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ONSOZ
Sevgili Katilimcilar,

3. Ulusal Karbon Konferansi (3. UKK) Prof. Dr. Can Erkey ve Dr. Selmi Erim Bozbag’in
baskanliginda Ko¢ Universitesi'nde 11-12 Mart tarihlerinde ¢evrimici olarak yapilmustir.
Konferans Kog¢ Universitesi, Sabanci Universitesi, Istanbul Teknik Universitesi, Eskisehir
Teknik Universitesi, Ankara Universitesi ve Karbon Dernegi tarafindan ortaklasa diizenlenmis
ve Kog Universitesi Tiipras Enerji Merkezi’nin (KUTEM) sponsorlugunda gerceklesmistir. 3.
UKK'da, Karbon bilimi ile ilgilenen akademisyen, sanayici, 6grenci, ve is insanlarinin bir araya
getirilmesi ve Karbon bilimi ve teknolojisindeki son gelismelerin paylasilmasi amaglanmustir.
3. UKK icin Karbon Fiber ve Kompozitler, Karbon Malzeme Hammaddeleri, Enerji
Depolamast ve Doniigiimii, Nanoteknoloji ve Nanomalzemeler, Karbonun Biyoteknoloji
Uygulamalari, Karbon Yakalama ve Depolama konularinda 6zet bildiriler sunulmustur.
Konferansta sunulan bildirilerin 6zetleri bu kitapta toplanmistir. Konferansin hazirlanmasinda
emegi gecen herkese ¢cok tesekkiir ederiz.

Saygilarimizla.
Konferans Es Bagkanlari

Prof. Dr. Can Erkey, Kog Universitesi, Kimya ve Biyoloji Miihendisligi Béliimii
Dr. Selmi Erim Bozbag, Kog Universitesi, Kimya ve Biyoloji Miihendisligi Boliimii
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POSTER SUNUMLAR
1. GUN - 11.03.2021

11:40 — 12:10 / Oturum Baskani: Dr. Selmi Erim Bozbag / Kog Universitesi

Enhancing Electrochemical Hydrogen Evolution Performance of Graphene in Acidic Medium by
Heteroatoms Co-doping with Nitrogen and Boron

Esaam JAMILY, Adnan TASDEMIR?, Selmiye Alkan GURSELY2 Alp YURUM 2

1Sabanci University, Faculty of Natural Science and Engineering, 34956, Istanbul, Turkey 2 Sabanci
University Nanotechnology Research and Application Center (SUNUM), 34956, Istanbul, Turkey
*ejamil@sabanciuniv.edu

Synthesis of Hyper Coal/PFO Hybrid Pitches as Carbon Foam Precursor

Gamzenur OZSIN'", Murat KILIC?, Esin APAYDIN-VAROL?, Ayse E. PUTUNS3, Ersan PUTUN*
!Chemical Engineering Department, Bilecik Seyh Edebali University, Bilecik, Turkey,11230
2Chemical Engineering Department, Eskisehir Technical University, Eskisehir, Turkey 26555
3Chemical Engineering Department, Anadolu University, Eskisehir, Turkey 26555 *Materials
Science and Engineering Department, Anadolu University, Eskisehir, Turkey 26555
*gamzenur.ozsin@bilecik.edu.tr

A New Class of Metal and N-Doped Carbon Aerogels Derived from Crosslinked lonotropic
Alginate Aerogels as Electrocatalysts for ORR

Sansim Bengisu Barim?, Grigorios Raptapoulos?, Patrina Paraskevopoulou?, Can Erkey®"

!Chemical and Biological Engineering Department, Kog University, istanbul, 34450, 2Department of
Chemistry, National and Kapodistrian University of Athens, Athens, 34469

*cerkey@ku.edu.tr

Graphite Electrode Manufacturing and Characterization

Ayse ERDEM"", Yagmur INAL EMIROGLUY, Mehmet COTELI%, Ebru KAVUKCU?, Yurdaer
BABUCCUOGLU?, M. Ferhat YARDIM?

IMTA Genel Miidiirliigii, Maden Analizleri ve Teknolojisi Daire Bagkanligi, Cukurambar Mahallesi
Dumlupinar Bulvari No: 33/A 06530 Cankaya/ANKARA 2Kimya Miihendisligi B6liim{, istanbul
Teknik Universitesi, istanbul, 34469

*ayse.erdem@mta.gov.tr

Preparation of S-doped graphene oxide based electrodes and supercapacitor applications
Melih Besir Arvas!®, Hurmus Gursu?, Metin Gencten?, Yucel Sahin?

!Department of Chemistry, Yildiz Technical University, Istanbul, 34220, 2Department of
Metallurgical and Materials, Yildiz Technical University, Istanbul, 34220
*mbesirarvas@gmail.com
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1. GUN - 11.03.2021

15:00 — 15:40 / Oturum Baskani: Dog. Dr. Gamzenur Ozsin / Bilecik Seyh Edebali Universitesi

Preparation and Characterization of Activated Carbon from Agricultural Residues via Flash
Heating Method

Aygiil YURTAY" and Murat KILIC

Chemical Engineering Department, Eskisehir Technical University, Eskisehir, 26555.
*aygulyurtay@eskisehir.edu.tr

Azot Katkili Grafen Oksit Esasli Malzemelerin Jel Tipi Kursun Asit Akiiler igin Katki Maddesi
Olarak Kullanilmasi

Abdulmecit MANSUROGLUY", Metin GENCTEN?, Melih B. ARVAS?, Mutlu SAHIN?, Yiicel SAHIN?
Yyildiz Teknik Universitesi, Kimya Metalurji Fakiiltesi, Metalurji ve Malzeme Miithendisligi Bslimdi,
istanbul, 34220, 2Yildiz Teknik Universitesi, Fen Edebiyat Fakiiltesi, Kimya Bélimdi, istanbul, 34220
3Yildiz Teknik Universitesi, Egitim Fakiiltesi, Matematik ve Fen Bilimleri Egitimi B&limii Fen Bilgisi
Egitimi B6Iim{, istanbul, 34220

*mansuroglu45@gmail.com

Plasma CVD systems for Carbon

Lutfi Okstiz">3, Orkun Nuri Asan?, Emir Baran Ozkaptan?, Aysegiil Oksiiz2

'Fizik Bsliimi, Fen Edebiyat Fakiiltesi Siileyman Demirel Universitesi, Isparta, 32200, 2Kimya
Bolimi, Fen Edebiyat Fakiiltesi Siileyman Demirel Universitesi, Isparta, 32200, 3Plazmatek inc
Siileyman Demirel Universitesi Teknopark, Isparta, 32200

www.plazmatek.com , *|lutfi@plazmatek.com , loksuz@gmail.com

HF-Free Synthesis of Mordenite, SSZ-13 and SBA-15 Templated Carbons

Selmi Erim Bozbag!", Sansim Bengisu Barim?, Can Erkey’?

!Chemical and Biological Engineering Department, Kog University, Istanbul, Turkey 2Kog University
Tlpras Energy Center (KUTEM), Kog University, Istanbul, Turkey

*sbozbag@ku.edu.tr

B12 Vitamininin Elektrokimyasal Tayinine Yoénelik Karbon Esasli Sensor Gelistirilmesi
Ebrar Dokur", Ozge Gérdiik, Yiicel Sahin

Yildiz Teknik Universitesi, Fen-Edebiyat Fakiiltesi, Kimya Bélimd, istanbul, Tiirkiye
*ebrardk@gmail.com

Tekstil Atiklarindan Esnek Yapili Karbon Malzeme Gelistirilmesi

Giilsen Yagmur KAYALAR®, Murat KILIC

Kimya Miihendisligi B6limii, Eskisehir Teknik Universitesi, Eskisehir, 26555
*gykayalar@eskisehir.edu.tr
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2. Gun -12.03.2021

13:20 — 14:00 / Oturum Baskani: Dr. Ogr. Uyesi Murat Kilig / Eskisehir Teknik Universitesi

The impact of nitrogen doping on Li storage capacity and cyclability compared to reduced
graphene oxide as anode material in lithium-ion batteries

Adnan TASDEMIRY", Buse BULUT KOPUKLU?, Ahmet Can KIRLIOGLU?, Selmiye ALKAN GURSELY?,
Alp YORUM?

1Sabanci University, Faculty of Natural Science and Engineering, 34956, Istanbul, Turkey 2Sabanci
University Nanotechnology Research and Application Center (SUNUM), 34956, Istanbul, Turkey

*adnan.tasdemir@sabanciuniv.edu

Karbon Nanotiip/Nikel-Ftalosiyanin Hibrit Malzemesi ile Modifiye Edilmis Grafit Elektrot
Kullanilarak Elektrokimyasal NADH Tayini

Ebrar DOKUR, Selen URUC*, Ozge GORDUK, Yiicel SAHIN

Kimya B&limii, Fen-Edebiyat Fakiiltesi, Yildiz Teknik Universitesi, istanbul, 34220, Tiirkiye.
*selentahtaisleyen@gmail.com

Biyokiitlenin Karbonizasyonu ile Elde Edilen Kat1 Uriiniin Katalizér Destek Malzemesi Olarak
Degerlendirilmesi

Elif YAMAN®", Fatma Ozge GOKMEN?Y, Sinan TEMEL?, Nurgiil 0ZBAY?

!Merkezi Arastirma Laboratuvari, Bilecik Seyh Edebali Universitesi, Bilecik, 11230 *Kimya ve Siire¢
Miihendisligi B&limd, Bilecik Seyh Edebali Universitesi, Bilecik, 11230

*elif.yaman@bilecik.edu.tr

Farklh indirgeme Prosediirlerinin rGO Kagitlarin Elektrokimyasal Performansina Etkisinin
incelenmesi

Esra ATALAY MOLLAMEHMETOGLU", Murat ALANYALIOGLU

Kimya Béliimii, Fen Fakiiltesi, Atatiirk Universitesi, 25240, Erzurum,

*esra.tly@gmail.com

Molibden Dilsiilfit Esasli Elektrot Malzemelerinin Hazirlanmasi ve Siiperkapasitif Ozelliklerinin
incelenmesi

Ozge DEMIR®", Metin GENCTEN?, Yiicel SAHIN?

LYildiz Teknik Universitesi, Kimya Metalurji Fakiiltesi, Metalurji ve Malzeme Miihendisligi B&limii,
istanbul, 34469, 2 Yildiz Teknik Universitesi, Fen Edebiyat Fakdltesi, Kimya Béliim{, istanbul, 34469
*demirzade1994@gmail.com
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2. Gun -12.03.2021

14:40 - 15:10 / Oturum Baskani: Dog. Dr. Esin Apaydin Varol / Eskisehir Teknik Universitesi

Production of Composite Electrodes Containing Carbon Materials & Coordination Complex for
Supercapacitors Applications

Hilal YILDIRIM KALYON®", Semih GORDUK?, Metin GENCTEN?, Yiicel SAHIN?

!Department of Metallurgy and Materials Engineering, Faculty of Chemical and Metallurgical
Engineering, Yildiz Technical University, Istanbul, Turkey 34210, 2 Department of Chemistry,
Faculty of Arts and Sciences, Yildiz Technical University, Istanbul, Turkey, 34210

*hlalyildirim @gmail.com

Improving Activated Carbon Surface Properties by Biomimetic Method

Aygiil YURTAY?, Murat KILIG?"

Chemical Engineering Department, Eskisehir Technical University, Eskisehir, 26555.
*aygulyurtay@eskisehir.edu.tr

Agir Metal iyonlarinin Membran Filtrasyon ile Giderimi ve Voltametrik Tayinine Yonelik Grafen
Esasli Esnek Materyallerin Uretimi

Elif ERCARIKCI", Murat ALANYALIOGLU

Kimya Béliimi, Atatiirk Universitesi, Erzurum, 25100

*elif.ercarikci@atauni.edu.tr

Vanadyum Katkili Polianilin Esasli iletken Polimerlerin Uretimi ve Siiperkapasitérlerde Elektrot
Malzemesi Olarak Uygulamalarinin incelenmesi

Betiil OK'*, Metin GENCTEN?, Melih B. ARVAS?, Yiicel SAHIN?

1 Yildiz Teknik Universitesi, Kimya Metalurji Fakiiltesi, Metalurji ve Malzeme Miihendisligi
Boliimd, istanbul, 34469, 2 Yildiz Teknik Universitesi, Fen Edebiyat Fakiiltesi, Kimya Bélim{,
istanbul, 34469

*petulok95@gmail.com
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Carbon dielectrics - a new chapter in the electrical behavior of
carbons

Dedicated to the memory of Professor M.S. Dresselhaus*

Professor D.D.L. Chung (Deborah Chung)
Department of Mechanical and Aerospace Engineering,
University at Buffalo, The State University of New York
http://en.wikipedia.org/wiki/Deborah_Chung

The electrical behavior of carbons in the graphite family (including graphite, turbostratic carbon,
carbon fiber/nanofiber/nanotube and graphene) has been widely studied, due to its relevance to
electronic and electrochemical applications. The high electrical conductivity and carrier mobility in the
plane of the carbon layers have attracted much attention, particularly in relation to graphene. However,
the dielectric behavior has escaped attention, due to the presumption that the high conductivity makes
the dielectric behavior negligible. Recent work by the speaker has shown that carbons exhibit significant
dielectric behavior that is important both scientifically and technologically. The dielectric behavior
occurs without the need for poling (in contrast to ceramic dielectrics that need to be poled) and stems
from the interaction of a small fraction of the carriers (electrons/holes) with the atoms. The electric
permittivity (a material property that relates directly to the capacitance) increases greatly with
decreasing grain size, indicating that the carrier-atom interaction occurs at the grain boundaries. The
polarization results in an opposing electric field, which impedes conduction. Due to the carrier-atom
interaction, the unpoled carbons are also electrets (permanent electric dipoles), thereby serving as
energy sources that discharge upon short-circuiting and self-charge upon open-circuiting.

* D.D.L. Chung, "Mildred S. Dresselhaus (1930-2017)", Nature 543, 316 (2017)
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Graphene and 2D Materials: Fabrication and Applications

Hui-Ming Cheng?*

Shenyang National Laboratory for Materials Science, Institute of Metal Research, CAS, Shenyang
110016, China;

2Shenzhen International Graduate School, Tsinghua University, Shenzhen 518055, China
*cheng@imr.ac.cn or hmcheng@sz.tsinghua.edu.cn

Graphene and other 2D materials have unique properties and is expected for various applications.
But there are challenges of how to realize large-scale fabrication of high-quality graphene and other 2D
materials.

First, we developed a green electrochemical exfoliation process to produce graphene materials with
high quality and in large quantity Second, we developed an ambient pressure CVD to synthesize single
crystal graphene grains and films. Moreover, we invented an electrochemical bubbling method to
transfer these grains and films. Large area and continuous graphene transparent conductive films are
produced by an integrated R2R process of CVD and bubbling transfer. Third, we have developed a
template-directed CVD. With Ni foam as template, a 3D graphene macrostructure, so-called graphene
foam (GF), has been synthesized.

Both CVD and exfoliation are also powerful methods to obtain other 2D materials such as transition
metal disulfides and h-BN. For example, we developed a grinding exfoliation technology with the
assistance of intermediaries for efficient exfoliation of layered materials. This method can be used for
mass production of many 2D materials, such as h-BN, black phosphorus, and MoS2, with very high
yield and high efficiency. By using CVD, we have grown high quality monolayer WS2 and WSe2 single
crystals and films, ultrathin carbide crystals, and a new 2D material of MoSi,N4, which show excellent
physical properties.

Finally, these graphene and 2D materials can be widely used in energy storage, composites, thermal
management, and opto/electronic applications.
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Graphene-based Technologies for Energy Conversion & Storage
Applications

Selmiye Alkan Girsel2”, Begiim Yarar Kaplan?, Adnan Tasdemir?, Buse Bulut Kopuklit, Navid
Haghmoradi', Esaam Jamil*, Ahmet Can Kirlioglu!, Alp Yrim?

Faculty of Engineering and Natural Sciences, Sabanci University, Istanbul 34956, Turkey
2Sabanci University Nanotechnology Research and Application Center (SUNUM), Sabanci
University, Istanbul 34956, Turkey
*selmiye@sabanciuniv.edu

Graphene, as a unique, single-atom thick layered structure of carbon, can be utilized for various
applications especially for energy including fuel cells, batteries and supercapacitors. The previous
reports have revealed that graphene and its derivatives with spectacular theoretical electrical, and
mechanical properties could be used as highly efficient electrodes in various energy related applications.
Nevertheless, the crucial role of graphene-based materials in providing the reliable solid-state support
for fuel cells, Li-air and Li-ion batteries should be explored. Polymer electrolyte membrane (PEM) fuel
cells are attractive for portable, stationary and automotive applications while there are still challenges
because of cost and durability issues. Especially, platinum (Pt) nanoparticles, used as catalyst in PEM
fuel cells, have high cost, performance and durability problems and low abundance as well. Catalyst
support materials are of great importance in regulating the properties of catalyst nanoparticles such as
shape, size, and dispersion. Carbon black, the most commonly used commercial catalyst support, has
several limitations which cause the degradation of catalyst activity and performance. The use of
graphene as the catalyst support due to its high surface area, high conductivity and chemical stability,
could lead to an improvement in both catalytic activity and catalyst utilization in PEM fuel cells [1].
The deposition of metal nanoparticles on graphene layers results in formation of a heterogeneous
catalyst system which further leads to decrease in metal catalyst consumption, and leaching, while
increasing the catalytic activity via high charge mobility of the graphene-based support. In the present
work, graphene nanoplatelets, reduced graphene oxide, functionalized graphenes and various hybrids
of graphene have been employed as the catalyst support. Graphene supported Pt nanoparticles were
prepared by means of impregnation-reduction, microwave-assisted deposition, photocatalytic
deposition, supercritical carbon dioxide deposition, surfactant assisted deposition methods. Highly
dispersed and uniformly decorated 2-3 nm Pt nanoparticles with significantly better electrocatalytic
activity and fuel cell performances compared to commercial carbon black nanoparticles were achieved
[1,2]. Graphene based materials are also promising candidates for energy storage applications such as
Li-ion and Li-air batteries, especially when used as a substrate for metal oxides, because of their high
theoretical capacities. We aimed to simultaneously enhance the electronic and ionic conductivities of
the active material in the anode by adding graphene as a conductive component. For a stronger
attachment, titania nanotubes are hydrothermally grown on nitrogen doped graphene oxide (NrGO)
sheets in an aqueous medium. This novel 3D architecture resulted in a reduction of conductive additive
components, such as carbon black, and enhanced the overall performance of the anode [3]. Moreover,
cerium oxide-based catalysts were decorated on NrGO in order to achieve structures with stable
capacity for Li-air batteries.

References

[1] E. Quesnel, F. Roux, F. Emieux, P. Faucherand, E. Kymakis, G. Volonakis, F. Giustino, B. Martin-
Garcia, 1. Moreels, S. Alkan Giirsel, et al., ‘Graphene-based technologies for energy applications,
challenges and perspectives’ 2D Mater., 2, 030204 (2015)

[2] S. Abdolhosseinzadeh, S. Sadighikia, S. Alkan Giirsel, ‘Scalable synthesis of sub-nanosized
platinum-reduced graphene oxide composite by an ultra-precise photocatalytic method’ ACS
Sustainable Chem. Eng. 6, 3773 (2018)

[3] S. Mehraeen, A.Tasdemir, S. Alkan Girsel, A. Yirim, ‘Homogeneous growth of TiO2-based
nanotubes on nitrogen-doped reduced graphene oxide and its enhanced performance as a Li-ion battery
anode’ Nanotechnology 29, 255402 (2018)
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Investigation of Electrochemical Behavior of Fe (11) With Carbon-
Based Electrodes in Redox Flow Batteries

Niliifer KOCYIGIT*?", Metin GENCTEN?, YUCEL SAHIN'

! Department of Chemistry, Yildiz Technical University, Istanbul, 34220,
2Department of Pharmacy, Biruni University, Istanbul, 34010,
% Department of Metallurgical and Materials, Yildiz Technical University, Istanbul, 34220
*niluferkocyigit7 @gmail.com

In the recent times, rapid rise in global energy demand leads to concern about depletion of fossil
fuels. For this reason, there has been given importance to alternative clean energy sources like solar
energy, wind energy etc, and also electrochemical energy and storage systems to clean energy
manufacture [1]. Lead acid, Li-ion, metal-air, Ni-Cd, supercapacitors, redox flow batteries (RFBs) can
be given to as electrochemical energy and storage systems. Batteries have some disadvantages such as
Pb is harmful to environment, Cd has toxic property, Li-ion batteries have a short life span of 2 to 3
years from date of production, supercapacitors have low energy density [2]. For large-scale energy
storage RFBs are well suited and have an important place in storage applications. Among the most
known redox flow batteries (RFBs), vanadium redox flow battery (VRFB), was found in University of
New South Wales by Skyllas-Kazacos and colleagues. RFBs have advantages such as high energy
efficiency, long cyclic life, have a high rate of charge-discharge efficiency, no self-discharge problem
etc. A RFB system consist of electrode, electrolyte and membrane. The precipitation of V(V) ions at
higher than 40 °C temperature and low cell potential (~1,26 V) are important issues for the VRFBs [3].
For this reasons, redox flow batteries containing different ion pairs such as V-Co, Co-Cr etc. are being
studied.

In this study, iron (II) ion was studied by electrochemically for a new redox flow battery.
Electrochemical behaviours of pencil graphite electrode were examined in different acid solutions
(H2SO4 and HCI) and including of Fe (II) ions. Optimization of acid and Fe(Il) concentration were
performed using differential pulse voltammetry (DPV) and electrochemical impedance spectroscopy
(EIS) methods. Anodic/cathodic peak current densities and capacities were investigated by using DPV.
Furthermore, solution resistance (Rs), charge transfer resistance (Rct) and Warburg impedance (W)
values determined by using EIS analysis. In the prepared electrolyte solution, the mass transfer
mechanism was determined by CV. Also, chemical stability of electrode was studied by cyclic
voltammetry and then the changes of surface on carbon based electrode were explored by scanning
electron microscope (SEM) images.

References

[1] M.G. Ersozoglu, H. Gursu, M. Gencten, A.S. Sarac, Y. Sahin, A green approach to fabricate
binder-free S-doped graphene oxide electrodes for vanadium redox battery, Int. J. Energy Res.
(2020). doi:10.1002/er.5906.

[2] M. Gencten, Y. Sahin, A critical review on progress of the electrode materials of vanadium redox
flow battery, Int. J. Energy Res. (2020). doi:10.1002/er.5487.

[3] N. Kocyigit, M. Gencten, M. Sahin, Y. Sahin, A novel vanadium/cobalt redox couple in aqueous

acidic solution for redox flow batteries, Int. J. Energy Res. 44 (2020) 411-424. doi:10.1002/er.4938.
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Preparation and Characterization of Metal Oxide Loaded
Activated Carbon Anodes for Li-ion Battery Applications

Murat KILICY, Yagmur GUNER?, Gamzenur OZSIN®, K. Burak DERMENCI?,
Esin APAYDIN-VAROL?, Servet TURAN*

'Chemical Engineering Department, Eskisehir Technical University, Eskisehir, Turkey 26555
2Metallurgy and Materials Engineering Department, Pamukkale University, Denizli, Turkey, 20160
%Chemical Engineering Department, Bilecik Seyh Edebali University, Bilecik, Turkey,11230
“Materials Science and Engineering Department, Eskisehir Technical University, Eskisehir, Turkey
26555
*mkilic3@eskisehir.edu.tr

Today, the need for clean energy is of vital importance due to the depletion of limited resources
of petroleum-based fuels and the need to minimize problems such as environmental pollution and global
warming. In this context, renewable energy sources such as rechargeable batteries, supercapacitors and
solar cells are promising applications. Among these applications, lithium-ion batteries are highly
efficient rechargeable batteries that can easily be adapted to many engineering areas. The most essential
factors in the search for suitable materials for negative electrodes, the main components of lithium-ion
batteries are safety, economy, and nontoxicity. Carbon-based negative electrodes such as graphite do
not cause any safety problems. However, they have limited theoretical capacity, and hence various
modifications are made to increase their capacity.

In this work, it was aimed to prepare high-capacity and environmentally friendly negative
electrodes by evaluating activated carbons produced from waste materials and loading them with
various metal oxide compounds. For the preparation of metal-oxide coated carbon-based composites,
hydrothermal and precipitation methods were selected since these methods can easily regulate the
chemical condition of the desired metal oxide. In the selection of these methods, low temperature
operating conditions and the feasibility of manufacturing bulk quantities of electrode materials also play
a role. In order to examine the effect of the synthesis method on the surface chemistry, chemical
structure, morphology and pore features of the metal oxide/activated carbon composite, the metal-oxide
coated AC samples were characterized by different methods. Electrodes prepared by the synthesized
composites have been used as anodes within CR2032 type coin cells. To assess the effect of metal oxide
loading on the electrochemical performance, cells were subjected to galvanostatic charge & discharges
at a constant rate of 100 mA/g. The capacity retention after 80 cycles was discussed as a function of
metal oxide participation. The metal oxide loading method had a significant influence on surface
chemistry, surface area and the subsequent electrochemical efficiency of fabricated supercapacitors
based on activated carbon. For further improvements, a thorough analysis of the experimental
parameters of surface chemistry, porosity and structural characteristics of activated carbon anodes
loaded with metal oxide is still required to evaluate the utilization of these materials as an effective and
alternative low-cost anode material.
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Hydrogen has been attracting increasing interest for energy storage and also as a fuel for
decarbonization of many industries. Green hydrogen is obtained by splitting of water in electrolyzers
using renewable energy. Hydrogen can also be fed to fuel cells to generate electricity with no green
house gas emissions. Development of highly active electrocatalysts for PEM electrolyzers and fuel cells
1s necessary for widespread utilization of hydrogen. Nanostructured aerogels are a unique and versatile
class of materials due to their very low density, high porosity, high surface area, open and interconnected
pores. The ability to control their pore and surface properties makes them particularly attractive.
Electrically conductive carbon aerogels have a lot of potential for utilization as electrocatalysts or
hosts(supports) to electrocatalytically active species in electrolyzers and fuel cells. High surface area
and hierarchical pore structure of aerogels provides efficient control over the rates of diffusion of
reactants and products and results in excellent dispersion and high accessibility of active sites while
high electrical conductivity facilitates rapid electron transfer. The studies carried out in our laboratory
on carbon aerogels derived from a wide variety of organic aerogels by pyrolysis and graphene aerogels
will be described. Particularly, factors which control the electrochemical activities of aerogel supported
Pt nanoparticles, aerogel supported dealloyed Pt nanoparticles and precious metal free acrogels for the
oxygen reduction and hydrogen evolution reactions will be discussed.
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Doniisiim (conversion)-tipi negatif elektrot malzemeleri, ticari grafit anotla karsilastirildiginda
daha yiikksek lityum iyonu depolayabilmelerine olanak saglayan kristal yapilart sebebiyle
elektrokimyasal enerji depolama sistemleri i¢in umut vadeden malzemelerdir. Bu tip malzemelerden
manyetit (Fe;O4) teorik olarak 927 mAh g! kapasiteye sahip olmasi, dogada bol bulunmasi ve gevreye
zararli olmamasi bakimindan oldukga ilgi ¢cekmesine ragmen, elektrokimyasal ¢evrimler esnasinda
ciddi hacim degisiklikleri yasamakta ve parcalanarak elektrottan kopmaktadir. Bunun yani sira, pilin
caligmasi esnasinda Fe?* ve Fe** iyonlarinin tersinmez olarak inaktif metalik demire indirgenerek yapida
birikmesi de ciddi kapasite kayiplarina yol agmaktadir.

Bu durumun oOniine gecebilmek icin FesOs, kolay ve tek asamali bir hidrotermal sentez
metoduyla iletken ve esnek grafen bazli aerojel yapi igerisinde iiretilmistir. Olusan {i¢ boyutlu hibrit
yap1, eszamanli olarak grafen oksit (GO) malzemesinin oksijen igeren fonksiyonel gruplarinin kismi
olarak indirgenmesiyle hem elektronik iletkenligi artirmakta, hem de olusan Fe;O4 parcaciklarinin
grafen oksitle kararli kimyasal baglar olusturmasini saglamaktadir. Grafen yapi igerisinde FesOs
parcaciklarinin asir1 biiyiimesi ve topaklanmasi sinirlandirilarak daha iyi elektrokimyasal aktivite
gostermesi amaglanmistir. FesO4@PrGO hibrit yapisi igerisinde olusan Fe;O4 parcaciklarinin 20-30 nm
boyutunda ve kiiresel yapida olduklar1 goriilmiistiir. Bu nano-boyutlu Fe3O4 pargaciklarinin ¢evrimler
esnasinda grafen orgiliye tutunmus halde kaldigi TEM goriintiileriyle kanitlanmigtir. Malzemenin lityum
iyonu giris ¢ikiglart esnasinda pulverize olmasina ragmen elektrot yiizeyinden kopmamasina olanak
saglamis ve daha da kiigiilerek birka¢ nm mertebesine ulasmis Fe;O4 pargacik boyutu sebebiyle
elektrokimyasal reaksiyonlar i¢in daha fazla aktif yiizey elde etmeye olanak vermistir. Grafen ayni
zamanda Fe;Os parcgaciklarinin doniisiim reaksiyonu esnasinda tersinir olarak Fe?" ve Fe*’e
yiikseltgenmesini kolaylastirarak yapida biriken metalik demir miktarini da oldukea diisiirmektedir.

Fe;04@PrGO lityum metaline karsi iki elektrotlu sistemde test edildiginde 0.5 A g’de ilk
lityum ¢ikistyla 1500 mAh g!' kapasite vermis olup, 100 ¢evrim sonunda oldukga kiigiilen pargacik
yapisiyla ve grafenin da yasadigi degisimlerin etkisiyle bu kapasitenin 2136 mAh g'’e ulastigi
goriilmiigtiir. Ayrica, hibrit malzemenin rate performans testlerinde yiiksek akim oranlarinda (10 A g™)
grafit elektrottan yiiksek (480 mAh g!) kapasite verdigi gézlemlenmistir. Malzemenin Li metaline karsi
1 A g-1 akimda yapilan uzun siireli performans testleri, 500 ¢evrim sonunda bile 1200 mAh g! kapasite
verdigini gdstermistir. Ozetle, bu ii¢ boyutlu hibrit malzemenin essiz yapis1 uzun siireli elektrot dmriinii
ve performansini artirmakta ve Li-iyon pil uygulamalari igin basarili bir negatif elektrot malzemesi
olarak kullanilmasinin 6niinii agmaktadir.

B. Bulut Kopuklu, A. Tasdemir, S. Alkan Gursel, A. Yurum*, Carbon 174 (2021) 158-172
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In this study, we have synthesized hierarchical porous Fe-BTCs with a perturbation-assisted
nanofusion synthesis strategy and achieved a BET surface area and total pore volume that are the highest
of all the reported BET surface areas and total pore volumes for Fe-BTC, to date. We have investigated
the effect of synthesis parameters on the hierarchical porosity and observed that BET surface area, total
pore volume and pore size distribution differed with synthesis temperature and metal to linker ratio.
Hierarchical porous Fe-BTCs synthesized at different temperatures with different metal to linker ratios
achieved different CO, adsorption capacities. Among the synthesized hierarchical porous Fe-BTCs in
this study, the highest CO, adsorption capacity (27.5 wt% or 6.24 mmol g! at 8.5 bar and 298 K) is
achieved with the one that possesses ultramicropores (pore diameters smaller than 0.7 nm) in its pore
structure. Moreover, the measured CO» adsorption capacity of the hierarchically porous Fe-BTC at 1
bar and 298 K (5.20 wt.% or 1.18 mmol/g) is observed to be higher than those of MOFs (MIL-101(Cr),
ZIF-8, and MOF-5) reported in the literature. This study is a proof of the significance of ultramicropores
and the pore size distribution in the CO» adsorption studies. To conclude with, by this study we report
a synthesis strategy that forms a two-pore system (micropores and mesopores) in MOFs and enhances
the BET surface area, the total pore and the CO- adsorption capacity by 1.6, 3.1, and 1.7 times,
respectively. By the reported synthesis strategy, hierarchically porous MOFs that possess both micro-
and mesopores can be formed and the reported synthesis strategy can pave the way for the synthesis of
hirerachical porous MOFs with enhanced textural properties (BET surface area, total pore volume) and
gas adsorption capacities.
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Energy demand has increased enormously since the industrial revolution. In order to meet this
demand, fossil fuels have been the primary energy source for many years. Burning of fossil fuels
constitute a major carbon (dioxide) source which triggers global warming and climate change. To
mitigate the carbon dioxide accumulation in the atmosphere, carbon capture has become increasingly
crucial. The conventional carbon capture technology is the thermally regenerated amine-based carbon
capture process. In this process, carbon dioxide (CO3) is capture in an absorption column with amine
solution, and the CO»-rich amine solution is sent to stripper where the solution is heated to release the
captured CO; and to regenerate the amine solution. The CO, can then be sequestered or used as a
feedstock for producing chemicals. One bottleneck of this process is the high energy requirement for
the stripping step.

The current work aims to develop an electrochemical CO; release process to decrease the energy
requirement for releasing the captured CO,. A gas mixture containing 15% CO> and 85% Nz is used to
simulate post-combustion flue gas. Various amine derivatives are evaluated to be used as capture agents.
An absorption column is utilized for capturing CO; in flue gas using amine solutions. Unlike the
conventional CO, capture process, the CO, release step is carried out using an electrochemical cell. In
anode of the electrochemical cell, CO,-amine complexes formed in the absorption step are converted to
amine-metal complexes where CO, becomes released. The amine-metal complex is then sent to cathode
where the complex dissociates, and metal deposition occurs. The regenerated amine is sent back to
absorption column. A prominent promise of the electrochemical release step is that it can be retrofitted
into existing conventional CO, capture plants. The experimental of the process is currently underway.
In this talk, we will provide details regarding the process design, electrochemical cell design, amine and
metal specifications required for electrochemical CO; release, and initial experimental results.
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As a result of the irregular increase of the population, the need for energy is constantly
increasing and new solutions are sought to meet the energy need. The contribution of traditional fossil
fuel technologies is the most common, however this situation brings along environmental problems.
The contribution of carbon dioxide gas in greenhouse gas formation is quite high. It directly contributes
to the problem of global warming due to the high amount of carbon dioxide (CO,) released from
chemical processes and the long life of its molecules in the atmosphere. For all these reasons, there is
an intense effort to reduce or convert CO, emissions. Technologies that can reduce CO; emissions, such
as the conversion of CO; into organic products, capture, storage and electrolysis which are being widely
studied. In this study, we focused on the electrolysis of CO..

The electrolysis process of CO; has attracted considerable attention in recent years. This is
because valuable carbon nanofiber (CNT) production occurs as a result of consuming CO.. The direct
production of CNT from CO, provides flexibility, thermodynamic and electrochemical benefits to
integrated processes and technologies such as power plants, methanation reactors and fuel cells. In
addition, organo-metallic reactants using chemical vapor deposition and arc discharge synthesis are
costly technologies for CNF production. The electrolysis system is typically based on the reaction of
CO; gas in molten carbonate. As a result of the reaction, CNT and oxygen are released at the cathode
and anode electrodes, respectively. Reactions are given below:

(Anode): Li>C03 (melted) — C (solid) + Li>0 (dissolved) + 01 (gas)
(Cathode): Li>0 (dissolved) + CO2 (gas) — Li2C0O3 (melted)
(Overall) CO2 (gas) — C (solid) + 02 (gas) E° (T=25°C)=1.33V

In this study, electrolysis of CO, was carried out by using molten lithium carbonate (Li,CO3)
electrolyte in alumina crucible. In the system where an original design was made, the reacting CO; gas
was preheated in the tube furnace (see in Figure 1). Electrodes were connected to a direct current power
source and the system operated at constant voltage during the reaction. In order to provide an inert
environment, N, also enters the electrolysis system at constant volumetric flow rate. Efficiency
comparisons between different electrodes and physical characterizations such as SEM-EDS, TGA,
FTIR, XRD and N adsorption of produced CNT will be presented.
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The demand for food is expected to grow substantially by 2050 due to the world population
growth. This rising demand for agricultural activities creates a higher emerging need for freshwater.
According to the recent estimations, agricultural activities consume about 75% of the total freshwater
sources, yet only less than half of that amount is made accessible to agricultural products. Moreover,
most of the current agricultural practices are predominantly based on chemical fertilizers and
unsustainable land management which cause infertility of soil by reducing water holding capacity and
causing organic matter losses. Recently, biochar stands out as a soil amendment due to its known
positive effects on soil physical and chemical properties. However, its effects on soil water holding
capacity and long-term performance need further research. In this context, the main objective of this
study is to investigate the effect of biochar (biochar obtained from beechwood sawdust; BC-BS)
addition on the water holding capacity (WHC) of two types of soil, namely sandy loam soil (SLS) and
clay loam soil (CLS). Biochar samples were produced via carbonization of biomass under nitrogen
environment at 550 °C with a heating rate of 10 °C/min and characterized in terms of its surface
properties and morphology. Biochar samples were aged to observe the effects of the long-term use of
biochar in the soil. Aging was performed by burying the biochar samples under the soil, and by using
chemical methods: alkaline and acidic oxidation. WHC was examined for raw and aged biochar samples
and as well as soil and soil-biochar mixtures. The results showed that the water holding capacity of soil
samples increased significantly with biochar amendment. WHC of SLS and CLS samples were
determined to be 0.32 and 0.45 ml water/g solid. After 10 (wt.) % of BC-BS addition to the soil samples,
the water holding capacities were found to be 0.47 and 0.68 ml water/ g soil for SLS an CLS
respectively. Accordingly, the increment of WHC was calculated as 47% for SLS and 51% for CLS
samples. These results indicate that biochar may offer a possible solution to mitigate the effects of
drought, due to its ability to increase soil water holding capacity and help the sustainability of
agricultural activities by increasing the crop yields in sandy-loamy soil.
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Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), defined as a new type of
coronavirus, has become a critical problem for the whole world in record time. The disease associated
with SARS-CoV-2 infections is called the new kind of Coronavirus-2019 (COVID-19) [1]. First seen
in Wuhan, China December 2019, more than 84 million cases of COVID-19 have been reported in more
than 190 countries and regions as of January 2021, and more than 1.8 million of these cases are known
to have died [2]. Disposable surgical masks, which are the most commonly used to prevent the
transmission of the virus, which is reported to spreads through respiratory droplets, prevent respiratory
droplets from entering the lungs. Thus, it plays an active role in reducing the risk of infection [3].
However, although the surfaces of the masks used in the market are hydrophobic, there is a severe
problem that water droplets containing the dangerous virus remain on them [4,5]. To overcome this
problem, graphene, which is generally described as two-dimensional (2D) atomic crystals composed of
carbon atoms, and reported to be a robust hydrophobic material, can be used [6,7].

In this study, CVD-based graphene was used as a hydrophobicity enhancing agent for surgical
masks currently widely used throughout the world. The CVD-based graphene obtained was then
incorporated into the PMMA structure, widely used in the medical textile field, to obtain nanofiber
masks by electrospinning method, which is known as a simple and inexpensive method. These
composite nanofibers with high hydrophobicity have been reported for the first time in the literature as
far as we've known. Additionally, as a result, the measurements performed from 50 different locations
using the Image J program in SEM images of the composite functionalized nanofibers obtained, the
average fiber diameter of PMMA (pure) decreased from 2.01+0.8 pm to 313+£94 nm with the addition
of graphene. Moreover, with the addition of graphene to PMMA in the contact angle analyzes performed
to evaluate its hydrophobicity, the contact angle of pure PMMA fibers increased from 99° to 113° in
graphene-doped nanofibers. Consequently, a simple and cost-effective strategy for developing surgical
masks will minimize the spread of the virus, and the risk of infection has been successfully seen. Future
studies may include the search of the effect of graphene content in different concentrations on PMMA
fiber and the functionalization and modifications with particular materials of the surface of graphene
and polymer for effective removal of viruses and microorganisms.

Keywords: Electrospinning, Graphene, Antibacterial, Mask, Covid-19
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Nano/mikromotorlar enerjiyi hareket enerjisine doniistiirebilen, insan yapimi nano/mikro
Olcekli cihazlardir. Bu motorlar kimyasal yakit, manyetik alan, ses, 151k gibi uyaranlar1 harekete
doniistiiren  kiigiilk makinelerdir. Uygulama hedeflerine yonelik olarak farkli maddeler ve
biyomalzemeler nano/mikromotorlarin sentezinde ve fonksiyonellestirilmesinde kullanilmaktadirlar.
Bu malzemeler arasinda Grafen oksit (GO) 6nemli bir yere sahiptir. GO ve nanokompozitlerinin dis
yiizey olarak kullanildig1 katalitik mikromotorlar gelistirilmistir. RF dénen plazma yontemi ile grafen
oksit sirastyla polianilin (PANI), polietilanilin (PEANI), polifloranilin (PFANI) ile modifiye edilmesi
ve bu malzemelerin elektrokimyasal olarak katalitik tiibiiler mikromotorlarin sentezindeki 6zelikleri
sunulacaktir.
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Radar stealth technology reduces radar cross-section (RCS) by attenuation, absorption, and drift
of a target radar wave. It is difficult to identify and discover by the source radar in a frequency range
[1]. Therefore, with the rapid development of modern radar and electronic technology, electromagnetic
wave (EMW) absorbent materials are widely used in military and civilian areas to reduce the RCS of
the target source [2]. The existing EMW absorber materials obtained by conventional methods cannot
fully meet the characteristics such as lightness, thinness, broad frequency bandwidth, and strong
absorption [3,4]. To overcome these problems, in EMW absorbing materials area, which classified two
groups as magnetic loss and dielectric loss, the most significant development of recent times has
occurred with the introduction of the carbon nanotubes (CNTs) in this area [5]. Due to their one-
dimensional nature and small dimensions, CNTs have advantages such as lightness, excellent electrical
conductivity, and high anisotropy, as well as their large surface area feature [6]. However, the biggest
obstacle to using CNTs as EMW absorbing material is the limited impedance due to the insufficient
magnetic loss capability [7]. To improve impedance properties, matching CNTs with ferrites that are
low cost, highly compatible, nontoxic, and showing strong EMW performance has attracted
considerable attention in the last few years [8].

In this study, CNTs were in-situ grown on Fe,O3 and F304 nanoparticles (NPs) via the chemical
vapor deposition (CVD) method to ensure superior impedance matching. The SEM images of the
Fe,03/CNTs and Fe;04/CNTs nanocomposites have shown that the nanotube diameters varied between
27-60 nm and 50-66 nm, respectively. Moreover, XRD patterns of Fe;O3/CNTs and Fe;04/CNTs hybrid
materials have indicated that the diffraction peaks of all samples at 20 = 26.6 ° are assigned to (002)
plane of the graphite structure of CNTs. Furthermore, the samples' magnetic features were investigated
using a vibrating sample magnetometer, and impedance properties of the samples were measured at
room temperature as a function of frequency in the 8—12 GHz range. Consequently, a simple, one-step,
relatively cost-effective approach has been successfully demonstrated in the production of
nanocomposites to be obtained to improve the use of CNTs as EMW absorber materials. Thus, the CVD
method can be claimed to be an effective method for producing not only carbon nanostructures but also
nanocomposites equipped with CNTs. Further studies may include investigating the physical and
chemical effects of Fe;O3 and Fe;04 NPs concentrations on CNTs synthesis and the comparative study
of the impact of ferritic NPs on the final nanohybrid composite's impedance and magnetic features.
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Karbon allotroplarindan birisi olan grafen, 0.142 nm’lik karbon-karbon bag uzunluguna sahip

iki boyutlu (2D) bal petegi kafesi seklinde diizenlenmis karbon atomlarinin diizlemsel tek tabakasindan
olusmaktadir [1]. Son yillarda, grafen oksit (GO) ve indirgenmis grafen oksit (rGO) gibi 2D
nanomalzemeler benzersiz elektronik, optik, mekanik ve termal dzellikleri sayesinde gelecek vaat eden
malzeme sinifi olarak ortaya ¢ikmistir [2]. Yiizey fonksiyonel gruplarinin ve genis yiizey alaninin
varligi, bu malzemeleri elektrokimyasal sensorler, membranlar, siiperkapasitorler gibi cesitli alanlarda
uygulanabilir kilmaktadir [2], [3]. Yiiksek mekanik esneklikleri, elektrokimyasal performanslar1 ve
kimyasal stabiliteleri nedeniyle esnek grafen kagitlar da dikkat gekmektedir [3], [4].
Ilk olarak 1912'de sentezlenen ve katyonik bir boyar madde smifina ait olan akriflavin (Acr),
nikotinamid adenin dintikleotid (NADH), nitrit (NOy") ve kiikiirt oksoanyonlarin algilanmasi i¢in uygun
bir redoks probudur [3], [4], [5]. Nitrit, aminlerle etkilesime girerek hemoglobini methemoglobine
oksitlemekte ve boylece methemoglobinemi olarak bilinen saglik sorunlarina neden olabilmektedir. Bu
yuzden nitritin kantitatif analizi son yillarda artarak ilgi gormektedir. Boyama ajani ve gida katki
maddesi gibi yaygin endiistriyel kullanimindan dolayi, nitritin tespiti ve izlenmesi icin guvenli
yontemlerin gelistirilmesi gerekmektedir [6].

Bu calismada, nitriti hizli sekilde belirleyebilen sensor sistemlerinin gelistirilmesi amaciyla
ekonomik bir uygulama olan vakum filtrasyon yontemi ile Acr ile katkilanmis esnek ve serbest
durabilen rGO kagit elektotlarin tiretimi gergeklestirilmistir. Elde edilen rGO/Acr kagitlarin yan-kesit
ve ylizey SEM goriintiileri Sekil 1’de sunulmustur ve ¢ok farkli tekniklerle detayli karakterizasyonlart
yapilmistir. rtGO/Acr kagit elektrotun nitritin belirlenmesinde duyarl ve segici oldugu ve gerek standart
cozeltilerde gerekse gergek numunelerde nitrit tayini i¢in uygun ve esnek bir sensor platformu oldugu
tespit edilmistir. '

12,50 kY 9.9 um [ ATATURK ¥ 1

Sekil 1. a) rGO/Acr yan-kesit ve b) rGO/Acr ylzey SEM goriintuleri.
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Graphene-based materials are used in many fields such as energy storage systems, sensors,
paints and optoelectronics. Graphene is generally produced using chemical vapor deposition, epitaxial
growth on silicon carbide, chemical (oxidation-reduction) reactions, and electrochemical exfoliation
methods. If doping is desired to change the properties of graphene, a new method should be used for
doping.

In this study, we have investigated a novel technique to produce doped graphene on the surface
of a graphite working electrode in one step in electrolyte solution by cyclic voltammetry without any
secondary step for electrode preparation and exfoliation process. In this process, graphite is oxidized to
graphene oxide at the anode and is simultaneously reduced to graphene in one step [1-3]. In addition,
the doped graphene layers formed on the electrode surface were collected as powder in the electrolyte
solution by simultaneous exfoliation [4,5]. Electrochemical characteristics and behaviors of the doped
graphene electrodes were investigated by cyclic voltammetry. Physical characterization of the
electrodes was done with Raman and X-ray photoelectron spectroscopic methods. SEM, AFM and TEM
images were taken to investigate the morphology of the doped graphenes.
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With the rapidly evolving technology requirement for high strength, low density, lightweight
and, economical materials are constantly increasing. In recent years, the development of production and
properties of new materials and advanced studies gained momentum in the field of science and
technology. Among these materials advanced carbon materials such as carbon fibers, carbon foams,
activated carbon, carbon nanotubes, graphene has attracted attention worldwide because of their unique
micro-structures, potential applications in many areas and innovations brought together. Studies show
that carbon materials come to the fore when compared to other materials due to having benefits in their
field of practice such as high hardness, conductivity, specific resistance, low density, mechanical
properties at high temperature and not oxidation at these temperatures.

Activated carbon, carbon fiber, carbon foam, etc. materials are also manufactured using pitch
precursors obtained from the tar of these sources and synthetic mesophase pitch. But the limited
distribution of fossil fuels for countries, extinction risk possibility in the near future, the need for
additional thermal and chemical processes to improve the properties of pitch derived from these sources,
difficulties experienced in meeting the needs of increasing material demand increased the importance
of alternative raw materials search and use in the production of carbon materials. Alternatively, and
economically to fossil resources, the importance of tar obtained by pyrolysis of biomass is one of known
and widespread study. Their complex structures allowing them to be used in key areas such as energy,
chemical, and raw material production. Therefore, usually considered biomass by burning, creation
beneficial uses and to obtain high value-added products has become extremely important.

Recently, there is an increasing interest in the development of gas storage studies for different
applications such as hydrogen (H) storing especially in automotive applications. Among various
alternatives, storing gas onto porous adsorbents by adsorption is considered an interesting approach. In
such applications, the main point is the storage of gas onto the adsorbent material by physical adsorption
process. Thus, the adsorbent should have high adsorption capacity and low density to increase the gas
adsorption per adsorbent unit. In the literature previously studies are available for gas storage on
activated carbons (such as CO,, H,, CH4) while there are no studies for fossil pitch-derived carbon
foams about this subject, because of having very low surface area.

According to the considerations mentioned above in this paper, evaluating cheap, easy, and
abundant available biomass pyrolysis liquid product in bio-pitch and carbon foam production instead
of fossil pitch is studied. High-pressure H» adsorption studies were conducted with the obtained highly
porous carbon foam. Results showed that the presented bio-pitch based carbon foam can be considered
as an interesting candidate for prospective energy carrier storage materials and also storage applications.
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Piroliz Katrani: Karbon Képiik Uretiminde Solvoliz Reaksiyonu icin
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Biyokiitle sivilagtirma teknigi, siirdiiriilebilir biyokiitle kaynaklarini endiistriyel kimyasallara
dontistiirmek i¢in gelisen bir tekniktir. Karbon kopiik, makro gozeneklerin ¢ogunun birbirine bagl
oldugu acik hiicre yapisi nedeniyle, hafiflik, genis ylizey alani, yiiksek termal kararlilik, yiiksek termal
ve elektriksel iletkenlik gibi karakteristik 6zelliklere sahiptir. Bu ¢aligmada, Antep fistig1 kabugu esash
karbon kopiik, solvolitik sivilagtirma reaksiyonunda fenole alternatif olarak piroliz katranimin
kullanilmasi ile sentezlenmistir. Karbon kopiigiin gézenekliliginin arttiritlmasi amaciyla kopiiklesme
siirecinde kullanilan yiizey aktif madde miktarinin etkisi arastirtlmistir. K6piik yapisini degerlendirmek
icin element analizi, x-151n1 kirinimi, nitrojen adsorpsiyon/desorpsiyon izotermleri, taramali elektron
mikroskobu teknikleri kullanilmig ve porozite tayini yapilmistir. Karbon igerigi %47,10 olan antep
fistig1 kabugundan sentezlenen karbon kopiiklerin elementel analiz sonuglarina gére %77,2-81,2 C
ve %15,98-20,23 O igerigine sahip olduklar1 belirlenmistir. Solvolitik sivilastirma reaksiyonunda
geleneksel ¢oziicii olarak fenol kullanildiginda iiretilen karbon képiigiin yiizey alan1 368,67 m?/g iken,
¢Oziicli olarak fenol+katran karigimi kullamldiginda yiizey alanmi (277,51 m*g) degerinin ~%25
oraninda diistligli belirlenmistir. Katranin kompleks yapist nedeniyle gézeneklilik iizerindeki olumsuz
etkisini gidermek amaciyla, kopiiklesme isleminde kullanilan yiizey aktif madde miktar arttirildiginda
ylizey alan1 351,11 m?/g olan karbon kopiik sentezlenmistir. X-1g1n1 kirinimui analizi sonuglarina gore,
diizensiz y1g1lmis grafen tabakalarina ait piklerin varligi saptanmistir. SEM goriintiileri incelendiginde;
katran kullanilmadan {iretilen karbon kdpiiklerin yapilarinin aksine, daha heterojen ve daha diizensiz
hiicre sekillerine ve daha cok kapali gozenek yapisina sahip kopiikler iiretildigi goriilmektedir.
Hazirlanan kopiiklerin hiicre yapilarinda fenol kullanilarak elde edilen kdpiiklerin yapisindakinden
farkli olarak bitigik hiicre, bag doku (ligament) ve bogum (node) noktasi olusumu net bir sekilde
gozlenememistir. Yiizey aktif madde orani arttirildiginda ise kopiiklesmenin geligmesine bagli olarak
birbiri ile baglantili hiicre yapilarimin olustugu belirlenmistir. Sonug olarak, solvolitik sivilagtirma
reaksiyonunda ¢oOziicii olarak fenol yerine katran kullanilmasi ile Antep fistig1 kabugu biyo-
poliollerinden sentezlenen karbon kopiiklerin karakteristik 6zelliklerinin ¢esitlendirilebildigi ve katran
kullaniminin  kisitlayic1 etkisinin  kullanilan yilizey aktif madde miktarinin degistirilmesi ile
giderilebildigi sonucuna ulagilmustir.
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Graphene as a two-dimensional carbon allotrope with unique properties has shown its great
potential as a catalyst support material in energy applications. Chemical doping with various
heteroatoms has made it possible to tailor the electronic properties of graphene to perform as a metal-
free electrocatalyst for electrochemical reactions such as oxygen reduction reaction in alkaline medium.
However, its performance in hydrogen evolution reaction (HER) remains a challenge. DFT studies have
shown that co-doping graphene structure with lower electronegative element such as boron (2.04) and
higher electronegative element such as nitrogen (3.04), modulates its electronic structure. This in turn
can enhance the electrocatalytic activity as compared to mono-doped graphene. This improvement can
be attributed to the synergistic coupling effect between the heteroatoms. In this regard, we have co-
doped nitrogen and boron into the graphene structure in two-step process by simultaneous thermal
reduction and doping. There after accessed the HER performance in acidic medium which has not been
tried before. The surface composition, chemical bonding, morphology, and structure were analyzed by
XPS, FT-IR, SEM, BET, XRD and Raman which showed successful incorporation of heteroatoms into
the graphene structure. Hydrogen evolution performance was evaluated by linear sweep voltammetry
to extract Tafel plots and overpotentials at 10 mA/cm? current density. Tafel slopes and exchange
current densities were derived from Tafel plots to evaluate the reaction mechanism of HER and
electrochemical kinetics. The electrochemical studies showed that the co-existence of electron receiver
(N) and electron donor (B) enhances the HER performance as compared to mono-doped graphene. The
chemical dopants (B and N) and defect sites act as active sites for proton adsorption and reduction to
evolve hydrogen gas. Although, the HER performance of co-doped graphene with heteroatoms is not
as good as commercial Pt/C but it can still be utilized to homogenously disperse low-cost non-noble
transition metal chalcogenides to provide high surface area, porous structure, and better conductivity
for O, and H; evolution reactions in electrochemical water splitting applications.

36


mailto:*ejamil@sabanciuniv.edu

Synthesis of Hyper Coal/PFO Hybrid Pitches as Carbon Foam
Precursor

Gamzenur OZSIN*", Murat KILIC?, Esin APAYDIN-VAROL?,
Ayse E. PUTUNS, Ersan PUTUN*,

!Chemical Engineering Department, Bilecik Seyh Edebali University, Bilecik, Turkey,11230
2Chemical Engineering Department, Eskisehir Technical University, Eskisehir, Turkey 26555
3Chemical Engineering Department, Anadolu University, Eskisehir, Turkey 26555
“Materials Science and Engineering Department, Anadolu University, Eskisehir, Turkey 26555
*gamzenur.ozsin@bilecik.edu.tr

The energy storage in pure chemical form with high heating values, is considered to be one of
the major challenges towards energy security and sustainability. In recent years, carbon materials with
well-developed porous structure have attracted considerable interest as adsorbent materials for the
confinement and storage of highly-dense energy carriers such as hydrogen and methane. Especially,
low-density and high-strength porous carbons with affordable production cost are excellent candidates
for gas storage.

The carbon materials, especially activated carbon, carbon fiber and carbon foam can be
manufactured using pitch precursors which are obtained from the tar of fossil sources and synthetic
mesophase pitch. But the need for additional thermal and chemical processes to improve the properties
of pitch derived from these sources increased the importance of alternative raw materials. In recent
years, hyper-coal and pyrolyzed fuel oil has gained attention among fossil sources. Hyper-coal (HPC)
is a low-cost mineral-free extract of low-ranked coal and pyrolyzed fuel oil (PFO) is a by-product of
naphtha-cracking process of petroleum refineries. Both of them can be considered as suitable precursors
for the development of pitch-based carbon materials due to their high aromaticity.

In this study, carbon foam that would act as an energy carrier material was produced through a
series of laboratory scale experimental procedures: pitch synthesis, vacuum distillation, foaming and
carbonization processes. For this purpose, homogeneous isotropic pitches were synthesized using
pyrolysis fuel oil (PFO) and hyper coal. Hyper coal (HPC) from coal extraction and pyrolysed fuel oil
(PFO) from crude oil refinery plant were used in pitch production in order to develop an effective and
alternative raw material to fossil sources. The relationship between the properties of the prepared pitches
and the structure of resultant carbon foam was investigated. Results showed that the composition of
pitch had a significant effect on the characteristics of carbon foam and hence its gas uptake capacity.
Overall, the proposed approach of producing carbon foam from PFO and hyper coal have provided a
strategy to produce carbon foam and improve its characteristics for next-generation gas storage
applications.
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N-doped carbon supported transition metal electrocatalysts (mainly Co or Fe) have potential to
replace expensive Pt or Pt-based electrocatalysts in ORR-based energy conversion and storage devices.
Various different transition metals (Fe, Co, Mn, Cu, Ni) in combination with various N-doped
carbonaceous materials (carbon nanotubes, graphene, graphene aerogel) have so far been investigated.
Since synergistic effect of metal and N-doped carbon is mainly responsible for the promising ORR
activity, new and highly porous carbon structures are needed to improve these class of electrocatalysts.
Nanostructured carbon aerogels (CAs) obtained by the pyrolysis of polymeric aerogels have growing
popularity due to their tailorable physical properties and high electrical conductivity. Among polymeric
aerogel sources, ionotropic alginate aerogels are very interesting materials because of the way they gel,
referred to as egg-box gelation in which divalent metal cations such as Ca**, Fe*" Cu?®', Co*", Ni*" is
trapped in the alginate network via coordination covalent bonds creating almost atomically dispersed
metal cations. They are easy to prepare, cheap and abundant with hierarchical pore structures indicating
they can be promising ORR-electrocatalyst precursors. N-doping to ionotropic alginate aerogels can be
done by the addition of N-containing molecules such as melamine or urea during gelation or by NHj3
pyrolysis both of which results in low N content. Crosslinking with di- or triisocyanates emerges as an
alternative N-doping route. N-rich nano-thin conformal polyurea network around the skeletal alginate
network can be formed through crosslinking resulting in abundance of ORR-active N-sites upon
pyrolysis. Herein, we report the preparation of novel ORR-electrocatalyst derived from crosslinked Co-
alginate aerogels. Co-alginate hydrogel beads were prepared by dripping the alginate solution (3 wt.%)
into 0.2 M CoCl; solution. Crosslinking of Co-alginate beads were carried out with Desmodur RE
triisocyanate in acetonitrile. Beads were dried with supercritical CO» to obtain crosslinked Co-alginate
aerogels (X-Co-Alg) and then carbonized at 800 °C under Ar flow to obtain their carbon aerogel
derivatives (X-Co-Alg-C). X-Co-Alg-C had a hierarchical macro/mesoporous structure with high pore
volume (1.1 cm?/g). Co loading was determined as 8.6 wt.% by TGA. N-content was determined by
CHN eclemental analysis as 3.71 wt.% and XPS N1s spectra showed the presence of abundant graphitic
and pyridinic N species which are ORR active indicating that crosslinking is a promising N-doping
route. Electrochemical characterization was done via rotating disk electrode analyses in 0.1 M KOH
electrolyte. ORR curves and Koutecky-Levich analyses showed ORR follows 4 e pathway on the
prepared electrocatalyst with an electron transfer number of 3.8. The onset potential of the prepared
electrocatalyst was similar to the onset potential of commercial Pt/C (20 wt.%) indicating that he
combination of powerful sol-gel and crosslinking techniques results in highly active non-Pt ORR
electrocatalysts.
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Turkey is one of the top ten steel-producing countries globally, and 33.7 million tons of steel
were produced in 2019. 70% of this steel production was carried out in electric arc furnaces. It is known
that one-ton steel production consumes 2 kg of graphite electrodes. The problems in the supply of
graphite electrodes cause price increases in many related industrial sectors and negatively affect
operating expenses. For these reasons, the development and manufacturing of graphite electrode
technology in our country are of great importance. This study presents the results of the Industrial
Graphite Materials and Needle Coke Production research project supported by MTA.

Graphite electrode production is a process that requires many steps and the application of
specific process parameters. It is impossible to obtain a commercial graphite electrode if the appropriate
raw materials, mixtures, and process parameters are not used. In this study, commercial needle coke and
electrode binder were used as feedstock. In the first stage of graphite electrode production, raw materials
were crushed and classified, and then recipes consisting of different particle size materials were
prepared. Coarse and fine needle coke mixes of different particle sizes that are suitable for the process
were formed. The proper particle size fractions at an appropriate ratio and a binder were mixed in a
sigma mixer. During the mixing step, the temperature and time parameters were examined so that the
binder binds the particles and has a certain penetration into the coke particles’ pores. Then, the mixture
is shaped by a temperature-controlled forming press. The shaped samples are subjected to low-
temperature heat treatment at 800°C. After that, the graphitization of the shaped material was achieved
by baking in a high-temperature furnace.

As part of the project, coke production studies were carried out by carbonizing tar and coal tar
obtained as a byproduct during coal coking. Thin sections and polishing briquettes of the cocked
samples were prepared and analyzed in the Leica DM4 M microscope. Although parallel oriented
carbon shapes were observed in the samples, which are similar to the properties of needle coke, it was
observed that the continuity of parallel-band structures was not consistent for both samples. However,
the samples give similar structures as shot coke, considering the petrography of both coke types.
Experimental studies for needle coke production are continuing.

The information obtained from the project will create essential knowledge about the production
of graphite electrodes and coke types. Besides, it will lead to the preparation of new projects to produce
different carbon composite products.
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Electrodes, one of the basic components of supercapacitors, are among the factors that primarily
affect the capacity of the system and very important in terms of charge-discharge stability in the long
cycle life. There are many electrode materials such as carbon-based materials, metal oxides and
polymeric materials for supercapacitor systems in the literature. However, metal oxides are harmful for
both the environment and human health [1]. The processes used during the synthesis of polymer
materials are long and it is difficult and costly to regenerate after the end of their life. Carbon-based
materials are widely used as electrodes in supercapacitors. Graphene, a carbon-based material that has
been recently discovered, stands out as an electrode material thanks to its many superior properties[2].
The structural properties of graphene can be changed with various elements that are added to the ring
structure of graphene. Recently, heteroatom (-S, -N-Cl, -P etc.) doped graphene and graphene oxide
materials have been widely used for improving the performance of supercapacitors as it increases the
physical and chemical properties of graphene and graphene oxide [3,4]. Doping process of graphene
can be done by many different methods in the literature. These processes require the using of toxic and
environmentally harmful chemicals. For this reason, it is an important issue that this doping process is
carried out in one step and with the least damage to the environment.

In this study, sulfur (S) doped graphene oxide-based electrode material was synthesized in one
step by electrochemical method (environmental, low cost and easy method) and used in supercapacitors.
Electrode materials were characterized by electrochemically, spectroscopically and morphologically.
Supercapacitive properties of S-doped graphene oxide-based electrodes were investigated using cyclic
voltammetry, electrochemical impedance spectroscopy and cyclic charge discharge test methods. At the
end of the cyclic charge-discharge test, the S-doped graphene oxide-based electrode lost only 5% of its
capacity. The areal capacitance value was found to be 206 mF/cm™.

References

[1] R. Dubey, V. Guruviah, Review of carbon-based electrode materials for supercapacitor energy
storage, lonics (Kiel). 25 (2019) 1419-1445. https://doi.org/10.1007/s11581-019-02874-0.

2] S.W. Bokhari, A.H. Siddique, P.C. Sherrell, X. Yue, K.M. Karumbaiah, S. Wei, A. V. Ellis, W.
Gao, Advances in graphene-based supercapacitor electrodes, Energy Reports. 6 (2020) 2768—
2784. https://doi.org/10.1016/j.egyr.2020.10.001.

[3] R. Kumar, S. Sahoo, E. Joanni, R.K. Singh, K. Maegawa, W.K. Tan, G. Kawamura, K K. Kar,
A. Matsuda, Heteroatom doped graphene engineering for energy storage and conversion, Mater.
Today. 39 (2020) 47—65. https://doi.org/10.1016/j.mattod.2020.04.010.

[4] L. Lai, H. Yang, L. Wang, B.K. Teh, J. Zhong, H. Chou, L. Chen, W. Chen, Z. Shen, R.S. Ruoff,
J. Lin, Preparation of Supercapacitor Electrodes through Selection of Graphene Surface
Functionalities, ACS Nano. 6 (2012) 5941-5951. https://doi.org/10.1021/nn3008096.

40


mailto:*mbesirarvas@gmail.com

Preparation and Characterization of Activated Carbon
from Agricultural Residues via Flash Heating Method

Aygil YURTAY™ and Murat KILIC

Chemical Engineering Department, Eskisehir Technical University, Eskisehir, 26555.
*aygulyurtay@eskisehir.edu.tr

Activated carbon is a versatile material due to its high surface area, well-organized pores, and
a wide variety of chemical functional groups on its surface. It is used in many industrial applications
such as the removal of inorganic and organic impurities from wastewater treatment, gas/air purification,
chemical, and pharmaceutical industry. In general, there are two types of activated carbon preparation
methods which affects significantly the quality, properties, and cost of activated carbon: conventional
heating and microwave heating method. There are some advantages and disadvantages of these
methods. Conventional heating, the most applicable process, is carried out for activated carbon
production but, the activation time will take several hours, which causes high operation costs due to the
high energy and gas consumption. On the other hand, the microwave heating method is limited by the
high investment costs therefore it is still used on a laboratory scale.

These deficiencies of using a conventional and microwave heating method for the activation
process both demonstrated the need for practical, innovative, and alternative production methods for
activated carbon and motivated researchers to investigate a different heating system. For this reason,
this study focused on low-cost activated carbon production using a new heating method via a flash
heating reactor. A cost-effective, rapid method was developed to produce well-developed micro
porosity activated carbon.

Activated carbons from hazelnut shells, rice husk, and corn stalk by KOH activation produced
using both flash and conventional heating methods. The final products were characterized in terms of
physicochemical features, textural properties, and surface chemistry. Properties of activated carbons
obtained by flash heating method were compared with those activated carbons produced by
conventional heating. In general, considering the economical, technological, and ecological balance of
produced materials it is concluded that the activated carbons obtained by the flash heating method have
advantageous characteristics compared to the conventional heating method.
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Glinlimiiz bilgi toplumlarinin enerjiye olan bagimliligimin her gecen giin artmasi enerji
depolama sistemlerine olan ihtiyaci da arttirmaktadir (Gengten ve Sahin, 2020). Bu alanda elektrik
enerjisinin kimyasal formda depolanmasina olanak saglayan kursun asit akii sistemleri dnemli bir enerji
depolama sistemi olarak karsimiza ¢ikmaktadir (Gengten ve ark., 2014; Gengten 2018). Bu calisma
kapsaminda jel tipi kursun asit akii sistemlerinin performansi arttirmak amaciyla azot katkili grafen
oksit katki maddesi silika esasli jel elektrolit sistemine katki maddesi olarak kullanilmigtir. Hazirlanan
jel elektrolit sistemleri mikroskobik ve elektrokimyasal yontemler kullanilarak karakterize edilmistir.
Farkli miktarlarda azot katkili grafen oksit igerecek sekilde hazirlanmig olan jel elektrolit sistemi igin
katki maddesinin miktar optimizasyonu doniisiimlii voltametri, elektrokimyasal empedans
spektroskopisi ve korozyon testleri ile belirlenmistir. Bu noktada, azot katkili grafen oksit katkisi ile pik
akimlar1 ve kapasiteleri artarken, basta yiik transfer direnci olmak iizere korozyon egiliminin de diistiigii
goriilmistiir. Elde edilen sarj-desarj testi sonuglar1 ise azot katkili grafen oksit katkisi iceren jel
sistemlerinin desarj kapasitesinin arttigini géstermistir. Bu siirecte elektrotlarin yiizey morfolojisindeki
degisimler ise taramal1 elektron mikroskobu ile karakterize edilmistir. Bu ¢alisma ile basta otomotiv
sektorli olmak tizere yenilenebilir enerji kaynaklar gibi bir¢ok alanda kullanilan kursun asit akiilerin,
performanslarmin arttirilmast ile iilke kaynaklarmin etkin ve wuzun Omiirlii kullanimlan
saglanabilecektir.

* Bu c¢ahisma Yildiz Teknik Universitesi tarafindan FYL-2020-4049 kod numarali proje ile
desteklenmistir.
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The aim of this presentation is to introduce the plasma enhanced chemical vapor deposition
(PECVD) systems for the production of carbon nanotubes, graphene, or carbon nano walls. In this
presentation the microwave, rf, sputtering and dc filament plasma CVD methods are to be compared
with the normal chemical vapor deposition (CVD) method. The benefits and differences of all
techniques will be discussed.
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Zeolite templated carbons are an important class of nanostructured materials. However, their
synthesis usually requires highly toxic and corrosive HF for the leaching of zeolite templates. In this
study, a variety of nanostructured carbon materials were synthesized using Mordenite, SSZ-13 and
SBA-15 templates via the incipient wetness of the template materials with furfuryl alcohol followed by
ethylene chemical vapor deposition. Subsequently, a sequential procedure consisting of using less toxic
NaOH and HCI was used for template removal at room temperature. The effect of template removal
time and the number of template removal steps on the leaching behavior of the template and the surface
area of the synthesized carbons was investigated. Templated carbons with surface areas ranging from
70-1500 m*/g were synthesized. Both Mordenite and SSZ-13 templates carbons replicated certain
features of their parent zeolite as observed from the XRD. According to SEM images, SBA-15
templated carbons replicated the microstructure of the parent sample whereas Mordenite and SSZ-13
templated carbons manifested a sheet-like structure. The performance of the SBA-15 templated carbon
as an electrocatalyst support was investigated for the Oxygen Reduction Reaction (ORR). 20 wt. %
Pt/SBA-15 templated carbon was synthesized using Supercritical Deposition. The electrocatalyst had
electrochemical surface area of 46 m?/g according to Cyclic Voltammetery in HC1O4 and showed a mass
activity of 0.06 A/mep: With a specific activity of 0.13 mA/cm2pc at 0.85V (vs RHE) in Rotating Disc
Electrode measurements for the ORR.
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Siyanokobalamin veya kobalamin olarak da adlandirilan B12 vitamini, insanlarda sinir hiicrelerini
cevreleyen miyelin kilifinin bakimi ve saglikli bir bagisiklik sistemi i¢in oldukca 6nemli bir vitamindir
[1]. Ayn1 zamanda hiicre boliinmesi sirasinda enzim {iretimi ve DNA sentezi dahil olmak tizere bir¢cok
metabolik fonksiyon i¢in, 6zellikle kirmizi kan hiicresi olusumundan ve kardiyovaskiiler sistemden
sorumlu kemik iligi dokusu i¢in gerekli oldugu da siklikla bildirilmistir. Siyanokobalaminin; hafiza, ruh
hali, kalp, cilt ve sa¢ sagligi ve sindirim sistemi iizerinde bir¢ok faydasi oldugu bilinmektedir. Bu
vitamin, et, karaciger, balik, istiridye, yumurta ve siit gibi besin 6gelerinde bulunmaktadir [1,2].
Yaslanma sirasinda siyanokobalamin emiliminin bozulmasi nedeniyle, 60 yasin iizerindeki kisiler B12
vitamini eksikligi ile karsi kasiya kalmaktadir. Bu bilgiler dogrultusunda, insan fizyolojisindeki
eksikligi sonucu zararli anemi gibi pek ¢ok ciddi hastaliklara neden olmasi sebebiyle siyanokobalamin
izlenmesi gereken 6nemli bir vitamin olarak karsimiza ¢ikmaktadir.

Siyanokobalamin tayininde; yliksek performansli sivi kromatografisi, kapiler elektroforez,
kemilliminesans, florimetri ve mikrobiyolojik testler dahil olmak {izere bir¢ok analitik yontem yaygin
olarak kullanilmaktadir. Bununla birlikte, bu yontemlerin ¢ogu, pahali, zaman alici, karmasik olmalar1
ve On islem siirecleri gerektirmeleri yoniiyle uygulama alanlarini oldukga kisitlamaktadir. Bu
yontemlere alternatif bir yontem olarak elektrokimyasal yontemler, dogruluk, basitlik, duyarlilik ve
diisiik maliyet gibi avantajlari sayesinde vitaminlerin tayini i¢in oldukea ilgi ¢ekici hale gelmistir [2,3].
Elektrokimyasal yontemler i¢in karbon esasl elektrotlarin kullanimi basta kolay modifiye edilebilme
Ozellikleri olmak iizere birgok one ¢ikan yonii nedeniyle son yillarda artan bir ivme ile ¢alisilmaktadir
[3].

Bu calismada, ilk olarak karbon esash elektrot kullanimi ile bir sensdr platformu gelistirilerek
siyanokobalaminin elektrokimyasal 6zellikleri incelenmistir. Gelistirilen sensoriin B12 vitamininin
tayinine yonelik optimize deney kosullar1 belirlenmigtir. Daha sonra, sensoriin karakterizasyonu igin
doniisiimlii voltametri, elektrokimyasal empedans spektroskopisi ve taramali elektron mikroskopisi
yontemleri kullanilmastir.

Anahtar Kelimeler: Siyanokobalamin, B12 vitamini, karbon esasli elektrot, sensor, doniisiimlii
voltametri.
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Diinyada her giin artmakta olan enerji ihtiyactyla birlikte kullanilabilir enerjiyi depolama ihtiyact
da artmaktadir. Giiniimiizde enerjinin minimum kayipla depolanabilmesi ve enerji yogunlugunun
yiiksek oldugu bir depolama bilesenlerinin gelistirilmesi bu ihtiyacin temel ¢6ziimii olarak goriilen
onemli ¢calisma alanlarindandir. Enerji depolama metoduyla, hem enerjinin kullanildig1 alanlardaki atik
enerjiyi depolama hem de sadece belirli zamanlarda enerji kazanilabilen yenilenebilir enerji
kaynaklarinin enerjisini depolayarak zaman ile talep arasindaki olas1 farkliliklar1 gidermek
amaclanmaktadir.

Diinya tekstil ticaretinin sektorel yapisinda, imalat sanayi iirtinleri ilk ii¢ sirada yer almaktadir.
Tiirkiye’de ise tekstil sektorii GSYH’n yaklasik %10’unu olusturmaktadir ve diinyada oldugu gibi
Tiirkiye’de de en 6nemli sektorlerden biridir. Gliniimiizde iiretimi artmakta olan tekstil {iriinlerinin hem
iiretim siirecinde hem de tiikketim Oncesi ve sonrasi olusturdugu tekstil atiklar1 da ayni oranda artig
gostermektedir. Olusan atik {irtinlerin, ¢evre kirliliginin azaltilmasinin hedeflenmesi, dogal kaynaklarin
korunmasinin saglanmasi, enerji, kaynak ve maliyet kazanimlarinin yapilabilmesi igin ya geri
kazanilmasi ya da sifir atik yonetimi kapsaminda farkli uygulama alanlarinda degerlendirilmesi
gerekmektedir.

Bu calismada iilkemizin en 6nemli iiretim kollarindan biri olan tekstil sektoriiniin atik kot
kumaslar1 esnek yapili karbon malzemelerin gelistirilmesinde degerlendirilmistir. Aktif karbon kumag
(AKK) kot kumas atiklarinin ¢esitli kimyasal ajanlarin aktivasyonu ile elde edilmistir. Kimyasal ajan
cesitlerinin gozenekli doku, kimyasal bilesim ve lif morfolojisine olan etkileri incelenmis, iiretilen
esnek yapili aktif karbon kumaslardan regine takviyeli kompozitler iiretilmistir. Elde edilen deneysel
sonuclar esnek yapili aktif karbon kumasin, ileriye doniik yiliksek maliyetli karbon fiber/regine
kompozit uygulamalari i¢in alternatif bir malzeme olarak degerlendirilebilecegini gostermistir.
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Carbon is a versatile material with numerous allotropes and a wide range of electrical
conductivity based on its allotropes from fullerene to graphite. Carbon-based materials have been used
for energy harvesting applications such as supercapacitors, fuel cells, and lithium-ion batteries (LiBs).
More, carbon and carbon derivatives had been utilized vastly in the anode electrode of lithium-ion
batteries prior to the discovery of graphene. Graphite is the most common anode material in
commercialized LiBs, however, functional and high capacity anode materials are required for next-
generation Li-based batteries.

As the first step of this study, contrary to the literature where graphene oxide (GO) is generally
synthesized by Hummers’ or modified Hummers’ method, our GO was synthesized by the improved
Hummers’ method. Changing the chemicals in the process alters the oxidation and doping mechanism,
which is critical in electrochemical performance. The GO was thermally annealed under argon gas flow
to obtain reduced graphene oxide (rGO). For nitrogen-doping, GO was directly annealed at high
temperatures under ammonia and argon atmosphere as a single and straightforward
synthesis route. The structural and electrochemical characterizations of NrGO were broadly
investigated by comparing with the rGO in order to examine the doping influence of nitrogen on rGO.
The electrochemical analysis was aimed to determine the performance of the battery in terms of the
high current density with the different current rates and long-term operability. As-synthesized rGO has
delivered 110 mAhg™! capacity at 10 Ag™! after 500 cycles of operation, retaining only 39 % of the initial
capacity. Conversely, our NrGO electrodes exhibited a reversible capacity of 240 mAhg™!, with 90 %
capacity retention at the same operation conditions, which is so far the best result achieved among
graphene oxide-based anodes at this current density in the literature. In contrast to rGO, NrGO cells
exhibited a gradually increasing capacity profile, reaching up to 114 % of the initial capacity at 0.1, 2,
and 10 Ag™!' current densities.

This study aims to explain this extraordinary behavior of NrGO by nitrogen defects created on
the graphene surface. Results showed that the process used for the synthesis of NrGO enabled a more
open structure, letting Li* ions more access to doped sites. This resulted in the highest specific capacities
and stability for NrGO anodes reported in the literature. More interestingly, the sites in this NrGO
improved the Li" intercalation, and the specific capacity increases with cycling. In addition, high
occupancy of pyridinic N within NrGO enhanced battery performance and cell kinetics upon cycling.
Furthermore, the remarkable long-time performance opens the possibility to use NrGO based materials
as suitable Li-ion battery anode materials.
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Indirgenmis p nikotinamid adenin diniikleotid (NADH), birgok biyolojik sistemde gérev alan
onemli bir koenzimdir ve yiikseltgenmis formu NAD+’dir. Bu redoks ¢ifti, canli hiicrelerde ATP yani
enerji iiretmek i¢in glikoliz ve Krebs dongiisii gibi 6nemli redoks reaksiyonlarinin meydana gelmesine
yardime1 olarak 300’iin {izerinde dehidrojenazin enzimatik reaksiyonlarinda rol oynar [1]. Insan
viicudunda bulunan NADH miktar1 olduk¢a 6nemlidir. Yiiksek miktarda NADH’e sahip hiicreler daha
fazla enerji tiretebilmektedir. Bu nedenle, hiicreler arasinda bulunan NADH ve NAD+ derisimlerinin
diizenli olmasi hiicreler i¢in hayati 6nem tasimaktadir. Hiicre icerisinde bulunan bu koenzimin
miktariin diisiik veya ¢ok yliksek olmasi insan sagligi lizerinde ¢esitli olumsuz etkileri meydana getirir.
NADH eksikliginde hiicresel diizeyde enerji agigi olusur ve bu durum Alzheimer, meme kanseri,
Parkinson ve depresyon gibi bazi ciddi hastaliklara sebep olur. Ote yandan, hiicrelerde NADH
seviyesinin ¢ok yliksek olmas1 anksiyete ve uykusuzluk gibi sorunlara yol acabilir [2]. Bu nedenle,
NADH seviyesinin biyolojik sivilarda tayin edilebilmesi oldukc¢a 6nemlidir.

Literatiirde yer alan caligmalar incelendiginde enzimatik analiz, yiiksek performansli sivi
kromatografisi, kolorimetri, floresans testi ve elektrokimyasal yontemler NADH tayini i¢in kullanilan
teknikler arasinda yer almaktadir. Elektrokimyasal yontemler kullanilarak gelistirilen NADH
sensorleri, maliyetinin diisiik olmasi, basit olmasi ve tasarim esnekligi gibi avantajlarindan dolay1 diger
metotlara gore daha fazla tercih edilmektedir [3].

Bu calismada, insan viicudu i¢in énemli bir koenzim olan NADH’in hizli ve basit bir sekilde
elektrokimyasal olarak tayin edilebilmesi amaglanmigtir. Bu amagla, ¢ok duvarli karbon nanotiip/nikel-
ftalosiyanin hibrit malzemesi ile modifiye edilmis kalem grafit elektrot (MWCNT/NiPc/KGE) optimum
kosullar altinda gelistirilmistir. Tim elektrokimyasal ol¢iimler geleneksel ii¢ elektrotlu sistem
kullanilarak yapilmigtir. Gelistirilen modifiye elektrot temelli sensoér platformu NADH’in
elektrokimyasal tayininde kullanilmistir. MWCNT/NiPc/KGE’un elektrokimyasal ve morfolojik
karakterizasyonu islemlerini  gerceklestirebilmek amaciyla donilisimli  voltametri  (CV),
elektrokimyasal empedans spektroskopisi (EIS) ve taramali elektron mikroskopisi (SEM) yontemleri
kullanilmugtir,

Anahtar Kelimeler: Indirgenmis B nikotinamid adenin diniikleotid, NADH, elektrokimyasal sensor,
karbon nanotip, nikel-ftalosiyanin.
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Katalizorler, kimya endiistrisinde genis bir alanda kullanilan ve kullanildigr sektorde maliyeti
artiran en Onemli kalemlerden biridir. Ozellikle degerli metallerin katalizor olarak kullanildig
reaksiyonlarda katalizor destek malzemesinin kullanilmasi, katalizor maliyetinin azaltilmasi i¢cin 6nem
arz etmektedir. Karbonlu malzemeler katalizor destegi i¢in istenen ozellikleri saglamasi nedeniyle
heterojen kataliz reaksiyonlarinda uzun siiredir kullanilmaktadir ve bu malzemelerin biyokiitle gibi
siirdiiriilebilir ve yenilenebilir bir kaynaktan elde edilebilmesi 6nemlidir. Yapilan bu ¢aligmada, géknar
agaci talagindan biyotabanli malzeme elde edilmesi ve bu malzemelerin karbonlu katalizor destek
malzemesi olarak kullanilabilirligi arastirilmistir. Calismada termokimyasal yontemlerden biri olan
karbonizasyon yontemi ile biyo-char (BC) elde edilmis ve bu biyo-chara Pt ve Pd degerli metalleri
kiitlece %1, %3 ve %S5 oraninda kuru emdirme yontemi ile yiiklenmistir. Elde edilen katalizor
orneklerinin fizikokimyasal ve ylizey 6zellikleri BET, SEM, TEM ve ICP-OES teknikleri kullanilarak
incelenmistir. Farklt metal yiiklenen katalizorlerden, en yiiksek BET yiizey alanina sahip olan
katalizorler sirasi ile %1Pt-BC ve %5Pd-BC katalizorleridir. Farkli tiirdeki bu katalizorler birbirleri ile
kiyaslandiginda, Pt yiiklenen biyo-char 6reklerinin hem BET yiizey alanlarinin hem de mikrogdzenek
hacminin daha yiiksek oldugu belirlenmistir. Elde edilen SEM goriintiilerine gore hem Pt hem de Pd
yliklenen katalizorlerde, yiiklenen metal miktarinin artisinin katalizorlerin  morfolojik yapisini
bozmadig1 belirlenmistir. Pd yiliklenmis biyo-char &rneginden elde edilen TEM goriintiileri
incelendiginde, ¢oziiniirliiglin yiiksek olmasi ile birlikte Pd metalinin pargacik boyut dagilimiin daha
belirgin oldugu goriilmektedir. Farkli metal yiikleme oranlarinda alinan TEM goriintiileri, Pd pargacik
boyutunun biiylik 6l¢iide yiiklenen metal miktarina bagli oldugunu gostermektedir. Yiiklenen metal
miktar1 kiitlece arttikg¢a, Pd metalinin par¢acik boyutunun da arttig1 belirlenmistir. ICP-OES sonuglarina
gore, diislik metal oranlarinda, kullanilan kuru emdirme yonteminin yiiklenen metal miktarina gére daha
verimli oldugu ve standart sapma degerinin de daha diisiikk oldugu goriilmektedir. Deneysel olarak
yiiklenmis metal degeri teorik olarak yiiklenmek istenen metal degerinden daha diisiiktiir. Ozellikle
yiiksek metal orani igeren emdirmelerde daha fazla olan aradaki fark, hem metallerin ¢oziicii i¢erisinde
az ¢oziindiigiinden hem de kuru emdirme metodu sirasinda kullanilan laboratuvar ekipmanlarinda metal
kayb1 olmasindan kaynaklanabilmektedir. Goknar agaci talaginin termokimyasal yontemlerle
donistiiriilerek stiin yiizey 6zelliklerine sahip biyo-char elde edilmesi ve bu gézenekli malzemenin
katalizor destek malzemesi olarak kullanilmasi biyokiitlenin farkli bir uygulama alaninda
degerlendirilebilmesi i¢in umut verici bir sonugtur.
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Grafen, grafitten tiiretilen karbon nanomalzemelerin modern bir 6rnegidir. Elverisli yapisal,
elektriksel, optik ve mekanik 6zellikleriyle birlesen iki boyutlu yapisi, birgok alanda kullanim avantaji
saglar. Grafen, altigen kafes yapisiyla karbon nanomalzemelerin omurgasi olarak tanimlanir ve nano-
elektrokimyasal iriinlerin, enerji depolama cihazlarinin ve sensorlerin ana bileseni olarak
kullanilmaktadir [1]. Hummers yontemi grafen oksit (GO) hazirlanmasinda en ¢ok kullanilan tekniktir
[2]. GO’nun grafene gore temel avantajlari, oksijen islevselligi nedeniyle organik ¢oziiciiler, su ve diger
inorganik ¢oziciiler iginde dagilma kolayligidir [3]. Fakat, GO yalitkan bir materyaldir ve
elektrokimyasal uygulamalar i¢in yetersizdir [4]. Elektriksel iletkenligi iyilestirmek ve petek altigen
orgiiyii korumak i¢in GO’nun indirgenmesi gereklidir. Elde edilen indirgenmis grafen oksit (rGO) saf
grafende bulunan sp? bagim geri yiikler ve iletken nanomateryal boyunca yiiklerin serbest hareketine
izin veren iki boyutlu karbon malzeme ortaya ¢ikar [5].

Bu calismada kaliplama (mold-casting) yontemiyle serbest durabilen GO kagitlar iiretilmis ve
bu kagit yapilarindan elektrokimyasal olarak en yiiksek iletkenlige ve esneklige sahip rGO kagit
elektrotlarin belirlenmesi amaciyla GO kagitlara termal, hidrotermal ve kimyasal prosediirler ile
indirgeme islemi yapilmistir. Bu ii¢ farkli indirgeme yontemi ile olusturulan rGO kagit yapilarinin
elektrokimyasal aktiviteleri doniisiimlii bir redoks probu olan Fe(CN)¢* igin doniisiimlii voltametri
teknigi ile belirlenmis ve karsilastirmalari yapilmstir. Ornek olarak K;Fe(CN)g igeren ¢ozeltide karbon
esaslit model elektrot olan kalem grafit elektrot (KGE) {izerinde alinmis doniistimlii voltamogram Sekil
1’de sunulmustur.
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Sekil 1. KsFe(CN)s iceren ¢ozeltide KGE iizerinde alinan voltamogram. Tarama hizi: 50 mV/s.
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Artan enerji talepleri, her gegen giin bilim insanlarini iistiin gii¢ ve enerji yogunluklarina sahip
verimli enerji depolama sistemleri tasarlamaya yonlendirmektedir (Gengten ve Sahin, 2020; Gordiik,
2020). Bu baglamda, siiperkapasitorler, geleneksel pillere kiyasla yiiksek giic yogunlugu, hizh
sarj/desarj oranlar1 ve daha uzun ¢evrim omrii gibi 6nemli enerji depolama 6zellikleri sergilerler. Bu
calisma kapsaminda, kimyasal yontem kullanilarak molibdendisiilfit (MoS,) sentezlenmis ve
stiperkapasitor elektrot malzemesi olarak kullanilmistir (Arvas ve ark., 2020). Hazirlanan elektrot
sistemleri spektroskopik ve mikroskobik yontemler kullanilarak karakterize edilirken, yapilarin
kimyasal karakterizasyonlar1 IR (kizilotesi spektroskopisi), X-1s1m1 kirinim difraktometresi (XRD) ve
SEM-EDX analizleri ile incelenmistir. Elektrotlarin yilizey morfolojileri ise SEM (Taramal1 Elektron
Mikroskobu) kullanilarak incelenmistir. Hazirlanan MoS; esash siiperkapasitor elektrot malzemeleri
elektrokimyasal yontemler ile karakterize edilmistir. Bu kapsamda, doniislimlii voltametri yontemi
kullanilarak elektrot sistemlerinin siiperkapasitif davranislari incelenmistir. Elektrokimyasal empedans
spektroskopisi ile ¢ozelti direnci, ylik transfer direnci, Warburg empedansi ve ¢ift tabaka kapasitansi
parametreleri incelenmistir. Hazirlanan MoS; esasli elektrotlarin ¢ift tabaka kapasitansi ve Warburg
empedansi1 parametrelerinin karbon esasl elektrota gére dnemli 6l¢iide arttifi ve ayni zamanda yiik
transfer direnci parametresinin karbon esasli elektrota gore distiigii gézlemlenmistir. Yapilan sarj desarj
testlerinde ise MoS, esasli elektrotlar ile karbon elektrota gore yiiksek bir alansal kapasitans degerine
ulastlmistir.
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With the widespread use of technology in the world, need for the efficient storage of energy is
rapidly gaining importance. Although battery systems are one of the widely used storage devices, they
are insufficient due to disadvantages such as leakage to soil and water, difficult recycling, short life, and
it has been become obvious to be replaced by alternatives. The need for long-life energy storage systems
and the tendency towards green chemistry have taken supercapacitors one step ahead. However,
development of electrode materials with superior properties is one of the serious issues for the scientist.
In the supercapacitors, energy can be stored by carbon with either metal oxides or conductive polymers,
thus achieving high power densities and increased stability [1, 2]. Carbon-based electrodes are one of
the most preferred candidates for applications of electrochemical energy storing devices [1-3]. Electrode
is the most important component in a supercapacitor, and it can have an improved surface area and
porosity when produced as a coordination complex based carbon composite with conducting polymers
[1,2]. In addition, with the production of coordination complex@Carbon composite electrode by
electrochemical methods, no binder is required. In this work, an electrode material consisting of
polyprrole and coordination complex which contain zinc and carboxylic acid-based ligands were
produced by cyclic voltammetric method. Prepared electrodes were characterized by using of
microscopic (SEM), spectroscopic (FT-IR), and electrochemical methods (CV, EIS, charge-discharge
tests). The composite electrode showed enhanced areal capacitance according to the bare carbon-based
electrode in cyclic charge-discharge tests. These composite electrodes will offer an important alternative
to existing methods to power supercapacitors, thanks to their high cycle life and fast charge-discharge
properties.

References

[1]. Gorduk, O., Gencten, M., Gorduk, S., Sahin, M., & Sahin, Y. (2020). Electrochemical fabrication
and supercapacitor performances of metallo phthalocyanine/functionalized-multiwalled carbon
nanotube/polyaniline modified hybrid electrode materials. Journal of Energy Storage, 102049.

[2]. Gorduk, O., Gorduk, S., Gencten, M., Sahin, M., & Sahin, Y. (2020). One-step electrochemical
preparation of ternary phthalocyanine/acid-activated multiwalled carbon nanotube/polypyrrole-based
electrodes and their supercapacitor applications. International Journal of Energy Research, 44(11),
9093-9111.

[3] Arvas, M. B., Gengten, M., & Sahin, Y. (2020). A two-dimensional material for high-capacity
supercapacitors: S-doped graphene. International Journal of Energy Research, 44(3), 1624-1635.

52


file:///C:/Users/sbozbag/Desktop/karbon%20konferans%202021/received/KİTAP/hlalyildirim@gmail.com

Improving Activated Carbon Surface Properties by Biomimetic
Method

Aygil YURTAY?, Murat KILIG*

Chemical Engineering Department, Eskisehir Technical University, Eskisehir, 26555.
*aygulyurtay@eskisehir.edu.tr

The modification of the activated carbon surface is a promising and attractive way and
accordingly, it gains new possibility to use different applications in many fields. Surface modification
studies are carried out to increase the physical, chemical, and mechanical properties of activated carbons
to improve the pore structure, and especially the adsorption capacity. Since the presence of functional
groups on the activated carbon surface constitutes the major adsorption sites, the presence of these
species allows changing the activated carbon surface properties and adsorption capacities. Using the
modification methods, groups of interest are provided on the surface to be recycled. From the literature,
it has generally been seen that the same surface modification methods have been used. Surface
modification methods applied in these studies are difficult, laborious, and costly. For this reason, studies
should tend to alternative methods.

Dopamine, an important neurotransmitter in the human body, has started to have a crucial role
in surface modification due to the strong adhesive properties of the mytilus edulis foot. It can form a
self-polymerizing coating at various rates under alkaline conditions and atmospheric air. Polydopamine
is a promising material in surface modification with its strong adhesive properties, easy compatibility
on the material, and no influence from the water. Moreover, the coating of the dopamine on the surface
can be easily controlled by changing the relevant parameters. Considering all these properties, it seems
that polydopamine is quite suitable for surface modification studies.

In this study, activated carbon produced from hazelnut shell coated with polydopamine to
improve surface properties and adsorption capacity. PDA coated and uncoated samples were
characterized and compared according to their adsorption capacity. Results showed that PDA coated
activated carbon seems to be an effective adsorbent and can be used to clean up the polluted water
caused by industrialization, urbanization, global warming in the rapidly developing and changing world.
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Karbonun allotroplarindan olan grafit, karbon nanotiipler ve fullerenin temelini olusturan
grafen, ilk kez 2004 yilinda izole edilmistir [1]. Grafenin yapisi, bal petegi kristal yapisinda yogun bir
sekilde paketlenmis sp? hibritlesmis karbon atomlarinin tek atom kalinligindaki tabakalarindan olusur
[2]. Esneklik, yiiksek mekanik stabilite ve yiiksek elektrik iletkenligi gibi ozellikleri [3] ile son
zamanlarda, esnek grafen kagitlarini arastirmak i¢in 6nemli ¢alismalar yapilmstir [4]. Grafen kagitlara
farkli nanoparpartikiiller katkilanarak grafen kompozit kagitlar elde edilebilir. Cesitli nanopartikiiller
arasinda, ZnO nanopartikiiller (ZnO-NPs), grafen oksit ile iyi bir sekilde baglanabilmesini saglayan
aktif alanlar1 ile miikemmel fonksiyonel malzeme olarak kabul edilir [5]. Grafen/ZnO kompozitlerin,
genis aktif yiizey alani sayesinde gelismis elektrokimyasal aktivite 6zelligiyle elektrokimyasal sensor
uygulamalar1 [6,7] ve sulu ¢ozeltilerden metallerin giderimi [7] uygulamalarinda yiiksek performans
gostermesi beklenmektedir. Etilendiamintetraasetik asit (EDTA), metal iyonlar1 ile kararli kompleksler
olusturmaktadir. Sanayilesmenin hizla gelismesi, temiz su kaynaklarinin eksikliginin kiiresel ¢apta en
yaygin sorunlardan biri olmasina neden olmustur. Endiistriyel olarak tahliye edilen Cd*?, Pb*2, Cu™ ve
Hg"™ gibi toksik agir metal iyonlari ile kirlenen atik su, temiz su kaynaklarina karismakta ve canlilar
icin tehdit olusturmaktadir. Bu yiizden agir metal iyonlarinin es zamanl giderimi ve tayini canlilar i¢in
kritik 6neme sahiptir.

Bu ¢alismada, Cd*™, Pb*2, Cu*? ve Hg"? agir metal iyonlarinin hem giderimi hem de es zamanli
voltametrik tayini i¢in indirgenmis grafen oksit (rGO) esasli membran/elektrot materyalinin {iretimi
gerceklestirilmistir. rGO esasli kompozit kagida, hem elektrokimyasal aktiviteyi gelistirmek hem de
suyun gecisine izin veren kanallari olusturmak i¢cin ZnO-NPs katkilanmistir. EDTA, membran filtrasyon
islemi sirasinda komplekslesme ile agir metal iyonlariin adsorpsiyonu i¢in rGO esasli kompozit yapiya
katkilanmistir [7]. GO/ZnO-NPs-EDTA ve rGO/ZnO-NPs-EDTA kagitlarin dijital kamera fotograflar:
Sekil 1'de gosterilmistir. Kompozit kagidin karakterizasyonu ¢ok sayida teknik ile gerceklestirilmistir.
Bu calisma Atatiirk Universitesi tarafindan FBA-2018/6920 proje numarasi ile desteklenmistir.

%

Sekil 1. a) GO/ZnO-NPs-EDTA ve b) rGO/ZnO-NPs-EDTA kagit materyallerin dijital fotograflari.
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Diinyanin hizla artan enerji talebi biiyiik oranda (%87’si) fosil yakitlardan (petrol, dogal gaz ve
komiir) karsilanmaktadir. Enerji ihtiyaci hizla artarken sinirli kaynaklar olan fosil yakitlar ise zamanla
azalmaktadir ve artan talebe karsilik veremeyecegi ongoriilmektedir. Yine fosil yakitlarin gevre ve
ekosistem tizerinde olusturdugu dnemli tahribatlar basta kiiresel 1sinma olmak {izere bir¢ok olaya sebep
olmaktadir. Bu noktada riizgar enerjisi ve giines enerjisi gibi yenilenebilir enerji kaynaklari
siirdiiriilebilir bir enerji arz1 agisindan 6nemli bir potansiyele sahiptir (Sinsel ve ark., 2020). Ancak, bu
sistemlerin siireksiz olmas1 yani istenildikleri anda iiretilememeleri 6nemli bir sorun teskil etmektedir.
Bu nedenle, yiiksek verimli ve ¢evreci enerji depolama sistemlerinin iiretilmesi ¢cok 6nemli bir ¢alisma
alan1 haline gelmistir (Noori ve ark., 2019). Bu amagla, enerji kaynaklarindan elde edilen enerjinin
elektrokimyasal enerji depolama sistemlerinde depolanmalari ile ilgili yapilan caligmalar her gecen giin
artmaktadir. Ilgili sistemlerin en 5nemli bileseni olan elektrotlar ise sistem kapasitesini ve performansini
etkileyen birincil etkenlerdendir (Gengten ve Sahin, 2020). Bu ¢alisma kapsaminda, elektrokimyasal
enerji depolama sistemlerinden olan siiperkapasitorler i¢in elektrot malzemesi olarak vanadyum katkil
polianilin esasli iletken polimer malzemeler kimyasal yontem kullanilarak sentezlenmistir. Hazirlanan
vanadyum katkili iletken polimerlerin ylizey morfolojisi taramali elektron mikroskobu (SEM)
kullanilarak incelenmistir. Sentezlenen maddelerin kimyasal yapilar1 ise Fourier doniisiimlii kizil6tesi
spektroskopisi (FT-IR) ve enerji dagilimli X-isinlar1 dedektorii (EDS) yontemleri kullanilarak
yapilmustir. fletken polimer yapilarin partikiil boyut dagilimlari, boyut dagilimi lgiim cihazi ile
belirlenmistir. Uretilmis olan malzemelerin termal 6zelliklerini aydinlatmak icin diferansiyel taramali
kalorimetri yontemi kullanilmistir. Hazirlanan vanadyum katkili polianilin esash iletken polimerler
stiperkapasitor elektrot malzemesi olarak kullanilmigtir. Hazirlanan sistemlerin doniisiimlii voltametri,
elektrokimyasal empedans spektroskopisi ve doniisiimlii sarj-desarj testleri ile elektrokimyasal
karakterize edilmiglerdir. Bu kapsamda tiretilen siiperkapasitor elektrot malzemelerinin yiliksek dongii
omiirlerine ulasitlmamus olsa da alansal kapasitans degeri 1,614 F.cm™ olarak bulunmustur.

Anahtar Kelimeler: Enerji, Enerji Depolama Sistemleri, Siiperkapasitérler, Iletken Polimerleri
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