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PREFACE 
 

As organizing this event of ICMATSE in 2022, we are excited and proud to have a magnificent scientific 
program, publish the main developments in the field in the form of 38 keynote/invited talks, a 
distinguished of 12 session presentations with recent advances. This book presents the 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 
Turkey, several European and Asian countries and the USA.  
 
Our world-renowned and top-ranked sponsors enriched our conference by opening exhibitions. They 
deserve all the thanks. 
 
The academician organizers of the conference, from Gazi University, Iskenderun Technical University, 
other Universities from Turkey, in collaboration with experts and academician from the University of 
Illinois at Urbana-Champaign/USA are planning to publish a printed proceedings version after the 
conference, as well. This will be prepared depends on presenting and selected papers for journals. Papers 
that are not presented or registered were not included in the proceedings book. Latest news is being 
announced by the conference website.  
 
Our world-renowned and top-ranked sponsors 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 ICMATSE 2020. Although we missed the face – to - face activities and there was a distance between 
them for public health, virtual meetings were considered to be used. The virtual meeting took place 
between 2 –4 October 2020. Remote/virtual presentations sessions were allowed for live interaction. But, 
now ICMATSE 2022 was 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 2024; Wishing you a healthy and successful life. All this has been possible thanks to 
your participation, to our sponsors' support, and to our colleagues' involvement. We would like to thank 
to keynote/invited speakers, participants and all sponsors. 
 

Hakan ATES (Prof. Dr)       Ersin BAHCECI (Assoc. Prof. Dr) 
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Abstract. Friction Stir Welding (FSW) is solid-state welding that uses non-consumable tools traversing and rotating along 
the interface of the materials to be welded. Heat generation by friction and shear deformation is one of the critical 
characteristics of the formation of bonds. The study aims to understand temperature characteristics, weld zone formation 
and tensile strength properties of Aluminium 6061-T6 Alloy during the FSW process for different shoulder end features. In 
this study, three FSW tools, each having various shoulder end features, were designed. The tools were made from AISI 4140 
steel and used in a condition of 40 mm/min tool travel speed at 800 rpm. Friction stir welding experiments were performed, 
and the temperature during welding was measured with the thermal imaging camera. In addition, tensile testing was 
conducted, and the results were presented. Design with raised shoulder end tool has shown better performance in tensile 
testing and giving 190.1 MPa as UTS. A numerical model will be developed to deeply understand the effect of the new 
feature design for further improvement of tool pin design. 
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1. Introduction 
 
Friction stir welding (FSW) is a solid-state welding 
process which occurs below the melting point of the 
base material. Since it is solid-state welding defects 
seen in fusion weldings such as cracking, porosity, 
and alloying element loss can be minimized [1, 2]. 
FSW enables improvement in tensile strength, 
hardness, toughness, fatigue and ductility of the 
welding zone[3]. Moreover, in industries, FSW can 
be used to minimize the manufacturing period with 
improved dimensional accuracy [4]. FSW allows 

welding of the ferrous and non-ferrous materials 
such as aluminium, copper, nickel, titanium [4], 
magnesium, copper, steel and polymers [5]. It is 
reported by many researchers that FSW has 
advantages over conventional fusion welding 
processes, especially for the fields using aluminium 
alloys [2]. Moreover, FSW is showed an efficient way 
of refining the grain size over recrystallization, 
therefore, it has a big potential to join low melting 
point non-ferrous metals [6].  
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In this welding technology, the rotating tool moves 
along the interface of the workpieces to be joined. 
The plunge of the rotating tool, dwelling specific 
time and then traversing along the weld line are the 
three main phases that exist in FSW[5].  The process 
is either controlled by a predetermined amount of 
force (load control) applied by the shoulder or with 
the plunged depth of the tool (displacement 
control). A schematic of the process can be seen in 
Figure 1. 
 

 
Figure 1. Schematic of friction stir welding process  
 

Bond formation in FSW is related to frictional heat 
generation and shear deformation created by the 
tool is a measure of quality in friction stir welding. 
Therefore; tool design is an important parameter in 
this welding process and the tool is required to 
provide a sufficient amount of heat underneath the 
shoulder for bonding [5]. Tool plasticizes the 
workpiece by frictional heat and deformational heat 
provides the bonding. The tool is plunged into a 
workpiece mainly comprised of a shoulder and pin 
[7]. 
Most of the frictional heat is generated by the 
shoulder. The shoulder keeps the plasticized 
material under the tool [8] and moves the material 
from the advancing side to the retreating side [3]. 
Additionally, tool shoulders generate downward 
forging which is required for welding consolidation 
[1]. 
In literature there have been limited studies 
published with the use of shoulder end surface 
features such as concentric circle featured tool, 
ridge featured tool, knurling featured tool and scroll 
featured tool and limited investigation work has 
been done for comparison of raised and recessed 
shoulder end features. In this study raised and 
recessed circular shoulder end tools were designed 
and compared with the featureless shoulder end 
tool in terms of tensile strength in FSW of 6061-T6 
aluminium alloy. 

 
2. Experimental Work 
 
The base material welded in the experiment was 
a 6061-T6 aluminium alloy plate. To increase 
ductility and toughness 6061 aluminium alloys 
contain manganese.  
 
Table 1. Chemical Composition of Al 6061-T6 [9] 

 
Component Chemical 

Composition % 
Al 95.8 - 98.6 
Mg  0.8 - 1.2 
Si   0.4 - 0.8 
Fe Maximum 0.7 
Cu 0.15 - 0.4 
Cr 0.04 - 0.35 
Zn Maximum 0.25 
Mn Maximum 0.15 
Ti Maximum 0.15 
  

 
Two aluminium 6061-T6 plates each of them 280 
mm long, 70 mm wide and 5 mm thick are butt 
welded by specially designed FSW tools. 
Three types of FSW tools with a conical pin were 
designed and manufactured to weld aluminium 
6061-T6. All FSW tools used in experimentation 
were fabricated from AISI 4140 steel.  
 
Table 2. Chemical Composition of AISI4140 [10] 

 
Component Chemical 

Composition % 
Fe 96.785 - 97.77 
Cr   0.80 - 1.1   
Mn 0.75 - 1.0 
C  0.38 - 0.43 
Mo 0.15 - 0.25 
P <= 0.035 
Si 0.15 - 0.30 
S <= 0.040 
  

The major dimensions of the FSW tools are 
given in figure 2. 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 
 

8 
 

 
Figure 2. Major dimensions of the FSW tools used in 
the study  
 

The difference among the FSW tools is the type 
of shoulder end feature. Featureless shoulder 
end tools in which no features exist raised 
circular shoulder end tools and recessed circular 
shoulder end tools were machined using a 1.5 
mm drill bit. The distance between the shoulder 
base surface to raised and recessed features was 
designed as 0.5 mm. Tool rotational speed was 
set to 800 rpm and traversing along the weld line 
around 40 mm/min with a plunge depth of 4.7 
mm. 
 

 
Figure 3. Shoulder end features. a Featureless 
Shoulder end tool b Raised circular shoulder end tool 
c Recessed circular shoulder end tool 

 

 
Figure 4. From left to right featureless shoulder, 
raised circular shoulder and recessed circular 
shoulder end FSW tool  
 

Experiments were carried out in 3 axes vertical 
machining centre. During the experiment 
temperature data was recorded with the thermal 
imaging camera.  

Optical microscopy was used to check the stability of 
the weld zone at different sections along the weld 
line. 

Tensile tests of the welded specimens were done to 
check the strength at the welding zone. Hand 
machining was performed to clear flash/crowns on 
the top surface of the plates. Two types of tensile test 
specimens; sub-size and mid-size tensile test 
specimens; mid-size of gauge length of 50 mm, a 
radius of 12.5 mm, and web of 12.5 mm and sub-size 
of gauge length of 25 mm, a radius of 6 mm and web 
of 6 mm as per ASTM E8 standard[11] were sectioned 
from the middle section of the plates perpendicular 
to the welding direction. 

3. Results and Discussion 

3.1 Visual Inspection 

By visual inspection, all the FSW tools used in the 
experiment resulted in flash generation and crowns 
on the retreating side. However, the minimum 
amount of flash was seen on the advancing side. 
Keyhole geometry was observed where the tool exits 
the material due to the withdrawal motion of the FSW 
tool. Additionally, excessive material was gathered at 
the exit for all the FSW tools. Crowns produced by the 
FSW tools can be seen in figure 5. The quality of the 
top surface of the weld found by the recessed circular 
shoulder end tool is better based on the visual 
inspection. 
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Figure 5. The top surface of the welded plates 
a.Featureless shoulder end tool b.Raised shoulder 
end tool c.Recessed shoulder end tool  
 
On the other hand, it was detected during the 
sectioning of the test samples, defects were seen in 
the welds with recessed shoulder end tool at the 
cross-section of the weld, especially for the samples 
sliced around the tool plunge region and tool exit 
region. It is possible to say by visual inspection that 
recessed shoulder end features could not provide 
similar structures at the cross-section of the weld.  

 
Figure 6. Example of the defect seen in FSW, both 
samples welded with recessed shoulder end tool 
during the same welding process  
 

3.2 Optical Microscopy 

As observed from the experiments, cross-sections of 
the welds do not exhibit similar structures along the 
weld line. To validate this unstable situation, two 
rectangular weld specimens belonging to the 
featureless shoulder end tool, perpendicularly sliced 
from the welding direction at different locations were 
used for optical microscopy as shown in figure 7. 

 

Figure 7. Rectangular test specimens for optical 

microscopy  

As it is inferred from the weld zone images, 
dimensions of the heat-affected zones and 
voids/defects at the entrance/exit of each specimen 
show differences.  

 

Figure 8. Optical microscopy of specimen 1  

 

Figure 9. Optical microscopy of specimen 2  

Void formations occurred at the advancing side of the 
tool for specimen 1. However, it was not so clear for 
specimen 2.  

3.3 Temperature 

Maximum temperature in friction stir welding occurs 
underneath the shoulder. However, in this study 
maximum temperature recorded was measured 
around the shoulder periphery because the thermal 
imaging camera measures the temperature where it 
sees. Temperatures recorded were higher in the 
featureless shoulder end tool compared with the 
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featured tools which are fluctuating around 250 
Celcius when it reaches steady conditions. 

 

Figure 10. Temperature graph for the featureless shoulder 

end tool 

3.4 Tensile Testing 

Tensile tests were carried out at room temperature. 
All the welded samples with the featureless raised 
and recessed shoulder end feature tools were broken 
in the tensile testing in heat affected zone at the 
shoulder/workpiece interface which was the 
expected location due to the hardness decrease in 
the heat-affected zone. In figure 11, two samples 
(midsize and sub-size specimens) from each shoulder 
end tool were shown. 

 
Figure 11. Midsize and sub-size tension test samples 
a.welded with featureless b.welded with raised c. 
welded with recessed shoulder end tool  
 

Among the mid-size specimens, maximum 
ultimate tensile strength was obtained in raised 
shoulder end tool as in the sub-size specimens 
which are 187.3 Mpa. Due to the unstable 
structure observed at different cross-sections of 
the welded specimens explained previously in 
terms of defects/voids, especially for the weld 
with recessed shoulder end tool, comparisons 
have been done between the sub-size 

specimens according to the radiography testing 
results and by visual examination. 
 

 
Figure 12. Radiography results of a.welded with 
featureless b.welded with raised c. welded with 
recessed shoulder end tool  
 

The maximum ultimate tensile strength (UTS) 
obtained was recorded as 190.1 Mpa which 
belongs to specimen weld with raised shoulder 
end tool. Intermediate UTS was recorded as 
174.3 MPa for the recessed shoulder end tool 
and the lowest was obtained in the featureless 
shoulder end tool as 163.4 MPa.  
 
4. Conclusion 

Friction stir welding of Al6061-T6  has been 
investigated during this study. As a result, a novel tool 
pin design has been developed to enhance the 
mechanical properties of the welded sample. This 
novel design is a form of the raised feature of a small 
cylindrical shape. Different samples have been 
welded with different tool pin designs, including the 
developed novel design. In addition, tensile testing 
was used to evaluate welded samples with the 
investigated structures. The developed novel design 
showed higher performance in tensile testing than 
other designs and achieved 190.1 MPa UTS. Future 
work will focus on developing a numerical model to 
deeply understand the effect of raised features to 
enhance further the mechanical performance of 
Al6061-T6 welded FSW. 
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goods and technology [5] and other equipment, technology and software [6]. This paper aims to producing the result of 
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I. Introduction  
This paper examines the legal instruments of the 
European Union (‘EU’) in relation to nanomaterial. 
Mention is made on legal instruments, and not laws, 
as some of them are not binding and they therefore 
lack the mandatory legal effect that a law ordinarily 
has. The paper is divided in three main parts. The 
first one shall examine the legal definition of 
nanomaterials that Brussels has chosen to enact. 
The second shall set out the regulatory frame that 
applies on nanomaterials, whereas the third one 
shall portay the restrictions on the trade, suppy and 
export that certain items and materials face, when 
they fall under the restrictive measures (sanctions) 
imposed by the EU in view of the situation in certain 
countries. The sanctions that the United Nations 
(‘UN’) impose are not within the scope of the 
present paper. 
 
II. The Definition of Nanomaterial and its Legal 
Effect 
It has been a decade since the EU has undertaken 
the task to legally define nanomaterial, initially at 
the request of the European Parliament. In doing so, 

it deviated from the generic definition adopted by 
the International Organisation for Standardisation 
that reads ‘material with any external dimension in 
the nanoscale or having internal structure or surface 
structure in the nanoscale’ [7] and opted for the 
ensuing definition which consisted of one main rule 
and two subsequent ones, that under circumstances 
offered flexibility and could broaden the definition 
that the main rule had set. Accordingly, 
‘nanomaterial means a natural, incidental or 
manufactured material containing particles, in an 
unbound state or as an aggregate or as an 
agglomerate and where, for 50 % or more of the 
particles in the number size distribution, one or 
more external dimensions is in the size range 1 nm-
100 nm.’ At the same time, the subsequent rule 
allowed for a broader definition where the number 
size distribution threshold of 50 % is replaced by a 
threshold between 1 and 50 %, under circumstances 
that justified this in view of concerns for the 
environment, health, safety or competitiveness. 
Furthermore, the EU offerred the possibility to 
consider as nanomaterials ‘fullerenes, graphene 
flakes and single wall carbon nanotubes with one or 
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more external dimensions below 1 nm’. In adopting 
this threefold definition, the EU ackowledged the 
necessity of available scientific knowledge being its 
cornerstone and the speed inherent to technological 
development, which necessitates review of the 
relevant legal instruments in order to ensure that 
they correspond to ‘the needs’ [8], although it did 
failed to clarify both the nature and the scope of said 
needs.  
Almost a decade later, the EU concluded the review 
of the aforementioned definition, reiterating the 
effect that progress and technological innovation 
have on legislative material and the need for 
frequent review [1 p. 5], while explaining its findings. 
At the outset, it took the approach that the 
definition should be grounded on the ‘relative 
fraction of particles in a defined range within the 
particle number-based distribution of the external 
dimension of the constituent particles of a material’ 
and not relate to any hazardous properties or risks 
that it may have for human health or the 
environment [1 p. 2]. Further, it thought that the 
definition should address materials consisting of 
particles in solid state, present on their own or 
bound as constituent parts of aggregates or 
agglomerates, where the specifically chosen term 
consists denotes acknowledging that particles form 
the principal component [ibid]. In addition, the 
definition should include solely solid particles, 
excluding non-solid ones [ibid] as well as large solid 
products or components, even when an internal 
structure or a surfuce structure is at nanoscale [ibid]. 
Moreover, it should cover particles on their own as 
well as identifiable constituent particles in 
agglomerates or aggregates [1 p. 3]. Then the EU 
took the view that the default threshold of 50% 
should be maintained and the flexibility option 
established with the aforestated subsequent rules 
should be abolished for the sake of regulatory 
consistency and coherence [ibid]. Accordingly, the 
reviewed definition of nanomaterial, which was 
considered appropriate in the general context of 
Union policy and legislation,  [ibid] reads:  
‘nanomaterial means a natural, incidental or 
manufactured material consisting of solid particles 
that are present, either on their own or as 
identifiable constituent particles in aggregates or 
agglomerates, and where 50 % or more of these 
particles in the number-based size distribution fulfil 
at least one of the following conditions:  
(a) one or more external dimensions of the particle 
are in the size range 1 nm to 100 nm; 
(b) the particle has an elongated shape, such as a 
rod, fibre or tube, where two external dimensions 

are smaller than 1 nm and the other dimension is 
larger than 100 nm; 
(c) the particle has a plate-like shape, where one 
external dimension is smaller than 1 nm and the 
other dimensions are larger than 100 nm. 
In the determination of the particle number-based 
size distribution, particles with at least two 
orthogonal external dimensions larger than 100 µm 
need not be considered. 
However, a material with a specific surface area by 
volume of < 6 m2 /cm3 shall not be considered a 
nanomaterial.’ [1 p. 5&6] 
Finally, although the European Commission that 
penned this definition, proposes that it may serve 
policy, legislative and research purposes [1 p. 5], one 
should underline that, from a legal viewpoint, this 
definition is merely suggested and lacks any legally 
binding effect, in the sense that its application may 
merely be argued and may not be enforced, 
although policy and politics may suggest otherwise.  
 
ΙΙΙ. The Regulatory Frame Related to Nanomaterial  
The EU legislator, despite his aforementioned effort 
to specify and determine nanomaterial, has not 
proceeded with adopting a regulatory frame on 
nanomaterial that would apply horizontally across 
all areas and industries, as for example the case has 
been with mercury [9]. Therefore, nanomaterial, 
just like ordinary material, are subject to the 
regulatory norms and rules that are applicable in 
industries and sectors, albeit not per se, but as part 
of a product. For example, if nanomaterial is 
included in substances and mixtures in the sense of 
their statutory definition under EU law [2 Arts 1(2) 
and 3(1)&(2)], this law on chemicals shall be 
applicable. Similarly, if nanomaterial is included in 
medicinal product either for human or for veterinary 
use [10], this law on medicinal product shall be 
applicable. 
 
IV. Nanomaterial and Restrictive Measures  
In view of the wide applicability of nanomaterial and 
the lack of horizontal regulatory frame for such 
under EU law, it is significant to refer to restrictive 
measures as these prohibitions may, and do, have 
impact on nanomaterial contained in such 
equipment and items. 
Restritive measures, also widely known as sanctions, 
traditionally involved freezing funds targeting 
specific individuals [11]. However, over the years 
they have become more sofisticated and have split 
over other areas of commercial transactions. In the 
ensuing paragraphs it shall be described how 
sanctions impose restrictions on the trade of military 
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materials and equipment, equipment for internal 
repression, as well as the dual use items and other 
equipment, technology and software, as they 
involve products that may contain nanomaterials. 
Military materials and equipment that can be 
subject to restrictive measures, as the case is in view 
of the situation in Belarus [12] and South Sudan [3],  
are specified throughout the EU and set out in detail 
in the Common Military List [13]. The Common 
Military List includes smooth-bore weapons and 
other arms and weapons [13 p. 1-3], ammunition, 
fuze setting devices and specially designed 
components therefor [13 p. 4], bombs, torpedoes, 
rockets, missiles, other explosive devices and 
charges [13 p. 4-5], fire control, surveillance and 
warning equipment, and related systems, test and 
alignment and countermeasure equipment [13 p. 5-
6], ground vehicles and components [13 p. 6-7], 
chemical agents, "biological agents", "riot control 
agents", radioactive materials [13 p. 7-10], 
“energetic materials” [13 p. 10-20], veciles of war 
(surface or underwater), special and naval 
equipment and other surface vessels [13 p. 20-22], 
“aircraft”, "lighter-than-air vehicles", "Unmanned 
Aerial Vehicles", aero-engines and "aircraft" 
equipment, related equipment, and components [13 
p. 22-23], electronic equipment, "spacecraft" and 
components, not specified elsewhere on the EU 
Common Military List [13 p. 24], high velocity kinetic 
energy weapon systems and related equipment [13 
p. 24-25], armoured or protective equipment, 
constructions and components [13 p. 25-26], 
'specialised equipment for military training' or for 
simulating military scenarios, simulators specially 
designed for training in the use of firearm or weapon 
[13 p. 26], imaging or countermeasure equipment 
[ibid], forgings, castings and other unfinished 
products, specially designed for certain 
aforementioned items [ibid], miscellaneous 
equipment, materials and “libraries” in the sense of 
collections of technical information, reference to 
which may enhance the performance of relevant 
systems, equipment or components [13 p. 27-28 & 
34], “production” equipment, environmental test 
facilities and components [13 p. 28], Directed Energy 
Weapon (DEW) systems, related or countermeasure 
equipment and test models [13 p. 29], cryogenic and 
"superconductive" equipment [13 p. 29-30] and 
finally related software and technology [13 p. 30-
31]. These items, which here have been merely 
briefly mentioned and are described in detail in the 
legal material, have the common component that 
they are specifically designed or modified for 
military use or for use in a combat zone. 

Equipment that might be used for internal 
repression, is similarly specified in EU legal material, 
albeit less specifically, and consists mostly of 
material not controlled by the Common Military List. 
Further, unlike the Common Military List, which is 
listed in a single legal instrument, this equipment is 
set out in each EU legislation imposing such 
sanctions as an annex thereto, i.e. the laws imposing 
restrictive measures in view of the situation in 
Venezuela [4], Iran [14] and Myanmar/Burma [5]. In 
most cases, this list includes  firearms, ammunition 
and related accessories, bombs and grenades, 
vehicles, explosive substances, protective 
equipment, simulators, night vision, razor barbed 
wire, military knives, combat knives and bayonets 
with blade lengths in excess of 10 cm, related 
production equipment and related specific 
technology [4 p. 30-31] [d] [5 p. 4-5]. 
Dual-use items  are items, including software and 
technology that can be used for both civil and 
military purposes and include all goods which can be 
used for both non-explosive uses and assisting in any 
way in the manufacture of nuclear weapons or other 
nuclear explosive  devices [15 Art. 2(1)].  Under the 
imposed sanctions, in a fashion similar to the 
Common Military List, it is prohibited to sell, supply, 
transfer and export such dual-use items that 
specifically fall under ten categories of goods, 
material and equipment, those being nuclear, 
special material, materials processing, electronics, 
computers, telecommunications and “information 
security”, sensors and lasers, navigation and 
avionics, marine and aerospace and propulsion. The 
specific goods, along with technology notes are 
described in much detail in the relevant legal 
instruments [15 Annex I] [16].   
Finally, certain legal instruments prohibit the act of 
selling, supplying, transfering or exporting of specific 
equipment, technology and software. This is for 
example the case in relation to sanctions imposed in 
view of the situation in Syria [6 Art. 4 & Annex V]. 
The prohibited equipment, technology and 
software, as specified in the apposite legal 
instrument includes various equipment such as 
equipment for radio frequency monitoring, remote 
infection and interception [6 Annex V points A, D & 
E]. Another example constitute the restrictive 
measures imposed against North Korea [17]. In this 
law, the specific items, materials, equipment, goods 
and technology that are prohibited have been 
identified and designated by the Security Council of 
the United Nations [18] [19]. They are set out in a 
long and detailed list which ranges from nuclear 
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materials, facilities and equipment to sensors, lasers 
and propulsion [17 Annex II Parts IV-VII]. 
 
V. Conclusions 
The EU has attempted to specify and define 
nanomaterials from a legal perspective and it has 
agreed to a definition, which was subsequently 
amended in order to reflect the technological 
development that inevitably has an effect on legal 
instruments, as the EU has explicitly ackowledged. 
However, the agreed definition although perhaps 
accurate, is not legally binding. Further, the EU has 
refrained from regulating nanomaterial per se, in the 
sense that a legally binding document specifying 
registration and authorization of nanomaterials 
throughout the common market is absent. Still, as 

they form part of materials, items and equipment, in 
a legal sense, their trade, supply and export is 
regulated under the provisions applicable on such 
material, items and equipment, i.e. chemicals or 
medicinal products, or prohibited, when they 
constitute materials, items and equipment that fall 
under the sanctions lists that have been drawn by 
the EU in view of the situation in certain countries. 
The present paper has merely scratched the surface 
of the items listed in the sanctions lists which set out 
in much detail and precision what may not be sold, 
traded or supplied to the relevant countries. Much 
caution is necessary in order to ensure that the 
sanctions are not violated, as the consequences are 
dire. 
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Abstract. Cubical perovskite LiBaF3 is a promising material for various applications such as scintillators, dosimeters, and 
other optical industries. In addition this crystal is a potential laser material when it is doped with divalent cations. In this 
work the full-potential linearized augmented plane wave method (FP-LAPW) based on the density functional theory (DFT) 
were used to perform the calculations to investigate the optical properties of BaLiF3 single crystal. The generalized gradient 
approximation (GGA) implemented in Wein2K code was used as the exchange correlation potential. The density of states, 
real and imaginary parts of the complex dielectric function, refractive index, extinction coefficient, reflectance, absorbance, 
real and imaginary parts of the optical conductivity, and energy loss of BaLiF3 single crystal are computed and discussed. 
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Cubical perovskite BaLiF3 is one of the interesting 
mixed metal fluorides (e.g. BaLiF3, BaY2F8, YLiF4, 
LiCaAlF6, LiSrAlF6) [1] with a wide energy band gap. 
So, they have great potential for a variety of device 
applications in optical, ferroelectric, 
antiferromagnetic systems [2,3]. In this work the 
the density of states, band structure, and other 
optical properties were determned. 
 

 
Figure 1. Total   density of  states of BaLiF3 single 
crystal. 
 

 
 

Figure 2. Band structure of BsLiF3 single 
crystal. 
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Abstract. Cadmium telluride (CdTe) is an important semiconductor that has applications in photovoltaic cells and 
optoelectronic industries. In this work, thin films of CdTe were deposited by thermal evaporation at ambient temperature 
on glass substrates. From the x-ray diffraction (XRD) measurements it is found that the films are polycrystalline with zinc-
blende structure. Scanning electron microscopy supported by x-ray energy dispersive spectroscopy (SEM-EDS) was used to 
observe the morphology and composition of the films. Polycrystalline nature was confirmed through SEM micrographs, and 
the films showed stoichiometric composition. Transmittance of the films was measured at room temperature in the 
wavelength range 770-1100 nm and used to deduce the absorbance. The second derivative of the absorbance was used to 
detect the peaks in the near band-edge region. The most relevant peaks are discussed and explained. 
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Cadmium telluride (CdTe) is an important II-VI 
compound semiconductor that can be used as 
an absorber in photovoltaic devices [1]. It has a 
band gap of about 1.5 eV at room temperature, 
which is in the middle of the solar spectrum. It 
has applications in photovoltaics and 
optoelectronic industries such as infrared and 
x-ray detectors. Besides, it has a large 
absorption coefficient large absorption 
coefficient (α >104 cm−1) for the visible solar 
spectrum [1].  

   

 
Figure 1. SEM image of vacuum deposited CdTe thin film 
of thickness about 1 μm. 
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Figure 2. Absorbance of thermally evaporated CdTe 

thin film 
 

Transmittance of the films was measured 
at room temperature in the wavelength 
range 770-1100 nm and used to deduce 
the absorbance. The second derivative of 
the absorbance was used to detect the 
peaks in the near band-edge region. The 
most relevant peaks are discussed and 
explained.
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Abstract. Abstract. The unique chemical and physical properties of nanoscale materials have triggered much scientific 

interest to explore their potential applications in biomedical sciences, energy technologies, agriculture, environment, 

catalysis and industry etc. The chemical and physical properties of metal/ metal oxide nanoparticles can generally be tuned 

by controlling their size, shape and surface chemistry. In this regard, we have developed several reproducible protocols to 

prepare functionalized metal/metal oxide  nanoparticles from subnanometer to over 100 nm in aqueous/organic media 

with a decent control over their size, shape, and surface chemistry. We generally used chemical reduction approach for the 

synthesis of metal nanoparticles, where metal salts are reduced in the presence of stabilizers that can coat the initially 

formed metal nulcei at different stages of their growth depending on the nature of metal and the stabilizing ligand. 

Depending on the nature of ligands, nanoparticles stay away from each other due to electrostatic repulsion and steric 

repusion. Many of these metal nanoparticles have been used as building blocks to design/synthesize new nanostructured 

materials using template-based and template-less strategies. Template-based strategies have particularly been employed 

to form hierarchically porous nanocomposite materials for water remediation and inorganic oxide based porous catalysts 

(after removing the sacrificial template by calcination) for various catalytic applications. 

The functionalized metal/metal oxide nanoparticles/nanoclusters possess interesting optical, recognition and catalytic/bio-

catalytic properties. For example, we have used some of the fluorescent metal nanoclusters for the sensing of biomolecules 

and even explosives due to to the quenching of fluorescence in the presence of analytes. Similarly, we have produced 

cationic iron oxide nanoparticles that mimic horseradish peroxidase enzyme and used them as artificial enzymes for the 

detection of bacteria. We have also used silver nanoparticles and nanoclusters (both cationic and anionic) to kill resistant 

bacteria and tried to understand how the size and surface chemistry of nanoparticles affect their antimicrobial properties. 

We have also developed various metal nanoclusters based electrocatalysts (both homogeneous and heterogeneous 

catalysts) for electrocatalytic and photocatalytic splitting of water. Having developed some interesting electrocatalysts in 

this regard, we are now further extending their scope to be used as electrode materials for aqueous sodium ion batteries. 

In yet another project, we are developing graphene-photocatalysts nanocomposites on which hypercrosslinked polymers 

can be grown to facilitate the adsorption of CO2 and its subsequent conversion to the hydrocarbon fuel.  

This talk would, therefore, be an overview of interdisciplinary research activities of Functional Nanomaterials Group at 

LUMS to synthesize customized inorganic/organic nanoparticles with tunable size and surface chemistry, and their 

composites having unique chemical and physical properties, and subsequent applications in biomedical sciences, 

environment, catalysis and renewable energy technologies. 
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Fig. 01: A representative image showing the electron microscopic images, and cartoons for some of the 

nanomaterials being routinely prepared/used in Functional Nanomaterials Group at LUMS. 
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Abstract. Additive manufacturing (AM) has created the possibility of producing high-value, complicated, and 
customized components that would not be feasible to build using conventional routes. In powder bed fusion type 
processes, laser or electron beams are used to melt and fuse the metal powder. Significant uncertainties, such as 
dimensional inaccuracy, discontinuities, nonhomogeneous microstructure, and anisotropic mechanical behavior, are 
typically brought on by variations in raw materials and process conditions. Thus, the qualification of AM components 
requires extra effort to verify their structural integrity and performance. Since the variations inside the volume, 
between build lots, and between platforms make destructive testing for qualification less effective with AM 
techniques, non-destructive (ND) techniques have become more prevalent. But because of complex geometry and 
significant microstructural variability, AM parts are difficult to inspect using many traditional ND techniques. 
Therefore, it is crucial to develop innovative ND techniques that are matched to AM processes and components. This 
paper reviews the current status of the ND methods used for the assessment and qualification of metallic components 
additively manufactured by powder bed fusion processes. 
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1. Introduction 
 
Powder bed fusion (PBF) type additive manufacturing 
(AM) processes, such as Direct Metal Laser Sintering, 
Electron Beam Melting, and Selective Laser Melting 
provide exceptional possibilities for the fabrication of 
metal parts with complex geometries. They utilize a 
moving electron or laser beam to selectively melt the 
metal powder to build the final component in a layer-
by-layer manner. Nevertheless, they are constrained 
by dimensional inaccuracy, anisotropic behavior, and 
flaws that could seriously impair the product’s 
structural integrity and functionality.  
 
The efficient application of diverse quality control and 
characterization techniques is necessary for the 
identification and precise evaluation of defects, the 
determination of material properties, and the 
assurance of the integrity of AM parts. Material, 
equipment, and processes must be qualified and 
certified using reliable tests with a sufficient level of 

confidence to produce high-quality AM parts. 
Moreover, in-process feedback and closed-loop 
systems are necessary for the control of process 
variability and performance [1,2]. Due to the 
nonuniformity and anisotropy inside the as-built 
volume as well as the differences in the production 
lots, the results of typical mechanical testing may not 
be sufficiently accurate for the AM parts. 
Additionally, due to changes in thermal history 
caused by geometrical and manufacturing variances, 
test specimens that are created separately might not 
accurately represent the AM product. Non-
destructive (ND) techniques offer solutions to these 
challenges and have a critical role in establishing a 
closed-loop diagnostic system for monitoring and 
predicting structure properties and the occurrence of 
defects throughout AM processes. It is also possible 
to use ND techniques to determine microstructure, 
mechanical properties, and residual stress [3]. 
 
 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications, (ICMATSE 2022), 
October 27-29, 2022, Gazi University, Ankara, TURKEY 

 
 

23 
 

2. Typical defects and anomalies 
 
The typical defects and anomalies include porosity 
(gas, lack-of-fusion, keyhole), balling, cracking, 
delamination, microstructural inhomogeneity, 
dimensional inaccuracy, surface roughness, 
distortion, and residual stress. They arise from part 
design, equipment, build direction, base plate, 
properties of the feedstock powder (aspect ratio, 
mean size, size range, surface contamination, 
trapped gases, impurities, internal voids, moisture, 
flowability, spreadability, etc.), powder spattering,  
process parameters (atmosphere of the building 
chamber, powder spreading, beam power, beam 
profile, scan speed, layer thickness, hatch spacing, 
scan strategy), and post-processes (HIP, heat 
treatment). Imperfections at the crystal structure 
scale such as dislocations and grain boundaries may 
also affect the final properties. Detailed reviews on 
the metal powder bed fusion AM defects and their 
formation mechanisms exist in the literature [4,5]. 
 
In conventionally manufactured parts, non-
destructive (ND) methods have been used to detect 
surface and internal flaws, characterize 
microstructure, determine mechanical properties 
and residual stress, as well as for long-term 
structural monitoring to prevent failures. However, 
due to the micron-scale layer-wise manufacturing, 
high geometric complexity, and microstructural 
non-uniformity, their application for the inspection 
of PBF-AM parts is a difficult task. Thus, there is a 
need to detect and evaluate the defects in AM parts 
by novel ND techniques at a certain confidence 
level. Recent years have seen the publication of 
certain reviews regarding the application of ND 
techniques in the AM industry [6-9]. 
 

3. Control of raw material 
The quality and properties of the raw material 
(feedstock powder) directly influence the final 
product. Various methods have been used to 
characterize powders such as gas pycnometry to 
measure the powder density; scanning electron 
microscopy to measure the shape, size, aspect ratio, 
etc.; energy dispersive X-ray analysis to identify 
chemical composition and microstructure [10]. A 
recent study has reported the results of the studies 
on stainless steel and Co-Cr powders by utilizing 
laser diffraction, X-ray computed tomography, 
optical and scanning electron microscopy, X-ray 
diffraction, energy dispersive analytical X-ray 
analysis, and X-Ray photoelectron spectroscopy 
[11]. 

 
4. In situ monitoring of the process 
 
Since any anomalies in the melt pool might be 
related to the defect formation, in situ monitoring 
will be advantageous for observing defect 
formation in real time. This approach enables the 
reduction of defects by controlling the process 
parameters, and also, enforces the further 
improvement of ND qualification methods. Using 
this approach, powder bed anomaly, spattering, 
powder melting, consolidation have been detected 
via visible-light high-speed imaging [12,13]; high-
speed IR imaging, i.e., active thermography [14-16]; 
high-speed synchotron/x-ray imaging, and 
diffraction [17-20]; 3D synchrotron x-ray 
microtomography [21]; ultrasonic wave scattering 
[22]; and acoustic emission testing [23-26]. These 
techniques have recently been combined with 
neural network models and machine learning 
approaches. More thorough studies about in-situ 
monitoring techniques for additive manufacturing 
processes can be found elsewhere [27,28]. 
 

5. Control of the final product  
 
5.1. Density, dimensional accuracy, roughness 
The density of the AM parts is determined using the 
Archimedean method, or cross-sectioning to 
compare pore volume to total bulk volume [29]. 
Dimensional accuracy can be controlled via a 
coordinate measuring machine, a structural light 3D 
scanner, or a 3D laser scanner [30]. Surface 
roughness is determined by using contact surface 
profilometry, optical profiling, etc. [31,32]. The 
ability to detect every micro-notch on as-built 
surfaces using standard profilometry techniques 
and average roughness values, however, is in 
question. Recently, 3D surface and subsurface 
features of as-built AM materials have been 
captured using the XCT method [33]. 
 

5.2. Residual stress 
Due to the severe temperature gradients produced 
by rapid melting, solidification, and re-melting of 
underlying previously solidified layers during the 
layer-by-layer assembly at the micrometer scale, 
complex patterns of residual stress are developed in 
the AM parts. Volume changes brought on by phase 
transformations may also have an impact on the 
residual stress state. The end-use parts' mechanical 
properties and performance (e.g., fatigue behavior) 
may diminish due to residual stresses, which may 
also cause deformation and lower dimensional 
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accuracy [34,35]. The research about residual stress 
measurement in AM parts has usually focused on X-
ray and neutron diffraction methods. Recent 
research has found high agreement between X-ray 
and neutron diffraction and contour methods when 
measuring residual stress in an as-built component 
[36]. Due to its greater penetration depth and 
ability to quantify all three orthogonal strains, 
neutron diffraction allows for stress estimates at a 
larger variety of positions than other methods. 
However, when there is a considerable stress 
gradient at a shallow depth, a higher-resolution 
technique like XRD is suggested to gather crucial 
data, for instance for fatigue applications. 
 
5.3. Detection and evaluation of defects 
 
Since many factors such as roughness, anisotropy, 
complicated geometry, and defect nature make it 
challenging for reliable ND evaluation, the ND 
techniques have not yet been thoroughly validated 
to capture standard-sized flaws in the AM 
components at a defined probability and 
confidence level. 
 
5.3.1. Computed tomography method 
X-ray computed tomography (XCT) has been 
efficiently used in analyzing defects in AM parts 
[37]. It can be used to probe the sub-surface 
porosity and features that may be inaccessible 
through other techniques. It provides information 
about the individual pore sizes and shapes in 3D, 
along with the bulk porosity values by the 
reconstruction of a series of radiographic images 
taken as the component or the source-detector pair 
rotates with small angle steps till 180◦ or 360◦. 
Then, computational algorithms reconstruct the 3D 
volume by using the recorded data [38-40]. Data 
acquisition at each scan takes several hours. On the 
other hand, synchrotron-based XCT enables fast 
data recording within a few minutes, improved 
spatial contrast and resolution to micro-XCT 
methods, and sub-micron voxel resolution. 
Recently, advanced in situ x-ray technologies have 
been used to generate important insights into 
defect formation during AM process [41,42]. 
 
5.3.2. Ultrasonic methods  
Since ultrasonic waves can propagate through thick 
solid parts, ultrasonic testing is suitable for the 
detection of various types of defects in a wide range 
of materials, far beneath the inspection surface 
[43]. With pulse-echo ultrasonic testing, the same 
transducer emits and receives very short ultrasonic 

pulses with frequencies usually ranging from 1 to 
10 MHz. This method uses echo signals at an 
imperfection interface to reflect the waves. The C-
scan ultrasonic method, in which the data collected 
from an ultrasonic inspection is plotted on a plan 
view of the component parallel to the scanning 
surface, provides 3D images of the surface and the 
inside features. The measurements are much faster 
than XCT, however, not suitable for complex shaped 
parts and less accurate than XCT [44]. 
 
Non-contact ultrasonic techniques have been 
developed since conventional ultrasonic testing 
transducers aren’t always appropriate for the 
inspection of complex shaped parts. As a potential 
method to monitor AM parts for porosities, lack of 
fusion, etc., laser ultrasonics creates and detects 
ultrasonic signals remotely. An infrared Nd:YAG 
pulsed laser's nanosecond impulses cause a 
reversible thermoelastic deformation and the 
development of surface and volume waves 
(compressional and transverse) in the component. 
Then, laser interferometry can detect surface 
displacements caused by the interactions of waves 
with defects [45]. During the inspection, the A-scans 
are acquired along a line on the sample surface, and 
the B-scan image is analyzed to determine the 
position, size, and depth of the flaw [46]. 
 
The spatially resolved acoustic spectroscopy (SRAS) 
technique can identify faults in AM parts, according 
to a recent study [47]. It probes the part with 
surface waves to a few micrometers in depth, 
providing details on the microstructure and surface 
and subsurface flaws. SEM images have been used 
to confirm the surface pores that were discovered 
using this approach. Additionally, XCT images taken 
up to a depth of 25 μm have verified subsurface 
pores discovered by SRAS analysis. 
 
The efficiency of the resonant acoustics method 
(RAM) and phased array ultrasonic testing (PAUT) in 
AM parts have been evaluated by using artificial 
defects simulating typical AM flaws lying between 
100 and 700 μm [48]. The RAM is based on an 
analysis of the component’s natural resonant 
frequencies. The PAUT steers the ultrasonic beam 
without moving the probe to produce 3D images of 
the part. It also involves a full matrix capture 
acquisition procedure and a fully focused method 
for post-processing the data and reconstructing the 
images. Although the RAM is quite effective at 
sorting defective parts, PAUT is preferable if the 
flaws need to be identified and located. 

https://www.sciencedirect.com/topics/materials-science/neutron-diffraction
https://www.sciencedirect.com/topics/physics-and-astronomy/ultrasonic-radiation
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In addition to being successfully used for in-situ 
monitoring of AM processes, acoustic emission 
testing can also be used for volumetric fast 
inspection of as-built parts by mounting multiple 
sensors on the part to gather data on the location 
of discontinuities and the structural integrity. 
Discontinuities present in the component cause the 
release and propagation of elastic energy (i.e., crack 
propagation) in the form of stress waves, which may 
be observed by sensors when the component is 
subjected to a change in load. However, further 
NDT techniques are required to acquire 
quantitative conclusions regarding size and depth. 
 
5.3.3. Eddy current method 
By measuring the apparent electrical conductivity of 
the AM components, it has been reported that a 
multi-frequency eddy current approach enables the 
differentiation of various surface textures and 
various pore-size lattice architectures. These 
measurements, however, are restricted to a 

relatively shallow depth and are inappropriate for 
components with volumes lower than 1 cm3 [44]. 
 
6. Conclusions 
 

Non-destructive (ND) techniques are promising 
tools for the qualification and certification tasks in 
the AM industry. Although some effective 
applications of ND techniques to PBF-AM processes, 
such as in-situ monitoring and flaw identification in 
the as-built parts, have been shown, there remain 
significant difficulties in the detection, 
characterization, and precise evaluation of the 
defects at a particular confidence level. Because of 
their intricate geometries and high levels of 
microstructural variability, AM parts are difficult to 
control with typical ND approaches. To optimize the 
in situ AM process control and inspection of the as-
built products, cutting-edge ND techniques are 
required. Additionally, the combination of ND 
techniques and the machine learning approach 
would open up amazing possibilities for the control 
and improvement of AM processes and products.
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Abstract. Proteins are polymers of amino acids linked to each other by a peptide bond. The study of these amino acids, 

amides, peptides and their derivatives is very interesting for knowledge of complex biological molecules. The carbonyl and 
amide groups present in the Alkanone and Aromatic amine mixtures are of interest to study their effect on the interactions. 
Furthermore, alkanone and amine have wide commercial applications and amines play an important role in advanced 
processes like carbon dioxide capture when used with ionic liquids. In the present investigation, an attempt has been made 
to evaluate the energy (∆𝐸𝑣𝑎𝑝) and enthalpy of vaporization (∆𝐻𝑣𝑎𝑝), internal pressure (𝑃𝑖), isothermal compressibility and 

their corresponding excess parameters i. e. excess internal pressure (𝑃𝑖
𝐸) and excess isothermal compressibility (𝛽𝑇

𝐸) and 
interaction parameter (𝜒) for binary solutions of alkanones (2-Pentanone, 2-Heptanone) and aromatic amines (Aniline, N-
Methylaniline, Pyridine) at 293.15, 298.15 and 303.15 K. Coefficient of thermal expansion (𝛼)  and isothermal 
compressibility  (𝛽𝑇) have also been computed and subjected to extensive applications to evaluate the aforementioned 
parameters. All the properties and their excess counterparts have been used to understand the nature of intermolecular 
interactions taking place.  
 
Keywords: Internal pressure, Excess properties, Isothermal compressibility, Binary 
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Introduction:  
The study of thermophysical properties of liquid 
mixtures holds utmost importance due to their large 
applications in the chemical, paints, and 
pharmaceutical industries. These properties play a 
vital role in design processing and engineering 
calculations [1–3]. The nature and extent of 
interactions can be well understood with 
thermophysical and their excess properties. Amines 
hold a significant role in metabolic and physiological 
functions in biological systems. They also have 
numerous applications in chemical, pharmaceutical, 
dye, and polymer industries. Aniline is widely used 
in the manufacturing of various chemicals and 
intermediates. It plays a major role in the rubber 

industry, dye and pigments, drugs and agriculture 
products [4]. N-methylaniline is a secondary amine 
and is used as a solvent and coupling agent in 
various chemical reactions, and as an intermediate 
in dye manufacturing and the agrochemical industry 
[5]. Pyridine is largely used as a solvent for 
anhydrous mineral salts, in organic synthesis and 
various analytical techniques [6]. 2-Pentanone is 
widely used as a solvent in the paint, resin, and oil 
industries and is also used as a flavouring agent and 
in the synthesis of the essence [7,8]. 2-Heptanone is 
used as solvents, cleansing products and adhesives 
[9,10]. The amide functional group plays a very 
important role in biologically complex molecules. 
The understanding of interactions between the 
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amine and the carboxylic group provides a better 
insight into the amide functional group which is part 
of biologically complex molecules. Amides also have 

many applications in the medicinal industries 
[11,12].  

In the current investigation, the molecular 
interactions between 2-Pentanone and 2-
Heptanone with amines such as pyridine, N-
methylaniline and aniline have been studied 
between the temperature range of 293.15 K-303.15 
K using standard thermodynamic equations and 
properties to understand their interactive 
behaviour in a liquid state. The necessary data 
required for the evaluation of thermophysical 
properties are taken from the literature [13–18]. 
 
Materials and methods: 
The isobaric thermal expansivity (𝛼) is the relative 
change in the volume with the temperature at 
constant pressure and it is represented below [19]: 

𝛼 =
1

𝑉
(

𝜕𝑉

𝜕𝑇
)

𝑃
             (1) 

Isothermal Compressibility (𝛽𝑇)  is the relative 
change in the volume with pressure at constant 
temperature conditions and it is given as [19]: 

𝛽𝑇 = −
1

𝑉
(

𝜕𝑉

𝜕𝑃
)

𝑇
                         (2) 

Internal pressure (𝑃𝑖)  is the variation in internal 
energy due to volume changes under isothermal 
conditions i. e. (𝑑𝑈 𝑑𝑉⁄ )𝑇 . It occurs due to the 
presence of attractive forces, dispersion, ion-dipole 
interactions, dipole-dipole interactions and 
repulsive forces within the liquid. The cohesion 
within liquid exhibits high pressure. This pressure is 
experienced by solute when dissolved in the solvent 
and a change in internal energy is caused due to 
interactions taking place between solute-solvent 
molecules. It is expressed as [20,21]: 

𝑃𝑖 =
𝛼𝑇

𝛽𝑇
− 𝑃                       (3) 

The energy of vapourization (∆𝐸𝑣𝑎𝑝) is the energy 

utilized in the evaporation of one mole of the liquid 
by breaking all the associated forces with it. 

Enthalpy of vapourization (∆𝐻𝑣𝑎𝑝)  is a sum of 

pressure-volume work done and the internal energy 
of the system. Both thermodynamic properties are 
expressed below [22]; 

(∆𝐸𝑣𝑎𝑝) = 𝑃𝑖. 𝑉𝑚                                              (4)  

(∆𝐻𝑣𝑎𝑝) = (∆𝐸𝑣𝑎𝑝) + 𝑅𝑇                              (5) 

where all symbols have their usual meaning. 
The cohesive energy density (CED) represents the 
total cohesion present within a unit volume of the 
liquid which arises due to specific and non-specific 
interactions. These specific and non-specific 
interactions include attractive forces, hydrogen 
bonding, ion-ion, ion-dipole, dipole-dipole 
interactions, repulsive forces, dispersion etc. The 

pressure is experienced by a solute molecule while 
dissolution takes place and this pressure is varied as 
solute-solvent interactions changes. It is given by 
the equation [22,23]; 

𝐶𝐸𝐷 =  
∆𝐸𝑣𝑎𝑝

𝑉𝑚
    (6) 

Free volume (𝑉𝑓)  represents the free space 

between the molecules in the liquid. The 
interactions between solvent and solute molecules 
cause either an increase or decrease in the free 
volume. Free volume is interdependent on internal 
pressure which shows the cohesion within the liquid 
mixture. It is evaluated using the equation [23]: 

𝑉𝑓 =
𝑅𝑇

(𝑃+𝑃𝑖)
≅

𝑅𝑇

𝑃𝑖
     as 𝑃𝑖 >> 𝑃 ; hence 𝑃 +

𝑃𝑖 ≅  𝑃𝑖                                             (7)  
where all symbols have their usual meaning. 
The interaction parameter (𝜒)  is evaluated using 
the expression [24]: 

𝜒 = (
𝑢

𝑢𝑖𝑑
)

2
− 1 where 𝑢  is ultrasonic velocity and 

𝑢𝑖𝑑 = ( 1

𝜌𝑖𝑑.𝛽𝑠
𝑖𝑑)

1/2
   (8) 

The values of ideal thermodynamic properties in the 
above equations are calculated using: 

𝜌𝑖𝑑 = 𝑥1𝜌1 + 𝑥2𝜌2   and  𝛽𝑠
𝑖𝑑 = 𝜙1𝛽𝑠,1 +

𝜙2𝛽𝑠,2 

where 𝜙𝑖 is volume fraction, 𝑥𝑖, mole fraction, 𝛽𝑠,𝑖, 
isentropic compressibility, 𝜌𝑖 , the density of the 
constituent components. 
The required data of pure components for the 
evaluation of thermophysical properties have been 
taken from the literature [13–18]. 
 
Results and Discussion:  
Thermodynamic properties like the energy and 
enthalpy of vapourization, cohesive energy density, 
internal pressure, free volume, solubility parameter 
along with excess isothermal compressibility and 
interaction parameter have been evaluated and 
compared for 2-Pentanone and 2-Heptanone with 
various aromatic amines like Aniline, N-
methylaniline, Pyridine at 293.15 K -303.15 K 
temperature range. 
The thermal expansivity (𝛼)  and isothermal 
compressibility (𝛽𝑇)  are two vital thermodynamic 
properties and they have been evaluated using the 
requisite data of components from the literature. 
Both properties show increasing values with the 
addition of alkanone. It indicates the presence of a 
higher degree of interactions and the increasing 
value of compressibility denotes that liquid became 
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more compressible with an increased concentration 
of alkanone at 298.15 K. Thermal expansivity (𝛼) 
and isothermal compressibility (𝛽𝑇) have also been 
computed at 298.15 K using the empirical equation 
given below [25] which incorporates ultrasonic 
velocity (𝑢) and density (𝜌) of liquid mixtures.  

𝛼 =
75.6×10−3

𝑇1/9𝑢1/2𝜌1/3    and  𝛽𝑇 =
17.1×10−3

𝑇4/9𝜌4/3𝑢2 

The resultant values are in good agreement with 
experimental values of corresponding properties at 
298.15 K. This prompted to use of these empirical 
equations further for evaluation of the same 
properties at 293.15 K and 303.15 K due to the 
unavailability of experimental data at these 

temperatures. The obtained results show a similar 
increasing trend of values indicating the extent of 
interactions within liquid at remaining 
temperatures.  
Isothermal compressibility relates to the volume of 
liquid components. The excess isothermal 
compressibility is computed using the following 

equations. The evaluated  𝛽𝑇
𝐸  values are tabulated 

in Table 1 for alkanone + aromatic amine mixtures 
at 298.15 K [13]. 

𝛽𝑇
𝐸 = 𝛽𝑇 − 𝛽𝑇

𝑖𝑑  and  𝛽𝑇
𝑖𝑑 = 𝜙1𝛽𝑇,1 + 𝜙2𝛽𝑇,2 

where 𝜙𝑖  is volume fraction and 𝛽𝑇,𝑖  is isothermal 

compressibility of constituent components. 

 
 
Table 1: Excess Isothermal Compressibility of Alkanone + Aromatic amine mixtures at 298.15 K. 

𝑥1 𝛽𝑇
𝐸  / TPa-1 𝑥1 𝛽𝑇

𝐸 / TPa-1 𝑥1 𝛽𝑇
𝐸 / TPa-1 

2-Pentanone + Aniline 

0.0000 0.08 0.3536 -124.88 0.6963 -132.93 

0.0446 -18.60 0.4058 -135.44 0.7441 -120.87 

0.0948 -39.21 0.4507 -142.26 0.7943 -104.42 

0.1497 -60.82 0.5005 -147.16 0.8393 -86.41 

0.1939 -77.21 0.5511 -148.74 0.8890 -63.50 

0.2513 -96.64 0.6055 -146.13 0.9390 -35.30 

0.2993 -110.77 0.6477 -141.67 1.0000 0.15 

2-Pentanone + N-methylaniline 

0.0000 0.09 0.3498 -65.85 0.6985 -73.98 

0.0507 -11.78 0.4037 -71.84 0.7384 -69.47 

0.1000 -22.74 0.4544 -76.00 0.7949 -60.37 

0.1442 -31.92 0.5014 -78.65 0.8385 -51.43 

0.1980 -42.34 0.5480 -80.06 0.8894 -38.39 

0.2491 -51.24 0.6052 -79.69 0.9416 -22.11 

0.3057 -60.04 0.6530 -77.52 1.0000 0.15 

2-Pentanone + Pyridine 

0.0000 -0.12 0.3550 -44.06 0.6954 -37.11 

0.0481 -9.73 0.4007 -45.55 0.7400 -33.23 
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0.0984 -18.48 0.4506 -46.47 0.7953 -27.72 

0.1469 -25.67 0.5026 -46.20 0.8468 -21.72 

0.2033 -32.61 0.5546 -45.00 0.8786 -17.69 

0.2515 -37.34 0.6048 -42.97 0.9332 -10.37 

0.3006 -41.05 0.6455 -40.73 1.0000 0.14 

2-Heptanone + Aniline 

0.0000 -0.09 0.3638 -67.23 0.7057 -57.07 

0.0619 -15.54 0.4002 -70.19 0.7584 -49.03 

0.1115 -27.14 0.4537 -72.38 0.8041 -41.09 

0.1601 -37.39 0.5092 -72.68 0.8515 -32.00 

0.2133 -47.39 0.5430 -71.77 0.9033 -21.51 

0.2575 -54.73 0.5964 -68.72 0.9467 -12.57 

0.3064 -61.27 0.6599 -62.81 1.0000 -0.90 

2-Heptanone + N-methylaniline 

0.0000 1.19 0.3448 -44.58 0.6904 -40.97 

0.0583 -11.39 0.3994 -46.95 0.7506 -36.08 

0.1032 -19.09 0.4452 -48.11 0.8023 -30.62 

0.1524 -26.40 0.4949 -48.52 0.8499 -24.85 

0.2036 -32.72 0.5465 -47.82 0.8989 -18.01 

0.2475 -37.33 0.5977 -46.33 0.9494 -10.01 

0.2987 -41.53 0.6464 -43.87 1.0000 -2.13 

2-Heptanone + Pyridine 

0.0000 0.10 0.3542 -23.09 0.7047 -16.64 

0.0553 -7.01 0.3994 -23.48 0.7500 -14.63 

0.1034 -11.91 0.4544 -23.40 0.8056 -11.84 

0.1543 -15.82 0.5053 -22.78 0.8528 -9.29 

0.2032 -18.58 0.5544 -21.82 0.8956 -6.91 

0.2521 -20.71 0.6019 -20.53 0.9444 -4.03 
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0.3042 -22.23 0.6671 -18.25 1.0000 -0.90 

 
Table 1 shows that the excess isothermal 

compressibility (𝛽𝑇
𝐸)   values are negative for 

systems under study and the trends are decreasing 
and then increasing with the gradual addition of 
alkanone in liquid mixtures. It shows the highest 
values for Aniline and the least value for Pyridine for 
a particular alkanone at 298.15 K. The higher value 
of excess compressibility causes due to higher 
interactions between unlike molecules which may 
have risen due to the geometric fitting of 
constituent components. The excess isothermal 
compressibility values for 2-Pentanone are higher 
than 2-Heptanone for a set of aromatic amine at 
298.15 K. The overall order of molecular interactions 
is observed to be Aniline > N-methylaniline > 
Pyridine at 298.15 K.  
The internal pressure (𝑃𝑖) represents the change in 
internal energy with volume under isothermal 
conditions. It is produced due to the presence of 
various attractive and repulsive forces like 
dispersion, ion and dipole interactions, van der Waal 
forces, etc. It contributes to the overall cohesion 

present within the liquid. The literature reveals that 
the 𝑃𝑖 values decrease with the addition of the first 
component i. e. alkanone at all temperatures. The 
𝑃𝑖  values for an alkanone with Aniline and N-
methylaniline show higher variation relative to 
Pyridine. Also, 𝑃𝑖 values for 2-Pentanone + Aromatic 
amines are higher than that of 2-Heptanone + 
Aromatic amines at 298.15 K. These observed trends 
reveal that the extent of interactions follows order 
as Aniline  > N-methylaniline  > Pyridine for constant 
alkanone [17,18].   
The energy (∆𝐸𝑣𝑎𝑝) and enthalpy of vapourization 

(∆𝐻𝑣𝑎𝑝) have been evaluated at all temperatures 

[17,18]. The values of both the properties are 
observed to be decreasing with the addition of 
alkanone. The decrease in values of ∆𝐸𝑣𝑎𝑝  and 

∆𝐻𝑣𝑎𝑝  for 2-Pentanone + Pyridine system is 

relatively less than that of 2-Pentanone with Aniline 
and N-methylaniline. The values of 2-Heptanone 
with Aniline and N-methylaniline are observed to be 
decreasing while with Pyridine 

it shows increasing values. . The decrease in 
the values suggests the decrease in the cohesive 
forces present within the liquid mixtures. 

 

 
Fig. 1: Cohesive Energy Density of (a) 2-Pentanone and (b) 2-Heptanone with Aromatic amines at 298.15 

K. 
 

The cohesive energy density (CED) has been 
evaluated using equation (6) which incorporates the 
energy of vapourization and molar volume. The 
results are represented in fig.1 (a) and (b) at 298.15 
K for Alkanone + Aromatic amine mixtures. The CED 
values for 2-Pentanone + aromatic amines lie 
between 539.62 J-mol-1-cm-3 to 325.07 J-mol-1-cm-3  
and for 2-Heptanone + Aromatic amines from 
540.11 J-mol-1-cm-3  to 326.48 J-mol-1-cm-3 at 298.15 
K [17,18]. It is seen from Fig.1 that the values of CED 

are decreasing gradually as the concentration of 
alkanone is increasing for all systems under study. 
The decreasing values of CED suggest a decrease in 
the cohesion present within the liquid mixture. 
Similar behaviour of CED values have been observed 
for the other two temperatures (293.15 K and 
303.15 K) for 2-Pentanone and 2-Heptanone with 
various amines. Even though CED and internal 
pressure values are almost similar but both 
properties signify different physical properties of a 
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liquid. The internal pressure is a measure of non-
specific interaction energy within the liquid while 
the CED measures the total intermolecular 
interaction energy which includes both specific and 
non-specific interaction energies within the liquid 
mixture [20,23]. The solubility parameter is the 

square root of CED i. e. 𝛿 = √𝐶𝐸𝐷 and it indicates 

the strength of intermolecular interactions between 
solute and solvent molecules [26]. It is observed that 
solubility parameter values are decreasing with 
increasing concentration of alkanone at all 
temperatures. For an alkanone, Aniline shows the 
highest value of solubility parameter which is 
followed by N-methylaniline and then Pyridine at all 
temperatures [17,18]. 

 
Fig. 2: Free volume (𝑉𝑓) of (a) 2-Pentanone  and (b) 2-heptanone with aromatic amine mixtures at 298.15 K. 

 
Free volume (𝑉𝑓) indicates the existing free space 

within the liquid molecules and it depends on the 
internal pressure of the liquid. İt is affected by the 
molecular association, interactions present 
between the constituent molecules of liquid 
mixture. In Fig.2, free volume is observed to be 

increasing for both alkanone + aromatic amine 
mixtures at all temperatures. Internal pressure and 
free volume show opposite trends as they are 
inversely related. Hence, an increasing value of 𝑉𝑓 

suggests an increase in free molecular space 
indicating a decrease in molecular cohesion.  

 
Fig. 3 represents the interaction parameter (𝜒) at 
298.15 K for the system under study. Here the 
highest interactions are seen between Aniline and 
Alkanones while the lowest are between Pyridine 
and Alkanones. Also, the interaction parameter 
values for 2-Pentanone are higher compared to 2-

Heptanone suggesting more interactions between 
2-Pentanone and amines at 298.15 K. An overall 
observation of Fig.2 suggests that for a particular 
alkanone, interactions are in order of Aniline > N-
methylaniline > Pyridine for all three temperatures. 

 
Fig. 3: Interaction parameter of alkanone + Aromatic amines at 298.15 K 

 
A perusal of figures, tables and literature [17,18] 
points towards order interactions as Aniline > N-

methylaniline > Pyridine for a constant alkanone at 
various temperatures. The molecular interactions 
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are readily formed between Aniline and alkanone 
which is followed by N-methylaniline and then 
Pyridine. This may be attributed to the geometry of 
aromatic amines and their ability to form hydrogen 
bonding. Aniline, N-methylaniline and Pyridine are 
primary, secondary and tertiary amines 
respectively. The tendency to form H-boding 
decreases from primary to tertiary amine [13]. 
Furthermore, Pyridine is highly self-associated,  a 
cyclic carbon compound with the Nitrogen atom in 
the ring. The aromatic character and high stability of 
Pyridine have been governed by a hybrid resonance 
structure and the basic nature is due to the presence 
of lone pair of electrons on the nitrogen atom [27]. 
This indicates the presence of less interaction 
between alkanone and Pyridine at various 
temperatures. An overview of all properties 
suggests that for a fixed amine, alkanones show the 
order of interactions as 2-Pentanone > 2-Heptanone 
at all three temperatures. The chain length in the 
alkanone compound also seems to affect the 
molecular interactions as an increase in the alkyl 
chain length reduces its ability to form hydrogen 
bonding with amines. The polar nature of the 
oxygen atom in the carbonyl group is reduced due 
to the presence of more methyl groups. Also, spatial 
accommodation, geometric fitting and steric 

hindrance affect the interaction taking place within 
the liquid. 
 
Conclusion: 
In current studies, Energy and Enthalpy of 
vapourization (∆𝐸𝑣𝑎𝑝 𝑎𝑛𝑑 ∆𝐻𝑣𝑎𝑝) , Cohesive 

energy density (CED), Internal pressure (𝑃𝑖) ,  
free volume (𝑉𝑓) , Solubility parameter (δ), 

along with excess isothermal compressibility 

(𝛽𝑇
𝐸) and interaction parameter (𝜒) have been 

evaluated. A strong tendency of Aniline to form 
hydrogen bonds causes maximum interactions. 
The stability of Pyridine is governed by 
Nitrogen atom present in the ring therby 
restricting its interaction capability; which is 
exhibited in the all the interactions of systems 
involving Pyridine. An increase number of a 
methyl groups in alkanones affects the 
interactions for a particular amine due to steric 
hindrance and polar nature of oxygen atom in 
the carbonyl group. It can thus be concluded 
that thermodynamic properties along with 
excess properties can be used as an effective 
tool to understand the nature and extent of 
intermolecular interactions in liquid mixtures. 
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Abstract. Molybdenum and niobium silicide based multiphase intermetallic alloys, Cf-SiC and ZrB2-SiC based ultra-high 
temperature ceramic (UHTC) composites have received significant attention for use at temperatures well beyond the limit 
for the Ni-based superalloys. These materials are being designed with the objective of simultaneously achieving specified 
high temperature strength along with adequate fracture toughness at the ambient temperature, as well as an impressive 
resistance to environmental degradation against oxidation and ablation. Whereas the silicide based intermetallic alloys have 
use in hot-end components of aero-engines, the UHTCs have potential applications in nose-cones and leading edges of 
hypersonic vehicles. In the multiphase silicide based alloys, the microstructures containing a mixture of ductile and hard 
phases ensure adequate fracture toughness at room temperature besides high temperature strength, whereas Si-containing 
phases contribute to formation of protective oxide scales. The Cf-SiC composites exhibits a typical damage tolerant behavior 
caused by crack bridging and closure by the partially debonded fibres, whereas the SiC seal-coating develops a self-healing 
coating of SiO2 at high temperature. The ZrB2-SiC composites are protected from damage by oxidation till 1500oC and 

ablation at 2000oC by formation of borosilicate and ZrO2 scales respectively, whereas creep resistance in air is improved 
with oxidation resistance.  

 
Keywords: Silicides, Cf-SiC composites, Ultra-high temperature ceramic composites, mechanical properties, 
oxidation resistance 
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Abstract. In this work, a first principles investigation is exceled to examine the adsorption of H2S gas on pure and modified 
armchair-graphene nanoribbon (AGNR)  [1]. CuOx (𝑥 = 0, 1, 𝑜𝑟 2) cluster is introduced to AGNR by either substitution of 
carbon atoms or through the decoration on their surfaces. The influence of modification on H2S adsorption is examined 
using density functional theory (DFT) computations of band structure, adsorption energy (𝐸𝐴𝑑𝑠), charge transferred (∆𝑄), 
adsorption length, as well as density of states (DOS) [2, 3]. The results present decent enhancement towards H2S 
adsorption upon modification. In general, the adsorption energy of H2S is greater for doped AGNR structures as 
compared with the decorated structures. The results reveal that AGNR doped with CuO2 have the maximum adsorption 
energy, followed by AGNR doped with CuO. AGNR doped with Cu or decorated with Cu, CuO, or CuO2 have lower 
adsorption energy for H2S. Lastly, the obtained results designate that AGNR doped with CuO2 or CuO exhibit potential 
for H2S sensor applications. 

 
Keywords: H2S gas sensor; DFT; graphene nanoribbon; CuOx, doping.  
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Abstract: Precision medicine has the potential to revolutionize the healthcare, where a patient's unique genetic profile can 
be used to detect the disease's onset, prevent its progression, and optimize its treatment. If genetic testing could be used 
to predict drug response, appropriate measures could be taken to more efficiently treat diseases, such as cancer, 
cardiovascular disease, and diabetes. Use of an individual’s genetic information to select treatment options is already in 
practice, such as in the case of treatment with clopidogrel and other cardiovascular and anticancer drugs that will be 
discussed here in more details. Furthermore, there are regulatory, economic, social and ethical challenges, which are highly 
interlinked and often represent an obstacle in efficient transfer of precision medicine to the clinic. Continued professional 
education is another essential factor for the successful development and application of precision medicine today. Thus, 
transdisciplinary collaboration between healthcare institutions, academia, pharmaceutical and biotech companies, 
regulatory agencies, policy-makers, and other relevant stakeholders is essential for an effective translation of precision 
medicine in the current clinical practice.  
 
Keywords: Precision medicine, pharmacogenomics, effective treatment, side-effects, professional education 
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Abstract: This presentation reports on our recent findings of gas sensors based on metal-oxides nanoparticles. The focus 

of the presentation will be on two gases: H2S gas that is highly toxic and results from petroleum extraction and refining 

activities, and H2 that is promoted as a carbon-free and clean fuel for vehicles. The fabricated sensors are conductometric 

sensors where their response is indicated by the change in their electrical resistance. The nanoparticles are synthesized by 

chemical routes, and they include CuO, SnO2, and PdO as well as their composites with magnetic nanoparticles such as Fe2O4 

and Fe3O4 [1-6]. The metal-oxide nanoparticles exhibit semiconducting characteristics. Adsorption of the gas on 

nanoparticles modifies the concentration of free electrons thus their electrical conductance. The incorporation of two types 

of nanoparticles allows the formation of p-n junctions that boost the gas response signal. The morphology and composition 

of nanoparticles are characterized by different techniques including transmission electron microscopy, scanning electron 

microscopy, Fourier transform infrared spectroscopy, energy dispersive x-ray analysis, and x-ray diffraction. The charge 

transport and sensor response are characterized by dc electrical conductance measurements and ac impedance 

spectroscopy.  The fabricated sensors are practical to fabricate on large scale with low cost and have low power 

requirements, thus, they qualify for practical device utilization in the hazardous gas sensor sector. 
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Abstract. Materials are chemical substances that derive the modern soceity. Materials enable technology for making 
beneficial devices. And chemical sciences play a central role in making these materials. There is an ever increasing demand 
for newer and better functional materials for performing technological operations to address many of the modern 
technological and environmental challenges facing the soceity. Sustainable development calls for environmentally benign 
and inexpensive materials. UN Brundtland Commission’s definition of sustainable development is ‘meeting the needs of 
the present without compromising the ability of future generations to meet their own needs’.   
 
Transition metal oxide clusters or polyoxometalates (POMs) and their derivatives offer unprecented variety of versatile 

building blocks for making functional materials with properties suitable for application in such areas as catalysis, sensing, 

membrane technology, pollution control, energy storage, and biomedical usage. POMs, which are molecular systems of 

sizes up to several nanometer diameter and molecular weight at par with small proteins, can be made relatively 

inexpensively by employing environmentally benign ‘green’ synthetic methods. POMs can be functionalized readily and 

used as structural motifs for making new materials whose properties can be varied systematically and correlated with their 

constituents at the molecular level. It offers an attractive and sustaianable approach to new materials of desirable 

properties and functions. 

Keywords: Sustainablity, functional materials, polyoxometalates, catalysis, sensors.  
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Abstract. We review advanced materials sceinces and technologies with helical light fields, that is optical vortices. The 

optical vortex possesses an orbital angular momentum (OAM) owing to its helical wavefront, and it enables the twist of  

materials, such as metals, polymers, and even ultrahigh viscosity liquids to form versatile helical structures on nano/micro-

scale. Such optical vortex materials processing should offer new advanced material sciences and technologies. 

.  
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Helical light fields, that is optical vortices, carry 
unique physical properties, such as a donut-shaped 
spatial profile and an orbital angular momentum, 
arising from their helical wavefronts. They has been 
widely studied in versatile fields, including optical 
tweezers/manipulations, optical/quantum 
communications, and scanning microscopes.  
In recent years, optical vortex materials processing 
has been proposed, and it enables the fabrication of 
a variety of nano/micro-scale chiral structures owing 
to the orbital angular momentum transfer. 
Extending beyond the conventional laser materials 
processing technologies, the optical vortex materials 
processing should open the door towards advanced 
materials science and technology, such as chiral 
photonics, plasmonics and metamaterials at high 
efficiencies. 

Also, an optical vortex laser induced foward transfer 
technology, that is an entirely exotic non-contact 
printing technology with an optical vortex, allows 
the direct print of solids and even ultrahigh viscosity 
liquids at high spatial and pointing resolutions 
without any nozzle clogging. This technology will 
pave the way towards next generation printed 
photonics/electronics and bioprinting as a non-
contact and cost/energy-saving process. 
In this paper, we report on the review of the state-
of-art of the optical vortex materials processing and 
optical vortex laser induced forward transfer 
technologies. 
[1-3]. 
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Abstract. Additive Manufacturing (AM) draws great attention from both academia and industry due to its flexibilities in 
productions steps and design. Although, AM has began its journay with rapid prototyping using polymeric materials, in the 
last decade AM became and alternative manufacturing method for metal parts with higher design complexities and efficient 
material use. This presentation implies with trends, opputinities and challanges in metal additive manufacturing.  Metal AM 
is highly curicial for many industries since it facilitates design complexities, multiple material use, large and dense part 
produciton and so on. The recent studies which have been appear in the literature are mainly about metal AM. Besides, the 
most mature and costly machines are delivered for metal AM industry. However, there are still many gaps and research 
topics in metal AM, such as microstructure control, alloying, anisotropy, process monitoring and control etc.  
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Metal Additive Manufacturing (AM) methods can be 
classified as powder bed and material fed methods. 
Powder bed methods uses powders and laser-
elctron beam as energy source to melt the powder 
layer upon layer. Material fed methods laser, 
electron beam and welding arc as energy source 
directed to material which is fed through as powder 
and wire form. In both case, metal rwa material 
melts and solidify in a short time and produce layers 
[1,2]. 

 
Figure 1. Comparison of Metal AM methods 

 

  
Figure 2. WAAM:Wire Arc Additive Manufacturing  

 
Figure 1 depicts the differences of metal AM 
methods in terms of surface topology and relative 
part cost. Wire arc additive manufacturing (WAAM) 
is clearly having less part cost and higher deposition 
rates. However, WAAM produces higher surface 
roughness compared to other metal AM methods. 
Figure 2 shows a typical WAAM unit [1]. 

Metal AM methods are capable of producing both large-dense parts and complex lattice structures. It gives 
great potential for critical sector, such as aerospace, to produce metal parts with low investment cost, light 
weight parts with higher design complexities.  
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Abstract. The presentation text starts here and continues. The abstract should be prepared via Calibri (Font) and 10 pts, 

single spaced with 2 cm margins on all sides and align full. The length of Abstract should be between 150 and 200 words. 

The abstract should be informative by referring study aims, the methodology, the instruments, the major findings and 

the implications of the study. This talk will review the combination of nanostructured materials and photonic tools that 

can be used for their visualization, navigation and remote-controlled release of bioactive substances, and last but not 

least, the application of optical sensors for early diagnosis and evaluation treatment efficiancy. There are many biological 

objects that can be used as markers of various pathological states including cancer. These comprise, but are not limited 

to, proteins, exosomes, and circulation tumor cells. Exosomes are a very promising marker for early cancer diagnosis and 

even for evaluating treatment efficiency. An exosome is a small vesical at 100 nm size produced by a cell. Exosomes 

contain specific proteins and are distributed on the surface of cell membrane. The exosomes can be sent by both normal 

and pathological cells. It can be used for early diagnosis of neuro, cardio, and onco-diseases [1].  We have already 

elaborated a different types of photonic based sensors including SERS [2], nanozyme based optical sensor [3,4], hollow-

core microstructured fibres [5], and photonic integrated circuits [6]. The combination of a photonic integrated circuits 

(PIC), a microfluidic devices (MF) and a surface modification can improve not only the sensitivity   but also the specificity 

of exosomes’ detection . 

Additionaly, the application of photonic and acoustic tools can be used for visualization, navigation of multimodal and 

multifunctional carriers and remote-controlled release of bioactive substances. These particles will combine the ability 

to deploy drugs in a controllable manner with physical triggering, multimodal detection, and visualization as well as 

sensing of important biological markers. It was required to apply a new bottom-up method as layer by layer assembly 

[7] and freezing induced loading [8] and their combination [9,10]. It can be allowed us to vary the volume fraction of 

components and their chemical composition led to the control of the optical and thermal properties of multifunctional 

carriers [11]. Raman spectroscopy is perspective method for in situ monitoing of freezing induced loading method [12]. 

Physical targeting of carriers was realized by the gradient of the magnetic field [13], optical tweezers approach [14]. 

Acoustics has a good perspective for the same purpose. The carrier sensitivity to external influences such as laser 

irradiation, ultrasound treatment can be changed by variation of volume fraction and chemical composition of inorganic 

nanoparticles and/or organic dyes in the carrier shells. The same approach is applied for drug delivery carriers imaging 

by MRI, FT, US and optoacoustics using inorganic nanoparticles and/or organic dyes as contrast or functional agents 

[4,9,10]. Photonic tools are also promissing method for the monitoing of the diatom colonies growth [15]. The diatom 

algae is responsible for 20 % oxygen at our planet.    Thus, the combination of photonic tools with microstructured 

materials has a good perspective for application in biology and medicine.  

This work was partly supported by RSF Project 22-14-00209. 
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Abstract. The article observes solutions for energy safety in the global climate context of the war in Ukraine. The new 
opportunities for renewable energy sources (RES) and low-carbon post-war development in Ukraine are being considered. 
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In spite of the full scale Russian invasion, Ukraine has 
a significant potential for investments in energy 
sector, moreover energy can become one of the 
drivers of the recovery of the Ukrainian economy. 
Electricity exports from Ukraine could replace 17% of 
Russian natural gas consumed by the European Union 
countries. In the context of the strategy of transition 
to climate neutral development of the EU, it is 
important that a significant part of the exported 
electricity should come from RES, moreover it`s more 
profitable now to build new renewable energy power 
plants. According to some investigation electricity 
assumes a share of RES in 83% by 2050 [1]. At the 
same time, today, in the conditions of electricity 
produced by nuclear power stations surplus, owners 
of solar power plants are forced to reduce the volume 
of electricity production. Such modes of operation 
significantly reduce the productivity of solar stations 
and jeopardize their economic profitability. According 
to the calculations, the amount of system restrictions 

of only the SPSs is 573 GW/h, or approximately 30% of 
the potential generation. Instead of restrictions and 
underproduction, “green” energy can be exported to 
the EU countries in the future, reducing the financial 
burden and payments of the “green” tariff for the 
system restrictions. The electricity surplus Ukraine 
currently has, will allow individual countries to quickly 
abandon Russian gas. To support the energy sector 
Ukraine has joined the unified continental European 
electricity system ENTSO-E and completed an 
emergency synchronisation of its power grids with the 
ENTSO-E; on June 30th 2022, Ukraine started selling 
electricity to Romania and in July to Slovakia. 
Currently, Ukraine has the following interconnections 
with the ENTSO-E countries with about 1850 MW 
export and 1500 MW import capacities.  
The energy sector in Ukraine is on the brink of the 
major change. These changes are made to provide 
energy transition and favourable investment climate 
for RES enlargement in the after war period [2]. 
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Abstract. Besides radar, the infrared signature is one of the most widely exploited characteristics of military targets, as 
objects with a temperature above absolute zero emit light mostly in infrared (IR) wavelengths. Hence, the concealment of 
highly precious components is desirable, and materials with low absorptivity and high reflectivity can satisfy such demands. 
Metal or semiconductor filler materials and micropatterned structures are proposed for low emissivity systems, but they 
suffer from significantly increased weight and cost/labor, respectively. Electrospun fiber-based composites (produced 
through electrospinning, physical, and chemical deposition methods) are more recently introduced IR stealth material 
alternatives with lightweight and multifunctional properties. Nanofibers’ directionality influences optical (e.g., 
transmittance) and mechanical (e.g., strength and toughness) properties. However, how directionality changes with IR 
emissivity has yet to be established in the literature. Hence, in this study, we perform electromagnetic simulations to 
determine the effect of alignment (non-aligned, moderately aligned, and highly aligned) on the IR emissivity of fibrous 
nanocomposites for different polarization states of light. The findings can be significant to the concealment and detection 
of strategic assets.  

 
Keywords: Electrospun nanofibers, infrared emissivity, polarization, computational electrodynamics, directionality 
 

© 2022 Published by ICMATSE 

 

Introduction. Stealth technology deals with 
concealing assets of interest across multiple 
frequencies. One such frequency range is the 
infrared region, precisely 8-14 µm waveband for 
objects at or close to room temperature, where 
highly developed detectors are available [1]. 
Stefan-Boltzmann law dictates that to reduce the 
thermal energy emission, emissivity or 
temperature has to decrease [2]. In the literature, 
multiple ways of reducing emissivity, a value 
between 0 and 1, have been proposed. Some of 
these approaches involve using fillers made of 
metals, metal oxides ,or semiconductors. However, 
these fillers increase the weight ,and in the case of 
metals, oxidation is a major concern [3]. Another 
approach involves having periodic structures, such 
as photonic crystals or metasurfaces, which exhibit 
excellent performance at the expense of significant 
labor and cost [4]. Nanofibers made of polymers 
and coated with semiconductors or metals have 
recently emerged as lightweight, flexible, and high-
performance infrared camouflage material.  
Numerous techniques can produce nanofibers.  
Electrospinning, fabricating polymer fibers with 

sizes ranging from tens of nanometers to a few 
micrometers via the application of an electric field 
to the tip of a sharp orifice in front of a syringe with 
polymer solution inside, is a simple, effective and 
versatile technique. Electrospun fibers can act as a 
scaffold for the further deposition of 
semiconductors or metals. An added advantage of 
the electrospinning method is the ability to orient 
the nanofibers by slightly modifying the setup. 
Alignment induces optical and mechanical 
anisotropies and has found applications in tissue 
engineering [5,6]. Optical anisotropy effects have 
been known for decades in the case of wire-grid 
polarizers, where transverse electric (TE) and 
transverse magnetic (TM) light behave differently 
[7]. Thermal emission is randomly polarized but 
can be regarded as the average of TE and TM 
polarized light. Unfortunately, the literature has 
yet to study how the alignment of nanofibers 
influences infrared emissivity at different 
polarization states of light. Thus, the focus of this 
study is to computationally obtain infrared 
emissivity values of coated nanofibers at different 
alignment degrees for TE and TM polarized light 
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incidence. The findings could shed light on the 
design of more efficient thermal camouflage fabric 
in the defense industry.  
 
Materials and Methods.  
Simulation Design. Computational studies were 
conducted to compute emissivity values for TE and 
TM polarized light. Kirchoff’s law states that under 
thermodynamic equilibrium, absorption equals 
emissivity. Hence, in the computational studies, 
reflectance and transmittance values were 
obtained, and the summation of these values was 
deducted from 1 to obtain absorbance. The finite 
difference time domain method was utilized to 
simulate a periodic nanofiber array [8] under TE 
and TM polarized light incidence.  
 

 
Figure 1. The material system under study is a 75 nm 

radius Polyvinyl chloride (PVC) core with  a 30 nm thick 
Aluminum-doped Zinc Oxide (AZO) coating. 

Materials Selection and Parameters. The nanofiber 
under study has a 75 nm radius and made of 
polyvinyl chloride (PVC), and has 30 nm thick 
aluminum-doped zinc oxide (AZO) around it, as 
shown in Fig. 1. These thickness values are similar 
to the values found in the literature. The fill ratio of 
the nanofiber array was chosen to be 0.9, which 
means only 10% of the area of interest is air, 
whereas the rest of the area is filled with 
nanofibers. An average of ten simulations, each 
with a fiber oriented at a specific angle for each 
polarization state incidence, was used to report 
emissivity values.  
Alignment and Anisotropy Quantification. Three 
nanofiber arrays with different alignment degrees 
were studied: randomly aligned (each fiber has a 
random orientation between -90° and 90°), 
moderately aligned (75% of fibers within 20° 
orientation), and highly aligned (95% of fibers 

within 10° orientation) based on the reports from 
the literature [9]. Orientational anisotropy, 
denoted as r, is a parameter borrowed from the 
fluorescence spectroscopy domain and defined as 
emission intensities with polarizations in parallel 
and perpendicular excitation [10]. The formula is 
given in Eq. [1].  For randomly aligned nanofibers, 
ten samples were drawn from a uniform 
distribution between -90° and 90° to determine the 
nanofiber orientation angle. Moderately and highly 
aligned nanofibers’ orientation angles were 
selected by first modeling a Gaussian distribution 
that matches the given constraint and 
subsequently drawing ten samples from the 
distribution using the R programming language.   
 
Equation 1. Orientational anisotropy  

𝑟 =
휀𝑇𝑀 − 휀𝑇𝐸

휀𝑇𝑀 + 2 ∗ 휀𝑇𝐸
 

 
Results. 
The simulation results, including emissivity and 
orientational anisotropy for three different 
alignment degrees, were given below in Table 1 for 
the randomly aligned case, Table 2 for the 
moderately aligned case, and Table 3 for the highly 
aligned case.  

 
Table 1. Emissivity and orientational anisotropy values 
for randomly aligned nanofibers  
 

Angle εTM εTE r 

55.4 0.463 0.469 -0.004 

-89.4 0.472 0.472 0 

-45.6 0.449 0.469 -0.015 

-66.3 0.469 0.470 -0.001 

58.1 0.465 0.469 -0.003 

72.0 0.470 0.470 0 

-29.4 0.441 0.471 -0.022 

36.9 0.442 0.471 -0.021 

43.4 0.446 0.47 -0.017 

59.1 0.466 0.469 -0.002 

 
The average reported values of emissivities when 
the incident light is TE or TM polarized (left side) 
and corresponding orientational anisotropy values 
(right side) were given in Fig. 2. Average emissivity 
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value for TM polarized light was 0.458, and the 
value for TE polarized light was 0.47 when there 
was no alignment. For moderately aligned 
nanofibers, infrared emission was found to be 
0.451 under TM polarization which is not 
significantly different compared to randomly 
aligned nanofibers. However, emissivity sharply 
decreased to 0.217 under TE-polarized light. 
Moderate alignment decreases the emissivity 
down to 0.334. Under high alignment conditions, 
the nanofibers’ emission under TE-polarized light 
was found to be 0.179, while having 0.452 for TM-
polarized light. The average emissivity then was 
found to be 0. 315.  
 
Table 2. Emissivity and orientational anisotropy values 
for moderately aligned nanofibers  
 

Angle εTM εTE r 

-1.6 0.452 0.177 0.341 

4.9 0.452 0.180 0.335 

3.6 0.452 0.179 0.338 

-21.6 0.446 0.383 0.051 

7.9 0.452 0.197 0.302 

1.0 0.452 0.177 0.341 

16.7 0.449 0.273 0.176 

-1.3 0.452 0.177 0.341 

15.3 0.450 0.252 0.207 

3.9 0.452 0.179 0.338 

 
Orientational anisotropy was obtained as -0.009 
for the randomly aligned case, 0.277 for the 
moderately aligned fibers, and 0.338 for the highly 
aligned fibers.  
 

 

Figure 2. Nanofiber alignment degree’s effect on IR 
emissivity and orientational anisotropy. 

Table 3. Emissivity and orientational anisotropy values 
for highly aligned nanofibers  
 

Angle εTM εTE r 

3.5 0.452 0.178 0.339 

2.9 0.452 0.179 0.338 

3.9 0.452 0.179 0.338 

-1.2 0.452 0.177 0.341 

6.1 0.452 0.186 0.323 

0.7 0.452 0.177 0.341 

1.4 0.452 0.177 0.341 

-4.0 0.452 0.179 0.338 

0.3 0.452 0.177 0.342 

1.0 0.452 0.177 0.341 

 
Discussion. The key finding in this study was the 
alignment effects on infrared emission. As can be 
seen in the results section, the infrared emissivity 
tends to decrease with a higher alignment degree. 
The phenomenon at play here is no different from 
the operation of a wire-grid polarizer which works 
when the incoming light has a wavelength longer 
than the nanowires. In a wire grid polarizer, 
electrons at the surface of the (semi)conductor can 
be excited with one state of light polarization but 
not with the opposite state of polarization.  
 
Conclusion. 
In this work, we studied the emissivity values of 
polymer nanofibers that can be produced by 
electrospinning with thin semiconductor coating 
under TE- and TM-polarized light. Three different 
fiber alignment degrees were studied using FDTD 
simulations. A significant (up to 62%) reduction in 
infrared emissivity was observed for highly aligned 
nanofibers under TE-polarized light. However, no 
change was observed in all three different 
alignments under TM-polarized light. Overall 
emissivity reduction compared to randomly 
aligned fibers was 28% for moderately aligned 
fibers and 32% for highly aligned fibers. Based on 
the results, nanofibers should be made as aligned 
as possible to diminish infrared emissivity, which is 
highly desirable to protect assets of interest such 
as military tanks or soldiers. 
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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 the first gate-based superconducting processor to break the 100-qubit barrier and have 
demonstrated coherence time approaching 1 msec on test devices. Despite these positive developments, there are two key 
challenges that need to be overcome to reduce noise and errors and as a result enable continued scaling- (1) coherence 
stability versus time due primarily to qubit interactions with two-level systems (TLS) that are attributed to defects in 
amorphous materials and (2) frequency collisions due to variability in Josephson junction (JJ) fabrication.  Overcoming these 
will require work to identify the microscopic origin of the defects and eliminate them through materials and process 
improvements that achieve cleaner surfaces/interfaces combined with improved fabrication control. 

 
Keywords: quantum processors, superconducting qubits 

Introduction: Delivering a universal fault-tolerant 
quantum computer will enable advantages over 
classical computation in molecular simulation, 
search algorithms, and algebraic algorithms used 
for machine learning [1-4]. Superconducting qubits 
are a leading candidate due to advantages in the 
three key performance categories of scale, quality, 
and speed. From the major types of 
superconducting qubits, quantum processor units 
(QPU’s) based on fixed-frequency transmons are 
attractive due to simplicity of fabrication and 
operation as well as low charge noise sensitivity 
which has helped enable coherence times 
approaching the 1 msec regime on test devices [5]. 
The transmon qubit is a quantum non-linear low-
loss resonator operating in the microwave 
frequency range and is comprised of a 
superconducting Josephson junction (JJ), which 
behaves like a non-linear inductor, shunted by a 
large capacitance [6]. Due to this non-linearity the 
energy separation of the two lowest levels |0 >
and |1 > are distinct with typical frequency of f =
E

h
~ 5 GHz  corresponding to 𝑇 =

𝐸

𝑘𝑏
= 240 𝑚𝐾. 

Superconducting coplanar waveguide resonators 
that couple to the qubits enable fast, high-fidelity 
state measurement especially when mated to a 
readout chain incorporating quantum-limited 
amplifiers. Dilution refrigerators are needed in 

order to reach low enough temperatures to avoid 
significant thermal population of the qubits and 
resonators. The fabrication process lends itself well 
to scaling up as it leverages the extensive 
experience from semiconductor devices in terms of 
surface cleaning, metal deposition (sputtering and  
evaporation), lithographic patterning (optical and 
electron beam), liftoff and 3-D chip packaging with 
advanced backend of the line (BEOL) wiring.  This 
paper will describe the following key-challenges to 
scaling up further: variability of qubit coherence 
versus time and overcoming quantum crosstalk 
errors from frequency collisions that occur because 
of imprecise setting of qubit resonance 
frequencies. 
 
Results and Discussion: We have demonstrated 
excellent device metrics on our 27-qubit cloud-
accessible systems that employ our Falcon rev. 
5.11 QPU design and fabrication process. For 
instance, ibm_auckland’s median single qubit error 
per gate (EPG) is ~0.03% (fidelity=99.97%), state 
measurement error is ~1% (fidelity=99%),  and  
two-qubit entangling (CNOT) gate EPG is 0.7% 
(fidelity= 99.30%). This entangling gate used here, 
known as the cross-resonance gate works by 
applying a microwave excitation drive signal on the 
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control qubit at the transition frequency of the 
target qubit as shown in Fig. 1.  
 
 

 
Fig. 1 The cross-resonance gate for generating entanglement 
works by applying a microwave drive on the control qubit at the 
target qubit's resonance frequency. 

 
This results in an interaction between the two 
coupled qubits that is tunable by simply varying the 
amplitude of the drive signal [7].  
 
Despite these promising results, maintaining stable 
high performance across an entire quantum 
processor remains difficult. Qubit coherence 
fluctuates with time with a distribution that is 

~normal with -2 at ~ 0.5X median with some data 
points as low as 0.10X as shown in Fig. 2.  

 
Fig. 2. Statistical distribution of T1 for a 2-month time window 
normalized to the median over this time. Each qubit’s T1 is 
normalized to their own median.  The distribution is ~ normal 
with -2 sigma at ~ 0.5X median. 

These fluctuations are primarily due to two-level 
system (TLS) defects in the vicinity of the transmon 
diffusing to a frequency resonant with the qubit 
[8]. The resulting interaction causes lower T1 
energy relaxation time and degraded gate 
performance.  Fig. 3 shows a particular example of 
a CNOT entangling gate showing ~ 6-fold increase 
in EPG for two different days labeled as A and B. T1 

of the target qubit shows a drop from 43 sec on 

day A to 9 sec on day B. Spectroscopy was 
performed by preparing the qubit in the |1> state 
and then shifting the qubit frequency using a Stark 
tone and measuring the probabiity remaining in 

this state, P(1) after a fixed delay time of 20 sec 

as a function of qubit frequency [9]. The results 
shown in Fig. 4a-b demonstrate strong qubit-TLS 
interaction for day B but not day A  
 

 

Fig. 3. Randomized benchmarking data from the CNOT 
entangling gate for two different days A and B showing large 
error increase for day-B. This is associated with a reduction in T1 

of the target qubit Q12 from 43 sec to 9 sec 

 

 

 

 

 

 

 

  

 

 

Fig. 4b. TLS spectroscopy for day B. The dashed line is the qubit 
resonance frequency. As seen here, P(1) is at ~ 0.18 at the qubit 
resonance frequency indicating  strong TLS-qubit interaction 

Fig. 4a. TLS spectroscopy for day A. The dashed line is the qubit 
resonance frequency. As seen here, P(1) is at ~ 0.75 indicating  
no TLS-qubit interaction 
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Furthermore,  as shown in Fig. 5, some qubits from 

ibm_auckland show T2  decoherence time 

significantly below the limit of 2T1 set by relaxation. 

This indicates the presence of elevated dephasing 

noise for these qubits.  

 

Fig. 5 T2 decoherence time versus T1 relaxation time for a 2 
month time range. The red dotted line corresponds to the 
relaxation energy limit of T2=2T1. Some qubits show data that is 
significantly below this line indicating high dephasing noise. 

We show that by applying a Carr-Purcell-Meiboom-
Gill (CPMG) pulse sequence [10] with up to 101 

decoupling  pulses to such low T2 qubits that this 
noise is mitigated resulting in significant increase in 
T2 with a particular example here from Q13 showing 
~4.2-fold T2 increase as shown in Fig. 6. This pulse 
sequence essentially applies bandpass filtering to 
the frequency domain that shapes the noise 
spectrum seen by the qubit. With a larger number 
of pulses, the centroid of the filter shifts to higher 
frequency. This result suggests that the dephasing 
comes primarily from 1/f-like noise, likely arising 
from material defects [11].  

 

 

 

 

 

  

The next challenge for scaling up is achieving 

improved frequency control or less variability. Since 

our traditional architecture uses fixed-frequency 

qubits and couplers, there is a static ZZ interaction 

between two coupled qubits (Q1 and Q2). This 

interaction is the amount the frequency of a qubit 

shifts due to the state of the neighboring coupled 

qubit and is dependent on the frequency delta 

between them (detuning), their non-linearity or 

anharmonicity: 𝛿1, 𝛿2 defined as the delta of the 

frequency transition of the 1st to 2nd excited state 

and the ground to 1st excited state, and the 

exchange coupling energy J as such [12] 

𝑍𝑍 =
𝐽2(𝛿1 + 𝛿2)

(∆ + 𝛿1)(𝛿2 − ∆)
 

s shown in Fig. 7, the distribution of this 

interaction for ibm_auckland for all coupled qubits 

is min/median/max: 37/53/106 kHz.  

 

Fig. 7. Static ZZ interaction distribution across all coupled qubits 
in ibm_auckland shows the following: min/median/max:  
37/53/106 kHz. This interaction is an example of quantum 
crosstalk that can result in elevated gate errors even in the 
absence of decoherence.  

This interaction results in quantum crosstalk and 

therefore increased errors [13].  Therefore, precise 

frequency settings are needed to achieve 

predictable interactions. Another source of error 

related to frequency variability is hybridization 

between pairs of coupled qubits that occurs for 

small , resulting in elevated control errors. To 

study this, we investigated the impact of   from 95 

MHz to 15 MHz on single qubit EPG. As shown in Fig. 

8, for  < 50 MHz, EPG increases exponentially with 

decreasing  
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Fig. 6. Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence with 
101 decoupling π-pulses applied to the qubit with high 
dephasing noise, Q13. The data shows a significant 

improvement in T2  from ~ 22 sec to 93 sec 
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Fig. 8 log(EPG) for qubit Q6 vs the resonance frequency 

detuning,  with coupled qubit Q7. The data shows that for  

50 MHz, EPG increases exponentially with decreasing  . 

To mitigate certain types of errors such as those 

from the ZZ interaction, we can insert decoupling 

pulses during the idle time of qubits [14] and 

increase circuit speed by shortening the gate length 

of CNOT operations down to the 200-300 nsec 

regime [15]. Such measures were key to improving 

circuit performance resulting in demonstrating 

quantum volume of 64. Less variation in setting 

qubit resonance frequency can help to prevent 

quantum  crosstalk further by decreasing collisions. 

Such variation is dominated by statistical variability 

of the JJ tunneling resistance. Tighter control of the 

fabrication process in terms of metal and barrier 

layer deposition and lithographic patterning are 

needed to reduce such variability.   

An alternative approach we have recently pursued 

to mitigate problems stemming from frequency 

allocation is implementation of a novel entangling 

gate employing a tunable qubit-qubit coupler. In 

contrast to the cross-resonance gate, where the 

drive tone can induce unwanted rotations especially 

if the qubit frequencies align in undesirable ways 

and the always-on ZZ interaction must be canceled 

with dynamic decoupling, this coupler enables a 

gate operation that is less sensitive to qubit 

frequency alignment and works by quickly turning 

the ZZ interaction on to achieve a fast CPHASE gate 

and leaving it off when not driving the gate [16].  The 

highest gate fidelity demonstrated using these 

couplers is 99.85% with gate length of 46 nsec. Even 

with this more robust architecture, however, 

achieving uniformly high performance across ever 

larger quantum processors will still benefit from 

improvements in the ability to target qubit 

frequencies precisely during fabrication. 

Conclusions:   This is an exciting time to work on 

scaling up QPU’s based on superconducting qubits 

as it will require technology improvements in a 

broad range of areas to reduce noise and errors.  

QPU performance will likely be determined by how 

well we can overcome material and fabrication 

challenges. This is necessary in order to execute our 

roadmap to continue scaling up with the goal of 

demonstrating practical advantages over classical 

computers for select algorithms [17]. 
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Abstract. In this work, structural, elastic and mechanical properties of Ti-(44-x)Al-5Zr-xNb alloys have been analyzed via 

first principle calculations based on density functional theory. Crystal structures of the alloys have been developed by Virtual 

crystal approximation (VCA) method. Niobium (Nb) has been doped up to 5 wt. % in increments of 1 wt. % to Ti-44Al-5Zr 

alloy. Lattice parameters, elastic constants and mechanical properties have been calculated and discussed. Calculated 

elastic constants and bulk moduli values imply that mechanical properties have been improved by doping Nb whereas 

ductility has been diminished when Nb doping concentration is greater than 2 wt. %.  

 
Keywords: First-principles, virtual crystal approximation, elastic constants, Nb doped 
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Ti-Al alloys draw great attention due to low density, 
high melting point, high specific strength as well as 
oxidation resistance [1]–[4]. They are promising 
materials for aerospace and automobile industries. 
However, low ductility at room temperature 
prevents of extensive usage of Ti-Al alloys [5]. To 
solve this problem alloying studies with transition 
elements are performed.  Theoretical approach is 
useful methodology to develop alloying and 

investigate properties. In this study, first principles 
calculation is are performed utilizing Cambridge 
Sequential Total Energy Package (CASTEP) code [6]. 
TiAl2 alloy with Zr addition has been chosen as 
starting point which was performed by our previous 
works. Ti-44Al-5Zr alloys have been doped with Nb 
concentration. DFT calculations have been 
performed to understand mechanical properties. 
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Computational methodology. DFT calculations 

have been done by Cambridge Sequential Total 

Energy Package (CASTEP) code [6]. Gradient 

approximation (GGA) of Perdew-Burke-Ernzerhof 

(PBE) [7] is utilized for electronic exchange-

correlation. Ultrasoft pseudo-potentials is defined for 

Electron-core interactions  [8]. The cut-off energy is 

determined as  500 eV and Monkhorst-Pack scheme 

[9] k-points in the Brillouin zone are decided as 

6x18x18 after a series convergence tests. Full 

geometry optimization has been performed using 

Broyden-Fletcher-Goldfarb-Shanno (BFGS) [10].  

Virtual Crystal Approximation (VCA) [11] is employed 

for simulating through the electron valence states 3s2 

3p6 3d2 4s2 for Ti, 3s2 3p1 for Al and 4s2 4p6 4d2 5s2 for 

Zr . Geometrical model of Ti-(44-x)Al-5Zr-xNb alloy is 

shown in Figure 1.  

 

 

 

 

 

 

                          Figure 1. VCA Model 
 

Results and Discussion. DFT calculations have been 

started with geometrical optimization. The crystal 

structure is based on TiAl2 intermetallic which is 

orthorhombic with the space group Cmmm (No.#65), 

Lattice parameters of Ti-(44-x)Al-5Zr-xNb alloys are 

shown in Table 1 and Figure 2.  

 
Table 1. Lattice parameters of Ti-(44-x)Al-5Zr-xNb 
alloys 
 

Property 
Alloy Designation 

Ti-(44-x)Al-5Zr-xNb  

 x=0 x=1  x=2  x=3  x=4  x=5   

a (Å) 12.4239 12.8206 13.2675 13.8548 14.1667 14.2642 

b (Å) 3.8141 3.7699 3.7228 3.6664 3.6245 3.6029 

c (Å) 3.8379 3.7635 3.6932 3.6167 3.5784 3.5590 

 

 
The results imply that lattice parameter “a” is 

increased whereas lattice parameters “b” and “c” are 

slightly decreasing.  

 

 

 

 

 

 

 

 

 

 

Figure 2. Obtained lattice parameters of a Ti-(44-
x)Al-5Zr-xNb alloys as a function of Nb concentration 
 

To understand Nb impact on mechanical properties of 

Ti-(44-x)Al-5Zr-xNb alloy,  DFT calculations have been 

performed. There are nine independent elastic 

constants which are; C11, C12, C13, C22, C23, C33, C44, C55, 

C66. Born’s theory [12] has been applied to 

understand mechanical stability of  of Ti-(44-x)Al-5Zr-

xNb alloy.  

 

Figure 3. Elastic constants of Ti-(44-x)Al-5Zr-xNb 
alloys 
 

The criteria for orthorhombic structure is; 

C11+ C12+C33+2C12+2C13+2C23 ˃ 0, C11+ C22 ˃ 2C12, C11+ 

C33 ˃ 2C13, C22+ C33 ˃ 2C23, Cij ˃ 0  (i=1-6) 

One can see from Figure 3 and Table 2, of Ti-(44-x)Al-

5Zr-xNb alloy is mechanically stable. As shown in 
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Figure 3, elastic constants values are strongly 

dependent on Nb content.  

Bulk Modulus (B), Shear Modulus (G) and Young’s 

Modulus (E) have been evaluated by Voight-Reuss-

Hill (VRH) proposal [13] based on elastic constants: 

 

𝐵 = (𝐶11 + 2𝐶12)/2 

𝐺 = (𝐺𝑅 + 𝐺𝑉)/2 

𝐺𝑅 = 5(𝐶11 − 𝐶12)𝐶44 / [4 𝐶44 +  3 (𝐶11 − 𝐶12 )] 

𝐺𝑉 = (𝐶11 − 𝐶12 + 3 𝐶44)/ 5 

𝐸 = 9 𝐵𝐺/ (3𝐵 + 𝐺) 

𝜈 = (3𝐵 − 2𝐺)/ 2 (3𝐵 + 𝐺) 

Although bulk modulus remains almost constant, 

shear and young moduli are increasing when Nb 

concentration is greater than 2 wt.% as illustrated in 

Figure 4. The physical approach of this situation is 

related to the atomic and electronic rearrangements 

during alloying.  

 

Figure 4. Elastic moduli of Ti-(44-x)Al-5Zr-xNb alloys 

Elastic anisotropy is an important mechanical feature 

giving clue about phase transformations and 

dislocation dynamics [14]. Universal elastic 

anisotropy index (AU) is calculated by AU = 

5(GV/GR)/(BV/BR)-6. The material is supposed as 

anisotropic when AU value is different from zero. Our 

computed values recommend that Ti-(44-x)Al-5Zr-

xNb alloy is anisotropic as illustrated in Figure 5 (a).  

It is generally accepted that ductility/brittleness is an 

essential parameter of an alloy intended to use in 

industry.  Pugh’s ratio (B/G) [15] is accepted as a sign 

for a material ductile-brittle property. If B/G ratio 

value is higher than 1.75 material is ductile otherwise 

brittle. It is understood from Figure 5 (b) that when 

Nb doping is greater than 1 wt.% concentration, 

ductility is decreased.  

 

Table 2. Obtained elastic consants and other 
mechanical properties of Ti-(44-x)Al-5Zr-xNb alloys 

Property 
Alloy Designation 

Ti-(44-x)Al-5Zr-xNb  

 x=0 x=1  x=2  x=3  x=4  x=5   

C11 147.4 130.2 115.5 133.0 157.2 163.7 

C12 69.9 76.5 71.9 72.0 63.3 59.6 

C13 89.9 88.5 86.2 72.5 61.3 57.2 

C22 221.4 233.4 237.4 254.0 265.0 268.9 

C23 79.5 77.1 78.5 90.0 93.0 97.9 

C33 209.3 213.6 218.0 236.1 244.9 240.2 

C44 100.7 106.8 116.1 131.4 141.5 141.2 

C55 60.1 64.1 72.1 82.7 89.0 87.6 

C66 68.5 66.3 49.5 80.1 97.3 87.9 

B 115.5 114.2 109.7 115.4 118.0 118.2 

G 65.6 65.4 63.5 80.1 91.9 90.7 

Y 165.5 164.8 159.7 195.0 218.9 216.7 

B/G 1.76 1.75 1.73 1.44 1.28 1.30 

ν 0.26 0.26 0.26 0.22 0.19 0.19 

AU 0.483 0.792 1.222 0.744 0.488 0.431 

HTian 9.4 9.4 9.3 13.5 17.0 16.6 

 

Hardness is the ability of a material’s resistance to 

plastic deformation. Hence, hardness values are 

calculated by Tian approach [16], Hv= 0.92k1.137 G0.708 

where k = G/B. Figure 5  (c) shows hardness values of  

Ti-(44-x)Al-5Zr-xNb alloy. Nb doping higher than 2 wt. 

% enhances hardness. Higher hardness values 

correlate with diminishing of ductility.  

Another important feature is Poisson’s ratio which is 

defined as the ratio of transverse and longitudinal 

strains. Poisson’s ratio value of metals and alloys are 

commonly between 0.25- 0.42 [17]. Poisson’s ratio (ν) 

value higher than 0.26 is believed as ductile otherwise 

brittle. It is comprehended from Figure 5 (d) that ν 

values are smaller than 0.26 when Nb concentration 

is higher than 2 wt. % which is consistent with 

ductility results explained above.  
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Figure 5. a) Universal anisotropy b) Pugh (B/G) Ratio 
c)Hardness d)Poisson’s ratio values of Ti-(44-x)Al-
5Zr-xNb alloys 

 
Conclusions. Structural, elastic and mechanical 

properties of Ti-(44-x)Al-5Zr-xNb alloys have been 

investigated by DFT. We can summarize following 

results;  

1- Ti-(44-x)Al-5Zr-xNb alloys are 

mechanically stable.  

2- When Nb doping is higher than 1 wt.%, the 

alloys show brittle behavior  

3- We have also computed other mechanical 

properties of -(44-x)Al-5Zr-xNb alloys. It is 

explored that more than 2 wt. % Nb addition 

has improved shear and young moduli values.  
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Abstract. Based on the results of the work done, it was determined that the inhibitory composition based on graphene 

oxide and chitosan provides anti-corrosion protection for St3 grade steel operated in an acidic environment, following the 

example of sea water. Gravimetric experiments were carried out according to standard procedures. Three parallel 

experiments were carried out, and for greater accuracy, an average value was taken to calculate the corrosion rate. 

The best results were obtained with the concentration of the composite mixture Graphene Oxide/Chitosan (GO/Chs) = 0.5/5. 

This is explained by the presence of large amounts of functional groups containing nitrogen and oxygen atoms. 

 

Key words: graphene oxide, chitosan, corrosion, industry. 

Introduction. Currently, the chemical industry 

suffers global losses from plant shutdowns and 

process shutdowns. It can be seen from the 

literature that when using corrosion inhibitors for 

low-carbon steel in an environment of nitrogen-

containing organic substances, the floor. In the 

present study, we studied the effect of chitosan on 

mild steel corrosion inhibition in a duplicated 

marine environment. Most of the organic corrosion 

inhibitors used today, for example, based on 

alkenylphenols, are not biodegradable, that is, they 

are not biodegradable and toxic to fauna and flora, 
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which is one of the main problems of the industry 

[1]. Since all over the world, all scientists are striving 

to develop biodegradable corrosion inhibitors, that 

is, related to "green chemistry", which implies their 

complete biodegradation without harm to the 

environment. Also, today they play a major role in 

the development of new ecological strategies and 

ecological approach [2]. 

One of the most common biodegradable materials 

is chitosan, which is derived from chitin and is 

natural in nature [2-4]. 

As you know, one of the newest materials that is 

taken into account all over the world is graphene 

oxide, it has a layered multilayer structure, which 

allows it to be used in all branches of science and is 

a good synthon for syntheses and structuring. 

So today, graphene oxide is used to purify water and 

to create supramolecular ensembles for their use in 

the medical sector. The latest sensors based on 

graphene oxide and graphene are also being 

developed. It is known about antibacterial 

properties and functionalization of graphene oxide 

with organic molecules [6]. 

We have studied the combined use of graphene 

oxide with chitosan as a corrosion inhibitor. 

Graphene oxide (GO) has a very complex chemical 

composition, Figure 1. It contains various functional 

groups such as carboxyl, hydroxyl, ketone, aldehyde 

in varying amounts depending on the oxidative 

process. Considering all the positive factors and the 

layered structure of graphene oxide, we decided to 

test its effect as a corrosion inhibitor together with 

chitosan [5]. 

 

 

 

 

 

 

 Figure 1. The structure of the surface layer of 
graphene oxide 

 

Experimental part. Evaluation of the effectiveness 

of the inhibitory composition based on chitosan 

with graphene oxide is carried out on samples of 

stainless-steel grade St3, the data are presented in 

table 1. 

Experimental gravimetric tests were carried out in a 

reaction beaker for corrosion testing with stirring at 

800 rpm and a temperature of 80 degrees Celsius. 

Each calculated composition was used three times 

to avoid errors and the result was taken, which was 

reliably repeated in all three experiments, the 

duration of the tests was 24 hours, the temperature 

was 80°C. 

Due to the simplicity and reliability of the 

gravimetric (weight loss) method, it is used to assess 

the effectiveness of inhibition of inhibitors. 

Gravimetric experiments were carried out according 

to standard procedure. For a significant accuracy in 

calculating the corrosion rate, three parallel 

experiments were carried out and the average value 

was taken. 

Corrosion rate calculation equation: 

𝐶𝑅 =
𝑊

𝐴𝑡
 

Where an is the total area of one mild steel sample, 

t is the immersion period, and w is the average 

weight loss of mild steel samples collected in three 
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parallel tests (3 h). The following formulae were 

used to determine the inhibition efficiency (%) and 

surface coverage area based on the calculated 

corrosion rate: 

𝜂% =
𝐶𝑅 − 𝐶𝑅(𝑖)

𝐶𝑅
∗ 100 

𝜃 =
𝐶𝑅 − 𝐶𝑅(𝑖)

𝐶𝑅
 

Where 𝐶𝑅 and 𝐶𝑅(𝑖) are the corrosion rates (mg cm–

2 h–1) of mild steel in the absence and presence of 

inhibitors, respectively. 

Table 1. Results of corrosion rate and protective effect 

Composition of 
inhibiting 

composites by 
examples 

Stainless-steel St3 

Corrosion 
rate 

mm/year 

Protective 
effect, % 

GO/Chs = 0.5/5 0,0002 99.7 

GO/Chs = 0.5/1 0,0031 97,9 

GO/Chs = 0.5/0.5 0,0043 96,7 

GO/Chs = 0.4/5 0,0032 97,1 

GO/Chs = 0.4/1 0,0041 97.0 

GO/Chs = 0.4/0.5 0,0031 96,5 

GO/Chs = 0.3/5 0,0055 91.1 

GO/Chs = 0.3/1 0.0063 90.2 

GO/Chs = 0.3/0.5 0.0073 88.7 

 

Result and discussion. According to the results of 

the work done, our inhibitory composition based on 

graphene oxide and chitosan provides anti-

corrosion protection St3, which is an integral part 

and layout in a variety of technological equipment 

operated in an acidic environment, following the 

example of sea water. The obtained positive result 

is explained by the fact that chitosan has in its 

composition hydroxyl and amino groups rich in 

electrons, also, in turn, graphene oxide has a 

functional group containing an oxygen atom and 

due to which coordination bonds with the metal 

surface can be formed since there are free electron 

pairs of electrons.  

Conclusion. We have determined that the 
composition based on graphene oxide and chitosan 
exhibits good anti-corrosion protection of steel 
grade St3 in an environment close to that of sea 
water. The experimental part includes three 
experiments carried out for each concentration and 
the final result was taken as an average value. A 
composite mixture of graphene oxide/chitosan 
(GO/Chs) with a concentration of = 0.5/5 showed 
the best result. 
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Abstract. Composite materials Graphene Oxide/Chitosan (GO/Chs) and single-walled carbon nanotubes/chitosan 
(SwCNt/Chs) were used in the work carried out to purify the water of the Caspian Sea. In our study, the optimal 
conditions for obtaining graphene oxide by a new method were established, that is, to obtain a more functionalized 
graphene oxide, and the presence of nanolayers was confirmed by TEM results. Thus, the mechanism of formation 
and interaction of the composite mixture is shown. As a result of the experiments, we proved that GO/Chs purifies 
water better than SwCNt/Chs when using GO/Chs and SwCNt/Chs composite materials, and this is due to the layered 
structure of graphene oxide. 
Key words: membrane, graphene oxide, chitosan, single-walled carbon nanotubes, water purification 

 

Introduction. Studies of chitosan are carried out 

all over the world, and up to 70 areas of its 

practical application are currently known. The 

most important of them are directions [1] in the 

food industry, necessary for the production of 

dietary food, radionuclide purification of the 

body, simple and multicomponent supplements, 

in medicine and pharmaceuticals. To date, the 

protective properties of chitosan films in 

combination with others are known to protect 

apples, oranges, strawberries, blackberries, 

peaches, tomatoes, peppers, and chitosan 

coating causes some morphological structural 

changes in pathogens. Chitosan also belongs to 

the class of fibers that are not digested by the 

human body [2,3], which allows them to be used 

for weight loss and form a highly viscous solution 

in the acidic environment of the stomach. 

Chitosan is a good reagent for increasing the 

digestibility and effectiveness of hard-to-digest 

medicinal substances. 

 

 Chitosan is used in dentistry and for problems of 

the gastrointestinal tract, for cardiovascular 

diseases. In agriculture, chitosan is an 

indispensable reagent for obtaining a richer 

harvest, as it is a biostimulant that increases the 

yield of vegetables. Today, chitosan plays the 

main role in the field of biotechnology and 

ecology [4,5], since it is a biocompatible polymer 

of a natural nature; the use of chitosan in the 

sorption of heavy metals and radionuclides gives 

very good results. 

 

Also, one should not forget about 

biodegradability, good adhesion and non-

toxicity. Chitosan contains electron-rich hydroxyl 

and amino groups, the electron pairs of which 

form strong coordination bonds with the metal 

surface. This allows them to act as corrosion 

inhibitors [6].  
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Some researchers have described the effect of 

chitosan and its derivatives against the corrosion 

of metals in an acidic environment [6–8]. 

 

Today, the state of water resources and the 

oceans on our planet has deteriorated, and this 

problem plays a very important role in the future 

development and growth of life on the planet. 

Due to the fact that a large amount of oil refining 

waste and oil, oil products and other materials 

enter the rivers and seas. We must not forget 

that today the main sources of environmental 

pollution are industrial enterprises, without 

which it is impossible to imagine our world, 

thermal power plants for mankind and everyday 

life. With the development of science around the 

world, the application of nanotechnology has 

begun to solve the problem of sewage and sea 

treatment.  

 

Various nano-structured membranes and 

complex compounds for the purification process, 

where an economic and environmental 

improvement of the process is achieved. 

Graphene oxide has a very complex structure 

[7,8]. It contains effective groups such as 

carboxyl, hydroxyl and alkyl groups, but despite 

all this, there is no formula. Carbon nanotubes 

each have a different effect on water treatment, 

and graphene oxide is the most suitable among 

them. Graphene retains the properties of carbon 

nanotubes and graphene oxide, it can be seen 

that graphene oxide has more functional groups. 

 

Experimental part. 

 

Materials: Distilled water, filter paper, spatula, 

250 ml chemical beaker, ice bath, sodium 

chloride (NaCl), sodium nitrate (NaNO3), 

potassium permanganate (KmnO4), sulfuric acid 

(H2SO4), H2O2 - 30%. 

 

Structure Characteristics: IR-Fourier 

spectrometer. FTIR spectra were recorded on a 

Varian 3600 spectrometer with KBr particles. At 

room temperature, the spectrum was recorded 

in the range 4000–400 cm–1. TEM analysis of 

nanoparticles was performed on a Field Emission 

SEM JEOL JSM-7600F instrument with an 

increased voltage of 15 kV. 

 

Synthesis of graphene oxide: There are various 

methods for synthesizing GO nanoparticles in 

the laboratory. The most commonly used 

methods are the Hammer method, a modified 

and improved Hammer method by applying 

The production of membranes using graphene 

and carbon nanotubes is more expensive and 

takes a long time to synthesize. Graphene is 

mainly produced by the reduction of GO in the 

presence of hydrazine. In this case, we get 

graphene with a lower C/O ratio and a lower 

quality of layer functionality compared to GO 

[9,10]. Graphite is coated with sodium nitrate 

and sulfuric acid, then oxidized with potassium 

permanganate and hydrogen peroxide. The goal 

of oxidation is to create more functional groups 

that help attract ions. 

 

Water purification method: A GO/Chs, 

SwCNt/Chs membrane is packed onto the 

Shottan filter and polluted water is filtered 

through it. The synthesized compositions were 

carried out on 10 samples to study the ability to 

purify water in the laboratory. 

 

Result and discussion. By analyzing the 

graphene oxide nanoparticles, we obtained, we 

can see in the TEM and FTIR images that the 

obtained GO is suitable for creating a membrane 

that allows you to create a thin film layer and get 

results with chitosan for our water treatment. 
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The resulting GO/Chs composite showed a good 

result in the process of water purification. Hydroxyl 

and amine groups are controlled by chitosan 

electrons, since chitosan has an amino group and 

hydroxyl groups, and their influence has found its 

place. As can be seen from the results of TEM and 

XRD, the graphene oxide synthesized by us is a single 

layer and has good functionality. 

 

 
Figure. 1. TEM image of graphene oxide 

 

 
Figure. 2. FTIR analysis of graphene oxide nanoparticles 

 

Conclusion. Based on the results of our work, we 

can conclude that mechanical mixing of graphene 

oxide and chitosan to obtain new membranes for 

water purification is a good composite material. 

Graphene oxide, synthesized with the largest 

number of functional groups, gives the best result 

for water purification. The use of carbon nanotubes 

does not provide good results because there are no  

functional groups on the surface of carbon 

nanotubes. 
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Abstract.  Due to the rapid developments in technology in recent years, the number of materials that are constantly used 
in daily life and that work with energy is increasing, and this causes the need for energy to rise day by day. The most suitable 
material to meet this need is batteries and similar systems. Moreover, the most suitable raw material for energy storage as 
a battery is biomass-based carbonized material (carbonized biomass, activated carbon, carbon black, graphene, hard 
carbon, etc.). Biomass, which is the only raw material of such materials, is one of the most abundant renewable energy 
sources in various wastes (agricultural, forest, urban) and organic material such as plants and trees sources. It is mainly 
composed of lignin, cellulose and hemicellulose, with minor amounts of protein, ash and pectin, and also has a carbon 
content that can 60% (in dry form). Thanks to these properties, biomass is one of the most popular raw materials for carbon 
production. Recently, a great attention has been paid to studies of carbonaceous materials derived from biomass, which 
can be an to graphite, and it is a field that has been studied extensively in the current literature to be used for energy storage 
in supercapacitors, sodium-ion, lithium-ion and potassium-ion batteries. In general, carbonaceous materials are produced 
from biomass by applying different methods such as carbonization, activation and surface modification. In this study, 
obtaining hard carbon (HC) from biomass, which is a very current topic in recent years, has been studied to be used in the 
field of energy storage. As a result, biomass-based hard carbon is considered a promising alternative in energy storage 
systems due to its low cost and environmentally friendly properties. It also provides a great advantage in terms of large-
scale production and commercialization.  
 
Keywords: Energy storage, hard carbon, biomass. 
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1. Introduction  

Population growth and rapid developments in 

technology have increased the need for energy. In 

order to meet this increasing energy need, countries 

have increased their consumption of fossil fuels 

including oil, natural gas and coal day by day with 

the effect of worldwide economic expansion [1, 2]. 

It is estimated by researchers that the energy 

consumed worldwide will nearly double in 2050 [3]. 

Providing a large part of the energy supply from 

fossil fuels has brought along many problems. The 

decrease in fossil fuel resources and the damage 

caused by the fossil fuels used are the most 

important of these problems. In order to prevent 

these problems, researchers have focused their 

studies on new, clean and environmentally friendly 

energy sources that can meet the energy supply. 

Energy production from renewable sources, 

conversion and storage of the produced energy 

have become very valuable [4-7]. 

Researchers have focused on green, high efficiency 

and renewable energy studies as well as energy 

storage technologies. Among these energy storage 
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systems, electrochemical energy storage systems 

such as lithium ion batteries (LIBs), sodium ion 

batteries (SIBs), potassium ion batteries (KIBs), 

capacitors, supercapacitors have become popular 

and interesting study subjects with high potential [8, 

9]. 

Today, lithium-ion batteries, which occupy an 

important place among energy storage systems, are 

widely used due to their high energy density, long 

cycle life and high electrochemical performance 

[10]. However, reasons such as the decrease in 

lithium resources in the world and the increase in 

costs have increased the efforts to develop 

alternative energy storage systems to lithium-ion 

batteries [11]. Sodium, which has almost similar 

physical and chemical properties with lithium, is 

used in studies. The high sodium reserves, the 

absence of supply problems and the low cost have 

made sodium a promising candidate as an 

alternative to lithium in energy storage systems [12, 

13]. 

From the literature studies, it is seen that various 

anode materials are used and their performances 

are compared for the development and better 

performance of sodium ion batteries. When the 

studies are examined, it is seen that carbon-based 

materials [14-16], ti-based oxides [17], alloys [18] 

and some organic compounds [19] have been used 

as anode materials for sodium ion batteries. The fact 

that sodium ion batteries produced by using these 

anode materials cause problems such as low energy 

efficiency and structure instability has accelerated 

the search for anode materials. 

Researchers have revealed that hard carbon (HC), 

which has an amorphous structure unlike graphite, 

has a high potential to be used as anode material in 

sodium ion batteries. In this context, instead of 

expensive inorganic materials for the synthesis of 

hard carbon, the use of biomass-based materials 

with abundant resources has increased. 

Many different natural biomass sources have been 

used to obtain the hard carbons used. Corn stalks 

[20], sorghum stalks [21], pinecone [22], 

mangosteen [23], argan shell [24], rice husk [25], 

dandelion [26], corn straw piths [27], ramie fiber 

[28] ], cotton [29], kelp [30], and coconut endocarp 

[31] were carbonized at different temperatures. 

Hard carbons with different morphological 

structures were obtained by the carbonization 

process. It has been revealed by researchers that 

the specific capacity of hard carbons is directly 

related to the temperature at which they are 

exposed to carbonization [32]. 

Potassium ion batteries, developed as an alternative 

to lithium-ion batteries, are one of the energy 

storage systems that researchers concentrate on 

[33]. Many anode materials are used in potassium 

ion batteries, just as in sodium ion batteries [34,35]. 

Recently, the use of hard carbons synthesized from 

different biomass sources at different temperatures 

as anode material in potassium ion batteries has 

increased. It has been observed that the amorphous 

structures of the hard carbons used increase the 

potassium ion storage capacity [36]. 

Hard carbon synthesized from biomass sources has 

also been used in other energy storage systems. In 

studies in the field of supercapacitors, it has been 

seen that biomass-derived hard carbon is used quite 

a lot. In the studies, easily synthesized, high 

performance and low cost biomass sources are 

used. Corn cob, banana stems are among the 

biomass sources used as anode material [37]. 

2. Methodology 

In this study, a literature review was conducted 

using databases such as Web of Science and Scopus. 

Numerous studies over the last decade on the use 

of biomass-based hard carbon in energy storage 

systems have been collected and then summarized 

and analyzed. It is aimed to increase research 

studies on the subject by analyzing and researching 

current studies. All literature used in the study was 

given in the references section. 

3. Applications of biomass-derived hard carbon in 

energy storage systems 
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3.1. Applications of biomass-derived hard carbon 

in lithium-ion batteries 

It has been proven by researchers that hard carbon 

electrochemically provides promising performance 

in alkali metal ion batteries [38]. The specific 

capacity of HC in LIBs can reach ≈1000 mAh g−1. This 

capacity value is about 3 times higher than graphite. 

Also, speed performances of HC are better than 

graphite due to the amorphous nature of the 

structure [39]. In Table 1, the capacity values   

Table 1. Applications of hard carbon in Lithium-ion battery [40] 

Material Precursor  Synthesis Performance [mAh g-1]  
[rate, cycles] 

HC1  Biomass (cotton) Pyrolysis 800 ºC 248 [300 mAh g-1, 200] 

HC2 Biomass (eucalytus trees) Pyrolysis 1000 ºC N/A 

P- doped HC Biomass (leaves) Pyrolysis 500 ºC 190 [500 mAh g-1, 1000] 

N-doped HC Biomass (nanoshells)   Pyrolysis 850 ºC 723 [100 mAh g-1, 200] 

HC: Hard Carbon 

 

 

Figure 1. Hard karbon XRD pattern for lithium ion 

battery [41] 

3.2. Applications of biomass based hard carbon in 

Na-ion batteries 

In sodium ion batteries, which is another class of 

alkali metal ion batteries, biomass-sourced hard 

carbon is widely used as the anode material. In Table 

2, the capacity values achieved by applying HCs 

produced from biomass to sodium ion batteries at 

different pyrolysis temperatures and in different 

forms were given. Fig. 2 shows the XRD of hard 

carbon obtained from Phenolic Resin at different 

temperatures, based on the study performed by 

Kamiyama et.al.(2020). 

 

 

Table 2. Applications of hard carbon in sodium-ion battery of [40] 

 

Material Precursor  Synthesis Performance [mAh g-1]  
[rate, cycles] 

HC1  Biomass (shaddock peel) Pyrolysis 1200 ºC 352 [50 mAh g-1, 200] 

HC2 Biomass Pyrolysis 1300 ºC 287 [200 mAh g-1, 1000] 
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HC3 Biomass  Pyrolysis 1400 ºC 333 [33 mAh g-1, 100] 

HC4 Biomass   Pyrolysis 1600 ºC 290 [30 mAh g-1, 100] 

3.3. Applications of biomass based hard carbon in 

K- ion batteries 

Studies on potassium ion batteries, which are 

another class of alkali metal batteries considered as 

an alternative to lithium-ion batteries, have begun 

to increase today. Many anode materials have been 

used in studies to improve the performance of 

potassium ion batteries. Hard carbon obtained by 

using biomass sources such as cotton [43], loofah 

[44], chitin [45], bamboo [46] has been applied in 

the field of potassium ion batteries as the anode 

material. In Table 3, two hard carbon results applied 

as biomass sourced anode material for potassium 

ion batteries were given and XRD pattern of hard 

carbon produced from biomass in   potassium-ion 

battery  can be seen in Fig.3.

 

Table 3. Applications of hard carbon in potassium-ion battery [40, 42] 

 

 

Figure 2. Hard karbon XRD pattern sodium-ion battery  

[42] 

 

 

Figure 3. Hard karbon XRD pattern for potassium-ion 

battery [41] 

Material Precursor  Synthesis Performance [mAh g-1]  
[rate, cycles] 

HC1  Biomass (phenolic resin) Pyrolysis 1500 ºC 336 [50 mAh g-1, 100] 

HC2 Biomass Pyrolysis 1200 ºC 221 [100 mAh g-1, 150] 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

 
 

 

70 
 

 

 Figure 4. Applications of hard carbon in supercapacitor 

[37] 

3.4. Applications of biomass based hard carbon in 

supercapacitor  

In recent years, it is seen that the importance given 

to the biomass source has increased in the field of 

supercapacitors, as in other energy storage systems. 

When the studies are examined, it is seen that the 

researchers turn to products containing high 

amounts of cellulose and hemicellulose, such as 

corn cob and banana stems. These biomass 

resources have attracted the attention of 

researchers because they are cost-effective, 

agricultural by-products and easy to supply. These 

studies also show promise in the use of natural 

carbon-based materials as a substitute for other 

materials for energy storage systems [37]. 

The capitance value obtained from hard carbon 

activated with KOH applied in the supercapacitor 

area was shown in Fig. 4. 

 

 

4. Conclusion 

In this study, application of biomass-derived hard 

carbon was investigated in energy storage systems. 

Considering many parameters such as cost, supply 

and efficiency, it has been determined that hard 

carbon synthesized from biomass sources gives 

successful results when used as an anode material 

and is an open field for improvement.
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Abstract. Today, number of portable electronic devices, communication devices, computer memory systems, medical 
devices, electric hybrid vehicles and sensors are constantly increasing. This situation causes the need energy storage 
systems which are high-tech devices. From this study, it is concluded that by converting biomass wastes into high-
performance value-added carbon materials and using them in high-tech new generation energy storage systems, problems 
related to fossil fuels and cost of electrode material required for sustainable energy technology will decrease significantly. 
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1. Introduction 
 
Today, rapid industrialization, increasing trade, 
population and demands cause a rapid increase in 
consumption, and the need for energy is gradually 
increasing [1], [2]. With the beginning of 
industrialization, fossil fuels have been used as the 
basic resource in the world. Nevertheless,  
consumption of fossil resources causes 
environmental pollution and disrupts the structure of 
nature. Besides the negative effects of fossil 
resources on the environment, reserve amounts of 

the  fossil resources are limited and their formation 
takes a long time. Negotiations and agreements are 
made in the international arena to solve these 
problems. With the Paris Agreement (2015) [3], it is 
aimed to keep global warming to no more than 1.5 °C 
and lower carbon emissions to zero by 2050. In 
addition, due to the growing energy crisis and 
environmental problems of fossil resources, there is a 
great interest in clean renewable energy 
technologies, which are obtained by sustainable 
methods. In this context, it is foreseen that all 
vehicles in the European Union countries will consist 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 

74 
 

 

of electric vehicles until 2030. Our country has 
accepted this prediction until 2050. Other countries, 
especially Japan, attach great importance to the 
production and expansion of electric vehicle use. 
Although there is no problem in terms of vehicle 
production technologies in this transition, the most 
important problem is the necessity of long and 
sustainable energy storage systems.  
 

Energy storage systems reduce the dependence on 
fossil fuels and the ratio between energy supply 
and demand, and therefore stability in the grids is 
ensured. As a result of the development and 
innnovation of electronic technology, hybrid 
vehicles and electronic equipments such as laptops 
and mobile phones have been widely used. 
Rechargeable batteries (lithium-ion, sodium-ion, 
potassium-ion), supercapacitors, metal-air 
batteries, fuel cells are among the promising 
energy storage devices [2], [4], [5]. 
 
Carbon is one of the versatile elements found in 
nature in different allotropic forms such as 
amorphous carbon, graphite, and diamond. Carbon 
materials are used in many fields as electrodes for 
batteries and fuel cells, adsorbent and catalyst 
supports for water treatment. 
 
Carbonaceous materials are considered as promising 
materials in energy storage and attract great 
attention by researchers [6]. Particularly, recently, 
carbon nanotube, fullerene and graphene that are 
the new carbon materials have been a focus area due 
to their suitable chemical structures and high 
electrochemical performances [2], [5]. However, 
these materials are produced from fossil sources and 
synthesized by methods that require quite a lot of 
energy [1]. In this respect, fossil resources are finite 
materials and can be both costly and environmentally 
harmful. Therefore, production of cheap, 
environmentally friendly and sustainable carbon 
materials is critical. 
 
Electrochemical renewable energy technologies 
which can be seen in Fig.1  are considered as an 
alternative to address the challenges caused by fossil 
fuel. On the other hand, with the decrease in 
population density in rural areas due to the 
development of technology and industrialization, the 
amount of biomass is gradually increasing and 
approximately 130 billion tons of biomass waste is 
generated annually [7], [8]. The low utilization of this 

large amount of biomass is still a serious problem. In 
addition, the carbon composition in the biomass 
content can be about 45-50% (as dry) that indicates 
that biomass is a carbon-rich raw material [4], [5]. 
Hence, utililization of carbon materials formed by 
biomass precursors that are renewable, sustainable, 
abundant and clean in next-generation energy 
storage systems is critical both in solving the energy 
crisis and in preventing environmental damage. 
 
Fig. 1 shows the synthesis of carbon material from  
biomass by various techniques and next generation 
energy storage systems where it can be used. 
 
In the study, state of art biomass derived carbon 
materials and their application in next generation 
energy storage systems were presented. To this end, 
many studies have been cited and evaluated in order 
to better understand the process of having superior 
properties. 
 
2. Methodology 
 
As a methodology, a literature review was carried out 
based on various data sets such as web of science and 
scopus. Since the subject of adapting carbonaceous 
materials obtained from biomass to new generation 
energy storage systems is quite up-to-date, the 
studies carried out especially in the last five years 
have been taken into consideration and extensive 
data from the raw material sources used to the 
production methods have been summarized and 
analyzed. In this context, many studies are cited and 
all relevant literature is listed in the reference section. 
 
3. Biomass sources 
 
Biomass is the organic matter mostly formed by the 
photosynthesis process necessary for the 
development and metabolic activities of plants. 
Biomass is the most common resource, particularly in 
developing countries.   
 
Any organic matter derived by the process of 
photosynthesis is considered as biomass. Biomass 
resources are renewable energy sources and can be 
expressed as raw materials that can be used directly 
in energy production and transformed into products 
with high added value. Biomass resources are also 
generally plant or plant-based, unlike fossil resources, 
are readily available in nature and are formed by the 
function of photosynthesis through carbon dioxide 
and water. Since the carbon in the biomass is taken 
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as carbon dioxide (CO2) from the atmosphere through 
photosynthesis by plants, there is no additional CO2 

release to the atmosphere that occurs in fossil fuels 
when they are used [9].  
 
Biomass sources consist of a wide variety of plant and 
animal materials. Biomass sources such as plant-
based wastes (shrubs, algae, trees, crops), animal-
based wastes (sewage, algae), urban and industrial 
wastes constitute sources which can be employed in 
energy production [9]. The resources are important 
energy precursors for both the world and our 
country, as they contribute to the protection of the 
environment and can be employed in energy 
production, as well as being easily cultivated and 
having a positive impact on socio-economic life, 
particularly in rural areas.  
 
In addition to being chemically rich in carbon, 
biomass contains hydrogen, oxygen and nitrogen. 
Classification of biomass raw materials can be seen in 
Fig. 1. 
 
4. Synthesis methods 
 
Various conversion methods are used for the use of 
biomass and other organic wastes for energy 
purposes. In the case of using pre-treated wastes as 
electricity, heat and light needs, the technologies 
applied are grouped into three main groups. These 
are thermochemical transformation, physico-
chemical transformation and biochemical 
transformation. Today, most of the wastes used for 
energy purposes are converted into heat and 
electricity by thermochemical method. 
 
Recently, important researches related to production 
of carbon materials, energy and fuel have been 
carried out by applying thermochemical conversion 
methods to biomass. 
 
Activation, hydrothermal carbonization and template 
methods are generally used for production biomass 
derived carbon. These three methods were 
summarized below. 
 
4.1. Activation 
 
Activated carbon is an artificial material that can be 
used in many applications from adsorbent to 
electrode material in energy storage. By improving 
the pore structure of this artificial material, its 
performance in these applications can be increased 

and new application areas that can be used can be 
discovered. One of the most effective methods for 
this purpose is the activation process. The activated 
carbon is basically synthesized by physical and 
chemical methods [2].  
 
4.1.1. Physical activation 
 
The physical activation process also takes place in two 
stages. These are carbonization (pyrolysis) and/or 
activation processes [10]. 
 
In the first stage, also known as carbonization, 
pyrolysis is first applied to the precursor material at 
medium temperature and in an inert atmosphere. 
Subsequently, the obtained carbonized product 
(char) is activated in the presence of various 
activating agents (CO2 and steam) in order to obtain 
more porosity [1]. 
 
Spesific surface area (SSA) and porosity of the product 
obtained are increased by the oxidizing gas used in 
physical activation by binding the functional groups 
to itself and removing these groups from the 
carbonaceous structure. The physical activation 
process, which usually takes place endothermically, 
varies according to the activation rate, activation 
temperature and activation materials. 
 
4.1.2. Chemical activation 
 
H3PO4, ZnCl2, K2CO3 KOH, ve H2SO4 are among the 
chemicals used to provide activation in chemical 
activation. kullanılan kimyasallar arasındadır [1], [6], 
[10]. Among them, KOH is the most widely used 
activating chemical due to its low activation 
temperature and high efficiency. These chemicals 
used affect the pore structure of the product and 
provide the formation of micropores.  
 
Parameters such as the chemical substance used in 
the chemical activation method, the raw material, the 
rate of absorption of the chemical into the raw 
material, the applied carbonization and activation 
temperatures affect the product considerably. 
 
Compared to physical activation, this form of 
activation has some advantages. These advantages 
are low activation temperature, shorter process 
time and high surface area. 
 
 
 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 

76 
 

 

4.2. Hydrothermal carbonization 
 
Hydrothermal carbonization is an environmentally 
friendly, low-temperature thermochemical process 
that can convert organic materials into value-added 
products [11]. With the hydrothermal carbonization 
process, carbon materials posseses high SSA can be 
obtained by various biomass precursors. For instance, 
Wang et al., (2022) [12] achieved a high Brunauer-
Emmett-Teller (BET) surface area (2645.8 m2/g) from 
egg white. 
 

Hydrothermal carbonization method in carbon 
production is considered as an alternative to physical 
and chemical activation methods due to its low cost, 
environmental friendliness and easy applicability 
[13].  However, compared to these methods, the SSA 
and porosity of the product obtained by 
hydrothermal carbonization method are lower. 

 
4.3. Template method 
 
 This method is preferred in order to adjust the 
porosity of carbon derived from biomass. It is 
basically divided as hard template and soft template 
[2].  
 
The practices of carbon from biomass for batteries of 
Li-ion, Na-ion and K-ion, supercapacitor, Li-S 
batteries, water splitting, fuel cells and microbial fuel 
cells were listed in Table 1-9, respectively. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Diagram of biomass-based carbon in next generation energy storage systems and classification of biomass 
resources (Derived from [9] and [4].

Table 1. Practices of carbon formed by biomass resources in Li-ion batteries  

Source Sample Method BET surface 

area (m2/g) 

Electrolyte Reversible  

capacity 

(mAh/g) 

Current 

density 

(A/g) 

Ref

. 
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Table 1- (continued) 

 

 

 

 

Table 2. Practices of carbon formed by biomass resources in Na-ion batteries 
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Source Sample Method BET 

surface 

area 

(m2/g) 

Electrolyte Reversible  

capacity 

(mAh/g) 

Current 

density 

(A/g) 

Ref. 

  

 

 

 

 

Table 2 (continued)   
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Table 3. Practices of carbon formed by biomass resources in K-ion batteries 

Source Sample Method BET 

surface 

area 

(m2/g) 

Electrolyte Reversible  

capacity 

(mAh/g) 

Current 

density 

(A/g) 

Ref

. 

  

 

 

 

Table 4. Practices of carbon formed by biomass resources in supercapacitor 

Source Sample Method BET 

surface 

area (m2/g) 

Electrolyte Highest 

specific 

capacitance  

Current 

density 

Ref. 
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Table 4 (continued)   

  

 

 Table 5. Practices of carbon formed by biomass resources in Li-S batteries 

Source Sample Method BET surface 

area (m2/g) 

Specific 

capacity  

Electrolyte Ref. 

 

 

 

Table 6.  Practices of carbon formed by biomass resources for metal-air battery 

Source Sample Method BET 

(m2/g) 

Electrolyte Onset 

Potential (V) 

Current density 

(mA cm −2) 

Ref. 

  

 

Table 7. Summary of the practices of carbon formed by biomass resources in water splitting 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 

83 
 

 

Source Sample Method Solution Current 

density 

OER HER Ref. 

  

 

OER: Oxygen evolution reaction, HER: Hydrogen evolution reaction 

Table 8. Practices of carbon formed by biomass resources in fuel cell 

Source Method BET (m2/g) Electrolyte Onset potential (V) Ref. 

Okara Pyrolysis 516.5 0.1M KOH 0.975 vs. RHE [59] 

 

Waste 

leather 

Pyrolysis 2100 0.5M KOH 0.905 vs. RHE [60] 

 

Table 9. Practices of carbon formed by biomass resources in microbial fuel cell 

Source Sample Method BET (m2/g) Onset potential (V) Power density Ref. 

Egg heteroatom-

doped carbon 

nanosheets 

(EGC1-10-2) 

g-C3N4  

Template 

382.6230 + 0.257 V vs. Ag/AgCl 737.1 mW m-2  [61] 

 
 

 
 

(a) (b) 
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Figure 2. Surface area and capacity relationship of carbon material derived from biomass, battery Li-ion (a), Na-ion 

(b), K-ion (c) and supercapacitor (d).  

 

From Fig. 3, it is seen that SSAs of materials obtained 

from various biomass sources for lithium-ion 

batteries can vary from 69.6 to 2096 (m2/g). SSAs 

varying from 2.6 to 1272 (m2/g) were obtained for Na-

ion batteries. Surface areas for the K-ion battery 

ranged from 27.9 to 856 (m2/g). Unlike batteries, it is 

seen that higher surface area carbon from biomass 

are obtained in supercapacitors. A surface area of 

45.73 to 2645.8 (m2/g) was obtained for the 

supercapacitor. 

In the literature, it is seen that the capacity of energy 

storage devices is directly associated with the SSA of 

the developed electrode material. Capacitance values 

corresponding to surface areas were plotted to reveal 

that the capacity of carbon formed by biomass is not 

only dependent on surface area. Results were given 

in Fig. 2 for batteries of Li-ion, Na-ion and K-ion and 

supercapacitors, respectively. From the figure, it is 

seen that the developed carbon material has no 

direct correlation on the obtained capacities that is 

also in line with the study carried out by Escobar et 

al., (2020) [62]. It is believed that the performance of 

the material based on many combined parameters 

such as pore structure, pore distribution, pore size 

and conductivity.

  

  

(c) (d) 

(a) (b) 
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Figure 3. SSAs of carbon materials formed by various biomass sources, battery of Li-ion (a), Na-ion (b), K-ion (c) and 

supercapacitor (d). 

 
5. Conclusions 
 

In this study, applications of carbon produced 
from biomass cheap, renewable, sustainable 
and environmentally friendly in new generation 
energy storage systems has been analyzed. 
From the study, it was determined 
carbonaceous materials can be produced from 
many natural biomass materials and used in high 
performance in next generation energy storage 
systems. In addition, the applied production 
process and selection of raw materials 
significantly affect the chemical structure of the 
final product and its energy storage potential. By 
replacing the carbon materials traditionally used 

in new generation energy storage systems with 
carbonaceous materials derived from biomass, 
it is expected to present a sustainable future and 
provide an advantage to the country's economy. 
Although many studies have been carried out on 
the subject so far, there have been some missing 
aspects. For instance, for future studies, it is 
necessary to determine the optimum 
composition biomass source and optimum 
production method, surface area and capacity to 
obtain carbon with high electrochemical 
performance from biomass. As a result, the 
authors believe that biomass-derived carbon 
could be applied in large-scale mass production 
of energy storage devices in the short term. 

 
 
References  
 
1. Zhu, Z., & Xu, Z. (2020). The rational design of biomass-derived carbon materials towards next-generation energy storage: 
A review. Renewable and Sustainable Energy Reviews, 134, 110308. 
2. Wang, J., Nie, P., Ding, B., Dong, S., Hao, X., Dou, H., & Zhang, X. (2017). Biomass derived carbon for energy storage 
devices. Journal of materials chemistry a, 5(6), 2411-2428. 
3. Jeong, D., Kim, J., Choi, D., & Park, E. (2022). Social networking services as new venue for public perceptions of energy 
issues: The case of Paris agreement. Energy Strategy Reviews, 39, 100758. 
4. M. Zhang, J. Zhang, S. Ran, W. Sun, Z. Zhu,Biomass-Derived Sustainable Carbon Materials in Energy Conversion and 
Storage Applications: Status and Opportunities. A mini review. Electrochemistry Communications, 107283 (2022). 
5. Deng, J., Li, M., & Wang, Y. (2016). Biomass-derived carbon: synthesis and applications in energy storage and conversion. 
Green chemistry, 18(18), 4824-4854. 
6. Du, J., Zhang, Y., Lv, H., & Chen, A. (2021). Silicate-assisted activation of biomass towards N-doped porous carbon sheets 
for supercapacitors. Journal of Alloys and Compounds, 853, 157091. 
7. Shen, F., Xiong, X., Fu, J., Yang, J., Qiu, M., Qi, X., & Tsang, D. C. (2020). Recent advances in mechanochemical production 
of chemicals and carbon materials from sustainable biomass resources. Renewable and Sustainable Energy Reviews, 130, 
109944. 
8. Deng, B., Huang, Q., Zhang, W., Liu, J., Meng, Q., Zhu, Z., ... & Zhang, Y. (2021). Design high performance biomass-derived 
renewable carbon material for electric energy storage system. Journal of Cleaner Production, 309, 127391. 
9. Manasa, P., Sambasivam, S., & Ran, F. (2022). Recent progress on biomass waste derived activated carbon electrode 
materials for supercapacitors applications—A review. Journal of Energy Storage, 54, 105290. 
10. Saini, S., Chand, P., & Joshi, A. (2021). Biomass derived carbon for supercapacitor applications. Journal of Energy Storage, 
39, 102646. 

(c) 

(d) 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 

 

86 
 

 

11. Shen, Y. (2020). A review on hydrothermal carbonization of biomass and plastic wastes to energy products. Biomass and 
Bioenergy, 134, 105479. 
12. Wang, Y. F., Zou, S. J., Hu, W. P., Wu, F. F., Yang, J. X., Cen, Y. Y., ... & Huang, K. J. (2022). Biomass-derived graphene-like 
carbon nanoflakes for advanced supercapacitor and hydrogen evolution reaction. Journal of Alloys and Compounds, 
167176. 
13. Gao, Z., Zhang, Y., Song, N., & Li, X. (2017). Biomass-derived renewable carbon materials for electrochemical energy 
storage. Materials Research Letters, 5(2), 69-88. 
14. Zhu, L., Zhang, Z., Luo, J., Zhang, H., Qu, Y., & Yang, Z. (2021). Self-templated synthesis of hollow hierarchical porous 
olive-like carbon toward universal high-performance alkali (Li, Na, K)-ion storage. Carbon, 174, 317-324. 
15. Zhao, J., Wei, D., Zhang, X., Zhang, S., Zhang, C., & Yang, X. (2022). Biomass-derived hierarchical N, P codoped porous 
3D-carbon framework@ TiO2 hybrids as advanced anode for lithium ion batteries. Journal of Colloid and Interface Science, 
606, 577-587. 
16. Ou, J., Yang, L., & Zhang, Z. (2019). Chrysanthemum derived hierarchically porous nitrogen-doped carbon as high 
performance anode material for Lithium/Sodium ion batteries. Powder Technology, 344, 89-95. 
17. Liu, G., Zhao, Y., Li, J., Zhang, T., Yang, M., Guo, D., ... & Liu, X. (2022). Hierarchical N/O co-doped hard carbon derived 
from waste saccharomyces cerevisiae for lithium storage. Journal of Electroanalytical Chemistry, 911, 116226. 
18. Niu, J., Shao, R., Liang, J., Dou, M., Li, Z., Huang, Y., & Wang, F. (2017). Biomass-derived mesopore-dominant porous 
carbons with large specific surface area and high defect density as high performance electrode materials for Li-ion batteries 
and supercapacitors. Nano energy, 36, 322-330. 
19. Wan, H., & Hu, X. (2019). From biomass-derived wastes (bagasse, wheat straw and shavings) to activated carbon with 
three-dimensional connected architecture and porous structure for Li-ion batteries. Chemical Physics, 521, 108-114. 
20. Graphene-like carbon sheet/Fe3O4 nanocomposites derived from soda papermaking black liquor for high performance 
lithium ion batteries 
21. Wan, H., Shen, X., Jiang, H., Zhang, C., Jiang, K., Chen, T., ... & Chen, Y. (2021). Biomass-derived N/S dual-doped porous 
hard-carbon as high-capacity anodes for lithium/sodium ions batteries. Energy, 231, 121102. 
22. Huang, G., Kong, Q., Yao, W., & Wang, Q. (2022). Poly tannic acid carbon rods as anode materials for high performance 
lithium and sodium ion batteries. Journal of Colloid and Interface Science. 
23. Chen, Y., Wu, Y., Liao, Y., Zhang, Z., Luo, S., Li, L., ... & Qing, Y. (2022). Tuning carbonized wood fiber via sacrificial 
template-assisted hydrothermal synthesis for high-performance lithium/sodium-ion batteries. Journal of Power Sources, 
546, 231993. 
24. Sun, Y., Li, X., Zhang, Y., Li, Y., Zhao, G., & Chen, C. (2022). One-step production of capacitive-dominated carbon anode 
derived from biomass for sodium-ion batteries. Inorganic Chemistry Communications, 144, 109921. 
25. Bhawana, K., Roy, A., Chakrabarty, N., Gautam, M., Dutta, D. P., & Mitra, S. (2022). Sodium-ion batteries: Chemistry of 
biomass derived disordered carbon in carbonate and ether-based electrolytes. Electrochimica Acta, 425, 140744. 
26. Guo, S., Chen, Y., Tong, L., Cao, Y., Jiao, H., & Qiu, X. (2022). Biomass hard carbon of high initial coulombic efficiency for 
sodium-ion batteries: Preparation and application. Electrochimica Acta, 410, 140017. 
27. Zhao, G., Yu, D., Zhang, H., Sun, F., Li, J., Zhu, L., ... & Sun, Y. (2020). Sulphur-doped carbon nanosheets derived from 
biomass as high-performance anode materials for sodium-ion batteries. Nano Energy, 67, 104219. 
28. Hong, K. L., Qie, L., Zeng, R., Yi, Z. Q., Zhang, W., Wang, D., ... & Huang, Y. H. (2014). Biomass derived hard carbon used 
as a high performance anode material for sodium ion batteries. Journal of materials chemistry a, 2(32), 12733-12738. 
29. Dahbi, M., Kiso, M., Kubota, K., Horiba, T., Chafik, T., Hida, K., ... & Komaba, S. (2017). Synthesis of hard carbon from 
argan shells for Na-ion batteries. Journal of Materials Chemistry A, 5(20), 9917-9928. 
30. Wang, H., Chen, H., Chen, C., Li, M., Xie, Y., Zhang, X., ... & Lu, C. (2022). Tea-derived carbon materials as anode for high-
performance sodium ion batteries. Chinese Chemical Letters. 
31. Chen, Y., Wu, Y., Liao, Y., Zhang, Z., Luo, S., Li, L., ... & Qing, Y. (2022). Tuning carbonized wood fiber via sacrificial 
template-assisted hydrothermal synthesis for high-performance lithium/sodium-ion batteries. Journal of Power Sources, 
546, 231993. 
32. Kim, M., Fernando, J. F., Li, Z., Alowasheeir, A., Ashok, A., Xin, R., ... & Li, J. (2022). Ultra-stable sodium ion storage of 
biomass porous carbon derived from sugarcane. Chemical Engineering Journal, 445, 136344. 
33. Su, C., Ru, Q., Gao, Y., Shi, Z., Zheng, M., Chen, F., ... & Wei, L. (2021). Biowaste-sustained MoSe2 composite as an 
efficient anode for sodium/potassium storage applications. Journal of Alloys and Compounds, 850, 156770. 
34. Khan, M., Ahmad, N., Lu, K., Sun, Z., Wei, C., Zheng, X., & Yang, R. (2020). Nitrogen-doped carbon derived from onion 
waste as anode material for high performance sodium-ion battery. Solid State Ionics, 346, 115223. 
35. Ding, J., Zhang, Y., Huang, Y., Wang, X., Sun, Y., Guo, Y., ... & Tang, X. (2021). Sulfur and phosphorus co-doped hard 
carbon derived from oak seeds enabled reversible sodium spheres filling and plating for ultra-stable sodium storage. Journal 
of Alloys and Compounds, 851, 156791. 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 

 

87 
 

 

36. Arie, A. A., Kristianto, H., Demir, E., & Cakan, R. D. (2018). Activated porous carbons derived from the Indonesian snake 
fruit peel as anode materials for sodium ion batteries. Materials Chemistry and Physics, 217, 254-261. 
37. Wu, Z., Wang, L., Huang, J., Zou, J., Chen, S., Cheng, H., ... & Niu, X. (2019). Loofah-derived carbon as an anode material 
for potassium ion and lithium ion batteries. Electrochimica Acta, 306, 446-453. 
38. Xu, L., Wang, Y., Lin, C., Xia, X., Chen, X., Xiong, P., ... & Zeng, L. (2022). Algal residues-engaged formation of novel 
WVO4/V3Se4 hybrid nanostructure with carbon fiber confinement for enhanced long-term cycling stability in 
sodium/potassium storage. Journal of Alloys and Compounds, 892, 162177. 
39. Sun, Y., Zhu, D., Liang, Z., Zhao, Y., Tian, W., Ren, X., ... & Tai, R. (2020). Facile renewable synthesis of nitrogen/oxygen 
co-doped graphene-like carbon nanocages as general lithium-ion and potassium-ion batteries anode. Carbon, 167, 685-695. 
40. Wang, P., Gong, Z., Zhu, K., Ye, K., Yan, J., Yin, J., ... & Cao, D. (2020). Nano-phosphorus supported on biomass carbon by 
gas deposition as negative electrode material for potassium ion batteries. Electrochimica Acta, 362, 137153. 
41. Li, H., Cheng, Z., Zhang, Q., Natan, A., Yang, Y., Cao, D., & Zhu, H. (2018). Bacterial-derived, compressible, and hierarchical 
porous carbon for high-performance potassium-ion batteries. Nano letters, 18(11), 7407-7413. 
42. Cao, W., Zhang, E., Wang, J., Liu, Z., Ge, J., Yu, X., ... & Lu, B. (2019). Potato derived biomass porous carbon as anode for 
potassium ion batteries. Electrochimica Acta, 293, 364-370. 
43. Wang, P., Gong, Z., Wang, D., Hu, R., Ye, K., Gao, Y., ... & Cao, D. (2021). Facile fabrication of F-doped biomass carbon as 
high-performance anode material for potassium-ion batteries. Electrochimica Acta, 389, 138799. 
44. Xi, Y., Xiao, Z., Lv, H., Sun, H., Wang, X., Zhao, Z., ... & An, Q. (2022). Template-assisted synthesis of porous carbon derived 
from biomass for enhanced supercapacitor performance. Diamond and Related Materials, 128, 109219. 
45. Xie, Y., Su, W., Zhang, H., Wang, X., Xiong, D., Chen, L., ... & He, M. (2022). 2, 6-diaminoanthraquinone-functionalized S, 
N-codoped graphitic biomass carbon as advanced electrode materials for supercapacitors. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects, 130102. 
46. Zhang, L., Wang, Y., Yang, S., Zhao, G., Han, L., Li, Y., & Zhu, G. (2022). Biomass-derived S, P, Cl tri-doped porous carbon 
for high-performance supercapacitor. Diamond and Related Materials, 126, 109061. 
 47. Jalalah, M., Rudra, S., Aljafari, B., Irfan, M., Almasabi, S. S., Alsuwian, T., ... & Harraz, F. A. (2022). Novel porous 
heteroatom-doped biomass activated carbon nanoflakes for efficient solid-state symmetric supercapacitor devices. Journal 
of the Taiwan Institute of Chemical Engineers, 132, 104148. 
48. Luo, L., Luo, L., Deng, J., Chen, T., Du, G., Fan, M., & Zhao, W. (2021). High performance supercapacitor electrodes based 
on B/N Co-doped biomass porous carbon materials by KOH activation and hydrothermal treatment. International Journal 
of Hydrogen Energy, 46(63), 31927-31937. 
49. Ma, Y. Z., Guo, Y., Zhou, C., & Wang, C. Y. (2016). Biomass-derived dendritic-like porous carbon aerogels for 
supercapacitors. Electrochimica Acta, 210, 897-904. 
50. He, D., Gao, Y., Wang, Z., Yao, Y., Wu, L., Zhang, J., ... & Wang, M. X. (2021). One-step green fabrication of hierarchically 
porous hollow carbon nanospheres (HCNSs) from raw biomass: Formation mechanisms and supercapacitor applications. 
Journal of Colloid and Interface Science, 581, 238-250. 
51. Subramani, K., Sudhan, N., Karnan, M., & Sathish, M. (2017). Orange peel derived activated carbon for fabrication of 
high‐energy and high‐rate supercapacitors. ChemistrySelect, 2(35), 11384-11392. 
52. Xiao, Z., Chen, W., Liu, K., Cui, P., & Zhan, D. (2018). Porous biomass carbon derived from peanut shells as electrode 
materials with enhanced electrochemical performance for supercapacitors. Int. J. Electrochem. Sci, 13, 5370-5381. 
53. Yu, M., Han, Y., Li, J., & Wang, L. (2017). CO2-activated porous carbon derived from cattail biomass for removal of 
malachite green dye and application as supercapacitors. Chemical Engineering Journal, 317, 493-502. 
54. Wang, C., & Liu, T. (2017). Nori-based N, O, S, Cl co-doped carbon materials by chemical activation of ZnCl2 for 
supercapacitor. Journal of Alloys and Compounds, 696, 42-50. 
55. Lin, Y., He, S., Ouyang, Z., Li, J., Zhao, J., Xiao, Y., ... & Cheng, B. (2023). Synergistic engineering of cobalt selenide and 
biomass-derived S, N, P co-doped hierarchical porous carbon for modulation of stable Li-S batteries. Journal of Materials 
Science & Technology, 134, 11-21. 
56. Xu, G., Gao, S., Song, X., Jiang, Y., & Zhang, X. (2022). Nitrogen-doped ordered multi-hollow layered carbon embedded 
with Mo2C as lithium polysulfide restrained cathode for Li-S batteries. Applied Surface Science, 574, 151634. 
57. Wang, M., Lei, X., Hu, L., Zhang, P., Hu, H., & Fang, J. (2017). High-performance waste biomass-derived microporous 
carbon electrocatalyst with a towel-like surface for alkaline metal/air batteries. Electrochimica Acta, 250, 384-392. 
58. Jiang, E., Song, N., Hong, S., Xiao, M., Zhu, D., Yan, Z., ... & Dong, H. (2022). Cobalt supported on biomass carbon tubes 
derived from cotton fibers towards high-efficient electrocatalytic overall water-splitting. Electrochimica Acta, 407, 139895. 
59. Wang, R., Wang, H., Zhou, T., Key, J., Ma, Y., Zhang, Z., ... & Ji, S. (2015). The enhanced electrocatalytic activity of okara-
derived N-doped mesoporous carbon for oxygen reduction reaction. Journal of Power Sources, 274, 741-747. 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 

 

88 
 

 

60. Alonso-Lemus, I. L., Rodriguez-Varela, F. J., Figueroa-Torres, M. Z., Sanchez-Castro, M. E., Hernandez-Ramírez, A., 
Lardizabal-Gutierrez, D., & Quintana-Owen, P. (2016). Novel self-nitrogen-doped porous carbon from waste leather as 
highly active metal-free electrocatalyst for the ORR. International Journal of Hydrogen Energy, 41(48), 23409-23416. 
61. Lu, Y., Zhu, N., Yin, F., Yang, T., Wu, P., Dang, Z., ... & Wei, X. (2017). Biomass-derived heteroatoms-doped mesoporous 
carbon for efficient oxygen reduction in microbial fuel cells. Biosensors and Bioelectronics, 98, 350-356. 
62. Escobar, B., Martínez-Casillas, D. C., Pérez-Salcedo, K. Y., Rosas, D., Morales, L., Liao, S. J., ... & Shi, X. (2021). Research 
progress on biomass-derived carbon electrode materials for electrochemical energy storage and conversion technologies. 
International Journal of Hydrogen Energy, 46(51), 26053-26073. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 

 

89 
 

 

Paper  id : 44 
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Abstract. Zinc oxide (ZnO) is a very important transparent conducting oxide. It is a wide band gap II-VI compound 
semiconductor of several applications in solar cells and optoelectronic industry, especially in thin film form. Naturally ZnO 
has n-type conductivity due to native defects, but it can be doped to become p-type semiconductor. For these applications 
the high quality of the produced material and low cost production methods are required. The spray pyrolysis method is a 
low cost method that enables the production of large area and highly transparent undoped and intentionally doped thin 
films. Through this method, tuning the properties of the produced films is accessible through changing several deposition 
parameters such as substrate temperature, concentration of the precursor solution, types of the dopants and their 
concentrations, annealing, nozzle size, and nozzle to substrate distance, etc. A review of the methods used to tune the 
structural, morphological, optical, and electrical properties of spray-deposited ZnO thin films to be suitable for the different 
applications is performed. It is found that; structure, morphology, band gap, transmittance, resistivity, and other related 
properties of these films can be tuned to fit the requirement. 
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Abstract. In this study, it was carried out to increase the SiO2 amount and BET surface area value of RHA. In this context, 

leaching and calcination processes were applied to RHA. For the calcination process, the optimum temperature and time 
were determined by using two different techniques, directly and gradually. According to the XRF result, it was determined 
that the calcination process performed gradually was more successful. Leaching process was carried out using 0.5 M HCl 
and HNO3 chemicals. At this stage, it is aimed to remove metallic impurities from the structure before the calcination process 
to obtain RHA synthesis with higher purity and silica content. Characterization studies were carried out with SEM, XRF and 
BET surface area analyzes. According to XRF analysis, the highest SiO2 content and the highest BET surface area value were 
obtained as a result of leaching with 0.5 M HNO3 and 0.5 HCl, respectively. This study showed that chemical pretreatments 
are necessary to obtain silica with high purity and high surface area. In addition, it has been observed that chemical 
pretreatments are necessary to remove metallic impurities. As a result of the pretreatment, the silica content of RHA 
increased from %92.075 to %99.13 and the BET surface area value increased from 247.9205 m2/g to 296.0692 m2/g. In 
addition, it has been determined that the RHA obtained from this Turkey has better properties compared to similar studies 
in the literature. 

Keywords: Rice hull ash (RHA), Silica, Leaching, BET Surface Area. 
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Introduction 

Rice constitutes the main food source of almost more 
than half of the world's population  (NGES, 2014) [1] . 
About 600 million tons of rice are produced globally 
each year. Approximately 20% of the total rice 
amount is rice hull.1 ton of rice produces about 0.20 
tons of hull, and each ton of rice hull produces about 
0.18–0.20 tons of ash, depending on the climatic 
conditions of the rice field, rice varieties and 
geographical location. The chemical content of rice 
hull varies depending on the type of rice, the 
chemistry of the soil, the climatic conditions and the 
geographical location of the culture [2]. 

The rice hull can absorb water in varying amounts 
ranging from 5% to 16% of unit weight. The unit 
weight of rice hull is 83-125 kg/m3. The rice hull ash 
(RHA) is slowly entering the industry due to its high 
silica content. The properties of SiO2 obtained from 
rice hull ash change according to the calcination 
temperature and time [3]. 

The rice hull ash (RHA) is formed as a result of the 
burning of rice hull. RHA, which is an agricultural 
waste, can cause air pollution if not used correctly 
due to its fine particle size. 

The silica present in RH is predominantly dependent 
on the inorganic compound. However, a small 
amount of this silica is covalently bonded to the 
organic compound. The silica bonded to the organic 
compound is insoluble in alkali and withstands very 
high temperatures. Therefore, by exposure to RH 
combustion, the pure silica content can be separated 
from the organic part of RH [4, 5]. It is known that 
after the organic portion of RH is separated, the 
remaining inorganic portion is relatively pure. 

Ash obtained at lower temperatures (773–873 K) 
contains amorphous silica. Amorphous silica is one of 
the industrial white minerals used together with tile 
clay, CaCO3 and talc, which is used as a filler in paper, 
paint, rubber, fertilizer and pesticides. (Amorf silika, 
kağıt, boya, kauçuk, gübre ve böcek ilaçlarında, dolgu 
maddesi olarak kullanılan çini kili, CaCO3 ve talk ile 
birlikte kullanılan endüstriyel beyaz minerallerden 
biridir.) Amorphous silica with high purity, small 
particle size and high surface area can be used as 
adsorbent or catalyzer. Acid washing of rice hull 
ensures that the hull contains high purity SiO2 and has 
a high specific surface area [6]. 

In this context, in this study, different chemical 
pretreatments were applied to increase the SiO2 
content and surface area values of RHA. In addition, 
calcination processes were applied at different times 
and temperatures. 

Material and Method 

The aim of this study is to determine the suitable 
temperature, time and washing conditions for the 
calcination process of rice hull. For this, different 
washing solutions were used together with the 
calcination process carried out under different 
temperatures and times. The rice hull Rice Hull (RH) 
was provided from “Tat Bakliyat” company located in 
Mersin, Turkey. In this study the chemicals of sodium 
hydroxide (NaOH) (Isolab Co.), hydrochloric acid (HCl) 
(Merck Co.) and nitric acid (Merck Co.)were used. The 
applied temperatures and times are given in Table 1. 

Table 1. The temperatures and times used in the 

calcination process applied to RHA. 

 
As can be seen in Table 1, the calcination process was 
carried out in two cases, direct and gradual. The 
samples were kept for 60 minutes at every 100 °C 
temperature increase before reaching 600 °C in the 
gradual calcination process. After the temperature 
reached 600 °C, the samples were kept for the times 
given in Table 5.2. In the directly applied calcination 
process, a classical calcination process was carried 
out by keeping it at the temperature and time given 
in Table 1. 
 
First of all, the temperature and time with the highest 
SiO2 content were determined. Then, RHA was 
leached with 0.5 M HNO3 and 0.5 M HCl acids to 
examine the effects of acid leaching on the chemical 
and surface area of RHA before the calcination 
process at the determined temperature and time. 

 

 

Calcination 
Method 

Temperature 
(°C) 

Time 
(dk) 

Sample 
Codes 

Direct 600 60 D6-60 
Direct 600 120 D6-120 
Direct 600 240 D6-240 
Direct 600 600 D6-600 

Gradual 600 60 K6-60 
Gradual 600 120 K6-120 
Gradual 600 180 K6-180 
Gradual 600 240 K6-240 
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Figure 2. Images of rice hull treated with acid leaching (a) 
HCl and (b) HNO3 
 
After the leaching process, it was gradually calcined 
at 600 °C for 4 hours. In order to examine the effect 
of acid leaching on metallic impurities and the 
amount of SiO2, XRF analysis was performed on the 
synthesized RHA samples. The result of XRF analysis is 
given in Table 4 In addition, the XRF result of RHA, 
which was washed with pure water without applying 
acid leaching, is given in Table 4. The flow chart of the 
chemical pretreatment applied to RH is given in 
Figure 3. 

Figure 3. Chemical pretreatment for the production of high 
purity RHA. 

The images of the rice hulls (RH) with acid leaching 
process are given in Figure 2. Pre-leaching of RH with 
acid or base solutions such as hydrochloric acid (HCl), 
nitric acid (HNO3), sulfuric acid (H2SO4) is carried out 
before the calcination process, which is carried out at 
temperatures between 500 °C and 1400 °C. Thus, 
most of the metallic impurities and organic 
substances, including hemicellulose, cellulose and 
lignin, are removed from the structure. 

It has been proven by many researchers that HCl is 
the most effective leaching acid to obtain high purity 
amorphous silica with improved pozzolanic 
properties. After the RH leaching with HCl, harmful 
alkalis and other impurities such as aluminum oxide 
(Al2O3), iron (III) oxide (Fe2O3), calcium oxide (CaO), 
magnesium oxide (MgO) and potassium oxide (K2O) 
are removed from the structure [7]. 

Characterization Studies 

In order o examine the effect of calcination and 
washing processes applied to RHA; X-Ray 
Fluorescence Spectrometer (XRF) Rigaku ZSX Primus 
II, X-Ray Diffractometer (XRD) Rigaku SmartLab, 
Scanning Electron Microscope (SEM) and Thermo 
Fisher Scientific Apreo S SEM, Zeiss Supra 55 and 
Branuer, Emmet, and Teller (BET) Surface Area 
Measurement Micrometrics Surface Area and 
Porosity TriStar II analyzes were performed. 

Results and Discussion 

In order to determine the calcination process method 
and time of RH with the highest SiO2 content, direct 
and gradual heat treatments were applied at 
different times. The XRF analysis results for the 
determined times of the RHAs obtained after direct 
and gradual heat treatment are given in Table 3 and 
Table 4 respectively.  

At this stage, a chemical pretreatment or washing 
process was not applied to the synthesized RHAs. 
According to the XRF analysis, it was decided to use 
the K6-240 sample of RHA synthesized in the next 
steps. Because the highest SiO2 amount was 
determined in K6-240 sample. This sample contains 
92.075% SiO2. In addition, it was determined that the 
amount of SiO2 in all RHAs synthesized as a result of 
the gradual calcination process was higher than the 
RHAs obtained by the directly applied calcination 
process. 

Table 3.  XRF analysis results of RHAs obtained by direct 

heat treatment at different times 
(% 

Mass) 
D6-60 D6-120 D6-240 D6-600 

Na2O - 0.14 0.096 0.099 

MgO 0.73 0.74 0.76 0.79 
Al2O3 0.51 0.37 0.35 0.36 
SiO2 84.03 85.46 90.10 89.80 
P2O5 1.13 0.99 0.97 1.03 
SO3 0.54 0.52 0.53 0.54 
Cl 0.27 0.27 0.31 0.28 

K2O 5.56 5.11 5.15 5.24 
CaO 1.34 1.38 1.36 1.39 

Cr2O3 - - - - 
MnO - - 0.15 0.16 
Fe2O3 0.68 0.24 0.24 0.26 
ZnO 0.08 0.019 0.014 0.015 
A.Z 5.13 4.73 - - 

 

 

a b 

Ca+;K+; P+; Mg+; Mn+… 

Heat Treatment Acid Leaching and Washing 
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Table 4.  XRF analysis results of RHAs obtained by 

gradual heat treatment at different times 

(% 
Kütle) 

K6-60 K6-120 K6-180 K6-240 

Na2O - 0.3578 0.3351 0.303 
MgO 0.78 0.6277 0.6359 0.618 
Al2O3 0.40 0.2365 0.2569 0.2466 
SiO2 85.14 91.86 91.874 92.075 
P2O5 1.03 0.5044 0.5653 0.5309 
SO3 0.54 0.4618 0.4854 0.4753 
Cl 0.27 0.199 0.2354 0.2092 

K2O 5.02 2.9327 3.0076 2.9506 
CaO 1.41 1.3307 1.4647 1.395 

Cr2O3 - 0.1078 0.0685 0.0849 
MnO - 0.0694 0.0685 0.0662 
Fe2O3 0.24 0.9174 0.7466 0.7884 
ZnO 0.015 0.0077 0.0076 0.0074 
A.Z 5.19 0.2983 0.2483 0.1829 

 

SEM images of RH and RHA are given in Figure 4. The 
calcination process was applied to RH directly and 
gradually at different times. According to the XRF 
results given in Table 3 and Table 4, it was observed 
that the D6-600 and K6-240 coded samples had the 
highest SiO2 content. SEM images of these samples at 
x500 and x1000 magnifications are given in Figure 2. 

As can be seen from the SEM images given in Figure 
4; According to the microstructure images given in c1 
and c2, there is no obvious change in the surface 
morphology caused by the direct calcination process. 
It is seen that the SEM images given in a1 and a2 are 
quite similar. 

However, it is seen that the gradual calcination 
process changes the surface morphology of RHA. In 
the microstructure images given in b1 and b2, it is 
seen that a highly porous structure has formed. The 
presence of the porous structure can be explained 
both by the nature of the original rice hull and the 
removal of volatile and organic elements (carbon) 
from the structure during the calcination process [8]. 

RHA, whose time and calcination method were 
determined for the synthesis of higher purity SiO2, 
was applied to the acid leaching process before being 
gradually calcined at 600 °C. Rice hull was leached for 
24 hours with 0.5 M HNO3 and 0.5 M HCl acids. After 
the leaching process, it was washed with distilled 
water until pH=7 in order to remove the acid from the 
rice hull. 

It is clearly seen in the XRF analysis results given in 
Table 4 that acid leaching is an effective pre-

treatment for the removal of organic elements and 
metallic impurities in the waste. After leaching RH 
with HCl and HNO3 acids, it was observed that 
harmful alkalis were removed from the RHA. 
Examples of these are impurities such as aluminum 
oxide (Al2O3), iron (III) oxide (Fe2O3), calcium oxide 
(CaO), magnesium oxide (MgO), and more 
importantly alkalis such as potassium oxide (K2O) and 
sodium (Na2O). As a result, it is seen that more pure 
SiO2 is obtained.It has been observed that potassium 
in RH causes surface dissolution of RH and acts as a 
crystallizer for silica. 
 
With the combustion of RH, organic substances are 
separated into their components and carbonization 
occurs and carbon is produced. 

Table 4. XRF analysis results of RHAs that were leached and 
washed with pure water  

Chemical 
Composition 

(%) 

RHA 
Leached 
with HCl 

asid 

RHA 
Leached 

with 
HNO3 

RHA 
Washed 

with 
Pure 

Water 

SiO2 98.53 99.18 97.57 
SO3 0.399 0.0940 0.179 
CaO 0.345 0.207 0.996 
MgO 0.235 0.154 0.517 
Na2O 0.124 0.0535 0.0452 
Fe2O3 0.123 0.0618 0.1 
Al2O3 0.085 0.0890 0.158 
P2O5 0.0813 0.0663 0.183 
K2O 0.0243 0.0183 0.168 
BaO 0.0178 - - 
ZnO 0.0117 0.0136 0.0072 
MnO 0.0054 0.0042 0.0449 

Cl 0.0053 0.0155 0.014 
Cr2O3 0.0037 0.0033 0.0037 
NiO 0.0031 0.0035 0.0024 
TiO2 0.0024 0.0027 0.0059 
SrO 0.0022 0.0011 0.0045 

Ta2O5 0.0016 - - 
CuO 0.0016 - 0.0039 
PbO 0.0014 - - 
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Figure 4. SEM images of RH and RHA a1) RH x500 before 
calcination, a2) RH x1000 before calcination, b1) K6-180 sample x500, b2) K6-180 sample x1000, c1) D6-600 

sample x500, c2) D6- 600 samples x1000. 

When the combustion temperature is constantly 
increased and sufficient oxygen is provided, carbon 
turns into carbon dioxide. When the combustion 
temperature is constantly increased and sufficient 
oxygen is provided, carbon turns into carbon 
dioxide. If the temperature is not sufficient for the 
potassium oxide (K2O) to be removed from the body 
of RH, unoxidized carbon is formed. This molten 
glass fraction blocks the contact surface with oxygen 

and carbon dioxide and causes the crystallize of the 
molten surface silica. For this reason, K2O is 
undesirable in the structure of the RHA [7]. 
According to the results of the XRF analysis given in 
Table 4, the Na2O and K2O content of the HNO3 
leached RHA was 0.0535% and 0.0183%, 
respectively, while the Na2O and K2O content of the 
HCl leached RHA was 0.124% and 0.0243'%, 
respectively. The amounts of Na2O and K2O 

a2 

b1 b2 

a1 

c1 c2 
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contained in RHA washed only with pure water are 
0.0452% and 0.168%, respectively. According to 
these results; The least amount of Na2O was seen in 
the washing process with distilled water, and the 
least amount of K2O was seen in the RHA leaching 
with HNO3. 

Therefore, it is observed that leaching with HNO3 

contains higher purity SiO2 compared to leaching 
with HCl. For this reason, it is seen that the leaching 
process with HNO3 gives a more effective result. 
Figure 5 are shown the BET isotherm graphs of RHA 
leached with 0.5 M HNO3, 0.5M HCl acids and 
washed with distilled water before the calcination 
process. Surface area values are given in Table 5. As 
a result of the leaching process with HNO3 and HCl 
acids, the BET surface area values are 264,8322 and 
296,0692 m2/g, respectively. The lowest surface 
area was determined in RHA washed with distilled 
water and it was 247.9205 m2/g. Therefore, it is seen 
that the leaching process and acid type have a 
significant effect on the BET surface area. The 
effects of acid leaching performed in other studies 
on SiO2 amount in RHA and BET surface area are 
given comparatively, ın the table 6.5. 

 

 

 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. BET isotherm graphs of RHAs washed with pure 
water and chemically pre-treated 

Table 5. BET surface area values of RHAs washed with 
pure water and chemically pre-treated 

Applied Process 
BET Surface Area 

(m2/g) 

RHA leached with 
HNO3 

264.8322 

RHA leached with 
HCl 

296.0692 

RHA Washed with 
Distilled Water 

247.9205 

 
 
Table 6. The effect of acid leaching on SiO2 amount and 
BET Surface Area in other studies. 

Chemical 
Composition 

BET surface 
area (m2/g) 

SiO2  
(%) 

Referenc
e 

No leaching - 94.7 [9] 
H2SO4 84.9 99.6 [9] 

HCl 65.6 98.0 [9] 
1-butyl-3-

methylimidazole 
Hydrogen sulphate 

(C8H16N2O4S) 

 
185.1 

 
99.5 

 
[9] 

Oxalic acid (C2H2O4) 70.6 98.0 [9] 
No leaching 116 95.77

2 
[10] 

H2SO4 208 99.08
3 

[10] 

HCl 218 99.58
2 

[10] 

HCl 247.18 - [11] 
No leaching - 97.25 [12] 
Citric acid - 99.5–

99.77 
[12] 

HNO3  264.8322 99.13 Present 
Study 

HCl  296.0692 98.53 Present 
Study 

No leaching 247.9205 97.57 Present 
Study 

 

Adsorption 
Desorption 

Adsorption 
Desorption 

Adsorption 
Desorption 

Leaching with HCl 

Leaching with HNO3 

washed with pure water 
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In this study, as seen in Table 6, the highest BET 
surface area value was obtained by leaching with 
the HCl. The presence of metallic impurities during 
the calcination process causes the formation of 
crystalline silica and thus a significant reduction in 
the surface area occurs. However, BET surface area 
values were higher in chemically pre-treated RHA 
since metal impurities were successfully removed 
from the structure. In addition, it is seen in this study 
that the highest amount of SiO2 was obtained in the 
sample made with the HNO3 leaching process.  

These results indicate that chemical pretreatments are 

required to obtain silica with higher purity, higher 
surface area and partially/completely reduce 
metallic impurities rather than direct combustion. 

According to XRF and BET surface area analysis, the 
highest SiO2 content and the highest surface area 
value were obtained by leaching with 0.5 M HNO3 
and 0.5 M HCl, respectively. As a result of leaching 
with 0.5M HNO3 and 0.5M HCl, a silica content 
difference of 0.6% was observed. However, 
according to the BET surface area analysis, the 
difference between the surface areas was higher. 
Therefore, the leaching with HCl was thought to be 
more effective than the leaching with HNO3. Figure 
6 shows the SEM and XRD results of RHA leached 
with 0.5 M HCl. 

 

 

 

 

Figure 6. (a) XRD pattern of RHA, and SEM images of RHA 
leached with 0.5 M HCl at different magnifications (b) 
x500 , (c) x1000 and (d) x1500 

According to the XRD result given in Figure 6, it has 
been observed that the RHA obtained by chemical 
pretreatment with HCl has an amorphous structure. 
The peak point at 2θ=22° indicates that only 
amorphous silica is formed [13].According to the 
SEM image given in Figure 6, it was observed that 
the indentations in the outer shell of the leached 
RHA were smaller and angular compared to the non-
leaching RHA. In addition to all these, it was 
observed that the leached RHA had larger pores. 

Leaching process was carried out using 0.5 M HCl 
and HNO3 chemicals. At this stage, it is aimed to 
remove metallic impurities from the structure 
before the calcination process. As a result, it was 
considered to obtain RHA synthesis with higher 
purity and silica content. For this, the K6-240 sample 

a 

b 

c 

d 
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was leached using HCl and HNO3 chemicals. 
Characterization studies were carried out with SEM, 
XRF and BET surface area analyzes. According to the 
results of XRF analysis, the highest SiO2 content and 
the highest BET surface area value were obtained as 
a result of leaching with 0.5 M HNO3 and 0.5 HCl, 
respectively. This study showed that chemical 
pretreatments are necessary to obtain silica with 
high purity and high surface area. In addition, it has 
been observed that chemical pretreatments are 
necessary to remove metallic impurities. As a result 
of the pretreatment, the silica content of RHA 
increased from %92.075 to %99.13 and the BET 
surface area value increased from 247.9205 m2/g to 
296.0692 m2/g.  

Conclusion 

In this study, it was carried out to increase the SiO2 
amount and BET surface area value of rice hull ash 
(RHA). In this context, leaching and calcination 
processes were applied to RHA. For the calcination 
process, the optimum temperature and time were 
determined by using two different techniques, 
directly and gradually. According to the XRF result, 
it was determined that the calcination process 
performed gradually was more successful. It was 
observed that the sample with the code RHA K6-240 
had the highest silica content (92.075%). 
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Abstract. Microbial fuel cells (MFCs) are chemical reactors that can convert the chemical energy stored in the bonds of 
organic compounds into electrical energy through the catalytic reactions of microorganisms in an anaerobic environment. 
With these cells, while electrical energy is produced, waste water treatment can be done simultaneously. The wastewater 
treatment systems used today are quite costly. For this reason, it is necessary to use MFC systems, which consume less 
energy, do not produce sludge and provide efficiency by using the energy they produce, as a wastewater treatment process 
and improve their performance. In this study, anode electrodes were synthesized with different synthesis methods in order 
to be used at the anode cell, which is a defining element of Microbial Fuel Cells (MFC), and the most suitable method for 
the synthesis process was determined. For this purpose, first a three-dimensional graphene foam with a macroporous 
structure (250-500 µm) was synthesized. Then, different molybdenum (Mo) loading methods were studied to increase the 
adhesion of electroactive species to the surface. In total, seven samples were prepared and the characterization of the 
samples was made with EDS analysis and SEM images. According to the data obtained, it was concluded that the best result 
was in the NK/rGO/Mo/EG sample loaded with 84.39% molybdenum.  
Keywords: Microbial Fuel Cell, Anode Electrode Synthesis Graphene Synthesis, Molybdenum Loading 

© 2022 Published by ICMATSE 

 
1. INTRODUCTION 
Microbial fuel cells (MFCs) are defined as chemical 
reactors which can convert the chemical energy 
stored within the chemical bonds in organic 
compounds to electrical energy using catalytical 
reactions of microorganisms in anaerobic conditions 
[1–10]. By using microbial fuel cells, electrical energy 
generation and wastewater treatment can be 
achieved simultaneously[3,11–20]. As a result of 
chemical decomposition of organic material by 
microorganisms, electrons and protons are generated 
along with carbon dioxide and water at the anode 
[21–25]. Electrons absorbed by the anode and the 
protons are transferred to the cathode through 
electrical circuit and the electrolyte solution, 
respectively [6,26–29]. As a consequence, the oxygen 
reduction reaction is completed at the cathode by 
consumption of the electrons and protons [27,30,31]. 
MFCs are advantageous compared with the 
conventional treatment processes, because 
conventional processes typically use aerobic 

microorganisms and the wastewater needs to be 
aerated on a regular basis for the continuation of 
their biological activities [29,32,33]. This process 
considerably increases the cost of treament [34,35]. 
Also, these processes generate waste sludge [19,36], 
which is diffucult to be disposed of due to 
environmental and political factors [35,37]. 
Therefore, applications of MFC systems which require 
less energy, generate no sludge and provide energy 
efficency by using the generated electrical energy as 
a wastewater treatment process has a great 
importance [19,35,38]. These systems should be 
further developed as a contributor to the national 
economy, in order to reduce the cost of currently 
used wastewater treatment processes and to benefit 
from, or reduce the harmful environmental effects of 
the municipal wastewaters which have great energy 
potential in terms of biologically decomposable 
organic matter (biomass) [17,35]. 
In this study, anode electrodes were synthesized to 
improve the anode cell performance which is a 
definitive element of the MFC technology. The 
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material used at the anode directly affects the 
accumulation of microorganisms at the anode, 
oxidation of the substrate and the transfer of 
electrons [39–41]. Therefore, anode electrode were 
prepared by synthesizing three dimensional and 
macroporous (250-500 μm) graphene foam and by 
depositing molybdenum (Mo) on the graphen foam 
to increase the accumulation of the electroactive 
species on the surface [42], with the aim of 
developing a bio-compatible anode material with 
high electrical conductivity and a suitable porous 
medium facilitating the growth and accumulation of 
microorganisms [43,44]. In the synthesis of graphene 
foam, graphite oxide will be reduced to graphene 
oxide on three dimensional nickel foam, generating 
multiple conductive paths will be generated at the 
anode thanks to the macroporous network [5,45,46]. 
Consequently, development of microbial 
colonization, efficient electron transfer and ion 
diffusion, and thanks to multimodal porous structure, 
prevention of the detachment of electroactive 
bacteria will be possible [47,48]. In the next phase of 
the anode electrode preparation, the as-synthesized 
graphene foam was loaded by molybdenum (Mo) 
nanoparticles for the electroactive species to form a 
robust biofilm layer on the anode surface [42]. 
For this purpose, different molybdenum (Mo) loading 
methods were studied to increase the adhesion of 
electroactive species to the surface [49–51]. In total, 
seven samples were prepared and the 
characterization of the samples was made with EDS 
analysis and SEM images.  
 
2. MATERIALS AND METHOD 
2.1. Anode Electrode Synthesis 
Since different graphene and molybdenum loading 
methods are used in the literature for anode 
electrode synthesis, studies were carried out on the 
determination of the loading method in this study. 
Graphene loadings on nickel foam were loaded with 
the Hummers method used by Wang et al., (2013) [5] 
and the effect of hydrogen (H2) gas on molybdenum 
loading was also investigated. Ethylene Glycol (EG) 
was used as a dispersing agent in some studies in 
molybdenum loadings [49,50], while EG was not used 
in some studies [52]. In our study, two different 
loading methods were used to determine which 
method was better, and it was concluded that the 
loadings made using EG loaded higher Mo and the 
surface morphology was more homogeneous. All of 
the syntheses were made using the hydrothermal 
synthesis method and 80% of the autoclave volume 
was filled with solution [53]. In our study, seven 
different anode electrode samples were prepared 

and the prepared samples were characterized. The 
syntheses of the mentioned anode electrode samples 
are given in Figure 1.   

 
Figure 1. Anode Electrode Synthesis Steps 

 
Here, nickel foam treated as sample number 1, 
sample number 2; GO reduced nickel foam (NK/rGO), 
sample 3; By passing H2 gas at 400 °C over GO reduced 
nickel foam (NK/rGO/H2), sample number 4; By 
loading Mo on sample number 2 (NK/rGO/Mo), 
sample number 5; By adding Mo salt and EG on 
sample number 2 (NK/rGO/Mo/EG), sample number 
6; By loading Mo on the 3rd sample (NK/rGO/H2/Mo) 
and the 7th sample; It was synthesized by adding Mo 
salt and EG (NK/rGO/H2/Mo/EG) to the sample 
number 3, and in the final stage, samples 4, 5, 6 and 
7 were prepared by heat treatment with Argon gas at 
500 °C in a horizontal furnace for 2 hours. 
 
3. RESULTS AND DISCUSSION 
The anode material is one of the critical materials 
affecting the performance of MFCs, and the pore size 
is essential for the growth of bacteria at the anode. 
Three-dimensional macroporous graphene has a 
large surface area due to its structure and this feature 
facilitates the adhesion of electroactive bacteria 
species on the surface. Therefore, in this study, three-
dimensional macroporous (250-500 μm) graphene 
foam was synthesized as the anode material since its 
surface structure is suitable for the adhesion of 
bacteria, has high electrical conductivity, and can 
easily transfer the electrons produced by bacteria. 
Characterization of the samples was made with EDS 
analysis and Scanning Electron Microscope (SEM) 
images. The abundance of Mo element in the samples 
was determined by EDS analysis and the suitability of 
the synthesis was checked. Micro-scale imaging of the 
samples was performed with SEM images. The 
morphology and texture of the samples were 
examined in the images, and the state of coating the 
nickel foam with graphene and the loading state of 
Mo nanoparticles on the surface were examined. The 
EDS analyzes of the synthesized samples are given in 
Figure 2-6, and the SEM images are given in Figure 7-
13. EDS analysis only shows the abundance of metals. 
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Therefore, molybdenum loading is not observed in 
the 1st, 2nd and 3rd (Figure 2) samples, which were 
not loaded with Mo. When the EDS analysis Sample 4 
(NK/rGO/Mo-Figure 3), Sample 5 (NK/rGO/Mo/EG-
Figure 4), Sample 6 (NK/rGO/H2/Mo-Figure 5), and 
Sample 7 (NK/rGO/H2/Mo/EG-Figure 6) were 
examined, it was observed that 75.57%, 84.39%, 
76.18% and 83.37% Mo by mass were loaded on the 
graphene-coated Nickel Foam, respectively. Based on 
these results, it was concluded that the best Mo 
loading method was the path followed for the 
synthesis of sample 5. 
 

 
Figure 2. Nickel Foam EDS Analysis 
 

 
Figure 3. NK/rGO/Mo EDS Analysis 

 

 
Figure 4. NK/rGO/Mo/EG EDS Analysis 

 

 
Figure 5. NK/rGO/H2/Mo EDS Analysis 
 

 
Figure 6. NK/rGO/H2/Mo/EG EDS Analysis 
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Figure 7. Nickel Foam SEM Image (1 mm) 
 

  
Figure 8. NK/rGO SEM Image (1 mm) 

 

  
Figure 9. NK/rGO/H2 SEM Image (1 mm) 

  
Figure 10. NK/rGO/Mo SEM Image (1 mm) 
 

  
Figure 11. NK/rGO/Mo/EG SEM Image (1 mm) 

 

  
Figure 12. NK/rGO/H2/Mo SEM Image (1 mm) 
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Figure 13. NK/rGO/H2/Mo/EG SEM Image (1 mm) 
 
 
 

4. CONCLUSION 
The selection of the anode electrode and the material 
from which it is produced is the most critical issue in 
MFC performance. According to the literature review, 
graphene-coated three-dimensional and 
macroporous anode materials are suitable electrodes 
for MFCs as they are biocompatible for 
microorganisms and facilitate the transfer of 
electrons. In our study, seven samples were prepared 
to determine the experimental method to be 
followed in the synthesis of the anode electrode. 
When the EDS analyzes and SEM images of the 
prepared samples are examined in terms of Mo 
loading; It is seen that in the samples 5 and 7 using 
Ethylene Glycol (EG), more efficiency is obtained than 
the samples that are not used, and the best result is 
in the sample number 5, in which 84.39% 
molybdenum is loaded. In addition, when the SEM 
images of the samples are examined, it can be 
concluded that the most homogeneous surface 
morphology is in the 5th sample.
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Abstract. It is aimed to produce polyurethane paint with absorbent reinforcing element on aluminum plates and to examine 
the magnetic permeability properties. Materials with low visibility or invisibility properties are widely used in military 
aircraft. First of all, absorbing nano powders with polyurethane paint and then applying to surfaces were investigated for 
absorbing radar waves. The homogeneous mixture was prepared by adding 5 %, 10 %, 15 % (C, MnO2, C+MnO2 and Fe) 
powders by weight to the polyurethane paint. Then, spray coating (painting) method was applied to the aluminum plate 
surfaces with different thicknesses (approximately 43, 51,32 and 68 microns). Network Analyzer was used for the 
transmission and reflection values of the coated plates. TGA/DSC analysis and SEM characterization method were used to 
determine the physical and mechanical properties of the mixed polyurethane paint. It was determined that a single coat of 
10 % C and 5 % MnO2  reinforced paint application had better absorption properties at values between 70 % and 99 % in 
the X band. However, it was observed that the paint retained its properties with multi-layer painting. It has been determined 
that the paint is distributed homogeneously on the surfaces in general, there is no change in the chemical properties of the 
paint and it wets the reinforcement. 
 
Keywords: : Radar Absorption Materials (RAM), Polyurethane, Nano Powders, Spray Coating Method 
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Introduction 

With the presence of "low visibility" materials in 
military warfare systems, it becomes difficult to 
detect targets such as air and sea vehicles with 
infrared, radar and other detection methods [1,2]. In 
particular, the improvement of the undetected 
feature in aircraft, the materials used and the 
geometric shape are known as the most important 
factors affecting low visibility [3]. Materials interact 

with radar waves hitting them in ways such as 
reflection, transmission, and absorption. Absorption 
coatings are used to reduce or prevent these 
interactions. The use of radar absorbing materials 
ensures that the electromagnetic wave sent by the 
radar is absorbed by the target and minimized [4-6]. 
The development of radar absorption materials 
(RAM) has significant capabilities in reducing radar 
detection of military targets to meet electromagnetic 
(EM) absorption requirements. RAMs absorb and 
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weaken electromagnetic waves by converting 
electromagnetic energy into heat or other energy 
forms to reduce incoming wave reflection and 
transmission [4]. The interest in RAMs has increased 
due to the fact that they absorb radar waves and 
effectively prevent backscattering. The features such 
as exhibiting powerful microwave properties in a 
wide frequency band, thin and low density especially 
in terms of energy saving, and easy application during 
emergency operation are specific features of 
excellent RAMs. As a result of the increasing interest 
in such materials, various studies are continuing to 
develop new radar absorber materials with magnetic 
and dielectric loss [7]. 

In general, metals are used effectively for protective 
purposes.However, it is not preferred to be used 
alone due to the specific properties of metals such as 
low elastic properties, high density, corrosion 
tendency. In addition, electromagnetic signals are 
almost completely reflected from the metal plate 
surface [8,9]. Therefore, it is difficult for a single 
material to meet the technical requirements for radar 
protection applications. As a result, the coatings that 
provide absorption of radio waves are preferred. 
These coatings are composed of conductive 
reinforcement element and insulating polymer 
matrix. While electrical conductivity is achieved by 
combining some of the ferromagnetic and dielectric 
components, matrices can be formed from polymers 
with low density and easily processed [5, 10]. 

In the applications of absorption materials, materials 
such as polyurethane (PU) with protective properties 
are used as matrix material [11]. In order to increase 
the performance of the shielding material, magnetite 
ferrite is used together with dielectric materials. In 
recent years, nano-sized materials have been added 
to dielectric materials in order to increase the 
efficiency of radar wave absorption and improve their 
properties [12-14]. Nano-sized materials used in 
RAMs show the ability to absorb more radar waves. 
These structures are also preferred due to their low 
density and fine structure. Materials such as carbon 
(C), manganese oxide (MnO2), iron (Fe) etc. can be 
given as examples of radar absorption reinforcement 
materials. 

Carbon allotropes are widely used in RAMs due to 
their high electrical conductivity and low density. 
Carbon reinforced composites improve radar 
absorption performance by providing strong 
impedance adaptation [4, 15]. In the literature, it is 
known that polyurethane and carbon 
fiber/polyurethane radar absorber coating are 

produced as carbon fiber and matrix [16]. 
Nanostructured manganese oxides, which are 
transition metal oxides, have attracted great 
attention due to their advantages such as easy 
synthesis, thermal stability, energy storage and 
molecular absorption. The studies show that 
manganese oxides with strong dielectric loss 
mechanism can be used as high performance radar 
absorption materials [17]. In addition to all these, 
maximum absorption of electromagnetic energy is 
obtained by the inclusion of magnetic additives [18]. 
The electromagnetic wave can be weakened by the 
dielectric or magnetic loss mechanism by 
homogeneously dispersing the absorber materials 
and additives in the main polymer matrix [19]. The 
combination of dielectric and magnetic loss materials 
has been reported to be an effective design to 
achieve excellent impedance adaptation and high 
microwave absorption [19,20]. It has attracted 
attention whether the performance of these 
structures can be increased when they are combined. 
It is a desired feature to increase the visibility 
properties without a negative change in the 
mechanical properties of the matrix material. 

In this study, Carbon (C), Manganese dioxide (MnO2) 
and (C+ MnO2) were added to the polyurethane (PU) 
two-component paint at the rates of 5%, 10%, 15% by 
weight. Reinforced paints (C, MnO2 and C+ MnO2) 
were coated on Al plate surfaces by spray method. In 
addition, in order to examine the effect of Iron (Fe), 
after the reinforced coatings, 10 wt% Fe powder 
content painting was carried out as the last layer. 
Thus, the effects of reinforcement materials on the 
radar wave absorption properties of Al plates were 
investigated. In addition, the synergistic effect was 
investigated by using (C+MnO2) supplement together 
in the study. 

Materials and Method 

In this study, two-component polyurethane (PU) 
paint (Sahika Group), Carbon(C) (99.99 % purity,), 
MnO2 and Fe powders were used. 5%, 10% and 15% 
by weight of C, MnO2 and (C+MnO2) powders were 
added to the paint. The paint is applied in a single 
layer on the Al plate surface. The mixing ratios and 
plate codes of the powders used are given in Table 1. 

A second coating was applied to the Al plate surface. 
The average coating thickness after the second 
coating on the Al plate surface is 50.0 µm. The mixing 
ratios and plate codes of the powders reinforced to 
the paint applied to the second layer on the Al plate 
surface are given in the Table 2. 
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Table 1. Mixing ratios and plate codes of the powders used in different proportions into the paint applied in a 

single layer on the Al surface. 

 Carbon 
Amount 

MnO2 

Amount 
(C+MnO2) Amount Fe Amount 

1. Mixing  Wt. (%) 5 5 5 - 

Sample Code 1C5 1M5 1C5M5 - 

2. Mixing  Wt. (%) 10 10 10 10 

Sample Code 1C10 1M10 1C10M5 1F10 

3. Mixing  Wt. (%) 15 15 15 - 

Sample Code 1C15 1M15 1C15M5 - 

 
After coating with the addition of C, MnO2, (C+ 
MnO2), Fe-containing dyeing was performed as the 
last layer. Fe powder used at a rate of 10% by weight 
was dispersed in 6 g thinner. The prepared solution 

was supplemented with the dye mixture obtained by 
using 40 g of component A and 4 g of component B.  
 

Interactions between component A and component B 
were investigated by performing Thermo gravimetric 
analysis / Differential Scanning Calorimetry 
(TGA/DSC) (Hitachi/Next STA 300) analysis in 
Iskenderun Technical University Science Technology 
and Research Center (İSTE BTM). Microstructure 
images of the reinforcement materials and PU paint 
were characterized using  

Scanning Electron Microscopy (SEM) (Thermo Fisher 
Scientific Apreo S SEM). The wave absorption ability 
of the coated Al plates obtained at different 
concentrations was examined in the Network 
Analyzer (Agilent 2-Port PNA-L) in ISTE BTM with an 
operating frequency varying between 3-18 GHz. The 
measurement values of reflection (S11) and 
transmission (S12) were measured. The absorption 
values of the composite coatings were calculated as 
shown in the following equation [21]; 

A(ω) = 1 - R(ω) – T(ω)                                            (1) 

Here in R(ω) represents reflection and T(ω) 
transmission coefficients. These scattering 
parameters can be defined as follows: 

  R(ω) = |S11|2                                                            (2)                                                      

T(ω) = |S21|2                                                                          (3) 

 

In order to obtain a homogeneous mixture using the 

turbula shaker-mixer containing the ball for 1 hour. 

The average thickness of the last coating with Fe 

powder is 68 µm. 

 

Table 2. Mixing ratios and plate codes of the powders 

used in different proportions into the paint applied on 

the Al surface with a second layer 

Amount  
of the 

reinforcement 
 (wt. %) 

1. Layer 
2. 

Layer 
Plate Code 

 
5 

C MnO2 1C52M5 

MnO2 C 1M52C5 

C+ MnO2 C 1C5M52C5 

 
10 

C MnO2 1C102M10 

MnO2 C 1M102C10 

C+ MnO2 C 1C10M52C10 

C Fe 1C102F10 

MnO2 Fe 1M102F10 

C+ MnO2 Fe 1C10M52F10 

 
15 

C MnO2 1C152M15 

MnO2 C 1M152C15 

C+ MnO2 C 1C15M52C15 

 

Results and Discussion 

The microstructure images of the reinforcement 

materials were characterized by SEM. The SEM 

images of Fe, C and used as reinforcement materials 

are given in Figure 2.a, Figure 2.b and Figure 2.c, 

respectively. In the SEM image given in Figure 2.a, it 

is seen that the morphology of Fe powders is needle-

like, long, sharp-edged and indented. As seen in 

Figure 2.b, sharp-edged C powders were used. In the 
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SEM image given in Figure 2.c, it is seen that the 

morphology of the mixture MnO2 is in spherical form 

and in the size range of approximately 1-50 µm. SEM 

images show that the morphologies of Fe, C and 

MnO2 used as reinforcement materials are different. 

It has been observed that the effects of reinforced 

powders in different forms are positive on 

absorption. 

In Figure 3, the SEM microstructure image of the pure 
paint is given. When the SEM images of the pure paint 
were examined in Figure 3, it was observed that 
component A and component B agglomerated in the 
solvent. In addition, the presence of regional remains 
is observed. For this reason, attention was paid to the 
mixing process in order to ensure that the mixture of 
the paint was homogeneous. After homogeneous 
mixing, it was determined that the paint wetted the 
reinforcement materials sufficiently. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. SEM images of reinforced powders a) Fe powders, b) C powders, c) MnO2 powders. 
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Figure 1. Images of the Al plates with a single layer coating.

 

 

Figure 3. SEM image of the pure paint. 

The thermal properties of component A and 
component A+B were investigated using 
Thermogravimetric analysis (TGA) and Differential 
Scanning Calorimetry (DSC). In Figure 4, the TGA-
DSC analysis result of component A is given together 
(simultaneously). 

 
 
Figure 4. TGA-DSC analysis result of Component A. 

According to the result of TG analysis carried out to 
examine the thermal stability of component A, it is 
seen that the mass loss increases as the 
temperature increases. The 17.6% mass loss seen in 
the TGA curve represents the volatile compounds 
moving away from the structure. In Figure 4, it was 
determined that the volatile matter was removed in 
the temperature range of 350-400 ℃.  
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In the DSC analysis, which expresses the change in 
structure with the increase in temperature, the 
samples were heated to 550 °C in a nitrogen 
atmosphere at a rate of 10 °C/min. According to the 
DSC analysis results, the soft segment glass 
transition temperature (Tg) and the hard segment 
melting temperature (Te) were observed in the 
sample, respectively.  An exothermic peak was 
observed in the DSC curve in the temperature range 
of 400-425℃. It was also observed that the enthalpy 
value was 28.1 mJ/mg. TGA-DSC analysis result of 
Component A+B is shown in Figure 5. 

 
Figure 5. TGA-DSC analysis result of component A+B 
mixture. 

According to the TGA graph given in Figure 5, the 
mass loss of 17.5% was observed with the increase 
in temperature. Desorption of component A+B or 
volatile compounds separated from the structure is 
the cause of this mass loss. It was observed that 
mass loss continued from 250 ℃ to 450 ℃ in the TG 
curve of the component A+B mixture. 

As seen in the DSC curve, the peak occurring 
between 390°C and 490°C was observed to be 
exothermic. In addition, the reaction enthalpy was 
found to be 56.3 mJ/mg. It was determined that the 
B supplement to component A increased the 
melting temperature. 

In the results of the examination, it was thought that 
the chemical change of the aliphatic paint would 

positively affect its low invisibility feature. It has 
been understood that the paint dries quickly even at 
ambient temperatures after it is applied to the floor 
and can operate at 60°C service temperatures. 

In Figure 6, figure 7 and figure 8, Network Analysis 
obtained by applying single and double layers of 
polyurethane paint prepared with reinforcing 
powders on the aluminum plate surface are shown. 

In Figure 6, the absorption results obtained by 
applying a single layer of polyurethane paint 
prepared with C and MnO2 reinforcing powders to 
the aluminum plate surface are given. . As seen in 
the figure above the highest absorption values were 
obtained using 1C10 sample at certain frequency 
bands. In this test, the calibration was carried out by 
using metallic plate and air. Metallic plate provide 
full reflection which was used to normalize the 
reflection parameter while air was used for full 
transmission which was used to normalize the 
transmission parameter. Both transmission and 
reflection parameters were used to determined the 
absorption behavior.  In this graph on the other 
hand, sample title 1M5 provided the best 
absorption behavior at X-band while the other 
samples had lower absorption rates. 

In this graph (Figure 7.), although 1C102M10 
provided high absorption behavior particularly at 
8.7 GHz  and 9.75 GHz, 1C152M15 sample also 
provided better absorption when wideband is 
required.  

For the case when the second layer is applied, 
1C15M52C15 sample provided the best absorption 
behavior compared to the other samples. The 
absorption also has a relatively higher band than the 
other particularly at around 9.2 GHz. 

In this measurement, the red line (for Figure 8.) 
corresponding to 1C102F10 provided the top results 
at 3 frequency bands where the absorption reached 
to almost 99%. While the others remained lower 
values. 
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Figure 6. Absorption results obtained by applying a single layer of polyurethane paint prepared with C and MnO2 
reinforcing powders to the aluminum plate surface. 
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Figure 7. Absorption results obtained as a result of the second layer application. 
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Figure 8. Absorption results obtained as a result of the application of 10% C, MnO2, C+ MnO2 powders as the 
first layer and the polyurethane paint prepared with 10% Fe powder as the second layer.

Conclusion 

The following results were obtained after the 
application of composite paint. 

The paint was applied by mixing the reinforcement 
elements homogeneously in the paint. It can be 
used as an ideal shape due to the fact that the 
reinforcement elements are morphologically 
suitable and the adhesion (increasing the surface 
area) surface increases in the paint. Appropriate 
surface roughness has been obtained due to the 
high adhesion of the paint thickness.  

It has been determined by chemical analysis that the 
paint can be used at ambient temperatures such as 
60°C. It has been observed that the paint application 
temperature is important in terms of the rapid 

removal of the components from the environment 
as a result of the reaction of the material.  

While the best absorption was obtained in the 
reinforcement material at 10% C and 5% MnO2 
concentrations applied in a single layer, it was 70-
99% in the X band. However, It was determined that 
the second layer applied C and MnO2 reinforcement 
had lower damping values in the wide band. The 
damping value of the sample dyed with C as the first 
layer and Fe as the second layer was measured as 
approximately 99%. However, at high frequencies 
(11-12 GHz), damping values of approximately 50-
70% were obtained. The low damping values show 
promise for the use of samples as radome dyes. As 
a result, according to the frequency values studied, 
the desired damping values can be obtained by 
using different layer numbers and the same 
concentrations of Fe powder.
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Abstract. A well-engineered airframe incorporates advanced structural materials and functional material technologies to 
demonstrate the utmost operational and performance capability for civilian and military purposes. Over the last decade, Turkish 
Aerospace has undertaken the indigenous design and development responsibility for various multi-role next-generation air 
platforms. This article provides an overview of the ongoing efforts to realize advanced material and manufacturing concepts on 
these air platforms. The most recent and innovative research efforts are explained in the realm of material and manufacturing 
systems to pinpoint critical technologies to be implemented in the downstream air platform programs. The development and 
qualification projects managed by Turkish Aerospace, in collaboration with leading international and national research institutes 
and industrial partners, in part to advance the current status of structural assemblies as well as including additional functionalities 
on the air platforms are presented. 
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INTRODUCTION 

Turkish Aerospace was established on June 28, 1973, 

under the Ministry of Industry and Technology to 

reduce Turkey’s foreign dependence on the defense 

industry. Turkish Aerospace completed the 

manufacture of F-16 aircraft, integration of on-board 

systems, and flight tests between 1984-2009 as a 

Turkish-U.S. joint investment company. In 2005, 

Turkish Aerospace was restructured as a solely 

Turkish company to widen its activities to become a 

technology center for the development, manufacture, 

and system integration aerospace industry in Turkey. 

Turkish Aerospace is among the top hundred global 

players in the aerospace industry. Turkish Aerospace 

concurrently leads several indigenous design and 

development projects, including the Turkish Fighter 

Jet (TF-X), Advanced Jet Trainer and Light Attack 

Aircraft (HURJET), and Multirole Heavy Combat 

Helicopter (ATAK-II) [1]. 

TF-X is a 5+ generation jet fighter possessing the 

critical capabilities of increased situational awareness, 

sensor fusion, and low observability with the support 

of Artificial Intelligence. HÜRJET is a single-engine, 

tandem-seat with modern avionics and high-

performance features to fulfill a critical role in state-of-

the-art pilot training through its superior performance 

characteristics. ATAK-II will be a combat helicopter 

that can successfully perform its missions in harsh 

geographical and environmental conditions, with 

increased payload capacity and modern avionic 

systems alongside high performance and low 

maintenance cost [1].  

At Turkish Aerospace, the Materials Engineering 

Department, with 30+ years of experience, operates 

under the Test and Verification Directorate in 

Engineering Executive Vice Presidency, with 

engineering offices and laboratory facilities located in 

Kahramankazan, Ankara. The core competencies of the 

Materials Engineering Department include Metallic 

Materials (titanium, aluminum alloys, steel), 

Composite Materials (thermosets, thermoplastics), 

Assembly Technologies (mechanical, welding, 

adhesives), Additive Manufacturing (metals, plastics), 

Surface Technologies (corrosion prevention, sealants, 

paints), Special Processes (process and part 

qualification), Calibration (dimension, force, 

temperature, pressure, electronics), and Test and 

Characterization (mechanical, chemical, NDT, failure) 

(Figure 1). 
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Figure 3 Turkish Aerospace Mechanical Testing Laboratory 

 

This paper demonstrates the recent technology 

development efforts in Materials Engineering 

Department at Turkish Aerospace, in collaboration 

with national and international universities and 

research centers. Digital Twin-based mechanical 

testing tools, fire retardant composites, fiber-metal 

laminated composites, and electromagnetic materials 

are investigated. The results shall shed light on the 

development of novel airframe architectures. 

 

MATERIALS AND METHODS 

 

Fatigue tests of aerospace-grade Al-7050 specimens 

were carried out according to ASTM E466-21 

standard, under load controlled testing conditions. The 

specimens were loaded using a periodic sinusoidal 

function. The fatigue tests were carried out at room 

temperature, with a ratio of 𝑅 = −1 and a limit life of 

106. The fatigue life is predicted using an in-house 

developed digital twin model, with an Artificial Neural 

Network for modeling fatigue behavior since weight 

and bias parameters of neurons can be utilized 

conveniently for a Transfer Learning.  

Aerospace-grade woven carbon fibers, fiber glasses, 

modified thermosetting resins, nanomaterial-based 

inclusions, hardeners, and release agents were used in 

a wet layup process to develop fire-retardant 

composites. UL-94 tests were conducted with a 

Bunsen burner flame to characterize the flame 

interaction performances of the fire retardant 

composites. 

Fiber metal laminated composite is 4A-3/2-0.4 Glare, 

with three layers of metal and two stacking plies in the 

form of “0/90/0” with S2 Glass UD prepreg. The 

thickness of each prepreg used is nominally 0.13 mm. 

The total thickness value is 2 mm, the Aluminum type 

is the 2024-T3, and the resin type is the FM 94 Epoxy 

Adhesive. 

Electromagnetic tests are conducted in a free-space 

setup and one sample holder, where antennas are 

connected to a vector network analyzer. The sample is 

placed into the holder, and scattering parameters, also 

known as S-parameters, are measured. Permittivity 

and permeability values can then be calculated from S-

parameters. 

RESULTS AND DISCUSSION 

 

 
Figure 2 Loss curve of Al-2050 with Transfer Learning training 

Mechanical testing is critical for civilian and military 

certification processes in the aerospace industry. The 

calculation of fatigue strength is essential but also 

time-consuming and expensive to conduct fatigue 

tests. Thus, the test loads can be potentially reduced by 

exploring MachineLearning with a Digital Twin 

approach. In a recent collaboration with the National 

Center for Supercomputing Applications (NCSA) and 

TOBB University of Economics and Technology, 

Turkish Aerospace developed a machine learning 

reinforced digital material testing platform. The Digital 

Twin framework employs Machine Learning 

techniques, including Transfer Learning (TL). A proof-

of-concept study using Al-7050 specimens showed 

that the fatigue test load can be reduced to 40% with 

only minimum error. Only a 0.27% error is observed 

using 30% training, 10% validation, and 60% test data. 

Figure 2 shows the comparison of training and 

validation data on loss curves. The outcomes of this 

study are expected to shorten aircraft design lifecycles 

for fatigue-critical parts [2]. 

 

Figure 3 Specimens with Cu film using resin, solvent, and boric acid.  
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Although having excellent strength, stiffness, 
corrosion resistance, and creep properties, fiber-
reinforced polymer composites are vulnerable to fire 
and lightning strike damages. Metallic skins minimize 
these damages but come along with a weight penalty 
and can corrode in the extended service life. Yet, the 
thermal and electrical conductivities of composites can 
be improved by using thin Ti and Cu films for higher 
corrosion and fire resistance without adding much 
weight. The joint research effort in collaboration with 
Wichita State University resulted in fire-retardant 
fiber-reinforced composites utilizing modified 
thermoset resins and Ti and Cu metallic thin films 
(Figure 3). The mechanical, chemical, and thermal 
studies highlighted that the modified robust resins and 
electronically conductive metallic films can help to 
increase flame retardancy and improve mechanical 
performance. Additionally, the presence of 
nanomaterial-based inclusions within the resin 
formulation was observed to contribute to the flame 
retardance performance [3]. 
 

 

Figure 4 Low-velocity impacted fiber metal laminate composite 
panel with 60J impact energy at 90°C. Damaged pattern results are 
(a) Damaged pattern (b) Ultrasonic C scanning (c) Thermography 
(d) Macrostructure scanning. 

Metal alloys have widespread use in the aerospace 

industry, including but not limited to aluminum, 

titanium, and magnesium. The metal alloys can attain 

high strength by heat treatments and are amenable to 

machining. Fiber metal laminates have emerged by 

composing a hybrid structure to combine the 

advantages of both metals and polymer composites. 

Fiber metal laminates can inhibit the progression of 

fatigue damage through fiber reinforcement; the 

mechanism is due to the fatigue resistance of fiber-

reinforced composites and the crack-bridging effect of 

the fibers. In addition, the low impact resistance of 

fiber-reinforced composites can be supported by the 

aluminum layers in the fiber metal laminate structure. 

Turkish Aerospace and Ankara Yildirim Beyazit 

University have investigated the low-velocity impact 

performance of fiber metal laminates through testing 

and simulations at different temperatures and impact 

energies. The results demonstrated that aluminum 

absorbs more energy at elevated temperatures, 

therefore upper prepreg layers were not damaged at 

lower temperatures (Figure 4). At room temperature 

upper and lower prepreg layers had delamination, 

with inter-laminar delamination and intra-laminar 

damaged matrix cracks and fiber failures [4]. 

 

Figure 5 Dielectric constant of silica fiber reinforced polymer 
composite between 2-20 GHz range at various temperatures. 

In an aircraft, the signal exchange process takes place 

through the functional radome structures. It is of 

utmost importance to minimize pollution and noise in 

the signal exchange process. Thus highly permeable 

materials are desired in radome structures. Also, the 

radome structures are exposed to the drag resistance 

by which the skin temperature can drastically 

increase. In collaboration with Ankara Yildirim Beyazit 

University and Bilkent University, silica fiber-

reinforced polymer composites were 

electromagnetically characterized at various 

temperatures, designating the operational window of 

an aircraft. Not drastically, but significant changes 

were observed in the dielectric constant ranging from 

room temperature to 175°C (Figure 5). The results 

highlighted that the electromagnetic analysis of high-

temperature exposing parts shall take the changes in 

dielectric constant into account. 
 

CONCLUSION 

 

Turkish Aerospace is concurrently developing various 

indigenous multi-role next-generation air platforms. 

The Materials Engineering Department is sought to 

realize advanced material and manufacturing concepts 

on these air platforms. Through joint research with 

national and international universities and research 

centers, the Materials Engineering Department 

developed Digital Twin-based mechanical testing 

tools, fire retardant composites, fiber-metal laminated 

composites, and electromagnetic materials over the 

last year. With these new concepts, the operational and 

performance capabilities of the airplatform are 

expected to improve. 
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Abstract. In this study, a frequency selective surface (FSS) combined with metamaterial structure (MTM) is developed and 
investigated using 3D printed materials as substrate layers. The samples manufactured with 3D printing technology are in the 
dimensions of fitting a waveguide measurement setup (in Ku band) which provides electromagnetic permittivity (휀)  and 
permeability (𝜇) values of the samples. Samples with three different raster orientations are used and their performances are 
compared to obtain the highest efficiency. The FSS structure is designed to provide band-pass behavior at f=6 GHz while the MTM 
structure integrated on the top layer of the structure allows an EM absorption behavior. FSS structure is optimized in a way to 
increase the bonding between 3D printed layers. In order to show the performance of the proposed design, an antenna operating 
at f=6 GHz is designed and simulated using the proposed design as a radome. The proposed design does not alter the working 
performance of the antenna while improving the Radar Cross Section (RCS) value. The designed structure is tested for various 
angles of incidence. Due to the nature of the design, it can be adjusted to any desired frequency for filtering and the absorption 
response. Thanks to the 3D printing technology, wideband or multiband absorption behaviors along with band-pass response can 
be easily and cost efficiently obtained not only on flat surfaces but also on any non-planar surfaces which is a significant challenge 
in radome designs in aerospace industry.   
 

Keywords: 3D Printing, frequency selective surface, metamaterials, RCS reduction, RF/EM Absorber 
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INTRODUCTION 

 

 

With the developing technology, the use of 3D 

printed materials increasing day by day from 

agriculture to aerospace applications. As a result of 

these new 3D printing technologies, many types of 

materials can be fabricated within the field of 

material science with different methods of 3D 

printing, such as Fused Deposition Modeling (FDM), 

Selective Laser Sintering (SLS), Stereo Lithographic 

Apparatus (SLA), and etc... Every single 3D printed 

fabrication depends upon additively manufacturing 

processes. Models are being created in computer 

aided design tools and produced these models by 3D 

printers. 

There are numerous materials (filaments) used by 

3D printers including ASA, Polycarbonate, Nylon 6, 

ABS, PLA, ULTEM 9085/1010. In recent years, 3D 

printing technology started to be used in material 

engineering as well due to its fast production and 

lower cost in various fields [1]. A promising study 
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field is the use of 3D printers to manufacture MTM 

absorbers for electromagnetic application, despite 

the fact that numerous approaches have been 

examined in diverse studies. 3D printing can 

definitely be preferred and used including the design 

of metamaterials along with frequency selective 

surfaces mentioned by S. Ghosh and S. Lim as in [2]. 

These types of structures are preferred to reduce 

Radar Cross Section (RCS) in Aerospace [3]. 3D 

printing allows layer by layer fabrication of 

structures from a computer aided model. This 

technology enables parts to be created with difficult 

geometries. Fused deposition modeling (FDM) is the 

most popular and handy additively manufacturing 

method. It offers one of the most cost-efficient ways 

of 3D printing [4]. Solid objects are created by 

melting a polymer filament which is deposited 

through a nozzle tip one layer on top of another. In 

[5], a manufactured FSS when compared to the 

identical design that was fully metallized, the 

resonant frequency was dramatically reduced and 

the angle of incidence performance was improved by 

partially metallizing 3-D printed structures [6]. 

Electromagnetic band gap (EBG) structures have 

been utilized frequently to enhance the performance 

of antenna [7]-[9]. For more efficient antenna in 

terms of matching and directivity, they can serve as 

high impedance surfaces. There have been 

suggestions for small coplanar waveguide (CPW) 

antennas that use commercial laminates [7] and 

textile materials [8].  

In this letter, the samples with three different raster 

orientations ([0° 90°] crossply, [-45° +45°] crossply, 

[Perimetric] orientation) are fabricated by 

STRATASYS F900 brand 3D printer. The printed 

parts’ electromagnetic performances are measured 

using waveguide measurement setup operating 

between 12-18 GHz. This study focuses not only on 

using FSS for providing band-pass filter response 

but also on reducing RCS by adding a metamaterial 

layer with help of 3D printed substrates. 

MATERIALS AND METHODS 

 

In this study, it was aimed to use 3D printed 

materials as the substrate for the combination of 

metamaterials and FSS structures. For this purpose, 

three samples with different configurations were 

manufactured using a 3D printer. ULTEM 9085 

flame retardant 3D printing filament was used. The 

full name of the filament is given as “ULTEM 9085 

resin black, 92 cu in – Plus”. The configurations are; 

0°/90° crossply orientation, -45°/45° crossply 

orientation and perimetric orientation as shown in 

the figure below (Figure 1). There are certain 

parameters that need to be mentioned such as T16 

nozzle tip is used and its raster width is 0.508 mm 

and layer height is 0.254 mm. The enclosed 3D 

printing platform’s ambient temperature is 180 °C 

while filament is melted and deposited from the 

nozzle tip at 430 °C temperature.  

  

         
(1)   (2)           (3) 

 

                      
Figure 4 3D printed actual samples with three 
different configurations 

Table 1 Samples with different raster orientations 

 
The sizes of the samples chosen according to sample 

holder dimensions so that they can be used in 

electromagnetic waveguide measurement system in 

order to find their electromagnetic characteristics. 

This type of setup is used to obtain electrical 

permittivity and magnetic permeability values of the 

manufactured materials with various 

configurations. In waveguide test setup, there are 

two waveguides and one sample holder connected 

to a vector network analyzer (VNA). The sample is 

placed into the sample holder and scattering 

parameters, also known as S-parameters, are 

measured. Permittivity and permeability values can 

then be calculated from S-parameters using 

Nicholson Ross Weir method (NRW) [10-11]. In this 

method, some auxiliary terms are introduced as 

shown in the following equations.   

𝑋 =
𝑆11

2 −𝑆21
2 +1

2𝑆11
 ,  𝛤 = 𝑋 ± √𝑋2 − 1    and 

𝑇 =
𝑆11+𝑆21−𝛤

1−(𝑆11+𝑆21)𝛤
  ,  

1

𝛬2 = − [
1

2𝜋𝐿
𝑙𝑛 (𝑇)]

2
 

Samples 3D Printing Orientations 
1 0° / 90° Cross-ply 
2 -45° / +45° Cross-ply 
3 Perimetric Orientation 
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After obtaining 𝑋  and 𝑇 , permittivity and 

permeability values can be calculated by the 

following equations; 

𝜇𝑟
∗ =

2𝜋

𝛬√𝑘0
2−𝑘𝑐

2
(

1+𝛤

1−𝛤
)  and  휀𝑟

∗ =
1

𝜇𝑟
∗𝑘0

2 (
4𝜋2

𝛬2 + 𝑘𝑐
2) 

The wave guide measurement setup used in this 

study to determine the scattering parameters and 

the electrical permittivity and magnetic 

permeability parameters is shown in the figure 

below (Figure 2).  

 
Figure 5 Waveguide measurement setup and 

electromagnetic test sample 

Once the electrical permittivity and magnetic 

permeability values are calculated, the 

corresponding material can be transferred into the 

computer environment. The next step is the design 

of frequency selective surface (FSS) and the 

metamaterial structure. In this study, we have 

designed a circular FSS providing a band-pass 

filtering property. The shape and dimensions of this 

structure can be seen in the following figure (Figure 

3). The dimensions of the structure were chosen so 

that the filtering behavior occurs at around f=12 

GHz. For the metamaterial part, we have used 

circular split ring resonators (CSRR) with the 

dimensions providing absorption behavior in the 

range of f=15-20 GHz. The detailed dimensions of 

the CSRR FSS can also be seen in the following figure 

(Figure 3).  

 

(a) 

 

(b) 

 

(c) 

Figure 6 Copper CSRR (a) as the top layer, 
perspective of the structure (b) and copper circular 

FSS (c) at the bottom layer. 

The structure is composed of three layers including 

FSS layer at the bottom, dielectric layer at the middle 

section and MTM layer at the top layer of the 

structure. FSS cell is simply a ring removed from a 

copper ground with the dimensions of R1=6.72 mm 

and R2=5.35 mm where R1 refers to the outer 

diameter while R2 is the inner diameter. This is 

designed so that it reflects all the signals but signals 

having frequencies at about 12 GHz will only pass 

through. FSS structure acts as a band-pass filter 

operating at that certain frequency point. On the 

other hand, MTM structure integrated on top of the 

structure is composed of a split ring resonator as 

seen in the figure above (Figure-3). The thickness of 

the substrate was chosen as 1.6 mm while the 

copper thickness is 0.035 mm. 

In terms of absorption perspective, we should note 

that absorption is directly related to transmission 

and reflection. The following equation summarizes 

these relations between them.  

𝐴(𝑤) = 1 − 𝑅(𝑤) − 𝑇(𝑤) 

Here, 𝐴(𝑤)  is the frequency related absorption, 

𝑅(𝑤)  and 𝑇(𝑤)  are the frequency dependent 

reflection and transmission behaviors, respectively. 

In addition, reflection and transmission behavior 

can be written as 𝑅(𝑤) = |𝑆11 |2 and 𝑇(𝑤) =  |𝑆21 |2  

respectively using scattering parameters. In order to 

have high absorption, reflection and transmission 

must be minimized. In most absorber studies, 

transmission response is minimized and even 

eliminated by placing a metal ground plane at the 

back of the structures. In our case, this task is 

performed by the copper sections of FSS part placed 

at the bottom layer of the structure.   

 

RESULTS AND DISCUSSION 

 

The combinations of FSS and MTM structure using 

three different 3D printed substrates are tested and 

the resulting reflection, transmission and 

absorption graphs are drawn in this section. In the 

first case, Sample-1 was used as the substrate and 

the obtained graphs are shown below in Figure 4. As 

seen in the figure, band-pass behavior is present at 

around f=12 GHz while the reflection and 
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transmission stay low after f=15 GHz resulting a 

good absorption behavior.   

 
Figure 7 Reflection and transmission of the 
structure for Sample-1 (Amplitude in dB vs 

Frequency in GHz) 

The same approach was applied to all three samples 

and the reflection along with transmission behaviors 

are given in Figure 5 and 6 for the second and third 

samples, respectively. One can see from the figures 

that filtering operation works well at f=12 GHz with 

reflection magnitudes of approximately -12.5 dB for 

both cases. In addition, the transmission values are 

very close to 0 dB at f= 12 GHz, meaning that there is 

no electromagnetic wave transmission between two 

ports at this frequency point. Besides, the absorption 

behavior can also be seen at higher frequencies, 

similar to Sample-1. 

 

Figure 8 Reflection and Transmission of the 
structure for Sample-2 

 

Figure 9 Reflection and Transmission of the 
structure for Sample-3 

For a better understanding, the absorption graphs 

have been drawn for all three cases in terms of 

frequency bands (Figure 7-9). In figures below, x-

axis refers frequency in GHz while the y-axis 

represents absorption level (where 1 stands for 

100% absorption). In Figure 7 and Figure 9, the 

absorption values are very close to 80% where as in 

Figure 8 the absorption value is almost 70% top as 

expected from the reflection and transmission 

graphics for all three samples.  

As a result, samples with 0° / 90° cross-ply and 

perimetric orientation provided higher absorption 

values for higher frequencies (smaller wavelength). 

However, the sample with -45°/+45° cross-ply 

orientation shows slightly less absorption behavior 

compared to the other samples. 

 

Figure 10 Absorption of MTM+FSS structure for 
the Sample-1 with respect to wavelength 

 

Figure 11 Absorption of MTM+FSS structure for 
the Sample-2 with respect to wavelength 

 

Figure 12 Absorption of MTM+FSS structure for 
the Sample-3 with respect to wavelength 
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CONCLUSION 

 

In conclusion, the idea of using metamaterials with 

frequency selective surfaces worked well in the 

structure we designed in this study. Normally, an 

FSS structure built for a band-pass behavior allow 

signals at a certain frequency band while reflecting 

the rest of the signals in different frequencies. With 

the combination we suggested in this paper, high 

frequencies are absorbed with the help of 

metamaterial split ring resonator structure placed 

on the other side of the structure. This can be seen 

both from the absorption graphs and from the 

transmission/reflection graphs. It is obvious that 

absorbing signals rather than reflecting back fully 

will significantly reduce the radar cross section of 

the structure. Finally, it can be said that this 

structure and approach can be used safely and easily 

particularly in antenna radomes to reduce RCS in 

various applications. The challenging part of this 

study will be the application of this structure on non-

planar surfaces which will be the future study on this 

subject.  
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Abstract. Oxide materials are currently considered a promising alternative to traditional thermoelectrics. Moderate charge 
carrier mobility stemming from strong covalent and ionic bonding, combined with relatively high thermal conductivity, 
represent known disadvantages of these materials for thermoelectric applications. However, oxides offer a possibility to 
operate at high temperatures, resulting in a higher Carnot efficiency. In addition, their known structural and microstructural 
versatility can open new horizons for thermoelectric applications. This work reviews some representative cases of 
engineering the composition and microstructure of a series of selected oxides towards high thermoelectric performance. 
The selected approaches will include laser processing, in situ formed composites, defects tailoring and aluminothermy-
boosted sintering, also taking into account the unique redox-tuning capabilities of oxides. Representative examples will 
include ceramic materials based on SrTiO3, ZnO, CaMnO3 and Ca3Co4O9. 

 
Keywords: thermoelectrics, energy conversion, electroceramics, oxides. 

© 2022 Published by ICMATSE 

 

The UN 2030 Agenda goals give particular emphasis 
to the growing need for low-carbon and energy-
efficient technologies. Significant efficiency savings 
can be thus achieved by recovering useful energy 
from waste heat. A promising solution is direct 
thermal to electrical energy conversion based on the 
Seebeck effect and using thermoelectric materials. 
Thermoelectric technology offers a short route to 
power generation and is self-sufficient to enable 
mobile or remote applications [1]. The efficiency of 

a thermoelectric generator is directly linked to the 
performance of the semiconducting materials from 
which it was composed. Different material families 
have promising thermoelectric properties [1,2], with 
the focus given to oxides when considering high-
temperature applications, owing to their stability in 
air at elevated temperatures and abundance.  The 
results presented in this work was obtained for bulk 
ceramic thermoelectric materials. Detailed 
structural, microstructural, electrical and thermal 
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charactirization (Fig. 1) was performed to obtain 
new guidelines for processing and design of 
performing oxide thermoelectrics. Laser floating 
zone (LFZ) method was demonstrated as a suitable 
method for processing ceramics with good 
thermoelectric properties, although the 
equilibration of the phase composition after growth 
represents a challenge [3].  
 

 

Figure 1. Representative microstructures and 
thermoelectric performance of some laser-processed 
ceramics and in-situ formed composites.  
 
The thermoelectric properties of oxides can be 
tuned and enhanced by redox-sensitive additions, as 
exemplified by the cases of Sr(La)TiO3 – MoO3 
composites [4] and Ca3Co4O9 containing metallic Co 
addition [5]. Aluminothermy reaction can be used to 
promote the donor doping of ZnO-based 
thermoelectrics, leading to an enhancement of the 
elerctical performance. These and some other 
approaches are discussed in the present work. 
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Abstract. Since the last century, the priorities of the automotive industry have changed, and factors such as fuel 

consumption and passenger safety have been decisive in the design of automobiles. This has led to the development of 
advanced high-strength steels with high strength and enhanced elongation. Safety rules and renewed demands have 
increased the need for new AHSS types over time and forced the steel industry to produce new generation AHSS. One of 
these new types of AHSS is medium manganese steels. In this study, the effect of intercritical annealing on the 
microstructure and mechanical properties of 0.16C-5.5Mn mid-Mn steel was investigated. The 0.16C-5.5Mn steel plate 
manufactured by casting has been thinned into sheet form by hot press and hot forging method. Then, intercritical (675°C) 
and conventional (800°C) annealing processes were applied to the samples. Microstructures were observed with optical 
microscopy (OM) and scanning electron microscopy (SEM), and volume fractions of retained austenite were calculated by 
X-ray diffraction (XRD). The mechanical behavior of 0.16C-5.5Mn steel was investigated by tensile and hardness tests, and 
the fracture behavior was examined with SEM micrographs. The findings revealed that the intercritical annealing improves 
the strength-elongation combination in 0.16C–5.5Mn steel. The fracture surface images showed that the cooling rate had 

an effect on the fracture behavior. 
 

Keywords: Mid-Mn, Intercritical Annealing, AHSS 
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1. Introduction 
The current demands, safety requirements, and the 
requirement for thinner panel thickness to provide 
the prescribed stiffness for the automotive industry 
have created the need for special combinations of 
strength and elongation. These requirements are 
summarized by the term "Advanced High-Strength 
Steels (AHSS)", which generally means yield strength 
above 280 - 300 MPa and tensile strength above 590 
- 600 MPa with improved elongation. While the main 
category of AHSSs is DP steels, the requirements of 
the automotive industry have led to the 
development of new special microstructures from 
high-strength steel sheets to meet specific demands 
for certain safety conditions. The first of these are 
TRIP steels, which show transformation-induced 
plasticity with an extremely high hardening ratio up 
to the limit of uniform elongation, which can help 
provide extremely high energy absorption in 
collisions [1]. 

The general trend followed by the steel industry in 
automobile production is to achieve higher strength 
values with the same level of formability as an 
existing type of high strength steel (HSS) or AHSS. 
The evolution of existing high and ultra high strength 
formable steels has spawned new types of so-called 
"Third Generation" steels that have essentially high 
strength at significantly higher elongation and 
approach the values of high Mn TWIP steels. The 
sustainability of the steel industry and the place of 
AHSS in the automotive industry make these new 
generation steels extremely important. It should be 
noted that the strength and elongation 
combinations expected from the third generation 
AHSS consider the yield strength along with the 
tensile strength as the strength criterion. 
Extensibility includes uniform elongation with total 
elongation, as well as hole expansion. Several new 
steel grades have been developed that exhibit 
extremely high combinations of these parameters 
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and have attracted the attention of both researchers 
and industry [2]. One of the promising steel types 
with combinations of properties attributable to the 
Third Generation are medium manganese steels with 
a relatively high but still moderate concentration of 
Mn content (4-10%) [3, 4]. 
In this study, the effect of annealing conditions on 
the microstructure and mechanical properties of 
medium manganese steels is discussed. With the 
help of different analyzes and mechanical tests, the 
effects of annealing parameters on the phases 
forming the microstructure and accordingly the 
changes in the strength-elongation combination 
were investigated. The role of cooling rate on 
fracture behavior was investigated with SEM images 
taken from rupture surfaces. 
 
2. Material and Method 
Medium manganese steel plates used in this study 
were manufactured by casting. 5 mm thick sheets 
were obtained by hot forging method from these 45 
mm thick plates. The chemical composition of the 
medium manganese 0.16C-5.5Mn steel is given in 
Table 1. 
 
Table 1. Chemical composition of 0.16C-5.5Mn steel 

Chemical Composition (wt.%) 

C Mn Si Mo Ni Al 
0.16 5.54 0.3 0.26 0.12 0.11 

 
Samples taken from 0.16C-5.5Mn steel were first 
normalized at 900 °C. Then, different heat treatment 
cycles were applied to the samples in the critical 
temperature range (Ac1 < TA < Ac3) and above the 
critical temperature range (TA > Ac3). These cycles are 
shown schematically in Figure 1. 
 

 
Figure 1. Annealing cycles 

The heat treatment parameters of the samples 
annealed under different conditions are given in 
Table 2. 
 

Table 2. Annealing conditions 

Sample 
Annealing Conditions 

Temperature 
(°C) 

Time 
(min) 

Cooling 
Media 

S1 675 30 Air 
S2 800 30 Air 
S3 675 30 Water 
S4 800 30 Water 

 
The annealed samples were sanded and polished for 
metallographic examinations and etched with 2% 
nital solution. Afterwards, optical microscopy (OM) 
and scanning electron microscopy (SEM) images 
were taken from the samples. In addition, phase 
analyzes were performed with Rigaku brand 
MiniFlex II model XRD analyzer. Tensile and hardness 
tests were applied to the samples in order to see the 
effect of annealing conditions on the mechanical 
properties of 0.16C-5.5Mn steel. 
 
3. Results and Discussion 
OM and SEM micrographs of 0.16C-5.5Mn samples 
annealed under different conditions are given in 
Figure 2 and Figure 3, respectively. 
 

 
Figure 2. OM micrographs of 0.16C-5.5Mn samples; a) S1, 
b) S2, c) S3, d) S4 

 
Figure 3. SEM micrographs of 0.16C-5.5Mn samples; a) S1, 
b) S2, c) S3, d) S4 
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When the OM images given in Figure 2 are examined, 
it is seen that the microstructure of 0.16C-5.5Mn 
steel consists of martensite (M) matrix and ferrite 
(F), bainite (B) and retained austenite (RA) phases. It 
was observed that the presence of the ferrite phase 
in the microstructure decreased with the annealing 
temperature exceeding the Ac3 temperature, and 
there was some coarsening in the size of the ferrite 
grains [5]. It was determined that both ferrite and 
bainite phase fractions decreased in the water 
quenched samples. Increasing the cooling rate 
resulted in lath-shaped M/RA [6]. In particular, the 
layered M/RA structure can be seen more clearly in 
the SEM images of the water quenched samples 
(Figure 3c). 
Retained austenite phase observed in SEM 
micrographs was also detected in XRD patterns 
(Figure 4). 
 

 
Figure 4. XRD graphs of samples S1 and S3 

 
The volume fractions of the retained austenite phase 
were calculated with the help of the data of the 
martensite (α') and residual austenite (γ) phase 
peaks. The change in the volume fraction of retained 
austenite is given in Figure 5. 
 

 
Figure 5. Volume fractions of RA 

 
When the retained austenite phase fractions given in 
Figure 5 are examined, it is seen that the intercritical 
annealing applied between Ac1 and Ac3 
temperatures increases the volume fraction of the 
retained austenite phase. This can be attributed to 
the fact that the critical austenite phase between 
Ac1-Ac3 temperatures is more enhanced in terms of 
Mn and C than the austenite phase above Ac3 
temperature [7, 8]. 
The effect of annealing parameters on the retained 
austenite phase fraction and phase distributions in 
the microstructure was also determinative on the 
stress-strain behavior of 0.16C-5.5Mn steel (Figure 
6). 
 

 
Figure 6. Stress-elongation graphs of samples 

 
When the stress-strain graphs of the samples were 
examined, it was observed that the samples 
annealed in the full-austenite region reached higher 
strength values, while the elongation ability of the 
samples annealed in the critical temperature range 
was observed to be improved. The increase in 
cooling rate increased the strength values of the 
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samples, but negatively affected the total 
elongation. The mechanical properties of the 
samples after the mechanical tests are given in Table 
3. 
 
Table 3. Mechanical test results of the samples 

Sample 
TS 

(MPa) 
TE 
(%) 

TSxTE 
(GPa.%) 

Hardness 
(HRC) 

S1 1246 17.1 21.3 43.4 
S2 1424 11.2 15.9 45.3 
S3 1383 15.3 21.2 45.4 
S4 1525 9 13.7 47.2 

 
When the tensile strength-total elongation 
combinations (TSxTE) of the samples were 
examined, it was determined that the TSxTE 
combination of S1 and S3 samples annealed in the 
critical temperature range reached higher values 
(Table 3). The results obtained from the hardness 
tests showed that the increase in both the annealing 
temperature and the cooling rate increased the 
hardness values. This improvement seen in the TSxTE 
combination was made possible by the 
microstructure provided by the intercritical 
annealing process [9]. 
When the SEM images taken from the fracture 
surfaces of the samples were examined, it was 
observed that the samples exhibited mixed-type 
fracture behavior. Higher annealing temperature 
and cooling rate increased the efficiency of the 
brittle fracture mechanism (Figure 7). 

 
Figure 7. SEM images of the fracture surfaces; a) S1, b) S2, 
c) S3, d) S4 

 
4. Conclusion 
In this study, the effects of intercritical annealing on 
the microstructure and mechanical properties of 
0.16C-5.5Mn steel were investigated and the 
following results were obtained. 

 The microstructure of 0.16C-5.5Mn steel 
consists of martensite matrix and phases of 
ferrite, bainite and retained austenite. 
Intercritical annealing increased the amount of 
retained austenite in the microstructure. 

 Annealing in the critical temperature range has 
improved the TSxTE combination of 0.16C-
5.5Mn steel. 

 It has been determined that the fracture 
behavior of 0.16C-5.5Mn steel is dominated by 
mixed-type fracture. 
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Abstract. In this study, Al2O3@Ag Core@shell microspheres were synthesized via seed mediated electroless plating 

method. Polyvinylpyrrolidone(PVP) was used to control uniform shell synthesis. Morever, the influence of the PVP content 

and Ag powder concentration during the synthesis of Ag shell was investigated by scanning electron microscopy (SEM) and 

energy dispersive spectroscopy (EDS). The results show that silver powder concentration and adding PVP during shell 

synthesis are important parameters in terms of obtaining homogeneous and uniform silver shell synthesis. 
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INTRODUCTION 
 
Recently, the core-shell microspheres are intriguing 
materials due to excellent properties such as, 
mechanical stability, good electric-magnetic 
properties and thermal conductivity [1,2]. Especially, 
seramic core like silica, polystrene and noble metal 
shell such as gold and silver has an important role to 
apply surface enhanced raman scattering, plasmon 
resonance frequency applications and so on [3,4]. So, 
there exist many way to syntesis core-shell 
microspheres, such as layer-by-layer method [5], 
electroless plating [6], chemical deposition [7], and 
sonochemical approach [8]. Electroless plating of 
core-shell structures have attracted method due to 
excellent advantages such as cheap, fast production, 

easily scalable and modifiying. In terms of last two 
decades research about the ceramic- 
 
 
metal core-shell microspheres have devoted high 
demand in photonics, optoelectronics, biosensing 
and surface-enhanced raman scattering (SERS) [9]. 
Especially when the literature is examined for silica 
core-silver shell syntesis, Liz-Marzan and co-workers 
have shown that  SiO2@Ag core-shell  were 
syntesized successfully without the activated agent 
like paladium or gold with the help of decorating 
silver atoms [10]. After that Liu and co-workers 
obtained homogenous and monodisperse SiO2@Ag 
core shell by adding PVP  to stabilizate and control full 
covered silver shell process [11]. Although there are 
many studies in the literature for silver shell synthesis 
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on ceramic core, it is seen that alumina core silver 
shell growth with electroless coating method is rarely 
studied. In this paper, Al2O3-Ag core-shell 
microspheres were synthesized via seed mediated 
electroless plating method. Polyvinylpyrolidone (PVP) 
was used to control uniform shell synthesis. We 
characterizated each samples by field emission 
scanning electron microscopy (FESEM) and energy 
dispersive spectroscopy (EDS). The results show that  
with the process of as-seed mediated silver nuclei and 
adding PVP during the complete silver shell synthesis 
are important parameters in terms of obtaining 
homogeneous and uniform silver shell synthesis. 
 

EXPERIMENTAL 
 
Materials 
 
Polyvinylpyrolidine (PVP, k30), silver nitrate (AgNO3, 
%99.8), formaldehyde (HCHO, 37%), Ammonia 
solution (28%), hydrocholoric acid (HCl, %25) and 
SnCl2·2H2O and DIW were used to growth Al2O3-Ag 
core-shell. 
 
Pre-treatment of Al2O3 powders 
 
The chosen Al2O3 powders has an average size 40µm. 
The first step 0.5 gr Al2O3 powders were cleaned 
with 100 ml acetone through the 15 min. After that 
the cleaning Al2O3 were washed by DIW a few times 
and finally were collected with the help of filtre 
process to sensitize immediately pre-treating Al2O3 
powders. 
 
Sensitization process of Al2O3 powders 
 
Pre-treating Al2O3 powders were immersed 100 ml 
DIW and were added 3gr. SnCl2 to sensitize. 
Moreover, to avoid hydrolyzation of SnCl2 were 
used 10 ml HCl. The process lasted for 30min in 30°C 
under the magnetic stirring to 400 rpm. When the 
process was finished, The sensitizated Al2O3 
powders were seperated the solution and were 
cleaned a few times to remove unabsorbed SnCl2.  
 
Decorating silver nuclei of Al2O3 core and process 
of the Al2O3-Ag core-shell synthesis  
 
0.35 M AgNO3 and sensitizated Al2O3 were added 
ammonical solution for 20 min. Then, The Al2O3 
powders were collected again and were dispersed a 
few times with DIW. To obtain a homogeneous and 
uniform silver shell, sequentially decorated alumina, 
0.025M AgNO3, 0.1 gr. PVP and 3 ml of 

formaldehyde were added while mixing with a 400 
rpm magnetic stirrer. Then 40 ml of ammonia was 
added to activate the silver shell synthesis reaction. 
This process continued until the solution turned a 
deep black color. After the samples were washed, 
they were dried at 80C for 6 hours. The syntesized 
samples were characterizated FESEM and EDS. 
 
RESULTS AND DISCUSSION 
 
Elemental and morphology analysis of Al2O3-Ag core-
shell samples were characterizated with a SEM 
Hitachi SU5000 FESEM which is the accelerating 
voltage was set to 10 kV with a working distance of 
approximately 6 mm. 
Electroless plating method has consist of 
autocatalytic process without electrical energy. So, 
It has commonly used to grow silver shell onto 
ceramic cores due to excellent advantages like large 
scale product, more modifiyng, cheap and fast 
process without the low vacuum. Despite all these 
advantages, there are many sensitive parameters 
for the core-shell synthesis to be homogeneous and 
controlled. These parameters are value of pH, type 
and amount of the reactants, temperature 
Sensitization process and amount of catalytic agents 
[3,10]. 
The silver shell can not directly synthesis on Al2O3 
cores that has chemical inertness nature. So, Al2O3 
should be sensiitizated with the SnCl2 and HCl 
solution. Thus, as-sensizitazed Al2O3 has suitable for 
the Ag ions seed process to obtain and uniform silver 
shell. 

 
Figure.1. SEM images of Al2O3-Ag core-shell a) Decorated 
Al core, b) bu adding 0.1 PVP growth core-shell, c) growth 
core-shell without PVP, d) EDS images of core-shell. 

 
In order to obtaind uniform and dense Al2O3-Ag 
core-shell, dielectric core should be activated with 
the help of diverse metal catalyst such as Palladium, 
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gold etc.However, mentioned of these metal 
catalytics are quite expensive. On the other hand, 
activating the sensitized al2O3 core with silver 
atoms acting as seed mediated is highly effective in 
homogeneous synthesis of silver shell. This reaction 
occurs that; 
 
Sn+2 + 2Ag+             Sn+4 +2Ag 
 
To synthesis fully covered silver shell onto Al2O3 
core, the ratio of Sn/Ag have been optimized as 3gr 
Sncl2 and 0.35M AgNO3, respectively. Figure 1.a. 
shows that Ag decorated Al2O3 core, silver nuclei 
form on the core is occured pretty homogenous 
which is supported the formation of the uniform 
silver shell. 
 
To obtain uniform and full covered Al2O3-Ag core-
shell to the other parameters are quite significant, as 
well. For instance, the pH of the solution must be 
critical for formaldehyde to activate silver ions. This 
value is set to 13. When the pH value is below 13, the 
formaldehyde-silver interaction will be weak, which 
results in agglomeration in the formation of silver 
shell. 
 
Although the pH value is optimal, the cores interact 
with each other during shell formation and the 
homogeneous and fully covered shell structure is 
disrupted, resulting in the formation of agglomerated 
or uncoated regions. Various polymer surfactants are 
used to prevent this. PVP is widely used among these 

polymer surfactants. Adding some pvp during the 
shell formation process ensures that the formed shell 
is homogeneous and uniform. Figure 1.b. and 1.c. 
indicated that Sem images of  Al2O3-Ag core shell 
without PVP and PVP, respectively. While 
agglomeration occurs in the Al2O3-Ag core shell 
synthesized without using PVP (Fig.1.b.), the 
agglomeration is prevented by the addition of PVP. 
Thus, the core-shell structure formed is fully covered 
and homogeneous (Fig.1.c.). The EDS imaging of 
Al2O3-Ag core shell supported to the results as well. 
 
CONCLUSION 
 
In our study show that homogeneous and uniform 
silver shell synthesis was successful by adding PVP. 
In silver shell synthesis without the addition of PVP, 
silver ions interact with each other to form a 
heterogeneous and agglomerated shell structure. 
This results were indicated that the PVP addition 
protects the shell structure by preventing silver ions 
from interacting with each other. In addition, silver 
decoration was used instead of expensive activating 
precursors such as palladium. In this way, more 
cheaper and homogenous silver shell was 
synthesized on the alumina core. 
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Abstract. Due to the properties anisotropy exhibited by high temperature (HTc) superconductors, develop adqate 

processing technologies is a major challenge. Recently, the laser induced solidification techniques have been using to 

improve the microstructure of HTc superconductors namely, Bi2Sr2CaCu2O8+x (Bi-2212), REBa2Cu3O7-x (RE-123, RE=Y,Gd). 

Different laser technologies have been used to fabricate well-textured samples and to machine them without generating 

cracks. Texture has been controlled using a Laser Zone Melting (LZM) technique while the sample is at thigh temperature in 

a system calle Laser Furnace. This tecniue can be considered as a modification of the laser line scanning protocol. A very flat 

solidification front has been obtained in samples up to 100 mm wide. We have fabricated Bi-2212 superconducting samples 

up to 10cm x 10cm size. The flatness reached in the solidification front allows obtaining misorientation angles lower than 

15º in the full width of the sample. The transport properties of these superconducting materials have been correlated with 

mailto:mmora@unizar.es
mailto:ozcelik@cu.edu.tr


International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 
 

136 
 

the level of texture and the thickness od the tectured region reached during the laser process. It can be argued that the size 

of the plate samples is adequate to desing several electrical circuits adapted for different applications.  

Keywords: Laser Zone Melting, Bi2212 Plate, SEM-EDX. 
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Abstract: Transition metal ferrite ceramics present very interesting magnetic properties, and are presently being 
considered in nanometric grain sizes for a number of applications in bioscience. Depending on the preferred 
transition metal for usage, these ferrite ceramics show stable melt behavior. Thus, they become ideal candidate 
materials for laser melt processing. Laser Zone Melting process provides many advantages, although until 
recently it was not possible to process large areas under controlled solidification conditions. These are necessary 
to exert a good degree of microstructure control. An effective solution to achieve a satisfactory directional 
solidification interface is found using Laser Line Scanning [1,2], where an instantaneous melting line is obtained 
on a substrate with a planar geometry. The resulting sharp melt-solid interface provides controlled 
microstructures and a stable melt on a moving material. In this particular case, the movable material is the 
preferred transition metal ferrite ceramic compact. Laser Line Scanning generates a dense compact on the 
machined surface that may be suitable for the subsequent production of nanoparticles with controlled 
properties via Laser Ablation. The purpose of present research is to focus on the evaluation of the microstructural 
and magnetic properties of nanoparticles of Mn ferrite spinel material fabricated via Laser ablation process.  
Keywords: Subnanosecond Laser Ablation, Nanoparticles, Spinel ferrites. 
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Abstract.  
 

Terminal blocks are widely used in the manufacturing, construction and transportation industries today. They are the 
most preferred products for securely connecting two or more conductors in application areas. According to the usage 
areas of the terminals; There are many types such as row terminals, metal terminals, terminal blocks. Terminal blocks 
are terminals that are generally used in electrical panels by arranging them side by side on EN Norm Rails, the 
dimensions of which are internationally standardized. A rail terminal basically consists of conductive busbar, insulating 
body and connection mechanism parts. There are many connection mechanisms (screw pressure, spring pressure, 
push-in connection, lug connection, etc.) available to connect the conductors with the conductor busbar. Each of these 
mechanisms is used in different places and has various advantages and disadvantages compared to each other. 

In the study, by designing the terminal block with push-in connection on the left and screw connection on the right, 
the installation time of the applicator was shortened and it was ensured that he could interfere with the conductors 
whenever needed. By design, the conductor is mounted on the screw-connected side of the terminal block, parallel 
to the ground, while the spring-connected side is mounted at 90 degrees from the ground. This provides ergonomics 
and convenience in the assembly of cables coming from different directions in the panel. The product designed as 
closed on both sides; slots are designed for snap-on labels on the right and left, and a strip label can be used on it. This 
has also increased the level of security. 

 

Keywords: Terminals, Terminal blocks, Design, Screw connection, Spring connection, Conductor 
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Introduction  
 

Terminals; Today, it is widely used in the 
manufacturing, construction and transportation 
sectors. They are the most preferred products for 
securely connecting two or more conductors in 
application areas.  
 
According to the usage areas of the terminals; There 
are many types such as strip terminals, metal 
terminals, terminal blocks.  

Terminal blocks are terminals that are generally 
used in electrical panels by arranging them side by 
side on DIN Norm Rails, the dimensions of which 
have been made internationally standard. A 
terminal block basically consists of conductive bar, 
insulating body and connection mechanism parts. 
There are many connection mechanisms (screw 
pressure, spring pressure, lug connection, etc.) are 
available to connect the conductors with the 
conductive bar. Each of these mechanisms is used in 
different places and has various advantages and 
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disadvantages compared to each other. Screw 
pressure (Fig. 1) ; The conductors are connected 
parallel to the ground. There is a 180 degree angle 
between each other. The screw must be tightened 
with a certain torque to prevent loosening.It takes a 
lot of time to tighten the screws or unscrew them 
when needed.  
 

 
Figure 1. Screw pressure connection 
 
Spring pressure (Fig. 2)  (Push-in type); There is a 90 
degree angle between the conductors and the 
ground and the conductors are parallel to each 
other. No tools or screws are required. Removing 
and replacing the conductor when needed is simple 
and fast. 
 
 

 
Figure 2. Spring pressure connection 
 

Design  
 
Within the scope of this study, a new terminal block 
was designed by combining the technical features of 
two different connection types in a single terminal 
block (Fig. 3).  
 

The left side of the terminal block is designed with 
push-in connection and the right side is designed 
with screw connection, and the angle between 
conductor input slots is preferred to be 90 degrees. 
The product is designed to be closed on both sides, 
as in other ONKA products. This feature increases 
the insulation resistance.  
 
3 slots have been added for labeling, on the right, on 
the left and on the top. 2 slots have been added for 
jumper bridging. 
 

 

 
Figure 3. Hybrid connection 

 
Material/Method  
 
Polyamide 6.6, which can meet the insulation, non-
flammability and flexibility conditions at the same 
time, was chosen as the material for the body and 
cover. 
 
Plastic injection method is used for body and cover 
production, therefore, 2 molds with 4-cavity were 
designed and manufactured within ONKA.  
 
Conductive bar material has been determined as 
copper and will be produced with an eccentric press. 
For this, a press mold has been designed and 
manufactured within ONKA.  
 
Existing parts of other terminal bars were used for 
the connection mechanism parts of the Hybrid 
terminal bar. 
 
Results And Discussion 
 
In control cabinet assembly, wiring is the longest 
and most costly process.  
 
Within the scope of our project; By designing the 
terminal block with push-in connection on the left 
and screw connection on the right, the assembly 
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time of the applicator is approximately 40% has 
been shortened.  
By design, the conductor is mounted on the screw-
connected side of the terminal block parallel to the  
 
ground, while the spring-connected side is mounted 
at 90 degrees from the ground. This provides 
ergonomics and convenience in the assembly of 
cables coming from different directions in the panel.  
The compact design and front connection enable 
wiring in a confined space. 
 
The product designed as closed on both sides; slots 
are designed for snap-on labels on the right and left, 
and a strip label can be used on it. This is important 
for increasing the level of security.  

With the completion of our project, the goal of 
bringing a product, which has no example in Turkey 
but is frequently preferred by domestic companies, 
but is frequently preferred by domestic companies, 
to the domestic market and to increase competition 
in the foreign market, has been realized. 
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Abstract. Unusually high exciton binding energies in two-dimensional (2D) materials exhibit stable excitonic many-body 
effects and provide opportunities for exploring exciton optoelectronic devices at room temperature. Many-body neutral 
excitons, trions, bi-excitons, and defect-induced excitons are rarely realized in bulk materials at room temperature. Here 
we investigate different excitonic states invoked by the crystal defects in monolayer tungsten disulfide (WS2) at the 
substrate interface. This was achieved by carrier screening engineering with photogenerated carrier modulation, external 
doping, and substrate scattering. Defect-induced trions strongly coupled with inherent SiO2 hole-traps under high 
photocarrier densities and become more prominent in rhenium-doped WS2. The absence of defect-induced trion peaks was 
confirmed using a trap-free hexagonal boron nitride substrate, regardless of power density. Furthermore, excitonic solar 
cell properties were investigated in graphene/n-Si Schottky Ideal diode structure by minimizing trap charge density in the 
graphene-Si interface. We controlled the doping methods to increase the conductivity of graphene that transforms 
nonlinear kink photodiodes with low FF and solar cell efficiency toward trap-free nearly ideal diode photovoltaic I-V. The 
solar cell efficiency obtained with our strategy is around 13.6% and suggests the possibility to reach the theoretical limit of 
19%. 

 
Keywords: exciton binding energy, defect-induced B-trion, neutral-to-trion conversion, space charge current, 
Schottky solar cell 
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We demonstrate a clear signature of defect-induced 
A-trions and B-trions in monolayer WS2 via carrier 
screening engineering. Here, carrier screening was 
performed in three separate ways – i) photo-
generated carrier modulation, ii) impurity (rhenium) 
doping, and iii) reduction of the substrate-induced 
hole trap effect. These effects were employed to 
distinguish A and B-exciton charge-state properties 
from their neutral state. Defect-induced trions 
prevailed on SiO2/Si substrates and became more 
dominant in rhenium-doped WS2 (Re-WS2), whereas 
they disappeared on hexagonal boron nitride (h-BN) 
substrates. PL and STS investigations were utilized to 
obtain the binding energy of the trions, and defect-
induced trions compared with the neutral exciton 
species. Our results demonstrate i) the identification 
of defect-induced A and B trions and their BE 
modulation via carrier screening engineering, ii) 
observation of two distinct screening regimes 
triggered by neutral-to-trion conversion, and iii) 
spatial BE distributions of many-body exciton 
species on the micrometer scale.  

Furthermore, we have systematically demonstrated 
the effect of conductivity improvements of Gr using 
homogeneous doping throughout the junction 
region in the Gr/n-Si Schottky diode to realize the 
linear I-V characteristics. Ionic-liquid electrolyte gate 
was used to facilitate high conductivity of Gr (two 
orders of magnitude improvement over the pristine 
sample) together with homogenous doping 
distribution to achieve a solar cell efficiency of 
13.6%. This efficiency without interface engineering 
and antireflection coating is highest among doped 
Gr. We further studied the charge trapping and 
recombination processes in different I-V regions of 
Gr/n-Si solar cells by diode modeling with the shunt 
resistance and space-charge-limited-current analysis 
in the injection region. Our findings suggest that the 
trapped charges at the native oxides layer can be 
compensated by homogeneous Gr doping. This is 
deemed necessary to improve the overall device 
performance and for commercialization prospective 
of Gr/n-Si Schottky solar cell.  
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Abstract: Pressure and temperature are the main factors influencing the microstructure of hot-pressed 
materials which can, in turn, affect the electric performances of these materials. In this work, the effect of 
different pressures and temperatures on the microstructure and thermoelectric performances of Sr-doped 
Ca3Co4O9 materials is explored. Samples were prepared using attrition milled precursors, which reduced the 
particle sizes, and increased their reactivity, drastically decreasing the processing time. Consequently, it has 
been found that calcination to decompose Ca and Sr carbonates can be performed in only one step at 850ºC 
for 1h. After uniaxial cold pressing in form of discs under 200MPa, they were hot-pressed using temperatures 
between 800 and 900ºC and pressures from 51 to 71MPa, for only 1h. Out-of-plane X-ray diffraction showed 
that all samples are formed by the thermoelectric phase, with a good grain orientation, improved with T, and 
P, as demonstrated by the calculated Lotgering factor. Scanning Electron Microscopy has shown that grain 
sizes and orientation are enhanced with T, and P. Moreover, density determined through Archimedes’s 
method follows the same trend. All these structural and microstructural characteristics are reflected in the 
three-point flexural strength and microhardness values. Electrical resistivity is decreased when temperature 

and/or pressure, are increased. The minimum electrical resistivity, 6.4m cm at 800ºC, has been determined 
in samples processed at 900ºC and 71MPa, which is about the best reported values in the literature. On the 
other hand, contrarily to the typical behavior observed in these types of materials, they also displayed the 

highest S values, 182V/K at 800ºC, which are similar to the best reported values for high density textured 
materials. However, total thermal conductivity values do not follow a regular evolution with the hot-pressing 
conditions, probably associated to the presence of internal stresses; anyhow, the lowest values at 800ºC 
were determined in samples processed at 800ºC and 51MPa (1.51W/K m) or 900ºC and 61MPa (1.53W/K m). 
Consequently, the highest ZT values have been determined in samples processed at 900ºC and 61MPa (0.35) 
which is higher than the best reported values in literature for bulk textured samples, to the best of our 
knowledge. 

Keyword: Thermoelectric, Power factor, Seebeck coefficient,  
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Abstract. The Laser Furnace (LF) technology has been used to produce uniform, dense MnFe2O4 spinel disks from a 

mixture of Fe and Mn oxides for controlled synthesis of spinel nanoparticles via Laser Ablation. Application of a CO2 

laser in Line Scan mode onto a sample with the desired stoichiometry, enabled melt processing above 1580ºC at its 

outer surface layer. In this process, a combination of a laser system and a continuous roller furnace operating at a 

maximum volume temperature of 1000ºC is used. Such combination helps avoid excessive thermal stress, crack 

formation and catastrophic failure of these magnetic ceramic monoliths. Higher energy incubation values yield 

increased molten volumes and a thicker resolidified surface layer with a dense microstructure. Despite the high 

solidification rates imposed, MnFe2O4 spinel is the main phase obtained according to X-Ray Diffraction (XRD), Scanning 

Electron Microscopy (SEM) and magnetization studies. LF processed samples exhibit a reduction of the coercive fields 

and an increase of the saturation magnetization values, evidence for soft ferromagnetism and characteristic of the 

magnetic behavior associated with this spinel. This work demonstrates the convenience of the LF method for 

preparation of uniform, dense targets for Laser Ablation and other evaporation based techniques used in the fabrication 

of nanoparticles. 

Keywords: Laser Furnace, Laser Zone Melting, Spinel ferrites. 
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Abstract. In this study, both the capacitance-voltage (𝐶 − 𝑉) and conductance–voltage (𝐺/𝜔 − 𝑉) characteristics of 

Pd2Si/n-Si(111) SBDs have been investigated in the wide temperature range of  79-360 K and ± 1V for 500 kHz. On the 
basis of the temperature dependent characteristics potential barrier height (𝛷𝐵), the doping concentration of donor 
atoms (𝑁𝐷), the Fermi energy level (𝑉𝑛), series resistance (𝑅𝑠), distribution of applied bias voltage and the role of surface 
states were analyzed. The value  of 𝛷𝐵     was irregular changed between 0.46 and 0.69 eV with temperature. Such 
behavior in 𝛷𝐵with temperature was attributed to the influence of surface states and electrons exchanging between 
surface states and semiconductor or metal under temperature and voltage effects. In addition, it has been taken into 
account the generalized model of the metal-semiconductor (MS) contact/SD with a thin dielectric interlayer. The 
distribution of applied voltage (𝑉 ) between this dielectric interlayer (𝑉1 ) and depletion layer (𝑉2 ), the recharcing 

potential of surface states (𝑉1
𝑖  ) have been investigated based on this model. The voltage dependent profile of 𝑅𝑠 was 

obtained by using Nicollian and Brews method for each temperature.  
.  

 
Keywords: Pd2Si/n-Si(111) Schottky barrier diode (SBDs);  basic electrical parameters; surface states and series 

resistance 
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1.Introduction 

This presented work is devoted to the study of 

the electro-physical parameters of Pd2Si/n-

Si(111) SBDs, which create a basis for 

understanding the physics of the functioning of 

electronic devices. The great interest shown in 

Pd2Si/n-Si(111) SBD based on Schottky 

barriers is caused by the formation of 

palladium silicide (Pd2Si) [1-7]. Palladium 

reacts with silicon to form silicide’s at very 

low temperatures (about 473 K). The 

activation energy (Ea) for this process is in the 

range of 1,1-1,5 eV. A characteristic feature of 

Pd2Si is a very loose structure, which 

facilitates the diffusion process. Palladium 

silicide (Pd2Si) also characterized by volume 

diffusion. Therefore, the activation energy and 

the diffusion mechanism do not change up to 

973K [5]. In these structures (Pd2Si/n-Si(111)) 

the formation of the potential barrier of the 

space-charge region in the semiconductor 

caused to the electronic properties of the 

surface of the semiconductor and localized 

states in the band gap of semiconductor. The of 

current transport/conduction mechanisms in 

these structures depend on the space charge 

region parameters of the semiconductor and 

the transition layer at the interface. 

 

The particular interest is the study of 

multicomponent metallization on a 

semiconductor. The specific purpose of the 

selection of multicomponent metallization is to 

protect silicon from diffusion of aluminum, 

which is usually used as an ohmic contact. 

Deffects, arising as a result of the chemical 

interaction of Pd with silicon can play a 

significant role in electronic phenomena in 

diode structures, affect the properties of 

Schottky barriers, change the distribution 

profiles of carrier concentration in the near-

contact region. In addition, a decrease in the 

geometric dimensions of the diodes increases 

the likelihood of fluctuations in the parameters. 

The choice of contact structures of small sizes, 

the study of fluctuations of parameters, the 

identification of legitimacy in their occurrence 
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and alternation are of interest for creating 

multifunction devices with well-known 

characteristics. 

 

All these factors determined the reason for this 

investigation of Pd2Si/n-Si(111) SBDs. Firstly, 

palladium was deposited on a silicon surface 

by thermal spraying, because the used 

technological method does not violate the 

initial properties of substrate surface.  

Secondly, the formation of a silicide film on 

the surface of silicon shifts the interface into a 

semiconductor. Thirdly, to prevent the 

penetration of aluminum, as a diffusion barrier 

was used an amorphous alloy TiW. Besides, 

we investigated small diodes, areas of which 

about 10-6 cm2. 

 

It should be noted, that a choice of a 

semiconductor substrate is determined by the 

choice of the semiconductor itself also by the 

crystalline orientation of its slice [8-11]. The 

selected silicon in the (111) direction has the 

smallest work function. In addition, all the 

minima of the conduction band in this direction 

make the same contribution to the current; the 

effective Richardson constant reaches its 

maximum value. The above characteristics can 

determine the homogeneous surface of the 

natural cleavage, the highest potential barrier 

and current stability. In addition, due to the 

silicon band gap, it is possible to create 

elements based on it that are resistant to 

elevated temperature [12-14]. 

 

The main aim of this study is two-fold: first, 

the study of the temperature influence on the 

functionality of Pd2Si/n-Si (111) SBDs. 

Second, the analyze of the identified physical 

phenomena for the manufacture of new 

multifunctional devices. 

 

2. Materials and Methods 

 

For manufacturing of Pd2Si/n-Si(111) SBDs 

the simplest, most rational methods have been 

chosen. As a semiconductor substrate a 2 

inch(=2,5 cm) diametr  n-type silicon single 

crystal (P doped) wafer with a resistivity of 0.7 

Ohm∙cm, 3.5 µm thickness and a surface 

orientation of (111) was used. The diode 

matrix contained 14 SBDs, the areas of which 

varied from 1× 10-6 cm2 to 14×10-6 cm2 [8, 11-

15]. 

 

Investigated diodes was fabricated by using the 

modern method planar technology based on 

the method of photolithography, which 

traditionally used for the fabricating of a small 

sizes diodes. Prior to the deposition of the 

metal film, the silicon (n-Si) substrate was 

cleaned in a mix of a peroxide – ammoniac 

solution for 10 minutes using two stages of 

chemical purification. Then, the substrate was 

washed for a long time in deionized water until 

the resistivity of water became 18 cmM . The 

dielectric mask (SiO2) was obtained by 

thermal oxidation at a temperature of 1320 K 

in O2+H2+HCl vapors. Prior to the deposition 

of palladium, the silicon wafers were annealed 

in a system chamber at a vacuum of 6 × 10–5 

Torr and a temperature of 573 K for 300 

seconds. The palladium film was applied by 

thermal spraying. For fabrication a 

homogeneous Pd2Si film the wafer (Pd2Si/n-

Si(111)) was annealed at 6x10-5 Torr at 773K 

for 10 minutes. Then, the structure was 

annealed in a special ampoule with the furnace 

at 783K for 30 minutes in atmosphere of the 

gases N2 and H2. To prevent the penetration of 

Al to Pd2Si the amorphous TiW alloy was 

deposited between Al and Pd2Si as diffusion 

barrier [27-29]. All processes were carried out 

in a clean room of class 100 [8,11-16] . 

 

The capacitance-voltage (𝐶 − 𝑉)  and 

conductance –voltage (𝐺/𝜔 − 𝑉) 

characteristics of the fabricated Pd2Si/n-

Si(111) SBDs were measured in the 

temperature range of 79 K-360 K by using a 

HP 4192A LF impedance analyzer. Small 

sinusoidal test signal of 20 mV p–p (500 kHz) 

was applied from the external pulse generator. 

The temperature dependence measurements 

were performed in a Janes VPF-475 cryostat 

with a Lake Shore model 321 auto-tuning 

temperature controllers in a vacuum at about 

5x10-4 Torr. All measurements were carried 

out with the help of a microcomputer through 

an IEEE-488 ac/dc converter card. In this 

paper the results of measurements of diode 

with the area of 8x10-6cm2 are presented. 
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3.Results and discussion 

 

By the using of a small sinusoidal test ac signal 

with 20 mV peak to peak amplitude at 500 kHz 

a set of capacitance-voltage ( 𝐶 − 𝑉 ) and 

conductance-voltage ( 𝐺/𝜔 − 𝑉 ) 

characteristics of Pd2Si/n-Si(111) Schottky 

barrier diode (SBD) was measured in the 

temperature range of 79K-360K and voltage ± 

1V and given in Fig.1 and Fig.2, respectively. 

This is very important to get more information 

on the conduction mechanisms and the 

formation of barrier height (BH) between 

metal and semiconductor. Because, when these 

measurements were carried out only at one or 

narrow voltage and temperature range cannot 

supply enough information on them.  

 

 
 

Fig.1. The measured 𝐶 − 𝑉  characteristics of  

Pd2Si/n-Si(111) SBD at various temperatures. 

 

 
 

Fig.2. The measured 𝐺/𝜔 − 𝑉 characteristics 

of  Pd2Si/n-Si(111) SBD at various 

temperatures 

 

As can be seen from these figures, 

dependences of 𝐶 − 𝑉  and 𝐺/𝜔 − 𝑉 

characteristics of Pd2Si/n-Si(111) diode on 

temperature are different for different regions 

of temperature. One of the reasons for such 

temperature dependence is the existence of 

surface states and their life-times () 

recharging [13,17,18]. 

 

In the present paper on the basis of the 

measured 𝐶 − 𝑉  characteristics for various 

temperature in order to assess the values of the 

𝑉𝑛  , 𝑁𝑑  and 𝛷𝐵   and factors affecting the 

parameters of Pd2Si/n-Si(111) SBD  the 

reverse bias (𝐴 𝐶)⁄ 2
− 𝑉  plots have been 

obtained for each temperature (Fig.3).  

 

 
Fig.3. The (𝐶/𝐴)−2 − 𝑉 characteristics of 

Pd2Si/n-Si(111) SBD at various temperatures. 

 

These plots have a large linear region with 

different slopes and intercept points. 

Therefore, the values of 𝑉𝑛  and 𝑁𝐷  were 

calculated from the intercept and slope of this 

plot for each temperature. The value of 𝑁𝐷 was 

calculated by using following relation [11,12]: 

  
𝑑(𝐴 𝐶2⁄ )

𝑑𝑉
=

2

𝜀𝑠𝜀0𝑞𝑁𝐷
                       (1) 

 

where 휀𝑠  and 휀0  are the permittivity of the 

semiconductor (11,8 for Si) and the 

permittivity of free space charge (휀0= 8.85x10-

14 F/cm), respectively. 𝑁𝐷  is the doping 

concentration of n-type semiconductor Si, 𝐴 is 

the diode contact area [12,13,17-21]. 

 

The experimental value of 

𝑁𝑑  was calculated by using Eq. 2 for each 

temperature (Fig. 

    𝑁𝑑 =
2𝑑𝑉

𝜀𝑠𝜀0𝑞𝑑(𝐴 𝐶2⁄ )
                                       (2) 
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The value of 𝛷𝐵 of Pd2Si/n-Si(111) SBD has 

been also calculated using the intercept voltage 

(𝐴 𝐶)⁄ 2
− 𝑉  plot as function of the 

temperature by using the following equation 

[12,15,17-24]: 

            𝛷𝐵 = 𝑞(𝑉0 + 𝑉𝑛)                   (3) 

 

where 𝑉0 is diffusion potential, which has been 

determined from intersection of linear part of 

(𝐴 𝐶)⁄ 2
− 𝑉 characteristics with 𝑉 axis. 

 

The values of 𝑉𝑛 , according to Ref.[15], has 

been obtained as 

  

 𝑉𝑛 =
𝑘𝑇

𝑞
𝑙𝑛 (

𝑁𝑐

𝑁𝐷
)                            (4) 

with  

  𝑁𝑐 = 4,82𝑥1015𝑇
3

2⁄ (
𝑚𝑒

∗

𝑚0
)

3
2⁄

                (5) 

 

where 𝑁𝑐  is the effective density of states in 

non-degenerated Si conductance band, 

𝑚𝑒
∗=1,09𝑚0 is the effective mass of the density 

of states of silicon [17,18]. The obtained 

temperature dependent experimental values of  

𝑉0 , 𝑁𝐷 , 𝑉𝑛 , and 𝛷𝐵  from the reverse bias 

(𝐴 𝐶)⁄ 2
− 𝑉 plot for 500 kHz are tabulated in 

Table 1 for various temperatures. 

 

As is seen in Table 1 and Fig.4. potential 

barrier height of Pd2Si/n-Si(111) Schottky 

barrier diode irregularly depends on 

temperature. It should be noted, that the true 

value of the potential BH does not depend in a 

similar way on temperature. 

 

 

Tabl.1 

 

T 

(K) 

Vo, 

(V) 

ND x1016 

(cm-3) 

Nc x1018 

(cm-3) 

Vn 

(meV) 
𝛷𝐵  

( eV) 

79 0.43 3.75 3.85 3.15 0.46 

120 0.50 3.70 7.21 5.45 0.55 

160 0.48 3.74 1.11 7.85 0.56 

200 0.43 3.39 1.55 10.3 0.53 

240 0.39 3.84 2.04 13.0 0.52 

280 0.42 3.69 2.57 15.8 0.58 

300 0.46 3.75 2.85 17.2 0.64 

340 0.52 4.99 3.44 19.2 0.69 

360 0.43 2.59 3.74 22.6 0.66 

 

 
Fig.4. The dependence of  Pd2Si/n-Si(111)  

SBD  potential barrier height on the 

temperature. 

 

The value of 𝑅𝑠 is also more effective on the 

𝐶 − 𝑉 and 𝐺/𝜔 − 𝑉 characteristics especially 

at accumulation region and also it may be more 

dependent both on the temperature and 

frequency. Therefore, the value of 𝑅𝑠  were 

calculated by using Nicollian and Brews [25] 

method for each temperature as function of 

applied bias voltage by using following 

relation:  

 

𝑅𝑠 = 𝐺𝑚𝑎( 𝐺𝑚𝑎
2 + (𝜔𝐶𝑚𝑎 )2)−1                 (6)    

 

Where 𝐶𝑚  and 𝐺𝑚  are measured capacitance 

and conductance respectively, ω is angular 

frequency (𝜔 = 2𝜋𝑓). As is shown in Fig.5 the 

𝑅𝑠 − 𝑉 plot has a peak for each temperature. 

However, the position of peaks shifts change 
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irregularly with increasing of temperature. 

This behavior implies the existence of surface 

states and their recharging. Moreover, it is 

known that the processes of transfer and 

accumulation of charges are temperature 

activated processes. 

 

 
 

Fig.5. The dependence of series resistance of 

Pd2Si/n-Si(111) SBD on voltage at different 

temperatures. 

 

 

It is known, that the electronic processes of real 

physical contact models are much more 

complicated than for an idealized model. This 

complexity is determined by two factors: the 

presence of a dielectric gap and the presence of 

surface states, which are actively involved in 

electronic processes. The charge of the space 

charge region is compensated by the charge of 

the metal, as well as the charge of the surface 

states [13,17,18,26]. It should be noted, that 

silicon, being a covalent semiconductor, 

characterized by a high density of surface 

states. Between the current and voltage there is 

a phase shift caused by recharging of the 

surface states. When a charge is exchanged 

between the surface level and the conduction 

band the recharging time of surface state is 

defined as 

𝜏𝑖 ≃ 10−11𝑒𝑥𝑝 (
𝐸𝑖−𝐸𝑐

𝑘𝑇
)                    (7) 

 

where 𝐸𝑖 is the energy level of surface state, 𝐸𝑐 

is the bottom of the conduction band. If 

𝐸𝑖 − 𝐸𝑐 = 0,3  eV then 𝜏𝑖 =10-6sec that is, 

surface states can play a significant role at 

frequencies 𝑓  ≤106 Hz. In this case, this 

behavior of 𝐶 − 𝑉  and 𝐺/𝜔 − 𝑉 

characteristics measured at 500kHz at various 

temperatures can be explained by the 

contribute of surface states [18]. 

 

On the other hand is known, that the crystal 

lattice of Si(111) contains deformed hexagonal 

voids, areas of which are about 14,6 x10-2 nm2 

[14]. In addition, the formation of metal film 

on the surface of Si depends on the ratio of 

crystallographic parameters of the contacting 

materials [27]. In our previous paper [15], we 

studied the temperature dependence of 𝐶 − 𝑉 

and 𝐺/𝜔 − 𝑉 characteristics of PtSi/n-Si(111) 

SBD measured at the frequency of 500 kHz 

and small ac signal (20 mVp–p). Taking into 

account the big value of apparent doping 

concentration (𝑁𝐷𝑎𝑝𝑝) is about 1018 - 1019cm -

3), the mismatch of the lattice parameters of 

PtSi and Si is about 9% and the non-ideality 

dependences of characteristics on temperature 

and voltage, the obtained result has been 

attributed to formation of self-assembled local 

patches. 

 

However, due to the mismatch of the lattice 

parameters of Si and Pd2Si is very small (2%), 

the appearance of quantum wells is excluded. 

Therefore, the temperature dependence of a 

parameters of Pd2Si/n-Si(111) SD, can be 

explained by the presence of a thin dielectric 

gap and the enhanced role of surface electronic 

states at the interface. The nonlinear 

dependences   (𝐴 𝐶)⁄ 2
− 𝑉 characteristics on 

temperature confirmed the contribution of 

surface states [28]. 

 

The basic model of a SBD takes into account 

the presence of a thin dielectric gap between 

the metal and the semiconductor (Fig.6). 

 

 
Fig.6.  General model of metal-semiconductor 

contact with a Schottky barrier. 
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The applied voltage is distributed between the 

thin dielectric gap and the space charge region 

[13,17,18]: 

 

𝑉 = 𝑉1 + 𝑉2                                      (8) 

 

where 𝑉1 and 𝑉2 are voltages in thin dielectric 

gap and space charge region, respectively. In 

this case, capacitance of structure determined 

as  

 

𝐶 =
𝐶1𝐶2

𝐶1+𝐶2
                                       (9) 

 

where 𝐶1  and 𝐶2  are capacitances of thin 

dielectrik layer and space charge region, 

respectively. In accordance with the general 

model, the figure shows the possible paths of 

current passage through surface states (i1-i4). 

To study of distribution of voltage in space 

charge region, dielectric gap and potential of 

recharging of surface states the 𝐶 − 𝑉 

characteristics at 5 MHz has been measured.  It 

was revealed, that at high voltages the 

capacitance is independent of voltage, due to 

the interface states cannot follow the ac-signal. 

This behavior can be explained by the fact 

that the interface states at 5 MHz 

do not contribute to the capacitance, practicall

y. 

On the basis of measurement 𝐶 − 𝑉 

characteristics of Pd2Si/n-Si(111) SBD one can 

determine the distribution of voltage in space 

charge region (𝑉2) and potential of recharcing 

of surface states (𝑉1
𝑖) (Fig.7, Fig.8) [13,18,29 ]:  

 

𝑉2 =
𝛷𝐵

𝑒
(

1

𝐶0
−

1

𝐶1
)

−2

(
1

𝐶0
−

1

𝐶
) (

1

𝐶0
+

1

𝐶
−

2

𝐶1
) 

(10) 

where 𝛷𝐵 is potential barrier, 𝐶1  is maximal 

capacitance, C0 is the capacitance at V=0 

(T=300K).  

 

The potential of recharcing of surface states 

(𝑉1
𝑖 ) has been obtained as [ 13,18,29]:  

±𝑉1
𝑖 = 𝑉 −

𝛷0

𝑒
(

1

𝐶0
−

1

𝐶1
)

−2

[(
1

𝐶0
)

2

− (
1

𝐶
)

2

]                                    

(11) 

         

It should be noted that by the sign of 𝑉1
𝑖 it is 

possible to determine the mechanism of the 

predominant exchange of surface states. 

Analysis of the dependence 𝑉1
𝑖 on V1 and V2 

for Pd2Si/n-Si(111) SBD revealed that it is 

possible to overfill of surface states by 

electrons exchange with metal and 

semiconductor. According to a method 

presented by V.I.Strikha et.al [13,18,29], the 

value of 𝑉1
𝑖 at the voltage from 0 V to 0,3 V 

can be attributed to eleсtron exchange between 

surface states and conductance band.  

 
Fig.7. The dependence of V2 on voltage V at 

300 K. 

 

 
Fig.8. The dependence of surface states 

recharcing potensial (𝑉1
𝑖 ) on V1 and V2. 

 
Voltage from 0 V to 0,3 V can be attributed to 
eleсtron exchange between 1) surface states -
metal (0-0,1V) , 2) exchange between 
conductance band-surface states increases 
(0,1-03V) , 3) V>0,3 V exchange between 
conductance band and surface states. 
 

At the reverse voltage the value of surface 

states recharging potential (𝑉1
𝑖) connected with 

an exchange between metal and surface states. 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 
 

151 
 

The observed changes of investigated 

parameters (𝛷𝐵  , 𝑁𝐷 ,     𝑉𝑛   and   𝑅𝑠) with 

temperature can be attributed to the influence 

of surface states under temperature and voltage 

of electric field. The deviation of the 

parameter values from the true values is due to 

the recharging of the surface states and the 

exchange of electrons: the surface state - 

semiconductor or the surface state - metal. 

 

In very recently, similar results on the 

temperature dependent 𝐶 − 𝑉  and 𝐺/𝜔 − 𝑉 

characteristics were also reported in the 

literature as [ 30-34].  

 

4. Conclusion 

 

A set of capacitance-voltage ( 𝐶 − 𝑉 ) and 

conductance-voltage ( 𝐺/𝜔 − 𝑉 ) 

characteristics of Pd2Si/n-Si(111) Schottky 

barrier diode with the using of a small 

sinusoidal test  ac signal of 20 mV peak to peak 

amplitude at 500 kHz were measured in the 

temperature range 79-360K to get more 

information on their conduction mechanisms 

and BH. On the basis of measured 

characteristics the values of 𝑉0 , 𝛷𝐵 , 𝑁𝐷 , 𝑉𝑛 

and 𝑅𝑠  have been investigated as function of 

temperature and applied bias voltage. Obtained 

result was attributed to the presence of 

dielectric gap between metal and 

semiconductor and recharging of surface 

states. Taking into account 𝐶 − 𝑉 

characteristics the distribution of the potential 

and surface states recharging potential ( 𝑉1
𝑖 ) 

have been calculated. It was revealed that there 

is electron exchange between surface states 

and metal or semiconductor. The voltage 

dependent profile of 𝑅 𝑠 was also obtained 

from Nicollian and Brews method for each 

temperature as function. In conclusion, the 

observed changes of investigated parameters 

with temperature can be attributed to the 

influence of surface states under temperature 

and voltage of electric field. 
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Abstract. In this study, we purified  the Human Placenta  DNA using  superparamagnetic microbeads in PDMS based 
microfluidic chip with 3D printed magnetic platform. Unlike packed column-based chromatographic systems, microbeads 
could move inside the microchannel in either the same or opposite direction of the magnetic field. The magnetic field was 
analyzed using COMSOL. Nanodrop readings gave the purification results to obtain the adsorption curve. The developed 
system could be an alternative to chromatographic separations with rapid analysis time and no-requiring high-pressure 
equipment. 

 
Keywords: Human DNA purification, microbeads, microfluidics, superparamagnetic, high-throughput 

© 2022 Published by ICMATSE 
 

 

DNA (Deoxyribonucleic acid) is a valuable substance 
for biochemistry, microbiology, genetics, and 
forensic science [1]. There are many techniques to 
purify DNA, such as spin columns and high-pressure 
liquid chromatography (HPLC). Compared to 
commercial static bench-top analysis, we propose a 
miniature device with a PDMS-based microfluidic 
chip to purify DNA using superparamagnetic 
microbeads. The novel magnetic platform provides 
a rapid adsorption-desorption rate and enables to 
study of 10µL sample volume. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. 3D printed-magnetic microfluidic platform and 

COMSOL Multiphysics meshing model and analysis 
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The platform was 3D printed and assembled with 
permanent magnets on a brushless motor moving 
compartment (in Fig 1-A) [2]. COMSOL Multiphysics 
was used to develop a 3D time-dependent model to 
evaluate the rotational effect of the magnets. The 
free tetrahedral mesh structure was employed (in 
Fig 1-B). Each magnet was modeled  by using  its 
remanent flux density. Then, the generated 
magnetic flux density in the channel was determined 
by Gauss’ Law for magnetism (in Fig 1-C).  
The PDMS-microfluidic chip was designed as spirals 

placed over the moving compartment with 

dimensions of 200µm x 400µm and 0.42m in length. 

The superparamagnetic silica microbeads were 

loaded in PDMS based-microfluidic chip. 

The superparamagnetic silica microbeads were 
synthesized using a multi-step polymerization 
technique [3]. The silica beads were grown on 
magnetic carboxyl functional polymeric beads and 
then calcinated to remove the polymeric part. 
 
The microbeads were obtained around 8µm 

monodisperse in size with superparamagnetic 

character (in Fig 2-A). The microbeads were used for 

human placenta DNA (Sigma-D3035) with 20µL/min 

adsorption and 10µL/min desorption flow rate. 

For this purpose, different amounts of DNA were 

loaded into the microfluidic chip. First, microbeads 

washed with adsorption buffer (6M Guanidium HCL- 

Tris Buffer pH:6.0). Then known amount human 

placenta DNA sample (0.6mg to 250mg) loaded with 

adsorption buffer. Then, microbeads were washed 

with 4:1 (v:v) isopropanol/water. Final step, DNA was 

collected using elution buffer (10mM tris buffer 

pH:9). The adsorbed DNA concentration (QDNA [ng 

DNA/mg dry particles]) was analyzed by Nanodrop 

(Thermo Fisher Scientific ND 2000,USA). 

(Eq 1)   QDNA = (CoVo − Cf Vf )/Mp 

where Co is initial DNA concentration (ng DNA/µL 

medium); Vo is the volume of the adsorption buffer 

(µL); Cf is the final DNA concentration (ng DNA/µL 

medium), Vf is the volume of the collected 

desorption buffer (µL) and Mp is the amount of 

particle (mg). The isolation experiments were carried 

out with 3 independents replicated for each 

concentration. 

 

The adsorption curve was obtained to determine the 

maximum adsorption capacity (in Fig 2-B). The 

maximum adsorption capacity  was  approximately 

100mg/mg particle from experimental data. The 

desorption yield was 40% for adsorbed-DNA on the 

microbeads. 

The high-throughput with small amount of sample 

volume and fast processing time are favorable 

properties compare to similar material and 

techniques in the literature [4]. Due to the motion of 

the microbeads in the microfluidic channel, the 

diffusion barrier observed in packed systems was 

diminished in our proposed model. This motion 

effect could increase  the adsorption yield  of the 

microbeads. 

This new device could  be promising tool for the 

detection or purification of specific targets and 

biological samples such as exosomes, cffDNA, mRNA, 

bacteria and viruses with the proper surface 

modification of the superparamagnetic microbeads. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Superparamagnetic silica microbeads and 

adsorption curve 
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Radical  reducing of  energy consumption becomes  the important goal in the advance of supercomputers. The 

Artificial Neural Networks (ANN) based on superconducting spintronic elements seems to be the most promising 

solution. Superconducting ANN needs elaboration of two main elements – nonlinear one (neuron) [1] and linear 

connecting element (synapse) [2].  Results of our theoretical and experimental study of the proximity effect in a 

stack-like superconductor/ferromagnet (S/F) superlattice with Co- ferromagnetic layers of different thicknesses 

and coercive fields, and Nb-superconducting layers of constant thickness equal to coherence length of niobium 

are presented.  

It was designed and investigated superconducting spin-valves as artificial neuron and kinetic conducting 

element, based on layered hybrid S/F nanostructure,  serves as  synapse. 

We present results of our theoretical and experimental study of the proximity effect in a stack-like 

superconductor/ferromagnet (S/F) superlattice with Co- ferromagnetic layers of different thicknesses and 

coercive fields, and Nb-superconducting layers of constant thickness equal to coherence length of niobium.  

The layered nanostructures Nb/Co demonstrate change of the superconducting order parameter in thin s-films 

due to switching from the parallel to the antiparallel alignment of neighboring F-layers. We argue that such 

superlattices can be used as tunable kinetic inductors for ANN synapses design. 

The study was financially supported by the Russian Science Foundation Grant  ( RSF) No. 20-62-47009 “Physical 

and engineering basis of computers non-von Neumann architecture based on superconducting spintronics”, and 

partially by the Moldova State Program Project «Nanostructuri şi nanomateriale funcţionale pentru industrie şi 

agricultură» no. 20.80009.5007.11. 
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Abstract. Laboratory scale Continuous Hydrothermal Flow Synthesis (CHFS) systems for the controlled synthesis of 

inorganic nanoparticles (diameter <100 nm) have many potential commercial applications from catalysts to sunscreens and 

battery materials to fuel cell components.  CHFS systems offer many advantages over batch processes: it is a green 

technology (using supercritical water as the reagent at >374°C and 22.1 MPa), and uses inexpensive precursors (e.g. metal 

nitrate salts), and parameters such as T, P, etc. can be controlled independently for the synthesis of high-quality, 

technologically-important functional nanomaterials in a single step (or fewer steps than conventionally used).  The Clean 

Materials Technology Group at UCL, now use CHFS made intimately mixed metal oxide precipitates as precursors to the 

direct synthesis of “difficult to make” solid-state phases using only a single heat treatment step and no grinding (i.e., 

“Bake Without the Shake!”). This approach can be used for rapid materials discovery and also to manufacture materials 

using continuous, low energy manufacturing methods which are inherently scalable. As well as the use of CHFS for battery 

materials discovery, the talk will discuss the design and operation of a scaled-up CHFS Pilot Plant capable of Kg/h synthesis 

of nanoceramics as well as future directions for the CHFS technology. A review article on the topic has been published and 

gives an excellent overview on the technology, see Darr JA, et al. “Continuous Hydrothermal Synthesis of Inorganic 

Nanoparticles: Applications and Future Directions”, ACS Chem. Rev. 2017, 117 (17), 11125–11238 

.  
 

Keywords: Functional Ceramic Materials  
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Figure 1. Lab view  
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Abstract The refractive index n at the high-frequency limit of scattering electromagnetic waves (x-ray/EUV) from matter is 
complex with dependence on the frequencies of the incident photon and the plasmon of the material, with its real part is 
ever so slightly less than one ≤ 1. Such high frequency when propagating at grazing incidence from vacuum to matter suffers 
total external reflection. Arrays of curved and tapered glass capillary (polycapillary optic) utilize this effect to collect X-ray 
tube output, guide and focuses it onto smaller areas with flux that is orders of magnitude greater than what can be achieved 
by mechanically collimated systems.  We examine the feasibility of internal surface doping, which may produce a thin silicon 
coating that assumes the shape of the polycapillary. We show that unlike static incubation or drying in a colloid of 2.85-nm 
silicon nanoparticles, slow self-assembly via dynamic circulation of the colloid through the capillary over extended time 
produces homogenous coating to reduce roughness. Optical, luminescence and SEM imaging and spectroscopy show 
uniform silicon-coated polycapillary that is optically active in the UV. Silicon coatings promise larger critical angles for x-ray 
propagation over what glass provides, which provide higher focusing power. The use of ultrasmall nanoparticles (2.85-nm 
diameter) ensures reduced losses to roughness-related scattering with uncompromised transmission intensity, which may 
increase the spatial resolution and speed of imaging and diagnostics. 
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I. Introduction 

As electronics and electronic components 

continue to get smaller and more complex, metal 

finishes on these components need to be plated 

on smaller features - as thinner layers - and 

controlled to tighter tolerances to arrive at the 

thinnest coating without premature failure and 

damage, and avoiding thicker plating resulting 

in material waste, mechanical fit and costly 

scrap or rework. X-ray fluorescence (XRF) is a 

widely used technique for measuring coating 

thickness and composition because it is non-

destructive, fast and straightforward to use 

[1]. To measure coatings on small features, 

traditional XRF instruments use mechanical 

collimation (metal irises) to reduce the beam size 

of the X-ray tube to fractions of a millimeter. 

Because of the sizable divergence of the 

incoming x-ray, most of the x-ray are blocked as 

the iris allows only the X-rays aligned with the 

opening to pass through.  

 

Recently, an approach that uses a polycapillary 

optic [2-4] which is made up of arrays of 

thousands of small hollow glass tubes that are 

curved and tapered has been developed for 

focusing X-rays. In the device, x-rays are guided 

through the tubes by multiple reflection, similar 

to the way light is guided in fiber optic 

technology.  The basic principle however is 

based on the fact that the refractive index of 

vacuum is larger than that of matter in the deep 

UV and x-ray regime. At their entrance, the 

polycapillary is typically matched to the output 

a micro-spot of an x-ray tube to enhance 

collection, overlapping or focusing / merging 

them onto smaller areas with flux that is orders 

of magnitude greater than that of a mechanically 

collimated system. Moreover, because they are 

based on reflection, not diffraction, they are 

achromatic, appropriate for broadband 

applications, including white beam synchrotron 

focusing and collection of astronomical signals  

 

Though the output come from the incoherent 

overlap of the beams from thousands of channels 

drawing from large divergent sources such as 

conventional X ray tubes, the procedure has 

enabled measurement of smaller features and 

thinner coatings and, can potentially be designed 

to measure nanometer-scale coatings. Yet, the 

attributes of this phenomenon has not been fully 

realized or exploited, especially with regard to 

the reduction of the diameter of the output beam,  

 

To keep up with the miniaturization trend of the 

metal-silicon devices as well as their sub 

features, progress must be achieved in 

enhancing the intensity as well as the beam size 

of the x-ray used. Beam sizes of less than 30 µm, 

is required to make it possible to measure 

present-day ultra-fine features on 

microelectronics, advanced circuit boards, 

connectors, lead frames and wafers. It is 

imperative to develop systems with tighter 

focusing while allowing collection of greater 

radiation, which improves precision and speed. 

 

In this paper, we examine the use of silicon in 

polycapillary applications to achieve a larger 

critical angle hence a larger focusing power. So 

far, silicon dioxide (glass Pyrex) has been the 

main material in use.  Since it is not possible to 

make tubes of silicon we examine the possibility 

of using monodispersed silicon nanoparticles [5-

8] to perform surface doping of the glass 

capillary. Because ultrasmall silicon 

nanoparticles are strongly luminescent, the 

procedure effectively promises to produces a 

fused silica capillary column system with a 

luminescent functionality. But it is not clear if 

surface doping is capable of producing a 

“silicon” coating that assumes the shape of the 

capillary, and whether the glass polycapillary 

system can act as a template to support structure 

to produce a thin silicon polycapillary system. 

Moreover, it is not clear if the nano solid coating 

can act as a continuous silicon layer, nor it is 

feasible to get a smooth nano solid with minimal 

agglomeration and reduced roughness, since 

surface roughness results in a reduction in the 

reflected intensity, due to scattering, which may 

offset the focusing gain. 
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II. Experimental: 

 

The polycapillary is produced from borosilicate 

optical glass for commercial use at SPE 

Nanostructured Glass Technology Ltd, Saratov, 

Russian Federation [9-10]. Manufacturing is based 

on classical micro- and nanocapillary glass 

technology. First, precision, thin-walled, round glass 

capillaries are stacked in a bundle, for example in the 

shape of a hexagon. The capillaries are heated to the 

temperature of glass softening and drawn to create 

hexagonal polycapillary structures. Several of these 

are then assembled into a hexagonal package and 

drawn again. The procedure is repeated until the 

desired variable periodicity of air channels is 

achieved. If several capillaries are removed or 

replaced one in the center of an initial package, one 

can create a core made of glass or air in the final 

structure. This technology allows the manufacturing 

of micro- and nanostructured PCFs from different 

types of glass and produce PCFs with a great variety 

of configurations, stacking types (hexagonal, 

squared, and triangular, among others), and defect-

arrangement topologies. Figure 1 shows an SEM 

image of the capillary bundle systems.  It shows that 

the diameter of the indivifual tibe is about 38 µm, 

with a density of ~ 250/cm or 6.25x104/cm2  

  

 

 

Figure 1 SEM images of the capillary bundle systems.  The diameter of the indivifual tubes is about 38 µm, 

with a density of ~ 250/cm or 6.25x104/cm2 

The nanoparticles are prepared from Si wafers by 

chemical etching in HF/H2O2 using electrical or 

hexachloroplatinic acid catalyst with reproducibility 

in size, shape and characteristics [11-13]. Generally, 

we produce a set of discrete size SinHx particles of 

1.0 (Si29H24), 1.67 (Si123), 2.15, and 2.95-nm 

diameter, with confinement bandgaps of 3.44, 2.65, 

2.39 and 2.0 eV. The particles have hydrogenated 

reconstructed surfaces consisting of network of bulk-

like (2×1) reconstruction Si-Si dimers on (001) facets 

[14-15]. Figure 2a gives a transmission electron 

microscope (TEM) image of 3-nm particles placed 

on a graphite substrate, resolving the characteristic 

atomic planes. To obtain the luminescence spectra, 

we excite particle colloids by 365-, 300-, or 254-nm 

incoherent light. For detection, we use a fiber optic 

spectrometer, equipped with optical fibers to extract 

the emission and a holographic grating. The 

spectrum was taken by a fiber optics grating detector 

made by Ocean Optics HR2000. It is a near-infrared 

grating with a groove density of 600/mm with a blaze 

wavelength of 0.4 lm and with best efficiency in the 

range of 0.25–0.80 lm. The luminescence spectrum 

of a colloid with a peak at 2.9-nm Si nanoparticles 

dispersed in isopropanol alcohol under UV-

excitation at 300 nm is a wide band over the range of 

550–750 nm with a band maximum at 620 nm as 

shown in Figure 2b. Unlike direct-bandgap 
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nanoparticles, which emit sharp lines, indirect-

bandgap nanoparticles emit broad bands due to 

structural relaxation [5-8]. 

The 1-nm particle is small enough to be amenable to 

first principle atomistic simulation. The simulated 

prototype is found to have a molecular structure of 

Si29H24 with the formed novel dimers affording 

strong luminescence and optical monitoring [16-17] 

 

 

Figure 2 Characteristics of 3-nm silicon 

nanoparticles (a) high resolution transmission 

electron microscope (HTEM) image of 3-nm 

particles placed on a graphite substrate, resolving the 

characteristic atomic planes. (b) luminescence 

spectrum of a colloid of the nanoparticles dispersed 

in isopropanol alcohol under UV-excitation at 300 

nm using an incoherent Hg UV discharge tube, 

showing a wide band over the range of 550–750 nm 

with a band maximum at 620 nm.  

 

Several procedures were used to coat the interior wall 

of the capillary, including incubation, static fill / dry 

of the capillary system, as well as dynamic 

deposition procedure. The latter is depicted in Figure 

3. It uses a pump to circulate the colloid through the 

polycapillay as shown. We use a voltage of 8V, but 

actually, it is ok to use 4-12V difference. The 

adjoined point 1 and 2 are sealed and the fiber is held 

horizontally to avoid the effect of gravity. The 

colloid is diluted to slow down the deposition and 

with a small sticking factor, the deposition rate is 

slowed down enough to allow dynamic equilibrium 

to take place. Circulation of the colloid required over 

24 hours to achieve appropriate thicknesses. The 

slow rate and longtime allowed for self-assembly 

allows ample time for the nanoparticles to find the 

equilibrium positions that among other things 

minimizes the roughness of the surface.  The nano 

particle will uniformly stick to the inner side of the 

fiber automatically as the solution flows across the 

fiber. This process takes time, so we will leave the 

system running for 80 hours (running time is 

changeable, depend on how thick coating is 

required.). After 80 hours, take out the fiber. As 

shown, below, during the circulation, the flow at two 

end of fiber is not steady, which may lead to an 

uneven coating at two ends. Thus, we will cut its two 

ends and only use the middle fiber for test.  

 

Figure 3 Procedures to coat the interior wall of the 

polycapillary system. It is a dynamic deposition 

procedure that uses a pump to circulate the colloid 

through the polycapillay over several hours to 

achieve appropriate thicknesses 

III. Results: 

We incubated a polycapillary in a colloid until the 

liquid dried up. Figure 4 gives an SEM image of the 

bundle after the treatment. It shows that the 

capillaries are clogged to different degrees, with 

some sections are completely clogged. The 

deposition in the interior is most likely 

inhomogeneous and not uniform.  
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Figure 4 SEM image of the bundle after the treatment. The capillaries are clogged to different degrees at the 

opening, with some sections are completely clogged. The deposition in the interior is uniform. 

 

More uniform coating is achieved by the circulation 

system. Figure 5a-b gives SEM scan for a treated 

poly capillary using the circulation system as was 

described above in Figure 3. In Figure 5b we show 

the SEM image of a control untreated sample. 

uncoated poly capillary. We can see there is no 

obvious difference under SEM for coated and 

uncoated fiber. Thus, it indicates that the silicon is 

uniformly coated to the inner wall. (The crack at the 

edge is due to cutting the fiber. We can see there is 

no obvious difference under SEM for coated and 

uncoated fiber.  

     

 

   

b 

Figure 5 (a) SEM scan for a treated poly capillary using the circulation system after cutting a small section at the 

opening. (b) SEM image of a control untreated sample (uncoated poly capillary). We can see there is no obvious 

difference between coated and uncoated fiber. Thus, it indicates that the silicon is uniformly coated to the inner 

wall. (The crack at the edge is due to cutting the fiber.)  

 

Figure 6 gives luminescent photos of the 

bundles using excitation at wavelength of 300 

nm. In each frame, the left bundle is uncoated 

fiber and the right one is coated fiber. It is clear 

to the naked eye that compared to the uncoated 

one, the treated fibers turn to pink/red, indicating 

the presence of the nanoparticles. This 

conclusion can be confirmed further by 

recording the photo-luminescence spectra.

 

a 

b 
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Figure 6 luminescent photos of the coated and uncoated bundles using excitation at wavelength of 300 

nm. In each frame, the left bundle is uncoated fiber and the right one is coated fiber. It is clear to the 

naked eye that compared to the uncoated one, the treated fibers turn to pink/red, indicating the presence 

of the nanoparticles. This conclusion can be confirmed further by recording the photo luminesce spectra. 

 

We recorded the luminescent spectrum of the 

capillaries using the configuration shown in 

Figure 7a in which the detector was placed at 

one end of the poly capillary, while the 

excitation is carried out using a 300nm UV 

shining from the side. For comparison, and to be 

used as a background signal we present the 

spectrum of a control sample (uncoated (3 tests 

are made). This is shown in Figure 7b (shown 

in black). The spectrum is basically the emission 

spectra characteristic of optical glass. The 

emission spectrum has typical local peaks in the 

blue and in the green part of the spectrum at ~ 

435 and ~ 525 as well as a band in the deep 

infrared at 680 nm at the edge of the sensitivity 

of the eye. The spectrum of coated fiber (average 

of 5 tests made) is shown in Figure 7b in red. 

Figure 7b also shows the difference of the 

spectra of the coated and uncoated (shown in 

blue) to subtract out the emission from the glass. 

The difference spectrum is dominated by a red 

band extending over the range 550-720nm with 

a maximum at ~ 610 nm. This band is 

characteristic of the emission of the silicon 

nanoparticles colloid with a slight blue shift 

from 650 nm to 610 nm. This points to the 

presence of a silicon nanoparticle coating inside 

the capillary. With the SEM and luminescence 

measurements, it might be concluded that the 

silicon nanoparticles are uniformly coating the 

inner wall. (The crack at the edge is due to 

cutting the fiber)  

              

  
Figure 7 luminescent spectrum of coated and 

uncoated capillaries. (a) normal configuration 

used for emission in which the detector was 

placed at one end of the poly capillary, while the 

excitation is carried out using a 300nm UV 

shining from the side. (b) The emission 

spectrum of coated fiber (average of 5 tests 

made) is shown in red.  Background spectrum of 

a control sample (shown in black) (uncoated (3 

tests are made). It is basically the emission 

spectra characteristic of optical glass. The 

difference of the spectra of the coated and 

uncoated (shown in blue).  

 

As to the nature of the silicon nanoparticle 

attachment to the glass wall, namely physical 

Vs. chemical, we note that of Optical glass is 

known to absorb in the region of 550 nm to 630 

nm with band head at 600 nm due to defect 

absorbing around 2 eV. The defect is the non-

bridging oxygen hole center, NBOHC (≡Si-O·), 

as well as the peroxy radical, POR (≡Si-O-O·), 

[18-19] and the self-trapped holes, STH (≡Si-
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O˙-Si≡) [20-22]. Because the nanoparticles are 

hydrogen terminated (Si-H), those defect sites 

with a variety of charge states are amenable to 

hydrogen bonding type reactions and bonding 

attachments. Such chemical attachment may be 

responsible for the blue shift in the emission 

spectra of the colloid and the thin film s from 

650 nm to 610 nm. 

 

IV. Analysis  

Critical Angle 

 

Visible light can be totally reflected when 

travelling from a denser medium into a less 

dense medium (e.g. light traveling in glass 

towards a glass-air interface will be totally 

reflected when the incident angle (measured 

from the normal to the interface) is less than 

~40°). This is due to the fact that at visible 

wavelengths the refractive index of denser 

matter is larger than that less dense matter. This 

phenomenon is utilized to trap (stop 

escape/transmission) light in glass/plastic fibers 

embedded in material of lower refractive index. 

A critical incidence angle θ c is defined as a 

parameter for which sine θ c = ne/nm, where ne 

and nm are the refractive indices of the 

environment and medium respectively, 

 

X-rays interact rather weakly with matter (e.g., 

absorption lengths are on the order of 

millimeters). Hence, x-ray refractive indices are 

extremely close to 1, with critical angles very 

small (as measured from the tangent to the 

interface) or 90 degrees as measured from he 

normal to the interface [23]. Moreover, the 

refractive index and hence the critical angle 

depends on the x-ray energy and the material, 

but is typically on the order of 0.1° to 0.5°. In 

other words, for x-rays, the beam can be totally 

reflected when travelling from a less dense 

medium into a denser medium (e.g. x-rays 

traveling in vacuum towards a vacuum-silicon 

interface will be totally reflected if the grazing-

incidence angle is less than ~0.2°). For example, 

EM waves at extreme UV or x-ray wavelengths 

propagating in a cavity pipe in a certain material 

suffers this phenomenon. Because the dip below 

vacuum is very small, the critical angle for such 

situation is large ~ 90 such that the phenomenon 

requires nearly grazing angle incidence. In this 

case, it is more convenient to utilize the angle 𝛼c 

with respect to the tangent to the interface 

instead with respect to the normal to the 

interface, namely 𝛼c = 90 – θc. 

We start with Snell’s law 𝑛1 sin θ = 𝑛2 sin 

θ′, where θ and θ′ are the incident and refracted 

angles with respect to the normal to the capillary 

surface. Using the angles with respect to the 

tangent to the surface 𝛼 = 90 – θ and 𝛼′ = 90 - 

θ′, we get 𝑛1 cos 𝛼 = 𝑛2 cos 𝛼′. In vacuum (𝑛1 = 

1): cos 𝛼 = 𝑛2 cos𝛼′. We now get an approximate 

expression for the critical angle 𝛼𝑐 for grazing 
angle propagation, 𝛼′ ~ 0∘ or cos 𝛼′ ~ 1. Thus 

cos 𝛼𝑐 = 𝑛2. The real part of 𝑛2 may then be 

written as 1 − 𝛿2.   In fact, from the detailed 

analysis of Maxell’s equations and the resulting 

Fresnel relations the refractive index of the 

material is a complex quantity in this limit. Hence 

one can cast that the complex refractive index 

for x-rays is given by n = 1 - δ + iβ, where β 

represents the imaginary part. The real part 1- δ 

is given by the high-frequency limit of scattering 

an electromagnetic wave from matter n = 1 - ωP
2 

/ ω2 where ω and ωP are frequency of the x-ray 

photon and the plasma frequency of the material, 

respectively [6]. Note that the real part of n is 

ever so slightly less than one. This means that 

for propagation of high frequency EM waves (x-

rays for example) from vacuum to matter at 

grazing incidence angle (angle of incidence is 

nearly 90) there will be total external reflection. 

The critical angle from the tangent to the surface 

can be obtained (approximated) by expanding 

cos 𝛼𝑐 = 𝑛2 for small angles. The result is αc = √ 

(2δ). 

 

The critical angle for a lens containing an array 

of glass microcapillaries of borosilicate glass 

were calculated to be 0.927, 0.489, 0.239, 0.150, 

0.119, and 0.079 for 2, 4, 8, 12, 16, 24 keV 

energies respectively [24]. Another interesting 

material is silicon. Pure silicon is a material has 

been known to be well suited for refractive 

lenses operating at high X-ray energies (> 

50 keV), particularly if implemented in a single-

crystal form to minimize small-angle scattering. 

For silicon similar calculations give critical 

angles of 0.824, 0.451, 0.224, 0.149, 0.112, 

0.07426 degrees for 2, 4, 8, 12, 16, 24 keV 

energies respectively [24]. It is interesting to note 

that at 10keV, the critical angle for carbon is 0.173 

compared to 0.180 for silicon. Metal, such as copper 

and gold (Cu and Au) exhibit significantly larger 

angles at 0.326 and 0.443 degrees [25] 
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In polycapillary optics, the formation of the 

focal spot can be well described as a 

superposition of beams from individual 

capillaries. The lateral dimensions of the focal 

spot are of an order of 2f θc, where θc is the 

critical angle for total external reflection (θc = 

30 mrad) /E(keV), and f is the focal length 

determined by the bending radius of capillaries 

[Reviews]. The special bending of capillaries is 

able to focus x-rays into an intense micro spot. 

Thus, it is clear that using silicon as the 

reflecting surface provides more focusing 

power. 

 

For glass, the refractive index dips below one at 

~ 195nm, which is considered to be in the UVA 

region. In general, the UV covers the wavelength 

range 400-100 nm and is divided into three 

bands: UVA (400-315 nm), UVB (315-280 nm), 

and UVC (280-100 nm). They differ in their 

biological activity and the extent to which they 

can penetrate the skin. The shorter the 

wavelength, the more harmful the UV radiation. 

However, shorter wavelength UV radiation is 

less able to penetrate the skin. Extreme UV 

radiation has the shortest wavelength range and 

highest energies of the regions of the ultraviolet 

spectrum, and lies on the border between UV 

and X-ray radiation. Extreme UV radiation 

spans the 10 to 30 nm wavelength range. 

Wavelengths in the range 11–14 nm are in the 

extreme ultraviolet (EUV) or soft x-ray portion 

of the electromagnetic spectrum.  

 

Note that at wavelengths < 50 nm, all materials 

have indices of refraction ≈ 1. Thus, it is difficult 

to create a highly reflective interface. At EUV 

wavelengths, it has proven possible to make 

mirrors with moderate reflectivity, in the range 

of 60–70%, using multilayers. Multilayer 

reflectors are made by depositing alternating 

layers of high-Z and low-Z materials, giving a 

small but effective difference between refractive 

indices at each interface. By making the 

periodicity d of the multilayer stack satisfy the 

Bragg condition, the net effect of small 

reflectivity at each interface is moderately high 

reflectivity overall when the stack has enough 

layers. 

 

For silicon the refractive index dips to 0.951 at a 

wavelength of 190 nm [26-28]. 

 

Nano solid film 

The thickness of the nanolayer is important for 

the functioning of prospective devices. The 

question is whether a thin film of nanoparticles 

would act as a thin layer of silicon. The nature of 

the wave scattered at or below the critical angle 

α < αc is such that the refracted wave cannot 

propagate into the material; instead there will be 

an evanescent wave travelling parallel to the 

surface, with exponentially decaying amplitude 

away toward the interior of the material. kzc (Å
-

1) is found to be ~ 0.0159. Hence, the depth of 

penetration of the incident wave is 63 Å, limited 

to about 100 Å. This is equivalent to ~ 3-4 

monolayers of 3-nm particles. With a self-

assembly of the red nanoparticles and from the 

strength of the emission band and that the red is 

seen with the naked eye we expect this to     

Hence the depth of penetration of the incident 

wave is 63 Å, limited to about 100 Å. With 

nanoparticles of ~ 3 nm diameter, one need ~ 5 

monolayers to isolate propagation in the 

underlying glass [29] 

 

Charging characteristics 

The ionization levels of silicon atoms is 8.15, 

16.2, 33.5 , 45, 167, 205, 246, 303, 351, 401, 

476, 523, 2437, and 2672 eV. The corresponding 

excitation wavelengths of the first five are 152, 

76, 38, 27.5, and 7.4 nm. On the other hand, bulk 

silicon work function is 4.60 – 4.85 eV 

depending on the crystal orientation. It is to be 

noted that the demarcation of this phenomenon 

in silicon occurs at excitation with UV radiation 

of a photon energy of ~ 6.5 eV corresponding to 

a wavelength of 191 nm. At this wavelength the 

refractive index dips just below 1.0 to 0.951. For 

silicon the refractive index dips to 0.951 at a 

wavelength of 190 nm [26-28] 

 

For an n-electron system, the electron affinity 

(adding an electron) and ionization (removing an 

electron) energies can be expressed in terms of 

the ground-state total energies E of the n, (n+1), 

and (n-1) electron systems as follows 

 

  I = E (n-1) – E (n)           A = E (n) – E (n+1) 

 

Calculation of the charging energies of Si29H24 

was done at the UHF-DFT level using the 

B3LYP functional with the TURBOMOLE 

quantum computational package [30-31]. The 

TZVP basis was used which is a triple split 
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valence basis with polarization functions added 

for each atom. The electronic density used for 

the density functional calculations is built from 

an unrestricted Hartree-Fock (UHF) type slater 

determinant, The silicon particle ionization 

energy and electron affinity are found to be 7.29 

eV and 1.46 eV respectively. This is much closer 

to the atomic values of silicon (8.15 eV and 1.38 

eV respectively) than to the crystalline bulk 

silicon values of 4.05 eV and 5.17 eV. This 

further demonstrates the silicon nanoparticle is 

most appropriately discussed in the molecular 

regime than approximations from the crystalline 

condensed matter regime. 

 

Ionization and affinities (for 2.8 nm diameter) 

The ionization energies I and electron affinities 

A for hydrogenated Si nanoparticles as a 

function of the nanocrystal’s radius R was 

calculated using real-space ab initio 

pseudopotentials constructed within the local-

density approximation [32]. At small values of 

R, the electron affinities are small in comparison 

with the ionization energies. Small affinity 

values are consistent with a weak localization of 

the lowest unoccupied state. As radius increases, 

the ionization energy gradually decreases 

whereas the affinity energy increases. With size, 

the ionization and affinity scale with radius R of 

the nanocrystal as R−ϭ, where ϭ =1.1 ± 0.2. This 

much slower than what has been calculated 

using the effective-mass theory, namely for this 

latter the scaling factor l is found to be 2. The 

size dependence has been attributed to spatial 

quantum confinement. The strong size 

dependence characteristic remain significantly 

different from corresponding bulk values even 

for the largest nanocrystals studied (2.8 nm 

across). For 2.8, the affinity rises to 3 eV, while 

the ionization drops to 6 eV. 

 

Figure 8 Ionization energy (top) and electron affinity 

(bottom) of Si nanocrystals as functions of 

nanocrystal’s radius R. The results are calculated 

using real-space ab initio pseudopotentials 

constructed within the local-density approximation. 

Solid lines are the best fits to the calculated data. 

Straight dashed lines correspond to bulk values of 

ionization energy (4.8 eV) and affinity at 4.1 eV for 

Si. 

 

 
 

The charge characteristics of the 2.85 nm 

particles approach that of bulk but slightly 

remain somewhat different from corresponding 

bulk values. However, previous measurements 

showed that the refractive index of the 2.8 nm 

particle is approaching that of bulk. With close 

packing due to the very slow self-assembly 

provided by the dynamic flow arrangement, we 

believe that those parameters may serve as a 

good indicator and trend. Moreover, these 

differences in the ionization of the outer 

electrons, would not factor in for deeper electron 

processes under short wavelength  of deep UV 

or x-ray, where transitions in individual atoms 

dominate. For instance  in studies of bulk silicon 

resonant absorption edges within the range of 

energy values studied, such as in the range of 

0.5-1.2 keV, experiments and calculations show 

that the drop in the refractive index follow a λ2-

dependent curve and the absorption β follow a 

λ3-dependent curve [33]. In other words, the 

quantities in the range δ can be represented by 

the equation δ = 2.84 x 1O-6 λ2 A-2. This may be 

related to the real part of the silicon “atomic 

scattering factor” fisi, which takes the value of 

fisi = 12.6. On the other hand, classically, f, is the 

number of electrons (per atom) with binding 

energy less than the incident photon energy (12 

in the case of silicon at these photon energies) 

[33-34]. 

 

Loss due to roughness of the nanofilm  

 

As to the surface quality and the degree 

scattering and losses. A vector scattering model 

for uncorrelated roughness, as described by 
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Vidal and Vincent [35], has been used to 

introduce a parameter ϭ which represents the 

root-mean-square roughness of a surface. This 

model of roughness assumes that the departures 

of the interface from an ideal planar boundary 

can be described by a normal distribution in the 

first approximation. Shadowing and multiple-

scattering effects are neglected. This model of 

roughness is valid for all values of ϭ/λ, provided 

the wavelength is such that surface plasmon 

phenomena can be ignored. Under these 

assumptions, It has been calculated that the 

effect of the surface roughness parameter ϭ is to 

decrease the reflected intensity by a factor which 

increases with grazing-incidence angle θ. Hence, 

ϭ can be determined from scans of R vs the 

grazing angle θ with the wavelength held fixed. 

At the critical angle, the critical reflectivity 

coefficient rc drops proportional to the factor 

[33]:  

 rc~   EXP ~ [- (2π/λ) ϭ]2 =   EXP [- kϭ]2 

Using 195nm for the wavelength of the incident 

radiation and taking the size of a single particle 

for ϭ, this factor is 0.99, indicating only a loss of 

1%. For wavelengths of 10nm, we get a factor of 

0.018, indicating a loss of 82%. 

 

V. Other Applications 

 
Finally, poly capillary x-ray optics have found 

potential application in many different fields, 

including anti-scatter and magnification in 

mammography, radiography, x-ray 

fluorescence, x-ray lithography, and x-ray 

diffraction techniques. In x-ray diffraction, an 

optic is used to collect divergent x-rays from a 

point source and redirect them into a quasi-

parallel, or slightly focused beam. Monolithic 

poly capillary optics have been developed 

recently for macromolecular crystallography 

and have already shown considerable gains in 

diffracted beam intensity over pinhole 

collimation.  

 

Poly capillary x-ray optics have found potential 

application in many different fields, including 

anti scatter and magnification in mammography, 

radiography, x-ray fluorescence, x-ray 

lithography, and x-ray diffraction techniques. 

 

Polycapillary optics are well suited for clinical, 

in situ, or laboratory-based applications such as 

X ray fluorescence and X ray diffraction, 

especially on small samples [26, 27]. A new tool 

combining local XRF and scanning probe 

microscopy is finally proposed. Moreover, a 

confocal-type XRF based on polycapillary has 

been developed. A polycapillary lens is used to 

tightly focus the primary X-ray beam of a low 

power rhodium X-ray source, while the 

fluorescence signal is collected by a SDD 

detector through a cylindrical monocapillary. 

Capillary radii ranging from 50 μm down to 5 

μm were used.  

In x-ray diffraction, an optic is used to 

collect divergent x-rays from a point source and 

redirect them into a quasi-parallel, or slightly 

focused beam. In fact, monolithic polycapillary 

optics have been developed recently for 

macromolecular crystallography and have 

already shown considerable gains in diffracted 

beam intensity over pinhole collimation. 

 

VI. Conclusion 

We examine the use of a glass polycapillary 

system as a template and support structure to 

produce a silicon polycapillary system. We 

perform surface doping using self -assembly 

silicon nanoparticles, which produces a silicon 

coating that assumes the shape of the 

polycapillary. The silicon polycapillary is 

optically active in the UV. We produced novel 

fused silica capillary columns with optical 

functionality. Silicon provides a larger critical 

angle for x-ray proportion over what glass 

provides which may increase the efficiency of 

focusing of x-rays. 
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Abstract. Undercutting is a welding defect that appears as a groove in the base metal directly along the edges of the weld 
metal. It is inevitable in fillet and butt joints if improper welding parameters are used in the operation.  It is a discontinuity 
in the welding which produces stress concentration and lowers the strength of the weld. The stress concentration factor of 
an undercut is due to reinforcement angle, undercut width, undercut depth and undercut root radius. 
In this study 20 mm thick mild steel plates were welded by gas metal arc welding process. Before welding a 30° single bevel 
groove angle was obtained by milling on the longitudinal side of a test plate. Two plates were welded with one pass. After 
welding the weldment was tested with radiographic NDT process. A defect free weldment was obtained. Then standard 
tensile test samples were machined from the weldment. A groove was drilled in the heat affected zone, adjacent to the 
weld metal boundary on every tensile test sample. Each groove resembled an undercut. The length, root radius and depth 
of grooves were varied.  Then samples were broken on a tensile test machine. From the test results the static stress 
concentration factor of each groove was calculated. The effects of groove geometry on stress concentration factors and 
mechanical properties were determined. 
 
Keywords: Welding defects, Undercut, Undercut geometry, Static stress concentration factor 
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Introduction  
Recent manufacturers have to constantly improve 
their production without sacrificing the quality of 
their products in order to cope with the competition 
of their competitors. They can achieve improvement 
in their production by increasing the speed of their 
production and reducing their costs. Industrial 
branches such as steel construction, shipbuilding, 
automotive, petrochemical, space, pressure vessels, 
nuclear energy units and electronics widely use 
welding methods. In the welding methods applied in 
these business lines, reductions in production costs 
are realized by increasing the resource efficiency [1]. 
Undercuts are a weld discontinuity seen in fusion 
welds. These discontinuities are generally grooves 
and notches that occur in areas close to the joining 
of the weld seam and the weld base metal (at the 
seam toe end) and parallel to the weld seam. Since 

these areas cannot be filled with liquid weld metal 
during solidification, undercuts are formed. The 
undercut error in the X butt weld joint made with the 
submerged arc welding method is shown in Figure 1 
[2]. 
 

 
Figure 1. Typical undercut [2].  
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Undercut defect occurs under extremely high welding 
current and/or welding at extremely high welding 
speed [3]. This welding defect occurs different from 
gas arc welding [4-6], TIG welding [7,8], laser welding 
[9,10], submerged arc welding [2,11], MMA arc 
welding [12] and electron beam welding [13] 
methods in industrial applications. It is seen in Figure 
2 that the arc welding faults are basically divided into 
two main groups as discontinuous and continuous 
[14]. In discontinuous faults, the defect section 
changes along the seam. 
 

Figure 2. Two types of undercutting defects in GMAW 
[14]. 
 

Local stress concentration occurs in the cross-
sectional changes of welded and non-welded metal 
parts and around any discontinuities in the section 
[15]. Since theundercuts also have a kind of notch 
effect, stress concentration occurs at the bottom of 
the undercut [16]. Local stress concentrations reduce 
the static and dynamic strength of the workpiece or 
welded part. Undercuts significantly reduce the 
fatigue strength of the welded part [17]. The 
maximum stresses are determined in the notches and 
discontinuities of the objects under static load, using 
the calculations made using the theory of elasticity 
and the measurements made using the photo-
elasticity technique [15]. In addition, if there were no 
notches or discontinuities, the stress that would 
occur in that section is calculated. This stress is called 
the nominal stress of the workpiece. By dividing the 
maximum stress by the nominal stress, the stress 
concentration coefficient (stress concentration 
factor), K, is found for the static force in that object 
[16]. 
 
In this study, the stress concentration coefficient (K) 
around the combustion trough was found by dividing 
the tensile strength of the sample containing the 
combustion trough defect by the tensile strength of 
the faultless sample. In addition, the effect of notch 
geometry on ductility was investigated. 
 

Material and Methods 
Two pieces 1000x300x20 mm St-37 unalloyed steel 
plates were used in the experimental studies. Half-V 
welding groove with 30o angle was opened on the 
long side of the plates. 60o butt weld joint was made 

on the plates in horizontal position. Welds were 
made by automatic CO2 shielded gas metal arc 
(MAG) method. ER 70S-6 welding wires are used in 
welding processes. Before the root pass is made, the 
workpieces are inverted to ensure that the parts 
remain within 180o after welding. Cracks were 
checked by applying penetrating liquid test after 
each welding process. After the cover pass, 
radiographic examination was performed on the 
workpiece. An error-free resource was obtained. 
 

 
Figure 3. Characteristic parameters of a butt weld 
undercut defect [18].  
 

After removing the 75 mm wide parts from both sides 
of the welded part by laser cutting, tensile test 
specimens were cut in the direction perpendicular to 
the welding progress direction. Tensile tests were 
prepared in accordance with the ASTM standard [21]. 
In the plunge erosion bench, the notch of the 
undercut shown in Figure 3 was made at the foot end 
of the weld seam. The width (W) of each notch was 
kept constant at 1 mm and the root radius (r) at 0.5 
mm. There are 3 tensile specimens for each notch 
condition and for the non-notch welded condition. 
Tensile tests were carried out on a 50 ton 
electronically controlled hydraulic pulling machine. 
By taking the average of the test results of 3 samples 
belonging to each experimental group, the 
mechanical properties of that group were 
determined. Then, the tensile strength of each 
unnotched test specimen was divided by the tensile 
strength of each test group, and the stress 
concentration coefficient (K) of each test group was 
calculated. 
 

Results 
The tensile test results and the static stress 
coefficient (K) values calculated using these results 
are shown in Table 1. Using these results, the graphs 
in 6, 7, 8, 9 and 10 were drawn. 
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Table 1. The tensile test results and the calculated K 
coefficient values  

 

Specimen 
No.  

Tensile 
Strength, 
MPa  

% 
Elonga
tion 

Calcu-
lated 
K 
coeffi-
cient 

1  551  30,1 1,00 
2 507 28,4 1,08 
3 501 24,3 1,10 
4 492 17,9 1,12 
5 498 19,2 1,11 
6 487 16,5 1,13 
7 466 9,8 1,18 
8 497 18,2 1,11 
9 464 14,3 1,19 
10   422 8,0 1,31 

 
Discussion 
As the seam depth increases, the weld tensile 
strength decreases depending on the undercut 
length. As the notch depth and length increase, 
the decrease in strength occurs more. The 
negative effect of notch depth on strength 
becomes evident depending on the length of the 
undercut. In samples with fixed notch length, 
the tensile strength decreases significantly as 
the notch depth increases. 
 
Conclusion 

When the depth of the undercut is increased 
from 1 mm to 2 mm in each notch length, a large 
decrease in ductility is observed. However, 
when the depth of the undercut is increased 
from 2 mm to 3 mm, there is a slight decrease in 
ductility. The loss of ductility in the workpiece 
depending on the seam depth is seen in Figure 
10. While the % elongation value of the 
workpiece decreases significantly between 1-2 
mm notch depth, ductility loss occurs at a much 
smaller rate between 2-3 mm seam depth. If it is 
compared the strength and ductility losses 
caused by notches in the workpiece, it is seen 
that the ductility loss rate is larger. For example, 
in the tensile sample of the fault (sample No. 1), 
the tensile strength is 551 MPa and the total 
elongation is 31%. The tensile strength is 422 
MPa and the ductility is 8% in the sample 
(sample No. 10) containing a 3 mm deep and 20 
mm long undercut. While there is a 23% loss in 
strength, the ductility loss rate is 74%. This result 
shows that the undercut causes embrittlement 
of the workpiece. Embrittlement increases 
further as the bottom radius of the combustion 
chute decreases. Due to this embrittlement, the 
fatigue resistance of the workpiece is 
significantly weakened. 
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Abstract. A more efficient and economical method of improving the productivity of gas metal arc welding process is using 
activating fluxes in welding. The activating fluxes which consist of halogens and oxides have a positive effect on electric arc 
formation and droplet transfer of electrode metal to the liquid metal pool. Activated Flux Gas Metal Arc (A-MIG) welding 
can increase the joint penetration, weld depth/width ratio and weld area. In this review paper, the effects of A-MIG welding 
on weld bead shape in mild steels, austenitic stainless steels, aluminum and magnesium alloys are examined. The effects of 
this welding process on weld mechanical properties weld distortions are explained. 
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Introduction  
Welding is an important processing operation in 
manufacturing and production enterprises. The gas 
metal arc welding (GMAW) has the advantages of 
high efficiency, good weld quality, low production 
cost and easy to realize automation in 
manufacturing, there fore it has been widely used in 
the industry. Modern manufacturing industries are 
facing an intense market competition. Thus, there is 
an urgent need to substantially improve production 
efficiency. The GMAW has to increase welding speed 
in order to enhance market competitiveness and 
reduce production costs. However, if the welding 
speed is increased beyond a certain level, the weld 
formation quality will get worse and welding defects 
occur [1]. In recent years, a clear trend towards 
higher productivity and better quality has been 
leading to the development of many variants of the 
GMAW process. Pulsed gas metal arc welding (P-
GMAW) is a highly controlled variant of axial spray 
transfer, in which the welding current is cycled 
between a high peak current level to a low 
background current level. Metal transfer occurs 
during the high energy peak level in the form of a 
single molten droplet. One of the advantages of P-

GMAW is to weld with a higher welding speed than 
classic GMAW [2]. 
 
For the welding of thick and large metal specimens, 
a novel process, namely double electrode or tandem 
gas metal arc welding (DE-GMAW), was developed 
at the University of Kentucky [3]. The uniqueness of 
this process lies in its strong penetration capability 
and deposition rate achieving high productivity with 
low cost and high durability [4]. A higher welding 
speed than the P-GMAW was obtained in this 
process. 
 
Little work has been done on using activated flux in 
GMAW method [5-20].  The aim of this paper is to 
summarize the findings of activated flux GMAW 
research studies. The effects of activated flux on gas 
metal arc welding process were explained in the 
following chapter. 
 

Material and Methods 
The main effect of activated fluxes in GMAW process 
is to enhance the penetration depth of a weld bead. 
The fluxes also affects other properties during a 
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welding operation. These effects are explained 
below. 
 
The fluxes positively alter the efficiency of heating of 
metal by electric arc and current density in GMAW 
[16,17].    The heat effective coefficient of usefulness 
of electric arc or the part of electric arc energy which 
is spent on metal melting increases in activated gas 
metal arc welding (A-MIG) operation than the 
conventional MIG welding. Therefore a deeper weld 
is obtained in A-MIG welding at a constant arc energy. 
Hence, arc activation, which increases the 
penetration by several times when compared to the 
conventional welding method, enables the reduction 
of drive energy while welding the metal of the same 
thickness. Also, the activation increases the speed of 
heating of welding joint metal and heat affected zone 
[16].                            
 
One of the  most characteristic phenomena of gas 
metal arc welding is molten droplets transferring 
across the arc from the wire electrode to the liquid 
weld pool. Different transfer behavior, referred to as 
“droplet transfer mode”, can be observed [21].  
Droplet transfer mode is influenced by growth time, 
dimension and detachment frequency of the 
droplets. The main parameters affecting droplet 
formation are wire composition and diameter, 
shielding gas composition, electric polarity, arc length 
and welding current level [22].  
 
Figure 1 shows the variation tendencies of the 
welding current without and with activating fluxes 
with the time lapse during MIG welding AZ61 
magnesium alloy plates with and without KCl, TiO2 
and CaCl2 activating fluxes.  It can be seen that the 
change of the welding current of single MIG welding 
is comparatively stationary and the average current 
value is kept up by 184 Amperes. The KCl flux not only 
makes the fluctuation of the current become intense 
but also increases the average welding current value 
by 17 Amperes in comparison with single MIG 
welding. When the CaCl2 flux is used, the average 
current value is reduced to 175 Amperes, and the 
variation trend of the current is erratic. With respect 
to the TiO2 flux, the welding current is almost the 
same as that of single MIG welding. Since the arc 
voltage is maintained at 23 volts in this study and the 
change in the arc conductivity will lead to an inverse 
change in arc resistance, it is concluded that the arc 
conductivity is proportional to the welding current on 
the basis of the Ohm’s law. The arc conductivity may 
be altered when the activating fluxes are added. 
 

 
Figure 1. Variation tendency of welding current in MIG 
welding of AZ61 magnesium plates without and with 
activating fluxes (10). 
 

The typical MIG and A-MIG weld cross sections of 
austenitic stainless steels are shown in Figure 2 [1]. 
The width and penetration depth is bigger in the A-
MIG weld. The penetration depth increased 1.31% in 
A-MIG welding. The weld depth/width ratio is also 
increased in A-MIG weld. The weld depth/width ratio 
is 0.20 in the MIG weld and 0.40 in the A-MIG weld. 
Each flux has a characteristic effect on weld 
geometry. Similar high penetration depths were 
obtained [18] in austenitic stainless steels A-MIG 
welding applications. 
 

 
Figure 2. Macro section of weld bead produced with (a) 
MIG and (b) A-MIG welding of CrNi18-10 austenitic 
stainless steels [18]. 
 
 

Results 
These welds were produced on AISI 304L austenitic 
stainless steel plates. The Ar-2.5% CO2 shielding gas 
was consumed during welding. A-MIG welds were 
done with SiO2 flux.  
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The first line welds were produced with 160 
Amperes, the middle line welds were welded with 
200 Amperes and yhe bottom line welds were 
produced with 230 Amperes. At every welding 
current A-MIG weld has a deeper weld than the MIG 
weld. This result matches with the main purpose of 
using activating flux in welding. At 200 and 230 
Amperes weldings finger shaped penetration 
occurred. This geometry proves that spray transfer 
mode happened in these welds  [25]. At welding 
with 160 Amperes no finger shaped penetration 
occurred. That shows that globular transfer mode 
happened [25]. Both MIG and A-MIG processes have 
the same metal transfer mode. The weld with 
decreased with spray transfer mode. The width 
increased parallel to the welding current. The 
penetration depth and weld width increased with a 
rise in welding current because of high energy 
inputs. The effect of welding current on penetration 
can be described either with penetration depth or 
weld depth/weld width ratio in MIG and A-MIG 
welding operations. 
 
Discussion 
Welding joins metals by melting and fusing the 
base metals being joined; usually with the addition 
of a filler metal. Due to the localized heating, the 
temperature distribution in the weldment is non 
uniform. The top face of the weld usually shrinks 
more than the root. If the stresses produced from 
thermal expansion and contraction exceed the 
yield strength of the base metal, an angular 

distortion is experienced in a butt joint [29]. MIG 
with Fe2O3, SiO2 and MgCO3 as flux reduced the 
angular distortion of the weldment. It is of interest 
to note that the value of the angular distortion of 
the weldment depended on the relative 
penetration depth of the welds. The weld depth 
was equal to the plate thickness (full penetration); 
essentially, the plate was heated more evenly in its 
thickness, thus reducing bending. Consequently, 
angular distortion was reduced. 
 
Conclusion 
This paper explains the welding activating flux 
affects on weld bead geometry and mechanical 
properties of A-MIG welding process of metals. The 
following results were obtained from the literature 
review:  
 
1.  The weld penetration depth and weld width size 
of a A-MIG weld depends on the chemical 
composition of the flux.  
2.   Flux mixtures give better results than mono 
fluxes.  
3. A-MIG process gives small penetration depth 
advantages in mild steels, aluminum and 
magnesium alloys. 
4.   High cooling rates in A-MIG welds cause higher 
tensile strength and hardness.   
5.  The angular distortion of the weldment was 
reduced by the flux aided MIG. The angular 
distortion is associated with weld bead 

geometry: deep and narrow welds resulting in lower 
angular distortion.
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Abstract. The promising outputs obtained in image recognition and classification studies have revealed the great potential 
of deep learning in microscopic analysis in materials science. Microstructures provide significant data about the features of 
the material they belong to. The phase structures visible in the material microstructure give clues about the deformation 
rate of the material, which the naked eye cannot notice. In this study, S235JR structural steel was deformed at different 
rates via a tensile test in the laboratory environment before metallographic processes. In the next step, a data set belonging 
to five classes and images of microstructure were obtained via an optical microscope. The deep learning model developed 
by preprocessing was determined on the data set containing 10000 images of S235JR structural steel, contributing to the 
literature. The novelty of the model created using VGG16 is to adjust the network architecture to fit the microstructure 
images. The dataset is trained to classify images through their microstructure and then to estimate the accuracy. As a result, 
the classification success was over 92%.  

 
Keywords: Deep learning, VGG16, S235 JR structural steel, deformation rate 
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Introduction 

The life of a material depends on many factors, 
such as usage time, structure, components during 
production, temperature and pressure values of 
the environment in which it is used, and the load 
it is exposed to [1]. Therefore, there is a significant 
relationship between the deformation rate of the 
material and the material life, and even the 
damage caused by some deformations is 
irreversible [2, 3].  
The steel used as a building material is a material 
that is frequently mentioned in the construction 
industry [4]. Structural steels are used in areas 
such as railways, bridges, breakwater structures, 
industrial buildings, shipbuilding, power poles, oil 
and offshore gas platforms, multi-purpose social 
facilities, commercial structures, and roofs that do 
not load the building [5, 6]. This study's preference 
for structural steel is its widespread use and the 
lack of data set at the microstructure level 
considering its deformation. It is inevitable for 
structural steel to have defects in its structure due 
to effects such as compression, stress, and wear 
[7]. Rollers used in rolling mills are used to shape 
iron and steel by applying loads of tons and are 
subject to wear over time [8]. The barrels of 
firearms are subject to strong wear because of 
pressure and temperature. By examining the 
microstructures of the materials used in these 
examples, the deformation rates can be deduced 
[9, 10]. The internal structure of a material can be 
understood by analyzing its microstructure. 
Microstructural classification is mostly done 
manually by experts with a subjective view 
resulting in different interpretations regarding 
personal differences. The microstructure studies 
in the literature have taken into account technical 
properties mostly over phase structures in the 
field of materials science such as strength, 
flexibility, weld structure, damaged area detection 
[6, 11-13]. 
With the development of artificial intelligence 
technologies, significant progress has been 
achieved in the recognition and classification of 
microstructure images. The success of the Support 
Vector Machine [14] classifier, one of the Machine 
Learning [15] algorithms, has an important role in 
recognizing the microstructure features and the 
morphological model [16, 17]. Machine learning 
algorithms require a feature extraction process 
through traditional methods [18]. Gola et al. [19] 
obtained the microstructure images of martensite, 
perlite, and bainite phase steel plates with LOM 

and SEM instruments and performed a phase 
classification study using the Support Vector 
Machine technique. Moreover, these methods 
require carefully designed manual feature 
extractors that depend heavily on expert 
knowledge and limit their performance in actual 
production. 
Recently, Deep Learning approaches, which is 
more advanced and more successful than machine 
learning techniques, have been applied in 
classification, segmentation, and analysis of 
microstructure images. Extracting meaningful 
information with the help of deep learning 
networks by processing the features of 
microstructure images of materials provides a 
significant contribution to the field [20]. While 
feature extraction from images is done manually 
in Machine Learning algorithms, it is a great 
advantage that it is done automatically by Deep 
Learning algorithms in high-level grades [21]. 
Microstructure classification and defect analysis 
are feasible using deep learning methods [22]. 
Warmuzek et al. [23] prepared a dataset 
consisting of microstructure images of multi-
alloyed iron and aluminum casting materials. They 
tested this dataset using a new CNN-based 
DenseNet201, InceptionResNetV2, InceptionV3, 
VGG16, VGG19, and Xception deep learning 
architectures detecting Twigg, petal, polyhedron, 
sphere, dendrite, needle, and Chinese script 
phases. The highest success rate (94.3%) was 
achieved using DenseNet201 architecture. It was 
observed that the data set was not balanced, and 
there were changing amount of data between 256 
and 356 in the classes. Azimi et al. [24] studied 
microstructural classification. In their study, they 
mentioned the success of deep learning methods 
in computerized vision applications and suggested 
Deep Learning methods for microstructural 
classification in some microstructured component 
samples of low-carbon steel. Pixel-based 
segmentation was performed using a Maximum 
Voting Scheme with a Fully Convolutional Neural 
Network. With the system they established, they 
achieved a success rate of 93.94%. Ren et al. [25] 
conducted a study on the surface defects of steels 
and developed the Fast R-CNN (Fast Regional 
Based Convolutional Neural Network) model. They 
achieved defect-detection with an accuracy of 
98.32% at an average speed of 0.05s per image. 
They created a surface defect dataset consisting of 
4655 images from 6 classes such as scrapes, 
scratches, wrinkles, burrs, inclusion (the material 
included from the outside) and nano-oxide layer. 
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Yingying et al. [26] detected defects on tunnel 
surfaces by developing a new Mask R-CNN 
method. In addition, they designed an algorithm 
at the end of the network to improve the accuracy 
focusing on the edge information of the network, 
and enabling the creation of feature maps of the 
image. These studies contribute to the field of 
materials science and do not provide information 
about the deformation rate. 
Hosseini-Toudeshky et al. [27] applied tensile tests 
at different rates to DP600 dual-phase steel 
samples, prepared large and small deformation 
simulations from the microstructure images of the 
deformed samples, and compared them with Light 
Optical Microscopy (LOM) and Scanning Electron 
Microscopy (SEM) images using Finite Element 
method. This study is about the deformation rate, 
and current deep learning techniques have not 
been studied. 
 
Experimental procedure 
 

 
Figure 1. Classification of deformation rate via VGG16 
deep learning network 

 
In this study, S235 JR structural steel samples, 
whose technical specifications are given in Table 1 
and shown in Figure 2, were obtained. The area to 
be deformed was determined to be 10 cm long. 
This area is numbered from 1 to 10 at equal 
intervals. These samples were deformed by tensile 
tests in the laboratory environment. The region 
with the highest deformation was measured with 
a caliper, and the region with the highest 
elongation (the region with the lowest cross-
section) was determined. The region was cut and 
separated from the main sample (Figure 5). 
 
 
 
 

Table 1. Technical properties of S235 JR construction 
steel  

Material Yield 
Strength 

(MPa) 
 

Tensile 
Strength 

(MPa) 
 

Elongation 
(%) 

 

S235JR 235 340-470 25 

 
    

  

Figure 2. S235 JR Construction Steel sample prepared 
for tensile test 

 
The samples were prepared according to the TS EN 
ISO 4136 standard for the tensile test, and then 
the tensile elongation diagrams were obtained by 
pulling at a speed of 1mm/min with the INSTON 
model tensile test instrument (100 kN in capacity). 
It is known that the total elongation rate of S235 
JR structural steel is 25-26%, according to the 
catalog information. Accordingly, based on the 
length of the sample, tensile tests were performed 
at approximately 25% (7mm), 50% (14mm), and 
75% (21mm) ratios. Raw and plucked samples 
were also included in the analysis. Thus, five 
classes were established. At the end of the test, 
the elongation rate at break was approximately 
26-27%. This result is consistent with the data in 
the catalog of S235JR steel. The graphics on the 
Stress-Deformation Rate of the tests are given in 
Figure 3. 
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Figure 3. Tensile and shear test, a) Deformation Rate (7 
mm); b) Deformation Rate (14 mm); c) Deformation 
Rate (21 mm); d) Deformation (26 mm- Fracture) 

 

 
Figure 4. Formation of classes according to 
Deformation Rates 1: Raw sample, 2: 7mm drawn 
sample, 3: 14mm drawn sample, 4:21mm extruded 
sample, 5: Broken sample 

 

 

 
Figure 4. a) 7 mm drawn sample, b) After the shear test 

 
In order to reach the microstructure images of the 
deformed samples, the classical metallographic 
stages (cutting, bagalization (Figure 6), coarse-fine 
sanding, polishing, 2% Nital etching) were applied 
with respect to rules in materials science. 
Microstructure images were obtained via the 
Nikon Eclipse LV150N LOM instrument shown in 
Figure 7. 
  

 
Figure 5. Bagalization process 

a 

b 
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Figure 6. Microstructure image by LOM 

 

     

 

 

 

 

 
     

 

 

 

Figure 8. Data set categories; a) Raw sample with no 
deformation, b) 7mm drawn sample, c) 14mm drawn 
sample, d) 21mm drawn sample, e) Sample broken by 
tensile test 

 
Microstructure images were classified into five 
categories, and two thousand images were 
obtained from each category with 256x256 pixel 
dimensions (Table 2). Contribution to the 
literature was provided with a total of ten 
thousand images. 
 
Table 2. Categories and number of images of the 
original data set created 

Category Label Image 
Size 

Number 
of 

Images 

Crude 

Sample 0 

256x256 
px 

2000 

Drawn 
Sample 7 
mm  

1 2000 

Drawn 
Sample 
14 mm  

2 2000 

Drawn 
Sample 
21 mm  

3 2000 

Broken 
Sample 4 2000 

Total: 10000 images 

 
Applied VGG16 Model 
 
VGG16 is the most common and successful CNN 
model used in VGG-Net in image classification 
problems [28]. Transfer Learning is frequently 
used in classification problems in Convolutional 
Neural Network (CNN) models. Instead of training 
a neural network with random initial values, 
transfer learning and pre-trained weights are used 
[29]. In this study, the VGG16 model having 
classical convolutional neural network 
architectures was established that was previously 
trained on the ImageNet image set exploiting the 
transfer learning method and the features were 
obtained by using the pre-trained weights of the 
model. 
 
Images (80% and 20% of the 10000) in the data set 
were used for training and testing, respectively. 
Images (8000 in number) were used for training 
the network. Test data were achieved using 2000 
images. The VGG-16 network consists of 16 
convolutional layers and has a small 3×3 receptive 
field. Moreover, it has a Max pooling layer of 2×2 
and thus has a total of 5 such layers. Following the 
last Max pooling layer, there are three fully 
connected layers. In this study, the training speed 
of the network increased by 54% by reducing the 
output parameters with a decrease in the number 
of fully connected layers to 2. No significant 
difference in classification success was observed 
compared to the standard VGG16 model. 
 
Results and discussion 
 
In the first stage of the study, data were classified 
into five categories. The classification success rate 
was found to be 92% (Figure 9). Here, the success 
of distinguishing images obtained from the broken 
sample (labeled as 4) and the sample elongated 
21mm (labeled as 3) from each other was lower 
than the ones in other categories. Therefore, the 
classification process was repeated over four 
categories, excluding the broken sample category. 
The success rate was determined as 97%. 
 

a b c 

d e 
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Figure 9. Classification by deformation rate for five 

categories; a) Training and validation accuracy, b) 
Training and validation loss, c) Confusion Matrix 
 

 
 

 

 
Figure 10. Classification by deformation rate for four 
categories (Raw Sample, 7mm – 14mm – 21mm 
elongated sample); a) Training and validation accuracy 
graphic, b) Training and validation loss graphic, c) 
Confusion Matrix 

 
Conclusion  

In this paper, automatic classification results of 
S235 JR structural steel, which has been deformed 
in the laboratory environment and divided into 
five categories with the VGG16 deep learning 
network, are published. Deformation rates were 
labeled, divided into five categories, and 10000 
data sets were added to the literature. The 
training time was shortened by 54% in the data 
classification by adjusting the VGG16 model. It is 
thought that an important gap in metallurgical and 
materials engineering has been eliminated by 
achieving a success rate of 92% in the data 
classification process in 5 categories and a success 
rate of 97% in the classification of 4 categories. 
 
In future studies, it is aimed to improve the 
network and increase the success rate. It has been 
concluded that the success rate in especially five 
categories should be increased. The data needs to 
be tested in different deep-learning networks. It is 
thought to carry out studies on which network the 
microstructure images are best classified. 
 

a 

a 

b 

c 

b 
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Abstract. A appropriate semiconductor provide a significant advantage to the technology and industry because to the fact 
that better, available, and tunable materials is important. Between the various materials in use as semiconductor devices, 
the half-Heusler alloys have proved to be promising contribution on the possibilities of tuning the various properties to 
meet the desired demand. These kind of compounds have extraordinary electronic, elastic, optical, thermodynamical and 
thermoelectric properties. Under the extreme conditions of temperature and pressure the fundamental properties of the 
various properties of materials may change as compared to the ambient condition. Therefore, the knowledge of 
thermodynamical properties under the variation of temperature and pressure acts as an extremely helpful tool for their 
technological applications in extreme conditions. The temperature- and pressure- dependent thermodynamical functions 
such as specific heat at constant volume, entropy, volume, thermal expansion coefficient, Debye temperature, gruniesen 
parameters have been investigated using quasi-harmonic Debye approximation The thermodynamic parameters are 
determined in the pressure range from 0 to 20 GPa and temperature range from 0 to 1000 K.  
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Introduction  

Population growth all over the world has brought 
along the development of industry and the ever-
increasing need for energy. The increase in energy 
demand and the decrease in fossil fuels as a result of 
excessive use led the scientific world to alternative 
energy sources. In addition, the waste of energy in 
the form of unusable heat has brought energy savings 
to the fore. In addition to all these, greenhouse gases 
are formed by the use of fossil fuels and these gases 
seriously increase air pollution. Generating electricity 
by utilizing waste heat has made thermoelectric 
materials popular. Most of the work has been done 
on thermoelectric materials, especially lanthanide 
and transition metal-containing compounds[1–4]. In 
these studies, Heusler compounds with 
thermoelectric properties have received great 
attention.  

The first study with Heusler compounds was made by 
Friedrich Heusler in 1903 with the compound 
Cu2MnSn[5]. The crystal structures of Heusler 
compounds are studied under two headings. The 

chemical formulations of these structures, named as 
Full Heusler and Half Heusler, are X2YZ and XYZ, 
respectively. Compounds attracted great attention 
after the discovery of half-heusler compounds, where 
the components are not magnetic but the compound 
is magnetic[6]. Many semi-heusler compounds with a 
valence electron number (VEC) of 18 in the unit cell 
have a band gap and show promising thermoelectric 
properties with high thermopower and high electrical 
conductivity. 

Thermodynamic properties are defined as 
characteristic features of a system capable of 
specifying the system’s state . Half-Heuslers (HH) 
alloys are ternary compounds and have cubic MgAgAs 
structure. These kind of compounds have 
extraordinary electronic, elastic, optical, 
thermodynamical and thermoelectric properties[7,8] 

In this study, the effect of temperature and pressure 
changes on the thermodynamic properties of RhTiSb 
semi-heusler compound was investigated. 
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Calculation Methods 

In this computational work, to investigate the 
thermodynamic properties of RhTiSb ,as a first step, a 
set of total energy calculation versus primitive cell 
volume (E-V) was carried out, in the static 
approximation. The results are then fitted with a 
numerical EOS in order to determine its structural 
parameters at P = 0 and T = 0, and to derive the 
macroscopic properties as a function of pressure and 
temperatures from standard thermodynamic 
relations based on quasi –harmonic Debye Model[9–
12] using GIBBS program[13]. All calculations based 
on geometric optimization were calculated using the 
DFT method [14–16] using the Vienna ab initio 
simulation package program (VASP)[15, 17, 18]. 

Results and Discussion  

The crystal structure of RhTiSb intermetallic 
compound is cubic, with the space group F-43m 
(No.216). The unit cell of RhTiSb is shown in Fig. 1. 
There are three atoms in the unit cell where the 
Wyckoff atomic positions are occupied by 4b site (0.5, 
0.5, 0.5), 4c site(0.25, 0.25, 0.25), and 4a site (0.0, 0.0, 
0.0) for Rh, Sb, and Ti, respectively [47].  

 

Figure. 1. The unit cell of RhTiSb 

The total energy as a function of volumes for RhTiSb 
is plotted in Fig. 2.  

 

Figure.2. Energy-volume curves of the RhTiSb 

The calculated total energies are adapted to the Birch 
equation of states [35] to determine equation of state 
(EoS) parameters such as equilibrium lattice constant 
(a0), mass modulus (B), pressure derivative (B'), and 
volume. The calculated data are presented in Table 1 
and compared with the literature. 

 Table .1 Structural parameters of the RhTiSb 

RhTiSb a(Å) B(GPa) B'(GPa) 

This 
study 6.14 141.46 4.68 

TiRhSb 6.14 142.43 4.15 

 

The thermodynamic properties of the material under 
different temperatures and pressures are very 
valuable for industrial applications. The pressure 
range in which the thermodynamic properties are 
determined is 0-20 GPa, and the temperature range 
is 0-1000K. The variation between normalized volume 
and pressure at different temperatures is presented 
in Fig. 3a, and the variation between volume and 
temperature at different pressures is presented in 
Fig. 3b. For a given pressure, the volume was 
determined to be nearly constant with rising 
temperature. On the other hand, for a given 
temperature, the cell combining the volumes 
decreases with increasing pressure. This result is 
expected, because generally the material expands at 
higher temperature. Also, the volume change with 
temperature is stronger at low pressure than at high 
pressure. With an increase in pressure, the relative 
volume simply decreases for all different series of 
temperatures as the material is compressed at higher 
pressure. 
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Figure.3 Normalized volume versus a) temperature at  
different pressure b) pressure at different temperatures 
for RhTiSb compound  
 

In order to obtain an indication of the variation of the 
hardness of the investigated RhTiSb Half-heusler 
compounds with temperature and pressure, the 
variation of the mass modulus of the compound with 
temperature and pressure is presented in Fig.4. As 
seen in Fig.4a, between 0 K and 100 K, there is a 
negligible dependence of the bulk modulus on 
temperature, but above 100 K, there is a linear 
decrease of the bulk modulus with temperature. In 
addition, at room temperature the bulk modulus 
reaches 144.69 GPa at zero pressure for the RhTiSb 
compound. 

In Fig. 4b, the Bulk modulus values increased with the 
increase in pressure at constant temperature. It can 
be noticed that the volume modulus is an important 
parameter to define the resistance to volume change 
under compression. 

 

 
 
Figure.4. Bulk modulus versus a) temperature at different 
pressures  b) pressure at different temperatures for RhTiSb 
compound 

 

Gruneisen parameter (γ) is a crucial parameter and a 
dimensionless quantity to describe the 
thermomechanical properties and anharmonic 
correlation in vibrating lattices. The variation of the γ 
with the temperature at different sets of pressures is 
depicted in Fig. 5(a). It is observed that γ increases 
slowly with an increase in temperature at different 
pressures, while γ decreases rapidly as pressure 
increases at different temperature values. However, 
the influence of pressure is more significant than that 
of the temperature. The value of γ of RhTiSb 
compound is 1.726 at zero pressure and temperature, 
but this value reduces to 1.427 at zero temperature 
and 20 GPa, resulting in decreasing anharmonicity in 
the lattice. A high value of γ indicates high 
anharmonicity in the compound, which results in 
poor lattice thermal conductivity. At room 
temperature, the value of γ is   1.742 at zero pressure. 

 

 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 
 

189 
 

 

Figure. 5. Gruneisen parameter versus a) temperature at 
different pressures  b) pressure at different temperatures 
for  RhTiSb compound 

Debye temperature (θD) is also one of the 
thermodynamic parameters that characterize the 
strength of the covalent bond and is related to 
elasticity and heat capacity of the material[19]. The 
evolution of Debye temperature as a function of 
temperature (K) at different pressures  and pressure 
at different temperature are presented in Fig. 6. θD 
exhibits a negligible change in the temperature 
domain 0 – 100 K and, thereafter, decreases with 
increasing temperature for all sets of pressure. 
Clearly, θD decreases very slowly at higher pressure. 
We observed that, θD exhibits a quasi-linear rising 
variance with pressure at a constant temperature. 
Furthermore, it is also clear that the effect of pressure 
on θD is more important than the temperature. The 
computed value of θD is found to be 331.34 K at 0 K 
and 0 GPa.  

 

 

Figure. 6. Debye temperature versus a) temperature at 
different pressures  b) pressure at different temperatures 
for  RhTiSb compound 

Specific heat at constant volume (CV ), which is 
another thermodynamic property related to the 
lattice vibration, internal energy, phase transition, 
and many other physical variables of the materials. 
The variation of the CV as a function of temperature 
at different pressures is displayed in Fig. 7. For a 
constant pressure, it is noticed that at 0 K, the CV is 
zero which means the absence of lattice vibrations. 
Initially, CV increases linearly with the rise in 
temperature following the Debye T3[16] law, 
thereafter, reveals constant variation with 
temperature and converges to the Dulong and Petit's 
limit (~75K ), which is the behavior of all solid 
materials. At low pressure, the value of CV is larger 
than high pressure. At room temperature and 0GPa 
Cv is obtained as 70.53 J/mol.K. 

 

Figure. 7. Specific heat coefficient versus temperature at 
different for  RhTiSb  compound 

Conclusion 

Thermodynamic properties of RhTiSb Semi-heusler 
compound in the pressure range of 0-20 GPa and 
temperature of 0-1000 K were investigated with the 
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GIBBS code. The bulk modulus at room temperature 
for the RhTiSb compound was determined to be 
144.69 GPa at zero pressure. The bulk modulus is 
important in determining the compressibility of the 
material. The anharmonic decreases with the 

increase in pressure. This indicates an increase in 
thermal conductivity. The Debye temperature was 
found to be 331.34 K at zero pressure and zero 
temperature. 
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Abstract: Laser irradiation of transparent substrates in front of an absorbing target results in ablation of the target 
material and the consequent coating on the back of such substrate [1-4]. The use of pulsed near-IR lasers is reviewed in 
this talk, with particular attention to coatings or surface modification produced on glass substrates. This method enables 
the fabrication of thin coatings on glass at low cost and without the need for vacuum or chemicals. It is thus attractive 
from the environmental and efficiency points of view. 
 
This relatively new fabrication method will be briefly presented and overviewed, and a number of examples analyzed in 
relation to the coatings obtained and types of lasers used. 
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Abstract. Ball-on-disk and reciprocating wear tests are common methodologies to evaluate the friction and wear 
properties of metallic alloys and composites. However, it can be a challenge to fully understand time-dependent wear 
mechanisms by post-mortem examination of wear tracks, particularly at the micro-nano scale. Here, scratch tests are 
carried out in situ in a scanning electron microscope (SEM) to enable real-time imaging of microstructural evolution 
during scratch tests. In this talk, in situ SEM tribology is applied to evaluate the wear mechanism of novel Ti6Al4V-TiC 
nanocomposites. In situ nano-TiC reinforced Ti6Al4V matrix composites and plain Ti6Al4V alloys were manufactured 
using selective laser melting (SLM). The tribological properties of these alloys were quantified using dry reciprocating 
wear tests and in situ SEM scratch tests. Post mortem optical profilometry of the wear tracks showed that despite their 
higher hardness, in situ TiC reinforced composites had a higher wear rate compared to the parent Ti6Al4V matrix. In 
situ SEM scratch tests revealed that nano-sized TiC particles dissociate from the Ti6Al4V matrix under frictional forces 
and cause a higher wear rate despite their positive contribution to improved part hardness. 
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Abstract Additive Manufacturing (AM) can offer advantages over conventional manufacturing methods such as complex 
geometries and unique microstructures. However, the porosity of AM parts can deteriorate their mechanical properties 
and limit their applications. To evaluate the effect of internal pores on mechanical properties, here we apply in situ 
tensile loading of AM parts inside an X-ray microscope (XRM). In situ XRM mechanical testing enables 3D quantification 
of internal pores under increasing load, including their shape, 3D distribution and movement under compressive 
loading. 
This talk will discuss the opportunities, capabilities and limitations of in situ XRM microscopy to evaluate the behaviour 
of porosity within additively manufactured Ti6Al4V components under load. Ti6Al4V parts were manufactured by 
selective laser melting (SLM) using a high energy density to generate keyhole pores within dog bone shape test pieces 
specific to the in situ XRM mechanical test rig. Samples were imaged using XRM under increasing tensile load conditions. 
The changes in pore morphology, position, movement and combination of the pores within the sample, has been 
evaluated. While the load stayed within the elastic zone, no observable change of pores was detected. However plastic 
deformation of the Ti6Al4V part changed porosity distribution and shape, with merging and deformation of small pores 
occurring inhomogeneously throughout the 3D volume. 
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Abstract. Wire arc additive manufacturing, which is a sub-branch of metal additive manufacturing, is a production 

method in which wire is used as raw material and arc energy is used as energy source. The deposition rate in WAAM 

production technique is higher than other metal additive manufacturing methods. In addition, large parts can be 

produced in WAAM compared to other metal AM methods. Due to these positive aspects, WAAM has been the focus 

of attention of researchers. Researchers are working on the mechanical properties of the produced parts as well as the 

development of the production technique.  In this study, -in scope of WAAM- the materials that produced with various 

welding types and wires were examined. The studies conducted in the review focused on the microstructure formations 

that directly affect the mechanical properties. In this context, what kinds of microstructures are formed in various 

parameters (especially at different heat inputs) have been compiled. The properties of each material group were 

evaluated within itself. Thus, the effect and contribution of the changes in the parameters used in production in the 

same material group on the microstructure were reviewed by literatures.  

Keywords: wire, arc, additive, microstructure 
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1. Introduction. Additive Manufacturing is defined 
in the ASTM F2792 standard as, "The process of 
joining materials to make objects from 3D model 
data, usually layer-upon-layer, as opposed to 
subtractive manufacturing methodologies”.[1] 
Wire Arc Additive Manufacturing is the sub-branch 
of AM.[2] Parts can be produced in WAAM using 
MIG, MAG and PAW welding methods and 
different welding wires.[3] Additionally Cold Metal 

Transfer (CMT) is also used in WAAM.[4] WAAM is 
preferred due to low instrument price and high 
deposition rates according to other AM methods. 
But the parts that produced with WAAM has 
disadvantages like surface roughness. The usage of 
WAAM has been proved on steels[7], 
aluminum[29], titanium[21]. Beside mechanical 
properties of parts which produced with WAAM, 
improving of the production parameters are 
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examined by Researchers. These examinations still 
ongoing.[5] In WAAM, there are many challenges 
like, especially, heat accumulation and the 
intricate thermal conditions. Because of 
microstructure get effected to the heat 

accumulation and cooling rates, heating and 
cooling conditions directly affect mechanical 
properties.[6] So microstructural analysis are vital 
importance in the scope of the WAAM. 

 

2. Metals and welding methods used in WAAM 
Weldabilitiy is the keyword for the WAAM. For 
this reason, which metal has the welding ability, 
that metal can be used in WAAM. [15] In WAAM 
welding wires are deposited layer by layer. 
Additionally different arc welding types 

convenient for WAAM.[2] GTAW, GMAW and 
PAW are the most frequently preferred 
methods. [4] WAAM consist of a robot, welding 
equipment as shown in (Fig. 1), rotating table 
and robo-controller.[26] 
 

 

 
Figure 1.General WAAM presentation (WAAM-CMT) (26) 

 

2.1. Steel-base 
Xu et al. studied on maraging steel that 
produced with WAAM-PAW. MARVAL 18S of 
diameter 1,2 mm. wire used. One of the two 
samples prepared for microstructural 
examination was set as produced and the 
other was set as heat treated. The heat 
treatment applied as recommend ASM metal 
handbook grade 250 maraging steels. As-

produced microstructures from samples 
taken by transverse cross-sectioned are  
shown in Fig 2. According to the Xu et al. as-
produced parts have non-uniform structure 
and heat treated parts have uniform 
microstruture. Thus, the mechanical 
properties (especially hardness) does not 
uniform at as-deposited part. [7] 

 

 
Figure 2. Microstructure of the maraging steel (fabricated by WAAM). (7) 

https://www.sciencedirect.com/topics/materials-science/maraging-steel
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According to Ge et al. conducted researches 
on 2Cr13 steel at different times.[8],[9] 
WAAM-CMT was used in these studies. Both 

researches had same production 
parameters.(Table 1) And another study of 
the 2Cr13 was given to the Table 1, sample 3. 

 
Table 1.WAAM-CMT Deposition Parameters [8-9] 

Depositing parameters for 
2Cr13 

Sample 1 [8] Sample 2 [9] Sample 3 (17) 

Depositing Speed 0.4 m/min 0.4 m/min 0,3 m/min 

Depositing Voltage 12.9 V 12.9 V 16 V 

Depositing Current 96 A 96 A 186 A 

Wire Feed Speed 5.2 m/min 5.2 m/min 6 m/min 

Wire Feed Angle 90° 90° No value 

Dwelling Time 120 s 120 s 120 s 

 

Fig 3. shows that the surface morphology of 
the polish but unetched  samples.As shown 
of the Fig 3. there are only pores in the 
several ranges but the metallurgical bonding 

was obtained with CMT. Gu et al. also 
reported that the first layer relatively had 
bigger poroes because of the high cooling 
rates.[8]  

 

 
Figure. 3. X-Y plane of 2Cr13 AM part (optical micrograph): (a) 01st layer; (b) 05th layer; (c) 10th layer; (d) 15th 
layer; (e) 20th layer; (f) 25th layer.[8] 

https://www.sciencedirect.com/topics/materials-science/three-dimensional-printing
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Fig 4. 2Cr13 steel commonly contains 
martensitic microstructure. As is known in 
the layer deposition technique, the heat 
accumulation of the upper layer affects the 
lower layer. So presence of ferrite in the 
middle region shown in Fig 4. Presence of 
ferrite could be effect of the in-situ heat 

treatment. As known in the layer by layer 
deposition technique, heat accumulation of 
the upper layer affected the lower layer. Ge 
et al. reported that equiaxed ferrite grains 
were observed inner region and top layer had 
needle-like martensitic structure. [9]

 

 
Figure 4. 3D microstructures of 2Cr13 WAAM part: (a) 01 st layer; (b) 05 th layer; (c) 10 th layer; (d) 15 th layer; (e) 
20 th layer; (f) 25 th layer[9] 

 

According to the Lyu et al. different 
martensitic structure depends on interpass 

temperetaure. As seen in Figure 5, the 
reason for the hardness differences in Zone 1 
and Zone 2 is the effect of interpass 

temperature differences on the start and 
finish temperatures of the martensite phase. 
[17] 

 

 
Figure 5. Cross-section perpendicular to the deposition direction with hardness profile measured at the centerline 
of the cross section toward the building direction.[17] 
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Lyu et al. also reported that hardness differences 
between Zone 1 and Zone 2 created preferential 
place for crack beginning and the mechanical 

properties behaviour become anisotropic. [17] 

Wang et al.[10], Caballero et al.[12], van Nuland 
et al. [18], Wang et al.[19] and Hadjipantelis et 
al.[20] worked on stainless steels.  

 
Table 2. Parameters at different works. [10], [12], [18], [19], [20] 

 [10] [12] [18] [19] [20] 

Method 
WAAM-

CMT 
WAAM-

CMT 

WAAM-
GMAW 

(Robotic) 

WAAM-
CMT 

WAAM-
CMT 

Material 
316L , 1,2 

mm 
diameter 

17-4PH, 
1,2 mm 

diameter 
316L 

316L, 1 
mm 

diameter 

308LSi, 1 
and 1,2 

mm 
diameter 

Current 
(A) 

135-140 No value 160 150 100-140 

Voltage 
(V) 

22,1-19,5 No value 20,5 14,1 18-21 

Wire Feed 
Speed 

(mm/min) 
4500 6000  1100 

4000-
8000-5700 

Travel/De
position/ 
Scanning 

Speed 
(mm/min) 

600 372  700 
900-1800-

780 

Dwell 
Time (s) 

20 0  20 30 

 

Wang et al. [19] examined the anisotropy of 
microstructure and corrosion resistance of 
316L stainless steel (SS).  van Nuland et al. 
and Wang et al.[10] worked on 316L SS too. 
Van Nuland et al. analyzed the crystal 
plasticity with the help of finite element 
simulation and correlation between 
mechanical properties and microstructure. 
Wang et al. [10] examined the correlation 

between arc mode and microstructure. 
Caballero et al. examined the effect of 
different processing conditions on 
microstructure and mecahnical properties. 
Hadjipantelis et al. descripted the anisotropic 
material response of WAAMed elements. 
Parameters that used seen in Tab. 2. 
Examination of the WAAMed  stainless steels 
conclusion  has been shown in Tab. 3
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Table 3. Reported Conclusions about stainless steel parts that produced with WAAM  

Wang et al. [10] Spedpulse and speedarc WAAM methods relatively stable methods. It 
is observed that in the top layer, secondary dendrite arms larger than 
bottom layer. Mechanical parameters strongly depend on production 
parameters such as heat input. 

Caballero et al.[12] As deposited WAAM parts have partially heterogeneous 
microstructure composition. After heat treatment, these 
heterogeneity can be eliminated. Retained austenite and quantity and 
shape of the martensite depend on heat input and cooling rate. 
Mechanical properties strongly depend on retained austenite and 
martensite quantity. 
 
 

van Nuland et al. [18] Modelling and simulation methods are usefull  for WAAM. The grain 
geometry obtained with Voronoi grain geometry methods. Grain 
orientations that effected macroscobic anisotropy is shown and 
verified with modelling and simulation. 
 
 

Wang et al.[19] Relationships between microstructure and corrosion resistance were 
examined. In WAAMed parts corrosion resistance depended on 
microstructural orientation. Due to different layers had different 
cooling rates, ferrite austenite transformation would be changed. So 
ferrite or austenite content were changed. Depending on the content 
of the austenite and ferrite phases, the corrosion resistance varies 
according to the content of these two structures. 

Hadjipantelis et al.[20] Material behaviors were demonstrated on thin-walled as-built 
WAAMed parts. Anisotropy was examined elastic and inelastic ranges. 
According to the paper acquired information of the simulation 
reasonable. Simulation of the anisotropy to the WAAM is usefull 
methods.  

 
Zhang et al. studied the microstructure and 
tensile properties on Cr-Mn (HNS0.99) steel. 
Production parameters is shown in Tab 4. 
[11] In this study CMT-WAAM system was 

used and wire feed speed was 6 m/mm. Also 
annealing process were added to the 
experimental procedure. 

 
  

Figure. 6. Microstructures of HNS0.99 steel that build by WAAM-CMT. Left side As-built and right side T2-1050 (a-
c) and T2-1100 (b-d) annealed heat treatment. ILA: Inter-layer area, PMA:Partial melting area. [11] 
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Zhang et al. were reported that in the ınner-
layer area two types of ferrite. First one was 
sceletal and the second one was lathy form. 
Ferrite forms cen be seen in Fig 6. Left hand 
side. The precipitation forms can be seen in 
Fig 6 right hand side. According to the Zahang 
et al. Horizantal deposited as built parts had 
860,6 Mpa UTS, T2-1050 annealed parts had 
892,2 Mpa UTS and T2-1100 annealed parts 
had 663,5 Mpa UTS. 
Another work was performed on high 
strength-low alloy steel which produce with 
WAAM-MIG (robotic).[13] Effect of thermal 
cycles on microstructure and mechanical 
properties were examined. Formed ferrites 
were acicular and quasi-polygonal ferrites. 
According to the Rodrigues et al., because of 
the reheat conditions and thermal 
accumulation the grain size would become 
coarser along the building direction. This 
situation has effected hardness and tensile 
properties directly.  
Due to  anisotropic behaviour of the WAAM, 
many paper focused to this phenomena.   
Jinguo et al.[14] investigated pore 

distribution, microstructural progress and 
mechanical performances of H13 steel parts 
that manufactured with WAAM-CMT. Vahedi 
et al. compared the microstrctures of steel 
plates that produced by conventional rolling 
and WAAM-CMT  . [15 ] ER70S welding wire 
was used. After the fabrication with both 
methods, as-built parts were compared in 
terms of mechanical properties, heat 
treatments were applied on parts. The 
results are in line with the results of the 
studies on steels above. [15] An another 
work , ER70S-6 mild steel was used in WAAM-
GMAW Robotic system.[16] Aldalur et al. 
revealed that the different deposition 
strategy created different thermal cycles. 
Therefore heat input is variable. The 
microstructure of the walls that deposited 
with oscillated and overlapped deposition 
strategy are totally different. In the 
overlapped deposiiton strategy has bigger 
heat input. So grain size is larger than 
oscilatted strategy. As a result of grain size 
differences mechanical properties are 
different too. [16] 

 
2.2. Titanium-based 
Titanium-based alloys are often preferred 
especially aerospace applications due to its 
specific strength. Because of conventional 
methods like subtractive manufacturing (SM) 
suffer high raw materials costs, additive 
manufacturing methods preferable for 
production of titanium-based alloys. In 
addition that, in AM, buy-to-fly ratio lower 
than SM.[2] Ti-6Al-4V alloy is the most widely 
studied alloy in the scope of WAAM.[22], 
[23], [24] Wu et al.  examined effects of heat 
accumulation on microstructure and 

mechanical  properties of Ti6Al4V.[22] 
Another  Ti-6Al-4V work performed by   Wang 
et al. In this paper grain morphology  and 
texture characterization of WAAMed  Ti-6Al-
4V was revealed.[23] McAndrew et al. 
studied on  microstructural refinement 
Ti6Al4V  parts that produced with  WAAM. 
[24] Fatigue crack growth has a critical role 
on aerospace and it was reviewed in 
WAAMed Ti6Al4V   by  Xie et al.  [27]  
Deposition parameters of WAAMed  Ti6Al4V 
shown Table 4. 

 
Table 4. Deposition parameters of  Ti6Al4V parts.[22][23][24] 

 [22] [23] [24] 

Method 
 

WAAM-
GTAW 

WAAM-
GTAW 

WAAM-
GTAW 

Material 
Ti6Al4V, 1,2 

mm diameter 
Ti6Al4V, 1,2 

mm diameter 
Ti6Al4V, 1,2 

mm diameter 
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Current (A) 110 120-140 200-190 

Voltage (V) 12 14 No value 

Wire Feed 
Speed 

(mm/min) 
1000 2000 2200-2400 

Travel/Deposi
tion/Scanning 

Speed 
(mm/min) 

95 250-350 200 

Dwell Time 
(s) 

125 20 No value 

According to the Wu et al.heat accumulation has 
important role in the WAAM. Grain size, 
microstructure, phases are effected from heat 
accumulation. Different layer had differenet 
phase distribution and grain size, can seen in Fig 
7. First deposited layers contacted with 
substrate.Due to this situaiton first few layers 
have high cooling rate. As a result of high colling 
rates structure was formed long orthoganally 
martensite.(Fig 7a) As a result of cooling rates 

slowed from down to up heat is accumulated in 

the wall. Middle region is formed fully lamellar α. 
(Fig.7 b-c) At the top of the wall large colony 
α which is decorated within prior β grains are 
formed. (Fig. 7 d-f). In Fig. 7 b-c section, 
equaixed grains can be seen. Differences of 
the phases and grain size in the different 
layer effected mechanical properties directly. 
[22] 

   

Figure 7. Cross-sectional macro (left hand side) and microphotograph (right hand side) of the Ti6Al4V wall [22] 
 

Wang et al. reported that average equiaxed β 
grains size increased with current and 
decreased with wire feed and travel velocity. 
According to the paper, in fact, main reason 

of equaixed formation depends on heat input 
that the effected by travel speed, welding 
current and welding voltage.[23]
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Figure 8. Schmatic diagram of the rolling methods and microphotopgraps (Left a:vertical rolling, left b: inverted 
profiled rolling) (Rigt a: non-rolled, right b: rolled) [24] 
 

McAndrew et al. added an extra methods 
into the WAAM. According to the study, 
rolling can be used after the wall produced to 
refine the microstructure. Rolling types and 
created microstructure seen in Fig 8. As a 
result of paper, grain refinment were achievd 
with rolling and rolling type and applied 
forces were produced more 
refinement.[24]Wang et al. conducted a 
work about characterization of WAAMed 
titanium aluminide. In this paper WAAM-
GTAW system was used and wire feed speed 
ranging between 650-1050 mm/min, travel 
speed was 100 mm/min. Also current was 
120 A.  As result of Al percentage changed, 
phase constituion varied. Due to increasing Al 
content, hardness of the parts that produced 
increased. [21] According to the Bermingham 
et al. refinement of the titanium alloys that 
produced with WAAM can achieve as a result 

of create heterogenous nucleation. It has 
been reported that grain refiners can be 
added to the structure to support 
heterogeneous nucleation. Adding La2O3 to 
the structure provided %85 refinement of the 
grain structure. [25] Due to increase welding 
current, heat input increase. So grain size 
directly affected from this situation. Li et al. 
worked on reducing arc heat input to obtain 
equuiaxed and fine grains. Ti-6.5Al-3.5Mo-
1.5Zr-0.3Si welding wire was heated before 
the process. Thus, welding current can be 
reduced. The microstructure of the parts that 
manufactured with non-heated wire were 
coarse columnar β grains. But the using heat-
wire achieved to decrease size of the 
columnar grains sharply. (Fig 9.) [26] 

 
 

Figure 9. Microphotograph of the parts that heat and non-heat Wire(AAM)Ed (From b to c, heating of the wire 
increasing. a is non-heated wire) [26] 
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2.3. Aluminum-based 
In recent years, because of energy saving, 
lightweight alloys gained more importance. Not 
only space and aeronautical but also marine, 
military, automotive industries have attractive 
attention on the leightweight alloys. For these 
reasons Al-based alloys are investigated by 
researchers of many countries. In contrast of Ti-
based alloys that have been fabricated tungsten 
inert gas WAAM (TIG-WAAM) method, Al-based 
alloys have been fabricated with cold metal 
transfer waam (CMT-WAAM). As with other 
metals heat input important in Al-based alloys. As 
result, using the CMT-WAAM technique for Al-

alloys is reasonable. As known, CMT is developed 
on low heat input. So CMT-WAAM is preferable 
for Al Alloys. [29] [33] Also other welding methods 
like MIG and TIG were investigated for production 
of Al-Alloys.[29][31][32] 
Researches about Al-based alloys which produced 
with AM techniques that performed 2018-2022 is 
given in Tab. 5. Different methods, different heat 
input (as a result of different deposition 
parameters) values and different alloys are 
showed that Al is widely investigated in scope of 
WAAM. 

 
Table 5. Deposition parameters of different works that performed on Al-base alloys[27][28][29][30][31][32][33] 

Research Material Method 
WFS-TS 
(mm/m) 

Dwell 
Time (s) 

Post 
Treatment 

Gu et al. 
[27] 

ER5087 
(1,2 mm) 

CMT 6000-600 120 Rolling 

Zhang et al. 
[28] 

ER5183 
(1,2 mm) 

VP-CMT 7200-500 120 As-built 

Li et al.[29] 
ER5356 

(1,2 mm) 
Rob-MIG 

TS: 200-
400 (25 
times) 

300 As-built 

Campatelli 
et al.[30] 

ER4043 
(1,2 mm) 

CMT/ 
CMT mix 

1800/6000 
- 300 

25/140 As-built 

Li et al.[31] 
Al-6.2Zn-

2.2Mg 
(1,2 mm) 

Rob-MIG 
TS: 200-
350 (16 
times) 

600 As-built 

Dong et 
al.[32] 

ER7055 Rob-TIG 1300-100 Variable As-built 

Fang et 
al.[33] 

ER2319 
(1,2 mm) 

CMT 7000-500 
Depend 
on post-

treatment 
Hammering 
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Gu et al. designed a hybrid system. After 
deposition of each layer rolling process was 
performed. Thus pores formation and grain 
refinement situations could be observed. In 
Fig.10 a belongs to as deposited layer. As 

shown in Fig.10 pores gradually reduced 
under increasing rolling loads. And also 
grains are refined gradually under increasing 
rolling loads.[27] 

Figure 10. SEM images for deposited part (a: as deposited, b-d: interlayer rolled( (b: 15kN, c:30 kN and d:45 kN) 
[27] 
 

Fang et al. designed other hybrid system. A 
hammering system was produced and used 
with CMT-WAAM system. Like system was 
designed by Gu et al., after deposition of 
each layer hammering process was 

performed. As seen in Fig 11. Microstructures 
of the WAAMed and hammered samples are 
inhomogenous. Coarse grain formation 
decreased with increased of 
deformation.[33] 

 

  
Figure 11. Microphotos of parts different deformation ratios (left a:%0; b: %21,8; c:%50,8) and  distrubitions of the 
Al2Cu particles in α-Al (a-b as-deposited and c-d %50,8 hammered)[33] 
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In terms of heat acumulation, number of 
layers in AM has important case. Deposited 
layers heat will not affect the layers that 
deposited before. So phase transformations 
and grain distribution will not affect from the 
additional heat input. Therefore Zhang et al.  
deposited nine walls which had different 
thickness. The walls thickness was ranged 
between 1-layer and 9-layers. Zhang et al. 
reported that bottom layers in different 

groups had nearly similar microstructural 
evolution. When new layer is deposited, local 
thermal cycling is occurred by additional 
heat. This situation is caused grain 
coarsening (Fig 12.). And also additional heat 
is created new thermal gradient. According 
to the paper, after 7th layer, microstructure 
of the down layers will become more 
stable.[28]  

Figure 12. Grain morphologies of the bottom layers. (a: sample 1, b:sample 3 and c:sample 6)[28] 
 

Li et al. researched the effects of shileding 
gas.  N2 and Ar shielding gas was choosen and 
studied in the same deposition parameters. 
According to the paper when N2 shielding gas 
is used, it is observed that bead hight was 
higher and bead width was narrower and 
sırface roughness was rougher. Yield strenght 
and ultimate tensile strenght of the samples 
was more effective when Ar shileding gas 
was used. Although hardness value higher 
when N2 is used, hardness more uniform 
when Ar is used. [29]  
Comparative works are often used and it is 
very usefull to investigation. Campatelli et al. 
researched  to the effects of the various CMT 
modes. Deposition parameters can seen in 
Tab. 5.  Two different cmt mode were 
choosen: CMT and CMT mix drive. According 
to the results of this paper CMT-mD 
technique more energy-saver methods than 
CMT. And also reported that,  although CMT 

mode is resulted less uniform 
microstructure, there was no significant 
differences in mechanical properties. [30] 
Li et al. deposited 16 different single layer to 
investigate weld bead formation with using 
different heat input. Heat input was ranged 
between 4243-2868 J/cm, 1 to 16 bead. 
According to Li et al. heat input is increased 
the number of ripples on the weld bead 
decreased.[31]    To change  and control 
interlayer temperature  was tried  to another 
paper. In this paper  three  sample walls were 
deposited with 100, 200 and 300  oC 
interlayer temperature with high 10.61, 
11.76 and 14.50 mm. and investigated   
hardness distribution, texture and 
microstructure formation and precipitation. 
[32]  Dong et al. reported that the  
precipitation and harness was increased 
when interlayer temperature  was increased. 
Texture formations was affected with 
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interlayer temperature. According to the 
Dong et al. when interlayer temperatures 
was increased, aspect ratio of columnar 

grains that  lied on <011> and <001> 
directions was decreased as seen in Fig 
13.[32] 

  

Figure 13. Texture and grain morphologies [32] 
 

3. Conclusion 
In this study, the production of iron-based, 
titanium-based and aluminum-based alloys 
within the scope of wire arc additive 
manufacturing technology was reviewed. 
This examination is limited to the 
examination of the microstructure, which 
directly affects the mechanical properties. In 
WAAM, parts are produced layer by layer. 
The properties of the parts that produced 
with this manufacturing method require the 
correct selection of welding parameters, 
regardless of which material type is used. 
When the studies were reviewed, the 
following conclusions were reached. 

1. The basic parameters used in WAAM 
are wire feed speed, welding speed, 
interlayer dwell time. 

2. Various and detailed studies have 
been carried out on deposition parameters in 
various material groups. In these studies, 
wire feeding speed and welding speed, which 
change the heat input (due to current and 
voltage), are used as variable parameters. 

3. Microstructure formations were 
observed in the direction of cooling and 
deposition in all steel, titanium and 
aluminum alloys.  The formation of the 
microstructure towards the cooling direction 
makes the mechanical properties 
anisotropic. 

4. Post-production processes are in the 
fields of interest.  In particular, studies have 
been carried out on post-manufacturing 
mechanical processes.  In these studies, it 
was observed that the mechanical properties 
were improved by microstructure 

manipulation.  However, post-production 
processes increase the overall duration of 
production. 
5. It is generally appropriate to determine 
which welding type will be used according to 
the melting temperature of the material.  For 
example, TIG is frequently used in titanium-
based alloys and CMT is frequently used in 
aluminum-based alloys. 
6. Microstructure and pattern formation are 
directly affected by heat input and heat 
accumulation. For this reason, researchers 
have been working on kinetic data with 
various simulation methods. In these studies, 
the phenomenon of "columnar to equiaxed 
transition” (CET) has an important role. 
Microstructures of the the final parts that 
produced are not fully equiaxed or fully 
columnar as obtained by simulations.  
Because the lower regions are close to the 
substrate, they are the regions where cooling 
takes place quickly and they cool quickly.  
This rapid cooling usually produces a 
columnar grain structure.  The middle regions 
are the regions where heat is accumulated 
depending on the number of layers and the 
equiaxed grains are more. 
7. The grain sizes of the formed grains vary 
according to the cooling rate.  Depending on 
the heat input, there is a finer grain structure 
in the parts with the heat input that 
preferred close to the optimum in the same 
regions. 
8. The phases to be formed vary 
depending on the chemical composition and 
cooling rates. 
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9. When the welding parameters are set 
correctly in WAAM, the pore structure is not 

a problem regardless of which material is 
used. 
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Abstract. Conventional Li-ion batteries are formed using slurry-cast electrodes whose random nature and porosity limits 
both energy density and rate performance. Slurry-cast electrodes also are generally incompatible with solid-state batteries 
unless the slurry contains solid electrolyte particles in addition to active material. While such composite electrodes, 
consisting of a mixture of active material, solid electrolyte, and potentially conductive additives are under active 
investigation, such designs exhibit power and energy limitations due to the tortuosity of the ion and electron conduction 
pathways. I will present our work on the molten salt electrodeposition of thick and nearly dense Na and Li-based cathodes 
on metallic current collectors, including cathodes based on LiCoO2, NaCoO2, LiMn2O4, and Al-doped LiCoO2 which 
overcomes some of these challenges. The capacities are near-theoretical, and the crystallinities and electrochemical 
performance are comparable, or in some cases, even better than powders synthesized at much higher temperatures. A very 
attractive element of the electrodeposition process is control of the crystallographic orientation of the deposited film. For 
example, the crystallography can be oriented such that the fast electron and ion conduction directions are perpendicular 
to the substrate. Finally, I will discuss solid-state batteries built these electrodes and how the crystallography of the 
electrode | solid-electrolyte interface impacts interfacial reactions, rate performance, and cycle life.  
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Abstract 

Zinc oxide (ZnO) nanorod arrays were manufactured by a hydrothermal route at various growth times (3, 4, and 5 hours) and 

temperatures (90, 120, and 150 oC). X-ray diffraction, SEM, energy-dispersive X-ray spectroscopy, UV-Vis 

spectrophotometry, and photoluminescence spectrophotometry were performed to analyze the role of defects on structural 

and optical properties of ZnO nanorods. All samples showed a typical ZnO wurtzite crystal structure.  

There were no contamination and secondary phases in the X-ray diffraction patterns. At a growth temperature of 150 oC, 

perfect hexagonally shaped nanorods transformed into pyramid-like nanorods. The average optical transmittance and energy 

band values were obtained to be higher at relatively low growth time (3h) and temperature (90oC). A photoluminescence 

spectrophotometer was also employed to investigate the deficiency type and density, and crystal quality of ZnO nanorods. 

The broad visible emission band (including yellow-orange and red emissions) was detected. The yellow-orange and red 

emissions might be accredited to the double charged oxygen vacancy (𝑉𝑜
++) and oxygen interstitials (𝑂𝑖) which were strongly 

dependent on the growth time and temperature. 

Depending on the results, these nanorods with manipulated optical properties could be an ideal candidate for the application 

in UV light emission.  
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Introduction 

Among the metal oxide semiconductors such as 
SnO2, In2O3, WO3, and TiO2, ZnO having 3.37 eV 
bandgap and 60 meV exciton binding energy has 
received considerable attention as a promising 
material in various applications including 
optoelectronic devices, nano-electromechanical 
(NEMs) systems, nanogenerators, and nanosensors 
[1-3]. ZnO is also a visual transparent conductive 
oxide (TCO) that is widely used in touch screens, flat-
panel displays (FPDs), thin-film transistors (TFTs), 
organic light-emitting diodes (OLEDs), liquid crystal 
displays (LCDs), surface acoustic wave (SAW) 
devices and solar cells [4–10]. In addition to the 
superior physical properties of ZnO, it is also an 
environmentally friendly, biocompatible, non-toxic 
material, and its natural abundance, low-cost, and 
easy synthesis methods make this material suitable 
for large-scale production. Although various 
methods exist to obtain one dimensional (1D) ZnO 
nanostructures such as vapor-liquid-solid (VLS) 
growth, metal-organic chemical vapor deposition 
(MOCVD), and pulsed laser deposition (PLD), 
solution-based synthesis is one of the most 
reasonable ways because of its simplicity, simple 
equipment, and low-temperature requirement.  

Among the solution-based synthesis, the 
hydrothermal route is widely used to fabricate ZnO 
nanorods with a variety of morphologies such as 
flower-like, pencil-like, and pyramid-like [11]. In this 
method, there are many synthesis parameters, 
including seed deposition, growth temperature, 
growth time, pH, and molarity, which are important 
in governing the structural properties of the films. 
The structural properties of ZnO thin films strongly 
depend on the crystal quality of this compound and 
affect the optoelectronic characteristics in surface 
engineering applications [12]. Moreover, in the 
hydrothermal route, it is expected to manipulate 
the optical properties of ZnO nanorods by changing 
only the synthesis parameters without annealing or 
adding any impurity to the crystal structure [13].  

In this study, therefore, we focused on the 
relationship between the synthesis parameters 
(temperature and growth time) and the role of 
defects on structural optical properties. We 
synthesized ZnO nanorods using a hydrothermal 
route at various temperatures and growth times. 
The defect density of ZnO nanorods manufactured 
by the hydrothermal route is investigated by 

Gaussian decomposition of the photoluminescence 
(PL) spectrum. 

We also investigated the changes systematically in 
the optical properties concerning the structural and 
defects evolution of this compound. We observed 
that optical properties, including visible 
transmittance, the bandgap is easily organized by 
changing hydrothermal growth time and 
temperature.  

2. Material and methods 

ZnO nanorods were prepared by a hydrothermal 
route. All chemicals used in the experiment were 
acquired from Sigma-Aldrich and were used with no 
further purification. Glass substrates were 
employed for the growth of ZnO nanorod arrays. 
Figure 1 exhibits the production process for ZnO 
nanorods. First, an ultrasonic bath was used to clean 
glass substrates in ethanol and deionized (DI) water 
for 15 min and they were dried at 70 oC. The sol-gel 
method was used to prepare the solution for the 
seed layer. Zinc acetate dihydrate (Zn 
(CH3COO)2·2H2O) was used as a precursor material. 
Methanol was used as a solvent, and 
monoethanolamine was used as a sol-stabilizer. 
Then, the resultant was placed on the glass 
substrates by dip-coating technique. After 5-
dipping, coated substrates were heat-treated at 
600°C for 30 min to achieve proper crystal 
orientation as given in references [14-18]. 

In a typical synthesis of ZnO nanorods using the 
hydrothermal route, 0.1 M of zinc acetate 
dehydrate [Zn (CH3COO)2] and 0.1 M of 
hexamethylenetetramine (HMTA, C6H12N4) were 
used as the precursors. All the precursors were 
dissolved entirely in distilled water and stirred to 
form a transparent solution at room temperature. 
The mixture was transferred to a Teflon-lined 
stainless steel autoclave of 50 mL capacity and the 
substrates were vertically dipped into the solution. 
ZnO nanorods were produced at different reaction 
times as 3h, 4h, 5h (at 90 oC) and different reaction 
temperatures as 90 oC, 120 oC, 150 oC (for 3 hours). 
Finally, DI water was used to wash the substrates 
which were dried in a vacuum furnace at 60 oC 
overnight. 

XRD–Bruker D8 Advance X-ray diffraction analyses 
were performed to characterize the crystal 
structure. SEM–FEI Quanta FEG 250 Scanning 
electron microscopy was used to investigate surface 
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morphology. EDX–EDAX Energy-dispersive X-ray 
spectroscopy  mapping analysis was carried out to 
determine the elemental compositions. Shimadzu - 
UV Pharmaspec 1700 UV- Vis spectrophotometry 
measurements were carried out to analyze optical 
transmittance. Horiba- FluoroMax-4 
photoluminescence spectrophotometer  was used 
to examine the luminescence properties of all the 
samples. 

3. Results and discussion  
Figure 2 shows the XRD spectra of ZnO nanorods. All 
the diffraction peaks [(001), (002), and (004)] and 
their positions correspond to a typical ZnO wurtzite 
crystal structure. Secondary phases of impurity 
peaks were not detected in the diffraction patterns. 
A sharp (002) peak was detected for all ZnO 
nanorods, confirming the preferential orientation of 
the grains along the c-axis which is orthogonal to the 
substrate. Also, Figure 2 displays that the intensity 
of (002) peaks increased with an increase in growth 
time and temperature. This can be credited to a 
better crystallinity of the films. The crystallographic 
parameters found from the diffraction pattern are 
given in Table 1. Besides, using the SEM images, 
Table 2 shows that as the growth time and 
temperature of the NRs increase, their diameters 
and lengths increase, consequently the volumes of 
NRs also increase. The 𝑐  lattice parameter of the 
samples was calculated from the (002) diffraction by 
the following expression 

                                                           
1

𝑑2

=
4(ℎ2 + ℎ𝑘 + 𝑘2)

3𝑎2

+
𝑙2

𝑐2
                                                    (1) 

 where d is the distance of crystalline planes for 
Miller indices (hkl), a and c are the lattice 
parameters for hexagonal structure. 

The 𝑐 lattice parameter decreased from 5,195 Å to 

5.192 Å as growth time increased from 3h to 5 h, 
confirming a slight reduction in 𝑐  values with 
increasing growth time (inset of Fig. 2(a)). Similarly, 
with the increase in the growth temperature from 

90 oC to 150 oC, this value decreased from 5.195 Å 

to 5.180 Å (inset of Fig. 2(b)). This reduction in the  
𝑐  lattice parameters can be associated with 
compressive stress, which occurs owing to 
increased temperature and growth time [19]. 
Besides, as shown in Table 1, (002) peaks of the 
samples shifted towards higher 2𝜃  angles as the 
temperature and growth time increased. In a crystal 

structure, the compressive stress occurring in the 
direction parallel to the surface may affect the 
lattice properties in the direction perpendicular to 
the surface, which appears with a shifting of 
diffraction peaks [20, 21]. The stress (𝜎) of lattice 
along the c-axis for the hexagonal crystal structure 
was calculated from the following expression [17] 

𝜎 = [
2𝐶13

2 − 𝐶33𝐶11 − 𝐶33𝐶12

𝐶13
]

𝐶0 − 𝐶

𝐶0
  

                                                      𝜎 (𝑁
𝑚2⁄ )

=  −453.6 
(𝐶0 − 𝐶)

𝐶0
                                                 (2) 

where 𝐶𝑖𝑗  is the elastic stiffness constant of ZnO, 

while 𝐶11 = 209.7 𝐺𝑝𝑎,  𝐶12 = 121.1 𝐺𝑝𝑎 , 𝐶33 =
210.9 𝐺𝑝𝑎, 𝐶13 = 105.1 𝐺𝑝𝑎 , 𝑐  is the lattice 
parameter obtained from the XRD data, and 𝑐0  is 

the strain-free lattice parameter ( 𝑐0 = 5.205 Å) 
computed from bulk ZnO [22, 23]. Table 1 illustrates 
the calculated stress values which are all negative of 
the samples indicating that the stress on the c-axis 
is compressive [24]. The compressive stress 
increased considerably from -0,871 GPa to -1,132 
GPa, as the growth time increased. Although no 
change was observed in the stress values of ZnO 
nanorods for the temperature of 90 oC and 120 oC, 
when the growth temperature reached 150 oC, it 
was found to be -2.17 GPa. As mentioned before, a 
seed layer is coated on the substrate before the 
hydrothermal growth to prevent the lattice 
mismatch between the substrate and nanorods, 
which creates various structural defects on the film 
surface. Despite this, unhindered thermal and 
lattice mismatch strain could be responsible for the 
residual compressive stress in the crystal structure 
of ZnO [24, 25]. Table 1 displays full-width half 
maximum (FWHM) values of (002) and the 
shrinkage of the width of the peaks as the growth 
time and temperature increase, indicating a particle 
size increase [26]. 

 

Fig. 3 (a) - (d) illustrates the surface morphology of 
the ZnO nanorods. The SEM images reveal that all 
ZnO nanorods are grown perpendicular to the 
substrate. A perfect hexagonal structure is observed 
for the nanorods grown at different times, as can be 
seen in Fig. 3 (a) - (c). Note that the hexagonal 
structure starts to deteriorate resulting in secondary 
nucleation on the top of the rods, as growth 
temperature increases from 90 oC to 120 oC (Fig. 3 
(e)). When the temperature reaches 150 oC, 
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pyramid-like structures are formed (Fig. 3 (f)). As it 
is well known, ZnO consists of polar and non-polar 
crystal planes, which affect the growth habit of 1D 
nanostructure such as nanorods [3]. Also, we can 
conclude that temperature has a strong effect on 
the axial and lateral growth rate of crystal planes. 
The difference in the growth velocity between these 
polar and non-polar planes could be responsible for 
pyramid-like structures.  

Table 2 illustrates that using SEM images given in 
Figs. 3a-f we calculated the diameters and length of 
the NRs having 88 nm and 1275 nm, respectively, at 

3h growth time and 150C temperature. As the 
temperature and growth time increase, the 
diameters and lengths of NRs increase as shown in 
Table 2. The results are consistent with the studies 
of our previous work [27] and in the literature [28, 
29].  

In our earlier work, we examined the change of 
morphological properties of ZnO nanorods 
produced at various growth times and temperatures 
in detail [27]. 

Figure 4 shows the elemental distribution of the 
elements and Fig. 5 shows the EDX mapping spectra 
and elemental distribution rates of ZnO nanorods 
grown at 90 oC for 3 h. The purple, yellow and green 
phases correspond to Zn, O, and Si, respectively. 
According to the mapping results, the sample 
contains only two elements, Zn and O confirming 
that no elemental impurity is observed. Silicon peak 
appearing in the spectrum comes from the glass 
substrate. Also, it can be said that elemental 
distribution is quite homogeneous in ZnO nanorod 
arrays. According to the data given in Fig. 5, the 
elemental concentrations for Zn and O are 77.33 
and 18.67 at weight %, respectively, while they are 
46.83 and 47.46 at atomic %. 

The optical transmittance spectra of ZnO nanorods 
are given in Fig. 6 (a) and (b). As can be seen from 
the figures, all the samples exhibit high 
transmittance in the visible (Vis) region and low 
transmittance in the ultraviolet (UV) region, which is 
a typical feature of ZnO [30]. The values of average 
optical transmittance are given in Table 3. According 
to the table, for the sample grown for 3 hours, the 
average optical transmittance corresponds to about 
86 %, indicating that the film is transparent in the 
visible region (400-800 nm). This relatively high 
optical transmittance in the visible region decreases 
as growth time increases to 5 hours. The decrease in 
transmittance with the increase in growth time was 

observed quite frequently in previous studies [31, 
32]. According to Fig. 6 (b), for the sample grown at 
90 oC, the average optical transmittance in the 
visible region is about to 86 %, which decreases to 
about 62 % as the growth temperature increases to 
150 oC.  

Many parameters affect the optical transmittance 
characteristics of one-dimensional ZnO 
nanostructures. The most crucial ones can be given 
as surface roughness, film thickness, crystal defects, 
oxygen vacancies, and impurities [33]. In our study, 
as shown in Tables 2 and 3, optical transmittance 
values depend on NRs’ diameters and lengths. The 
average optical transmittance and band gap values 
decreased as the diameters and lengths of NRs 
increased, consequently, the volumes of NRs 
increased. Thus, the decrease in transmission may 
be related to the higher ZnO NRs’ volume and the 
higher number of defects, and the increase in film 
thickness which is consistent with earlier reports 
[31,34]. Besides, it has been shown both 
theoretically and experimentally that the surface 
roughness has a significant effect on the optical 
transmittance of the thin films [35, 36]. Thus, it can 
be said that multiple random optical scattering on 
rough surfaces may result in lower transmittance in 
ZnO nanorods. The increment in both thickness and 
roughness of ZnO nanorods with increasing 
temperature and growth time was reported in our 
previous study [27]. Moreover, from a 
transmittance spectrum, the following equation 
gives 

                                                    𝑇 =  (1 −
𝑅)2 exp(−𝛼𝑑)                                                         (3)  

 

the absorption coefficient 𝛼  where the 
transmittance is 𝑇 , the reflectance is 𝑅 , the 
thickness of the films is 𝑑. In the direct-transition-
type semiconductors such as ZnO, we use 𝛼  to 
determine the energy band gap by applying the 
Tauc’s plot method [37] as  

                                                      𝛼ℎ𝑣 = (ℎ𝑣 −
𝐸𝑔)1\2                                                                (4)                                           

 

where  the absorption coefficient is 𝛼 , Planck’s 
constant is ℎ, the transition frequency is 𝑣 and Eg is 
the bandgap. The insets in Figures 6 a-b display the 
Tauc plots of the ZnO nanorods. The approximate Eg 
values of ZnO nanorods from the plots are given in 
Table 3. A reduction is observed in Eg values for all 
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the samples with increasing temperature and 
growth time. According to the previous reports, 
many factors affect the bandgap of ZnO, including 
residual strain, crystal defects, carrier 
concentration, and grain size confinement [38-41]. 
Thus, larger grain sizes of ZnO nanorods may be 
responsible for the decrease in energy band values 
due to the quantum size effect [42].  

To study the crystal quality, defect type, and defect 
density of semiconductor materials, the 
photoluminescence spectra are widely used. 
Therefore, photoluminescence measurements are 
performed to analyze the effect of growth time and 
temperature on the photoluminescence properties 
of ZnO nanorods. Xenon arc-lamp is used as the light 
source and ZnO nanorods are excited at 365 nm. 
Figures 7 a-b display the fitted photoluminescence 
spectra of ZnO nanorods produced at various 
growth times and temperatures, respectively. There 
are two dominant emissions; sharp ultraviolet 
emission peak, and broad visible emission band, 
which correspond to the typical n-type ZnO 
semiconductor. Ultraviolet emission is responsible 
for the crystallization quality and the defect quantity 
of ZnO. And visible region emission is in charge of 
originating from defects. Besides, a few weak peaks 
were observed between 450 nm and 500 nm, which 
came from the use of the Xenon lamp [43, 44].  

In the UV region, a sharp transition peak 
corresponding to band edge emission was observed 
at around 392-395 nm for ZnO nanorods. This 
emission in the UV region generally was attributed 
to the near band edge (NBE) transition as a common 
optical property of a wide bandgap of ZnO. NBE 
emission originated from the excitonic transitions 
between electrons and holes, in the conduction 
band and the valance band, respectively [45]. The 
stronger ultraviolet emission is observed in ZnO 
with higher crystallization quality and lesser defect. 
At the growth time of 4h, ZnO nanorods exhibited 
the lowest NBE emission, while a significant increase 
in this emission was observed with the growth time 
of 3 and 5 h (Fig. 7 (a)). The highest UV emission was 
observed at the growth temperature of 150oC while 
the lowest one was obtained at 120oC (Fig. 7 (b)). 
Thus, the growth time and temperature increments 
improved the crystallization quality of the ZnO 
nanorods. 

The second dominant broad emission band is a 
visible region. The deep-level (DL) emission (a.k.a. 
visible emission) is assigned to impurities or defects 
including oxygen vacancies (𝑉𝑜) , zinc interstitial 

(𝑍𝑛𝑖), zinc vacancies (𝑉𝑧𝑛), oxygen antisite (𝑂𝑧𝑛) 
and oxygen interstitial (𝑂𝑖) in ZnO crystal structure 
[45, 46]. These defects are divided into two parts; 
zinc interstitial (𝑍𝑛𝑖), and oxygen vacancies (𝑉𝑜), are 
donor and zinc vacancies (𝑉𝑧𝑛), oxygen interstitial 
(𝑂𝑖) and oxygen antisite (OZn) are acceptors.  

A decrease in DL peak intensities was observed as 
the growth time and temperature increased. This 
result can be attributed to reduced defects in the 
ZnO crystal structure, which is also supported by the 
XRD analysis. However, as seen in Figs 7(a)-(b), it is 
very difficult to get information about how the 
defects change in the visible region. Therefore, a 
detailed examination of the origin of the defects in 
the visible region is required. In the literature, the 
visible emissions of ZnO, originating from defects, 
were extensively studied by the researchers, the 
underlying mechanisms were still not fully 
identified. Therefore, the photoluminescence 
spectra were subjected to Gaussian decomposition 
to the subpeaks according to their origination. 

 The photoluminescence spectra of the ZnO 
nanorods were employed using Gauss 
decomposition to determine the luminescence 
measurements in detail. “Fityk” software was used 
to obtain Gaussian decomposition. The following 
function was used to determine the spectrum 
curves model in Gauss decomposition 

                                                             f(λ) =

ae−(λ−b)2 2c2⁄                                                           (5) 

and depicted in Figures 8 and 9. 

As seen in Figures 8 and 9, the nine fundamental 
Gaussian decompositions of photoluminescence 
spectra were displayed versus emission wavelength 
for various growth times and temperatures. The 
peak labels with areas, positions center and FWHM 
of these curves varied according to the various 
growth times and growth temperatures of ZnO 
nanorods as indicated in Tables 4 and 5. These peaks 
belonged to various emissions; two ultraviolet 
emissions (Peaks 1 and 2), one violet emission (Peak 
3), two blue emissions (Peak 4 and Peak 5), two 
yellow-orange emissions (Peaks 6 and 7), and two 
red emissions (Peaks 8 and 9) as shown in Figs. 8 and 
9 and Tables 4 and 5. There were two dominant 
emission peaks one of which was the ultraviolet 
(Peaks 1 and 2) and the other the visible region 
(Peaks 6, 7, 8, and 9). Also, a few weak peaks were 
detected between 450 nm and 500 nm two blue 
emissions (Peaks 4 and 5), which came from the use 
of a Xenon lamp [43, 44].  
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In Tables 4 and 5, the emission regions could be 
explained as the following: Ultraviolet emissions 
from 360 to 390 nm could be attributed to the NBE 
of ZnO as an indication of the excitonic 
characteristic; violet-blue emissions (390–492 nm) 
might be credited to the transition of electrons from 
zinc interstitials (𝑍𝑛𝑖 ) to the valance band; yellow-
orange emissions (560–620 nm) could be because of 
the double-charged oxygen vacancy (𝑉𝑜

++), the red 
emission (620 -690 nm) and (690-750 nm) might be 
ascribed to oxygen interstitials (𝑂𝑖)  and oxygen 
vacancies (𝑉𝑜), respectively [46-51].  
A fluctuation was detected for Peak 1, Peak 2, and 
Peak 3 intensities the samples produced at various 
growth times as shown in Fig. 8. That is to say, Peak 
1 and 2 have the highest intensities for the growth 
time of 3h while the lowest intensity was observed 
for the growth time of 4h. Accordingly, exciton 
transitions were observed to be more frequent for 
the growth time of 3h compared to the growth time 
of 4h. On the other hand, Peak 3 emission 
corresponding to (𝑍𝑛𝑖 ) →  (𝑉𝐵 )  transitions 
increased in 4h and decreased in 5h [39, 40]. 
Similarly, the same fluctuation was perceived for 
Peak 1, Peak 2, and Peak 3 for the samples produced 
at the various growth temperatures. Depending on 
the peak areas given in Table 5, the highest excitonic 
transitions (Peak 1 and Peak 2) were observed for 
the sample produced at 90oC while the lowest one 
was observed for 120oC. The same behavior was 
observed for Peak 3 corresponding to (𝑍𝑛𝑖 ) → (𝑉𝐵 ) 
transitions. 
Moreover, the second dominant and broad visible 
region (DL emission) consists of yellow-orange and 
red emission peaks for all ZnO nanorods in the 
wavelength range of 580–690 nm as illustrated in 
Figs. 8 and 9. In the yellow-orange region, a decrease 
was observed in the height of Peak 6 while an 
increase was observed for Peak 7 attributing to 
fluctuations in this region. Yellow-orange emission 
has been associated with double charged oxygen 
vacancies ( 𝑉𝑜

++ ) [47-51]. A fluctuation was also 
detected for the red emission peaks, namely, the 
emission intensity of Peak 7 increased when the 
growth time increased, whereas that of Peak 8 and 
Peak 9 increased at the growth time of 4h and then 
decreased at 5h. Depending on the spectra, it could 
be said that there is an increase in the red emission 
intensity up to 4h. These imply that as the double 
charged oxygen vacancy (𝑉𝑜

++) (donor) decreased 
whereas oxygen interstitials ( 𝑂𝑖 ) (acceptor) 
increased in ZnO nanorods grown at different times.  
It is stated in [52] that the ratio of PL intensities is 
the same as the ratio of defect concentrations. 

Because of that, the decreasing tendency of the 
intensity of the shoulder region of PL spectrums 
designates that growth time and temperature 
reduce defect concentration in the crystal. 
For the various growth temperatures, ZnO nanorods 
exhibit different emission behaviors in the yellow-
orange region, namely, for Peak 6, a gradual 
decrease was observed with the increase in growth 
temperature. On the other hand, Peak 7 decreased 
significantly with increasing temperature from 90oC 
to 120oC but increased sharply at the temperature 
of 150 oC. Accordingly, it can be said that oxygen 
vacancies displayed a noteworthy decline when the 
growth temperature reaches 150°C. 
With the increase in temperature from 90oC to 
150oC, the intensity of Peak 8 decreased gradually as 
can be seen in Table 5. Nevertheless, a decrease was 
observed at 120oC whereas an increase was 
observed at 150oC for the emission intensity of Peak 
9 confirming a fluctuation in emission characteristics 
of ZnO nanorods, as well. However, it means that 
the oxygen interstitials ( 𝑂𝑖 ) decreased at 120oC 
while increased at 150oC in the crystal structure. 
Thus, it can be said that growth temperature plays a 
crucial role in reducing oxygen defects in ZnO 
nanorods. This outcome is also in excellent 
agreement with the XRD spectrums. Generally, 
crystal structure defects are detected repeatedly in 
1D ZnO nanostructures produced by hydrothermal 
synthesis using low growth temperatures. 
Accordingly, we can conclude that the responses in 
the hydrothermal method may cause the double 
charged oxygen vacancies/oxygen interstitials and 
thus affect the luminescence properties of ZnO 
nanorods [53-55]. So, ZnO nanorods should be 
fabricated by choosing the appropriate surge time 
and temperature according to the defect (𝑉𝑜- donor 
or 𝑂𝑖- acceptor) depending on the usage place. 
 
4. Conclusion  

On glass substrates, ZnO nanorods were produced 
effectively by a hydrothermal route. The special 
effects of surge time and temperature on structural 
and optical properties of ZnO nanorods were 
examined at length. X-ray diffraction findings 
established that all the ZnO nanorods had a typical 
hexagonal wurtzite crystal structure without 
secondary phases. Improvement was observed in 
the crystal quality of the films as the surge time and 
temperature increase. Further, there was no 
elemental impurity phase, which was proved by 
elemental mapping analyzes. We obtained pyramid-
like ZnO nanorods at the growth of a temperature of 
150 oC. Thus, it could be concluded that surge 
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temperature had a robust influence on the form of 
the rods. The average optical transmittance and 
band gap values decreased as surge time and 
temperature increased. With a rise in surge time, 
the double charged oxygen vacancies (𝑉𝑜

++) (donor) 
decreases whereas oxygen interstitials (Oi) 
(acceptor) increases. However, growth temperature 
decreases ( 𝑉𝑜

++ ) (donor) and increases ( 𝑂𝑖 ) 
(acceptor). The simple and inexpensive 
hydrothermal route could be used to obtain ZnO 
nanorods with good crystal quality. These ZnO 
nanorods with enhanced UV light emission property 
and tunable bandgap and defect (double-charged 

oxygen vacancy/oxygen interstitials) characteristics 
could be a promising material for nanoscale 
optoelectronic devices. 
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Table 1. Crystallographic parameters and grain size of ZnO nanorods were obtained from the diffraction 

patterns. 

Sample 2θ at 

(002) 

plane (o) 

FWHM 

of peak 

(002) (o) 

Grain 

size 

(nm) 

c lattice 

paramete

r  (Å) 

Stress (σ)  

(GPa) 

3h  34,46 0.199 42.95 5,195 -0,871 

4h 34,47 0,156 54.79 5,194 -0,958 

5h 34,48 0,169 50.57 5,192 -1,132 

90 oC  34,46 0.199 42.95 5,195 -0,871 

120 oC 34,46 0,164 52.11 5,195 -0,871 

150 oC 34,63 0,167 51.20 5,180 -2,17 

 

Table 2. Diameter, length, and aspect ratio for ZnO NRs at various growth times and temperatures. 

Sample Diameter 

(nm) 

Length 

(nm) 

Aspect 

ratio 

3h  59 512.7 8.68 

4h 72 586.9 8.15 

5h 97 673.4 6.94 

90 oC  59 512.7 8.68 

120 oC 74 664.2 8.97 

150 oC 88 1275 14.48 
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Table 3. Average optical transmittance and band gap values of ZnO nanorods. 

Sample Transmittance (%) Band Gap (eV) 

3h 86 3.25 

4h 72 3.18 

5h 69 3.11 

90 oC 86 3.25 

120 oC 73 3.19 

150 oC 62 3.03 

 

Table 4. Comparison of peak center, FWHM, and area of photoluminescence emission values of the ZnO nanorods 

at various growth times. 

 

Peak Label  

3h 4h 5h 
Emission  

Range 

 

Emission 

 Origin 

 

Peak 

FWHM 

(nm) 

Peak 

 Area 

(a.u) 

Peak 

FWHM 

(nm) 

Peak 

 Area 

(a.u) 

Peak 

FWHM 

(nm) 

Peak 

 Area 

(a.u) 

 

Peak 1 

(392.17 nm) 

19,91 
3 080 040 

15,85 1 121 260 17,83 1 146 340 Ultraviolet Exciton 

  
 N

B
E

 

E
m

is
si

o
n
 

Peak 2 

(401.51 nm) 

32,99 3 745 650 33,53 2 732 490 36,92 2 120 730 Ultraviolet Exciton 

Peak 3 

(415.02 nm) 

124,94 14 979 800 164,69 16 110 200 214,30 14 439 200 Violet (𝑍𝑛𝑖 ) → (𝑉𝐵 )  

Peak 4 

(451.33 nm) 

5,368 36 558 5,29 27 096 6,73 3 0585,5 Blue Xenon lamp 

Peak 5  

(467.94 nm)  

10,04 202 941 8,96 132 936 9,26 111 974 Blue Xenon lamp 

Peak 6  

(580.97 nm)  

169,64 42 578 000 107,46 8 196 370 93,18 515 8150 
Yellow-

Orange 

(𝑉𝑜
++) 

Peak 7 

(619.18 nm) 

22,07 164 716 34,87 432 891 40,34 666 220 
Yellow-

Orange 

(𝑉𝑜
++) 

D
L

 

E
m

is
si

o
n
 

Peak 8 

(651.08 nm) 

21,53 244 956 35,69 357 028 33,02 289 594 Red (𝑂𝑖) 

Peak 9 

(669.35 nm) 

41,27 843 875 90,13 4 300 870 85,03 3 960 580 Red (𝑂𝑖) 

 

Table 5. Comparison of peak center, FWHM, and area of photoluminescence emission values of the 

ZnO nanorods at various growth temperatures. 

 

Peak Label  

90oC 120oC 150oC 

Emission Range 

 

Emission 

 Origin 

 

Peak 

FWHM 

(nm) 

Peak 

 Area 

(a.u 

Peak 

FWHM 

(nm) 

Peak 

 Area 

(a.u) 

Peak 

FWHM 

(nm) 

Peak 

 Area 

(a.u 

 

Peak 1 

(392.17 

nm) 

19,91 
3 080 040 20,50 875 093 21,03 1 171 400 

Ultraviolet Exciton 

N
B

E
 E

m
is

si
o
n
 

Peak 2 

(401.51 

nm) 

32,99 
3 745 650 30,70 1 162 870 45,62 1 598 260 

Ultraviolet Exciton 
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Peak 3 

(415.02 

nm) 

124,94 

14 979 

800 

100,74 4 136 750 210,11 7 314 880 

Violet (𝑍𝑛𝑖 ) → (𝑉𝐵 ) 

 

Peak 4 

(451.33 

nm) 

5,368 
36 558 4,06 2 432,7 14,86 53 205,7 

Blue Xenon lamp 

Peak 5  

(467.94 

nm)  

10,04 
202 941 8,206 33 533,7 11,05 79 236 

Blue Xenon lamp 

Peak 6  

(580.97 

nm)  

169,64 

42 578 

000 

193,39 8 526 450 117,21 3 923 950 

Yellow-Orange (𝑉𝑜
++) 

Peak 7 

(619.18 

nm) 

22,07 
164 716 21,96 1,4 16,29 20 235,9 

Yellow-Orange (𝑉𝑜
++) 

D
L

 

E
m

is
si

o
n
 Peak 8 

(651.08 

nm) 

21,53 
244 956 19,84 50 416,4 22,90 5,09 

Red (𝑂𝑖) 

Peak 9 

(669.35 

nm) 

41,27 
843 875 22,20 41 887 89,10 1 648 260 

Red (𝑂𝑖) 

 

 

Fig. 1. Schematic diagram of the production process of ZnO nanorods. 
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Fig. 2. Diffraction patterns of ZnO nanorods produced at (a) various growth temperatures, (b) various growth 

times. The insets show the plot of the variation of the c lattice parameter for growth parameters (time and 

temperature). 

 

(a) 

(b) 
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Fig. 3. SEM images of ZnO nanorods produced at various growth times as (a) 3h, (b) 4h, (c) 5h at 90 oC  and 

growth temperatures as (d) 90 oC, (e) 120 oC, (f) 150 oC in 3h growth time. 
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Fig. 4. EDX mapping images of ZnO nanorods grown at 90 oC for 3 h. 

 

 

Fig. 5. The EDX mapping spectra and elemental distributions rates of ZnO nanorods grown at 90 oC for 3 h. 
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Fig. 6. Transmittance spectra and Tauc plot (shown in inset) of ZnO nanorods produced at (a) various growth 

times and (b) various growth temperatures.  
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Fig. 7. Photoluminescence e spectra of ZnO nanorods produced at (a) various growth times and (b) 

various growth temperatures. 

 

 

 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 
 

225 
 

 

Fig. 8. Gaussian decompositions of photoluminescence spectra of the ZnO nanorods at various growth times a) 

3h, b) 4h, and c) 5h at 90C.  

 

Fig. 9. Gaussian decompositions of photoluminescence spectra of the ZnO nanorods at various growth 

temperatures a) 90C, b) 120C and c) 150C in 3h growth time. 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 
 

226 
 

Paper  id : 94 

Carbide-Free Bainitic Steels-A Short Review 
 

Omer SAHIN  

 
Department of Metallurgical and Materials Engineering, Faculty of Technology, Gazi University,  

Teknikokullar, Ankara, 06560, Turkey 
ORCID:0000-0002-2446-2512  

 

Volkan KILICLI 
 

Department of Metallurgical and Materials Engineering, Faculty of Technology, Gazi University, 
Teknikokullar, Ankara, 06560, Turkey  

ORCID: 0000-0002-0456-5987  

 
Cite this paper as: Sahin, O,Kilicli, V. Carbide-Free Bainitic Steels-A Short Review.Int. Conf. Advanced. Mater. 

Sci.& Eng. HiTech.and Device Appl.Oct. 27-29 2022,Ankara, Turkey 
 
Abstract.  
 
In this study, carbide-free bainitic steels (CFBS) developed in recent years were investigated by making a short literature 
survey. In the presented study, the chemical composition, production, microstructure and mechanical properties of CFBS’s 
were given and the transformation mechanisms were investigated. CFBSs can be produced with high mechanical properties 
(strength, hardness, fracture toughness, etc.) without the need to add expensive alloying elements and without the need 
for mechanical processes (rolling, forging, etc.). As it is known, advanced high strength steels are produced by 
thermomechanical rolling processes in large and complex rolling lines. In addition, strict process controls are needed in the 
production of these steels. Therefore, the cost of advanced high-strength steels is relatively high compared to other steel 
products. CFBSs, which can be produced at low cost thanks to their well-known heat treatment process, have great 
importance in science and industry as they are an alternative to reduce to cost of a steels such as 3rd generation advanced 
high strength steels, armor steels and maraging steels. 
 
Keywords: Bainite, High silicon cast steel, Carbide-Free Bainite, Nano-Bainite, Austenitizing, Austempering 
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1. Introduction 
Carbide-free bainitic steels (CFBS) have been 
developed in recent years and are a new type of 
advanced high-strength steel. They have 
microstructures of ultra thin carbon-rich stable 
austenite and bainitic ferrite plates. CFBSs can be 
produced at low cost by heat treatment processes, 
without the need for expensive alloying elements 
and complex mechanical processes. Due to its 
superior mechanical properties (high strength, high 
hardness and high fracture toughness), it is an 
alternative to all steels requiring high strength in the 
machinery, automotive, defense and aerospace 
industries.[1-7] 
2. Carbide-Free Bainite Steels 
Structures consisting of very thin bainitic ferrite 
plates 20-40 nm thick in a carbon-rich austenitic 
matrix are called “carbide-free bainite” (Figure 1). 
[8]. [9-11]. CFBSs can have high strength, ductility 
and even acceptable toughness values. It is 

noteworthy that high toughness values are obtained 
that cannot be ignored at low temperatures.[9, 12]. 
Caballero ve Bhadeshia [13]  reported that they 
obtained carbide-free bainitic steel for the first time 
in 2004 in their study titled “Very strong bainite”. In 
their study, bainite formation was obtained in a high 
carbon and high silicon steel with a minimum 
transformation temperature of 125 °C. Although the 
bainite layers formed are very thin, they show high 
strength and acceptable ductility. It is noteworthy 
that the extremely fine bainite structure formed is 
19 times lower in cost compared to maraging steels 
and shows similar toughness and strength[12]. It is 
reported that CFBs perform quite well as armor steel 
due to their high mechanical properties. [14, 15]. 
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Figure 1. Bright field TEM microstructures of nano bainitic 

steel (α: bainitic ferrite and γ: carbon-rich stable austenite) 
[16]. 
 

2.1. CFBS Chemical Composition  

To produce CFBS, the steel must contain C (0.22 - 1.00 
%), Mn (0.28 - 2.00 %), Si (1.5 - 3.00 %) and Cr (0.4 - 
2.40). The amount of Si in the steel is vital for the 
production of CFBS and plays a critical role in the 
phase transformation. In steels containing more than 
1.5% by weight of silicon, cementite precipitation is 
suppressed during isothermal holding, and thus 
carbide precipitation is hardly observed. [17-27]. The 
amount of silicon in steel plays an important role in 
enriching the austenite with carbon. In Table 1, the 
chemical composition ranges of the steels obtained 
with nano bainitic microstructure in the literature are 
given. 
 
Table 1. Typical chemical composition range of CFBS 
[?] 
 

Element wt. (%) 

C 0,22-1,00 

Mn 0,28-2,00 

Si 1,5-3,00 

Cr 0,4-2.40 

Mo 0,01-1,00 

Al 0,1-1,00 

Co 1,00-1,60 

V 0,01-0,1 

 
2.2. Heat Treatment for CFBS Production 
 
The production of carbide-free bainite in alloy steels 
containing at least 1.5% Si by weight is possible with 
simple heat treatment cycles. In general, CFBS can 
be produced by isothermal holding just above the 
Ms temperature (Ms+10°C) after austenitization 
(Figure 2). Although different heat treatment cycles 
are required for each steel, the desired 
microstructure is obtained as a result of 
austenitizing at 900 °C for 30 minutes on average, 
and then isothermal waiting at 200 °C for a long 
time. [28]. 

 

 
Figure 2. Heat treatment cycle for CFBS transformation 

[28] 
 

2.3.  Mechanical Properties of Carbide-Free 
Bainitic Steels 
CFBSs can have very high strength and acceptable 
toughness values. The high mechanical properties 
are attributed to the 20-40 nm thick bainitic ferrite 
and high carbon retain austenite laths in the form of 
nano-sized films in the microstructure of CFBSs [9]. 
When the studies in the literature are examined, 
according to the heat treatment and chemical 
composition parameters (the steels used in the 
studies have high carbon (0.77-1.02% by weight) and 
high silicon (Si> 1.5%)) mechanical properties of 
CFBSs vary between, yield strength between 1400-
2000 MPa, tensile strength between 1700-2500 MPa 
and hardness 600-650 HV. [29-35] 
It is noteworthy that CFBSs exhibit toughness values 
that cannot non-negligible at low temperatures [9]. 
In addition, it has been determined that the wear 
resistance of KIBCs is superior to bainitic steels of 
similar hardness [36] .  
 
3. Conclusion 
 
Microstructures consisting of very thin bainitic 
ferrite plates 20-40 nm thick in a carbon-rich 
austenitic matrix are called “carbide-free bainite”.  
 
CFBSs can be produced at low cost by heat 
treatment processes, without the need for 
expensive alloying elements and complex 
mechanical processes. 
 
This structure, which can be obtained in high carbon 
steels containing minimum 1.5% silicon by weight, 
has 19 times lower cost compared to maraging 
steels and shows similar toughness (30-40 MPa 
m1/2) and strength (2500 MPa tensile strength, %5-
%30 elongation, 700 HV hardness) draws attention. 
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Carbide-free bainitic steels are promising for 
industrial applications due to their high mechanical 
properties and being economical 
 

CFBSs are a strong alternative to 3rd AHSS with the 
lowest cost. 
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Abstract. For the first time in Turkey, continuous color coating line has been succesfully developed by Teknoplan 
and group company NTS for paint coating both steel strip and alimunium strips. All design parameters have been 
determined by Teknoplan  by considering the strip type, quality, thickness, width and production capacity 
according to the customer  demands. The line has been taken into operation with all units in customer 
production area in Ankara in 2022. The production of the line is monitored and controlled operators with the 
Scada screens. In additon we have level-2 software to integrate with ERP systems and to direct the control 
system of the line to follow the products, to collect the data of the product and the line. By integrating tension 
leveler system to the line quality of stip is upgraded from A2 qulity (due to wavy surface form) to A1 quality.   
Regeneratif thermal oxdizer (RTO) system, recuperator and heat exchanger systems have been designed to 
recover exhaust gas energy, to inrease thermal efficiency, to decrease production cost from energy and also to 
prevent air pollution caused by solvents and votalities.  
 
Keywords: Continous Color Coating Line.  
 
 

1. INTRODUCTION  
 
Color coated sheets are generally used for 
corrosion protection and for decorative purposes.  
The areas where painted sheets are used are quite 
wide. Therefore, demand for color coating strips or 
sheets  in Turkey and in the World is increasing year 
by year.  
 
The type of products typically made from coated 
sheets or coils are as follows: 

 Roofing & wall cladding  
• Guttering  

 Fences & walls  
• Whitegoods (appliances) 

• Garage doors, 
• Cool room panels  
• Control panels 
• Roofing tiles 

 Housings & casings  

 Industrial furniture & racking  

 Office furniture 
 
The types of metals to be coated include: 

- Steel strips, 
- Galvanized steel strips, 
- Aluminum strips, 
- Steel/Aluminium composites 
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The color coating line includes many complex 
processes. It is very important to produce in a 
quality and efficient manner on the coating line. 
The quality and synchronization of the processes of 
line are very important. 
 
TEKNOPLAN has succesfully developed Turkey’s 
first domestic continous color coating line (CCCL) in 
a complete manner and taken into commercial 
operation in a company in Ankara as a turnkey 
basis in 2022. The line has been speficially designed 
for continuous color coating both steel strip and 
alimunium strips.  Design parameters of the color 
coating line have been determined by considering 
strip type, quality, strip sizes and production 
capacity according to the customer demand.    
 
In additon to mechanical systems, the automation 
of the line has also been designed by Teknoplan. 
The production of the line is monitored and 
contolled by operators with scada screens.  We 
have developed level-2 software to integrate with 
ERP systems and to direct the control system of the 
line to follow the products, to collect the data of 
the product and the line. 
 
Continuous Color Coating Line Design Data: 
 
 Material: Steel & galvanized or aluminum 
strips. 
 Coating: PVC, Epoxy, Regular Modified 
Polyester (RMP), Silicon Modified Polyester 
(SMP), Super Durable Polyester (SDP), Poly 
Vinyldene Fluoride (PVDF), etc. 
 Annual Capacity              :120.000 tpy 
 Line Speed (max)             : 75 mpm 
 Line direction                   : From left to right 
 Line length                        :150 meters 
 Strip length in the  line   : 450 meters 
 Strip Thickness                 : 0,20 mm to 1,30 mm 
 Strip Width                        : 600 mm to 1300 mm 
 Input Coil Weight (max)         : 20 tonnes 
 Input Coil Inner Diameter      : 508 – 610 mm 
 Input Coil Outer Diameter     : 1800 mm 
 Output Coil Weight (max)     : 20 tonnes 
 Output Coil Inner Diameter  : 508 – 610 mm 
 Output Coil Outer Diameter : 1800 mm 

 
2. CONTINUOUS COLOR COATING PROCESSES 
 
There are several processes and systems in CCCL. 
Synchronization of the systems  of line are very 
important for efficient operation of the line.  
 

The continuous color coating line includes 
following processes or systems: 

 Entry Coil Saddels (4 sets) 

 Entry Coil cars (2 sets) 

 Uncoilers (2 sets) 

 Peelers (2 sets) 

 Pinch Rolls (6 sets) 

 Conveyors 

 Double cut shears 

 Scrap removal system 

 Stitcher- strip joiner 

 Bridle units (6 sets) 

 Entry loop 

 Central position control units (6 sets) 

 Alkali cleaning unit 

 Rinsing Unit 

 Drying unit (3 sets) 

 Deflector roll units (12 set) 

 Tension leveler  

 Chemical coater 

 Chemical drying oven 

 Prime coater 

 Prime coating dry oven 

 Final coater 

 Final coating dry oven 

 Air cooling system (2 sets) 

 Quench tanks systems (2 sets) 

 Squezing roll units (22 sets) 

 Master bridle ünit 

 Exit loop unit 

 Exit shear units 

 Exit scrap removal systems 

 Edge position control system (EPC) 

 Recoiler with belt wrapper & support arm 

 Exit Coil Saddels (2 sets) 

 Exit Coil car 

 RTO (Regneratif thermal oxidizer) 

 Auxilary Facilities 
- Hydraulic Syatems 
- Pneumatic System 
- Natural gas system 
- Heat recovery systems (Recuperator & 

heat exchangers) 
- Cooling system & towers 
- Water circulation systems 
- Water treatment systems 

 
Configuration of Teknoplan Continuous color 
coating line is given in (Fig. 1).  
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-  
Figue 1: Teknoplan CCCL 3 Dimensioal  Model 

 
Figure 2. Flow process of Teknoplan CCCL Line. 
 
All systems are important and critical in terms of 
production efficiency and quality production in the 
continuous color coating line. In the following 
sections, technical information is given about the 
coaters and  tension leveler system, which are 
especially of critical importance in terms of quality 
and developed and designed by Teknoplan. 
 
 
3. COATER MACHINES 
 
Coaters used in steel strip coating lines are very 
important systems which significantly infuence the 
quality of coated products. These machines are 
used to coat the metal strip with desired quality 
paint. 
 
According to the line design coater can be S type or 
U type configuration. In the Teknoplan design for 
this Project,  “S type” coaters have been designed 
and developed in order to optimize the line 
configuration. 
 
The types of coaters in the CCCL line are as follows: 

1. Chemical coater 
2. Prime coater 
3. Final coater 

 

Schematic apperance of S Wrap type coating is 
given in (Fig. 3) and.Teknoplan coater model is 
given in (Fig. 4).  
 

 
Figure 3. Apperance of “S Wrap Type” Coating  
 

 
Figure 4. Model for Teknoplan coater 
 
 
Table 1. Chemical Coating Thickness Values 

Description Paint Coating Thickness  

Chemical 
Coater 

Top 1 ~ 2 µm 
25-30 mg/m2 

wet 

Bottom 1 ~2 µm 
25-30 mg/m2 

wet 

 
Table 2. Typical coating thickness values 
Paint coating: Epoxy, Polyster, PVDF 

Description 
Paint Coating 

Thickness (µm) 
Gravity 

Prime 
Coater 

Top 3 ~ 7 1,12 

Bottom 3 ~ 7 1,12 

Finish 
Coater 

Top 5~20 1,12 

Bottom 3 ~ 7 1,12 

 
Table 3. Coaters roll specifications 
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4. TENSION LEVELER 

In the cold rolling process, dead flat strip material 
can not be produced due to  a variety of rolling 
conditions and material characteristics. In order to 
eliminate wave form shape of the strip 
permanently, tension leveler is necessary system. 

 

 
Figure 5. Types of defects occuring in the sheets. 

Tension Leveling is the process of pulling the strip 
beyond its yield point to permanently change the 
shape of the strip and make it flat. Tension levelling 
is an effective tension-assisted levelling method. 
The coil is put under significant tension between pull 
and drag bridles placed before and after the 
specially designed roller levelling device (Figure 6). 
With tension levelling, all parts of the metal are 
pulled past the yield point, top to bottom, edge to 
edge. The full cross section is elongated a fraction of 
a percent. All the previous history of trapped stress 
is deleted. The material should be dead flat and 
relatively free of internal stresses. 

If the strip has an edge wave, the concept is to 
stretch the shorter fibers in the center of the strip 
so that they will match up in length with the longer 
fibers from the edge wave. 

Conversely, if the strip has a full center, the consept 
is to stretch the edges of the strip to match up in 
length with the center buckle. If the strip is 
consistent in length across the width of the strip, 
you have created flat steel. The tension leveling 
process is a combination of elongating the strip and 
bending the fibers over a series of work rolls. 
Tension leveling will eliminate edge wave and 
center buckle as well as correct excessive crossbow 
and coil set.  

Tension levelling usually is restricted to gauge 
thicknesses of metal. Because of the massive 
equipment and horsepower required, this process 
usually is not practical for thicker, hot-rolled plate 
coils. However, more and more service centres are 
using tension levelling lines to process cold-rolled 
steel and aluminium products. 

In order to eliminate wave form shape of the strip 
permanently, tension leveler has been designed, 
developed and integrated to continuous color 
coating line by Teknoplan and group company NST. 
(Fig.6).  

 
Figure 6. Teknoplan tension leveler model 

Tension and as result of elongation generated by 
means of drive control of bridle rolls system. 
Tension leveller has been installed after cleaning 
unit and before chemical coater in the color coating 
line. 

Tension leveler includes the folllowing systems: 

 Entry bridle unit with 2 rolls.  

 Delivery bridle unit with 2 rolls. 

 Anticrosbow roll & cassettes unit 

 Anticoil set roll &cassette unit 

 Tension leveler body 

 Tension leveler electric & automation systems 

 Hydraulic & pneumatic syatems 

 Tension leveler casette quick change systems 
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Wavy edges, centre buckle, long bow and cross bow 
problems can be removed from strip. (Fig. 7)  

 
Figure 7. Strip flow schema thru tension leveler. 
 
5. AUTOMATION OF THE LINE 
- 
Level 1 automation equipment part of the 
continuous coil color coating line has been 
designed as two panel rooms. 500 kW smart line 
modules with regeneration feature were used in 
both panel rooms. Coil openers, loop motors, 
bridle motors, tension leveler entry and delivery 
bridle motors are fed by this regen unit.  
 
Motors such as coaters motors, oven circulation 
motors, exhaust fans, RTO supply fan that only 
require speed control are controlled by AC/AC 
drivers. Fixed speed motors are controlled from 
MCC panel. 
 
-In addition, three drying ovens are automated. 
There is one zone in the chemical drying, three 
zones in the prime oven, and four drying zones in 
the final oven. The heat and negative pressures of 
each zone of the ovens can be continuously at real 
time monitored on the SCADA screen. 
 
Another feature of the line is that the solvent gas 
released in the prime and final ovens is burned in 
the unit of RTO. The clean air is heated thru 
recuperator and given to the ovens. Temperature 
of each zone is automatically controlled by 
measuring zone temperature. Operation and 
temperature of the RTO is also controlled 
automatically.  
 

İn the ovens, the percent of the solvent is 
measured by LEL (Lower explosive limit) meter. 
There are two limits for the LEL meter. These are 
alarm limit and stop limit. If the solvent percentage 
reach the level of alarm limit, gives an audible and 
visual alarm signals. If the level of the solvent 
reaches to the dangereous set point, the line 
automatically is stopped. 
 
One of the most important points in level 1 
automation of the color coating line, there are 9 
different tension zones and these tension values 
remain constant at all speeds and can be adjusted 
according to the material properties. Tension 
values for each tension zones can be set from the 
main control scada system. Tension zones (regions) 
of the line is given in (Fig.2).  

Time duration of removal product coil from the line 
is very important. Because removal time duration 
determines also the line speed. Removal time of the 
coil with the set weight from the recoiler are 
automatic. The product coil is removed by coil car. 
During the removal time of the coil, the incoming 
coated coil strip material is accumulated in the exit 
loop and  the line speed in the region of coaters, 
ovens and quench continues at the set speed as 
constant. 

At the entry side of the line, the new coil is given or 
fed to the line automatically. For continuous 
operation of the line, new coil front end and rear 
end of the previous coil is joined mechanically at the 
stitcher (joiner) unit. During the joining time, the 
entry loop (accumulator) level decreases without 
losing its tension according to the line speed and 
ensures the continuity of the line after the entry 
loop as a set constant speed. After the joining of the 
strips are completed, the entry loop starts to 
accumulate the strip to full the loop capacity. All 
these processes are performed automatically by 
level 1 system.    

In order to keep the strip in the center of the along 
the line, 6 central position control units (CPC) have 
been placed in the line.  During the strip moving, the 
position of the strip is continuously measured by 
tranmitter and reciever. If the strip slides from 
center of the line to the side, by proportional 
hydraulic valve system, strip is moved to the center 
of the line automatically. 

For the recoiling unit, EPC (Edge position control) 
system in integrated to the recoiling (tension reel) 
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unit. Edge Position Control System (EPC) is to 
control material’s edge and let the edge position be 
the same position in the production process of 
material.It can be operated automatically without 
the operator’s manual controlling if during 
operation as an interlocking system is imbedded  

 

 
Figure 8. Main Control Screen of the CCCL. 
 
 
6. CONCLUSION 
 
TEKNOPLAN has succesfully developed Turkey’s 
first domestic continous color coating line (CCCL) in 
a complete manner and taken into commercial 
operation in 2022.  All mechanical and automation 
systems have ben designed by Teknoplan. There 
are several processes in CCCL lines and each 
process in the line is very important for the quality 
and productivity of view. In this paper especially 
importance of the tension leveler system and 
coater machines are explained.  

Teknoplan has integrated tension leveler system to 
incrase coating and strip quality. In Teknoplan 
design, tension leveller has been installed after 
cleaning unit and before chemical coater in the line. 
We have observed that by using tension leveler in 
the color coating line, coating quality has been 
increased and also product quality has been 
upgraded from A2 quality to A1 quality.  

In near future, tension leveler system may/must be 
necessary for the color coating line.  For the initial 
design of the color coating line, a suitable place 
should be left for the tension leveler system. A place 
before chemical coater and after cleaning 
(degreasing) unit is suitable. For the first stage at the 
begining of the line if tension leveler isn’t put, after 
after certain amount production, then it should be 
decided to integrate tension leveler system.  

Homogenity and tolerances of coating thickness are 
very important for the production quality and also 
cost. Coaters have been designed to optimize 
customer requirements.  Prime & Final coaters have 
been designed ±2 micron coating sensitivity. 
Mechanism and automation of the coaters have 
been designed in order to optimize the prooduct 
quality, cost  and the line practical operation. 

All of the main electric motors used in the 
production line operate with driver control. Some 
motors operate in regen mode while the others 
operating in load mode. There are 7 tension zones 
in the line. These tensions are sensitively adjusted 
by the automation and drive control units according 
to the line speed.  

Natural gas is used as fuel in prime and final  coating 
drying ovens. Since there is a solvent in the paint 
coating, it cannot be directly thrown into the 
atmosphere in terms of environmental legislation. 
RTO system has been developed to recover the 
energy of solvents by burning them and to release 
flue gas in accordance with environmental 
legislation. Recuperator and economizer systems 
were designed after the RTO system, both to benefit 
from the energy of solvents and to recover the 
energies of the furnace chimney. 

Approximately 200 °C hot air produced by using the 
exhaust gases in the recuperator is used for heating 
the furnaces. The hot water coming from the 
economizer is used for heating the cleaning 
circulation tanks. 

With the energy recovery units made in this way, 
approximately 1,5 MW of energy is recovered. 
Energy recovery systems are considered as systems 
that pay for themselves within 2 years.  We strongly 
recommend the establishment of energy recovery 
systems in such production lines in terms of 
environmental legislation, efficient use of energy 
and reducing production costs. 

This project will positively affect to develope the 
new productıon lines. Success of the project has 
encouraged our company and other domestic 
companies to develop new domestic production 
lines. As a Teknoplan and NST group companies, 
we have started to develop new first domestic HCl 
pickling line with all units for the steel strip. 
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Abstract. In this work the performance of MoS2 Nanoparticle/Si solar cell is studied. The MoS2 nanoparticles (NPs) was 
synthesized through a chemical exfoliation method, and it was drop casted on a Si substrate, and it was characterized using 
SEM, and AFM, it was observed that MoS2 NPs gives a good coverage of the substrate. The synthesized MoS2 NPs was used 
to fabricate a MoS2 NPs/Si solar cell, and the performance of this solar cell was tested under AM1.5G.  Also the MoS2 Si 
photodiode shows increased responsivity compared to Si alone. Moreover, it was concluded that the MoS2 NPs can absorb 
a significant amount of photons making them suitable for future low cast solar cells. 

 
Keywords:  
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Molybdenum Disulfide (MoS2) is one of widely 
studied layered two-dimensional transition metal 
dichalcogenides (2-D TMDs) materials, it has 
unique electronic, optical, and attractive 
semiconducting properties, in addition, it is 
abundant in the nature MoS2 nanoparticles 
synthesized using a chemical exfoliation method 
was used to fabricate [1-8]  MoS2 NPs/p-Si 
photodiode, to synthesize the MoS2 NPs, a 0.5 g of 
the MoS2 powder was dispersed in a 50 mL of N-
Methyl-2-pyrrolidone (NMP), then it is sonicated in 
an ice bath using a probe sonicator, followed by 
two stage centrifugation steps, finally NMP was 

removed, and the MoS2 NPs was filtered and re-
dispersed in a 50 mL of IPA. A photo of the 
fabricated solar cell is shown in figure 1 (a), and 
figure 2 (b) shows the final device. To test the 
performance of the fabricated solar cell, a solar 
simulator (Sol3a 94123A) was used. Figure 6 shows 
the measured J-V curve characteristics under 1sun, 
A.M. 1.5G of the solar with open circuit voltage 
(𝑉𝑂𝐶) is 0.25 V. The obtained J-V curve has shown 
a solar cell function and  proof of concept using 
MoS2 nano particles to make the junction. The low 
current is due to thin metal and no optimized 
interface.   

. 
 

 

 
Figure 13 (a) The fabricated MoS2 NPs/p-Si Solar Cell, (b) Schematic of the final structure of the fabricated MoS2 
NPs/p-Si Solar Cell. 
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Figure 2. The J-V characteristics of the MoS2 NPs/p-Si solar cell under 1 Sun, A.M. 1.5G. 
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Abstract. In this paper, photovoltaic (PV) system production data and wheather data given enercast GmbH were analyzed 
by using Python codes on Jupyternotebook. These analyzed data showed the irregular energy production of PV systems 
described in the literature review section. In this study, the annual energy production amount from day to day has illustrated 
by the graph. As can be seen in the graph, the production amount of energy of each day is different from each other. Some 
of the days too much energy is produced meanwhile some days less energy is produced. Furthermore, the data which were 
provided by Enercast has been tried to obtain the best estimation result by applying machine learning techniques. Since, 
another graph emerges when the daily average of PV system energy production data is analyzed. It has been observed that 
while less energy is produced in the morning and evening hours, maximum energy is produced in the afternoon. This is due 
to the way it comes to the panel. When the PV system production data is analyzed on a monthly basis, it can be seen that 
more energy is produced in summer than in winter. This is due to the fact that the angle of incidence of the sun and the 
duration of sunshine are different in summer and winter. The nRMSE value of simple artificial neural network (ANN) is 
8.33%. Although this closely matched the structure of the data, it was unable to accurately forecast the value of the power 
generated. Another approach which is time interval selection method was applied to dataset. Weather parameters exhibit 
different behavior at each time interval during the day. Thanks to this method, each interval is passed through the ANN 
model separately, increasing the predictive power. The ANN model includes only one hidden layer and containing 16 
neurons. The solar model has a 7.29% nRMSE value. It is nearly flawless at forecasting when the panels will start producing 
and can predict the output during the day. 
 
Keywords: Solar Energy Production Forecast, Machine Learning, Artificial Neural Networks 
© 2020 Published by ICMATSE 

 

Introduction 

 

The production of PV panels has increased every year 

due to the demand of PV. The biggest reason for this 

is that the use of fossil fuels increases global warming 

and air and water pollution with the released gases. 

To reverse this situation, some states financially 

support people who want to use renewable energy. 

Another major reason is that there is no other cost 

other than the PV panel cost. Because these panels 

provide enough profit to cover their own costs within 

a few years after installation and can produce energy 

for many years. Because of the enhanced efficiency of 

solar energy generation and distribution, local 

residents have taken on the role of energy 

generators, even receiving credit for electricity 

provided to the grid under the net-metering policy[1]. 

All continents contributed significantly to global 

growth in 2020, with an expected 20 countries adding 

at least 1 GW of new solar PV capacity, up from 18 

countries in 2019 [2, 20,21] . 

mailto:gencery17@itu.edu.tr
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Figure 1. Solar photovoltaics global capacity from 2010-

2020 [2]. 

Objectives 

A 24-hour solar energy forecast will be made using 

the weather and solar energy production data 

provided by enercast. Estimation will be made using 

machine learning methods and python software 

language. Five different machine learning methods 

were reviewed to make the best solar energy 

prediction. ANN was chosen as the best method 

among them. The selection of this methods was made 

by examining the methods that gave the best results 

in the researches. These are Bayesian neural network 

(BNN), ANN, Long Short-term Memory (LSTM), Long 

and Short-term Time Series Network (LSTNet), 

Recurrent Neural Network (RNN) [3-19].  

Current Progress 

This study is carried out jointly with enercast GmbH. 

The provided data by enercast will be tried to obtain 

the best estimation result by applying the machine 

learning techniques mentioned in the literature 

review section.  At this stage, the effects of weather 

parameters on the production data were examined in 

separate correlation graphs. It has been seen that the 

humidity value has a negative and high value 

correlation with the production data. Also day length 

values were also added to the data set and its share 

in the prediction was observed and it was determined 

that it increased the predictive power. In this study, 

the ML models mentioned were examined in the light 

of the information obtained from the articles in the 

reference section, and the study was carried out only 

on the ANN model. Other ML models will be studied 

in the future. 

 

Examining The Data 

PV system production and wheather data which was 

taken from enercast analyzed by using Python codes 

on Jupyternotebook. These analyzed data showed 

the irregular energy production of PV systems 

described in the literature review section. Figure 2 

shows the 4 years of production from day to day. As 

it can be seen in this graph, the energy production 

amount of each day is different from each other and 

some days too much energy is produced while some 

days too less energy is produced. 

 

 

Figure 2. Solar energy production. 

ANN Method 

The code was build and executed on Jupyter 

Notebook. Firstly, the weather parameters were 

adjusted to be hourly totals. Then, the Global 

Hrizontal Irradiance (GHI) and cloud cover were 

combined with the solar energy production data. As 

it can be seen in Figure 3, the data set was divided 

into train and test. Following that, the ANN model 

was used. The nRMSE value for this model was 8.33 

%. Other weather parameters were added and put 

into the model again. These parameters are humidity, 

pressure, wind speed, snowdepth. In this case, the 

total number of inputs became 8. When all weather 

parameters were used, the error rate nRMSE value of 

the model was reduced to 7.90%. Figure 4 shows the 

prediction ratio of the two models against the actual 

production data. As it can be seen in this chart, the 

nRMSE value of 7.90% predicts production at night in 

the green line. The reason is the GHI data is also 0 at 

night, but other weather parameters behave like they 

do during production hours. To solve this situation, 

the method of dividing the day into time intervals has 

been developed. 
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Figure 3. Train test split. 

 

Figure 4. ANN results of different wheather parameters  

(Orange: 8.33%, Green: 7.90%, Blue: Meterdata ). 

Time Intervals Selection 

In this method, the hours of the day are dynamically 

divided into 6 time slots. In order to divide it into time 

intervals, first of all, the sunrise, solar noon and 

sunset data at the location of the production data 

were extracted and the data was divided with the 

help of the code written based on these data. Figure 

5 shows the time intervals. 

 

Figure 5. Time intervals selection. 

ANN Method With Time Intervals 

Each selected time interval was passed through the 

ANN model separately and the prediction results 

were obtained. These results were combined and 

brought into a whole again. Thanks to this method, 

the abnormal production estimation at night was 

eliminated and the intraday production estimation 

gave better results. Deep neural network was used in 

this interval as learning at night is more difficult. 

Figure 6 shows the working principle of this system. 

Thanks to this method applied, the nRMSE value was 

reduced to 7.29%. In the correlation analysis, based 

on the large negative ratio between the humidity 

data and the production data, the results obtained by 

including and without including the humidity data 

were observed, and the share of humidity data in 

reducing the error rate was proven. 

Figure 6. Time intervals ANN method. 

Results 

Results were observed with 3 different datasets in the 

division method into time intervals. The nRMSE value 

obtained using all weather parameters was 7.29%, 

the nRMSE value obtained using only temperature 

and GHI was 8.28%, and the nRMSE value obtained 

using all weather parameters excluding humidity was 

7.50%. Figure 7 shows these three different results. 

 

Figure 7. ANN method with time intervals results (Orange: 

7.29%, Green: 8.28%, Red: 7.50%, Blue: Meterdata) 

Conclusion 

Light is required in order to produce electrical energy 

in PV panels. In this context, the GHI value is directly 

related to the energy production value. For this 

reason, when the GHI is low, the energy production is 

low and the energy production is maximum at the 

noon hours of the GHI. Since the temperature of the 

panels also affects the efficiency in energy 

production, the weather temperature has a great 

effect on the production data. However, other 

weather parameters also have a small effect 
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individually, but when taken as a whole, they 

significantly affect the production data forecast. In 

the method of dividing the day into time intervals, the 

error rate was significantly reduced. It has been 

observed that every hour of the day has different 

characteristics and better results are obtained by 

teaching it separately in machine learning. 
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Abstract. The ability to measure microstructure (and properties) in real time during steel processing is highly desirable. 

Electromagnetic (EM) sensors are being used on-line during steel processing for quality control, for example in cold strip 

mills with the sensor signals being correlated to mechanical properties.  This allows strip quality to be monitored along 

length, matched to specification and the option for feedback control. More recent innovation is the use of EM sensors for 

microstructural characterization during hot strip processing, specifically for quantification of phase transformation during 

cooling on the run out table after hot rolling.  There is potential for EM sensors (and other sensor technologies) to be 

used for real time microstructure control in other process scenarios. For this to occur it is important that the sensitivities 

of EM signals to different microstructural features and external factors such as temperature, stress and sample/product 

geometry are understood, and where possible modelled.  This talk will include discussion on: the application of EM sensors 

for steel microstructure and property monitoring; the fundamental principles and models linking the EM signals to 

microstructure; and opportunities for future use of EM sensors for real-time microstructural monitoring and hence future 

steel grade development. 
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Abstract. With globalization, we can summarize all kinds of activities of countries as interacting internationally. With 
globalization, events, activities, interactions, scales gain an international character beyond national borders. The economic 
performance of a country can be measured by the sum of the competitiveness of institutions and organizations. R&D is one 
of the most important activities required for innovation in the world . In the first quarter of the current century, there are 
intense and well-fictionalized research and development studies behind the rapidly advancing technology, product 
development and innovative approaches. In parallel with these, the application areas of boron minerals and products used 
in a wide and various fields are increasing day by day. Since boron is used more or less in more than 250 areas, it is known 
as the “Salt of the Industry” and offers a wide range of uses in the sector. Boron is frequently used in chemistry, materials, 
automotive, construction, nuclear energy, defense industry, cleaning and detergent, glass, ceramics, health, agriculture, 
aerospace and aircraft, military vehicles, fuels, electronics and communications, polymeric materials, nanotechnologies and 
metallurgy and many chemicals and products are still developed. Besides the reserve and market conditions of boron in the 
world and in our country, in order to increase the economic contribution based on boron in our country, researches are 
presented to develop high value added boron products and technologies and to spread their usage areas with researches 
in this field. 

 
Keywords: Boron, Boron materials, BOREN, R&D 

© 2022 Published by ICMATSE 

 

Boron minerals are natural compounds containing 
different proportions of boron oxide (B2O3) in their 
structures. There are more than 230 boron minerals 
in nature, and tincal, colemanite, ulexite and kernite 
are the most common commercially [1]. The 
chemical formulas and B2O3 contents of the main 
boron minerals with commercial value are given in 
Table 1. 
 
Table 1. Commercial Boron Minerals. 

MINERAL FORMULA B2O3 CONTENT 
(% by weight) 

Colemanite Ca2B6O11.5H2O 50,8 
Ulexite NaCaB5O9.8H2O 43,0 
Tinkal Na2B4O7.10H2O 36,5 
Kernit Na2B14O7.4H2O 51,0 
Pandermite Ca4B10O9.7H2O 49,8 
Hydroboracite CaMgB6O11.6H2O 50,5 

 
Boron; It has many known effects such as strength 
enhancer, heat insulator, flame retardant-smoke 

suppressor, antimicrobial agent, radiation and 
defense armor, energy carrier-storage, plant 
nutrient and cleaner. 
 
Since its establishment in 2003 by Turkish Energy, 
Nuclear and Mineral Research Agency Boron 
Research Institute (TENMAK BOREN), a total of 348 
projects have been supported and the work of 25 
projects continues.As a result of these projects, 31 
patent certificates were obtained and 16 products 
were commercialized. 
 
By the TENMAK BOREN, which aims to produce 
economic value based on knowledge and technology 
from boron ore, which is an important national 
resource; Boron Coating, Boron Materials, Boron 
Biotechnology, Organobor and Polymer and Boron 
Composite Materials Research Laboratories have 
been established. 
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Abstract. In this study, it is aimed to develop a new brake lining material that does not harm human health and the 
environment, has a stable friction coefficient, can be used in passenger cars, and includes the economic and technological 
evaluation of valuable boron reserves in Turkey. Produced by powder metallurgy; rockwool, graphite, phenolic resin, barite, 
cashew, hexagonal boron nitride (h-BN) content of the lining material in varying proportions (0.5%, 1%, 3%), in different 
sizes (1-3 µm and 1-10 µm) boron carbide (B4C) is added. Mixing, sintering and all production processes of the powders 
were carried out in METISAFE lining R&D laboratories. The samples were subjected to pin-on disc wear test after their 
production. Test; 20 s braking and 90 s no-load time were performed as 15 periods. According to the test results; While 
0.5% and 1% additions of 1-10 µm boron carbide improved the wear properties of the material, a slight decrease in 
properties was observed as a result of the addition of 3%. In the lining samples produced by adding 1-3 µm boron carbide, 
the wear properties were improved in all of the additives at 0.5%, 1%, and 3%. When comparing the dimensions, it has been 
observed that 1-10 µm boron carbide doping provides more improvement in wear properties than 1-3 µm. With this study, 
it is expected to add a new one to the usage areas of boron reserves in Turkey, to obtain a product that will add added value 
to Turkey and to shed light on the next studies to be made on this subject. 
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1. Introduction 
With the effect of developing technology, the need 

for a good braking system has emerged with the 

increase in speed, load and engine power in the 

transportation industry. In order to achieve a safe 

braking performance in brake systems, the friction 

materials of the brake system are the most important 

criteria [1]. 

Brake system friction materials are expected to show 

a stable friction coefficient and low wear rate against 

various effects (operating speed, pressure, 

temperature, environmental conditions). The friction 

material must also be compatible with the disc. This 

harmony will reduce factors such as vibration, 

excessive wear and noise. These requirements, which 

are required from friction materials, should be cost-

effective and in a way that causes the least damage 

to the environment [2]. For this reason, many 

different components such as polymers, ceramics and 

metals are used in friction materials. With the use of 

various compositions with different properties, brake 

pads are seen as one of the most complex composite 
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materials [3]. Brake pads convert the kinetic energy 

of the car into heat energy by friction in the contact 

area [4]. The performance of brake pads depends on 

various factors such as driving conditions, pad 

composition, production parameters. In recent years, 

the development of brake pads with different 

compositions with appropriate performance, 

considering the need for balanced friction, low noise 

and environmental factors, has caused academic 

interest. Turkey has the largest boron reserves in the 

world with a rate of 63% [5]. Boron compounds have 

a strategic importance for Turkey [6]. Boron; It has 

various industrial uses such as detergent, 

pharmaceutical industry, agriculture, energy storage, 

metallurgy. Boron carbide (B4C), one of the valuable 

compounds of boron, has superior properties such as 

high temperature stability and high hardness. In the 

light of these superior properties, it was thought that 

it would be appropriate to use boron carbide as a 

friction material. 

In this study, the usability of B4C as a brake friction 

material was investigated by conducting 

experimental studies. Samples were produced and 

tests were carried out by using three different 

amounts of B4C (0.5%, 1% and 3% by mass) and in 

different sizes (1-3 µm and 1-10 µm). 

2. Methodology 
Sample composition was determined according to 

studies in the literature [7,8,9,10]. As indicated in 

Table 1, rock wool was used as reinforcement, 

phenolic resin as binder, barite as filling material, 

hexagonal boron nitride and B4C as friction modifier. 

In addition to the studies in the literature, 0.5%, 1%, 

3% B4C by mass was used. Boron carbide was added 

in two different sizes as 1-3 µm and 1-10 µm. 

Table 1. Compositions of the friction composite materials 

Component Ingretiens  

Reinforcement Rockwool  
Binder 
Space filler 

Phenolic resin 
Barite 

Friction modifier 
Others 

h-BN, boron carbide 
Graphite, CNSL 

 
The samples were produced by powder metallurgy 

method. The powders were measured in the desired 

proportions and added to the mixer. It was mixed in 

the mixer until it became homogeneous. The mixture 

was added to the pin-on disc sample mold at 80°C in 

Figure 1, and the temperature was increased to 150°C 

and cured for 15 minutes. The sample obtained in 

20x15 dimensions seen in Figure 2 was cured at 200°C 

for 20 minutes. Three different amounts (0,5%, 1% 

and 3% by mass) and two different sizes (1-3 µm and 

1-10 µm) boron carbide doped samples were 

produced. In order to see the effect of boron carbide, 

a raw sample without boron carbide addition was also 

produced. 

 
Figure 1. Pin-on disc sample mold 

 
Figure 2. Produced samples 

The samples placed in the pin-on disc tribology test 

device as in Figure 3 were passed through the 

acclimatization process for full contact with the disc. 

Afterwards, the samples weighed on precision scales 

were placed back in the device and tests were carried 

out for 15 periods, including 90 seconds of idling and 

20 seconds of braking. At the end of the test, the 

samples were weighed again on sensitive scales and 

the wear amounts were determined. 

 

Figure 3. Pin-on disc tribology tester 



International Conference on Advanced Materials Science & Engineering                      
and High Tech Devices Applications; Exhibition (ICMATSE 2022), 

October 27-29, 2022, Ankara, TURKEY 
 
 

247 
 

3. Results and discussion 
The data obtained as a result of the pin-on disc 

tribology test are shown in Figure 4. According to the 

test results, 0.5% and 1% additions of boron carbide 

in 1-10 µm size increased the wear value of the 

material from 0.026 to 0.029 and then to 0.073, 

resulting in an improvement in wear properties. 

When boron carbide was increased above 3%, a slight 

decrease in wear was observed compared to the 

addition of 1% boron carbide. The friction coefficient 

value did not show a big change in 0.5% boron carbide 

addition, but increased from 0.15 to 0.19 in 1% boron 

carbide addition. The wear properties of the samples 

produced by adding 1-3 µm boron carbide were 

improved by 0.5%, 1%, and 3% with each addition. 

The friction coefficient value decreased compared to 

the raw sample. 

 

Figure 4. Variation of average CoF and wear rate of the 
samples 

 
When the dimensions are compared, it is seen that 1-

10 µm boron carbide additive provides more 

improvement in wear properties than 1-3 µm. 

4. Conclusions 

In this study, the usability of boron carbide as brake 

pad material and the effect of boron carbide size on 

brake pad properties were investigated. Samples 

were prepared by using three different amounts of 

boron carbide, 1-10 µm and 1-3 µm in size, 0.5%, 1%, 

and 3%. The samples were tested in a pin-on disc 

tribology test device and the results obtained from 

the tests are as follows; 

 Among the 1-10 µm sized samples, the 
sample with 1% boron carbide additive has 
the highest wear value with 0.073, and the 
sample with 0.5% boron carbide additive has 
the lowest wear value with 0.029. 

 Among the 1-3 µm sized samples, the 3% 
boron carbide added sample has the highest 
wear value with 0.044, and the 0.5% boron 
carbide added sample has the lowest wear 
value with 0.034. 

 Increasing boron carbide grain size resulted 
in further improvement in wear properties. 

 The friction coefficient decreased when the 
boron carbide grain size decreased. 

 During the pin-on disc tribology test, it was 
determined that the 1-3 µm 1% boron 
carbide added sample produced more noise 
compared to the other samples. From this 
situation, it can be concluded that the brake 
pad in this composition will work noisily. 

 
With this study, it is expected to add a new one to the 

usage areas of boron reserves in Turkey, to obtain a 

product that will add added value to Turkey and to 

shed light on the studies to be done on this subject 

from now on. 
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Abstract. Unique metamaterial structures tailored to work in the terahertz range combined with high 
quality vanadium (VO2) thin films was investigated in order to develop fast modulators. THz modulators, 
the goal is to develop devices which have excellent electrical characteristics and that also can be modulated 
by applying an electrical or optical signal. The metal insulator transition for vanadium will be triggered using 
optical and electrical techniques, resulting in a rapid phase change this will allow the vanadium based 
metamaterial devices to modulate the THz radiation at high rates. To ensure that these devices work well 
in the THz region the frequency tunable metamaterial structures as well as the resonant features have to 
be optimized. The electrical parameters of vanadium dioxide thin films have been studied for the phase 
change behavior by RF-MS and post-annealing practice. It is examined as it were in two extraordinary 
administrations: hot and cold states and in the alteration temperatures, where VO2 acts like an inherent 
metamaterial with blended metallic shield character. In this extend of metallic and insulating inclusions are 
temperature adjusted and therefore a gradual change in optical parameters can be achieved. 
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Metal-based metamaterials are artificial structures 

consist of arrays of metallic components with 

subwavelength dimensions embedded in a dielectric 

background. These structures have developed taking 

after their beginning presentation [1]. It is serious 

issue for special surface recurrence applications [2] 

and change optics, e.g. cloaking [3], negative file 

materials and super-lensing [4]. Metamaterials have 

controlled electromagnetic properties. 

New metamaterials can do incredible work, (memory 

effects with negative refractive index etc.) It gives 

energizing capacities such as high-resolution imaging, 

change optics or intangibility [5,6]. Split-ring 

resonators (SRRs) are a vital components of 

metamaterial generation due to their ease of 

manufacture and demonstrating. All SRR structures 

have capacitance (c) and inductance (L) due to 

loading.  Capacitance and inductance material 

detects selectors and determines the resonant 

frequency [2]. Dynamic metamaterials which are 

designed and fabricated by integrating metal-based 

metamaterial and materials with tunable electrical or 

optical properties, show greater control over their 

resonant responses [7]. This metamaterial is a 

composite structure consisting of metallic elements 

on a dielectric substrate in shape [8-10]. As an 

alternative geometry reported in [1] for the active 

split-ring resonator (SRR) metamaterials, self-aligned, 

hybrid Ag/VO2 SRR bi-layers were designed and 

fabricated to tune the metamaterial response in the 

near-IR by controlling the resonator geometry with 

the phase transition of VO2[11]. As of now, a part of 

investigate endeavors are situated towards dynamic, 

controllable metamaterials having nonlinear 

properties [8,112] by utilizing dynamic alteration of 

the shapes of their unit cells or of the encompassing 

environment, through outside boosts [8,9]. 

On the other hand, active metamaterials which are 

designed and fabricated by integrating metal-based 

metamaterial and appear assist control over their 

resonant reactions. THz investigate and innovation 

pull in an expansive portion of this inquire about 

exertion in arrange to neutralize the confinements of 

normal materials with craved electromagnetic 

properties in this portion of the recurrence range. By 

changing the capacitance in the SRR gap using an 

optically tunable semiconductor, it is possible to 

switch the resonances from the first mode to the 

second one [5]. As an alternative geometry reported 

in [5] for the active SRR metamaterials, self-aligned, 

hybrid Ag/vanadium oxide and SRR bi-layers were 

designed and fabricated to tune the metamaterial 

reaction within the near -IR by controlling the 

resonator shape with the stage move of VO2 [6]. 

Vanadium oxide could be a promising candidate that 

shows a emotional alter in its mixed refractive record 

emerging from a basic stage move from protection 

mono clinic to metallic rutile upon either coordinate 

heating or optical pumping [13,14]. Here, using 

measured values of DC resistance, carrier density and 

carrier mass of our fabricated VO2 sample, we design 

active SRR metamaterials operating at mid-IR. The 

top view of our design is schematically outlined within 

the inset of Fig. 1. 

Fig. 1: Reflection of the considered gold SRR array for the 

absence (dotted-black) and presence of VO2 (dashed 

blue insulator phase and solid-red metal phase). The 

inset schematically shows the unit cell of the considered 

structures. Width of the gap and the arms of SRR is 100 

nm, length of the arms is 460 nm, unit cell dimension is 

900x900 nm2, and the thickness of gold is 70 nm. The 

incident plane wave in the simulation is normally 

incident to the array with the electric field perpendicular 

to the SRR arms. 
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As expected, the SRR array without the presence of 

VO2 exhibits two sharp peaks in the reflection 

spectrum corresponding to the electric and magnetic 

resonances. Once we consider VO2 in its insulator 

phase (T=20 0C), the resonances of the dashed-blue 

curve are weakened and blue-shifted, as compared to 

those of dotted-black curves. On the other hand, in 

case of increasing temperature to 80 oC and changing 

the phase of VO2 to metal, it is seen from the solid-

red curve illustrated in Fig. 1 that red-shift of those 

resonances can be observed in comparison with 

those observed in the insulator phase. In spite of the 

fact that the VO2 move is commonly controlled 

through warm infers, it has additionally been 

appeared that the VO2 move may be actuated and 

controlled through optical suggests by utilizing either 

determined wave excitation [15,16] or beat excitation 

[17, 18]. 

CONCLUSION 

To summarize, the SRR array structures without 

absence and presence of VO2 have been designed and 

simulated. Once we consider VO2 in its insulator 

phase (T=20 0C), the resonances of the dashed-blue 

curve are weakened and blue-shifted, as compared to 

those of dotted-black curves. On the other hand, in 

case of increasing temperature to 80 oC and changing 

the phase of VO2 to metal, it is seen from solid-red 

curve illustrated in Fig. 1(b). Considering deposition of 

VO2; VO2 thin film with 80 nm thickness has been 

deposited onto a c-plane sapphire wafer under 

nonreactive environment. According to Ar and O2 gas 

ratio optimization during annealing, resistance 

change has been analyzed. It has been confirmed that 

O2 gas ratio has an important effect on the electrical 

resistance measurements. 

 

Fig. 2. (a) Hysteresis loop for electrical resistance  (b) 

Reflection of the considered gold SRR array for the 

absence (dotted-black) and presence of VO2 (dashed 

blue insulator phase and solid-red metal phase). 

Electrical resistance depends on temperature. This is 

demonstrated four-probe measurements. For 

example, maximum electrical resistance change; 

transition temperature is nearly 340 K and max./min. 

resistance ratio is in the order of nearly 1.5E+3 and 

graph has been observed. Four-probe measurement 

results are shown in Fig. 2(a). Using measured value 

of DC resistance of fabricated VO2 sample, active SRR 

metamaterials operating at mid-IR have been 

designed. Designed structure is schematically 

illustrated in Fig. 2(b). 

The oxidation state of the sputtered films tried to be 

controlled by optimizing O2 ratio of the post 

annealing atmosphere. The absence of O2 in the 

annealing atmosphere prohibits obtaining a phase 

change thin film. In the case of the presence of O2, 

5% seems to be the optimum ratio for getting a phase 

change film with high max/min resistance ratio. With 

increase in O2 ratio, phase change still can be 

observed but max/min resistance ratio gets worse. 

But when O2 ratio in the annealing atmosphere 

reaches to 20%; phase change cannot be observed.  
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Abstract. Wastes like Cr (VI) contribute more and more each year to the contamination of underground and surface natural 
spring waters increases every year. The mixing of Cr (VI) into drinking water and daily use water has become a global public 
health problem. There is currently intense interest in eliminating Cr (VI) contamination in the water. Biochar-nanostructure 
composites have drawn attention as promising removal agents for their high catalytic and adsorption activity, low cost, and 
environmental friendliness. In this study, a novel composite of wild plumb kernel shell (WPKS) biochar (BC) loaded with 
SnO2 nanoparticles (SnO2/BC) was successfully prepared for the highly effective removal of Cr (VI) from aqueous solution 
under UV-light irradiation. The composite sample was structurally, morphologically and optically characterized by XRD, SEM 
and UV-visible spectroscopy analysis. Cr (VI) removal was investigated with an aqueous solution containing 5, 10 and 25ppm 
Cr (VI). Furthermore, Cr (VI) removal was also examined with 20, 30, and 40mg composite addition into an aqueous solution. 
The results indicated that superior Cr (VI) removal efficiency (~100%) for SnO2/BC nanocomposite had been achieved after 
135 minutes of UV-light illumination with 30mg composite addition into 10 ppm Cr (VI) containing aqueous solution. This 
study shows that the prepared SnO2/BC nanocomposite structure exhibits highly efficient Cr (VI) removal capacity from an 
aqueous solution. 

 
Keywords: Biochar, SnO2 nanoparticles, Cr (VI) removal, Adsorption, Photocatalysis 
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1. Introduction 
Water is the most significant and crucial resource on 
Earth, however, anthropogenic activities seriously 
pollute it. Increased levels and varieties of metal 
effluents from urban and industrial rivers are 
contaminating the water and threatening human 

health [1]. Heavy metals must be removed from 
water since they are among the many harmful 
substances found in wastewater produced by 
industrial activity. Due to its activity, solubility, and 
transformation in water, chromium has been 
recognized as one of the most dangerous metal 
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pollutants in wastewater. There are several 
applications for Cr (VI), and it is frequently used in 
numerous industrial processes. Metallurgy, 
electroplating, dyeing, tanneries, fertilizer 
production, and fungicide production are the main 
ones. Highly soluble Cr (VI) is released into aquatic 
habitats because of these activities [2, 3].  

Chromium (Cr) can be found in two different 
forms quite commonly in the wastewater 
environment.  Both trivalent chromium (Cr (III)) and 
chromium (Cr (VI)) are used to denote it; Cr (VI) is 
approximately 300 times more harmful than Cr (III) 
and may transmit in the long-distance watery 
medium due to its vast bioavailability and high-water 
solubility [4]. Depending on the potential and pH of 
the medium, it can be found in a variety of forms. 
There are primarily two very soluble forms of Cr (VI) 
(CrO4

2- and Cr2O7
2-), which are much more poisonous 

and damaging than Cr (III) [3].  
New studies on the production of low-carbon, 

environmentally friendly water cleaning products 
from carbon-containing biomass, an environmentally 
sustainable, consistent, and widely available 
resource, have gained popularity around the world. 
Biochar, an incredibly carbon-rich substance, can be 
produced by heating organic biomass, naturally 
occurring plant wastes, or plant byproducts under 
nitrogen atmospheres, which may have very low 
oxygen levels, in enclosed furnaces or reactors. 
Biochar (BC) is a carbohydrate-rich material produced 
by the pyrolysis of natural biomass with short heat 
excursions at acceptable low temperatures (600-
700°C) [5]. Polysaccharides and other cellulosic 
components of biomass are converted into carbon-
rich solids at high temperatures in a closed system. 
Biochar has a sizable surface area since so many 
micropores were created on the surface of the solid 
biomass during the pyrolysis process. Depending on 
the production conditions, the application of biochar, 
which has varied pore sizes and shapes, as an 
adsorbent in the retention of hazardous ions in water, 
significantly affects the adsorption capacity. BC 
possesses rich surface functional groups (C=O, C-O, 
COOH, COO-, -OH, etc.), a sizable surface area, 
controllable physicochemical properties, and the 
benefits of a simple raw material supply. 

The multiple methods used to remove Cr (VI) 
from wastewater include adsorption, biological 
degradation, flocculation/coagulation, electro-
dialysis, nano-filtration, photochemical degradation, 
chemical precipitation, reverse osmosis, membrane 
filtering, and oxidative degradation [6-8]. Adsorption 
is one of them, and it's frequently used for removing 
Cr (VI) in developing countries due to its improved 

effectiveness, nontoxicity, consistency, and 
affordability [3]. 

The use of metal reduction by photocatalysis is a 
non-toxic, environmentally friendly, and energy-
efficient technological solution for the issue of water-
based hazardous materials [9]. The photocatalytic 
systems don’t require reactive oxygen species and 
are safe for the environment. By using photocatalysis, 
the n-type semiconductor compound SnO2 has 
successfully removed contaminants. SnO2 has many 
advantages, including high photosensitivity, non-
toxicity, relatively inexpensive, chemical resistance, 
and high electron mobility [10]. Cr (VI), whose content 
in the aqueous phase has greatly increased, can be 
controlled well as an alternative by photocatalytic 
reduction technique. It focuses on lighting an 
energetic semiconductor photon that generates 
electron-hole (e-/h+) pairs causing photo-redox 
reactions where Cr (VI) is reduced to a less damaging 
state, particularly Cr (III) [11]. 

Metal oxide/biochar composites have extensive 
implications in the adsorption and photocatalytic 
degradation of the hazardous Cr (VI) from aqueous 
solution. The photocatalytic activity of SnO2/BC is 
significantly influenced by their production 
processes. The increased photocatalytic performance 
of the SnO2/BC composite, which may be employed 
to treat Cr (VI), is the main emphasis of this study. The 
first reports of photocatalytic reduction of Cr (VI)-Cr 
(III) in the presence of SnO2/BC nanocomposite were 
generated with this research. The BC was produced 
by heating Wild Plum Kernel Shell (WPKS) in a 
nitrogen atmosphere in a furnace. The influence of 
key process variables, such as contact time and 
amount of SnO2/BC, and Cr (VI) concentration was 
examined for Cr (VI) removal. The rate of Cr (VI) 
degradation and adsorption from aqueous solution 
were assessed. 
 
2. Materials and Methods 
2.1. Materials 

BC is prepared from the wild plum (Prunus 
domestica) kernel shells. Tin (IV) chloride 
pentahydrate (SnCl4.5H2O, 98.0%) and pure ethanol 
(C2H5OH) were obtained from Sigma-Aldrich.   

2.2. Synthesis of SnO2 nanoparticles 

Hydrothermal synthesis was used to produce 
SnO2 nanoparticles. First, 100 mL of DI-water was 
combined with 2.14 g of SnCl4·5H2O and magnetically 
agitated for one hour to produce a tin salt solution. 
After vigorously swirling the mixture, 2M aqueous 
NaOH solution was gradually added until the pH 
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reached 9.0. Then, the solution was conditioned by 
refluxing for 60 minutes at room temperature. 
Following that, 40 mL of ethanol was introduced to 
the final solution and stirred for further one hour. A 
150 mL Teflon container with a 75% fill level was used 
to deliver the concentrated white solution. The 
container was then heated to 180 oC for one day. 
Then, the white nanoparticles were separated and 
cleaned with 100% ethanol. The resultant white 
particulates have undergone a 5-hour, 100 oC oven 
drying process. The finished white SnO2 nanoparticles 
from the hydrothermal synthesis method were 
pulverized in an agate mortar.  

2.3. Fabrication of SnO2/BC composite 
Biochar and SnO2 nanoparticles that had been 

produced under the proper experimental conditions 
were used to construct the SnO2/BC composite. The 
composite was produced by combining WPKS (2.0 g) 
and previously manufactured SnO2 nanoparticles (0.1 
g). This composite powder was put into a tube 
furnace and heated to 450 oC before remaining at that 
temperature for an additional hour in an atmosphere 
of argon. After 2 hours, the tube furnace cooled to 
room temperature, and samples of the black 
nanocomposite had been formed. 

2.4. Characterization 

Using Cu-K radiation and the Bruker D8 
Advanced X-ray Diffraction (XRD) equipment, the 
phase analysis of the produced samples was 
examined (λ= 1.5406 Å) at the 20o≤ 2θ ≤70 o boundary 
values. An energy step size of 0.1 eV was used to 
record the XRD spectra. Using a ZEISS EVO LS10 type 
scanning electron microscope (SEM), the samples' 
microstructure was evaluated. Using a Cary 5000 UV-
Vis spectrophotometer, the absorption spectra 
of samples were obtained to analyze the optical 
characteristics. 

2.5. Evaluation of photocatalytic activity  

Monitoring the degradation of Cr (VI) under UV 
light irradiation and using six 8-watt Osram UV-C 
lamps as the UV light supply allowed to assess the 
photocatalytic activity of SnO2/BC composite. For 
each measurement, the sample material was added 
to the aqueous Cr (VI) solution that had been made 
with a contaminant model at a concentration of 5, 10 
and 25 ppm. The initial pH of Cr (VI) solutions 
was adjusted to 2.0, 7.0 and 10.0 adding O.1 M HCl 
and 0.1 M NaOH solution. 5 mL of the Cr (VI) sample 
was obtained from the mother solution at intervals of 
15 min irradiation, and it was instantly centrifuged at 
10,000 rpm for 5 min to separate starting samples. 

Then, on the centrifuged solutions, the highest 
absorption band (~350 nm for Cr (VI)) was detected 
using a UV-Vis spectrophotometer. To maintain a 
constant concentration during all measurements, the 
measured Cr (VI) solution and centrifuged solid 
samples were transferred back into suspension. 

3. Results and Discussion 
 
3.1. Structural Analyses 

The determination of the phases of the produced 
nanostructures was investigated using XRD studies. 
Fig. 1 and 2 display the XRD patterns of the nano 
SnO2 and SnO2/BC composites. The XRD pattern of 
the SnO2 sample shows broad peaks that formed at 
26.66°, 33.95°, 38.11°, 51.73°, and 62.26°, 
respectively, corresponding to the (110), (101), 
(200), (211), and (310) planes of the tetragonal 
crystal structure of SnO2 (JCPDS card no: 41-1445). 
The average crystallite size of the produced SnO2 
nanostructures was calculated using the Debye-
Scherrer equation to be 2.9 nm. 

 

Figure 1. XRD phase diagram of hydrothermally 
synthesized SnO2 nanoparticles. 

Fig. 2 shows XRD phase diagram of SnO2/BC 
nanocomposites. Apart from characteristic SnO2 
peaks, XRD pattern exhibits various additional peaks 
indicated the formation of mineral crystals and 
other inorganic materials. Strong peaks appeared at 
2θ= 29.1°, 36.0°, 39.5°, 43.3° and 47.5° can be 
indexed with pyrophyllite, chlorite, barite and 
hydrobiotite minerals [12] 

 

Figure 2. XRD phase diagram of SnO2/BC nanocomposites. 

3.2. Morphological Analyses  
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Exploring morphological and microstructural details 
was done using SEM micrographs of the SnO2/BC 
composite. Both composite structures, as 
represented in Figs. 3(a) and (b), maintain their 
porous biochar framework with substantial specific 
surfaces. The pores in the biochar may allow SnO2 
nanoparticles to pass through the network. 

 

Figure 3. Low and high magnification SEM 
micrographs of SnO2/BC nanocomposites. 

 
3.3. Photocatalytic properties 

The photocatalytic performance of SnO2/BC 

composite was analyzed using Cr (VI) absorbance 

under UV light irradiation. Fig. 4 shows with a rise in 

starting concentration, the reduction efficiency of Cr 

(VI) steadily declines.  

 
 
Figure 4. Effect of initial Cr (VI) concentration on the 
removal activity of SnO2@Biochar nanocomposites as a 
function of time.  
 
Hetero-systems are preferred for photocatalytic 

degradation due to their huge surface area and 

interactive effects [13], and they offer significant 

advantages for energy transfer because they make it 

easier to separate charge carriers and conduct via 

interconnected microstructures. Due to the internal 

electric field, the charge carriers move in opposite 

ways. SnO2 was chosen for this investigation due to 

its inexpensive cost, low toxicity, and chemical 

resistance across the full pH range. Its conduction 

band (CB), which sits halfway between BC and Cr(VI), 

should make it easier for electrons to travel to bound 

Cr(VI) species [14]. It is commonly recognised that the 

electron stimulation from the conduction band (CB) 

to the valance band  (VB) influences the 

semiconductor material's photocatalytic 

performance. An excited electron (e-) in CB and a hole 

(h+) in VB are the consequences of this photo-

generated excitation.  

Highly hazardous Cr (VI) can be successfully detoxified 

into low-toxic Cr (III) by removing electrons from 

semiconductor surfaces that have already been 

activated by light. The separated electrons produced 

by the SnO2 can convert Cr(VI) species to Cr(III), which 

can subsequently be removed as a solid precipitate, 

as shown in Eqs. (1) to (4) [15]: 

𝑆𝑛𝑂2/𝐵𝐶 +  ℎ𝑣 →  𝑒𝐶𝐵
−  +  ℎ𝑉𝐵

+                                          (1)   

𝐶𝑟2𝑂7
−2(𝑎𝑞) + 14𝐻+ + 6𝑒𝐶𝐵

−  →  𝑟𝑒𝑑𝑢𝑐𝑒𝑑 2𝐶𝑟3+ + 7𝐻2𝑂    (2) 

2𝐻2𝑂 + 4ℎ𝑉𝐵
+ → 𝑂2 + 4𝐻+                                                  (3) 

𝐶𝑟𝑂4
−2(𝑎𝑞) + 𝐻2𝑂 + 3𝑒𝐶𝐵

− → 𝐶𝑟(𝑂𝐻)3 +  5𝑂𝐻−          (4) 

The described Cr(VI) reduction process can only be 
enabled to take place when the CB potential of 
semiconductors rich in electrons is more negative 
than the reduction potential of  Cr(VI)/Cr(III) (0.82 V 
vs NHE) [15].  

 

Figure 5. Effect of initial SnO2/BCr content on the Cr (VI) 

removal as a function of time. 

After being reduced by photogenerated e- species, 
the surface-adsorbed Cr (VI) was stabilized on 
SnO2/BC composites. The composites first had Cr (VI) 
adsorbed on surfaces of BC, and SiO's 
photogenerated electrons were then passed over to 
the SnO2/BC composites. The reduced Cr (VI) was 
then electrostatically attracted to the BC surface 
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groups, where it was converted to Cr (III), and finally 
attached permanently. The whole methodology and 
relevant reactions for reducing Cr (VI) to Cr (III) are 
outlined by Rajapaksha et al. (2018) who discovered 
that Cr (VI) was highly adsorbed on BC at low pH 
values (2–5) and that this adsorption declined as pH 
increased, which was in close consistency with the 
surface charge of both SnO2/BC composite and Cr (VI) 
species [16].  

4. Conclusions 

In this study, the use of biochar and n-SnO2 
together to potentially remove toxic Cr (VI) from 
aqueous solutions was investigated. The new biochar 
material showed an exceptional ability to remove Cr 
(VI), and the highest adsorption capacity of SnO2/BC 
was obtained. 

 SnO2/BC contributes significantly to the 
improvement of photocatalytic performance by 
offering a perfect surface for the accumulation of 
dispersed nanoparticles, increasing the active surface 
area and quantity of active sites of the catalyst, and 
enhancing the transfer of electrons from the CB of 
SnO2 to the surface of BC. Photocatalytic experiments 
show that SnO2 nanoparticle inclusion enhances the 
degradation activity of BC. It was discovered that 
employing SnO2/BC nanocomposite, photooxidation 
under UV light for 135 minutes can obtain 
approximately 100% degradation efficiency of 10 
ppm Cr (VI) solution.  When the pH of the solution was 
adjusted to 2.0, Cr(VI) dissociation is sufficient 
compared to the higher pH values of the solution. 
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Abstract 
High entropy materials have become a cornerstone of rapid advancements in the materials world with novel and enhanced 
properties when compared to traditional multicomponent systems, making high entropy materials an active area of research 
for a variety of applications [1]. Diborides are especially interesting amongst the high entropy ceramics, due to their superb 
hardness that can be in excess of 30 GPa, and high melting temperatures, as well as the phase stabilities at low pressures, 
thus making it possible to synthesize super-hard material that do not require high pressure high temperature (HPHT) 
conditions, unlike diamond [2]. However, considering the vast phase space of the high entropy diborides, it is not feasible to 
explore the possibilities using traditional trial and error based experimentation and characterization [3]. We have conducted 
a high-throughput computation on the possible equimolar high entropy diboride compositions that can be formed from the 
nine B-group refractory elements (Hf, Mo, Ti, W, Zr, V, Nb, Cr, and Ta) and boron, in the AlB2 hexagonal crystal structure. The 
mechanical properties including elastic constants and moduli, thermal expansion, hardness, and fracture toughness have 
been calculated through ab-initio density functional theory (spin polarized DFT), similar to the successful ab-initio 
methodology we have recently applied on (HfTiZrW)B2 ceramics [4]. The most promising of the diborides were then 
synthesized experimentally by using the ultra-fast high temperature sintering method (UHS) [5], followed by their 
characterizations. We demonstrate new Ashby diagrams on the diboride phase space, and experimentally validate the 
computed data on a number of promising compositions.   

 
Keywords: DFT, high-throughput, diborides, high entropy ceramics, UHS. 
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Abstract. 

Infrared radiation-sensitive device development not only increases its popularity today but also hosts many 
different devices and applications. The importance of semiconductor materials in the market, industry, space 
research, fiber optic structures, defense, and weapon industry is increasing with the developing technology. 
Semiconductor technology has gained an advantageous position with dc, ac, and rf power supplies, with the 
composition of group VI elements from II and its usage in plasmas. By using semiconductors in plasmas, the 
infrastructure of Tokamak and fusion energies, which are currently under construction, and are considered an 
unlimited power source, is also provided. 
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Introduction 
 
Lead selenide (PbSe) with IV-VI semiconductor 
composition is a semiconductor material. They can 
operate at room temperature without the need for 
cooling from any external source. It has a direct 
band gap of 0.27 eV. It is used in the manufacture of 
infrared detectors for thermal imaging [1]. The 
mineral clostalite is a naturally occurring lead 
selenite. It can be formed by the reaction between 
lead and selenium. PbSe was one of the first 
materials to be found to be sensitive to infrared 
radiation used for military applications, and it is 
suitable for use from nanostructures to all high-tech 
structures with developing technology. For the first 
time, PbSe devices were used by the Germans, 
Americans, and British during and immediately after 
the Second World War. Infrared detonators and 
Passive Infrared Marking systems (PICs) have been 
used as photodetectors [2]. As an infrared radiation-
sensitive material, PbSe can detect IR radiation in 
wavelengths from 1.5 to 5.2 μm (medium wave 

infrared window, abbreviated MWIR). Due to its 
quantum nature, it also offers a very fast response, 
making this material an excellent candidate as a 
detector of low-cost, high-speed infrared imagers 
[3]. Lead selenite is a photoconductive material. The 
detection mechanism is based on the change of 
conductivity of the polycrystalline thin film of the 
active material when photons arrive. These photons 
are absorbed within the PbSe microcrystals and 
then cause electrons to rise from the valence band 
to the conduction band. Lead selenide is a 
thermoelectric material. Lead selenide nanocrystals 
embedded in various materials can be used as 
quantum dots [4], for example, in nanocrystalline 
solar cells. 

There is great interest in lead crystals because they 
have a number of interesting physical properties as 
well as numerous potential applications. Peak 
sensitivity is temperature dependent and ranges 
from 3.7–4.7 µm. 
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Result and Discussion 

Plasma consists of partially excited gas, electrons, 
negative ions, positive ions, and various excited 
atomic molecules [5]. 

We used Ar (Argon) gas and data in our study. 
Because Argon gas has strong discharge features at 
the point of interest and easily reacts with the III-V 
group and II-VI group semiconductor materials [6]. 

The average free path (speed) is the average 
distance traveled charges in an electric field before 
collisions. The average free path calculated for an air 
medium at 1 atm (760 Torr) pressure is 0.07 µm. 

In our research, detector performance will be 
examined by using a PbSe semiconductor as a 
cathode, with a width of D=0.025 µm and different 
anode-cathode distances, without exceeding 
atmospheric pressure. For this aim, electron density 
and migrative electron density will be taken as the 
basis. 

As seen in Fig. 1, the electron density value increases 
with the increase in pressure. While it was 1.07*1019 
1/m3 under 22 Torr pressure, it became 1.23*1019 
1/m3 under 300 Torr pressure. The system, which 
radiates in the Faraday space region at low pressure, 
glows brightly in the cathode glow region with the 
increase in pressure and is under the influence of 
hot electrons. The plasma acted like a conductive 
wire and this plasma mode corresponds to the arc 
region. 
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b 
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d 

Figure 1. D=0.025 µm d=300 µm Electron Density  a)For 
p=22 Torr b)For p=100 Torr c)For p=220 Torr d)For p=300 
Torr 
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 c 

 
 d 

 
 
Figure 2. D=0.025 µm d=300 µm Electron Density  
a)For p=22 Torr b)For p=100 Torr c)For p=220 Torr 
d)For p=300 Torr 

 

Although the electrons that flow between the anode and 
the cathode and form the plasma do not provide a 
complete plasma transition under low pressure, they are 
partially under the influence of cold electrons, but when 

the pressure value is 300 Torr, they operate in the glow 
working region. 

 

In Fig. 3, when the pressure exceeds the 
atmospheric pressure at the same D and d 
distances, the system goes to the arc region and a 
small glow is seen in the plasma system. 

 

 

 

 

 

 

a 

 

 
 

Figure 3. D=0.025 µm d=300 µm Electron Density 
and Migrative Electron Flux 

 

Conclusion 

 

Studies continue to eliminate any possible intolerance in 
the use of plasma systems and semiconductor materials, 
as well as the operation and spectral range of 
semiconductor material, by determining its use as 
detector diaphragms. The PbSe material was able to 
operate the plasma in the glow region by showing a good 
detector property under atmospheric pressure at dc 
operating power. Our study was carried out using the 
Comsol Multiphysics program. With the development of 
technology and nanotechnology, very powerful 
electronic circuits, high-speed chips, optimization, data 
security systems, cancer treatments, disinfection 
systems, thin film coating systems, and powerful lasers 
will be further developed. That will cause the 
development of many types of equipment, weapons, 
and, other vehicles used in military technology. 
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Abstract 

In this study, simulations were made with the help of Comsol Multiphysics program under atmospheric pressure placed in 
a plasma system using GaSb material. Space charge densities were found at different anode-cathode distances and between 
0.05 mm cathode diameter. Thus, the spectral working range required for a plasma system and the operation of GaSb 
material in the field of optics and IR were investigated. 
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Introduction 
 

GaSb is an important material due to its increasing 
applications in optics, electronics, and detector 
technology. It is of great importance in high-speed 
electronics, space exploration, photonic devices, 
and fiber optic technology [1]. GaSb, a group III–V 
semiconductor material, is encouraged to be used in 
microplasma cells. GaSb is a narrow band gap 
semiconductor material with direct absorption from 
the valence band to the conduction band. When the 
material is used as a cathode in plasma systems, it 
gives priority to this material due to its high-speed 
optoelectronic response to incoming radiation. The 
properties of the plasma are directly proportional to 
the quality of the cathode material and the optical 
properties of the material. With the effect of 
electrons, ions, and photons interacting with the gas 
in the plasma tube, the disintegration mechanism 
takes place between the cathode and the anode 
[2,3]. This process is also called self-sustaining 

discharges. On the other hand, optical, electrical, 
and IR wave absorption of the material used in the 
process, also known as the secondary electron 
emission mechanism, affects plasma formation very 
significantly. As it is known, plasma systems do not 
occur in all time intervals, at all wavelengths, at all 
pressures, and at the distance between each anode 
and cathode. GaSb has a lattice-matched energy gap 
between 0.36 eV and 1.61 eV [4,5]. They can work at 

room temperature. 
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Figure 1. The mesh structure of the  plasma system 

As a result of many successive ionizations in the 
plasma range, the gas emits light in the visible range 
depending on the gas type and external conditions [6, 
7]. In this study, we used commercial GaSb 
semiconductor wafers. We made our analysis with 
the help of the Comsol simulation program in the 
Argon environment. 

The optimal mesh structure required for the plasma 
solution is suitable for plasma and approximately 
76,800 mesh is used with the infinite element 
method. 

There are two types of electron populations, slow and 
fast. Fast electrons are electrons that are near the 
cathode. Slow electrons are those that are released 
as a result of the ionization effect. The red color 
represents hot energetic electrons, and the blue and 
yellow colors represent cold low energetic electrons. 

Table 1. Illumination region color formations in DC 
discharge  

Gas Cathode 
Limit 

Negative 
Glow 

 Positive 
Column 

Argon Pink Dark Blue  Dark Red 

 

When an ion hits the cathode surface, an electron is 
emitted from the cathode surface with the specified 
probabilities. These electrons then ionize when they 
gain enough energy to initiate a strong electric field 
near the cathode. The electrons gained due to the 
wall and secondary emission effects are lost to the 
wall due to random motion within a few mean free 
paths. The electron flux  [8] condition resulted in the 
following limit: 

 

n Γe  = ( (
1

2
) ve,th ne) - ∑ 𝛾𝑝 p(Γp n) 

 
(1) 

 
 
and the electron energy flux, 

 

  

n Γє = (( 
5

6
) ve,th nє) − ∑ [є𝑝 p  𝛾p (Γp n)] (2) 

  

n, number of electrons reaching the anode; γp, 

contribution margins from my potential release to total 

yield; Γp, positive ion flux;  M, reaction that contributes to 

growth; ve,th , moving mass velocity 

 

The chemical reactions occurring in the gas discharge tube 
cell [9] are given in the table below. 

Table 2. Types of collisions and reactions that take place in 
the gas discharge tube 
 

 

Result and Discussion 

  

Figure 2. d=100 m p=760 Torr Space Charge Density 

V=2000 V  

 

Collisions Collision type 
 

Δє 
(eV) 

Fixed used 
 

e+Ar=>e+Ar Elactic 0 Boltzman 

e+Ar=>e+Ars Excitation 11,5 Boltzman 

e+Ars=>e+Ar Superelastic  -11,5 Boltzman 

e+Ar=>2e+Ar+ Ionization 15,8 Boltzman 

e+Ars=>2e+Ar+ Ionization 4,24 Boltzman 

Ars+Ars=>e+Ar+Ar+ Penning 
Ionization 

- 6.2 x10-10 
cm3.s-1 

Ars+Ar=>Ar+Ar Stable 
damping 
 

- 
 

1.0 x107 s-1 
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Figure 3. d=100 m p=760 Torr Space Charge Density 

V=1500 V 

 

Figure 4. d=100 m p=760 Torr Space Charge Density 

V=1000 V 

Fig. 1, Fig.2, and Fig.3 have been obtained for the 
same distance between the anode and cathode 
(d=100 µm) and under the same pressure p= 760 Torr 
(approximate atmospheric pressure). Space charge 
density decreases when the voltage decreases from 
V=2000 V to 1000 V. The space charge density is  19.3 
C/m3 for 2000 V and 3.29 C/m3 for 1500 V and  3.01 
C/m3 for 1000V. Under 2000 V, plasma formation is 
observed with the accumulation of hot electrons 
(marked in red) in the region near the cathode, while 
plasma formation is observed at 1500 V and 1000 V 
values in the glow region. This formation shows us 
that the system can operate in this voltage and 
pressure range at room temperature without the 
need for cooling from any external source. 

 

 

 

Figure 5.  d=50 m p=760 Torr Space Charge Density 

V=2000 V 

 

Figure 6. d=50 m p=760 Torr Space Charge Density 

V=1500 V 

 

Figure 7. d=50 m p=760 Torr Space Charge Density 

V=1000 V  

When the distance between the anode and the 
cathode was 50 µm, the space charge density in the 
system increased under 2000 V DC power compared 
to 100 µm. However, when compared with a distance 
of 100 µm, GaSb material containing a direct band 
gap in the range of 1000-1500-2000 V, completely 
under the influence of cold electrons and without 
cryogenic water cooling, was found suitable for 
plasma. 
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Conclusion  

The formation and distribution of plasma depend on time 
and plasma conditions. Space charge accumulation at the 
cathode is the main reason for the secondary electron 
emission from the cathode. These charges make the 

electric field unstable and cause inhomogeneous electric 
field distribution throughout the plasma. We used the 
Comsol simulation program to obtain space charge 
accumulation in front of the GaSb cathode. We have 
noticed that space charges are directly related to the 
plasma voltage. GaSb is a very good material for the plasma 
cells when they are used as cathode. 
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Abstract.  

The GaAs electrode has been used as a cathode which is near Infrared material that causes the conversion of the Infrared 

energy to the visible one in the pressure range between 22 Torr and 760 Torr.  It has a direct narrow band gap. Electron-based 

energy graphs and plasma formations were calculated with the COMSOL simulation program. The Energy Exchange 

mechanism between the cathode and plasma occurs when the appropriate plasma conditions are reached in the system. 
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INTRODUCTION  

 
GaAs is one of the most common semiconductors in the 
III-V group, which is used in photon energy conversion 
systems that provide costly quantum efficiency, which is 
mostly used in high concentration photovoltaic systems 
[1,2]. In microdistance plasma systems, it is effective in 
improving the absorption of incoming light through the 
enhancement of light beams in the microchannel plates 
(MCP). The system transforms with the microplasma unit 
and provides the energy increase and electro-
multiplication with the MCP structure. These devices also 
form the basis of night vision devices and are also the 
head of multiplier systems. This research focused on the 
scientific understanding of the energy conversion process 
and plasma formations by examining microchannel 
plasma devices with average mean electron energies for 
various interelectrode distances and gas pressures. 
 
GaAs-containing multi-joint cells are the most suitable PV 
cells that provide 47.1% efficiency with their triple 
structure. They have been developed from the smallest 
electronic equipment to the largest satellites and for 
special applications such as space exploration. 
Simultaneous coupling of three or more in the growth 

process results in high quantum efficiency, and also 
cultivation methods such as metal-organic chemical 
vapor deposition technique contribute to their high yields 
[3]. GaAs FETs are also widely used in power amplifiers 
and receiver amplifiers and frequency converter 
applications [4-5]. The performance of the converters is a 
result of the high electron mobility of group III-V 
materials. Moreover, the TIRS focal plane houses three 
sensor chip groups consisting of GaAs quantum well IR 
detectors related to the electronic structure of GaAs and 
the design of the system [6]. 
 
In this work, an effort has been made to find undefined 
plasma parameters such as mean electron energy and 
electron current density and migrated electron flux by 
incorporating the flow of gas using the plasma module of 
COMSOL multi-physics to make clear energy conversion. 
Model results clarified the complex behavior of the 
plasma. By analyzing mean electron energies, electron 
densities also current densities, the contributions of the 
different plasma parameters for the optimal operation 
range in the material and device physics are studied. 
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2. RESULT AND DISCUSSION 
 
In our system, semiconductor materials are defined as 
cathodes, while SnO2 coated- glass is defined as the 
anode. In the first stage, the geometric structure was 
created. Then, argon gas and semiconductor have been 
chosen from the material library. COMSOL Multiphysics 
package gives the facility for the modelling of 
semiconductor-plasma systems. The numerical 
calculation is an important tool to improve our 
knowledge based on the plasma behavior inside the 
micro discharge cell with GaAs electrode and it is also 
important to increase the knowledge in the field of Dc 
micro discharges used for deposition or etching [7, 8]. The 
optimal mesh numbers used 42.560 elements. The 
programme uses gas discharge formalism and the 
required material constants to find the steady-state 
solutions for the defined simulation cell [9]. It should be 
noted that there are limited theoretical studies on the 
semiconductor- plasma structures. 
  
Townsend discharge is the gas ionization process via 
electrons accelerated in a sufficiently strong electric field, 
causing the change in electrical conductivity due to the 
increasing avalanche mechanism. When a decrease 
occurred in the number of free charges or weakened in 
the electric field, this stops the Townsend discharge. 
Townsend discharge got its name from John Sealy 
Townsend and is also known as the "Townsend avalanche 
mechanism". Avalanche means a successive reaction 
process in the plasma area for a sufficiently high electric 
field. This reaction takes place in an ionizable medium, 
such as air. When the atoms or molecules were ionized in 
an applied electric field, the positive ions move toward 
the cathode while the free electrons move toward the 
anode. If the electric field is strong enough, the electrons 
gain enough energy to release more free charge. With the 
collision of electrons with another atom or molecule, 
more electrons are released when it reaches a sufficient 
energy level. The two free electrons move together after 
advancing a little in the electric field and gaining energy 
before another collision occurs. This is an effective chain 
reaction of electron formation. The number of electrons 
moves towards the anode, increasing to 2nd in each 
collision. Here n is a collision. The limit of the number of 
avalanche multipliers is known as the Raether limit [10]. 
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Figure. 1 (a-d). a) Surface electron current densities; b) 

Surface space charge densities; c) Migrative 
electron fluxes d) Surface electron densities for 50 

m under pressure of 760 Torr 
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c 

 
d 

 

Figure. 2 (a-d). a) Surface electron current densities; b) 
Surface space charge densities; c) Migrative 
electron fluxes d) Surface electron densities for 100 

m under pressure of 760 Torr 
 
Distribution of the surface electron current densities, 
surface electron densities, surface space charge densities 
and migrative electron fluxes are shown for 760 Torr 
(atmospheric pressure) in Fig.2. In Fig. 1(a) and fig.1(a), 
the evolution of current density patterns is shown for 50 

m and 100 m. As seen from the figure, the current is 
distributed on the cathode in the form of two symmetric 

parts. For 100 m, the whole current is on the cathode 
and has the magnitude of 1.49x105 A/m2 and 1.16x105 

A/m2 for 50 m.  
  
Self-organized electron flux patterns have complex 
plasma chemistry due to nonlocal Electric field strength 
in a glow discharge. Fig. 1(c) and fig. 2(c) shows migrative 
electron flux for two d values for 760 Torr. It has higher 

value for 100 m (2.66 x1024 1/(m2.s)) than that of  50 m 
(1.96 x10241/(m2.s)for 760 Torr  
 
CONCLUSION 
 
The 3D MEE maps were calculated and drawn by the 

COMSOL simulation program, depending on the average 

electron energies of the plasma and the plasmic formation 

stages, the variation of the gap distance d and the gas 

pressure. COMSOL uses binomial Boltzmann constants 

and sub-equations to calculate electron energy 

distributions for plasma [10]. When microplasma occurs, 

plasma species production is found with reduced local 

electric field strength E/n and electron density [11]. 

Regular plasma patterns form at the plasma boundaries. It 

was observed that MEE increased with gas pressure. In a 

Dc discharge gas system with GaAs cathode, different 

electron energy distributions are observed in argon. 
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Abstract.  
Titanium is preferred for biomedical implants since suitable for biocompatibility and mechanical strength. But recently, the 
decreasing bulk weight without losing biomechanical properties is rising for ideal metallic implants. The PorouSLM project 
aimed to design and develop gyroid lattice structures in titanium plates for tissue integration using laser powder bed fusion 
(L-PBF) technology and to optimize L-PBF manufacturing parameters for thin lattice titanium structures. Mechanical 
properties of gyroid lattice structure designs which have different porosity rates were obtained by finite element analysis 
to compare literatüre and experimental data. Also manufacturing process development was completed in 3 steps from 
determined optimum energy density parameter to the fine tuning parameters to achieve almost full dense parts production. 
Cleaning process was developed to remove unmelted powders which adhered to the part surface without detrimental 
degradation which causes mechanical strength loss. Gyroid lattices in titanium mini plates are investigated to match the 
mechanical properties of current commercial plates.  
 
Keywords: Osteosynthesis Miniplate, Titanium, Gyroid, Laser Powder Bed Fusion 

© 2022 Published by ICMATSE 

Introduction 
Ti6Al4V alloy osteosynthesis implants made with 
traditional methods in the market cannot show ideal 

implant properties due to disadvantages such as 
high mechanical strength, stress protection effect 
and low ductility [1]. Commercial pure titanium (cp-
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Ti) implants, which are free of Al and V toxic effects 
and have controlled pores that can achieve the 
mechanical properties of bone, can be produced 
with L-PBF (Fig. 1) to solve disadvantages of Ti6Al4V 
[2]. The aim of this study is to manufacture high-
density cp-Ti parts and to develop a process for 
creating thin walled gyroid lattice structures that 
eliminate defects that may occur during the process. 
Then, the cleaning process is applied to remove 
unmelted powder from strut surface of porous 
structure without detrimental degradation which 
causes mechanical strength loss. 

 
Figure 1. Laser Powder Bed Fusion technology Process and 
Equipment [3] 

Methods 
Gyroid latticed cubic designs were created with 3 
mm unit cell size (UCS) and various strut thickness 
(ST) from 0,3 to 0,7 mm by nTopology Software. 
Compression tests of created gyroid cubic models 
were completed with adding 2 solid plates to up and 
down of gyroids via Finite element analysis (FEA) in 
ANSYS software. Elastic modulus values were 
calculated and investigated with different porosity 
rates of gyroid designs. Manufacturing process 
development started with thin wall and L-PBF 
manufacturing parameter optimization using with 
ASTM F67 cp-Ti (EOS TiCP Grade 2) powder in L-PBF 
process (EOS M290) to reach full dense parts. Then 
gyroid lattice structures were manufactured with 
fine tuning parameters to improve dimensional 
accuracy. Stereomicroscope and metallography 
density measurements were made for post 
production characterization. Chemical etching was 
applied to gyroid parts into acid solution following 
with ultrasonic bath and dried for cleaning process. 
Mass loss and strut thickness loss were investigated. 

 
Figure 2.  (Left) Gyroid lattice design, (Middle) Gyroid 
model with 2 solid plate for FEA compression test, (Right) 
Compression FEA deformation of gyroid. 

Results 
As the porosity increased, the elastic modulus ratio 
decreased (Table 1). Obtained data was consistent 
with the hook's law. In addition, FEA results were 
consistent with the gyroid titanium lattice structures 
given in the literature. 
Table 1. Elastic modulus values of gyroid designs at 

different porosity rates via FEA 
Design Porosity 

Rate (%) 
Elastic 
Modulus (GPa)  

3 mm UCS-0,3 ST 80,63  3,1 
3 mm UCS-0,5 ST 67,63  6,0 
3 mm UCS-0,7 ST 54,44   9,9 

As a result of production parameter optimization, 
the production of the parts with almost fully dense 
(Fig. 3) and geometric accuracy (Fig. 4) was achieved. 
In addition, the cleaning process test will be 
repeated in less than 12 minutes since unwanted 
micro-pits are formed on the surface. 

 
Figure 3. Produced part which has almost full dense.  

 
Figure 4. Produced gyroid lattice part. 

Conclusion 

The design and production final parameters have 
been determined, and the gyroid lattice structure 
will be integrated into the mini plate and produced 
at the specified L-PBF production parameters.
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Abstract. Here, we speak about the importance of adopting creativity and innovation in research and development to solve 
challanging global problems such as climate change, pandemics, energy crisis, etc. Typically in PhD projects, researchers aim 
to complete their doctoral work by publishing research papers in peer reviewed journals and working on some form of 
novelty (big or little), which is introducing something new, either new process, new material, new characterisation techique 
or even application. However, novelty is different from innovation. We will give examples of the difference in the two in the 
presentation. Novelty is simply described as an incremental change to an existing product, process etc. Whereas, innovation 
is the successful implementation of new creative ideas to develop something brand new. True innovation changes the way 
industries operate and is a game changer for business creation and societal impact. Substantially more needs to be done to 
support researchers wanting to do innovative work and to consider entrpeneurship to translate innovative research to 
market and commercialisation, and over time contribute to global sustainable development goals.      
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It’s very important to understand why one needs 
to innovate. We innovate to solve problems. In the 
last 2 years, we see how the different innovative 
covid vaccinations have been helping to save 
millions of lives around the world by providing 
protection to humans from the deadly coronavirus. 
To innovate, it’s crucial to come up with creative 
and novel ideas. It’s better to collaborate with 
more people to come up with ‘best’ ideas. Ideas 
are the powerhouse for your invention. It’s not 
necessary that you use sophisticated techniques to 
innovate. The discovery of graphene took place 
using a simple scotch tape method, and 
persistence.   

Researchers publishing papers in journals are 
making a limited impact because publishing is a slow 
process and not everyone reads journal papers, 
especially the public and entrepeneurs. We work in 
the lab each day and encounter problems, which if 
we don’t solve could be a risk, however, we solve 
them without actually thinking about it (Figure 1). 
Some of these steps can be ‘inventive’. This means 
we are doing innovation daily and with time we are 
doing more and more. By sharing our experiences 
with others we create usefulness, and with this chain 

continuing to grow in spreading innovative steps and 
innovation a momentum is created which impacts 
the scientific community and the society (Figure 2).     

 
 
 
 
 
 
 
 

Figure 1. Outcomes of solving/not-solving problems. 

Figure 2. Building a growing momentum in taking more 
inventive steps and doing more innovation by sharing 
experiences 
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Abstract. Human vitreous is a gelatinous substance that is predominantly composed of collagen fibril, hyaluronic acid (HA) 

and water (97–99%). Vitreous substitutes are needed to tamponade the detached retina after vitrectomy when treating 

retinal detachments. However, several drawbacks associated with current vitreous substitutes have been reported. In the 

present study, we developed a colorless, transparent and injectable hydrogel as a vitreous substitute that was formed by 

oxidated HA (oxi-HA) and adipic acid dihydrazide (ADH). The results of biodegradation demonstrated that the hydrogel could 

maintain its gel matrix over at least 35 days depending on the ADH concentration. In addition, the biocompatibility was 

evaluated on a retina pigmented epithelium (RPE) cell culture following ISO 10993-5 (tests for in vitro cytotoxicity), and the 

hydrogel was found to be nontoxic. This study suggested that the injectable oxi-HA/ADH hydrogel could fulfill many critical 

elements that are desirable in vitreous substitutes. 

 
Keywords: 

© 2022 Published by ICMATSE 

 

 

 

 

mailto:double@ntu.edu.tw


October 27- 29 2020
Gazi University Ankara / TURKEY

icmatse.org

INTERNATIONAL CONFERENCE ON

ADVANCED MATERIALS SCIENCE &

ENGINEERING AND

HIGH TECH DEVICE APPLICATIONS

ISBN: 978-625-00-1052-5


