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Dear Colleagues of Universal Catalysis Community,

The 8™ National Catalysis Conference took place virtually, between September 9, 2021 and
September 11, 2021. The NCC-8 was organised under the auspices of Middle East Technical
University and Catalysis Society of Turkey. The objective of the conference is to bring
together scientists in order to share their new and exciting findings, methods, methodologies
and ideas. The three featured plenary talks by Prof. Dr. Jeffrey A. Reimer (University of
California Berkeley), Prof. Dr. Johannes A. Lercher (Technical University of Munich) and
Prof. Dr. Umit Ozkan (Ohio State Univeristy) constitute the general background and
enriched the technical program. The nine invited, 26 oral presentations and 38 posters were
contributed. We are also very grateful to have the honor of organizing a special session for
Giilsen Dogu and Timur Dogu who have great contribution to catalysis world from our
country.

To conclude, NCC8 was a successful event and | would like to thank all those who have
contributed.

One behalf of the organizing committee,

Prof. Dr. Giirkan Karakas
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calcination temperature

Yavuz Yagizatli, H. Mehmet Tasdemir,
Sena Yasyerli, Nail Yasyerli, Gulsen Dogu

The Effect Of Synthesis Methods On The Activities Of 15% NiO
ISAPO-34 Zeolite Supported Catalysts For Carbon Monoxide
Methanation Reaction

Yusuf Serkan Kiling and Filiz Balik¢1
Derekaya

Theoretical and Experimental Investigation of Metal Salt-
Ammonia Reactive System

Zeynep Karakas Helvaci, Yusuf Uludag and
Giirkan Karakasg
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Our Changing Atmosphere: Evidence that demands a Verdict

Jeffrey A. Reimer

University of California Berkeley, Dept. of Chem. and Biomolecular Engineering, Berkeley, USA
Many students and colleagues are only aware of climate change by way of public discourse and
social media. Drawing on recent scientific papers organized for a course he teaches at Berkeley,
Jeffrey Reimer will show how the atmosphere is changing, that humans are the cause, and that
there are consequences. These consequences may be viewed in the context of Earth’s historical
carbon cycles, which demonstrate well what the Earth will look like unless we consider every
possible means to decarbonize the atmosphere.
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Sorption and catalysis at the liquid-solid interface

Johannes A. Lercher

Institute for Integrated Catalysis, Pacific Northwest National Laboratory, Richland, WA
Department of Chemistry Technische Universitdit Miinchen, Garching, Germany
Characterizing, understanding, and controlling the interactions and catalytic transformations at
solid-liquid interfaces is complex and experimentally as well conceptually challenging. The lecture
will describe potential approaches to characterize the impact of protic and non-protic solvents at that
interface and in particular in presence of water. The impact of the solvent on properties of metal
oxides, zeolites and supported metal particles as well as on the interacting molecule will be discussed
and quantified in terms of the excess chemical potentials. Examples discussed will include
adsorption and reactivity of organic molecules, Hz, and CO on oxides, zeolites and metal particles.
Opportunities and challenges for acid-base and redox catalysis with oxides and metals with and

without external electric potentials will be discussed.
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High-temperature Co-electrolysis of CO, and H>O on Lanthanum
Ferrite-type Perovskite Oxide Cathodes

Umit S. Ozkan'*, Dhruba J. Deka?, Seval Gunduz!, Jaesung Kim?!, Matt Ferree!, Taylor Fitzgerald?, Yingjie
Shit, Jean-Marc M. Millet?, Jeffrey T. Miller®, Anne C. Co*

william G. Lowrie Department of Chemical and Biomolecular Engineering, The Ohio State University,
Columbus, Ohio 43210 (USA)
2Institut de Recherche sur la Catalyse et L’Environnement de Lyon, Villeurbanne Cedex 69626 (France)
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*ozkan.1@osu.edu

High-temperature co-electrolysis of H.O and CO- is a promising way to produce clean syngas which
is an important chemical building block. This scheme provides a potential CO, mitigation route by
converting this greenhouse gas into a valuable product, with D2 @ acie @ cathode

Electrolyte

0, (0;Evolution)
2

pure oxygen being the only by-product. In this study, a high-
temperature (700-850°C) solid electrolysis cell (SOEC) is used
to co-electrolyze H,O and CO: into syngas.

The SOEC employed in the present work consists of an yttria-

stabilized zirconia (YSZ) solid oxide oxygen ion conducting

5] py
. . Co, co H, H,O
electrolyte, sandwiched between two electrode layers (Fig. 1). (€0, Electrolysis) * s e

The counter electrode (anode) is a commercially available  Fig. 1. Schematic of SOEC cell
mixture of LaosSro2MnO; and YSZ (LSM-YSZ), whereas the for co-electrolysis

working electrode (cathode) consists of an in-house developed lanthanum ferrite-type perovskite
oxide. H,0 and CO; get electrolyzed to H, and CO at the cathode producing O% ions, which travel
through the YSZ electrolyte to the anode where they combine to form molecular oxygen.

The A- and B-site doped lanthanum ferrite perovskite materials used in this study as the working
electrode were synthesized via EDTA-citric acid complexation method. The synthesized materials
were characterized ex-situ, in-situ and operando using X-ray diffraction (XRD), photoelectron
(XPS) and absorption (XAS) and Raman spectroscopy, transmission electron microscopy and four
probe DC van der Paw techniques to investigate their morphology, bulk and surface structure,
electrical conductivity and the changes in these properties during the electrochemical reaction under
bias. The electrocatalytic activity tests showed that the H,/CO ratio in the product stream can be

tuned through modifications on the A- and B-site doping as well as other reaction parameters.
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Sulfur Recovery in Chemical Processes for Sustainable Environment

Sena Yasyerli
Gazi University, Chemical Engineering Dept.,Ankara, Turkey

*syasyerli@gazi.edu.tr

This abstract is a review of the results of the studies carried out by our Research Group on hot gas
desulphurization of H,S and production of elemental sulfur by selective oxidation of H,S. Hot gas
desulphurization is based on the non-catalytic gas-solid reaction (MeO + H,S — MeS + H,0)
between the metal oxide sorbent and the H,S gas. In our studies, Cu and Mn-based sorbents were
prepared as single, double, and triple mixed metal oxides containing V, Fe, Ce, Mo, Zn, and their
H.S removal performances were investigated in a packed bed reactor system at high temperatures.
Cu-Mn and Mn-Ce sorbents as binary mixed metal oxide are superior to other sorbents and they
have high sulfur retention capacity. The 3Mn-1Ce (molar ratio of Mn/Ce:3/1) prepared by the
complexation technique and alumina pellet supported 3Mn-1Ce@AIl,Os sorbents showed stable
activity in successive sulfidation-regeneration cycles. Mn-Ce sorbent saved its sulfur sorption
capacity in the successive 10-sulfidation-regeneration cycle. Recovery of 90% of the sulfur in the
structure of the sorbent as elemental sulfur during regeneration is very important in terms of
environmental pollution. The 3Mn-1Ce@AI,Os sorbent was able to maintain 56% performance of
sorption capacity in the successive 6-sulfidation-regeneration cycle. Our studies show that high-
temperature desulphurization has the potential to be applied for the removal of H.S in processes with
hot gas streams, such as the purification of biogas or the preparation of hydrogen-rich gas mixtures.
The catalytic performances of mixed metal oxides containing Ce, V, Mo, Ti, Fe, Cr, and Zr in the
production of elemental sulfur by selective catalytic oxidation of H,S (H.S + 1/20; — S + H;0)
were also investigated in our studies. In addition to unsupported catalysts, alumina-supported Ti-Ce
catalysts were investigated. The Ti-Fe catalyst, which contains equimolar Ti and Fe in its structure
prepared by the sol-gel method, exhibited the highest activity with 100% H,S conversion and
100%sulfur selectivity at 200°C. The redox property and O, mobility of cerium increased the activity
of the catalyst in the selective catalytic oxidation reaction. In particular, the presence of equal molar
Ce inV, Fe, Ti, and Cr catalysts has an important role in increasing and maintaining their catalytic
activity. Our results indicated that the alumina materials prepared by classical and modified sol-gel
methods exhibited stable and very high activity as a catalyst in the selective catalytic oxidation of
H2S. As the reaction time progresses, Al-S bonds formed in the structure of alumina and alumina-
supported Ti-Ce catalysts cause the activity to decrease. Our Research Group continues to work on

the removal of H,S by high-temperature desulphurization and catalytic selective oxidation of H.S.
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BIOCATALYSIS: Smart BioCatalytic Systems Design

Pinar Calik?, Giizide Calik?, Tuncer H Ozdamar?

!Department of Chemical Engineering, Biocatalysis and Biochemical Reaction Engineering
Lab, Middle East Technical University, 06800 Ankara
2Department of Chemical Engineering, Biochemical Reaction Engineering Lab,
Ankara University, 06100 Ankara

thozdamar@ankara.edu.tr

BioCatalysis is the phenomenon aiming to design synthetic bioreaction systems for:

a) increasing or regulating the rate of specific reaction(s) with a biocatalyst (natural proteins
(enzymes) or nucleic acids) in vitro (outside cell) (so-called enzyme engineering), and

b) synthesizing a native or heterologous biomolecule by engineering the gene or promoter
or transcription factor expression(s) in vivo (in cell), alone or in combination, through
directed evolution of the cellular network for production in fermentation processes.

In this presentation, the focus will be on biocatalysis in cells for smart biocatalytic systems
design. Conversion of a selected carbon source such as ethanol or glucose or glycerol to
biomolecules impacts the green-clean production, including the biopharmaceutical proteins
with high yields and productivities. To produce extracellular proteins through metabolic
engineering strategies, biocatalysis can be achieved in cells, by:

(1) Designing synthetic hybrid-gene systems with an appropriate (naturally occurring or
synthetic) promoter regulated by carbon sources, mimicking extracellular protein
production,

(2) Promoter engineering: transcription and expression of a gene with hybrid-architectured
engineered-promoters that allow engineered expression of genes controlled with carbon
sources over crosstalk between signalling pathways, and

(3) Transcriptional engineering: engineering of transcription factor (TF) expressions to
engineer the transcription and expression through the engineering of multilayer regulation
for directed evolution of the cellular network.

Biocatalysis in cells will be presented by introducing our two recent collaborated works, on

engineering a synthetic hybrid-gene system and, design of hybrid-promoter architectures to
deregulate expression.
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Catalytic Studies on Decomposition of Ammonia:

An Environmentally Friendly Way of Clean Hydrogen Production

Dilek Varisli
Gazi University, Ankara, Turkey
*dilekvarisli@gazi.edu.tr

Global warming and depletion of oil reserves are two challenging problems due to fossil fuel
utilization in energy production. For this reason alternative energy sources, such as Hydrogen, have
gained great attention. Ammonia has been suggested as an important hydrogen carrier material due
to its high hydrogen content and high energy density as well as its ability to provide COx-free
hydrogen by decomposition reaction [1]. Ruthenium is known to be the most active metal for this
reaction, but its high price and scarcity have triggered reserachers on much cheaper and readily
available metals, such as cobalt. There have been different studies to improve the performance of
these catalysts. Cobalt incorporated silicate structured catalysts were prepared following one-pot
hydrothermal synthesis route with different silica sources, namely sodium silicate and TEOS, to see
the changes in their structure and catalytic activity. Higher ammonia conversion values over the
catalyst with promoter was also presented in this study [1]. Using different metal precursors was
investigated and reported that catalysts prepared by using cobalt acetate gave better activity that the
one prepared by using cobalt acetonate or cobalt nitrate [2]. Microwave energy has been used as an
alternative heating mode to enhance the chemical reactions and it has been used for ammonia
decomposition reaction in our laboratory [3-6]. Carbon (mesoporous carbon, activated carbon,
MWCNT, carbon fiber) supported iron, molybdenum, nickel and cobalt based catalysts were tested
in microwave reactor system and higher conversion values (total conversion) at lower reaction
temperatures were easily achieved in comparison to the conventional system, i.e. electrically heating
furnace [3-5]. It was also shown that alumina supported catalysts prepared with nickel, iron and
cobalt were also good for this reaction when they were used in catalytic bed by mixing with a
microwave receptor such as mesoporous carbon [6]. Metal carbide formation in microwave system
during reaction period is another advantageous of this system, besides long term better performance

and shorter reaction times [3-4].
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Process intensification applications for adsorptive separations, gas capture and

storage

Tirkan Kopag¢
Department of Chemistry, Zonguldak Biilent Ecevit University, 67100 Zonguldak, Turkey

Process intensification (P1) which involves the design of innovative equipment and
production methods has been commonly regarded as the most promising and significant tool
for Chemical Engineering applications, leading to substantially smaller, cleaner, safer, more
energy efficient technologies, combining multiple operations into fewer devices, or a single
apparatus [1,2]. This presentation aims to provide an overview of the principles of Pl and
the discussion of the recent advances in the field of adsorptive separation applications
through chemical PI. Selected applications have been identified in terms of the PI
techniques, and the significant process enhancements achieved for a variety of adsorption
separation systems, including water treatment, gas capture and storage. It has been shown
that Pl represents a promising technology in the field of adsorption separations.
Considerable process improvements can be obtained such as, enhanced heat and mass
transfer, separation, recovery, production yield, adsorbent characteristics; and reduced
reactor volume, reaction time, pressure drop, energy efficiency together with process costs.
Even though the significant progress in the field, there is still considerable need for further
studies for the enhancement of the technical and economical aspects of the technologies

applied to adsorptive separations [3].

References

[1] Baldea M, From process integration to process intensification. Comput. Chem. Eng. 81
(2015) 104-114.

[2] Keil F.J, Process intensification, Rev Chem Eng, 34 (2) (2018) 135-200
https://doi.org/10.1515/revce-2017-0085.

[3] Kopac T, Emerging applications of process intensification for enhanced separation and
energy efficiency, environmentally friendly sustainable adsorptive separations: A Review,
Int J Energy Res. 45 (2021) 1583915856 https://doi.org/10.1002/er.6944

23


https://doi.org/10.1002/er.6944

NCC-8 National Catalysis Congress

Sep 9-12, 2021, Middle East Technical University, Ankara

Oral Presentations

24



NCC-8 National Catalysis Congress
Sep 9-12, 2021, Middle East Technical University, Ankara
An Alternative Method For Ammonia Synthesis By Electrocatalysis Using Nitride

Conducting Solid Electrolytes
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Ammonia is a chemical that has very high production capacities and it is used in many industrial
applications including energy, refrigeration, textile, fertilizers, pharmaceuticals, cleaning products,
nitrogen-containing chemicals, and explosives [1, 2]. It is traditionally produced by the Haber-Bosch
process. The increase in the ammonia demand, high temperature (450-500 °C) and pressure (up to
300 bar) requirements, thermodynamic limitations, and environmental pollution problems
associated with the Haber-Bosch process facilitated the interest in alternative ammonia production
methods. One of the most promising alternatives is electrocatalysis using solid-state electrolyte
systems [2, 3]. Studies with solid-state electrolytes focus on using proton and oxide conducting
electrolytes [4, 5]. Both methods eliminate the thermodynamic limitation, work under atmospheric
pressure, increase energy efficiency, and simplify reactor design. On the other hand, for both
methods breaking of nitrogen bonds and ammonia production both occur at the cathode side, and
due to strong nitrogen triple bonds hydrogen ions often recombine to produce H, without reacting
with nitrogen and decrease ammonia selectivity. This project focuses on developing an alternative
by using nitride-conducting electrolytes. With this aim, both developing nitride-conducting
electrolytes and active and selective electrocatalysts are studied. For the development of nitride-
conducting electrolytes, two different methods are used; electrochemical nitridation of YSZ
electrolytes and nitridation of YSZ powders followed by tape casting. Electrocatalyst development
focused on mayenite type catalyst due to its high potential for activity, ionic and electronic
conductivity. Mayenite catalysts were synthesized using sol-gel method. The structure and
properties of the synthesized materials were determined using XRD, TGA, N, adsorption-desorption
analysis, and the electrochemical cells produced were tested by voltammetry.
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Amonyak ¢ok yiiksek miktarlarda iiretilen bir kimyasaldir ve enerji, sogutma, tekstil, giibre, ilag,
temizlik tirinleri, nitrojen iceren kimyasallar ve patlayicilar gibi birgok endiistride kullanilmaktadir
[1, 2]. Amonyak geleneksel olarak Haber-Bosch siireci ile tiretilmektedir. Amonyak talebindeki
artig, Haber-Bosch siirecinin ihtiyag duydugu yiiksek sicaklik (450-500 °C) ve basing (300 bar’a
kadar), termodinamik sinirlamalar ve c¢evre kirliligi problemleri alternatif amonyak iiretim
yontemlerine ilgiyi arttirdi. En ¢ok gelecek vadeden alternatiflerden biri kati hal elektrolitler
kullanan elektrokatalitik yontemlerdir [2, 3]. Kat1 hal elektrolitler kullanan ¢aligmalar proton ve
oksit iletken elektrolitlere yogunlagmaktadir [4, 5]. Bu iki yontem de termodinamik sinirlamalar
kaldirmakta, atmosferik basingta galismakta, enerji verimliligini arttirmakta ve reaktor tasarimini
basitlestirmektedir. Ote yandan, her iki yontemde de nitrojen baglarinin kirilmas: ve amonyak
iiretimi katot ylizeyinde gerceklesmekte ve giiclii nitrojen baglari nedeniyle ¢cogunlukla hidrojen
iyonlar1 nitrojen ile reaksiyona giremeden tekrar birleserek H olusturmakta ve amonyak seciciligini
diisiirmektedir. Bu proje nitriir iletken elektrolitler kullanarak bir alternatif yontem gelistirmeyi
hedeflemektedir. Bu amagla hem niitriir iletken elektrolit hem de aktif ve segici bir elektrokatalizor
gelistirilmesi tizerine ¢alisilmaktadir. Nitriir iletken elektrolit gelistirilmesi i¢in iki farkli yontem
kullanilmaktadir; YSZ elektrolitlerin elektrokimyasal olarak nitriirlenmesi ve YSZ tozlarinin
nitriirlenmesi ve ardindan serit dokiim yapilmasi. Elektrokatalizor gelistirme caligmalart yiiksek
aktivite, iyonik ve elektronik iletkenlik potansiyelleri nedeniyle mayenit tipi katalizorlere
odaklanmigtir. Mayenit katalizorler sol-jel yontemi ile sentezlenmistir. Sentezlenen malzemelerin
yapist ve Ozellikleri XRD, TGA, N adsorpsiyon-desorpsiyon analizi ile belirlenmis,
elektrokimyasal hiicreler ise voltametri yontemi ile test edilmistir.
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Electrolyzers can be used to store the renewable-based electricity in the form hydrogen, but this
process is energy intensive (50 kWh/kg H»). In order to reduce the energy requirement of the process
per kg H> produced organic molecules (e.g., ethylene glycol, ethanol, glycerol, etc.) can be employed
as (co-)reactants. The electrolysis (or electrooxidation) of organic molecules requires less energy
(10-25 kWh/kg H, or 1.1-2.2 kWh/m? H;) [1-4] and it allows the production of value added
chemicals together with hydrogen. Glycerol is one of the interesting candidate reactants for the
electrooxidation of organic molecules since it is produced in the biodiesel industry as a byproduct
on a large scale and the efficient and practical utilization of this low-value chemical is an important
concern from the economic and environmental points of view [5]. In the present study, the
electrooxidation of glycerol was investigated on monometallic (Pt/C, Co/C, Ni/C, Cu/C) and
bimetallic catalysts (PtCo/C, PtNi/C, PtCu/C) - containing porous carbon cloth electrodes in alkaline
medium to gain insight about the potentials of electrodes for simultaneous hydrogen and chemical
production. Physical and chemical properties of catalysts were analyzed by using XRD, XPS and
TEM while electrochemical characteristics of electrodes were studied by Cyclic Voltammetry,
Choronoamperometry and Electrochemical Impedance Spectroscopy. We observed that bimetallic
catalysts-containing electrodes have higher glycerol electrooxidation activities and stabilities
compared to monometallic catalysts-containing electrodes. The highest activity belongs to the
PtCu/C-containing electrode, which is linked to its higher electrochemical active surface area and
low kinetic and mass transfer resistance. We also found that the presence of porous carbon cloth had

a considerable effect on the glycerol electrooxidation activity.
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Elektrolizorler, yenilenebilir kaynakli elektrigi hidrojen olarak depolamak amaciyla
kullanilabilinir, fakat bu proses enerji titketimi yiiksek (50 kWh/kg H>) bir prosestir. Bu prosesin kg
hidrojen basina enerji tiikketimini azaltmak i¢in organik molekiiller tepken veya estepken olarak
kullanilabilirler. Organik molekiillerin elektrolizi daha az enerjiye ihtiya¢ duyar (10-25 kWh/kg H»
or 1.1-2.2 kWh/m® H;) [1-4] ve yliksek katma degerli kimyasallarin iiretimini de miimkiin kilar.
Gliserol organik molekiillerin elektrooksitlemesi i¢in ilgi ¢ekici bir tepken adayidir, ¢linkii gliserol
biyodizel endiistrisinde yan iiriin olarak biiyiik 6lgekte tiretilmektedir ve bu diisiik katma degerli
molekiiliin verimli ve pratik kullanimi ¢evresel ve ekomomik agidan 6nemlidir [5]. Bu ¢alismada,
gliseroliin oksitlemesi tek metalli (Pt/C, Co/C, Ni/C, Cu/C) and iki metalli (PtCo/C, PtNi/C, PtCu/C)
katalizorler i¢eren gozenekli karbon kumasi elektrotu lizerinde alkali bir ortamda, bu elektrotlarin
es zamanli hidrojen ve kimyasal iiretimi potansiyelini tespit etmek i¢in ¢alisildi. Katalizorlerin
fiziksel ve kimyasal Ozellikleri XRD, XPS and TEM teknikleri kullanilarak, elektrotlarin
elektrokimyasal karakterizasyonlar1 doniisiimlii  voltametri, empedans spektrometresi ve
kronoamperometri teknikleri kullanilarak analiz edildi. Caligma sonunda iki metalli katalizorleri
iceren elektrotlarin tek metalli katalizorler igeren elektrotlara gore daha yliksek aktivite ve stabilite
gosterdigini gdzlemledik. En yiiksek aktivite PtCu/C katalizorii iceren elektrotta goriildii. Bunun
nedenin olarak bu elektrotun yliksek elektrokimyasal aktif alan1 ve diisiik kinetik ve kiitle transferi
direnci oldugu belirlendi. Bu gozleme ek olarak, gozenekli karbon kumasinin varliginin gliserol

elektrooksitleme aktivitesi lizerinde 6nemli dereceye etkiye sahip oldugunu gézlemledik.
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Increase of global temperature causes many hydrological and meteorogical problems, and
carbondioxide (CO,) has the largest share in the formation of greenhouse gases. There is an intense
effort to reduce and converse CO, emissions. Common strategies include capturing and storing COx.
Besides, increasing the use of renewable energy sources is an effective factor for reducing CO-
emissions. Hz/Br, flow batteries are a reversible system that stores the electrical energy produced by
natural resources as chemical energy and converts this chemical energy into electrical energy at the
time of demand. In this study, the production of carbon nanofiber by the electrolysis of CO- and the
use of the produced carbon nanofiber as a cathode catalyst in the hydrogen-bromine flow cell system
were investigated.

The capture of CO; by electrolysis method, although it is not a common method, can be qualified as
a cheaper method compared to its alternatives [1]. The electrolysis system takes place in molten
carbonate salt. In addition to reducing carbon dioxide emission, carbon nanofiber (CNF) deposits at
the cathode electrode, and oxygen is formed at the anode electrode. XRD and SEM analyses of CNF
are given below. When the XRD patterns are examined, the peaks at 24.8° and 43.7° correspond to
the (00 2) and (1 0 0) crystal planes of carbon, respectively. The carbon fiber structure was observed
in the SEM analysis.

el

Figure 1. a) XRD analysis, b) SEM analysis of CNF
A three-electrode cyclic voltammetry system was used for electrochemical characterization.
Experiments were carried out in 0.005M Br,+0.01M HBr between 0.0-1.0V. Obtained results will
be presented at the congress.
Reference
[1] Stuart Licht, Jiawen Ren. 2015. “Carbon nanofibers, precious commodities from sunlight & CO-

to ameliorate global warming”, US Provisional Patent.
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Kiiresel hava sicakliklarinin artisi bir ¢cok hidrolojik ve meteorolojik sorunlara sebep olmaktadir.
Sera gazlarmin olusmasindaki en biiylik pay ise COz’ye aittir. CO2 emisyonlarin1 azaltmak ve
doniistiirmek icin yogun bir ¢aba harcanmaktadir. Yaygin olan stratejiler arasinda CO2’nin
yakalanmasi ve depolanmasi bulunmaktadir. Bunun yani sira yenilenebilir enerji kaynaklarinin
kullaniminin arttirilmast da CO; emisyonunun diisiiriilmesi i¢in etkin bir faktordiir. Ho/Br, akis
pilleri dogal kaynaklar ile liretilen elektriksel enerjiyi biinyesinde kimyasal enerji olarak depolayan
ve talep aninda bu kimyasal enerjiyi elektriksel enerjiye doniistiiren tersinir bir sistemdir. Bu
caligmada CO-'in elektrolizi ile karbon nanofiber {iretilmesi ve tiretilen karbon nanofiberin hidrojen-

brom akis pili sisteminde katot katalizorii olarak kullanimi arastirilmustir.

CO2’nin elektroliz yontemi ile yakalanmasi, yaygin olmayan bir yontem olmasiyla birlikte,
alternatiflerine gore daha ucuz bir yontem olarak nitelendirilebilmektedir [1]. Elektroliz sistemi
erimis karbonat tuzu icerisinde gerceklesmektedir. CO, emisyonlarinin azaltilmasinin yani sira katot
elektrotunda karbon nanofiber (CNF) birikmekte, anot elektrotunda ise oksijen olusmaktadir. Elde
edilen karbon nanofiberin XRD ve SEM analizleri asagida sunulmustur. XRD desenleri
incelendiginde 24,8° ve 43,7°'de bulunan pikler sirasiyla karbonun (0 0 2) ve (1 0 0) kristal diizlemine
denk gelmektedir. Karbon fiber yap1 da SEM analizinde g6zlemlenmistir.

el

Sekil 1. a) XRD analysis, b) SEM analysis of CNF
Elektrokimyasal karakterizasyon igin ii¢ elektrotlu ¢evrimsel voltametri sistemi kullanilmustir.
Deneyler 0,005M Br,+0,01M HBr igerisinde 0,0-1,0V arasinda yapilmistir. Elde edilen sonuglar
kongrede sunulacaktir.
Referanslar
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The oxygen reduction reaction (ORR) is known for its complex and sluggish kinetics which
commonly requires Pt-based electrocatalysts. Besides being scarce and expensive, Pt-based
electrocatalysts suffer from degradation in acidic media resulting in low stability and durability. Pt-
nanoparticle size, shape and dispersion and carbon microstructure (high mesoporosity) have a
profound effect on ORR-performance. Heteroatom functionalities, especially N, demonstrated to
improve ORR activity and stability of the electrocatalyst [1]. Carbon aerogels (CAs) can be
considered as promising support materials due their desirable properties that can be tuned for a
targeted application. Polyamide aerogels contains abundant N-containing functional groups can be
considered as promising precursors for N-doped CAs. PAs were pyrolyzed at 800 °C (CPA) and
some monoliths were subsequently etched with CO, at 1000 °C (ECPA). Pt nanoparticles on
polyamide aerogel (PA)-derived N-doped CAs were prepared with the supercritical CO; deposition
(SCD). Highly porous Pt loaded N-doped CAs, Pt-CPA and Pt-ECPA were obtained. N-rich
backbone of PAs enabled to obtain homogenously distributed N atoms in CA structure enabling
homogenous distribution of Pt nanoparticles and possible ORR-active sites. Highly dispersed Pt
nanoparticles with average size of 1.5 and 3.0 nm were obtained on ECPA and CPA, respectively.
Both electrocatalysts had only graphitic and pyridinic N-sites with graphitic ones being the dominant
species. ORR mass and specific activity of Pt-ECPA were 5 and 2-times of the mass and specific
activity of commercial Pt-C, respectively. Pt-CPA showed similar mass and specific activity to that
of commercial Pt-C due to lower mesopore volume and higher average Pt nanoparticle size.
Accelerated stability tests (AST) revealed superior stability of Pt-CPA electrocatalyst due to
favorable initial Pt nanoparticle size enabling successful immobilization Pt nanoparticles on CPA

through N-functionalities.
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Oksijen indirgenme reaksiyonu (ORR) oldukga Karisik ve yavas kinetigi nedeniyle Pt iceren
elektrokatalizorlerin kulllanilmasini gerektiren bir reaksiyondur. Pt iceren elektrokatalizorler nadir
ve pahali olmalarinin yanisira, asidik elektrolitte c¢abuk bozunma gostermektedirler. Pt
nanoparcaciklariin boyutu, sekli, dagilimi ve karbon mikro yapisi (yiiksek mezo-gdzenekli yap1)
ORR performansini etkileyen en onemli faktorlerdir. Bunun disinda karbon yapisina katilan
heteroatomlarm  (0zellikle N) elektrokatalizorlerin ~ ORR  performansim  gelistirdigi
gozlemlenmistir[1]. Karbon aerojeller (CA) hedef uygulamaya uygun olarak ayarlanabilir kimyasal
ve fiziksel 6zellikleri nedeniyle destek malzemesi olarak kullanilabilirler. Poliamid aerojeller (PA)
ise N-iceren birgok fonksiyonel grup iceren kimyasal yapilari nedeniyle CA eldesi i¢in uygun
onciillerdir. Bu calismada, hazirlanan PA’lerin 800 °C pirolizi yapilmig (CPA) ve bir kisim PA’ler
piroliz sonras1 CO- ortaminda 1000 °C daglanmistir (ECPA). PA’lerden elde edilen CA destekli Pt
nanoparcaciklar1 iceren elektrokatalizorler, siiperkritik depozisyon teknigi kullanilarak
hazirlanmiglardir. PA’lerin N-zengin yapilarn sayesinde CA aginda homojen dagilmis olan N
atomlariin, Pt nanoparcaciklarinin homojen dagilimini saglamis oldugu goriilmiistiir. ECPA ve
CPA destekli Pt nanopargaciklarinin ortalama boyutlari sirasiyla 1.5 ve 3.0 nm olarak belirlenmistir.
Iki elektrokatalizoriin yapisinda da sadece grafitik ve piridinik N atomlari oldugu XPS ile
belirlenmistir. Bu N atomlarinin ORR aktif oldugu diisiiniilmektedir. Pt-ECPA elektrokatalizoriiniin
kiitle ve spesifik aktivitelerinin ticari Pt-C elektrokatalizoriinkilere gore sirasiyla 5 ve 2 kat fazla
oldugu belirlenmistir. Daha diisiikk mezogdzenek hacmine sahip ve ortalama Pt nanopargacik boyutu
daha biiyiik olan Pt-CPA elektrokatalizoriiniin ise kiitle ve spesifik aktivitelerinin ticari Pt-C ile
benzer oldugu belirlenmistir. Ote yandan hizlandirilmis stabilite testleri sonucunda Pt-CPA
elektrokatalizoriiniin ~ asidik  elektrolitteki  stabilitesinin  ticari Pt-C ~ ve  Pt-ECPA

elektrokatalizorlerinkine oranla ¢ok daha yiiksek oldugu goriilmiistiir.
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Unique electronic and optical properties make metal oxide semiconductors one of the extensively
studied materials. Their electronic properties can easily be tuned by light, temperature, and chemical
interactions with the environment. The latter makes them suitable for the gas sensor applications
such as monitoring and detecting VOCs, toxic and hazardous gases such as CO, NOy, etc. ZnO,
WOs;, In20s, and particularly SnO- are the most frequently used materials for gas sensor applications.
Also, 2D graphene-like materials such as g-CsN4 have recently taken attention due to their high
specific surface areas and surface activities. Over the past five decades, extensive research has been
conducted to understand the true nature of the sensing mechanism to find the most suitable material
and optimum operating conditions. Recently studies started to focus on improving the performance
of the gas sensors at low temperatures without compromising the selectivity, sensitivity, and
stability.

In this work, a comprehensive mathematical model was developed to understand the sensing
mechanism and analyze the effects of operating conditions. This mathematical model includes the
effects of mass transfer, surface reaction kinetics, and film thickness on the complex dynamic
behavior of the n-type semiconductor gas sensors in an air environment. Moreover, it provides an
opportunity to analyze response/recovery dynamics in terms of electrical current obtained from
current density distribution. The simulations for the 2D transient model were performed by using
the commercially available software COMSOL 5.3a. For the simulations, CO and SnO; were used
as a target gas and sensing material, respectively. It is concluded that increasing the thickness
significantly reduces the sensitivity due to the effect of diffusion resistances on the concentration
and current density distributions. Elevated temperature resulted in lower response and recovery
times of the sensors. The temperature dependence of the response was explained in terms of the

competitive effects of surface reaction kinetics and diffusion.
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Essiz elektronik ve optik 6zellikleri, metal oksit yar1 iletkenleri en kapsamli ¢alisilan malzemelerden
biri yapmugtir. Elektronik 6zellikleri 151k, sicaklik ve gevre ile kimyasal etkilesimlerle kolayca
ayarlanabilir. Sonuncusu onlar1 UOB'lerin, CO, NOx vb. gibi zehirli ve tehlikeli gazlarin izlenmesi
ve tespiti gibi gaz sensorii uygulamalari igin uygun hale getirir. ZnO, WQO3, In,03 ve 6zellikle SnO,
gaz sensorii uygulamalarinda en sik kullanilan malzemelerdir. Ayrica g-C3N4 gibi 2D grafen
benzeri malzemeler, yliksek 6zgiil yiizey alanlar1 ve yiizey aktiviteleri nedeniyle son zamanlarda
dikkat ¢ekmistir. Son elli yilda, algilama mekanizmasinin ger¢ek dogasini anlamak, en uygun
malzemeyi ve optimum calisma kosullarini bulmak i¢in kapsamli arastirmalar yapilmistir. Son
zamanlarda ¢alismalar, segicilik, hassasiyet ve kararliliktan 6diin vermeden diisiik sicakliklarda gaz

sensorlerinin performansini iyilestirmeye odaklanmaya bagladi.

Bu ¢alismada, algilama mekanizmasini anlamak ve ¢alisma kosullariin etkilerini analiz etmek i¢in
kapsamli bir matematiksel model gelistirilmistir. Bu matematiksel model, bir hava ortamindaki n-
tipi yari iletken gaz sensorlerinin karmasik dinamik davranisi iizerindeki kiitle transferi, yilizey
reaksiyon kinetigi ve film kalinliginin etkilerini igerir. Ayrica, akim yogunlugu dagilimindan elde
edilen elektrik akimi agisindan tepki/geri kazanim dinamiklerini analiz etme imkani saglar. 2D
zamana bagli model i¢in simiilasyonlar, ticari olarak mevcut yazilim COMSOL 5.3a kullanilarak
gerceklestirilmistir. Simiilasyonlar i¢in hedef gaz ve algilama malzemesi olarak sirasiyla CO ve
SnO; kullanilmistir. Difiizyon direnglerinin konsantrasyon ve akim yogunlugu dagilimlar
iizerindeki etkisinden dolay1 kalinligin arttirilmasinin hassasiyeti 6nemli 6l¢iide azalttig1 sonucuna
varilmigtir. Artan sicaklik, sensorlerin daha diisiik tepki ve geri kazanim siireleriyle sonuglandi.
Tepkinin sicakliga bagimliligi, ylizey reaksiyon kinetigi ve difiizyonun rekabet¢i etkileri agisindan

aciklanmugtir.
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Fischer-Tropsch Synthesis (FTS) is an applied catalytic process where synthesis gas (a mixture of
predominantly CO and H,) is converted to long-chain hydrocarbons as the main product and water
as the main by-product. Cobalt-based catalysts are widely used in industrial FTS due to their high
activity and high selectivity to linear paraffins. Various experimental studies have shown
contradictory results related to the effect of sulfur on product selectivity of cobalt catalyzed FTS,
such as increased selectivity to heavier hydrocarbons [1], methane/lighter hydrocarbons [2] or
negligible effect on product selectivity [3]. The issue mainly stems from the difficulty in decoupling
reactor type, transport effects and catalyst structure from the nanoscale phenomena occuring at the
catalyst surface by experimental studies [1].

We have investigated the effect of sulfur on cobalt FTS catalysts by molecular (computational)
modelling of the adsorption of the reactants (CO and H) and intermediates (CHyx, OHyx and CzH>),
and the elementary reactions of FTS (CO dissociation, C hydrogenation, C-C coupling and water
formation) on Co(111) surfaces that are present on fcc-cobalt nanoparticles, using periodic plane-
wave Density Functional Theory (DFT) calculations. Our results show that atomic sulfur mainly
inhibits the adsorption of CO, OH and CzH: on cobalt surfaces, while the adsorption of H and CHx
are not significantly affected. Furthermore, the activation barriers for OH and CH, formation are
reduced, while the barriers for C-C coupling and CO-dissociation are increased. These findings
indicate that sulfur modifies the selectivity mainly by increasing the surface H/CO ratio and by
promoting CH, formation while inhibiting C-C coupling. Combining these results, sulfur poisoning
on metallic cobalt surfaces is projected to lead to increased selectivity to CH4 and saturated light
hydrocarbons and decreased selectivity to olefins and heavier hydrocarbons, supporting and
explaining recent experimental findings [2]. Our study represents the first work that clarifies the
effect of sulfur on the selectivity of cobalt-based FTS at the molecular level and exemplifies an
efficient methodology which can be used to investigate the selectivity modifications for other
catalytic surfaces and reactions.
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Fischer-Tropsch Sentezi (FTS), sentez gazinin (agirlikli olarak CO ve H> karigimi) ana iiriin olarak
uzun zincirli hidrokarbonlara ve ana yan {irlin olarak suya doniistiiriildiigii uygulamali bir katalitik
stirectir. Kobalt bazli katalizorler, yliksek etkinlikleri ve lineer parafinlere yiiksek secicilikleri
nedeniyle endiistriyel FTS'de yaygin olarak kullanilmaktadir. Cesitli deneysel galigmalar, kobalt
katalizli FTS'nin iiriin segiciligi tizerinde kiikiirtiin etkisiyle ilgili agir hidrokarbonlara [1], metan/
hafif hidrokarbonlara [2] artan segicilik veya {iriin segiciligi tizerinde ihmal edilebilir etki [3] gibi
celigkili sonuglar gostermistir. Sorun, esas olarak deneysel ¢aligmalarla, reaktor tipi, taginim etkileri
ve katalizor yapisinin, katalizor ylizeyinde meydana gelen nano oOlgekli olaylardan

ayristirtlmasindaki zorluktan kaynaklanmaktadir [1].

Siilfiirtin kobalt FTS katalizorleri tizerindeki etkisini, tepkenlerin (CO ve H) ve ara maddelerin (CHy,
OHx ve CyH,) adsorpsiyonlarinin ve FTS'nin temel reaksiyonlarinin (CO ayrigmasi, C
hidrojenasyonu, C-C eslesmesi ve su olusumu) molekiiler (hesaplamali) modellemesi ile, fcc-kobalt
nanoparcaciklarinda bulunan Co(111) ylizeyleri lizerinde periyodik diizlem-dalga Yogunluk
Fonksiyonel Teorisi (YFT) hesaplamalar1 kullanarak arastirdik. Sonuglarimiz, atomik siilfiiriin
kobalt yiizeylerinde temelde CO, OH ve C;H, adsorpsiyonlarmi engelledigini, H ve CHx
adsorpsiyonlarinin ise 6nemli 6l¢iide etkilenmedigini gostermektedir. Ayrica, aktivasyon bariyerleri
OH ve CHj olusumu i¢in azalirken, C-C eslesmesi ve CO ayrismasi igin artmaktadir. Bu bulgular,
kiikiirtiin seciciligi, esas olarak ylizey H/CO oranim artirarak ve C-C eslesmesini inhibe ederken
CHg4 olusumunu tesvik ederek degistirdigini gostermektedir. Bu sonuglar birlestirildiginde, metalik
kobalt yiizeylerde kiikiirt zehirlenmesinin CHs ve doymus hafif hidrokarbonlara segiciligin
artmasina ve olefinlere ve daha agir hidrokarbonlara segiciligin azalmasina yol agacagi, son deneysel
bulgulari [2] destekleyip agiklayarak, Ongoriilmektedir. Calismamiz, siilfiiriin kobalt bazli FTS'nin
seciciligi lizerindeki etkisini molekiiler diizeyde agiklayan ilk ¢aligmay1 temsil etmekte ve diger
katalitik yiizeyler ve reaksiyonlar igin segicilik modifikasyonlarini aragtirmakta kullanilabilecek

verimli bir metodolojiyi 6rneklemektedir.
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Light olefins (C2=C4) are of crucial importance to chemical industry. Yet, there is no
commercialized direct production routes of light olefins. Fischer Tropsch (FT) synthesis, a
polymerization-like reaction for hydrocarbon (HC) production, stands out as a direct production
option. However, FT synthesis has a large product distribution and it is a challenge to restrict FT to
produce only olefins. The only viable method is to increase the light olefin selectivity by an efficient
catalyst discovery that allows for high CO conversion and olefins selectivity, but low CO, and CH4
selectivity. In this study, we exploit our high-throughput catalyst performance analysis (HT-CPA)
system to test several different Fe based catalysts prepared by two different synthesis methods and
4 different promoters with varying compositions to discover a high performance FT-Olefin catalyst.
Fe is chosen as our active metal due to its lower cost, higher selectivity to light olefins but lower
selectivity to methane. K and Mn has been reported to increase the light olefin selectivity of Fe
catalysts. Cu is known to enhance the activity of metal oxide supported catalysts. Although Ni
catalyst mostly favors CHa4 production, it is known that Ni is highly active for FT reaction. Therefore,
we chose to study effects of Mn, Cu, Ni and K promoters.

We selected our 15Fe0.3Mn/a-Al,Oz catalyst as the base catalyst regarding on our
preliminary experiment results. For this catalyst, Fe, loaded as 15 wt.%, is the active metal; Mn,
loaded as 0.3 wt.%, is the promoter; and a-Al,Os is the support. We then use Cu, Ni, and K as the
second and third promoters. All 3 promoters were added as 0.5, 1, 1.5, 2 and 2.5 wt.% to the catalysts.
For each catalyst, synthesis was performed using impregnation method with water or n-pentane (to
increase dispersion), followed by calcination at 430°C under dry air. Prior to reaction, catalysts were
reduced at 350°C under H» flow. Reaction was performed at 310°C with H>:CO=2. HT-CPA system
that operates under atmospheric pressure was used with the purpose of catalyst screening. The results
showed that addition of Cu increased CO conversion and olefin selectivity; Ni favored CH,
production; K led to lower CH4 and paraffin production, all in agreement with literature. Based on
HT-CPA results, 4 catalysts were selected for high-pressure testing: 15Fe0.3Mn0.5Cu/a-Al:Oz and
15Fe0.3Mn0.5K/a-Al;Os prepared by water and n-pentane. The FT-Olefin reaction performance of
these catalysts were analyzed under 10 bar using our conventional reaction system. According to the
results, 15Fe0.3Mn0.5K/a-Al,Oz catalysts prepared with n-pentane shows the best overall FT-Olefin
performance: CO conversion is 41%, C2=C4 selectivity is 17%, CHa selectivity is 7.6%, and olefin-

to-paraffin ratio is ~6.
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Hafif olefinler (C2=C4) pek ¢ok kimyasalin yap1 tas1 olduklarindan, kimya endiistrisi i¢in
biiylik 6nem tasimaktadir. Ancak hafif olefinlerin dogrudan iiretimine olanak saglayan ticari bir
siire¢ mevcut degildir. Hidrokarbonlarin iiretimi i¢in polimerizasyona benzer bir reaksiyon olan
Fischer-Tropsch (FT) sentezi, olefinler i¢in dogrudan bir iiretim yolu olarak karsimiza ¢ikmaktadir.
Fakat, FT sentezi genis bir liriin yelpazesine sahip oldugundan, reaksiyonu yalnizca olefin iiretecek
sekilde kisitlamak bir hayli zordur. Bunu gergeklestirebilmek, yiiksek CO doniisiimii ve olefin
seciciligi fakat diisiik CO2 ve CHa seciciligi gosterecek etkin bir katalizoriin gelistirilmesiyle olabilir.
Bu calismada, etkin bir katalizor kesfi icin yiiksek islem hacimli katalizér performans analiz (HT-
CPA) sistemimizi kullanarak, 2 farkli sentez yontemi ve 4 farkli promotor ile ¢ok sayida farkli Fe
katalizoriin testini gergeklestirdik. Disiik maliyeti ve yiiksek hafif olefin/diisiik CHa seciciligi
dolayisiyla aktif metal olarak Fe secilmistir. Literatiirdeki calismalarda, K ve Mn’in Fe
katalizorlerde hafif olefin se¢iciligini arttirdigi; Cu’in metal oksit destekli katalizorlerde aktiviteyi
yiikselttigi; Ni’in CHg iiretimini arttirsa da, FT reaksiyonu igin yliksek aktivite gosterdigi
bildirilmistir. Dolayisiyla calismalarimizda promotdér olarak Mn, Cu, Ni ve K’un etkileri
incelenmistir.

Hazirlanan 15Fe0.3Mn/a-AloOs katalizor yapilan ilk deneyler sonucunda baz katalizor
olarak belirlenmis, diger katalizorler bu formiilasyon temel alinarak hazirlanmistir. Bu katalizérde
Fe agirlikca %15 olarak yiiklenmis aktif metal; % 0.3 (ag) yiiklenmis Mn, promotor; a-Al2Oz ise
destek malzemesi olarak bulunmaktadir. Bu katalizor iizerine Cu, Ni ve K ikincil ve tgiinciil
promotdrler olarak %0.5, 1, 1.5, 2 ve 2.5 (ag) oranlarinda yiiklenmistir. Her katalizoriin sentezi su
ve n-pentan ile ayr1 olarak hazirlanan metal tuzu soliisyonlar ile empregnasyon yontemi kullanilarak
gerceklestirilmistir. Hazirlanan katalizorler kuru hava ortaminda 430°C’de kalsine edilmis,
350°C’de H: esliginde indirgenmislerdir. Reaksiyon HT-CPA sistemi kullanilarak atmosferik
basingta, 310°C’de, besleme H2:CO orani 2 olacak sekilde gergeklestirilmistir. Elde edilen sonuglara
gore literatiire uyumlu olarak Cu’in, CO doniisiimii ve olefin segiciligini arttirdigi; Ni’in CHa
iiretimini arttirdigi; K’ un CHa ve parafin tiretimini azalttigi goriilmiistiir. HT-CPA deney sonuglari
tarama amagli kullanilmis, bu tarama sonucunda performanslara gore belirlenen 4 katalizor basingh
test sistemi altinda analiz edilmistir. Bu katalizérler su ve n-pentan ile hazirlanan
15Fe0.3Mn0.5Cu/a-Al;03 ve 15Fe0.3Mn0.5K/a-Al>O3 katalizorleridir. 10 bar altinda FT-Olefin
performanslari incelen bu katalizorler arasinda tiim kriterler agisindan en iyi performansin ~%41 CO
doniislimii, ~%17 C2=C4 segiciligi, ~%8 CHa segiciligi ve ~6 olefin/parafin oran1 saglayan n-pentan
ile hazirlanmig 15Fe0.3Mn0.5K/a-Al,Os katalizor ile elde edildigi goriilmiistiir.
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Polymers are ubiquitous, critical to the function of modern life, and manufactured in tremendous
guantities. The widespread use of polymers has resulted in an enormous amount of polymer waste,
which has a long lifetime in the environment and is inefficient to recycle. Current technologies fail
to recover or mitigate polymer waste before entering environmental pathway, resulting in one of the
world’s biggest environmental problems facing humanity. The polymer waste is a threat to the
environment; however, it is also an untapped resource of energy-rich hydrocarbons. If the large
macromolecules that make polymers could be chemically transformed or “upcycled” into value-
added chemicals, the energy and value put into the polymers could be reclaimed and turned into new
applications. Here, we focus on developing efficient and innovative catalytic materials for
converting waste polymers into more valuable products in a selective manner — catalytic upcycling.
More specifically, catalytic upcycling of polyethylene (PE) was studied over a Pt-based catalyst
where the active sites are spatially-organized on the well-defined surfaces of SrTiOs; nanocuboid
supports by atomic layer deposition. Pt/SrTiO; was shown to be capable of completely converting
PE (Mn = 7,700 — 158,000 Da) into hydrocarbon polymers of relatively uniform fragments by
hydrogenolysis at 300 °C in the presence of H2 (170 psi) under solvent-free conditions [1,2]. The
product which was obtained by the catalytic conversion of polyolefin waste can be used as high-
quality liquid lubricants. By making use of experimental and theoretical approaches (including solid-
state NMR and DFT computations) from a broad range of fundamental sciences, we concluded that
the selective hydrogenolysis is more likely to take place on well-dispersed active sites and stems
from unique interactions of PE with the surface of Pt/SrTiOs, as evidenced by.

This talk will demonstrate the conversion of discarded plastics to lubricants is not only possible but
in fact economically worthwhile, as evidenced by life cycle and techno-economic analyses, resulting
in lubricants superior to conventional mineral oils, as evidenced by tribology measurements [3]. This
talk will also demonstrate how catalytic upcycling of waste polymers creates an incentive for
harvesting discarded plastics from the environment and closes the gap in circular economy.
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Yaygin olarak kullanilan polimerler modern yagsamin islevi igin kritiktir ve muazzam miktarlarda
iiretilir. Polimerlerin yaygin kullanimi ¢ok biiyiik miktarda polimer atig1 ile sonuglanmistir. Bu
atiklarin bozuma siireleri uzun ve geri dontisiimii verimsizdir. Mevcut teknolojilerin plastik atiklar
cevreye ulagsmadan 6nce geri kazanamamasi veya azaltamamasi insanligin karsi karsiya oldugu
diinyanin en biiyiik ¢evre sorunlarindan birisidir. Atik polimerler gevre igin bir tehdittir, fakat ayni
zamanda, enerji agisindan zengin hidrokarbon kaynagidir. Polimerleri olusturan biiyiik
makromolekiiller, katma degeri yliksek olan kimyasallara "ileri doniistiiriilebilirse", polimerlere
verilen enerji ve deger geri kazanilabilir ve yeni uygulamalarda kullanilabilirr. Calismalarimizda,
atik polimerleri se¢ici bir sekilde daha degerli iiriinlere doniistiirmek i¢in verimli ve yenilik¢i
katalitik malzemeleri, katalitik ileri dontisiim olarak adlandirdigimiz bir yontemle gelistirmeyi
amacliyoruz.

Daha ayrintili olarak, polietilenin (PE) katalitik ileri doniistimii, aktif bolgelerin SrTiO3 nanokiiboid
destek malzemelerinin iyi tanimlanmis yiizeylerine atomik katman biriktirme yoluyla yiiklendigi Pt
bazli bir katalizorle incelenmistir. Pt/SrTiOs'lin, ¢6ziicii igermeyen kosullar altinda, Hz (170 psi)
varliginda ve 300 °C'de hidrojenoliz yoluyla PE'yi (Mn = 7.700 — 158.000 Da) nispeten tek bigimli
parcalardan olusan hidrokarbon polimerlerine tamamen doniistiirmiistiir [1,2]. Poliolefin atiklarinin
katalitik doniistimii ile elde edilen iiriin, yiiksek kaliteli sivi yaglayict madde olarak kullanilabilir.
Deneysel ve teorik yaklagimlardan olusan genis bir temel bilimler yelpazesinden yararlanilarak,
secici hidrojenolizin iyi dagilmuis aktif bolgelerde ger¢eklesmesinin daha muhtemel oldugu ve PE'nin
Pt/SrTiO; yiizeyi ile 6zgiin etkilesimlerinden kaynaklandigi sonucuna vardik.

Bu konugma atik plastiklerin yaglayict malzemelere doniistiiriilmesinin yalnizca miimkiin olmakla
kalmay1p ekonomik olarak da degerli oldugunu yasam dongiisii ve tekno-ekonomi analizleriyle ve
iiretilen {irliniin geleneksel mineral yaglardan daha iistlin performans gosterdigini triboloji dl¢timleri
ile gosterecektir [3]. Ayrica, bu konusma atik plastiklerin katalitik ileri doniisimii ¢evreye atilan
plastiklerin toplanmas: ve dongiisel ekonomideki boslugun kapatilmast igin nasil bir tesvik
olusturdugunu tartisacaktir.
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Currently, world energy production mainly relies on the processes which are using fossil fuel
sources. Greenhouse gas emission which occurs during these processes and the continuous growth
of energy demand are the main motivation of the researches in the field of near future’s much cleaner
and sustainable energy sources such as Hydrogen and ammonia has been suggested as an important
hydrogen carrier material due to its high hydrogen content and high energy density as well as its
ability to provide COx-free hydrogen for fuel cell applications [1]. In recent years, alternative energy
sources, such as microwave, have been considered to supply necessary heat to chemical reactions,
especially for the endothermic ones like ammonia decomposition reaction [1-3].In the present study,
Alumina supported Co and Fe catalysts, with different metal loading and different Co/Fe ratio, were
used for decomposition reaction of ammonia to produce COx-free hydrogen in the microwave
reactor system where mesoporous carbon was used with catalyst to absorbe microwave energy. The
structural and surface properties of the catalysts before and after being exposed to microwave
radiation at the catalytic bed were examined by different techniques, such as X-Ray diffraction, X-
ray photoelectron spectroscopy, Raman spectroscopy, HRTEM [1].

Catalysts exhibited high catalytic performance in the microwave system, such that total conversion
was achieved at 400 °C under the flow of ammonia (GHSV of 36,000 ml/gcat.h), while they showed
negligible activity in the conventionally system at which temperature controlled electrically heated
tubular furnace was used to adjust the reaction temperature. Microwave exposure causes the
formation of cobalt carbide and iron carbide in the structure of monometallic cobalt and
monometallic iron catalysts, respectively. Moreover a phase tran- sition from y-alumina to a-alumina
was recognized for both of them. Long term exposure to microwave was also invesitigated.
Comparison of bimetallic with monometallic was further examined and former catalysts showed

better activity than monometallic catalysts, especially at temperatures lower than 400 °C [1].
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Giiniimiizde, diinya enerji liretimi 6zellikle fosil yakitlar1 kullanan proseslere dayanmaktadir. Bu
prosesler esnasinda ortaya g¢ikan sera gazi emisyonlart ve enerji talebinin siirekli biiylimesi,
aragtirmacilarin Hidrojen gibi yakin gelecegin temiz ve siirdiiriilebilir enerji kaynaklari konusundaki
caligmalarinin temel motivasyonunu olusturmaktadir. Amonyak yiiksek hidrojen igerigi, yiliksek
enerji yogunlugu ve yakit hiicresi uygulamalari i¢in COx icermeyen hidrojen saglamasi 6zellikleri
ile 6nemli bir hidrojen tasiyicisi olarak 6nerilmektedir [1]. Son yillarda, mikrodalga gibi alternatif
enerji kaynaklari, kimyasal reaksiyonlar i¢in 6zellikle amonyak pargalanmasi reaksiyonunda oldugu
iizere endortermik reaksiyonlar i¢in gerekli 1sinin saglanmasinda énem kazanmaya baglamistir [1-
3].

Bu c¢alismamizda, farkli metal yiiklemeleri ve farkli Co/Fe oranlarinda hazirlanmis olan alumina
destekli Co ve Fe katalizorler, mikrodalga reaktor sisteminde amonyak pargalanmasi reaksiyonu ile
COx-igermeyen hidrojen iiretimini saglamak {izere kullanildi. Reaktorde, katalizor ile birlikte
mikrodalga enerjiyi absorbe etmesi igin mezogdzenekli karbon yer aldi. Reaksiyonda Oncesi ve
mikrodalga sistemde reaksiyon sonrasi, katalizorlerin yapisal ve yiizey ozellikleri XRD, XPS,
Raman Spektroskopisi, HRTEM gibi farkli teknikler uygulanarak incelendi [1].

Mikrodalga sistemde gerceklesen deneylerde, katalizorlerin yiiksek katalitik performans gosterdigi
belirlendi; 6rnegin bu sistemde 36,000 ml/gkat.s amonyak akis hizinda toplam doniisiim degerine
400°C sicaklikta ulagilirken, sicaklik kontrollii elektrikli tiip firn igeren konvansiyonel sistemde
ayn1 kosulda ihmal edilir diizeyde disiik aktivite goriildii. Mikrodalgaya maruz kalinmasinin tek
metalli kobalt ve tek metalli demir katalizorlerin yapisinda kobalt karbit ve demir karbit olusumuna
neden oldugu; ayrica her ikisinde de y-aluminadan a-alumina faz gecisinin gergeklestigi belirlendi.
Uzun siireli mikrodalgaya maruz kalmanin etkileri de galisma kapsaminda incelendi. Iki metalli ve
tek metalli katalizorlerin aktivitelerinin kiyaslanmasinda iki metalli katalizorlerin daha iyi sonug

verdigi ve bu durumun 6zellikle 400°C den diisiin sicakliklarda 6n plana ¢iktig1 goriildi. [1].
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Molecular level understanding of catalytic sulfur poisoning phenomena on platinum group metal
(PGM) nanoparticles (NP) supported on metal oxide substrates require dedicated experimental
approaches that can deliver morphological information about the underlying catalytic surface as well
as the adsorption sites of the overlying adsorbates with high spatial resolution without compromising
chemical information associated with surface functional groups and adsorption geometries.
However, most of the existing conventional analytical characterization techniques suffer from a
trade-off between high spatial resolution and chemical structure/bonding definition. Moreover, they
are typically limited to unrealistically low pressures, concentrations and temperatures for molecular-
level data acquisition. So far, none of these techniques was able to shed light on the catalytic sulfur
poisoning of PGM at the nanometer scale with high spatial resolution along with comprehensive

chemical definition.?

In the current work?, by utilizing scattering scanning near filed optical microscopy (s-SNOM)-based
nano-Fourier transform infrared (nano-FTIR) spectroscopy, we demonstrate for the first time in the
literature that adsorption site (i.e. Pd nanodiscs vs. Al,Oz thin film support), functional
group/bonding configuration (i.e. presence of sulfate/SO.> species) and model catalyst surface can
be simultaneously identified in catalytic sulfur poisoning at ambient temperature and pressure with

nanometer-scale resolution (< 20 nm).
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Platin grubu metal (PGM) nanopargaciklari (NP) ile destekli metal oksit substratlar iizerinde
katalitik kiikiirt zehirlenmesinin molekiiler diizeyde anlagilmasi 6zel deneysel yaklagimlar
gerektirmektedir. Bu deneysel yaklagimlar, altta yatan katalitik yiizey hakkinda yiiksek uzamsal
¢Oziiniirliik ile morfolojik bilgi saglayabilmelidir. Bununla birlikte, adsorbantlarin iizerinde yer alan
adsorpsiyon sitelerinin islevsel yiizey gruplart ve adsorpsiyon geometrileri ile iligkili kimyasal
bilgileri de icermelidir. Buna karsin, mevcut geleneksel analitik karekterizasyon tekniklerinin gogu,
yiiksek uzamsal ¢oziiniirliik ve kimyasal yapi/bag tanimi arasindaki dengeyi saglayamamaktadir.
Ayrica bu yontemler, molekiiler diizeyde veri toplamada ¢ogunlukla gercekgei olmayan diisiik basing,
konsantrasyon ve sicakliklarla sinirlidir. Bu tekniklerden higbiri, PGM'in Kkatalitik kiikiirt
zehirlenmesine nanometre diizeyinde yiiksek uzamsal ¢oziiniirliik ve kapsamli kimyasal tanim ile

simdiye kadar 1s1k tutamamigtir.>2

Mevcut ¢alismada®, katalitik kiikiirt zehirlenmesinde adsorpsiyon sitesi (Pd nanodiskleri ve Al,O3
ince film destegi), fonksiyonel grup/bag diizeni (siilfat/SO4? tiirlerinin varligi) ve model katalizor
ylizeyi, yakin alan optik mikroskopisi (S-SNOM) tabanli nano-Fourier doniisimlii kizilétesi (nano-
FTIR) spektroskopisi kullanarak ortam sicakliginda ve basincinda, nanometre diizeyinde

¢Oziiniirliikle (< 20 nm) es zamanli olarak literatiirde ilk kez tanimlanmustir.
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Since biogas is a renewable energy source and cheap, it has many uses such as heating,
transportation, production of electricity or chemicals or synthesis gas [1]. Biogas contains H,S gas
at ppm level together with methane and carbon dioxide [2]. Aim of this study is to investigate the
catalytic activity of Ni-Cu based catalysts in dry reforming of methane in the presence of H,S. In
order to see the effect of H.S in the feed gas, the activity test was started with a CH4/COJ/Ar gas
mixture at 750°C. At 30 minutes of reaction, H»S gas (2 ppm) was added to the feed mixture. Within
the scope of the study, alumina supported monometallic Ni (8 wt %) and bimetallic Ni-Cu (8 wt %-
8 wt %) catalysts were prepared by the impregnation method. Alumina support material was
synthesized by the sol-gel method. To explain the relation between catalytic activity and structural
properties, carried out characterization studies such as thermogravimetric analysis (TGA/DTA), X-
Ray diffraction pattern analysis (XRD), scanning electron microscopy and energy dispersive X-Ray
spectroscopy analysis (SEM-EDX), fourier transform infrared spectroscopy (FTIR) analysis. At the
beginning of the reaction, 78% CH,4 conversion was obtained with Ni catalyst, while CH4 conversion
was reduced up to 64% with Ni-Cu catalyst. During the reaction, the Ni catalyst preserved its
catalytic activity better in the presence of H,S. While the addition of Cu to the catalyst caused a
decrease in the activity in the dry reforming reaction, the catalytic activity was expected to be
preserved with the formation of the H,S-CuO reaction. In the XRD analysis of Ni-Cu catalyst after
the reaction, it was observed that the characteristic peaks of y-alumina and metallic Ni were
preserved and the peak of the carbon structure was formed. As a result of the XRD and TGA analyses
performed after the reaction, it was determined that there is a high amount of carbon in the catalyst
structure of the bimetallic Ni-Cu catalyst. The formation and accumulation of carbon also plays an
important role in the decrease of the activity in the Ni-Cu catalyst.
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Biyogaz, yenilenebilir enerji kaynagi olmasi ve ucuz olmasindan dolay1 1sinma, ulagim, elektrik
tiretimi, kimyasal maddelerin iiretimi ve sentez gazi liretimi gibi birgok kullanim alanina sahiptir
[1]. Biyogaz, metan ve karbondioksit gazlarinin yani sira ppm diizeyinde H,S gazi da ihtiva
etmektedir [2]. Bu ¢alismanin amaci, HoS varliginda metanin kuru reformasyonunda Ni-Cu bazli
katalizorlerin katalitik aktivitesini arastirmaktir. H>S'in besleme gazindaki etkisini gormek igin
aktivite testi 750°C'de CH4/CO./Ar gaz karigimu ile baglatilmigtir. Reaksiyonun 30. dakikasinda, H,S
gazi (2 ppm) besleme karigimina ilave edilmistir. Caligma kapsaminda aliimina destekli tek metalli
Ni (kiitlece %8) ve iki metalli Ni-Cu (kiitlece %8-%8) katalizorleri emdirme yoOntemiyle
hazirlanmistir. Aliimina destek malzemesi sol-jel yontemiyle sentezlenmistir. Katalitik aktivite ile
yapisal ozellikler arasindaki iliskiyi agiklamak i¢in termogravimetrik analizi (TGA/DTA), X-Isin1
kirinim deseni analizi (XRD), taramali elektron mikroskobu ve enerji dagilimhi X-Isini
spektroskopisi analizi (SEM-EDX), Fourier doniisiimii kizil6tesi spektroskopisi (FTIR) analizi gibi
karakterizasyon g¢alismalar1 yapilmistir. Reaksiyonun baslangicinda Ni katalizorii ile %78 CHga
doniisiimii elde edilirken, Ni-Cu katalizorii ile CH4 doniisiimii %64'e kadar diismiistiir. Reaksiyon
sirasinda Ni katalizorii, HoS varliginda katalitik aktivitesini daha iyi korumustur. Katalizére Cu
ilavesi kuru reformlanma reaksiyonunda aktivitede bir azalmaya neden olurken, katalitik aktivitenin
H,S-CuO reaksiyonunun olusmasiyla korunmasi beklenmistir. Reaksiyon sonrast Ni-Cu
katalizoriiniin XRD analizinde, y-aliimina ve metalik nikelin karakteristik piklerinin korundugu ve
karbon pikinin olustugu gozlemlenmistir. Reaksiyon sonrasi yapilan XRD ve TGA analizleri
sonucunda bimetalik Ni-Cu katalizoriin katalizor yapisinda yiiksek miktarda karbon oldugu tespit
edilmistir. Ni-Cu katalizoriindeki aktivitenin azalmasinda karbon olusumu ve birikimi de énemli rol

oynamaktadir.
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Considering the environmental concerns and rapid depletion of the fossil fuels, quite a
number of new studies have been conducted on the production of renewable energy carriers.
Hydrogen has high energy content, and it can be produced from hydrocarbons and alcohols via steam
reforming. Ethanol produced from the fermentation of biomass has been widely used in steam
reforming reaction because of its high hydrogen content, easy availability, safe storage and
transportation [1]. Silica aerogel (SA) is a unique highly porous material in the structure of the
cross-linked network, and it is a highly attractive catalyst support for the steam reforming reaction,
due to its high surface area, large pore volume and pore diameter and high porosity. Nickel based
catalysts are preferable over the other metal based materials due to their availability, low cost and
high activity in breaking bonds between carbon & carbon, carbon & hydrogen, and oxygen &
hydrogen in steam reforming of ethanol reaction. According to our knowledge, there is no study on
ethanol steam reforming with nickel loaded silica aerogel.

In this study, silica aerogel was synthesized by a sol-gel method and it is aged at different
aging temperatures (45, 55 and 65°C) and at different aging times (8, 16, 24, and 48 hours). The
effects of aging time and aging temperature on the properties of silica aerogel were investigated.
Nickel was impregnated to the silica aerogels, which were named as SA-65-8 and SA-65-16, using
an incipient wet-impregnation method to improve the activity of these materials. Nickel loaded silica
aerogels were characterized, and their performances were tested in steam reforming of ethanol
reaction at 600°C.

It was observed that with an increase in the aging temperature, pore volume and pore
diameter increased due to the efficient exchange of water in the pores with hexane. This efficient
exchange prevented the shrinkage of the pores during the drying step. The average pore diameter
was increased from 7.87 nm to 13.73 nm with the increase in the aging temperature from 45°C to
65°C. The aging time in the synthesis of silica aerogel did not affect the physical properties of silica
aerogel too much. The activity results showed that ethanol conversion was 97% and hydrogen yield
was 63.15% with the 10Ni-SA-65-8 catalyst, and ethanol conversion was 94% and hydrogen yield
was 72.4% with the 10Ni-SA-65-16 catalyst.

In conclusion, the best catalyst in the steam reforming of ethanol reaction was the 10Ni-

SA-65-16 catalyst with the highest hydrogen yield, due to its higher pore volume and pore diameter.
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Fosil yakitlarin ¢evresel kaygilart ve hizla tikkenmesi géz oniine alindiginda, yenilenebilir
enerji tastyicilarinin iiretimine yonelik ¢ok sayida yeni calismalar yapilmistir. Hidrojen yiiksek
enerji icerigine sahiptir ve hidrokarbon ve alkollerden buharli reformlanma yoluyla {iretilebilir.
Biyokiitlenin fermentasyonundan iiretilen etanol, yiiksek hidrojen icerigi, kolay bulunabilirligi,
giivenli depolanmasi ve taginmasi nedeniyle buharli reformlanma reaksiyonunda yaygin olarak
kullanilmaktadir [1]. Silika aerojel (SA), ¢apraz bagl ag yapisinda, benzersiz gozenekli bir
malzemedir ve yliksek ylizey alani, genis gozenek hacmi ve gozenek ¢ap1 ve yliksek gozeneklilige
sahip olmasi sebebiyle buharli reformlanma reaksiyonu i¢in oldukga cazip bir katalizér destegidir.
Nikel bazli katalizorler, mevcudiyetleri, diisiik maliyetleri ve etanoliin buharli reformlanmasi
reaksiyonunda karbon ve karbon, karbon ve hidrojen ve oksijen ve hidrojen arasindaki baglari
koparmadaki yiiksek aktiviteleri nedeniyle diger metal bazli malzemelere gore tercih edilir.
Bildigimiz kadariyla, nikel yiiklii silika aerojel ile etanoliin buharli reformlanmasi {izerine bir

caligma bulunmamaktadir.

Bu caligmada, silika aerojel sol jel yontemi ile sentezlenmis ve farkli yaslandirma
sicakliklarinda (45, 55 ve 65°C) ve farkli yaslandirma siirelerinde (8, 16, 24 ve 48 saat)
yaslandirilmistir. Yaslandirma siiresi ve yaslandirma sicakliginin silika aerojel dzellikleri tizerindeki
etkileri arastirilmistir. Nikel, SA-65-8 ve SA-65-16 olarak adlandirilan silika aerojellere, bu
malzemelerin aktivitelerini iyilestirmek i¢in insipiyent 1slak emdirme yontemi kullanilarak
yiiklenmistir. Nikel yiiklii silika aerojeller karakterize edilmistir ve performanslart 600°C'de

etanoliin buharl reformlanmasi reaksiyonunda test edilmistir.

Yaglanma sicakliginin artmasiyla, gozeneklerdeki suyun hekzan ile etkili bir sekilde
degistirilmesi nedeniyle gézenek hacminin ve gdzenek capinin arttigi gézlemlenmistir. Bu etkili
degisim, kurutma basamagi sirasinda gozeneklerin ¢okmesini dnlemistir. Yaslandirma sicakliginin
45°C'den 65°C'ye artmastyla ortalama gozenek gap1 7,87 nm'den 13,73 nm'ye yiikselmistir. Silika
acrojel sentezindeki yaslandirma siiresi, silika aerojelin fiziksel Gzelliklerini ¢ok fazla
etkilememistir. Aktivite sonuclari, 10Ni-SA-65-8 katalizorii ile etanol dontsiiminiin %97 ve
hidrojen veriminin %63,15 oldugunu ve 10Ni-SA-65-16 katalizorii ile etanol doniistimiiniin %94 ve

hidrojen veriminin %72,4 oldugunu géstermistir.

Sonug olarak, etanoliin buharli reformlanmasinda en iyi katalizor, daha yiiksek gdzenek

hacmi ve gézenek ¢ap1 nedeniyle en yiiksek hidrojen verimine sahip 10Ni-SA-65-16 katalizoriidiir.
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Global energy demand increasing worldwide along with environmental concerns are the major
issues of today. The depletion of fossil fuels has driven the focus of research towards renewables
that grow rapidly. Hydrogen as a promising and clean energy vector plays an increasingly vital role
in the future energy plan [1]. However, the lack of hydrogen distribution infrastructure has moved
the researchers to study alternative fuels to produce on-board hydrogen for especially fuel cells.
Methanol with the advantage of low reforming temperature, high H/C ratio, and good miscibility
with water seems attractive for mobile power generation [2]. Hydrogen-rich reformate is generally
produced by methanol steam reforming (MSR) on Cu-based catalysts due to high activity,
selectivity, and low cost. Therefore, from the standpoint of a fuel processor, methanol is widely
studied in literature when the reformer and a high-temperature polymer electrolyte membrane fuel
cell (HT-PEMFC) integration is considered [3].

In this study, a commercial water gas shift catalyst, CuO/ZnO/Al,O; (HIFUEL®W220), was selected
due to its composition which also acts as a successful MSR catalyst. Operational parameters of the
MSR process, i.e., water/methanol ratio, space-time ratio (W/Fao), and temperature were optimized
to produce HT-PEMFC grade Hz with minimum CO content. Furthermore, the catalytic activity of
the commercial catalyst at optimum conditions was compared and discussed with the in-house
prepared CuO/ZrO./La-Al,Os.
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Cevresel kaygilarla birlikte diinya capinda artan kiiresel enerji talebi giiniimiiziin en Onemli
sorunlaridir. Fosil yakitlarin tiikenmesi, arastirmalarin odagini hizla biiyiiyen yenilenebilir enerji
kaynaklarina yoneltmistir. Gelecek vaat eden ve temiz bir enerji vektorii olarak hidrojen, gelecekteki
enerji planinda giderek daha hayati bir rol oynamaktadir [1]. Bununla birlikte, hidrojen dagitim
altyapisinin olmamasi, arastirmacilari, ozellikle yakit hiicreleri igin yerlesik hidrojen tiretmek
amactyla alternatif yakitlar1 aragtirmaya yoneltmistir. Diisiik tepkime sicakligi, yiiksek H/C oran1 ve
su ile iyi karigabilmesi gibi avantajlart ile metanol, mobil enerji iiretimi i¢in ¢ekici gériinmektedir
[2]. Hidrojen acisindan zengin reformat, genellikle yiiksek aktivite, secicilik ve diisitk maliyet
nedeniyle Cu temelli katalizorler iizerinde metanol buhar reformlama (MSR) ile iiretilir. Bu nedenle,
bir yakit islemcisi agisindan, reformer ve bir yiiksek sicaklik polimer elektrolit membran yakit
hiicresi (HT-PEMFC) entegrasyonu diisiiniildiiglinde metanol literatiirde genis c¢apta
incelenmektedir [3].

Bu caligsmada, ticari bir su-gaz degisim katalizorii olan CuO/ZnO/Al;O; (HIFUEL®W220), ayni
zamanda bagarili bir MSR Kkatalizorii gorevi goren bilesimi nedeniyle secilmistir. MSR igleminin
operasyonel parametreleri, yani su/metanol orani, bosluk-zaman orami (W/Fap) ve sicaklik,
minimum CO igerigine sahip HT-PEMFC kalitesinde H; tiretmek i¢in optimize edilmistir. Ayrica,
ticari katalizoriin optimum kosullardaki katalitik aktivitesi, hazirlanan CuO/ZrO,/La-Al.O; ile

kargilagtirilmig ve tartigilmustir.
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Polyols are the raw materials having more than one hydroxyl group and mostly used in polymer
industry producing polyurethane. The current production of polyols is petroleum-based which are
not environmentally friendly and being depleted. Vegetable oils (VOs) as renewable resources are
prominent alternative in production of polyols to replace petroleum feedstocks. VOs have reactive
sites including double bonds [1]. One of the most outstanding VOs is soybean oil since it produces
in large quantities and has higher double bonds. Epoxidation followed by ring opening reaction is
the most preferred methods for synthesizing polyols from VOs [2]. In synthesis of polyol,
homogeneous acid catalysts are mostly utilized. However, they are not reusable and harmful to
environment. Therefore, the aim of this study is the synthesis of polyol via ring opening reaction of
epoxidized soybean oil (ESO) with methanol (methanolysis) catalyzed by Ti incorporated SBA-15
(Ti-SBA-15) and sulfated Ti-SBA-15 (SO4/Ti-SBA-15).

Ti-SBA-15 were synthesized by hydrothermal method with different Si/Ti molar ratio (Si/Ti=10,
20, 40). Afterwards, these catalysts were sulfated with 1 M of (NH4).SO. solution. All the catalysts
were characterized by XRD, XRF, SEM, FTIR and NHs-TPD. Surface area and pore size of particles
were decided using BET and BJH methods. The results demonstrated that all catalysts had high
surface area and mesoporosity. Sulfated Ti-SBA-15 catalysts had higher acidity comparing to Ti-
SBA-15. These catalysts were tested in methanolysis of ESO under following conditions: 60°C,
ESO/Methanol (n/n)=1:11, catalyst loading=3 wt. % of ESO and 1000 rpm. All the catalysts were
active in ESO conversion. However, Ti-SBA-15 catalysts gave lower conversion than the sulfated
catalysts. With Ti-SBA15-10, Ti-SBA15-20, and Ti-SBA15-40 catalysts 39.3, 27.7 and 20.96%
epoxy conversions were obtained after 6 h reaction time, respectively. Whereas 99, 98.7 and 98%
conversions were achieved over SO4/Ti-SBA15-10, SO4/Ti-SBA15-20 and SO4/Ti-SBA15-40
catalysts. These findings were related to their higher acidity and presence of Brensted acidity of the
catalysts.
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Polioller birden fazla hidroksil grubu iceren ve genellikle polimer endiistrisinde poliiiretan
sentezinde kullanilan hammaddelerdir. Poliollerin giiniimiizde ¢evreci olmayan ve sinirh petrol ve
tirevlerinden elde edilmektedir. Bitkisel yaglar (BY), poliol iiretiminde petrol temelli bu bilesenlerin
yerini alabilecek yenilenebilir kaynaklardan biridir. BY ¢ift bag gibi reaktif merkezlere sahiptir [1].
One ¢ikan bitkisel yaglardan biri soya yagidir. Soya yag1 yiiksek doymamus yag igerigine sahip ve
cok miktarda iiretilmektedir. Bitkisel yaglardan poliol sentezinde epoksidasyon ve halka agilma
reaksiyonlari en ¢ok tercih edilen yontemdir [2]. Poliol sentezinde genellikle homojen katalizorler
kullanilmaktadir. Bu katalizorler ¢evreye zararlidir ve yeniden kullanilabilirligi yoktur. Bu nedenle,
yapilan calismada Ti-SBA-15 ve siilfatlanmus Ti-SBA-15 (SO4/Ti-SBA-15) ile katalizorleri
varliginda epokside soya yagimin (ESY) metanol ile halka ac¢ilma reaksiyonu (metanoliz) ile poliol

sentezi amaglanmustir.

Ti-SBA-15 farkli Si/Ti mol oranlarinda (Si/Ti=10, 20, 40) hidrotermal yontem ile sentezlenmistir.
Katalizorler, 1 M (NH4)2SO4 ¢ozeltisi ile stilfatlanmis ve XRD, XRF, SEM, FTIR ve NH3-TPD ile
karakterize edilmistir. Yiizey alanlar1 ve gozenek g¢aplar1 BET ve BJH yontemleri kullanilarak
hesaplanmistir. Sentezlenen katalizorler yiiksek yiizey alanina ve mezogdzenekli yapiya sahipken
Ti-SBA-15’e kiyasla siilfatlanmig Ti-SBA-15 katalizorlerin daha yiiksek asitlige sahip oldugu
bulunmustur. Katalizérler, ESY metanoliz reaksiyonunda siralanan kosullarda test edilmistir: 60°C,
ESO/Metanol mol orani 1:11, katalizér miktar1 yagin agirlikca %3’ ve 1000 rpm. Katalizorler
reaksiyonda aktif bulunmustur. Ancak, Ti-SBA-15 katalizorleri siilfathi formlarina kiyasla daha
diistik doniisim vermistir. Ti-SBA15-10, Ti-SBA15-20 ve Ti-SBA15-40 katalizorleri ile 6 saat
sonunda elde edilen epoksi dontisiimleri sirasiyla %39.3, 27.7 ve 20.9 iken, SO4/Ti-SBA15-10,
SO4/Ti-SBA15-20 ve SO4/Ti-SBA15-40 katalizorleri ile sirasiyla %99, 98.7 ve 98 doniisiime
ulagilmistir. Sonuglar, siilfatlanmis Ti-SBA-15 katalizorlerinin yiiksek asitligi ve Brensted asit
ozelligi ile iliskilendirilmistir.
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To synthesis of added-value chemicals, fuels and materials, the catalytic conversion of biomass has
attracted a lot of attention considering that petroleum based resources will be depleted in a few
decades [1]. Acrolein is the simplest of the unsaturated aldehydes, which is generally used as a
building block and a biocide to other chemical compounds. The production of acrolein is currently
carried out by a catalytic gas-phase selective oxidation of propylene with the mixed oxide catalysts
[2]. In this contents, we aimed to develop the hexagonal WQOj3; nanoparticles which are attributed as
selective materials for gas-phase glycerol dehydration for an alternative sustainable way to the
petroleum-based route.

The experimental setup for gas-phase glycerol dehydration reaction is consisting of in a stainless
steel fixed bed reactor (7.5 mm inner diameter) with two gas flow controllers, a syringe pump
controlling the reactant flow, a chilled condenser in the effluent line, and two temperature controllers
detectors. The characterization of catalysts were performed by using XRD, BET, SEM, NHs3-TPD,
and FT-IR techniques. The catalytic results are listed in Table 1. All of the hexagonal WO3 (HTB)
samples showed high glycerol conversion and over 50% acrolein yield except for HTB synthesized
with the sodium salt of tungsten. The highest acrolein yield was approximately 70% for the HTB
sample synthesized with 2-fold amount of hydrazine. It was observed from XRD diffractograms that
the crystal structures of samples were in good agreement with hexagonal tungsten bronze (HTB).

It has been concluded that the catalytic activities for HTB samples showed comparable results with
the literature in terms of the glycerol conversion and acrolein selectivity depending on the time. The
experimental results reported here prove that the durability of a catalytic system can be achieved in
terms of concentration of acid sites and crystallographic structures under optimized experimental
conditions.

Table 1. Catalytic activity results in terms of glycerol conversions and acrolein selectivities

Catalyst Hydrazine Amount The type of precursor Glycerol Conv. (%) Acrolein Selectivity
(%)
Na-HTB 0.5 H4Na,OsW 76 56
HW-HTB 0.5 H,WO, 94 55
NH,-HTB 0.5 93 67
NH,-HTB (1) 1.0 (NHg)10(H2W1204,).4H,0 100 48
NH;-HTB (2) 2.0 100 68

*Activity results are listed after 6 hours
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Katma degerli kimyasallarin, yakitlarin ve malzemelerin sentezine, petrol bazli kaynaklarin
ontimiizdeki yillarda tiikenecegi diistiniildiigiinde, biyo-kaynaklarin katalitik doniigiimii biiylik ilgi
gormektedir [1]. Akrolein, genellikle diger kimyasal bilesiklerin sentezinde yapi tasi ve biyosit
olarak kullanilan doymamis aldehitlerin en basitidir. Akrolein iiretimi su anda ticari olarak karisik
metal oksit katalizorleri ile propilenin katalitik gaz fazinda secici oksidasyonu ile
gerceklestirilmektedir [2]. Bu galismada, petrol bazli rotaya alternatif olarak gaz faz gliserol
dehidrasyonda akroleine segimli olarak atfedilen hekzagonal WOs; nanopargaciklarint gelistirmeyi
amacladik.

Gaz fazi1 gliserol dehidrasyon reaksiyonu igin deney diizenegi, iki gaz akisi kontrol edici paslanmaz
celik sabit yatakli bir reaktor (7,5 mm i¢ ¢ap), reaktan akisini kontrol eden bir siringa pompasi, ¢ikis
hattinda bir kondanserden ve sicaklik kontrol dedektorlerinden olusur. Katalizorlerin
karakterizasyonu XRD, BET, SEM, NH3-TPD ve FT-IR teknikleri kullanilarak gerceklestirilmistir.
Katalitik sonuglar Tablo 1'de listelenmistir. Hekzagonal WO; (HTB) numunelerinin tiimii,
tungstenin sodyum tuzu ile sentezlenen HTB haric, yiiksek gliserol doniisiimii ve %50in iizerinde
akrolein verimi gosterdi. En yiiksek akrolein verimi, 2 kat hidrazin ile sentezlenen HTB i¢in yaklagik
%70 olmustur. XRD difraktogramlarindan numunelerin kristal yapilarinin hekzagonal tungsten
bronz (HTB) ile iyi bir uyum i¢inde oldugu gozlemlendi.

HTB o6rnekleri zamana bagli olarak gliserol doniisiimii ve akrolein segiciligi agisindan literatiirle
karsilagtirilabilir katalitik sonuglar gostermistir. Burada elde edilen deneysel sonuglar, optimize
edilmis deneysel kosullar altinda, asit site konsantrasyonu ve kristalografik yapilar agisindan bir

katalitik sistemin kararliliginin saglanabilecegi kanitlamaktadir.

Tablo 2. Gliserol doniisiimii ve akrolein se¢imliligi agisindan katalitik sonuclarin

degerlendirilmesi
Katalizor Hidrazin Miktar1 Baslatici Tiirii Gliserin Don. (%) Akrolein Seg. (%)
Na-HTB 0.5 HsNa,OsW 76 56
HW-HTB 0.5 H, WO, 94 55
NH;-HTB 05 93 67
NH;-HTB (1) 1.0 (NHa)10(H2W1,042).4H,0 100 48
NH,-HTB (2) 2.0 100 68

*6 saat sonundaki aktivite sonuclart
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As shale gas production increased significantly in the recent years, there is an undeniable need for a
small-scale economical process to convert methane into easily transportable liquids such as
methanol. Achieving high methanol selectivity by catalytic conversion of methane is challenging
due to high risk of over oxidation. Iron exchanged zeolites gained importance since it is shown that
N-O decomposition in the presence of ferrous cation (Fe*2) forms highly reactive alpha oxygen sites
(characterized by the absorption feature at 16,900 cm™ using UV/Visible spectra [1]) that can
activate methane even in room temperature. In literature, mostly FeZSM-5 is studied, where water
partial pressure increase decreased the coke formation and enhanced the methanol selectivity [2]. In
this work, it is aimed to selectively partially oxidize methane to methanol using N.O at mild
conditions, i.e., atmospheric pressure and temperatures 270-330 °C using iron-exchanged zeolites.
The effects of framework and mesoporosity are investigated on methanol selectivity and production
rate. Micro- and mesoporous zeolites with different frameworks (CHA, AEI, FER, MFI, MOR and
MAZ) are tested. MOR framework showed steady state production even when microporous, and
with mesoporous addition, methanol production rate is promoted with a significant decrease in coke
formation. Further optimization in reaction conditions, temperature and reactant compositions, are
also carried out over FeMesoMOR sample that led to 36.5% methanol selectivity and 228.5 pmol/g/h
production rate (see Table 1).

Table 1. Methane oxidation results at 300 °C, feed ratio: 30% CHa, 10% N,O, 30% H,O, balance He

Tcuzon/Pkmol  T¢ope / pmol

Catalyst gt hi gt hi Scuzon! %o Xcwal Y%
Fe-MOR 182.0 170.1 12.5 0.6
Fe-MesoMOR 228.5 6.9 36.5 0.3
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Kaya gazi iiretimi son yillarda énemli dlgiide arttigindan, metan1 metanol gibi kolayca tasinabilir
stvilara doniistiirmek icin kiiclik dlcekli ekonomik bir igleme inkar edilemez bir ihtiya¢ vardir.
Metanin katalitik doniisiimii ile yliksek metanol seciciligi elde etmek, yiiksek ileri oksidasyon riski
nedeniyle zordur. Demir yiiklenmis zeolitler, demir katyonu (Fe*?) varhginda N,O ayrismasi ile
oldukca reaktif alfa oksijen aktif bolgeleri olusturdugu (UV/Goriinlir Bolge Spektroskopisi
kullanilarak 16.900 cm™ bandinda absorpsiyon 6zelligi ile karakterize edilir [1]) gozlemlendiginden
onem kazanmustir. Alfa oksijen aktif boélgeleri metam1 oda sicakliginda bile aktive edebilir.
Literatiirde ¢cogunlukla FeZSM-5 zeoliti ¢alisilmig ve su kismi basing artiginin kok olusumunu
azalttigi ve metanol seciciligini arttirdigr gézlemlenmistir [2]. Bu ¢aligmada, demir yiiklenmig
zeolitler kullanilarak, atmosferik basingta ve 270-330 °C sicakliklarda N2O kullanilarak metanin
secici olarak metanole oksitlenmesi amaglanmistir. Zeolit yapisi ve mezo gozenekliligin metanol
seciciligi ve liretim hiz1 iizerindeki etkileri arastirilmigtir. Farkli yapilardaki (CHA, AEI, FER, MFI,
MOR ve MAZ) mikro ve mezo gozenekli zeolitler test edilmistir. MOR yapisi, mikro gozenekli
oldugunda bile deaktive olmadan sabit iiretim gdstermis ve mezo gozenek ilavesi ile metanol iiretim
hizinda artis ve kok olusumunda 6nemli bir diisiis gozlemlenmistir. FeMesoMOR oOrneginde
reaksiyon kosullari, sicaklik ve reaktan bilesimlerinde optimize edilmis, sonucunda %36,5 metanol

seciciligine ve 228,5 umol/g/saat iiretim hizina ulasilmistir (bkz. Tablo 1).

Tablo 1. 300 °C sicaklikta, reaktan bilesimi: 30% CHa, 10% N2O, 30% H.0, kalan He, metan
oksidasyonu sonuglari

Katalizor YcH30H Tcoke / WMOl | S cpzon/ %0 Xewal %
/umol g g!saat?
saat?
Fe-MOR 182.0 170.1 125 0.6
Fe-MesoMOR 228.5 6.9 36.5 0.3
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Dimethyl ether (DME) is a promising energy source as alternate diesel fuel with a high cetane
number (55-60) and clean-burning properties [1]. Direct synthesis of the DME process is a
combination of methanol production, methanol dehydration, and water gas shift reaction. So, DME
production requires bifunctional catalyst combinations; methanol synthesis and methanol
dehydration reactions [2]. In the present study, core-shell structure bifunctional catalysts were
synthesized in two ways; impregnation and hydrothermal method. Thus, the effect of the synthesis
method over DME selectivity and CO conversion was investigated. In the impregnation method,
silicotungstic acid (STA) was loaded to methanol synthesis catalysts (CZA) to increase surface
acidity. In the hydrothermal method, mesoporous alumina (MA) catalysts were started to prepare to
be used as the methanol dehydration. In the synthesis solution of MA catalysts, calcinated copper-
based materials were added by 1/1 mass ratio. After that, STA was also impregnated to these
(STA@CZA:631-EMA) catalysts. Activity test studies of synthesized catalysts were performed at
50 bar and 275°C. High DME selectivity values of 59.1% and 63.1% were achieved with the new
bifunctional catalysts of 25STA@CZA:631 and 25ST@CZA:631-EMA, respectively. Among these
materials, the catalysts prepared by the hydrothermal route showed better performance than the STA
impregnated Cu-ZnO-Al,O; catalysts. This result is explained by uniformly mixing of the active
side of methanol synthesis and dehydration catalysts at STA@CZA:631-EMA. So, active sites of
the catalyst being at the proximity of each other for the in-situ conversion of synthesized methanol
to DME [1].

Financial support of TUBITAK 115M377 and Gazi University BAP 06/2018-23 was gratefully

acknowledged.
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Dimetil eter (DME), yiiksek setan say1s1 (55-60) ve temiz yanma 6zellikleri ile dizel yakita alternatif
bir enerji kaynagidir. Dimetil eterin dogrudan iiretim prosesi; metanol sentez reaksiyonu, metanol
dehidrasyon reaksiyonu ve su gazi reaksiyonlarinin toplamindan olusmaktadir. Bu nedenle de DME
iiretimi i¢in metal sentez ve dehidrasyon reaksiyonlarinda kullanilacak ¢ift fonksiyonlu katalizorler
gereklidir. Calismada, c¢ekirdek kabuk yapisindaki ¢ift fonksiyonlu katalizorler hem emdirme ve
hemde hidrotermal yontem ile hazirlanmistir. Boylece, katalizor sentez yonteminin DME
seciciligine ve CO doniisiimiine etkisi incelenmistir. Emdirme yonteminde, silikotungstik asit (STA)
katalizorlinlin yiizey asitligini arttirmak icin metanol sentez katalizoriine (CZA) yliklenmistir.
Hidrotermal yontemde ise ilk olarak mezogdzenekli aliimina katalizoérii (MA) hazirlanmaya
baslanmistir. Daha sonra, sentez ¢ozeltisine kalsine edilmis bakir icerikli katalizorler kiitlece 1/1
oraninda eklenmistir. Ayrica STA, hidrotermal yontem ile hazirlanan katalizorlere
(STA@CZA:631-EMA) de yiklemistir. ~ Katalizorlerin aktivite testleri 50 bar ve 275°C’de
gerceklestirilmistir. 25STA@CZA:631 ve 25ST@CZA:631-EMA katalizorleri ile sirastyla 59.1%
ve 63.1% olmak tizere yiikksek DME segiciligi elde edilmistir. Aktivite test ¢aligmalar1 sonucunda
hidrotermal yontem ile hazirlanan katalizorler daha yiiksek aktivite gostermistir. Bu sonug,
STA@CZA:631-EMA katalizoriiniin yapisinda metanol sentez ve dehidrasyon katalizérlerinin
homojen karisimu ile agiklanmigtir. Ayrica DME {iretimi igin gerekli aktif sitelerin birbirine yakin
olmasi da metanolun DME’ye daha hizli doniigiimiinii saglamustir.
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Formaldehyde is heavily consumed in chemical industry for the mass production of numerous
commodity chemicals used in variety of sectors such as construction, automotive, furniture,
pharmaceuticals, and cosmetics. [1-3]. Majority of the global formaldehyde manufacture is obtained
from methanol partial oxidation (MPQ) over polycrystalline silver catalyst [3]. The nature of active
oxygen species in this process is still under debate. In this study, to shed light on the nature of active
oxygen species, the roles of two dissimilar oxygen species, namely electrophilic chemisorbed
oxygen (O.) and nucleophilic oxidic oxygen (Oy), were investigated in MPO reaction on Ag(111)
single-crystal model catalyst surface [4].

Experiments were performed in a multifunctional Ultra-High Vacuum chamber equipped with
low-energy electron diffraction (LEED), infrared reflection absorption spectroscopy (IRAS), X-ray
photoelectron spectroscopy (XPS) and temperature-programmed reaction spectroscopy (TPRS)
capabilities.

TPRS results showed that O selectively yields formaldehyde from methanol oxidation while O,
species in the Ag oxide domains catalyzes the reaction to CO; formation. IRAS results and density
functional theory calculations indicated that multiple adsorption sites for methoxy intermediates are
available on the Ag oxide domains, which reduce the activation energy for C-H bond cleavage in
methoxy species and promote CO production. These findings indicate that the structural
transformations on the catalyst surface play a central role to govern the competing reaction pathways

in methanol oxidation.
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Formaldehit, kimya endiistrisinde bir¢ok kimyasalin seri iiretiminde, yap1, otomotiv, mobilya,
ilag ve kozmetik gibi cesitli sektdrlerde yaygin olarak kullanilmaktadir [1-3]. Diinyada formaldehit
iretimi ¢ogunlukla polikristal glimiis katalizorler ile kismi metanol oksidayonundan (KMO)
saglanmaktadir. [3]. Aktif oksijen tiirlerinin bu reaksiyona etkileri giiniimiizde hala tartisilmaktadir.
Bu c¢aligmada, aktif oksijen tiirlerinin dogasina 151k tutmak amaciyla Ag(111) tek kristal model
katalizor ylizeyinde, kimyasal olarak adsorplanmis elektrofilik oksijen (Oe) ve niikleofilik oksidatif
oksijen (On) olmak tizere farkli oksijen tiirlerinin KMO tepkimesine etkisi incelenmistir [4].

Deneyler diisiik enerjili elektron difraksiyonu(LEED), kizil6tesi yansima absorpsiyon
spektroskopisi (IRAS), X-ray fotoelektron spektroskopisi (XPS) ve sicaklik programli reaksiyon
spektroskopisi (TPRS) yontemleri ile inceleme yapilabilen ¢ok amagli Ultra-Yiiksek Vakum
hiicresinde yiriitilmistiir.

Sicaklik programli reaksiyon spektroskopisi sonuglarina goére, O, tiirleri metanol
oksidasyonundan segici olarak formaldehit iretimine katki saglarken Ag oksitte bulunan Oy
tirlerinin ise CO; olusumuna neden oldugu goriilmiistiir. IRAS sonuglarinda ve yogunluk
fonksiyonel teorisi hesaplamalarinda, Ag oksit ylizeyinde metoksi ara tirlinlerinin adsorpsiyonu i¢in
coklu adsorpsiyon sitelerinin mevcut oldugu saptanmistir. Bu sitelerin metoksi tiirlerinde C-H
baginin kirilmasi i¢in aktivasyon enerjisini diislirdiigii ve CO liretimine katki sagladig1 goriilmiistiir.
Bu veriler sonucunda, katalizor yiizeyindeki yapisal donisiimlerin metanol oksidasyonunda
rekabetci tepkime adimlarini yonetmede merkezi rol oynadigi goriilmiistiir.
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The supported catalyst consist of two main components. These are; catalysts that contain active sites
on the surface of which electrochemical reactions take place, and support materials that increase the
electrochemical surface area of the catalyst and enable it to be used more efficiently. It is generally
accepted that the catalyst support greatly affects the activity and performance of the catalyst.
Therefore, a catalyst support should have large surface area, high electrical conductivity, acceptable
chemical stability, as well as low cost [1]. Graphene and graphene-based materials have the desired
functionality as catalyst support materials with unique mechanical properties such as high
mechanical flexibility, high surface area, chemical stability, superior electrical and thermal
conductivity. In this study, graphene oxide (GO) was synthesized by Hummer method [2]. The
synthesized GO was chemically reduced using the hydrazine monohydrate agent. Synthesis of
graphene aerogels (C-RGOA) was carried out by sol-gel polymerization of resorcinol formaldehyde
using chemically reduced graphene oxide (C-RGO) in three different ratios (% wt. 0.25-0.5-1).
Brunauer, Emmett and Teller (BET-Micromeritics 3Flex 3-port) method was used for surface area
analysis. The BET results of the synthesized C-RGO aerogels are given in Table 1. With the addition
of C-RGO to the carbon aerogel, the surface area of the graphene aerogels increased considerably
compared to the C-RGO and carbon aerogels. As the amount of C-RGO doping increased, the
surface area of the graphene aerogels decreased. The highest surface area of 511.75 m?/g belongs to
C-RGOA 0.25 containing 0.25% C-RGO. Graphene aerogels will be used as catalyst support
materials in PEM fuel cells.

Table 1. BET results of synthesized materials

Malzeme BET Average Langmuir t-Plot Average BJH D-H BJH D-H pore
surface pore surface Micro particle size surface surface pore volume
area (m?/g) | diameter | area (m?/g) | pore area (nm) area (m?/g) area volume (cm®/g)
(nm) (m?lg) (m?lg) (cm*/g)

Karbon Aerojel 202,86 2,91 427,43 115,72 29,58 90,78 87,97 0,108 0,106
C-RGO 166,92 4,27 1413,52 35,95 149,82 202,41 0,205 0,259
C-RGOA 0.25 511,75 3,57 1166,77 174,72 11,72 284,51 279,27 0,341 0,337
C-RGOA 0.5 378,28 3,62 873,41 160,50 15,86 205,03 201,81 0,268 0,265
C-RGOA 1 224,75 2,65 409,00 122,13 26,69 76,78 74,78 0,073 0,072
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Destekli katalizorler iki ana bilesenden meydana gelmektedir. Bunlar; yiizeyinde elektrokimyasal
reaksiyonlarin gergeklestigi aktif merkezleri barindiran katalizor ve katalizoriin elektrokimyasal
yiizey alanim artirarak daha verimli kullanilmasim saglayan destek malzemeleridir. Genel olarak,
destek malzemenin katalizoriin aktivitesini ve performansii biiyliik olgiide etkiledigi kabul
edilmektedir. Bu nedenle, bir katalizor destegi, genis yiizey alanina, yiiksek elektrik iletkenligine,
kabul edilebilir kimyasal kararliliga ve ayni1 zamanda diisiik maliyete sahip olmalidir [1]. Grafen ve
grafen alt yapili malzemeler, yiiksek mekanik esneklik, yiiksek yiizey alani, kimyasal kararlilik,
uistiin elektriksel ve termal iletkenlik gibi benzersiz mekanik 6zelliklere sahip destek malzemeleri
olarak istenen islevsellige sahiptir. Bu c¢alismada, Hummer yontemiyle grafen oksit (GO)
sentezlenmistir [2]. Sentezlenen GO’e, hidrazin monohidrat ajan1 kullanilarak kimyasal indirgeme
islemi yapilmustir. Ug fakli oranda (kiitlece % 0,25-0,5-1) kimyasal indirgenmis grafen oksit (C-
RGO) kullanilarak ve resorsinol-formaldehitin sol-jel polimerizasyonu ile grafen aerojellerin (C-
RGOA) sentezi gergeklestirilmistir. Yiizey alan1 analizlerinde Brunauer, Emmett ve Teller (BET-
Micromeritics 3Flex 3 portlu) metodu kullanilmistir. Sentezlenen C-RGO aerojellerin BET sonuglari
Tablo 1°de verilmistir. Karbon aerojele C-RGO eklenmesiyle grafen aerojellerin yiizey alanlarinin
C-RGO ve karbon aerojele gore oldukga arttigi goriilmiistiir. C-RGO katkilama miktar1 arttikga
grafen aerojellerin yiizey alani azalmigtir. En yiiksek yilizey alam 511,75 m?/g ile % 0,25 C-RGO
iceren C-RGOA 0.25’¢ aittir. Grafen aerojeller, PEM yakit pillerinde katalizor destek malzemesi
olarak kullanilacaktir.

Tablo 1. Sentezlenen malzemelere ait BET sonuglari

Malzeme BET yiizey Ort. por Langmuir t-Plot Ortalama BJH yiizey | D-Hyiizey | BJH por D-H por
alam (m?/g) capi yiizey alam Micro partikiil alam alam hacmi hacmi

(nm) (m?/g) por alami boyutu (nm) (m?/g) (m?/g) (cm®/g) (cm®/g)

(m?g)
Karbon Aerojel 202,86 291 427,43 115,72 29,58 90,78 87,97 0,108 0,106
C-RGO 166,92 4,27 1413,52 35,95 149,82 202,41 0,205 0,259
C-RGOA 0.25 511,75 3,57 1166,77 174,72 11,72 284,51 279,27 0,341 0,337
C-RGOA 0.5 378,28 3,62 873,41 160,50 15,86 205,03 201,81 0,268 0,265
C-RGOA1 224,75 2,65 409,00 122,13 26,69 76,78 74,78 0,073 0,072
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Titanium dioxide (TiO2) nanoparticles are one of the most important nanomaterials due to their
properties and their resulting application areas. In this study, titanium dioxide nanoparticles were
synthesized by using the Flame Spray Pyrolysis (FSP) method, a kind of flame aerosol production
technique. Calcination was applied to all of the synthesized products to examine whether the crystal
structure had an effect on photocatalytic properties. Photocatalytic activities of the synthesized
catalysts were tested for the degradation of methylene blue (MB) using a 250W mercury lamp in a
photo-catalytic reactor designed as part of this research. X-ray diffraction analysis (XRD), high
resolution transmission electron microscopy (HRTEM), N adsorption analysis (BET) and
ultraviolet-visible diffuse reflectance spectroscopy (UV-Vis DRS) were used to characterize the
produced nanoparticles and ultraviolet-visible spectroscopy (UV-Vis) was used to measure the
photocatalytic activities of them. Characterization results showed that synthesized nanoparticles had
polymorphic structure, both amorphous and crystalline structure and high surface area. It has been
found that the rutile phase increased and the band gap of titanium dioxide slightly decreased with
calcination. Photocatalytic activity test results showed that calcined titanium dioxide was the most
photocatalytically active nanomaterial among the synthesized substances for MB degradation It has

also been observed that increasing crystallinity by calcination increased photocatalytic activity.

Keywords: Flame Spray Pyrolysis (FSP), Titanium dioxide, Photocatalyst, Photocatalytic activity,
Methylene Blue degradation
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Titanyum dioksit (TiO2) nanopartikiilleri, 6zellikleri ve uygulama alanlari nedeniyle en 6nemli
nanomalzemelerden birisidir. Bu ¢alismada, titanyum dioksit nanopartikiilleri, bir tiir alev aerosol
tiretim teknigi olan Alev Sprey Piroliz (ASP) yontemi kullanilarak sentezlenmistir. Kristal yapinin
fotokatalitik 6zellikler iizerinde bir etkisi olup olmadigini incelemek i¢in sentezlenen tiim iiriinlere
kalsinasyon uygulanmustir. Sentezlenen katalizorlerin fotokatalitik aktiviteleri, bu arastirmanin bir
parcasi olarak tasarlanan bir foto-katalitik reaktérde 250W civa lambasi kullanilarak metilen
mavisinin (MB) bozunmasi i¢in test edilmistir. Uretilen nanomalzemelerin karakterizasyonu igin X-
1s1n1 difraktometresi (XRD) analizi, yiiksek ¢6ziiniirliiklii transmisyon elektron mikroskobu
(HRTEM), N2 adsorpsiyon analizi (BET) ve ultraviyole-goriiniir 151k daginik yansima spektroskopisi
(UV-Vis DRS) kullanilirken, bu malzemelerin fotokatalitik aktivitelerini 6lgmek icin ultraviyole-
gortintir 151k absorpsiyon spektroskopisi (UV-Vis) kullanilmistir. Karakterizasyon sonuglari,
sentezlenen nanopartikiillerin amorf ve kristal yap1 karigimindan olustugunu, ve yiiksek yiizey alani
olan polimorfik bir yapiya sahip oldugunu géstermistir. Kalsinasyon ile rutil fazin arttig1 ve titanyum
dioksitin bant boslugunun hafifce azaldigi bulunmustur. Fotokatalitik aktivite test sonuglari, kalsine
titanyum dioksitin sentezlenen maddeler arasinda MB bozunmasi i¢in fotokatalitik olarak en aktif
nanomalzeme oldugunu gostermistir. Kalsinasyon ile kristalligin artmasinin fotokatalitik aktiviteyi

arttirdigi da gézlenmistir.

Anahtar Kelimeler: Alev Sprey Piroliz (ASP), Titanyum dioksit, Fotokatalizér, Fotokatalitik

aktivite, Metilen mavisinin bozunmasi
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During photocatalytic processes, the system can be subject to thermal interactions explicitly, such
as warming up provided by a lamp or an exothermic reaction, or implicitly, e.g., through electron
hole pair recombination followed by a heat release in indirect band gap semiconductor materials.
Charge carrier recombination is a well-known phenomenon yet direct measurement of heat release
is challenging 2. In this study, direct measurement of the thermal interactions is targeted using a
Tian Calvet (Setaram C80) calorimeter, connected to a gas manifold. An illumination system was
designed and constructed using fiber optic cables (Figure 1). With this system recombination
processes that can occur in a time scale of femtosecond to second %! could be monitored under
thermal equilibrium with isothermal contact with a reference cell, while the pressure of the
environment was carefully monitored. As a result, thermal events could be quantitatively and
directly determined without a significant effort to measure the temperatures of the hot spots that are
not accessible by standard thermal sensors 1. Using this system, endothermic heat flows over TiO,
P25 were measured under illumination. They were interpreted as desorption of adsorbed water upon
illumination. Over Pd/TiO, sample, a time dependent thermal process was observed that can be
attributed to either oxidization of the catalyst surface or a reduction process triggered by
illumination. Work in progress with controlled gas environments for in-situ measurement of thermal

events under desired gas conditions.
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Figure 1. Schematic of the microcalorimeter equipped with fiber optic cables
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Fotokatalitik islemler sirasinda sistem, bir lamba veya ekzotermik reaksiyon tarafindan saglanan
1sinma gibi termal etkilesimlere dogrudan veya elektron deligi ¢ifti rekombinasyonu gibi dolayli
bant aralikl1 yar1 iletken malzemelerde bir 1s1 salinimina dolayl1 olarak maruz kalabilir. Yiik tasiyict
rekombinasyonu iyi bilinen bir olgudur, ancak 1s1 salinimmnin dogrudan &l¢iimii zordur &2, Bu
calismada, bir gaz manifolduna bagli bir Tian Calvet (Setaram C80) kalorimetresi kullanilarak
termal etkilesimlerin dogrudan OSl¢iimii hedeflenmistir. Fiber optik kablolar kullanilarak bir
aydinlatma sistemi tasarlanms ve yapilmustir (Sekil 1). Bu sistem ile femtosaniyeden saniyeye 3
bir zaman 6l¢eginde meydana gelebilecek rekombinasyon siiregleri, bir referans hiicre ile izotermal
temas halinde termal denge altinda izlenebilirken, ortamin basinci dikkatle izlenir. Sonug olarak,
standart termal sensérler tarafindan erisilemeyen sicak noktalarin sicakliklarim ¥ 8lgmek igin
onemli bir ¢caba sarf etmeden termal olaylar nicel ve dogrudan belirlenebilir. Bu sistem kullanilarak,
aydinlatma altinda TiO, P25 {izerinden endotermik 1s1 akiglar1 Slgiilmiistiir. Aydinlatma {izerine
adsorbe edilen suyun desorpsiyonu olarak yorumlanmigtir. Pd/TiO2 numunesi iizerinde, ya katalizor
ylizeyinin oksitlenmesine ya da aydinlatma tarafindan tetiklenen bir indirgenme siirecine
atfedilebilecek zamana bagl bir termal siire¢ gdzlemlendi. Istenen gaz kosullar1 altinda termal

olaylarin yerinde 6l¢iimii i¢in kontrollii gaz ortamlariyla ¢aligsmalar devam etmektedir.
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Sekil 1. Fiber optik kablolar ile donanmis mikrokalorimetrenin sematigi
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Hydrogen production from water over a photocatalyst operating under visible light is one of the
cleanest and most sustainable method to produce H with little impact on the environment. However,
the efficiency of the process is too low to be commercially feasible. Here, a novel system involving
a dye-sensitized Pt/TiO; particles encapsulated by an ionic liquid (IL) is proposed to improve visible
energy utilization rate and charge separation. The tests were performed over 1 wt% Pt/TiO;
sensitized with N719 dye and coated by a thin layer of IL ([BMIM][BF4]). Incipient wetness
impregnation was used for Pt loading while dye and ionic liquid were loaded by solvent evaporation
method using their respective solutions. The photocatalytic tests were carried out in a semi-batch
glass reactor under visible light generated by a solar simulator. The H production rates over Pt/TiO-,
dye-sensitized Pt/TiO2, IL coated Pt/TiO, and IL coated PU/TiO, after dye sensitization were
measured by gas chromatography and compared to determine the effects of dye and IL. The H,
production rate was ~21 umol/h.gcat on Pt/TiO, and increased to ~27 umol /h.gcat with dye
sensitization; however, IL coating alone increased the H, production nearly three times (~60
umol/h.gcat). Coating the dye sensitized Pt/TiO, with IL provided another 17% increase in H.
production (~70 umol/h.gcat) (see Fig.1a). SEM-EDAX, CTEM (see Fig.1b and 1c), FTIR and UV-
Vis characterization of the photocatalysts, and electrochemical analysis of the respective
photoelectrodes were also performed. It was concluded that IL coating increased the H. production
by improving the charge transfer between the photocatalyst and the reaction medium while
simultaneously preventing the recombination of photogenerated electron-hole pairs [1,2].
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Fig. 1. a) Hydrogen production of Pt/TiO,, Dye:Pt/TiO,, IL:Pt/TiO,, and IL-Dye:Pt/TiO; in TEOA
solution 10%, b) CTEM of IL-Dye:Pt/TiO,, (c) SEM-EDAX analysis of IL-Dye:Pt/TiO,,
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Goriliniir 151k altinda ¢alisan fotokatalizor iizerinde suyu pargalayarak hidrojen {iretimi, gevre
tizerinde ¢ok az etki ile Hy liretmek i¢in en temiz ve en siirdiiriilebilir yontemlerden biridir. Bununla
birlikte, islemin verimliligi ticari olarak uygulanabilir olamayacak kadar diisiiktiir. Burada, goriiniir
151k kullanim oranimi ve yiik ayrimini iyilestirmek igin iyonik sivi (IL) ile kaplanmis ve boya ile
duyarlilagtirilmig Pt/TiO; partikiillerini igeren yeni bir sistem 6nerilmistir. Testler, N719 boyast ile
hassaslastirilmis ve ince bir IL tabakasi ((BMIM][BF4]) ile kaplanmig agirlik¢a %1 Pt igeren TiO>
iizerinde gerceklestirilmistir. Boya ve iyonik sivi, fotokatalizoriin ilgili ¢ozeltilerine ¢dzgen
buharlastirma yontemi ile yiiklenirken, Pt yiiklemesi i¢in 1slak emdirme iglemi kullanilmisgtir.
Fotokatalitik testler, bir glines simiilatorii tarafindan iiretilen goriiniir 151k altinda yar1 kesikli bir cam
reaktorde gergeklestirilmistir. Pt/TiO,, boya ile duyarlilastirilmig Pt/TiO,, IL kapli Pt/TiO2 ve IL
kapli ve boya ile duyarlilastirilmis Pt/TiO; tizerindeki H» {iretim oranlari, gaz kromatografisi ile
Ol¢iilmiis, boya ve IL'min etkilerini belirlemek i¢in sonuglar karsilagtirilmistir. Ha {iretim hizi,
Pt/TiO; tizerinde ~21 umol/sa.gkat iken, boya duyarliligi ile ~27 umol/sa.gkat'e yiikkselmis; bununla
birlikte, IL ile kaplama tek bagina H» iiretimini yaklasik ti¢ kat arttirmistir (~60 umol/sa.gkat). Boya
ile duyarlilagtirtlmis Pt/TiO2'nin IL ile kaplanmasi, H» iiretiminde (~70 pmol/sa.gkat) bir %17'lik
artig daha saglamistir (bkz. Sekil 1a). Fotokatalizérlerin SEM-EDAX, CTEM (bkz. Sekil 1b ve 1c¢),
FTIR ve UV-Vis karakterizasyonu ve ilgili fotoelektrotlarin elektrokimyasal analizi de yapilmistir.
IL kaplamanin fotokatalizor ile reaksiyon ortamu arasindaki yiik transferini iyilestirerek ve ayni
zamanda foton yoluyla iiretilmis elektron ve desigin rekombinasyonunu onleyerek H, dretimini
arttirdigi sonucuna varilmigtir [1,2].
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Sekil. 1. a) Pt/TiO,, Boya:Pt/TiO,, IL:Pt/TiO; ve IL-Boya:Pt/TiO; ile %10’luk TEOA soliisyonu
igerisinde Hy iiretimi b) IL-Boya:Pt/TiO; i¢in CTEM ve (c) IL-Boya:Pt/TiO; i¢in SEM-EDAX
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In recent years, with the rapid advancement of high performance concrete technology, some
high performance components such as chemical additives that can aid concrete have to be developed
(1). Today, concrete; it is a material obtained by drying a mixture of cement, sand (aggregate) and
water. Although cement mixtures with low water ratio, various additives have been developed in
order to maintain their fluidity. These materials are known as plasticizers and super plasticizers.
Plasticizers and super plasticizers (SP) are chemical structures that can reduce the water requirement
of the mixture by 15% to 30%, respectively, Examples of SPs are sodium salts of lignosulfonates,
polycarboxylate esters, phosphate or sulphate-terminated polyethers and derivatives (2). Due to the
increasing use of super plasticizer raw materials, its importance is increasing day by day and it is
used in many new fields such as construction, agriculture and plastics (3, 4). In this study, it is aimed
to synthesize more environmentally friendly and low-cost biopolymer based super plasticizers by
using biopolymers (starch, chitosan polysaccharide, floral oils, etc.), acrylic acid, maleic anhydride,
sodium vinyl sulphonate and various corn starches and various catalysts. These raw materials have
been examined in terms of their water holding capacity, viscosity, bond structures and renewability.
For the structure determination of the synthesized products, FT-IR, fluidity and compressive strength
tests are performed. Because it is aimed also to meet the local consumption of cement materials
additives in Turkey. In this process, it is to protect our environment by making it bio-based as much
as we can, away from today's chemicals and petroleum derivatives. Three different types of polymer
are synthesized: flower oil, bowine gelatine and mpeg5000. The ratio of sand:cement:water in the
cement mixture used in the study is 2:1:0.45. Synthesized SP polymers were added to the cement
mixture at a rate of 0.75%. In the experiments by connecting a plurality of parameters when selecting
the appropriate optimal values according to the appropriate product and polymerizing bond products
it was synthesized. FTIR results match the peaks in each raw material. So detailed generalization of
the bond structure is appropriate. It can be said that bio raw material synthesis is encouraging in the
future, and it can be found that form the compressive strength test, the flower oil being more
resistant. As a result of this study, three types of polymeric additives were successfully synthesized
and analysed and performance tests were completed.
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Son yillarda, yiiksek performansli beton teknolojisinin hizli ilerlemesiyle birlikte, betona
yardimec1 olabilecek kimyasal katki gibi bazi yiliksek performansli bilesenlerin gelistirilmesi
gerekmektedir (1). Giinimiizde, beton; ¢imento, kum (agrega) ve su karisiminin kurutulmasi ile elde
edilen bir malzemedir. Diisiikk su oranina sahip olmasina ragmen akigskan olan ve akiskanligini
koruyan cimento karigimlari elde edebilmek icin c¢esitli katki malzemeleri gelistirilmistir.
plastiklestirici, stiper plastiklestirici (SP) olarak bilinen bu malzemeler ¢imento karigiminin
akigkanligini bozmadan, karisimin su ihtiyacini sirasiyla %15 ile %30 civarinda azaltabilen kimyasal
yapilardir. Lignosiilfonatlarin sodyum tuzlari, polikarboksilat esterleri, fosfat veya siilfat uglu
polieterler ve tiirevleri SP’lere 6rnek olarak gosterilebilir (2). Siiper plastiklestirici hammadde
giiniimiizde gittikge artan kullanimindan dolayi, 6nemi her gegen giin artmakta ve insaat, tarim,
plastik gibi bir¢ok yeni alanlarda kullanilmaktadir (3, 4). Bu ¢alismada biyopolimerler (Nisasta,
kitosan polisakkarit, ¢igek yaglar vs.) ile akrilik asit, maleik anhidrit ve sodyum vinil siilfonat
kullanilarak daha ¢evreci ve diisilk maliyetli biyopolimer esasli siiper akiskanlagtiricilar
sentezlenmesi hedeflenmektedir. Bu caligmada akrilik asit,poli(akrilik asit) Polietilen glikol ve
cesitli misir nigastalan ile gesitli katalizérler yardimiyla yenilenebilir ve siiper plastiklestirici
hammadde elde edilmeye hedeflenmektedir. Bu olusturulan hammaddelerin su tutma kapasiteleri,
viskoziteleri, olugturdugu bag yapilari ve yenilenebilir olmasi yoniinden incelenmistir. Sentezlenen
rtinlerin yap1 tayinleri i¢in FT-IR, akigkanlik ve basing dayanimi testlerinin yapilmistir. Ciinkii
calismada, Turkiye'de ¢imento malzemeleri katki maddelerinin yerel tiiketiminin karsilanmasi da
amaglanmaktadir. Bu ¢alismanin diger bir amaci da, bu alanda giiniimiiz kimyasallarindan ve petrol
tiirevlerinden uzak, elimizden geldigince biyo-tabanl hale getirerek cevremizi korumaktir. Ug farkli
polimer tiirli sentezlenmistir: ¢igek yagi, sigir jelatini ve mpeg5000. Calismada kullanilan ¢imento
karigimindaki kum:¢imento:su orani 2:1:0.45'tir. Sentezlenen SP polimerler ¢imento karigimina
%0,75 oraninda eklenmistir. Deneylerde cok sayida parametre baglanarak uygun iiriine gore uygun
en uygun degerler segilirken ve polimerize bag iiriinleri sentezlenmistir. FTIR sonuglari, her bir ham
maddedeki piklerle eslesmistir. Bu nedenle bag yapisiin ayrintili genellestirilmesi uygundur. Biyo
hammadde sentezinin gelecekte cesaret verici oldugu sdylenebilir ve basing dayanimi testinin
sonuglarina gore, ¢igek yaginin daha direngli oldugu tespit edilmistir. Bu ¢alisma sonucunda iig tip
polimerik katki maddesi basariyla sentezlenmis ve analiz edilmis ve performans testleri
tamamlanmustir.
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Heavy industries including oil refining, cement, and iron steel account for ~22 % of the global CO>
emissions [1]. Oil refineries have contributed 4-6 %, largely because of the regenerator part of the
Fluid Catalytic Cracking (FCC) unit [2]. As the FCC unit is the largest single source of CO;
emissions at a refinery, the capture of this CO, would lead to a significant decrease in emissions.
High-energy penalty and additional equipment requirements are cited as problems with post-
combustion and oxy-combustion technologies to mitigate this CO, emission [3]. On the other side,
Chemical Looping Combustion (CLC) potentially avoids the high costs and energy penalties
inherent in gas separation and CO, capture [3]
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Mn0O3) have been investigated in a fixed-bed reactor over a temperature range of 700-850°C. The
results demonstrate that a relatively high combustion efficiency was achieved for the Coke-C16 with
CuO (98vol.%), Cos04 (91vol.%), and Mn,Oz (91vol.%) at 800°C for 30min. Whereas the
combustion efficiency was about 59vol.% at 700°C, it reached >93 vol.% for the CLC of Coke-C16
with CuO, the most effective oxygen carrier, at the temperatures >750°C for 45min, which are
similar conditions to those used in conventional regenerators in FCC units (750-800°C for 30-
60min).
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Kiiresel CO; emisyonlarinin ~%22'lik bir kismu petrol rafineri, ¢gimento ve demir ¢elik gibi agir
endiistrilerden salinmaktadir [1]. Petrol rafinerilerinden salinan CO; miktar1 ~% 4-6 olup,
rejenerator kisminda gergeklesen kok yanmasi sonucunda ortaya ¢ikan CO,, Akiskan Yatakl
Katalitik Par¢alama (FCC) iinitesini rafinerideki en biiyiik CO, emisyon yapan iinitelerden biri
haline getirmektedir [2]. Dolayisiyla bu CO,'nin tutulmasi rafinerilerden kaynaklanan emisyonlarin
azaltilmasinda 6nemli bir rol oynayacaktir. Yiiksek enerji ve ekipman gereksinimleri, yakma Sonrasi
yakalama ve oksi-yakit yakma teknolojilerinin uygulanabilirligini biiyiik oranda diistirmektedir [3].
Ote yandan, Kimyasal Déngii Yakimi (CLC), dogal bir gaz ayirma ve CO; yakalamanin prosesi
onermesiyle yiiksek maliyetleri ve enerji gereksinimlerini potansiyel olarak ortadan kaldirmaktadir

[3]. Bu galismada, CLC'nin FCC iinitesine
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Fig 1. Proposed CLC-FCC process incelenmistir. Sonuglar, 800°C'de Coke-

C16’un CuO (98vol.%), Cos04 (91 vol.%)

ve Mn2Os (91vol%) ile nispeten yiiksek bir yanma (katalizor rejenerasyonu) elde edildigini

gostermektedir. Yanma verimi 700 °C'de hacimce yaklasik % 59 iken, 750 °C ve iizeri sicakliklarda
en etkili oksijen tasiyicisi olan CuO ile hacimce % 93'in lizerine ¢ikmistir. Bu kosullar, FCC
tinitesinin geleneksel rejeneratorlerde kullanilan kosullarda (30-60 dakika kalma siiresi, 750-800°C)
ortismekte olup, CLC teknolojisinin FCC iinitesinden salinan CO;‘in yakalanmasi1 konusunda
tekno-ekonomik bir teknoloji olarak 6ne ¢ikmaktadir.
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Methanol is an important feedstock in chemical industries and can be alternative to fossil fuels [1].
Methanol formation by CO, hydrogenation occurs over the well-known commercial catalyst Cu-
ZnO supported by Al,O3 at 50—100 bar and 200—300 °C. The addition of Ga,Os enhances the activity
and selectivity [2,3]. To that end, we have carried out a DFT study to investigate the reaction
mechanism. All DFT calculations were performed by using VASP [4,5] on the Ga,O3 (001) surface.
The reaction mechanism starts with the adsorption of CO; on the surface with an energy of
-0.74 eV. Since the oxygen saturated Ga;O; (001) surface dissociates H> molecule easily, we
assume that the pre-adsorbed H atoms are available on the surface at each step of the reaction
mechanism. The energy of the first adsorbed H atom near the adsorbed CO, molecule is -0.17 eV.
Then, the adsorbed CO, interacts with this H atom to form carboxyl (HOCO a*, HOCO b¥*) or
formate (HCOO%*) species with the respective formation energies of 0.20, 0.60, and 1.53 eV,
indicating the formation of HOCO a* species as the most favorable reaction path. The optimized

species on the surface are given in Fig. 1.
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Figure 1. Adsorbed (a) CO2, (b) HOCO a, (c¢) HOCO b, and (d) COOH species on the GazOg
(00T1) surface.

Further studies are ongoing to reveal the next elementary steps, the local transition state
structures, and the corresponding activation energies of CO; hydrogenation mechanism.
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Metanol, kimya endiistrilerinde 6nemli bir hammaddedir ve fosil yakitlara bir alternatif olabilir. [1].
CO; hidrojenlenmesi ile metanol olusumu, 50-100 bar ve 200-300 °C'de iyi bilinen ticari bir
katalizor olan Al,Os destekli Cu-ZnO fizerinde gergeklesir. Ga203'iin eklenmesi, aktiviteyi ve
seciciligi artirir [2,3]. Bu amagla, reaksiyon mekanizmasini aragtirmak i¢in bir DFT c¢aligmasi

gergeklestirdik. DFT hesaplamalar1 Ga203(001) yilizeyinde VASP [4,5] kullanilarak yapild.

Reaksiyon mekanizmasi, CO-'in -0.74 eV'lik bir enerji ile yiizeyde adsorpsiyonu ile baslar. Oksijene
doymus Ga>O;3 (001) yiizeyi H> molekiiliinii kolayca ayristirdigindan, reaksiyon mekanizmasinin her
adiminda yiizeyde Onceden adsorbe edilmis H atomlarinin mevcut oldugunu varsaymaktayiz.
Adsorplanan CO; molekiiliiniin yakininda adsorbe edilen ilk H atomunun enerjisi -0.17 eV'dir. Daha
sonra, adsorbe edilen CO,, 0.20, 0.60 ve 1.53 eV'lik ilgili olusum enerjileri ile karboksil (HOCO _a*,
HOCO_b*) veya format (HCOO*) tiirleri olusturmak iizere bu H atomu ile etkilesime girer.
HOCO_a* olusumu en uygun reaksiyon yolu olarak karsimiza ¢ikmaktadir. Yiizeydeki optimize

ey Dty Petk by
2%&:&%{0\%@%@&-@%?\&&@&

Figure 1. Adsorbed (a) CO2, (b) HOCO a, (c) HOCO _b, and (d) COOH species on the Ga>O3
(001) surface.

edilmis tiirler Sekil 1'de verilmistir.

Sonraki temel reaksiyon adimlari, yerel gecis durumu yapilar1 ve CO2 hidrojenlenmesi
mekanizmasinin karsilik gelen aktivasyon enerjilerini ortaya c¢ikarmak igin daha ileri
caligmalar devam etmektedir.
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Palladium-based catalysts, one type of the most important industrial hydrogenation catalysts, suffer
strongly from the increasing price, especially in the last couple of years [1]. Therefore, it is crucial
to find a catalyst that has the potential to replace palladium-based catalysts with cost benefit. Here,
a series of Cu,CeMgOx catalysts with various copper nanoparticle sizes and surface defect densities
were synthesized by the coprecipitation method and tested for partial hydrogenation of 1,3-butadiene
(1,3-BD)[2]. The data demonstrated a reaction pathway involving the dissociation of molecular
hydrogen on the peripheral oxygen vacancies (Oy-Cu*) before reacting with 1,3-BD adsorbed on the
corresponding Cu* atoms. Analysis of the performance data indicated that the turnover frequency of
these Cu* sites is approximately five times higher than those of the surface Cu sites (Fig. 1.). Among
the catalysts considered, CuosCeMgOx with the smallest copper nanoparticle size provided a stable
performance for at least 15 h time-on-stream, while the others were easily deactivating because of
carbon deposition (Fig. 1.). Furthermore, unlike the conventional copper-based catalysts, the
CuosCeMgOy catalyst achieved a complete suppression of total hydrogenation even at space
velocities offering a complete 1,3-BD conversion. The findings offer a broad potential for the
rational design of noble metal-free, highly selective, and stable copper-based partial hydrogenation

catalysts for reactions that are prone to coke formation.
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Fig. 1. (a) Stability performance of Cu,CeMgOx catalysts with different copper nanoparticles sizes

in 1,3-BD partial hydrogenation; (b) initial TOFs on different surface copper species.
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En onemli endiistriyel hidrojenasyon katalizorlerinden biri olan paladyum bazli katalizorler,
ozellikle son birkag yilda fiyatlarindaki artistan ciddi bir sekilde zarar gérmektedir [1]. Bu nedenle,
paladyum bazli katalizorlere alternatif, maliyet avantaji saglayan katalizorler elde etmek ¢ok
onemlidir. Burada, ¢esitli bakir nanopargacik boyutlarina ve yiizey kusur yogunluklarina sahip bir
dizi CunCeMgOy katalizorii ¢okeltme yontemiyle sentezlenmis ve 1,3-biitadienin (1,3-BD) kismi
hidrojenasyonu i¢in test edilmistir [2]. Sonuglar hidrojenin, 1,3-BD ile reaksiyona girmeden dnce
molekiiler diizeyde periferik oksijen bosluklari (Oy-Cu®) tizerinde ayrigtigimi gostermistir.
Performans verilerinin analizi gostermistir ki, bu Cu™ merkezlerinin turnover frequency (TOF)
degerleri, yiizeydeki Cu® merkezlerinden yaklasik bes kat daha yiiksektir (Sekil 1). Arastirilan
katalizorler arasinda, en kiigiik bakir nanopargacik boyutuna sahip CuosCeMgOy, reaksiyon akisi
altinda en az 15 saat boyunca stabil bir performans saglarken, digerleri karbon birikimi nedeniyle
aktifliklerini kaybetmektedirler (Sekil 1.). Ayrica, geleneksel bakir bazli katalizorlerin aksine,
Cuo5CeMgOx katalizorii, %100 1,3-BD doniisiimiinde tam hidrojenasyonun tamamen bastirilmasini
sagladi. Bulgular, kok olusumuna egilimli reaksiyonlar igin SOy metal icermeyen, oldukea segici ve
kararli bakir bazli kismi hidrojenasyon katalizorlerinin tasarimi i¢in genis bir potansiyel
sunmaktadir.
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Sekil 1. (a) 1,3-BD kismi hidrojenlenmesinde farkli bakir nanopargacik boyutlarina sahip
CunCeMgOy katalizorlerinin kararlilik performansi; (b) farkli bakir yiizey tiirlerinde ilk TOF'lar.
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Metal hydroxides and mixed metal hydroxides have been frequently utilized in diverse
applications such as battery technologies, electrocatalysis, electrosynthesis, photocatalysis,
supercapacitors, electrochromic devices, and electrochemical sensors. M Yet, precious metal-free
hydroxides have not been utilized to their full potential in the field of catalytic aerobic C-H
activation. In this work, we demonstrate that upon careful optimization of catalyst synthesis
protocols, a novel catalytic architecture is achieved in the form of NigsMno4(OH). revealing
remarkable catalytic performance in the aerobic oxidation of alkylarenes and alcohols. In addition,
we present an efficient catalytic regeneration protocol, which can redeem the full initial activity of
the carbon-poisoned spent catalyst in fluorene oxidation. Catalytic functionality of this novel
nanomaterial architecture is also examined in detail in light of comprehensive characterization
experiments including ATR-IR, XRD, BET-SSA, TGA, TEM, EDX and XPS measurements.
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Figure 1. Graphical compilation of the literature data for the heterogeneous catalytic aerobic
oxidation of xanthene to xanthone. Note that the catalyst amounts were normalized to 0.5 mmol
substrate (i.e., xanthene) amount. Chemicals with (*) correspond to external additives included in
the reaction mixture to boost catalytic performance.
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Metal hidroksit ve metal hidroksit karisimlari pil teknolojileri, elektrokataliz, elektrosentez,
fotokataliz, siiperkapasitor, elektrokromik cihazlar ve elektrokimyasal sensorler gibi ¢esitli
uygulamalarda yayginlikla kullanilmaktadir. ! Ancak, katalitik aerobik C-H aktivasyonunda degerli
(soy) metal icermeyen hidroksitler heniiz tam etkinligi ile kullanilamamustir. Bu ¢calismada, katalizor
sentez protokoliiniin dikkatli bir sekilde optimizasyonu ile alkilarenler ve alkollerin aerobik
oksidasyonunda dikkate deger katalitik performans gosteren, NigsMno4(OH): seklinde 6zgiin bir
katalitik yap1 ortaya konulmustur. Buna ek olarak, florin oksidasyonunda karbon ile zehirlenmis
katalizorlin baslangic aktivitesine donmesi icin etkili bir katalitik geri kazanim protokolii
sunulmustur. Bu 6zgiin nanomalzeme yapinin katalitik igslevi ATR-IR, XRD, BET-SSA, TGA, EDX

ve XPS gibi kapsamli karakterizasyon yontemleri ile incelenmistir.
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Sekil 1. Ksantenin ksantona aerobik heterojen katalitik oksidasyonuna ait literatiir verilerinin
grafiksel gosterimi. Katalizor miktari 0,5 mmol substrata(ksanten) gore normalize edilmistir. (*) ile
gosterilmis kimyasallar, katalitik performansi artirmak amaciyla reaksiyon karigimina dahil edilen
harici katki maddelerine karsilik gelmektedir.
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To prevent the threats that may occur on the environment and human life due to the greenhouse
gases formed during the utilization of petroleum-based fuels necessitated the use of alternative
energy sources. Hydrogen, which has the highest energy content per unit mass among all known
fuels, has recently come to the fore as an alternative and clean energy carrier. Compared to
conventional system, hydrogen will be obtained using less energy and with high ammonia
conversion at lower temperatures through microwave reactor system [1]. For this purpose, carbon
emission-free hydrogen production studies were carried out in the presence of tungsten and nickel-
containing mesoporous catalysts. Tungsten-containing alumina catalysts were synthesized by the
sol-gel method. Bimetallic catalysts were synthesized (5Ni@15W-Al.Os;and 15Ni@5W-Al,Os3) by
loading nickel (5-15% by mass) onto monometallic catalysts by the wet impregnation method. In

addition, 5SNi@AIl,Oz and 15Ni@AI.Os catalysts were prepared by adding nickel metal at the rate

of 5-15% by mass to the alumina support material obtained by the sol-gel method. As a result of
the activity test over the 15Ni@Al.O; catalyst, complete conversion was achieved in the microwave
heating system at 450°C, and the formation of NisW crystals in the bimetallic 15Ni@5W-Al,0s
catalyst structure showed 100% conversion at 400°C in the microwave heating system and showed
higher activity [2]. Thanks to the high dielectric coefficient of tungsten metal, it provides an
advantage in the microwave heating system. In the microwave heated reactor system, the heat
required for the reaction can be given directly to the catalyst and the formation of hot spots (‘hot
spot’) with microwave energy has provided higher conversion values at lower temperatures than
conventional systems [1]. Within the scope of this study, the production of hydrogen, which is an
alternative fuel source with high energy efficiency, has been successfully carried out.
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Petrol bazli yakitlarin kullanimi sirasinda olusan sera gazlari nedeniyle ¢evre ve insan yasami
tizerinde olusabilecek tehditlerin Onlenmesi, alternatif enerji kaynaklarmin kullanimini zorunlu
kilmigtir. Bilinen tiim yakitlar igerisinde birim kiitle basina en yiiksek enerji igerigine sahip olan
hidrojen, son zamanlarda alternatif ve temiz bir enerji tasiyicist olarak 6ne ¢ikmistir. Mikrodalga
reaktor sistemi ile geleneksel sistemlere kiyasla hidrojen, daha az enerji kullanilarak ve daha diistiik
sicakliklarda yliksek amonyak doniisiimii ile elde edilmistir [1]. Bu amagla c¢alisma kapsaminda
tungsten ve nikel igerikli mezogdzenekli katalizorler varliginda karbon emisyonsuz hidrojen iiretim
calismalar1  gerceklestirilmistir. Tungsten igerikli aliimina Kkatalizorler sol-jel yontemiyle
sentezlenmistir. Monometalik katalizorlere emdirme yontemi ile nikel (kiitlece %5-15 oranlarinda)
yiiklenerek bimetalik katalizérler sentezlenmistir (SNi@15W- Al.O3 ve 15Ni@5W-Al;O3). Ayrica
Sol-jel yontemi ile elde edilen alumina destek malzemesine emdirme yontemi ile kiitlece %5-15
oranlarinda Nikel metali eklenerek SNi@Al,O3 ve 15Ni@AI,Os; katalizorleri hazirlanmistir.
15Ni@AI;03 katalizorii igin yapilan aktivite sonucunda mikrodalga 1sitma sisteminde 450 °C’de tam
doniisiim elde edilirken bimetalik 15Ni@5W-Al,O;s katalizor yapisinda NigW kristallerinin olusumu
sayesinde mikrodalga 1sitma sisteminde 400 °C’de tam doniisiim elde edilerek daha yiiksek aktivite
gostermistir [2]. Tungsten metalinin dielektrik katsayisinin yiiksek olmasi sayesinde de mikrodalga
1sitma sisteminde avantaj saglamistir. Mikrodalga 1sitmali reaktdr sisteminde reaksiyon icin gereken
1sinin dogrudan katalizore verilebilmesi ve mikrodalga enerjisi ile sicak bdlgelerin (“hot spot”) olusumu
konvansiyonel sistemlere gore daha diisiik sicakliklarda daha yiiksek doniisiim degerlerinin elde
edilmesini saglamistir [1]. Ayrica Amonyak parcalanma reaksiyonunda aktif metal olan ve daha
ekonomik olan Nikel metalinin kullanimi sayesinde yliksek enerji verimi ile alternatif yakit kaynag:
olan hidrojenin tiretimi basariyla gerceklestirilmistir.
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There is a need for sustainable and clean energy sources due to increasing environmental
problems, and hydrogen is considered as a promising energy carrier [1]. Photoelectrochemical water
splitting is a clean way of producing pure hydrogen with theoretical efficiency of 30.7% [2]. Both water
and solar energy are abundant and clean resources; therefore, there are large number of studies
conducted to improve this important process and make it commercially feasible. Analysing the data
available in the literature using machine learning tools can help to understand the effects of key
parameters for high performance and contribute to the improvement of this process significantly. This
work aimed to construct an extensive dataset from the publications in literature and analyse it using
machine learning.

A comprehensive dataset was constructed from 180 experimental papers on
photoelectrochemical water splitting. Materials details (type, synthesis method, modifications etc.) and
experimental conditions (light, electrolyte, applied bias etc.) were used as input variables in the analysis
of photocurrent density. Association rule mining, decision tree and random forest algorithms were
applied to analyse the band gap energy and the photocurrent density. In model development, first, the
dataset was divided into 75% train and 25% test set and 5-fold cross validation was applied in hyper
parameter tuning for decision tree classification and random forest regression. All models were

developed using RStudio. o .
The association rule mining showed the effect of

£

material, preparation method, post-treatment and
experimental conditions choice on the photocurrent

density of the electrode produced. For TiO;

)
Predicted Band Gap Values (¢V) =~
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electrode, doping with carbon, using one layer,

Real Band Gap Values (eV) Real Band Gap Values (eV)

Fig.1 Random Forest for Band gap energy calcining between 500 and 600°C, use of
a)training b)testing sets

electrodeposition method and KOH electrolyte were some of the choices that leads to high photocurrent
density in low bias values. By random forest regression (Fig.1), band gap energy of the electrode is
successfully predicted with the testing RMSE and R?values of 0.17, and 0.87, respectively. Photocurrent
density was classified using decision tree, the overall accuracy of the model was not very good (54%)

but it was possible to use it for deducing some rules that leads to high photocurrent density.
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Artan gevre sorunlar1 nedeniyle siirdiirtilebilir ve temiz enerji kaynaklarina ihtiya¢ duyulmakta
ve hidrojen gelecek vaat eden bir enetji tasiyicisi olarak degerlendirilmektedir [1]. Fotoelektrokimyasal
su ayirma, %30,7 teorik verimle saf hidrojen iiretmenin temiz bir yoludur [2]. Hem su hem de giines
enerjisi bol ve temiz kaynaklardir, bu nedenle, bu 6nemli siireci iyilestirmek ve ticari olarak
uygulanabilir hale getirmek i¢in yapilan ¢ok sayida calisma bulunmaktadir. Makine 6grenimi araclarini
kullanarak literatiirde mevcut verilerin analiz edilmesi, yiiksek performans igin temel parametrelerin
anlagilmasina yardimer olabilir ve siirecin iyilestirilmesine dnemli olgiide katkida bulunabilir. Bu
caligma, literatiirdeki yayinlardan kapsamli bir veri seti olusturmay1 ve makine 6grenimi kullanarak veri
setini analiz etmeyi amaglamaktadir.

Fotoelektrokimyasal su ayirma iizerine 180 deneysel makaleden kapsamli bir veri seti
olusturulmustur. Fotoakim yogunlugunun analizinde bagimsiz degiskenler olarak malzeme detaylari
(tip, sentez yontemi, modifikasyonlar vb.) ve deneysel kosullar (1s1k, elektrolit, uygulanan gerilim vb.)
kullanilmigtir. Bant aralifi enerjisini ve fotoakim yogunlugunu analiz etmek i¢in birliktelik kurali
analizi, karar agaci ve rastgele orman algoritmalar1 uygulanmistir. Model gelistirmede oncelikle veri
seti %75 egitim ve %25 test setine boliinmiis ve karar agaci siniflandirmasi ve rastgele orman regresyonu
icin parametre ayarlamada 5 katlamali ¢apraz dogrulama uygulanmustir. Tim modeller RStudio

kullanilarak gelistirilmistir.

£

Birliktelik kurali analizi, malzeme, hazirlama
yontemi ve deneysel kosullar seciminin fotoakim

tizerindeki etkisini gostermistir. TiO2 elektrot igin
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Sekil 2 . Bant aralig1 enerjisi igin rastgele orman yontemi ve KOH elektrolit kullanim, diistik bias
sonuglari a)egitim b)test setleri degerlerinde yiiksek fotoakim yogunluguna yol
acan segeneklerden bazilaridir. Rastgele orman regresyonu ile (Sekil 1), elektrotun bant araligi enerjisi,
sirastyla 0.17 ve 0.87'lik test RMSE ve R? degerleri ile basarili bir sekilde tahmin edilmektedir. Fotoakim
yogunlugu karar agaci kullanilarak siniflandirilmistir; modelin genel dogrulugu cok iyi ¢ikmamigtir
(%54), ancak yiiksek fotoakim yogunluguna yol agan bazi kurallar1 ¢ikarmak i¢in kullanmak

mumkindir.
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Recently, many studies have been carried out to investigate the catalytic activities of metal
complexes prepared using semi-labile ligands and to increase the diversity of these catalysts [1].
Phosphorus, which is shown among the soft donor atoms, is the most widely used atom in homogeneous
catalysis [2]. In addition to this, phosphorus-nitrogen (PN, PNNP, etc.) type semi-labile ligands are the
most preferred donor groups [3].

—|2+

1) EtOH —N N=
HZN 2) Pd(COD)C12 PRz R2

1 Ph :
{2 4-CHy(CHy)
i 3 3.5CFy(CeHy) ;

Figure 1. Synthesis scheme of diiminodiphosphine derivative PNNP-type tetradentate ligands and
complexes

In this study, diiminodiphosphine derivative PNNP tetradentate ligand derivatives and cationic
Palladium complexes formed by reaction of these ligands with Pd(COD)CI2 compound were
synthesized (Figure 1). Structure characterizations of all synthesized compounds were made by
techniques such as FT-IR, HRMS, X-ray diffraction and NMR (*H, *3C, *P ve °F). In order to
investigate the catalytic activities of Pd(Il) metal complexes in Suzuki C-C coupling reactions, firstly;
optimization studies were carried out on the model reaction between 4-bromo toluene and phenylboronic
acid and the best reaction media was determined. Under these determined conditions, the effect of
activating and deactivating groups on Suzuki C-C coupling reaction was investigated by working with
different aryl bromide derivatives. When the obtained results are examined; it is seen that the synthesized
Palladium catalysts at 1:5000 substrate:catalyst ratio, under mild conditions, give results in the 90%-
100% conversion range for the Suzuki C-C coupling reaction.
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Son ddnemlerde yari-labil ligandlar kullanilarak hazirlanan metal komplekslerinin katalitik
aktivitelerini arastirmak ve bu katalizorlerin cesitliligini arttirmak i¢in bir¢ok arastirma yapilmaktadir
[1]. Yumusak donor atomlart arasinda gosterilen fosfor, homojen katalizde en yaygin olarak kullanilan
atomdur [2]. Bununla birlikte fosfor-azot (PN, PNNP, vb) tipi yari-labil ligandlar en ¢ok tercih edilen
dondr gruplardir [3].

1) EtOH —N N=
H2N 2) PA(COD)CI, o4, L R)P

1 Ph
P2 4CH3(C6H5)
i 3 3,5CF5(C¢Hy) i

Sekil 1. Diiminodifosfin tiirevi PNNP dort disli ligand ve komplekslerin sentez semasi

Bu calismada diiminodifosfin tiirevi PNNP dort disli ligand tiirevleri ve bu ligandlarin
Pd(COD)CI, bilesigi ile reaksiyonu sonucu olusturduklart katyonik Paladyum kompleksleri
sentezlenmistir (Sekil 1). Sentezlenen tiim bilesiklerin yap1 karakterizasyonlari, FT-IR, HRMS, X-151m1
kirmimi ve NMR (*H, °C, 3P ve °F) gibi teknikler ile yapilmistir. Pd(II) metal komplekslerinin katalitik
aktivitelerinin Suzuki C-C eslesme reaksiyonlarinda incelenmesi amaciyla, ilk olarak; 4-bromo toluen
ve fenilboronik asit arasindaki model tepkime {izerinde optimizasyon caligmalar1 yapilip en iyi
reaksiyon ortami belirlenmistir. Belirlenen bu sartlar altinda farkli aril bromiir tiirevleri ile de ¢alisilarak
aktive ve deaktive edici gruplarin Suzuki C-C eslesme reaksiyonu {izerindeki etkisi arastirilmigtir. Elde
edilen sonuglar incelendiginde; sentezlenen Paladyum katalizorlerinin 1:5000 substrat:katalizor
oraninda, 1limli sartlar altinda, Suzuki C-C eslesme reaksiyonu i¢in %90-%100 doniisiim araliginda
sonuglar verdigi goriilmektedir.
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Composite materials prepared by nano-scale deposition of metals on solid support have been
used for many years due to their various applications in many fields such as hydrogen gas extraction,
sensor preparation, electrochemistry, environmental cleaning, medicine, petroleum purification, fuel
cells and heterogeneous catalysts [1]. Palladium transition metal's high activity in many application
areas, especially in carbon-carbon coupling reactions, and being more economical than Pt, Ru and Rh
metals, which show the same functions, provide great advantages. While palladium hydride is prepared
by electrochemical method, which requires costly and special conditions, or under very high pressure
hydrogen gas (12000 bar) [2]; in this work, it was synthesized by using the 3-perfluoro vic-dioxime
complex as a precursor under low temperature and pressure using the scCO- deposition method. In the
study in which carbon-based products are used as solid support; the crystal lattices of the obtained PdHx

nanocatalysts were investigated by XRD (Figure 1).
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Figure 1. XRD patterns of obtained PdHx nanocatalysts
The activities of the synthesized solid supported PdHx heterogeneous catalysts were
investigated in the Suzuki C-C coupling reaction. After optimization studies were carried out on the
model reaction, the activities of PdHx nanocatalysts obtained under different deposition conditions were

studied under these determined conditions.
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Metallerin kati destek iizerine nano Slgekli depozisyonu ile olusturulan kompozit materyaller
hidrojen gazi eldesi, sensor hazirlama, elektrokimya, cevre temizligi, ilag, petrol saflastirma, yakat
hiicreleri ve heterojen katalizor gibi birgok alanda uygulama bulmasi nedenleriyle konuya duyulan ilgiyi
her gecen giin arttirmaktadir [1]. Paladyum gecis metalinin karbon-karbon eslesme reaksiyonlar1 basta
olmak iizere bircok uygulama alaninda yiiksek aktivite gostermesi ve ayni islevleri gosteren Pt, Ru ve
Rh metallerinden daha ekonomik olmasi biiyiik avantaj saglamaktadir. Paladyum hidriir teknikte,
maliyetli ve 6zel kosullar gerektiren elektrokimyasal yontemle veya ¢ok yiiksek basingtaki hidrojen gazi
altinda (12000 bar) hazirlanirken [2]; bu ¢alismada, scCO2 depozisyon yontemi kullanilarak diigiik
sicaklik ve basinglar altinda 3-perfloro vic-dioksim kompleksinin onciil olarak kullanilmasiyla
sentezlenmistir. Kat1 destek olarak karbon bazli iirlinlerin kullanildig1 ¢alismada; elde edilen PdHx
nanokatalizorlerinin kristal 6rgiileri XRD ile aragtirtlmistir (Sekil 1).
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Sekil 1. PdHx nanokatalizorlerinin XRD grafikleri
Sentezlenen kati destekli PdHx heterojen katalizorlerinin aktiviteleri Suzuki C-C eslesme
reaksiyonunda arastirilmistir. Model reaksiyon {lizerinde optimizasyon ¢aligmalar1 yapildiktan sonra
farkl1 depozisyon sartlariyla elde edilen PdHx nanokatalizorlerinin etkinlikleri belirlenen bu sartlar

altinda ¢alistlmustir.
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Ammonia is the second most produced chemical in the world. The conventional production
method of ammonia used in the fields of fertilizer, pharmaceuticals, textiles and energy is the Haber-
Bosch process. This process is carried out at high temperature (450-500 °C) and high pressure (200-250
bar) in the presence of active Fe-containing catalysts [1,2]. The fact that the process has thermodynamic
limitations has led researchers to alternative ammonia production methods. Among these methods,
ammonia production processes using solid-state electrolytes, which provide energy efficiency by
operating at atmospheric pressure and simplify reactor design, are promising [3,4]. Membrane electrode
assemblies (MEAS) consisting of anode, electrolyte, and cathode to be developed for the efficiency of
the processes is of great importance. This study, it is aimed to develop an active catalyst to be used for
ammonia production in oxide conducting and nitride conducting electrolyte systems in the presence of
yttria-stabilized zirconia (YSZ) electrolyte. The catalyst to be used in the systems should have high ion
conductivity, be stable under operating conditions, and have sufficient electrical conductivity. In
addition, the coefficient of thermal expansion should have a value close to the electrolyte to be used in
the system. Mayenite (Cai2Al14033) mineral was chosen as the catalyst with its potential to have all these
properties. Fe metal, which is known to be active in ammonia production, was doped to the mayenite
structure. Catalysts were synthesized by the sol-gel method. The physical and structural properties of
the prepared catalysts were determined by thermogravimetric (TG) and X-ray diffraction (XRD)
analyzes.
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Amonyak diinyada en ¢ok iiretimi yapilan ikinci kimyasaldir. Giibre, ilag, tekstil ve enerji alanlarinda
kullanilan amonyagin geleneksel iiretim yontemi Haber-Bosch siirecidir. Bu siire¢ aktif Fe icerikli
katalizorler varliginda yiiksek sicaklik (450-500 °C) ve yiiksek basingta (200-250 bar) yiiriitiilmektedir
[1,2]. Siirecin termodinamiksel sinirlamalara sahip olmasi arastirmacilar alternatif amonyak {iretim
yontemlerine yoOneltmistir. Bu yontemler icerisinde atmosferik basingta calisarak enerji verimliligi
saglayan ve reaktor tasarimini basitlestiren kati hal elektrolitlerin kullanildig1 amonyak iiretim stirecleri
umut vadetmektedir [3,4]. Siireclerin verimliligi icin gelistirilecek anot, elektrolit ve katottan olusan
membran elektrot grubu (MEG) biiyiik 6nem tasimaktadir. Bu ¢alismada, elektrolit olarak itriya ile
stabilize edilmis zirkonya (YSZ) elektroliti varliginda oksit iletken ve nitriir iletken elektrolit
sistemlerinde amonyak iiretimi i¢in kullanilmak tizere aktif bir katalizor gelistirilmesi amag¢lanmaktadir.
Sistemlerde kullanilacak katalizor yiiksek iyon iletkenligine sahip, ¢calisma kosullarinda kararli, yeterli
diizeyde elektrik iletkenligine sahip olmalidir. Ayrica termal genlesme katsayisinin sistemde
kullanilacak olan elektrolite yakin bir degere sahip olmasi gerekmektedir. Mayenit (Cai12Al14033)
minerali tiim bu 6zelliklere sahip olma potansiyeli ile katalizor olarak secilmistir. Mayenit yapisina
amonyak iiretiminde aktif oldugu bilinen Fe metali katkilanmistir. Katalizorler sol-jel yontemi ile
sentezlenmistir. Hazirlanan katalizorlerin fiziksel ve yapisal 6zellikleri termogravimetrik (TG) ve X-
1511 kirmim (XRD) analizleri ile belirlenmistir.
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According to current studies, glycerol (or glycerine) is the most extensively utilized sustainable
and green source raw material. Important chemicals can be synthesized as a result among several
catalytic reactions (oxidation, hydrogenolysis, dehydration etc.) involving glycerol. In the last decades,
the dehydration of glycerol, particularly acrolein, has been among the topics of research [1]. Solid acid
catalysts such as metal oxides, zeolites and heteropoly acids are used for catalytic glycerol dehydration.
Metal oxides, on the other hand, have the disadvantage of being non-porous and having low surface
areas [2,3].

In this study, mesoporus WNb catalysts (W/Nb metal molar ratio: (1-0,1-0,5-1-0,25, and 1-1) were
prepared by wet impregnation and tested in dehydration reaction of glycerol to produce acrolein. The
reactions were performed in a fixed-bed quartz reactor at 300 °C under atmospheric pressure. The
aqueous feed stream containing a solution of 10 wt % glycerol-water was fed into the reactor at a rate
of 7.2 ml/h. The reactant feed was made up of a mixture of glycerol, water, oxygen, and nitrogen, with
the glycerol/oxygen molar ratio adjusted to 1/3. The products of the reactions were investigated using
an off-line gas chromatograph (Model 6890N, AGILENT).

XRD, TPD, FTIR and BET technologies were conducted to characterize the catalysts. At 6 hours, the
Meso WND catalyst (1-0,25) demonstrated 100% of glycerol conversion and 55 % of acrolein selectivity
(Table 1). As a result of the reactions, the addition of Nb metal to the W structure at low rates resulted

in an increase in both glycerol conversion and acrolein selectivity.

Table 1: Glycerol conversion and acrolein selectivity over studied catalysts.

Catalyst W-Nb molar ratio Conversion (%) Selectivity (%0)
1-0 79 49
1-0,5 100 53
1-0,25 100 55
1-1 100 41
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Cevresel ve ekolojik kaygilar ve fosil yakit kaynaklarinin azalmasi nedeniyle, yesil ve siirdiiriilebilir
kimyasal siireclere olan talep onemli 6l¢iide artmistir. Daha temiz bir yaklagimla kimyasallar tiretmek
icin biyolojik bazli hammaddelerin kullanilmasi, son on yilda ilgi gérmeye baslamstir. Gliseroliin
katalitik reaksiyonu sonucunda elde edilebilen en dnemli kimyasallardan bir tanesi akrolein olmaktadir.
Akrolein sec¢imliligi icin yapilan calismalar sonucunda katalizoriin yiizey asitligi ve fizikokimyasal
Ozellikleri 6nem kazanmaktadir [1]. Gliseroliin buhar faz1 dehidrasyon reaksiyonu ile akrolein {iretimi
icin zeolitler, heteropoli asitler, metal oksit' katalizorler kullanilmaktadir. WOs3ve Nb.Os gibi yiizey
asitligine sahip metal oksitler hem aktif faz hemde yi8in halde akrolein se¢imliliginin artirmaktadir.
Fakat bu metal oksitleri dezavantaji ise gozenekli yapilar1 olmamasi1 ve dolayisiyla diisiik yiizey
alanlarina sahip olmalaridir [2,3]. Bu ¢alismada mezoporoz yapili WNb metal oksit katalizorleri (W/Nb
metal mol orani: (1-0,1-0,5-1-0,25, 1-1)) 1slak emdirme metodu kullanilarak sentezlenmis ve gliseroliin
buhar fazi katalitik dehidrasyon reaksiyonu ile akrolein sentezi igin kullanilmistir. Buhar fazi gliserin
reaksiyonlar1 atmosfer basinci altinda 300 °C sicaklikta bir paslanmaz gelik sabit yatakli reaktorde
gerceklestirildi. Besleme akimi olarak agirlikca %10’luk gliserol sulu ¢ozeltisi kullanilmistir. Gliserol
¢ozeltisi besleme akimi hizi 7,2 ml/saat olarak ayarlanmistir. Sivi numuneler saatlik olarak toplanmis
cevrimdis1 gaz kromatografisiyle (Model 6890N, AGILENT) analiz edilmistir. Sentezlenen
katalizorlerin karakterizasyonu icin XRD, BET, TPD ve FTIR cihazlar1 kullanilmigtir. Yapilan
reaksiyonlar sonucunda W yapisina Nb metalinin diisiik oranlarda ilavesi ile hem gliserol doniisiimiinde
hemde akrolein se¢imliliginde artig elde edilmistir. 6. Saat sonunda en iyi sonuglar (Tablo 1) Meso WNb
(1-0,25) katalizoriinde %100 gliserin doniistimii ve %55 akrolein segimliligi olarak elde edilmistir.

Tablo 1: Sentezlenen katalizorlerin gliserol doniistim ve akrolein se¢imlilik sonuglari

W-Nb metal mol oram Doniisiim (%) Akrolein Sec¢imlilik (%)
1-0 79 49
1-0,5 100 53
1-0,25 100 55
1-1 100 41
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Hybrid organic-inorganic, photocatalytic nanocomposite coatings that containing novel
1,2,4-triazole based Cu(ll) and Zn(Il) phthalocyanines modified TiO2 nanoparticles were
developed with the sol-gel process. Tetraethyl orthosilicate, 3-
(glycidyloxypropyl)triethoxysilane and triethoxymethylsilane were used for hybrid polymer
network. The phthalocyanines modified TiO. nanoparticles prepared by the sol-gel method
were added to the obtained hybrid polymer network at of 10%, 25%, and 50%, and the glass
substrates were coated the obtained coating solutions by spray method.

Photocatalytic coatings are one of the most important research areas for self-cleaning
properties [1]. Electron-gap pairs are formed when TiO> is excited by UV light. These formed
electron-gap pairs produce *OH radicals and O2>* superoxides and oxidize the pollutants
adsorbed on the photocatalyst surface to reduce them. Metallophthalocyanines (MPc) offer
structural flexibility allowing for tailoring of the ring by substitution with different functionality
leading to improved solubility. Many MPcs can be synthesized by altering the central metal
cations at the core structure [2].

In this study, firstly we have synthesized and characterized 1,2,4-triazole substituted
phthalocyanines and then prepared phthalocyanine doped TiO2 nanoparticles. The
photocatalytical studies of photocatalysts were carried out by the degradation of metyhlene blue
(MB). Additionally, adhesion, mechanical tests and coating thickness studies were carried out.
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Today almost 60% of energy use in the world is rejected to the atmosphere as wasted heat.

Thermoelectric (TE) materials have attracted great attention recently due to their potential application
for capturing a part of this wasted energy and converting it into useful electrical power. TE materials
can directly convert heat energy into electrical power or vise versa. Due to their unique properties, they
are currently using in the automotive, electronic, medical, military, and space industries as a power
generator or cooler. In spite of their many advantages such as no moving part, no maintenance,
scalability, low-cost fabrication, and durability, their efficiency still remains relatively lower in
comparison to classical power generators and coolers. The efficiency of a TE material is characterized
by the dimensionless parameter, ZT, called a thermoelectric figure of merit. This parameter is
determined with three physical parameters such as Seebeck coefficient (S), electrical conductivity (o),
and thermal conductivity (k). A good TE material should have a high Seebeck coefficient and electrical
conductivity but low thermal conductivity [1-3]. Among the TE materials (BiSb).Tes; have been
extended studied due to their higher TE performance at near room temperature.
In this work, we examined the structural and TE properties of n-type and p-type (BiSbh).Tes compounds
that were prepared by two methods, mechanical alloying followed by cold press and sintering (MACS)
and solvothermal followed by cold press and sintering (STCS). The TE transport data were shown that
compounds prepared with MACS have higher TE performance than STCS samples. This might be due
to the microstructural differences between compounds that were obtained with two different methods.
MACS samples have smaller particle size and density which are resulted lower electrical conductivity
and Seebeck coefficient while STCS samples have larger grain size and higher density. All transport
and microstructural properties have shown that the sample preparation process has a significant effect
on ZT value. The higher value of ZT (1.258) was achieved from our sample Bi>Tes-MACS ( S=163.08
uV/K, 6= 50.459*10° Q.m* and k= 0.35 W/m.K) at 328°K.
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The rapidly growing field of C-H activation is among the remarkable issues of recent years.
Functionalization processes of C-H bonds; It has started to be used significantly for pharmaceuticals,
natural products, agricultural chemicals, polymers and raw material chemicals [1]. In this sense, catalytic
C-H bond arylation is of great importance. In C-H activation applications, a new class of NHC called
PEPPSI-type complexes has been introduced. These complexes have a thrown-away pyridine ligand that
is loosely bound and can easily create space for the incoming substrate. These complexes are simple to
make and use in catalytic activity, particularly in the direct arylation of five-member heterocyclic
compounds [2,3].

In this work, the four new Pd PEPPSI-type complexes (Fig. 1.) bearing NHC ligands were
synthesized and characterized by spectroscopic techniques. All these newly synthesized Pd-carbene
complexes were found significantly active as catalysts toward direct arylation of five members
heterocyclic compounds.
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Fig. 1.
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Hizla biiyliyen C-H aktivasyon alani, son yillarin dikkat ¢ekici konulari arasinda yer almaktadir.
C-H baglarmin islevsellestirme islemleri; ilaglarin, dogal {irtinlerin, zirai kimyasallar, polimerler ve
hammadde kimyasallar1 i¢in 6nemli 6l¢iide kullanilmaya baslanmistir [ 1]. Bu anlamda katalitik C-H bag
arilasyonu biiyiik 6nem tagimaktadir. C-H aktivasyonu uygulamalarinda, PEPPSI tipi kompleksler adi
verilen yeni bir NHC siifi tanitildi. Bu kompleksler, gevsek bir sekilde baglanmis ve gelen substrat i¢in
kolayca yer agabilen piridin ligandina sahiptir. Bu komplekslerin katalitik aktivitede, 6zellikle bes tiyeli
heterosiklik bilesiklerin dogrudan arilasyonunda yapilmasi ve kullanilmasi basittir [2,3].

Bu calismada, NHC ligandlari tasiyan dort yeni Pd PEPPSI tipi kompleks (Sekil 1) sentezlendi
ve yapilari spektroskopik tekniklerle karakterize edildi. Tim bu yeni sentezlenmis Pd-karben

komplekslerinin, bes iiyeli heterosiklik bilesiklerin dogrudan arilasyonuna yonelik katalizorler olarak

onemli olciide aktif oldugu bulundu.

N Br =
-0
| T

R
Sekil 1.

Calisma Indnii Universitesi Bilimsel Arastirmalar Proje Birimi (FCD-2019-1985) tarafindan desteklenmistir.
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Introduction

In this study influence of ammonia (NHs) on doubly-deuterated formic acid (DCOQOD, FA)
dehydrogenation selectivity on Pd(111) single crystal model catalyst surface was investigated under
ultra high vacuum (UHV) conditions using temperature programmed desorption (TPD) and temperature
programmed reaction spectroscopy (TPRS) techniques?.

Experimental

Experiments were conducted in a custom-made UHV chamber which had a base pressure of
3x107 Torr. A quadrupole mass spectrometer (QMS, Ametek Dycor Dymaxion DM200) and a PID-
controlled linear sample heater (Heatwave, Model 101303) were used for the TPD/TPRS experiments.
Ammonia TPD was conducted by dosing various NH3 exposures on the clean Pd(111) surface at 90K
whereas the FA TPD was done by dosing 2x102L of DCOOD on the clean Pd(111) surface at 123K.
TPRS experiments were performed by initially functionalizing the clean Pd(111) surface with various
NH; coverages at 90K and then dosing a constant exposure of DCOOD (& (pcoopy = 2x102L) at the
same temperature to the previously functionalized Pd(111) surface.

Results and Discussion

Figure 1b shows that functionalization of Pd(111) surface with NHs increases (i) the evolution
of deuterated hydrogen species and improves the FA dehydrogenation selectivity and (ii) decreases the
desorption temperature of all hydrogen species, indicating the catalytic contribution of NH3 to the FA
dehydrogenation on Pd(111) surface. Production of hydrogen species starts to diminish once the 1 MLE

threshold is passed since multilayer NH; starts to block Pd active sites.

1DCOOD on NH,/Pd(111): Hydrogen Species
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Figure 1. (a) Cover Art, (b) TPRS profiles for DCOOD adsorption on Pd (111) which was initially
exposed to various coverages of NHs: m/z = (a) 4 (D), (b) 3 (DH), (c) 2 (H2) desorption channels.
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Giris

Bu caligmada, Pd(111) tek kristal model katalizor yiizeyinde amonyagin (NHs) ¢ift-
doteryumlanmis formik asit (DCOOD, FA) dehidrojenasyonu segiciligine etkisi, sicaklik programli
desorpsiyon (TPD) ve sicaklik programli reaksiyon spektroskopisi (TPRS) teknikleriyle ultra-yiiksek
vakum (UHV) sartlarinda incelenmistir.*
Deneysel

Deneyler 6zel tasarim bir UHV hiicresinde, 3x107° Torr basingta yiiriitiilmiistiir. TPD/TPRS

deneylerinde bir kuadrupol kiitle spektrometresi (QMS, Ametek Dycor Dymaxion DM200) ve PID
kontrollii dogrusal numune 1sitict (Heatwave, Model 101303) kullanilmistir. Amonyum TPD
deneylerinde temiz Pd(111) ylizeyine 90K’de ¢esitli dozlarda NH3 gonderilirken, FA TPD deneyleri
temiz Pd(111) yiizeyine 123K’de 2x102L DCOOD gonderilerek yiiriitiilmiistiir. TPRS deneylerinde ilk
olarak 90 K’de yiizeye cesitli miktarlarda NHz gonderilerek temiz Pd(111) yiizeyi islevsel hale
getirilmistir. Bu yiizeye daha sonra ayni sicaklikta sabit bir miktarda DCOOD (& (pcoop) = 2x102 L)

gonderilmistir.

Sonuglar ve Tartisma

Sekil 1b NHsile Pd(111) yiizeyin islevsellestirilmesinin (i) déteryumlu hidrojen tiirlerinin
degisimini ve FA dehidrojenasyonunun segiciligini artirdigr (ii) tiim hidrojen tiirlerinin desorpsiyon
sicakligini azalltigi, Pd(111) yiizeyde gerceklesen FA dehidrojenasyonunda NH3’{in katalitik katkisini
gostermektedir. 1 MLE esigi asildiginda ¢ok katmanlt NHs, Pd aktif sitelerine erisimi engellemeye
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basladig1 i¢in hidrojen tiirlerinin iiretimi azalmaya baslamaktadir.

1DCOOD on NH,/Pd(111): Hydrogen Species
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Sekil 1. (a) Kapak Tasarimi, (b) DCOOD adsorpsiyonu igin baslangigta ¢esitli dozlarda NHs
gonderilmis Pd(111) yiizeylerin TPRS profilleri: m/z = (a) 4 (D>), (b) 3 (DH), (c) 2 (H2) desorpsiyon
kanallart.
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N-heterocyclic carbenes (NHCS) are among the most intriguing classes of ligands,
deconstructing numerous inventions in the field of organometallic chemistry and homogeneous
catalysis. In recent years, NHCS have been seen as alternatives to phosphines in many Pd-catalyzed
reactions, including carbon-carbon and carbon-heteroatom bond formation reactions. [1]. The first Pd-
catalyzed direct arylation of (Hetero)Arenes was reported by Nakamura, Tajima, and Sakai in 1982 [2].
Recently the PD catalyst has been of great importance for aryl-aryl interaction. The advantage of direct
arylation is that many steps are reduced in the catalytic cycle. In addition, it provides an atomic economy
and creates a byproduct that is more sensitive and harmless to the environment [3].In this study, various
PD-PEPPSI NHC complexes were synthesized and their structures were elucidated. Their catalytic

activity with aryl heteroatoms has been studied with aryl bromide.

0

R X Pd-PEPPSI
Y/ ~
Br

X=S

Scheme 1. C-H bond activation using aryl bromides
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N-heterosiklik karbenler (NHC'ler), organometalik kimya ve homojen kataliz alaninda sayisiz
buluslar meydana getiren en ilgi ¢ekici ligand siniflar1 arasindadir. Son yillarda, NHC'ler, karbon-karbon
ve karbon-heteroatom bag olusum reaksiyonlart dahil olmak iizere bircok Pd-katalizli reaksiyonda
fosfinlere alternatif olarak goriilmiistiir. [1]. (Hetero)arenlerin ilk Pd katalizli dogrudan arilasyonu,
1982'de Nakamura, Tajima ve Sakai tarafindan bildirilmistir [2]. Son zamanlarda aril-aril etkilesimi i¢cin
Pd katalizorii biiyilkk 6nem tasimaktadir. Dogrudan arilasyonun avantaji, bircok adimin katalitik
¢evrimde azaltilmig olmasidir. Bunun yani sira atom ekonomisi saglayan ve ¢evreye karsi daha duyarl
ve zararsiz yan iriin olusturmasidir [3].Yapmis oldugumuz bu calismada, ¢esitli Pd-PEPPSI NHC
kompleksleri sentezlenmis olup yapilari aydinlatilmigtir. Aril heteroatomlar ile katalitik aktiviteleri, aril

bromiir ile incelenmistir.

O

R X Pd-PEPPSI
R\
Br

X=S

Sema 1. Aril bromiirler kullanilarak C-H bag aktivasyonu
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Amines, because of their various biological and pharmacological properties, are an important
class of compounds that are commonly present in bioactive molecules, pharmaceuticals and natural
products.[1] There is growing interest in developing simple and effective methodologies for the
synthesis of N-alkylated aliphatic or aromatic amines through the formation of C-N bonds, as they are
used in the high-throughput synthesis of potential drug-like compound libraries and as significant
intermediates in the pharmaceutical industry. [2, 3] The borrowing hydrogen methodology is a new,
effective and alternative technique for alkylamine synthesis. To obtain the alkylated amines, the use of
alcohols instead of alkyl halides is an attractive method since it does not create any dangerous and/or
wasteful by-products (only H2O as a by-product).[4]

In the present work, we describe the synthesis and characterization of three novel ruthenium(ll)
complexes of the general formula [RuCl,(N-alkylbenzimidazole) (n5-p-cymene)], Fig. 1. These
complexes were tested as catalysts for the N-alkylation of aniline with arylmethyl alcohols using the
hydrogen borrowing strategy in a solvent-free medium.
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Aminler, cesitli biyolojik ve farmakolojik oOzellikleri nedeniyle, biyoaktif molekiillerde,
farmasotiklerde ve dogal iiriinlerde yaygin olarak bulunan 6nemli bir bilesik sinifidir. Potansiyel ilaca
benzer bilesiklerin yiiksek verimli sentezinde ve farmasoétik endiistrisinde 6nemli ara maddeler olarak
kullaniliyor olmalarindan dolay1 C-N baglarinin olusumu yoluyla N-alkillenmis alifatik veya aromatik
aminlerin sentezi i¢in basit ve etkili metodolojiler gelistirmeye artan bir ilgi vardir. [2, 3] Borrowing
hidrojen metodolojisi, alkilamin sentezi i¢in yeni, etkili ve alternatif bir tekniktir. Alkillenmis aminleri
elde etmek icin alkil halojeniirler yerine alkollerin kullanilmasi, herhangi bir tehlikeli ve/veya atik yan
iirlin olusturmadigindan ilgi ¢ekici bir yontemdir (yan iiriin olarak sadece H2>O olusur). [4]

Bu ¢alismada [RuCly(N-alkylbenzimidazole) (n°-p-cymene)], Sekil 1. genel formiiliine sahip ii¢
yeni rutenyum (II) kompleksinin sentezi ve karakterizasyonu yapildi. Bu kompleksler, ¢oziicii
icermeyen bir ortamda hidrojen borrowing stratejisi kullanilarak anilinin arilmetil alkollerle N-

alkilasyonu i¢in katalizorler olarak test edildi.
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Syngas is used in many areas such as methanol synthesis, solid-oxide fuel cells, and production
of liquid fuels with Fischer-Tropsch synthesis as well. The hydrogen in the syngas is considered an
important energy carrier of the near future. Methane and carbon dioxide in biogas can be converted into
synthesis gas with the dry reforming reaction. Besides the coke deposition reactions occurring
simultaneously with the dry reforming reaction, H,S in the biogas content can also affect the activity
and stability of Ni-based catalysts even at ppb levels [1-4]. In this study, effects of Mo and Mg
incorporation on the catalytic activity and stability of nickel-based catalysts in dry reforming of H,S-
containing biogas were investigated. Monometallic Ni (8% Ni by weight) [5] and bimetallic Ni-Mo (1%
and 3% Mo by weight) and Ni-Mg (8% Mg by weight) catalysts were synthesized by wet impregnation
technique using alumina support which is previously prepared by sol-gel method. The synthesized
catalysts were characterized by N, adsorption/desorption, XRD, ATR-IR and DRIFTS techniques. N2
adsorption/desorption and XRD results showed that synthesized catalysts have mesoporous structure
with metallic nickel and y-Al:Os crystalline forms. Catalytic activity tests of the catalysts were
performed at 750°C, 1 atm, and in the presence of 2 ppm H,S. The total flow rate was adjusted to 60
mL/min with equal volumetric flow rates of CH4, CO,, and 2 ppm HS+Ar. Methane conversion
obtained with monometallic Ni catalyst was 77% at the beginning of the activity test. The conversion
values decreased to 10% with the addition of 3% Mo, and to 63% with the addition of 8% Mg into the
Ni-based catalyst. In the catalytic activity tests performed in the presence of 2 ppm H,S, the percent
decrease in catalytic activities with respect to methane conversion after 4 hours were 15% in

monometallic Ni catalyst, 39% in 3% Mo-containing catalyst, and 28% in 8% Mg-containing catalyst.
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Sentez gazi, metanol sentezi, kati1 oksit yakit hiicreleri, Fischer-Tropsch sentezi ile siv1 yakitlarin
iiretimi gibi bircok alanda kullanilmaktadir. Sentez gazindaki hidrojen, yakin gelecegin 6nemli bir enerji
tastyicisi olarak kabul edilmektedir. Biyogazdaki metan ve karbondioksit, kuru reformlanma reaksiyonu
ile sentez gazina doniistiiriilebilmektedir. Kuru reformlanma reaksiyonu ile ayni1 anda meydana gelen
kok birikimi reaksiyonlarinin yani sira, biyogaz igerigindeki H.S, ppb seviyelerinde bile Ni-bazli
katalizorlerin aktivitesini ve kararliligini etkilemektedir [1-4]. Bu ¢alismada, HS igeren biyogazin kuru
reformlanma reaksiyonunda nikel-bazli katalizorlerin katalitik aktivitesi ve kararliligi iizerine Mo ve
Mg ilavesinin etkileri aragtirilmistir. Monometalik Ni (agirlikca %8 Ni) [5] ve bimetalik Ni-Mo
(agirlikga %1 ve %3 Mo) ve Ni-Mg (agirlikca %8 Mg) katalizorleri, daha 6nce sol-jel yontemiyle
hazirlanmig aliimina destegi kullanilarak 1slak emdirme teknigi ile sentezlenmistir. Sentezlenen
katalizorler, N, adsorpsiyon/desorpsiyon, XRD, ATR-IR ve DRIFTS teknikleri ile karakterize
edilmistir. N> adsorpsiyon/desorpsiyon ve XRD sonuglari, sentezlenen katalizorlerin mezogodzenekli
yapiya ve metalik nikel ve y-Al,Os kristal formlarma sahip oldugunu gostermistir. Katalizérlerin
katalitik aktivite testleri 750°C'de, 1 atm'de ve 2 ppm H>S varliginda gergeklestirilmistir. Toplam akis
hizi, CH4, CO2 ve 2 ppm H.S+Ar akis hizlart esit olacak sekilde 60 mL/dak olarak ayarlanmustir.
Aktivite testinin baslangicinda metan doniisimii monometalik Ni katalizorii ile %77 olarak elde
edilmistir. Doniisiim degerleri Ni-bazli katalizore %3 Mo ilavesiyle %10'a, %8 Mg ilavesiyle %63'e
diismiistiir. 2 ppm H,S varliginda gergeklestirilen katalitik aktivite testlerinde, 4 saat sonra metan
doniisiimiine gore katalitik aktivitedeki yiizde diisiis monometalik Ni katalizérde %15, %3 Mo iceren

katalizorde %39 ve %8 Mg igeren katalizorde %28'dir.
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The aim of this study is to examine postgraduate theses on catalysis in Turkey and to evaluate
them in terms of various variables. This study was carried out using one of the qualitative research
methods, the case study design. Data were collected by document analysis technique. The theses to be
included in the study were reached as a result of the search made with the terms "catalysis" on the
National Thesis Center database of the Council of Higher Education (YOK), and all the theses reached
were included in the research. The number of theses reached in this way is 58 in total, 42 (72.4%)
master's and 16 (27.6%) doctoral theses. The postgraduate theses; their types, the language in which the
thesis was published, the gender of the author, distribution according to their universities is examined.
In the analysis of the data, both, frequency (f) and percentage (%) is used. It has been observed that
catalysis studies in graduate theses started in 1993. It has been determined that the studies continue
intermittently until 2021, and the frequency varies between 1 and 7 according to years. It was observed
that the frequency was highest in 2018 (f=7) and 2012 (f=6). According to the research findings, studies
on catalysis were produced in 26 different universities. Most studies were conducted at Istanbul
Technical University (f=5) and Middle East Technical University (f=5). 56.3% of doctoral theses are in
English, 43.8% are in Turkish; 21.4% of master's theses are in
English and 78.6% are in Turkish. 50% male (f=8), 50% female (f=8) of the doctoral students; 50% of
graduate students are male (f=21), 50% female (f=21) female. Postgraduate theses on catalysis were
conducted 33 in chemistry, 17 in chemical engineering, 3 in physics engineering, 1 in bioengineering, 1
in energy systems engineering, 1 in Molecular Biology-Genetics and Biotechnology, and 1 in

Nanoscience and Nanoengineering.
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Bu c¢aligmanin amaci, Tirkiye’ de kataliz ile ilgili lisansiistii tezleri inceleyerek cesitli
degiskenler acisindan degerlendirmektir. Bu ¢alismada nitel arastirma yontemlerinden, durum ¢alismasi
deseni kullanilmistir. Veriler dokiiman analizi teknigi ile toplanmistir. Caligmaya dahil edilecek tezlere,
Yiiksekogretim Kurulu (YOK) Ulusal Tez Merkezi veri taban iizerinden “kataliz” terimleri ile yapilan
tarama sonucunda ulasilmistir ve ulasilan tiim tezler aragtirmaya dahil edilmistir. Bu sekilde ulasilan tez
sayist 42 (%72.,4) yliksek lisans ve 16 (%27,6) doktora tezi olmak {izere toplam 58 adettir. Lisanstistii
tezler; iiniversitelere, tezin yayinlandigi dile, yazarin cinsiyetine ve konularina gére degerlendirilmistir.
Verilerin ¢éziimlenmesinde frekans (f) ve yilizde (%)’den yararlanilmistir. Lisansiistii tezlerde kataliz
caligmalarinin 1993 yilinda basladig1 goriilmiistiir. 2021 yilina kadar kesikli olarak ¢aligmalarin devam
ettigi, yillara gore frekansin 1 ile 7 araliginda degistigi belirlenmistir. 2018 (f=7) ve 2012 (=6) yillarinda
frekansin en yiiksek oldugu goriilmiistiir. Aragtirma bulgularina gore 26 farkli tiniversitede kataliz ile
ilgili calismalarimn {iretilmistir. En ¢ok calismanin Istanbul Teknik Universitesi (f=5) ile Orta Dogu
Teknik Universitesi (f=5)’nde yapilmustir. Doktora tezlerinin %56,3’{i Ingilizce, %43,8’i Tiirkge;
yiiksek lisans tezlerinin %21,4’ii Ingilizce, %78,6’s1 Tiirk¢e’dir. Doktora yapanlarin %50’si erkek (£=8),
%50’si kadin(f=8); yiiksek lisans yapanlarin %50’si erkek (f=21), %50’si kadin(f=21) kadindir. Kataliz
ile ilgili lisans iistii tezlerin 33’ kimya, 17’si kimya miihendisligi, 3’1 fizik miihendisligi, 1’,
biyomiihendislik, 1’i enerji sistemleri mithendisligi, 1’1 Molekiiler Biyoloji-Genetik ve Biyoteknoloji ve

1’1 Nanobilim ve Nanomiihendislik’te yiiriitilmistiir.
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Fuel cells, as an alternative technology to reduce dependence on fossil fuels, have an important

role today for a cleaner environment. The R&D studies in fuel cell technology has been increased over
the last 20 years to improve air quality and reduce CO; emissions [1]. Glycerol, as a fuel and a by-
product of biodiesel production, has the advantages of being cheap, readily available, and non-toxic.
Therefore, glycerol fuel cells are of importance to evaluate glycerol as an environmental-friendly fuel.
In this regard, the anode catalysts studied in literature on the glycerol electro-oxidation reaction (GOR)
are mainly Pt, Pd, Au, Cu, Zn on various supports [2-3]. Also, it was reported that Pd and Cu help to
reduce the cost and increase the glycerol activity in GOR.
In this study, PdCu/C (wt.%20 PdCu) and Pd/C (wt.%20 Pd) catalysts were prepared via microwave
assisted polyol method and tested for glycerol electro-oxidation reaction. Pd acetate, copper chloride
and carbon were dissolved in ethylene glycol prior to NaBH, addition. Later, the solution was heated in
a microwave oven for 150 seconds at 700 W and aged in an ice-water bath for 24h. The solution was
filtered and washed three times and dried in an oven at 80 °C for 18h. Characterization of the catalysts
was performed by X-ray diffraction, electrochemical active surface area, cyclic voltammetry, and
chronoamperometry. The GOR activity of the catalysts was found to be 27.03 mA/cm? and 7.88 mA/cm?
for PACu/C and Pd/C, respectively.
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Fosil yakitlara olan bagimlilig1 azaltmak i¢in alternatif bir teknoloji olan yakat pilleri, daha temiz
bir ¢evre i¢in giiniimiizde 6nemli bir role sahiptir. Yakit hiicresi teknolojisindeki Ar-Ge caligmalari,
hava kalitesini iyilestirmek ve CO2 emisyonlarini azaltmak i¢in son 20 yilda artmistir [1]. Gliserol, bir
yakit ve biyodizel iiretiminin bir yan {irlinli olarak, ucuz olmasi, kolayca bulunabilmesi ve toksik
olmamas1 gibi avantajlara sahiptir. Bu nedenle, gliserol yakit pilleri, ¢evre dostu bir yakit olarak
gliserolii degerlendirmek igin Onemlidir. Literatiirde gliserol elektro-oksidasyon tepkimesi (GOR)
tizerine ¢alisilan anot katalizorleri, ¢esitli destekler {izerinde baslica Pt, Pd, Au, Cu ve Zn’dir [2-3].
Ayrica, literatiirde Pd ve Cu'nun GOR'da maliyeti diisiirmeye ve gliserol aktivitesini artirmaya yardimci
oldugu bildirilmistir.

Bu calismada, mikrodalga destekli poliol yontemi ile PdCu/C (ag.%20 PdCu) ve Pd/C (ag.%20 Pd)
katalizorleri hazirlanmis ve gliserol elektro-oksidasyon tepkimesi i¢in test edilmistir. Paladyum asetat,
bakir kloriir ve karbon, NaBHj ilavesinden once etilen glikol i¢inde ¢oziilmiistiir. Daha sonra, ¢ozelti
mikrodalga firinda 150 saniye boyunca 700 W'da isitildiktan sonra su-buz banyosunda 24 saat
olgunlastirilmistir. Cozelti stiziillip iic kez yikandiktan sonra 18 saat boyunca 80°C'de kurutulmustur.
Katalizorlerin karakterizasyonu, X-1s1n1 kirtimi, elektrokimyasal aktif yilizey alani, dongiisel voltametri
ve kronoamperometri ile gergeklestirilmistir. Katalizorlerin GOR aktivitesinin sirasiyla PdCu/C ve Pd/C

icin 27.03 mA/cm? ve 7.88 mA/cm? oldugu bulunmustur.
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Due to its versatility, Pd is a widely sought catalyst for industrial and laboratory scale reactions.
It is also used as a reduction promoter for oxides that are not amenable to reduction under mild
conditions by themselves. In order to establish a fundamental basis for the reduction promotion and
clarify the confusion on Pd reduction in the literature the Temperature Programmed Reduction (TPR)
characteristics of supported Pd is investigated.

Pd is known to be exist in PdO form and reduced to metallic Pd and Pd hydride phase upon
exposure to hydrogen flow. Despite Chou et al. (2001) showed that PdO in pure form reduced at a
temperature lower than 300K and hydride phase is formed after the complete bulk reduction [1], many
in supported Pd literature assigned a TPR peak that was recorded at a temperature higher than Pd hydride
decomposition peak, consequently claiming that hydride can be formed and decomposed without full
reduction of bulk species. In this work we carried out a detailed quantitative analysis of 1%Pd/TiO, TPR
peaks to prove that reduction of PdO and formation of hydride phase are completed at 285K and
concluded that all the peaks following hydride decomposition peak must be related to the reduction or
a related event over the support. Further quantitative analysis revealed, in fact, nearly 70% of titania
surface is reduced at 295K, which proved, Pd can be used as a low temperature reduction promoter to
produce black titania equivalents at milder conditions. On the other hand, peaks following hydride
decomposition at 595K and 796K were assigned to further surface reduction and 2.74% bulk titania
reduction, respectively. The TPR measurements that were substantiated by Raman Spectroscopy
measurements as well as in situ EPR (Electron Paramagnetic Resonance) Spectroscopy will be
presented.
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Paladyum cok yonliiliigii sayesinde birgok endiistriyel ve laboratuvar olgekli reaksiyonda
katalizor olarak kullanilmaktadir.Paladyum ayrica, normal sartlarda kendi kendilerine kolayca
indirgenemeyen oksitler igin indirgenmeyi destekleyici gorevde kullanilabilir. Bu gorevi temel olarak
anlamak ve literatiirdeki Pd indirgenmesi hakkindaki kafa karisikligin1 gidermek i¢in Pd destekli
oksitlerin karakteristik indirgenme yapilar1 Sicaklik Programli indirgenme Deneyleri (TPR) ile
incelenmistir.

Pd’un normal kosullarda oksitlenmis olarak, PdO formunda, bulundugu ve hidrojen gazina
maruz birakildiginda Pd metali ve Pd hidrit formlarina indirgendigi bilinmektedir. Chou, Chu, Chiang
(2001) tarafindan saf formunda PdO’in 300K alt1 sicakliklarda tamamen indirgendigi ve hidrit fazinin
indirgenme sonucu olustugu gosterilmis olsa da, desteklenmis Pd literatiiriinde birgok ¢alisma Pd hidrit
pikinden daha yiiksek bir sicaklikta kaydedilmis bir TPR pikini PdO indirgenmesi olarak
adlandirmaktadir. Bu sekilde, Pd-H fazlarinin mevcut PdO’in tamamen indirgenmeden de
olusabilecegini iddia etmektedirler. Bu ¢alismada, 1%Pd/TiO; 6rneginin TPR piklerinin detayli bir nicel
analizini PdO indirgenmesi ve PdH olusumunun 289K’de tamamlandigini1 kanitlamak igin sunuyoruz
ve PdH pikinden sonra gelen tiim piklerin destek ile ilgili olaylar1 temsil ettigi sonucuna ulasiyoruz.
Daha ileri nicel analizin gosterdigi ilizere 295K’de TiO, yiizeyinin yaklasik %70’1ik kismi
indirgenmesini tamamliyor, bu da Pd’un diisiik sicakliklarda indirgenme destekleyici olarak kullanilarak
daha 1liml1 kosullarda “Siyah TiO.” esdegeri drnekler iiretilebilecegini kanitlamaktadir. Ayrica, hidrit
pikini takip eden, 595K ve 796K sicakliklarinda maksimuma ulasan pikler sirasiyla geri kalan yiizeyin
indirgenmesi ve TiO- i¢ yapisinin %2.74’tiniin indirgenmesi olarak atanmistir. TPR sonuglart Raman
Spektroskopisi ve “in-situ” EPR (Elektron Paramanyetik Rezonans) Spektroskopisi ile desteklenerek

sunulacaktir.
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In this study, we report the photocatalytic activity of TiO, monitored by benzene oxidation in
the grout medium. The results of the batch reaction tests indicated that the activity of TiO, coated on
grout was substantially less than TiO, coated on a glass substrate. To investigate the reason, CO-
adsorption on these samples were monitored by DRIFTS. Almost no carbonate-bicarbonate formation
was observed on pure grout. TiO, facilitates carbonate-bicarbonate formation. However, they are not
stable under soft vacuum conditions on pure TiO,. Grout-TiO, usage stabilizes carbonate-bicarbonates
under vacuum. Since similar results are observed with TiO,-coated and in bulk samples, the reason may
be high alkaline environment of grout, which stabilizes carbonate-bicarbonates on active sites of TiO>

and leads to activity loss.
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Bu calismada benzen oksidasyonu yoluyla izlenen derz dolgu yapisinin ic¢indeki TiO»
yapilariin fotokatalitik aktivitesi bildirilmektedir. Kesikli reaktor testleri sonuglar1 Titanyum dioksitin
derz yapisindaki fotokatalitik aktivitesinin cam kaplamasi ile karsilastirildiginda ciddi oranda azaldigim
gostermistir. Bu durumun anlagilmasi igin DRIFTS cihazi kullanilarak 6rneklere CO; adsorblama
deneyleri yapilmistir. Saf derzde karbonat-bikarbonat olusumu yok denecek kadar azdir. TiO, karbonat-
bikarbonat olusumunu artirmasina ragmen hafif vakum durumunda saf TiO; yiizeyinde olusan yapilarin
sabit olmadig1 goriilmiistiir. Derz-TiO, yapilarimin birlikte kullanimi karbonat-bikarbonat yapilarimi
vakum altinda bile daha stabil kilar. Benzer sonuglar TiO2 hem yiizeydeyken hem de yigin i¢inde iken
gozlendiginden dolay, aktivite kaybinin nedeni derz dolgusunun olusturdugu alkali ortaminin karbonat-

bikarbonat yapilarim1 TiO; aktif yiizeylerinde kararli kilmasi olabilir.

111



NCC-8 National Catalysis Congress
Sep 9-12, 2021, Middle East Technical University, Ankara
Synthesis of LaFeO3s Catalyst for Electrocatalytic Ammonia Production

Merve Celik Ozcan®, Biisra Eryildirim*?, Onur Oztiirk?, Nuray Oktar®, Doruk Dogu?*"
1Gazi University, Chemical Engineering Department, Ankara, Turkey
2Atilim University, Metallurgical and Materials Engineering Department, Ankara, Turkey
SAtilim University, Metal Forming Center of Excellence, Ankara, Turkey
*doruk.dogu@atilim.edu.tr

Ammonia is a valuable chemical used in the fertilizer, pharmaceutical, textile, food industries,
and in the manufacture of explosives, and is also an energy carrier. Ammonia production is traditionally
carried out by the Haber-Bosch process from H; and N, using Fe-based catalysts under temperature
range of 400-500 °C and 200-250 bar high pressure reaction conditions [1,2]. Among the alternative
technologies in ammonia production, electrocatalytic ammonia production provides high energy
efficiency by eliminating thermodynamic limitations and high operating pressures and stands out by
simplifying reactor design [2,3]. In the electrocatalytic ammonia production process where solid-state
electrolytes are used, it is very important to develop the active catalyst and the membrane electrode
assemblies (MEAs) formed as anode/electrolyte/cathode. The catalyst to be used in the electrolyte
system must be active for ammonia production, have high ionic and electrical conductivity, and high
thermal stability under operating conditions. It is an important parameter that the thermal expansion
coefficient of the catalyst is compatible with the electrolyte material. Perovskite structured materials
have the potential to have these properties, and their properties can be adjusted by doping various metals
to their structure. In this study, it is aimed to develop a cathode catalyst that can be used for ammonia
production in the oxide conducting electrolyte system in the presence of yttria-stabilized zirconia (YSZ)
electrolyte. For the production of ammonia using solid oxide electrolyte, perovskite type LaFeOs; attracts
attention as an active and selective cathode catalyst with high ionic and electrical conductivity and being
compatible with YSZ electrolyte. TG and XRD analyzes were performed to determine the calcination
temperature and crystal structure of the synthesized cathode catalyst, respectively.
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Amonyak giibre, ilag, tekstil, gida endiistrilerinde ve patlayicilarin iiretiminde degerli bir
kimyasal olmanin yani sira enerji tastyicist olarak kabul edilmektedir. Geleneksel olarak amonyak
tiretimi Fe icerikli katalizorler varliginda H, ve N2’den 400-500 °C sicaklik ve 200-250 bar yiiksek
basing gerektiren reaksiyon kosullarinda Haber-Bosch siireci ile gergeklestirilmektedir [1,2]. Amonyak
tretiminde alternatif teknolojiler arasinda yer alan elektrokatalitik amonyak tiretimi termodinamik
sinirlamalar1 ve yiiksek ¢alisma basinglarini ortadan kaldirarak yiiksek enerji verimliligi saglamakta ve
reaktér tasarimini basitlestirmesiyle one ¢ikmaktadir [2,3]. Kati hal elektrolitlerin kullanildig:
elektrokatalitik amonyak iiretim siirecinde aktif katalizoriin ve anot/elektrolit/katot seklinde olusturulan
membran elektrot grubunun (MEG) gelistirilmesi olduk¢a 6nemlidir. Elektrolit sisteminde kullanilacak
olan katalizorlin amonyak {iiretimi i¢in aktif olmasi, iyonik ve elektriksel iletkenliginin yiiksek olmasi
ve calisma sartlarinda yiiksek termal dayanim ve kararliliga sahip olmasi gerekmektedir. Katalizor ile
elektrolit malzemesinin termal genlesme katsayisinin uyumlu olmasi da 6nemlidir. Perovskit yapili
malzemeler bu 6zelliklere sahip olma potansiyeline sahiptir ve perovskitlerin 6zellikleri yapisina gesitli
metallerin katkilanmasi ile ayarlanabilmektedir. Bu c¢alismada, itriya ile stabilize edilmis zirkonya
(YSZ) elektrolit varliginda oksit iletken elektrolit sisteminde amonyak iiretimi igin kullanilabilecek
katot katalizoriinlin gelistirilmesi amaglanmigtir. Kati oksit elektrolit kullanarak amonyak tiretimi igin
perovskit tipi LaFeOs yiiksek iyonik ve elektrik iletkenligine sahip, YSZ elektroliti ile uyumlu, aktif ve
secici katot katalizorii olarak dikkat ¢ekmektedir. Calisma kapsaminda, perovskit tipi LaFeOs katot
katalizorii sol-jel yontemi ile sentezlenmistir. Sentezlenen katot katalizoriiniin kalsinasyon sicakligini
ve kristal yapisini belirlemek i¢in TG ve XRD analizleri gergeklestirilmistir.
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Biogas, an attractive renewable energy source, is mainly derived by anaerobic
fermentation of organic wastes from different resources. Also, biogas is mainly composed of
CHs4 and CO: that can be reformed on a suitable catalyst to syngas for downstream Fischer—
Tropsch synthesis for producing chemicals such as methanol. Among different reforming
reactions, oxy-steam reforming (OSR) reduces sintering and carbon deposition on the catalyst
and high energy consumption with the inclusion of Oz and H2O in the process [1]. From the
catalytic point of view, high surface area, coke deposition resistance, thermal stability, and
economical catalysts are needed for OSR. Therefore, Nickel-based catalysts have attracted
extensive attention in OSR due to their high activity and low cost compared to noble metals [2].

In this work, NiCe/MgAl, wt.%10 Ni and wt.%2.5 Ce (Ni1oCe25/MgAl), was prepared
and tested in oxy-steam reforming of model biogas to syngas. Firstly, MgAl hydrotalcite-like
support with Mg:Al molar ratio of 3 was synthesized by hydrothermal method at different
temperatures (100 °C - 150 °C - 170 °C - 200 °C). In addition, active metal loadings of Ni and
Ce were performed by sequential impregnation technique. All the catalysts were tested in a
downflow fixed-bed quartz reactor system at varying reaction temperatures of 600 °C, 700 °C
and 800 °C under atmospheric pressure. The feed gas molar ratios of
CH4/C0O2/02/H20 = 1/0.67/0.1/0.3 were selected throughout all runs. Effects of hydrothermal
synthesis temperature of MgAl hydrotalcite-like support were discussed based on product
distribution. All fresh and spent catalysts were characterized by XRD, BET, ICP-OES and XPS

analyses.
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Yenilenebilir enerji kaynagi olarak biyogaz, temel olarak farkli kaynaklardan olusan
organik atiklarin anaerobik fermantasyonu ile elde edilir. Ayrica, biyogaz ¢ogunlukla CHs ve
CO2'den olustugundan dolay1, Fischer-Tropsch sentezi ile metanol gibi kimyasallar iiretmek
icin uygun bir katalizor lizerinde sentez gazina doniistiiriilebilir. Farkli reformlama tepkimeleri
arasinda oksi-buhar reformlama (OSR) sisteme Oz ve H2O'nun dahil edilmesiyle, sinterlesmeyi,
katalizor tizerinde karbon birikimini ve yiiksek enerji tiiketimini azaltir [1]. Bununla birlikte,
OSR i¢in yiiksek yiizey alani, kok birikim direnci ve termal kararlilik 6zelliklerine sahip
ekonomik katalizorler gereklidir. Bu nedenle, nikel temelli katalizorler, degerli metallere
kiyasla yiiksek aktiviteleri ve diisiik maliyetleri nedeniyle OSR'de biiyiik ilgi gormektedir [2].

Bu caligmada, NiCe/MgAl, ag.%10 Ni ve ag.%2,5 Ce (NiwCez5/MgAl), katalizorii
hazirlanmis ve model biyogazdan OSR ile sentez gazi iiretiminde test edilmistir. Ik olarak
Mg:Al mol oram1 3 olan MgAl hidrotalsit benzeri destek hidrotermal yontemle farkli
sicakliklarda (100 °C - 150 °C - 170 °C - 200 °C) hazirlanmistir. Ayrica sirali emdirme yontemi
ile Ni ve Ce metal yiikklemeleri gergeklestirilmistir. Tiim katalizorler, atmosferik basing altinda
ve farkli tepkime sicakliklarinda (600 °C, 700 °C ve 800 °C) asag1 akish sabit yatakli bir kuvars
reaktOr sisteminde test edilmistir. Tiim aktivite testlerinde, CH4/CO2/02/H20 = 1/0,67/0,1/0,3
besleme gazi mol oranlar1 secilmistir. Uriin dagilimi dikkate almarak MgAl hidrotalsit benzeri
destegin hidrotermal hazirlama sicakliginin etkileri tartistlmistir. Tim indirgenmis ve

kullanilmis katalizérler XRD, BET, ICP-OES ve XPS analizleri ile karakterize edilmistir.
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In organic chemistry, amines are among the most important building blocks because they are
essential precursors in the preparation of a wide range of pharmacologically significant therapeutic
agents, natural products and agrochemicals.[1,2] There is growing interest in developing simple and
effective methodologies for the synthesis of N-alkylated aliphatic or aromatic amines through the
formation of C-N bonds. The borrowing hydrogen methodology is a new, effective and alternative
technique for alkylamine synthesis.

To the best of our knowledge, studies on using ruthenium(l1) complexes bearing N-coordinated
benzimidazole in the alkylation of amines with alcohols are rare in the literature.[3,4] So, in the present
study, we now describe the synthesis and characterization of three novel ruthenium(Il) complexes of the
general formula [RuClx(N-alkylbenzimidazole) (n-p-cymene)], Fig. 1. These complexes were tested as
catalysts for the N-alkylation of aniline with arylmethyl alcohols using the hydrogen borrowing strategy

in a solvent-free medium.

Ru

v cr” | ~q
>
Y N
R
Fig. 1.
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Organik kimyada, aminler cesitli farmakolojik agidan 6nemli terapotik ajanlarin, dogal
iirlinlerin ve zirai kimyasallarin hazirlanmasinda temel Onciiler olduklari i¢in 6nemli yap1 taglari
arasindadirlar.[1,2] Bu nedenle C-N baglarinin olusumu yoluyla N-alkillenmis alifatik veya aromatik
aminlerin sentezi igin basit ve etkili yontemler gelistirmeye artan bir ilgi vardir. Borrowing hidrojen
metodolojisi, alkilaminlerin sentezi i¢in yeni, etkili ve alternatif bir tekniktir.

Bildigimiz kadariyla, literatiirde aminlerin alkollerle alkilasyonunda N-koordine benzimidazol
iceren rutenyum(Il) komplekslerinin kullanimina iliskin calismalar nadirdir.[3,4] Bu nedenle, bu
calismada, genel formiilii [RuClz(N-alkilbenzimidazol) (n°-p-simen)] olan Sekil 1. ii¢ yeni rutenyum(II)
kompleksinin sentezi ve karakterizasyonu yapildi. Sentezlenen kompleksler, ¢oziicii icermeyen bir

ortamda Borrowing hidrojen yontemi kullanilarak anilinin arilmetil alkollerle N-alkilasyonunda aktif

o
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katalizorler oldugu goriildii.
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The formation of aryl-aryl (Ar-Ar") bonds and heteroaryl (Ar-Het and Het-Het') analogues is
an important transformation in organic synthesis due to number of compounds containing these
moieties in the pharmaceutical and other industries. Traditional methods for the introduction of the
Ar- Ar'bond (e.g., Suzuki- Miyaura, Stille, Negishi and other named reactions) suffer from drawbacks
as they require the installation of activating groups on both coupling partners. The associated waste
(B, Sn, Zn-based) is also a major problem for the pharmaceutical and other industries. A modern,
efficient and environmentally friendly alternative is termed Direct Arylation (DA). Through catalytic
C-H activation, DA avoids the preactivation steps, establishing a convenient pathway to arylated
compounds in terms of atom economy and environmental impact [1-2]. Transition metal catalysts, in
particular palladium, have become a powerful strategy to directly access complex molecules [3-4].
Hence, in the present study, we describe the synthesis and characterization of novel palladium(Il)
complexes of the general formula [PdCI2(N-alkylbenzimidazole)] (Fig. 1). These complexes were

tested as catalysts for C-H bond activation reactions of heteroaromatic compounds.
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Famakolojik ve diger endiistrilerde, Aril-Aril (Ar-Ar') baglar1 ve bunlarin analogu olan
heteroaril (Ar-Het and Het-Het") olusumu fazla bulunmasindan dolay1 organik sentezlerde 6nemli bir
dontisiimdiir. Ar-Ar' bag olusumu igin geleneksel metotlarda (Suzuki- Miyaura, Stille, Negishi ve
diger adli tepkimeler) baglanmada rol alan her iki tiiriin aktiflenme gerektirmesi bir dezavantajdir. Bu
eslesmelerde olusan atiklar (B, Sn, Zn-esasl) ila¢ ve diger endiistriler i¢cin baglica problemdir.
Modern, etkili ve ¢cevre dostu bir alternatif yontem Direkt Arilasyon (DA) olarak adlandirilir.

Katalitik C-H aktivasyonu ile arillenmis bilesikler atom ekonomi ve ¢evre dostu yontemle
Onaktivasyon basamaklar1 gerektirmeden gergeklestirilmektedir.[1-2]. Gegis metal katalizorleri,
ozellikle palladyum kompleks molekiillerin sentezi igin dnemli bir strateji haline gelmistir.[3-4].
Bundan dolay1, bu ¢alismada, genel formiilii [PdCI2(N-alkilbenzimidazol)] olan yeni paladyum(l1)
komplekslerinin sentezi ve karakterizasyonunu tanimlandi (Sekil 1). Bu kompleksler heteroaromatik

bilesiklerin C-H bag aktivasyon tepkimelerinde katalizor olarak test edildi.

Sekil 1.
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Damaged starch ratio determines the amylolytic activity in the flour which dominates the
physical quality standard of the final product like color, strength etc.[1,2,3]. In the food industry,
amperometric method which is based on the amount of iodine absorbed by starch granules is used for
determination of damaged starch ratio. Besides longer analysis time, amperometric technique also brings
a cost of about 1-2% of the profit in the food industry [4]. Therefore these issues give birth to this study
for the purpose damaged starch analysis by using less amount of chemicals, at shorter analysis times. In
this study, as a preliminary step for a screen printed electrode system, platinum, glassy carbon (GC)
electrodes and synthesized catalaysts were tested in a three-electrode system with electrolytes mixed
with flours at different damaged starch ratios (at 16.5, 25 and 30 UCD values). For the electrochemical
tests related with iodine absorption, electrolyte solutions were prepared according to Medcalf and Gilles
principle [4]; cyclic voltammetry experiments were performed at five different sweep rates, 50-150
mV/s in the range of 0-1 V vs. SCE; and chronoamperometry experiments were carried out at a potential
of 1V vs. SCE.

Electrochemical tests indicate that platinum electrode was more sensitive than GC electrode. In
addition, when graphenes synthesized by three different electrochemical exfoliation techniques [5,6]
used as an electrode material, it was seen that electrode materials synthesized in an electrolyte mixture
of dimethyl carbonate (DMC) and ethylene carbonate (EC) , LiClOsand tetraethylammonium
tetrafluoroborate exhibit highest sensitivity to iodine absorbtion and ; for the three different electrode
materials, initial FTIR results indicate a peak related with C=C bond at a wavelength of about 1600 cm"
1. Further electrochemical and spectroscopic results will also be presented to compare the

electrochemical sensitivity and chemical structure of synthesized electrode materials.

In addition to experimental work, iodine oxidation mechanism were also studied by simulation
of cyclic voltammetric experiments at different scan rates . It was seen that on GC electrode, iodine
oxidation follows EC mechanism. Further simulation works will be performed for the determination of
electrochemical mechanisms on other electrode materials.
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Undaki zedelenmis nisasta orani son liriiniin renk, mukavemet vb. fiziksel kalite standartlarina
hakim olan amilolitik aktiviteyi belirler [1,2,3]. Gida endiistrisinde, zedelenmis nisasta oraninin
belirlenmesi i¢in nigasta graniilleri tarafindan sogrulan iyot miktarina dayali amperometrik yontem
kullanilmaktadir. Ancak amperometrik teknik, uzun yanit siiresinin yani sira gida endiistrisinde karin
yaklasik %1-2‘si kadar maliyete yiik getirmektedir [4]. Dolayisiyla bu sorunlar, zedelenmis nisasta
analizini daha az kimyasal kullanarak daha kisa yanit siirelerinde yapmak amaciyla bu calismay1
dogurmustur. Bu caligmada, bir baski devre elektrot sisteminin ilk agamasi olarak, platin elektrot, cam
karbon (GC) elektrot ve sentezlenen katalizorler, farkli zedelenmis nisasta oranlarinda (16.5, 25 ve 30
UCD degerlerinde) unlarla karistirilmis elektrolitler ile ii¢ elektrotlu sistemde test edilmistir. Iyot
absorpsiyonu ile ilgili elektrokimyasal testler i¢in, elektrolit ¢zeltileri Medcalf ve Gilles prensibine
gore hazirlanmustir [4]; dongiilii voltametri deneyleri, 0-1 V vs. SCE araliginda 50-150 mV/s olmak
lizere bes farkli tarama hizinda ve kronoamperometri deneyleri ise 1 V vs. SCE potansiyelde
gercgeklestirilmistir.

Elektrokimyasal analizler, platin elektrotun GC elektrotundan daha hassas oldugunu
gostermektedir. Ayrica, elektrot malzemesi olarak kullanilan ve ti¢ farkli elektrokimyasal eksfoliyasyon
teknigi [5,6] ile sentezlenen grafenlerden, dimetil karbonat (DMC) ve etilen karbonat (EC), LiClO4 ve
tetraetilamonyum tetrafloroboratin bir elektrolit karisiminda sentezlenen elektrot malzemelerinin iyot
absorpsiyonuna karsi en yiiksek hassasiyet gosterdigi goriilmiistiir. ilk FTIR sonugclar1, yaklasik 1600
cm dalga boyunda C=C bagi ile ilgili bir tepe noktas1 gdstermistir. Sentezlenen elektrot malzemelerinin
elektrokimyasal duyarliligin1 ve kimyasal yapisini karsilastirmak igin daha fazla elektrokimyasal ve

spektroskopik sonuglar da sunulacaktir.

Deneysel calismalara ek olarak, farkli tarama hizlarinda dongiilii voltametri deneylerin
simiilasyonu ile iyot oksidasyon mekanizmasi da incelenmistir. Bunun sonucunda iyot oksidasyonunun
GC elektrotu iizerinde EC mekanizmasi ile uyumlu oldugu gorilmiistiir. Diger elektrot malzemeleri
iizerinde elektrokimyasal mekanizmalarin belirlenmesi igin daha fazla simiilasyon c¢alismasi

yapilacaktir.
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Ammonia is one of the most important and widely produced chemicals for humanity. Today,
the main route of ammonia synthesis is the Haber-Bosch process. This process is carried out using H»
and N gases as reactants and Fe-based catalysts and requires high temperature and pressure. The need
for high temperature (450-500 °C) and pressure (200-250 bar) has led to the search for alternative ways
for ammonia production [1]. Electrocatalytic ammonia production is one of these ways, eliminating the
thermodynamic limitation and the need for high operating pressures. Current research on electrocatalytic
ammonia production focus on oxide and proton conducting electrolytes. In both methods, ammonia is
produced at the cathode by the reaction between nitrogen atoms and hydrogen ions. However, due to
strong N-N triple bonds, hydrogen ions often recombine to produce H, without reacting with nitrogen,
leading to low ammonia production yields [2]. It is thought that nitrite conductive electrolytes can
increase the efficiency of ammonia production by eliminating this problem. YSZ, which is an electrolyte
currently used in solid oxide fuel cells (SOFC), has been preferred as base material for electroltyte
because of its high stability and low electronic conductivity under operating conditions. To make YSZ
nitride conducting nitride ions should be introduced in its structure. For this purpose, nitridation studies
of commercial YSZ powder were carried out in a high temperature furnace in a nitrogen gas
environment. XRD and SEM/EDS analyzes of electrolyte materials nitrided in nitrogen environment
were performed.
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Amonyak, insanlik i¢in en 6nemli ve yaygin olarak iiretilen kimyasallardan biridir. Giiniimiizde
amonyak sentezinin ana yolu Haber-Bosch prosesidir. Yiiksek sicaklik (450-500 °C) ve basing (200-
250 bar) gerektiren bu proseste reaktan olarak H, ve N2 gazlar1 Fe bazli katalizorlerle birlikte kullanilir
[1]. Yiiksek sicaklik ve basing gereksinimi amonyak iiretimi i¢in alternatif yollar aranmasina sebep
olmustur. Elektrokatalitik olarak amonyak iiretimi bu yollardan biridir ve termodinamik sinirlamalar
ve yliksek ¢alisma basinglarina olan ihtiyaci ortadan kaldirir. Elektrokatalitik amonyak tiretimi lizerine
mevcut aragtirmalar oksit ve proton ileten elektrolitlere odaklanmaktadir. Her iki yontemde de amonyak
tiretimi katot tartafinda, azot atomlar1 ve hidrojen iyonlar1 arasindaki reaksiyonla gergeklesir. Bununla
birlikte, giiclii N-N {i¢lii baglar1 nedeniyle, hidrojen iyonlari genellikle azot ile reaksiyona girmeden H»
tiretmek i¢in yeniden birlesir ve bu durum diisiik amonyak {iretim verimlerine yol agar [2]. Nitriir iletken
elektrolitlerin bu problemi ortadan kaldirarak amonyak iiretiminin verimini artirabilecegi
diisiiniilmektedir. Halihazirda kati oksit yakit hiicrelerinde (SOFC) kullanilan bir elektrolit olan
YSZ’nin ¢alisma kosullarinda yiiksek kararliligi ve diisiik elektronik iletkenligine sahip olmasi
nedeniyle bu caligmada elektrolit ana maddesi olarak tercih edilmistir. YSZ’nin nitriir iletken
yapilabilmek i¢in yapisina nitriir iyonlar1 katkilanmalidir. Bu amagla ticari YSZ tozunun yiiksek sicaklik
firininda azot gazi ortaminda nitritleme ¢aligmalar yiiriitiilmiistiir. Azot ortaminda nitritlenen elektrolit
malzemelerinin XRD ve SEM/EDS analizleri yapilmustir.
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Synthesis gas (H. + CO) is used as a building block for valuable liquid fuels synthesis with
Fischer-Tropsch and the production of various chemicals like methanol and dimethyl ether [1]. Also,
hydrogen in syngas is one of the most valuable energy sources. Syngas can be obtained by the dry
reforming reaction of biogas. The dry reforming reaction of biogas is a chemical process that consists
of converting methane and carbon dioxide to syngas [2]. Some side reactions occur simultaneously with
the dry reforming reaction. These reactions have a negative effect on the reforming catalyst. Hydrogen
sulfide in the biogas is also one of the factors that cause the catalyst to be deactivated. Ni metal is known
to be particularly sensitive to H.S [3]. In this study, catalytic activities of Ni-based catalysts in dry
reforming reaction of H,S-containing biogas were investigated. 5% and 8% by weight Ni-containing
commercial alumina-supported catalysts were synthesized by wet impregnation technique. Catalytic
activity tests of the catalysts were performed at 750°C, 1 atm, and in the presence of 50 ppm HS in a
continuous flow tubular reactor. The total flow rate was adjusted at 60 mL/min with equal volumetric
flow rates of CHa4, CO, and 50 ppm H,S+Ar. 8Ni@AIl,O3 showed higher methane conversion (67%)
than 5Ni@AIl,O3 catalyst at the beginning of the catalytic activity test. After H,S was fed into the
reaction media at the 29" minute, there was a significant decrease in the activities of the catalysts. With
Ni-based catalysts, higher CO, conversion values and CO selectivities were obtained than CH,
conversion values and H; selectivities. In the catalytic activity tests performed in the presence of 50 ppm
H.S, 8Ni@AI.O3 catalyst, which has the highest nickel metal content among the prepared catalysts,

showed the best sulfur resistance.
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Sentez gaz1 (Hz + CO), Fischer-Tropsch ile degerli siv1 yakitlarin sentezi ve metanol ve dimetil
eter gibi cesitli kimyasallarin {iretimi i¢in bir yap1 tasi olarak kullanilmaktadir [1]. Ayrica sentez
gazindaki hidrojen en degerli enerji kaynaklarindan biridir. Sentez gazi, biyogazin kuru reformlanma
reaksiyonuyla elde edilebilmektedir. Biyogazin kuru reformlanma reaksiyonu, metan ve karbon
dioksitin sentez gazina doniistiiriilmesinden olusan kimyasal bir siiregtir [2]. Baz1 yan reaksiyonlar, kuru
reformlanma reaksiyonu ile ayn1 anda meydana gelmektedir. Bu reaksiyonlar, reformlanma katalizorii
iizerinde olumsuz bir etkiye sahiptir. Biyogazdaki hidrojen siilfiir de katalizoriin deaktive olmasina
neden olan etkenlerden biridir. Ni metalinin 6zellikle H2S'e duyarlhi oldugu bilinmektedir [3]. Bu
calismada, H»S iceren biyogazin kuru reformlanma reaksiyonunda Ni-bazli katalizorlerin katalitik
aktiviteleri arastirilmistir. Kiitlece %5 ve %8 Ni igeren ticari aliimina-destekli katalizorler 1slak emdirme
teknigi ile sentezlenmistir. Katalizorlerin katalitik aktivite testleri, 750°C'de, 1 atm'de ve 50 ppm H»S
varliginda siirekli akigh borusal bir reaktoérde gerceklestirilmistir. Toplam akis hizi, esit hacimsel CHa,
CO2 ve 50 ppm H.S+Ar akis hizlar1 olacak sekilde 60 mL/dak olarak ayarlanmustir. 8Ni@AIl2Os,
katalitik aktivite testinin baglangicinda SNi@AI20s katalizoriinden daha yiiksek metan doniistimii (%67)
gostermistir. 29. dakikada reaksiyon ortamina H>S verildikten sonra katalizorlerin aktivitelerinde dnemli
bir azalma olmustur. Ni-bazli katalizorler ile, CHs donilisiim degerleri ve H» segiciliklerinden daha
yiiksek CO; doniisiim degerleri ve CO segicilikleri elde edilmistir. 50 ppm H»S varliginda yapilan
katalitik aktivite testlerinde, hazirlanan katalizorler arasinda en yiiksek nikel metal igerigine sahip olan

8Ni@AIl>03 katalizorii en iyi kiikiirt direncini gostermistir.
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Hydrogen energy is one of the most powerful candidates to solve the world's growing energy
problem [1]. This scope of work is to produce hydrogen from ammonia without COx components by

using microwave heated reaction system and carbon supported cobalt catalysts.

As metal, cobalt is selected because of its cost, activity and microwave absorption properties.
As support material, carbon-containing materials such as activated carbon and mesoporous carbon are
chosen because of their high dielectric constant and high microwave absorption properties as well. The
amount of loaded metal in carbon source is defined between 5-15%. To prepare catalyst, impregnation
method is chosen, and the support material solved in 20% (by volume) ethanol solution before metal is
added. Then, the mixture is stirred at 280 rpm, 60°C and dried at 80 °C 10 hours. Then it is calcinated
with N2 at 700 °C, 5 hours and reduced with H; at 400 °C, 3 hours.

The synthesized catalysts were subjected to activity tests in microwave reactor at temperatures
between 250 to 600°C. The flow rate of ammonia is defined as 60 ml/min and the amount of catalyst is
determined as 0.1g. As a result of these tests, the highest activity was observed on 15% cobalt loaded
catalyst in mesoporous carbon which gave complete conversion at 350 °C. The activity tests were done
for conventional reactor system as well. In these tests, the highest activity was observed on 15% cobalt

added catalyst in active carbon, that gave complete conversion at 600°C.

The reason of this difference can be explained as the heating principle of microwave reactor.
Microwave reactor system directly transfers the heat required for the reaction to the active surface, create
hot zone formations called hot spots and reduce heat loss unlike a conventional system. To sum up,
higher conversion values can be obtained at lower temperatures in reactions operated in the microwave
system than in conventional systems [2-4].
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Hidrojen enerjisi, diinyanin artan enerji sorununu ¢6zmek icin en gii¢lii adaylardan biridir [1].
Bu calisma kapsaminda, mikrodalga 1sitmali reaksiyon sistemi ve karbon destekli kobalt katalizorler

kullanilarak COx bilesenleri olmadan amonyaktan hidrojen iiretilmistir.

Metal olarak maliyeti, aktivitesi ve mikrodalga absorpsiyon ozellikleri nedeniyle kobalt,
secilmistir. Destek malzemesi olarak, aktif karbon ve mezogdzenekli karbon gibi karbon igeren
malzemeler, yliksek dielektrik sabiti ve yiiksek mikrodalga absorpsiyon 6zellikleri nedeniyle secilmistir.
Karbon kaynaginda yiiklii metal miktar1 %5-15 arasinda tanimlanmaktadir. Sentez yontemi olarak 1slak
emdirme metodu secilmis ve destek malzemesi, metal eklenmeden 6nce hacimce %20 etanol ¢ozeltisi
icinde ¢ozildiikten sonra karigim 280 rpm, 60°C'de karistirilip etiivde 10 saat 80 °C’de kurutulmustur.
Son olarak 700 °C 5 saatte N> akisi1 altinda kalsine edilmis ve 400 °C'de 3 saat Hy ile indirgenmistir.

Sentezlenen katalizorler, mikrodalga reaktorde 250 ila 600°C arasindaki sicakliklarda aktivite
testlerine tabi tutulmustur. Amonyak akis hiz1 60 ml/dk olarak tanimlanmig ve katalizor miktar1 0.1g
olarak belirlenmistir. Bu testler sonucunda en yiiksek aktivite, 350 °C'de tam doniisiim saglayan
mezogozenekli karbona kiitlece %15 kobalt yiliklii katalizorde gozlenmistir. Aktivite testleri ayn
zamanda konvansiyonel reaktor sistemi igin de yapilmistir. Bu testlerde ise en yliksek aktivite, 600°C'de

tam donlisiim saglayan aktif karbona kiitlece %15 kobalt ilaveli katalizérde gbézlenmistir.

Bu farkin nedeni mikrodalga reaktdriin 1sitma prensibi olarak agiklanabilir. Mikrodalga reaktor
sistemi, reaksiyon i¢in gereken 1s1y1 dogrudan aktif yiizeye aktarmis, sicak nokta adi verilen sicak bolge
olusumlar1 olusturmus ve geleneksel bir sistemden farkli olarak 1s1 kaybini azaltmistir. Ozetle
mikrodalga sisteminde yiiriitiilen reaksiyonlarda geleneksel sistemlere gore daha diisiik sicakliklarda
daha yiiksek dontigiim degerleri elde edilebilir [2-4].
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Atomically dispersed supported metal catalysts offer maximum utilization of scarce and
expensive metals. However, maintaining their atomic dispersion in reducing environment sets one of
the main challenges related with these novel catalysts [1]. Here, we investigated the synergistic ligand
effect of supports and ionic liquids (ILs) on atomically dispersed supported Ir complexes, to understand
the factors affecting the resistance of Ir to aggregation. Ir(C2Ha)2 species were grafted on SiO, y-Al,Os,
and MgO by the reaction of Ir(CzHa)2(acac) with supports by air-exclusion techniques, resulting in an Ir
loading of 1.0 wt%. The resistance to sintering of each sample was assessed by time resolved extended
X-ray absorption fine structure (EXAFS) during a ramp in pure Hz up to 120 °C (Fig.1). Ir(C2Ha).
bonded to weak (SiO) and intermediate (y-Al.Os) electron donating supports formed nanoparticles and
small clusters, respectively, pointing out aggregation (Fig.1 a and b). When Ir(C2Ha). was supported on
the strong-electron-donor MgO, Ir remained atomically dispersed (Fig.1 c). When the most severely
aggregating SiO,-supported Ir complexes were coated with an electron donating IL (1-n-ethyl-3-methyl-
imidazolium acetate) aggregation of Ir could be hindered. Findings were confirmed by density functional
theory calculations, which evidenced the variation of iridium—support bond strength with the electron
donation tendency of the support. These results are first in demonstrating how to control the stability of
atomically dispersed supported metal catalysts in reducing conditions by choosing the desired
support/IL combination.

2 3 . ° 1 2 3 . 0 1 2 3
Radial Distance Radial Distance (1) Radial Distance (1)

Fig. 1. FoU'riﬂe'r.-‘transformed EXAFS spectré (uncorrected) measured at Ir Ly edge during a ramp fo 120 °C under
H. flow measured on a) SiO--, b) y-Al,Os, c)MgO-supported Ir(C2H4), complexes, and d) 1-n-ethyl-3-methyl-
imidazolium acetate-coated SiO,-supported Ir(CzH4), complexes.
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Tek atom merkezli destekli metal katalizorler, pahali metallerin maksimum verimde kullanimini
saglayan yenilik¢i katalizorlerdir. Fakat bu katalizorlerin oniindeki en biiyiik engel, hidrojen gibi
indirgeyici ortamlarda atomik dagilimlarin1 koruyamamalari ve nanopargacik olusturmalaridir [1]. Bu
caligmada, tek atom merkezli destekli Ir komplekslerinde kiimelenmeye karsi direnci etkileyen faktorler,
iyonik siv1 (IS) ve destek malzemelerinin sinerjik ligand etkisi gdz oniinde bulundurularak ortaya
konmustur. %1 metal yiiklemeye sahip SiO», y-Al.O; ve MgO destekli 1r(C2H4). kompleksleri, hava
ortamina maruz birakilmadan Ir(CzHas)2(acac) yapitasinin destek malzemeleri ile reaksiyonu sonucu
sentezlenmistir. Her bir numunenin sinterlenmeye (kiimelenmeye) direnci, saf hidrojen akisi altinda
dakikada 3 °C artis ile 120 °C sicakliga ulasilirken in-situ seklinde aliman genisletilmis X-151m
absorpsiyon ince yapist (EXAFS) ile degerlendirilmistir (Sekil 1). Ir(C2Ha4)> merkezleri i¢in az (SiO2)
ve orta (y-Al,O3) derecede elektron verici destek malzemeleri kullanildiginda sirasiyla nanopargacik ve
kiigiik kiime olusumu goézlemlenmistir (Sekil 1a ve b). Ir(CoHa)2, giiglii elektron verici olan MgO
iizerinde desteklendiginde ise, Ir merkezlerinin atomik olarak dagilmis yapisi korunmustur (Sekil 1c).
En ¢ok kiimelenme gosteren ve nanopargacik olusumu gozlenen SiO; destekli Ir kompleksleri, elektron
verici bir IS (1-n-etil-3-metil-imidazolyum asetat) ile kaplandiginda ise, Ir'un kiimelenmesi
engellenebilmistir. Bu bulgular, destegin elektron verme egilimi ile iridyum-destek bag kuvvetinin
degisimini kanitlayan yogunluk fonksiyonel teorisi hesaplamalari ile de dogrulanmistir. Bu sonugclarla
ilk kez, istenen destek/IS kombinasyonunun segilerek indirgenme kosullarinda atomik olarak dagilmig

destekli metal katalizérlerin kararliliginin nasil kontrol edilebildigi gosterilmistir.

Fig. 1. Dakikada 3 °C artis ile 120 °C sicakliga ulagilirken Four.ier-dénﬁstﬁrﬁlmﬁs Ir Lin edge EXAFS olgiimleri:
a) SiOy, b) y-Al.03, ¢) MgO destekli Ir(C2H4)2 kompleksleri ve IS kaph SiO2-destekli Ir(C2Ha)2 kompleksi.
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Atomically dispersed supported metal catalysts received significant attention in the last decade
thanks to the efficient utilization of expensive noble metals and new catalytic properties they offer. This
class of catalyst also includes the sub-nanometer sized clusters consisting of only a few metal atoms.
These neighboring active metal sites in sub-nanometer clusters generally offer advantages, such as a
higher performance in hydrogenation reactions because of the eased H; dissociation, compared to their
site-isolated analogues [1]. However, synthesis of such well-defined metal clusters uniformly dispersed
on supports with high surface area is challenging, particularly at high metal loadings. Furthermore, these
metal clusters tend to aggregate quickly into large nanoparticles under reducing/reaction conditions. In
this study, we used reduced graphene aerogel (rGA) as a support for Ir complexes, as it offers many
surface oxygen atoms for Ir to bind and a high surface area reaching 1000 m?/g [2]. Ir complexes having
reactive ethylene ligands (Ir(C2Ha)2) were grafted on rGA at an exceptionally high loading of 9.9 wt%
by standard air-exclusion techniqueakabins. Fourier-transformed extended X-ray absorption fine
structure (EXAFS) data of the as-prepared rGA-supported Ir(C2Ha4), complexes confirmed the presence
of site-isolated Ir at such a high metal loading. In-situ EXAFS data collected on this sample during a
ramp from 25 to 100 °C under ethylene hydrogenation conditions which was followed by an isothermal
period for 30 min revealed that Ir4 clusters formed on rGA. Thereafter, the feed was changed to a Ha-
rich mixture (H2:CoH4 = 2:1) which was followed by a pure H; treatment, which led to the formation of
slightly larger clusters characterized as Irs clusters. Catalytic performance measurements showed that
the ethylene hydrogenation activity at room temperature changes with nuclearity and follows the order:
Ir(C2Ha)2/rGA < Ira/rGA < Irg/rGA. The present study paves the way for opportunities for enhancing
and controlling the stability of sub-nanometer sized clusters consisting of only a few atoms, still offering
atomic dispersion which enhances their catalytic performance significantly compared to their supported
mononuclear counterparts in hydrogenation reactions.
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Tek atom merkezli destekli metal katalizorler, pahali soy metallerin verimli kullanimi ve 6zgiin
katalitik 6zellikler saglamalar1 nedeniyle son on yilda biiyiik ilgi gormiislerdir. Bu model katalizorler
ayrica sadece birka¢g metal atomundan olusan nanometre alt1 boyutlu kiimeleri de igerir. Bu kiimelerdeki
komsu aktif metal merkezler, H>’nin daha kolay ayrismasini saglamalar1 nedeniyle, izole edilmis aktif
merkezleri olan benzerlerine kiyasla, hidrojenasyon reaksiyonlarinda daha yiiksek performans vermeleri
gibi avantajlar sunarlar [1]. Bununla birlikte, 6zellikle kiitlece yiiksek metal yiiklemelerinde, yiiksek
ylizey alanina sahip destekler iizerinde diizgiin bir sekilde dagilmis bu tiir metal kiimelerinin sentezi
oldukca zordur. Ayrica, bu metal kiimeler, indirgenme/reaksiyon kosullar1 altinda hizla biiyiik
nanoparcaciklar olusturma egilimindedirler. Bu ¢aligmada, Ir'un baglanmasi icin sayica fazla yiizey
oksijen atomlar1 igeren ve 1000 m?/g'ye ulasan yiiksek bir yiizey alanina sahip olan indirgenmis grafen
aerojel, Ir kompleksleri i¢in bir destek malzemesi olarak kullanilmistir [2]. tGA destekli Tr(C2Ha)2
kompleksleri, kiitlece %9,9'luk olaganiistii yiiksek bir kiitlece yiiklemede hava ile temas ettirilmeden
rGA’nin Ir(CzHa)2(acac) yapitasiyla reaksiyonu sonucu elde edilmistir. Hazirlanan rGA destekli
Ir(CoHs)2  komplekslerinin  Fourier-donistiirilmiis  genisletilmis X-151n1  absorpsiyon ince yapisi
(EXAFS) verileri, boyle yiiksek bir metal yiiklemesinde rGA iizerinde izole edilmis Ir komplekslerinin
varligin1 dogrulamistir. Etilen hidrojenasyonu kosullar altinda dakikada 3 °C artig ile 100 °C sicakliga
ulagilirken ve ardindan 30 dakikalik bir izotermal periyot sonrasinda bu numune {izerinde in-situ sekilde
EXAFS olgiimleri yapilmis ve rGA tizerinde Irs kiimelerinin olustugu saptanmistir. Hemen akabinde,
etilen hidrojenasyonu kosullar1 Hz'den zengin bir karisima (H2:CoHa = 2:1) degistirilmis, ardindan ise
saf H, muamelesi yapilmistir ve EXAFS sonuglar1 kiimelerin biraz daha biiyiiyerek Irs kiimelerine
doniistiigiinii gostermistir. Katalitik performans ol¢limleri, etilen hidrojenasyonu aktivitesinin niikleerlik
ile degistigini gostermistir: Ir(CoHa)2/rtGA < Ira/rGA < Irg/rGA. Bu ¢alisma, destekli izole edilmis aktif
merkezlere kiyasla hidrojenasyon reaksiyonlari i¢in ¢ok daha yiiksek performans veren birka¢ metal
atomundan olusan ve hala atomik dagilim saglayan bu kiimelerin kararliliklarini artirma ve kontrol etme
firsatlarin1 gostermektedir.
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Biodegradable plastics have been promoted in recent years as a solution to the global polymer
waste problem. In this context, during the last decade, there has been a significant increase in the
production rate of polylactic acid (PLA) due to its favorable mechanical and thermal properties, and
biocompatibility. Yet, it is known that PLA does not biodegrade in a conventional landfill or oceans
naturally. The biological degradation of the polymer requires a medium with certain types of bacteria
and to be at a specific temperature. Therefore, it can be carried out only in a few number of compost
facilities, which makes biological recycling of PLA not a sufficient method for elimination of polymeric

waste from the environment.

Focusing on this rapidly emerging problem, the main target of this study is to develop a method
for degradation of PLA with novel silica aerogel-based catalysts that ensure reduction of the degradation
time and temperature by enhancing the reaction kinetics. With this method PLA can be transformed into

value-added chemicals, enabling waste reduction.

Silica aerogel-based catalysts were prepared by loading an iron precursor (15 w/w %) into a
silica aerogel support using the wet impregnation method. The catalyst exhibited Type IV isotherm with
a H1 hysteresis, which is an indication of mesoporosity. Its surface area, pore volume, and pore diameter

were found to be 633 m?/g, 0.73 cm®/g, and 2.98 nm, respectively.

The degradation of PLA was carried out at 250 °C with a nitrogen flow rate of 50 ml/min for an
hour with or without the iron loaded silica aerogel catalyst. The weight ratio of PLA to catalyst was
selected as 2. One of the main degradation products was lactide, while the other condensable and
noncondensable products were lactic acid, lactide isomers, carbon monoxide, carbon dioxide, methane,
and hydrogen. The yield of the solid residue was reduced from 30% to 6% and the yield of the
condensable products was increased from 28% to 48% with the iron loaded catalyst for the experiment
performed at 250 °C for an hour. Thus, it has been seen that iron-loaded silica aerogel-based catalysts

are promising catalysts for the degradation of PLA.
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Biyobozunur plastikler, son yillarda kiiresel polimer atik sorununa bir ¢éziim olarak 6ne
cikmaktadir. Bu baglamda, son on yilda, polilaktik asidin (PLA) uygun mekanik, termal 6zellikleri ve
biyouyumlulugu nedeniyle tiretim hizinda, énemli bir artis olmustur. Ancak, PLA'nin geleneksel bir
depolama sahasinda veya okyanuslarda dogal bir sekilde biyolojik bozunmadigi bilinmektedir.
Polimerin biyolojik bozunmasi, belirli bakteri tiirlerinin bulundugu ortami ve bu ortamin belirli bir
sicaklikta olmasini gerektirmektedir. Bu nedenle, PLA'nin biyolojik geri doniisiimii yalnizca az sayida
bulunan kompost tesislerinde gergeklestirilebilmektedir. Bdylece, PLA'nin biyolojik geri doniisiimii,

polimerik atiklarin ortamdan uzaklagtirilmasi igin yeterli bir yontem degildir.

Hizla ortaya ¢ikan bu soruna odaklanarak, bu ¢aligmanin ana hedefi, reaksiyon kinetigini
artirarak bozunma siiresinin ve sicakligin azaltilmasini saglayan yenilik¢i silika aerojel bazh
katalizorlerle PLA'nin bozunmasi i¢in bir yontem gelistirmektir. Bu yontemle PLA, katma degerli

kimyasallara doniistiiriilebilirken, atiklarin azaltilmasi saglanabilmektedir.

Silika aerojel bazli katalizorler, 1slak emdirme yontemi kullanilarak demir dnciiliiniin (agirlikga
%15) silika aerojel destegine yliklenmesiyle hazirlanmistir. Katalizr, mezoporozitenin bir gostergesi
olan H1 histerezisi ile Tip IV izotermi sergilemistir. Yiizey alani, gozenek hacmi ve gdzenek capi

sirastyla 633 m?/g, 0.73 cm®/g ve 2.98 nm olarak bulunmustur.

PLA'nin bozunmasi, katalizorsiiz ve demir yiiklii silika aerojel katalizor ile bir saat boyunca, 50
ml/dakika azot akis hiziyla, 250 °C'de gerceklestirilmistir. PLA'nin katalizére agirlik oranmi 2 olarak
secilmistir. Ana bozunma {iriinlerinden biri laktit iken, yogunlasabilen ve yogunlasamayan diger tiriinler
laktik asit, laktit izomerleri, karbon monoksit, karbon dioksit, metan ve hidrojendir. 250 °C'de bir saat
stireyle gerceklestirilen deneyde demir yiikli katalizor ile kati kalintinin verimi %30'dan %6'ya
diisiiriilmiis ve yogunlasabilir iiriinlerin verimi %28'den %48'e ¢ikarilmistir. Béylece, demir yiiklii silika

aerojel bazli katalizorlerin PLA'nin pargalanmasi i¢in umut verici katalizorler olduklar1 goriilmiistiir.
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Nitrogen oxides (NOy) are toxic gaseous pollutants which are harmful for human health and
environment [1]. Therefore, photocatalytic NOx removal is one of the important areas of scientific
research. For this purpose, PbTiOs; (PTO) and PbxCO14TiO3 (PCTO) photocatalysts were synthesized
by a sol-gel method (x=0.875, 0.75, 0.5) and tested in NO photo-oxidation reactions. XRD Analysis
proved the formation of perovskite structures in PTO and double perovskite structures in PCTO samples
[2]. BET analysis showed that Co-doping increased the surface area and UV-DRS analysis showed that
Co-doping increased absorption in visible spectrum [2]. DeNOx reactions took place in a flow reactor
system constructed in accordance to 1SO-22197:2007(E). The effects of Co-doping, feed flow rate and
relative humidity on DeNOx activity were investigated under UV-light irradiation. As the feed flow rate
increased, NOyx conversion decreased, indicating a kinetically controlled regime. Co addition had a
detrimental effect in water adsorption, measured by the adsorption calorimetry. The decrease in NOy
conversion upon Co addition is attributed to the role of surface water states.
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Nitrojen oksitler (NOx), gaz fazinda bulunan zehirli kirleticilerdir, insan sagligina ve gevreye
zararl etkileri vardir [1]. Bu nedenle fotokatalitik yontemlerle NOy’larin ortadan kaldirilmasi énemli
bir bilimsel arastirma konusudur. Bu amagla, PbTiO3 (PTO) ve PbxCO14TiO3 (PCTO) fotokatalizorleri
ince asiltili pelte (sol-jel) metoduyla sentezlenmislerdir (x=0.875, 0.75, 0.5) ve NO foto-oksidasyon
reaksiyonlarinda test edilmiglerdir. XRD analiz sonuglariyla PTO 6rneginde tekli perovskit yapisi ve
PCTO orneklerindeki ikili perovskit yapilarinin olusumu teyit edilmistir [2]. BET analizi Co ilavesinin
orneklerin BET yiizey alanlarimi arttirdigini ve UV-DRS analizi Co ilavesinin goriinebilir 1s1k
spektrumunda 1s1k emilimini arttirdigini gostermistir [2]. DeNOy tepkimeleri, 1S0-22197:2007(E)
belgesi olan akigh bir tepkime kabinda gergeklestirilmistir. Co ilavesinin, besleme akis hizinin ve bagil
nem oraninin DeNOy aktivitesine etkileri UV-15181 altinda gozlemlenmistir. Artan besleme akis hizinin
NOy doniisiimiinii azalttigi goriilmiistiir ve bunun nedeni reaksiyonun kinetik olarak kontrol edilen bir
rejimde olmasidir. Co ilavesinin, 6rneklerin yiizeyinde su tutunmasina kot bir etkisi olmustur ve bu
etki ylizeye tutunma kalorimetresiyle olgiilmiistiir. Co ilavesi sonucu NOyx doniigiimiindeki azalma
yiizeyde tutulan suyun roliine dayandirilmistir.
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Concept of using solar energy for chemical conversions has been around for over 100 years [1],
though research towards photocatalysis gained momentum with Fujishima and Honda’s 1972 article
describing photolysis of water on TiO, [2],[3]. Many other photocatalytic reactions are studied
extensively, however, the mechanisms are not yet clear, and there is much to discover.

NO oxidation is used as a diagnostic tool for photocatalytic activity. The procedure has well
defined protocols described by the ISO Standard (22197—1-2007). The measurement requires three
transient processes. The first is for the preparation of the gases and calibration of the measurement. The
second is for establishing adsorption desorption equilibrium with the gas phase and the test piece. The
third is for the photocatalytic reaction. Unless well controlled, these transient processes may lead to
erroneous conclusions of the photocatalytic activity.

NO conversion decreases throughout the reaction before reaching steady state. The nature of
this behavior depends strongly on certain parameters. The objective of this study is to reveal the
relationship between the dynamic behavior and the inputs to the system, especially, the illumination
intensity. Experiments with higher light intensities start with a very high conversion and need longer
times to reach steady state, at a lower conversion value. In contrast, experiments with low light
intensities reach this steady conversion level
almost immediately after the reaction starts. ]—\ F
(Fig. 1) Thermal effects due to excess photons
and subsequent processes are thought to be the
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Fig. 1: Effect of light intensity on NO oxidation.
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Kimyasal reaksiyonlar i¢in giines 15181 kullanmak yaklasik 100 yildir bilinen bir kavram [1],

ancak fotokatalize yonelik arastirmalar Fujishima ve Honda’nin 1972 yilinda yayinladigi “TiO {izerinde
su fotolizi” ¢alismasindan sonra hiz kazandi [2],[3]. Ancak diger birgok fotokatalitik reaksiyonun da
incelenmesine ragmen fotokatalitik mekanizmalar heniiz tam olarak anlagilamadi.
Bu baglamda, NO oksidasyonu fotokatalitik aktiviteleri takip etmek ve incelemek i¢in de kullaniliyor.
Olgiimiin 1SO (22197—1-2007) standardina gére uygulanmas: gerekiyor. Olgiim, ii¢ farkli siirecten
olusuyor. ilk siiregte gazlar hazirlaniyor ve gerekli kalibrasyonlar yapiliyor. Ikincisinde, gazlar ile
katalizor arasinda adsorpsiyon desorpsiyon dengesinin kurulmasi ig¢in bekleniyor. Son siirecte ise
fotokatalitik reaksiyon baslatiliyor. Bu siireglerin iyi kontrol edilmesi gerekiyor, aksi takdirde hatali
sonuglara yol agiyor.

NO doniislimii, reaksiyon bagladig1 andan itibaren azalmaya basliyor ancak bir siire sonra kararli
duruma geciyor, bu noktadan sonra zamana bagl bir degisim gézlenmiyor. Bu davranis belli deneysel
parametrelere bagli olarak degisebiliyor. Bu calismanin amaci da bu dinamik davranisla sistemin
girdileri, 6zellikle de 151k siddeti arasindaki iligskiyi ortaya ¢ikarmak. Yiiksek 151k siddetiyle yapilan
deneyler yiiksek NO doniistimiiyle basliyor ancak zamanla daha diisiik bir seviyede sabitleniyor. Fakat
diistik 151k siddetiyle yapilan deneylerde reaksiyon basladiktan sonra NO doniigiimiinde zamana bagh
daha az ya da sifir degisim gdzlemleniyor. Sabit
hale gelmesi i¢in yiiksek 151k siddetinde oldugu - T\
gibi uzun bir zamana ihtiyag duyulmuyor. (Sekil ‘ T T
1) Bu davranigin altindaki sebebin fazladan gelen
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Sekil 1: Isik siddetinin NO oksidasyonu iizerindeki etkisi
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Selective Catalytic Reduction of NOx using NHs (NH3-SCR) over Cu-Zeolite catalyst
washcoated monoliths is currently being used for NOx abatement in diesel engine aftertreatment
systems. One of the important reactions in the NH3-SCR process is the Standard SCR. An interesting
feature of the Standard SCR is the bi-modal (or sea-gull) shaped NO conversion behavior with respect
to temperature. There have been numerous spectroscopic, computational and transient kinetic studies to
uncover the origins of this peculiar behavior which showed that the SCR of NO occurred via redox
mechanisms during high NH; storage over two different Cu?* active sites [1,2]. However, no
unambiguous agreement in the literature was achieved for the origins of the sea-gull shaped conversion.
One way to tackle the understanding of this problem could be to develop a realistic and detailed transient
kinetic model and analyze all of its components in terms of all occurring surface reactions and mass
transfer limitations (MTL). For this purpose, in this study, a multi-site, multi-reaction transient Kinetic
model is developed based on laboratory tests in a synthetic gas bench and validated using NH3
adsorption, NHs oxidation, NO oxidation and Standard SCR experiments in the 120-550 °C and 30000-
80000 h? range. Model was then used with or without MTL to uncover the overall limiting regions
within the monolithic Cu-Zeolite washcoated reactor for the first time in literature. The results were
supported via evaluating the characteristic times for reactions on two active sites and for
external/internal mass transfer. The effects of NH3 desorption and oxidation reactions on the sea-gull
shape of the NO conversion with respect to temperature was shown to be due to the presence of two
active sites with different NH; adsorption and desorption rate constants which are also significantly
different than those of the Standard SCR. The bi-modal conversion was masked in the presence of MTL
due to the slowing down of NHs; desorption resulting in increased NO conversion in the 250-350 °C

range.
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Gilinlimiizde dizel motor sonrasi iglemlerinde NOx giderimi i¢in Cu-Zeolit kapli monolitler ile
NH; Segici Katalitik Indirgeme (NH3-SCR) teknolojisi sik¢a kullamlmaktadir. NH3-SCR siirecindeki
onemli reaksiyonlardan biri Standart SCR reaksiyonudur. Bu reaksiyonun 6nemli bir 6zelligi, sicakliga
bagh iki-tepeli (mart1 seklinde) NO doniisiim davranisidir. Bu davranisin nedenlerinin anlagilmasi igin
pek ¢ok spektroskopik, hesaplamali ve yatigkin olmayan hal kinetik ¢aligmalar gergeklestirilmis ve
NO’nun SCR’sinin, iki farkli Cu?* aktif sitesi iizerinde ve yogun NHj birikimi sirasinda gergeklesen
redoks mekanizmalar1 ile meydana geldigi anlasilmistir. [1,2]. Ancak, iki-tepeli doniistim davranisinin
nedenleri ile ilgili literatiirde kesin bir anlagsma bulunmamaktadir. Bu problemin anlasilmasina yardim
edebilecek bir yol, detayli, gergekei ve yatiskin olmayan hal kinetik model olusturulmasi ve bu modeli
olusturan yiizey reaksiyonlar1 ve kiitle aktarim sinirlamalar1 (KAS) gibi bilesenlerinin analizi olabilir.
Bu nedenle, bu c¢alismada, laboratuvar 6lgekli testler kullanilarak, ¢oklu-site, coklu-reaksiyon yatiskin
olmayan hal kinetik model gelistirilmistir. Model, 120-550 °C ve 30000-80000 h? kosullarinda
gerceklestirilen NHs adsorpsiyon, NH3 oksidasyon, NO oksidasyon ve Standart SCR deneyleri ile
dogrulanmistir. Bu model, literatiirde ilk defa, KAS varliginda ve yoklugunda kosularak, Cu-Zeolit kaplh
monolit reaktorlerin genel KAS bdlgelerinin belirlenmesi i¢in kullamilmistir. Bu sonuglar, yiizey
reaksiyonlar1 ve i¢/dis kiitle aktarim olaylarina ait karakteristik siirelerin hesaplanmasit yolu ile de
desteklenmistir. NO doniisimiindeki iki-tepeli davraniginin nedeni, NHs desorpsiyon ve oksidasyon
reaksiyonlarinin, iki farkli aktif site tizerindeki kinetik katsayilarinin hem birbirlerinden, hem de
Standart SCR reaksiyonlarindan farkli degerlere sahip olmasma baglanmistir. KAS’in oldugu
kosullarda, NHz desorpsiyonunun yavaslamast ile iki-tepeli doniistim davraniginin olusmadigi ve bunun

sonucu olarak da 250-350 °C araliginda daha yiiksek NO doniisiimiiniin elde edildigi belirlenmistir.
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Hydrogen, which is a clean and renewable energy carrier, is considered as an alternative energy
source to fossil fuels. Fossil fuels have been rapidly depleted and are not environmentally friendly. One
of the most critical applications of hydrogen is its use in fuel cell-derived vehicles. However, the
difficulty in storing hydrogen, the lack of infrastructure for its distribution, and safety concerns due to
its extremely flammability make on-board hydrogen production a promising solution, with the hydrogen
fed directly into the fuel cell without itself being stored. In particular, the production of hydrogen from
biomass-derived renewable resources is a more environmentally friendly approach. In this context, bio-
glycerol, which is produced as a by-product of biodiesel synthesis as 10% by weight, provides a solution
to alleviate the concerns of the impending energy crisis by providing high hydrogen yield through the

steam reforming process.

Hydrogen production by steam reforming of glycerol was carried out in a conventional fixed
bed quartz reactor over silica aerogel supported mesoporous catalysts, which was used for the first time
in the glycerol steam reforming process. Within the scope of this study, the effect of 10% by weight Ni
catalyst synthesized by co-precipitation method on the H; yield was investigated in the temperature
range of 470-895°C at the water/glycerol molar ratio of 1-9 under atmospheric pressure. Ni based
catalysts were promoted by co-precipitation technique with ruthenium metal. The physical and chemical

properties of the synthesized catalysts were analysed using characterization techniques.

According to the results, as the temperature increased, the H, yield first increased, then
decreased slightly, and the increase in the water content in the glycerol-water feed mixture resulted in a
higher H yield. Among the parameter studies, the highest H; yield was attained as 82.1% at 550°C with
the water/glycerol molar ratio of 9 in the presence of 10% by weight Ni loaded on silica aerogel. In
addition, the amount of coke deposited under these conditions was 0.24 gcarbon/gcath™. However, the
addition of 2% by weight Ru onto 10% by weight Ni loaded silica aerogel increased the H; yield to
84.5% and reduced the coke deposition to 0.06 gcarbon/geath™.
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Temiz ve yenilenebilir bir enerji tasiyicist olan hidrojen, fosil yakitlara alternatif bir enerji
kaynag1 olarak degerlendirilmektedir. Fosil yakitlar hizla tiikkenmektedir ve ¢evre dostu degildir.
Hidrojenin en kritik uygulamalarindan biri, yakit hiicresinden tiiretilen araglarda kullanilmasidir.
Bununla birlikte, hidrojenin depolanmasindaki zorluk, dagitimi i¢in altyap: eksikligi ve asir1 yanicilig
nedeniyle gilivenlik endiseleri, hidrojenin depolanmadan dogrudan yakit hiicresine beslendigi yerlesik
hidrojen {iretimini umut verici bir ¢dziim haline getirmektedir. Ozellikle biyokiitleden tiiretilen
yenilenebilir kaynaklardan hidrojen iiretimi daha ¢evre dostu bir yaklasimdir. Bu baglamda agirlikca
%10 oraninda biyodizel sentezinin yan {irlinii olarak iiretilen biyogliserol, buharli reformlanma iglemi
ile yiiksek hidrojen verimi saglayarak yaklasan enerji krizi endiselerini hafifletmek igin bir ¢6ziim

sunmaktadir.

Gliseroliin buharli reformlanmas1 ile hidrojen iiretimi, gliseroliin buharli reformlanmasi
isleminde ilk kez kullanilan silika aerojel destekli mezo gozenekli katalizorlerle geleneksel sabit yatakli
kuvars reaktorde gerceklestirilmistir. Bu calisma kapsaminda, 470-895°C sicaklik araliginda, 1-9
su/gliserol molar oraninda, atmosferik basing altinda birlikte ¢oktiirme yontemiyle sentezlenen agirlikca
%10 Ni katalizoriin H> verimine etkisi incelenmistir. Ni bazli katalizorler, rutenyum metali ile birlikte
coktiirme teknigi ile desteklenmistir. Sentezlenen katalizorlerin fiziksel ve kimyasal ozellikleri,

karakterizasyon teknikleri kullanilarak analiz edilmistir.

Elde edilen sonuglara gore, sicaklik arttikga H> verimi 6nce artmis, daha sonra biraz azalmis ve
gliserol su besleme karisimindaki su igerigindeki artis daha yiiksek H> verimi ile sonuglanmustir.
Parametre ¢aligmalar1 arasinda en yliksek H> verimi, silika aerojel iizerine yiiklenen agirlik¢a %10 Ni
varliginda su/gliserol molar orani 9 ile 550°C'de %82,1 olarak elde edilmistir. Ek olarak, bu kosullar
altinda biriken kok miktar1 0,24 garbon/Qkath™ olmustur. Bununla birlikte, agirlikga %10 Ni yiiklii silika
aerojele agirlikga %2 Ru ilavesi, Hz verimini %84,5'e yiikseltmis ve kok birikimini 0,06 gkarbon/Qkath™'e

diistirmistiir.
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The ever-growing CO, emissions have been negatively impacting the environment by
contributing to the global warming, requiring CO- valorization techniques to be implemented more
efficiently. One possible technique is the hydrogenation of CO, into methanol and dimethyl ether
(DME), which is carried out in the industry at temperatures of 200-300 °C and elevated pressures of 50-
100 bar [1]. However, due to the high cost of supplying high pressures, it is desired to carry out the
process under ambient pressure. Furthermore, considering the reverse water gas shift (rWGS) reaction
takes place parallel to methanol formation, kinetic solutions are necessary to obtain high yield and
selectivity for methanol and DME, especially that rWGS reaction is favored at ambient pressure. In
addition to the main methanol production catalyst, copper, additional metals such as gallium, were found
to increase the catalytic activity under ambient pressure [2]. In this study, catalysts consisting of 10 wt.%
copper and 5-10 wt.% gallium supported on y-Al,Os were synthesized using impregnation. The
reduction of the catalysts was carried out at 250 °C prior to the reaction. Various reaction condition
parameters were optimized, including temperature (200 °C, 220 °C, 240 °C), feed ratio (9H,:1CO,
6H2:1CO2, 3H2:1CO;) and space velocity (7,000 h*, 10,000 h* , 16,000 h?' , 25,000 h'). Optimal
operating conditions were found to be at 220 °C reaction temperature, 9H,:1CO; feed ratio and 25,000
h"t GHSV that show high activity and selectivity on 10Cu5Ga/y-Al,O; catalyst. With different gallium
loadings, the maximum methanol + DME selectivity was found close to 15% at 220 °C (see Table 1).

Table 1. CO; hydrogenation results on different Ga loaded Cu/y-Al,O3 samples at 220 °C, 9H,:1CO; feed ratio
and 25,000 h'* GHSV.

Catalyst IcH30H romE rco Schson | Sowme Sco Xcoz

(umol/g/h) | (nmol/g/h) | (nmol/g/h) (%) (%) (%) (%)

10Cu-5Ga /y-Al;03 41.6£0.1 42.3£0.2 92745 4.0 8.0 88.0 0.66

10Cu-7.5Ga /y-Al203 50.6+0.5 34.1+0.3 693+2 6.2 8.4 85.4 0.49

10Cu-10Ga /y-Al;03 50.840.5 41.8+0.4 78846 5.5 9.1 85.4 0.57
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Stirekli artan CO emisyonlarinin, kiiresel 1sinmaya katkida bulunarak cevreyi olumsuz
etkilemesi, CO;degerleme tekniklerinin daha verimli uygulanmasini gerektirmektedir. Olas1 bir yontem
olan CO2’nin metanol ve dimetil etere (DME) hidrojenlenmesi, endiistride 200-300 °C sicakliklarda ve
50-100 bar gibi yiiksek basinglarda gergeklesir [ 1]. Ancak yiiksek basinglarda caligmak yiiksek maliyetli
oldugu i¢in islemin atmosferik basingta yapilmasi istenmektedir. Ayrica, paralel tepkime olan ters su
gazi (rWGS) reaksiyonunun o&zellikle atmosferik basingta daha ¢ok gerceklestigi géz Oniinde
bulunduruldugunda, metanol ve DME ig¢in yiiksek verim ve segicilik elde etmek i¢in kinetik ¢oziimler
gereklidir. Ana metanol iiretim katalizorii olan bakira ek olarak, galyum gibi ilave metallerin atmosferik
basingta katalitik aktiviteyi arttirdigr bulunmustur [2]. Bu ¢alismada, y-Al.O3 destekli agirlik¢a %10
bakir ve agirlikca %5-10 galyumdan olusan katalizorler emdirme yontemiyle sentezlenmistir.
Katalizorlerin indirgenmesi, reaksiyondan 6nce 250 °C’de gerceklestirilmistir. Sicaklik (200 °C, 220
°C, 240 °C), besleme oram (9H2:1CO;, 6H,:1CO;, 3H2:1CO2) ve bosluk hiz1 (7.000 ht, 10.000 h?,
16.000 h?, 25.000 h') dahil olmak iizere gesitli reaksiyon kosulu parametreleri optimize edilmistir.
Yiiksek aktivite ve segicilik gosteren optimum ¢alisma kosullar1 10Cu5Ga/y-Al,Os katalizorii tizerinde
220 °C reaksiyon sicakligi, 9H2:1CO; besleme orani ve 25.000 h™ bosluk hiz1 olarak bulunmustur. Farkli
galyum yiiklemeleriyle, maksimum metanol + DME segiciligi 220 °C’de %15’e yakin bulunmustur
(bkz. Tablo 1).

Tablo 1. Ga yiiklii farkli Cu/y-Al,O3 6rneklerinde 220 °C’de, 9H,:1CO; besleme oranmnda ve 25.000 h™ bosluk

hizinda CO; hidrojenlenmesi sonuglari

Katalizér I'CH30H romE rco ScHson | Spme | Sco Xcoz
(umol/g/h) | (umol/g/h) | (umol/g/h) (%) (%) (%) (%)

10Cu-5Ga /y-Al03 41.6+0.1 42.3£0.2 92745 4.0 8.0 88.0 | 0.66
10Cu-7.5Ga /y-Al;03 50.6+0.5 34.1+£0.3 69342 6.2 8.4 85.4 | 0.49
10Cu-10Ga /y-Al,03 50.8+0.5 41.8+0.4 788+6 5.5 9.1 85.4 | 057
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Lubricants are widely used in industries for many purposes such as reduce friction between
surfaces and protect machines from corrosion. However, they are petroleum derived products which
cause environmental problems because of their poor biodegradability. In this context, sustainable and
green lubricants based on renewable sources has gained much interest to overcome these problems.
Although, vegetable oils are promising feedstocks they should be chemically modified because of their
poor oxidative stability and high pour point. Epoxidation and then ring opening reactions can be carried
out in the presence of homogenous or heterogenous catalyst for chemical modification. The
heterogeneous catalyst is preferred over a homogeneous catalyst due to their inherent features which are
ease of separation, non-corrosive, reusable and ecofriendly. In the literature, various short and long-
branched chain alcohols such as 2-propanol, tert-butanol and 2-ethylhexanol are used for ring opening
reactions and it is found that branching and chain length of alcohol is an important parameter for
lubricant characteristics -3, On the other hand, limited literature is available on epoxy ring opening
reaction with heterogenous catalysts and innovative efforts shoul be made to design of a new catalyst

system with high catalytic activity and stability.

Objective of this study is development of mesoporous solid acid catalysts for ring opening
reaction of epoxidized soybean oil. Sulfated La incorporated titania-silica (SO4/La-TiO>-Si0,), sulfated
Ti-SBA 15 (SO./Ti-SBA-15), and sulfated mesoporous carbon (SO./CMK-3) catalysts were prepared
for this purpose. The catalysts were determined to have mesoporous structure, high acidity and high
surface area. Ring opening reactions were carried out in 100 ml round bottom flasks with two side neck,
equipped with a condenser. 2-ethylhexanol and 2-propanol were compared in the reactions. Experiments
were performed in the presence of SO4/Ti-SBA-15 catalyst until now. It showed good catalytic activity
and 87% conversion was obtained with 2-ethylhexanol. However, viscosity of product was found quite
low compared to desired lubricant properties. On the other hand, 2-propanol provided better viscosity
but showed lower conversion (59%). Consequently, further studies are performed to obtain complete
epoxide conversion and improve psychochemical properties of product.
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Yaglayicilar, yiizeyler arasindaki siirtlinmeyi azaltmak ve makineleri korozyondan korumak
gibi bircok amag¢ icin sanayide yaygin olarak kullanilmaktadir.. Ancak, yaglayicilar petrol tiirevi
iirlinlerdir ve biyobozunurluklarinin diisiik olmasi nedeniyle ¢evre sorunlarmma neden olurlar. Bu
baglamda, bu sorunlarin iistesinden gelmek i¢in yenilenebilir kaynaklara dayal: siirdiiriilebilir ve yesil
siireglerle yaglayicilarin tretilmesi biiytik ilgi gormektedir. Bitkisel yaglar umut verici hammaddeler
olmasina ragmen, zayif oksidatif stabiliteleri ve yiiksek akma noktalar1 nedeniyle kimyasal olarak
modifiye edilmelidir. Epoksidasyon ve ardindan halka agma reaksiyonlart ile heterojen katalizorler veya
homojen Katalizorler esliginde bitkisel yaglar modifiye edilebilir. Heterojen katalizor ayirma kolayligi,
katalizoriin yeniden kullanimi ve ¢evre giivenligi agisindan homojen bir katalizore gore tercih edilir.
Literatiirde halka agma reaksiyonlarinda 2-propanol, tert-butanol ve 2-etilheksanol gibi gesitli kisa ve
uzun-dalli zincirli alkoller kullanilmigtir. Alkoliin dalli yapisinun ve zincir uzunlugunun yaglayict
ozellikleri igin dnemli bir parametre oldugu bulunmustur -3, Ote yandan, heterojen katalizorlerle epoksi
halka agma reaksiyonu hakkinda smirli literatiir mevcuttur ve yiiksek katalitik aktivite ve stabiliteye

sahip yeni bir katalizor sisteminin tasarimi i¢in yenilik¢i ¢abalar gosterilmelidir.

Bu calismanin amaci, epoksitlenmis soya yaginin halka agma reaksiyonu i¢in mezogézenekli
kati asit katalizorlerinin gelistirilmesidir. Bu amagla, siilfatli La katkili titanya-silikat (SO4/La-TiO--
SiOy), siilfath Ti-SBA 15 (SO./Ti-SBA-15) ve siilfath mezo-gézenekli karbon (SO4/CMK-3)
katalizorleri hazirlanmistir. Katalizorlerin mezogozenekli yapiya, yiiksek asitlige ve yiiksek ylizey
alanina sahip oldugu belirlenmistir. Halka agma reaksiyonlari, bir yogunlastirici ile donatilmis iki yan
boyunlu 100 ml'lik yuvarlak tabanli cam reaktorlerde gergeklestirilmistir. Reaksiyonlarda 2-etilheksanol
ve 2-propanol Kkarsilagtirilmigtir. Simdiye kadar deneyler SO4/Ti-SBA-15 Kkatalizorii ile
gerceklestirilmistir. Bu katalizor yiiksek katalitik aktivite gostermistir ve 2-etilheksanol ile 87 %
doniisiim elde edilmistir. Fakat, {irliniin viskozitesi istenilen yaglayic1 6zelliklerine kiyasla oldukca
disiik bulunmustur.

Bunun yani sira, 2-propanol daha iyi viskozite saglamistir ancak daha diigiik doniigiim (%59)
gOstermistir. Sonug olarak, tam epoksit doniisiimii elde etmek ve iriiniin fizikokimyasal 6zelliklerini
gelistirmek i¢in daha ileri ¢caligmalar yapilmaktadir.
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Selective catalytic oxidation of H,S to elemental sulfur (H2S+1/20—>1/n S,+H,0) is a single
step reaction and it does not have any thermodynamic equilibrium limitation. Development of active,
stable, and highly selective catalysts such as iron, titanium and cerium etc. are the necessity of this
reaction to obtain elemental sulfur as a main product in high yield [1-3]. In this study, alumina
synthesized by the modified sol-gel method was calcinated at 600°C (Al-600) and 900°C (Al-900) to
determine the effect of calcination temperature on the catalytic activity. Catalysts calcined at different
temperatures were characterized by N adsorption desorption, XRD, FTIR analyses. Both catalysts
showed Type IV isotherm, indicating mesoporous structure. Increase in the calcination temperature
caused a serious decrease in the surface area of the catalyst (300 m?/g @600°C and 177 m?/g @900°C).
In addition, the average pore diameter of the catalyst increased from 8.2 nm to 17 nm after increasing
the calcination temperature. Both catalysts showed y-AlOs; phase in the XRD patterns despite the
different calcination temperature. Catalytic activity tests were carried out in a fixed-bed flow reactor at
250°C using stoichiometric ratio of O/H,S in the feed stream. Alumina calcined at 600°C showed
complete H,S conversion at the end of the reaction time (150 minutes) with a high sulfur selectivity,

while 69% of H,S conversion were obtained with alumina calcined at 900°C as shown in Fig. 1.
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Fig.1. HoS conversion and elemental sulfur selectivities over alumina catalysts
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HaS'lin elementel kiikiirde segici katalitik oksidasyonu (H2S+1/20, — 1/n Sn+H;0) tek
basamakl1 bir reaksiyondur ve termodinamik denge sinirlamasi yoktur. Bu reaksiyonda, demir, titanyum
ve seryum vb. gibi aktif, kararli ve yliksek secicilige sahip katalizorlerin gelistirilmesi, yiiksek verimle
elementel kiikiirt eldesi i¢in gereklidir [1-3]. Bu calismada, kalsinasyon sicakliginin katalitik aktivite
tizerindeki etkisinin belirlenmesi i¢in modifiye sol-jel yontemi ile sentezlenen aliimina 600°C (Al-600)
ve 900°C'de (Al-900) sicakliklarda kalsine edilmistir. Farkli sicakliklarda kalsine edilen katalizorler, N
adsorpsiyon desorpsiyon, XRD, FTIR analizleri ile karakterize edilmistir. Her iki katalizor de
mezogozenekli yapiyr gosteren Tip IV izotermini sergilemistir. Kalsinasyon sicakligindaki artis,
katalizoriin yiizey alaninda ciddi bir azalmaya neden olmustur (300 m?/g @600°C ve 177 m?/g @900°C).
Ayrica, yliksek kalsinasyon sicakliginda (900°C) katalizoriin ortalama gozenek capi 8,2 nm'den 17
nm'ye yiikselmistir. Farkli kalsinasyon sicakliklarina ragmen her iki katalizoriin XRD desenlerinde y-
Al,O;3 faz1 gozlenmistir. Stokiyometrik O, ve HzS gaz karigimu ile 250°C sicaklikta sabit yatakli bir akis
reaktoriinde katalitik aktivite testleri gergeklestirilmistir. Sekil 1'de goriildigii gibi, 600°C'de kalsine
edilen aliimina, reaksiyon siiresi sonunda (150 dakika) yiiksek kiikiirt segiciligi ve %100 HzS doniistimii

sergilerken, 900°C'de kalsine edilen aliimina ile %69 H2S doniisiimii elde edilmistir.
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Sekil 1. Aliimina katalizorleri ile elde edilen HoS doniisiim ve elementel kiikiirt segicilikleri
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In this study, the synthesis, characterization, and activity studies for carbon monoxide methanation were
done over the 15% NiO/ SAPO-34 supported catalysts. Catalysts were prepared by the impregnation method
and the surfactant-assisted impregnation method with different solvents. Water, 1 propanol, ethanol and acetone
were used as solvents. The Fourier transform infrared spectrometry (FTIR), X-Ray diffraction (XRD) and N
physisorption measurements were used to specify the crystal phases present in catalyst structure, average crystal
sizes, surface areas, average pore diameters and pore volumes of the catalysts. Carbon monoxide methanation
reaction studies were done by using the 1% CO, 50% H; and the remainder He feed condition between the
125 °C and 375 °C temperatures. Before the activiy studies all catalysts were in-situ reduced by using the pure
H, at 500 °C. When the multi-point surface area results are examined, the highest value belongs to the catalyst
prepared with the surfactant-assisted impregnation method prepared with water. The surface area of the catalyst

is 107.5 m?/g. As a result of X-Ray diffraction analyzes performed with SAPO-34, valuesof 9.5 °, 12.8 °,
16.0°, 20.5 ° and 30.5° 20 were observed. As a result of the literature studies, it has been observed that
it fully complies with the characteristic SAPO-34 peaks. When the FTIR analysis results of the SAPO-34
zeolite support were examined, peaks were observed at wave numbers of 491, 676, 1085, 1633 and 3400
cm®. The wave numbers of the observed bond voltage peaks were observed in the ranges defined in the
literature. When the catalytic activity results were examined, the highest activity value was obtained witha 21%
CO conversion value for the 1-propanol catalyst, which was prepared by the surfactant assisted impregnation
method. The activity results of all catalysts prepared by the surfactant assisted impregnation method showed

higher performance than the catalysts prepared by the other method.
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Bu calismada karbonmonoksit metanlagma reaksiyonu igin kiitlece % 15 NiO eklenmis SAPO-34
destekli katalizérler sentezlenmis, karakterizasyon ve katalitik aktivite galismalar gergeklestirilmigtir. Katalizorler
dort farkli ¢oziciilii kullamlarak hem emdirme yontemi hem de yiizey aktif madde destekli emdirme
yontemiyle sentezlenmistir. Coziicii olarak su, etanol, aseton ve 1-propanol kullanimustir. Katalizorlerdeki
kristal yapilardaki fazlarmn, ortalama kristal boyutlarin, yiizey alaninm, ortalama gézenek ¢aplarinin ve gozenek
hacimlerinin tespit edilmesi i¢in doniisimlii kizil6tesi FTHR, X-isim  keomim  deseni — analizi (XRD), N2
fiziosrpsiyon analizleri yapilmustir. CO metanlasmasi ¢ahgsmalar1 125 °C ve 375 °C sicakliklari arasinda 1% CO,
50% ve besleme gazlarindan olusan gaz karigimi kullanlarak tamamlanmustir. Katalizorler aktivite
caligmalarindan 6nce katalizorlerler once °C’ de H; ile indirgeme islemine tabi tutulmustur. Cok noktali yiizey
alam1 (BET) sonucu 107.5 m?/g yiizey alan ile ¢oziiciisii su olan yiizey aktif madde destekli emdirme yontemi
ile hazirlanns katalizore aittir. SAPO-34’¢ ait katalizoriin XRD analizleri incelendiginde ait 26 degerlerine
of 9.5°, 12.8°, 16.0 °, 20.5 ° ve 30.5° derecelerinde ulagilmustir. Elde edilen 26 degerlerinin literatiirde yer
alan SAPO-34’¢ ait spesifik 20 degerleri ile birebir Ortiistiigii tespit edilmistir. FTIR analiz sonuglar
incelendiginde 491, 676, 1085, 1633 ve 3400 cm? dalga sayilarinda pikler gozlenmistir. Gozlenen bag
gerilim piklerinin dalga sayilar literatiirde tanimlanan araliklarda gézlenmistir. Katalitik aktivite sonuglart
incelendiginde en yiiksek doniisiisiim
%21’ lik CO doniistimiiyle 1-propanolde ¢ozdiirtilmiis, yiizey aktif madde destekli emdirme yontemi ile
hazilanmig ~ Katalizoriiyle ulasihmistir. Tiim  sonuglar — degerlendirildiginde  yiizey aktif madde destekli
emdirme yontemiyle hazirlanan Kkatalizorlerin - tamamimin -~ doniisiim degerleri diger metotla hazirlanan

katalizlere gore daha yiiksek performans gostermistir.

Anahtar Terimler: SAPO-34, CO metanlasmasi, Zeolit
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Energy inefficiency is mainly caused by the generation of waste heat especially low-grade heat
ranging from ambient temperature to 523 K. This inefficiency can be overcome using mechanical or
chemical heat pumps. Mechanical heat pumps are convenient for utilization of waste heat due to their
high coefficient of performance (COP) when economical benefits are concerned, however, these systems
play an important role in global warming and ozone depletion. On the other hand, chemical heat pumps
are more environmentally friendly than mechanical heat pumps despite their lower COP. Chemical heat
pumps reach these goals by using adsorption/desorption working pairs. When necessities of working
pairs are focused, metal salt-ammonia working pair is favored in behalf of having high storage capacity
(1 mol of CaCl; can adsorb up to 8 moles of NH3). Two main drawbacks have emerged when this
working pair is considered, metal salts having low thermal conductivity, which can be solved with the
addition of high thermal conductivity binders such as graphite, and structural changes occur during
adsorption/desorption reactions, which still is not fully understood. It is believed that during adsorption
reaction metal salt expands due to differences in molar volumes of reactants and products. Besides, the
void fraction of the pellet may change depending on the initial value. Both of these changes lead to heat
and mass transport restrictions. In addition to these structural changes, reaction kinetics should also be

well defined by considering reversible reaction rate expression.

In the scope of theoretical studies, a model for the slab pellet is developed for the MgCl>-NHs
reactive system on MATLAB considering heat and mass transport equations coupled with theoretical
reversible reaction rate expression, which is obtained using adsorption reaction rate constants from the
literature and thermodynamic relations. Because of complexity, differential equations are solved
numerically and the “Finite Difference Method” is used. Since void fraction has a significant impact on
the reactive system, an experimental setup is installed for studying void fraction change during
adsorption/desorption reactions which is then going to be integrated into the model. Also this setup will

be used to obtain reversible reaction kinetics expression and transport experiments.
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Enerji verimsizligi, esas olarak, ortam sicakligindan 523 K'ye kadar degisiklik gostererek ciiriik
1s1 olarak tanimlanan diisiik dereceli 1s1 olusumundan kaynaklanmaktadir. Bu enerji verimsizliginin
mekanik ve kimyasal 1s1 pompalar1 kullanimu ile iistesinden gelinebilir. Mekanik 1s1 pompalari, yiiksek
performans katsayilari (COP) nedeniyle ¢iiriik 1smnin degerlendirilmesi igin uygundur, ancak bu
sistemler kiiresel 1stnma ve ozon tabakasinin incelmesinde onemli rol oynamaktadir. Ote yandan,
kimyasal 1s1 pompalari, diisik COP degerlerine ragmen mekanik 1s1 pompalarina gore daha ¢evre
dostudur. Kimyasal 1s1 pompalari bu amaglarina adsorpsiyon/desorpsiyon ¢aligma ciftleri ile
ulagmaktadirlar. Yiiksek depolama kapasitesine sahip olmasi nedeniyle (1 mol CaCl,, 8 mol NHs
adsorbe edebilir) metal tuzu-amonyak ¢alisma ¢ifti tercih edilmektedir. Bu ¢alisma ¢iftinin iki ana
dezavantaj1 vardir; metal tuzlarinin 1s1l iletkenliginin az olmasi, bu sorun grafit gibi 1s1l iletkenligi
yilksek  baglayicilarin  eklenmesiyle  ¢oOziilebilmektedir ve  heniiz tam  anlasilmayan
adsorpsiyon/desorpsiyon reaksiyonlari sirasinda meydana gelen yapisal degisikliklerdir. Reaksiyona
giren ve c¢ikan maddelerin molar hacimlerinin farkli olmasindan dolayi, tepkime esnasinda kati
malzemenin hacmi degismektedir. Ayrica reaksiyon esnasinda peletin bosluk orani baslangic degerine
bagh olarak degisebilir. Bu degisikliklerin her ikisi de 1s1 ve kiitle transferinde kisitlamalara yol
acmaktadir. Bu yapisal degisikliklere ek olarak, reaksiyon kinetiginin de tersinir reaksiyon ifadesi

seklinde iyi tanimlanmasi gerekmektedir.

Teorik galismalar kapsaminda, MATLAB iizerinde MgCl,-NHs reaktif sistemi igin, 1s1 ve kiitle
transferi ile birlestirilmis teorik tersinir reaksiyon hiz ifadesi levha pelet modeli igin olusturulmustur.
Teorik tersinir hiz ifadesi literatiirden alinan adsorpsiyon reaksiyonu hiz sabitleri ve termodinamik
denklemler kullanilarak elde edilmistir. Diferansiyel denklemler numerik olarak ¢oziilmiis ve “Sonlu
Fark Metod”u kullanilmigtir. Bosluk oraninin sistem iizerine ¢ok énemli bir etkisi olmasindan dolay,
daha sonra modelde de kullanilmak {izere, adsorpsiyon/desorpsiyon reaksiyonlari esnasinda bosluk
orant degisiminin ¢alisilmasi i¢in bir deney diizenegi kurulmustur. Bu deney diizenegi ayrica tersinir

reaksiyon hiz denklemi ve 1si/kiitle transferleri deneyleri i¢in de kullanilacaktir.
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