequency within the material. By analyzing 
α(ω), it is possible to assess a material's sensitivity to 
sunlight, quantifying the number of photons captured 
within the relevant light range and, consequently, its 
ability to generate electron-hole pairs. A more in-depth 
analysis of the calculated absorption spectrum clearly 
reveals a continuous increase in α(ω) with increasing 
energy, culminating in a prominent peak at 
approximately 10.2 eV. This peak corresponds to the 
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electronic transition between the valence band 
maximum and the conduction band minimum, as 
evidenced by the characteristic peak at 10.2 eV.  

 
CONCLUSION  
 

We have studied detailed physical properties such as 
structural, elastic, electronic, and optical for KSiI3 in 
cubic structure.  KSiI3 is stable mechanically due to 
positive elastic constants. From electronic structure 
calculations, KSiI3 has a semi-metallic character. We 
have also investigated the optical properties of this 
material. 
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Abstract. Scaling up quantum processors based on superconducting qubits will require continued technology improvements 
in the areas of qubit quality, gate performance, and scalable microwave signal generation and delivery. In recent years at 
IBM, we have delivered improvements in gate-based superconducting processors that break the 100-qubit barrier, and we 
have demonstrated coherence time approaching 1 msec on individual qubits.  We have demonstrated the capability of 
solving problems at a scale beyond brute force classical simulation using error mitigation, ushering in the era of quantum 
utility. Despite these positive developments, fabrication and design challenges need to be overcome to reduce noise and 
errors further to continue scaling towards the goal of eventual fault-tolerant computation, which requires the capability of 
running error correction protocols. A key challenge to realize high fidelity quantum circuits, which are the fundamental unit 
of quantum computation, is coherence stability and reproducibility. This is limited primarily by qubit interactions with two-
level systems (TLS) attributed to defects in amorphous materials present at interfaces in the transmission line resonators 
and Josephson junction (JJ) tunnel barriers. Our hardware development roadmap outlines our plan to extend the utility era 
by reducing gate errors using a tunable gate architecture that results in faster gates with less crosstalk, improving qubit 
coherence with TLS mitigation, and increasing qubit count using a modular chip architecture enabled by inter-chip couplers. 
Finally, increasing qubit connectivity by integrating multi-qubit couplers will enable error correction protocols that can be 
implemented with a manageable number of qubits. 
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Abstract. The illumination effects on the capacitance-voltage (C-V) characteristics were investigated in the voltage range 

of ±2V for 1 MHz both in dark and under 100 mW/cm2 illumination-intensity on the Au/n-GaAs (MS) and Au/Si3N4/n-GaAs 
(MIS) structures. Experimental results show that the capacitance is a strong function of illumination in the reverse-bias 
region due to the strong electric field in this region; and hence, obstacles the recombination of illumination induced 
electron-hole pairs. The C-V plot of MIS type structure both in dark and under illumination shows an abnormal peak at 
almost 0.9 V; and then, it decreases rapidly after the peak value and tends to continue to negative values of capacitance at 
1.9 V. On the other hand, the MS type structure has peaks close to 0.8 V in dark and 0.2 V under illumination; then, tends 
to decrease to negative values similar to MIS type structure. The effect of the surface states (NSS) on C-V relation is analyzed 
with the dark-illumination capacitance (Cdark-Cill) method. It is interpreted that the negative capacitance (NC) appearing on 
the C-V relation is the result of the existence of NSS at interlayer/semiconductor interface, series resistance (RS) of the 
structure, the loss of interface charge at occupied states due to impact ionization. The observation of NC was attributed to 
instrumental problems by some researchers; or, some others probably did not report to prevent any confusion. Some basic 
electrical parameters such as diffusion-potential (VD), Fermi-energy (EF), doping concentration of donor-atoms (ND), and 

barrier-height (B(C-V)) were also obtained from the intercept and slope reverse-bias C-2-V plot. 
 
Keywords: Illumination and voltage dependence of capacitance; Negative capacitance; Surface states and series 
resistance 
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Introduction 

 
Metal-semiconductor (MS) and metal-interlayer-
semiconductor (MIS) type diodes, photodiodes, solar 
cells are used widely in electric and optoelectronic 
applications. Today, the main problem of these 
structures is to improve the performance of them and 
reduce the manufacturing costs. There are many 
factors affecting the performance and efficiency of 
these devices such as the interlayer between metal and 
semiconductor –and its thickness- and the value of 
dielectric constant, the nature of the barrier height at 
M/S interface, RS, doping level of donor or acceptor 
atoms, temperature, frequency, illumination intensity, 
voltage, etc. [1-5].  When an interlayer is grown on M/S 
interface by using various techniques, MS type diodes 
converts to MIS type diodes or solar cells [6-9].  
 

These devices must be fabricated under special 
conditions; otherwise, many surface states or traps can 
occur at interlayer/semiconductor interface, located in 
the forbidden bandgap of the semiconductor. They are 
usually originated from the doping donor and acceptor 
atoms into semiconductor, unsaturated dangling 
bonds, some disorders in the periodic lattice, some 
organic impurities in the laboratory conditions, and 
oxygen vacancies [1-4,6-7]. The other important 
electric parameters on the I-V and C-V measurements 
are the series resistance of the structure and it can be 
originated the formation of back-ohmic and front 
rectifier contacts, the resistivity of bulk semiconductor, 
and the used wires to get electric measurements. The 
use of high dielectric interlayer such as insulators, 
polymers, metal oxides can reduce the leakage current, 
RS and NSS [10-14]. Since, a photodiode or a solar cell 
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were exposed to light which its energy higher than the 

bandgap energy of semiconductor (hc/q  Eg), many 
electron hole pairs are created at M/S interface and 

then they move in different directions (F= qE) under 
interior electric field at junction [15-17] which produce 
a photocurrent and this situation is known as 
photovoltaic event in the literature. 
 
(Au:Ti)/n-GaAs (MS) and Au/Si3N4/n-GaAs (MIS) diodes 
were grown by Atomic Layer Deposition (ALD) 
technique onto n-GaAs wafer with 6.8×1015 cm-3 doping 
donor atoms. C-V measurements were taken at 1 MHz 

between  2V by 50 mV steps both in dark and under 
100 mW/cm-2 at room temperature.  
 
Results and Discussion 
 

The value of the capacitance increases with increasing 
applied voltage until accumulation region and then 
goes to zero which is known as negative capacitance 
(NC) in the literature (Fig.1. (a)-(b)). NC in different 
electronic devices are usually different and, in general, 
is attributed to ohmic and rectifier contacts, surface 
states, series resistance and minority carrier injection. 
According to Champness et al. [18], NC means that 
material displays an inductive behavior while the value 
of conductance starts to increase, capacitance 
decreases. Gökçen et al. [19] have also explained the 
NC effect with the theory of injection and relaxation by 
minority carriers and surface states. On the other hand, 
according to Butcher et al. [20], Huang et al. [21], such 
NC or negative dielectric behavior is the result of 
instrumental problems. As can be seen in Fig. 1.(a)-(b), 
the tendency of the magnitude of NC decreases due to 
the Si3N4 interfacial insulator layer. Because, interfacial 
layer passivates NSS and this improves the performance 
of the MS structure. 
 
The voltage dependent profile of NSS was obtained from 
(Cdark-Cill) method for MS and MIS type diodes by using 
the following relation [1,2]: 
 

𝑞𝐴𝑁𝑆𝑆 = [(
1

𝐶𝑖𝑙𝑙
−

1

𝐶𝑖
)−1 − (

1

𝐶𝑑𝑎𝑟𝑘
−

1

𝐶𝑖
)−1]  (1) 

 
In Eq.(1), A is the rectifier contact area of the diode, q 
is the electronic charge, Cdark and Cill are the measured 
capacitance in dark and under 100 mW/cm2 
illumination intensity at any bias voltage, and Ci is the 
interfacial layer capacitance. Voltage dependent NSS 
shows a peak behavior in the forward/positive bias 
region for both MS and MIS type diodes (Fig.2 (a)-(b)). 
The observed shifts in the peak position can be 
attributed to a special density distribution of NSS and 

their life time/relaxation time and 
reordered/restructure under illumination and electric 
field [1,3,4,10]. It is clear that, the mean value of NSS for 
MIS diode is almost one order lower than the MS 
diode’s due to the interfacial layer effect. 
 
Some important electrical parameters MS and MIS type 
diodes, both in dark and under 100 mW.cm-2 
illumination intensity, were obtained by the use of the 
reverse bias C-2-V plots and given in Fig. 3.(a)-(b), 
respectively. These plots display convenient linear 
regions in wide range of applied bias voltage at 1 MHz 
and analyzed wih the reverse bias C-V relations as 
follows [1, 3]: 
 

𝐶−2 = (
2

q𝜀𝑠𝜀0𝑁𝐷A2) (𝑉0 + 𝑉)   (2) 

 
In Eq.2, εs and ε0 are the semiconductor and free 
space dielectric constants, respectively. According 
to Eq.2, ND value can be obtained directly from the 
slope and intercept/ordinate point, the values of EF, 

WD, B(C-V), and WD can be determined directly 
from the linear part of the C-2-V plots by using the 
following expressions [1,3,22,23] and given in Table 
1. 
 

𝐸𝐹 =
𝑘𝑇

𝑞
𝑙𝑛 (

𝑁𝐶

𝑁𝐷
)  (3a) 

 

𝑊𝐷 = (
2𝜀𝑠𝜀𝑜𝑉𝐷

𝑞𝑁𝐷
)

0.5
  (3b) 

 

𝛷(𝐶 − 𝑉) = 𝑐2𝑉𝑜 +
𝑘𝑇

𝑞
+ 𝐸𝐹 = 𝑉𝐷 + 𝐸𝐹   (3c) 

 
The existence of NSS and an interlayer at M/S interface 
leads to a large intercept point in the C−2-V plot. 
However, this situation can easily be overcome by 
applying modification to ΦB values with c2 (=Nexp/Ntheor 

1/n) [1,3,4]. 
 
Conclusion 
 

Basic electrical parameters obtained from the reverse 
bias C-2-V plot both in dark and under illumination may 
be different for MS and MIS type diodes as well as 
forward bias ln(I)-V characteristics due to the nature of 
the calculation method, a special energy density 
distribution of NSS, RS, barrier inhomogeneity and 
interfacial layer. In addition, it is seen that a high 
dielectric interlayer such as high dielectric Si3N4 usage 
leads to improve the performance of conventional MS 
type diode in respect of high barrier height and low 
surface states. 
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Figure 1.a. C-V graph of reference (Au:Ti)/ n-GaAs (MS) 
type diode both in dark and under 100mW.cm-2 
illumination intensity.  
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Figure 1.b. C-V graph of (Au:Ti)/Si3N4/n-GaAs (MIS) 
type diode both in dark and under 100 mW.cm-2 
illumination  intensity. 
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Figure 2.a. NSS graph of reference (Au:Ti)/ n-GaAs (MS) 
type diode. 
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Figure 2.b. NSS graph of (Au:Ti)/Si3N4/n-GaAs (MIS) 
type diode.  
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Figure 3.a. C-2-V plots of reference (Au:Ti)/n-GaAs (MS) 
type diode both in dark and under 100 mW.cm-2 
illumination intensity.  
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Figure 3.b. C-2-V plots of (Au:Ti)/Si3N4/n-GaAs (MIS) 
type diode both in dark and under 100 mW.cm-2 
illumination intensity.  

 
Table 1. Basic electrical parameters of (Au:Ti)/n-GaAs structure with/without Si3Ni4 interlayer in dark and under 
illumination of 100 mW/cm2. 

Parameters (Au:Ti)/n-GaAs (MS) (Au:Ti)/Si3N4/n-GaAs (MIS) 

Dark Illuminated Dark Illuminated 

EF (eV) 0.649 0.658 0.784 0.752 

ND (cm-3) 2.02x10x16 8.08x10x16 7.43x10x16 9.18x10x16 

B(C-V)] (eV) 0.753 0.727 0.855 0.791 

WD (mm) 21.0 10.5 12.0 10.4 
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Abstract. In this study, Fe-B eutectic powders were produced by gas atomization and then mixed with WC powders with 

different ratios (5, 10, 20 wt.%). Laser coating processes were carried out using prepared mixed powders. After the coating 
process, microstructures in the coating area were examined, hardness values were measured and wear tests were 
performed. In the microstructural examinations, it was observed that the matrix phase generally consisted of primary 
(pearlite) and eutectic phases and WC particles partially dissolved and precipitated in the matrix phase. It was observed 
that the hardness and wear resistance increased with the increase in the WC ratio in the matrix phase. As a result, it was 
concluded that such an application can be used in the coating industry. 
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Laser cladding (LC) is a sophisticated surface 
modification technology where a laser is used to melt 
both the filler material (powder or wire) and the 
substrate, creating a coating on the substrate's 
surface. This process enhances the substrate's wear 
and corrosion resistance. LC stands out due to its high 
efficiency, low pollution emissions, and capability to 
produce coatings with diffrent thicknesses, offering 
significant advantages over traditional surface 
treatment methods. Additionally, the rapid cooling 
rate inherent to LC helps refine grain structures and 
stabilize the phase of the material. Furthermore, 
laser-clad coatings typically exhibit a low dilution rate 
and robust metallurgical bonding with the substrate. 
This characteristic has garnered significant attention, 
making laser cladding a prominent focus of 
contemporary research. Its applications are broad 
and impactful, extending to critical fields such as 
aerospace, metallurgy, and engineering machinery 
[1-5]. 
 
Laser cladding (LC) employs various types of powders, 
including self-fusing alloy powders, ceramic powders, 
and composite powders. Self-fusing alloy powders, 
such as Fe-based [6], Ni-based [7], and Co-based 
alloys [8], are designed to form a metallurgical bond 
with the substrate. Among these, Fe-based alloys are 
particularly compatible with steel substrates due to 
their similar composition, resulting in strong 
interfacial bonding. Additionally, Fe-based alloy 
powders are cost-effective, making them popular in 
LC applications. However, they generally exhibit 

poorer self-melting properties and weaker corrosion 
resistance compared to Ni-based and Co-based 
alloys. 
   
Ceramic powders, like WC (tungsten carbide), are 
known for their high hardness and excellent wear 
resistance, which can significantly enhance the wear 
properties of LC coatings. Composite powders, which 
combine ceramic and metal powders, are becoming 
increasingly popular in LC research. These powders 
aim to harness the benefits of both materials, offering 
improved performance in various applications [3-5]. 
This study aims to explore how the Fe-B based 
powder and Fe-B base powder with tungsten carbide 
(WC) affect the morphology, microstructure, and 
properties of laser coatings. Specifically, Fe-B based 
LC coatings with varying WC content were applied to 
St37 structural steel to enhance the wear resistance. 
The outcomes of this research are anticipated to offer 
valuable insights and technical support for the repair 
and manufacturing of wear resistance materials.  
 
In the study, low carbon steel (St 37), the analysis of 
which is given in Table 1, was used. The samples with 
dimensions of 10 x 100 x 10 mm was coated with Fe-
B based powder and Fe-B/WC powder mixtures. For 
this purpose, Fe-B based powders were first 
produced by gas atomization method and the size 
range was between 50-150 microns. The image of Fe-
B based alloy powders is shown in Figure 1. 
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Figure 1. SEM micrograph of Fe-B alloy powder 

Chemical analysis of Fe-B based powder is given in 
Table 2. WC powders were mixed with Fe-B powders 
at the rates of 5, 10, 20 wt.%. The size range of WC 
powders was between 75-44 microns. Sample coding 
is shown in Table 3. Prepared mixtures were bonded 
to the surface with PVA in 4 mm thickness and laser 
melting processes were performed. 3 mm/sec 
scanning speed and 1.6 kW laser power were used in 
laser melting process. From the coated St37 steels, 
samples were taken out for microstructure 
examination in the coating area and these were 
subjected to necessary grinding and polishing 
processes. The samples were last passed through 3 
micron diamond paste and etched in 3% nital 
solution. Images of the samples were taken under 
SEM at different magnifications and micro analyses 
were performed with EDX. In addition, XRD analyses 
were performed. Micro-hardness measurements of 
the coatings were carried out at 200-micron intervals 
from the top of the coating to the substrate under a 
load of 200 g. Dry-sliding wear tests were carried out 
using a ball-on-disk dry-sliding wear tester using a WC 
ceramic ball with a diameter of 6 mm at room 
temperature. The tests were conducted under loads 
of 10N, 20N, and 30N at 8 mm/s for 1800 seconds. 
After the wear tests, the wear volume losses of the 
samples were determined using a 3D profilometer. 
 
For X-ray and wear tests on the coatings, multi-pass 
coatings were applied side by side with 50% overlap 
on 20 mm x 20 mm x 10 mm samples and their 
surfaces were subjected to the necessary polishing 
process before the tests. 
 
Table 1. Chemical composition of St 37 steel (wt.%) 

C Mn Si P S Fe 

0.16 0.52 0.25 0.02 0.02 Rest 

 
Table 2. Chemical composition of Fe-B based powder 
(wt.%) 

C Mn Si Cr B Fe 
0.23 0.91 0.93 1.35 3.80 Rest 

   Table 3. Fe-B powder and WC powder ratios (wt.%) 

 Fe-B WC 

S1 100 - 
S2 95 5 
S3 90 10 
S4 80 20 

 
SEM micrographs of samples are given in Figure 2.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. SEM micrographs of samples; a) S1 (substrate + 
coating), b) S2 (substrate + coating), c) S3 (coating), d) S4 

(coating) 

 

d) 

a) 

b) 

c) 
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Microstructure of S1 exhibits a proeutectic structure, 
and the microstructure consists mostly of pearlite 
+eutectic(Fe2B + ferrite/cementite/pearlite) 
structure. This situation can be explained as follows. 
Fe-B based powder, which has an approximately 
eutectic structure, melts with the laser beam and a 
certain amount of iron transfers from the substrate 
to the coating. Thus, the eutectic structure shifts 
towards the proeutectic structure. Samples S2, S3 
and S4 also exhibited similar matrix microstructure 
as S1. 
 
As can be seen from these microstructure images, 
WC powders passed into the coatings. The X-ray 
results are given for S1 and S4 in Figure 3, and as a 
representative example of the EDX analyses, the EDX 
results obtained from sample S4 are given in Figure 
4, Table 4 and Table 5, respectively. The existing 
phases and compounds are quite consistent with 
these results. With the increase in the amount of WC 
in the mixed powder, the amount of WC passing into 
the coating naturally increases, and changes are also 
observed in the compounds formed depending on 
the increase in the ratio. When the microstructure 
images, EDX and XRD results are evaluated together, 
it is seen that WCs are dissolved slightly [9].  
 

 
Figure 3. XRD graphs of S1 and S4. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 4. SEM micrograph of S4 showing EDX points. 
 
 
 
 

 
 
Table 4. EDX results of Region 1  

 
 
Table 5. EDX results of Region 2  

 
 
As a result of the microhardness measurements, the 
average hardness values obtained from the samples 
are presented in Table 6. As can be seen from these 
values, coating the surface of a low-carbon steel with 
Fe-B based powder using a laser increased the 
surface hardness. Additionally, the addition of WC 
powder to the Fe-B based powder further increased 
the hardness. Considering that the hardness of the 
coated low-carbon steel is 175 HV, the hardness 
increased approximately 3.6 times with the Fe-B 
alloy powder and up to 4 times with the addition of 
WC.  
 
   Table 6. Avarage hardness values of coatings (HV0.2) 

S1 640 
S2 653 
S3 668 
S4 710 
St 37 175 

 
These results are also consistent with the literature 
[3-9]. However, the Fe-B eutectic alloy powder was 
produced and used for the first time in this study. In 
this regard, these results have been contributed to 
the literature through this study. 
 
As a result of the wear test, the volume losses are 
presented in Table 7 and the friction coefficients 
(COFs) are presented in Table 8 for all specimens and 
in Figure 5 for the S4. As can be seen from these 
values, laser coating with Fe-B based powder 
protects the surface of low-carbon steel against 
wear. The Fe-B based powder is observed to be 
effective in terms of wear resistance, and the 
addition of WC powder further increases the wear 
resistance [5-9]. 
 
 

1 2 
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Table 7. Wear volume loose values of specimens 
Load (N) S1 S2 S3 S4 

10 115.7 109.5 98.4 91.7 

20 127,4 119.5 110.9 101.9 

30 145.5 135.7 131.8 125.7 

 
Table 8. Friction cofficient values of specimens 

Load (N) S1 S2 S3 S4 

10 0.62 0.61 0.59 0.57 

20 0.60 0.58 0.54 0.52 

30 0.54 0.51 0.49 0.45 

 
Figure 5. COF valuesof S4 

 
In this study, Fe-B based powder was produced and 
a low carbon steel was coated with laser beam by 
adding WC powder to this powder at 5 wt.%, 10 wt.% 
and 20 wt.% ratios. As a result of the experimental 
study, the following conclusions were reached: 
 

 Coating made with Fe-B based powder, the 
coating microstructure consisted of pearlite + 
eutectic structure.  

 Coatings made with Fe-B/WC powder mixture, 
WC passed into the coating and these partially 
dissolved, 

 Fe-B based powder increased hardness and wear 
resistance, 

 Adding WC powder to Fe-B based powder further 
increased hardness and wear resistance, 

 The maximum values of hardness and wear 
resistance were obtained at 20 wt.% WC ratio, 

 Fe-B based powder and WC mixed powders can 
be effectively used in laser surface coating. 
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Abstract. Laser processing of thin films is a powerful technique for tailoring material properties with high precision, enabling 
advancements in various applications such as electronics, photonics, and functional coatings. In this study, we explore the 
effects of laser irradiation on the crystallization of thin films made from different metallic oxides: HfO₂, ZnO, and Cu₂O. Laser 
processing induces significant phase transformations and microstructural changes in these oxide coatings. Specifically, we 
observe the transition from amorphous to crystalline phases, along with corresponding modifications in grain size, 
crystallographic orientation, and surface morphology. 
 
In addition to crystallization changes, we observe significant alterations in the intrinsic properties of the thin films, including 
changes in the electrical resistance of ZnO and Cu₂O films, as well as the emergence of ferroelectric behavior in laser-
annealed HfO₂ films. The study provides insights into the underlying mechanisms driving these transformations and 
demonstrates the versatility of laser processing as a tool for engineering thin films with customized properties. These 
findings hold great potential for the development of advanced materials with specific optical, electronic, and surface 
functionalities, opening new pathways for innovative applications in high-tech industries. 
 
Keywords: Laser-induced crystallization, Hafnium oxide, Zinc oxide, Copper oxide 
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Abstract. The 212 MAX phase borides, an expansion of the MAX phase, have attracted attention from researchers due to 

their enhanced thermo-mechanical properties in comparison with the 211 MAX phases. What causes the properties to be 

enhanced in the 212 phases? Even though the 212 and 211 phases are part of the same group of materials (MAX family), 

their structure is different. Both belong to the hexagonal system but are crystalized in different space groups (P-6m2 (No. 

187) for 212 phases and P63/mmc (No.194) for 211 phases), as depicted in Figure 1, which resulted in different atomic 

bondings. A 2D layer of B atoms is formed within the 212 phase, which is absent in the 211 MAX phase. In addition, a strong 

covalent between M and X atoms and a comparatively weaker bond between M and A atoms are also formed, like in the 

211 MAX phases. The main difference is the non-existence of covalent bonds among the X (C-C/B-B) atoms in the 211 phase. 

Thus, the enhancement of the thermo-mechanical properties is expected due to the existence of the 2D boron layer within 

the 212 MAX phase borides. 

Keywords: 212 MAAX phases; DFT; Structural properties; Mechanical properties; Thermal properties  
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The MAX phases are layered ternary solids, well-
known as ceramic metals, owing to the exceptional 
bridging of the properties of ceramics and metals [1–
3]. The uncommon properties make them potential 
candidates for application in diverse fields, which 
are listed elsewhere [4–6]. For a long time, the X 
element of the MAX phases was limited to carbon 
and nitrogen from 1960 to 2014, and this has been 
expanded up to B, creating a new scope for the 
researchers who are interested in the MAX phase 
research [3]. The unique characteristics and 
properties of B and B-containing compounds 
ensured the promising prospects of the borides MAX 
phase, which replaces nitrogen and carbon with 
boron [7]. The materials containing boron are known 
as MAX phases. Scientists are also working on 
broadening the variety of MAX phases by making 
structural modifications, as shown by instances such 
as Cr₃AlB₄ (space group Immm), Cr₄AlB₆ (space 
group Cmmm), and Cr₄AlB₄, Cr4AlB4  [8–10]. Wang et 
al. [11] synthesized the first 212 MAX phase boride, 
which was then extended by different research 

groups such as Zr2AB2 (A = In, Tl) [12] and Hf2AB2 (A 
= In, Sn) [13], Ti2InB2 [14], Ti2PB2, Zr2PbB2, Nb2PB2, 
Nb2SB2 [15], Zr2AB2 (A = In, Tl) [16], M2AB2 (M = Mo, 
Ta; A = Ga, Ge) [17].  
 

As reported in the literature, the 212 MAX phases 
exhibit enhanced thermo-mechanical properties 
compared to their other part, the 211 MAX phases, 
borides/carbides. These properties are better suited 
for their application in high-temperature 
technology, for instance, as thermal barrier coating 
materials. These prospects motivate the researchers 
to pay attention to this new class of MAX phases.  
 
The CAmbridge Serial Total Energy Package (CASTEP) 
code [18,19] was employed to calculate the physical 
properties of the herein-presented 212 MAX phases 
and 211 MAX phases. The CASTEP code incorporated 
the plane-wave pseudopotential-based DFT 
technique, utilizing the Perdew–Burke–Ernzerhof 
(PBE) generalized gradient approximation (GGA) to 
handle the exchange and correlation energy [20]. 
 

Fig. 1 shows the unit of the 212 MAX phase (Mo2GaB2) 
along with the unit cell of the 211 phase (Mo2GaB) for 
comparison. Both cells have hexagonal structures but 
different space groups: P-6m2; No. 187 for 212 
phases and P63/mmc; No.194 for 211 phases, as 
depicted in Figure 1 [21],  which clearly demonstrates 
the differences in characteristics between these two 
groups. In 212 phases, the atoms occupy the 
following positions: M (Mo) at (1/3, 2/3, 0.6935), A at 
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(2/3, 1/3, 0.0), and two B atoms positioned at (2/3, 
1/3, 0.5) and (0.0, 0.0, 0.5). For 212 phases, there are 
two B (X) atoms, while there is only one X atom in the 
211 phases. The X atoms occupy the (0, 0, 0) position 
in the unit cell in typical 211 MAX phases, whereas for 
212 phases, the B atoms form a 2D layer sandwiched 
between two M layers. The existence of this 2D layer 
(forming B-B covalent bonds) results in enhanced 
stability of 212 phases compared with the 
conventional 211 MAX phases. 

 
Figure 1. The schematic unit cell of (left) Mo2GaB2 and 
(right) Mo2GaB compound. 

 
Table 1 lists the elastic moduli and hardness parameters 
of some 212 and 211 phases to demonstrate the 
variation of the values due to changes in structure. As 
seen, the values of elastic moduli and hardness 
parameters of 212 MAX phases are significantly higher 
than those of 211 MAX phases (carbides/borides).  
 
Table 1. Elastic moduli (GPa) and hardness parameters 
(GPa) of the 212 and 211 phases. 
 

Phase B G Y Hchen Hmiao Ref. 

Ti2PB2 198 152 361 24.74 30.79 [15] 
Ti2PB 158 110 267 17.48 20.65 [15] 
Ti2PC 184 113 282 14.96 19.24 [15] 
Zr2PbB2 138 95 232 15.55 17.73 [15] 
Zr2PbB 98 66 162 11.61 12.12 [15] 
Zr2PbC 116 78 191 13.08 14.28 [15] 
Nb2PB2 241 179 430 26.36 35.49 [15] 
Nb2PB 207 146 355 21.53 27.82 [15] 
Nb2PC 225 144 355 18.72 25.24 [15] 
Hf2InB2 154 114 274 19.46 22.56 [13] 
Hf2InC 152 105 256 16.75 19.65 [13] 
Hf2SnB2 165 124 297 21.02 24.84 [13] 
Hf2SnC 145 87 218 12.00 14.50 [13] 

 

The differences in mechanical properties are 
attributed to the structures of the 212 MAX and 211 
MAX phases, as depicted in Fig. 1. In contrast to 
traditional MAX phases, the 212 phases feature a B  
layer (2D layer). The covalent bonding between B 

atoms within the B layer is significantly stronger than 
the M-X bonding, which is the strong covalent Bond 
for the 211 phases. As a result, the 212 MAX phases 
exhibit enhanced bonding strength compared to the 
211 MAX phases, leading to the expectation of larger 
values for the mentioned parameters in the 212 
phases. 

Table 2. Debye temperature, ΘD, minimum thermal 
conductivity, Kmin, Grüneisen parameter, γ, and melting 
temperature, Tm of the 212 and 211 phases. 

Phase ΘD 

(K) 

Kmin 

(W/mK) 

γ Tm 

(K) 

Ref. 

Ti2PB2 861 1.71 1.26 2033 [15] 

Ti2PB 704 2.43 1.35 1617 [15] 

Ti2PC 702 2.12 1.47 1731 [15] 

Zr2PbB2 434 0.77 1.36 1613 [15] 

Zr2PbB 342 0.88 1.38 1338 [15] 

Zr2PbC 366 0.97 1.41 1223 [15] 

Nb2PB2 745 1.45 1.29 2382 [15] 

Nb2PB 635 1.80 1.34 1997 [15] 

Nb2PC 627 1.85 1.44 2058 [15] 

Nb2SB2 643 1.39 1.37 1965 [15] 

Nb2SB 594 1.14 1.36 1824 [15] 

Nb2SC 565 1.09 1.40 1790 [15] 

Hf2InB2 431 0.77 1.29 1800 [13] 

Hf2InC 383 1.04 1.32 1691 [13] 

Hf2SnB2 447 0.80 1.28 1872 [13] 

Hf2SnC 393 1.07 1.49 1746 [13] 

 
Table 2 provides an in-depth analysis of the thermal 
properties characterizing parameters of both the 212 
MAX and 211 MAX phases, offering a comprehensive 
understanding of their respective thermal behaviors. 
These parameters are crucial as the MAX phases 
represent promising candidates for use in high-
temperature technology, such as thermal barrier 
coating materials. The equations used to calculate 
these parameters can be found elsewhere [13]. The 
data presented in Table 2 displays the ΘD values for 
the compounds presented here. The Debye 
temperature measures how atoms vibrate in solids at 
various temperatures and indicates the strength of 
interatomic bonding. A higher ΘD suggests stronger 
bonding and correlates with the hardness of the 
solids. It is expected that harder solids will have a 
higher ΘD. The findings in Tables 1 and 2 support this, 
demonstrating that harder phases exhibit higher ΘD 

values. One of the most important parameters 
required for designing a material for use as a thermal 
barrier coating is the minimum thermal conductivity 
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(Kmin), which determines heat transfer at higher 
temperatures. Lower the Kmin, better suitable the 
material. As seen in Table 2, the Kmin of 212 MAX 
phases is lower than those of the corresponding 
carbides/borides counterparts, indicating the better 
suitability of the 212 phases for use as TBC materials. 
Another important parameter, the Grüneisen 
parameter (γ), has been computed and presented in 
Table 2. A higher γ value indicates more 
anharmonicity present within the crystal. The 212 
MAX phases have lower γ values than those 
of the 211 MAX phases. One essential factor in the 
selection of materials for high-temperature 
applications is the melting point (Tm), which gives an 
indication of the temperature threshold for use. MAX 
phases, which possess both ceramic and metallic 
properties, are widely known as potential candidates 
for applications in elevated temperatures, such as 
TBC applications [22]. In the case of 212 MAX phases, 
Tm is notably higher compared to 211 
carbides/borides discussed here. The melting 
temperature gives insight into bonding strength and 
is closely linked to Young’s modulus. Generally, 
materials with a higher Young's modulus tend to 
possess a higher melting point, indicating robust 
atomic bonds and increased resistance to 
deformation at elevated temperatures. [23]. 
Understanding the link between melting temperature 
and Young's modulus is crucial for predicting material 
behavior. The higher melting temperature of 212 
MAX phase borides is attributed to a significant 
increase in bonding strength compared to carbides. 

From Tables 1 and 2, it is obvious that the thermo-
mechanical properties of 212 phases have been 
improved compared to those of 211 phases. Why are 
these parameters enhanced? The difference can be 
attributed to the structure. Though both the 212 and 
211 phases have layered structures and crystallize in 
a hexagonal system, their structures differ. The 
bonding characteristics within these two structures 
also vary. In the 212 phases, there are stronger 
covalent bonds among the B atoms, forming a 2c-2e 
type of bonding within the 2D B layer, as shown in Fig. 
2 (a and b). Additionally, there is another strong 
covalent bonding between M and B atoms and a 
relatively weaker M-A covalent bond, similar to the 
211 phases (wherein a strong M-X covalent bonding 

is present). Conversely, there is no covalent bond 
among the C atoms in the 211 phase. Additionally, the 
212 phases become more stable due to the presence 
of very strong B-B covalent bonding, resulting in 
significantly enhanced cohesive energy compared to 
the 211 phases.  

 
Figure 3. The unit cell of Zr2PbB2 (a) and formation 
of the B-B covalent bonding (b) within Zr2PbB2. 
 

The enhancement of mechanical properties can also 
be understood in terms of bond length and bond 
overlap population (BOP). As seen in the previous 
literature [12,13,15–17], the bond length of the 
strongest covalent bond, B-B, is lower than 1.9 Å, 
and the BOP is greater than 2.2 for 212 phases. In 
contrast, the bond length of the strongest bond in 
211 phases is 2.2 Å, and the BOP is usually 1.1/1.2. 
The BOP is a measure of bonding strength, where a 
positive higher value indicates a stronger covalent 
bonding. Thus, due to the smaller bonding length of 
the primary covalent bond and higher BOP in 212 
phases compared to 211 phases, the higher overall 
bonding strength, elastic moduli, and hardness 
values, as well as enhanced thermal properties, are 
expected for the 212 MAX phases.   
In conclusion, we expect that the prospects 
discussed in this paper will inspire further research 
into the 212 MAX phases. These phases exhibit 
superior qualities for use in the thermo-mechanical 
sectors compared to many other traditional MAX 
phase nanolaminates. 
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Abstract. Around 1992 as 20 years ago, Advance Tissue Science Co (USA), now merged to Smith & Nephew Co., 
USA, had been submitted to approve to USA FDA for first cartilage Tissue enineered products (TEMPs) as 
autologous chondrocyte/polyglycolic acid (PGA) nonwoven scaffold. At that time, no one had doubted to 
approve cartilage TEMPs since PGA was already approved by FDA in human clinical trial and chondrocyte was 
used autologous primary cell. At last, this product has been still retarded up to approve FDA. Main reason might 
be in terms of safety. Implanted TEMPs have been reported to induce sequential events of immunologic 
reactions in response to injury caused by implantation procedures and result in acute inflammation marked by 
a dense infiltration of inflammation-mediating cells at the materials-tissue interface. Prolonged irritations 
provoked by implanted biomaterials advance acute inflammation into chronic adverse tissue response 
characterized by the accumulation of dense fibrotic tissue encapsulating the implants. 
 
In this lecture, we will discuss (1) recent advances for the commercialization trends for the tissue engineered 
products (TEMPS) including regenerative medicinal products, (2) scaffolds in terms of biocompatibility and safety 
issue, (3) smart scaffold for the application of clinical trial including improved biocompatibility and the reduction 
of host response, and (4) biocompatibility issue for the natural and synthetic polymers. 

 
Keywords: Biocompatibility, Tissue Engineered Products (TEMPs), Smart scaffold   
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Figure 1. Concepts of Tisse engineering  

 
 
Figure 2. Classification of Research of Organ 
Regeneration 
 

 
Results & Disccusion 
 
The first autologous chondrocytes/PGA (polyglycolic 
acid) nonwoven hybrid constructs were submitted for 
approval to the US FDA in 1992 by ATS. At that time, 
there was little doubt that these tissue-engineered 
medical products (TEMPs) would be approved. 
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However, the approval process for such products has 
been significantly delayed, even to this day. 
 
This delay highlights the need to address critical 
issues related to both safety and efficacy. A key 
challenge arises from the immunologic responses 
triggered by implantation procedures, which initiate 
a cascade of events. The injury caused by the 
implantation induces an acute inflammatory 
response, characterized by the infiltration of 
inflammation-mediating cells at the material-tissue 
interface. 

 
If this irritation persists due to the implanted 
biomaterials, the acute inflammation can progress to 
a chronic adverse tissue response. This chronic stage 
is marked by the formation of dense fibrotic tissue, 
which encapsulates the implant, ultimately 
compromising its integration and function. 
 
To overcome these challenges, it is essential to 
develop strategies that mitigate prolonged irritation 
and ensure biocompatibility, thus improving the long-
term success of tissue-engineered products. 
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Abstract. The fight against water pollution has received particular attention and is one of the most pressing environmental 
concerns, given that water is susceptible to pollution. Therefore, it is necessary to create new ecologically friendly technology 
for wastewater treatment. In the present study, the dry rose waste (Rosa damascena) extract was used for the first time to 
synthesize zinc oxide nanoparticles (ZnO NPs) as an alternative to environmentally and cost-effective chemical and physical 
procedures, and their application in wastewater treatment is examined. Various techniques including scanning electron 
microscopy (SEM), X-ray diffraction (XRD), and UV-visible spectroscopy were used to confirm the composition of ZnO NPs.  
However, the response surface methodology (RSM) based on the Box–Behnken design (BBD) has been used to study the 
influence of operation parameters on the ZnO NPs synthesis. The results showed that ZnO NPs had a better effect on 
photodegradation activity in treating aqueous solutions containing orange G dyes after 120 minutes under sunlight. Under 
optimal factors for synthesizing ZnO NPs using BBD such as the mass of plant 20 mg, the salt concentration of 0,2, and 
calcination temperature of 500°C.  

Keywords: Zinc oxide nanoparticles, green synthesis, rosa damascena, Plant Extracts, RSM, Dye degradation.  

Given the potential of ZnO nanoparticle 
systems and the environmental advantages 
of green synthesis, the current study reports 
the development and characterization of a 
simple, cost-effective, and sustainable 
green approach for synthesizing ZnO 
NPs that employs an aqueous extract of rose 
waste as a reducing agent without the 
addition of any acid or  base  standard  
component. However, the response surface 
approach  founded  on  the  Box- Behnken 

design (BBD) was used to explore the effect of operating 
factors on the synthesis of zinc oxide nanoparticles  (Fig.  
1).  Various  techniques  including scanning  electron  

microscopy  (SEM),  X-ray  diffraction (XRD), and UV-visible 

spectroscopy were used to confirm the  composition  of  ZnO  

NPs  [1,2].  However,  ZnO nanoparticles based on Rosa 

damascena waste extracts were used to study 

photodegradation in the treatment of  
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aqueous solutions containing orange-G dyes 
after 120 minutes under solair irradiation.  

 
Figure 1. Response surface plot of ZnO NPs 

synthesis vs Temperature and concentration.  
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The challenges of DualBeam (FIB-SEM) sample processing presented by beam-sensitive materials range from simple 
charging artifacts in imaging to actual beam-induced damage. One of the most common uses of (multiple-species Helios 
Hydra) focused ion beam (FIB) is to provide a high-resolution means of removing material deterministically so that the 
sample cross-section may be viewed in situ with an electron microscope (DualBeam™ FIB/SEM process). A few classes of 
materials/samples present unique challenges to FIB/SEM workflows such as highly non-conductive materials, 
damage/amorphization-prone samples, weakly-bound composite layers, and an abundance of sensitive polymeric 
materials. As such, there is a growing interest in multiple non-Ga ion species and non-FIB techniqus of in situ material 
removal that may work in concert with FIB to address these challenging samples. Athermally ablative femtosecond (fs) laser 
technology has been available commercially for a few years to fill this gap. Helios DualBeams equipped with fs laser can pre-
process samples to minimize FIB dose and current density requirements for targeted analysis of ion-sensitive samples. In 
some cases, the fs-laser enables in situ processing of materials that cannot be addressed by FIB and enables larger volume 
serial slicing through volumes up to 1mm.  
 

 
Keywords: fs Laser, DualBeam, FIB-SEM-Laser 
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Abstract. This presentation is an overview of the last results we have published showing that surface nanostructures, 
generated when a surface is irradiated with a fs laser, can modify the superconducting properties in materials like Nb thin 
films. By controlling the laser processing parameters it is possible to generate surface nanostructures with high levels of 
anisotropy, that are also trasferred to the superconducting properties. Laser patterning was performed using a 343 nm fs 
laser with pulse duration of 238 fs. The control of the laser beam fluence and scanning parameters facillitates the generation 
of the surface nanostructure without deteriorating the sample. Sample microstruture has been analised by electronic and 
atomic force microscopies. Physical properties have been evaluated using magnetometry and magneto-optical microscopy. 
Surface nanostructure defines directional flux penetration and with an adequate selection of the nanostructure domains it 
is possible to define the geometry of magnetic flux penetration on the sample. Several geometries have been characterized 
showing the relevance of the boundaries between different nanostructure domains. This behaviour has also been analysed 
using modified critical state models of the flux dynamics, combined with the inversion of the magneto-optical records, 
showing that in some experimental conditions, critical currents of treated regions are higher than in the original ones. 

 
Keywords: Laser Induced Periodic Surface Structures (LIPSS), Superconductivity, Nb, Anisotropy 
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Abstract.  Indium oxide (In2O3) is a material belonging to the group of transparent conductive oxides, which are widely used 
in many fields of technology including optoelectronics and photovoltaics. However, the properties of In2O3 thin films 
depend on many factors. Therefore, the aim of the study was a thorough investigation of the properties of In2O3 thin films 
of different doping  concentrations.  Indium  oxide  thin  films  were  deposited  by  ultrasonic  spray  at  different  deposition  
times  to investigate the influence of different doping concentrations on the structural and optical properties of thin films. 
The structural and optical properties characteristics of these layers were investigated by X-ray diffraction and UV-Vis-NIR 
spectrophotometer.it is observed that all the films are polycrystalline and crystallize in a cubic structure with a preferential 
orientation along the (400) plane. While the optical transmittance spectra with high transmittance of more than 80 % for 
all samples at the visible and near-infrared ranges  
 
Keywords:  indium oxide, thin films, doping, ultrasonic spray,lithium. 
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Abstract. In this work, we present the design and fabrication of a CuSbSe₂-based thin-film solar cell with a novel multilayer 
configuration aimed at improving efficiency and stability. The cell structure, as shown in the figure, consists of a gold (Au) 
back contact, followed by a CuSbSe₂ absorber layer, a ZnₓSn₁₋ₓO buffer layer, and ZnO/ZnOwindow layers. The topmost layer 
is a silver (Ag) contact for electron collection.  
 
Keywords: CuSbSe2, Solar Cell, Non-toxic 
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Photovoltaic technology have advanced quickly due 
to the need for clean and renewable energy sources 
[1]. Because of its flexibility, reduced material 
consumption, and potential for cost-effective 
manufacturing, thin-film technologies are among 
the most promising forms of solar cells.[2]. CuSbSe₂-
based solar cells, in particular, have drawn interest 
lately as a possible substitute for conventional 
materials like silicon because of their abundant 
component elements, high absorption coefficient, 
and appropriate bandgap [3,4]. A CuSbSe₂-based 
thin-film solar cell with a new multi-layer 
architecture that improves light absorption and 
carrier collection efficiency is depicted in the figure. 
 
In this structure, the bottom layer consists of a gold 
(Au) back contact, which ensures good electrical 
conductivity and facilitates hole collection.    
 

 
 
Figure 1. Schematic diagram for CuSbSe2 thin film solar 
cell. 
 

The active layer is composed of CuSbSe₂, which is the 
primary light-absorbing material. Above this is a 
ZnₓSn₁₋ₓO buffer layer, providing a suitable interface 
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for carrier separation and minimizing recombination 
losses. The window layers consist of ZnO and ZnO 
(aluminum-doped zinc oxide), which act as 
transparent conducting oxides (TCOs), allowing 

sunlight to pass through while conducting electrons. 
The silver (Ag) contact at the top completes the 
architecture, providing an efficient pathway for 
electron extraction. 
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Abstract. Advances in polymers and synthesis methods have been used to produce some new and unique devices and are 
reported in this presentation. One of the strategies is employing digitally controlled fabrication by combinatorial synthesis 
methods such as electrospinning and 3D printing/additive processing.  Using synergistic integration of configurations, 
elaborate shapes, and patterns are printed with mesostructured stimuli‐responsive electrospun membranes, allowing for in-
plane modulations, and compensations due to internal interlayer stresses induced by swelling/shrinkage or mismatch, thus 
guiding shape morphing behaviors of electrospun membranes to adapt to environmental changes. Recent progress in 
combinatorial processing includes materials and scaffold constructs that are used for tactile and wearable sensors, filtration 
structures, sensors for structural health monitoring, biomedical scaffolds, tissue engineering, and optical patterning, among 
many other applications to support the vision of synthetically prepared smart material designs that mimic the structural 
aspects with digital precision. A novel technology called 3D jet writing was recently reported that propels electrospinning to 
adaptive technologies for manufacturing scaffolds according to user-defined specifications of the shape and size of both the 
pores and the overall geometric footprint. This presentation focuses on two specific applications, viz. energy and atmospheric 
water harvesting. Recent advances in next-generation triboelectric nanogenerators (TENG), the integration of finite-state 
machines (FSM), and built-in edge computing in onboard IoT devices have reduced the energy requirement, thus shifting the 
energy storage requirements to built-in power generation and ambient sources. The presentation describes the synergetic 
integration of exponential technologies in several examples that minimize energy storage and reduce energy consumption.  
Applications that include IoTs, IoB, and onboard energy harvesting devices include tactile sensing for biomedical applications, 
smart agriculture, and transportation logistics. A brief discussion of the concerns elaborating on privacy with IoT and IoB will 
be presented.  

Keywords:  Harvesting,  Energy,  Transdisciplinarity,  Exponential  Technologies,  3D  printing,  Electrospinning, 
Sustainability   
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The article describes a new and innovative methodology of  
conjoining  fabrication  technologies  to  prepare  new 
structures  that  have  desired  functionalities  as  well  as 
mechanical rigidity to withstand surrounding mechanical 
pressure.  In  addition,  the  structures  also  included 
piezoelectric materials, which not only provide sensing 
capabilities but also include the option to store and save 
power. This leads to the inclusion of artificial intelligence in 
these devices. The presentation describes some of the 
strategies to enhance power storage capacity as well as the 
inclusion of AI.  

Figure 1. Sensor system based on electrospinning and 3D printing  
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Abstract. Green hydrogen, produced by alkaline water electrolysis (AWE) using renewable energy sources, holds the 
potential to revolutionise our energy systems by providing a clean and sustainable alternative to fossil fuels. The emergence 
of new multifunctional materials continuously increases the expectations for the technologies advancing the hydrogen 
economy. MXenes, a family of two-dimensional (2D) transition metal carbides, nitrides and carbonitrides based on 
abundant constituents, has been discovered as an exciting candidate as electrocatalysts for electrochemical water splitting. 
However, today, these materials are primarily subjects of fundamental research and scientific interest, as challenges with 
their preparation and environmental stability restrict their use in industrial applications. This work aimed to introduce a 
simple and inexpensive approach to composite electrodes for hydrogen production, using titanium- and molybdenum- 
containing MAX phases and MXene/Ni as functional materials. Various MAX phase/ MXene/ Ni electrode concepts were 
prepared using HF-free etching methodology, followed by detailed structural, microstructural and electrochemical 
characterisation. The high electrochemical activity of such electrodes towards the hydrogen evolution reaction (HER) was 
observed, in several cases exceeding that for the Ni electrodes used in industrial electrolysers. 
 

 
Keywords: green hydrogen, alkaline electrolysis, MXene, HER, electrocatalyst 
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Introduction 
 
The increasing demand for energy calls for 
sustainable methods of energy conversion and 
storage. Renewable energies are playing an 
increasingly important role, with their share 
continuing to grow. This shift is driven by the need 
to reduce carbon emissions and reliance on fossil 
fuels. Technologies such as solar, wind, and 

hydroelectric power are becoming more efficient 
and cost-effective, making them attractive 
alternatives. Governments and industries worldwide 
are also investing heavily in renewable 
infrastructure, further accelerating the transition 
towards cleaner energy sources. As a result, 
renewables are expected to dominate the energy 
landscape in the coming decades, contributing to a 
more sustainable and resilient energy system. 
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One of the primary challenges in the widescale 
adoption of renewable energy is its variable or 
intermittent nature imposing limitations on its 
further integration in electric grid networks. 
However, this energy can be exploited for water 
electrolysis to produce green hydrogen, a fuel of the 
future, with no carbon footprint, the highest 
enthalpy of combustion and only water as a by-
product of energy release.  
 
The emergence of new multifunctional materials 
continuously increases the expectations for the 
performance of energy conversion and storage 
devices. MXenes, a family of two-dimensional (2D) 
transition metal carbides, nitrides and carbonitrides 
based on abundant constituents, has been 
discovered as an exciting candidate for these 
applications [1]. In an MXene, n+1 layers of 
transition metals M are interleaved with n layers of 
X element (C or N), with an overall composition 
Mn+1XnTx [2]. The Tx represents the surface -O, -OH, 
-F and/or -Cl terminations. Such a structure presents 
a unique combination of high and active surface 
area, metallic/semiconducting behaviour and 
hydrophilicity, leading to an outstanding 
performance in electrochemical applications [3,4]. 
The exothermic nature of water adsorption on 
MXenes promotes its dissociation [4]. This property 
positions MXenes as highly favourable 
electrocatalysts for electrochemical water splitting, 
especially for the hydrogen evolution reaction (HER) 
in alkaline environments, where water dissociation 
acts as the rate-limiting step [5]. In contrast to acid-
based electrolysers, alkaline systems present 
distinct benefits for industrial applications, such as 
the ability to employ non-noble metal catalysts and 
sidestep the cost and durability challenges posed by 
highly corrosive acidic conditions [5]. 
 
Several critical challenges restrict the widespread 
use of MXenes, such as the reliance on hazardous HF 
in their synthesis and their limited stability, which is 
mainly due to oxidation by water and oxygen 
exposure and microstructural degradation. This 
work strives to showcase the approaches which 
facilitate the design of MXene/Ni-functionalised 
bulk composite electrodes for green hydrogen 
production by water electrolysis, while minimising 
the consequences of the environmental sensitivity 
of MXenes. The idea originates from the fact that 
MAX phases (the parent precursor of MXenes) 
demonstrate high electrical conductivity and 
excellent corrosion resistance, and can be relatively 

easily prepared and further functionalised by an 
MXene at the surface.  
 
Methods 
 
In this work, various composite electrode concepts, 
including Ti3AlC2/Ti3C2Tx/Ni [6] and Mo2Ti2C3Al/ 
Mo2TiC2(OH)x/Ni [7] were prepared using self-
propagation high-temperature synthesis (SHS) or 
conventional sintering followed by alkaline etching 
in optimised conditions. An excess of aluminium was 
used to facilitate the formation of MAX phases and 
posterior etching [6,7]. The composite electrodes of 
MXene/MAX phase or MXene/MAX phase/nano-Ni 
were produced by etching the sintered products in 
an excess of 10M NaOH solution at room 
temperature, followed by moderate heating. The 
sample was immersed in 100 ml of the solution for 
10 days, after which the solution was replaced, and 
the etching process continued with constant stirring. 
Upon completion of the etching, the samples were 
thoroughly washed with distilled water. 
 
The prepared materials were characterised by X-Ray 
diffraction (XRD) analysis, and combined structural 
and microstructural studies involving high-
resolution TEM, SEM/EDS and XPS. Electrochemical 
measurements were performed in a three-electrode 
electrochemical cell. A platinum wire was used as 
the counter electrode (CE), while a Hg|HgO|NaOH 
(1M) electrode (+0.098 V versus the saturated 
hydrogen electrode) was selected as the reference 
electrode, which was connected to the electrolyte 
via a Luggin capillary. All experiments were 
conducted at room temperature using 1 M NaOH as 
the electrolyte. The working electrodes tested had a 
diameter of 25 mm, a thickness of approximately 3 
mm, and consisted of around 4 g of material prior to 
etching. Hydrogen evolution measurements were 
carried out in the potential range of -0.7 to -1.5 V, 
with a scan rate of 10 mV/s. Current density values 
were calculated based on the geometric surface 
area of each electrode, which was approximately 10 
cm². The possibility for in-situ alkaline etching of the 
electrodes during alkaline water electrolysis (AWE) 
was also explored.  
 
Results and discussion 
 
The XRD results confirmed the formation of complex 
multiphase materials after SHS and conventional 
sintering. While the MAX phases Ti3AC2 are Mo2TiAlC 
were detected as predominant in the SHS and 
conventional sintering products, the mixtures, 
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depending on initial precursors, also contain TiC, 
TiAl3, Ni2Al3, TiNi2Al, Al5Mo2Ni, Mo3Al8, Mo2C and 
Al4C3 phases. More details on the phase composition 
and corresponding mechanisms can be found 
elsewhere [6,7]. These materials were prepared in a 
shape suitable for testing as electrodes towards 
HER. To form an MXene-functionalised porous 
electrode structure, etching conditions were 
optimised by tuning temperature and time. 
Typically, this process was performed in 10M NaOH 
at temperatures below 70 °C, optimising the etching 
time. The formation of a functional MXene layer and 
electrocatalytically-active Ni nanoparticles was 
confirmed by XRD/TEM/XPS and SEM/EDS. Fig. 1 
summarises some relevant microstructural features 
of the prepared electrodes. 
 

 

 
 
Figure 1. Typical microstructures of the composite 
electrodes: general view (A) and chemical contrast 
map of the sample after etching (B) [6,7]. 
 
The electrodes are generally characterised by a 
highly-porous structure (Fig. 1A), which is expected 
to facilitate the penetration of the electrolyte and, 
correspondingly, HER reaction. The outer part of the 
electrode exposed to etching is rich in titanium, 
while Al is mostly dissolved (Fig. 1B). The etched 
surface part also exhibits nanostructuring and likely 
includes MXene particles.  
 
The electrochemical performance of 
Ti3AlC2/Ti3C2Tx/Ni electrodes is shown in Fig. 2. 
Nickel is a known electrode material in industrial 
alkaline electrolysers due to its high electrocatalytic 

activity. However, both composite electrodes show 
notably higher hydrogen evolution currents, 
especially at high current densities. The latter can be 
attributed to the presence of MXene and metallic Ni 
nanoparticles in the composition of the electrode 
after etching. The estimation of price for such 
electrodes considering only initial precursor 
materials shows that they can be significantly 
cheaper than metallic Ni. Even more impressive 
results were obtained for Mo-containing electrode 
composite formulations (Fig. 3).  
 

 
Figure 2. Cyclic voltammetry curves obtained 
Ti3AlC2/Ti3C2Tx/Ni electrodes and pure Ni electrode, 
used as a reference. 
 

 
Figure 3. Cyclic voltammetry results obtained for 
Mo2Ti2C3Al/ Mo2TiC2(OH)x/Ni electrodes [7]. 
 
The sample labelled as Mo2TiAlC2 MAX/Ni refers to 
the non-etched electrode, primarily composed of 
the corresponding MAX phase. Despite this, its 
performance is comparable to that of a metallic Ni 
electrode. Significantly higher currents were 
observed for the etched electrodes. An interesting 
finding is that the electrode continues to etch and its 
surface further evolves during the electrolysis 
process, even though the NaOH concentration in the 
electrolyte is 10 times lower than that used in the 
etching solution. This effect is illustrated in Fig. 4, 
showing a gradual decrease of the applied voltage 
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during the electrolysis at a constant current. This 
process can be at least partially attributed to the 
mechanical action of evolving hydrogen bubbles, 
which facilitates the mixing of the alkaline 
electrolyte and its interaction with the electrode. 
The post-mortem microstructural analysis showed 
no evidence of electrode degradation or loss of 
mechanical integrity. Further studies to investigate 
the mechanisms responsible for this effect are 
currently underway. 
 

 
Figure 4. Temporal evolution of the voltage applied 
during electrolysis at a constant current (1 A) applied 
[7]. 

 
Conclusions 
 
The innovative MAX phase/MXene/Ni-
functionalised composite electrodes, prepared by 
relatively simple and environmentally-friendly 
route, demonstrated exceptional performance for 
hydrogen evolution reaction during alkaline water 
electrolysis. The etching procedures employed for 
processing these composite electrodes, based on 
MAX phases, significantly enhanced their 
electrochemical activity compared to non-etched 
electrodes, in several cases exceeding the 
performance of pure nickel electrodes typically 
employed in industrial applications. The ability of 
these electrodes to maintain mechanical integrity 
and avoid degradation even under prolonged 
electrolysis conditions further underlines their 
potential for sustainable hydrogen production. The 
results also suggest that the etching of the prepared 
electrodes can proceed even during the electrolysis 
process, followed by a further increase in their 
electrochemical activity.  
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Abstract. Hydrogen (H₂) storage faces significant challenges, including high costs, safety concerns, and the need for 
specialized equipment. For H₂ to be a viable energy source, efficient storage techniques are essential since current solutions 
are frequently costly and dangerous. This study explores a novel, low-cost approach using TiO2/CNTs nanocomposites 
development, optimized through artificial intelligence (AI), under simple laboratory conditions. The experiment utilized 
biogas containing 95.48% to 98.31% H₂ in a closed system. Also, two 1-liter sample bags, a pump, and a Nanocomposite 
Permeation Tube (NPT), with mesh at both ends and nanocomposite in the middle, were employed without the need for 
specialized materials or additional equipment. Optimization was performed using a Random Forest-Genetic Algorithm (RF-
GA), focusing on nanomaterials weight (NW), pump speed (PS), and temperature (T). Data from nine experimental runs 
showed stored H₂ weight percentages (wt%) ranged from 0 to 2.09 wt%. Following optimization, 2.47 wt% was the greatest 
H₂ storage capacity; the best outcomes were attained at 0.3 g NW, 25 RPM PS, and -15°C T. It is easy-to-implement design 
with locally available equipment makes its form a highly adaptable model for low-resource settings. 
 
Keywords: Hydrogen Storage; Nanotechnology; Artificial Intelligence; Random Forest; Genetic Algorithm. 
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Introduction 
 
Hydrogen (H2) is widely recognized as a clean and 
sustainable energy carrier, but its safe and efficient 
storage remains a major technical challenge. 
Traditional methods, such as compressed gas 
storage or liquid H2, are expensive, pose safety risks, 
and often require specialized equipment and 
infrastructure [1]. In this regard, nanomaterials, 
particularly TiO2/CNTs nanocomposites, have 
emerged as a promising solution due to their high 
surface area and favorable adsorption properties 
[2]. However, optimizing H2 storage using these 
materials for maximum efficiency under simple, 
cost-effective conditions is essential for wider 
adoption. This study aims to address these 
challenges by leveraging AI-driven optimization 
techniques to enhance the H2 storage capacity of 
TiO2/CNTs nanocomposites, using a straightforward 
laboratory setup without the need for advanced 
tools or materials. The goal is to provide a scalable, 
low-cost alternative that improves storage capacity 
while maintaining safety and accessibility. 
 
Methodology 
 
The experimental setup utilized biogas containing 
95.48% to 98.31% H2, which was analyzed for its 
composition using a micro gas chromatograph 
(Fusion® Gas Analyzer-INFICON) [4]. The analysis 
employed two analytical columns, with Argon and 
Helium as carrier gases. H2 storage experiments 
were conducted in a closed system comprising two 
1-liter sample bags connected to a pump that 
circulated the biogas through a Nanocomposite 
Permeation Tube (NPT). The NPT featured a mesh at 
both ends, with TiO2/CNTs nanocomposite material 
in the middle for H2 adsorption (Figure 1). 

Figure 1. A schematic of the experimental setup for 
hydrogen storage using TiO2/CNTs nanocomposites. 

 
In this context, the combination of key experimental 
parameters (i.e., nanomaterials weight (NW), pump 

speed (PS), and temperature (T)) was varied across 
nine runs. The stored H2 weight percentage (wt%) 
was recorded for each run. Also, to optimize the H2 
storage capacity, a Random Forest-Genetic 
Algorithm (RF-GA) was utilized [3]. This AI-driven 
method efficiently explored the parameter space 
and identified optimal conditions for improved H2 
storage (Table 1). 
 
Additionally, Fourier Transform Infrared (FTIR) 
analysis was conducted to investigate the functional 
groups present on the surface of the nanocomposite 
materials [5]. The FTIR analysis was performed using 
Bruker Tensor 27 equipment, with spectra collected 
in transmittance mode, covering a range of 4000 – 
400 cm−1, at a resolution of 4 cm−1, with 256 scans 
per sample. The sharper peaks and distinct shifts in 
the spectra reflected notable chemical interactions 
during hydrogen storage. 
 
Table 1. Summary of the key parameters and 
optimization model’s characteristics considered in the 
current investigation. 

Optimization Details Levels / Value 

Key 
Parameters of 
Optimization 

Nanomaterial 
weight (g) 

0.75 0.150 0.300 

Pump Speed (RPM) 25 50 100 

Temperature (°C) -15 0 25 

Random 
forest 

Characteristics 

Number of trees in 
the forest 

100 

The function to 
measure the 
quality of a split 

Squared error 

The minimum 
number of samples 
to split an internal 
node. 

2 

The minimum 
number of samples 
required to be at a 
leaf node. 

1 

Max_features auto 

Genetic 
Algorithms 

Characteristics  

Number of 
Generation 

100 

Population Size 50 

Crossover 
Probability 

0.5 
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Mutation 
probability 

0.1 

Tournament size 3 

 
Results 
 
Before conducting supplementary tests, the model's 
performance was assessed using two key metrics: 
Mean Squared Error (MSE) and R². The MSE was 
0.0147, indicating minimal differences between 
predicted and actual H₂ storage values, reflecting 
high accuracy. The R² value of 0.97 showed that 97% 
of the variability in H₂ storage was explained by the 
model, confirming its reliability. A Predicted vs. 
Actual plot visually demonstrated the model's 
strong performance, especially for higher storage 
values, with data points closely aligning along the 
45-degree line, indicating accurate predictions and 
minimal deviation between the model’s forecasted 
and experimentally observed results (Figure 2). 
 

 
Figure 2.  Predicted vs Actual Values of model. 

 
The stored H2 for the nine experimental runs ranged 
from 0 to 2.09 wt%. Through RF-GA optimization, 
the H2 storage capacity was significantly enhanced, 
with the maximum storage capacity increasing to 
2.47 wt%. The optimal conditions for achieving this 
improvement were identified as 0.3 g NW, 25 RPM 
PS, and -15°C T. The FTIR analysis provided valuable 
insights into the functional groups on the surface of 
the nanocomposite, aiding in understanding the 
interaction mechanisms between the nanomaterials 
and H2 molecules.  
 
Also, the FTIR analysis of the TiO₂/CNTs 
nanocomposites reveals how hydrogen storage 
actively modifies the material's surface chemistry. 
The sharper O-H peak around 3300 cm⁻¹ suggests 
that hydrogen bonding with hydroxyl groups 

becomes more prominent, while the intensified C=O 
peak at 1520 cm⁻¹ and the clearer Ti-O peak at 650 
cm⁻¹ indicate increased interaction with carbonyl 
groups and the formation of Ti-H bonds. These shifts 
suggest that the nanocomposite responds 
dynamically to hydrogen storage, adapting its 
surface to enhance bonding, which could play a key 
role in improving overall storage efficiency (Figure 
3). 
 
In addition, GC analysis showed that under 
optimized conditions, the first sample bag contained 
96.55% hydrogen, while the second bag had 88.87%. 
Based on the closed setup, this slight decrease in 
hydrogen between the two bags indicates the 
adsorption of hydrogen by the TiO₂/CNTs 
nanocomposite. The reduction in hydrogen mass, 
recorded at 0.0068 grams, highlights the 
nanocomposite’s efficiency in hydrogen capture. 
These results align with the findings from the 
optimized run’s weight measurements and FTIR 
analysis, further validating the enhanced interaction 
between hydrogen and the nanocomposite’s 
surface functional groups. 

 
Figure 3. The FTIR spectra of the TiO₂/CNTs 
nanocomposites, taken before and after H₂ storage, 
reveal significant alterations in the surface functional 
groups.  
 
Discussion 
 
This study highlights the potential of hydrogen 
storage using TiO2/CNTs nanocomposites with a 
surface area of 323 m²/g, achieving a maximum 
storage capacity of 2.47 wt%. TiO2 was incorporated 
into the CNTs to enhance their structural stability 
and hydrogen adsorption capacity, providing better 
performance compared to CNTs alone. 
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While the storage capacity is lower compared to 
methods using extreme conditions like cryogenic 
temperatures (-196.15 °C) and high surface area 
nanomaterials (e.g., 2000 -6000 m²/g, results: 7-9 
wt%), the simplicity of the setup using basic 
equipment and materials at -15°C makes it cost-
effective and scalable. The modest surface area 
likely limited the wt%, but the results are promising 
given the accessibility of the approach. This method 
offers a practical solution for hydrogen storage in 
resource-limited environments without relying on 
expensive equipment. 
 
The reason this system performs well at -15°C is due 
to the synergistic design of the nanocomposite and 
the control overflow dynamics created by the NPT. 
Additionally, no extra pressure was applied to the 
system. The internal pressure inside the NPT, 
generated naturally by positioning it in the direction 
of the biogas flow and adjusting the PS, increased 
the interaction between H2 molecules and the 
nanomaterial. The increased volume of 
nanomaterials reduced the permeability, slowing 
the H2 flow, which extended the contact time 
between the H2 molecules and the nanocomposite, 
leading to better adsorption. Moreover, the mesh at 
both ends of the NPT acted as a trap for the gas, 
slowing down the movement further and forcing the 
H2 molecules to stay within the system longer. This 
mesh design, combined with the reduced 
permeability, ensured more efficient H2 capture. In 
this regard, several equations help explain the 
dynamics within the system. For instance, the 
permeability of H2 through the NPT can be 
understood by a simplified version of Darcy’s Law 
(Eq. (1)) [6]: 

 𝑄 =
𝐾. 𝐴. ∆𝑃

𝜇. 𝐿
       (1) 

Where Q is the flow rate of H2, K is the permeability 
of the NPT, A is the cross-sectional area of the NPT, 
∆P is the pressure difference across the NPT, µ is the 
viscosity of H2, and L is the length of the NPT. This 
equation shows how pressure and material 
properties (such as permeability K) affect the flow 
rate of H2 through the system. Lowering the 
temperature to -15°C impacts the permeability of 
nanomaterials by subtly altering their structural 
properties and the behavior of H2 molecules. At 
lower temperatures, the nanomaterial's atomic 
vibrations decrease, which can lead to a slight 
contraction in pore size. This reduction in pore size 
restricts the flow of H2, effectively lowering the 
permeability of the material. Additionally, H2 
molecules, with reduced kinetic energy at lower 
temperatures, move more slowly through the 
nanomaterial. 
 
Conclusions 
 
This study highlights the effectiveness of a 
Nanocomposite Permeation Tube (NPT) filled with 
TiO₂/CNTs nanocomposite for efficient hydrogen 
storage at -15°C and 25 RPM pump speed. The 
synergy between TiO₂ and CNTs enhances hydrogen 
adsorption, without the need for extreme conditions 
like very low temperatures (e.g., -196 °C) or high 
pressure. Moreover, AI-driven optimization 
effectively improved system performance, achieving 
2.47 wt% H2 storage while reducing experimental 
runs (i.e., to 9 runs). Though this method is in early 
stages, this approach offers a practical and energy-
efficient solution for hydrogen storage, providing 
valuable insights for making clean energy storage 
more accessible and feasible in real-world 
applications.
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Abstract. This study explores the effects of Cu substitution on the structural, morphological, and magnetic 
properties of nickel ferrite. Cu was substituted into Ni-spinel ferrites (Ni1-xCuxFe2O4, where x = 0.25, 0.50, and 
0.75) using the laser ablation technique. SEM analysis revealed that the grains are spherical with an average size 
of 7 nm. The Nickel-Copper ferrite nanoparticles presented a characteristic spinel peak related to the cubic spinel 
structure of the Fd3m space group, with no secondary phases forming due to Cu substitution. The crystal sizes 
of Ni-Cu spinel ferrites were calculated to be between 44.9 and 52 nm. FT-IR results indicated increased force 
constants of octahedral and tetrahedral bonds with higher Cu content, as evidenced by the main vibration bands. 
M-H curves displayed S-shaped behavior, suggesting that Cu substitution does not cause drastic changes in 
magnetic properties. The coercivity field (Hc), saturation magnetization (MS), and remanent magnetization (Mr) 
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values ranged between 13.54-6.14 Oe, 48.8-52.7 emu/g, and 0.57-1.14 emu/g, respectively. Blood compatibility 
experiments showed that the Ni0.25Cu0.75Fe2O4 composition exhibited the highest blood compatibility at low 
concentrations among the samples studied.  
 

Keywords: Spinel ferrite, Ni-Cu ferrite, Nanoparticles, FT-IR, Blood compatibility  
© 2024 Published by ICMATSE 
 
 
Introduction 
 
The term 'spinel' refers to a cubic structure with the 
general formula AB2O4, where A and B symbolizes a 
divalent cation and a trivalent cation, respectively. 
Thus, spinel ferrites are expressed as closely packed 
cubic structures with iron (Fe3+) as the trivalent 
cation, resulting in the complete formula AFe2O4. The 
divalent cation (A) can be iron (Fe), nickel (Ni), zinc 
(Zn), cobalt (Co), manganese (Mn), magnesium (Mg), 
copper (Cu), cadmium (Cd), or a combination of these 
elements. These ferrites are named after the 
naturally occurring mineral MgAl2O4, known as 
'spinel,' due to the similarity in their structure. They 
are also referred to as ferrospinels or cubic ferrites. 
These materials have attracted the interest of 
material scientists since their discovery. Spinel 
ferrites are highly regarded for their intriguing 
magnetic and electrical properties, including high 
saturation magnetization, high squareness ratio, 
significant magnetocrystalline anisotropy, low 
coercivity [1], high electric resistivity [2], high 
permeability [3], low eddy current losses [4], high 
Curie temperature, and mechanical hardness [5], 
among others. They are traditionally used as 
microwave absorbers because of their large magnetic 
losses and high resistivities and are also applicable in 
the 3–30 GHz frequency range [1]. Properties like high 
thermodynamic stability, high electrical conductivity, 
and high corrosion resistance make them suitable for 
use in metallurgical and other high-temperature 
fields [6, 7]. Spinel ferrites are often favored over 
hexaferrites by application designers due to time-
consuming, expensive, and not always successful and 
the challenges caused by chemical instability arising 
from thermal excitation [8]. 
 
In the framework of this study, taking into account 
the replacement of copper in nickel ferrite, there is 
significant potential for enhancing the properties of 
pristine nickel ferrite through laser ablation routes. 
The physical and the biological properties of the Cu-
substituted Ni-ferrite nanoparticles were 
investigated via XRD, SEM, FT-IR, magnetic and blood 
compatibility measurements. 
 

Results and discussion 
 
The XRD diffraction patterns of Ni1-xCuxFe₂O₄ 
nanoparticles with x=0.25, 0.50, and 0.75, recorded 
between 10° and 70° diffraction angles, are shown in 
Fig. 1. The Nickel-Copper ferrite nanoparticles exhibit 
characteristic spinel peaks associated with the cubic 
spinel structure of the Fd3m space group, labeled as 
(111), (220), (311), (222), (400), (422), (511), and 
(440), corresponding to PDF card No.: 98-015-8834. 
In addition, only one secondary peak concerning CuO 
is observed in the XRD patterns.  
 

 
Figure 1. X-ray diffraction patterns of Ni1-xCuxFe2O4 
ferrites. 
 

 
 
Figure 2. FT-IR spectra of Ni1-xCuxFe2O4 nanoparticles 

To investigate the cubic spinel structure and 
absorption bands of Ni1-xCuxFe2O4 nanoparticles, FT-
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IR analysis was performed, as shown in Fig. 2. The FT-
IR spectrum typically shows two peaks between 
wavelengths of 400-600 cm⁻¹, indicative of the spinel 
structure. Figure-2 displays the infrared 
transmittance spectra of Cu-substituted Ni-ferrite 
materials, where the vibrational frequencies of Cu-O 
or Ni-O bonds (V₁) and Fe-O bonds (V₂) appear as 
518.8, 506.2, and 510.6 cm⁻¹ and 407.9, 403.0, and 
405.5 cm⁻¹ for the x=0.25, 0.50, and 0.75 Cu-
substitutions, respectively. 
 

 
Figure 3. M–H curves measured at room temperature 
for Ni1-xCuxFe2O4 nanoparticles. 
 
The magnetic hysteresis loop results for Ni1-xCuxFe2O4 
nanoparticles with x = 0.25, 0.5, and 0.75, measured 
at room temperature under an external magnetic 
field range of ±1 T, are shown in Fig. 3. The figure 
reveals that all samples display an S-shaped 
hysteresis curve. Magnetic properties such as 
saturation magnetization (MS), remanent 
magnetization (MR), and coercivity (HC) are listed in 
Table 1. According to the table, the MS and MR values 

initially decrease with increasing Cu content, followed 
by an increase. 
 

Sample Ms 
(emu/g) 

MR 

(emu/g) 
HC 
(Oe) 

β  
constant 
(x108) 

Kα  
anisotropy 
constant 
(x105)  
(erg/g) 

x=0.25 50.1 1.07 11.76 -0.144 3.67 

x=0.50 48.8 1.14 13.54 -0.161 3.79 

x=0.75 52.7 0.57 6.13 -0.155 4.01 

 
Conclusions 
 
This study extensively explores the impact of Cu 
inclusions on the structural, physical, magnetic, 
morphological, Fourier Transform Infrared Radiation 
(FT-IR), and blood compatibility properties of NixCu1-

xFe2O4 nanoparticles. The XRD patterns confirm the 
presence of characteristic spinel peaks associated 
with the Fd3m space group cubic spinel structure. The 
magnetic results indicate that saturation and 
remanent magnetization, coercivity, and the 
anisotropy constant are not significantly impacted by 
Cu substitution. It was concluded that, 1.0 mg/ml was 
the optimum nanoparticle concentration for all three 
compositions. Although their intensities varied 
depending on the composition, the preservation of 
the Q-bands and Soret band at this concentration was 
considered as a significant indicator that NPs were 
not showing adverse effects on blood biochemistry. 
Additionally, significant findings indicating MetHb 
formation were found at concentrations of 3.0 and 
5.0 mg/ml. 
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Abstract. A new third generation of single crystal superalloys has been developed for aircraft engine turbine blade 
applications. This study provides a brief overview of third generation single crystal superalloys. CMSX-10 and Rene N6 alloys 
are third generation single crystal alloys developed for aerospace applications. Rene N6 is microstructurally stable and 
approximately 30°C stronger than the second-generation single crystal, Rene N5. The CMSX-10 alloy is a third-generation 
single crystal (SX) nickel base casting alloy characterised by its 6 wt% rhenium content, relatively high refractory element 
content (W + Ta + Re + Mo) and low chromium content.  
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Introduction 
 
Superalloy and casting process developments 
occurring over the past 30 years have helped gas-
turbine-engine manufacturers achieve dramatic 
engine performance/efficiency gains [1]. Dramatic 
improvements in the performance of gas turbines 
have resulted from the development of directional 
solidification and the production of single crystal 
turbine blades and vanes [2]. Severel SX superalloys 
developed since the 1970s are summarized in  

Figure 5. Since their development in the late 1980’s. 
second generation, single crystal superalloys have 
attained success in both commercial and military 
aircraft engines. These alloys typically contain 3 wt.% 
Rhenium, which distinguishes them from first 
generation single crystal superalloys [3]. The 
introduction of 3 wt. % rhenium to nickel-based alloys 
resulted in additional strength/temperature 
capability improvements [1]. Development of third 
generation single crystal alloys proceeded with 
increases in refractory element content [3]. Based on 
published data, the alloy's high-temperature creep-
rupture resistance is greater than all other nickel-

based alloys (approximately 30°C better than CMSX-4 
and PWA 1484). The usage of 6 wt. % rhenium in the 
new CMSX-10 alloy results in another 30°C 
improvement relative to second-generation SX alloys 
such as CMSX-4, PWA 1484 and Rene N5 [1]. 

 

 

Figure 5. Evolution of rhenium content in nickel-base 
SX superalloys [13]. 
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Third Generations Single Crystal Superalloys 

1. Rene N6 

Composition 

The compositions of several second and third 
generation single crystal alloys are shown in Table 1. 
The second-generation alloys contain 3 wt.% Re, 
while the third-generation alloys have significantly 
higher levels of Re. The Re content of Rene N6 was 
most important in determining the balance between 
creep rupture strength and microstructural stability 
with respect to both TCP phase formation and SRZ 

occurrence. Relatively high levels of Co and low levels 
of Cr were also selected to benefit stability. High 
levels of Ta were found to be benelicial to high 
temperature strength and castability [4]. While the 
elements Hf, C and B were initially not utilized in 
single crystal superalloys, it has been found by GE 
Aircraft Engines that they are beneficial to improving 
the tolerance for casting defects, such as low angle 
grain boundaries [5], and for other properties, such as 
castability and environmental resistance. Yttrium was 
intentionally added to improve the adherence of the 
protective aluminum oxide layer formed in service 
[6,7]. 

 

Table 2. Nominal chemical compositions of single crystal Ni-based superalloys (in wt.%)a [8] 

 
 
 
Heat Treatment 
 
The solution heat treatment cycle for Rene N6 was 
carefully developed to provide acceptable levels of 
γ/γ’ eutectic and incipient melting. Heat treatment 
trials to determine the levels of solutioning and 
incipient melting were conducted, resulting in over 
a 20°C window for acceptable solution heat 

treatment, as shown in Figure 6 [3]. 
 

 
Figure 6. Effect of solution heat treat temperature on the 
amount of solutioning and incipient melting [3] 

 

Properties 
 
The stress dependence of the minimum creep rates 
at several temperatures for Rene N6 are shown in 

Figure 7 Creep stress exponents (n) are in the range 
of 6.1 to 10.8, similar to other single crystal alloys [9-
11]. Rene N6 retains good creep strength even at 
temperatures as high as 1200°C. 
 

 
Figure 7. Stress dependence of the minimum creep rate for 
Rene N6 at several temperatures [3] 

Selected creep rupture properties at 982°C are shown 
in Figure 8. Rene N6 displays about a 30°C benefit 
compared to Rene N5. The 30°C advantage over Rene 
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N5 is maintained even at the higher temperatures 
and longer times due to the good microstructural 
stability of Rene N6 [3]. 

 

Figure 8. Creep rupture properties of thin wall, PtAl coated 
specimens tested at 982°C for Rene N5 and Rene N6 [3] 
 

2. CMSX-10 
 
Composition 
 
Along with the relatively high Re level employed in 
CMSX-10 alloy, experience suggests that creep-
strength optimization also requires increased levels 
of other refractory element hardeners such as W, Ta  
and Mo [12]. 
 
All told, the CMSX-10 alloy system employs the 
relatively high additive refractory element content 
of about 20.1 Wt.. %; this in comparison to CMSX-4 
which is about 16.4% and CMSX-2 at 14.6%. Gamma 
prime formers such as Al and Ti are similar to second 
generation SX alloys and the CMSX-10 gamma prime 
chemistry is actually quite similar to that 
predominating for CMSX-4 [12]. 
 
This, in tandem with the high level of W + Re + MO 
prevailing throughout the alloy matrix assists in the 
attainment of the extremely high creep-strength 
exhibited by the CMSX-10 alloy, particularly at 
elevated temperatures [12]. Table 1 provides the 
CMSX-10 alloy chemistry in comparison to other 
first, second and third generation SX alloys. 
 
Heat Treatment 
 
CMSX-10 alloy also provides attractive solution heat 
treatment capability. The alloy provides a 21°C heat 
treatment window and is thereby able to be fully 
solutioned. Solution heat treatment, undertaken 
with a final soak temperature of 1366°C results in full 
coarse γ’ solutioning plus complete eutectic γ/γ’ 
dissolution. Reprecipitation of the dissolved γ’ into a 

more useful fine γ’ results, and primary aging of the 
fine γ’ then occurs at 1152°C [12]. 
 
The CMSX- 10 alloy primary γ’ aging treatment helps 
develop an array of line cubic γ’ with relatively 
regular alignment, exhibiting average edge 
dimensions of about 0.5 µm. The primary aging 
treatment is followed by two secondary aging 
treatments which promote the formation of finer γ’ 
within the alloy’s matrix channels. These secondary 
aging treatments are preformed at 871°C for 24 
hours and at 760°C for 30 hours [12]. The 
microstructure image after solution heat treatment 
is given in Figure 5. 
 

 
Figure 9. The SEM photomicrograph of the homogeneous 𝜸′ 

distribution after complete standard solution anneal heat 
treatment [14] 

Properties 
 
Third generation SX casting alloys generally exhibit 
enhanced creep strength relative to their second-
generation predecessors. The relative improvement 
depends upon the alloy systems compared, but for 
CMSX-10, the advantage is about 30°C relative to 
CMSX-4 [12]. 
 
For specimens which have ruptured, log-log plots of 
the “long-term” creep results are presented. While 

Figure 10 presents the 982°C rupture strength of 
CMSX-10 in comparison to the CMSX-4, DS CM 247 
LC and IN 738 LC alloys and Figure 11 illustrates the 
CMSX-10 alloy strength for exposure temperatures 
ranging from 913 to 1010°C, and lives approaching 
4500 hours. Generally, the CMSX-10 alloy develops 
significantly greater strength than CMSX-4 in these 
test conditions. However, at 982°C the CMSX-10 
benefit appears to narrow slightly with longer term 
exposures [12]. 
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Figure 10. Stress-rupture strength of several alloys at 982°C 
[12]

 

Summary 

 The third-generation single crystal superalloys are 
flight engine qualified and is a production status 
material exhibiting extremely good foundry 
functionality, heat treatment characteristics, high 
strength, environmental properties and coatability. 

 This group of alloys is characterized by high 
rhenium content. 

 This new generation alloy group exhibits better 
mechanical properties compared to the second-
generation single crystal superalloys. 
 

Figure 11. 913-1010°C stress-rupture strength of CMSX-10 [12] 
 
References 

1. Erickson, G. L. (1995). A new, third-generation, single-crystal, casting superalloy. JOM, 47(4), 36-39. 

2. J.R. Davis (Ed.), Directionally solidified and single crystal superalloys, Heat Resistant Materials - ASM Specialty 
Handbook, ASM International, Materials Park, OH, 1997, p. 255. 

3. Walston, W. S., O’hara, K. S., Ross, E. W., Pollock, T. M., & Murphy, W. H. (1996). Rene n6: Third generation 
single crystal superalloy. Superalloy. 

4. T. M. Pollock, W. H. Murphy, E. H. Goldman, D. L. Uram and J. S. Tu, “Grain Defect Formation During 
Directional Solidification of Nickel Base Single Crystals”, Superalloys 1992, ed. S. D. Antolovich, et al., TMS, 
1992,125-134. 

5. E. W. Ross, C. S. Wukusick and W. T. King, U.S. Patent 5.399.313, “Nickel-Based Superalloys for Producing 
Single Crystal Articles Having Improved Tolerance to Low Angle Grain Boundaries”, 1995. 

6. E. W. Ross and K. S. CYHara, “U.S. Patent 5,173,255, “Cast columnar grain hollow nickel base alloy articles and 
alloy and heat treatment for making” - Rente 142, 1992). 

7. E. W. Ross and K. S. CYHara, “Rene 142: A High Strength, Oxidation Resistant DS Turbine Airfoil Alloy”, 
Superalloys 1992, ed. S. D. Antolovich, et al., TMS, 1992,257-265. 

8. Fuchs, G. E. (2001). Solution heat treatment response of a third generation single crystal Ni-base superalloy. 
Materials Science and Engineering: A, 300(1-2), 52-60. 

9. W. Murphy, T. Pollock and R. Field, “Creep Mechanism Studies in Rene N5 and Related Single Crystal 
Superalloys”, (GE Aircraft Engines internal report, 1991). 

10. M. V. Nathal and L. J. Ebert, “The Influence of Cobalt, Tantalum and Tungsten on the Elevated Temperature 
Mechanical Properties of Single Crystal Nickel-Base Superalloys”, Metall. u, 16A(1985), 1863-1870. 

11. M. V. Nathal and L. J. Ebert, “Elevated Temperature Creep-Rupture Behavior of the Single Crystal Nickel-Base 
Superalloy NASAIR 100”, Metall. m, 16A(l985), 427-439. 

12. Erickson, G. L. (1996). The development and application of CMSX-10. Superalloys, 1996, 35-44. 

13. Rame, Jérémy, et al. "Computational Design and Experimental Characterization of a Novel Third-Generation 
Single Crystal Superalloy with Balanced High-Temperature Creep Strength and Oxidation Resistance." 
International Symposium on Superalloys. Cham: Springer Nature Switzerland, 2024.



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

208 
 

  

Preparation and characterization of ZnO- based Schottky diode prepared with sol-
gel method  

 
Arab Louiza  

Mohamed kheider university- material sciences Department, 7020, Biskra, Algeria,   

louiza.arab@univ-biskra.dz 

ORCID: 0009-0003-9695-3374  

 

Sengouga Nouredine 
Mohamed kheider university- material sciences Department, 7020, Biskra, Algeria, 

n.sengouga@univ-biskra.dz  
ORCID: 0000-0002-4437-0869  

 

Abdeslam Nora Amel 
Mohamed kheider university- material sciences Department, 7020, Biskra, Algeria, 

noura.abdeslam@univ-biskra.dz 
 

Chenni Chaima 
Mohamed kheider university- material sciences Department, 7020, Biskra, Algeria, 

chennimabroka@gmail.com 
 

Latif Aya 
 aya.latif@univ-biskra.dz  

 
Cite this paper as: Arab, L, sengouga, N, Chenni, C, Abdeslamn N.A, Preparation and characterization of 

ZnO- based Schottky diode prepared with sol-gel method.Int. Conf. Advanced. Mater. Sci.& Eng. HiTech.and 
Device Appl.Oct. 24-26 2024, Ankara, Turkiye  

 
Abstract. ZnO-based Schottky diode have been fabricate via the deposition of a ZnO film codoped with Al + In on a 
Gallium-doped ZnO film with sol–gel method. The XRD of the films shows a polycrystalline structure and grains size in 
nanoscale. The films present a high transmittance in the visible, and the I–V characteristics show a Schottky-type 
behavior in the dark and under light, which is controlled by the thickness of the resistive layer. and the optical properties 
will be analyzed with the UV-Vis spectrophotometer. 
 
Keywords: ZnO thin films, sol–gel, junction diodes. 
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Introduction 
  
ZnO has been widely studied for its application in the 
development of transparent electronics. Because of 
their wide bandgap, zinc oxide-based transparent 
and conductive films have potential application in 
multiple areas, including solar cells, photonic 
crystals, lightemitting diodes, photodetectors, 
modulator waveguides, varistors, gas sensors, and 
thin film transistors [1]. Zinc oxide, which belongs to 
the II-VI semiconductors, has distinctive and 
adaptable physico-chemical characteristics, such as 
high exciton binding energy (60 meV), non-toxicity, 
UV light-blocking ability, a wide band gap (3.37 eV), 

and thermal stability. Schottky diodes are a type of 
diode based on a metal half-carrier junction and are 
known for their unique characteristics such as fast 
switching and high efficiency. The use of transparent 
conductive materials (TCO) such as indium tin oxide 
(ITO) and doped ZnO improves transparency and 
conductivity of schottky diode [2]. The study and 
development of transparent Schottky diodes using 
ITO/ZnO configurations prepared by Sol-Gel 
techniques is a promising field that aims to improve 
the electrical and optical performance of these 
devices [3]. By optimizing material properties and 
preparation techniques. The main object of this 
study is to elaborate thin films of ZnO pure, doped 
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with Ga and co-doped with In-Al. the results 
obtained have been used in manufacturing a ZnO 
based Schottky diode. The method adopted in this 
study is gel sol (spin coating). 
 

Methodology 
 
ZnO- based Schottky diode prepared with sol-gel 
method, the master solution containing zinc acetate 
dihydrate solution (Zn(CH3COO)2-2H2O), it was 
used as a precursor. Absolute ethanol (C2H5-OH) 
and diethanolamine (HN(CH2CH2OH)2, DEA) were 
used as solvent and stabilizing agents respectively. 
with a molar concentration of the solution is 0.5 M, 
and the molar ratio of DEA with the acetate was 
maintained at unity. Aluminum, indium and Gallium 
were added in the form of nitrates: Al(NO3)3-9H2O 
and In (NO3)3-H2O, and Ga (NO3)3. The dopants 
were dissolved in ethanol to obtain solutions with 
molar ratios equivalent to 8 at. % for gallium and 4 
at. % for (aluminum + indium). The co-doped films 
were prepared as ZnO:(In 2% + Al 2%). This solution 
was stirred for 30 min at 60ᵒC temperature to 
become homogenous. Then it was left to rest for 24h 
before thin film deposition in a spin-coating system. 
The layers were deposited by spin coating at a 
rotation speed of 1000 rpm for 30sc. After spin 
coating, each layer was immediately treated 
thermally at 500ᵒC in oven air for 30 min before 
spinning the next layer. Each film was obtained 
through repeated layer deposition times. At the end 
the diode was treated thermally at 500ᵒC for 30 min 
in air. 

Results and Discussion 

 
X-ray diffraction results were obtained using the 
device "Rigaku MiniFlex 600"(Thin films and their 
applications Laboratory-Biskra), using CuKα 
radiation with a 1,541874Å-wavelength. Figure (1), 
represents X-ray diffractograms of ZnO films with 
different doping solutions deposited on ITO 
substrates. The comparison with JCPDS Card No. 01-
075-0576 indicates that ZnO films crystallized into 
the hexagonal wurtzite crystal structure. While the 
five additional peaks noticed correspond to the ITO 
substrate, they are marked by (*). And identify by 
comparison with JCPDS Card No. 01-089-4598). 
 
The figure (2) shows the variation of the grain size 
for ZnO pure, doped with Ga8% and ZnO co-doped 
with (Al4%, In4%). The size of the crystals ranges 
from about 19.973 nm to 37.875 nm. This indicates 

that the films elaborated are in nonoscale.  The 
larger crystals that registered for ZnO pure (37.875 
nm) indicate films are typically more stable and have 
better electronic properties compared to smaller 
crystals. The minimum grain size has been registered 
for Al-In co-doped ZnO thin film (19,973 nm), it can 
be explain by the difference in the ratio of the 
doping which is 8% for Ga, and (2% Al, 2% In) and the 
difference between the atom radius of Ga, In and Al 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1. Spectra XRD of ZnO thin films with different 
solution 

 
On the other hand, analysis of the relationship 
between strain (ε) and dislocation (δ), reveals that 
all doped samples have higher ε and δ values than 
the undoped ZnO sample, this result confirms the 
presence of defects in the ZnO crystal as it has been 
explain 
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Figure 2. Crystallite size, strain, and dislocation density 
as a function of the samples. 

The optical properties of the films have been 
obtained by using EVOLUTION 220 UV-VIS 
spectrophotometer for ultraviolet and visible light. 
The transmittance spectra of the diode and the ZnO 

thin films deposited with different doping elements 
have been recorded in Figure 3. 
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Figure 3. Optical Transmission Spectra of ZnO Thin 
Films Deposited with Different samples. 

 
The increases of Eg gap for doped films is because 
the Al, In, and Ga dopants results in a higher carrier 

concentration. It is a well-known fact that replacing 
Al+3, Ga+3, and In+3 with Zn+2 ions results in an extra 
free electron [5] as seen from the equation: 
 
Al+3 → Al+2 + e- 
 
The increase in free carrier concentration results in 
the liberation of electrons that fill the low energy 
levels beneath the conduction band. These 
occupying electrons push the Fermi level towards 
the conduction band, thereby enlarging the 
forbidden energy range in ZnO thin films [6, 7] The 
widening of the band gap is also attributed to the 
shrinkage of the average particle size [8]. 
 
The figure (4) shows the variation of the Urbach 
energy for pure and doped ZnO films deposited on 
ITO substrate. The Ga-doped ZnO presents an 
improved crystalline quality and reduced disorder. 
Conversely, Al+In doping decreases the optical band 
gap and increases the Urbach energy, which 
indicating increased disorder.  

The spectra show that all the films and the diode 
have a high transparency (>90%) in the visible 
region, and high absorption (almost 100%) in the  
UV region. The transmittance decreases slightly 
with different doping elements. The same 
observation has been reported in previous works 
[4]. It is noted the presence of the interference 
fringes in all spectra, which confirms the smoothing 
of all films and the high crystalline quality of the 
prepared films. 
 
The tables 1. summarize the variation of Eg and Eu 
respectively.   

Table 1. Variation of Eg and Eu respectively 

 
 
 
 
 
 
 
 

 
 
 
 
Figure 4. Variation of Eg and Eu respectively in 
ITO substrate 

 

Ga-doped ZnO and Al-In co-doped ZnO thin films 
deposited on ITO substrate significantly affect their 
optical properties. The Ga doping increases slightly 
the optical band gap (3,27eV) in comparison with 

pure ZnO gap (3,25 eV). The optical band gap is 
decreases remarkably for co-doped ZnO thin films 
(3,01 eV). 
 
The I–V characteristics of the samples were 
measured with a B 1500 A semiconductor device 
analyzes system. The current–voltage data were 
obtained by applying voltages between 5 V and - 5V 
to the silver electrode (superior), whereas the 
inferior electrode (ITO) was grounded. The results 
are shown in Figures (5) and (6). 

 Eg optical gaps 
 (eV) 

Urbach energy  
Eu (eV) 

ZnO pure 3.25 0.059 

ZnO: Ga 4at. % 3.27 0.010 

ZnO: Al+In 8at. 
% 

3.01 0.095 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

211 
 

 
At low voltage in (a), the current of the diode 
increases exponentially with the increase in the 
forward voltage. In (b), the semi-logarithmic graph 
of the current with forward bias voltage quickly 

becomes dominated by the series resistance of the 
semiconductor, provoking the curvature of the 
graph for high currents. The diode shows a 
Schottky-type behavior, and the current originates 
mainly from the thermionic emission of carriers. 

 
 
 
 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 
 
Figure 5. Current–voltage characteristics of the 
diode sample in (a) forward and reverse 
polarization in linear scale and (b) semi-
logarithmic scale.  
 

The sight difference between the I-V diode 
characteristic in light and darkness is due to low 
luminous intensity.  

 
This means that the charge density generated 
under light is not significantly higher than the total 
amount of free electrons moving in dark conditions 
under the effect of the electric field applied 
between the semiconductors [9]. 
 
Conclusion 
 
Pure and doped ZnO with Ga 8% and co-doped with 
(Al 4%, In 4%) have been prepared using sol gel 
method. The doped ZnO films have been used in 
the elaboration of ZnO-based Schottky diode via 
the deposition of a ZnO film co-doped with Al + In 
(4 at. %) on a gallium-doped ZnO film (8 at. %). The 
energy bandgap values of the un-doped films, 
mono-doped films, and co-doped films deposited 
on ITO substrate were 3.25 eV, 3.27 eV, and3.01 
eV, respectively. The spectra show that all the films 
and the diode have a high transparency (>90%) in 
the visible region, and high absorption (almost 
100%) in the UV region. The transmittance 
decreases slightly with differentdoping elements. 
The diode results show a Schottky-type behavior in 
the dark and under light, which is controlled by the 
thickness of the resistive layer. From the I–V 
curves, the characteristic parameters including 
barrier height, ideality factor, and series resistance 
were calculated. 
 
The results presented here indicate that an 
optimized thickness of the resistive layer must be 
obtained in order to achieve the maximum 
performance of the diode. 
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Abstract.  This study aims to improve the design of LED drivers based on DMX512 protocol, which is frequently used in 
professional lighting systems. In the design, Mysemi's DMX512 receiver and PWM generator are integrated and 4 channels 
used for decoding DMX signals. This integrated RGBW (Red, Green, Blue and White) wall painting fixture is defined as a 4-
channel fixture and a constant current driver from Microchip is used to drive each channel. Thanks to these integrated 
circuits, an adjustable constant current between 350mA and 1100mA is provided to the LEDs. The power MOSFET is a Texas 
Instruments 5.7 mΩ, 60 V SON 5 mm × 6 mm NexFET™. It was intended to function as the sync FET in a full industrial buck 
converter chipset solution when paired with the control FET. Additionally, an electronic load device and the KiCAD design 
program were used for PCB and electronic schematic design. A Tekbox TBLC08 LISN device was used for the emission 
measurements, and a Rigol brand spectrum analyzer was used for the measurements. Additionally, near-field probes were 
used to measure magnetic noise, and an infrared thermometer was used to measure the temperature of PCBs and 
integrated circuits. However, due to the heating and harmonics that occur at high currents, magnetic noise problems were 
experienced. In this study, improvements were made on the circuit topology, component selection and PCB design in order 
to solve these problems. As a result of the modifications, lower heating and magnetic noise levels were achieved, thus 
increasing the life of the LED driver and the overall performance of the system.  

 
Keywords: Constant Current DC Led Drivers, DMX512 Protocol, PCB Overheating 

© 2024 Published by ICMATSE 

 

LED drivers are crucial for energy efficiency and long 
life in professional lighting systems. The DMX512 
protocol, introduced by the Stage Lighting and 
Equipment Council in 1986, offers precise control 

over digital signals. PWM-based LED drivers, which 
use Pulse Width Modulation (PWM), provide 
efficient and precise control of LED brightness, 
colors, and light intensity, making them widely used 
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in stage, architectural, and entertainment lighting. 
PWM-based LED drivers adjust LED brightness by 
rapidly switching supply voltages, which is too fast 
for the human eye to perceive, resulting in an 
average brightness value for the LEDs. The aim of 
this study is to design a stable LED driver compatible 
with the DMX512 protocol and to increase 
performance by reducing problems such as heating 
and magnetic noise in the driver circuit. [1-3]. 
 
In this study, firstly, a literature research was 
conducted in the form of examining academic 
articles, technical reports and patents covering the 
problems encountered in DMX512 protocol, PWM 
based LED drivers and similar applications. DMX512 
protocol and PWM based LED drivers are widely 
used in the lighting industry. However, academic 
research and technical reports show that these 
technologies need development in areas such as 
energy efficiency, electromagnetic compatibility, 
thermal management and intelligent control 
features. Patents offer innovative approaches such 
as integrated driver solutions, adaptive color control 
and wireless DMX applications. In the future, LED 
drivers and DMX protocol are expected to be 
supported by more efficient, flexible and intelligent 
solutions [4-6]. 
 
Furthermore, PWM (Pulse Width Modulation) is a 
modulation method commonly used in LED drivers. 
PWM varies the pulse width of the voltage or current 
applied to the LEDs to adjust the brightness of the 
LEDs. In this method, the power applied to the LEDs 
is controlled depending on the pulse width. As 
known that different PWM methods provide various 
advantages in features such as brightness control of 
the LEDs, energy efficiency, and EMI 
(Electromagnetic Interference) reduction [7-11]. 
 
Materials and Methods 
 
1. Materials  
 
In this study, a constant current LED driver 
manufactured by Microchip, DMX512 receivers and 
decoders produced by MySemi, MOSFETs developed 
by Texas Instruments, and other active and passive 
components were used. 
 
The Microchip Constant Current LED driver is an 
Average-Current mode constant-current control IC 
that enhances LED current accuracy and line and 
load regulations without loop compensation or high-
side current sensing. Its output LED current accuracy 

is ±3%, and it can be powered from an 8V–450V 
supply. It features a PWM dimming input and 
accepts an external control TTL-compatible signal. 
 
The MySemi DMX512 Decoder is a 4 channels 
constant current LED driver with 14bits grayscale 
APDM control, supporting standard/4x DMX512 
protocol and a differential interface for long 
distance cascade applications. It operates over 7V to 
40V input voltage range and provides 4 open-drain 
sinking outputs with up to 350mA high accuracy 
current to each string of LEDs, programmable via 
four external current setting resistors.  
 
Texas Insturiments mosfet 5.7 mΩ, 60 V SON 5 mm 
× 6 mm NexFET™ is power MOSFET. It was designed 
to pair with the control FET and act as the sync FET 
for a complete industrial buck converter chipset 
solution. Additionally, the KiCAD design program 
and an electronic load device were employed for 
electronic schematic and PCB design. For 
measurements, conducted emission measurements 
were performed using a Tekbox TBLC08 LISN device, 
and measurements were taken with a Rigol brand 
spectrum analyzer. Furthermore, magnetic noise 
measurements were conducted using near-field 
probes, and PCB and integrated circuit temperature 
measurements were taken with an IR thermometer. 
 
2. Hardware Design 
 
Designing a highly efficient constant current driver is 
a crucial aspect of LED driver design. Additionally, an 
interface that supports the DMX512 protocol is a 
fundamental component of LED driver design, 
enabling the driver to communicate with the DMX 
control device. In this context, Mysemi's DMX512 
decoder and PWM (Pulse Width Modulation) 
generator are integrated into the design. Figure 1 
presents the schematic design of the MySemi 
DMX512 integrated circuit. 
 

 
Figure 1.  MySemi’s DMX512 receiver and decoder 
schematic 
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Four channels are used to decode DMX signals, and 
this configuration is defined as an RGBW (Red, 
Green, Blue, White) wall-washing fixture. Each 
channel is controlled by Microchip's constant 
current driver. The constant current provided by the 
driver in each channel can be adjusted between 150 
mA and 1100 mA. Figure 2 presents the schematic 
design of the Microchip constant current driver. 
 
Figure 3 presents the overall PCB design of the 
DMX512 constant current driver. According to this 
design, the dimensions are 230mm in length and 
30mm in width. These dimensions represent the 
maximum possible size for a standard wallwasher. 
Therefore, these are the optimal dimensions for 
maximizing power and efficiency. 
 

 
Figure 2.  Microchip’s constant current driver 
schematic 
 

 

 

 
Figure 3. DMX512 Constant current driver 
 
3. Design Criterias in Electronic Circuit 
 
Heating and magnetic noise problems produced by 
harmonic components were observed on the circuit 
at high currents. These problems are especially 
associated with factors such as: 
 

 Electromagnetic interference caused by high-
frequency PWM signals and high current, 

 Cooling problems caused by inadequate 
component placement and high current, 

 Insufficient grounding in PCB design. 
 

Choosing an efficient and temperature-sensitive 
power converter helps reduce the heating problems 
of the LED driver. Effective EMI filtering is critical to 

reducing magnetic noise levels, and proper 
component selection and circuit design help solve 
this problem. Things to do to reduce heating levels 
are Thermal Management, Circuit Optimization, 
Active Cooling. Thermal management is a critical 
issue in LED driver design, and component 
placement, heat dissipation, and cooling techniques 
help reduce heating levels. Optimization of LED 
driver circuits increases energy efficiency and 
reduces heating problems, and this was achieved in 
this study with component selection and circuit 
design. Reducing the temperature levels of heated 
components using active cooling techniques (fans, 
heat sinks, etc.) was considered an important 
solution for LED driver design [12-18].  
 
 
Conducted Emission Test Setup  
 
Conducted emission tests were performed 
according to CISPR 16-2-1 standards. This test aims 
to measure the electromagnetic interference 
emitted by the device through the power line. 
Typical conducted emissions compliance 
configuration about the test setup are given in 
Figure 4. 

  
Figure 4: Typical conducted emissions compliance 
configuration [Int. 1] 
 
Additionally, Figure 5 shows the visual 
representation of the conducted test. As seen in this 
figure, the measurements were taken in accordance 
with the standards. 
 

  
Figure 5: Conducted emission test setup 
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The test setup comprises the following components: 
 

 DUT (Device Under Test): Tested under normal 
operating conditions. 

 LISN (Line Impedance Stabilization Network): 
Enables the measurement of noise emitted from 
the device's transmission line. A Tekbox TBLC08 
model LISN device was employed in the test 
setup. 

 Spectrum Analyzer/EMI Receiver: Analyzes the 
signals emitted by the device. Measurements 
were conducted using a Rigol RSA3000 series 
spectrum analyzer. 

 Attenuator and Transient Limiter: Used for 
signal conditioning and device protection. 

 Isolated Table and Grounding Plates: Enhance 
measurement accuracy and prevent 
interference. 

 
 
Radiated emission 
 
Radiated emissions are unwanted radio waves given 
off by electronic devices. These waves can interfere 
with other devices and so are limited by regulations. 
To measure radiated emissions, we can use special 
rooms like anechoic chambers or special equipment 
like GTEM cells. For quick checks, we can use near-
field probes. In this study, we used TBPS01 probes 
and a TBWA2 amplifier with a Rigol RSA3000 
spectrum analyzer. 
 
Thermal Test Setup 
 
A thermal test setup was established to determine 
the maximum temperature values of the device 
under full load. Four UNI-T UTL8212+ load banks 
were used as load and current measurement devices 
for each channel. During the test, a DMX signal with 
a maximum PWM value of 8 bits (255,255,255,255) 
was sent to each channel. The temperature values of 
the MOSFETs and Coils as the switching elements, 
were examined. Figure 6 shows the thermal test 
station. 
 
 
 
 
 

 

 
Figure 6: Thermal and pre-radiated test setup 

 
3. Results and Discussionn 

In this study, the main components of the constant 
current LED driver structure are DMX512 Decoder, 4-
channel (RGBW) MySemi DMX decoder, which 
digitally decodes the signals and generates PWM 
signals for each channel. With this decoder, 
Microchip's constant current driver was tested at full 
load on 4 channels at the same time at different 
current values of 24VDC 350mA, 500mA, 750mA and 
1100mA. The driving frequency of the LEDs is 20kHz. 
In the measurements made, the coil and PCB 
temperatures according to the current values and the 
measurements made with the near field (pre-amp 
20db) probe are given in Table 1. As can be seen in 
the table, the temperature increases non-linearly as 
the current value increases. In addition, while the 
magnetic noise peaks and the frequencies of these 
peaks do not change much in the first three current 
ranges, it is seen that the peak value and frequency 
increase when the current increases to 1100mA.  

Table 1. PCB, Coil temperature and electro magnetic 
emission peak 

Current 
Rate 
(mA) 

PCB and Coil 
Temperature 
(oC) 

Peak 
(dBuV) 

Peak 
Freq. 
MHz 

350 30.2  55.29 58.69 

500 32.1  54.27 58.69 

750 38.8  55.83 58.69 

1100 56.1.2  60.14 60.14 
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Figure 7. Electro magnetic emission peaks (logaritmic 
scale between 30MHz-1GHz) 
 
Figure 7 presents the electromagnetic emission 
peaks (on a logarithmic scale between 30MHz-1GHz) 
and their corresponding frequencies. The upper 
image displays the noise characteristics at a current 
of 350mA, while the lower image shows the noise 
characteristics at a current of 1100mA. A significant 
change in noise levels can be observed. Additionally, 
there is an increase in both the number and 
frequency of peaks. 
 
Figure 8 presents the conducted emission noise 
measurement graph of the driver. The measurement 
range is between 9kHz and 30MHz with a resolution 
bandwidth (CSPR 16) of 9kHz. The topmost figure 
shows the emission graph of the driver without a 
specified current load. The middle figure represents 
the measured emission values at a current of 
350mA, and the bottom figure shows the measured 
emission values at a current of 1100mA. It is evident 
from these graphs that the noise increases non-
linearly, especially at higher currents. 
 

 

 

 
Figure 8. Conducted emission peaks 
 
The Microchip constant current driver provides a 
specific range of current (350 mA - 1100 mA) to the 
LEDs based on the duty cycle of the PWM signal. As 
the PWM signal width increases, more current flows 
to the LED, resulting in increased brightness. When 
high currents and intense PWM frequencies are 
used in the circuit, heat is generated. Therefore, 
thermal protection mechanisms are incorporated 
into the constant current driver. Furthermore, 
thermal vias and copper pads are utilized in the PCB 
design to facilitate circuit cooling. Additionally, 
parallel capacitors are added to the power line to 
mitigate electromagnetic interference (EMI), and 
the PWM driver circuit and DMX512 signal lines are 
isolated. 
 
This study reveals that optimizing component 
selection and circuit design can significantly reduce 
thermal and magnetic issues in LED drivers using the 
DMX512 protocol. In this study, digital signals are 
decoded using a DMX512 decoder and a PWM 
generator, and the LEDs are driven in a controlled 
manner with a constant current driver. The circuit 
provides adjustable current between 350 mA and 
1100 mA on each channel, ensuring that the LEDs 
operate at high performance and have a long 
life.Thanks to the elimination of cooling and EMI 
problems with suitable components, this system 
offers a reliable and efficient solution suitable for 
use in professional lighting projects.  
 
Conclusion 
 
This study provides an important step towards 
solving thermal and magnetic problems 
encountered in the design of LED driver circuits 
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operating with the DMX512 protocol. Thanks to the 
improved circuit topology and component selection, 
LED drivers have been made longer lasting and more 
efficient. The results of the study can also guide the 
design of future lighting systems. Constant Current 
Protection: Thanks to the microchip driver, the 
current of the LEDs is fixed within the desired range, 

which increases the LED life and prevents 
overheating. Thanks to the DMX512 protocol, the 
brightness and color of each channel are precisely 
controlled. Noise and EMI Control: Electromagnetic 
compatibility is ensured with proper filtering and 
PCB design.  
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Abstract. In this study, effects of shot peening process applied to samples were produced from 17-4 PH H1150 stainless 
steel material on LCF life were experimentally investigated. Shot peening was applied at densities of 3A, 4.5A, and 6A, and 
coverage rates of 100%, 200%, and 300%. Strain-controlled LCF tests were performed. Microstructures of samples were 
examined and microhardness values were obtained and commented. Surface roughness of samples was measured and 
compared. According to the study, it was determined that shot peening increased the LCF life, compared to the unpeened 
sample, by 13.7%, 44.6%, and 93.1% under 100%, 200%, and 300% coverage, respectively at 3A intensity; by 18.4%, 75.2%, 
and 89.2% under 100%, 200%, and 300% coverage, respectively at 4.5A intensity; and by 36.3%, 62.3%, and 62.8% under 
100%, 200%, and 300% coverage, respectively at 6A intensity. Furthermore, the analysis conducted according to the applied 
Taguchi experimental design revealed that the effect of shot peening coverage on fatigue life is greater than the effect of 
shot peening intensity. It has been demonstrated, supported by experimental findings, that shot peening provides 
improvement in the microstructure. 
 
Keywords: Shot peening, low-cycle fatigue, LCF, 17-4 PH, Taguchi 
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Introduction. Shot peening, a preferred method for 
non-cutting surface processing, involves impacting 
balls made from materials like steel, cast iron, glass, 
and ceramics onto a workpiece with sufficient 
kinetic energy, creating indentations that induce 
plastic deformation and surface hardening [1, 2]. It 
has been stated in numerous studies that shot 
peening increases fatigue life [3, 4, 5, 6]. In this 
study, the effects of shot peening intensity and 
coverage parameters on low-cycle fatigue (LCF) life 
were investigated. Samples were subjected to shot 
peening using the same type of shot, with intensities 
of 3A, 4.5A, and 6A, and coverage levels of 100%, 
200%, and 300%, followed by low-cycle fatigue 
testing. Additionally, microstructural analysis and 
microhardness measurements were conducted. The 
surface roughness values of the samples were 
measured and compared.  
 

In previous studies it was stated that surface 
roughness is more effective than residual stress for 
LCF region of the life after shot peening [7, 8]. 
Additionally with other studies reviewed it is 
understood that effect of residual stress and surface 
roughness on LCF life may vary depending on 
material, surface roughness and residual stress 
levels [9, 10, 11]. 
 
The residual stresses and microhardness generated 
by shot peening have been investigated and it has 
been reported that shot peening creates residual 
stress in the compression direction in the region 
close to the surface, and thus increases 
microhardness in previous works [4, 7, 12, 13].  
 
Surface roughness changes according to peening 
intensity and coverage. It mostly increases 
compared to unpeened samples, but it does not 
always increase with higher coverage and intensity. 
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After these two parameters reach a certain level, 
surface roughness may start to decrease. [12, 14, 
15].  
 
Table 3. 17-4 PH (AISI 630) Chemical Composition 

Table 4. Mechanical Properties of 17-4 PH H1150 [16] 

Shot peening creates finer grains at surface region of 
material. And depth of grain refinement depends on 
the intensity and coverage as well [12, 14, 17, 18]. 

 
17-4 PH (AISI 630) H1150 material is used for the 
study. Chemical composition is shown in Table 1. 
The material was initially acquired in Condition A 
and subjected to heat treatment in accordance with 
standard AMS2759/3 and the manufacturer's 
specifications to achieve condition H1150 [16, 19]. 
Mechanical properties are given in Table 2.  
 
Samples were produced according to geometry 
specified in ASTME606 [20]. To compare samples 
that were left as-machined and those subjected to 
shot peening, the test samples without shot peening 
were manufactured to achieve a surface roughness 
of Ra=1.6 µm. Shot peening was done to nine 
different samples with ASH 110 media according to 
AMS2431/2 standard with three different intensities 
and coverage levels. 

Table 5. Shot peening parameters and sample 
numbers 

Sample Number Intensity Coverage (%) 

1 3A 100 
2 3A 200 
3 3A 300 
4 4.5A 100 
5 4.5A 200 
6 4.5A 300 
7 6A 100 
8 6A 200 
9 6A 300 
10 Unpeened 

 

Results and Discussion. LCF tests were performed 
for all samples. Highest load applied to the sample is 
shared in Figure 12. A 50% reduction in the applied 
force during testing can be considered a damage 
criterion, indicating the presence of a crack or cracks 

in the specimen [20]. The number of cycles at 
fracture was accepted as the damage criterion, as 

the maximum difference between this and the  

 

 

 

cycles where the applied force was halved was only 
4%, which does not affect the comparison. 

 

Figure 12. Force and fatigue life graphic of the sample 
which shot peened with 3A intensity and 100% 
coverage. 

 

LCF test results are shown in Table 6. The table 
shows that coverage is more effective than intensity 
in improving LCF life. As the coverage increases 
across the columns, the improvement in LCF life is 
more significant than the improvement observed 
with increasing intensity down the rows. 
 
Table 6. LCF results of shot peened samples shown in 
intensity (rows) and coverage (columns) 

 100% 200% 300% 

3A 1,14N 1,45N 1,93N 
4.5A 1,18N 1,75N 1,89N 
6A 1,36N 1,62N 1,63N 

C Mn P S Si Cr Ni Cu Nb 

<0.07 <1 <0.04 <0.03 <0.7 15-17 3-5 3-5 0.15-0.45 

UTS (MPa) 0.2 % YS (MPa) Elongation % Hardness (HRC) Impact, Charpy  
V-Notch, (J) 

1000 862 19 33 68 
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It was determined that shot peening increased the 
LCF life, compared to the unpeened sample, by 
13.7%, 44.6%, and 93.1% under 100%, 200%, and 
300% coverage, respectively at 3A intensity; by 
18.4%, 75.2%, and 89.2% under 100%, 200%, and 
300% coverage, respectively at 4.5A intensity; and 
by 36.3%, 62.3%, and 62.8% under 100%, 200%, and 
300% coverage, respectively at 6A intensity (Figure 
13). 

 

 

Figure 13. A comparative graph showing the fatigue 
life of all samples. 

 

The experimental design was structured using a 
Taguchi L9 array, and the effects of the parameters 
were also mathematically determined. The previous 
evaluation that shot peening intensity is more 
effective than coverage is also confirmed through 
Taguchi analysis. 

 

 

Figure 14. Graph of the effects of parameters for 
maximum fatigue life 

 

A mathematical expression which is Eq. [1] of fatigue 
life (FL) as a function of shot peening intensity (I) 
and coverage (C) has been derived through 
regression analysis. 

 

             FL= 0,915 + 0,011.(I) + 0,002954.(C)           Eq. [1] 

Based on microhardness measurements, surface 
hardness was highest in shot-peened samples, 
decreasing with depth, with the highest values 
observed in sample peened with 6A intensity and 
300% coverage (Figure 15). It can be observed in 
other studies in the literature that microhardness 
values are proportional to residual stress values [7, 
13]. 

 

 

Figure 15. Force and fatigue life graphic of the sample 
which shot peened with 3A intensity and 100% 
coverage. 

 

As shot peening intensity and coverage increased, 
surface roughness also increased. The surface 
roughness of samples peened at 3A intensity was 
lower compared to the baseline samples (Table 7). 

 

Table 7. Surface roughness values of samples 

Sample Number Ra Rz 

2 1.400 1.746 
3 1.600 9.663 
4 1.987 11.665 
5 1.523 8.577 
6 2.435 14.519 
7 1.564 13.395 
8 3.035 17.457 
9 3.416 19.871 
10 1.836 6.908 

 

When examining the surface roughness values in Ra 
and fatigue life in N presented in Figure 16, it is 
observed that the surface roughness and fatigue life 
of samples peened at 3A intensity with 200% 
coverage, 4.5A intensity with 100% coverage, and 6A 
intensity with 100% coverage are lower compared to 
the samples peened at 6A intensity with 200% and 
300% coverage. Based on the results of this study, 
the effect of surface roughness in the LCF region, 
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where the number of cycles is 1N, was not clearly 
observed (Figure 16). 

 

 

Figure 16. Graph of fatigue life versus surface 
roughness (Ra) for the samples  

 

Shown in Figure 17, the grain sizes near the surface 
in samples 5 and 9 were observed to be finer than 
those in sample 10, with sample 9 exhibiting finer 
grain sizes and a greater depth of grain refinement 
compared to sample 5. 

  

 
Figure 17. Microstructural images of the near-surface 
region of unpeened (a), sample 5 which is peened with 

4.5A intensity and 200% coverage (b) and sample 9 
which is peened with 6A intensity and 300% coverage 
(c) samples. 

 

Conclusion. This study investigates the effects of 
shot peening parameters on the LCF life of 17-4 PH 
H1150 material. It has been determined that shot 
peening enhances LCF life. Additionally, it has been 
reported that the effect of shot peening coverage on 
fatigue life is greater than that of shot peening 
intensity. An increase in shot peening intensity and 
coverage was shown to refine grains in the near-
surface regions and increase surface roughness. 
Despite the higher surface roughness at the 1N 
fatigue life level, the fatigue life of the shot-peened 
samples was observed to be greater compared to 
the unpeened samples. Samples with higher shot 
peening intensity and coverage exhibited higher 
microhardness values in the near-surface regions, 
which was associated with the proportional increase 
in residual stress in these regions. 
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Abstract. This study investigates optimizing process parameters to control surface roughness in AlSi10Mg components 

produced via Laser Powder Bed Fusion (L-PBF) on a medium-wattage machine. The use of non-explosive AlSi10Mg 

feedstock, while safer, is typically linked to higher surface roughness compared to its standard counterpart, due to its 

distinct powder size distribution and characteristics. Surface roughness is a key factor affecting the performance and quality 

of printed parts, particularly along borders and complex geometries. Focusing on the Downskin, Infill, and Upskin printing 

sequence, this research identifies parameters that significantly impact roughness. Test samples were produced using 

AlSi10Mg, and roughness was measured via profilometry. Results show that the sequence of Downskin, Infill, and Upskin 

printing stages plays a crucial role in surface quality. The Upskin region exhibited higher roughness when the sequence was 

not optimized, while specific settings for Downskin improved the surface finish. Key factors influencing roughness include 

laser power, scanning speed, and layer thickness, but their effects vary based on the printing sequence. By optimizing this 

sequence, more uniform surface finishes can be achieved across different regions. These findings are valuable for industries 

seeking enhanced surface quality in SLM-manufactured aluminium components.  

Keywords: Surface Roughness, AlSi10Mg, Laser Powder Bed Fusion, Parameter Optimization 
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Introduction 
 
Surface roughness causes lower fatigue resistance 
and crack initiation for additively manufactured 
aluminum with laser powder bed fusion (L-PBF) 
technology [1]. To control roughness values, the 
powder size, shape and various L-PBF fine-tuning 
parameters are utilized along with infill process 
parameters such as laser power, laser scanning 
speed, hatch distance and layer thickness [2]. In 
literature, commercially available AlSi10Mg powder 
typically ranges between 20-70 µm and is uniformly 

spherically shaped for medium-wattage industrial L-
PBF machines [3]. This powder size's surface 
roughness value range varies between 3.5-4.5 µm 
[4] for the horizontal surface parallel to the building 
direction. However, the NeXP-1 AlSi10Mg from 
Equispheres, which is used for this study, comes in 
above 100 µm powder size distribution and uniform 
spherical powder shape [5]. This effort therefore 
aims to perform an unused optimization study with 
fine-tuning parameters (Fig.1) for reducing the 
surface roughness of NeXP-1 powder, with its 
atypically large particle size. For this purpose, the 
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effects of the distance between border-following 
border, hatch offset, and their combination, printing 
sequence and upskin-downskin parameters were 
investigated. 

 
Figure 1. Fine-tuning parameters: border, hatching, 
fill contour (FC) and hatch offset (HO), fill contour 
offset (FCO) beam compensation (BC), border 
distance (BD) under licensed by Ramirez-Cedillo et 
al. [6]. 
 
The effects of distance between the border and 
following border parameter were examined in 1st 
and 2nd parameter sets as shown in Table 1. The 3rd 
and 4th parameter sets displayed hatch offset (the 
distance between hatch and borderline) effects on 
surface roughness while the 5th to 8th parameters 
were created with the combined effects of border 
and hatch offsets. The L-PBF printing sequence 
(parameters 9 and 10) and upskin-downskin 
parameter effects (parameters 11 and 12) on 
surface roughness were investigated. 12 mm cubes 
were manufactured with one cube per set on a 
medium-wattage L-PBF machine (XM200G, Xact 
Metal, USA) while adopting a stripe scanning 
strategy. 390 W laser power, 1100 mm/s laser 
scanning speed, 0.13 mm hatch distance, and 0.06 
mm layer thickness parameters were used as infill 
process parameters. The same laser power and 
scanning speed values were repeated in the border 
and following-border parameters. A surface 
profilometer (Veeco Dektak 150) was used to 
measure surface roughness on the as-built parts. All 
measurements were taken from the top surface as a 
horizontal side to the building direction.  
 
Table 1. Fine-tuning parameter optimization for surface 
roughness measurements 

Param. 
Number 

Parameter Optimization Effects  

1  0.05 mm border-
following border (BD) 

Border-
Following 
Border 
Parameter 

2   0 mm border-following 
border (BD) 

3 0.1 mm for hatch offset  Hatch 
Offset 4 0 mm for hatch offset  

5 Combination of 1-3  Border 
and Hatch 
Offset 

6 Combination of 1-4 
7 Combination of 2-3 
8 Combination of 2-4 
9 Downskin-Infill-Upskin Printing 

Sequence 10 Infill-Downskin-Upskin 
11 Upskin and downskin are 

open  
Upskin-
Downskin 

12 Upskin and downskin are 
closed 

 

Results and Discussion 
 
Surface roughness results showed that overlap 
between the border and the following border 
generated a remelting effect and caused slightly 
lower surface roughness (4.6 µm) than 0.05 mm 
distance (5.3 µm) (Fig.2). There was no significant 
roughness difference observed (3.5 µm) among 
hatch offset values. On the other hand, the 5th and 
7th parameter set values are approximately 3.3 µm 
while the 6th and 8th parameter set values were 4.7 
and 5.2 µm, respectively.  The 0.1 mm hatch offset 
revealed a smoother surface performance than the 
0 mm hatch offset in the border and hatch offset 
combination. L-PBF printing sequence effect 
exhibited that downskin-infill-upskin sequence has 
the lowest surface roughness value as 2.1 µm while 
infill-downskin-upskin sequence produced a 
roughness of 3.85 µm. The highest surface 
roughness (9.18 µm) was measured when upskin 
and downskin parameters were opened (Fig.3).  
 
Afroz et al., 2023 [7] mentioned that the surface 
roughness for their alloy was 2.1 µm while 
Zimmermann et al., 2020 [8] presented values of 3.8 
µm. It is revealed that NExP-1 powder over 100 µm 
size having 2.1 µm surface roughness is in line with 
powders of smaller sizes. 
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Figure 2. Surface roughness-parameter number graph. 
 
 
 
 

 

 
Figure 3. The top surfaces of Parameter 9 (a) and 11 
(b), respectively. 
 
Conclusion 

 
The surface roughness of NExp-1 printed parts 
increased when upskin and downskin parameters 
were opened with default border (0.05 mm) and 
hatch offset (0.1 mm). Hatch offset can be used at 0.1 
mm to get a smoother surface. The distance between 
the border and the following border parameter did 
not expose a significant effect. The L-PBF 
manufactured NExP-1 AlSi10Mg parts were 
investigated to get lower surface roughness. 
Downskin-infill-upskin printing sequence gave the 
lowest surface roughness, therefore it might be 
followed as a promising optimization strategy instead 
of the default infill-downskin-upskin sequence. In the 
future, defect-free bulk ASi10Mg structures will be 
examined by a mechanical and microstructural 
analysis.    
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Abstract. High-entropy alloys (HEAs), which consist of multi-principal elements and a wide range of molar ratios of 
constituent elements, have emerged as a promising group of materials to tackle pressing energy and environmental 
challenges. These challenges encompass issues such as climate change and semiconductor chip shortages. This family of 
materials includes various variants, such as high-entropy catalysts, high-entropy oxides, high-entropy semiconductors, high-
entropy superconductors, high-entropy ceramics, and more. A common challenge shared by these frontiers is the selection 
of elements and their molar ratios from the vast compositional space. In this presentation, I will provide examples of how 
emerging quantum computers, including quantum simulators and quantum hardware, can address this elemental design 
problem and contribute to the discovery of novel HEAs. I will also demonstrate how quantum machine learning algorithms 
exhibit the potential to accelerate the training process. Finally, I will outline several potential directions for HEA research 
that can benefit from the power of quantum computing. 
 

Keywords: quantum computing, High-entropy alloys, machine learning. 

© 2024 Published by ICMATSE 

 

 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

229 
 

Lemon peel incorporated PVA/chitosan composites for advanced bioactive food 
packaging : Physico-chemical properties and interfacial dynamics 

 

 

Oumaima Fakraoui 
LaMaCoP, Faculté des Sciences de Sfax, Université de Sfax, 3018 Sfax, Tunisie. 

IJL, CNRS, Université de Lorraine, Campus Artem, 54000 Nancy, France. 
ORCID: 0000-0001-5401-1766  

 

Isabelle Royaud 
IJL, CNRS, Université de Lorraine, Campus Artem, 54000 Nancy, France. 

ORCID: 0000-0001-5469-2995 
 
 

Mourad Arous 
LaMaCoP, Faculté des Sciences de Sfax, Université de Sfax, 3018 Sfax, Tunisie. 

ORCID: 0000-0001-6505-1480  
 
 

Zoubir Ayadi 
IJL, CNRS, Université de Lorraine, Campus Artem, 54000 Nancy, France. 

ORCID: 0000-0002-3256-1334 
 

 

Cite this paper as: Fakraoui O, Royaud I, Arous M, Aayadi Z. Lemon peel incorporated PVA/chitosan composites 
for advanced bioactive food packaging : Physico-chemical properties and interfacial dynamics.Int. Conf. 

Advanced. Mater. Sci.& Eng. HiTech.and Device Appl.Oct. 24-26 2024, Ankara, Turkiye 
 

Abstract. Lemon peel (LP) was incorporated on PVA/chitosan (CS) to develop novel active food packaging films. The effect 
of various lemon peel contents (1, 3 and 5 wt.%) on the thermal, biodegradability, mechanical and bioactivity properties of 
the chitosan/PVA films were investigated. Additionally, dielectric studies were conducted to probe the interfacial properties 
between the matrix and biofillers, shedding light on the compatibility and interactions within the composite structure. The 
inclusion of LP has demonstrated enhancements in the properties and biodegradability of the PVA/CS films. The dielectric 
study reveals the good interfacial compatibility between the PVA/CS matrix and LP bioreinforcements. Furthermore, taking 
advantages of good mechanical properties and biodegradability, cherry tomatoes were wrapped in the PVA/CS/LP films for 
preservation experiment. Considering the evaluated properties, PVA/CS/lemon peel composites may be potential 
ecofriendly bioactive packaging candidates for food preservation. 
 

Keywords: biocomposites, physico-chemical properties, interfacial properties, bioactive food packaging. 
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I. Introduction 
The growing demand for petroleum-based plastics 
has intensified concerns over the depletion of 
nonrenewable resources and environmental 
pollution due to improper disposal [1]. As a 
sustainable alternative, biobased and biodegradable 
polymers have gained attention, with polyvinyl 
alcohol (PVA) emerging as a leading candidate in 
food packaging due to its biocompatibility, chemical 
stability, and excellent film-forming properties [2]. 
Despite its advantages, the relatively high cost of 
PVA necessitates enhancement through blending 
with other polymers, such as chitosan (CS). CS, 
derived from chitin, is valued for its biodegradability, 
biocompatibility, antimicrobial activity, and barrier 
properties [3]. PVA/CS blends exhibit strong 

intermolecular interactions, resulting in improved 
mechanical and barrier characteristics, highlighting 
the potential of the blend for advanced bio-based 
packaging solutions [4]. 
 
Additionaly, natural active substances from citrus 
wastes, like lemon peel, are increasingly used to 
enhance the antioxidant and antimicrobial 
properties of food packaging films. Lemon peel (LP), 
is rich in pectin, cellulose, and bioactive compounds, 
which improve mechanical strength and barrier 
properties [5,6]. Direct incorporation of lemon peel 
powder, rather than complex extraction processes, 
offers a practical approach for developing active 
packaging films, effectively extending the shelf life 
of food products [7]. 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

230 
 

 
This work aims to develop a novel biodegradable 
food packaging film by reinforcing PVA/CS with LP as 
a natural additive. The effect of LP contents on the 
physico-chemical properties of the PVA/CS films 
were investigated. Furthermore, a dielectric study 
was carried out to probe the interfacial compatibility 
between the PVA/CS matrix and LP, essential for 
achieving the optimal performance of biocomposite 
materials. 
 

II. Methods 
 

1.  Preparation of biocomposite films 
 

Biocomposite films were prepared by solution 
casting. PVA was dissolved in water (20% w/v) at 
80°C, and CS in citric acid (1% w/v) at 30°C. The 
solutions were blended at a 4:1 PVA/CS ratio for 2 
hours. Lemon peels were cleaned, dried at 100°C, 
ground into powder, and filtered. The powder (1, 3, 
and 5 wt.%) was added to the PVA/CS mixture, 
stirred for 2 hours at 30°C, and sonicated for 2 
minutes. The solutions were cast into petri dishes 
and dried at 50°C, resulting in films labeled PVA, 
PVA/CS, PVA/CS/LP1, PVA/CS/LP3, and PVA/CS/LP5. 
 

2.  Thermogravimetric analysis 
 

Thermal stability and decomposition of composite 
films were assessed using a Setsys Ev 1750 TGA-
SETARAM analyzer. Approximately 7 mg samples in 
alumina crucibles were pyrolyzed in air (20 mL/min) 
from 20–600°C at a heating rate of 10°C/min. 
 

3.  Biodegration in soil 
 

Biodegradability was assessed by burying 2×2 cm 
film samples in soil for 30 days. After extraction, 
samples were rinsed with deionized water, dried 
under vacuum at 60°C, and weighed to determine 
degradability using the subsequent equation: 
 

D (%) =  
W𝐼 −  W𝐷

W𝐼
 × 100 

 
where WI  and WD  are the initial weight and the 
weight after 30 days, respectively. 
 

4.  Tensile test 
 

Mechanical behavior of specimens, cut to 25 × 10 
mm, was studied using an MTS electromechanical 
test machine with a 10 kN load cell and a strain rate 
of 1 mm/min until failure. 

 
5.  Application for food packaging 

 

Cherry tomatoes were washed, packed with film 
samples, and stored at 26°C for 30 days. The fresh-
keeping effect of the films was measured by the 
weight loss rate of the tomatoes using the formula: 
 

Wloss (%) =  
W0 −  WL

W0
 × 100 

 
where W0  and WL  are the weight of cherry 
tomatoes before and after packaging, respectively. 
 

6.  İnterfacial properties 
 

Dielectric experiments were conducted using a 
Novocontrol Broadband Dielectric Spectrometer. 
Measurements were performed from 10⁻¹ to 10⁶ Hz 
and -40 to 150°C in 3°C steps. İnterfacial properties 
were analyzed through theoretical fitting using the 
WinFit software. 
 

III. Results and discussions 
 
1.  Thermal properties  

 

Thermogravimetric analysis (TGA) is crucial for 
assessing the thermal stability of biocomposites 
used in packaging. Figure 1 shows TGA curves for 
biocomposite films, revealing similar decomposition 
trends, indicating good PVA/CS matrix-LP 
compatibility. The TGA thermograms show three 
decomposition stages: 1) evaporation and polymer 
degradation (80-240°C), 2) complete decomposition 
(210-380°C), and 3) oxidative degradation of 
residues (400-500°C) [8]. The addition of CS and LP 
enhanced thermal resistance, with higher 
degradation temperatures in PVA/CS and PVA/CS/LP 
films compared to pure PVA, attributed to stronger 
hydrogen bonding with CS. The small amount of LP 
did not significantly alter thermal behavior. 

 
Figure 18. TGA thermograms of PVA, PVA/CS and LP 
biocomposite films. 
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2.  Soil biodegradability 
 

Soil burial tests were conducted to evaluate the 
biodegradability of biocomposite films in natural 
conditions. As presented in Figure 2, after 30 days, 
all films showed weight losses exceeding 60%.  

 
Figure 19. Degradation of the optimized films in soil 

30 days. 
 
The PVA film achieved a biodegradation rate of 61%, 
indicating its biodegradability [9]. The PVA/CS blend 
exhibited higher degradation than PVA, due to the 
superior biodegradability of natural 
polysaccharides. Incorporating LP further improved 
biodegradation, as the organic content in lemon 
peels supports microbial growth and accelerates the 
degradation process [10–12]. 
 

3.  Mechanical properties 
 

The tensile properties of PVA, PVA/CS, and 
PVA/CS/LP biocomposites were evaluated through 
uniaxial tensile tests. Young’s modulus and tensile 
strength are detailed in Table 1 as functions of LP 
content. The neat PVA film has a Young’s modulus of 
679 MPa and tensile strength of 108 MPa. Blending 
PVA with CS increases the Young’s modulus to 797 
MPa and tensile strength to 109 MPa. The enhanced 
properties are attributed to the reinforced network 
formed by interactions between PVA and CS [13,14]. 
Adding 5 wt.% LP to the PVA/CS blend boosts the 
Young’s modulus to 1322 MPa and improves tensile 
strength to 146 MPa, 164 MPa, and 193 MPa for 1, 
3, and 5 wt.% LP, respectively. Yield strength also 
increases by 26% to 33 MPa with 5 wt.% LP. These 
improvements are due to hydrogen bonding 
between LP and the PVA/CS blend and the 
crosslinking effect of lignin on LP [15]. 
 
 

Table 1: Young's modulus and Tensile strength of PVA, 
PVA/CS and PVA/CS/LP biocomposites. 

Sample Young’s 

modulus (MPa) 

Tensile strength 

(MPa) 

PVA 679 ± 53 108 ± 10 

PVA/CS 797 ± 61 109 ± 7 

PVA/CS/LP1 1236 ± 97 146 ± 12 

PVA/CS/LP3 1249 ± 115 164 ± 19 

PVA/CS/LP5 1322 ± 122 193 ± 15 

 
4.  Application for food packaging 

 

Weight loss in cherry tomatoes is a key measure of 
how effectively the studied biocomposite films 
maintain freshness and minimize moisture loss. 
Figure 3 illustrates the weight loss and condition of 
cherry tomatoes packaged in biocomposite films.  
 

 
 

Figure 20. Cherry tomatoes appearance; not covered 
at day 1 and after 30 days packed using PVA/CS/LP5 
film, and weight loss rate of cherry tomatoes after 30 
days of preservation. 

 

PVA film led to the highest weight loss due to 
increased respiration and evaporation. 
Incorporating CS improved film performance, as its 
antimicrobial and antioxidant properties help 
reduce microbial degradation and oxidation, thus 
lowering weight loss [16]. Among the films tested, 
PVA/CS/LP biocomposites resulted in the least 
weight loss. LP, with its natural antimicrobial 
compounds, aids in preserving tomato freshness and 
reducing weight loss from microbial activity [17,18]. 
These findings are consistent with biodegradability 
test results. 
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5.  İnterfacial properties 
 

Composite properties are significantly influenced by 
the characteristics and proportions of their 
individual phases, as well as their interactions. The 
dispersion of reinforcements and their interactions 
with the polymer matrix are critical for performance 
[19]. Dielectric spectroscopy (DS) is effective for 
exploring structure-property relationships and 
interfacial properties in composites, including 
interfacial relaxation [20]. The dielectric permittivity 
data were analyzed using WinFit software with the 
Havriliak-Negami function [21], as outlined in the 
following equation: 
 

εHN
∗ (ω) =  ∑ (ε∞ + 

∆εk

[1 + (iωτHNk
)

αHNk ]
βHNk

)

N

k=1

− j (
σdc

ε0ω
)

N

 

 
where k  is the number of different relaxation 
processes that can occur, ∆ε = εs − ε∞  is the 
dielectric relaxation strength (εs is the real part of 
permittivity at ω = 0 and ε∞ is the unrelaxed value 
of the dielectric constant), αHN  and βHN  are the 
Havriliak-Negami parameters, which correspond to 
the width and asymmetry of the relaxation times, 

respectively. The expression j (
σdc

ε0ω
)

N
 represents the 

conductivity where σdc  is the direct current 
conductivity, ε0 is the vacuum permittivity and N is 
a fitting parameter that ranges from 0 to 1. 
 
To evaluate the quality of the fiber/matrix interfacial 
adhesion between PVA/CS and LP, it is essential to 
examine the dielectric strength ∆𝜀. This parameter 
measures the density, dipolar moment, and 
interconnection of dipoles that accumulate and 
interact at the fiber/matrix interfaces, which 
contributes to interfacial polarization. The ∆ε values 
for LP biocomposites are provided in Table 2. 
 

Table 2. Dielectric strength ∆ε of LP biocomposites as 
a function of temperature. 

Temperature 

(°C) 
PVA/CS/LP1 PVA/CS/LP3 PVA/CS/LP5 

49.6 3.856 3.750 3.230 

52.6 4.126 4.025 3.300 

55.6 4.186 4.458 3.620 

58.6 4.236 4.685 3.730 
 

 
It is notable that ∆𝜀  decreases progressively with 
higher concentrations of LP. Among the 
biocomposites, PVA/CS/LP1 exhibits the highest 
dielectric intensity. This higher dielectric strength 
indicates that more dipoles are being obstructed at 
the interfaces, suggesting weaker interfacial 
adhesion [22]. In contrast, the PVA/CS/LP5 
composite shows the lowest ∆𝜀  values, indicating 
better interfacial adhesion. This improvement is 
attributed to the formation of a network through 
hydrogen bonding between the LPP and the PVA/CS 
blend, as well as the crosslinking effect of lignin 
present on the LP surface [23]. 
 

IV. Conclusion 
 

In this paper, biodegradable food packaging films 
(PVA/CS/LP) were successfully prepared using a 
casting method. The addition of LP improved the 
thermal stability and biodegradability of the PVA/CS 
films, achieving a 74% degradation rate after 30 days 
in soil. Tensile tests showed that blending PVA with 
CS increased the Young’s modulus, and the inclusion 
of LP further enhanced it to 1322 MPa, with a tensile 
strength of 193 MPa, due to strong hydrogen 
bonding. Additionally, PVA/CS/LP biocomposites 
effectively minimized weight loss in cherry 
tomatoes, indicating their potential as eco-friendly, 
bioactive packaging materials. Dielectric studies 
confirmed good interfacial compatibility between 
the PVA/CS matrix and LP reinforcements. 
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Abstract. Titanium dioxide (TiO2) and carbon nanotubes (CNTs) composites have emerged as advanced materials with 
exceptional properties, rendering them highly suitable for applications in wastewater treatment, energy conversion, and 
storage. These composites exhibit remarkable specific surface area (SSA), excellent electrical conductivity, and potent 
photocatalytic activity. This study presents a novel approach for optimizing the synthesis of TiO2/CNTs composites via the 
sol-gel method, employing a Genetic Algorithm (GA). Key parameters, including Titanium isopropoxide (TTIP) concentration 
(ml), CNTs concentration (%), ultrasonic time (%), and microwave exposure time (min), were strategically optimized using 
GA. Comprehensive material characterization was performed through X-ray diffraction (XRD), scanning electron microscopy 
(SEM), Brunauer-Emmett-Teller (BET) analysis, and Zeta potential measurements. Initial experiments revealed SSA values 
ranging from 15 to 264 m²/g. However, the optimized conditions, comprising 20 ml TTIP concentration, 0.5% CNTs 
concentration, 100% ultrasonic time, and 8 minutes of microwave exposure, led to a significant enhancement in SSA, 
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reaching 342 m²/g. It should be highlighted the use of microwave calcination also reduced energy consumption and 
environmental impact, underscoring the method’s sustainability. Obtained results establishes the use of GA as a promising 
approach for further enhancing the desirable properties of TiO2/CNTs composites. 
 
Keywords: Nanocomposite Synthesis; Genetic Algorithm; Microwave Irradiation; Titanium Dioxide; Carbon 
Nanotubes.  
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Introduction 
 
Titanium dioxide (TiO2) and carbon nanotubes 
(CNTs) composites have garnered attention for their 
exceptional structural, electrical, and photocatalytic 
properties, making them ideal for wastewater 
treatment, energy conversion, and storage. TiO2 
provides excellent photocatalytic activity and 
stability, while CNTs offer superior electrical 
conductivity and mechanical strength [1]. Their 
synergy enhances performance in catalytic and 
energy applications. Traditional synthesis methods, 
like furnace calcination, consume significant energy 
while releasing CO2. This study replaces the furnace 
with microwave-assisted synthesis, offering a more 
energy-efficient and environmentally friendly 
alternative, reducing energy consumption and 
emissions. This work tend to optimize the synthesis 
parameters, Titanium isopropoxide (TTIP) 
concentration, CNT concentration, ultrasonic time, 
and microwave exposure time, using a Genetic 
Algorithm (GA) to maximize the specific surface area 
(SSA), a critical factor for their performance [2]. The 
optimization process led to a composite with the 
highest possible SSA, significantly improving 
material properties and ensuring sustainability in 
the synthesis process. 
 
Methodology 
 
Based on the sol-gel method, the CNTs were 
dispersed in a suspension of TTIP and ethanol using 
ultrasonic agitation [3]. Ultrasonication and stirring 
ensured proper interaction and uniformity. The 
mixture was then subjected to microwave 
irradiation for calcination. 
 

 
 
Figure 1. A schematic of TiO2/CNTs nanocomposite 
synthesis procedure. 

 
Four key synthesis parameters (i.e., TTIP 

concentration (ml), CNT concentration (%), 
ultrasonic time (%), and microwave exposure time 
(min)) were optimized employing GA in 16 runs. GA 
systematically explored the parameter space to 
identify the optimal conditions that maximize the 
SSA of the composite. 
 
Results 
 
The optimization of TiO2/CNT composites using a GA 
yielded significant improvements in the material's 
properties. Initial experiments produced SSA values 
ranging from 15 to 264 m²/g, depending on the 
synthesis parameters. Through GA optimization, the 
best conditions were identified as 20 ml of TTIP 

concentration, 0.5% CNT concentration, 100% 
ultrasonic time, and 8 minutes of microwave 
exposure. Under these optimized conditions, the 
SSA increased to 342 m²/g, indicating a substantial 
improvement in the material’s performance. In 
addition, microwave calcination, played a crucial 
role by reducing energy consumption compared to 
conventional furnace methods while forming the 
desired composite structure.  
 

The X-ray diffraction (XRD) pattern displays the 
crystalline structure of the TiO2/CNT 
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nanocomposite, highlighting distinct peaks that 
correspond to different phases within the material 
[4]. Carbon nanotubes (ICDD No. 00-068-1638) are 
denoted by red triangles, with a prominent peak 
around 26° corresponding to the (002) 
crystallographic plane of the graphitic structure. 
Titanium oxide is observed in both its anatase (ICDD 
No. 04-002-8296) and rutile (ICDD No. 01-079-5860) 
forms, marked by green and orange triangles, 
respectively. Peaks for anatase are identified at 26° 
(101), 37.8° (004), 48.1° (200), and 55.1° (211), while 
the rutile phase is confirmed with peaks at 27.5° 
(110), 36.1° (101), and 54.4° (211) (Figure 2). These 
well-defined peaks confirm the successful synthesis 
of the nanocomposite and indicate a crystalline 
structure that combines both carbon nanotubes and 
titanium dioxide in its anatase and rutile forms. The 
sharpness and intensity of the peaks further suggest 
the composite's potential for advanced applications, 
such as catalysis or adsorption, where crystallinity 
plays a crucial role in performance. 
 
The scanning electron microscopy (SEM) images 
show the morphology of the TiO2/CNT 
nanocomposite at a scale of 1 µm, revealing the 
interconnected network of CNTs embedded with 
TiO2 nanoparticles [5]. The lower section presents 
EDS elemental mapping of the same area, 
highlighting the distribution of key elements. Carbon 
(C), represented in red, is uniformly distributed, 
indicating the presence of CNTs throughout the 
sample. Titanium (Ti), shown in blue, marks the 
locations of TiO2 particles, while oxygen (O), 
depicted in green, aligns with the distribution of Ti, 
further confirming the presence of TiO2 (Figure 3). 
The overlapping image at the bottom right combines 
these elemental maps, illustrating the successful 
integration of CNTs and TiO2 within the 
nanocomposite. This combination of SEM and EDS 
provides a detailed look at both the structure and 
elemental composition, verifying the uniform 
distribution and interaction between CNTs and TiO2. 
 

 
Figure 2. XRD pattern of synthesized TiO2/CNTs 
nanocomposite. 
 

In addition, Figure 4 presents the nitrogen 
adsorption-desorption isotherm for the TiO2/CNT 
nanocomposite, showcasing its surface area and 
porosity characteristics. The isotherm follows a Type 
IV pattern, typical of mesoporous materials, with a 
clear hysteresis loop observed between the 
adsorption (red) and desorption (blue) curves, 
indicating the presence of mesopores [6]. SSA of the 
nanocomposite is measured at 342 m²/g, 
demonstrating a high surface area that is beneficial 
for applications such as gas adsorption or catalysis. 
The upward trend in the isotherm at higher relative 
pressures (P/P₀) suggests increased adsorption in 
larger pores. This result confirms the successful 
synthesis of a material with a well-developed porous 
structure.  
 
Furthermore, the Zeta Potential (ZP) versus pH 
graph [7] for TiO2/CNTs nanocomposites illustrates 
the variation in surface charge as a function of pH 
(Figure 5). The point of zero charge (ZCP) occurs at 
pH 6.4, where the surface charge is neutral. Below 
this pH, the nanocomposite surface carries a positive 
charge, attracting negatively charged species, while 
above this pH, the surface becomes negatively 
charged, repelling anions. This behaviour is essential 
for understanding the nanocomposite's stability, 
dispersibility, and interaction with different 
substances in various environmental and industrial 
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applications.

 
Figure 3. SEM images and EDS analysis of synthesized 
TiO2/CNTs nanocomposite. 

 

 
Figure 4. Adsorption/desorption isotherms of 
synthesized TiO2/CNTs nanocomposite. 

Figure 5. ZP of the synthesized TiO2 /CNTs (ZCP being 
detected at approximately pH 6.4). 
 

Discussion and Conclusions 
 
Characterization techniques further confirmed the 
successful synthesis of the TiO2/CNT 
nanocomposite. XRD revealed distinct crystalline 
phases of both CNTs and TiO2, with notable peaks at  
26° corresponding to the (002) crystallographic 
plane of CNTs and 27.5° corresponding to anatase 
and rutile forms of TiO2, respectively. SEM images 
provided a closer look at the nanocomposite's 
morphology, showing a uniform distribution of TiO2 
nanoparticles embedded within the CNTs network. 
This was further confirmed by EDS, which mapped 
the even presence of carbon, titanium, and oxygen 
throughout the material. In addition, the nitrogen 
adsorption-desorption isotherms demonstrated a 
high SSA of 342 m²/g, along with a Type IV isotherm 
and a clear hysteresis loop, confirming the 
mesoporous nature of the material. Furthermore, 
the study emphasizes the efficiency of GA 
optimization, which improved the SSA from initial 
values of 15-264 m²/g to 342 m²/g, significantly 
enhancing the nanocomposite’s performance. 
Moreover, the optimization process, coupled with 
microwave-assisted calcination, reduced energy 
consumption and minimized CO₂ emissions, 
showcasing the sustainability of this synthesis 
approach. These results position the optimized 
TiO2/CNT nanocomposite as a strong candidate for 
advanced technological applications that demand 
high surface areas and efficient material 
performance with a reduced environmental 
footprint. 

 

1 µm 

1 µm 

1 µm 

1 µm 

1 µm 
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Abstract. Sr-doped Ca3Co4O9 p-type, and Ce-doped CaMnO3 n-type compounds were prepared through the solid-state 
method. XRD patterns showed that both samples are nearly single phase, with very small amounts of secondary phases. 
SEM observation indicated that p-type compound is composed by plate-like grains, with some degree of porosity, while n-
type compound presents very low porosity. Electrical resistivity evolution with temperature is metallic-like for the n-type 
compound while for the p-type it is semiconducting-like below 400 ºC and metallic-like at higher temperatures. Seebeck 
coefficient is negative for the n-type compound and positive for the p-type. Absolute Seebeck coefficient increases with 
temperature in both cases. The highest PF values are very close for both compounds at 800 ºC, 0.30 mW/K2m for the p-type 
compound, and around 0.32 mW/K2m for the n-type. These materials were used to build a thermoelectric generator using 
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17 thermoelectric pairs in the classical configuration and evaluated at different temperatures, maintaining constant the 
cold side at 18 ºC, reaching its maximum power, 80 mW, when the hot side reached 900 ºC. 

 
Keywords: Ceramics, Oxides, Thermoelectric module, Power generation 
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Introduction 
 
Thermoelectric (TE) materials can transform a 
temperature gradient to electrical power directly 
due to the well-known Seebeck effect. The 
conversion efficiency of such materials is usually 
quantified by the dimensionless figure of merit ZT, 

TS2/ρ (in which the electrical part S2/ρ is also called 
power factor, PF), where S is the Seebeck coefficient, 
ρ the electrical resistivity, κ the thermal 
conductivity, and T is the absolute temperature [1]. 
This important characteristic has focused attention 
on this type of materials in order to be applied as 
waste heat recovery devices [2] or solar 
thermoelectric generators [3]. Furthermore, they 
can also be used as heating/refrigeration devices [4]. 
Taking into account the above expression, high 
performance thermoelectric materials should 
possess large Seebeck coefficient and low electrical 
resistivity and thermal conductivity. Low electrical 
resistivity is necessary to minimize Joule heating, 
while a low thermal conductivity helps to maintain a 
large temperature gradient between the hot and 
cold sides in the thermoelectric device. 
 
As it is well known, two different thermoelectric 
families are known, p-type which possesses holes as 
charge carriers, and n-type, with electrons as charge 
carriers. These two families are characterized by 
positive, and negative S values, respectively. Among 
these families, the most studied members are 
Ca3Co4O9 and CaMnO3 compounds as p-, and n-type, 
respectively [5,6]. 
 
When building a thermoelectric module, it is 
necessary to use p-n thermoelectric pairs which 
should be connected electrically in series and 
thermally in parallel. Consequently, the 
thermoelectric module is composed of two 
electrically isolating ceramic layers, where the 
electric circuit is printed with metallic Ag. Finally, the 
central part is formed by the conection of 
thermoelectric elements to the circuit. 
 
In this work, Ca2.93Sr0.07Co4O9 (p-type compound) 
and Ca0.95Ce0.05MnO3 (n-type compound) were 
prepared by the classical solid-state route, 
previously described for both compounds [7,8]. 

Precursors were ball milled at 300 rpm for 30 min, 
and calcined twice, at 750 and 800 ºC for 12 hours 
for the p-type, and at 950 and 1050 ºC for 12 hours 
for the n-type. These materials were then uniaxially 

pressed in form of pellets ( 3 x 3 x 15 mm3) under 
400 Mpa, and sintered at 900, and 1310 ºC, for the 
p- and n-type compounds, respectively. 
 
Powder X-ray diffraction (XRD) has been performed 
in a Rigaku Ru300 between 5 and 60 º to identify the 
phases in the samples. Microstructural observations 
were performed on samples surfaces after sintering 
in a FESEM (Zeiss Merlin) fitted with an energy 
dispersive spectrometer (EDS) used to determine 
the elemental composition of each phase. Electrical 
resistivity and Seebeck coefficient were 
simultaneously determined in the steady state 
mode, using the standard dc four-probe technique, 
in a LSR-3 apparatus (Linseis GmbH) between 50 and 
800 ºC under the atmosphere. With these data, PF 
was calculated to determine the samples 
performances. 
 
Module characterization has been performed in a 
home-made system, which cools down the lower 
part of the module with water flow at 18 ºC, while a 
heating device heats the upper part of the modules 
at temperatures up to 900 ºC. 
 
Results and discussion 
 
XRD patterns presented in Figure 1 show that all 
samples are nearly single phase, and only small 
amounts of Ca3Co2O6 secondary phase (indicated by 
*) have been identified. 
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Figure 1. XRD patterns of both compounds. The peak 
identified by * indicates the Ca3Co2O6 secondary phase 

 
Representative SEM images shown in Figure 2, 
indicate that the p-type compound is formed by 
plate-like grains, with relatively high porosity, while 
the n-type is composed of larger polygonal grains 
and very low amount of porosity. The difference 
between these samples is due to the fact that n-type 
compounds are sintered at temperatures close to 
their melting point, while n-type ones should be 
sintered at temperatures far from their melting 
point (1350 ºC) due to the maximum stability 
temperature of the thermoelectric phase (926 ºC) 
[9]. 

 
 
Figure 2. SEM images of a) p-type compound; and b) n-
type compound. The arrow indicates the Ca3Co2O6 
secondary phase 
 

 
Figure 3. Electrical resistivity variation with 
temperature for both compounds 
 
Electrical resistivity variation with temperature 
displayed in Figure 3 illustrates metallic-like 

behaviour for the n-type compound, while the p-
type was semiconducting-like up to 400 ºC, and 
metallic-like for higher temperatures. The values at 
800 ºC were about 16, and 7 mΩ cm, for the p-, and 
n-type componds, respectively. This large value 
measured in the p-type compound can be explained 
by the large amount of porosity and the much lower 
grain sizes found in these samples. In any case, both 
values are around the best reported in literature. 

 
Figure 4. Seebeck coefficient variation with 
temperature for both compounds 
 
S variation with temperature, shown in Figure 4 
displays positive values in p-type, while it is negative 
in n-type compounds. However, |S| increases with 
temperature for both compounds, reaching 220, 
and 150 µV/K for the p-, and n-type compounds, 
respectively. These relatively close values, reflect 
the low sensivity of S to microstructural 
modifications. However, the values are among the 
best found in the available literature. 
 

 
Figure 5. PF variation with temperature for both 
compounds 
 
The thermoelectric performances of these samples 
were determined through their PF, and its variation 
with temperature is illustrated in Figure 5. The 
highest values at 800 ºC for p-, and n-type 
compounds reached 0.30, and 0.32 mW/K2m, 
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respectively, which are among the best reported in 
literature. 
 
These compounds were then integrated into a 
thermoelectric module, as shown in Figure 6. 

 
Figure 6. Thermoelectric module where the 
thermoelectric compounds, silver electric circuit, and 
output wires can be observed 

 
This assemblage was sintered to form the electric 
circuit at 900 ºC for 2 hours, and characterized at 
different temperatures on the hot side, while the 
cold side was maintained at 18 ºC. The obtained I-V 
curves are shown in Figure 7. 

 
Figure 7. Power vs. Voltage at different hot-side 
temperatures 

 
As it can be observed, the power increases when the 
hot-side temperature is increased, reaching nearly 
80 mW when at 900 ºC. Even if it seems to be low, it 
should be mentioned that the size of the module is 
5 x 5 cm2 (0.0025 m2), which corresponds to around 
32 W/m2. This value is still far from the typical values 
in solar generators, but it is mainly due to the large 
space between thermoelectric elements in this 
module. 
 
Conclusions 
 
In this work, Ca2.93Sr0.07Co4O9 and Ca0.95Ce0.05MnO3 
compounds have been successfully prepared 
through the solid-state method. XRD patterns 
showed that the samples were nearly single phase. 
SEM observation agreed with these data, showing 
that p-type compounds possessed lower particle 
sizes and higher porosity. Electrical resistivity values 
at 800 ºC were among the best reported in literature 
for both compounds, even if p-type compounds 
displayed much higher values than the n-type ones. 
|S| values were much closer due to the lower effect 
of microstructure on this parameter. Power factor 
was nearly the same at 800 ºC for both compounds, 
and among the best in literature. The thermoelectric 
module prepared with these compounds has 
reached a maximum power of about 80 mW when 
the hot-side was at 900 ºC, which corresponds to 
around 32 W/m2, still far from the typical values in 
solar generators due to the small number of 
thermoelectric elements used in this module. 
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Abstract. Bulk amorphous steels (BASs) have promising future due to their superior mechanical and physical properties 
compared with their crystalline states. BASs display very high hardness, Young’s modulus, wear and corrosion resistance 
due to their amorphous nature. These unique characteristics make BAS a potential candidate for coating studies. In this 
respect, the purpose of this study is to enhance a new alternative coating material based on BAS in place of traditional 
coating materials used in industrial coating and surface treatment implementations. For this application, the BASs of 
M60Cr13Mo10B8Y2Mn7 were synthesized by alloying cast iron scraps (3.5-4.5 % C) with potential candidate alloying elements 
derived from our theoretical predictions in order to enhance the glass forming ability of Fe-based metallic glasses, by arc 
melting under controlled atmosphere. Suction casting technique has been employed for the direct production of 3 mm in 
diameter of M60Cr13Mo10B8Y2Mn7 BASs rod subsequently utilized as a filler material in Tungsten Inert Gas (TIG) welding 
process for hardfacing of a relatively cheap low/medium carbon steel base material.  
 
Keywords: Bulk metallic glasses, Amorphous steel, Metallic glass coating, Hardfacing 
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Introduction 
 
The amorphous/glassy alloys possess excellent 
properties, such as high corrosion and wear 
resistance, due to the disordered atomic 
arrangement and the absence of crystal defects, 
such as grain boundaries and dislocations [1, 2]. Bulk 
metallic glasses (BMGs) with millimetre scales 
dimensions were enhanced in 1982 [3, 4]. However, 
among the BMG alloys, Fe-based BMGs have shown 
an attractive potential with their relatively low cost, 
good mechanical and physical properties including 

soft magnetic, relatively strong and satisfied 
corrosion resistance characteristics [5-7]. However, 
usage of high purity constituent elements and 
advanced production methods, made commercial 
spread of BMGs difficult due to production cost. The 
material expenses in the BMGs fabrication could be 
reduced by using commercially available materials 
such as ferrous-alloys [8-10]. Recently, at METU-
NOVALAB Bulk Amorphous Steels (BASs) were 
produced with economical way by alloying 
commercially available cast irons scrap (denoted as 
M, which consist of 92 % Fe, 2 % Si, 4.5 % C by 
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weight) with pure elements of Cr, Mo, B, Mn and Y 
[11].   The base of the BASs system contains 60 at. % 
cast iron scraps and pure elements such as Cr, Mo, 
B, Mn and Y which were selected according to 
theoretical and experimental studies in our 
NOVALAB and denoted as M60Cr13Mo10B8Y2Mn7 [12-
14].    
 
In the industrial applications, surface 
modification/treatment techniques give preference 
to reach the better service life for components 
which encounter the problem of wear. In practice, 
worn components either have to be rejected or 
rebuilt by employing various surface treatment 
applications which actually do not only improve the 
wear resistant of the surface, but also it helps 
preserve against corrosion and oxidation problems 
at higher temperature. Among industrial coating & 
surface treatment applications, hardfacing is a more 
conventional surface treatment technique, which is 
implemented by welding, to grade up the surface 
specialty of the base/substrate materials [15-17].  By 
using hardfacing application, the production of a 
new surface layer which is hard and implicitly good 
at wear resistant will be possible. The hardfacing 
application steps include homogeneous deposition 
of an alloy onto the surface of a soft material (usually 
low or medium carbon included steels) by welding 
and this implementation leads to increase in 
hardness, corrosion and wear resistance. In this 
respect, the purpose of this study is to investigate 
the usage possibilities of a new alternative coating 
material based on BAS of M60Cr13Mo10B8Y2Mn7, in 
order to replace traditional coating materials which 
would be utilized in industrial coating and surface 
treatment implementations by hardfacing.  
 
Experimental   
 
In the surface treatment study, an amorphous 
coating application is carried out with BAS of 
M60Cr13Mo10B8Y2Mn7 onto S275 carbon steel 
substrate (70x50x15 mm) via Tungsten Inert Gas 
(TIG) welding processing. TIG welding was 
favored because it can be used with different 
types of materials, like, steels, titanium and 
aluminum alloys etc. BAS of 
M60Cr13Mo10B8Y2Mn7 was used as a filler 
material in TIG welding process. To analyse the 
structure of BAS and hardfaced surface, samples 
were examined by Bruker S8 Tiger 
Diffractometer with Cu-Kα radiation at the 
scanning rate of 1°/min in the diffraction angle 
range of 2θ=5-110°. Microstructural 

characterizations of the samples were 
investigated with FESEM/FEI NOVA NANO430 
scanning electron microscope (SEM) which was 
supported with energy dispersive spectroscopy 
(EDS). For microstructural examination, polished 
samples were etched with Marble solution, 
containing 10 gr CuSO4, 50 ml HCl and 50 ml 
water in the solution. Vickers micro-hardness 
measurements of all produced samples was 
performed by an automated micro-hardness 
tester Shimadzu-2 Micro-hardness Tester by 
applying 1 kgf load.  The reported averages of 
micro-hardness values were the sum up of 
minimum six measurements from the surface of 
the specimens.  
 
Corrosion resistances of BASs samples were 
measured by applying extreme corrosive 
environment: 0.5M H2SO4 acidic solution with 
1.12 pH solution, 1M NaOH basic solution with 
14 pH solution and 0.6M NaCl salt solution with 
7 pH solutions. Five different sample which were 
BAS, pig iron, carbon steel (S275), titanium 
(pure) and stainless steel (304) were 
subordinated to these solutions throughout 80 
and 120 days. The calculation carried out 
according to measurement of the weight loss 
per area of samples. Before the experiment, the 
primary weight and primary surface areas of the 
samples were measured and weight and surface 
area changes were persuaded in interval of five 
days.  
 
Table 1 Pin-on disk tribometer test parameters 

Testing Parameters        Test Condition 

Ball Material High purity zirconia 

Ball Radius 3 mm 

Tested Material 
BAS after Hardfacing 
application 

Applied Load 7 N 

Sliding Speed 5 cm/s 

Application Rate 100 Hz 

Sliding Distance 158 m 

Testing 
Environment 
 

Ambient 
atmosphere 
 

 
To gain insight about wear/abrasion properties 
of hardfaced layer tribological test was carried 
out under computer controlled pin-on-disk 
tribometer (TRB, CSM+ Instruments, 
Switzerland). A normal load of 7 N with 100 Hz 
rate was applied at room temperature using 
parameters stated in Table 1 and during the 
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tribological tests ASTM G99-17 standard flowed 
as a reference document. During the 
experiments, to create the wear, a sample is 
fixed on a turning stage. The perpendicular force 
is applied on a zirconia ball, that is contacted 
with the sample surface. The pin-on-disk test is 
usually used during determination of the 
tribological properties of the materials with the 
friction coefficient (COF), µ, output. At the end 
of the experiment, volume loss of the sample 
enables wear rate calculation.  
 
Results & Discussion 
 
The examination of the amorphous phase was carried 

out with XRD and SEM analysis. The existence of 

amorphous phase in BAS samples was confirmed by 

the presence of halo in XRD patterns, Fig. 1, in which 

the peaks detected were completely vanished and 

characteristic amorphous humps were obtained in 

the XRD diffractogram.  It is clearly seen that, 

hardfaced surface also have characteristic 

amorphous halo shaped XRD patterns.  The intensity 

difference in the diffractograms would be associated 

with the form of the samples prepared for 

experiments, as cast BAS was measured in bulk form, 

whereas hardfaced was in powder form.  

 

 

Fig. 1. XRD pattern of as cast M60Cr13Mo10B8Y2Mn7 (BAS) 

alloy and hardfaced coating surface 

SEM results of the both as cast alloy and the surface 

treated (hardfaced) surfaces were given in Fig. 2. 

 

 

                                                                       

 

 

 

  Fig. 2. SEM image of as cast of M60Cr13Mo10B8Y2Mn7 alloy 

(a) and carbon steel substrate with water quenched 

hardfaced coating surface (b) 

It is evident from Figure 2, that none of the as-cast 

and hardfaced sample’s matrix does show any 

contrast in SEM images and has the featureless 

structure, which is the natural result of the fully 

amorphous structures.  

 

Fig. 3. Micro hardness result of the as cast BAS and 

hardfaced surface 

To examine the mechanical properties of these 

samples, micro hardness measurements were 

performed and samples having glassy phase in their 

structure showed high hardness values around 

~1100±50 HV, Fig. 3. As can be seen from the Fig. 3, 

the coated surface also has almost same hardness 

value with as cast sample, hence, carbon steel 

substrate (S275) and water quenching condition gives 

similar unique mechanical property with the as cast 

BAS sample.  

While comprehending the corrosion resistance of 

surface coated sample with BAS, immersion corrosion 

tests were applied after hardfacing application. 

Results of corrosion experiments in terms of weight 

(a) (b) 
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loss/gain per area for all samples are given in Fig.-s 4-

6. 

 

Fig. 4. Weight loss measurements of the samples in 0.5M 

H2SO4 solution  

 

Fig. 5. Weight loss measurements of the samples in 1M 

NaOH solution 

 

Fig. 6. Weight loss measurements of the samples in 0.6M 

NaCl solution 

As can be seen from Fig.-s 4-6, that in between all the 

samples, BAS with hardfacing application shows 

similar behaviour with as cast BAS in the 0.5M H2SO4, 

1M NaOH and 0.6M NaCl solutions. Moreover, 

corrosion resistance of hardfaced sample in H2SO4 

solution even is a little better than in BAS sample. This 

result is a strong sign that after coating application, 

the surface of the substrate acts as cast BAS and 

hence, this study showed that BAS’s does not lose 

their good corrosion behavior after hardfacing 

application. The all corrosive environment outcomes 

are tabulated in Table 2.  

Table 2 Corrosion study results for 80 days 

Material 
Corrosive 
Environme
nt 

Total 
Weight 
Loss 
(mg/cm2) 

Weight 
Loss 
Percent
age 

BAS (As 
Cast) 

0.5M 
H2SO4 

43.295 9.34% 

1M NaOH 0 0% 

0.6M NaCl 0 0% 

 

Hardfac
ed BAS 

0.5M 
H2SO4 

39.569 5.12% 

1M NaOH 0 0% 

0.6M NaCl 0.599 0.12% 

 

Pig Iron 

0.5M 
H2SO4 

1135.458 100% 

1M NaOH 17.749 2.47% 

0.6M NaCl 40.062 2.38% 

 

Carbon 
Steel 
(S275) 

0.5M 
H2SO4 

1257.784 100% 

1M NaOH 1.579 0.13% 

0.6M NaCl 19.070 1.30% 

 

Stainless 
Steel 
(304) 

0.5M 
H2SO4 

2.453 0.34% 

1M NaOH 1.136 0.12% 

0.6M NaCl 0.870 0.08% 

 

Titanium 
(Pure) 

0.5M 
H2SO4 

1.509 0.22% 

1M NaOH 4.765 0.69% 

0.6M 
NaCl 

0 0% 

 

Tribology properties become the main topic of 

conversation when a problem is concerned with 

carrying some load across interfaces in relative 

motion [18]. While providing tribological testing of 

samples there are some critical preparation and 

testing requirements to be followed, which are: 

surface finish is critical-while determining the friction 

coefficient (COF), µ, the surface roughness has an 

important effect associated with machine marks, 
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inhomogeneous difficulties, etc.; properly clean and 

dry the specimens; horizontal test surface; selection 

of proper sliding velocity and normal force [19]. 

Generally, there are two kinds of friction coefficients 

which are static and dynamic (kinetic). The static 

friction coefficient can be achieved by dividing the 

maximum friction force to relative motion to the 

normal load. The dynamic (or kinetic) friction 

coefficient can be obtained by dividing the friction 

force during sliding to the applied normal load. The 

obtained results from pin-on-disc tribological analysis 

are given in the Fig. 7 and tabulated in Table 3 for 

different materials.  

 

Fig. 7. Friction profile for hardfaced-BAS, carbon steel 

(S275), stainless steel (304) and titanium 

Table 3 Static and dynamic COFs of Different Materials 

Sample Static 
COFs 

Dynami
c COFs 

Weight 
Loss 
(mg) 

BAS 0.81 0.65 1.7 

Carbon 
Steel 
(S275) 

0.37 0.37 1 

Stainless 
Steel 
(304) 

0.63 0.59 7 

Titanium 
(Pure) 

0.60 0.60 3 

 

It is seen from Table 3 that hardfaced-BAS has higher 

friction coefficient (COF) and there are some critical 

reasons for that. One of them is related with the 

hardness of the contact surfaces: the friction, as 

widely accepted, depend on hardness and when the 

slider is harder than the plate, minimum friction 

occurs at the maximum hardness point. However, if 

the slider is softer or has nearly equal hardness, there 

is some gather of slider (zirconia) on the plate. Hence, 

if the slider is softer or has equal hardness the friction 

is very unstable and there is no exact relationship 

between hardness and friction coefficient [20]. 

Moreover, Fe-based metallic glass coating with high 

hardness indents into the surface of ball and the hard 

particles dug into the ball surface and scratch out the 

material (zirconia) as illustrated in Fig. 8. As a result, 

way of contact changes from ball-to-disk to disk-to-

disk, which leads to increasing the roughens and the 

friction coefficient of the surface [21]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. SEM and EDS analysis of sample surface after 

wearing application 

The second reason is related with microstructural 
mismatches, which are overlapping areas, that create 
taps between the pre-remelted layer and the new 
ones. Therefore, amorphous/crystalline ratio of the 
sample decreases throughout the wear test, and the 
higher friction results comes from the 
crystalline/crystalline interaction [22]. 
 
Conclusions 
 
Suction casting technique has been employed for the 
direct production of 3 mm in diameter bulk 
amorphous steels (BASs) from cast iron scraps of 
M60Cr13Mo10B8Y2Mn7 by arc melting under controlled 
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atmosphere. After the BAS sample were successfully 
synthesized, it was utilized as a filler material in 
Tungsten Inert Gas (TIG) welding process for a surface 
treatment of S275 carbon steel substrate (70x50x15 
mm). XRD and SEM analysis reveals that, BAS and 
hardfaced samples has fully amorphous structure.  It 
was observed that owing to high bulk glass forming 
ability (BGFA), BAS coating material preserved its 
amorphous structure with extreme levels of high 
hardness values around ~1100±50 HV, which in fact is 
3-4 times higher than the substrate metal.   
 
BAS with hardfacing application shows similar 
behaviour with as cast BAS in the extreme corrosive 
solutions of 0.5M H2SO4, 1M NaOH and 0.6M NaCl 
and corrosion resistance of hardfaced sample in 

H2SO4 solution even is better than in BAS sample. This 
result is a strong sign that after coating application, 
the surface of the substrate acts as cast BAS and 
hence, this study showed that BAS’s does not lose 
their good corrosion behavior after hardfacing 
application. It was find out that, hardfaced-BAS 
samples has higher friction coefficient (COF) in 
comparisons to carbon steel (S275), stainless steel 
(304) and titanium (pure) and possible reasons for 
that were explained in terms of magnitude of 
hardness value differences of contact surfaces and 
microstructural mismatches of overlapping areas, 
that create taps between the pre-remelted and new 
layers. 
 
 

 
          References  
1. Y.Q. Cheng et al., Atomic-level structure and structure–property relationship in metallic glasses, Prog. Mater. Sci., 56(4), 
(2011), pp. 379–473, 10.1016/j.pmatsci.2010.12.002 
2. J.F. Löffler, Bulk metallic glasses, Intermetallics, 11, (2003), pp. 529-540, 10.1016/S0966-9795(03)00046-3 
[3]   A.J. Drehman, A.L. Greer, D. Turnbull, Bulk formation of a metallic glass: Pd40Ni40P 20, Appl. Phys. Let., 41(8), (1982), pp. 
716-717 
[4]   H.W. Kui, A.L. Greer, D. Turnbull, Formation of bulk metallic glass by fluxing, Appl. Phys. Let., 45(6), (1984), pp. 615-616, 
10.1063/1.95330 
[5]   S.F. Guo et al., Fe-based bulk metallic glasses: Brittle or ductile? Appl. Phys. Let., 105(16), (2014), 161901, 
10.1063/1.4899124 
[6]   K. Amiya, A. Inoue, Fe-(Cr, Mo) -(C, B)-Tm Bulk Metallic Glasses with High Strength and High Glass-Forming Ability, 
Mater. Trans., 47(6), (2006), pp. 1615-1618, 10.2320/matertrans.47.1615 
[7]    X.J. Gu, S.J. Poon, G.J. Shiflet, Mechanical properties of iron-based bulk metallic glasses, J. Mater. Res., 22(02), (2011), 
pp. 344- 351, 10.1557/jmr.2007.0036 
[8]   H. Li, S. Yi, H.S. Sohn, Fe-based bulk metallic glasses Fe73.8− x C7. 0 Si3. 5 Bx P9. 6 Cr2.1 Mo2. 0 Al2. 0 (x= 3∼ 9) prepared using 
hot metal and industrial raw materials, J. Mater. Res., 22, (2007), pp. 164-168,  10.1557/jmr.2007.0008  
[9]   M. Iqbal, J. Akhter, H. Zhang, Z. Hu, Synthesis and characterization of bulk amorphous steels, J. Non-Cryst. Sol., 354,  
(2008), pp. 3284-3290, 10.1016/j.jnoncrysol.2008.02.009 
[10]   P. Tsai, A. Xiao, J. Li, J. Jang, J. Chu, J. Huang, Prominent Fe-based bulk amorphous steel alloy with large supercooled 
liquid region and superior corrosion resistance, J.  All. Comp., 586, (2013), pp. 94-98, 10.1016/j.jallcom.2013.09.186  
[11]   B. Yagmurlu, M.V. Akdeniz, A.O. Mekhrabov, Synthesis of Bulk Amorphous Steels Having Extreme High Hardness, 17th 
International Metallurgy & Materials Congress – IMMC 2014, Congress Papers e-Book, 11-13 September, 2014, pp. 637-
644, UCTEA Chamber of Metallurgical Engineers, Istanbul, Turkey 
[12]   E. Erdiller, A.O. Mekhrabov, M.V. Akdeniz, Prediction of Bulk Glass Forming Ability of Fe-Mo-based Alloy Systems, 12-
th International Metallurgy & Materials Congress, UCTEA Chamber of Metallurgical Engineers, Proceedings e-book, 
September 28-October 02, 2005, pp. 1197-1204, Istanbul, Turkey 
[13]   S. Suer, A.O. Mekhrabov, M.V. Akdeniz, Theoretical Prediction of Bulk Glass Forming Ability (BGFA) of Ti-Cu based 
Multicomponent Alloys, J. of Non-Crystal. Sol., 355, (2009), pp. 373-378, 10.1016/j.jnoncrysol.2008.12.002 
[14]   M. Aykol, M.V. Akdeniz, A.O. Mekhrabov, Solidification behavior, glass forming ability and thermal characteristics of 
soft magnetic Fe-Co-B-Si-Nb-Cu bulk amorphous alloys, Intermetallics, 19, (2011), pp. 1330-1337, 
10.1016/j.intermet.2011.05.004  
[15]   R.R. Garbade, N.B. Dhokey, Overview on Hardfacing Processes, Materials and Applications, IOP Conf. Series: Mater. 
Sci. Eng., 1017,  (2021), 012033, 10.1088/1757-899X/1017/1/012033 
[16]   S.S. Joshi, Sh. Katakam, H.S. Arora, S. Mukherjee, N. B. Dahotre, Amorphous Coatings and Surfaces on Structural 
Materials, Crit. Rev. Solid State Mater. Sci., 41, (2015), pp. 1–46,  10.1080/10408436.2015.1053602 
[17]   S. Balaguru, M. Gupta, Hardfacing studies of Ni alloys: a critical review, J. Mater. Res. Tech., 10, (2021), pp. 210 -1242, 
10.1016/j.jmrt.2020.12.026 
[18]   S. Atamert, Stability, Wear Resistance, and Microstructure of Iron, Cobalt and Nickel-Based Hardfacing Alloys, PhD 
Thesis, University of Cambridge, 1989, 10.17863/CAM.14238 
[19]   D. Li, Static Coefficient of Friction Measurement using Tribometer, NANOVEA, Irvine CA, USA, 2014 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

250 
 

[20]   P. Tian et al., Tribological behavior of Zr-based bulk metallic glass sliding against polymer, ceramic, and metal materials, 
Intermetallics, 61, (2015), pp. 1-8, 10.1016/j.intermet.2015.02.008 
[21]   H. Wu et al., Fabrication, tribological and corrosion behaviors of detonation gun sprayed Fe-based metallic glass 
coating. Trans. Nonfer. Metal. Soc. China, 26(6), (2016), pp. 1629-1637, 10.1016/S1003-6326(16)64271-1 
[22]   D.T.A. Matthews, V. Ocelík, J.T.M. de Hosson, Tribological and mechanical properties of high power laser surface-
treated metallic glasses, Mater. Sci. Eng.: A, 471(1-2), (2007), pp. 155-164, 10.1016/j.msea.2007.02.119   



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKEY 
 

 

251 
 

  

A5356 Material Production and Characterization by Waam Technique 
 

Berfin GURSU 
 

Gazi University, Department of Metallurgical and Materials Science Engineering, 06560, Ankara, Turkiye 

berfingrs20@gmail.com, 

ORCID: 0009-0005-7894-8672 

 

Murat KAYAALP 
 

Gazi University, Division of Metallurgical and Materials Science Engineering, 06560, Ankara, Turkiye 

kayaalpmurat@gmail.com, 

ORCID: 0009-0001-3655-1619 

 

Hakan ATES 
 

Gazi University, Department of Metallurgical and Materials Science Engineering, 06560, Ankara, Turkiye 

hates@gazi.edu.tr, 

ORCID: 0000-0002-5132-4107 

 
Cite this paper as Gursu B., Kayaalp M., Ates H. A5356 Material Productıon and Characterızatıon by Waam 

Technıque, Int. Conf. Advanced. Mater. Sci.& Eng. HiTech.and Device Appl.Oct. 24-26 2024,Ankara, Turkey  

 
Abstract. Wire-arc additive manufacturing (WAAM) is a sub-branch of metal additive manufacturing that has been 
developed in recent years. It has proven to be a highly competitive production method for structural parts, especially due 
to its much lower consumption of consumables and high deposition rates compared to full discharge welding. In this study, 
a 1.2 mm welding wire was produced using the WAAM CMT-MIG (Cold Metal Transfer - Metal Inert Gas) method with three 
different wire feed rates (WFS) and three different heat input values at high layer thicknesses. Various tests, including tensile 
test, bending test, notch impact test, microhardness, XRD, microstructure analysis, and non-destructive testing methods 
such as visual inspection (VT), penetrant test (PT), and ultrasonic inspection (UT), were performed on samples obtained 
from the produced walls. The results were then analyzed, revealing that flexural strength and microhardness increased at 
low heat input. 
 
Keywords: WAAM, MIG-CMT, heat input, A5356 
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1. Introduction  
 
Additive manufacturing (AM) technology, now 
known as rapid prototyping, emerged in the 1970s 
and has made it possible to produce custom, 
complex-shaped parts that are difficult to 
manufacture using traditional methods [1-3]. 
WAAM, a type of Direct Energy Deposition (DED) 
under AM, is a production method based on layered 
material deposition. This method is particularly 
effective in producing parts with complex 
geometries and reducing material waste [4-6]. The 
heat input in WAAM processes can influence the 
mechanical properties of the final product by 
affecting the material properties [6]. The goal is to 
better understand the potential of WAAM 

technology in producing Al-5356 alloy, develop a 
fundamental understanding for optimizing process 
parameters, and enable more reliable and effective 
material production in industrial applications [1-11].  
 
 
Controlled arc power source is necessary for 
successful production of aluminum alloy in the 
WAAM process, and heat input is an important 
factor. Research suggests that better mechanical 
properties are achieved for WAAM Al-Mg alloy 
compared to wrought alloy using low heat input by 
CMT process, leading to increased hardness and 
tensile strength due to reduced porosity and fines 
[11]. It's been found that welding parameters such 
as wire feed and welding speed greatly influence the 
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geometrical properties of components processed by 
WAAM [12]. Therefore, different heat inputs were 
obtained by changing the welding parameters, and 
the effects of these different heat inputs on the 
internal structure of the material were investigated 
[1-12]. 
 
 
Table 1. Mechanical properties of Al-5356 Alloy [8] 

 
2. Materials and Methods 

 
Al-5356 is the aluminum alloy used in the welding 
applications in this study.  
 
In this study, the mechanical properties of A5356 
(ER5356) welding wire with a diameter of 1.2 mm, 
which is used as an additional wire, are provided in 
Table 1, and its chemical composition is listed in Table 
2. 

 
 

 
 
 
 

Table 2. Chemical composition of ER5356 wire [8] 

 
The arm of the device from MetalWorm shown 
in Fig. 1 is from ABB, the welding machine and 
the CMT unit are from Fronius. This robot has 6 
axes, and the device has 2 axes. The wire feed 
rate (WFS) used for welding wire with a 
diameter of 1.2 mm was set at 4.5 m/min for the 
1st wall, 6 m/min for the 2nd wall, and 8 m/min 
for the 3rd wall as indicated in Table 3, using the 
MIG-CMT method under 100% Ar gas. 
 

 
 
Figure 1. WAAM welding machine 

 

 

 

Wall 1 has low heat input and wall 3 has high 
heat input. The first three layers of the 1st wall 
were set at 8 m/min, the next three layers at 6 
m/min, and the first three layers of the 2nd wall 
were set at 8 m/min WFS to facilitate bonding 
between the substrate and the wall. Each wall 
was produced with a height of 200 mm, a length 
of 200 mm, and 100 layers, with a distance of 
2.05 mm between the layers. 
 

 
 

Figure 2. Production of A5356 first wall by WAAM 
welding machine

Table 3. Welding parameters for the manufacture of 
walls 

 
AWS Code 

    Chemical 
Composition (%) 

   

 Si Fe Cu Mn Mg Cr Zn Ti 

ER5356 0.25 0.40 0.10 0.05-0.20 4.5-5.5 0.05-0.20 0.10 0.06-0.20 

Mechanical Properties Tensile Strength (MPa) Yield Strength (MPa) Elongation (%) 

Al-5356 ̴240 ̴195 ̴10 (with 50 mm 
elongation) 
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Walls 
 
WFS (m/min) 

 
Voltage (V) 

 
Current (A) 

 
Heat Input (J/mm) 

1st Wall 4.5 11.8 61 97.17 

2nd Wall 6 12.8 82 

3rd Wall 8 13.8 100 

 
The production process based on the welding 
parameters given in Table 3 is explained above. 
Three specimens were taken perpendicular to the 
production direction for the tensile test, three for 
the bending test, three for microhardness 
measurement, three for microstructure analysis, 
three for XRD analysis, and finally the three largest 
pieces of the walls were used for non-destructive 
testing. Visual test (VT), penetrant test (PT), and 
ultrasonic test (UT) methods were performed as 
part of the non-destructive testing process. 
 
2.1. Tensile Test  
 
Following the tensile test, the average tensile 
strength of the A5356 material produced by the 
WAAM method was measured as 214 MPa. 
Additionally, the test revealed that the tensile 
strength of the specimens varied based on the 
direction of the weld seam. The vertical specimens 
exhibited lower tensile strength compared to the 
horizontal ones. The results from Tab. 4 and 5 
indicated that the average tensile strengths were 
184.53 MPa (perpendicular to the production 
direction) and 270.97 MPa (parallel to the 
production direction). These findings demonstrate 
that the A5356 material produced by the WAAM 
method exhibits high strength under specific 
conditions. However, since the tensile strength 
varies depending on the direction of the weld seam, 
it is essential to evaluate the specimens accordingly. 
 
Tablo 4. Tensile strength values in the direction of 
production 
 

 
Walls 

Average Tensile Strength (To the 
direction of production) (MPa) 

1st Wall 270.97037 

2nd Wall 263.00076 

3rd Wall 272.87086 

 
Tablo 5. Perpendicular tensile strength values of the 
production direction 
 

  AverageTensile Strength (Perpendicular to 
the direction of production) (MPa) 

1st Wall 184.53488 

2nd Wall 191.84362 

3rd Wall 219.19902 

 
 
 
 
2.2. Flexure Test 
 
Based on the results of the bending test, the 
distance between the supports was adjusted to 80 
mm. The upper bearings were lowered at a speed of 
3 mm/min with a 5-ton load, and the bending test 
was conducted. Figure 3 depicts the slope plot. The 
bending stress varies based on the condition of the 
specimen. The graph indicates that the bending 
resistance of wall 1 and wall 2 is high. 

 

 
Figure 3. Graphs of the bending test of the 
1st-2nd-3rd wall from top to bottom 

 
2.3. Hardness Test 
 
The microhardness test results were obtained by 
pressing the pre-sanded and polished surfaces of 
the bakelite samples according to HV 0.5 standards, 
using a pyramid tip weighing 500 grams for 10 
seconds. Hardness values were obtained by taking 3 
measurements from different parts of the sample. 
All values are shown in Table 6. The results indicate 
variations in hardness values across different 
regions of the samples, suggesting non-uniform 
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surface hardness. This could be attributed to 
differences in the material production process. 
Microhardness test results are vital for assessing the 
material's surface hardness and understanding its 
usage properties. Based on the results in the table, 
the microhardness of the 1st wall is higher.  
 
 
 
 

Table 6. Microhardness measurement results. 
 
 

Measurement 1st  Wall 2nd  Wall 3rd Wall 

1.  73 HV 70 HV 66 HV 

2.  68 HV 72 HV 71 HV 

3.  73 HV 71 HV 68 HV 

Average 71.33 HV 71 HV 68.33 HV 

 
2.4. XRD Analysis 
 
The X-ray Diffraction (XRD) analysis involved 
sending X-rays to a pre-sanded and polished sample 
and measuring the peak angles of the reflected rays 
from the atoms. The angle range for the device's 
movement was set to 10-90, and X-rays were 
directed at the sample for 15 minutes. The analysis 
results indicated that three samples, produced with 
the same welding wire, had similar characteristics. 
Figure 4 shows the results of the common analysis, 
displaying the crystal lattice structure directions and 
intensity values. The material peaks occurred at the 
following angles: 38.3239 for the first peak, 44.6357 
for the second peak, 64.7937 for the third peak, 
77.7328 for the fourth peak, and 81.8551 for the 
final peaks. 

 
Figure 4. XRD analysis chart 

 
2.5. Non-Destructive Testing 
 
Visual, penetrant, and ultrasonic tests were 
performed according to standards to detect possible 
defects in walls produced with the A5356 additional 
wire MIG-CMT technique. 
 

a. Visual Test (VT) 
 

In the Fig. 5 visual test, we thoroughly examined the 
transitions between the layers and all surfaces. No 
cracks, notches, or discontinuities exceeding the 
acceptance criteria were found on the material 
surface. 
 

 
Figure 4. Specimens with visual testing 

 
b. Penetrant Test (PT) 

The materials were non-magnetic, so liquid 
penetrant testing was conducted on the samples. 
Red dye was applied to both surfaces of the 
specimens, and then we waited for 10 minutes 
before cleaning the red dye. After that, developer 
was applied for 5 minutes. The test results showed 
that no defects exceeding the acceptance criteria 
were found on the tested sample surfaces or in the 
transitions between layers. [13] 
 

 
Figure 5. Samples treated with red penetrant 

 

 
 

Figure 6. Developed and cleaned samples 
 

c. Ultrasonic Test (UT) 
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Ultrasonic examinations of the samples in Fig. 7 did 
not reveal any volumetric defects exceeding the 
acceptance criteria, separation between layers, or 
discontinuity exceeding the acceptance criteria. [14] 
 

Figure 7. Ultrasonically inspected specimens 

2.6. Archimedes' Principle 
Archimedes' principle explains that when an object 
is placed in a fluid, it is pushed upward by a force 
equal to the weight of the fluid that the object 
displaces.  
 
Table 7. Density results from Archimedes’ principle.  
(R.D: Rolling Direction, P.R: Perpendicular Rolling) 
 

Specimen Air 
(g) 

Aqua 
(g) 

Density 
(g/cm3) 

1st Wall R.D. 6.26 2.39 2.6152 

1st Wall P.R. 7.15 2.74 2.6016 

2nd Wall R.D. 6.52 2.51 2.5993 

2nd Wall P.R. 6.07 2.33 2.5954 

3rd Wall R.D. 6.42 2.44 2.6268 

3rd Wall P.R. 6.57 2.50 2.6200 

 
Köhler, Fiebik, Hensel, & Dilger (2019) studied the 
heat accumulation and the effect of different 
temperature-time conditions on the properties of 
components made through Wire Arc Additive 
Manufacturing (WAAM) using the 5356 aluminum 
alloy. The researchers found that heat 
accumulation varied with travel speed and cooling 
time. Reducing the heat input can enhance the 
microstructure and decrease the porosity of 
aluminum alloy components. To achieve this, 
higher travel speeds and longer cooling times 
should be included in the optimal setup to reduce 
pore diameter. Consequently, smaller heat input 
and lower heat accumulation result in smaller pore 
sizes. The pore diameter slightly decreases with an 
increase in travel speed and cooling time. Lower 
heat accumulation yields positive results in terms 
of porosity.  
 
However, it was observed that the second wall 
perpendicular to the rolling direction has the 
optimal heat input and porosity. When the density 

of all the walls is considered, specimens taken 
perpendicular to the rolling direction have lower 
densities compared to the ones taken in the rolling 
direction. 
 
3. Conclusion 
 
Based on the research results, the 
characteristics of the material designated as 
A5356, produced using the WAAM (Wire Arc 
Additive Manufacturing) method, were 
assessed using various tests and analyses. The 
findings revealed an increase in flexural 
strength and microhardness at low heat input. 
Furthermore, the mechanical properties, 
microstructure, and defects of the WAAM-
produced A5356 material were examined 
through tensile testing, bending testing, notch 
impact testing, microhardness testing, XRD (X-
ray diffraction), microstructure analysis, and 
non-destructive testing methods. The data 
obtained from these analyses demonstrated 
higher mechanical strength and microhardness 
values under specific conditions for the 
WAAM-produced A5356 material. These 
outcomes suggest that the WAAM method 
holds promise as a manufacturing method for 
the A5356 material.  
 
1. When using low heat input in the welding 
process, the 1st wall, which has a low Wire 
Feed Speed (WFS) welding parameter, exhibits 
better bending resistance and microhardness 
compared to the 2nd and 3rd walls.  
 
2. Tensile test results in the production 
direction and perpendicular to the production 
direction yielded values of 270.97037 and 
184.53488 MPa, respectively (see Table 4 and 
5). The results indicate that the tensile strength 
of samples taken from the production direction 
was higher.  
 
3. The low heat input resulted in high flexural 
strength and microhardness, while low tensile 
strength was observed in longitudinal tensile 
testing. Comparable tensile values were 
obtained between the walls in transverse 
tensile testing.  
 
4. Non-destructive testing results revealed no 
discontinuities exceeding the acceptance 
criteria on the material surface or in transitions 
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between layers during Visual Testing (VT) and 
Penetrant Testing (PT).  
 
5. Ultrasonic Testing (UT) did not detect any 
volumetric errors, separation between layers, 
or discontinuities exceeding the acceptance 
criteria.  
 
6. More comprehensive results should be 
obtained and discussed through mechanical 
tests, microstructure examinations, structural 

characterizations, and non-destructive tests 
involving various heat inputs.  
 
7. The goal is to achieve better results by 
utilizing optimized heat input.  
 
8. The optimum porosity in density calculation 
by Archimedes' principle was found in the 
sample perpendicular to the rolling direction of 
the second wall, with a heat input of 125.95 
J/mm. 
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Abstract. To produce a material with the required stoichiometry for a certain application, the Phase diagram diagram is the 
main base for such goal. Moreover, for the use of a material in extreme conditions such as high temperature and pressure, 
one has to be familiar with the thermodynamic properties of the material. GaAs is the most important material in the Ga-
As system, and it has high technological importance in optoelectronics, spintronics, photovoltaics and others. Each of these 
applications requires certain properties. Hence the importance of deducing its phase diagram and thermodynamic 
properties depending on the most recent databases. In this work Thermo-Calc software was used to deduce the phase 
diagram, and some thermodynamic properties such as Gibbs energy (G), entalpy (H), and entropy (S). at different 
compositions and temperatures. The results are discussed in the light of experimental findings found in the literature. 
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1. Introduction 
 
The III-V binary alloys are of extensive technological 
importance, and the Ga-As system gains its 
importance from gallium arsenide (GaAs), a 
prototypical III-V compound semiconductor [1]. GaAs 
has a zincblende structure as shown in Fig.1 [2],and 
a direct band gap of about 1.42 eV, which allows it to 
operate at high voltages, high frequencies, and 
elevated temperatures [1]. It has a high technological 
importance, where it was described as the 
"semiconductor of the future, and always will be." [3].  
 

 
 Figure 1. Zinc blende crystal structure of GaAs. 
Reprinted from Azza et al. [2], under the terms and 
conditions of the Creative Commons Attribution (CC 
BY) license 
(https://creativecommons.org/licenses/by/4.0/). 

 

GaAs has a wide usage area including photovoltaics, 
semiconductor lasers, light-emitting diodes, 
optoelectronic industry, optical windows, compact-
disc (CD) technology, fibreoptic communications, 
mobile phone, as well as spintronic and photonic 
devices [3]. Knowledge of the phase diagram, and the 
thermodynamic properties of this system is required 
for the fabrication of a high quality material with 
properties suitable for these applications. In this work 
Thermo-Calc software was used to deduce the phase 
diagram, and some thermodynamic properties such 
as Gibbs energy (G), entalpy (H), and entropy (S) at 
different temperatures and compositions. 
 
2. Methodology 
 
The phase diagram and thermodynamic properties 
presented in this work are all obtained using the 
Thermo-Calc software 2024b. This software utilizes 
Gibbs free energy (G) minimization procedure to 
calculate phase equilibrium and thermodynamic 
properties of a chosen system, where it uses Calphad 
(CALculation of PHAse Diagrams) method, which is 
based on the fact that; a phase diagram is a 
representation of the thermodynamic properties of a 
system. The Calphad method derives the 
thermodynamic functions of a system from all 
available experimental data, and the thermodynamic 
functions are represented as polynomials of chemical 
composition and temperature. The values of the 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

258 
 

polynomial coefficients are obtained using numerical 
optimization techniques [4]. The software has two 
main components: the application, and the internally-
consistent thermodynamic dataset it uses. 
   
To deduce the phase diagram of GaAs the database 
used is “G35 Binary Semiconductor TDB v1.2”. The 
total pressure is 1 bar, temperature ranges were 
automatically selected, and just stable phases were 
credited. The same settings were used to deduce the 
Gibbs energy versus temperature curves. Moreover, 
the Gibbs energy, enthalpy, and entropy were 
investigated as functions of composition at selected 
temperatures, where all curves were deduced 
relative to the standard element reference (SER). The 
results are discussed in the light of experimental 
findings found in the literature. 
 
3. Results and Discussion 
 
Fig.2 shows the phase diagram of Ga-As binary 
system obtaind in this work as a function of 
temperature, where Fig.2a is the phase diagram 
calculated with considering the gasious phase, and 
Fig.2b is calculated without the presence of the 
gasious phase, and it is similar to the one found in the 
literature. In both figures the vertical line at As mole 
fraction 0.5 represents GaAs compound 
semiconductor. All other phases are displayed in both 
Fig.1a and Fig.1b. From Fig.2a the melting points (Tm) 
of Ga, and GaAs are obtained as Tm(Ga) = 302.915 K 
(29.765 °C), and Tm(GaAs) = 1509.35 K (1236.2 °C) 
respectively. But As doesn’t melt but sublimes, and its 
sublimation temperature from Fig.2a is Ts = 887.786 K 
(614.636 °C). The experimental values are, Tm(Ga) = 
303 K (29.85 °C), and Tm(GaAs) = 1511 K (1237.85 °C) 
[5]. For As the given experimental value is Tm(As) = 
1090K (816.85 °C) [5], which is in good agreement 
with the value obtained from Fig.2b Tm(As) = 1091.53 
K (818.38 °C). It is evident from the phase diagram 
(Fig.2a) that GaAs is a dissociable compound at the 
melting point. In fact at that point As element 
sublimes or evaporates with a vapor pressure of 
about 1 atm. Hence, this is the major problem to be 
overcome in the GaAs growth [6].  
 
The phase diagram includes an eutectic point at T = 
1066.63 K (793.48 °C) and As mole fraction 0.953. This 
value is the same as that deduced by Elayech et al. [7]. 
The experimental value of temperatue at eutectic 
point is T = 1083 K (809.85 °C) that is lower than the 
value obtained in this work, but the experimental 
value of AS mole fraction is x = 0.95, which is close to 
the value obtained in this work [5]. From the phase 

diagram it is noticed that the mutual solubility of Ga 
in As or vice versa is negligible. 
 
Fig.3a displays the Gibbs energy (G) against 
temperature for zinc blende GaAs, which deduced in 
this work. As expected, the Gibbs energy decreases 
with increasing temperature. Fig. 3b shows the same 
plot for the system (including all phases), where it is 
noticed that the behaviour of G with temperature is 
the same (decreasing with temperature for all other 
phases).  

 
(a) 

 
(b) 

Figure 2. Phase diagram of Ga-As binary system 
deduced by Thermo-Calc software.a) Gas phase is 
considered. b) Gas phase is not considered. 

 
(a) 
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(b) 

Figure 3. Gibbs energy vs. temperature of a) FCC-B3 
GaAs phase, and b) the system with all phases  
 
Fig.4 shows the The Gibbs energy (G) of the system 
as a function of composition at constant 
temperature, where three temperatures were 
choosen; 400, 1200, and 1550 K, that is after melting 
of Ga, after melting of As, and after melting of GaAs. 
The Gibbs energy shows a minimum, at which the 
system is at equilibrium. The position of this 
minimum as shown in the three figures is 0.22, 0.32, 
and 0.33 As mole fraction for the 400, 1200, and 
1550 K respectively. The position of the minimum 
shifts towards higher concentration with increaing 
temperature. So, the stoichiometric GaAs (at 0.5 As 
mole percent) is not at equilibrium at these 
temperature, but it is the Ga-rich GaAs. This is due 
to the evaporation of As after melting of GaAs. It is 
also obvious in the parts of Fig.4 that G decreases 
with temperature.  
 

 
(a) 

 
(b) 

 
(c) 

Figure 4. Gibbs energy of the system vs. composition 
(As mole fraction) for a) T = 400 K. b) T = 1200 K. c) T 
= 1550 K. 
 
Fig.5 displays the enthalpy of the at the same 
aforementioned temperatures. It is noticed that the 
position of the minimum shifts towards lower 
composition (As mole percent) with increasing 
temperature. Also it is noticed that the enthalpy 
increases with increasing temperature. 
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(a) 

 
(b) 

 
(c) 

Figure 5. Enthalpy of the system against composition 
(As mole fraction) at a) T = 400 K (at 0.07). b) T = 1200 
K (at 0.047). c) T = 1550 K (at 0.0). 

 
Fig.6 displays the entropy of the system at the same 
aforementioned temperatures. The figure shows 
that the entropy increases with increasing 
temperature, and the position of the maximum 
shifts towards higher composion. This means that 
the dissociation of GaAs increases with increasing As 
concentration, and it is maximum when GaAs is 
close to stoichiomety due to evaporation of As. The 
dissociation is stronger after melting of 
stoichiometric GaAs as the case of Fig.6c.  
 

 
(a) 

 
(b) 

 
(c) 

Figure 6. Entropy of the system against composition 
(As mole fraction) for different temperatures. a) T = 
400 K. b) T = 1200 K). c) T = 1550 K. 
 
4. Conclusion 
 
In this work -the phase diagram and thermodynamic 
properties of GaAs compound semiconductor were 
investigated using thermo-Calc software 2034b. The 
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phase diagram was obtained with and without the 
gaseous phase, and melting temperatures of Ga, 
GaAs, and Ga were determined in addition to the 
sublimation temperature of As. Besides, the eutectic 
point in the As side of the phase diagram was 
determined. All these results were compared with 

the experimental results. The Gibbs energy was 
investigated as a function of temperature and 
composition. Furthermore, the enthalpy and 
entropy were investigated as functions of 
composition at different temperatures, and the 
results are discussed. 
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Abstract. The iron-copper (Fe-Cu) binary system has high strength and attractive electrical and thermal properties which 

make it important for many applications. But this system is a metastable alloy system, which makes difficulties in its 
synthesis. So, it is necessary to understand its phase diagram and to investigate its thermodynamic properties. In this work 
the phase diagram of this system was retrieved using thermo-Calc software 2024b, where it includes three fields of solid 
solutions, (one in the Cu rich side and two in the Fe-rich side), four fields of mixed solid phases, three fields of mixed (liquid 
+solid) phases, and a field of liquid phase that extends on the whole composition range at high temperatures. The melting 
points, invariant reactions, and solubilities were determined and discussed. There are three invariant reactions two of them 

are peritectic reactions. while the other is eutectoid. The maximum solubility of Fe-γ in Cu-ε is found to be 4.68 at.% at T = 

1371.17 K, maximum solubility of Cu-ε in Fe-α is 1.6 at.% at T = 1115.92 K, and in Fe-γ is 10.4 at.% at T = 1706.21 K. The 
Gibbs energy was plotted against composition for different temperatures and revealed a wide miscibility gap. The width of 
this gap decreases with temperature and it becomes zero at a critical temperature.   

 
Keywords: Phase diagram, Thermodynamic properties, Fe-Cu alloys, Miscibility gap.  
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1. Introduction 

 
The thermodynamics of liquid and solid iron-copper 
(Fe-Cu) alloy has received continuous attention from 
different groups of researchers over the past few 
decades. Cu-Fe alloy has high strength, good 
plasticity, giant magnetoresistance (GMR), and 
excellent electrical and thermal conductivity [1]. 
Therefore, this alloy is widely applied in the fields of 
automobile, communication, aviation, and 
electronic manufacturing [2]. In addition, Fe has the 
advantages of low price and abundant resources 
including recycling of Cu-containing ferrous scrap, 
where the removal of copper from the steel scrap in 
the recycling process is necessary, because it has 
serious negative effects such as thermal shrinkage 
(surface cracking) during rolling at high 
temperatures [3]. Therefore, understanding the 
phase diagram  and thermodynamic properties of 
Fe-Cu binary system is essential for all these 
applications and issues. It should be noted that iron 
and copper have different structure, where iron is 
BCC at temperatures lower than 1200 K, and copper 
is FCC as seen in the phase diagram shown in Fig.1. 
But both iron and copper can exist as an FCC phase 
as seen in Fig.1 too. Although their structure is the 
same, Fe and Cu are only partially miscible in each 
other [4], and the existence of a wide liquid 

metastable miscibility gap has been proved [5] 
experimentally and by computation. 
 
The objective of this work is to retrieve the phase 
diagram of Fe-Cu binary system, determine the 
invariant reactions and solubilities of Cu in Fe and of 
Fe in Cu, as well as to investigate some 
thermodynamic properties such as Gibb’s energy, 
then comparing the results with previous works.  
 
2. Methodology 
 

The phase diagram and Gibbs energy curves 
presented in this work are obtained using the 
Thermo-Calc software 2024b. To calculate the phase 
diagram and thermodynamic properties of a chosen 
system, this software utilizes the minimization 
procedure of Gibbs free energy, where it uses 
Calphad (CALculation of PHAse Diagrams) method. 
This method is based on the fact that; a phase 
diagram is a representation of the thermodynamic 
properties of a system, and it derives the 
thermodynamic functions of a system from all 
available experimental data. The thermodynamic 
functions are represented as polynomials of chemical 
composition and temperature. The values of the 
polynomial coefficients are obtained by utilizing a 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

263 
 

numerical optimization techniques [6]. The software 
possesses two main components: The application, 
and the internally-consistent thermodynamic dataset 
it uses.   
 
To deduce the phase diagram of Fe-Cu system the 
database used is “TCBIN: TC Binary Solutions v1.1”. 
The total pressure is 1 bar, temperature ranges were 
automatically selected. The same settings were used 
to deduce the Gibbs energy curves, where all curves 
were deduced relative to the standard element 
reference (SER).  
 
3. Results and Discussion 

 
Fig. 1a shows the phase diagram of Fe-Cu binary 
system deduced using Thermo-Calc software 2024b, 
where all phases are displayed on the figure. The 
figure shows three fields of solid solution all in white 
color (one is on the copper-rich side and two on the 
iron-rich side), four mixed solid phase fields all in 
green color (BCC-A2(Fe-α)+FCC-A1(Cu-ε), FCC-
A1(Cu-ε)+FCC-A1#2(Fe-γ), BCC-A2(Fe-α)+FCC-
A1#2(Fe-γ), FCC-A1#2(Fe-γ)+ BCC-A2(Fe-δ), and  
three mixed (liquid + solid) fields (LIQUID+ FCC-
A1#2(Fe-γ)), (LIQUID+ BCC-A2(Fe-δ), LIQUID+ FCC-
A1(Cu-ε)), and a liquid phase field that spans the 
entire compositional range at high temperatures. 

 
Also from Fig.1a it can be found that the phase 
transformation Fe-α ↔ Fe-γ takes place at T = 1200 
K, and phase transformation Fe-γ ↔ Fe-δ takes 
place at T = 1665.80 K. In addition, the melting point 
of Cu is found from Fig.1b (which is a magnified 
portion of the left side of Fig.1a) as Tm(Cu) = 1358.09 
K, while the melting point of Fe-δ is found from 
Fig.1c (which is a magnified portion of the right side 
of Fig.1a) as Tm(Fe-δ) = 1810.95 K. 

 
(a) 

 
(b) 

 
(c) 

Figure 1. a) Phase diagram of the Fe-Cu binary system 
obtained in this work. b) The upper part of the Cu-rich side 
magnefied. c) The upper part of the Fe-rich side magnefied.  
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(a) 

 
(b) 

 
(c) 

Figure 2. Magnefied parts of the Phase diagram in Fig.1 a) 

The upper part of the Fe-rich side. b) The upper part of the 
Cu-rich side. c) The lower part of the Fe-rich side.  

 
Fig.2 shows the invariant reactions in this system, 
which are three reactions of which are two 
peritectic. The first one is:  
 
Liquid + Fe-δ ↔ Fe-γ    (1) 

that takes place at point A in Fig.2a (at 0.927 mole 
fraction Fe and T = 1762.38K. This result is consistent 
with the experimental and computed results listed 
in table 2 of ref. [1] which are all restricted in the 
range 1752-1764 K. The second peritectic reaction 
is:  
 
Liquid + Fe-γ ↔ Cu-ε      (2) 
 
as shown in Fig.2b at point C in the figure 
corresponding to 0.0468 mole fraction Fe and T = 
1371.17 K, which is consistent with the experimental 
and computed results listed in table 2 of ref. [1] that 
are all restricted in the range 1363-1371 K. The third 
invariant reaction is eutectoid given as 
 
Fe-γ ↔ Cu-ε + Fe-α    (3) 
 
which takes place at T = 1115.92 K as shown in Fig. 
2c. This value is also in good agreement with 
experimental and computed values listed in Table 2 
of ref. [1] that are restricted in the range 1115-1139 
K. 
 
The maximum solubility of liquid Cu in Fe-γ can be 
determined from Fig.2b at point B as 0.104 mole 
fraction Fe (or 10.4 at.%) at T = 1706.21 K. From 
Fig.2c the maximum solubility of Cu- ε in Fe- α is 
found to be 0.016 mole fraction Fe (or 1.6 at.%) at T 
= 1115.92 K. Then the maximum solubility of Fe-γ in 
the Cu-ε phase can be determined from Fig.2b at 
point C as 0.0468 mole fraction Fe ( 4.68 at.%) at T = 
1371.17 K.  
 
Fig.3 shows the plot of Gibbs energy of the system 
against temperature. It is noticed that Gibbs energy 
decreases with temperature as usual for all phases. 

 
Figure 3.Gibbs energy of the system against 
temperature. 
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As mentioned in the introduction section, there is a 
large miscibility gap between iron and copper [7], 
which results in suffering through the synthesis of 
the alloy. Fig.4 presents the plot of Gibbs energy of 
the system against composition (Fe mole fraction) at 
temperatures 1100, 1550, 1820 K. The curves show 
the miscibility gap through the presence of two 
minima of the curves which concave down. In Fig.4a 
the minima are at 0.01 and 0.95 mole fraction Fe, 
while the maximum of the curve is centered at 0.61, 
and in Fig.4b the two minima are found at 0.085 and 
0.85 mole fraction Fe, but the maximum of the curve 
is centered at 0.58. The two phases (copper and 
iron) become missible at the critical temperature 
when both minima coincide (or the difference 
between them becomes zero) at the peak of the 
curve. Fig.4c shows the same plot at T = 1820 K, 
where the two minima became closer to each other 
and the peak at the center approximately 
disappeared, and the Gibbs energy curve is 
concaving up, but with a wide minimum, which 
means that this temperature is close to the critical 
temperature. Nakagawa [8] found the critical 
temperature by the measurent of the magnetic 
susceptibility of supercooled melts and by the 
microscopic analysis of quenched samples at T = 
1696 K and composition of 0.56 Fe.  
 
4. Conclusions 
 
In this work the phase diagram of the Fe-Cu binary 
system was retreived and found to be consistent with 
those obtained by the other authors. The  invariant 
reactions and solubilities are also determined and the 
results are consistent with those found in the 
literature. The Gibbs energy curves plotted with 
composition at different temperatures confirmed that 
the system is metastable with a wide miscibility gap, 
and that the this gap decreases with temperature and 
becomes zero at the critical temperature.  

 
(a) 

 
(b) 

 
(c) 

Figure 4. Gibbs energy against composition (mole 
fraction Fe) at different temperatures. a) T = 1100 K. 
b) T = 1550 K. c) T = 1820 K. 

 
References  

1. M.A. Turchanin, P.G. Agraval, I.V. Nikolaenko, Thermodynamics of alloys and phase equilibria in the copper-iron system, 
Journal of Phase Equilibria 24(4) (2003), pp. 307-319. 
2. X. Sun, W. Hao, G. Geng, T. Ma, Y. Li, Solidification microstructure evolution of undercooled Cu-15 wt.% Fe Alloy Melt, 
Advances in Materials Science and Engineering (2018), Article ID 6304518. https://doi.org/10.1155/2018/6304518 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

266 
 

3. K. Shubhank, Y.-B. Kang, Critical evaluation and thermodynamic optimization of Fe–Cu, Cu–C, Fe–C binary systems and 
Fe–Cu–C ternary system, Calphad Volume 45, (2014), pp. 127-137. https://doi.org/10.1016/j.calphad.2013.12.002. 
4. D. Shishin, T. Hidayat, E. Jak, S. A. Decterov, Critical assessment and thermodynamic modeling of the Cu–Fe–O system, 
Calphad 41, (2013), pp. 160-179. https://doi.org/10.1016/j.calphad.2013.04.001. 
5. Y.Z. Chen, F. Liu, G.C. Yang, X.Q. Xu, Y.H. Zhou, Rapid solidification of bulk undercooled hypoperitectic Fe–Cu alloy, Journal 
of Alloys and Compounds 427( 1–2), (2007), pp. L1-L5. https://doi.org/10.1016/j.jallcom.2006.03.012.  
6. B. A. Boutwell, R. G. Thompson, N. Saunders, S. K. Mannan, J. J. deBarbadillo, Phase formation modeling of an alloy 
casting using computational thermodynamics. Paper is presented at the 4th International Symposium on Superalloys and 
Derivatives”, June 15-18, 1997. Pittsburgh, Pennsylvania. 
7.  A. H. Alami, A. Abu Hawili, Synthesis, characterization and applications of FeCu alloys, Applied Surface Science Advances 
1, (2020), 100027. https://doi.org/10.1016/j.apsadv.2020.100027. 
8. Y. Nakagawa, Liquid Immiscibility in the Copper-Iron and Copper-Cobalt Systems in the Supercooled State, Acta 
Metall. 6(11) (1958), pp. 704-711. https://doi.org/10.1016/0001-6160(58)90061-0 
 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

267 
 

  

The Importance of Surface Topography  
 

Marek Jemelka 
 

EVIDENT Europe GmbH – branch office CZ Evropska 16/176 160 00 Prague 6 - Vokovice 
Czechia, marek.jemelka@evidentscientific.com 

ORCID: xxxx-xxxx-xxxx-xxxx  

 
Cite this paper as: Jemelka, M,. The Importance of Surface Topography.Int. Conf. Advanced. Mater. Sci.& Eng. 

HiTech.and Device Appl.Oct. 24-26 2024, Ankara, Turkiye 
 
Abstract. Short description: Introduction to Surface Roughness Measurement with Emphasis on Analysis with Laser 
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Abstract. Solidification is a fundamental aspect of various manufacturing processes like casting, welding, and additive 
manufacturing. The "Scheil-Gulliver" model, initially formulated in 1913, provides a framework for understanding solute 
redistribution during solidification, assuming no diffusion in the solid phase and instantaneous solute movement in the 
liquid. While the classic Scheil model is widely applicable, modified versions have been developed to better capture 
solidification behavior under specific conditions, such as high solidification rates encountered in additive manufacturing. 
The Scheil solidification model was applied to three different steel types using Thermo-Calc. Three scenarios were analyzed: 
(1) where only carbon is a fast diffuser, (2) where all alloying elements are fast diffusers, and (3) where only carbon is a fast 
diffuser with back diffusion occurring from the first formed phase. The results demonstrate that the solidification range in 
Scenario 1 is larger than in Scenario 2, due to carbon’s rapid diffusion. Scenario 3, using the Scheil with Back Diffusion model, 
yielded a similar solidification range to Scenario 1 when the cooling rate was set to 15 K/sec. It was also predicted that an 
increase in the cooling rate would result in a decreased solidification range. 
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Introduction 
 
Solidification plays a crucial role in various 
manufacturing techniques, including casting, 
welding, and additive manufacturing. Originally 
conceptualized by Gulliver in 1913, the "Scheil–
Gulliver" model provides a theoretical framework 
for understanding the redistribution of solutes 
during the solidification process [1 - 4]. This model 
posits that there is no diffusion within the solid 

phase and that solute movement within the liquid 
occurs instantaneously. Scheil solidification models 
based on CALPHAD are commonly employed to 
estimate the solidification temperature range, 
segregation patterns, and phase transformations 
during cellular or dendritic solidification of 
multicomponent alloys. Although these models are 
applicable to many material systems and 
solidification conditions, certain scenarios arise 
where the initial assumptions of the Scheil model 
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do not fully represent the actual solidification 
behavior. Consequently, modified versions of the 
model have been developed to address these 
specific cases. [5] There are 4 Scheil solidification 
models in Thermocalc which based on CALPHAD 
methodology. The first model is based on the 
classic Scheil-Gulliver model, which assumes no 
diffusion occurs in the solidifying phase. The 
second model allows for the assumption that one 
or more alloying elements rapidly diffuse, 
depending on the situation. The third model is 
known as the Back Diffusion in the Primary Phase 
model, with Thermo-Calc providing satisfactory 
results for all three of these models. A fourth 
model incorporates Solute Trapping in the primary 
phase for calculations involving high solidification 
rates, such as those encountered in Additive 
Manufacturing applications. [6] 
 
Results and Discussions 
 
In this study, Thermo-Calc 2024b version was 
used. The TCFE13 database, defined for steel 
materials, was utilized alongside the MOBFE8 
database, which is used for mobility 
calculations. The chemical composition of the 
three different steel materials used in this 
study is provided in Table 1. Three different 
calculation methods were employed: the first 
model assumes carbon as the only fast diffuser, 
the second model assumes all alloying 
elements as fast diffusers, and the third is the 
Scheil with Back Diffusion model where carbon 
is set as the fast diffuser. The Scheil with Back 
Diffusion model is the most advanced Scheil 
model available in Thermo-Calc, and it 
provides the most accurate results for steel 
materials.[5] 
 
Table 1. Chemical Composition of the Steels 

AWS 
Code 

% 
Content % C % Si 

% 
Mn 

% Cr % Ni 
% 

Mo 
% Ti 

ER70S-A1 0,1 0,6 1,2 - - 0,5 - 

ER90S-G 0,08 0,65 1,0 2,5 - 1,0 - 

ER110S-G 0,09 0,55 1,55 0,25 1,35 
0,2
5 

0,07 

 

A summary of the computational models used for 
ER70SA-1, ER90S-G and ER110S-G can be seen in 
Table 2. When performing a calculation in 

Thermocalc some inputs must be arrange. Also, 
these inputs can be seen in Table 2. As seen in 
Table 2 all of the inputs are same for each steels. 
 
 
 
Table 2. Parameters for calculation 

 

ER70S-A1 

1 Only C is fast diffuser 

2 
All alloy elements fast diffuser 

3 

Back Diffusion 
Calculatotion with back diffusion in 
primary phase; Cooling Rate: 15 K/s; 
Primary Phase: Automatic 
Only C fast diffuser  

ER90S-G 

1 Only C fast diffuser 

2 All alloy elements fast diffuser 

3 

Back Diffusion 
Calculation with back diffusion in 
primary phase; Cooling Rate: 15 K/s; 
Primary Phase: Automatic  
Only C fast diffuser 

ER110S-G 

1 Only C fast diffuser 

2 All alloy elements are fast diffuser 

3 

Back Diffusion 
Calculation with back diffusion in 
primary phase; Cooling Rate: 15 K/s; 
Primary Phase: Automatic  
Only C fast diffuser 

 
Fig 1. Scheil model with. only carbon is fast diffusor for 

ER70S-A1 
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Table 3. Scheil model with. only carbon is fast diffusor 

for ER70S-A1 
Temperature 
(oC) 

Mass Fraction  
(%) 

Phase 

>1515,39 100 LIQUID 

1515,07 1,97 LIQUID + BCC_A2 

1505,07 54,56 LIQUID + BCC_A2 

1495,07 71,89 LIQUID + BCC_A2 

1485,07 81,42 LIQUID + BCC_A2 

1475,07 87,21 LIQUID + BCC_A2 

1468,38 90,30 LIQUID + BCC_A2 

1466,79 91,73 LIQUID + BCC_A2 

1466,47 92,32 LIQUID + BCC_A2 

1465,51 92,79 LIQUID + BCC_A2 

1465,19 93,04 LIQUID + BCC_A2 

1468,38 90,30 
LIQUID + BCC_A2 + 

FCC_A1 

1466,79 91,73 
LIQUID + BCC_A2 + 

FCC_A1 

1466,47 92,32 
LIQUID + BCC_A2 + 

FCC_A1 

1465,51 92,79 
LIQUID + BCC_A2 + 

FCC_A1 

1465,19 93,04 LIQUID + FCC_A1 

1464,87 93,23 LIQUID + FCC_A1 

1454,87 94,91 LIQUID + FCC_A1 

1444,87 96,49 LIQUID + FCC_A1 

1434,87 97,66 LIQUID + FCC_A1 

1424,87 98,48 LIQUID + FCC_A1 

1414,87 99,02 LIQUID + FCC_A1 

 
Fig. 1 and Table 3 show the case of ER70SA-1 steel 
where only carbon is a fast diffusor. According to 
this graph and table, solidification starts at 1515 oC 
and ends at 1414 oC. The solidification interval is 
calculated as 101 oC. 
 

I

 
Fig 2. Scheil model with full alloy elements are fast 

diffusor for ER70S-A1 
 
 
 
Table 4. Scheil model with full alloy elements are fast 

diffusor for ER70S-A1 
 

Temperature 
oC 

Mass Fraction (%) Phase 

>1515,39 100,00 LIQUID 

1515,07 1,97 LIQUID + BCC_A2 

1505,07 54,56 LIQUID + BCC_A2 

1495,07 71,97 LIQUID + BCC_A2 

1485,07 82,36 LIQUID + BCC_A2 

1475,07 88,64 LIQUID + BCC_A2 

1473,48 91,15 LIQUID + BCC_A2 

1473,48 91,15 LIQUID + FCC_A1 

1473,16 92,69 LIQUID + FCC_A1 

1463,16 95,27 LIQUID + FCC_A1 

1453,16 97,30 LIQUID + FCC_A1 

1443,16 98,57 LIQUID + FCC_A1 

1433,16 99,26 LIQUID + FCC_A1 

 
 
Fig. 2 and Table 4 show the fast diffusor state of all 
alloying elements of ER70SA-1 steel. According to 
this graph and table, solidification starts at 1515 oC 
and ends at 1433 oC. The solidification interval is 
calculated as 82 oC. 
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Fig 3.Scheil model with. back diffusion in primary phase  

for ER70S-A1 

 
 
Table.5 Scheil model with back diffusion in primary 

phase for ER70S-A1 
 
Temperature 

oC 
Mass Fraction (%) Phase 

1515,39   LIQUID 

1515,07 1,97 LIQUID + BCC_A2 

1505,07 54,56 LIQUID + BCC_A2 

1495,07 71,89 LIQUID + BCC_A2 

1485,07 81,42 LIQUID + BCC_A2 

1475,07 87,21 LIQUID + BCC_A2 

1468,38 90,30 LIQUID + BCC_A2 

1466,79 91,73 LIQUID + BCC_A2 

1466,47 92,32 LIQUID + BCC_A2 

1465,51 92,79 LIQUID + BCC_A2 

1465,19 93,04 LIQUID + BCC_A2 

1468,38 90,30 
LIQUID + BCC_A2 + 

FCC_A1 

1466,79 91,73 
LIQUID + BCC_A2 + 

FCC_A1 

1466,47 92,32 
LIQUID + BCC_A2 + 

FCC_A1 

1465,51 92,79 
LIQUID + BCC_A2 + 

FCC_A1 

1465,19 93,04 LIQUID + FCC_A1 

1464,87 93,23 LIQUID + FCC_A1 

1454,87 94,91 LIQUID + FCC_A1 

1444,87 96,49 LIQUID + FCC_A1 

1434,87 97,66 LIQUID + FCC_A1 

1424,87 98,48 LIQUID + FCC_A1 

1414,87 99,02 LIQUID + FCC_A1 

 

As can be seen in Fig 3 and Table 5, solidification 
starts at 1515 oC and ends at 1414 oC in the Scheil 
with back diffusion model where only carbon is a 
fast diffuser. The solidification interval is calculated 
as 82 oC. In summary, the solidification intervals for 
ER70S-A1 material were calculated as 101 oC, 82 oC 
and 101 oC, respectively. 
 

 
Fig 4. Scheil model with only carbon is fast diffusor for 

ER90S-G 
 
Table 6. Scheil model with only carbon is fast diffusor for 
ER90S-G 

Temperature 
oC 

Mass Fraction (%) Phase 

>1511,62 100,00 LIQUID 

1511,62 5,19 LIQUID + BCC_A2 

1491,62 81,84 LIQUID + BCC_A2 

1471,62 90,96 LIQUID + BCC_A2 

1456,96 95,14 LIQUID + BCC_A2 

1456,32 96,43 LIQUID + BCC_A2 

1451,86 97,32 LIQUID + BCC_A2 

1449,95 97,85 LIQUID + BCC_A2 

1448,03 98,21 LIQUID + BCC_A2 

1446,12 98,48 LIQUID + BCC_A2 

1444,21 98,69 LIQUID + BCC_A2 

1442,30 98,87 LIQUID + BCC_A2 

1441,66 98,98 LIQUID + BCC_A2 

1439,75 99,09 LIQUID + BCC_A2 

1471,62 90,96 
LIQUID + BCC_A2 + 
FCC_A1 

1456,96 95,14 
LIQUID + BCC_A2 + 
FCC_A1 

1444,21 98,69 
LIQUID + BCC_A2 + 
FCC_A1 

1442,30 98,87 
LIQUID + BCC_A2 + 
FCC_A1 
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Fig 4 and Table 6 show the case of ER90S-G steel 
where only carbon is a fast diffusor. According to 
this graph and table, solidification starts at 1511 oC 
and ends at 1442 oC. The solidification interval is 
calculated as 69 oC. For ER90S-G, in the calculation 
where only carbon is a fast diffuser, the calculation 
ends at 98.8% solidification. This is assumed to be 
a calculation error and it is thought that the 
temperature will drop below 1439oC when the 
calculation approaches the 100% solidification 
limit. 
 

 
 

Fig.5 Scheil model with full alloy elements are fast 
diffusor for ER90S-G 

 
Table 7. Scheil model with full alloy elements are fast 
diffusor for ER90S-G 

 

Temperature oC 
Mass 
Fraction (%) 

Phase 

>1511,62 100 LIQUID 

1511,62 5,19 LIQUID + BCC_A2 

1491,62 81,84 LIQUID + BCC_A2 

1471,62 91,04 LIQUID + BCC_A2 

1471,62 91,04 
LIQUID + BCC_A2 + 
FCC_A1 

1460,78 95,18 
LIQUID + BCC_A2 + 
FCC_A1 

1460,15 97,06 
LIQUID + BCC_A2 + 
FCC_A1 

1460,15 97,06 LIQUID + FCC_A1 

1459,51 98,05 LIQUID + FCC_A1 

1439,51 99,24 LIQUID + FCC_A1 

 

Fig. 5 and Table 7 show the fast diffusor state of all 
alloying elements of ER90S-G steel. According to 
this graph and table, solidification starts at 1515 oC 
and ends at 1439 oC. The solidification interval is 
calculated as 72 oC. 
 

Fig 6 Scheil model with back diffusion in primary phase  
for ER90S-G 

 
Table 8. Scheil model with back diffusion in primary 
phase for ER90S-G 

Temperature oC 
Mass 
Fraction (%) Phase 

>1511,62 100 LIQUID 

1511,62 5,19 LIQUID + BCC_A2 

1491,62 81,88 LIQUID + BCC_A2 

1471,62 91,01 LIQUID + BCC_A2 

1456,96 95,24 LIQUID + BCC_A2 

1456,32 96,50 LIQUID + BCC_A2 

1451,86 97,37 LIQUID + BCC_A2 

1449,95 97,90 LIQUID + BCC_A2 

1448,03 98,26 LIQUID + BCC_A2 

1446,12 98,52 LIQUID + BCC_A2 

1444,21 98,73 LIQUID + BCC_A2 

1471,62 91,01 
LIQUID + BCC_A2 
+ FCC_A1 

1456,96 95,24 
LIQUID + BCC_A2 
+ FCC_A1 

1444,21 98,73 
LIQUID + BCC_A2 
+ FCC_A1 

1442,30 98,90 
LIQUID + BCC_A2 
+ FCC_A1 

1442,30 98,90 LIQUID + FCC_A1 

1439,11 99,09 LIQUID + FCC_A1 
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As can be seen in Fig 6 and Table 8, solidification 
starts at 1515 oC and ends at 1439 oC in the Scheil 
with back diffusion model where only carbon is a 
fast diffuser for ER90S-G The solidification interval 
is calculated as 76 oC. For the ER90S-G material, the 
solidification intervals were determined to be 69, 
72, and 76oC, respectively. 
 

 
Fig 7. Scheil model with only carbon is fast diffusor 

ER110S-G 
 
Table 9. Scheil model with only carbon is fast diffusor 
ER110S-G 

Temperature 
oC 

Mass Fraction (%) Phase 

>1508,91 100,00 LIQUID 

1508,91 4,13 LIQUID + BCC_A2 

1488,91 74,13 LIQUID + BCC_A2 

1488,91 74,13 
LIQUID + BCC_A2 
+ FCC_A1 

1480,63 80,96 
LIQUID + BCC_A2 
+ FCC_A1 

1480,63 80,96 LIQUID + FCC_A1 

1479,99 82,48 LIQUID + FCC_A1 

1459,99 92,08 LIQUID + FCC_A1 

1439,99 96,28 LIQUID + FCC_A1 

1419,99 98,16 LIQUID + FCC_A1 

1419,99 98,16 
LIQUID + FCC_A1 
+ FCC_A1#2 

1419,35 98,65 
LIQUID + FCC_A1 
+ FCC_A1#2 

1399,35 99,67 
LIQUID + FCC_A1 
+ FCC_A1#2 

 
Fig 4 and Table 6 show the case of ER110S-G steel 
where only carbon is a fast diffusor. According to 
this graph and table, solidification starts at 1509 oC 

and ends at 1399 oC. The solidification interval is 
calculated as 110 oC. 

 
Fig.8. Scheil model with full alloy elements are fast 

diffusor for ER110S-G 
 
Table 10. Scheil model with full alloy elements are fast 
diffusor for ER110S-G 

 

Temperature oC 
Mass 
Fraction 
(%) 

Phase 

>1509,55 100 LIQUID 

1508,91 4,13 LIQUID + BCC_A2 

1488,91 74,13 LIQUID + BCC_A2 

1488,91 74,13 
LIQUID + BCC_A2 + 
FCC_A1 

1480,63 81,20 
LIQUID + BCC_A2 + 
FCC_A1 

1480,63 81,20 LIQUID + FCC_A1 

1479,99 83,81 LIQUID + FCC_A1 

1459,99 92,99 LIQUID + FCC_A1 

1439,99 97,19 LIQUID + FCC_A1 

1439,99 97,19 
LIQUID + FCC_A1 + 
FCC_A1#2 

1432,98 98,44 
LIQUID + FCC_A1 + 
FCC_A1#2 

1412,98 99,71 
LIQUID + FCC_A1 + 
FCC_A1#2 

 
Fig. 8 and Table 10 show the fast diffusor state of 
all alloying elements of ER110S-G steel. According 
to this graph and table, solidification starts at 1509 
oC and ends at 1412 oC. The solidification interval is 
calculated as 97 oC 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

274 
 

 
Fig.9. Scheil model with back diffusion in primary phase 

for ER110S-G 

 
Table. 11 Scheil model with back diffusion in primary 
phase for ER110S-G 

 

Temperature 
oC 

Mass 
Fraction 
(%) 

Phase 

>1509,55 100 LIQUID 

1508,91 4,13 LIQUID + BCC_A2 

1488,91 74,13 LIQUID + BCC_A2 

1488,91 74,13 
LIQUID + BCC_A2 
+ FCC_A1 

1480,63 81,2 
LIQUID + BCC_A2 
+ FCC_A1 

1480,63 81,01 LIQUID + FCC_A1 

1479,99 82,53 LIQUID + FCC_A1 

1459,99 92,11 LIQUID + FCC_A1 

1439,99 96,29 LIQUID + FCC_A1 

1419,99 98,17 
LIQUID + FCC_A1 + 
FCC_A1#2 

1419,35 98,65 
LIQUID + FCC_A1 + 
FCC_A1#2 

1399,35 99,67 
LIQUID + FCC_A1 + 
FCC_A1#2 

 
As can be seen in Fig 9 and Table 11, solidification 
starts at 1509 oC and ends at 1399 oC in the Scheil 
with back diffusion model where only carbon is a 
fast diffuser for ER110S-G The solidification 
interval is calculated as 110 oC. In summary, the 
solidification intervals for ER110S-G material were 
calculated as 110 oC, 97 oC and 110 oC, respectively.  
 
 

Conclusion  
 
Scheil solidification model for all 3 steel types was 
calculated in Thermocalc. According to this; 
 
1. Only carbon is a fast diffusor, 
2. All alloying elements are fast diffusers, 
3. Only carbon is a fast diffuser and back diffusion 
occurs from the first formed phase, 
results were obtained in the scenarios.  
 
These results are detailed in Table 12. Since the 
carbon atom can diffuse rapidly due to its size, the 
solidification range in Case 1 is expected to be 
higher than the solidification range in Case 2. As a 
matter of fact, Thermocalc calculation results 
confirm this. This was not the case only for ER90S-
G steel. The ER90S-G computation stops at 98.8% 
solidification in the scenario where carbon is the 
only fast diffuser. It is considered that this is a 
computation mistake and that when the 
calculation gets closer to the 100% solidification 
limit, the temperature will decrease below 1439 
oC. 
 
Table 12. Comparison of the results  
 

Materi
al 

# Scheil Model 

Solidificati
on Range 

oC 

ER70S-
A1 

1 Only C is fast diffuser 101 

2 
All alloy elements fast 
diffuser 

82 

 
3 

Back Diffusion 
Calculation with back 
diffusion in primary phase; 
Cooling Rate: 15 K/s; 
Primary Phase: Automatic  
Fast diffusor: only C 

101 

ER90S-
G 

1 Only C fast diffuser 69 

2 
All alloy elements fast 
diffuser 

72 

 
3 

Back Diffusion 
Calculation with back 
diffusion in primary phase; 
Cooling Rate: 15 K/s; 
Primary Phase: Automatic  
Fast diffusor: only C 

76 

ER110S
-G 

1 Only C fast diffuser 110 

2 
All alloy elements are fast 
diffuser 

97 

 
3 

Back Diffusion 
Calculation with back 
diffusion in primary phase; 
Cooling Rate: 15 K/s; 
Primary Phase: Automatic  

110 
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Fast diffusor: only C 

 
 
On the other hand, according to the Scheil with 
Back Diffusion model, which is Case 3, all alloying 
elements are at infinite velocity in the liquid phase. 
In addition, alloying elements can move in the first 
formed solid phase according to their mobility 
values and at a determined cooling rate and 
thermodynamically the solid and liquid interface is 

in equilibrium [6]. Thus, as in scenario 1, when only 
carbon is set as a fast diffuser and the cooling rate 
is 15 K/sec, a solidification ranges similar to 
scenario 1 is obtained in scenario 3. When it is 
assumed that the mobility of the atoms will 
decrease with the increase in the cooling rate, it is 
estimated that the solidification range will 
decrease [7]. In addition, in another scenario 
where all alloying elements are selected as fast 
diffusers, it can be predicted that a scenario close 
to Case 2 will emerge. 
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Abstract. In order to study their thermoluminescence properties, ZnO nanorods have been exposed to gamma radiation. 
For this purpose, nanorods of an average diameter of 240 nm and an average length of 1108 nm were prepared through a 
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hydrothermal synthesis method. They produced a low fading and a single thermoluminescence glow peak structure which 
is making from them adequate nanostructures for thermoluminescence related applications. In this sense we can say that 
these nanostructures have a great potential for applications such as monitoring dosimeters in ionizing radiation fields.  

 
Keywords: ZnO nanorods; Thermoluminescence 

© 2024 Published by ICMATSE 

 

Introduction 

 
Zinc oxide materials show interesting optoelectronic 
properties and efficiency in many vital sectors. 
 
Among ZnO interesting characteristics, its wide band 
gap semiconductor with an energy gap of 3.37 eV 
and its binding energy of the free exciton with a 
value of 60 meV leading to excitonic emission at 
room temperature [1]. This particular material has 
been a good candidate for many areas such as 
catalytics, optoelectronics and photochemicals [2-
4]. 
 
One-dimensional ZnO nanowires have a lower 
threshold lasing-energy due to quantum effects. This 
results in a substantial density of states near band-
edges and enhances radiative recombination due to 
carrier confinement [5], which leads to many optical 
and opto-electronic applications [6,7]. In this sense, 
and as the properties become more and more 
important in nano systems, hydrothermal growth 
method was promising with preparing ZnO 
nanomaterials with appropriate morphology at a 
low-temperature. 
 
The Thermoluminescence (TL) properties of 
undoped zinc oxide (Cruz-Vazquez et al., 2005; Pal et 
al., 2006) and doped with Ce, Yb, Tb, Eu, Dy, and La 
ions, have been studied by many authors (Kucuk et 
al., 2016; Goswami et al., 2015; Sunta et al., 2002) 
making serious efforts to improve TL responses such 
as fading and dose-response at low doses from 143 
mGy up to 60 Gy from gamma radiation. 
 
Such responses are dependents of many factors. For 
example, in addition to doping, the optical and 
luminescent properties strongly depend on the 
preparation route. 
 
Hence, this study aims to discuss the 
thermoluminescence response of hydrothermally 
grown ZnO nanorods as well as its possible origins 
then propose these nanostructures for specific 
applications. 
 
 

 
Experimental details 
 
The synthesis method was adopted from our 
previous work [14]. The obtained nanorods were 
analyzed by various techniques. XRD measurements 
were recorded using Rigaku smartLab X-ray 
diffractometer (using Cu kα emission as the X-ray 
source (λ = 1.54178 Å), 45 kV and 200 mA). 
Morphology was obtained using an electron 
microscope unit with a FEICO system. RISO TL/OSL 
reader supplied by DTU Nutech was used to collect 
thermoluminescence glow curves at room 
temperature. 
 
Material synthesis 
 
To synthesize ZnO nanorods, an equi-molar aqueous 
solution of 0.1 M Zinc nitrate (Zn(NO3)2) and 
hexamethylenetetramine (C6H12N4, HMT) with 0.001 
M NaOH was prepared using deionized water. 
Si(100) substrates introduced so as to sit in the 
middle of the reactive solution, on the underside of 

its glass slide, at a tilt angle of 80 to the horizontal. 
This mixture was heated at a constant temperature 
of 90oC in an oven for 24 h. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic process of the synthesis of ZnO 

nanorods. 
 
Results and discussion 

 
X-Ray diffraction 
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 The microstructure properties were studied by using 
the powder X-ray diffraction technique. Figure 2 
illustrates the XRD pattern of ZnO nanorods prepared 
by the hydrothermal method. High intensity XRD 
peaks characteristic of zinc oxide were recorded 
indicating a high degree of crystallinity of the 
prepared ZnO. Moreover, these results show a 
preferred growth direction which was following C-
axis supported by the highest intensity diffraction 
peak that was observed at 36.519 for the 
crystallographic plane (101). 
 
The registered XRD pattern confirmed the formation 
of the wurtzite hexagonal structure of ZnO which is in 
accordance with the standard JCPDS data card (JCPDS 
Card no. 01-075-1526) and has the space group 
P63mc with lattice parameters a =b=3.245 Å and c 
=5.207 Å.  The diffraction peaks situated at 31.91°, 
34.59°, 36.42°, 47.77°, 56.86°, 63.19°, 66.70°, 68.29° 
and 69.43 ° are assigned to the (100), (002), (101), 
(102), (110), (103), (200), (112), and (201) lattice 
planes of ZnO, respectively. No diffraction peaks from 
impurities were detected. 
 

 
Figure 2. XRD pattern of ZnO nanorods 
 
Scanning Electronic Microscope (SEM) 

The SEM observation (Figure 3) clearly shows the 
formation of a ZnO nanorods with a hexagonal shape 
using the hydrothermal process. These structures 
were grown relatively vertically with a high degree of 
crystallinity.  
 
The average diameters and lengths were determined 
by measuring 50 nanorods from SEM image using 
ImageJ software. The characterized ZnO nanorods 
have an average diameter of 240 nm and an average 
length of 1108 nm. 
 

 
 

Figure 3. SEM image of ZnO Nanorods  
 
Thermoluminescence measurements: 

In order to study the electron traps of the 
hydrothermally synthesized ZnO nanophosphor via 
thermoluminescence, the powder form of these 
nanostructured material was irradiated by a gamma 
source. 
 

 
Figure 4. Typical TL glow curve of ZnO nanorods 

 
In general, ZnO can show two main peaks, one at low 
temperatures and the second towards high 
temperature region. 
 
The analyzed TL curve obtained from the powder 
form of ZnO nanorods shows the appearance of a 
band with a maximum around 108oC. Such response 
is generally attributed to charge carriers trapped at 
shallow defect levels. The existence of such TL glow 
peak is related to the electrons or holes trapped at 
deep localized trap states, which are adequate for 
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dosimetry applications due to characteristic low TL 
fading losses. 

 
When talking about glowing responses towards high 
temperatures the appearance, the characterized 
material shows no glow peaks towards this region. 
This glowing informs the existence of different 
trapping levels, that may be classified as shallow 
trapping, intermediate trapping or deep trapping. 
 
Conclusion 
 
 While ZnO materials are known by displaying two TL 
main peaks, the results of this work demonstrated 

that hydrothermally grown ZnO nanorods exhibits a 
single TL glow peak with a maximum intensity at 
around 108oC. 
 
It is worthy to note that the utilized processing 
method can play an important role in controlling 
materials properties as shown in this case. 
 
Hence, these hydrothermally grown ZnO 
nanostructures can be promising nanophosphors for 
thermoluminescence related applications. 
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Abstract. The progress of scientific research and technology development depends heavily on effective imaging solutions 
to characterize the properties and behaviors of materials. Revealing details of microstructure, ideally in 3D, are a critical 
part of this understanding, whether developing and confirming models that describe material properties and behavior, or 
simply visualizing structural details. ZEISS offers 3D X-ray microscopes (XRM): advanced imaging solutions that have 
overcome major hurdles to three-dimensional imaging by providing high-contrast, sub-micron imaging, even for relatively 
large samples. These breakthrough advances in nondestructive, three-dimensional (3D) imaging enable a wide range of 
engineering disciplines. 
 
The nondestructive nature of X-ray microscopy (XRM) enables multiscale or multimodal imaging of the same sample for 
analysis the hierarchical structures. Two families of X-ray microscopes are available for this purpose and will be presented 
in this talk. These include the Zeiss Xradia Versa and Zeiss Xradia Ultra laboratory-based X-ray microscopes. They provide 
the highest resolution for the study of internal structures at true spatial resolutions from submicron (< 450 nm for Versa) 
to nanometer (< 50 nm for Ultra). 3D-XRM architectures feature several key advantages, including characterization of large 
samples without loss of resolution, high contrast for improved clarity, minimal sample preparation, the ability to perform 
in situ experiments, and synchrotron-quality imaging in a laboratory system. In addition, it provides excellent contrast 
capabilities through different imaging modes, i.e., (i) absorption, (ii) absorption and propagation phase contrast, (iii) dual-
energy scanning modes, and (iv) diffraction contrast tomography. These unique features make all families of X-ray 
microscopes powerful tools for applications in a very wide range of scientific and industrial fields. Correlative workflow from 
XRM to FIB-SEM is also presented as a unique technique for comprehensive multiscale characterization of a large number 
of samples.  
 
Keywords: Synchrotron X-ray Microscopy 
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Abstract. The development of advanced materials has led to considerable interest in self-healing metals, which have the 
ability to heal micro-damage autonomously. Two primary concepts within this field are self-healing metals and microcrack 
healing in metals. While both aim to extend the lifetime and reliability of materials, they work on different scales and 
mechanisms. This study provides a comparative analysis of self-healing metals and microcrack healing, examining their 
advantages, disadvantages, and potential applications in various industries. 

 
Keywords: Self-healing materials, self-healing metals, crack healing, crack repairing, micro-damage healing. 

© 2024 Published by ICMATSE 

 

Introduction  
 
Self-healing materials are inspired by natural 
biological materials and have the ability to repair 
micro-cracks when they are micro-damaged [1]. 
Most of the recent studies on self-healing materials 
have focused on polymers and ceramics, which are 
easier to manufacture than metallic materials [2-
11]. In critical applications such as aerospace, 
defense, and automotive, material failure due to 
cracking or fatigue can lead to catastrophic failure. 
The development of self-healing metals offers a 
promising way to increase durability, reduce 
maintenance costs, and improve safety. Within this 
field, two fundamental mechanisms have emerged: 
self-healing metals, which encompass a broad range 
of damage repair, and microcrack healing, which 
specifically targets the repair of microcracks only. 
This study examines the differences between these 
concepts, their respective mechanisms, and their 
implications for material design and application. 
 
Mechanisms of self-healing metals 
 
Self-healing metals can repair a wide range of 
damage through both intrinsic (autonomous) and 
extrinsic (non-autonomous) mechanisms (Table 1) 
[11]. Intrinsic self-healing involves the natural 
properties of the metal, such as grain boundary 
migration and dislocation movement, which allow 
the material to close small cracks or defects under 
certain conditions, typically through thermal 
activation [10]. Extrinsic self-healing involves 

incorporating external agents such as microcapsules 
or fibers containing healing agents. When a crack 
forms, these capsules rupture, releasing the healing 
agent reacting with the surrounding material to fill 
the crack and restore structural integrity [11]. Shape 
memory alloys (SMAs) also exhibit self-healing by 
returning to their original shape when heated, thus 
closing cracks or other deformations [12-14]. 
 
Mechanisms of microcrack healing 
 
Microcrack healing is specifically concerned with 
repairing micro-cracks, typically on the order of 
microns in size [15]. This process is often driven by 
localized plasticity, which can effectively seal 
microcracks before they propagate into larger, more 
dangerous fractures. The primary goal of microcrack 
healing is to stop the initiation and growth of cracks 
that can lead to fatigue failure, making this approach 
particularly valuable in cyclic loading environments 
[16]. Unlike self-healing metals, which can target 
larger damage, microcrack healing focuses on early-
stage repair, preventing the accumulation of 
damage over time. 
 
Comparative analysis 
 
Advantages: 
 
Self-healing metals offer broader applications by 
addressing different levels of damage, from micro-
cracks to larger structural defects. This versatility 
makes them suitable for use in high-risk industries 
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such as aerospace and automotive, where material 
integrity is critical. However, the complexity of 
integrating extrinsic mechanisms and the potentially 
high cost are notable challenges. 
 
In contrast, microcrack healing is a more targeted 
approach that effectively improves fatigue 
resistance by preventing crack propagation [16]. It is 
generally less expensive and can be implemented 
without significantly altering the overall properties 
of the metal. However, it is limited in scope as it 
primarily addresses small-scale damage and may not 
fully restore the original properties of the material. 
 
Disadvantages: 
 
Self-healing metals may not always fully restore the 
original mechanical properties of the material, 
especially if the healing involves different phases or 
materials. In addition, the environmental conditions 
required for healing (e.g., temperature, stress) may 
not be present in all applications. Scalability and 
production costs are also significant concerns. 
While effective in certain scenarios, microcrack 
healing is limited to minor defects and may leave 
residual stresses or small defects that could serve as 
sites for future damage. Detecting and initiating the 
healing process on time is another challenge, 
particularly in applications where early-stage 
damage is difficult to monitor. 

 

 
Figure 1. Classification of current self-healing 
mechanisms for metals and metal matrix composites 
[11].  

 
Conclusion 
 
Self-healing metals and microcrack healing are two 
promising ways to improve the durability and 
reliability of metallic materials. While self-healing 
metals offer broader applicability and the potential 
to repair larger damage, they present challenges in 
terms of complexity and cost. Although more limited 
in scope, microcrack healing provides an effective 
solution for preventing the propagation of small 
cracks, particularly in fatigue-prone environments. 
The choice between these two approaches depends 
on the application's specific requirements, including 
the extent of damage, environmental conditions, 
and cost considerations. 

 
References 

1. M. Nosonovsky, P.K. Rohatgi, Biomimetics in Materials Science: Selfhealing, Self-lubricating, and Self-cleaning materials, 
Springer, 2011, p 1-122. 
2. B. Aïssa, D. Therriault, E. Haddad, W. Jamroz, Self-healing materials systems: Overview of major approaches and recent 
developed technologies, Adv. Mater. Sci. Eng., 2012, (2012). 
3. D. Bekas, K. Tsirka, D. Baltzis, A. Paipetis, Self-healing materials: a review of advances in materials, evaluation, 
characterization and monitoring techniques, Compos. Pt. B-Eng., 87, 92-119 (2016). 
4. M. Kessler, Self-healing: a new paradigm in materials design, Proc. Inst. Mech. Eng. Part G-J. Aerosp. Eng., 221(4), 479-
495 (2007). 
5. M. Samadzadeh, S.H. Boura, M. Peikari, S. Kasiriha, A. Ashrafi, A review on self-healing coatings based on 
micro/nanocapsules, Prog. Org. Coat., 68(3), 159-164 (2010).  
6. R.P. Wool, Self-healing materials: a review, Soft Matter, 4(3), 400-418 (2008). 
7. D.Y. Wu, S. Meure, D. Solomon, Self-healing polymeric materials: a review of recent developments, Prog. Polym. Sci., 
33(5), 479-522 (2008). 
8. Y. Yuan, T. Yin, M. Rong, M. Zhang, Self-healing in polymers and polymer composites. Concepts, realization and outlook: 
a review, Express Polym. Lett., 2(4), 238-250 (2008). 
9. P. Zhang, G. Li, Advances in healing-on-demand polymers and polymer composites, Prog. Polym. Sc., 57, 32-63 (2016). 
10. B. Grabowski, C.C. Tasan, Self-Healing Metals, Self-Healing Materials, ed., M.D. Hager, S. van der Zwaag, U.S. Schubert, 
Eds., Springer, 2016, p 387-407. 
11. Kilicli V., Yan X., Salowitz N. and Rohatgi P., Recent Advancements in Self-Healing Metallic Materials and Self-Healing 
Metal Matrix Composites, JOM, 70(6), 846-854, 2018. https://doi.org/10.1007/s11837-018-2835-y. 
12. J. Ferguson, B. Schultz, P. Rohatgi, Zinc alloy ZA-8/shape memory alloy self-healing metal matrix composite, Mater. Sci. 
Eng. A, 620, 85-88 (2015). 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

283 
 

13. M.V. Manuel, G.B. Olson, Biomimetic Self-healing Metals, 1st International Conference on Self-Healing Materials, 
2007, p 1-8. 
14. P. Rohatgi, Al-shape memory alloy self-healing metal matrix composite, Mater. Sci. Eng. A, 619, 73-76 (2014). 
15. Awaja, F., Zhang, S., Tripathi, M., Nikiforov, A., & Pugno, N. Cracks, microcracks and fracture in polymer structures: 
Formation, detection, autonomic repair. Progress in Materials Science, 83, 536-573 (2016). 
16. Zhang, H. L., & Sun, J. Diffusive healing of intergranular fatigue microcracks in iron during annealing. Materials Science 
and Engineering: A, 382(1-2), 171-180 (2004), https://doi.org/10.1016/j.msea.2004.04.069. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

284 
 

  

Amorphous Matrix Nanocomposites in Three-component Manganese-containing 
Borate Systems 

 
Marina Kapanadze 

Georgian Technical University - Department of Chemical and Biological Engineering, 0175, 
Tbilisi, Georgia, 

 m.kapanadze@gtu.ge   
 ORCID: 0009-0009-7876-4485 

 

Maia Mshvildadze 
Georgian Technical University - Department of Chemical and Biological Engineering, 0175, 

Tbilisi, Georgia,  
 maia_mshvildadze@gtu.ge    

ORCID: 0009-0003-8362-3819 
 

Tamar Loladze 
Georgian Technical University - Department of Metallurgy, Materials Science and Metal Treatment, 0175, 

Tbilisi, Georgia,  
t.loladze@gtu.ge   

ORCID: 0000-0002-3104-8459 
 

Nino Kebadze 
Georgian Technical University - Department of Chemical and Biological Engineering, 0175, 

Tbilisi, Georgia,   
n_kebadze@gtu.ge     

ORCID: 0000-0002-8248-7689 
 

Zurab Sabashvili  
Georgian Technical University - Department of Metallurgy, Materials Science and Metal Treatment, 0175, 

Tbilisi, Georgia, 
 z_sabashvili@gtu.ge     

ORCID: 0000-0003-4766-2661 
 

Cite this paper as: Kapanadze M., Mshvildadze M., Loladze T., Kebadze N., Sabashvili Z. Amorphous Matrix 
Nanocomposites in Three-component Manganese-containing Borate Systems Int. Conf. Advanced. Mater. 

Sci&Eng. HiTech.and Device Appl. Oct. 24-26 2024, Ankara, Turkiye 
 
Abstract. In this work, glasses based on the PbO-MnO-B2O3 system are considered nanocomposites because they 
exhibit features inherent to amorphous-matrix nanocomposite materials. It is assumed that the amorphous materials 
obtained in this system consist of several types of structural units, which can be considered nano-sized inclusions. 
This study demonstrates how the ratio and size of these inclusions affect the nature of dilatometric curves and the 
volumetric electrical resistivity of the resulting materials. 
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Introduction 

Recent studies of simple and complex glass systems 
have established that they belong to the category of 
nanocomposites. Amorphous and sub-
microcrystalline phases are distinguishable within 
an amorphous (glassy) matrix. These glasses often 

serve as the basis for creating materials with new 
sets of properties, such as glass-crystalline or porous 
materials [1,2].  

However, it should be noted that the original 
microheterogeneous glasses are also 
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nanocomposites, with properties that depend on 
the degree and size (fraction) of the second phases. 

This paper presents the research results of the PbO-
MnO-B2O3 glass system. Studying this system is part 
of systematic research on multi-manganese glasses 
conducted at Georgian Technical University. It 
represents the culmination of a critical review of 
earlier works [3-5] and subsequent studies carried 
out in the same direction. 

 
Results and discussion 

The study of the glass-forming limits and various 
glass properties in this system were carried out, 
which led to the conclusion that, similar to other 
three-component manganese-containing borate 
systems, the glass formation region includes the 
glasses that, according to available references, 
should not form - even considering the possibility of 
Pb2+ ions acting as glass-formers. The boundaries of 
the glass-forming region were found to depend on 
the type of material introducing manganese into the 
glass -MnCO3 resulted in a smaller region, while 
MnO2 resulted in a larger region. 
 
The hypothesis was proposed that this is due to the 
presence of manganese in lead borate glasses in the 
form of divalent Mn²⁺ ions and Mn. The latter, 
because of its crystal chemical parameters, can exist 
in a tetrahedral state. 
 
Based on the analysis of the dependence of various 
properties on composition, the presence of the 
following structural units is assumed in the 
investigated glasses: Pb(BO4/2)2, Pb2+Pb2-O4/2, 
MnO4/2, Mn(BO4/2), BO3/2. The ratio of these units 
determines specific properties, primarily the 
peculiar behavior of the dilatometric curve of the 
series of glasses and the dependence of electrical 
resistance on composition. 
 
The results of the calculations of ion concentrations 
and the structural-chemical composition of the 
glasses, based on Müller's ion-atom valence 
hypothesis [6], are presented in Table 1. 
 
Table 1. Ion concentration and structural-chemical 
compositions of glass 

      

The dependence of electrical resistance values (lgρ) 
on composition varies significantly (Figs. 1, 2, 3). 

 

 

 

Fig. 1. a,b,c. Dependence of electrical resistance 
values (lgρ) on composition 
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The highest lgρ values are found in glasses with 
B2O3=60 mol% (Fig. 1a), while the lowest values are 
found in glasses with B2O3=40 mol%. The glasses in 
the series xPbO•(50-x)•50B2O3 exhibit intermediate 
lgρ values. Increasing the MnO content at the 
expense of PbO in the series of glasses xPbO•(40-
x)•60B2O3 results in a gradual but negligible 
decrease in lgρ values, often within the experimental 
error margins. The glasses in the series xPbO•(50-
x)MnO•50B2O3 exhibit a more significant decrease 
in electrical resistance up to the composition 
20PbO•30MnO•50B2O3. After reaching a minimum, 
lgρ increases again.  

The decrease in lgρ due to the aforementioned 
substitution is similarly significant in the series of 
glasses with a B2O3 content of 40 mol%. However, 
the dependence curve shows an extremum 
corresponding to the composition 50PbO•10MnO. 

An attempt was made to correlate the obtained 
results with the data presented in the table. 

First of all, it is necessary to consider the possible 
reason for the difference in lgp values depending on 
the B2O3 content. Calculations show that at 40 
mol%, structural units of the BO3/2 type are absent. 
This contradicts the information about the 
structures of borate glasses. According to this 
information, a complete transition from BO3/2 to 
BO4/2 is practically impossible. According to data [7], 
the maximum transition of three-coordinated boron 
to four-coordinated boron is possible only in the 
presence of oxygen suppliers such as R2O and RO in 
amounts of 20 and 40 mol%, respectively. It can be 
extended by the formation of neutral structural 
units MnO4/2 in the glass, which apparently 
manifests itself in glasses with B2O3 = 40 mol%. 

In the absence of BO3/2 and the possibility of the 
formation of lead structural units, one should expect 
the formation of structural units (s.u.) of the type 
Pb2+Pb2-O4/2, which are not integrated into a single 
boron-manganese mesh, which, incidentally, can 
also be heterogeneous. This phenomenon can 
explain the presence of a maximum on the curve of 
the dependence of lgp on the glass composition with 
B2O3=60mol% - the isolated lead structural units 
block the transfer of electricity by divalent ions. 

Increasing the MnO content should lead to a 
decrease in the tendency of some Pb2+ to form lead 

structural units, i.e., to a reduction in the degree of 
blocking. The ratio of lead and manganese-borate 
polar groupings with lead increases from 4.7 to 24.2, 
which leads to an increase in conductivity. The 
conductivity should be higher than indicated by the 
lgp values, but the matrix apparently does not 
exhibit homogeneity. Lead-borate and manganese-
borate groups may differentiate. 

Figure 1, corresponding to the glass composition 
40PbO•20MnO•40B2O3, still indicates the presence 
of distinct groupings but with smaller sizes, and 
shows a fairly uniform distribution of nanoscale 
inhomogeneities. 

According to calculations, glasses with B2O3 = 50 
mol% do not form lead compounds. However, they 
exhibit a polar component, which should result in 
higher lgp values compared to the previous series of 
glasses. 

This phenomenon is also facilitated by the lower 
concentration of polar groups, which differentiate 
based on the type of cation. The accumulation of 
manganese-containing complexes, possibly of the 
type Mn2

2+MnO4
4+, can form combinations with 

Mn2+ (BO4/2), leading to the formation of "chains." 

Glasses with B2O3 = 60 mol% exhibit only small 
changes in lgp compared to the other two series. The 
presence of significant concentrations of nonpolar 
complexes leads to an increase in lgp values. Based 
on this, the glass should also be 
nanoinhomogeneous, consisting of lead-borate and 
manganese-borate complexes. 

Conclusions 

Electron microscopy shows that most of the 
examined glasses, in terms of their "texture," closely 
resemble amorphous (glassy) manganese 
nanocomposites, in which a direct relationship 
between structure and properties is observed. By 
adjusting the composition of these nanocomposites, 
materials with various properties can be obtained. 
This must be considered when introducing foreign 
nanoscale inclusions into such glasses by different 
means. The inherently inhomogeneous amorphous 
matrix should be regarded both as a nanocomposite 
and as a basis for creating amorphous matrix 
nanomaterials. 
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Abstract. High-strength, highly modular polymeric fibers are used to produce materials with high toughness 
and impact strength at low density. One of such materials is a high-strength composite made of aramid 
fibers, which is used for making armour. The challenge lies in machining these materials. The low resistance 
of the cutting tool can lead to the separation of material layers, fiber tearing, and temperature increases in 
the cutting area, resulting in thermal destruction of the matrix. To address this, plasma arc-cutting 
technology was developed to avoid splitting and destruction of the material. The material was secured 
between two water-cooled copper plates, and a water jet was sprayed into the cutting area. This ensured 
that the cutting surface remained monolithic, easily machined, and free from destruction. Studies were 
conducted for both air plasma arc cutting and cutting in superheated water vapour.  
© 2024 Published by ICMATSE 
 
Introduction 

Modern industries widely use high-strength non-
metallic fiber composite materials. These 
materials consist of two or more components 
combined into a single monolithic structure, 
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whose physical and mechanical properties differ 
from those of each constituent component. High-
strength, highly modular polymeric fibers are used 
to produce these materials, ensuring toughness 
and impact strength at low density. Mechanical 
processing of such materials is common in 
production. However, this treatment often results 
in low performance and, in many cases, 
destruction of the material. 

The research goal was to develop and explore 
plasma cutting techniques for high-strength 
aramid fiber composites. Para-aramids, also 
known as “Kevlar” and developed by DuPont, are 
used for manufacturing armored products, such as 
body armour. The material withstands 
temperatures up to 430°C, but begins to break 
down above this temperature. Prolonged 
exposure to ultraviolet rays and moisture can 
degrade the material properties. Para-aramids are 
characterized by low density, high mechanical and 
thermal strength, and tear strength ranging from 
2800 N/mm² to 5500 N/mm², depending on the 
manufacturing brand. The decomposition 
temperature of the material depends on the 
heating rate and the duration of exposure to heat. 
At temperatures above 150°C, the strength of 
Kevlar decreases; for instance, at 160°C for over 
500 hours, the tensile strength decreases by 10-
20%, and at 250°C, Kevlar loses 50% of its strength 
in 70 hours [1,2,3]. Additionally, aramids are easily 
flammable. The main goal was to solve the 
aforementioned problems when developing the 
plasma arc cutting technology.  

 
Results and discussion 

In the initial stage of the experiment, the 
drawbacks of mechanical cutting high-strength 
fibrous composite materials made of Kevlar were 
confirmed. During mechanical cutting, the 
following shortcomings were revealed: 
- Poor productivity; 
- High cost associated with frequent failure of 
mechanical cutting tools; 
- Destruction of the cutting surface; 
- Breakage of the surface film of a workpiece 
causing damage to the monolith and resulting in a 
loss of its properties. 
To develop plasma arc cutting technology, the 
problem of burning aramid fibers in oxygen 

needed to be solved. References indicate that at 
low concentrations of oxygen, fiber burning occurs 
briefly, and the flame dies quickly. On one hand, it 
might be possible to solve the problem by 
selecting a plasma-forming environment that does 
not contain oxygen. However, from an economic 
point of view, using inert gases, for example, was 
unprofitable. Therefore, the first cycle of the study 
was conducted using compressed air, and the 
second cycle using water vapor. Fiber burning was 
observed in both cycles. 

For plasma arc cutting in compressed air, an 
indirect plasma torch with a plasma arc of 10 kW 
was used. The technical parameters of the power 
supply are provided in Table 1. 

Table 1. Power supply electrical parameters 

Parameters Magnitude 

No-load voltage, Uxx,V 360  

Nominal operating voltage, U, V 220 

Nominal operating current, I, А 45 

Power consumption from the 
electrical network, kVA 

16,2 

      

During the first cycle of experiments, it was 
found that at the maximum cutting speed, the 
plasma arc flame was sucked into the cutting 
cavity, which contributed to the burning of 
fibers. The burning process lasted for a few 
seconds, but even in such a short period, it 
caused an increase in the cutting width, the 
detachment of material layers, and the tearing 
of fibers. The sucking of the flame into the 
cutting cavity at maximum speed can be 
explained by the small angle (30°) between the 
flame and the workpiece surface. During the 
experiments, it was determined that at an angle 
of 90°, no flame was sucked into the cutting 
cavity. 

Since the material loses its mechanical 
properties when heated to temperatures above 
250°C and its layers tend to separate, it is 
essential to prevent overheating near the 
cutting zone. The solution to these problems is 
as follows: two copper plates, each 6 mm thick 
and 8 cm wide, were used. Their length matched 
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the length of the workpiece. Grooves were cut 
along the entire length on one side of both plates 
to allow water to be supplied for cooling the 
workpiece's surface. To prevent delamination, 
the material was placed between the copper 
plates with the grooved sides facing the material 
and secured with mechanical clamps. 
Additionally, an extra stream of water was 
directed into the cutting cavity, completely 
preventing the ignition of the fibers. 

In plasma arc cutting using the proposed 
technical solutions, the process is accompanied 
by the melting of the material. The cutting 
surface has a molten, monolithic appearance, 
which is easily machined, and no separation or 
destruction of the material occurs. 

The second study cycle was conducted using 
superheated water vapor as a plasma-forming 
medium. Previous studies have shown the 
following advantages of using water vapor 
compared to compressed air [4], including: 

-   High plasma redox potential; 

- Higher values of thermophysical parameters 
create excellent conditions for converting arc 
electric energy into thermal energy and 
maximizing its usage; 

- The increased electric field intensity of the 
plasma arc in the water vapor medium allows 
for the generation of the required arc power at 
a reduced current intensity compared to 
compressed air; 

- The possibility of conducting the plasma 
cutting process at high pressure, which also 
allows for reducing arc current; 

- The reduction in current value increases the 
service life of the cathode. 

It is known that a layer of plasma-forming gas of 
a certain thickness forms around the arc, 
providing thermal insulation from the nozzle 
walls. In the case of water vapor, the 
dissociation of hydrogen consumes a large 
amount of heat, providing intensive cooling of 
the arc's periphery. Additionally, the presence 
of a radial velocity component in the gas flow, 
directed into the arc column, enhances thermal 
compression of the arc column. This intensifies 
the deionization of its peripheral region, 

contributing to the elongation of the arc and 
increasing the arc voltage. The increased arc 
voltage allows generating the required power at 
lower currents than with compressed air. Both 
the pressure and temperature of the plasma-
forming medium influence the increase in 
voltage [5]. Superheated water vapor was used 
in the experiments because it contains no 
moisture. Moisture evaporates at temperatures 
above 125°C, and there is no condensation in 
the superheated vapor caused by the heated 
walls of the superheater tank. 

Comparative studies were conducted for both 
plasma-forming environments. Table 2 shows 
the values of the main technological parameters. 

Тable 2. Technological Parameters 

Water Vapour Сompressed Air 

I,A U,V P,at t°C I,A U,V P,at t°C 

40 242 3 160 48 210 3 - 

40 246 4 170 45 220 4 - 

36 248 5 180 - - - - 

30 254 6 190 - - - - 

 

The data in Table 2 confirm the aforementioned 
advantages of water vapour. The plasma-cutting 
surface, in this case, also exhibited a molten 
monolithic appearance. The plasma cutting 
speed was nearly identical in both cases. 

Naturally, indirect plasma torches were used for 
plasma cutting. The optimal design was found to 
be a nozzle with a channel diameter of 2 mm and 
a height of 18 mm. 

Based on the accepted technological solutions, 
two designs of plasma cutting units were 
developed: one for compressed air and the 
other for superheated water vapor. 

For compressed air, the plasma torch is cooled 
by running water. At the inlet of the plasma 
torch, part of the water is supplied to the cutting 
cavity, while the rest is drained from the plasma 
torch into the copper plates. A valve is installed 
at the bottom of the bath to drain the water. 

In the case of superheated water vapor, the 
plasma torch is cooled with compressed air to 
prevent the cooling and condensation of vapor. 
Water is fed into the cutting cavity and copper 
plates from the central water supply. 
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Figure 1 presents the system communication 
connection diagram, illustrating the developed 
technological solutions for compressed air. 

 

Fig. 1. Plasma cutting machine communication 
circuit 

1.  Power supply; 2. Plasma torch; 3. Bath; 4. Material 
to be cut; 5. Copper plates; 6. Communication for 
supplying cooling water to the plasma torch; 7. A 

stream of water fed into the cutting area; 8. & 9. 
Communication of water supply to copper plates; 10. 
Communication for supplying compressed air to the 
plasma torch. 

 

Conclusions 

The technology for plasma arc cutting of non-
metallic fibrous composite high-strength 
materials, particularly aramid fibers, in both 
compressed air and superheated water vapor 
environments, has been developed. The 
electrical parameters of the power source are 
selected to ensure that, in addition to providing 
the required power for the plasma arc, the 
maximum working life of the plasma torch is 
achieved. The application of this technology 
eliminates the burning of fibers and produces a 
molten, monolithic cutting surface that is easily 
machined and not prone to destruction. 
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Abstract. Hydrophobic surfaces are utilized to reduce wetting behavior of surfaces. To repel water, material with such a 
property can be exploited on surfaces of buildings near humid areas like or even in the inner side of water pipelines or for 
water/oil. Particularly, hydrophobic surfaces are in great demand for a variety of applications due to their outstanding 
attributes such as environmental protection and solar energy harvesting applications. Surface free energy, SFE, and texture 
are two crucial surface parameters that play a significant role in determining hydrophobicity. Low surface energy and 
surface texture with micro/nano pillars provide advantages for improving surface hydrophobicity. In this presentation, the 
utilization of silica nanoparticles, part 1, and FL graphene, part 2, as coating layers will be explored to examine the influence 
of surface texture and low SFE, respectively. 
 
Keywords: hydrophobic surfaces, Contact angle, Self-cleaning, silica nanoparticles 

© 2024 Published by ICMATSE 

 

1.1 Silica nanoparticle (Re-engineering the surface) 
 

Surface wetting is the result of physical contact 
between two phases that creates interactions 
between a solid and a liquid at the solid-liquid 
interface. At the most basic level, these interactions 
are atomic in nature and reflect contributions of 
gravitational, polar, electrostatic, and 
intermolecular energy [1]. When a liquid droplet 
comes into contact with a solid surface, it will take 
on a geometric shape that reduces the overall 
energy of the solid-liquid system because of these 
energy contributions [2]. The surface free energy 
(SFE), which is the reversible work necessary to 
produce a unit of fresh surface area [3], is the 
pertinent energy parameter in this case. Surface 
tension and SFE are interchangeable for a liquid. The 
SFE is known as the solid-liquid interfacial energy 
when the "new surface" that is produced is the 
interfacial surface area between the solid and liquid. 
A thermodynamic energy equilibrium can be used to 
determine the shape of a liquid droplet contacting a 
solid surface based on these energy considerations. 
The angle between the liquid surface free angle and 

the solid/liquid interfacial free energy is known as 
the water contact angle, or WCA. Although any 
liquid can be used in practice, water is a common 
liquid for contact angle measurements. We must 
examine the connection between surface energy 
and surface roughness and surface wettability in 
order to comprehend surface hydrophobicity. The 
well-known fundamental equation that 
characterizes these energy interactions and is 
applicable to smooth and level surfaces is Young's 
equation. Surfaces with 𝛉 > 90° are hydrophobic, but 
those with 𝛉 < 90° are hydrophilic when water 
droplets are present. In this study we report the 
effect of Silica nanoparticles (SiO2 NP) and reduced 
Graphene oxide (rGO) on the surface wettability 
nature. The first part will focus on the internsic 
effect of SiO2 NP on cement blocks hydrophobicity 
and in the second part rGO/galss substrate will be 
utlized to test the surface morphology effect on 
hydrophobicity and its relation to SFE.  
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1.2 Experimtal work Cement block   

A 1110 g of washed sand was mixed with 550g of 

cement from Raysut Cement Company, and then 150 

mL of 1000 ppm nano-silica solution is added to 300 

ml water and mixed very well for 5 minutes. After that 

the cement block was kept outdoor for naturally dray 

and hence, the block was immersed in the same 

nanosilica solution and soaked for 30 minutes. Finally, 

the block left to dry naturally outdoor again.  

1.3 Results-1 

1.3.1 TEM analyzation of silica nanoparticles 

TEM was used to examine the morphology of the 

silica nanoparticles that were synthesized. Semi-

spherical nanoparticles were evident in every block 

sample, as shown in Fig. 1(a-d). These particles are 

depicted in TEM pictures without the strong 

aggregation and accumulation effects seen in SEM 

data. Furthermore, as illustrated in Fig. 1(e), the 

typical particle size distribution falls between (5 and 

18 ± 2 nm). 

1.3.2 Cement block surface modification results. 

High WCA with a water droplet surface, 𝛉 > 90°, is 
revealed by the optical picture of the treated block 
surface displayed in Fig. 3 (a and b). When the block 
surface is shaken, water droplets immediately fall 
off. Numerous optical pictures of WCA were 
acquired at various periods in order to verify the 
stability of the block surface change. Block WAC is 
always 𝛉>90°, as shown in Fig. 2 (c-e).  WCA was 
shown to decrease after 65 days, which could be 
related to the unstable silica nanoparticles at the 
block surface. Here, we propose that it might 
become more stable by combining these 
nanoparticles with a better binding material. 
 
Surface morphology, roughness, and water contact 
angles (WCAs) were used to describe the 
consequences of these surface alterations. The 
resultant WCAs for cement block are 148°>𝛉>90°, 
which make water runs off easily without further 
cleaning as shown in Fig2 (a). 
 

(e)  

Figure 1. (a-d) TEM images of hydrophobic 

silica nanoparticles prepared by using 50 

ml of SiO2 NPs solution in 470 ml of distilled 

water. (e) The average particle size of silica 

nanoparticles distribution.  
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2.1 Hydrophobicity of rGO  

Five rGO-coated glass samples (rGO/SiO2) were 
prepared in which the rGO was stuck in the glass 
surface with a binding material (polymer). The 
contact angle was measured by placing a water 
droplet on the surface of rGO/SiO2 using a dispensing 
needle. These tests were performed at a room 
temperature. To find the contact angle at the solid-
liquid interface, a tangent line was marked at the 
droplet's edge and the angle formed with the 
baseline was measured. Additionally, the free surface 

energy was calculated using an empirical equation for 
surface free energy. 

 

 

 

 

Blo

W
𝛉 

𝛾𝐿𝑉 

𝛾𝑆𝑉 𝛾𝑆𝐿 

(a) 

(b) 

WCA = 129° WCA = 130° WCA = 133° (c) (d) (e) 

Figure 2 (a) water droplets over treated cement block 
surface and (b) water droplet surface tension energy 
diagram and the surface free energy conurbations. (c-
e) Optical images showing the initial wetting behavior 
of cement block after 1h, 1 day and 3 days from 
preparation respectively.   
 

Figure 3: The structure of polar liquids: (a) 

formamide, (b) diiodomethane,(c) ethylene 

glycol, and (d) glycerol.  

Table 8: Raman Spectroscopy of GO and rGO 
sheets. 

Reduced 

graphene 

oxide 

Graphene 

oxide 

 

G band D band Bands 

Graphite  

1530 1350  Raman shift 

)1-cm( 

1599 1324 Intensity 

GO-1  

1600 1350 Raman shift 

)1-cm( 

1595.04 1344.04 Intensity 

GO-2  

1650 1400 Raman shift 

)1-cm( 

1617.34 1366.34 Intensity 

rGO-1   

1592 1340 Raman shift 

)1-cm( 

1.37583 1.46840 Intensity 

rGO-2  

1592 1340 Raman shift 

)1-cm( 

0.45547 0.48457 Intensity 
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Raman spectroscopy results we utilized to make sure 
the reduction of GO to rGO.  Table (1) summarizes the 
Raman spectrum results. The variety of degrees of 
disorder, defects, and the chemical modification 
introduced during the oxidation and reduction 
processes may effect the peak intensity and location 
 
2.2 Graphene SFE and WCA measurements 
 
The contact angle of water was measured to 
determine whether graphene layers were wettable 
on silicon or on copper and graphene oxide 
substrates. It was discovered that the contact angle 
between the water and the G/Si substrate was 
around 87°.The G/Cu substrate's temperature is then 
around 93°. The oxidized and isolated graphite that 
made up the GO substrate had a WCA of about 66.8˥°, 
indicating that GO had hydrophilic properties. 
Additionally, different organic liquids' wettability was 
investigated. As seen in Fig. 3, these tested liquids are 
polar organic. 
  
The graphene substrates show varying wettability 
strengths due to distinct polarity groups. Because of 
their functional groups, the liquids are wettable on 
GO surfaces. To invitigate the relation between WCA 
and surface free energy lets start with Young’s 
condition where WCA or θ is known as in Equation (1): 

γ𝑠 = γ𝑠𝑙 + γ𝑙  cos θ              (1) 

By using Equation (2) the adhesion work of solid-

liquids interface has been characterized Invalid 

source specified.: 

𝑊𝑠𝑙 = γ𝑠 + γ𝑙 − γ𝑠𝑙             (2) 

And by combining Equation 1 and 2 in equation (3), 

we get: 

W of adhesion = −𝛾𝑙(1 + cos  θ )          (3) 

From Table 1 and previous equations, the adhesion 

work of graphene liquids interface can be measured 

and represented in Table 2. The surface free energy 

of graphene can be calculated by using Neumann’s 

model. The contact angle between the solid and 

liquid is given as follows: 

W of adhesion = 2𝑒−𝛽(γl− γs)^2√γ𝑠γ𝑙                 (4) 

Where β is the constant coefficient of a specific 

surface, which equal 0.00017 for graphene. Then by 

using fowkes method to find the dispersive surface 

energy of solid: 

W of adhesion = 2√𝛾𝑠
𝑑𝛾𝑙

𝑑                 (5) 

The dispersive components of liquids and solids are 

denoted by 𝛾𝑙
𝑑   and 𝛾𝑠

𝑑 . According to the Fawkes 

technique, the dispersive and polar components of 

the total surface energy for liquids and solids are 

added together, as demonstrated by Equations 6 and 

7. 

𝛾𝑠 = 𝛾𝑠
𝑑 + 𝛾𝑠

𝑝
                    (6) 

𝛾𝑙 = 𝛾𝑙
𝑑 + 𝛾𝑙

𝑝
                    (7) 

The relation between
𝛾𝑠

2

𝜃
 versus 𝛾𝑠 is illustrated in Fig 

6. The following relation can be deduced from the 

graph in Fig 5. 

𝛾𝑠
2/𝜃 = 𝐴 + 𝐵𝑦 + 𝐶𝛾2

 

𝛾2(1 − 𝜃𝐶) − 𝐵𝛾𝜃 − 𝐴𝜃 = 0 

γ =
Bѳ − √(𝐵ѳ)2 + 4𝐴(1 − ѳC)ѳ

2(1 − ѳC)
 

γ =
Bѳ − √(𝐵2 − 4𝐴)ѳ2 + 4𝐴ѳ

2(1 − ѳC)
 

γ =
−0.57113 − √0.14407ѳ2 + 18.81324ѳ

2(1 − 0.00968ѳ)
 

        A=4.70331   B= - 0.57113    C=0.00968 

𝑑ѳ\dγ

=

(1 − 0.0096ѳ)(−1.05618 −
0.188 + 18.8132

√0.14407ѳ2 + 18.81324ѳ
+ (− 0.00968 − 0.046√0.14407ѳ2 + 18.81324ѳ

4(1 − 0.00968ѳ)2
 

γs
2(1 − 0.00968ѳ) + 0.571ѳ γs -4.703=0 

Finally, the empirical relation can be derived as 

shown below: 

γ= 𝑥 =
−0.571ѳ±√(0.571ѳ)2+18.81(1−0.00968ѳ)ѳ  

2(1−0.00968ѳ)
          (8) 

Figure 4. (a) Schematic drawing of a water droplet 

and the balance of surface tensions at three-

phases contact line. (b) The surface free energy, γ,  

is related to θ by plotting  γ^2/θ with γ. 
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γ , in the empirical Eq (8) is related to θ, which is the 

water contact angle with the horizontal line. Next, 

using Eq. (8), the surface free energy was determined 

for the different substrates and liquids shown in Table 

2. 

Table 9 Adhesion work and surface free energy for 
different Gr/substrates under different liquids tests. 

liquids substrat

e 

Conta

ct 

angle

 θ  

work of 

adhesion(Wa

d) 

(mJ/m2) 

γs 

(mJ/m2) 

± error 

γs
2  

/ θ 

 

γs
d 

(mJ/

m2) 

water Si 81 83.2 44.06± 1.05 23.96 82.54 

 Cu 85 78.24 44.33±1.02 23.11 72.98 

 Gr/Si 87 68.2 44.96±0.93 23.23 55.45 

 Gr/Cu 93 75.7 44.49±0.99 21.28 68.31 

 GrO 66.8̥ 104.4 61.8±0.004 57.1 44.0 

Ethylen

e glycol 

Si 82 54.68 29.13±0.38 10.35 25.77 

 Cu 83 53.84 28.87±0.15 10.05 24.98 

 Gr\Cu 85 52.18 27.58±1.75 8.95 23.47 

 Gr\Si 89 48.83 28.6±0.39 9.21 20.55 

Glycol  Gr\Si 91 62.29 33.86±1.78 12.59 28.36 

 Cu 81 73.3 32.95±1.99 13.40 39.27 

 Gr/Cu 90 63.4 33.75±1.81 12.65 

 

29.38 

 Ni 88 65.61 33.56±1.85 12.79 31.46 

 plastic 70 85.08 32.13±2.18 14.74 52.91 

Formam

ide 

Gr\Si 90 58.2 26.36±2.89 7.72 36.65 

 Cu 80 68.30 25.27±3.26 7.98 50.48 

 Gr/Cu 89 59.21 26.26±2.92 7.74 37.94 

 Ni 80 68.30 25.27±3.26 7.98 50.48 

 blastic 79 69.30 25.17±3.29 8.01 51.97 

 

The hydrophobicity of graphene layers is indicated by 

the fact that both Cu and Si-coated substrates raise 

the static water contact angle, see Table 2. There are 

a number of possible causes for this growth, 

including: First, when graphene reaches a few layers 

of sheets between 4 and 9, it becomes hydrophobic. 

Second, the graphene coating is the cause of the 

increased surface roughness, which raises the solid's 

surface area and geometrically improves its 

hydrophobicity. Third, waterproof behavior results 

from the surface installation of air around the liquid-

solid boundary. The surface energies of GrO, Gr/Si 

and Gr/Cu were determined. Their values found to be 

about 61.8 mJ/m2, 44.96 mJ/m2 and 44.49mJ/m2 

respectively. The results show that SFE of GrO 

graphene oxide is the highest because of its 

components and synthetic groups as it can be seen in 

Fig. 4.  

4. Conclusion 

Conclusion-1 

Silica nanoparticles with diameters (5 to 18 ± 1 nm) to 

convert a normal glass and cement block surfaces to 

hydrophobic or water repellent. A smart hydrophobic 

cement block was prepared by well mixed silica 

nanoparticle solution with cement block ingredients. 

This make cement block intrinsically hydrophobic for 

a long period of time with WCA 𝛉>90°. Graphene 

surface free energies over different substrates when 

put in contact with liquids were measured and 

calculated using Neumann’s method. The results 

showed that a graphene oxide sheet is hydrophilic 

and a graphene on copper or silicon sheets were 

hydrophobic. The experiment showed the WCA of 

Gr/Cu and Gr/Si are 930 and 870 respectively.  In 

addition, their surface energy are 44.96 mJ/m2 

44.49mJ/m2 respectively, according to fowkes 

method, while the surface energy of GrO was found 

to be 61.8 mJ/m2. 
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Abstract.  Magnetite nanoparticles, especially magnetite (Fe3O4) and maghemite (-Fe2O3), have versatile applications as 
ferrimagnets. Magnetic particles of iron oxides are less toxic, biocompatible and more often used in the medical field. 
Magnetic fluids are used in hyperthermia (an alternative way to treat tumor cells), to transfer therapeutic drugs under the 
action of a magnetic field, as a contrast liquid in magnetic resonance imaging, as well as in quantum computers, in the 
ecological direction in the field of cleaning water and soil from organic pollutants, it is a good adsorbent, separator and 
catalyst. We used the electrochemical synthesis method to obtain magnetic nanoparticles. In earlier studies, we synthesized 
nanoparticles at 45°C on a rotating cathode in a two-layer bath, where we used hexane as an organic solvent, which 
practically evaporated after 1 hour of synthesis [1-3].  
 
From the ecological point of view of the toxicity of the process, the organic solvent hexane was replaced by water with an 
alcohol mixture. Nanomagnetite obtained under different conditions is characterized by various instrumental research 
methods and Instruments, namely: Zeta Sizer Malvern, SEM, TEM, XRD and FTIR. 
 
Keywords:Magnetite, nanoparticles, Oleic Acid, electrochemical synthesis 
© 2024PublishedbyICMATSE 

 
Introduction 
 
Interest in magnetic nanoparticles is growing due to 
their versatile applications. Co-precipitation, 
hydrothermal, strip-gel, microemulsion, microwave, 
laser pyrolysis, photochemical, ultrasonic, air-phase 
and electrochemical methods are used to obtain 
magnetic nanoparticles. Electrochemical synthesis 
is the simplest and safest among them. By using 
electrical energy, electrolyte, surfactant and 
creating appropriate conditions (current density, 
voltage, temperature), it is possible to obtain 
magnetic nanoparticles with controlled size and 
shape. The process is described in many articles, the 
electrolyte of different composition is used 
everywhere, the material of anode and cathode is 

different, as well as acidity, current density, 
synthesis temperature and others. 
 
Electrochemical synthesis mainly takes place in a 
two-electrode or three-electrode electrochemical 
cell, in galvanostatic (constant current) or 
potentiostatic (constant potential) mode. Other 
modes - cyclic voltammetry, impulse potential and 
impulse current - are often found in research. 
 
The application of a pulsed current, or potential, 
dramatically reduces particle aggregation and the 
number of bubbles formed during water 
electrolysis. The formed particles are dispersed in 
the electrolyte and become charge carriers due to 
contact with the ions in the solution. When the 
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electric field near the surface of the electrode 
increases, the increased forces of electrophoresis 
and electroosmosis act on the particle, as a result of 
which the particles collide with each other as a 
result of rapid displacement and undergo 
aggregation. During impulse current and impulse 
potential, the process stops, and therefore the 
probability of collision and aggregation decreases. 
The articles more often describe the 
electrochemical preparation of magnetite 
nanoparticles in galvanostatic and potentiostatic 
mode.  
 
In the galvanostatic mode, the particle size 
significantly depends on the current density. As 
Fajarro describes, the particle size (12-25 nm) 
increases with increasing current density, however, 
in his study, no surfactant was used in the synthesis, 
and to prevent aggregation, the current density is 

generally low and 100-500 mA/cm2 (0.01- 0.05 
A/dm2) will connect. In Cabrera's article, the 
electrochemical process takes place at a relatively 
high current density of 10-200 mA/cm2 (0.1-2 
A/dm2), and with increasing current density, the 
particle size (25-27 nm) does not change 
significantly. At high current density, the influence 
of diffusion rate and Helmholtz layer can be 
neglected, while at low current density (low 
reaction rate) they have a significant influence [4]. 
Lozano and his colleagues conducted research 
under oxygen and nitrogen inflation conditions. In a 
nitrogen atmosphere, the electrolyte acquired a 
greenish color, which indicates the formation of iron 
hydroxide (Fe(OH)2), while the formation of 
magnetite (black color) was not observed. In an 
Erlenmeyer flask, the black color characteristic of 
the formation of magnetite is clearly visible in the 
oxygen environment [5]. 
 
Intensive recovery of hydrogen is actively taking 
place at the cathode, which, according to some 
authors, may be a condition for the formation of 
magnetite [6,7]. 
 
3γ − FeOOH + 1/ 2 H2 → Fe3O4 + 2H2O 
 
In the experiment conducted by Lozano, as a result 
of artificially inflating hydrogen in the environment 
of electrochemically formed hydroxide (γ-FeOOH), 
no magnetite was formed (checked with a 
diffractometer), which indicates that the hydrogen 
separated on the cathode comes out of the reaction 
zone and does not take a substantial part in the 
formation of magnetite. In the process of 

electrolysis, intermediate products are formed, 
which can be clearly seen by the change in the color 
of the electrolyte, from transparent, brownish-
reddish color to black. 
 
As can be seen from the study of Lozano and his co-
workers, the diffractograms taken from 2 to 90 min 
confirm the formation of lepidocrite (γ-FeOOH), the 
magnetite peak formed after 4 min is quite low, and 
with time the lepidocrite peak decreases and the 
magnetite peak becomes more pronounced. After 
30 min, only the peak characteristic of magnetite 
remains. 
 
Based on the obtained results, they developed the 
mechanism of magnetite production by electrolysis: 
 
Anode 

 Fe → Fe2+ + 2e− 

CH3CH2OH+1/2O22H++2e−+CH3COOH 
 cathode 
  2H2O + 2e− ↔ H2 + 2OH− 
In the volume of the solution: 
Fe2+ + OH−→ Fe(OH)2 
 3Fe(OH)2 + O2→ 2γFeOOH + Fe(OH)2 + 2H2O 
 2γFeOOH + Fe(OH)2→ Fe3O4 + 2H2O 
Finally, the topotactic transformation of iron 
divalent hydroxide and lepidocrocite into magnetite 
[5]. 
 
Results and Discussion  
 
Ferric sulfate (FeSO4.7H2O) solutions of different 
concentrations (0.05, 0.8 and 1M) were prepared 
for electrochemical synthesis. Steel cathode (arc) 
and anode plate were prepared. Before electrolysis, 
the electrodes are subjected to cleaning with 
sandpaper, degreasing with ethanol, washing with 
distilled water, drying at 1000C and weighing before 
and after electrolysis. After 15 minutes of 
electrolysis, the strip obtained after 10 minutes of 
centrifugation (8000 rpm) was determined by the 
particle size. and zeta potential. Based on the 
theoretically and practically calculated mass of the 
obtained magnetite, the output (efficiency) of the 
process is calculated. 
A 0.05 1 M iron sulfate (FeSO4.7H2O,chemically 
clean) solution was prepared in different 
ethanol/water ratios (50/50, 40/60; 30/70; 20/80; 
10/90 %). Different concentrations of oleic acid 
(0.5%, 1%, 1.5%) were added to each ratio. The 
dependence of the particle size on the current 
density and electrolysis temperature was 
determined. To obtain magnetite nanoparticles, we 
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used an iron anode (99.19% Fe, 0.75% Mn; 0.053% 
Cu) and an aluminum cathode-arc. 
 
Based on our research, the water/ethanol ratio of -
30/70 gives better results in terms of particle size 
and band stability when changing various 
parameters; 20/80; 10/90. The higher the amount of 
ethanol in the volume, the better the distribution of 
oleic acid throughout the volume (Figure 1.). To 
stabilize nanoparticles, we used oleic acid, which 
forms a bidentate bond with magnetite 
nanoparticles. The greater the amount of ethanol in 
the electrolyte, the better the distribution of oleic 
acid in the entire volume (Figure 2).  
 
As can be seen from the figure, the size of the 
particle obtained in the strip obtained under the 
selected optimal conditions with 1% oleic acid 
content is twice as small as compared to 1.5% oleic 
acid, which can be explained by the excess of oleic 
acid (the length of the oleic acid molecule is 2 nm). 
0.5% oleic acid fails to prevent aggregation. 
 

 
Figure.1 Magnetite particle size at different 
water/ethanol ratios (10/90; 20/80/; 30/70) 
Electrochemical synthesis conditions:T=45°C; i=40 
A/dm2; CFeSO4=0.05M; Oleic acid concentration 1%) 
 

 
 

Figure.2 Magnetite particle size in the band 

obtained at 0.51.5% oleic acid concentration 
(T=45°C; i=40A/dm2; CFeSO4=0.05M; water/ethanol 
ratio=20/80) 
 

Based on the selected mode, we can conclude that 
70 gives better results for dispersion in oleic acid 
solution; 80; A solution containing 90% ethanol. 

45°C temperature is also better for dispersion, 
particle size inhibition and stabilization of oleic acid 
in solution. High current density (60 A/dm2) turned 
out to be undesirable in terms of particle size, as 
current density increases, nucleation 
(predominance of seeds) increases, therefore, 
stabilization by oleic acid precedes aggregation and 
particle size increases. At 50/50 - 40/60% 
water/ethanol ratio, 0.5% oleic acid content, 25°C 
temperature and 1M FeSO4.7H2O concentration, 
non-stable (precipitates instantly) and polydisperse 
bands are obtained.  
 
We selected the samples obtained under the best 
conditions for synthesis (T=45°C; i=40 A/dm2; Oleic 
acid concentration 1%, cathode rotation speed 600 
rpm CFeSO4=0.05M) and analyzed them by scanning, 
transmission microscopy, infrared spectroscopy and 
by X-ray diffraction methods. 
 

 
 

Figure 3. SEM-EDS Spectra of Fe3O4 nanoparticles 
 

As can be seen from the elemental analysis, the 
composition of the obtained substance corresponds 
to the formula of magnetite. 
 
 
 
 
 
 
 

 

 

 

Figure 4. Fourier-infrared spectrum of Fe3O4&1%OA 

 
On the FT-IR spectrum, the spectrum of Fe3O4 
modified with oleic acid shows a peak at 1727 cm-1, 
characteristic of the vibration of the C=O bond, and 
two peaks at 1593 and 1558 cm-1, corresponding to 
the asymmetric and symmetric vibrations of the 
carboxyl (COO-) group. Peaks at 2923 cm-1 and 2854 
cm-1 correspond to asymmetric and symmetric 
vibrations of CH2 groups, and 601 cm-1 and 510 cm-
1 correspond to the Fe-O bond [8-9]. 
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Figure 5. X-ray phase analysis of magnetite 
 

In the X-ray phase diagram, the main phase 
coincides with the peaks characteristic of magnetite 
(ASTM 19-629). 
The transmission electron microscope image of the 
sample obtained under specific conditions reveals 
the particle size ranging from 6 to 25 nm.  
 

 
Figure 6.TEM image of Fe3O4 nanoparticles 
Conclusion 
 
 We used a double-layer bath with a rotating 
cathode to obtain magnetite nanoparticles. We 

used oleic acid dispersed in hexane as an organic 
solution, and iron sulfate dissolved in deionized 
water was the electrolyte. In this case, in order to 
simplify the process and improve it from an 
ecological point of view, instead of an organic 
solvent (hexane), we used a mixture of ethanol and 
water in which iron sulfate was dissolved. 
 
The process was simplified and both the synthesis 
and the stabilization process were carried out in a 
mixture of water and alcohol in which oleic acid was 
dispersed. 
 
The synthesized nanomagnetite was characterized 
by instrumental methods (Zeta Sizer Malvern, SEM-
EDS, TEM, FT-IR, XRD), from which it can be seen 
that replacing hexane with ethanol did not worsen 
the characteristics of nanomagnetite. Both Malvern 
and TEM analyzes show particle sizes ranging from 
6 to 25 nm, while FT-IR and XRD studies show peaks 
characteristic of magnetite. 
 

This work was supported by Shota Rustaveli national 
Science Foundation of Georgia (SRNSFG) (Grant 
number YS-23-511) 
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Abstract. In this study, the amount of corrosion and abrasion and the strength/operational life of a turbine blade used in a 

Thermal Power Plant after 25 years of operation were investigated and case analyzed. For comparison, the original unused 

turbine blade material and areas with the same coating were compared. It was determined that the turbine blade examined in 

the study was coated with Co-based material (containing Cr, Mo, Ni, Mn) by thermal metal spray coating method. AgCuZn 

based bonding coating was applied between the coating and the substrate. After 25 years of service with an average energy 

production of 69,466,700 MWh, the turbine blade was removed from the turbine and examined for corrosion and erosion 

properties. In the experimental study, chemical and dimensional measurements, optical microscopy, SEM and EDX 

measurements were carried out as a result of metallographic preparation of the samples. Structural analysis was performed 

by XRD, hardness and wear inverses were used to determine the mechanical properties and life of the samples. As a result of 

the investigations; it was determined that the turbine blade was subjected to both corrosion and erosion and corrosive erosion, 

the coating on the surface was completely worn locally, and there was a cross-sectional reduction due to wear (corrosive and 

erosive) at the blade tips. The coated parts were found to be more resistant to erosive and corrosive effects. The transition 

zone between the base material and the coating starting point was found to be very effective in coating wear. It has been 

observed that corrosion and erosion effects cause abrasion effect together. 

 
Keywords: Steam turbine blade, Erosion, Corrosion  
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Intorduction 
In materials science, the term erosion is used to 
describe mechanical damage caused by high-
velocity impacts. Erosion usually occurs as a result 
of solid/solid or liquid/solid interactions. Another 

definition defines erosion as the gradual loss of 
original material due to the mechanical interaction 
between a solid surface and a fluid, a 
multicomponent fluid, or impinging liquid or solid 
particles. [1] There are different types of erosion, 
such as solid particle erosion, cavitation erosion, 
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liquid impact erosion, and cyclic erosion. All of 
these occur as a result of cyclic loading and sharp 
pressure pulses [1]. Solid particle erosion is an 
important material degradation mechanism 
encountered in a number of engineering systems, 
such as thermal power plants, aircraft gas turbine 
engines, pneumatic mass transportation systems, 
coal liquefaction/gasification plants, and ore or 
coal slurry pipelines. [3] 
 
Although it seems simple, the erosion process is 
much more complex. After the plastic deformation 
that occurs in the form of a very shallow/thin layer 
as a result of solid or liquid impact on the surface 
of the metal material, metal loss occurs in the form 
of particles breaking off from the surface. In the 
early stages of erosion, while the first plastic 
deformation occurs, a period of symptoms is 
observed when erosion is not fast or very low. After 
this initial damage, wear begins at the weakest 
points [2]. Sudden cross-section changes or 
material wall edges are the areas where erosion 
damage is clearly observed. As a result of cross-
section changes and high-pressure flow or water 
penetration at the ends, erosion craters are usually 
formed. This crater's sharp corners lead to the 
formation of narrow pits or lower tunnels. This 
situation is seen in Figure 1. After the formation of 
these pits, the real destructive wear will occur and 
wear will continue in the form of larger pieces 
breaking off. If the first wear crater has a flat 
surface, the wear rate will be lower [3,4]. 
 

 
Figure 1. SEM image of the initial flat and 
ridged surface characteristic of erosion 
damage [3] 
 

Erosion is caused by the mechanical interaction 
between the material surface and steam at high 
temperature and pressure. Erosion, which is 
visually evident as material loss, especially at the 
blade tips, is the loss of metal due to the impact of 
liquids or solids. Attack is promoted by turbulent, 

high-velocity fluid flow. Rapid pressure changes 
promote shock waves and turbulence. Sudden 
changes in flow direction and entrainment of solid 
particulate matter in the fluid also contribute to 
erosion. Turbulence is also caused by a change in 
flow direction, a sudden change in cross-section, a 
thick deposit of sediment, or the presence of an 
obstruction that disrupts the flow. Although 
several factors affect the formation of deposits on 
turbine components, the general effect is the same 
regardless of the cause. Adherent deposits form in 
the steam passage and distort the original shape of 
the turbine blades. These deposits, which are 
usually rough or irregular on the surface, increase 
resistance to the steam flow. The disruption of the 
steam passages alters steam velocities and 
pressure drops, reducing the capacity and 
efficiency of the turbine. In severe conditions, 
deposits can cause excessive rotor thrust. Irregular 
accumulation causes vibration problems by 
disrupting the balance of the turbine rotor [5]. In 
the study on material erosion [6], the effect of 
surface roughness on erosion and long erosion 
formations using low impact velocities (<100m/s) 
were investigated. After several thousand impacts, 
numerous depressions were observed on the 
surface of the attacked copper. Such localized 
material flow and surface roughness were 
suggested as the main reason for the onset of 
material loss. It was evaluated that the formation 
of pits on the material surface and the resulting 
material loss were formed due to the effect of the 
high-speed fluid flowing on the surface. 
 
Materials and Methods 
 
Chemical analysis, SEM, EDX, XRD, micro and 
macrostructure studies, dimensional 
measurements and surface damages on the 
coating and base material were performed on a 
low-pressure steam turbine blade of a thermal 
steam turbine that has been used for 25 operating 
years and an unused steam turbine blade [Fig. 2]. 
 
 
 
 
 
 
 
 
 
 
Figure 2. Used and unused steam turbine blades 
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Experimental Studies 
 
First of all, chemical analysis of the turbine blade 
material was performed. As a result of the analysis 
made with the sample taken from the turbine 
blade area, it was determined that the material 
was 420 quality stainless steel [Table 1.].  
 
Table 1. Sample chemical analysis  

Fig. 3 shows the microstructure images obtained 
from sample C. It was observed that there was very 
severe wear on both the wing shoulder tip coating 
and the backing material. Defects in the form of 
irregularities and gaps in the thicknesses were 
detected in the intermediate coating. 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 3. Microstructure images of sample C 
 
 
The microstructure, SEM images and EDS analyses 
of sample S are given in Figure 4. The images and 
analyses show that there is a turbine blade 
structure with a 3-layer (base, intermediate 
coating and coating) structure consisting of 3 
different materials (420 stainless steel, hard solder 
and Co-based). 
 
Figure 5 Sem images show that sample B 
intermediate coating-coating and intermediate 
coating-substrate interfaces, we see a diffusion-
free coating structure. The coating is applied only 
to the middle and wing tip of the wing, where the 
steam directly hits, and to the shoulder area (the 
part towards the wing edge tip and back in the 
direction of the steam arrival). The corrosion 
products formed were determined by XRD analysis 
of sample surfaces A, B and C. It was determined 
that oxides of the elements forming the substrate 
were formed in sample A, and the coating material 
in samples B and C. The formation of chemically  

and mechanically stable oxides at high 
temperatures in the coating and substrate surface 
will provide surface passivation and protection in a 
way. However, since very mixed oxides were 
formed together here and there was a continuous 
mechanical abrasion effect, the corrosion abrasive 
wear process continued together. 
 
Figure 6 shows the microstructure images and 
chemical analysis data obtained from sample C. It 
was observed that there was very severe wear on 
both the wing shoulder tip coating and the backing 
material. Irregularity and gap-shaped defects were 
detected in the intermediate coating. The coating 
had a dendritic structure and there was a lot of 
segregation. 
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Figure 4. SEM-EDS anlaysis of sample A   Figure 5. SEM-EDS anlaysis of sample B, 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. SEM-EDS anlaysis of sample C, 
 
Corrosion products were determined by XRD analysis of sample surfaces A, B and C. It was determined that 
oxides of he elements forming the substrate were formed in sample A, and the coating material in samples 
B and C. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 7. XRD analysis of sample A, B, C 
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Conclusion  
 
After structural examination and analysis of the steam 
turbine blade that was scrapped after 25 years of 
operation; 
 
1.In steam turbines, corrosion and erosion occur 
separately and/or together, especially due to the effect 
of high temperature, 
 
2.In steam turbine blades, especially the areas where 
the effects of high temperature steam are high 
(shoulder and upper shoulder part) must be coated, 
 
3.Shock-intensive and destructive wear occurs on the 
uncoated base material and as a result, the blade 
shoulder part becomes 65% thinner, 
 

4.During the coating process, an intermediate bonding 
coating is made using a Cu-based hard solder material, 
and there are defects in the form of voids in this coating, 
5.The main coating is a Co-based superalloy material, 
but despite this, it is subject to corrosion and erosion 
wear, 
 
6.The structure of the coating contains dendritic and 
segregations, which accelerates the formation of 
corrosion, 
 
7.Wear is high because the compounds formed by the 
elements in the coating structure in the corrosive 
environment do not allow the formation of a stable 
surface layer, 
 
8.The coating structure should be produced in a 
homogeneous composition and without segregation. 
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Abstract. Desalination of saltwater using superhydrophobic coated materials is a cutting-edge advancement in water 

purification technology, offering significant improvements in efficiency and cost-effectiveness. This study 

investigates the application of superhydrophobic coated materials and nanomaterials in membrane distillation 

processes, where the unique water-repellent properties of these materials enhance vapor transport and minimize 

membrane fouling. The superhydrophobic membranes demonstrate a remarkable ability to resist salt and 

contaminant deposition, thereby prolonging membrane life.  This research highlights the fabrication techniques, 

material properties, and performance metrics of superhydrophobic membranes in various desalination scenarios 

using machine learning methods. Integrating machine learning into the desalination process using superhydrophobic 

materials can significantly enhance system performance, reliability, and operational efficiency. Machine learning 

algorithms can be employed to analyze vast amounts of operational data, including feed water characteristics, 

temperature gradients, and permeate flux rates, to optimize the desalination process in real-time. Predictive models 

can be developed to forecast membrane performance, identify potential fouling or scaling events, and suggest timely 

maintenance actions. By continuously monitoring and analyzing data, machine learning can provide insights into the 

most effective operational parameters, ensuring optimal performance under varying conditions. In conclusion, the 

integration of machine learning with superhydrophobic coated materials and nanomaterials not only maximizes the 

efficacy of the desalination process but also contributes to the development of smart, resilient water treatment 

systems capable of meeting the growing global demand for clean water.  

Keywords: Superhydrophobic Nanomembranes, Desalination Rates, Machine Learning, Freshwater.   
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This research focuses on the membrane 

distillation process for desalination purposes. To 

achieve these objective natural materials such as 

coconut shell, muslin cloth along with carbon felt 

will be used as a membrane. The idea is to 

prepare a superhydrophobic coating which will 

then be applied on various materials mentioned 

above to separate salt from the water. 

Additionally polystyrene polymer mixed with 

DMF (Dimethylformamide) with an inclusion of 

𝑆𝑖𝑂2  nanoparticles will be used for 

electrospinning the superhydrophobic 

nanofibers which are very effective for 

desalination process. A prototype will be 

designed where the salt water will be heated in 

a container at a regulated temperature. Once 

the water is heated to a required temperature it 

will be transferred to a secondary tank with a 

superhydrophobic membrane. In the secondary 

tank the vapor will pass through the 

superhydrophobic membrane thus separating 

salt from the water. The filtered vapor will then 

encounter a cooler surface where condensation 

occurs converting the vapors to freshwater. The 

accumulated fresh water will then be checked 

with the salinity meter to determine the salt 

content in the water. 

 

Figure 1. Pipeline for a Desalination process. 

For the desalination process some of the 
important calculations are calculating Permeate 
flux and salt rejection rate. The permeate flux is 
calculated using the equation 1.[1] 
 

𝐽𝑣 =
∆𝑊

𝐴𝑡
                 (1) 

 
Here, 𝐽𝑣  is permeate flux, ∆𝑊 is permeation 
weight collection over set time, 𝐴 is the 
permeation area and this the predetermined 
time 
 
The salt rejection rate is calculated using 
equation 2. [2] 
 

𝑅𝑠 = (1 −
𝐶𝑝

𝐶𝑓
)                             (2) 

 
Here, 𝑅𝑠  is the salt rejection rate (%), 𝐶𝑝 is the 

salt concentration in the permeate (mg/L or 
ppm), 𝐶𝑓 is the salt concentration in the feed 

(mg/L or ppm). 
 
For the surface characterization of the 
superhydrophobic coated samples the samples 
will be tested for Water Contact Angle (WCA), 
surface energy calculations and Fourier-
Transform Infrared Spectroscopy (FTIR) analysis. 
Some of the results for water contact angle 
calculations from the initial testing are listed in 
table 1. 
 
Table 1. Water contact angle for different 
coated and uncoated materials. 
WCA (°)  Uncoated                                Coated 

Carbon Felt  94.35°±0.78 171.70°±2.26 

Muslin Cloth  134.47°±0.65 167.46°±1.69 

Coconut 
Shell 

 124.41°±0.7 159.21°±0.68 

 
These results from WCA tests indicate the 
WCA>150° which concludes that all the three 



International Conference on Advanced Materials Science & 
Engineering and High Tech Devices Applications; Exhibition (ICMATSE 

2024), October 24-26, 2024, Ankara, TURKIYE 
 

 

309 
 

materials are superhydrophobic. The FTIR 
analysis detected C-H stretching vibrations in 
alkyl chains, indicating the presence of 

hydrophobic functional groups on the coated 
surfaces. 
 

 
References 
[1] H. Wang, J. Zhang, Y. Li, and X. Li, "Desalination of Water by Using Superhydrophobic Fabric," Res. J. Text. Apparel, 
vol. 19, no. 3, pp. 19-25, 2015. 
[2] G. Tchobanoglous and F. L. Burton, Wastewater Engineering: Treatment, Disposal, and Reuse, 3rd ed. New York, 

NY, USA: McGraw-Hill, 1991.



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

310 
 

  

Development of biodegradable Mg-Zn-Ca alloys to be used in bone fracture 
treatments 

 
Jameel Fadhil Hassan Al – Ogaidi 

Ministry of Higher Education and Scientific Research 
Middle Technical University Suwaira Technical Institute, Baghdad, Iraq  

 jameelfh74@gmail.com 
 

Ali Güngör 
Metallurgical and Materials Engineering, Karabuk University, 78050 Karabuk, Turkey 

agungor@karabuk.edu.tr 
 
 

Cite this paper as: Al – Ogaidi, Jameel Fadhil Hassan, Güngör, Ali,. Development of biodegradable Mg-Zn-Ca 
alloys to be used in bone fracture treatments. Int. Conf. Advanced. Mater. Sci.& Eng. HiTech.and Device 

Appl.Oct. 24-26 2024, Ankara, Turkiye. 
 

Abstract. Influences of deformation ratio and post heat treatment on the microstructure, mechanical properties, 
and immersion corrosion resistance of nominaly Mg-1.0Zn-0.2Ca (ZX10) alloy were investigated in this study. 
The alloy was cast using gravity die casting method under protective gas atmosphere. After homogenization heat 
treatment, hot rolling was appplied to the samples at three different deformation ratio (5 %, 10 %, and 20 %). 
Then, microstructure, mechanical properties, and immersion corrosion resistance of the alloy were determined 
experimentally. The results showed that both hot rolling and post heat treatment have positive effects on the 
yield strength, tensile strength, and corrosion resistance of the alloy.  
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Introduction 
 
The development of bio-based magnesium alloys 
has been an area of intense research in the fields of 
materials science and biomedical engineering. 
Magnesium alloys are an attractive choice for 
various biomedical applications owing to their low 
density, excellent mechanical properties, and 
inherent biodegradability [1]. In spite of these 
advantages, the major hurdles that hampers their 
wide-scale adoption are their low mechanical 
properties and corrosion resistance. When used in a 
biological environment, rapid corrosion can 
compromise the mechanical integrity of the 
material, thus undermining its potential benefits [2]. 
Additionally, mechanical properties are crucial for 
the alloy's usability, as they dictate the strength, 
durability, and overall reliability of the material [3]. 
Magnesium alloys have long been the subject of 
research due to their promising properties. Not only 
are they lighter than aluminum and stronger than 
polymers, but they also offer specific bio-advantages 
such as biodegradability and biocompatibility, 
making them particularly useful in temporary 

implants, screws, and other bio-resorbable 
applications [4]. Despite these prospects, especially 
the poor corrosion resistance of magnesium alloys 
restricts their use. Corrosion leads to premature 
material failure, causes the release of hydrogen gas 
as a by-product, and may elicit an undesirable 
biological response. Therefore, mitigating corrosion 
remains a prime concern for researchers and 
manufacturers alike. Bio-based magnesium alloys, 
particularly those comprising zinc and calcium, have 
shown great promise in this regard. Zn and Ca are 
not only essential trace elements in the human body 
but also known to enhance the alloy's mechanical 
properties and corrosion resistance [6]. Mg-Zn-Ca 
alloys have been investigated in various studies, 
focusing on their use in orthopedic applications like 
bone screws and pins, where both mechanical 
strength and controlled degradation are crucial [7].  
 
In this study, effect of hot rolling and post heat 
treatment on the mechanical and corrosion 
properties of the Mg-1.0Zn-0.2Ca alloy was 
investigated experimentally. Homgenization heat 
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treatment of the alloy was carried out at 400 oC for 
12 hours. Hot rolling (5, 10, and 20 % deformation) 
was applied at 350 oC. Post heat treatment after hot 
rolling was doneat 300 oC for 30 min. The alloy was 
characterized using XRF and XRD measurements, 
optic microscope, tensile tests, and hardness 
measurements.  
 
Results and Discussions 
 

Chemical composition of the cast alloy after 
homogenization heat treatment is given in Table 1. 
XRF results shows that the designed composition of 
the alloy was obtained closely. 

 
Table 1. Chemical compsition of the alloy (wt.%). 

Mg Zn  Ca  

98.89  0.94  0.17 

 
The XRD patterns of the homogenized, hot rolled, 
and post heat treated alloys are given in Figure 1.  

 
Figure 1. XRD patterns of the ZX10 alloy (HT: Post heat 
treated and NHT: Not heat treated). 
 

As it is seen from the XRD patterns of the alloys, both 
of the alloys consist of α-Mg and Ca2Mg6Zn3 phases. 
In addition, scattering of the X-rays from all planes in 
homogenized samples indicates that homogenized 
sample has random crystal orientations. After 5% hot 
rolling, the intensity of some peaks diminishes that 
indicates preferred orientation occurs upon hot 
rolling. Increasing deformation ratio further, 
additional peaks appear again indicating that 
ramdomly oriented grains form. This can be 
understood by dynamic recrystallization process. 
When hot rolled samples with and without heat 
treatment were compared, it is seen that heat 
treatment after hot rolling results in more uniform X-
ray intensity distribution indicating that static 
recrystallization process takes place and randomly 
oriented fine crystal forms. The strong (002) 
diffraction intensity compared to the other intensities 

observed in all hot rolled alloy indicates that mainly 
(002) type orientation develops upon hot rolling.  
 
Microstructure analyses of the samples showed that 
homogenized alloy has relatively large and unifor 
grain size. Upon hot rolling elongated grains forms 
and grain size decreases. Selected surface images of 
the ZX10 alloy is given in Figure 2. As it seen from the 
figures, some small grains along with the large grains 
are observed in hot rolled samples. These small grains 
indicates that dynamic recrystallization process 
started during hot rolling. In addition, it is observed 
that grain growth occurs after post heat treatment. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Surface images of the hot rolled alloys In 
addition, twin bands are observed in 20 % hot rolled 
and post heat treated sample.  
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The Vickers hardness of the samples measured using 
500 g looad for 15 seconds are given in Table 2. The 
results showed that hot rolling and post heat 
treatmend don’t have significant effect on the 
hardness of the homogenized alloy. 
 
Table 2. Average Vickers hardness (HV0.5) of the alloys. 
 

Sample Average 
Hardness  

Homogenous 50.43 
5% hot rolled  51.43 
5%  hot rolled  and heat treated 50.43 
10% hot rolled  50.73 
10%  hot rolled and heat treated 50.73 
20%  hot rolled   50.63 
20%  hot rolled  and heat treated 52.03 

 

Immersion corrosion rate of the alloy after 10 days of 
immersion in simulalted body fluid was calculated 
using the weight loss method. The corrosion rates in 
mm/year is given in Table 3.  
 
Table 3. Immersion corrosion rates of the samples 
(mm/year). 
 

Sample Corr. Rate  

Homogenous 0.8195 
5% hot rolled  0.3295 
5%  hot rolled  and heat treated 0.3876 
10% hot rolled  0.3727 
10%  hot rolled and heat treated 0.4948 
20%  hot rolled   0.7299 
20%  hot rolled  and heat treated 0.5015 

 

It is seen that corrosion rate of the homogenized alloy 
is the highest. After hot rolling, a significant reduction 
in corrosion rates of the 5 % and 10 % hot rolled alloy 
is observed. However, reduction in corrosion rate of 
20 % hot rolled alloy is small.  Higher corrosion rate of 
the homogenized alloy can be attributed coarsa 
secondary phases. During hot rolling, fracture of 
intermetallic phase occurs. Distribution of small 
particles don’t have accelerating effect as in the case 
of long continous phase. In addition, post heat 
treatment slightly increases the corrosion rates 
except for the 20% hot rolled alloy.  
 
Tensile tests were done at room temperature using 

MTS Landmark 100 kN Dynamıc Test Devie and 1 

mm/s pulling rate. The results are given in Table 3 and 

stress-strain curves of the samples are given in Figure 

3. The results indicate that hot rolling improve the 

yield strength and tensile strength of the alloy. In 

addition, at low deformation ratios (5% and 10%), hot 

rolled alloys have similar or better ductility. At high 

deformation (20%), strain decreases substantially. 

Strength and ductility of the materials depend on the 

grain size and size, shape, and distribution of the 

secondary phase. Therefore, higher yield and tensile 

strength, and lower ductility of the 20% hot rolled 

alloy can be explained with reduced grain size and 

finer particles.    

 
Table 4. Mechanical properties of the homogenized 
and hot rolled alloy with and without heat treatment 
(HT: post heat treated).  
 

Sample 
Elas. 
Mod. 
MPa 

Yield 
Str. 
GPa 

Ten. 
Str. 

MPa 

Strain 
(%) 

Homog. 17.8 7.8 92.4 5.85 
5% Hot 
Rolled  

16.5 14.069 77.4 5.21 

5% Hot 
Rol. HT 

19.2 24.743 93.1 5.59 

10% Hot 
Rolled  

18.4 27.35 107.8 8.19 

10% Hot 
Rol.HT  

22.2 30.413 102.4 6.11 

20 % Hot 
Rolled  

25.7 76.625 159.2 3.43 

20 % Hot 
Rol.HT 

21.8 63.010  131.5 2.70 

 
 

Figure 3. Stress-strain curves of the hot rolled (HR) and 
post heat treated (HT) alloys. 

 
Conclusions 
 

Homogenous 
5% HR 
5% HR and HT 
10% HR  
10% HR and HT 
20% HR  
20% HR and HT 
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XRD results showed that the alloy consist of α-Mg and 
Ca2Mg6Zn3 phases Increasing hot rolling ratio results 
in lower grain size. 
 
Texture development and dynamic recrystallization 
occur during hot rolling. 
 
Hot rolling does not have significant effect on the 
hardness but it has important effect on the yield and 
tensile strength of the alloy. 
 
Hot rolling has also positive effect on the corrosion 
resitance of the alloy. 

Post heat treatment applied after hot rolling does not 
have significant effect on the hardness but it has 
important effect on the yield strength, tensile 
strength, and corrosion resistance of the alloy.  
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Abstract. In this study, the electrolytic nickel coating process reinforced with ceramic particles was investigated in order to 
increase the wear resistance of cast aluminum alloy single-piston cylinders used especially in unmanned aerial vehicles 
(UAVs) and drones. Coating experiments were carried out in a 2-liter glass beaker using a heating magnetic stirrer; the 
effects of parameters such as temperature, time, current density, bath composition and pH on the thickness, hardness and 
ceramic dispersion of the coating were investigated. After metallographic preparation, the samples were analyzed in detail 
with scanning electron microscope and microhardness measurements were performed. The findings showed that a coating 
with a thickness of at least 70 microns was obtained with the coating process applied between 60 and 100 minutes at the 
optimized current density, the silicon carbide (SiC) content of this coating varied between 7-13% and the coating hardness 
ranged between 450-550 Vickers. These results indicate that the Ni-SiC electrocomposite coating provides significant wear 
resistance on the surface of cast aluminum alloy and offers a potential solution for improving the mechanical properties of 
single-piston aviation cylinders. Future studies promise more comprehensive investigations to evaluate the long term 
performance of these coatings in operational conditions, both tribologically and corrosively. 

 
Keywords: Single-piston aviation cylinders, cast aluminum alloy, Ni-SiC electrocomposite coating, microhardness 
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Introduction  
The aviation industry consistently requires high-
performance materials capable of withstanding 
harsh operational environments, including high 
temperatures, pressures, and mechanical stress. 
One of the key components in unmanned aerial 
vehicles (UAVs) and drones is the single-piston 
cylinder, which is primarily constructed from cast 
aluminum alloys due to their favorable 
combination of strength and low weight [1]. 

However, despite these advantages, aluminum 
alloys often suffer from insufficient wear 
resistance, which can reduce the durability and 
efficiency of the cylinders during prolonged use [2]. 
Enhancing the wear resistance and overall 
mechanical properties of these critical parts has 
become a primary focus in improving their 
operational lifespan and performance. 
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Nickel-based composite coatings, especially those 
reinforced with hard ceramic particles such as 
silicon carbide (SiC), have emerged as a promising 
solution to this issue [3]. The incorporation of SiC 
into nickel matrices offers superior mechanical 
strength, hardness, and wear resistance, making it 
a highly effective approach for protecting 
aluminum alloy surfaces in high-performance 
aviation applications. Previous studies have shown 
the potential of Ni-SiC electrocomposite coatings in 
providing significant improvements in surface 
properties, such as increased hardness and 
enhanced corrosion resistance, which are essential 
for the long-term functionality of engine 
components subjected to extreme conditions. 
 
In this study, we specifically investigate the effects 
of Ni-SiC electrocomposite coating on the 
mechanical properties, focusing on wear resistance 
and hardness, of single-piston cylinders used in 
UAVs and drones. By optimizing the electroplating 
parameters, including temperature, current 
density, and bath composition, we aim to achieve 
a uniform and durable coating that enhances the 
longevity and performance of these vital 
components in aerospace applications. 
 
Result and Discussion 
 

           
Figure 1. Aluminum Alloy Piston  
 
Table 1. Experimental Design 

 
  

Figure 2 Cross-sectional SEM image (250X) of Ni-SiC 
coating applied at 2.5 A/dm² 

 
 

            
Figure 3. Cross-sectional SEM image (250X) of Ni-
SiC coating applied at 10 A/dm² 

 

 

Figure 4. Cross-sectional SEM image (250X) of Ni-SiC 
coating applied at 5 A/dm² 

 

 

  

 Exp 1 Exp 2 Exp 3 

T (°C) 40:50:60 40:50:60 40:50:60 
SiC (g/L) 20:30:40 20:30:40 20:30:40 
J (A/dm2) 2.5:5:10 2.5:5:10 2.5:5:10 
pH 3.5 4 4.5 
Time(min) 60:70:80 70:80:90 80:90:100 
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In this study, a Ni-SiC electrocomposite coating was 
applied to aluminum alloy piston cylinders, which 
are critical components in UAV and drone engines. 
The coating process was optimized to enhance the 
wear resistance and mechanical properties of the 
cylinders. Figure 1 shows the piston cylinder used 
in the study, highlighting its structural features. 
 
Figure 2 presents the SEM image of the coating 
applied at a current density of 2.5 A/dm² and a 
temperature of 45°C. This coating resulted in a 
hardness of 520 HV, demonstrating the 
effectiveness of the Ni-SiC reinforcement under 
these conditions. 
 
Figure 3 shows the SEM analysis of the coating 
obtained at a higher current density of 10 A/dm² 
and a temperature of 55°C. The increased current 
density led to a higher coating hardness of 555 HV, 
indicating that both current density and    
temperature significantly affect the coating 
properties. 
 
Figure 4 illustrates the SEM image of the coating 
formed at 5 A/dm² and 60°C. Under these 
conditions, the hardness reached 600 HV, the 
highest among the tested samples, suggesting that 
the combination of moderate current density and 
higher temperature is optimal for achieving 
superior hardness in the Ni-SiC composite coating. 
 

Conclusion 
This research has demonstrated the effectiveness 
of Ni-SiC electrocomposite coatings in enhancing 
the mechanical properties of cast aluminum alloy 
single-piston cylinders, which are widely used in 
UAV and drone applications. As outlined in Table 1, 
the optimized coating process produced a uniform 
coating layer with a minimum thickness of 70 
microns, and SiC particle distribution between 7-
13%. The coating's hardness values, ranging from 
450 to 550 Vickers, emphasize the significant 
improvement in wear resistance. 
 
The microstructural analysis that shown in Figure 
1, provides a clear depiction of the uniform ceramic 
particle distribution within the nickel matrix, 
validating the consistency of the coating process. 
Additionally, as shown in Figure 2 offers a 
comprehensive overview of the piston engine 
cylinder's geometry and structure, further 
illustrating the coating's practical application on 
complex components. 
 
These results indicate that Ni-SiC electrocomposite 
coatings offer a promising solution to enhance the 
durability and mechanical performance of aviation 
cylinders. Future studies should focus on 
evaluating the coating's long-term performance 
tribological and corrosive environments, aiming to 
further optimize its use in aerospace engineering 
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Abstract. Welding is an essential assembly process in the manufacturing industry. Friction welding is a process that is 

becoming more and more widely used because it is an environmental process and has an economic interest. This process is 
based on friction between the parts to be welded. Likewise, this process is divided into three types of welding and which 
are linear friction welding, rotational friction welding and friction stir welding. One of the advantages of this process is that 
it is used in joining dissimilar metals such as welding steel with an aluminum alloy. Despite the number of dissimilar metals 
welded by friction, it was noted that this number remains limited because certain challenges remain to be overcome to 
achieve a weld joint with good mechanical properties. This is why several research projects are being carried out to answer 
all the questions that require solutions. In this context, a bibliographic review will be presented, with examples of friction 
welding of some dissimilar steels and especially our research work which has been carried out on this theme.  
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Literature Review  

 

Welding of dissimilar metals has become an 
essential technology in many fields where both 
strength and corrosion resistance are required [1]. 
Joining of dissimilar metal combinations is used in 
various applications requiring specific combinations 
of welding properties and cost savings [2]. Welding 
of dissimilar metals offers possibilities in terms of 
versatility of the article by using each material 
effectively and efficiently, i.e., by taking advantage 
of the specific properties of each material [3]. 
 
Friction welding is one of the joining processes used 
to produce high-quality weld joints between two 
materials that have similar or dissimilar chemical 
compositions. Friction welding is achieved by 
friction between the parts to be welded either by 
rotation (called: rotary friction welding) or 
translation (linear friction welding), or by using a 
tool that will cause friction between the two parts 
to be welded (called friction stir welding). These 
three friction welding processes have been used to 
weld dissimilar steels. Firmanto et al. [4] succeed in 
welding by rotary friction welding process a carbon-
steel to stainless-steel. They found that the 
combination of different welding parameters 
resulted in a weld joint of very high tensile strength. 
Mattie et al. [5] have welded by rotary friction 

welding process an austenitic stainless steel to 
ferritic stainless-steel. They found that the speed 
and forging pressure have a greater influence on 
total deformation and the amount of flash extruded 
from both steels are approximately similar. 
Magudeeswaran et al. [6] welded duplex stainless 
steel to mild steel by linear friction welding process. 
The friction force alone was modified because it 
proved to be more important for obtaining a welded 
joint with good mechanical properties. Rahimi et al. 
[7] welded a duplex stainless steel to a low-carbon 
steel using a friction stir welding process. The results 
of microstructural analyses showed that the 
temperature at the center of the stirred zone 
reached temperatures between Ac1 and Ac3 during 
welding, which caused phase transformations such 
as a minor ferrite-austenite phase transformation 
on the duplex stainless-steel side. Malekan et al. [8] 
welded 316 stainless steels to 4140 steels using a 
friction stir welding process. They studied the 
microstructure and mechanical properties of the 
welded joint. The microhardness measurement 
results showed that the kneading zones have higher 
hardness than the base metals due to dynamic 
recrystallization and fine-grained structure.  
According to the various research works published 
in the last twenty years on friction welding of 
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dissimilar steels [2, 4-6, 9-34), the majority of these 
works have focused on friction stir welding, 
followed by rotary friction welding and very little 
research has been devoted to linear friction 
welding. The number of dissimilar steels being 
friction welded has increased in the last five years, 
but has increased relatively slowly compared to the 
large number of steels used in the industry. The type 
of different steels that were welded together,it can 
be found stainless steel with stainless steels or 
stainless steel with ordinary steel or welding 
ordinary steel with ordinary steel . 
 
Case study  
 
As example, a rotary friction welding of stainless 
steel welded to ordinary steel is presented (Fig1.). It 
is important to notice that a rotary friction welding 
is a friction welding process where the parts to be 
weld are turned against each other under the action 
of an axial force, in order to produce the heat 
required for assembly [35]. It is noted that when the 
desired speed of rotation is reached, the fixed part 
is moved along its axis so as to press the rotating 
part [36]. The faces in contact heat up and become 
the source of heat which, by diffusion, raises the 
temperature of the ends of the parts. These become 
plastic and creep produced towards the periphery 
forming a characteristic bead, while the heat 
continues to spread. When the welding 
temperature is reached, the rotation is stopped and 
a forging force is applied to form the weld [37]. 
Generally, friction welding is divided into two 
stages, stage I is the friction stage which will cause 
plastic deformation in the contact area of the two 
parts to be welded and the second stage (stage II) is 
the forging stage which will allow the assembly of 
the two parts by forming a bead at the level of the 
welded joint.  The complete cycle of the friction 
rotation welding process has been established and 
adopted by many authors [38-40]. 
 
These two dissimilar steels were successfully 
welded with no apparent defects (Fig.2). The 
welding mechanism consisted of two main stages, 
the friction stage followed by the forging stage, 
where each stage also has its own mechanism.  
 

 
 
Figure 1. Rotrary friction welding of stainless steel to 
ordinary steel. 

 
Figure 2. Macrographic view of the welded 
joint with a rotation speed of 2000 rpm. 

 
Conclusion  
 

This paper presented the main friction welding 
processes and their applications for joining 
dissimilar steels with a case study. The most 
important conclusions are the following: 
 
- Different types of friction welding can be used 
to join dissimilar steels. 
 
- Most of the research work has been devoted 
to the use of friction stir welding for welding 
dissimilar steels 
 
- The experimental example of rotary friction 
welding of stainless steel to ordinary steel was 
successfully carried out without apparent 
defects. 
 
- Several challenges remain to be addressed 
such as the very limited number of dissimilar 
steels welded by friction compared to the large 
number of industrial steel grades 
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Abstract. Currently, effective fingerprint detection is crucial to criminal investigations. Fluorescent phosphors can be used 
to visualize fingerprints with high resolution and high contrast without interference of the background surface, which is 
ideal for its collection and registration. In this work, we investigated the potential rare earth fluorescent phosphors to 
visualize latent fingermarks. We prepared phosphor powders with various doping rare earth elements (Eu, Dy, Er, Yb and 
La) by various methods of synthesis. Morphology and luminescence properties of the synthesized powders were studied 
scanning Emission Electron Microscopy (SEM) and Photoluminescence (PL) spectroscopy, respectively. Various surfaces, 
including difficult ones (wood and ceramic), were successfully tested for latent fingerprint development with the prepared 
phosphor powders. Thanks to the high contrast obtained, fingerprint ridge patterns at all three levels were highlighted: core 
(level 1) islands, bifurcation, and enclosure (level 2), and even sweat pores (level 3). Thus, our results demonstrate that the 
differents kinds of rare earth fluorescent nanomaterials hold great promise for latent fingerprint imaging applications in 
forensic sciences. 

Keywords: Rare earth, Phosphors, luminescence, Fingerprints 

 
1.Introduction 
 
Due to their distinctiveness, latent fingerprints play 
a crucial role in identifying individuals at crime 
scenes. Thanks to this, the extraction of latent 
fingerprints is one of the first actions to take in a 
crime scene. Perspiration continually produces 
sebum and sweat, which can leave detectable 
marks when fingers come into contact with various 
surfaces [1,2]. Fingerprints at crime scenes are 
often not visible to the naked eye, particularly 
those left on smooth surfaces, which are especially 
challenging to detect. Typically, only level 1 and 
level 2 ridge features are discernible, though a few 
individuals may be able to observe level 3 ridge 
details or sweat pores [3,4]. Level 1 details 
encompass general morphological features, such 
as the overall ridge pattern and ridge flow of the 
fingerprint. Level 2 details provide information on 
the alignment and pattern of individual ridges. 
Level 3 details include finer elements like sweat 

pores, ridge curvature, spots, and dimensional 
aspects of the fingerprint ridges. Therefore, it is 
crucial to enhance the efficiency of the powder 
dusting method, as it is the simplest and most 
commonly used technique for fingerprint 
visualization compared to other methods. In order 
to improve the resolution of latent fingerprints on 
both porous and non-porous surfaces, research 
groups have explored the use of luminescent rare 
earth nanoparticle powders [5-9]. Rare earth (RE) 
elements are considered significant as potential 
activators for fluorescent materials across various 
wavelengths due to their unique electronic 
structures. Their luminescent properties are 
determined by the positioning of the lanthanide 
(Ln) dopants' 4f energy levels relative to the 
valence band (VB) and conduction band (CB) of the 
host material [10,11]. 
In this work, we report the successful preparation 
of non-toxic luminescent Y2Sn2O7:Eu3+, Dy3+ YTO: 
Er3+, Yb3+ and La2O3:Bi3+ nanophosphors at various 
doping concentrations via different methods of 
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synthesis. These powders were charachterized 
using different techniques and then used to detect 
even the third level of detail in fingerprints. 
 
2. Sample preparation   
 
Y2Sn2O7:Eu3+, Dy3+ nanopowders were synthesized 
via coprcipitation method. Stoichiometric amounts 
of SnCl2.2H2O, Eu2O3, and Y2O3 were dissolved in 1M 
HCl solution and stirred for 2 h. Then, 40 mL of 
ethylene glycol was added and the solution was 
slowly heated up to 100°C. Afterwards, 2 g of urea 
was added and the solution was stirred 2 h at 150 
°C. After being cooled to room temperature, the 
precipitate was collected by centrifugation, washed 
two times with acetone, and dried at room 
temperature. The samples thus prepared were 
finally calcined at 1300°C in air at a heating rate of 
10 °C per minute for 5 h. 
 
YTO: Er3+, Yb3+  nanpowders, different oxides (Y2O3, 
TiO2 , Yb2O3 and Er2O3) were prepared by grinding 
the corresponding stoichiometric composition 
with some drops of acetone in a ball mill agate 
mortar for 3 h, until they were ground 
homogeneously. The materials were pre-sintered 

under air atmosphere at 800 °C for 4 h and then 

sintered at 1200 °C for 5 h. The mixture was 
pelletized and heated repeatedly at 1500°C for 5 h. 
For La2O3:Bi3+ , a quantity of 50 mL of distilled water 
was used to thoroughly dissolve 5 g of citric acid 
monohydrate and 5 g of lanthanum nitrate (La 
(NO3)3·6H2O). After that, an appropriate amount of 
bismuth nitrate (Bi (NO3)3·5H2O) was added to the 
previously stated solution dropwise after being 
separately dissolved in 10 mL of distilled water and 
0.5 mL of 70 % concentrated nitric acid. After three 
hours of intense stirring at 85°C, this was placed in 
a 200°C furnace and burned with a white flame for 
2 h. Brown powder was the end outcome. In order 
to improve the crystallinity and to reduce the 
1200°C, maintained for 2 h. 
 
3. Results and discussion 
 
Figure 1 shows SEM images of different 
compounds. Small particles have an irregular 
shape, with each particle consisting of multiple 
crystallites. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. SEM images of (a): Y2Sn2O7:Eu3+, Dy3+, 
(b) YTO: Er3+, Yb3+ and (c) La2O3: Bi3+ phosphors 

 
Figure 2 shows photolumincence pectra of the 
different synthesized powders with different 
amounts of dopant concentrartions. 

 
 
 
 
 

      2μm  
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Figure 2. Emission spectra of (a) Y2Sn2O7:Eu3+, Dy3+ 
and (b) YTO: Er3+, Yb3+ ; (c) Excitation and  emission 
spectra of  La2-xO3: Bix phosphors  
 
Y2Sn2O7:Eu3+, Dy3+ phospohors  present an intense 
5D0→7F2 emission peak at 611 and 626 nm [7]. For 
YTO: Er3+, Yb3+  powders, the intense emission is 
located at 550-600 nm and corresponds to  2H11/2 

→ 4I15/2 transition [7]. For La2-xO3: Bix  the intense 
emission is located at 420 nm and is attributed to 
radiative transitions from the 3P1 excited state back 
to the 1S0 ground state [8]. 
 
Figure 3 illustrates the fingerprint images under UV 
llumination for the three synthesized fluorescent 
nanpowders on aluminum foil. The quality of the 
latent fingerpint based on visual assessment was 
excellent. Moroever, from Fig.3 (d), all three levels 
of fingerprint ridge patterns are clearly visualized: 

the core (level 1); bifurcations, terminations and 
islands (level 2); and sweat 
pores (level 3). 

 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

 

 

Figure 3. Developed fingerprint images obtained 
with Y2Sn2O7:Eu3+, Dy3+

, (b) YTO: Er3+, Yb3+ ; (c) 
La2O3:Bi3+ phosphors on aluminium foil; (d) Enlarged 
fingerprint image visualization on aluminium foil 
 
4. Conclusion 
 
Different fluorescent nanopowders were 
succefully synthesized in order to be used in the 
detection of latent fingerpeints in the scene of 

(c) 

(a) (b) 

(d) 

(b) 

(c) 
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crime. Morphological and optical proprties of 
these powders were characterized via SEM and PL 
techniques. When exposed to UV light, all 
phosphors demonstrated significant promise for 
the viewing of latent fingerprints by generating 

latent fingerprint images with excellent contrast 
and recognition of all three levels. This 
demonstrates that they  are promising fluorescent 
agents for forensic applications. 
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Abstract. The global energy crisis demands innovative solutions to recover wasted heat from industrial processes, especially 
in energy-intensive sectors like ceramics, glass, and automotive manufacturing. Thermoelectric power generation, which 
directly converts heat into electricity using solid-state devices, has emerged as a promising approach for enhancing energy 
efficiency and reducing carbon emissions. With rising interest in high-temperature applications, oxide materials have gotten 
huge attention due to their superior thermal stability, natural abundance, and non-toxic properties. 
 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2024), 

October 24-26, 2024, Ankara, TURKIYE 
 
 

327 
 

This research focuses on developing ceramic composites with optimized thermoelectric properties. These are achieved 
through material engineering approaches, including structural modifications, e.g. doping and defect engineering. This work 
focuses on enhancement of thermoelectric properties simultaneous doping and defect chemistry engineering on perovskite 
materials, namely BaTiO. It was found that doping in B site led to formation of cubic structure favouring thermoelectric 
properties, while existence of defect reduced thermal conductivity. As a consequence of these modification, an interesting 
ZT of 0.25 at 900ºC were obtained for these materials. 
 
Keywords: Thermoelectric, Composite, waste heat recovery, Energy Conversion, synthesis 
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Among the emerging technologies for alternative 
green power generation, thermoelectric (TE) 
materials gain large attention due to their ability of 
direct electrical energy production from heat and 
vice versa based on Seebeck and Peltier effects, to 
be used as power generator and cooling system, 
respectively [1,2]. A basic TE power generator circuit 
is just composed of two different semiconductor-
type materials, i.e. n- and p- type, with similar 
properties, known as TE pair, without any additional 
components and/or moving parts. Great efforts 
have been made to increase the performance of 
these materials, measured by Figure of merit 

ZT=TS2/ρ (in which the electrical part S2/ρ is also 
called power factor, PF), where S is the Seebeck 
coefficient, ρ the electrical resistivity, κ the thermal 
conductivity, and T is the absolute temperature. The 
demand of performing TE materials (ZT~1) for low- 
and intermediate temperature applications is 
covered by “traditional”, e.g. Bi2Te3-based 
thermoelectric [3]. Existing alternatives with 
promising peak ZT´s of 0.7-1.2 (Half-Heusler and 
SiGe-based alloys...) [4] still lack the thermal or 
chemical stability at ~500-600ºC or require a 
protective packing to operate at high temperatures 
or expensive and time-consuming production 
methods, like Arc-Melting [5]. Nowadays, by 
following the discovery of relatively high 
thermopower on NaCo2O4 [6], the efforts is focused 
on designing thermoelectric materials based on 
transition metal oxides [7]. Their main advantages 
are low toxicity, high natural abundance and 
reasonable stability at high temperatures and their 
ability of properties enhancing using different 
physical or chemical methods. Studies on layered 
cobalt oxides e.g. Ca3C4O9, as representatives of p-
type TE oxides, resulted in extraordinary TE 
properties enhancement, surpassing Single Crystal 
values, using different synthesis, sintering, and 
fabrication of bulk sample [8]. Moreover, the best 
performance values obtained for n-type materials 
are based on perovskites, e.g. SrTiO3 [9], which are 
still too low for practical applications [10], mainly 
due to their complex structure (cubic/orthorhombic 
perovskite or hexagonal wurtzite, etc.). In both 

cases, the achieved enhancement involved 
modifying band gap and charge carrier 
concentration [11]. This modification can be 
originated form structural modifications, synthesis 
process, and/or during their sintering and 
fabrications. 

 
Table 1. Samples composition and corresponding ID 

Sample Composition 

E1  BaTiO3 
E2  Ba0.975TiO3 
E3 Ba0.95TiO3 
E4 BaTi0.95Ta0.05O3 
E5 Ba0.975Ti0.95Ta0.05O3 
E6 Ba0.95Ti0.95Ta0.05O3 
E7 BaTi0.9Ta0.1O3 
E8 Ba0.975Ti0.9Ta0.1O3 
E9 Ba0.95Ti0.9Ta0.1O3 

 
This work studies the effects of various grade of 
chemical defect and doping in BaTiO on 
thermoelectric properties. In this work the 
compounds (Ba(1-x)Ti(1-y)TayO3 (where x= 0, 0.025 and 
0.05 and y= 0, 0.05 and 0.1) prepared using classical 
solid state rout. The samples were identified using 
E1 through E9 as described in Table 1. 
 
Powder X-ray diffraction (XRD) has been performed 
in a PHILIPS X’PERT between 10 and 80 º to identify 
the phases in the samples. Microstructural 
observations were performed on samples surfaces 
after sintering in a SEM, Hitachi SU-70 instrument 
fitted with an energy dispersive spectrometer (EDS) 
used to determine the elemental composition of 
each phase. Electrical conductivity was measured 
using the four-point probe DC homemade 
equipment (Aveiro, Portugal) and Seebeck 
coefficient was simultaneously measured in the 
same system in a steady-state mode under H2 
atmosphere from 900ºC to 250ºC. The thermal 
conductivity was calculated using data recorded 
from thermal diffusivity utilizing a laser-flash system 
(Linseis LFA 1000) and Specific heat employing the 
Dulong-Petit law. 
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Results and discussion 
 
Figure 1 shows XRD data for undoped samples while 
Figure 2 shows the doped ones. For undoped 
samples secondary phase were identified as BaTaO 
compound. However, all the doped samples show 
very similar and single phase pattern, demonstrating 
Ta doping effectively favourited the formation of 
cubic. 
 

 
Figure 1. XRD patterns of a) Ba(1-x) O3 (where x= 0, 0.025 
and 0.05) and b) Ba(1-x)Ti(1-y)TayO3 (where x= 0, 0.025 
and 0.05 and y= 0, 0.05 and 0.1) 
 
Representative SEM images shown in Figure 3, 
indicate that the n-type compound is formed by 
large polygonal grains with clear porosities between 
the grains. EDS image shows that all the elements 
were homogeneously dispersed in all the samples. 
Density measurement revealed ca. 85% relative 
density for all samples in agreement with SEM 
observation. The porosity produced is mainly due to 
the lower sintering temperature (ca. 1400ºC) 
compering with melting point (ca. 1600ºC). 
 

 
Figure 3. Representative SEM (down) and EDS mapping 
(up) of the n-type compound. 

The effect of simultaneous doping and defect 
chemistry engineering on electrical conductivity in 
different temperature is illustrated in Figure 4. 
 

 
Figure 4. Samples electrical conductivity variation with 
temperature 

 
As it can be observed doping the samples with Ta 
greatly enhanced the conductivity of the samples. 
The maximum conductivity measured for samples 
E7 and E9 (32 S/cm) more than 30 times of undoped 
samples (ca. 1 S/cm). this large difference can be 
associated to charge carrier modification in doped 
samples originated from different oxidation state to 
Ta (+5) and Ti (+3) as well as formation of cubic 
structure in doped samples in compared to 
tetragonal ones in undoped samples. All samples 
showed a semiconductor like behaviour with 
exception of E7 and E9 which have higher Ta doping 
amount and higher charge carrier concentration. 
 
S variation with temperature, shown in Figure 5 
displays negative values confirming n-type 
thermoelectric behaviour. A drastically changes 
observed from undoped sample in compare with 
doped ones in agreement with observation in 
electrical conductivity. The Seebeck values of all 
doped samples increased with temperature 
reaching interesting values of 350 µV/K for E5 and 
E6 which associated with lower charge carrier 
concentration in these samples. 
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Figure 5. Seebeck coefficient variation with 
temperature for both compounds 

 
The thermoelectric performances of these samples 
were determined through their PF, calculated from 
electrical conductivity and Seebeck values, and its 
variation with temperature is illustrated in Figure 5. 
 

 
Figure 5. PF variation with temperature  

 
The highest values at 900 ºC was obtained for E7 
sample with reaching 320 µW/K2m, mainly due to 
higher electrical conductivity together with 
moderate Seebeck value. 
 
The calculated thermal conductivity of samples 
presented in Figure 6. In all the samples a decrease 
in the thermal conductivity values observed as the 
temperature increases. The reduction in thermal 
conductivity in Ta-doped samples can be attributed 
to the mass contrast between Ta and Ti, which 
increases phonon scattering and reduces thermal 
transport. Additionally, the presence of oxygen and 
A-site vacancies further disrupts the lattice, 
contributing to lower thermal conductivity. 

 
Figure 6. Thermal conductivity variation with 
temperature  

 
The thermoelectric figure of merit (ZT) of the BaTiO3 
samples as a function of temperature is shown in 
Figure 7. An important enhancement on ZT values is 
clear when samples doped with Ta. Moreover, the 
ZT values increased with temperature for all the 
samples. As expected from Seebeck and electrical 
conductivity, samples with higher Ta amount shows 
higher ZT. Furthermore, the Ba deficiency effectively 
reduces thermal transport, likely due to increased 
phonon scattering from oxygen vacancies. 
Therefore, samples with combine Ta doping and Ba 
deficiency shower higher ZT values reaching a 
significant value of 0.4 for E7 sample at 900ºC. 
 

 
Figure 7. Figure of merit (ZT) variation with 
temperature  

 
Conclusions 
 
In this work, Ba(1-x)Ti(1-y)TayO3 (where x= 0, 0.025 and 
0.05 and y= 0, 0.05 and 0.1) compounds have been 
successfully prepared through the solid state 
method. XRD patterns showed that the doped 
samples were nearly single phase. SEM/EDX 
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observation agreed with these data while showing 
that the compounds possessed porosity. The Ta 
doped samples shows a great improvement 
Electrical conductivity value, but lower |S| values. 
Nevertheless, Ta doped samples Power Factor and 
ZT are much higher than undoped ones. Among 
them, samples with moderate Ba deficiency 

demonstrate higher thermoelectric performance, 
ZT. These results establish the BaTiO compound can 
effectively engineering though doping and defect 
engineering with promising values suitable for 
practical applications.  
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Abstract. Copper oxide is a P-type semiconductor material that is black in color with a slight transparency. It is an interesting 
material for various applications due to the abundance of its components in nature, its good thermal stability and its 
structural and optical properties. This property allows it to be almost excellent in many applications such as catalysts, solar 
cells and batteries... In this work-in-progress, the solution was prepared by the Sol-Gel method and thin films of CuO were 
deposited on glass substrates by Dip Coating technique, this study focused on different film thicknesses by varying the 
frequent number of layers deposited. The structural analysis by X- ray diffraction (XRD) shows that all the samples are 
polycrystalline with monoclinic crystal structure. The optical properties of the films were characterized by UV–Visible 
spectrophotometry, which shows that the films show high absorbance in the visible region. Their optical band gap decreases 
from 2.10 to 1.80 eV when varying the frequent number of layers deposited increases from 2 to 5 layers. The photocatalytic 
performance of nanocomposites synthesized under sunlight was studied in the degradation of crystal violet (CV) dye as a 
target pollutant for 150 min. 

 
Keywords:  Sol–Gel, Dip-Coating, Copper Oxide, Thin Films, photocatalytic  
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Dip-coating or soaking: less used method, it consists 
in soaking the substrate in the solution to be 
deposited and then removing it with a constant 
speed which conditions the thickness of the deposit 
(Figure 1). 
 
Table 1. Some chemical properties of CuO [2] 

property  value  

molecular 
formula 

CuO 

appearance  black powder 
  
water solubility   insoluble 

 

 
 

Figure 1. Deposition of thin films by dipping–pulling 
[1]. 
 
Copper oxide (II) in mineral form known as 
tenority in its natural state, with the CuO 
formula, it also comes in the form of a dark grey 
or dark black powder. Table 1 groups some 
chemical properties of copper oxide (CuO). 
 

1. S. Chelouche, Propriétés des fenêtres optiques ZnO:Al pour cellules solaires en couches minces à base de CIGS, 
Mémoire de magister, Université Ferhat Abbas–Setif-Algérie (2012).  
2. A. Altaweel, Synthése de nanostructure d’oxyde de cuivre par microo-post- décharege microonde à pression 
atmosphérique, Thèse de doctorat, Université de lorraine (2014).
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Abstract. Optimizing the gate dielectric's radiation response is critical for enhancing the sensitivity and performance of 
radiation sensors. This study explores the effects of gamma irradiation on the electrical characteristics of Al/Gd/Y₂O₃/n-
Si/Al MOS capacitors. These capacitors are fabricated with a stacked gate oxide layer containing Gadolinium (Gd) and 
Yttrium Oxide (Y₂O₃), grown on an n-type Silicon(n-Si) substrate via thermal oxidation and electron beam evaporation 
techniques. The aluminum gate and back contacts were deposited using thermal evaporation. The impact of gamma 
irradiation was assessed through Capacitance-Voltage (C-V), Conductance-Voltage (G-V), and Current Density-Voltage (J-V) 
measurements. Additionally, the interface state and oxide trap charge densities were evaluated from mid-gap to flat-band 
points based on the C-V curves for in-depth analysis. The results indicate that interfacial layers, likely responsible for forming 
interfacial dipoles, play a key role in reducing interface trap and oxide trap charge densities, enhancing the device's charge 
storage capacity. these improvements significantly enhanced the radiation sensitivities of the devices.  

 
Keywords: Gd, MOS Capacitors, Nuclear Radiation, Si, Y2O3. 
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1. INTRODUCTION 
 
The optimization of gate dielectric oxides is critical 
for enhancing the performance and sensitivity of 
radiation sensors, particularly in environments 
with high levels of ionizing radiation. Radiation 
detectors play a vital role in various fields such as 
nuclear physics, space applications, medical 
imaging, and radiation dosimetry, where precise 
detection of ionizing particles is necessary. One of 
the promising approaches to achieving high 
sensitivity and improved performance in these 
detectors is the integration of advanced dielectric 
oxide materials within Metal-Oxide-

Semiconductor (MOS) capacitor structures. Among 
these materials, Gadolinium (Gd)-doped Yttrium 
Oxide (Y₂O₃) has garnered considerable interest 
due to its unique dielectric properties, high 
radiation resistance, and potential to enhance 
charge storage capabilities [1,2]. This study focuses 
on the research and development of Gd-doped 
Al/Gd/Y₂O₃/Si/Al MOS-based nuclear radiation 
detectors, aiming to achieve superior sensitivity to 
ionizing radiation. By leveraging the properties of 
Gadolinium, known for its high neutron capture 
cross-section, and Y₂O₃, valued for its robust 
dielectric constant and thermal stability, the 
designed MOS structure seeks to address the 
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challenges of detecting low-energy gamma 
radiation. The stacked gate dielectric structure, 
consisting of a thin Gd-doped Y₂O₃ layer deposited 
on a silicon (Si) substrate, serves as the core of the 
MOS capacitor design. The integration of these 
materials is expected to not only improve the 
overall dielectric performance but also to enhance 
the detection sensitivity in gamma-irradiated 
environments of the Gd-doped Al/Gd/Y₂O₃/Si/Al 
MOS-based capacitors carried out on an n-type 
silicon (n-Si) substrate using advanced electron 
beam evaporation and thermal oxidation 
techniques, ensuring precise control over thin film 
thickness and uniformity. These techniques were 
chosen for their ability to produce high-quality, 
defect-free dielectric layers that are essential for 
maintaining the integrity and functionality of the 
MOS capacitors under radiation exposure. The 
resulting thin films, composed of Al, Gd, and Y₂O₃, 
were subjected to comprehensive structural and 
morphological analysis using Scanning Electron 
Microscopy (SEM) and X-ray diffraction (XRD) 
measurements. SEM was employed to investigate 
the surface morphology and homogeneity of the 
deposited films, while XRD provided insight into 
the crystalline structure and phase composition of 
the Gd-doped Y₂O₃ layer. The development of Gd-
doped Al/Gd/Y₂O₃/Si/Al MOS-based capacitors 
offers a promising avenue for advancing the next 
generation of radiation detectors with improved 
sensitivity, stability, and accuracy. 
  
2. EXPERIMENTAL DETAILS 
 
The fabrication of Gd-doped Al/Gd/Y₂O₃/Si/Al 
MOS-based capacitors was performed on an n-type 
silicon (n-Si) substrate, utilizing advanced electron 
beam evaporation and thermal oxidation 
techniques. These methods were selected for their 
ability to achieve precise control over thin film 
thickness and uniformity, which is crucial for 
ensuring the high-quality, defect-free dielectric 
layers required for optimal MOS capacitor 
performance. To explore the effects of different 
Gadolinium (Gd) layer thicknesses on the device 
properties, three variations were fabricated, with 
Gd thicknesses of 10 nm, 100 nm, and 150 nm. For 
the Y₂O₃ oxide layer, a consistent thickness of 150 
nm was deposited on the n-Si wafer to maintain a 
stable dielectric interface. 
 
The structural and optical characteristics of the 
resulting thin films were thoroughly analyzed using 
Scanning Electron Microscopy (SEM) and X-ray 

diffraction (XRD) techniques. SEM provided 
detailed insights into the surface morphology, 
uniformity, and homogeneity of the deposited 
films, while XRD was employed to determine the 
crystalline structure, phase composition, and 
potential changes in the material’s lattice structure 
due to the incorporation of Gd. These analyses are 
critical for understanding the influence of film 
thickness and material properties on the overall 
performance of the MOS capacitors in radiation 
detection applications. The fabricated Gd-doped 
Al/Gd/Y2O3/Si/Al MOS-based capacitors are shown 
in Figure 1. 
 

 
Figure 1. Schematic image of the fabricated Gd-doped 
Al/Gd/Y2O3/Si/Al MOS-based capacitors. 
 
3. RESULTS AND DISCUSSION 
 
Scanning Electron Microscopy (SEM) was used to 
look at the surface details and very small structures 
of the 100 nm and 500 nm thick Gd thin films that 
were made, along with the Gd-doped Gd/Y₂O3/n-Si 
structures. The resulting SEM images, provided in 
Figure 2, offer detailed insights into the surface 
texture, uniformity, and grain structures of the thin 
films. These observations are critical for assessing 
the quality and consistency of the deposition 
process and understanding the role of Gd doping in 
modifying surface features. We also used X-ray 
Diffraction (XRD) to study the crystalline structures 
and phase compositions of the thin films made 
from Y₂O3, Gd, and Gd-doped Gd/Y₂O3/n-Si. The 
XRD spectra in Figures 3, 4, and 5 show what 
crystallographic phases were present in each 
sample. This helped us figure out how adding Gd 
changed the structural properties of the thin films. 
We need these tests to understand the material 
properties and their potential impact on the 
electrical performance of MOS capacitors, 
particularly in radiation detection applications. 
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Figure 2. SEM Images of the films; Gd 100nm, Gd 
500nm, Gd 100nm/Y2O3 150, and Gd 500nm/Y2O3 
150nm. 

 
Figure 3. X-ray Diffraction (XRD) Patterns of the 
fabricated Y2O3/n-Silicon. 
 

 
Figure 4. X-ray Diffraction (XRD) Patterns of the 
fabricated a) Gd-100 nm/n-Silicon, and b) Gd-500 
nm/n-Silicon. 

 
Figure 5. X-ray Diffraction (XRD) Patterns of Gd-10 
nm, Gd-100 nm, and Gd-500 nm on n-Silicon 
Substrates. 
 
4. CONCLUSION 
 
In this study, we have fabricated Al/Gd/Y₂O₃/Si/Al 
MOS-based capacitors. A thorough study of the 
thin films' structure and optical properties was 
carried out using scanning electron microscopy 
(SEM) and X-ray diffraction (XRD) methods. The use 
of SEM yielded comprehensive insights into the 
surface morphology, uniformity, and homogeneity 
of the deposited films. We utilized XRD to analyze 
the crystalline structure, phase composition, and 
any potential alterations in the material's lattice 
structure due to the incorporation of Gd. The 
studies were necessary to understand how film 
thickness and material properties affect how well 
MOS capacitors work in radiation detection 
applications as a whole. 
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Abstract. The dwindling supply of fossil fuels has diverted intentions towards the production of hydrogen which is 
considered as a green and sustainable fuel for future generations. Electrochemical water splitting is extensively employed 
for hydrogen production. However, over voltage required for the processdemands an active, cost effective and eco friendly 
catalysts. So in this work, we have prepraed Ni-Co oxides over nickel foam. The hydrothermal method was used as one step 
coating and synthesis method. In first step, morphological changes were induced by varying surface-directing agents.  We 
used  cetyltrimethylammonium bromide (CTAB) and L-lysine (an amino acid). The fabricated Ni-Co oxides exhibited an onset 
potential for OER at 320 mV with L-lysine, surpassing the overpotential values obtained using CTAB (380 mV) . In second 
step, to enhance the activity of Ni-Co oxides, they were co-doped with Boron and Fluorine heteroatoms. The prepared 
material exhibited lower potential of 310 mV at current density of 50 mA/cm2, ensuring their capability to induct water 
splitting reaction at moderate conditions. Durability tests conducted over 1000 CV cycles demonstrated their ability to 
withstand drastic conditions. These findings ensure that the prepared catalyst has great potential for OER (very crucial step 
for hydrogen generation).  

 
Keywords: Ni-Co oxides, hetero-atoms doping, hydrothermal synthesis, electrochemical water splitting process, self-
standing structures 
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The excessive usage of fossil fules and thier harmful 
effects on the environment have prompted scientists to 
search alternative sustainable fuel. In this regard, 
hydrogen is recognized as an ideal green fuel. It has the 
highest mass energy density among all the fuels, ranging 
from 120 to 142 MJ/kg. It also has zero carbon emissions. 
Electrochemical water splitting is a key method for 
hydrogen generation. Metal oxides are the materials 
which have affordability, abundance, ease of 
manufacturing, and environmental friendliness. Thier 
tunable electronic states makes them exceptional. The 
researchers have found that bi/tri-metallics oxides are 
more active towards electrochemical water splitting 
owing to metals synergistic relation. Various tactics like 
nanosizeing, doping, morphological optimization, binder-
free synthesis and hybrid materials have been employed 
to enhance the electrochemical activity [1-7]. 
 
Herein, NiCo oxides have been fabricated directly on 
nickel foam using typical hydrothermal synthesis process. 

First, the nickel foam is cut into pieces and cleaned 
ultrasonically with 3M HCl, acetone, ethanol, and 
deionized water. Next, nickel and cobalt in equal molar 
ratios are mixed with urea.  The surfatants were added 
(First method). For doping ammonium fluoride (fluorine 
source) and boric acid (boron source) were added 
(Second method).  The mixture is stirred and poured into 
a 100 ml Teflon-lined stainless steel autoclave containing 
the nickel foam pieces. After completion of reaction, the 
product is obtained and calcined in a muffle furnace.  
 
The electrochemical performance was evaluated using a 
potentiostat with a three-electrode setup (1M KOH). The 
working electrode was our fabricated material. While the 
reference electrode was Hg/HgO, and the counter 
electrode was a graphite rod.  The fabricated Ni-Co oxides 
showed an onset potential for OER at 320 mV when using 
L-lysine as a surfactant. These results surpassed the 
overpotential values obtained when using CTAB (380 mV) 
(Fig.2). The B/F co-doped material exhibited a lower 
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potential of 310 mV at a current density of 50 mA/cm² 
(Fig.2). The observed activity was attributed to the 
morphological evolution induced by adding surfactants, 
and also by doping which modulate 
adsorption/desorption energies of intermediates, 
thereby allowing gas production at a reasonable rate 
(table 1). 
 

 
Table 1. Overpotential values  

Material  Overpotential at 50 
mAcm-2 

NiCo  450  

NiCo CTAB  
NiCo L-Lysine  

430  
420 

  

NiCo pure 
B-NiCo                             
F-NiCo 
B/F NiCo   

350  
330 
320 
310 

  

 

 
Figure 1. LSV curves for Surfactants assissted NiCo 
 

 
 

Figure 2. LSV curves for Doped NiCo 
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Abstract. The huge capacity and low negative electrochemical potential of lithium-metal batteries (LMBs) make them 
promising energy storage technologies. Nevertheless, their high risk, constrained electrochemical window, and imbalanced 
electrolyte-electrode interfaces continue to interfere with their practical uses. Here is a revolutionary method for creating 
dual ceramic-based electrolytes, which have higher energy densities in LMBs and so have enormous potential for energy 
storage. In order to combine the two ceramic structures with polyethylene oxide and create a free-standing electrolyte film 
for improved battery safety and the required interfacial stability, the electrolyte film generated using the curable technique 
had to be prepared as a flexible Li+ interpenetrating network film. The films presented a satisfactory electrochemical 
performance, including, good ionic conductivity, large transference number, and wide electrochemical stability window 
(ESW) at room temperature. Most importantly, the fundamental function of fillers is to support building a stable solid-
electrolyte-interphase (SEI) and limits the growth of dendrites. Thus, prepared dual ceramic-based electrolytes effectively 
renders to inhibit lithium dendrite growth in a symmetrical cell test during charge/discharge with long hours without short-
circuiting occurrence at RT. Additionally, the battery assembly has exceptional cycle stability and great columbic efficiency. 
According to this study, a primary solution of a promising electrolyte for high-performance LMB applications can be 
designed with the aid of the binary network architectures of Li-ion conductors.   

 
Keywords: film, lithium-metal batteries, Li-dendrites 
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Introduction 
 
Rechargeable lithium-metallic batteries (LMBs) with 
high energies and maximum power densities are the 
most promising power sources to meet the demand 
for electronic portables and hybrid vehicles [1-3]. 
However, the use of LMBs possess a great challenge 
owing to the safety issues such as liquid leakage, 
flammability, poor interfacial compatibility and side 
reactions of electrodes and electrolytes [4-7]. 
Another major challenge associated with the 
uncontrolled enhancement of Li-dendrite, which 
may penetrate easily and cause an internal short 
circuit [8-12]. In order to overcome these problems, 
various composite gel polymer electrolytes for safe 
and substantial stable cycling of LMBs were 
suggested [13]. 

 

An immediate alternative solution among 
conventional liquid and solid electrolyte is 
composite gel polymer electrolytes [14]. Composite 
electrolyte is composed of polymer matrix and 
inorganic fillers show unique advantages such as 
battery safety, good mechanical property, better 
electrochemical stability and high ionic conductivity 
[15-16]. Commonly, used polymers such as 
polyethylene oxide (POLYMER) [17-18], 
polyacrylonitrile (PAN) [19], polyvinylidene fluoride 
(PVDF) [20], polyvinylidene fluoride hexa 
fluoropropylene (PVDF-HFP) [21], and poly-
methylmethacrylate (PMMA) [22-23]. Among them, 
POLYMER has been widely investigated as the 
matrix of composite electrolytes on the account of 
its good compatibility, efficiency in coordinating 
metal ions, excellent liquid absorption and good 
shape flexibility [24-25]. However, polymer types 
suffers from poor ionic conductivity due to its semi 
crystalline nature which may reduce its 
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performance [26]. To overcome these issues, 
inorganic active fillers have been introduced, 
different nanofillers [27-33] Among the explored 
fillers, CERAMIC nanofıllers is dominant due to its Al-
doped higher ionic conductivity, lower cost and a 
better chemical stability in contact with Li metal [34-
35]. Great progress has been made to develop the 
composite electrolyte from the interaction between 
inorganic fillers ceramıc nanofıllers, polymer 
POLYMER [36-38], and LiTFSI as liquid plasticizer in 
recent years [39]. However, the addition of ceramics 
fillers can effectively reduce the crystalline nature of 
polymer with an improved ionic conductivity of 
composite electrolyte, but there are still some 
critical challenges, such as narrow electrochemical 
window, poor mechanical strength and poor 
electrochemical performance [13, 40-42]. It is still 
need to improve the synthesis process of composite 
electrolytes for enhancement of mechanical 
properties along with electrochemical performance.   
Irradiation is a viable and fundamental strategy in 
facilitating the design and control of polymer 
networks by the free radical polymerization [43-45]. 
Recently, curing emerged as a very efficient route to 
obtain an easily and reliable electrolyte with high 
performances and utilized for surface modifications 
[46-47]. Several studies have reported that 
benzophenone (Bp) photo-initiator, exposed in 
POLYMER solution under irradiation can form free 
radicals which are grafted onto polymer molecular 
chains through insertion regular pattern, causing 
the cross-linking of the polymer [48-49]. Such 
interpenetrating polymer networks formed by high-
power light irradiation can provide excellent 

thermal stability and effectively improved 
wettability [50-53]. 
 
In this research, a free-standing membrane 
composed of polymer and ceramic was prepared via 
curring in the presense of photo initiator to achieve 
the high mechanical strength and improved 
electrochemical performance of LMBs. The as-
prepared irradiated composite electrolytes not only 
exhibit flexibility, good ionic conductivity, and large 
electrochemical window but also prevent the 
formation of Li dendrites. Irradiated curing process 
takes less time. Therefore, this work opens a new 
window towards the highly efficient preparation of 
membrane for high performance LMBs.  
 
In summary, the membranes composed of polymer 
and different ratio of nanofillers have been 
successfully prepared using Ultraviolet Light of. The 
approperiate ratio of ceramics shows the high ionic 
conductivity room temperture and high UTS were 
observed. The curring on mix membrane showed a 
excellent window and extraordinary transference 
numer. Additionally, the polymer mix with ceramics 
contributes to the wide cyclic stability and 
reasonable rate capacity during cell process due to 
its capability of effectively suppress dendritic of 
Lithium growth. It can be summerized that, 
technique provides a novel implementation for the 
preparation of an effective composite electrolyte 
and perspective membrane is a promising 
electrolyte for high-performance quasi solid-statrge 
of energy storage.
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Abstract. Zn0.95-xCexCo0.05O (x=0.00, 0.01, 0.02, 0.03, 0.04, and 0.05) nanoparticles obtained by the sol-gel method was used 
to create in order to investigate the impact of the Co/Ce co-doping on magnetic properties. By changing the doping levels 
(x=0.00, 0.01, 0.02, 0.03, 0.04, and 0.05), the stoichiometry was corrected. The structural properties of all Co/Ce co-doped 
ZnO nanoparticles were examined using X-ray diffraction, and the c/a ratios were used to demonstrate the presence of a 
hexagonal Wurtzite structure. Scaning electron microscopy (SEM) examination was used to assess the surface morphology, 
crystallite size, and nanoparticle morphologies. Electron Dispersive Spectroscopy (EDAX) was utilized to ascertain the 
elemental compositions. Magnetic characterizations were performed using the Quantum Design Vibrating Sample 
Magnetometer (QDVSM) instrument for all samples. Up to 10 kOe of magnetic field was used for the magnetization 
measurements as a function of magnetic field (M-H). Magnetization-temperature dependence measurements (M-T) were 
conducted in the 10-300 K temperature range. 
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1.Introduction 
 
ZnO-based nanomaterials are attracting attention 
due to their wide range of applications in many fields 
[1]. Despite the superior properties of ZnO, 
researchers have been working to enhance its 
structural, electrical, magnetic, and optical 
properties by doping it with various elements, such 
as transition metals (Ni, Co, Fe, Mn...) and rare earth 
elements (Y, Ce, Yb, Eu...) to improve its 
performance in specific applications [2]. 
Additionally, ZnO nanomaterials (nanoparticles, 
nanorods, thin films, etc.) are synthesized using 
different physical and chemical methods, such as 
sol-gel, hydrothermal, co-precipitation, solid-state 
reaction, pulsed laser deposition, and DC sputtering, 
to improve their properties. One of the main points 

to consider during both doping and the synthesis of 
ZnO via different methods is the investigation of 
defects that arise during doping and synthesis [3].  
In this study, Zn0.95-xCo0.05CexO NPs (x=0.00-0.05) 
were synthesized for the first time using the sol-gel 
method. The effects of intrinsic defects such as zinc 
interstitials (Zni), zinc vacancies (Vzn), and oxygen 
vacancies (Vo) in Zn0.95-xCo0.05CexO NPs were 
investigated using photoluminescence (PL) and 
electron spin resonance (ESR). Additionally, the 
impact of Co/Ce co-doping on the magnetic and 
structural properties of ZnO NPs at room 
temperature (RT) was explored. 
 
2. Experimental methods 
 
While synthesizing Co/Ce-doped ZnO nanoparticles 
via the sol-gel method, Zinc acetate dihydrate 
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(ZnAc), Cobalt acetate tetrahydrate (CoAc), and 
Cerium acetate tetrahydrate (CeAc) were used as 
precursor materials. Additionally, methanol (ME) 
and monoethanolamine (MEA) were used as 
stabilizers. The starting materials were dissolved in 
ME at a concentration of 0.25M. To obtain a 
transparent solution, the final solution was 
continuously stirred at room temperature using a 
magnetic stirrer. The viscosity of the solutions was 
controlled by adding ME, and a transparent solution 
was obtained. For synthesis details, refer to [7, 12, 
21]. Afterward, the lid of the beaker containing the 
transparent solution was opened, and the solution 
was stirred for 12 hours using a magnetic stirrer to 
allow the solvents to evaporate at room 
temperature. The resulting gels were subjected to a 
pre-heating process at 400°C for 10 minutes. The 
synthesized Zn0.95-xCo0.05CexO (x=0.0-0.05) 
powders were then subjected to calcination at 600°C 
to obtain homogeneous nanoparticles. In order to 
determine the structural characteristics of the 
powders, monochromated Cu Kα (1.5418Å) was 
scanned in the 2θ scan range between 10o and 70o 
at room temperature, with a step increase of 0.02. 
Using the Jeol-6390-LV scanning electron 
microscopy (SEM-EDX) instrument, the surface 
morphologies of the materials were analysed.  
Photoluminescence qualities were discovered using 
the Agilent Cary Eclipse Fluorescence 
Spectrophotometer. Room temperature ESR spectra 
of Zn1-xMnxO samples were obtained using a Bruker 
EMX model X-band spectrometer operating at 9.71 
GHz. 
 
3. Results and discussions 
 
Using the XRD technique, the structural phase 
behavior of Zn0.95-xCo0.05CexO NPs was examined 
in the 20° ≤ 2θ ≤ 80° range. Up to a Ce doping level 
of x=0.02, as illustrated in Figure 1, all peak positions 
were indexed, and a single phase was found in the 
XRD patterns. Following this ratio of doping, the CeO 
phase was detected. 

 

 
Figure 1. The X-ray diffraction patterns of Zn0.95-
xCo0.05CexO NPs. 
 
We used photoluminescence (PL) analysis to 
investigate the effects of Co/Ce doping on the 
crystalline characteristics, defect types, and defect 
densities of ZnO nanoparticles. 

 
Figure 2. Gaussian decompositions of PL spectra of 
of Zn0.95-xCo0.05CexO NPs. using the Fityk software 
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Abstract. The high strength of dual-phase steel sheets has led to their widespread use in the automotive industry. However, 

the elastic springback behavior of these materials during the forming process is an issue that needs to be carefully 
investigated to ensure that the manufactured parts meet precise dimensional and tolerance requirements. Computer-aided 
deformation analysis is nowadays a widely preferred method for the detailed investigation of the behavior of materials and 
structures under load. In this study, computer-aided deformation analyses were performed using Deform 2D software to 
predict the springback behavior of DP600, DP800 and DP1000 materials in V-bending operations. Two different models, 60° 
and 90° V-bending, were used in the analysis. Bending analyses were repeated for different bending radius values (3, 4, 5 
mm) and different sheet thicknesses (1, 1.5, 2 mm). In the study, the effects of bending process parameters on the amount 
of elastic springback of the materials after forming were investigated. It was found that as the bending radius and sheet 
thickness increased, the elastic springback values decreased significantly. 

Translated with DeepL.com (free version) 
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1. Introduction  
 
Sheet metal molding is a type of technology that is 
widely applied in many industries. Sheet metal molds 
are widely used in many sectors from the automotive 
industry to white goods production, from aerospace 
and aviation to electrical electronics. One of the most 
common application areas of sheet metal molding is 
bending molding. Especially in processes where sheet 
metal or metal plates are used, springback is 
inevitable. The springback is caused by the elastic 
behavior of the metal. With the demand for 
lightweight and high-strength materials, dual-phase 
steels have become a preferred alternative in 
engineering applications. The increase in the strength 
properties of the materials and the pre-design of 
sheet products have the effect of increasing the 
amount of elastic springback that occurs as a result of 
forming operations. Experimental determination of 

the amount of elastic springback leads to 
unpredictable errors in the production processes and 
therefore cost increases. Finite element analysis has 
been widely used for the estimation and 
compensation of elastic springback in forming 
processes. The problem of springback in bending 
processes has been extensively studied in the 
literature and there are many researches on this 
subject. 

Cinar et al. investigated the springback of A6061 
aluminum alloy used in automotive in different 
forming processes (V-bending, U-bending, deep 
drawing, etc.). They concluded that bending angle 
and sheet thickness are the parameters that affect 
springback the most [1]. Chikalthankar et al. 
investigated many factors (punch angle, grain 
orientation, die properties, sheet thickness, etc.) 
affecting springback in sheet metal bending 
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processes. They concluded that punch angle has a 
significant effect on springback and different grain 
orientations also affect springback [2]. Chikalthankar 
et al. determined that punch angle is the most 
important parameter among the factors affecting 
springback. They also observed that the grain 
orientation of the sheet material also affects 
springback due to different yield strengths [3]. 
 
Hekim investigated the springback behavior, which is 
one of the most common problems in V-bending 
process, one of the sheet metals forming methods. In 
the study, it was observed that springback decreases 
with increasing compression force in both 
experimental and finite element analysis. According 
to the rolling direction of the sheet, the minimum 
springback was realized at 45° and the maximum 
springback was realized at 90° rolling direction [4]. 
Gürün et al. carried out experimental and analytical 
studies to determine the springback behavior of AA 
2024 material in bending process. When they 
compared the obtained values, they observed that 
the effect of material thickness, punch tip radius and 
bending angle on springback is quite high [5].  
 
Tekaslan et al. designed a modular V-bending mold 
and measured the springback of sheet metals at 
different bending angles. It was observed that the 
springback values varied between 0.5° and 5° [6]. 
Wasif et al. prepared an experimental setup to 
investigate the effects of thickness, width, bending 
angle and machine tool parameters on springback 
during V-bending of JSC440 and JSC590 high strength 
steels. They analyzed the relationships between 
springback and parameters using graphs [7].  
 
Uslu and Tosun experimentally investigated the 
springback behavior of DC series sheet metals formed 
by V bending over process parameters such as 
material quality, thickness, rolling direction and die 
angle. They predicted that the springback problem in 
the V-die bending process can be compensated by 
fixing the dies in the opposite direction by the 
springback value determined during design [8]. 
Özdemir performed V-bending operations using 
different thicknesses and punch radii for Dp600 sheet 
material with Taguchi method and obtained 
experimental results. As a result of Taguchi analysis, 
it was determined that the most effective parameter 
on springback was sheet thickness [9]. In their study, 
Aslan and Karaağaç performed experimental and 
computer-aided analysis with finite element method 
by considering material, process and mold 
parameters (material type, thickness, yield strength, 

bending force, bending angle, etc.) which are 
effective in V-bending. The studies showed that sheet 
material thickness and bending angle increased the 
springback, while ironing time decreased the 
springback. It was also found that although the effect 
of friction is small, it increases the springback for 6022 
T4 material, while the decrease in bending radius 
decreases the springback. The increase in yield 
strength and consolidation increased the springback, 
while bending force decreased the springback [10]. 
  
Şen et al. determined the optimum bending radii (R) 
to compensate the springback of DP600 sheet metal 
parts of different thicknesses depending on the sheet 
thickness (T) by Finite Element Analysis (FEA). After 
the analysis, it was concluded that the springback 
values decreased with increasing sheet thickness 
[11]. Kılıç et al. investigated the effect of deformation 
rate and sheet width on the springback of DP800 
steels, which are frequently used in automotive 
industry. As a result, it was found that the springback 
decreased slightly with increasing deformation rate, 
but sheet width did not have a significant effect [12]. 
Yıldırım et al. investigated the effect of corner 
crushing on U bending of DP600 and DP1000 steels. 
The corner crushing process significantly reduced the 
springback as a result of bending [13]. 
 
In this study, the springback rates of dual phase steel 
materials (DP600, DP800 and DP1000) at different 
sheet thicknesses (t:1, t:1.5 and t:2) at 60° and 90° in 
V-bending process were investigated. Sheet material 
thickness, material type, bending angle and bending 
radius were taken as variables. Although there are 
many studies in the literature investigating the 
springback behavior of various materials, there is no 
comparative study on the springback values of three 
different materials such as DP600, DP800 and DP1000 
in V-bending processes. The aim of this study is to 
experimentally investigate the springback behavior of 
DP600, DP800 and DP1000 steels in V-bending 
processes and to reveal the reasons for the 
differences in these behaviors. 
 
2. Bending Analyzes 
 
In this study, V-bending analyses were performed 
using three different dual-phase steel materials 
(DP600, DP800 and DP1000). Two different models 
for 60° and 90° were created for the analyses and are 
given in Figure 1. 
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Figure 1. Analysis of dual phase steel materials (DP600, DP800 and DP1000), (a) 60° V-bending and (b) 90° V-

bending 
 

 
In the analysis, the mold was moved along the vertical 
axis and the sheet material was shaped. The analysis 
studies were repeated for sheet materials with 1mm, 
1.5mm and 2mm thickness. Different models were 
prepared by changing the bending radius dimensions 
(R3, R4 and R5) for each sheet material thickness. 
Mold width (L1) and punch width (L2) were kept 
constant. Analyses were carried out in DEFORM 2D 
program to determine the springback values on the 
sheet material. Within the scope of the study, the 
deformation behavior, stress state, thickness 
variations and springback tendencies of the materials 
were examined. The dimensions and variables used 
for both models are given in Table 1. 

 

 

Table 1. Used measures and variables 

 
 

After the forming analysis, the forces applied to the 
sheet material were removed and the springback 
analysis was performed. The unit deformation, 
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stresses, wall thickness, changes and springbacks on 
the sheet material were measured in the DEFORM 2D 
program. In order to transfer the material data to the 
DEFORM program, tensile tests were performed on 
sheet materials. Depending on the engineering 
curves obtained from the tensile tests, true stress / 
strain curves were generated. Engineering and actual 
stress / strain curves for DP600, DP800 and DP1000 
materials are given in Figure 2.  

Deformation analyses were first performed on the 
sheet materials and then the springback behavior was 
analyzed. The change of part forms after forming and 
after springback in 60° and 90° V-bending process is 
given in Figure 3. Figure 2. Engineering and true stress/strain curves for 

DP600, DP800 and DP1000 materials

 

Figure 3. Part form before and after back bending in V-bending process (Left a: part form after 60° forming, left 
b: part form after 60° back bending) (Right a: part form after 90° forming, right b:   part form after 90° back 
stretching)

3. Results and Discussion 

As a result of the analysis, it was observed that when 
the properties such as the type of material, thickness 
of the sheet, bending angle and bending radius 
changed, the amount of springback also varied. This 
shows that the springback is not due to a single cause, 
but is under the influence of multiple factors. The 
springback values obtained for the values of R3, R4 
and R5 for 60° and 90° bends are given in Figure 4 for 
all three materials (DP600, DP800 and DP1000). 
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Figure 4. V-bending springback values for dual-phase steel materials (DP600, DP800 and DP1000) with bend radii 
R3, R4 and R5 (a) 60° v-bend and (b) 90°

3.1. Effect of material and sheet thickness on 
springback 

The springback values obtained for the bending 
radius R3 values at 60° and 90° bends are given in 
Figure 6a/6b for all three materials (DP600, DP800 
and DP1000). When Figure 5 is examined, it is seen 
that for both angle values (60° and 90°), when the 
strength of the material increases, the springback 
value also increases. The DP600 has the lowest, 
DP800 has the highest and DP1000 has the highest 
springback values. Almedia et al. compared the 
springback between DP600 and DP800 steel grades 
and obtained higher springback value in DP800 steel 
[14].    

When the obtained springback graphs were analyzed, 
it was determined that the increase in sheet thickness 
decreased the springback values. In 60° V-bending, 
with the increase in sheet thickness from 1mm to 
2mm, the springback value decreased by 
approximately 50% for DP600, 42% for DP800 and 
28% for DP1000, while in 90° V-bending, it decreased 
by approximately 57% for DP600, 48% for DP800 and 
43% for DP1000. It can be seen that the increase in 
sheet thickness reduces the springback. In their 
study, Dametew and Gebresenbent applied 
mathematical methods to the effects of springback 
on sheet metal bending and found that springback 
decreases with increasing sheet thickness. Similar 
results were obtained in the literature [15].    

Figure 5. (a) 60° V-bending, (b) 90° V-bending
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3.2. Effect of bending angle on springback   

The springback values obtained for DP600 material 
with bending radius R3 at 60° and 90° bends are given 
in Figure 6. The experiments showed that the amount 

of springback increases linearly with increasing 
bending angle. In the Karaağaç study, it was 
determined that the increase in the mold angle 
increases the stresses in the material and as a result, 
the amount of springback increases [16].

 

Figure 6. Springback values at 60° and 90° bending angles

 

3.3. Effect of bend radius on springback 

The springback values obtained for DP600 material 
bend radius R3, R4 and R5 for 60° and 90° bends are 
given in Figure 7. Small mold radius causes more 
plastic deformation in the material and increases the 
springback. On the other hand, large mold radius 

decreases the plastic deformation and decreases the 
springback. It was found that the springback 
decreases with increasing mold radius. In the 
literature, Osman et al. observed that for a given 
sheet thickness t in V-die bending, increasing the 
bending radius (Rp) decreases the springback rate 
[17].

 

Figure 7. (a) 60° (R3, R4 and R5) V-bending, (b) 90° (R3, R4 and R5) V-bending 
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4. Conclusion 

In this study, V-bending analyses were performed 
using DP600, DP800 and DP1000 materials. The 
curvature values were determined as R1:3, R2:4, R3:5 
mm for all sheet thicknesses for all three sheet 
materials used (DP600, DP800 and DP1000). As a 
result of the forming analyzes, the following results 
were obtained: 

1. The results of the analysis were found to be 
consistent with the literature. 

2. As the yield strength of the material increased, the 
springback values also increased.  
3. It was observed that the springback decreased as 
the sheet thickness increased.  
4. As the bending radius increased, the springback 
decreased.  
5. The lowest springback value was 2.6° for DP600 
material, 2 mm sheet thickness, and R=5 mm punch 
radius.  
6. The highest springback value was 12° for DP1000 
material, 1mm sheet thickness, and R=3 mm punch 
radius. 
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Abstract. In steel plate production processes, deformations and residual stresses in products significantly reduce material 
quality, while increasing scrap amount and product cost. Roller Leveling process, which consists of passing the plates 
through a series of rollers, is one of the most effective methods used to eliminate production-related defects in steel plates. 
In this process, in order to obtain high quality products, the operating parameters of Leveler devices must be determined 
precisely according to the defects and properties of the plate. However, in the current situation, the parameters of the 
device are determined by the operators by trial-and-error method. In this study, it is aimed to determine the parameters of 
the Leveler device more precisely by using advanced simulation techniques. The data obtained from the simulation designed 
by taking into account the operating principle of the Leveler device and the steel plate properties and the operating data of 
the real device are compared to confirm the accuracy of the simulation system. After this process, it is observed how the 
device affects product quality at different parameter values for steel plates with different properties and different error 
rates with the simulation. The obtained results show that the appropriate operating parameters of the device can be 
determined with the simulation designed without trial and error with the real device to eliminate defects in the product.  

 
Keywords: steel plate, roller leveler, simulation 
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INTRODUCTION  

 

Today, in the iron and steel industry, 
companies' survival in conditions of 
decreasing resources and increasing 
competition depends on developing quality 
control, error control and error correction 
technologies to produce high quality and low-
cost production with fewer errors. Various 
product defects are encountered in iron and 
steel plate production processes and it is of 
great importance to detect these errors and 
correct them if possible (Fig. 1). 
 

Figure 1. Examples of deformation in steel sheet 
products [1] 

 
In the stage where steel sheet products reach 
the end user, the product is unwrapped from 
the coils, cut lengthwise and widthwise 
according to the desired dimensions and 
packaged. During this process, deformation 
defects and internal stresses originating from 
production and storage in the products must 
be corrected (Fig. 2). Today, one of the most 
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preferred methods for correcting 
deformation defects and internal stresses in 
steel sheets is the Roller Leveling process. 
 

 
Figure 2. Curvature caused by the release of 

residual stresses in steel sheets after laser cutting 
[2]. 

 
In the leveler system, it essentially performs 
a bending operation. The non-flat part or 
plate is subjected to plastic deformation by a 
series of consecutive bends. These 
consecutive bending operations are created 
by passing the steel plate between the upper 
and lower leveling roller sets in the system. 
The leveling rollers are moved in the direction 
of the moving material. As a result, the plate 
takes a wave-like path through the system 
(Fig. 3). This wave is largest at the entrance to 
the system and smallest at the exit. Thanks to 
these operations, smooth and internally 
stress-free plates can be obtained. 
 

 
Figure 3. Roller Leveling process on steel 

plate products [3] 
 
In the use of Rolling Leveler systems, the 
reference parameters specified by the 
manufacturers are often insufficient to 
obtain the desired result. In order to obtain 
better efficiency from the Leveler system in 
businesses, operators try to determine the 
parameters that provide flatter material 
output based on their observations and trial 
and error methods. The basis of this problem 
is that the manufacturers cannot conduct 
sufficient R&D and testing processes to avoid 

high costs. In order to test the system 
produced, the flatness of the output products 
with different properties and sizes must be 
measured, and the products must be sent to 
test centers or subjected to laser cutting 
processes to measure their residual internal 
stresses. 
 
Simulation is recommended as a more 
comprehensive method that can contribute 
to product design in reducing the costs of 
R&D and testing operations. Simulation is the 
process of designing a model of a system and 
conducting experiments with this model to 
test the operation of the system or to 
evaluate different designs for the operation 
of the system [4]. Simulation can be used to 
create models of planned changes and to gain 
insight into possible behaviors of the system. 
The reason for using simulation in production 
systems is that it can analyze the system from 
many perspectives, thus avoiding the costly 
and risky implementation of real production 
and determining which combinations of 
production system components will 
dynamically fit the current and strategic 
business needs [5]. Simulation has many 
areas of application in production systems, 
such as determining machine and personnel 
needs, determining requirements, 
performance evaluation and efficiency 
analysis, time analysis for the system, and 
production planning [6]. 
 
MATERIALS AND METHODS 
 
In scientific studies and industrial production 
processes, finite element based simulation 
software produces effective solutions. For 
this reason, it is aimed to use SIMULIA 
ABAQUS simulation software, which 
visualizes the finite element analysis results, 
for both modeling and analysis of mechanical 
components in the test processes of the 
Rolling Leveler system (Fig. 4). In addition, 
thanks to its open source code, it offers users 
the opportunity to produce application-
oriented solutions with the help of the 
Python programming language. 
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Figure 4. Developed Roller Leveler system 
simulation 
 
In order to obtain correct results in the 
system simulation, it is important to use the 
same parameters as the real system (Fig. 5). 
In the simulation, the distance ratios 
between the rollers used in the real system 
are 2.98 mm for the first roller pressing 2 mm 
thick steel plate material, while it is 5.97 mm 
for the 4 mm thick material. The final exit 
roller pressure is considered as 0 mm and the 
other roller positions are calculated linearly. 
 

 
Figure 5. Leveler device system system 
parameters 
 
In order to calculate correctly the responses 
of the s355 standard steel plate used in the 
real system in elastic and plastic deformation 
in the simulation, its mechanical properties 
should be defined in the same way in the 
system simulation (Fig. 6). 
 
Steel plate When the material is subjected to 
plastic deformation by applying force and 
then the applied force is removed, structural 
differences occur together with the shape 
change in the material. The structure of the 
material that has undergone plastic 
deformation is compressed and the yield 
point increases slightly. When the same 
material is subjected to plastic deformation 
again, more force must be applied since the 
yield point increases. In order to account for 
this hardening caused by the bending of the 
steel plate in the opposite direction between 
the rolls in the simulation model, it is 

recommended that the Bauschinger effect be 
applied [7, 8]. 
 

 
 
Figure 6. Defining material mechanical 
properties in leveler simulation 
 
SIMULATION RESULTS 
 

When the simulation study is successfully 
completed, it is possible to visualize the 
analysis results and access the desired 
detailed data using the analysis file created as 
a result of the simulation. Using this data, 
graphs and reports can be created for the 
desired type of analysis results from the 
program interface. 
 
In the prepared system simulation; 
parameters such as the distance between the 
rollers, roller pressure ratio and the 
operating speed of the system were tested 
and their effects on the result were analyzed. 
In the Leveler system simulation, simulations 
were prepared at different pressure ratios to 
observe the effect of the roller pressure ratio 
parameter. As a result of the simulation 
outputs, it was observed that the increase in 
roller pressure ratios increased the plastic 
deformation values in the material. However, 
when excessive pressure was applied, it was 
determined that the material was squeezed 
between the rollers and caused undesirable 
excessive deformations. In cases where the 
roller pressure ratio was insufficient, the 
plastic deformation rates formed in the 
material were insufficient (Fig. 7). At the 
same time, the increase in the roller pressure 
ratio increased the force applied by the 
rollers to the material in direct proportion. It 
was observed that the effect of this roller 
pressure ratio parameter obtained from the 
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simulation was compatible with the real 
system data. 
 

  
Figure 7. The material does not undergo 
sufficient deformation due to insufficient 
roller pressure ratio in the Leveler simulation 
 
In order to observe the effect of the distance 
ratios between the rollers in the leveler 
system simulation, simulations were prepared 
with different roller distance ratios. As a result 
of the simulation outputs, it was observed that 
the increase in the distance ratios between 
the rollers reduced the plastic deformation 
values in the material. It was observed that in 
cases where the distance between the rollers 
was too much, the pressure ratio was 
insufficient and in cases where the distance 
between the rollers was reduced, excessive 
pressure was applied to the material and the 
material was squeezed between the rollers, 
causing undesirable excessive deformations 
(Fig. 8). The increase in the distance ratio 
between the rollers inversely affects the force 
applied by the rollers to the material. It was 
observed that the effect of this distance 
parameter between the rollers obtained from 
the simulation was consistent with the real 
system data. 
 

 
Figure 8. When the distance between the 
rollers decreases in the Leveler simulation, 
the material undergoes excessive 
deformation 

 
In the prepared simulation, initial stress 
values were also defined for the material in 
order to examine the amount of smoothness 
and residual stress effect that occurred in the 
material as a result of the process. As a result 
of the stress applied to the material, it was 
observed that the material had internal 
stress-induced deformation (Fig. 9,10). As a 
result of the simulation, the smoothness and 
residual stress data that occurred in the 
material were compared with the simulation 
initial values and examined (Fig. 11,12). 
 

 
Figure 9. Residual stress graph and data of 
the material at the beginning of the Leveler 
simulation 
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Figure 10. Residual stress graph and data of 
the material as a result of leveler simulation 
 
 

 
Figure 11. Flatness graph and data of the 
material at the beginning of the Leveler 
simulation 
 

 
 

Figure 12. Material flatness graph and data 
as a result of leveler simulation 
 
 
 
 
 
 
 
 
 
DISCUSSION 
 
In the simulation phase of the system, Mesh 
(solution network), which also affects the 
precision in the calculation processes for 
materials, is created and defined in small 
pieces. It has been concluded that while the 
solution network defined for materials is in 
small units, it positively affects the result 
accuracy in cases requiring process precision, 
while it increases the calculation cost. The 
operating speed of the simulation system 
must first accelerate from a stationary state 
to reach the desired speed and then slow 
down and stop, as in the real system. 
Otherwise, material jamming between the 
rollers, excessive deformation in the 
materials or calculation errors occur during 
the simulation. Although similar results are 
obtained in the same parameters when the 
real system and the simulation are 
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compared, the simulation needs more 
accuracy tests to calculate the net accuracy 
rate. After the simulation accuracy rates are 
clarified, the system parameters will be 
tested before being applied to the real 
system and the simulation system will 
provide the opportunity to observe the 

possible results on the material. In 
subsequent studies, it is aimed to use the 
parameter and material results obtained 
from the simulation system in training an 
artificial intelligence system to be developed 
for system parameter estimation.   
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Abstract. Digital Light Process (DLP) is one of the frequently preferred additive manufacturing methods due to its easy 
availability, high dimensional accuracy and surface quality. In the DLP method, the photopolymer resin in the liquid phase 
placed in the printer tank is used to run the model by hardening a light source to harden the relevant depth surface specified 
in the stl file. Unlike other additive manufacturing methods, the 4D printing method is an additive manufacturing method 
in which the shape, size or color change of the object is transformed into a different form as a function of the time as a 
result of the effect of external factors such as heat, humidity, magnetic or light on the material. This work aims to to examine 
the applicability of the DLP process in 4D printing method. The symbol memory feature of phosphine oxide-based methyl 
methacrylate oligomer resin was examined. Two samples with this ability of 0.1 mm and 0.35 mm were taken and subjected 
to the same conditions bending test. Using the data obtained as a result of the bending test, the shape re-recordability ratio 
(Rr) and shape ratio (Rf) were calculated and the results were compared. As a result of the research, DLP, which is widely 
preferred in additive manufacturing, has been shown to be an accepted technology in this field thanks to the high Rr values 
it has shown in the 4D printing method. 

 
Keywords: DLP, 4D Printing, Shape memory polymer, Rr, Rf, heat initiated 
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1. INTRODUCTION 
4D printing is a novel applications in additive 
manufacturing and involves the actuation of smart 
materials, including Shape Memory Polymers 
(SMPs), Shape Memory Composites, Shape Memory 
Alloys (SMA’s), and many others.[1] Currently, 
shape memory polymers (SMPs) are applied in 
various fields such as aerospace [10], additive 
manufacturing [1], textile industry [11], and 
biomedical sciences [12]. The excellent performance 
of SMPs makes them particularly useful in 
biomedical applications, such as SMP dental tools, 
and SMP vascular stent.[6] Compared to other soft 
active materials applicable in 4D printing, shape 
memory polymers have higher hardness.[6-7] 
Among them, UV-curable SMPs are compatible with 
Digital Light Processing (DLP) 3D printing to produce 
complex structures and produce SMP structures 
with high surface quality.[9] In addition, they can be 
used with many 3D printing technologies.[6-7] 
Shape memory polymers promising bio-resorbable  

 
and environment-friendly. SMPs change their 
function dynamically over time when they receive 
stimuli from outside the material, such as humidity, 
temperature, light, and magnetic fields. [1] 
Moreover, SMPs also has low density and activated 
temperature, high elastic deformation. [2] SMPs can 
be applied in many areas because of their affordable 
price and easy formability. [3] SMPs remain popular 
for use in wearable technologies and biomedical 
materials due to their excellent bio-resorbable. [3] 
In this research, the shape recovery and shape fixity 
ability was tested according to the sample thickness. 
At the same time, the applicability of the DLP 
production method for 4D printing was also 
examined. Bending test was used to testing shape 
recovery and shape stability rate.  All the samples 
were fabricated using an Zortrax Inkspire DLP 
printer. 
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2. MATERIALS AND METHOD 

2.1. Digital Light Processing 
 

In this research, the manufacturability of shape 
memory polymer structures with the DLP method 
and their usability in 4D printing were investigated. 
For this purpose, three samples with different 
thicknesses of 0.35 mm and 0.1 mm were produced 
using a digital light process (DLP) 3D printer. Zortrax 
Inkspire DLP printer was used to printing test 
samples the photosensitive resin cured under a 
projection UV light. The printer has wavelength of 
the UV light is 405 nm. Alias model basic transparent 
photopolymer resin was used. To get stl file all of 
samples, we were used Z-SUIT which is a slicing 
software bundle of zortrax inkspire. Resin 
parameters were obtained by repeating the 
recommendations given by the company until the 
optimum result was achieved.[8] The printing 
parameters obtained for the Alias brand resin used 
as the external setting are given in the Table 1.   
 
Tablo 1. Z-SUIT printing parameters for Zortrax 
Inskpire 3D printer 

Printing Parameters Parameter Values 

Layer Thickness 0.05 mm 
Layer Exposure Time 9.00 s 
Bottom Layer Exposure Time 33.00 s 
Bottom Layers 10 pcs 
Exposure Off Time 3.00s 
Platform Lift Speed 240 mm/m 

 
Also, the relationship between the DLP process and 
printing parameters is shown schematically in Fig 1.  

 
 Figure 1. Scheme diagram of DLP printing 

 

After all samples were printed, the samples were 
washed with isopropyl alcohol in the Anycubic 
Washing and Curing device for 15 minutes. Then, 
they were dried and the curing stage was completed 

in 20 minutes as recommended by the resin 
company. 
 

2.2. Differential Scanning Calorimetry (DSC) 
 

DSC thermal analysis method was used to determine 
the glass transition temperature of the shape 
memory polymer sample. The analysis was carried 
out on DSC7020 HITACHI thermal analyzer. The 
samples were gradually heated up to 200 ◦C starting 
from 30 ◦C in a nitrogen protective atmosphere with 
a heating rate of 10 ◦C/min. 
 

2.3.  Shape Memory Test 
 

Bending test was used to determine the shape 
memory properties of the polymer samples. There 
are two important parameters in determining shape 
memory properties. [4] One of them is shape 
recovery ratio which is known as recovery ratio (Rr) 
defined as the capability of the SMP to regain its 
initial shape. It could be between 0 and 100% 
according to polymers microstructural ability. 100% 
means recovered shape is uniform with initial 
shape.[5] Shape fixity ratio (Rf) is meaning have the 
ability to maintaining the temporary shape after the 
removal of stimulus (in this study used external 
force). [5] The shape recovery ratio (Rr), and the 
shape fixity ratio (Rf) could be calculated by the 
following formulas (1-2): [3] 
 

  𝑆ℎ𝑎𝑝𝑒 𝑓𝑖𝑥𝑖𝑡𝑦 𝑟𝑎𝑡𝑖𝑜:           
𝜃𝑓𝑖𝑥𝑒𝑑

𝜃𝑚𝑎𝑥
𝑥 100                 (1) 

 
 

   𝑆ℎ𝑎𝑝𝑒 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 𝑟𝑎𝑡𝑖𝑜:     
𝜃 max − 𝜃𝑡

𝜃𝑚𝑎𝑥
𝑥 100           (2) 
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Figure 2. Scheme diagram of bending shape memory 
testing with recovery and temporary shape. 
 

The dimensions of one of the samples prepared in 
two different sizes are "30mm x 10mm x 0.1mm" 
while the dimensions of the other are "30mm x 
10mm x 0.35mm". Both of the different thickness 
samples were heated to above glass transition 
temperature which is about 120 ◦C and then try to 
fixed to fit a 10 mm thick mold by applying an 
external force. After cooling in cold water (nearly by 
15°C) the maximum bending angle recorded was 
θmax. The sample was shaped based on the mold, by 
external force applied along 10s. Then external force 
were removed. The temporary shaped sample hold 
on room temperature until it was fully dry and fixed. 
The sample with temporary shape memory expands 
by stretching a little. The angle at which this 
expansion is measured is θfixed. In the last stage, we 
gradually heated the temporary shape from 95 °C to 
120 °C. We recorded the bending angle (θt) of the 
samples when they reached the glass transition 
temperature of 120 °C.  All the processes described 
above are shown schematically in Figure 2. 
 

3. RESULTS AND DISCUSSIONS 

In this research, wo samples with different 
thicknesses were used to measure shape memory 
properties. The bending test applied to the samples 
to determine the shape memory performances 
revealed that all the samples produced had 
significant shape memory effects together with their 
shape stability and shape memory rates. The shape 

memory test of the samples with two different 
thicknesses was observed by bending test. 
 

3.1.  Differencial Scanning Calorimetry (DSC) 
According to the DSC analysis results shown in Figure 
5. As DSC analysis results, the glass transition 
temperature was determined as 110.423°C. 

 
Figure 4. DSC analsys of photopolymer resin 

 
 
 

3.2. Shape Memory Effect 
 

The graphs of recovery ratio and fixity ratio data 
resulting from thermal analysis are shown in this 
section. The Rf and Rr values obtained by performing 
analyses on 3 samples for each thickness are given 
in a tabular form in Tables 2-3-4-5. The temporarily 
shaped sample and the mold with a width of 
0.35mm are shown in Fig 3.  
 

 
Figure 3. Temporarily shaped sample with a 
thickness of 0.35 mm  
 

As seen the figure when sample met with cold water 

it was unable to maintain its mold shape and started 

to diverge at the ends. This deviation was measured 

and designated as Rf. Then the temporarily shaped 

sample was then gradually raised above the glass 

transition temperature (⁓120°C) in the oven at 95°C. 

Analysis results of samples measuring 30 x 10 x 0.1 
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mm3 are given below. Table 2-3. In addition, the 

standard deviation values of the data obtained as a 

result of the shape memory test applied 3 times and 

the relative error rates of the analysis results were 

also calculated in these tables. As the standard 

deviation and relative error decrease, the reliability of 

the results increases. Therefore, it is important to 

know these parameters in order to make the 

estimates of shape memory performance more 

reliable. 

Table 2.  Rf values of the 0.1mm thickness samples 

 Samples  Rf Relative Error (Rf) 

1 92,223 - 

2 91,667 0.006 
3 88,334 0.03635 

Avarage 90.74  
Standard 
deviation 

2.103  

 

Table 3. Rr values of the 0.1mm thickness samples 

Samples  Rr  Relative Error (Rr) 

1  82,223  - 
2 82,223 0.00 
3 85,556 0.04053 

Avarage 83.34  
Standard 
deviation 

1.924  

  

  

Figure 5. Thermal analysis stages of polymer resin samples. (a) 0.1mm with a transition temperature of ±120 °C 
after having temporary shape; and (b) after recovery 0.1mm thickness of sample. (c) Temporary shape of 0.35 
mm thickness of sample (d) after recovery 0.35mm thickness of sample 
 
 
 
The recycling process of the 0.35 mm thick sample 
was measured as 1.57 seconds, while the 0.1 mm 
thick sample was recorded as 1.04 seconds. The 
resulting recycling process was then examined. Fig 5. 
(b and d) show the recycling process of samples with 
thickness values of 0.1 mm and 0.35 mm. It has been 
understood that 0.35mm thickness of sample is more 
successful in recycling and shows an almost perfect 
result. (Fig. 5 (d)). As for the temporary form, the 
results were found to be relatively close to each 
other. Secondly, the analysis continued with 30 x 10 x 
0.35 mm3 first sample. and the resulting graphs are 
shown in Table 4-5. 
 
 

Table 4.  Rf values of the 0.35mm thickness samples 

 Samples  Rf Relative Error (Rf) 

1 94,44 - 
2 96,112 0.0178 
3 97,22 0.01152 

Avarage 95.92  
Standard 
deviation 

1.4  

 

Table 5. Rr values of the 0.35mm thickness samples 

Samples  Rr  Relative Error (Rr) 

1  94,44  - 
2 96,84 0.0254 
3 97,22 0.00392 

Avarage 93.69  
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Standard 
deviation 

1.507  

 
According to the shape memory test results, shape 

fixity (Rf) and shape recovery (Rr) rates for 

photopolymer resin varied depending on the sample 

thickness. The shape memory test, when evaluated 

alongside the bending tests conducted on three 

samples each, indicates that samples with a thickness 

of 0.35 mm exhibit superior shape memory 

performance compared to those with a thickness of 

0.1 mm. Among these samples, the material with the 

highest average shape stability (Rf) rate of 95.92% 

was determined to be the 0.35 mm thick sample. 

Similarly, the sample with the highest average shape 

memory (Rf) rate of 93.69% was determined to be the 

0.35 mm thick sample. 

As a result, it has been revealed that the use of 0.35 

mm thick polymer sample with shape stability and 

shape memory rate of over 90% is more efficient with 

higher Rr and Rf ratios in the production of shape 

memory parts. In addition, it has been understood 

that the digital light process, one of the additive 

manufacturing methods, is extremely suitable for 4D 

printing applications due to its high surface quality 

and time saving. 

As a consequence, it is thought that this study may be 

a guide for the development of shape memory 

polymer materials manufacturing with DLP, the use of 

shape memory polymers that can be used in 4D 

printing applications in areas such as technology, 

robotics, biomedicine, and biomedical industry. 
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Abstract. With the development of additive manufacturing technology, the use of parts produced with this technology has 
rapidly become established in human life. In this study, powder additive manufacturing and its applications, which are very 
much in our lives today, are examined and interpreted. SLM method is a powder additive manufacturing technology in 
which parts are produced by laser scanning the platform on which a thin layer of powder is laid. When selected areas are 
scanned with laser scanning, the powders melt and form parts layer by layer, and they have higher density and better 
performance than traditional manufacturing methods. The AlSi10Mg sample produced by the SLM method was used in the 
experimental study. The parameters affecting the production of the AlSi10Mg sample were compared using other studies. 
Bending tests of this sample were carried out at room temperature; microscope examinations were carried out after 
standard sanding and polishing processes; they were etched, and images were taken in the optical microscope and SEM. 
Structural characterization studies were carried out in the XRD laboratory on a Bruker D8 advance (Lynxeye detector) brand 
device. According to the data we obtained from all these studies, the advantages and disadvantages of the SLM method 
were discussed. 
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The difference between the additive manufacturing 
method and conventional machining methods is that 
the layers are manufactured in the desired shape by 
stacking them on top of each other. Additive 
manufacturing is a general term encompassing all 
manufacturing technologies that automatically 
produce modules by combining volume elements 
called voxels (the 3D equivalent of a pixel). With 
additive manufacturing, the part prototype, which is 
created employing computer-aided graphic design 
(CAD), is transformed into a prototype with a three-
gene lattice, another kind of prototype [1, 2]. After 

the prototype is separated into layers with special 
software, it is turned into a part layer by layer with 
the help of a three-dimensional printer. With additive 
manufacturing, it is straightforward to design the 
product, and parts that are difficult to manufacture 
can be manufactured easily and quickly [1-5]. 
  
The selective laser melting (SLM) method is a method 
that produces parts by scanning the platform on 
which a thin layer of powder is laid with a laser. When 
selected areas are scanned by laser scanning, the 
powders melt and form parts layer by layer. After 
scanning a layer, the moving platform goes down to 
the following layer thickness. The new powder is laid 
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on top with the help of a roller, and the scanning 
continues. After the part production is finished, the 
residual powder is cleaned manually or with the help 
of a vacuum. Since the layers formed by the SLM 
method cool rapidly, the part microstructure is fine-
grained. This rapid cooling refers to the part's 
mechanical properties being good [6, 7]. 
  
This study performed by AlSi10Mg samples produced 
by SLM for characterizations such as optical 
microscopy, X-ray diffraction (XRD), and 
microhardness. The obtained results were discussed 
by comparing the literature. The microstructural 
analysis using optical microscopy revealed a fine 
cellular dendritic structure, which is consistent with 
previous studies on SLM-processed AlSi10Mg alloys 
[8]. XRD analysis confirmed the presence of primary 
α-Al and Si phases, aligning with the findings of other 
researchers [9]. The microhardness measurements 
showed an average value of approximately 115-125 
HV, which is in agreement with the reported values in 
the literature for SLM-fabricated AlSi10Mg [10]. 
These results demonstrate the reproducibility and 
reliability of the SLM process for producing high-
quality AlSi10Mg components. AlSi10Mg specimens 
showed good bending strength properties. The 
results are in close agreement with the results of 
studies in the literature.  This alloy containing silicon 

and magnesium exhibits a good balance of strength 
and ductility, making it suitable for applications 
requiring significant deformation without fracture. 
The bending properties of AlSi10Mg can be further 
improved by heat treatments such as T6, which 
improves its elongation and reduces anisotropy, 
resulting in more uniform mechanical behavior in 
different directions. These treatments will eventually 
make AlSi10Mg an ideal choice for complex 
geometries and high load applications in industries 
such as aerospace and automotive [8-10]. 

The microstructures of AlSi10Mg samples typically 
consist of a primary α-Al matrix with a fine dispersion 
of eutectic silicon particles and Mg2Si precipitates. 
This microstructure is known to be achieved by 
processes such as selective laser melting (SLM), which 
promotes rapid solidification, providing a refined 
grain structure and improved mechanical properties. 
The presence of silicon improves the alloy's wear 
resistance and reduces thermal expansion, while 
magnesium contributes to its strength and hardness. 
Heat treatments can further alter the microstructure 
and improve properties such as ductility and tensile 
strength, making AlSi10Mg suitable for high-
performance applications in the aerospace and 
automotive industries [8-10]. 
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Abstract. This study demonstrates an innovative approach to sintering zinc powder through a cold/chemical 
sintering process. The technique involves densifying zinc at lose to room temperatures by simultaneously 
applying uniaxial pressure and utilizing a acetic acid based solvent. This method offers an environmentally 
sustainable production pathway, leading to significant reductions in energy consumption and emissions. 
 
The study focuses on the sintering of zinc powder while utilizing the zinc oxide surface layer. Sintering was 
performed at temperatures approximate to room temperature, under a pressure of 200 MPa at different 
temperatures. Different concentrations of NaCl (40%, and 60% with particle size ranges 0.3-0.4 mm and 0.8-1 
mm) were employed to enhance porosity.  
 
The cold sintering process investigated key processing parameters, encompassing the temperature, the porosity 
and the space holder size. These factors exert critical influence over zinc densification. Consequently, the study 
employed electron microscopy to explore their impacts on the final porous structure. These samples also 
presented good compression strength. 

 
Keywords: Zinc foam, Cold sintering, Space holder  
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1. Introduction 
 
Cold sintering is a novel sintering technique that 
bonds the powder particles at temperatures well 
below the classical sintering temperatures. This type 
of sintering necesitase an applied external pressure 
to increase the driving force for mass transport [1]. 
This method can be applied to a limited number of 
materials, the majority being of a ceramic nature [2]. 
For the cold sintering of metallic materials the 
bibliographic data shows that the needed pressure 
for the mass transport enhancementis in the GPa’s 
area, and is to high for current, day to day operation 
[3]. Unlike classical sintering, cold sintering uses 
temperatures lower than 250°C, and, to accelerate 
the diffusion of atoms a liquid phase is used as a 
pathway for mass transport [4]. 
 
One of the most studied cold sintered compound is 
ZnO. Due to its abundance, low price, tunable 
surface chemistry, interesting physical properties 
for a wide range of applications [5]. This ceramic 
material has a high melting temperature (1975 ֯C) 
however it can be sintered at temperatures as low 
as 150 ֯C [6-7]  

 
In the present work we studied the cold sintering of 
some zinc foams by using the powders native oxide 
layer as a mean of cold sintering them [8]. These 
porous materials had a limited porosity, however 
they have the potential be used as electrodes for Zn-
Air bateries. The present paper is aiming to 
demonstrate the possibility of extending this 
sintering methode to the sintering and dissolution 
process (SDP) that is widely used in manufacturing 
porous materials using powder metallurgy. 

 
2. Experimental 
 
In the case of the samples obtained in this work, 
spherical zinc powder (particle size < 10 µm, fig.1 a.) 
was mixed with sodium chloride (size range 0.3-0.4 
mm and 0.8-1 mm, angular shape, fig.1 b.) to obtain 
samples with 40% and 60% porosities in the final 
samples. The zinc powder used in this work is 
characterized by a very small particle size, which 
results in a consistent layer of zinc oxide on their 
surface that can be used for the cold sintering 
process. The selected space holder does not interact 
consistently under the envisioned experimental 
condition with the used materials and does not 
impede the cold sintering process as will be 
evidenced in the following sections. The mixture was 

placed in a 1 cm2 surface area cylindrical mold, over 
which was added ∼6 wt% of the liquid phase, ( a 
mixture of 25% acetic acid, 25% water, and 50% 
ethyl alcohol) for the cold sintering process. 
 
A pressure of 200 MPa at different temperatures 
(25, 250 and 300 °C) for 30 seconds was maintained 
for the dissolution and precipitation of the Zn atoms 
to take place and for the cold sintering process to 
take place. After evaporation of the liquid phase the 
sample was maintained at room temperature for 24 
h and followed by a space holder dissolution in 
flowing water for 24 h. By dissolving the NaCl a 
metallic zinc foam was obtained. 

 

 
a). 

 
b). 

Figure 1. Images of the used powders  
Zn (a) and NaCl (b)  

 
The powder and sintered samples were analysed by 
scanning electron microscopy. The samples density 
was calculated by dividing weight to the volume 
calculated from the sample’s dimensions. 
 
Compression test of samples was performed on a 
universal testing machine with a crosshead velocity 
of 0.5 mm/min. 
 
3. Results and discussions 
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After the space holder dissolution, the samples 
presented somewhat higher porosities than the 
prescribed ones, since in the structures an 
interparticle porosity was present alongside the 
pore former particles, this increase was in the range 
of 2-4 %, more at the lower porosity sample and less 
for the 60% porosity samples. The top side of typical 
samples before and after the dissolution process are 
presented in figure 2. The angular shape of the pores 
that resembles the used NaCl particles is evident. 

 
As usually observed in the SDP process a small part 
of the space holder was not eliminated. This usually 
is caused by the closure of some pores during the 
forming process and by the reprecipitation of the 
saline solution remained in certain areas where the 
water used for the dissolution of the NaCl particles 
has a difficult access. No significant shrinkage was 
observed during the cold sintering process.  
 

a). 

b). 
Figure 2. Appearance of the samples before (a) and 
after (b) the removal of the pore former 

 
Figure 3 presents a typical image observed during 
the SEM analysis. In the pores wall one can clearly 
observe the sintering of the particles. The sintering 
degree calculated as the ratio of the sintering necks 
width divided by the particle diameter is around 0.6 
which corresponds to a good sintering. The sintering 

degree is uniform in the cross section of the 
samples, suggesting a good distribution of the liquid 
phase during the sintering stage. Between the 
particles in the pore wall certain small pores in the 
micron and submicron range are present that can 
act as week points during the compression tests. 
This weak link behavior is pronounced by the brittle 
nature of the ZnO phase present.  
 
The compression tests obtained on these samples 
presents a reasonable ductility. The reduced 
ductility is caused by the Zn hexagonal crystalline 
structure that has lower deformability than the 
cubic one and the presence of a significant amount 
of oxide phase especially in the sintering necks that 
also reduces the ductility.  
 

 
a). 

 
b). 

Figure 3. Typical SEM image of the pores wall a). 
P=40 % T=250°C, b). P=60 % T=250°C 
 
Zinc has a compressive strength of 75-160 MPa [9], 
being influenced by several factors such as purity, 
temperature and, heat treatments. The lower 
strength for samples sintered at 25°C is due to zinc 
acetate present in the samples at this temperature 
[8]. At temperatures close to 300°C zinc acetate 
decomposes into zinc oxide, acetone and carbon 
dioxide [10]. 
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Table 1. Compressive strength versus the NaCl 
particle size and cold sintering temperature 

Porosity 
[%] 

NaCl size 
[mm] 

Temperature 
[°C] 

Compr. 
strength 

[MPa] 

 

 

 

40% 

 

0,3-0,4 

25 38 

250 81 

300 70 

 

0,8-1,0 

25 6,5 

250 77 

300 24 

 

 

 

60% 

 

0,3-0,4 

25 7 

250 83 

300 76 

 

0,8-1,0 

25 8 

250 81 

300 8,6 

 
The highest value of compressive strength was 
measured for the samples sintered at a temperature 
of 250 °C, all of them over 75 MPa (Tab. 1). By 
increasing the temperature to 300 °C a sharp drop in 
the compression strength of the samples with the 
0.8-1 mm pores, sign that the stress concentrator 
effect of the pores becames of great importance. 

 
The results obtained for the samples sintered at 
250°C and 300°C are satisfactory. Therefore, the 

samples obtained by cold sintering of zinc powder 
can be used for applications that do not require very 
high resistance, such as anodes for zinc air batteries. 

 
 

4. Conclusions 
The present work main findings can be summarized 
as follow: 

 

 Cold sintering of zinc foams is possible, 
supported by SEM and compressive strength results.  
 

 The sintering degree is between 60-65%, 
indicating a good sintering 
 

 Compressive strength is excellent for 
samples sintered at 250°C and 300°C, indicating the 
possibility of using cold sintered zinc foams for 
applications that do require mechanical 
characteristics. 

 
The highest value of the compressive strength was 
recorded for the samples cold sintered at 250°C, 
with a value over 81 MP for a NaCl particle size range 
of 0.3- 0.4 mm. 
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Abstract. Fuel cells are of great importance in terms of clean energy production and reducing energy dependency 
on foreign countries. Direct liquid fuel cells provide fuels with higher energy density and easier fuel management 
compared to other types. Ethanol offers high energy efficiency, easy storage and distribution, and renewability 
advantages in these systems. Despite the high electrochemical behaviors of platinum and palladium-based 
catalysts, their high costs prevent the widespread use of fuel cells, therefore, the search for low-cost and high-
efficiency catalysts continues [1]. In this study, catalysts were synthesized by binary metal co-participitation 
method in various molar ratios (Ni90Cu10, Ni80Cu20, Ni70Cu30, Ni90Co10, Ni80Co20, Ni70Co30, and Ni50Co50) 
to observe their electrochemical behaviors. The synthesized catalysts were subjected to Cyclic Voltammetry (CV), 
Chronoamperometry (CA), and Electrochemical Impedance Spectroscopy (EIS) analyses and Linear Swep 
Voltammetry (LCV) in a basic electrolyte medium (1 M NaOH with 0.2 M EtOH), along with some characterization 
methods, FTIR, N2 adsorption-desorption, SEM-EDx and XRD.  
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1. Introduction  
 
The global demand for energy continues to rise, 
leading to the need for new energy sources as fossil 
resources are depleting. Fuel cells represent a 
significant advancement in the search for 
sustainable and efficient energy conversion 
technologies. Among the various types, direct 
ethanol fuel cells (DEFC) have garnered considerable 
interest due to their high energy densities, low 
operating temperatures, and ability to use ethanol, 
a renewable and less toxic fuel compared to 
methanol. At the core of DEFC performance lies the 
catalytic activity of the anode material, which 

facilitates the electrooxidation of ethanol [2]. This 
study focuses on the synthesis and characterization 
of Ni-Co, Ni-Cu, and pure Ni catalysts for ethanol 
electrooxidation in alkaline media. By extensively 
studying the electrooxidation of ethanol on 
transition metal catalysts, nickel-based catalysts 
show promise due to their excellent catalytic 
properties and cost-effectiveness. However, pure 
nickel catalysts often suffer from poor stability and 
low catalytic activity due to issues such as poisoning 
and surface degradation [3]. Alloying nickel (Ni) with 
other metals such as copper (Cu) and cobalt (Co) can 
potentially enhance catalytic performance by 
modifying the electronic structure and increasing 
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resistance to poisoning. Ni-Cu alloys are known for 
their improved conductivity and resistance to 
oxidation, while Ni-Co alloys exhibit enhanced 
catalytic activity and stability due to the synergistic 
effects between nickel and cobalt. Despite the 
promising potential of Ni-Cu and Ni-Co catalysts, 
systematic studies are still needed to investigate the 
optimal composition and synthesis methods to 
maximize their catalytic performance in ethanol 
electrooxidation [4]. This study involves the 
synthesis and characterization of Ni-Co and Ni-Cu 
catalysts with different compositions to determine 
their efficiency in ethanol electrooxidation. The 
molar compositions of the synthesized Ni-Cu and Ni-
Co catalysts were Ni:Cu (90:10), Ni:Cu (80:20), Ni:Cu 
(70:30), Ni:Co (90:10), Ni:Co (80:20), Ni:Co (70:30), 
Ni:Co (50:50) and pure Ni. Their catalytic activities in 
1 M NaOH and 0.2 M EtOH solutions were evaluated 
using cyclic voltammetry (CV), chronoamperometry 
(CA), and electrochemical impedance spectroscopy 
(EIS). The synthesized catalysts were characterized 
using X-ray diffraction (XRD), scanning electron 
microscopy (SEM-EDS), and N2 adsorption-
desorption isotherms to gain insights into the 
structural and morphological properties, 
crystallographic phases, surface morphology, 
elemental composition, and specific surface areas of 
the catalysts.  

 
2. Material and Methods 

 
In this study, firstly, (Nickel-Cobalt and Nikel-
Copper) alloys were synthesized by co-
precipitation synthesis method in different ratios 
(Ni90Cu10, Ni80Cu20, Ni70Cu30 and Ni90Co10, 
Ni80Co20, Ni70Co30, Ni50Co50 and pure Ni) from 
their nitrate salts to determine the optimum result. 
The synthesized precipitate was subjected to 600 
oC for 8 hours by calcination method to remove the 
salts and the structure was fixed. 150 mL of Nafion 
solution, 850 mL of ethanol and 4 mg of the 
obtained bimetallics were taken to form the 
catalyst slurry. The slurry was made homogeneous 
by vortex and prepared for electrochemical 
measurements and characterization methods. For 
electrochemical measurements, the catalysts 
coated on glassy carbon electrode were carried out 
in 1 M NaOH+0.2 M EtOH solution medium. In 
order to observe the catalytic activity, nickel-
copper and nickel-cobalt catalysts prepared at 
90:10, 80:20, 70:30 and 50:50 mole ratios were 
subjected to cyclic voltemtry method at 50 mV/s 
scanning rate and in the range of -1.0 to 1.0. In 
order to provide information about the resistance 

and capacitive behaviors of the catalysts, they were 
investigated by EIS (Electrochemical Impedance 
Spectroscopy) method in the frequency range of 
9.5, 0.01 V EAC and 1.0 Hz - 1,000,000 Hz scanning 
range. In order to evaluate the stability and 
durability of the catalysts over time, the prepared 
nickel-copper, nickel-cobalt and pure nickel 
catalysts were examined by chronoamperometry 
method at 0.7 V/1000 s scanning rate. As a result 
of electrochemical measurements, 90-10% Ni-Cu 
catalyst shows the highest activity among the 
catalysts at various ratios. For this reason, the 
characterization methods were continued with 90-
10% Ni-Cu catalyst and the structure was tried to 
be understood. XRD analyzes of the catalysts were 
carried out in the 2-90° scanning range and 5°/min 
scanning rate. XRD is used to determine the crystal 
structure and phase composition of the catalysts. 
In order to identify functional groups and chemical 
bonds in catalyst materials, Fourier Transform 
Infrared Spectroscopy (FTIR) method was analyzed 
in the wavenumber range of 400 to 4000 cm-1 on 
an instrument with single reflection diamond 
crystal ATR accessory, KBr beam splitter and air-
cooled light source. Scanning Electron 
Microscopy/Energy Dispersive X-ray Spectroscopy 
(SEM/EDX) Analysis was used to analyze the 
surface morphology and particle size of the 
catalysts, while EDX helps to determine the 
elemental composition. Scanning Electron 
Microscopy (SEM) images of the catalyst at 500 nm, 
200 nm, and 2 µm are available at 15.00 kV 
accelerating voltage and 10,000x, 20,000x and 
50,000x magnifications. N2 Adsorption - 
Desorption provides information about the surface 
area, pore volume and pore size distribution of the 
catalysts. Nitrogen gas was used as the analysis gas 
in these measurements. The X cross-sectional area 
was taken as 16.2 Å²/molec, non-ideality as 6.58e-
05, bath temperature as 77.40 °C, gas outlet 
temperature as 200.0 °C, gas outlet time as 3.0 
hours and P/Po tolerance as 3. 
 

3. Result and Disscusion  

Ethanol electrooxidation activities of catalysts 
synthesized at different ratios are given in Figure 1. 
As a result of CV analyses, it was observed that 
Ni90Cu10 catalyst showed higher electrochemical 
activity compared to other catalysts with a value of 
3.044 mA/cm². In addition, it was observed that the 
activity of the catalyst increased as the Co ratio 
increased (Ni90Co10: 0.283 mA/cm², Ni80Co20: 
0.537 mA/cm² and Ni70Co30: 1.557 mA/cm²). 
Therefore, the study was continued by further 
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increasing the Co:Ni molar ratio. However, the 
expected activity could not be reached by increasing 
only the Co ratio (Ni50Co50: 0.40 mA/cm²). No 
electrochemical activity was observed in the 
absence of a catalyst, indicating that there was no 
catalytic activity at the electrodes. 

 

Figure 1. Cyclic voltagram for all catalaysts.(Ni-Cu 
catalaysts, Ni-Co catalaysts, Pure Ni catalayst and 
without catalayst (0.2 M EtOH and 1 M NaOH) 

 

Figure 2. Nyquist diagram for  Ni-Co, Ni-Cu and Pure Ni 
catalaysts. (0.2 M EtOH and 1 M NaOH)simi 

In Fig. 2, Z' (Real Resistance) and Z" (Virtual 
Resistance) values are given in Ohm, and the 
electrochemical performances of different Ni-Cu 
and Ni-Co ratios (90:10, 80:20, 70:30) are 
evaluated. In the Nyquist diagram (Z' vs Z"), all 
samples show similar trends and have a 
semicircular form. This semicircular form indicates 
a process with a single time constant in the system 
and generally represents a charge transfer 
resistance and double layer capacitance. The real 
and imaginary parts of the impedance show a 
similar trend for all alloys. It can be said that 
Ni90Cu10 catalyst has the best catalytic activity for 
ethanol electrooxidation compared to the others. 

In general, catalysts with 90:10 ratio show the 
lowest impedance, indicating that they have the 
best electrochemical performance. Low 
impedances indicate that the charge transfer 
resistance is lower and therefore the catalyst is 
more effective. The impedance results support the 
cyclic voltammetry results. XRD analysis was 
performed to determine the crystal properties of 
the catalyst (Ni90Cu10) and the phases it contains. 
The XRD pattern of the Ni90Cu10 catalyst is given 
in Figure 3. In the XRD pattern of the catalyst in 
Figure 3, 5 peaks centered at 2Ɵ = 37.25°, 43.29°, 
62.86°, 75.4°, 79.36° were observed. The observed 
peaks belong to the 003, 012, 104, 113 and 006 [6] 
surfaces, respectively. When the nickel mole ratio 
in the bimetallic Ni-Cu sample was high, metallic Ni 
nanoparticles were formed in addition to the Ni-Cu 
alloy. In addition, the sharp and high intensity 
peaks in the XRD pattern indicate that the catalyst 
has a highly crystalline structure and a large surface 
area. This is a critical feature that increases the 
efficiency of the catalyst and provides the desired 
reactivity [5]. These diffraction peaks belonging to 
the crystal plane are nickel oxide peaks [6]. The 
formation of nickel oxide peaks is common 
compared to the mole fraction of the catalyst. 

 
Figure 3. XRD patterns of Ni90Cu10  catalayst 

4. Conclusion  
 
This study focused on finding the optimum ratios of 
Ni-Cu and Ni-Co catalysts by studying their 
performance in alkaline media. Cyclic voltammetry 
experiments revealed that both Ni-Cu and Ni-Co 
catalysts exhibited high current densities, 
indicating significant electrochemical activity for 
ethanol oxidation. 
 
The highest current density for Ni-Cu catalysts was 
observed as 3.044 mA/cm² for the Ni90Cu10 
composition, demonstrating the potential of this 
particular ratio to reach optimum performance. 
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Chronoamperometry (CA) measurements show 
that there are significant differences between the 
initial current densities, and the current density 
stabilities at the end of 1000 seconds show the 
stability performances. These results support other 
values obtained in other electrochemical analysis. 
Ni-Co catalysts also showed promising results; the 
Ni70Co30 composition provided the highest 
current density among the tested ratios.  

Further increase in cobalt content leads to increase 
in activity of the catalyst. Therefore, Ni50Co50 
catalyst was synthesized and subjected to 
electrochemical tests in order to find the optimum 
Ni:Co ratio. However, the result was not as 
expected and only current density of 0.40 mA/cm² 
could be obtained. 
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Abstract. This study explores the effect of temperature on the tensile behavior of IN 718 specimens produced via 
Selective Laser Melting (SLM). Tensile tests were conducted at 550°C, and 650°C on as-built and direct-aged (DA) 
specimens. In all specimens, Dynamic Strain Aging (DSA) was observed at 550°C, contributing to serrations in the stress-
strain curves. At 650°C, anomalies in yield strength and temperature-induced brittleness were noted, likely linked to the 
dissolution of carbides at grain boundaries. The results revealed distinct differences in temperature-dependent tensile 
behavior between the as-built and direct-aged conditions. These effects provide key insights into optimizing SLMed IN 718 
for high-temperature applications, emphasizing the complex interplay between temperature, microstructure, and 
mechanical properties. 
Keywords: IN 718, Selective Laser Melting, Direct Aging, High-Temperature Tensile Test, Dynamic Strain Aging 
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1. Introduction 
 
Nickel-based superalloys, such as Inconel 718 
(IN718), are widely used in high-temperature 
environments because of their excellent mechanical 
properties, corrosion resistance, and ability to retain 
strength at elevated temperatures, making them a 
popular choice for aerospace, power generation, and 
other high-temperature applications. Given the 
increasing demand for high-temperature 
applications, understanding how temperature affects 
the tensile behavior and deformation mechanisms in 
both as-built and heat-treated IN 718 conditions is 
critical.  
 
Additionally, the occurrence of phenomena such as 
Dynamic Strain Aging (DSA), carbide dissolution, and 
changes in dislocation dynamics can significantly 
influence the material's yield strength, ductility, and 
overall structural integrity at elevated temperatures. 
Dynamic strain aging (DSA) has been observed in 
various nickel-based superalloys across different 
microstructures, temperature ranges, and strain 
rates.  

Numerous studies have documented the occurrence 
of this effect [1]–[5]. For example, research by Chen 
and Chaturvedi on DA-treated IN718 within the 300–
577°C range concluded that the serrated flow 
behavior is primarily driven by interstitial carbon 
atoms, independent of interactions between 
dislocations and precipitates [1], [3]. Similarly, Hale et 
al. noted that serrations arise from the diffusion of 
interstitial carbon atoms at lower temperatures (127–
427 °C) and substitutional chromium atoms at higher 
temperatures (477–627 °C) [3]. Nalawade et al. also 
found that serrated flow was associated with the 
movement of interstitial carbon atoms at 
temperatures below half the melting point, while 
both interstitial and substitutional solutes influenced 
the behavior at higher temperatures [4]. 
 
This study aims to investigate the tensile behavior of 
SLM-produced IN 718 specimens under varying 
thermal conditions, focusing on the effects of 
deformation temperature and heat treatment. By 
comparing the tensile properties of as-built and 
direct-aged samples at 550 °C and 650 °C, this work 
provides crucial insights into the microstructural 
factors driving temperature-dependent mechanical 
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performance. The findings of this study are 
instrumental for optimizing the use of SLMed IN 718 
in demanding high-temperature environments. 
 
2. Results and Discussion 
 
The specimens were produced via the SLM  process 
using gas-atomized IN 718 powders within the range 
of 20-55 µm. The process was optimized to obtain a 
volumetric energy input of 52 J/mm³.  Cylindrical 
samples were built with vertical build direction and 
stripe scanning model, as shown in Figure 1.  Then, 
the direct aging treatment was applied to some 
specimens (heating at 720°C for 8 hours, furnace 
cooling to 620°C and holding for 10 hours, and then 
air cooling). 
 

 
Figure 21 Schematic demonstration of scanning 
strategy and build orientation of SLM samples 
 
As-processed specimens were analyzed by OM, SEM, 
and XRD for microstructural analysis. The 
microstructures of as-built and DA-treated samples 
are shown in Figure 1. After DA treatment,  Laves 
phases were not dissolved; however, strengthening 
precipitates (γ' and γ'') were formed. The presence of 
precipitated phases hinders dislocation motion, 
leading to an increase in dislocation density. As a 
result, a greater applied force is necessary to 
overcome the accumulated dislocations, resulting in 
enhanced yield and tensile strength. 
 

 
 
Figure 22 SEM images of as-built and DA-treated 
samples 

 
In the tensile test of as-built specimens, the yield 
strength exhibited an unusual increase as the 
temperature rose from 550°C to 650°C, accompanied 
by a decreased elongation, as shown in Table 1.   
 
Table 1. Mechanical test results (Elongation % and 
Yield Strength) of as-built and DA-treated specimens  
 

ID 
550°C 650°C 

 El. 
(%) 

YS(MPa) El.(%
) 

YS(MPa) 

As-built 32,1 486 27,3 650 

DA   11,8 1125 11,5 970 

 
Conversely, the DA samples displayed a variety in 
yield strength with no significant change in 
elongation over the same temperature range. 
Moreover, serrations were observed in the stress-
strain curves of IN 718 specimens deformed at 550°C 
(Figure 2).  
 

 
 
Figure 23 Stress-Strain Curve of As-built and DA 
specimens at 550 °C and 650 °C, demonstrated DSA 
Regime Type 
 

Previous studies by Chen and Chaturdevi [1] and 
McLouth et al. [5] reported serrated stress-strain 
behavior in IN 718 at elevated temperatures due to 
the segregation and depletion of interstitial elements 
at dislocation cores. The findings of this study are 
consistent with these observations. The as-built 
specimens exhibited Type B serrations in their stress-
strain curves. Moreover, DA specimens initially 
displayed a mixed Type A+B serration regime, 
transitioning to Type C, signaling a shift from 
dislocation-dominated deformation to stacking fault 
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mechanisms. At temperatures above 650°C, serrated 
flow behavior was not observed, likely due to the 
enhanced mobility of solute atoms that allowed them 
to follow dislocations without impeding their motion.  
Previous investigations have established that prior 
deformation facilitates the transformation of the γ'' 
phase to the δ phase in the IN718 alloy, with planar 
defects in the γ'' phase acting as effective nucleation 
sites for the precipitation of the stable δ phase. In this 
study, the internal strains were correlated to the 
Geometrically Necessary Dislocations (GNDs) values. 
The GND  value of as-built samples was calculated 
from EBSD maps of samples as 4.224 x 1013 m-2. This 
higher internal strain in the as-built samples 
contributed to earlier precipitation or precipitation 
occurring at reduced temperatures. In order to 
observe this phenomenon, fracture surface analysis 
were applied after deformation. The induced 
strengthening phases were observed on the SEM 
images of the lateral section of fracture surfaces of 
as-built samples ( Figure 4). During tensile testing at 
elevated temperatures, additional strains were 
imposed, resulting in the emergence of secondary γ', 
γ'', and δ phases. SEM images of the lateral fracture 
surfaces of as-built samples validated the presence of 
secondary γ' and γ''.    
 

 
 
Figure 24 SEM images of lateral sections of fracture 
surfaces of as-built and DA-treated samples deformed 
at 650 °C  
 

Moreover, the DA sample tested at 550°C displayed 
secondary γ' (see Figure 5), while the DA-SP sample 
tested at 650 °C demonstrated a notable increase in 
δ phase formation (Figure 4) . 

 
 
Figure 25 SEM images of lateral sections of fracture 
surfaces of DA-treated samples deformed at 550 °C 
and 650 °C 
 
The elongated chain-like morphology of the Laves 
phase negatively impacts the mechanical properties 
at elevated temperatures. Figure 5 illustrates the 
fragmentation of the Laves phase following testing at 
650 °C. Additionally, newly formed γ''/γ' phases and 
chromium-rich carbides were identified. Moreover, 
the presence of microvoids, along with specific 
phases, suggests complex fracture mechanisms and 
the interactions of various microstructural features 
during the deformation and fracture processes of the 
material at high temperatures. The existence of 
secondary γ' and γ'' phases can substantially affect 
the mechanical properties of the material, 
contributing to strengthening and enhancing 
resistance to deformation. Furthermore, the 
fragmentation of Laves phases and the development 
of δ phases at elevated temperatures may also impact 
the material's performance and fracture response. 
 
3. Conclusion 
 
These findings shed light on the complex interplay 
between microstructure, temperature, and 
deformation mechanisms in additively manufactured 
IN 718, culminating in the following conclusions: 
 

 At 550°C, the phenomenon of DSA was 
detected, stemming from the interactions 
between solute atoms and dislocations. 

 The higher GND values observed in the as-
built samples led to the earlier formation of 
secondary phases during deformation. 

 At 650°C, unusual behavior in yield strength 
and temperature-related brittleness was 
identified. Consequently, raising the test 
temperature resulted in diminished 
elongation values while increasing yield 
strength, which can be attributed to the 
dissolution of carbides at the grain 
boundaries. 
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Abstract. For more than a century, nitric oxide (NO) donating formulations have been a mainstay treatment for the 
management of cardiovascular diseases. These donors primarily produce NO in the circulation and are not targeted to 
specific cellular sites of action. However, it would be desirable to deliver the right amount of NO to a precise location at the 
right time. To achieve these aims, we have recently developed several strategies aimed at therapeutically generating or 
releasing NO in living systems showing that graphene could either generate NO endogenously by the catalytic 
decomposition of endogenous NO substrates or can store and release therapeutically relevant amounts of NO gas or other 
NO sources. For example, acidified nitrite conjugated graphene as NO carrier showed a dose-dependent effect to promote 
proliferation in endothelial cells and to inhibit growth in smooth muscle cells (SMCs), which was associated with cGMP 
release indicating intracellular activation of canonical NO signalling. This talk will present our recent proof-of-principle data 
on the utility of porous graphene as a NO delivery vehicle to release physiologically relevant amounts of NO in vitro, thereby 
highlighting the potential of these formulations as a strategy for the treatment of cardiovascular diseases.  
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For more than a century, nitric oxide (NO) donating 
formulations such as organic nitrates and nitrites have 
been a cornerstone for the treatment of cardiovascular 
diseases. These donors primarily produce NO 
systemically, however it would be desirable to deliver 
the right amount of NO to a precise location at the right 
time. To address this need, we hypothesised that 
graphene-based nanomaterials can be developed to 
store and release therapeutic amounts of NO in a 
controlled fashion. Methodology & results: we describe 
the design and characterisation of a novel NO delivery 
system via the incorporation of sodium nitrite as a NO 
source into porous graphene oxide nanosheets (termed 
NO@Th-PGO) (Figure). The exchange between 
functional groups and the corresponding morphologies 
were confirmed by X-ray diffraction (XRD), Fourier 
transform infrared spectroscopy (FTIR), Raman 
spectroscopy and scanning electron microscopy (SEM). 
The real-time release of NO from NO@Th-PGO was 
measured using a free radical analyser equipped with 
NO electrode and the total capacity for NO production 

by ozone-chemiluminescence. The NO release was 
sustained at >5 × x10-10 mol cm-2 min-1 for at least 3 
hours, which is comparable to production by healthy 
endothelium (cf, 0.5 – 4 x10-10 mol cm-2 min-1). The 
underlying mechanism of NO release likely involves a 
role for thiols as a reducing agent, thereby converting 
graphene-conjugated nitrite into NO. To test whether 
NO released from NO@Th-PGO is localised 
intracellularly, we used a fluorescent NO-specific probe, 
4-amino-5- methylamino-2′,7′-difluorofluorescein 
(DAF-FM DA) for real-time imaging. This detected the 
release of NO from NO@Th-PGO in both vascular 
endothelial and smooth muscle cells. Furthermore, 
exposure of vascular cells to NO@Th-PGO in vitro 
increased endothelial cell proliferation and inhibited 
smooth muscle cell growth. Conclusions:  here we 
demonstrate the utility of porous graphene as a NO 
delivery vehicle to release physiologically relevant 
amounts of NO in culture. This work highlights the 
potential of these formulations as a promising strategy 
for the treatment of cardiovascular diseases. 
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Figure: A schematic illustration of the crosslinking of cysteamine to porous graphene oxide (PGO) followed by the S-
nitrosation of cysteamine-functionalised PGO to form S-nitrosocysteamine-functionalised PGO (termed SNO-
Cys@PGO).
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Abstract.  This study focuses on tensile strength of composite materials which has a hole at its center. Main parameters are 
orientation and hole diameters that affect test results dramatically. Open Hole Tensile (OHT) tests are important for 
aerospace applications since there are thousands of fasteners on an aircraft. This research includes open hole tensile (OHT) 
tests results which specimens that geometry and orientations are different. Additionally, study works on finite element 
analysis of OHT in failure mode, test results and prediction. Finite Element Numerical Simulations which done on LS Dyna 
were validated by experimental test results with small differences. Also orientation effect on results investigated that not 
worked much in literature. This paper details test method and analysis method for OHT test. Further discuss simulation 
results and experimental test results. Findings provide some insights for future research and developments in composite 
open hole tensile test. 
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1 Introduction 
 
Composite materials that can be connected to 
other elements in aircraft structures must pass 
open-hole tension tests as part of the 
qualifying procedure. A new pair of testing is 
needed for every new set of materials. The 
development of analysis tools for the 
prediction of failure and damage in these tests 
is desirable in order to minimize costs. Based 
on open hole tensile tests on the same 
composite laminates, it was found that 
changes in hole radius lead to differences in 

the stress levels and damage behavior of the 
composite laminates. In a study, transverse 
cracks developed in the upper layer of all 
specimens, firstly at the notch surroundings 
and at the free edges at higher applied strains. 
Also on this article, open hole tensile tests of 
each laminate showed that strength decreased 
with size [1]. Another open hole tensile test 
experiment compares the material differences 
on the test results. In this study [2] they proves 
CFRP material has a greater strength and 
stiffness than GFRP material. But there is a 
similar point between these two material 
which is damage progression. Another 
parameter that affect the test results is hole 
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diameter [3]. When the diameter of the hole 
increases, strength reduces. For example, if the 
hole size is small, failure is delamination 
through the width. If size of the hole is large, 
failure firstly occurs at the fiber. 

 

1.1 Material and Specimens 
 

CFREP specimens were fabricated using IM7-
12K carbon fibre reinforced epoxy matrix 
(Hexcel, United States). The IM7-12K/Epoxy 
prepregs were subjected to autoclave and hot 
press processes to bond them. Three sets of six 
specimens with different stacking sequences 
were formed. Table 1 shows the dimensions 
and stacking sequences of the specimens. 

 
 

 
 
 
 
 
 
 
 
 
 
 
Open Hole Tension (OHT)  

 
A 250 kN loading cell on an Instron 5985 tensile 
testing apparatus was used to test open-hole 
specimens. The test standard utilized was 
ASTMD5766-02a [4]. The calculated crosshead 
speed was 1.27 mm/min. By dividing the force 
applied in the loading direction by the specimens' 
cross-sectional area, stress values were calculated. 
To gain a deeper understanding of the stress 
distributions and damage patterns of the 
specimens at failure, Digital Image Correlation 
(DIC) was employed. 

 
Numerical Simulation 

 
The models for plastic deformation, delamination, 
multiple interlaminar cracks, and fiber breaking 
failure were considered based on the experimental 
observation. Because the observed out-of-plane 
deformations before to peak load were minimal in 
the layup, the geometrical nonlinearity was 
disregarded. Three distinct orientations were 
included in this investigation. These are [45/0/-
45/90]2s (QIS), [0/45/0/90/0/-45/0/45/0/45/0/-
45]s (HRD) and [45/-45/0/45/45/-45/90/45/-
45/45/45/-45]s (SFT), respectively. Using the finite 
element method and LS-Dyna software, the open 

hole tension behavior of carbon fiber reinforced 
epoxy plastic (CFREP) specimens was examined. 
Using the HyperMesh program, the specimens' 
geometrical models were produced. Every layer 
has a thickness of 0.184 mm. The specimens' length 
was 305 mm, width was 38.08 mm, and hole 
diameter was 6.44 mm. Using data from 
experiments, the MAT054/55 material model 
developed by LS-Dyna defined the material 
properties. The mechanical properties of the 
laminates are reported in Table 2. The failure 
criterion chosen was the Tsai-Wu one. In the 
model, shell elements are used in accordance with 
the suitability determined by convergence analysis. 
Only quadrilateral mesh was used for each model. 
One of the specimens' short edges was fixed, and a 
force was applied to the other short edge in a 
longitudinal direction to create boundary 
conditions. Since the experiments were carried out 
at room temperature, thermal effects were 
neglected. Implicit solver type was used in the 
simulations because of the fact that the crosshead 
speed is sufficiently low to be treated as 
quasistatic. The accuracy and validity of the model 
are assessed by comparing the derived findings 
with the experimental data. 

 

 
 
 
 
 

Table 1 Stacking sequence and specimen dimensions 

[45/0/-45/90]2s                                                               38,08                                 2,944                               6,44                         305 

[0/45/0/90/0/-45/0/45/0/-45]s                      38,08                      3,68                                6,44                         305 

[45/-45/0/45/-45/90/45/-45/45/-45]s         38,08                      3,68                                6,44                         305 

Stacking Sequence                                            Width (mm)        Thickness (mm)        Hole diameter (mm)        

Length (mm) 
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Experimental Results 

 
There were six through-hole tension 

tests conducted for every orientation of 
lay-up. The speed at which each test was 
conducted was 1.27 mm/min. The post-
failure fracture circumstances for each 
lay-up orientation are depicted in Figure 
1. Every specimen failed in line with the 

through-hole tensile failure modes after 
being checked for the failure modes listed 
in the ASTMD5766-02a standard. This 
standard states that soft (SFT) and quasi-
isentropic (QIS) specimens failed in the 
AGM (Angled Gage Middle) mode. During 
the LGM (Lateral Gage Middle) mode, 
Hard (HRD) specimens failed. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

E1 (GPa)                                                               165                       313                      115 

E2  (GPa)                                                               8,5                        10,5                      8,5 

𝜈12                                                                          0.033                   0,033                   0,033 

𝜈13 = 𝜈23                                                              0.033                   0.033                   0.033 

G12  (GPa)                                                             4,6                        4,6                        4,6               

G13 = G23  (GPa)                                                   4,6                        4,6                        4,6                          

XT  (MPa)                                                               2980                   6826                     2106 

YT  (MPa)                                                               80                         80                         80 

XC  (MPa)                                                               1860                    1880                    1860  

YC  (MPa)                                                                250                      250                       250 

SC  (MPa)                                                                80                         80                         110 

 

Stacking Sequence                                           QIS                HRD             SFT 

Table 2 Mechanical properties of QIS, HRD and, SFT laminates 

 

Figure 1 Post-failure fracture for a) HRD, b) QIS, and c) SFT 
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Comparison of Experimental Results with 
Simulation Results 
 
Graphs show the force versus displacement graphs 
for QIS, HRD and SFT, respectively. It is understood 
that the experimental and numerical results for each 
lay-up orientation are in good agreement. 

Nevertheless, there are acceptable error rates 
between our experimental and numerical data. This 
rate was calculated as 8.84% for QIS, 5.79% for HRD 
and 0.048% for SFT. The different error rates for 
different lay-up orientations can be explained by 
fibre aspects. QIS has a structure in which the fibres 
are placed at different angles. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Conclusion 
 
This study used experimental, computational, and 
visual methods to thoroughly evaluate the open 
hole stress behavior of composite specimens with 
three alternative stacking sequences. It was 
discovered that there was strong agreement 
between the simulations carried out using the 
finite element method and the experimentally 
obtained open hole tension test findings. This 
agreement shows how trustworthy and realistic 

the generated finite element model is. To sum up, 
this research constitutes a significant advancement 
in comprehending and simulating the behavior of 
open-hole stress in composite materials. The 
results yielded provide light on future directions for 
research and offer useful information for the 
design and analysis of composite materials. This 
work will be a valuable reference, particularly in 
industries like aerospace and automotive where 
composite materials are employed extensively  
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Abstract. The Wire Arc Additive Manufacturing (WAAM) process is a new additive manufacturing technique that offers 
economical benefits. In this method, the wire and a part of the substrate are melted by an electric arc from the power 
source, allowing the material to be deposited on top of the substrate layer by layer to create the desired preform.  Thermal 
shrinkage of the added material can distort the manufactured part and generate residual stresses. Materials temperature-
dependent properties, welding parameters and structure geometry determine the magnitude of the stresses and 
distortions. The residual stress and distortion formation in WAAM and the factors affecting them are explained in this paper. 
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1.Introduction 
 
Wire Arc Additive Manufacturing (WAAM)  is an 
additive manufacturing method. In WAAM, the 
metallic wire is melt using an electric arc energy.  
The melt is deposited on a substrate in a layer-by-
layer fashion using a 3D CAD model data as 
illustrated in Figure 1 [1]. A robotic system is utilized 
in production of the 3D metal component. 
Conventional Gas Metal Arc Welding (GMAW), Gas 
Tungsten Arc Welding (GTAW), and Plasma Arc 
Welding (PAW) can used in the WAAM process [1]. 
WAAM has gained increasing popularity in 
aerospace, automotive, military, marine and 
construction industries in the last decade [2]. Design 
flexibility, reduced manufacturing time and low buy-
to-fly ratio [3] make the WAAM process attractive 
for steel [2,4], aluminium [5], titanium [6], and nickel 
[7] part fabrications. The parts fabricated by WAAM 
require post production machining to obtain the 
required surface finish and dimensional tolerances 
[1]. 

 
Figure 1. Illustration of GMAW-WAAM process [1]. 

 
2.Results & Discussions  
 
2.1. Temperature Distribution in WAAM Parts 
 
Xiong et al produced a ten-layer mild steel thin-
walled structures [9]. They measured thermal cycles 
on the substrate. Figure 2 shows the thermal profiles 
measured by thermocouples during the metal 
deposition process. The temperature increases 
rapidly until a peak temperature is achieved. After 
completing the deposition of each layer, the 
temperature gradually decreases with cooling. The 
surface of the substrate melted in the first pass and 
then it solidified. Uneven heating and cooling in the 
deposited metal and the substrate causes thermal 
gradient in the welding zone. The axial maximum 
temperature gradient in the molten pool declines 
gradually as the deposition height increases. 
 

 
Figure 2. (a)Thermal cycle curves of the substrate [9]. 
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2.2. Residual Stress and Distortion Formation in 
WAAM  
 
The uneven heating-cooling thermal cycles of the 
WAAM lead to thermal stress formation [10]. 
Temperature gradient mechanism (TGM) model 
(Figure 3) explains the residual stress formation 
mechanism in WAAM [10]. During the heating stage, 
the welding energy heats up the feed material 
rapidly.  
 
The heated material tends to expand but this 
thermal expansion is restrained by the colder 
surrounding metal. Thus, a compressive stress state 
is formed located at the heated zone. During the 
cooling stage when the heat source is removed, the 
previously formed heated zone begins to cool down 
and a shrinkage of materials in this zone tend to 
ocur. The shrinkage is partially restrained by the 
plastic strain formed during the heating stage.  
Finally, tensile residual stress is formed in the heated 
zone which is balanced by a compressive zone. 
 

 
Figure 3. Temperature gradient mechanism (TGM) 
model. (a) Localized deformation during the heating-
phase and (b) cooling-phase in the heat-applied zone; 
red arrows show the direction of residual stress 
formed during heating phase (compressive RS) and 
cooling-phase (tensile RS) [10]. 
 
Transverse shrinkage, longitudinal shrinkage and, 
through-thickness (axial or normal) shrinkage occur 
in the work piece which cause angular distortion, 
longitudinal bending, and rotational distortion [11]. 
The magnitude of transversal and axial residual 
stresses are low and they are mostly compressive 
(See Figure 4) [11].  The longitudinal residual stress 
is tensile and maximum at the mid-length of a layer 
while the transverse and normal stresses are found 
negligible for typical thin wall builds of mild steel, 
which was expected due to small transverse cross-
section and multiple thermal cycles [12].  

 
The longitudinal residual stress exhibits a steep 
gradient at the both ends of the deposit that makes 
the parts susceptible to buckling and warping. The 
longitudinal residual stresses are apparently bigger 
than the transversal and axial residual stresses.  The 
longitudinal stress decrease with the the height of 
the wall. Mainly angular distortion and bending 
distortion occur in WAAM parts (Figure 5) [13]. 
 

 
Figure 4. Residual stress measurements in wire-fed 

additive manufacturing of Ti–6Al–4V wall [11]. 

 

 
Figure 5. Angular distortion and bending distortion 

of a WAAM part  [13]. 

2.3. Factors Affecting Residual Stresses and 
Distortions 

 
The major influencing factors of distortion and 
residual stress can be classified into three aspects 
including structure geometrty, material properties, 
and processing [14].  More stress and distortion 
occurs with high metal thermal expansion 
coefficient, high Young modulus, and high welding 
heat input. The thermal stress and distortion 
decreases with high preheating, short bead length 
and an increase of the substrate thickness. Clamping 
of the substrate and the layers number lowers 
defect formation. 
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Conclusions  
 
The below results were obtained from literature 
survey of mild steel WAAM parts: 
 
1. Residual stress formation in WAAM can be 
described by the temperature gradient mechanism 
(TGM) model. 

2. The largest magnitudes of residual stresses are 
observed in the direction of the welding line.  
3. The heat input of welding, thickness of the 
substrate, thermal expansion coefficient of the 
deposited metal enhance distortion formation. 
4. Preheating, dwell time, active cooling and 
clamping lower the distortion formation. 
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