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Dear Colleagues,

We are very pleased to see you at Pamukkale University between 9-12
September 2018 at the 7th National Catalysis Congress organized by our

university in Denizli.

We hope to offer you the opportunity to take a breath in the historical
atmosphere of Pamukkale travertines and antique cities besides the satisfying
scientific program by organizing the congress in our city of Denizli which is a tourism
and industrial city.

The biennial congress program organized by the Catalysis Society organized
with internationally recognized participants and invited by the participation of
scientists and industrial organizations engaged in research and application in a wide
range of "from environmentally friendly catalytic applications to renewable energy
applications, petrochemical refining processes to biocatalytic applications” speeches,

oral presentations and poster sessions.

We would be delighted to welcome all the scientists, students, public
institutions and private sector representatives in the city of Denizli, with the hope that
the presentations and discussions during the conference will contribute positively to

the country's catalytic research and application.

We would like to thank you for your participation and contribution to the
congress to share your knowledge and experience.

Best regards...

On behalf of the Organizing Committee
Professor Dr. Rafet KILINCARSLAN

Congress Chairman
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Degerli Meslektaglarim,

9-12 Eyliil 2018 tarihleri arasinda Pamukkale Universitesi tarafindan
Denizli’de Universitemiz Kongre Kultir merkezinde diizenlenen Uluslararasi
katihmh 7. Ulusal Kataliz Kongresi'nde sizleri de aramizda gormekten buyuk
mutluluk duymaktayiz.

Kongremizi Ulkemizin bir turizm ve sanayi kenti olan Denizli’'de dizenleyerek,
doyurucu bilimsel programin yaninda, Pamukkale travertenleri ve antik sehirlerimizin
tarihi atmosferinde bir nefes alma firsatini da sizlere sunmayi timit etmekteyiz.

Uluslararasi alanda taninmig katilimcilar ile iki yilda bir duzenlenen ve Kataliz
Dernegi tarafindan organize edilen kongre programi “Cevre dostu katalitik
uygulamalardan, yenilenebilir enerji uygulamalarina, petrokimyasal rafinasyon
sureglerinden, biyokatalitik uygulamalara kadar” genis bir yelpazede arastirma ve
uygulama yapan bilim insanlari ve sanayi kuruluglarinin katihimlar ile davetli
konusmalar, s6zlU sunumlar ve poster oturumlarindan olusmaktadir.

Kongremiz suresince siz de@erli katilimcilarin katkilariyla gerceklestirilecek
oturumlardaki sunumlarin ve tartismalarin Glkemize katalitik arastirma ve uygulama
alanlarinda olumlu katki saglamasi dilegiyle, tum bilim insanlarini, égrencileri ilgili
kamu kurum ve kuruluglari ile 6zel sektor temsilcilerini Denizli kentinde agirlamaktan
baylk mutluluk duyacagiz.

Bilgi ve deneyimlerinizi paylagsmak Uzere, kongremize katki ve katiliminiz igin
tesekkur ederiz.

Saygilarimla...

Organizasyon Komitesi Adina
Prof. Dr. Rafet KILINCARSLAN
Kongre Baskani
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TECHNICAL PROGRAM

Day 1 (Sep 9, Sunday)

16:00 - 16:15 Opening Remarks

16:15 - 17:15 PL1 Saim OZKAR

17:15 - 17:30 04 Mehmet YURDERI
17:45 - 19:00 Reception & Refreshments
16:00 - 16:15 Opening Remarks

Day 2 (Sep 10, Monday)

Session 1 Chairperson: Emrah OZENSOY
09:00 - 10:00 PL2 Krijin de JONG
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Session 2 Surface Science and Catal.

Chairperson: Zeynep ILSEN ONSAN

10:30 - 10:45

O7 - Emrah OZENSOQY

10:45 - 11:00 017 - Ali Can KIZILKAYA

11:00 - 11:15 011 - Basar CAGLAR
11:15-11:30 018 - Mehmet Gokhan SENSQOY
11:30 - 11:45 02 - M. Olus OZBEK
11:45-12:00 033 - Ali UZUN

12:00-13:30 Lunch

Session 3 Chairperson: Selmi Erim BOZBAG
13:30 -14:30 PL3 Iker Aguirrezabal TELLERIA

Session 4 EFCATS YOUNG
RESEARCHER CHALLENGE

Chairperson: Deniz UNER

15:00 - 15:45

Multiple Talks by EFCATS Contenders

15:45 - 16:00 Coffee Break

Session 5 Chairperson: Ali Can KIZILKAYA
16:00 - 16:15 013 - Bengi OZGUN OZTURK
16:15 - 16:30 022 - Ahsan JALAL

16:30 - 16:45 025 - Ozge AKARCAY
16:45-17:00 030 - Sansim Bengisu BARIM
17:00 - 17:15 09 - Halit L. HOSGUN

17:15 - 19:15

POSTER SESSION
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Day 3 (Sep 11, Tuesday)

Session 6 Homogeneous Catal.

Chairperson: Bekir CETINKAYA

09:00 - 10:00

PL4 Pierre H. DIXNEUF

10:00 - 10:30 Coffee Break

Session 7 Chairperson: ismail OZDEMIR
10:30 - 10:45 010 - Kenan BULDURUN
10:45 - 11:00 016 - Aydin AKTAS

11:00 - 11:15 020 - Hakan UNVER

11:15 - 11:30 032 - Salih GUNNAZ

11:30 - 11:45 031 - Ahmet ERDEM

11:45 - 12:00 026 - Sibel DUMAN
12:00-13:30 Lunch

Session 8 Advances in Catal.

Chairperson: Alper UZUN

13:30-14:00

KN1 Serdar CELEBI (TUPRAS)

14:00 - 14:15 027 - Sibel DUMAN

14:15 - 14:30 029 — Selmi Erim BOZBAG
14:30-15:00 KN2 Ferdi KARADAS
15:00 - 15:15 O3 - Ahmet BULUT

15:30 - 15:45 019 - Melike BABUCCI
15:45 - 16:15 Coffee Break

Session 9 Chairperson: Alper TAPAN
16:15 - 16:30 06 - Muhammed IRFAN
16:30 - 16:45 015 - Ayse Giil TURE
16:45 - 17:00 O1 - Kiibra BILGIN
17:15-17:30 014 - Gllsah TURKMEN

19:00 -21:00

Gala Dinner
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Day 4 (Sep 12, Wednesday)

Session 10 Applied Catal. Chairperson: Ayse Nilgtiin AKIN
09:00 - 09:30 KN3 Ziya GURUN (TUPRAS)
09:30 - 10:00 KN4 Shahin SAFFARI (PETKIM)
10:00 - 10:30 Coffee Break
Session 11 Chairperson: Ayse Nilgiin AKIN
10:30 - 11:00 KN5 Can ERKEY
11:00 - 11:15 012 - Ozge D. BOZKURT
11:15 - 11:30 038 - Bahar IPEK
11:30 - 11:45 O5 - Kerem Emre ERCAN
12:00 - 12:15 024 - Tolga KOCER
12:15-12:30 Closing Remarks & Award Ceremony
14:00 -18:00 Excursion

e Denizli Cable Car and Bagbasi

Plateau
e Laodikeia Ancient City
e Travertines of Pamukkale
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INVITED LECTURES

Saim OZKAR

Zeolite Confined Transition Metal Nanoclusters in Low Temperature Catalysis

Krijn de JONG

Carbon-Supported Metal Catalysts Assembly, Characterization and Performance

Iker Aguirrezabal TELLERIA

New Consepts in Heterogeneous Catalysis via Intrapore Reactant Condensation

Pierre H. DIXNEUF

Catalytic Cross-couplings from C-H Bonds: to Modifications of P &N Ligands
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OZBEK, Funda DEMIRHAN Suzuki-Miyaura Coupling Reactions
P-6 Gamze GUNDUZ MERIC, Levent | Progress in Metal Based Core- Shell Silica Microsphere Catalysts
DEGIRMENCI
pP-7 Mustafa BINGOL, Kenan BULDURUN, | Synthesis, Characterization and Catalytic Activities of Palladium (I1),
Nevin TURAN, Naki COLAK Ruthenium (Il) Complexes
P-8 Sedat YASAR, Mitat AKKOGC, Nadir | Efficient Heterogeneous Catalyst for Suzuki-Miyaura Cross-Coupling
KIRAZ, Ismail OZDEMIR Reaction: Magnetically Recoverable Nano-Fe;O,@SBA-15-NHC-Pd
Complex
P-9 Murat Efgan KIBAR, Ayse Nilgiin AKIN | Investigation of Photocatalytic Carbonation Reaction in Sodium
Metaborate Solution
P-10 | Begim YILMAZ, Deniz UNER H,O and CO, Adsorption Measurements over TiO, Surface with/ without
lllumination for Artificial Photosynthesis
P-11 Rahmiye Zerrin  YARBAY SAHIN, | Performance of Mesoporous Perovskites for Catalytic Pyrolysis of Date
Nurgll OZBAY Stone
P-12 gg[E;Sﬁ%&gﬁ{ﬂ?gESAT.?gé?ﬂurk Ruthenium Mediated Transfer Hydrogenation and Tandem Cross-
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GURCU,  Solmaz KARABULUT | Grubbs Catalysts Supported on Magnetically Separable Core/Shell Silica
SEHITOGLU
P-14 | Zeynep KARAKAS HELVACI, Yusuf | Theoretical Investigation of Adsorption/Desorption Reaction between
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P-15 Deniz UNER, Selda ODABASI, | A Quantitative Assessment of The Reducibility of TiO,: The Effect of Pt
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P-19 Orhun  KAHRAMAN, Selin ERNAM, | Photooxidation Reaction of NO on ZnO Surface and the Kinetic Study of
Ertugrul ERKOGC, Deniz UNER the Catalyst Deactivation
P-20 Ozgiin MEMIOGLU, Bahar IPEK Design of Mesoporous Small-Pore Zeolites for Direct Conversion of
Methane to Methanol
P-21 |Samira Fatma KURTOGLU, Sezen | High and Stable Performance in CO,-Free Hydrogen Production from
SOYER-UZUN, Alper UZUN Ammonia over Red Mud Modified by Simple Treatments
P-22 |Ahsan JALAL, Alper UZUN Record High Partial Hydrogenation Selectivity on A Commercial
Supported Nickel Catalyst Coated with Tributyl (Methyl) Phosphonium
Methyl Sulfate
P-23 Samira Fatma KURTOGLU, S. SARP, | Sepiolite-supported Nickel Catalysts for CO,-Free Hydrogen Production by
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P-24 Tolga KOGCER, F. Eylil SARAC | Highly Dispersed Nickel Nanoparticles on Graphene Aerogels as Catalysts
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P-1
Preparation and Usage of PVA/PAMPS Catalytic Membrane for Ester

Production

Giiler HASIRCI?, Niliifer HILMIOGLU?

aChemical Engineering Departmant, University of Kocaeli, Umuttepe 47380 Izmit, Kocaeli
niluferhn@kocaeli.edu.tr

Ester production by using heterogeneous catalyst allows catalyst recyle and reuse. In
this way the production cost is reduced. Whilst homogeneous catalyst shows high catalytic
activity, it causes complicated purification problems. Generally, heterogeneous catalyst needs
no treatment for separation from the reactor. Catalytic membranes are environmentally
friendly heterogeneous catalysts. Catalytic membrane processes allow reaction with
separation of products in the same membrane. Removing of a product from a reaction mixture
shifts the chemical equlibrium of the reaction and increases conversion. Product removal
decreases product inhibition thus reaction rate increases. Catalytic membrane is separated
from the catalytic membrane reactor easily and reused. Catalytic membrane reactor is also
energy friendly process. As a catalyst catalytic membrane is produced by polymer
modification, polymer blending, polymer crosslinking by acidic components,
immobilizing/loading solid catalyst into the polymer, using functional polymer etc.
Production of polymeric catalytic membrane is more developed than inorganic and metallic
membranes(®: 2 31,

In this work catalytic membrane preparation precedure was developed. Poly
(vinylalcohol) (PVA) hydrophilic polymer was blended with poly(2- acryloamido-2-1-
propanesulfonic acid) (PAMPS) functional polymer which had strong acid group. Blend
membranes in the ratio of PVA/PAMPS: 90/10 was crosslinked with sulfosuccinic acid
(SSA). The esterification reaction of acetic acid with ethanol was chosen as a model reaction.
Reaction was taken place in the batch reactor at a constant temperature (80°C), an initial
molar feed ratio alcohol/acid M: 6), and different catalyst amounts. Catalytic membrane both
catalyzed reaction and sorped byproduct water as a result conversion enhanced. It was
considered that the catalytic membrane showed good performance for the esterification
rection.

Keywords: Catalytic membrane, esterification reaction, functional polymer
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Ester iiretiminde heterojen katalizor kullanimi katalizoriin tekrar kullanimina izin
vermektedir. Boylece iiretim maliyeti azalmaktadir. Homojen katalizor yiiksek katalitik
aktivite goOsterirken karmasik saflastirma problemlerine neden olmaktadir. Genellikle
heterojen katalizoriin reaktdrden ayrilmasi igin islem gerekmemektedir. Katalitik membranlar
cevre dostu heterojen katalizorlerdir. Katalitik membran prosesinde reaksiyon ve ayirma ayni
membranda gerceklesir. Reaksiyon karisimindan bir {irliniin alinmasi reaksiyonun kimyasal
dengesini degistirerek doniisiimii arttirmaktadir. Uriin ayrilmasi da iiriiniin inhibisyonunu
engelleyerek dontisiimii arttirmaktadir. Katalitik membran, katalitik membran reaktérden
kolaylikla ayrilarak yeniden kullanilabilmektedir. Ayrica katalitik membran reaktor enerji
dostu bir prosesdir. Bir katalizor olarak katalitik membran polimer modifikasyonu, polimer
harmanlama, asidik capraz baglama, polimere kat1 katalizor yiikleme, fonksiyonel polimer
kullanma gibi islemlerle iiretilmektedir. Polimerik katalitik membran yapimi inorganik ve
metalik membran yapimina gore daha gelismistir.

Bu caligmada katalitik membran hazirlama prosediirii gelistirilmistir. Hidrofilik Poly
(vinilalkol) (PVA) polimeri ile giiglii asid gruplar1 olan fonksiyonel poly (2- acriloamid-2-1-
propanesulfonik asit) (PAMPS) polimeri PVA/PAMPS: 90/10 oraninda harmanlanmustir.
Harman membranlar siilfosiiksinik asit (SSA) ile ¢apraz baglanmistir. Model olarak asetik asit
etanol arasindaki esterlesme reaksiyonu seg¢ilmistir. Reaksiyon 80°C sicaklikta, baslangig
molar besleme orani alkol/asit M: 6:1 da, farkli katalizor miktarlarinda yapilmistir. Katalitik
membranin hem reaksiyonu katalizlemesi hem de yan {riin suyu sorplamasi sonucunda
doniistim artmistir. Katalitik membranin esterlesme reaksiyonu i¢in performansinin uygun
oldugu diistiniilmiistiir.

Anahtar Kelimeler: Katalitik membran, esterifikasyon reaksiyonu, fonksiyonel polimer
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Ruthenium (1) phosphine complexes have been used as catalysts in transfer
hydrogenation reactions [1]. An aminophosphine ligand was synthesized according to the
known literature procedure [2]. This ligand has been used for the formation of the Ru"
complex. The crystal structure of the Ru'" aminophosphine complex has been determined by
single crystal X-ray diffraction (Figure 1). The data indicate that ruthenium is P-coordinated
in a monodentate fashion. We report here the single crystal structure of this complex and the
Ru-catalyzed asymmetric transfer hydrogenation of acetophenone (Scheme 1).
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Figure 1. ORTEP diagramme of the Ru'' complex
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Scheme 1. Transfer hydrogenation of acetophenone.
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Rutenyum(Il) fosfin kompleksleri hidrojen transfer reaksiyonlarinda katalizor olarak
kullanilmigtir [1]. Aminofosfin ligand: bilinen literatiir prosediiriine gore sentezlendi [2]. Bu
ligand Ru(II) kompleksinin eldesinde kullanilmistir. Ru(II) aminofosfin kompleksinin kristal
yapist X-ray difraksiyon yontemi ile tayin edilmistir(Sekil 1). Elde edilen veriler ligandin P
atomu {izerinden tek disli olarak rutenyuma baglandigin1 gdstermektedir. Bu g¢alismada
kompleksin tek kristal yapisin1 ve asetofenonun Ru katalizorlii asimetrik hidrojen transfer
reaksiyonunu sunuyoruz (Sema 1).
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Figiir 1. Ru(IT) Kompleksinin Ortep Diyagrami
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Sema 1. Asetofenonun Hidrojen Transfer Reaksiyonu
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The conversion of biomass into fuels is deemed to be a viable choice to remedy the
climate change and its adverse effects since the usage of biomass or its derivate, such as
starch, is a “COz neutral” process . For instance, enzymatic and acid hydrolyses of starch
have some challenges, such as difficult recovery of homogeneous acids and enzymes, and
waste generation. In contrast, heterogeneous catalytic hydrolysis of starch may be a viable
alternative for the production of bio-fuels and also sugars for the food industry due to the
economic and environmental benefits 2],

In this study, the effects of acidity and acidic strength of the solid mixed oxides
supported nickel catalysts on the product distribution in the hydrolysis of starch was
investigated. SiO2/Al,03 and ZnO/TiO oxides and their supported nickel catalysts were
synthesized using a modified sol-gel method by varying oxide compositions and calcination
temperature.

This study showed that the product distribution was affected by the acidity and acidic
strength created by the catalyst compositions and calcination temperature. The product
distribution, such as maltotriose, xylose, glucose and also some unidentifiable saccharides,
was found to strongly depend on the nature of acid type created through the catalyst
composition and calcination temperature; for instance, Al2(SOays crystalline phase found on
SiO2/Alb03 supported Ni catalyst was more active than ZnO/TiO> supported Ni catalyst
having only TiO; anatase crystalline phase. In addition, it was found that larger Al2(SO4)3
crystallite size (e.g. 42 nm) and lower the acidic strength (e.g. 150 °C), higher glucose yield.

Keywords: Starch, Heterogeneous catalysis, Biomass energy
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Biyokiitlenin yakitlara doniistiiriilmesi, iklim degisikliginin ve onun olumsuz
etkilerine ¢6ziim bulabilmek i¢in uygun bir secenektir, ¢iinkii biyokiitle ya da nisasta gibi
tiirevlerinin kullanimi “karbon nétr” bir prosestir M. Ornegin, biyoyakitlar1 iiretmek icin
nisasta hidrolizi kullanilabilir. Nisastanin enzimatik ve asit hidrolizi, biyoyakit iiretimi ve gida
endiistrilerinde kullanilmaktadir. Bununla birlikte, kullanilan homojen asitlerin ve enzimlerin
geri kazanimi zordur. Ayrica, asit ve enzim kullanimi atik olusumuna sebep olmaktadir. Buna
karsin, alternatif olarak, nisastanin heterojen katalitik hidrolizi, heterojen katalizorlerin
ekonomik ve c¢evresel avantajlar1 sebebiyle biyoyakit tiretimi ve seker iiretimi igin
kullanilabilir 231,

Bu calismada, nisasta hidrolizinde kati karbondioksit destekli nikel katalizorlerin
asitlik ve asit kuvvetinin iriin dagilimina etkileri arastirilmistir.  SiO2/Al203 and ZnO/TiO>
oksit destekleri ve bu oksitleri destekleyen nikel katalizorleri, degisen oksit bilesimleri ve
kalsinasyon sicakliklari ile modifiye edilmis sol-jel yontemi kullanilarak sentezlenmistir.

Bu c¢alisma, iirlin dagiliminin, katalizér kompozisyonu ve kalsinasyon sicakliginin
yarattig1 asidite ve asidik kuvvetten etkilendigini gostermistir. Maltotrioz, ksiloz, glikoz ve
bazi tanimlanamayan sakkaritler gibi {irlinlerin dagilimlarinin, katalizér bilesimi ve
kalsinasyon sicakligi ile yaratilan asit tipinin dogasina biiylik Ol¢iide bagli oldugu
bulunmustur; 6rnegin SiO2/Al203 destekli Ni katalizorii tizerinde bulunan Alx(SO4)s kristal
faz1, yalnizca TiO2 anataz kristal fazina sahip olan ZnO/TiO2 destekli Ni katalizoriinden daha
aktif olmustur. Ayrica, daha biiyiikk Al2(SO4)3 kristalit boyutunun (6r., 42 nm) ve daha diisiik
asidik kuvvetin (6r., 150 C°) var oldugu durumlarda, daha biiyiik glikoz veriminin elde
edildigi bulunmustur.
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Diferrocenyl-substituted NHCs are a class of ligands that have been less explored and
have a great potential in catalysts for organic transformations such as hydrogenation and
telomerization [1,2]. The example using such ligands were applied to the Heck reaction by
Nolan [3].

Most recently, we reported synthesis, structural characterization, electrochemical and
antimicrobial properties of new saturated N,N'-bis(ferrocenylmethyl)imidazolinium salts
(Figure 1). [4]. In this study, to investigate the catalytic properties of these salts, a simple
Heck reaction system was chosen and the salts were employed as auxiliary ligands. Therefore,
the active complex should form in situ from a diferrocenylmethylimidazolinium
salt/palladium system (Figure 1).

A\
o, A e Do
Q imidazoliniur;salt/ \ Q @ “ N\/N "

N -

R
—_— Fe X
DMF 140 °C \ Fe
R 2 ek. base TBAB — = @1 @ X=Cl, Br @
/\ \ COOEt

COOEt R imidazolinium salts

Figure 1 Diferrocenylmethylimidazolinium salt/palladium catalyzed Mizoroki-Heck reaction
Keywords: Mizoroki-Heck reaction, Imidazolinium Salts, Palladium
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Diferrosenil grubu igeren NHC’ler ile ilgili az sayida ¢alisma vardir ve hidrojenasyon
ve telomerizasyon gibi organik doniisiimler i¢in yiiksek katalitik potansiyele sahip olduklari
rapor edilmistir [1,2]. Ayrica Nolan’in ¢alismasi bu tiir ligantlarin Heck reaksiyonunda
uygulanmasina drnektir [3].

Yakin zamanlarda, yeni doymus N,N'-bis(ferrosenilmetil)imidazolinyum tuzlarinin
(Sekil 1). Sentezi, yapisal karakterizasyonu, elektrokimyasal ve antimikrobiyal 6zellikleri
grubumuz tarafindan rapor edilmistir [4]. Bu ¢alismada, bu tuzlarin katalitik 6zelliklerinin
arastirilmasi ig¢in basit Heck reaksiyon sistemi segilmis ve tuzlar yardimci ligant olarak
kullanilmistir. Boylelikle aktif kompleks in situ olarak diferrosenilmetilimidazolinyum
tuzu/palladyum sistemi ile olusturulmustur (Sekil 1).

<:> A —
Pd(OAc), - = Q ST7—CH,—N N™—CH 7(;:‘$7
Q imidazolinyum tuzu/ \ Q @ TN ’
X - R X

DMEF 140 °C
R 2 ek. baz TBAB ) @1 @ X=Cl, Br @
/\ \ COOEt

COOEt R imidazolinyum tuzlar1

Sekil 1 Diferrosenilmetilimidazolinyum tuzu/palladyum katalizli Mizoroki-Heck reaksiyonu
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The first examples of N,N'-diferrocenyl-substituted imidazolium salts derived from
unsaturated imidazol-2-ylidenes, imidazolin-2-ylidenes and benzimidazol-2-ylidenes, have
also been structurally characterized by Bildstein and co-workers [1,2]. Recently, this
chemistry has been extended and the preparation of N,N'-diferrocenyl-linked to silyl, aryl or
phosphane/imidazolium salts has been described [3—7]. Jackstell and co-workers first reported
that carbene palladium complexes, generated in situ from diferrocenylated imidazolium salts,
show remarkable catalytic productivity and regioselectivity for different degrees of
telomerization [8]. The example using such ligands were applied to the Heck reaction by
Nolan [9]. There has been no report in the literature the use of these ligands in the Suzuki-
Miyaura cross-coupling reaction. Most recently, we reported synthesis and structural
characterization, of new saturated N,N'-bis(ferrocenylmethyl)imidazolinium salts ( Figurel)
[10]. In this study, we investigated the catalytic activity of these salts for Suzuki-Miyaura
coupling reactions as auxiliary ligands in the presence of Pd(OAc). (Figurel).

Pd(OAc),

B(OH)., imidazolinium ~ CH.—N N = CH,— <~
(OH), alt ﬁ ; CH, N\/N CHy— :‘>7
Bry- dioxane 80 °C Fe x Fe
R 2¢ekv. base R @ X= Cl, Br @

imidazolinium salts

Figure 1 Diferrocenylmethylimidazolinium salt/palladium catalyzed Suzuki-Miyaura reaction
Keywords: Suzuki-Miyaura reaction, Imidazolinium Salts, Palladium
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Imidazol-2-iliden, imidazolin-2-iliden ve benzimidazol-2-ilidenlerden tiiretilen N,N'-
diferrosenil grubu igeren doymamis imidazolyum tuzlarinin ilk Ornekleri Bildstein ve
arkadaglar1 tarafindan rapor edilmistir [1,2]. Son yillarda N,N'-diferrosenil-bagli silil, aril ve
fosfan/imidazolyum tuzlarinin sentezlenmesi ile bu alanda ilerleme kaydedilmistir [3-7].
Jackstell ve arkadaslari diferrosenil imidazolyum tuzlarindan in situ olarak elde edilen ilk
karben palladyum komplekslerinin telomerizayon reaksiyonunda iyi derecede Kkatalitik
etkinligini ve farkli derecelerde alan seciciligini rapor etmislerdir. Ayrica Nolan’in ¢alismasi
bu tiir ligantlarin Heck reaksiyonunda uygulanmasina 6rnektir [9]. Bu tiir ligantlarin Suzuki-
Miyaura ¢apraz kenetlenme reaksiyonunda kullanimina iligkin literatiirde herhangi bir ¢calisma
bulunmamaktadir. Yakin zamanlarda yeni doymus N,N'-bis(ferrosenilmetil) imidazolinyum
tuzlarinin (Sekil 1) sentezi ve yapisal karakterizasyonu grubumuz tarafindan rapor edilmistir.
[10]. Bu ¢alismada bu tuzlarin Suzuki-Miyaura kenetlenme reaksiyonlarinda Pd(OAC)2
varliginda yardimei ligant olarak etkisi arastirilmigtir (Sekil 1).

Pd(OAc),

B(OH), |m|datzlj)ZILnyum $ »—CHsz\/NfCHrE;
—_— .
B4 dioksan 80 °C Fe X Fe
R 2ekv.baz R @ X=_ClI, Br @

imidazolinyum tuzlari

Sekil 1 Diferrosenilmetilimidazolinyum tuzu/palladyum katalizli Suzuki-Miyaura reaksiyonu
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Microspheres have been widely used as catalysts, optical materials, gas sensors, etc. in
recent years [1- 2]. Microspheres have been prepared by many methods including
impregnation, grafting, precipitation, reverse suspension, sol—gel, electrostatic attraction
technology [3- 4]. The monometallic Fe (iron) and Ni (nickel) microsphere catalysts,
encapsulated by porous silica shell, were synthesized via sol-jel microencapsulation method.

In this study, the monometallic Fe@SiO> core-shell silica microspheres were prepared
by a modified sol- gel microencapsulation method [5]. Ni based core- shell silica
microspheres (Ni@SiO2) were also prepared by modification of sol- gel microencapsulation
method [6]. The structure of the samples was characterized by XRD. Morphology was
observed using SEM. The specific surface area, the pore volume and pore size distribution
determined using BET and BJH method. Metal loadings of Fe and Ni were determined using
ICP. The catalytic activity of Fe@SiO> and Ni@SiO2 core-shell silica microspheres were
investigated on liquid phase hydrogen peroxide decomposition and gas phase dry reforming
of methane reactions (DRM), respectively. It was observed that after 4 h, the decomposition
of H20, was approximately found 60 % for Fe@SiO> core-shell silica microspheres catalytic
reaction. Ni@SiO- core-shell silica microsphere catalysts with high and stable activity has
also been synthesized and tested for DRM reaction. The catalytic tests were conducted at 750
°C for 3 h. CHs conversion at the end of 3 h were determined as max. 78 % for Ni-based
microsphere catalysts.

Keywords: core- shell structure, nickel, iron, microsphere, DRM, decomposition of H.O>
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Mikro kiireler son yillarda katalizorler, optik materyaller, gaz sensorleri vb. birgok
alanda yaygin sekilde kullanilmaktadir [1-2]. Mikro kiireler emdirme, asilama, ¢oktlirme, ters
stispansiyon, sol-jel, elektrostatik ¢ekim teknolojisi gibi bir¢ok yontemle hazirlanmaktadir [3-
4]. Gozenekli silika duvar ile kapsiile edilmis mono metalik Fe (demir) ve Ni (nikel) mikro
kiire katalizorler, sol-jel mikroenkapsiilasyon yontemi ile sentezlenmistir.

Bu ¢alismada mono metalik Fe@SiO> ¢ekirdek-duvar yapili silika mikro kiireler,
modifiye edilmis sol-jel mikroenkapsiilasyon yontemi ile hazirlanmistir [5]. Ni bazl ¢ekirdek-
duvar yapili silika mikro kiireler (Ni@SiO2) de sol-jel mikroenkapsiilasyon yonteminin
modifikasyonu ile hazirlanmistir [6]. Katalizorlerin yapisal tayini XRD analizi ile karakterize
edilmistir. Morfolojileri SEM analizi kullanilarak gozlenmistir. BET ve BJH yoOntemi
kullanilarak spesifik ylizey alani, gozenek hacmi ve gozenek boyutu dagilimi belirlenmistir.
ICP metodu kullanilarak Fe ve Ni metal yiikleme oranlar1 belirlenmistir. Fe@SiO2 ve
Ni@SiO2 ¢ekirdek-duvar yapili silika mikro kiirelerin katalitik aktiviteleri, sirasiyla, sivi faz
hidrojen peroksit bozunma reaksiyonu ve gaz fazi metanin kuru reformlanma (DRM)
reaksiyonunda incelenmistir. HoO2 bozunma reaksiyonu sonunda Fe@SiO; silika mikro
kiireler 4 saat sonunda % 60 doniisiim vermistir. Yiiksek ve kararli aktiviteye sahip Ni@Si02
¢ekirdek-duvar yapili silika mikro kiireler de DRM reaksiyonu igin test edilmis ve 3 saat
sonunda max. % 78 CH4 doniisiimii elde edilmistir.

Anahtar Kelimeler: ¢ekirdek-duvar yapisi, nikel, demir, mikro kiire, DRM, H2O2 bozunmasi
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A large number of Schiff bases and their complexes have been studied for their
interesting and important properties, e.g., their ability to reversibly bind oxygen, catalytic
activity in hydrogenation of olefins and transfer of an amino group, and complexing ability
towards some toxic metalst™l. Transition metal complexes bearing Schiff base ligands are
effective as catalysts in homogeneous as well as heterogeneous catalysis, and activity of these
complexes varies with ligand species, coordination area and metal ions(?..

Schiff base ligand were prepared by condensation of 2-amino-6-methyl-4,5,6,7-
tetrahydrobenzo[b]thiophene-3-carbonitrile with 2,3,4-trimethoxybenzaldehyde. The Schiff
base reacted with Pd(Il) and Ru(ll) metal salts to give 1:I and 2:1 complexes. Elemental
analysis, electronic spectra, magnetic susceptibility measurements and infrared data were used
to infer the structures. The thermal decomposition of the complexes was also reported. By
using GC, the catalytic activity of the Pd(Il) complex for the Suzuki coupling reaction was
studied. Ru(Il) complex studied catalytic activity in the transfer hydrogenation of ketones.

Herein, we were studied the preparation, structural characterization and catalytic
activity of two novel Pd(Il) and Ru(ll) complexes.

Keywords: Catalysis, Suzuki-Miyaura, Pd(Il) and Ru(ll) complexes.
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Cok sayida Schiff bazlar1 ve bunlarin kompleksleri, ilging ve onemli O6zellikleri,
ornegin, oksijenleri tersine ¢evirebilme yetenekleri, olefinlerin hidrojenasyonunda katalitik
aktivite, bir amino grubunun transferi ve bazi toksik metallere karst kompleks olusturma
yetenekleri iizerinde galistimistirtl. Schiff baz ligandlarim tasiyan gecis metali kompleksleri
homojen ve heterojen katalizde katalizorler olarak etkilidir ve bu komplekslerin aktivitesi
ligand tiirleri, koordinasyon alan1 ve metal iyonlar ile degisirt?l.

Schiff bazi ligandi, 2-amino-6-metil-4,5,6,7-tetrahidrobenzo[b]tiyofen-3-karbonitrilin
2,3,4-trimetoksibenzaldehid ile kondenzasyonuyla hazirlandi. Schiff bazi, 1:1 ve 2:1
kompleksleri vermek tizere Pd(ll) ve Ru(Il) metal tuzlari ile reaksiyonu gergeklestirildi.
Elementel analiz, elektronik spektrum, manyetik duyarlilik o6lgiimleri ve kizildtesi veriler
yapilar1 bulmak i¢in kullamildi. Ilaveten komplekslerin termal bozunmasi da incelendi. GC
kullanilarak, Pd(Il) kompleksinin Suzuki eslesme tepkimelerindeki Kkatalitik aktivitesi
caligildi. Ru(Il) kompleksi kullanilarak ketonlarin hidrojen transfer tepkimelerindeki katalitik
aktiviteleri incelendi.

Burada, iki yeni Pd(Il) ve Ru(Il) kompleksinin hazirlanmasi, yapisal karakterizasyonu
ve katalitik aktivitesi ¢alisildi.

Anahtar Kelimeler: Kataliz, Suzuki-Miyaura, Pd(I1) ve Ru(Il) kompleksler
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The greenness of chemical transformations is closely related to the use of different
type catalysts.

Developments on the mesoporous material SBA-15 have provided a good candidate
for a solid support for the immobilization of homogeneous catalysts. SBA-15 is a mesoporous
silica sieve based on uniform hexagonal pores with a narrow pore size distribution and a
tunable pore diameter of between 5 and 15 nm [1]. The thickness of the framework walls is
about 3.1 to 6.4 nm, which gives the material a higher hydrothermal and mechanical stability
than, for instance, MCM-41 [2]. The high internal surface area of typically 400-900 m?/g
makes SBA-15 a well suited material for various applications. It can be used as a support
material for catalysts [3]. It is generally believed that the high surface area of heterogeneous
catalysts results in their high catalytic activity.

N-heterocyclic carbene (NHC) ligands have attracted much attention as appropriate
transition metal ligands. Recently, NHCs have drawn much attention as substitutes for
phosphines because of higher less toxicity, stability in air and moisture, and the formation of
stronger bonds with various transition metals.

Suzuki-Miyaura cross-coupling reactions represents one of the most challenging area
of catalysis, especially for heterogeneous catalysis systems. In homogeneous catalytic
systems, NHC-palladium(Il) complexes have shown very good catalytic activity on the
Suzuki—Miyaura cross-coupling reactions, which have many applications in the preparation of
natural products, fine chemicals and various intermediates for drugs.

Recently, various types of NHC-palladium(ll) complexes have been developed as
heterogeneous catalysts for C-C bond formation reactions through immobilizing
palladium(Il) on various solid supports [4]. But these heterogeneous catalysts suffer from
many difficulties such as easy agglomeration, and leaching of palladium(ll) from the catalyst
to the reaction mixture. Hence, the design and synthesis of new catalysts that are not only
active and stable, but also easy to separate and reuse, is extremely necessary to facilitate the
C—-C bond formation reactions.

In this review, progress in the field of synthesis and characterisation of magnetically
recoverable FesO4s@SBA-15@NHC-Pd complex and investigation of catalytic activity in
Suzuki-Miyaura cross-coupling reaction is described and, the advantages of recoverable nano-
Fe30s@SBA-15@NHC-Pd catalyst is discussed.

Keywords: Magnetic Nano catalyst, NHC-Pd complex, Suzuki-Miyaura coupling
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Yesil kimyada kimyasal doniisiimler kullanilan katalizor tiirlerine baglidir. SBA-15
gibi mezopor metaryellerin homojen katalizorlerin sabit ylizeylere tutturulmasinda oldukga
onemlidir. SBA-15 por 6lgiisii 5-15 nm araliginda olan uniform heksagonal yapida olan silica
temelli mesopor yapidaki bir metaryaldir. Heksagonal yapidaki duvar kalinlig1 3.1 ile 6.4 nm
araliginda olup bu 6zellik malzemeye MCM-41’e gore daha yiiksek hidrotermal ve mekanik
kararlilik kazandirmaktadir [2]. 400-900 m?/g arahigindaki yiiksek i¢ yiizey alan1 SBA-15°1
degisik uygulamalar i¢in 6n plana ¢ikarmaktadir. SBA-15 malzemesi katalizorler igin destek
malzemesi olarka kullanilmaktadir [3]. Heterojen katalizorlerde yiiksek yiizey alaninin yiiksek
katalitik aktivite ile sonuglandigina inanilmaktadir.

N-heterosiklik karben (NHC) ligandlar1 gegis metalleri i¢in uygun bir ligantttir. Son
zamanlarda, NHC ligandlar1 fosfin ligantlarinin yerini almaktadir. Bunun nedeni olarak
NHC’lerin diistik toksisititesi, hava ve neme kars1 yiiksek kararlilig1 ve degisik gecis metalleri
ile yapmis oldugu gii¢lii metal bagi goriilmektedir.

Suzuki-Miyaura c¢apraz eslesme reaksiyonlari heterojen kataliz alaninda en c¢ok
calisilan ve rabet goren reaksiyonlarin basinda gelmektedir. Homojen kataliz sistemlerde
NHC-Pd(Il) kompleksleri Suzuki-Miyaura reaksiyonlarinda yiiksek katalitik aktivite
gostermiglerdir. Bu reaksiyonlar sonucunda dogal iiriinlerin sentezi ve pek cok ilag
hammeddesi veya ara {iriinii sentezlenmektedir.

Son zamanlarda, degisik tiirden destek maddelerine tutturulmus immobilize NHC-
Pd(Il) heterojen Kkatalizorleri kompleksleri C-C bag olusum reaksiyonlari igin
gelistirilmigtir[4]. Fakat bu heterojen katalizorlerin aglomerasyon veya palladium metalinin
yapidan ayrilmasi gibi bazi sorunlardan dolayr kullanim zorluklar1 vardir. Bu yiizden, aktif ve
kararl katalizérlerin dizayni ve sentezinin yaninda reaksiyon ortamindan kolay ayrilabilen ve
tekrar tekrar kullanilabilen katalizorlerin sentezi oldukga 6nemlidir.

Bu bildiride, magnetik olarak reaksiyon ortamindan kolaylikla ayrilabilien ve tekrar
tekrar kullanilabilen magnetik 6zellikteki nano Fe3Os@SBA-15@NHC-Pd kompleksinin
sentezi, karakterizasyonu ve Suzuki-Miyaura ¢apraz eslesme reaksiyonlarindaki aktiviteleri
incelenilmistir.

Anahtar Kelimeler: Magnetik Nano katalizor, NHC-Pd kompleksi, Suzuki-Miyaura
eslesmesi
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In recent years, sodium borohydride hydrolysis is one of the prominent processes for
hydrogen production. As an advantageous process, the by-product sodium metaborate
(NaBO>) formed is the bottleneck of the process. It can be recycled by high temperature and
high hydrogen pressure conditions, but this is not a positive approach for the hydrogen
economy. Recovery of NaBO: is an alternative process can be proposed instead of recycling
NaBO,. Thus, NaBO. can be evaluated and different application areas of NaBO are
developed.

Titania is the most preferable photocatalyst and catalyst support for photocatalytic
reactions due to its availability, chemical stability, low cost and resistance to corrosion.
Titania is an active catalyst when irradiated by UV light but solar spectrum consist of about
4% of UV light. The other problem occurs during the reactions that titania exhibites a high
recombination rate therefore high recombination rate lowers the catalytic activity™. Although
the titania has good properties in photocatalytic reactions it needs some modifications for
superior catalytic properties such as coloring, change of size or shape and addition of active
metal/metal oxidel?.

Titania nanotubes were synthesized by hydrotermal method. Hz reduction method also
used to obtain black nanotube titania. Two sets of metal loaded catalysts were prepared. In the
first procedure, the nanotube titania was colored then the metals were loaded. For the second
procedure, metal loaded catalysts were prepared then the Hy reduction was applied. All
catalysts used for carbonation reaction in sodium metaborate solution.

The conversions were calculated due to the online observation of feed and output
stream concentrations. The catalysts, before and after reactions, were characterized with the
analytical techniques of BET, X-ray powder diffraction and transmission electron
microscopy. The liquid products were analyzed by ATR-FTIR.

In this study, the physical and chemical properties of commercial TiO2 were enhanced
by hydrothermal and reductive treatments. The synthesized CuOx-CeOa/nt-(w,b)TiO>
catalysts exhibited high conversions on CO2 reduction in sodium metaborate solution.

Keywords: Carbonation, CO reduction, Nanotube titania, Photocatalyst, Sodium metaborate
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Son yillarda, hidrojen eldesi i¢in 6ne ¢ikan siireclerden birisi de sodyum borhidriir
hidrolizidir. Olduk¢a avantajli bir siire¢ olmakla birlikte, olusan yan {iriin sodyum metaborat
(NaBO>), bu siirecin dar bogazini olusturmaktadir. Yiiksek sicaklik ve yiiksek hidrojen
basincinda geri doniisiimii saglanabilmektedir ancak bu durum hidrojen ekonomisi ig¢in
olumlu bir yaklasim degildir. Alternatif bir siire¢ ise NaBO2’nin geri doniisiimii yerine geri
kazanimi1 Onerilebilir. Boylelikle, NaBO. degerlendirilmis ve farkli uygulama alanlari
gelistirilmis olur™.

Titanyum dioksit (TiOz), bulunabilirlik, kimyasal kararlilik, diisik maliyet ve
korozyon direnci 6zelliklerine bagli olarak, fotokatalitik tepkimelerde siklikla tercih edilen
katalizor ve katalizor destegidir. TiO2, UV 1s1n ile uyarilinca aktif bir katalizérdiir ancak giin
is18inin  yaklasik 4%t UV 1sin igerir. Diger bir sorun ise titanyum dioksitin yiiksek
rekombinasyon hizidir ve yiiksek rekombinasyon hiz1 katalitik aktiviteyi diisiiriir!2l.

Katalitik tepkimelerde titanyum dioksit, iyi 6zellikler sergilesede daha iistiin katalitik
ozellikler i¢in renklendirme, boyut veya sekil degistirme ve aktif metal/metal oksit eklenmesi
gibi degisikliklere ihtiyag duymaktadirf,

TiO2 nanotiipler (nt-TiO2) hidrotermal yontem ile sentezlenmistir. Ayrica Hz indirme
metodu ise siyah nt-TiO; elde edilmesi icin kullamilmustir. 1ki set metal yiiklenmis katalizor
hazirlanmustir. lk prosediire gore, oncelikle nanotiipler renklendirilmis ardindan metal
yiiklenmistir. Ikinci prosediirde ise, oncelikle metal yiiklemesi yapilmis ve ardindan H»
indirgeme uygulanmistir. Katalizorler, sodyum metaborat ¢ozeltisinde karbonlama tepkimesi
icin kullanilmistir.

Dontisme, besleme ve ¢ikis gaz akimlariin siirekli gozlenmesi ile hesaplanmistir.
Tepkime Oncesinde ve sonrasinda, katalizorler, BET, X-1s1n1 kirmimi ve gegirimli elektorn
mikroskobu gibi analitik yontemlerle karakterize edilmistir. Sivi iiriin analizinde ATR-FTIR
kullanilmustir.

Bu calismada, ticari TiO2’nin, fiziksel ve kimyasal Ozellikleri, hidrotermal ve
indirgeme islemleri ile gelistirilmistir. CO2 giderimi i¢in, CuOx-CeQO2/nt-(beyaz,siyah)TiO>
katalizori ile, sodyum metaborat ¢ozeltisinde yiiksek verim saglanmistir.

Anahtar Kelimeler: Karbonlama, CO; giderimi, Nanotiip titanyum dioksit, Fotokatalizor,
Sodyum metaborat
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Artificial photosynthesis (CO, + H,0 it organics + 0,) is the sum of two reactions:
water splitting (H,0 h—>v H, + %OZ) and CO> reduction (CO, + H, = organics + H,0) . In
order to understand photocatalytic reactions of H20O and CO., extensive adsorption studies of
these materials were conducted over TiO2 photocatalyst via static volumetric chemisorption
experiments connected to a Setaram Tian Calvet C80 microcalorimeter. Multilayer adsorption
isotherms were observed for H.O whereas the amount of adsorption was comparatively less
for CO2 in the case of no illumination. Measured adsorption was almost tenfold of monolayer
capacity when water up to 20 torr introduced to system at room temperature. In addition,
adsorption amount was decreased at 50°C where initial heat of adsorption was found as ~90
kJ/mole. For CO», on the other hand, adsorption amount was increased nearly twofold after O
and UV light treatment at room temperature. Lastly, it was observed that under UV
illumination, only a strongly bound monolayer adsorption was present, suggesting weakly
adsorbed molecules could not sustained under UV light illumination, possibly due to heat
released after recombination.
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Yapay Fotosentez icin TiO: Yiizeyinde Isikh / 151ks1z H20 ve CO:
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Yapay fotosentez (CO, + H,0 it organikler + 0,) iki reaksiyonun toplamidir: su
ayirma (H,0 h—>v H, + %02) ve CO; indirgenmesi (CO, + H, — organikler + H,0). H20 ve
CO'in fotokatalitik reaksiyonlarini anlayabilmek igin, kapsamli bir adsrplanma g¢alismasi,
Setaram ¢80 model TianCalvet tipi bir kalorimetreye bagli bir sistemde statik voliimetrik
adsorplanma deneyleriyle TiO. {izerinde gerceklestirilmistir. H2O ig¢in ¢ok katmanl
adsorpsiyon izotermleri gozlenirken, 1s1iksizlik durumunda adsorpsiyon miktart CO2 agisindan
nispeten daha azdir. Olgiilen adsorpsiyon, oda sicakliginda sisteme 20 torr degerine kadar su
verildiginde, neredeyse tek katman kapasitesinin on kat {izerindeydi. Ayrica adsorpsiyon
miktar1, baslangigtaki adsorpsiyon 1sismin ~ 90 kJ / mol oldugu 50°C'de azalmistir. Ote
yandan CO:> i¢in, adsorpsiyon miktari, oda sicakliginda Oz ve UV 1sik tedavisinden sonra
yaklagik iki kat artmistir. Son olarak, UV aydinlatmasi altinda, giiglii bir sekilde baglanmis tek
tabakal1 bir adsorpsiyonun mevcut oldugu gozlenmistir; bu, zayif bir sekilde adsorbe edilen
molekiillerin, muhtemelen rekombinasyondan sonra agiga cikan 1siya bagli olarak, UV 15181
aydinlatmasi altinda ylizeye bagl kalmasinin siirdiiriilemeyecegini diisiindiirmektedir.
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Catalytic pyrolysis is one of the promising techniques for converting biomass to fuels
via thermochemical decomposition of materials such as organic wastes at elevated
temperatures without oxygen®. In present work, mesoporous perovskite type catalysts, such as
%30 LaNiO3/SBA-15 and %30 LaMnOs/SBA-15, were synthesized and XRD, N2 sorption
and SEM techniques were used for the characterization. The performance of mesoporous
perovskite type catalysts on the production of bio-oil during the catalytic pyrolysis of date
stone were tested in a bench scale fixed bed reactor at 520°C with 100 cm®/min sweeping gas
(N2) velocity and heating rate 100°C/min in presence of catalysts taking into consideration the
products yields. 30% LaMnO3/SBA-15 was the most effective catalyst in terms of bio-oil
yield (28.32 wt%) compared to %30 LaNiOs/SBA-15 used one. Oxygen level of the bio-oils
decreased to 16.76 wt% when 30% LaMnO3z/SBA-15 catalyst used. This is due to the
potential of mesoporous perovskite catalysts to promote deoxygenation reactions, such as
dehydration, decarbonylation and decarboxylation which also improve the bio-oil quality. In
order to establish bio-oil quality, bio-oils were analysed by elemental analysis, Fourier-
transform infrared spectroscopy (FT-IR) analysis and gas chromatography/mass spectrometry
(GC-MS). The bio-oils consisted of mainly phenolics, acids and hydrocarbons as further
confirmed by GC-MS results. These results denoted that the lower content of oxygen and
higher hydrogen content combined with higher heating value showed promise for production
of high-quality bio-oil from date stone by catalytic pyrolysis.

Keywords: Bio-oil, Catalytic pyrolysis, Characterization, Date stone, Mesoporous perovskite.
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Katalitik piroliz, organik atik gibi malzemelerin oksijen olmadan yiiksek sicakliklarda
termokimyasal ayrismast yoluyla biyokiitlenin yakitlara doniistiiriilmesi i¢in timit verici
tekniklerden biridir'. Bu alismada, %30 LaNiOs/SBA-15 ve %30 LaMnO3s/SBA-15 gibi
mezogodzenekli perovskit tipi katalizorler sentezlenmis ve karakterizasyonu icin XRD, N2
sorpsiyon ve SEM teknikleri kullanilmigtir. Mezogdzenekli perovskit tipi katalizorlerin
katalitik pirolizi sirasinda siv1 iiriin (bio-0il) eldesi, 100 cm®/dak siipiiriicii gaz (N2) hiz1 ve
100 °C/dak'lik 1sitma hizi ile 520°C'de gergeklestirilmistir. %30 LaNiO3/SBA-15 ile
karsilagtirildiginda, %30 LaMnO3/SBA-15 sivi iiriin verimi agisindan en etkili katalizor
(agirlikga% 28.32) olmustur. Sivi riinlerin oksijen igerigi, %30 LaMnO3/SBA-15 katalizorii
kullanildiginda agirlikca % 16.76'ya diismistiir. Bu, dehidrasyon, dekarbonilasyon ve
dekarboksilasyon gibi sivi {rliin kalitesini iyilestiren deoksijenasyon reaksiyonlarini
gelistirmek icin mezogdzenekli perovskit katalizorlerin potansiyelinden kaynaklanir. Sivi
triinlin kalitesi elementel analizi, Fourier-doniisiimli kizilétesi spektroskopi (FT-IR) analizi
ve gaz kromatografisi/kiitle spektrometresi (GC-MS) ile analiz edilmistir. GC-MS
sonuglartyla sivi triinlerin esas olarak fenolikler, asitler ve hidrokarbonlardan olustugu
goriilmiistiir. S1v1 Urtinlerin diisiik oksijen igerigi ve yiiksek hidrojen igerigi ile birlikte yiiksek
151l degeri, hurma g¢ekirdeginin katalitik pirolizinden yiiksek kaliteli sivi {irtin eldesinin umut
verici oldugunu gostermistir.

Anahtar Kelimeler: Siv1 iirlin, Katalitik piroliz, Karakterizasyon, Hurma g¢ekirdegi,
Mezogozenekli perovskit.
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Transfer hydrogenation reactions are of great importance for the production of
functional alcohols derivatives. Organic materials bearing ketone or aldehyde functionality
can be transformed into corresponding chiral alcohol derivatives in the presence of a
transition metal catalysts such as ruthenium [1, 2]. Following the development of Noyori
catalyst, several ruthenium complexes were developed for the transfer hydrogenation of
ketones/aldehydes. Although these catalyst systems perform better in protic organic solvents
such as isopropyl alcohol, ethanol, there are only a few examples of succesful water
compatible ruthenium catalytic systems reported in literatiire [3]. The main problem in
aqueoues media is the stability of hydrogen gas in water. Micelle structures in water offer a
great solution for the current problem, thus increasing the stability of hydrogen gas within
hyrophobic micelle center.

OH

methyl acrylate Tandem
Umicore M1 (5 %) Transfer Hydrogenation /
H,0, 80‘C NaCOOH HaC oo
3
% 5 surfactant OCHjy /
o

Citral (cis&trans mixture)

Grubbs type ruthenium complexes are versatile catalysts for various transformations
including ring closing metathesis of dienes, polymerization reacitons, cross-metathesis
reactions and C-C and C-O bond forming reactions. Recently, Grubbs and Hoveyda Grubbs
type catalysts shown to catalyze transfer hydrogenation reactions in polar aprotic solvents
such as THF. To the best of our knowledge, no water compatible transfer hydrogenation
process using ruthenium metathesis catalysts was reported up to date In this study we used
emulsion conditions for transfer hydrogenation of various ketones/aldehydes using ruthenium
indenylidene based metathesis catalysts. Tandem cross-metathesis/transfer hydrogenation
protocols were also developed for the transformation of a natural substrate; citral.

Keywords: Citral, cross-metathesis, transfer hydrogenation of ketones, ruthenium
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Transfer hidrojenasyon reaksiyonlari fonksiyonel alkol tiirevlerinin iiretimi ig¢in
oldukca onemlidir. Keton ve aldehit fonksiyonel grubu igeren organik maddeler ilgili kiral
alkol tlirevlerine rutenyum gibi bir gegis metal katalizorii varliginda donistiiriilebilirler [1-2].
Noyori katalizoriiniin  gelistirilmesini takiben aldehit/ketonlarin donilisimii icin birgok
rutenyum kompleksi gelistirilmistir. Bu katalizorler her ne kadar izopropil alkol, etanol gibi
protik organik ¢oziiciiler igeriisnde daha iyi performans gosterse de su ortamina uyumlu
rutenyum bazli katalizor sistemlerinin sadece birka¢ Ornegi literatiirde mevcuttur [3]. Su
ortamindaki ana sorun hidrojen gazinin ortamdaki kararliligidir. Su ortamindaki misel yapilari
bu soruna biiyiikk bir ¢6ziim Onermektedir. Bdylelikle hidrojen gazi hidrofobik misel
merkezinde kararlilig1 arttirilmaktadir.

OH

methyl acrylate Tandem
Umicore M1 (5 %) Transfer Hydrogenation /
H,0, 80°C, NaCOOH HyC ocn
3
% 5 surfactant OCHjs4 /
o

Citral (cis&trans mixture)

Grubbs tipi rutenyum kompleksleri bir¢ok doniisiim i¢in; dienlerin halka kapanma
metatez reaksiyonlari, polimerizasyon reaksiyonlari, ¢apraz metatez reaksiyonlar1 ve C-C ve
C-O bag olusum reaksiyonlar1 i¢in kullanigh katalizorlerdir. Yakin zamanda, Grubbs ve
Hoveyda-Grubbs tipi katalizorlerin polar aprotik THF gibi ¢oziiciilerde transfer hidrojenasyon
reaksiyonlar1 rapor edilmistir. Bilindigi kadariyla literatiirde rutenyum metatez katalizorlerinin
kullanildig1 su uyumlu bir transfer hidrojenasyon prosesi rapor edilmemistir. Bu ¢aligmada
rutenyum indeniliden bazli metatez katalizorleri kullanilarak emiilsiyon kosullarinda bir¢ok
keton/aldehitin transfer hidrojenasyon reaksiyonu gergeklestirilmistir. Dogal substrat olan
sitralin tandem capraz metatez/transfer hidrojenasyon preaksiyonlart i¢in bir protokol de
gelistirilmistir.

Anahtar Kelimeler: Sitral, ¢apraz metatez, ketonlarin transfer hidrojenasyonu, rutenyum

Kaynaklar

[1] M.R. Carrasco, P. Gajewski, Advanced Synthesis and Catalysis, 358 (2016) 515-519

[2] S. Denizalti, B. Cetinkaya,2015, Journal of Organometallic Chemistry, 779 (2015) 62-66
[3] I. Nieto, M. S. Livings, Organometallics, 30 (2011) 6330-6342

40



7 th NATIONAL CATALYSIS CONGRESS 9-12 September / Eyliil 2018 Denizli / TURKEY

P-13

Carboxylic Acid Addition Reactions to Terminal Alkynes Using Hoveyda-
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Enol ester structures are important building block in synthethic organic chemistry [1].
These intermediates can be wused in synthesis of halo ketones, cycloaddition and
cyclopropanation reactions. The formation of C-O bonds using highly reactive alkynes and
carboxylic acids catalyzed by transition metal complexes generates enol-ester derivatives via
markovnikov addition. Ruthenium based catalysts Show excellent selectivity and activity in
carboxylic acid addition to alkynes. Ruthenium precursors such as Ru3(CO)iz,
(arene)RuCl,PCys were used for markovnikov addition reactions [2]. On the otherhand, the
reaction mechanism can be manipulated to reverse the selectivity to anti-markovnikov
addition using different initatiators such as Ru(Ph2P(CH2)nPPh2)(n3-CH2CMe=CH>), [3].
Although several ruthenium based initiators were used for carboxylic acid addition reacitons
to alkynes, the number of studies that were focused on reusable catalytic systems fort his
reaction is limited.

In this study, we report the catalytic activity of ammonium tagged Hoveyda-Grubbs
catalysts that were supported on magnetically separable core/shell silica supported on
carboxylic acid addition to terminal alkynes. The support material was synthesized using
Stober method by coating magnetic a-Fe2O3 particles with a thin layer of SiO2, followed by
coating with a thick second SiO> layer. Ammonium tagged Hoveyda-Grubbs catalysts were
supported on core/Shell support and showed excellent activity and selectivity on acetic acid
addition to phenyl acetylene. In addition the catalyst was shown to be reusable up to eight
times without a significant loss in catalytic activity.

Keywords: Ruthenium, Core/Shell, Silica, Carboxylic Acid Addition, Alkynes
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Manyetik Olarak Ayrilabilir Cekirdek/Kabuk Silika Uzerine Desteklenmis
Hoveyda-Grubbs Katalizorleri Varhginda U¢ Alkinlere Karboksilik Asit

Eklenme Reaksiyonlari
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Enol ester yapilar sentetik organik kimyada oldukc¢a 6nemli yap1 bloklaridir [1]. Bu
ara iirtinler halo ketonlarin sentezinde, siklokatilma ve siklo propanasyon gibi reaksiyonlarda
kullanilmaktadirlar. Oldukga reaktif alkin ve karboksilik asitlerin gecis metal kompleksleri
varliginda C-O bag olusum reaksiyonlari markovnikov eklenmesiyle enol-ester yapilar
olustururlar. Rutenyum bazli katalizorler karboksilik asitlerin Alkinlere eklenmesinde benzer
bir reaktivite gosterirler. Ruz(CO)12, (arene)RUCI:PCys gibi rutenyum onciileri kullanildiginda
markovnikov ~ eklenme  reaksiyonu  olmaktadir [2]. Diger bir yandan as
Ru(Ph2P(CH2)nPPh2)(n3-CH.CMe=CH>), gibi katalizorler kullamldiginda ise reaksiyon
mekanizmas1 manipiile edilerek secicilik ters yone anti-markovnikov eklenmesine ¢evrilebilir
[3]. Karboksilik asitlerin Alkinlere eklenme reaksiyonlarinda birgok farkli rutenyum bazli
katalizor kullaniliyor olsa da tekrar kullanilabilir katalitik sistemlerin sayis kisithdir.

Bu ¢aligmada, manyetik olarak ayrilabilir ¢cekirdek/kabuk yapisina sahip silika iizerine
destklenmis amonyum grubu igeren Hoveyda-Grubbs katalizorlerinin katalitik aktiviteleri, ug
Alkinlere karboksilik asit eklenme reaksiyonlar: lizerinde test edilmistir. Destek malzemesi
manyetik o-Fe203 ¢ekirdeginin Stober metoduyla ilkin ince bir SiO2 tabakasi ile sonrasinda
ise ikinci bir kalin SiO2 katmani ile kaplanmistir. Amonyum grubu i¢ceren Hoveyda-Grubbs
katalizorii ¢ekirdek/kabuk yapili destek malzemesi lizerine desteklenmis ve asetik asitin fenil
asetilen yapisina eklenme reaksiyonlarinda yiiksek aktivite ve segicilik gostermistir. Buna ek
olarak katalizor sekiz tekrara kadar, katalitik aktivitesinde herhangi bir diisme olmadan
kullanilabilidgi gosterilmistir.

Anahtar Kelimeler: Rutenyum, Cekirdek/Kabuk, Silika, Karboksilik Asit Eklenme, Alkin
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Adsorption/desorption reactions between metal salts and ammonia have been widely
investigated due to increase in their applications (chemical heat pump, hydrogen storage etc.).
The main advantage of these reactions is the capacity of the amount of adsorbed ammonia.
However, according to the studies, metal salt pellets can expand or retain its initial size
depending on the pressure during the formation of pellet. In this study, the case in which
pellet retains its initial size is investigated based on “Unreacted Shrinking Core” model. Due
to the difference between the molar volumes of reactants and products, core volume decreases
while the total volume of grains increases with time. In the model, pellet and grains are
assumed as spherical and system is assumed as isothermal and isobaric. For the solution of the
governing differential equations, “Finite Difference Method” is applied in an explicit form.
According to this mathematical approach, position is divided into grid points and time
increment is selected accordingly. Position increments are selected with the consideration of
increase in the total grain diameter. Grain radius and porosity is selected as 300 microns and
0.5. When pressure is 2 atm and temperature is 298 K, core radius diminishes from 300
microns to 200 microns and total grain radius increases from 300 microns to 380 microns in
250 seconds. Since it is assumed that pellet volume does not change, increase in total grain
volume causes decrease in porosity. Moreover, system is investigated for three different
temperature values; 298 K, 330 K, 360 K. According to the simulation, as temperature
increases, adsorption reaction kinetics decreases, which leads to decrease in the change of
core and total grain radius.

Keywords: Chemical Heat Pump, Solid-Gas Reactions Systems, Unreacted Shrinking Core
Model
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Metal tuzlar1t ve amonyak arasinda ger¢eklesen adsorplama/desorplama tepkimeleri
kullanim alanlarinin artmasi nedeniyle (kimyasal 1s1 pompasi, hidrojen depolanmasi vb.) son
yillarda siklikla arastirilan bir konudur. Bu tepkime sistemlerinin en biiyiik avantaji metal
tuzlarinin adsorbe etme kapasitelerinin ¢ok yiiksek olmasidir. Ancak yapilan deneysel
caligmalarda goriilmistiir ki, pelet haline getirilen metal tuzlari, sikistirllma basinclarina ve
gozeneklilik oranlarima bagli olarak, adsorplama tepkimesi sonucunda ilk hacimlerini
koruyabilirler ya da sisebilirler. Bu ¢alismada, tepkime sirasinda pellet hacminin degisiklik
gostermedigi durum ‘“‘unreacted shrinking core” teorisi baz alinarak modellenmistir.
Tepkimeye giren maddelerin ve iriinlerin molar hacimlerindeki biiyiik farktan dolay,
parcacagin ¢ekirdek kismi zamana bagl olarak azalirken, parcacigin tiim hacmi zamana baglh
olarak artmaktadir. Pellet ve parcaciklar kiiresel olarak kabul edilmis olup, sistem sicaklig1 ve
basinct sabit alinmistir. Model i¢in “Finite Difference Method” kullanilmistir. Bu
matematiksel modele gore, pozisyon belirli araliklara ayrilmis ve bu araliklara uygun zaman
araliklar1 tayin edilmistir. Pozisyon araligi, parcagiklarin hacimlerindeki degisim goz Oniinde
bulundurularak secilmistir. Parcacik boyutlar1 300 mikrometre ve goézeneklilik oranmi 0.5
olarak alinmistir. 2 atmosfer basing ve 298 K sicaklik i¢in alinan sonuglara gore, 250 saniye
sonunda ¢ekirdek kisminin yaricapt 300 mikrometreden 200 mikrometreye diiserken,
parc¢acigin toplam yaricapt yaklagik 380 mikronmetreye ¢ikmistir. Pelletin hacmi degismedigi
varsayimindan dolayi, biiyiiyen parcagiklar gozeneklilik oranini azaltmis ve 250 saniye
sonunda yaklasik 0.05 degerine ulasmistir. Ayrica sistem ¢ farkli sicaklik degeri iginde
degerlendirilmistir. 298 K, 330 K ve 360 K, sicaklik degerleri i¢in yapilan simulasyonda
sicakligin artig1 ile adsorplama tepkimesinin hizinin azalmasi sonucu, ¢ekirdek ve toplam
parcacik hacmindeki degisimin azalmasi gozlemlenmistir.

Anahtar Kelimeler: Kimyasal Isi Pompasi, Kati-Gaz Reaksiyon sistemleri, Unreacted
Shrinking Core Modeli
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In an effort to quantify the effect of UV-irradiation and the presence of a precious
metal on the reduction characteristics of TiO2 (P25) and 0.5 wt% Pt/TiO2, a temperature
programmed reduction (H2-TPR) study was conducted. H>-TPR profiles of fresh TiO2 and
Pt/TiO2 were obtained in a Micromeritics 2720, under a flow of 25 mL/min H2 (%10 vol.) in
Ar, with a heating rate of 5 °C/min. In the second experiment, fresh TiO. and Pt/TiO. samples
were exposed to UV irradiation for 2 h under He flow of 25 mL/min, followed by H>-TPR
experiment identical to the previous case. H>-TPR profiles are shown in Figure 1. The
amounts of hydrogen consumption during H2-TPR of UV-irradiated and fresh (non-UV-
irradiated) samples were quantified against AgO TPR measurement and the results are

presented in Table 1.
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Figure 1. H>-TPR profiles of (a) UV-irradiated and fresh Pt/TiO2 (b) UV-irradiated and fresh

TiO2
Table 1. Comparison of amount of H, consumption during H>-TPR
PUTIO> TiO,
H> H> % Tiin H> H> % Tiin

consumption, | consumption, | reduced | consumption, | consumption, | reduced
mol/g TiO2 | mol/mol TiO> form mol/g TiO2 | mol/mol TiO> form

Dark 2.54x10™ 2.03x107? 1.015 1.86x10* 1.49x107 0.743
After UV- 2.07x10™ 1.65x107 0.827 1.52x10* 1.21x107 0.607
irradiation

Difference 4.70x10°° 3.75x10°3 0.188 3.40x10° 2.72x10°® 0.136

The enhancement of the reducibility of TiO2 in the presence of Pt and after UV
irradiation will be discussed in terms of the oxygen vacancy formation during photocatalysis.

Keywords: TiO., UV-irradiation, Pt, reduction
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020
a

UV-isinimin1 ve kiymetli metal varligmin, TiOz (P25) ve kiitlece %0.5 Pt/TiO2’nin
indirgenme karakteristiklerine etkisini 6lgmek amaciyla, bir sicaklik programli indirgeme (Hz-
TPR) calismasi yiiriitildii. Taze TiO2 ve ve P/TiO2’nin Ho-TPR profilleri, Micromeritics
2720 analiz cihazi ile 25 mL/dk. igerisinde hacimce %10 H; olan Ar gazi akiginda, 5 °C/dk.
1sitma hizinda elde edildi. Ikinci deneyde, taze TiO, ve Pt/TiO2 numuneleri 2 saat boyunca
UV-1s1masi altinda 25 mL/dk He akisinda tutulmus ve bir 6nceki deneyle ayni olacak sekilde
H2-TPR deneyi gerceklestirildi. Ho-TPR profilleri Sekil 1°de gosterildi. H>-TPR deneyleri
sirasinda  UV-1ismim1  altinda bekletilmis ve taze (UV 1smimi altinda bekletilmemis)
numunelerin hidrojen tiiketim miktarlart AgO maddesinin H2-TPR Ol¢iimii sirasinda elde
edilen degere dayali olarak hesaplandi ve sonuglar Tablo 1’de gosterildi.
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Sekil 1. (a) UV-1simali ve taze Pt/TiO2 (b) UV-1s1mal1 ve taze TiO2 numunelerinin H>-TPR

profilleri

Tablo 1. Ho-TPR sirasinda tiiketilen Hz miktarlarinin karsilagtirilmasi

Pt/TiO, TiO>
H tiketimi, H2 tiketimi, Indirgenen H» tiketimi, | Ho tikketimi, 1ndirgenen
mol/g TiO2 | mol/mol TiO; % Ti mol/g TiO2 | mol/mol TiO: % Ti
Karanlik 2.54x10* 2.03x1072 1.015 1.86x10* 1.49x107? 0.743
UV-1ginim1 2.07x10* 1.65x1072 0.827 1.52x10* 1.21x107 0.607
sonrasli
Fark 4.70x10° 3.75x107 0.188 3.40x10° 2.72x1073 0.136

TiO2’nin Pt metali varliginda ve UV-1sinimi sonrasinda indirgenebilirligindeki artig
(iyilesme) fotokataliz sirasinda oksijen boslugu olusumu yoniinden tartigilacaktir.

Anahtar Kelimeler: TiO,, UV-igimasi, Pt, indirgenme
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In recent years, N-heterocyclic carbenes have been used as an alternative to phosphine
ligands used for homogeneous catalyst synthesis in organometallic chemistry [1]. In contrast
to phosphine ligands, N-heterocyclic carbene ligands more advantageous because they have
strong o-donor properties, low toxicity and can be synthesized more easily. The synthesis
methods of amine compounds have been the subject of extensive research since amine
compounds have an important biological, medical, agricultural, dye and polymer chemistry in
organic chemistry [2-3]. The hydrogen autotransfer method used in the synthesis of amines
has been carried out atmospheric pressures and without special mechanisms, since it does not
require additional hydrogen. This method requires more milder conditions than conventional
methods. When it comes to selectivity, cost, efficiency and environmental considerations, it
has many advantages over conventional methods. In the alkylation of amines by hydrogen
autotransfer method, only water comes out as a by-product [4]. Waste materials have low
molecular weight, making the method unrivaled in terms of atom effect. All these features
make this method suitable for environmentally friendly and green chemistry.

To the best of our knowledge, the studies of using Ru-NHC complexes in the
alkylation of amines with alcohols are rare in the literature. In this work Ru-N-heterocyclic
carbene (NHC) complexes were synthesized and fully characterized by elemental analysis, *H
NMR, BC NMR and IR spectroscopy. These complexes were tested N-alkylation of aromatic
amines. Compounds are stable and have high catalytic activity on N-alkylation of aromatic
amines reaction by without using any solvent.

RQNHZ " R®j0}1 — R®;§¥@RV+ R®N\¥@R'

amine imine

Keywords: N-heterocyclic carbene, Ru-NHC, N-alkylation
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Son yillarda, N-heterosiklik karbenler, organometalik kimyada homojen katalizor
sentezi i¢in kullanilan fosfin ligandlarina alternatif olarak kullanilmigtir [1]. Fosfin
ligandlariin aksine, N-heterosiklik karben ligandlar1 daha avantajlidir, ¢iinkii giiclii 6-dondr
ozellikleri, diisiik toksisitesi vardir ve daha kolay sentezlenebilirler. Amin bilesiklerinin
sentez yoOntemleri, genis bir arastirmaya konu olmustur c¢ilinkii amin bilesikleri organik
kimyada Onemli bir biyolojik, tibbi, tarimsal, boya ve polimer kimyasina sahiptir [2-3].
Aminlerin sentezinde kullanilan hidrojen ototransfer yontemi, atmosferik basinglar ve 6zel
mekanizmalar olmaksizin gergeklestirilmistir, ¢iinkii ek hidrojen gerektirmez. Bu yontem,
geleneksel yontemlerden daha hafif kosullar gerektirir. Segicilik, maliyet, verimlilik ve
cevresel hususlar s6z konusu oldugunda, geleneksel yontemlere gore birgok avantaji vardir.
Hidrojen ototransfer yontemi ile aminlerin alkilasyonunda, sadece su bir yan iiriin olarak
ortaya cikmaktadir [4]. Atik materyaller diisiik molekiiler agirlia sahiptir, bu da yontemi
atom etkisi agisindan rakipsiz hale getirir. Tiim bu 6zellikler ¢evre dostu ve yesil kimya igin
uygun bir yontemdir.

Bildigimiz kadariyla, aminlerin alkolle alkilasyonunda Ru-NHC komplekslerinin
kullanimu literatiirde nadirdir. Bu ¢aligmada Ru-N-heterosiklik karben (NHC) kompleksleri
sentezlendi ve tamamen element analizi, 1H NMR, 13C NMR ve IR spektroskopisi ile
karakterize edildi. Bu kompleksler, aromatik aminlerin N-alkilasyonunu test etti. Bilesikler
stabildir ve herhangi bir ¢6ziicii kullanilmadan aromatik amin reaksiyonunun N-alkilasyonu
iizerinde yiiksek katalitik aktiviteye sahiptir.

R R\ — Ru-NHC R —
N Q Q N —/R' NS N — R
N/ N ) o 8 ) ~—( - S ) ~(7

amine imine

Anahtar Kelimeler: N-heterocyclic carbene, Ru-NHC, N-alkylation
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Mixed-metal oxides have been widely used for fuel cells, lithium batteries, gas
sensors, catalyst supports and adsorbents. Besides, these materials can also perform as
electrode materials to degrade recalcitrant organic pollutants, such as dyes, pesticides, and
phenolst,

In the study, ZrO,-La,03-SiO> mixed-metal oxides were synthesized by hydrothermal
synthesis method and the effect of solvent and calcination temperature on synthesis conditions
were investigated. In the synthesis of mixed oxides, tegragonal ZrO»-cubic La,Oz-tetragonal
SiO2 phases were observed in XRD images when water was used as solvent and calcined at
500°C. When calcined at 1050°C, tetragonal ZrO2 and hexagonal La>Os were obtained.
Tetragonal ZrO>-hexagonal and cubic La>Os-tetragonal SiO, phases were observed in the
XRD images of the sample calcined at 500°C when alcohol was used, and tetragonal ZrO»-
hexagonal and cubic La,Os-tetragonal SiO, phases were observed in the XRD images of the
sample calcined at 1050°C . When water is used as a solvent, small folded structures come
together to form regular structures, while a spherical granular homogeneous structure is
formed when alcohol is used as a solvent. It is suggested that the synthesized materials can be
utilised as catalyst support material.

Keywords: Hydrothermal synthesis; Characterization; ZrO,-La>03-SiO2 mixed-metal oxide.
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Karigik metal oksitler yakit hiicreleri, lityum piller, gaz sensorleri, katalizor destekleri
ve adsorbanlar i¢in yaygin olarak kullanilmaktadir. Ayrica, bu materyaller ayrica boyalar,
pestisitler ve fenoller gibi organik kirleticileri bozundurmak igin elektrot malzemeleri olarak
da kullanilabilir®.

Calisma kapsaminda, ZrO»-La>03-SiO2 karigik metal oksitleri hidrotermal sentez
yontemiyle sentezlenmis olup sentez kosullarinda ¢oziicii ve kalsinasyon sicakligi etkisi
aragtirllmistir. Karisik oksitlerin  sentezlenmesinde c¢oziicii olarak su kullanildiginda ve
500°C’de kalsine edilmesi durumunda XRD goriintiilerinde tegragonal ZrOz—kiibik La203-
tetragonal SiO: fazlart goriilmiistiir. 1050°C’de kalsine edilmesi durumunda ise tetragonal
ZrO; ve hegzagonal La;03 elde edilmistir. Oksitlerin sentezlenmesinde alkol kullanildiginda
500°C’de kalsine edilen numunenin XRD goriintiilerinde tetragonal ZrO.—hegzagonal ve
kiibik LarOs3- tetragonal SiOz fazlari, 1050°C’de kalsine edilen numunenin XRD
gortintiilerinde ise tetragonal ZrO>—hegzagonal ve kiibik La>Os3 -tetragonal SiO> fazlari tespit
edilmistir. Coziicii olarak su kullanildiginda kiigiik kivrimli yapilar bir araya gelerek ¢ubuksu
diizenli yapilar olustururken, ¢oziicii olarak alkol kullanimi durumunda kiiresel tanecikli,
homojen bir yapt meydana gelmistir. Sonuglar kapsaminda sentezlenen malzemelerin
katalizor destek malzemesi olarak kullanilmas1 6nerilmektedir.

Anahtar Kelimeler: Hidrotermal sentez; Karakterizasyon; ZrO»-La>0s-SiO- karisik metal
oksit.
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Fischer-Tropsch Synthesis (FTS) is a crucial process that allows to convert synthesis
gas (a mixture of mainly CO and H>) that can be obtained from coal, natural gas, biomass into
waxes or chemicals. Cobalt is the widely applied catalyst for the production of waxes.
Maximizing the activity, selectivity and stability of the catalyst is crucial for the economic
feasibility of the process. Various promoters are used for this purpose, including Mn, which is
reported to increase the selectivity to waxest™l. Although the effects of Mn promotion on FTS
over Co are now well-documented, how the Mn promoter influences the elementary reactions
on the molecular level remains unclear?!,

In this study, we employ periodic Density Functional Theory calculations using
Vienna Ab-initio Simulation Package (VASP) on the flat Co(111) surface to investigate how
Mn promotion effects the adsorption of CO and H, as well as the elementary reactions that are
involved in the process such as CO dissociation and water formation. Our calculations on the
0.25 ML MnO covered Co(111) surface indicate that CO prefers to adsorb in close contact to
the MnO structure and its adsorption energy increases from -1.68 eV to -1.78 eV. For H, the
adsorption energy decreases from -2.80 eV to -2.69 eV. These results are in qualitative
agreement with the literature. Future work on the project will focus on obtaining the
activation barriers of main elementary reactions for MnO promoted cobalt catalyzed FTS on
both flat and stepped cobalt surfaces.

Keywords: Fischer-Tropsch Synthesis, Cobalt, Manganese Oxide, Promoter, Density
Functional Theory.
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Fischer-Tropsh Sentezi (FTS), komiir, dogal gaz ve biyokiitleden elde edilen sentez
gazmin parafin veya kimyasallara doniisiimiine imkan veren onemli bir siirectir. Parafin
tretimi i¢in genellikle kobalt katalizorii kullanilmaktadir. Bu siirecin ekonomik olarak
uygulanabilir olmasi i¢in kobalt katalizorlinlin etkinliginin, segiciliginin ve kararliligimin en
st noktaya ¢ikarilmasi gerekmektedir. Bu amagla ¢esitli gelistiriciler kullanilmakta olup,
bunlardan biri parafin seciciligini arttirdig1 raporlanan Mn gelistiricisidir™™. Mn gelistirme
etkisinin Co tizerindeki FTS deki etkileri 1yi belgelenmis olmasina ragmen, Mn gelistiricisinin
temel reaksiyonlara molekiiler diizeydeki etkisi halen netlik kazanmamistir?l,

Bu ¢alismada, Mn gelistiricisinin CO ve H adsorpsiyonunu ve bunun yani sira CO
ayrismasi ve su olusumu gibi silirecin temel reaksiyonlarini nasil etkiledigini arastirmak igin
diiz Co (111) ylizeyinde Viyana Ab-initio Simulation Package (VASP) kullanarak periyodik
Yogunluk Fonksiyonel Teorisi hesaplamalar1 yapilmaktadir. 0.25 ML MnO kapli Co(111)
yiizeyi Uzerindeki hesaplarimiz  CO’nun, MnO yapisina yakin yerlere tutunmayi tercih
ettigine ve adsorpsiyon enerjisinin 168 kJ/mol’dan 178 kJ/mol’a yiikseldigine isaret
etmektedir. Hidrojen atomunun adsorpsiyon enerjisi ise 280 kJ/mol’dan den 269 kJ/mol’a
dismektedir. Bu sonuglar literatiir ile nitel olarak Ortiismektektedir. Projenin ileriki
caligmalarinda, MnO tarafindan gelistirilmis kobalt bazli Fischer-Tropsch Sentezi’nin temel
reaksiyonlarinin aktivasyon bariyerlerinin hem diiz hem de merdivenli kobalt yiizeyleri
iizerinde eldesine odaklanilacaktir.
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Fonksiyoneli Teorisi
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Liquid phase precipitation method is used to synthesize ZnO nanoparticles. Through
this, one particular model ZnO surface (AT 08) with a rather uniform particle distribution is
synthesized and its photocatalytic activity was tested by measuring its ability to oxidize NO
under 50% relative humidity following the ISO 22197 standard test system [1]. The results of
the NO oxidation are compared with commercial TiO2 paying special attention to the catalyst
deactivation problem. Although commercial TiO> does not show deactivation and maintains
its activity until a certain number of catalytic cycle, for AT 08 on the other hand it is seen that
the reaction intermediates that are produced throughout the reaction stay adsorbed on the
surface resulting in deactivation up to %30 even after 6 consecutive NO oxidation cycles.
Several techniques are used to overcome the deactivation problem of AT 08 where UV
exposure is one of them. It is observed that the UV exposure upon the reacted surface
decomposes the surface intermediates up to a certain point. Langmuir-Hinschelwood
mechanism is used to investigate the decomposition mechanism of the surface intermediates.

Keywords: Photocatalysis, NO Oxidation, Catalyst Deactivation
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ZnO nanopargaciklarin sentezinde sivi faz ¢okertme metodu kullanilmistir ve
parcaviklarin homojen dagildigr bir AT 08 ZnO yiizey modeli sentezlenmistir. Yiizeyin
fotokatalitik aktivitesi %50 bagil nemde ISO 22197 standartlarina uygun olarak NO’yu
oksidizasyon giiclinii Olgerek test edilmistir [1]. NO oksidasyonunun sonuglari ozellikle
deaktivasyon problemi dikkate alinarak ticari TiO2 ile karsilastirilmistir. Ticari TiO>
deaktivasyon gostermemektedir ve aktivitesini belirli bir sayida katalitik dongiiye kadar
koruyabilmektedir ancak AT 08’de reaksiyon boyunca olusan araiiriinlerin yiizeyde adsorbe
kaldig1 goriilmiis ve sadece 6 NO oksidasyon dongiisiinden sonra bile yiizeyde %30’a kadar
deaktivasyona sebep olmustur. AT 08’in deaktivasyon problemini ¢6zmek i¢in bazi teknikler
denenmistir. Reaksiyon gerceklesmis ylizeyin UV 1s18mma maruz birakilmasi reaksiyon ara
diriinlerini bir noktaya kadar ayristigi gozlemlenmistir. Yiizeydeki araiiriinlerin ayrigsma
mekanizmasini incelemek i¢in Langmuir-Hinschelwood mekanizmasi kullanilmastir.
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Methane is the main component of natural gas, a useful feedstock and an abundant
material. Therefore, valorization of the methane is considered as an important field of
research. Conversion of methane to valuable materials such as methanol is a highly desired
yet challenging process due to the high activation energy (439 kJ mol-1)i of C—H bonds in
methane and weak acidity of methane. Weaker C—H bond energy of methanol causes over-
oxidation of methanol to CO and CO; even at low conversions 22, Zeolites exchanged with
copper and iron could activate the methane at low temperatures and allow selective methanol
formation amounts reaching 86 wmol CH3OH/gear using a 3-step cyclic process . For this
purpose, different copper-exchanged zeolites have been tested and omega, mordenite, SSZ-13
and SSZ-39 showed the highest methanol formation rates (30 —86 pmol CH3OH/gcat) under
similar conditions 4. The ultimate goal in methane conversion to methanol is to provide
continuous methanol production via catalytic process performed at low temperatures. In
continuous production of methanol from methane using H>O and N.O, Cu- exchanged SSZ-
13 showed better methanol selectivity and methanol formation rates when compared to
medium-pore zeolites such as ZSM-5 1. For the purpose of forming catalytically active sites
that will give high yield and high selectivity of methanol at mild reaction conditions, we
developed Cu-exchanged small-pore zeolites such as SSZ-13 and SSZ-39 with different Cu
concentrations and with introduced mesoporosity. The preparation and characterization of
these zeolites will be reported.
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Dogal gazin ana bileseni olan metan bol miktarda bulunan faydali bir hammaddedir.
Bu nedenle, metanin degerlendirilmesi 6nemli bir aragtirma alanidir. Metanin metanol gibi
degerli materyallere doniistiiriilmesi, olduk¢a arzu edilen fakat metanin C-H baglarinin
yiiksek aktivasyon enerjisi (439 kJ mol™)[M ve zayif asitligi nedeniyle zorlu olan bir siiregtir.
Metanoliin zayif C—H bag enerjisi, diisiik doniisiimlerde bile metanoliin CO ve CO2'ye
oksidasyonuna neden olur 2, Bakir ve demir ile iyon degisimi yapilan zeolitler diisiik
sicakliklarda metan1 aktiflestirebilir ve 3-asamali ¢evrimsel bir islem kullanarak 86 pmol
CH30H/gcat miktarina ulasan segici metanol olusumunu saglayabilir. Bu amagla, farkli bakir
degisimli zeolitler test edilmis ve omega, mordenit, SSZ-13 ve SSZ-39, benzer kosullar
altinda en yiiksek metanol olusumu oranlarini (30-86 pmol CH3OH / gear) gostermistir 341,
Metanin metanole doniisiimiin ana amaci, diisiik sicakliklarda, katalitik islemle siirekli
metanol iretimini saglamaktir. H,O ve N2O kullanilarak metandan stirekli metanol
tiretiminde, bakir iyon degisimli SSZ-13, ZSM-5 gibi orta-gozenekli zeolitlere kiyasla daha
yiiksek metanol segiciligi ve metanol olusum hizlar1 gostermistir®. Bu arastirmada, orta
reaksiyon kosullarinda yiiksek verim ve yiliksek metanol segiciligi gosterebilecek katalitik
aktif bolgeler olusturmak amaciyla, farkli Cu konsantrasyonlart bulunan Cu iyon degisimli
SSZ-13, SSZ-39 gibi kiiciik gozenekli zeolitler mezogdzeneklilik eklenerek gelistirilmistir.
Bu zeolitelerin hazirlanmasi ve karakterizasyonu bildirilecektir.
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Referanslar

[1] M. V. Parfenov, E. V. Starokon, L. V. Pirutko, G.I. Panov, J. Catal. 318 (2014) 14-21.

[2] R.D. Armstrong, V. Peneau, N. Ritterskamp, C.J. Kiely, S.H. Taylor, G.J. Hutchings, ChemPhysChem 19
(2018) 469-478.

[3] M.B. Park, H. Ahn, A. Mansouri, M. Ranocchiari, (2017) 3705-3713.

[4] M.J. Wulfers, S. Teketel, B. Ipek, R.F. Lobo, Chem. Commun. 51 (2015) 4447-4450.

[5] B. Ipek, R.F. Lobo, Chem. Commun. 52 (2016) 13401-13404.

56



7 th NATIONAL CATALYSIS CONGRESS 9-12 September / Eyliil 2018 Denizli / TURKEY

P-21

High and Stable Performance in COx-Free Hydrogen Production from

Ammonia over Red Mud Modified by Simple Treatments

Samira Fatma KURTOGLU,*" Sezen SOYER-UZUN,® Alper UZUN&b4*

8Department of Chemical and Biological Engineering, Ko¢ University, Rumelifeneri Yolu,
Sariyer, 34450 Istanbul, Turkey;

bKo¢ University TUPRAS Energy Center (KUTEM), Ko¢ University, Rumelifeneri Yolu,
Sariyer, 34450 Istanbul, Turkey;

‘Department of Chemical Engineering, Bogazici University, Bebek, 34342 Istanbul, Turkey;
dKo¢ University Surface Science and Technology Center (KUYTAM), Ko¢ University,
Rumelifeneri Yolu, Sariyer, 34450 Istanbul, Turkey

auzun@ku.edu.tr

Ammonia is one of the most promising candidates for hydrogen storage as it is carbon-
free and is liquified under mild conditions™. Among several proposed catalysts Ru-based
ones provides the highest activity for ammonia decomposition to hydrogen and nitrogen.
However, the high cost and limited availability of Ru triggered the research towards cheaper
alternatives such as Ni- or Fe-based catalysts. In this regard, red mud (RM) which is a
hazardous waste produced 150 million tons per year offers a great potential®. Because RM
contains up to 40 wt.% Fe>Oz and iron is also active for this reaction. Structural modifications
of RM were performed as systematically as possible to reveal structural requirements for high
catalytic activity. RM was modified by acid digestion in HCI at various temperatures (85 and
220 °C) followed by calcination in air at temperatures ranging between 500-1000 °CEl, The
resulting samples were each reduced under Hz at 700°C to obtain metallic iron (Fe) out of
Fe>Os. These modified red mud (MRM) samples characterized in deep by XRD, XRF,
SEM/EDX, XPS, TGA, TPR, and BET were then tested for ammonia decomposition reaction.
Results show that FesNy particles are forming during the induction period under NH3 flow!l.
Furthermore, at differential conversions at 500 °C, a decrease in nanoparticle size of FesNy
causes an increase in catalytic activity. One of the catalysts provided 98.8+0.5 % conversion
at a space velocity of 120 000 cm®NH; h! gcat™® and at 700 °C which is the record high value
among all iron-based catalysts. Here, we showed that it is possible to convert a hazardous
waste produced vastly into a highly efficient, cost-effective and eco-friendly catalyst for
hydrogen production by ammonia decomposition.
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Amonyak, karbon igermemesi ve kolayca sivi halde depolanabilmesi gibi sebeplerden
en umut vaat eden hidrojen depolama teknolojisi olarak kabul edilmektedir!l. Arastirilan
cesitli katalizorler arasinda goriilmiistiir ki, rutenyum bazli katalizérler amonyagin hidrojene
ve azota ayrismasinda en Yiiksek performanst vermektedir. Ancak, rutenyumun kisitl
ulagilabilirligi ve yliksek maliyeti sebebiyle arastirmalar nikel veya demir bazli katalizorler
gibi maliyeti daha diisiik alternatiflere odaklanmistir. Bu baglamda, yilda 150 milyon tondan
fazla tretilen ve tehlikeli bir atik kabul edilen kirmizi ¢amur (KC) yiiksek bir potansiyele
sahiptirt?. Ciinkii, KC’nin kiitlece %40°1 Fe2O3’ten olusmaktadir ve demir bazli katalizorler
bu reaksiyon i¢in aktiflik gostermektedir. Kompleks bir yapiya sahip KC miimkiin oldugunca
sistematik bir sekilde modifiye edilmis ve yiiksek performans i¢in gereken yapisal faktorler
belirlenmistir. KC iki farkli sicaklikta asitte pargalanmis (85 and 220 °C) ve sicakligi 500-
1000 °C arasinda degisen degerlerde hava altinda kalsine edilmistir®. Modifikasyon sonucu
elde edilen her bir numune 700 °C’de H; akisina maruz birakilmis ve katalzorlerde Fe;O3’ten
metalik demir (Fe) elde edilmesi saglanmistir. Bu modifiye edilmis KC katalizorleri detaylica
XRD, XRF, SEM/EDX, XPS, TGA, TPR ve BET analiz yontemleriyle karakterize edilmistir.
Sonuglar gostermistir ki NHs akis1 altinda numunelerde FesNy pargaciklari olusmaktadir!®l,
Buna ek, diisik % NHs doniisiim miktarlarinda ve 500 °C’de numunelerde FesNy
nanoparcacik boyutunun kiigiilmesiyle birlikte katalitik performans artmaktadir. Katalizorler
arasindan en umut vaat edeni 120 000 cm® NHz h? gua akista ve 700 °C’de % 98.8+0.5
dontlistim oran1 vermektedir. Bu deger amonyaktan hidrojen eldesinde literatiirdeki tiim demir
bazli katalizorler arasinda rekor degerdir. Bu ¢alisma, tehlikeli ve miktarca ¢ok fazla aciga
cikan bir endistriyel atik olan KC’nin amonyaktan hidrojen iiretilmesi i¢in 6nemli Slgiide
verimli, ekonomik ve ¢evre dostu bir katalizore doniistiiriilebilecegini gostermektedir.
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lonic liquids (IL) are promising approach to tune selectivity of catalytic reaction over
supported catalyst. IL layer not only control effective concentration of reactants, intermediate
and product, also control electronic environment of active sites. Here, we report our results on
a commercial supported nickel catalyst (65 wt% Ni/SiO2-Al.O3, abbreviated as Ni65) coated
with tributyl(methyl)phosphonium methyl sulfate, [Ps441][MeSQO4] and utilized for the partial
hydrogenation of 1,3-butadiene, an important industrial process.

Ni65 was first reduced at 650 °C in flowing H> and passivated at room temperature in
diluted O2 before coating with the [P4441][MeSOs]. Reactivation temperature for the uncoated
and IL-coated sample was determined as 150 °C. First, we optimized reaction condition for
uncoated catalyst to give best selectivity towards total butenes. We found that Ni65 can give
approximately 95% total butenes selectivity at 1,3-butadiene and H> partial pressure of 120
mm Hg and 240 mm Hg, respectively, with balancing He at 145 °C. Upon coating Ni65 with
IL, we found that Ni65 becomes almost complete selectivity for whole conversion range. X-
ray photoelectron spectroscopy data shows electrons are donated from IL to Ni decreasing
adsorption energies of intermediates. Also, COSMO-RS calculations shows that solubility of
1,3-butadiene in [Ps441][MeSOa] is approximately 1.5-times higher than those of butene
intermediates/products. Such difference might provide an increase in selectivity towards
partial hydrogenation. However, we infer that the ligand effect of the IL is the major effect
controlling the partial hydrogenation performance. The filter effect, on the other hand, helps
to maintain such high partial hydrogenation selectivity at all conversion levelsl,

Keywords: lonic liquid, Solid catalyst with ionic liquid layer (SCILL), 1,3-butadiene
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Iyonik sivilar (IS), katalitik reaksiyonlarda seciciligin kontrol edilmesi acisindan umut
vaat etmektedirler. IS reaktantlarin, ara iiriinlerin ve {iriinlerin konsantrasyonlarin1 kontrol
etmekle kalmazlar, ayrica aktif bolgelerin elektronik yapilarini degistirebilmektedirler. Bu
calismada ticari bir destekli nikel katalizér (kiitlece % 65 Ni/SiO2-Al203, Ni65 olarak
kisaltilacaktir) tribiitil(metil)fosfonyum metil siilfat, [P41][MeSO4] ile kaplanmistir ve
endiistriyel acidan 6nem tasiyan 1,3-biitadienin kismi hidrojenlenmesi i¢in denenmistir.

Ni65 [P4441][MeSOQys] ile kaplanmadan 6nce 650 °C’de H> akisi altinda indirgenmis ve
akabinde oda sicakliginda diisiik konsantrasyonlu Oy altinda pasiflestirme gergeklestirilmistir.
Hem IS kaplanmis hem kaplanmamis katalizor i¢in reaktivasyon sicakligi 150 °C olarak
belirlenmistir. Reaksiyon kosullar1 IS kaplanmamus katalizériin biitenlere en yiiksek seciciligi
saglayacagi sekilde optimize edilmistir. Sonuglar gostermektedir ki, 145 °C’de 1,3-biitadien
ve Hz’nin kismi basinglari sirastyla 120 mmHg ve 240 mmHg iken (He ile dengelenmektedir)
Ni65 biitenlere % 95 segicilik gostermektedir. Ni65 [Pass1][MeSO4] ile kaplandiktan sonra bu
katalizoriin ayn1 reaksiyon kosullarinda her yiizde doniisiim degerinde, neredeyse tam
secicilik  gosterdigi  belirlenmistir.  X-151m1  fotoelektron  spektroskopisi  sonuglar
gostermektedir ki 1S’den nikele elektron transferi olmaktadir ve bu ara iiriinlerin adsorpsiyon
enerjilerini diisiirmektedir. 1,3-biitadienin [P441][MeSOQ4] iginde ¢Oziiniirligiiniin biiten ara
iirlin ve Uriinlerinden 1,5 kat daha fazla oldugu da COSMO-RS hesaplamalariyla bulunmustur.
Boyle bir fark kismi hidrojenlenmede segiciligin artmasinda etkili olabilir. Fakat, 1S’nin
ligand-etkisinin kismi hidrojenlenmede performansi kontrol eden ana etken oldugu sonucuna
varmaktayiz. Ote yandan, IS’nin filtreleme etkisi bu kadar yiiksek bir segiciligin her bir
doniisiim degerinde ulasilmasina yardime1 olmaktadirf],
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Hydrogen is considered as one of the most promising energy carriers; however, it
faces significant storage limitations. In this regard, storing hydrogen in carbon-free ammonia
is a promising approacht. Ru-based catalysts which are the most active ones for ammonia
decomposition reaction suffer from high cost and complicated production techniques. Right
after Ru-based catalysts, Ni-based ones are considered as the second best performing catalysts
which offer economic advantages. Sepiolite, which is a hydrous magnesium aluminum silicate
clay mineral was used as a support for nickel. Sepiolite offers several advantages such as its
relatively high surface area (298.3 m?/g) and basic character. Sepiolite was calcined at
temperatures between 500-1000°C to obtain a set of supports with different characteristics.
Using simple incipient wetness impregnation, 5 wt.% Ni loaded catalysts were prepared. The
catalysts were reduced under hydrogen flow at 650 °C and then tested for ammonia
decomposition. The 5 wt.% Ni catalyst supported on sepiolite calcined at 700 °C (Ni/Sp-
C700) provided 99.2 % conversion at 650 °C and at a space velocity of 8300 cm® NH3 h™ gear
1 which was superior to the other catalysts in our pool?. This performance which is
comparable to many catalysts in the literature containing even higher loadings than 30 wt.%
Ni remains stable for 100h!?. XRD analysis of the used catalysts indicate that the smallest Ni
crystallites (2.3 nm) are forming on this best performing sample. Furthermore, CO,-TPD
measurements showed that the support Sp-C700 has comparable basic properties to two
commonly used metal oxides supports with electron donor property, La>Os and MgO.
Sepiolite offers great potential for its utilization as a cost-effective support for Ni-based
catalysts providing basic property and high dispersion of the metal.
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Hidrojen enerjisi gliniimiiziin en gelecegi parlak alternatif enerji saglayicilarindan
sayilmaktadir; fakat, depolanmasiyla ilgili sorunlar vardir. Bu baglamda, hidrojeni karbon
icermeyen amonyak igerisinde depolamak umut vaat eden bir yaklasimdir!l, Rutenyum-bazli
katalizorler amonyagmn ayrismasi reaksiyonunda en yiiksek performans veren katalizorler
olsalar da, yiiksek maliyetidirler ve hazirlanma yontemleri zahmetlidir. Hemen rutenyumdan
sonra, nikel bazli katalizorler bu reaksiyon i¢in en 1iyi c¢alisan katalizorler olarak
bilinmektedirler ve ekonomik agidan daha c¢ekicidirler. Magnezyum hidrosilikat bir kil
minerali olan sepiyolit (liletasi) bu calismada nikel icin bir destek malzemesi olarak
kullanilmistir. Sepiyolitin yiizey alannin yiiksek olmasi (298.3 m?g) ve bazik ozellik
gOstermesi gibi avantajlar1 vardir. Sepiyolit 500-1000 °C arasinda degisen sicakliklarda
kalsine edilmistir ve boylelikle farkli yapisal ozellikte destek malzemeleri elde edilmistir.
Basit emdirme yontemi ile % 5 Ni yiiklii katalizorler hazirlanmistir. Ardindan bu katalizorler
Hz akisi altinda 650 °C’de indirgenmistir ve akabinde amonyaktan hidrojen eldesi i¢in
perfomans testleri yapilmistir. 700 °C’de kalsine edilen sepiyolitin deste olarak kullanildig:
kiitlece %35 Ni yiiklii katalizor (Ni/Sp-C700) 650°C’de ve 8300 cm® NHs h! gkar* akis hizinda
% 99.2 amonyak doniisiimii vermektedir ve bu deger hazirlanan katalizorler arasinda en
yilksek degerdirl?. Bu performans literatiirdeki kiitlece %30 ve daha fazla Ni yiiklii
katalizorler arasinda bile dikkat ¢ekici bir performans vermektedir. En iyi performans veren
bu katalizor tizerinde en kiigiik Ni nanopargaciklariin olustugu (2.3nm) XRD analizi ile
goriilmektedir. Sicaklik programli CO2 desorpsiyonu deneyleri gostermistir ki, Sp-C700
destek malzemesi, bazik Ozellikleri ve dolayisiyla aktif metale elektron transfer etmeleri
sebebiyle sikca kullanilan MgO ve Laz03 destekleriyle benzer bazik 6zellik gostermektedir.
Bu ¢alismada, sepiyolitin bazik 6zellik gostermesi ve nikel metalinin iyi dagilimini saglamast
sebepleriyle umut vaat eden ekonomik bir destek malzemesi oldugu gosterilmistir.

Anahtar Kelimeler: Sepiyolit, Hidrojen depolanmasi, Amonyak ayrismasi
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Hydrogen is one of the promising energy sources due to its high energy density and
environmental friendliness. However, storage and transportation require high pressures. To
overcome this problem, storing hydrogen in ammonia can be a good solution since ammonia
has low liquification pressure, high hydrogen weight content and COx-free emission. The
catalysts of choice for decomposition reaction of ammonia are Ru-, Ni-, Co-, and Fe-based
ones. Ni-based catalysts are widely-used among the aforementioned ones due to its more
abundant nature than Ru-based ones along with lower costl!l. As support materials, graphene
aerogels (GAs) are promising with their excellent high surface area and electrical
conductivity, enhancing dispersion of the metal and promoting electron transfert?. In this
study, GA supported Ni nanoparticles were used as ammonia decomposition catalysts.
Following one-step hydrothermal self-assembly of GA, Ni precursor was simply adsorbed
onto GA by immersion into Ni?* salt solution. After supercritical CO2 drying, Ni precursor
was converted into metallic nanoparticles by thermal reduction at 700 °C under flowing Hz/Ar
(named thereafter Ni/GA). Based on the thermogravimetric analysis, the nickel loading of
Ni/GA was determined as 37.7 wt%. STEM images revealed highly dispersed Ni
nanoparticles with approximate diameters around 10 nm. This catalyst provides 56.2 %
conversion at 600 °C and at a space velocity of 30,000 mL NHs h ger. However, it
deactivated above 600 °C. To overcome the deactivation issue, K-added Ni/GA catalysts
(NiI/GA-K) were produced since K can hinder sintering of Ni nanoparticlest. In fact, 4 wt%
K-added Ni/GA-K exhibited stable 79.3 % conversion at 700 °C and space velocity of 30,000
mL NH3 h-1 gcat-l.

Keywords: ammonia decomposition, graphene aerogel, nickel nanoparticles
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Hidrojen yiiksek enerji yogunlugu ve ¢evre dostu Ozelliklerinden dolay1 gelecek
vaadeden enerji kaynaklarindan bir tanesidir. Ancak, depolanmasi ve tasinmasi yliksek
basinglar gerektirir. Bu sorunu asmak i¢in hidrojeni diisiik sivilasma basincina, yiiksek
hidrojen igerigine sahip ve COx salinimi olmayan amonyak igerisinde depolamak iyi bir
¢ozlim olabilir. Amonyagin analiz reaksiyonu i¢in kullabilecek katalizorler Ru-, Ni-, Co- ve
Fe- temelli olanlardir. Ni- temelli olan katalizorler, en iyi performans veren Ru- temellilere
gore dogada daha fazla bulunmasi ve daha ucuz olmasindan dolayr yaygin olarak
kullanilmalidir¥]. Katalizére destek malzemesi olarak grafen aerojeller (GA), yiiksek yiizey
alam1 ve elektriksel iletkenlik, metalin dagilimimi artirici ve elektron transferini artici
ozellikleriyle gelecek vaadetmektedir?l. Bu ¢alismada, GA destekli Ni nanopargaciklari
amonyak analiz reaksiyonunda katalizor olarak kullanilmistir. GA’nin tek adimli hidrotermal
oztoplanma isleminden sonra Ni pargaciklart basitge GA’nin, Ni%* iceren ¢ozeltiye
daldirilarak yiizeyine tutturulmustur. Stiperkritik CO2 kurutmasindan sonra, Ni parcaciklari
700°C’de H2/Ar akisi altinda 1s1l indirgenmesiyle metalik Ni nanopargaciklarina (N1/GA)
dontstiiriilmistiir. Isil agirlik 6l¢clim analizlerine gore, Ni/GA’nin nikel yiiklemesi kiitlece
%37.7°dir. STEM c¢ekimleri yliksek derecede dagiik Ni nanopargaciklarinin ¢apini yaklagik
olarak 10 nm olarak vermistir. Bu hazirlanan katalizor 600 °C’de, 30,000 mL NHs sa* gkat'1
akis altinda %56.2 amonyak doniistimii vermistir. Ancak 600 °C’den yiiksek sicakliklarda
deaktive olmustur. Bu durumu asmak icin, K eklenmis Ni/GA katalizorleri (Ni/GA-K)
iiretilmistir ¢iinkii K Ni nanoparcaciklarinin toplanmasini engellemektedir®l. Aslinda kiitlece
%4 K eklenmis katalizor 700 °C’de, 30,000 NH3 sa™ gkar? akis altinda stabil %79.3 doniisiim
gostermistir.
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H> is a clean energy source; however, it encounters storage and transportation
limitations. Ammonia (NHs) has high volumetric and gravimetric H> density and is one of the
most promising H, vectors™. Ru-based catalysts are the best performing ones in NHs
decomposition, but they suffer from high cost. Fe-based catalysts are considered as economic
alternatives for ammonia decomposition. Recently, metal organic frameworks have been used
as precursors for preparing stable and diverse materials such as porous carbon, metal oxides
and carbon embedded metal nanoparticles offering great potential in the area of catalysis[l.
Here, we utilized Fe-BTC (iron 1,3,5-benzenetricarboxlix acid) derived highly dispersed and
loaded, carbon supported Fe-based catalysts for ammonia decomposition. Six different
catalysts were synthesized by pyrolysis of Fe-BTC at 400, 450, 500, 600, 650 and 900°C
under N2 environment for 8 h. Characterization by XRD, SEM and Raman spectroscopy
shows that as pyrolysis temperature decreases, nanoparticle size decreases and the graphitic
degree of the support increases. Resultant catalysts were activated at 500°C under NH3 flow
for 15h and then tested for ammonia decomposition at temperatures up to 500°C. Results
show that small metal particle size and higher graphitic degree of carbon support have a
positive effect on catalytic performance. For the sample pyrolyzed at 400 °C (Fe-BTC@400),
85.5+0.5% conversion was achieved at a space velocity of 4000 cm® NHz h™! gear? and at
500°C. In brief, Fe-based catalysts consisting of small iron nanoparticle sizes (<6nm) at very
high loadings (up to 50 wt.%) were prepared with negligible sintering after harsh reaction
conditions. Furthermore, it was shown that one of these carbon embedded Fe catalyst provides
high conversion at quite low temperatures compared to many other Fe-based catalysts in the
literature which provide high performance for ammonia decomposition at 700°C or higher.

Keywords: Fe-BTC, MOF-derived catalysts, Ammonia decomposition
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H> temiz bir enerji kaynagidir, ancak, H>’nin depolanmasi ve tasmmasiyla ilgili
sorunlar vardir. Amonyak, yiiksek hacimsel ve agirliksal H2 yogunlugu ile gelecek vaat eden
H, vektorlerinden biridir™. Ru-bazli katalizérler NHz bozunum reaksiyonunda en iyi ¢alisan
katalizordiir. Ancak, Ru-bazli katalizorlerin yliksek maliyet ve diisiik miktarindan dolay1
kullanimi1 uygulanabilir degildir. Fe-bazli katalizorler ise ekonomik agidan avantajli alternatif
katalizorler olarak degerlendirilir. Yakin zamanda, metal organik kafesler ¢cok daha yiiksek
kararlilikta ve gesitlilikle materyaller olan gozenekli karbon, metal oksitler ve karbon icine
gomiilii metal nanoparcaciklari sentezlemek icin Onciil malzemeler olarak kullanilmaya
baslanmustir?. Bu ¢alismada, Fe-BTC (demir 1,3,5-benzentrikarboksilik asit) metal organik
kafesinden tiiretilmis, yliksek dagilim ve yiikleme miktarina sahip karbon destekli Fe-bazli
katalizorler amonyak bozunumunda kullanmilmistir. 6 farkli katalizor, azot gazi altinda 400,
450, 500, 600 ve 900°C sicakliklarinda, 8 saat boyunca 1s1l bozunum yolu ile sentezlenmistir.
XRD, SEM ve Raman spektroskopisi sonuglar1 gostermektedir ki 1s1l bozunum sicakligi
diistiikce nanoparcacik boyutu diigmiistiir ve karbon destek malzemesinin grafit 6zelliginin
orani artmistir. Elde edilen katalizorler, 500°C’de 15 saat aktive edilmis ve 500°C’ye kadar
degisen farkli sicakliklarda saf amonyak altinda amonyak bozunum reaksiyonu igin test
edilmistir. Sonuglar kii¢iik metal nanopargacik boyutunun ve destek malzemesinin grafitik
ozelliginin artmasinin katalitik performansi pozitif yonde etkiledigini gostermistir. 400°C’de
1511 bozunuma ugramis Fe-BTC@400 katalizorii icin 4000 cm® NH3z h't geart akista, 500°C’de,
85.5+0.5 % doniisiim degeri elde edilmistir. Ozetle, bu ¢alismada yiiksek demir yiiklemesine
(kiitlece %50’ye kadar) ve kii¢iik metal pargacik boyutuna sahip (<6nm) demir bazh
katalizorlerin sentezlendigi ve reaksiyon kosullarinda pargacik topaklagmasi olmadigi
gosterilmistir. Ayrica, bu karbon i¢ine gomiilii demir katalizorlerin, literatiirdeki bulunan ve
700°C ve lizerinde iyi performans veren ¢cogu demir-bazli katalizoriin aksine oldukg¢a diisiik
sicakliklarda yiiksek aktiflik verdigi gosterilmistir.
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Titanium dioxide nanotube arrays (TNTAS) were fabricated on commercially pure titanium
substrates by the anodic oxidation method under potentiostatic regime. Anodic oxidation was
performed in aqueous solutions containing hydrofluoric acid (HF), oxalic acid (C2H204.2H20)
and sodium fluoroborate (NaBF4) at room temperature. The in-situ incorporation of boron in to
TiO2 structure was carried out in anodization process. The anodized samples were annealed at
480°C for 2 h in air in order to obtain anatase transformation and increased crystallinity. As-
prepared TNTASs were characterized by scanning electron microscopy, energy dispersive X-ray
spectroscopy, X-ray diffraction, atomic force microscopy and diffuse reflection spectroscopy.
The photocatalytic activity of pristine and B doped TNTASs on the degradation of methylene blue
(MB) under UV-Visible light and sun light irradiationfor 120 minutes was compared.

Keywords: Titanium dioxide, Anodic oxidation, boron, photo catalysis.
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Titanyum dioksit nanotiip yapilar (TNTYlar), anodik oksidasyon yontemi ile ticari saf
titanyum altliklar {izerine potansiyostatik rejim altinda tiretilmistir. Anodik oksidasyon;
hidroflorik asit (HF), okzalik asit (C2H204.2H20) ve sodyum floroborat (NaBF4) igeren sulu
cozeltiler kullanilarak oda sicakliginda gergeklestirilmistir. Yapiya bor katkisi anotlama islemi
sirasinda es zamanlt saglanmistir. Anataz doniisiimii ve kristalinitenin artirilmasi amaciyla,
anotlanan numuneler 480°C’de 2 saat hava ortaminda 1s1l isleme tabi tutulmustur. Uretilen
TNTYlar, taramali elektron mikroskobu, enerji dagilimli X-1sinlar1 spektroskopisi, X-1s1nlari
difraktometresi, atomik kuvvet mikroskobu, difiiz yansima spektroskopisi ile karakterize
edilmigtir. Saf ve B doplu TNTYlarin 120 dakikalik siire i¢in giines 15181 ve Uv-Goriiniir 151k
altindaki aktiviteleri karsilastirilmistir.
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Density Functional Theory (DFT) has been used in chemistry for the last three decades
and has proven itself to be reliable and strong tool. Furthermore, introduction of the periodic
techniques enabled scientists to better represent and understand the infinitely large surfaces,
an area which the cluster models lacked.

When applied for a system, DFT solves for the electronic structure at zero temperature
and zero pressure conditions. The basic results such as electronic energy, electronic structure
and geometry are sufficient for most of the cases. Even under these conditions DFT stands as
an irreplaceable tool to study the unobservable phenomena such as transition states and
metastable structures. However, at an initial glance relating these basic DFT results to real life
applications may appear confusing or unrealistic. At this point it is crucial to understand that
these basic results contain the relevant information needed to describe the effect of
temperature on the atomic level.

Through the combination of the DFT results and thermodynamic relations it is
possible to reach finite temperature and pressure conditions. Furthermore, this methodology
enables the study of the larger systems by dividing them into smaller sub-systems, whose
interactions are governed by thermodynamic laws. This kind of application is especially
useful for the study of surface reactions, where a solid surface (solid phase) is interacting with
a gas phase. This makes DFT yet another efficient tool to study and understand the catalytic
systems by filling the physically unobservable gaps.

Keywords: DFT, catalyst, surface, thermodynamics.
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Kimya alaninda son 30 yildir kullanilmakta olan Density Functional Theory (yogunluk
fonksiyonel teorisi, DFT) kendisini giivenilir ve giiglii bir arag olarak iSpat etmistir. Periyodik
tekniklerin uygulanmaya baglamasi ile de, kiime modellerinde eksik olan, sonsuz
biiytikliikteki yiizeylerin modellenmesi ve ¢alisilmast miimkiin olmustur.

DFT uygulandig1 sistemde sifir sicaklik ve basing kosullarinda elektronik yapiy1
coziimler. Coziimden ¢ikan temel sonuglar olan elektronik enerji, elektronik yap1 ve geometri
pek cok durumda yeterli olmaktadir. Bu kosullarda bile DFT ge¢is halleri ve meta-kararli
yapilar gibi gézlemlenemeyen olgulari ¢aligmak igin yeri doldurulamaz bir aragtir. Ancak ilk
bakista temel DFT sonuclarini gergek hayattaki uygulamalara bagdastirmak gergekei
gelmeyebilir. Bu noktada 6nemli olan {iretilen temel sonuglarin sicaklik etkisini tanimlamak
icin gerekli bilgiyi atom seviyesinde i¢cerdigini bilmektir.

DFT sonuclarint termodinamik bagintilar ile birlikte kullanarak sonlu sicaklik ve
basing kosullarmma ulagsmak miimkiindiir. Bu teknik ayni zamanda biiyiik sistemlerin,
etkilesimlerin termodinamik kanunlar ile tanimlandig1 daha kiiciik alt sistemlere parcalanarak
calisilmasina da olanak vermektedir. Bu tiirden uygulamalar 6zellikle kat1 ylizeyin gaz fazi ile
etkilesime girdigi yiizey reaksiyonlarini ¢aligmak icin faydalidir. Bu sayede DFT, fiziksel
olarak gozlenemeyen eksikliklerin doldurulmasini saglayarak katalizor sistemlerinin
caligmasinda ve anlasilmasinda efektif bir arag¢ olmaktadir.

Anahtar Kelimeler: DFT, katalizor, yiizey, termodinamik.
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Today, the catalytic reduction of hexavalent chromium Cr (V1) to Cr (I11) is one of the
major challenges in environmental chemistry and catalysis due to the high stability, pollutant
and toxic structure of hexavalent chromium Cr (V1) [1]. Hexavalent chromium (Cr (V1) is the
third most common environmental pollutant produced by industrial processes (metal
electroplating, leather tanning, pigment production, etc.) in wastewater [2-3]. In this work,
graphene oxide impregnated palladium(0) nanoparticles were generated by a novel technique
comprised of (i) surface functionalization of reduced graphene oxide with N - [(3-trimethoxy)
propyl] ethylenediamine triacetic acid trisodium (APTED), (ii) ion-exhange of sodium ions
with palladium(ll) cations and (iii) their reduction with sodium borohydride in aqueous
solution at room temperature. The catalytic performance of the resulting Pd@r-GO/APTED
was investigated in the catalytic reduction of Cr(VI) to Cr(1111) in the presence of formic acid
(HCOOH) used as reducing agent. The results showed that Pd@r-GO/APTED is highly active
catalytic material in this catalytic transformation by providing turnover frequency value of
272 mol (Cr(IV))/mol Pd.min even at room temperature.
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Gilintimiizde, Cr(VI)’min yiiksek kararlilik, kirlilik ve toksik yapisindan dolay1
Cr(VI))min Cr(lll)' e Katalitik indirgenmesi, g¢evre kimyas: ve katalizindeki en biiyiik
zorluklardan biridir. Cr(\V1), endiistriyel prosesler (metal elektrokaplama, deri tabaklama,
pigment iiretimi vb.) tarafindan tiretilen atik sulardaki ii¢iincii ve en yaygin ¢evresel kirletici
madddelerden biridir. Bu ¢alismada, grafen oksite emdirilmis paladyum(0) nanopargaciklari,
(1) indirgenmis grafen oksidin N - [(3-trimetoksi) propil] etilendiamin triasetik asit trisodyum
(APTED) ile yiizey fonksiyonellestirilmesi, (ii) paladyum(Il) katyonlar1 ile sodyum
iyonlarmin iyon degisimi ve (iii) oda sicakliginda sulu ¢ozeltide sodyum borhidrid ile
indirgenmesi sonucu olusan yeni bir teknikle tretilmistir. Elde edilen PAd@r-GO/APTED'in
katalitik performansi, indirgeyici madde olarak kullanilan formik asit (HCOOH) varliginda
Cr(VI)’in Cr(lll)’e katalitik indirgemesinde incelenmistir. Sonuglar, Pd@r-GO/APTED'in,
bu katalitik doniistimde, oda sicakliginda bile 272 mol (Cr (1V))/mol Pd.dak ¢evrim frekansi
degerini saglayarak yiiksek derecede aktif katalitik malzeme oldugunu gostermistir.
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Hydrogen, a clean and renewable fuel, is commonly regarded as one of the cleanest
and most reliable sources of energy for energy infrastructure due to its high energy capacity
(143 MJ-kg?) and its environmental friendly. However, the application of the hydrogen-based
economy is still limited due to the lack of reliable and efficient hydrogen storage technologies
[1]. Hydrazine-boran (HB, N2H4BHz3), one of the most promising materials for the storage of
hydrogen, has drawn attention from the recent developments in this area. Hydrazine-borane,
which is prepared after the reaction with hydrazine hemisulfate (N2H4 -1/2H2SO4) sodium
borohydride (NaBHa) in tetrahydrofuran (THF), has a stable high hydrogen content (15.4%)
and and a B-N compound potentially having a 100% efficiency of hydrogen utilization [2-6].
In this context, in this work, cobalt(0) nanoparticles (Co@Al>O3-NF) impregnated with
aluminum oxide nanofibers (Al.O3-NF) were prepared by impregnation-reduction method
under mild conditions. The subsequently prepared Co@AIl>O3-NF catalytic material was
tested in the dehydrogenation reaction of hydrazine-borane at room temperature with the
turnover frequency (TOF) value of 2437 mol H, (mol Co min)?! and found to be highly
efficient in this important catalytic reaction.

Keywords: Hydrazine-borane, Hydrogen, Hydrolysis, Nanocatalysis, Cobalt.
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Temiz ve yenilenebilir bir yakit olan hidrojen, genel olarak yiiksek enerji kapasitesine
(143 MJ-kg 1) sahip ve gevre dostu olmasindan dolay1 enerji alt yapisi igin en temiz ve en
giivenilir enerji kaynaklarindan biri olarak kabul edilir. Bununla birlikte, hidrojen-tabanl
ekonominin uygulanmasi, giivenilir ve verimli hidrojen depolama teknolojilerinin eksikligi
nedeniyle halen kisithdir [1]. Bu yondeki son gelismelere bakilarak hidrojenin depolanmasi
icin umut veren malzemelerden biri olan hidrazin-boran (HB, N2HsBHa3) ilgi ¢ekicidir.
Tetrahidrofuran (THF) igerisinde hidrazin hemisiilfatin (N2Hs -1/2H2S04) sodyum borhidriir
(NaBHa4) ile tepkimesi sonucu sentezlenmekte olan hidrazin-boran, oda sicakliginda kararl,
yiikksek hidrojen igeren (kiitlece % 15.4) ve potansiyel olarak % 100 hidrojen kullanim
etkinligine sahip bir B-N bilesigidir [2-6]. Bu baglamda bu ¢alismamizda, aliiminyum oksit
nanofiberlere (Al.O3-NF) emdirilmis kobalt(0) nanoparcaciklari (Co@Al203-NF) uygun
kosullar altinda emdirme-indirgeme yontemiyle hazirlanmigtir. Daha sonra hazirlanan bu
Co@AI,03-NF katalizorii oda sicakliginda 2437 mol H, (mol Co dk.)? ¢evrim frekansim
saglayarak hidrazin-boranin dehidrojenlenme tepkimesinde test edildi ve bu 6nemli katalitik
tepkimede katalizriimiiziin son derece etkin oldugu bulunmustur.
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Perovskite Catalysts with Bulk Oxygen Vacancies
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A simple and a reproducible synthetic protocol [1] was utilized to synthesize hybrid
perovskites with a nominal stoichiometry of LaCoxMn1xOs (x = 0.1-0.9), whose bulk B-site
stoichiometry, surface/bulk B-site oxidation states, and bulk oxygen vacancy population can
be controlled in a gradual manner. Structural and functional properties of these materials were
investigated with: XRD, BET, ICP-MS, XPS, TEM, STEM-EDX, in-situ XANES, in-situ
FTIR and TPD. An efficient methodology was presented to estimate entire bulk stoichiometry
and the bulk oxygen deficiency of the hybrid perovskites by combining average bulk-
oxidation state information provided by XANES and bulk A-site and B-site atomic ratios
measured in ICP-MS. Here, we demonstrate that these bulk-oxygen vacancies have a strong
influence on the redox activity of the hybrid perovskites allowing them to efficiently switch
between high and low B-site oxidation states in a reversible fashion under relatively moderate
redox conditions without requiring elevated temperatures for regeneration, unlike LaCoO3z and
LaMnOs benchmark systems. In these hybrid perovskite systems, A-site bulk oxidation state
seems to remain intact without presenting a strong influence on reactivity. Furthermore, we
exploit catalytic disproportionation of NO2 (g) into surface nitrates/nitrites on the hybrid
perovskite surfaces as a proof of principle, in order to illustrate that perovskites such as
La1.01C0075Mno240297 and Lai104C0065Mno310297 With a particular bulk-oxygen vacancy
population and electronically-modified hybrid B-site cations with specific oxidation states can
reveal superior reactivity in transforming NO2 (g) into surface nitrates/nitrites that can surpass
single B-site benchmark perovskites such as LaCoOs and LaMnQOsz. It is likely that this is
accomplished by the diffusion of bulk oxygen vacancies to the surface which eventually
governs the surface redox reactivity.

Keywords: LaCoOs3, LaMnO3, LaCoxMn1.xOs, Perovskite, hybrid, in-situ FTIR and TPD
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Nominal stokiyometrisi LaCoxMn1xOs (x = 0.1-0.9) olan perovskitlerin sentezlenmesi
icin basit ve tekrarlanabilir bir sentez protokoliinden yararlanilarak, bu perovskitlerin B
sitelerindeki stokiyometrisi, B-sitelerindeki yiizey/kiilge tiirlerinin oksidasyonu ve kiilge
oksijen bosluk popiilasyonlar1 kademeli olarak kontrol edilebilir [1]. Bu yapilarin yapisal ve
fonksiyonel 6zellikleri XRD, BET, ICP-MS, XPS TEM, , in-situ XANES, in-situ FTIR ve
TPD yontemleri kullanilarak incelenmistir. Malzemelerin oylum yapilarindaki oksijen
bosluklart ve yine oylum yapilarinin oksidasyon durumlari hakkinda elde edilen bilgiler
XANES metodu kullanilarak verimli bir sekilde ortaya konmus olup, perovskit yapisinin A ve
B sitlerindeki metal oranlart ICP-MS ile incelenmistir. Gelinen noktada, oylum-oksijen
bosluklar hibrit perovskit malzemelerinin redoks kapasitesi tizerinde giiglii bir etkisi oldugu
anlagilmig olup, yiiksek sicakliklarda rejenere edilebilen LaMnOs ve LaCoOs gibi basit
yapilarin aksine hibrit perovskitlerdeki B-sitelerinin makul sicaklik diizeylerinde tersinir bir
sekilde indirgenip yiikseltgendigi saptanmistir. Diger yandan hibrit perovskit sistemlerinde, A
sitelerinin oylum oksidasyon durumunun aktivite ilizerinde gii¢lii bir etkisinin olmadigi
goriinmektedir. Ayrica, NO2 (g)’nin kendi i¢indeki katalitik parcalanmasi sonucu nitrit ve
nitrat tiirlerine perovskit yiizeyindeki doniisiimii kavramsal kanit gostermek maksadiyla
incelenmis  olup, Ozellesmis  stokiyometriye  sahip  La101C0075Mno 240297  Vve
La1.04C0065Mno3102.97 malzemelerine ait olan B sitelerinin elektronik modifikasyonu ve
spesifik oylum oksijen bosluk popiilasyonu NO2 (g)’nin nitrit yada nitrat tiirlerine katalitik
doniistim aktivitesini LaCoO3 ve LaMnQOz’e kiyasla gelistirdigi gézlenmistir. Bu durumun
oylum kiilce oksijen bosluklarimin difiizyon ile yiizey bosluklarina donligmesi sonucu
yiizeydeki redoks aktivitesini kontrol ettigi diisiiniilmektedir.

Anahtar Kelimeler: LaCoO3z;, LaMnOs3, LaCoxMni1xOs, Perovskit, hibrit, in-situ FTIR ve
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Atmospheric pollution has been recognized as one of the major threats for modern
society. Among the various manmade air pollutants, nitrogen oxides (NOXx), especially nitric
oxide (NO) and nitrogen dioxide (NO>) severely affect respiratory and immune systems [1].
Semiconductor photocatalysts like titanium dioxide (TiO2) has been implemented in advanced
building materials to combat NOx pollution [2]. Among alternative photocatalytic systems,
two-dimensional graphitic carbon nitride is one of the strong candidates owing to its metal-
free nature, thermal stability, non-toxicity, cost efficiency with a low electronic band gap (2.7
eV, 454 nm) falling in the visible range of the solar spectrum [3]. In this study, highly
organized mesoporous graphitic carbon nitride (mpg-CsN4) photocatalysts were synthesized
by the thermal polycondensation of guanidine hydrochloride using hard template-assisted
synthesis approach. The polycondensation process was performed at different temperatures,
accompanied by comprehensive structural analysis of the mpg-CsN4 materials. These porous
structures were then tested in NO photo-oxidation under visible light, showing a remarkable
activity in NOx abatement and a high selectivity for nitrate species. The activity of best mpg-
C3N4 photocatalyst (CN500) was further improved by the addition of magnetite nanoparticles
which were synthesized by the surfactant assisted high-temperature decomposition of iron
(11) acetylacetonate. Improved catalytic efficiency could be mainly attributed to the enhanced
electron-hole pair lifetime and charge carrier separation, high specific surface area, and a wide
pore size distribution. This facile synthesis approach in combination with a high performance
present a valuable material for next generation technologies for the abatement of harmful
gaseous pollutants.

Keywords: mpg-CsN4, Iron oxide, Photocatalytic oxidation, NOx abatement
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Hava kirliligi giiniimiiz sehirlerinin karsi karsiya oldugu 6nemli sorunlardan biridir.
Insan kaynakli hava kirletici maddeler arasinda azot oksitler (NOx) ve 6zellikle azot monoksit
(NO) ve azot dioksit (NO») insanlarda solunum ve bagisiklik sistemlerini ciddi sekilde etkiler
[1]. NOx kaynakli hava kirliligini azaltmak i¢in titanyum dioksit (TiO2) gibi yar1 iletken
fotokatalizorler bazi ileri teknoloji yapi1 malzemelerine dahil edilmistir [2]. Alternatif
fotokatalitik sistemler arasinda ise, iki boyutlu grafitik karbon nitriir, metal icermemesi,
termal dayanikliligi, toksik olmamasi, ekonomik uygunlugu ve de giines 1s18inin goriiniir
bolgesine karsilik gelen, kiigiik elektronik bant araligi (2.7 eV, 454 nm) ile 6ne ¢ikmaktadir
[3]. Bu calismada, yiiksek derecede diizenli, mezo-gbdzenekli, grafitik karbon nitriir (mpg-
Cs3Ns) fotokatalizorler, guanidin hidrokloriir ve “sert-kalip” sentez yontemi kullanilarak,
termal polikondenzasyon ile sentezlendi. Polikondenzasyon siireci, degisik sicakliklarda
gerceklestirildi ve elde edilen mpg-CsN4 malzemeler, kapsamli yapisal analizlere tabi tutuldu.
Bu mezo-gozenekli yapilar, daha sonra goriiniir 151k altinda, NO’nun foto-oksidasyonunda
dikkate deger bir aktiflik ve nitrat tiirlerine yonelik yiiksek secicilik gosterdi. Aktiflik
degerleri en yiiksek olan mpg-CsNs fotokatalizoriin daha da iyilestirilmesi i¢in, demir (III)
asetilasetonat’in yiizey aktif madde destekli yiiksek sicaklikta bozunmasi metodu ile elde
edilen magnetit nanopargaciklari, yapiya eklendi. Arttirilan katalitik verim, temel olarak
elektron-bosluk ciftinin uzatilmis 6mrii ve yiik tasiyicilarin daha etkili sekilde birbirlerinden
ayirilmalari, biiylik spesifik ylizey alan1 ve mezo-gozeneklilik ile agiklanabilir. Kullanilan
sentetik yontemin basitliginin yani sira, elde edilen basarili fotokatalitik performans, bu
malzemelerin, hava kirletici gazlarin fotokatalitik olarak uzaklastirilmasi alanindaki yeni nesil
teknolojiler arasinda degerli bir yere sahip olabilecegine isaret etmektedir.
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Nature of oxygen species was studied on the planar Au(111) and Ag(111) single
crystal model catalyst surfaces via x-ray photoelectron spectroscopy (XPS), temperature
programmed desorption/ temperature programmed reaction spectroscopy (TPD/TPRS), low
energy electron diffraction (LEED) and infrared reflection absorption spectroscopy (IRAS)
techniques under ultra-high vacuum (UHV) conditions. Various oxygen species were
determined on both Au(111) and Ag(111) model catalysts and their role in O-H, C-H, C-C
and N-H bond activation was investigated by using probe molecules such as methanol,
acetaldehyde and ammonia. Three different oxygen species such as atomic oxygen (Oa),
subsurface oxygen (Osub) and surface oxide (Oox) were determined on Au(111) single
crystal. Oxygen accumulation on Au(111) surface at 140 K for 60 <1.0 MLE of oxygen
coverage resulted in the surface atomic oxygen (Oa) formation while 2D surface oxide (Oox)
started to grow for 60 >1.0 MLE of oxygen coverage at the same temperature. It was also
shown that oxygen atoms dissolved (Osub) into the bulk of the Au(111) single crystal when
oxygen was accumulated at 473 K. Atomic oxygen species (Oa) on Au(111) was found to be
very active for the cleavage of O-H and C-H bonds in methanol; C-C bond in acetaldehyde;
N-H bond in ammonia molecules. Surface oxide (Oox) overlayer was also active for methanol
oxidation, however it showed very high selectivity towards CO». Dissolved oxygen atoms
(Osub) revealed almost no activity in methanol oxidation reactions on Au(111). In a similar
manner, three different oxygen species were determined on the Ag(111) surface such as
surface atomic oxygen (Oa), surface oxide (Oox) and bulk-like oxide (Obulk) species.
Disordered atomic oxygen (Oa) and surface oxide (Oox) overlayers prepared at 140 K on
Ag(111) for 6o < 0.2 MLE were found to be very active for O-H and C-H bond cleavage
producing formaldehyde as the dominant product. Increasing oxygen quantity for both oxygen
species (0.7 MLE < 6o < 1.3 MLE) resulted in mostly CO> formation. Oa (6o < 1.10 MLE)
was also found to be highly active in N-H bond cleavage for ammonia and selective to N2 as
the dominant product. On the other hand, ordered p(5x%1) and c(4x8) surface oxide (Oox)
overlayers on Ag(111) prepared 473 K were found to be almost entirely inactive for N-H
cleavage. Extreme oxygen exposures on Ag(111) (6o > 1.93 MLE ) at 140 K led to bulk-like
silver oxide (Obulk) species with poor N> selectivity in ammonia oxidation.

Keywords: Au, Ag, Partial Oxidation, Selective Catalytic Oxidation
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Mevcut c¢alismada, XPS, TPD/TPRS, LEED ve IRAS teknikleri kullanilarak
diizlemsel Au(111) ve Ag(111) tek kristal model katalizor yiizeyleri iizerindeki oksijen
tirlerinin dogasi1 ultra-yiiksek vakum (UHV) kosullar1 altinda incelenmistir. Au(111) ve
Ag(111) model katalizorler lizerindeki ¢esitli oksijen tiirleri belirlenip, bu tiirlerin metanol,
asetaldehit ve amonyak gibi molekiiller kullanilarak; O-H, C-H, C-C ve N-H bag
aktivasyonlarindaki rolii arastirilmistir. Au(111) tek kristali tizerinde yiizey atomik oksijen
(Oa), yiizey alt1 oksijen (Osub) ve yiizey oksit (O0x) olmak tizere {i¢ farkli oksijen tiirii
belirlenmistir. Au(111) iizerinde 140 K sicaklikta, 1 tek katman esdegeri (MLE) ve daha az
miktarda oksijen birikimi, atomik yiizey oksijen (Oa) olusumuyla sonuclanirken, ayni
sicaklikta 1 MLE’den daha fazla oksijen birikimiyle birlikte, 2 boyutlu ylizey oksit olugsmaya
basladig1 saptanmistir. Ayrica, oksijenin 473 K sicaklikta yiizeye gonderilmesiyle, oksijen
atomlarinin Au(111) tek kristalinin igerisinde ¢6ziindiigii (Osub) gosterilmistir. Yiizeyde
bulunan oksijen atomlarmin (Oa) metanoldeki O-H ve C-H; asetaldehitteki C-C ve
amonyaktaki N-H baglarinin kirilmasinda ¢ok aktif oldugu goriilmiistiir. Yiizeydeki oksit
katmaninin (O0X) da metanol ile tepkimeye girdigi, fakat bu tepkime sonucunda baskin olarak
CO2 olustugu goriilmiistiir. Au(111) tek kristali icerisinde ¢oziilmiis olan oksijen atomlari
(Osub) metanol oksidasyon reaksiyonlarinda neredeyse hi¢ aktivite gostermemistir. Benzer
sekilde, Ag(111) tek kristali tizerinde ylizey atomik oksijen (Oa), yiizey oksit (O0X) ve kiilge
oksit (Obulk) olmak tizere ti¢ farkli oksijen tiirii belirlenmistir. 140 K sicaklikta 0.2 MLE ve
daha az oksijen ile olusturulan atomik oksijen (Oa) ve yiizey oksit (O0X) katmanlarinin
metanoldeki O-H ve C-H baglarinin kirilmasinda aktif oldugu ve baskin iiriin olarak
formaldehit olusturdugu goriilmiistiir. Artan oksijen miktariyla birlikte bahsedilen her iki tiir
de cogunlukla CO2 olusumuna sebep olmaktadir. Ayrica Oa tiiriiniin amonyak molekiiliindeki
N-H bag kirilmasinda aktif oldugu ve baskin tiir olarak N2 olusturdugu saptanmistir. Diger
taraftan, Ag(111) tek kristali tizerinde 473 K sicaklikta olusturulan yiizey oksit (O0X)
katmanmin N-H bag kirilmasinda neredeyse tamamen pasif oldugu goriilmistiir. Ag(111)
tizerinde olusturulan kiilge giimiis oksit (Obulk) tiiriiniin ise amonyak oksidasyonu
tepkimesinde N2 olusumuna karsi, diisiik segicilik gosterdigi ve NO, N2O gibi toksik
kirleticilerin olusumunu artirdig1 saptanmistir.

Anahtar Kelimeler: Au, Ag, Kismi yiikseltgeme, Secici Katalitik Yiikseltgeme
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Light driven water oxidation have received much attention particularly in the last two
decades due to its potential impact to sustainable energy. Several Prussian blue analogues
have recently been investigated as water oxidation electrocatalysts.’® Given the promising
results obtained with molecular dyads, herein, a step-by-step rational design of cyanide based
hybrid compounds, which incorporate water oxidation catalytic sites covalently coordinated to
molecular photosensitizers, will be presented. The photocatalytic performance of these hybrid
systems for light-driven water oxidation process will also be explained.

WOC : water oxidation catalyst
PS : photosensitizer

Figure 1. Synthetic scheme for the structure of Ru-CoFe cyanide absed
systems.
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Siirdiiriilebilir ve yenilenebilir enerji kaynaklarina potansiyel etkisinden dolay1 giines
15181 ile suyun yiikseltgenmesi alanina olan ilgi 6zellikle son yirmi yilda oldukg¢a artmistir.
Prusya mavisi yapisina sahip cesitli bilesikler de bu alanda suyu yiikseltgeyebilen katalizorler
olarak arastirilmistir.!® Bu alanda kromofor-katalizor diyad yapilar ile elde edilen umut
vadeden sonuglar géz Oniinde bulundurularak, bu sunumda, siyaniir ligandi igeren diyad
yapilarinin sentez yontemi agiklanacaktir. Ayrica, bu yapilarin suyun ylikseltgenmesi
islemindeki fotokatalitik performanslar1 da incelenecektir.

WOC : water oxidation catalyst
PS : photosensitizer

Figure 1. Synthetic scheme for the structure of Ru-CoFe cyanide absed
systems.
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In recent years, study of chemicals and energy production from renewable sources
have gained momentum due to fossil resources are limited and will be exhausted after a
certain period. Also, considering the environmental problems generated by the fossil
resources, development of environmentally friendly processes and technologies is important
in terms of sustainability [1]. Lignocellulosic biomass is an alternative to crude oil as
renewable source which can be converted into various valuable chemicals such as 5-HMF,
lactic acid, formic acid and levulinic acid and fuels. Lignocellulosic biomass is mainly
composed of cellulose, hemicellulose and lignin [2,3]. Cellulose and hemicellulose are very
important materials because they are transformed to C5 and C6 sugars. Bozell and Petersen
identified many platform chemicals derived from C5 and C6 sugars [4].

In this study, the effect of metal doping to alumina on the dehydration of fructose was
investigated. Zn, Ni, Cu, Fe and Cr doped alumina was synthesized by sol-gel method. All
catalysts were characterized by nitrogen adsorption/desorption and XRD method.
Experiments were carried out with a microwave oven in Teflon vessels with 30 ml of water,
0.2 g of fructose and 0.2 g of catalyst. Compositions of liquid products were analyzed by
HPLC [5]. In all experiments, fructose was converted completely. The formation ratios of
chemicals are shown in Fig 1. According to Figl, addition of metals improved the obtained 5-
HMF, formic acid and levulinic acid yields.

60
lactic acid formation

50 ® formic acid formation

M levulinic acid formation
40
5-HMF formation

30

Keywords: Fructose, Value-added Chemicals, Biorefinery, Alumina
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Son yillarda, fosil kaynaklarin smirli olmasi ve belirli bir zaman sonra tiikenecek
olmasi1 nedeniyle yenilenebilir kaynaklardan kimyasal madde ve enerji liretimi ¢alismalar1 hiz
kazanmistir. Ayrica fosil kaynaklarin yarattigi ¢evresel problemler gozoniine alindiginda,
cevre dostu siireclerin ve teknolojilerin gelistirilmesi siirdiiriilebilirlik agisindan 6nem
tagimaktadir [1].

Lignoseliilozik biyokiitle, 5-HMF, laktik asit, formik asit ve levulinik asit gibi ¢esitli
degerli kimyasallara ve yakitlara doniistiiriilebilen yenilenebilir kaynak olarak ham petrole bir
alternatiftir. Lignoseliilozik biyokiitle, esas olarak seliiloz, hemiseliiloz ve ligninden olusur
[2,3]. Seliiloz ve hemiseliilloz, C5 ve C6 sekerine doniistiigii i¢in ¢ok onemlidir. Bozell ve
Petersen, 2010 yilinda C5 ve C6 sekerlerinden elde edilen birgok platform kimyasalini
tanimladilar [4].

Bu calismada, fruktozun dehidrasyonu i¢in metal katkinin aliimina katalizore etkisi
arastirllmistir. Sol-jel yontemi ile Zn, Ni, Cu, Fe ve Cr katkili aliimina sentezlendi. Tiim
katalizorler nitrojen adsorpsiyon/desorpsiyon ve XRD metodu ile karakterize edildi. Deneyler,
30 ml su, 0.2 g fruktoz ve 0.2 g katalizor ile Teflon kapta bir mikrodalga firin ile
gerceklestirilmistir. Sivi iirlinlerin bilesimleri HPLC ile analiz edildi [5]. Tiim deneylerde
fruktoz tamamen doniistii. Kimyasallarin olusum ytizdeleri Sekil 1'de gosterilmistir. Sekil 1'e
gore, metallerin eklenmesi, elde edilen 5-HMF, formik asit ve levulinik asit verimlerini
arttirmistir.

60
lactic acid formation
50 = formic acid formation

m levulinic acid formation
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5-HMF formation
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Benzimidazoles have attracted much attention since extensively studied in many
applications in coordination, medicinal, and supramolecular-chemistry. Because of having
high termal stability, good catalytic performance and superior optical properties, morever
metal complexes with benzimidazole ligands are important for usage in material science, fuel
cells, and ionic liquids.

Palladium-catalyzed cross-coupling reaction for formation of carbon-carbon bonds,
reaction of aryl halides with olefins and with boronic acid (respectively heck, Suzuki reaction)
taking advantage of this reaction. The reactions have become the most successful methods in
the a wide variety of organic compounds, material science, agrochemicals and functional
polymer materials 41,

Reaction of N-substituted 5-nitrobenzimidazole with [PdCI2(CNCHzs)2] in toluene
under argon reflux condition affords a series of Pd(ll) complexes(la-e) have been
successfully synthesized and their catalytic activity in the Suzuki- Miyaura and Mizoroki-
Heck coupling reactions were investigated. All these complexes were characterized by
elemental analysis, *H NMR, *C NMR, and IR spectroscopy. The catalytic activities N-
substituted 5-nitrobenzimidazole palladium(ll) complexes were screened in Mizoroki—Heck
and Suzuki-Miyaura coupling reactions. The reactions were optimized for the most suitable
temperature, solvent, and base system. The Pd(Il) complexes exhibit good catalytic activity at
the Heck reaction while the Suzuki-Miyaura exhibit relatively more excellent activity at the
coupling reaction.

Keywords: Catalysis, Suzuki-Miyaura, 5-nitrobenzimidazole, C-C bonds, elemental analysis
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Benzimidazoller, koordinasyon, tip ve supramolekiiler-kimya gibi bir¢cok alanda yogun
olarak ¢alisildigindan ¢ok dikkat cekmistir. Yiiksek termal kararliligy, 1yi katalitik performansi
ve ustiin optik Ozelliklere sahip olmasi ayrica, benzimidazol ligand metal kompleksleri,
malzeme bilimi, yakit hiicreleri ve iyonik sivilarda kullanim gibi {istiin 6zelliklere sahiptirler.
Karbon-karbon baglarinin olusumu igin paladyum katalizorlii ¢apraz-baglanma reaksiyonu,
aril halojentirlerin olefinlerle ve boronik asitle reaksiyonunda biiyiik avantaj saglar. (sirasiyla
Heck, Suzuki reaksiyonu olarak). Reaksiyonlar, ¢ok ¢esitli organik bilesikler, malzeme
bilimi, zirai kimyasallar ve fonksiyonel polimer materyallerinde kullanilan en basarili
yontemler olmustur 141,

N-koordineli 5-nitrobenzimidazoliin reaksiyonu, argon gazi altinda toluen iginde
[PACI2(CNCHz3)2] ile reaksiyonunda, bir dizi Pd(Il) komplekleri (la-e) kullanilarak
gergeklestirildi ve bunlarin Suzuki-Miyaura ve Mizoroki-Heck eslesme reaksiyonlarindaki
katalitik aktiviteleri arastirildi. Biitiin bu kompleksler, element analiz, 'H NMR, *C NMR ve
IR spektroskopisi ile karakterize edildi. N-koordineli 5-nitrobenzimidazol palladyum(ll)
komplekslerinin(la-e) Kkatalitik aktiviteleri Mizoroki-Heck ve Suzuki-Miyaura baglama
reaksiyonlarinda incelendi. Reaksiyon kosullari en uygun sicaklik, ¢oziicli ve baz sistemi igin
optimize edildi. Pd(ll) kompleksleri Suzuki-Miyaura baglanma reaksiyonunda nispeten daha
iyi aktivite gosterirken, Heck reaksiyonunda iyi Kkatalitik aktivite gosterdikleri tespit
edilmistir.

Anahtar Kelimeler: Kataliz, Suzuki-Miyaura, 5-nitrobenzimidazol, C-C baglari, elementel
analiz
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The catalytic conversion of biomass-derived oxygenates into desired products requires
a fundamental understanding of the interaction between these molecules and the metal
surface. This level of understanding can be provided by surface science tools, but the
complexity and low vapor pressure of biomass-derived oxygenates complicate experimental
studies in ultra-high vacuum (UHV). Oxygenates typically bind to the metal surface and react
through any of their functional groups. We have studied the surface chemistry of several
model oxygenate molecules (i.e. ethanol, ethylene glycol, acetaldehyde, acetic acid and
glycolaldehyde), which have common functionalities (OH, C=0O, COOH) with
biomass-derived molecules and, which are compatible with surface science studies under
ultra-high vacuum condition. Rhodium is applied as catalytically active metal for processing
biomass feedstocks. In order to reduce the complexity of real catalyst a single crystal facet of
Rh, Rh(100), is used as a model for the catalyst surface. We used Reflection Absorption
Infrared Spectroscopy (RAIRS) to understand the adsorption and decomposition of oxygenate
molecules on the Rh(100). Other surface science techniques such as Temperature
programmed techniques (TPD, TPRS and TPO) and work function measurements were also
applied to fully explore catalytic reaction mechanisms. The results will be presented and
discussed.

Keywords: biomass, oxygenates, single crystal surface, TPRS, RAIRS, work function
measurements.
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Biyokiitle kaynakli oksijenatlarin katalitik doniisiimle istenen {irlinlere doniisiim
kimyasini anlamak i¢in bu molekiillerin metal yiizeyi ile etkilesimi temel diizeyde anlamak
gerekmektedir. Bu diizeyde algilama ylizey kimyas1 araglariyla saglanabilinir. Fakat biyokiitle
kaynakl1 oksijenatlarin kompleks yapilar1 ve diisiik buhar basinglar1 yiizey kimyasi araglarini
kullanacagimiz ultra diisiik basing ortaminda deney yapmay1 gii¢lestirmektedir. Oksijenatlar
metal yiizeyine fonksiyonel gruplari sayesinde baglanir ve bu gruplar {izerinden yiizeyde
reaksiyona girerler. Bu caligmada biyokiitle kaynakli molekiillerle benzer fonskiyonal
gruplara sahip olan (OH, C=0O, COOH) ve ultra diisiik basin¢ kosullarinda deney yapmamizi
miimkiin kilan farkli model oksijenat molekiillerinin (6r. Etanol, etilen glikol, asetaldehit,
asetik asit ve glikolaldehit) metal yiizeyi lizerindeki kimyas1 ¢alisildi. Metal yiizeyi olarak
katalitik biyokiitle dontisiimlerinde kullanilan metallerden biri olan rodyum (Rh) kullanilda.
Gergek katalizor pargacigindaki kompleks yapi basitlestirilmek amaciyla rodyum metalinin
diisiik indeksli Rh(100) ylizeyi model katalitik ylizey olarak kullanildi. Oksijenatlarin metal
yiizeyine baglanma ve yiizeyde parcalanma kimyasinin anlagilmasi i¢in yansima absorplama
kiz1l6tesi spectroskopisi (RAIRS), sicaklik programli desorplanma, oskitlenme ve reaksiyon
spektroskopisi ve is fonksiyonu 6l¢iimleri teknikleri kullanilmistir. Sonuglar ve konuyla ilgili
tartismalar sunulacaktir.

Anahtar Kelimeler: biyokiitle, oksijenatlar, tek kristal yiizeyi, sicaklik programli reaksiyon
spektroskopisi, yansima absorplama kizilGtesi spectroskopisi, is fonksiyonu dlgiimleri.
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Etherification of glycerol with isobutene is becoming an industrially important
reaction to produce glycerol tert-butyl ethers (GTBE) as alternative fuel additives [1]. The
desired ethers are di-GTBE (DTBGE) and tri-GTBE (TTBGE) because of their better
solubility and lower polarity [2]. Our detailed literature review mentions that cost effective
and commercial solid acid catalysts can be used in this reaction [3].

We tested over seventy solid acid catalysts including ion exchange resins, zeolites, and
heteropolyacids under identical conditions (75 °C, 10 bar, isobutene/glycerol molar ratio of
3:1, 6 h) in batch reactors. The commercially available Amberlyst™ resins and zeolite H-Beta
yielded over 80 wt% selectivity to DTBGE and TTBGE. The desired ether selectivity
improved with increasing acid strength for zeolites and supported heteropolyacids.

Amberlyst 15™ was then modified by partial sodium exchange. The acid strength of the
remaining sulfonic acid sites increased with increasing Na* loading, determined by an FTIR-
based method, and was confirmed by density functional theory calculations. Besides, DTBGE
and TTBGE selectivity improved at high acid strength. Flow reactor measurements at low
conversions, presented for the first time in literature, illustrated that DTBGE and TTBGE
form primarily at high acid strength.

In the fuel additive mixtures with different GTBE concentrations, the density, water solubility
and viscosity dropped at high TTBGE content. Blending the TTBGE rich GTBE in 3.5 vol%
with gasoline enhanced the octane number (from 95 to 96) and reduced the vapor pressure
(from 57 to 55 kPa). Power and emission tests in a gasoline engine dynamometer resulted in
similar performance of methyl-tert butyl ether and GTBE blended gasoline, indicating the
commercial potential of GTBE.

Keywords: glycerol, isobutene, fuel oxygenate, gasoline, glycerol tertiary butyl ether, ion
exchange resin, zeolite
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Gliseroliin izobiiten ile eterlesmesi, yakit katkisi olarak kullanilabilecek gliserol
tersiyer biitil eterlerinin (GTBE) olustugu endiistriyel 6neme sahip bir reaksiyondur [1]. Bu
reaksiyonda olusmasi istenen eterler, hidrokarbon yakitlarda daha iyi ¢6ziinen ve polaritesi
diisiik olan di-GTBE (DTBGE) ve tri-GTBE (TTBGE)’dir [2]. Detayli literatiir tarama
makalemizde ticari ve hesapli kati asit katalizorlerin bu reaksiyonda kullanilabilecegini
Ozetlemistir [3].

Calismamizda, iyon degisim regineleri, zeolitler ve heteropoliasitleri igeren 70’ten
fazla kati asit katalizor kesikli reaktorde ayni sartlarda (75 °C, 10 bar, izobiiten/gliserol mol
orani 3:1, 6 saat) test edilmistir. Ticari katalizérler Amberlyst 15™ recinesi ve zeolit H-Beta,
DTBGE ve TTBGE’ye %80’den fazla secicilik gdstermistir. Zeolit ve heteropoliasitlerde
DTBGE ve TTBGE segiciligi asit kuvvet ile artig gostermistir.

Daha sonra Amberlyst 15’e¢ kismi sodyum degisimi muamelesi yapilmistir. FTIR
temelli yontemimize gore, geri kalan siilfonik asit bolgelerinin asit kuvveti Na* yiiklemesi ile
artmaktadir ve bu ¢ikarim yogunluk fonksiyoneli teorisi hesaplamalari ile desteklenmistir.
Ayrica, DTBGE ve TTBGE segiciligi asit kuvvet ile artmigtir. Literatiirde ilk defa, siirekli
reaktor sisteminde yapilan diisiik gliserol doniisiimii deneyleriyle, yiiksek asit kuvvette
DTBGE ve TTBGE’ nin birincil iiriinler olarak olustugu gosterilmistir.

GTBE derisimi degisen yakit katkis1 karisimlarinda yogunluk, sudaki ¢oziiniirliik ve
viskozitenin TTBGE miktar ile distiigii gozlenmistir. TTBGE’den zengin GTBE benzine
hacimce %3.5 oraninda katildiginda oktan sayis1 atmig (95’ten 96’ya), buhar basinci ise
diismistir (57 kPa’dan 55 kPa’a). Motor dinamometresinde yapilan giic ve emisyon
testlerinde, metil tersiyer biitil eter ve GTBE katkili benzin benzer sonucglar vermis,
dolayisiyla GTBE nin ticari 6l¢ekte kullanilabilirligi gésterilmistir.

Anahtar Kelimeler: gliserol, izobiiten, oksijenat, benzin, gliserol tersiyer biitil eter, iyon
degisim reginesi, zeolit
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Uygulamalar
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Su ortaminda yiiriiyebilen katalitik organik reaksiyonlar, ¢evre dostu olmalari, ¢coziicii
maliyetlerini diisiirmeleri ve reaksiyon sonrasi bertarafi zor olan atiklar olusturmadiklar igin
stirdiiriilebilir yeni siireglerin gelistirilmesi agisindan biiyiik 6nem tasimaktadirlar. Organik
reaktantlarin sudaki kisith ¢oziintirliikleri ve organometalik katalizorlerin  suya karsi
hassasiyetleri bu reaksiyon siireglerinin su ortamina adaptasyonunu gii¢lestirmektedir.
Hidrofilik organik reaktantlarla ¢alisan katalizor sistemlerinin hidrofobik organic reaktantlarla
ayn1 performansi gostermemesi bu siireclerin endiistriye adaptasyonunu giiclestirmektedir.

Bu c¢alismada imidazol grubu igeren amfifilik ROMP polimerleri sentezlenmis ve
Grubbs tipi rutenyum kompleksleri ile etkilestirilerek su ortaminda nano reaktor gorevi géren
katalitik sistemler gelistirilmistir. Amfifilik polimer yapilar1 5-norbornen-2,3-dimetil
karboksilat tiirevlerinin poli(etilenglikol) gruplariyla sonlandirilmasi ile elde edilmistir. Bu
polimer yapilarinin metil ester uglari 1-(3-aminopropil)imidazol varliginda aminoliz
reaksiyonlariyla modifiye edilmis ve ligand Onciisii gorevi gorecek amfifilik ROMP polimer
yapilar1 elde edilmistir. Elde edilen polimerik yapilar *H NMR, C NMR, FTIR, MALDI
ToF MS ve SEC metotlariyla karakterize edilmistir. Sonrasinda mod-Amphl polimer
yapilarina Grubbs birinci nesil katalizorli desteklenmistir. Olusan katalizor sistemi 18
elektronlu kararlt bir komplekstir ve metatez reaksiyonuna kars1 inaktiftir. Bu durum organik
hidrofobik substratin misel merkezine difiizsyonunu kolaylagtirmakta ve reaktantin tamami
iceriye difiize olmadan reaksiyonu baslatmamaktadir. Reaksiyon ortamina HCI eklenmesiyle
14 elektronlu rutenyum aktif pargaciklart olusturulmustur. Bu aktif tiirler saf su ortaminda,
hatta cesme suyunda bile dien bilesiklerinin halka kapanma metatez reaksiyonlarini etkin bir
sekilde katalizlemektedirler.
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Catalytic organic reactions that run in water are of great importance for the
development of sustainable green catalytic protocols because of the_reduced solvent cost and
the absence of hazardous wastes after the reaction. The adaptation of these processes to
aqueous media is challenging due to the limited solubility of organic substrates and the
moisture sensitivity of the organometallic catalysts. Due to the performance differences
between hydrophilic and hydrophobic organic reactants in these catalytic systems, the

adaptation of the current catalytic procedures to industry is challenging.

In this study, catalytic systems that act as nano-reactors in water were developed by
synthesis of amphiphilic ROMP polymers bearing imidazole groups and followed by
supporting Grubbs type ruthenium catalysts. Amphiphilic polymers were obtained by end
functionalization of 5-norbornene-2,3-dimethyl carboxylate derivatives with poly(ethylene
glycol). The methyl ester groups of these polymers were modified by aminolysis reactions
using 1-(3-aminopropyl)-imidazole and amphiphilic ROMP polymers that can act as ligand
precursors were obtained. Polymeric structures were characterized by means of *H NMR, **C
NMR, FTIR, MALDI ToF MS and SEC methods. After supporting G1 on polymer, the
resulting structure was found to be a stable 18 electron complex and inactive towards olefin
metathesis reactions. With the addition of HCI to reaction media, 14 electron ruthenium active
species were obtained. These active species can catalyze ring closing metathesis of dienes in
pure water even in tape water.
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The naphtalene imides are photo- and chemical-stable and redox-active compounds

and they have rich photophysical. photochemical properties. These compounds have different
usage areas because of superior properties. Photochemical, photophysical, physicochemical
properties and solubility of the molecules can be set according to the target by means of
derivatizations made from imide nitrogen and naphthalene ring.
In our work, firstly 4-bromo-cyclolohexyl-1,8- naphtalene imide was synthesized from 4-
bromo-1,8-naphthalic anhydride and then new phenyl 1,8 naphtalene imide structures, shown
below were obtained by attaching some phenyl derivatives instead of bromine via the Pd
complex catalysed suzuki reaction using different aryl boronic acid derivatives. In addition,
we have identified some photophysical parameters that are important for the application of the
novel naphthalene imide derivatives synthesized in our work.

(0] N (0]
=
3
N
R2

Ry, Ry H, F, CHg, OH, NO,, OCH,
Keywords: Suzuki reaction, naphthalene imide
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1,8 Naftalen imit yapisi, zengin fotofiziksel, fotokimyasal 6zelliklere sahip, foto ve
kimyasal yonden kararli ve redoks aktif bilesiklerdir. Bu dstiin &zellikler sayesinde 1,8
naftalen imidler degisik kullanim alanlarmna sahip yapilardir. Imid azotu ve naftalen
halkasindan yapilan tiirevlendirmeler yolu ile bu molekiillerin fotokimyasal, fotofiziksel,
fizikokimyasal Ozellikler ve c¢oziinlirlik vb. gibi ozellikleri kullanilacak hedefe gore
ayarlanilabilmektedir. 13

Calismamizda 4-bromo-1,8-naftalik anhidritten yola c¢ikarak Once 4-bromo-
siklolohekzil-1,8- naftalen imid sentezlenmis ve bu 1,8 naftalen imit yapisindaki bromun
yerine degisik aril boronikasit tiirevleri kullanarak Pd kompleksi katalizli Suzuki reaksiyonu
vasitasiyla asagida gosterildigi gibi bazi fenil tiirevleri takilarak yeni 1,8 naftalen imit yapilar
elde edilmistir. Ayrica g¢alismamizda sentezlenen yeni 1,8 naftalen imit tiirevlerinin
uygulamalarda kullanimi i¢in 6nemli olan baz1 fotofiziksel parametreleri de tespit edilmistir.

/o
oY,
\\o

\ /
\_/

/ |
——R
| 1
S \)
R
R4, Ry: H, F, CH3, OH, NO,, OCH3

Anahtar Kelimeler: Suzuki reaksiyonu, 1,8 naftalen imit,
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With the increased demand for textile products, the textile industry and its wastewaters
have been increasing proportionally. In particular, the release of coloured effluents into the
environment is undesirable, because of they are toxic and/or mutagenic to life. Traditional
methods for dealing with textile wastewater consist of various combinations of biological,
physical and chemical methods. However, these methods merely transfer dyes from the liquid
to the solid phase causing secondary pollution and requiring further treatment . In this way,
the photocatalysis becomes a suitable alternative for dye degradation. This process can
mineralize organic dyes completely into H2O, CO- and other nontoxic inorganic compounds
without bringing secondary pollution 2,

Photocatalytic degradation of organic pollutants in water using semiconductive
particles, such as TiO. and ZnO, has attracted extensive attention in the past two decades.
Titanium dioxide is widely used as a photocatalyst because it is photochemically stable, non
toxic and low cost. ZnO also has attracted much attention with respect to the degradation of
various pollutants due to its high photosensitivity, stability, and wide band gap. The use of
TiO2 and ZnO in combination increases the activity of photocatalytic degradation by creating
a synergistic effect 1,

In this work, ZnO/TiO, (50:50%) mixed oxide catalyst was prepared by using sol-gel
method. The major phases of the prepared mixed oxide particles were determined by XRD.
The surface area of prepared mixed oxides was determined by nitrogen physisorption data
measured at 77 K using a Micromeritics Tristar Il. For the test of photoactivity, the
decomposition of textile dye was carried out in batch reactor. Various parameters such as
catalyst amount, pH, and dye initial concentration have been varied and their effect on the
decomposition efficiency has been studied.

This work has been supported by Research Fund of the Bursa Technical University

(Project Number: 2015-01-010).
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Tekstil iirtinlerine olan talebin artmasiyla tekstil endiistrisi ve atik sulari1 orantisal
olarak artmaktadir. Ozellikle, renkli atiklarin gevreye salinmasi, yasam igin mutajenik ve /
veya toksik olmalarindan dolayr istenmeyen bir durumdur. Tekstil atiksulari ile ilgili
geleneksel yontemler; biyolojik, fiziksel ve kimyasal yontemlerin ¢esitli kombinasyonlarindan
olusur. Bununla birlikte, bu yontemler boyalar1 sividan kat1 faza aktarmakta, ikincil kirlilige
neden olmakta ve ilave bir islem gerektirmektedir 1. Fotokatalizorler, boya bozunmas igin
uygun bir alternatif haline gelir. Bu siireg, organik boyalari ikincil kirliligi ortaya ¢ikarmadan
tamamen H,0, CO; ve diger toksik olmayan inorganik bilesiklere doniistiirebilir (21,

Sudaki organik Kkirletici maddelerin TiO2 ve ZnO gibi yan iletken pargaciklar
kullanilarak fotokatalitik bozunmasi son yirmi yilda biiytik ilgi gérmiistiir. Titanyum dioksit,
fotokimyasal olarak kararli, toksik olmayan ve diisiik maliyetli oldugu i¢in bir fotokatalist
olarak yaygin sekilde kullanilmaktadir. Ayrica ZnO’da, yiiksek fotosensitivitesi, kararlilig1 ve
genis bant aralig1 nedeniyle gesitli kirleticilerin bozulmasinda dikkat ¢ekmistir. TiO2 ve ZnO
bir arada kullanilmasi sinerjik bir etki yaratarak fotokatalitik bozunmanin aktivitesi
arttrrmaktadir B,

Bu ¢alismada, ZnO/TiO2 (%50:50) ikili oksit katalizorii sol-jel metodu kullanilarak
hazirlanmistir. Hazirlanan ikili oksit pargaciklarin ana fazlari XRD ile belirlenmistir.
Hazirlanmug ikili oksitlerin yiizey alani, bir Micromeritics Tristar II kullanilarak 77 K'da
Olciilen azot fizizorpsiyon verileri ile belirlenmistir. Fotoaktivite testi icin, tekstil boyasinin
bozunmasi, kesikli bir reaktérde gergeklestirilmistir. Katalizor miktari, pH ve boya baslangig
konsantrasyonu gibi ¢esitli parametreler degistirilmis ve bunlarin bozunma verimi iizerindeki
etkisi incelenmistir.

Bu calisma Bursa Teknik Universitesi Bilimsel Arastirma Projeleri Birimi tarafindan
desteklenmistir (Proje No: 2015-01-010).
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The N-heterocyclic carbenes (NHCs) were known as unstable and non-isolable
intermediates when first discovered by Wanzlick™ and Ofele!? in 1968. Since Arduengo et al.
have proved that NHCs are stable compounds in 1991F! a number of studies have been
reported as ligands on NHCs in organic and organometallic chemistryt,

In 2005, Organ et al. synthesized a new complex type which contains an NHC, a
pyridine and two halogen atoms attached to the Pd metal centre. These complexes have been
called PEPPSII. After this study, Organ et al. developed this synthetic strategy. They
synthesized and characterized the organopalladium catalysts (PEPPSI complexes) and
examined their catalytic activities in C-Cl"l and C-heteroatom!® bond formation.

The Suzuki-Miyaura coupling reaction has proven to be a very useful procedure for
the synthesis of various biaryls, while also forming an important class of compounds for
pharmaceutical, material and agricultural chemistry®l. It is important that many organic
solvents, as well as environmental solvents such as water and diethyl alcohol, should be used
in these reactions(%.,

In our work, we have synthesized Pd-PEPPSI complexes containing a new series of
the morpholinoethyl-substituted. The structure of the synthesized complexes is clarified by
using *H NMR, C NMR, and FTIR spectroscopy techniques. Also, these complexes have
been examined as catalysts in the Suzuki-Miyaura reactions in agueous media with
arylboronic acid derivatives and they have shown well activity in these reactions.

/TN /TN
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Keywords: N-Heterocyclic carbenes; PEPPSI complexes; Suzuki-Miyaura; Phenylboronic
acid
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N-heterosiklik karbenler (NHC’ler) ilk olarak 1968'de Wanzlick!¥l ve Ofelel
tarafindan kesfedildiginde kararsiz ve izole edilemeyen ara irtinler olarak bilinirdi. Arduengo
ve ark. 1991'de NHC'lerin kararli bilesikler oldugunu kanitlamislardir®®, organik ve
organometalik kimyada NHC’ler iizerinde ligandlar olarak birgok ¢alisma yapilmustir4l,

2005 yilinda Organ ve ark. Pd metal merkezine bagli bir NHC, bir piridin ve iki
halojen atomu igeren yeni bir kompleks tipini sentezlemislerdir. Bu kompleksler PEPPSI
olarak adlandirilmistir®. Bu ¢alismadan sonra Organ ve ark. bu sentetik stratejiyi gelistirdiler.
Organopalladyum katalizorlerini (PEPPSI kompleksleri) sentezleyip karakterize ettiler ve C-C
[ ve C-heteroatom!® bag olusumunda katalitik aktivitelerini incelediler.

Suzuki-Miyaura birlestirme reaksiyonunun, ¢esitli biarillerin sentezi igin ¢ok yararl
bir prosediir oldugu ve ayn1 zamanda farmasdtik, materyal ve tarimsal kimya i¢in énemli bir
bilesikler smifi olusturdugu kanitlanmustir™®. Bu reaksiyonlarda birgok organik ¢oziiciiniin
yani sira su ve dietil alkol gibi gevresel ¢oziiciilerin kullanilmasi 6nemlidir{*%.

Calismamizda, yeni bir morfolinoetil siibstitie grubu iceren Pd-PEPPSI
komplekslerini sentezledik. Sentezlenmis komplekslerin yapisi, *H NMR, 3C NMR ve FTIR
spektroskopi teknikleri kullanilarak agikliga kavusturulmustur. Ayrica, bu kompleksler,
arilboronik asit tiirevleri ile sulu ortamda Suzuki-Miyaura reaksiyonlarinda katalizorler olarak
incelenmis ve bu reaksiyonlarda iyi bir aktivite géstermistir.
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Fenilboronik asit
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Fischer-Tropsch Synthesis (FTS) is the key technology that allows the conversion of
carbonaceous feedstocks like natural gas, coal and biomass into a variety of products. Cobalt,
the catalyst of choice for the industrial conversion of natural gas to synthetic fuels (Gas to
Liquids process, GTL), is susceptible to poisoning by contaminants in the synthesis gas
stream. As the catalyst cost contributes significantly to the operating cost of the GTL facility,
it is of importance to understand the deactivation of cobalt FTS catalysts in-detail. Although
the poisoning effect of ammonia, even in parts per million concentrations, is known, there is
still no consensus about why and how ammonia acts as a poison in FTS.

During my talk, 1 will show how a combination of experimental surface science
techniques (Temperature Programmed Desorption, Infrared Spectroscopy and Work Function
measurements) and molecular modelling can provide molecular scale insight about ammonia
poisoning of cobalt FTS catalysts. Surface science experiments on the flat and defective
Co(0001) surfaces indicate that NHs decomposition is kinetically favored on the
undercoordinated sites, unlike on the flat surface™. These findings are supported by Density
Functional Theory (DFT) calculations on Co(0001) and Co(211). DFT simulations also point
out that the decomposition products adsorb strongly and preferentially on defect sites. By
combining these results, we propose that the industrially observed ammonia poisoning of Co-
FTS catalysts is mainly due to ammonia decomposition on the undercoordinated sites of the
cobalt surface and the blocking of these sites that are normally active for CO decomposition
by strongly adsorbed NHx species(?l.

Keywords: Fischer-Tropch Synthesis, Surface Science, Density Functional Theory, Cobalt,
Ammonia, Catalyst deactivation.
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Fischer-Tropsch Sentezi (FTS), dogal gaz, komiir ve biyokiitle gibi karbonlu
hammaddelerin c¢esitli {irlinlere doniistiiriilmesini saglayan temel teknolojidir. Dogal gazin
sentetik yakitlara dontistiiriilmesi (GTL prosesi) i¢in endiistriyel olarak tercih edilen katalizor
olan kobalt, sentez gazindaki kirleticiler tarafindan zehirlenmeye yatkindir. Katalizor
maliyeti, GTL tesisinin igletme maliyetine 6nemli 6l¢iide katkida bulundugundan, kobalt FTS
katalizorlerinin deaktivasyonunu ayrintili olarak anlamak 6nemlidir. Amonyagin milyonda bir
(ppm) konsantrasyonlarinda bile Co-FTS katalizorleri i¢in zehirleyici etkisinin bilinmesine
ragmen, halen amonyagin neden ve ne sekilde zehir olarak davrandigina dair bir fikir birligi
yoktur.

Konusmam sirasinda, deneysel yilizey bilimi (Sicaklik Programli Desorpsiyon,
Kizilotesi Spektroskopi ve Is Fonksiyonu &lciimlerinin) ve molekiiler modellemenin
kombinasyonunun, kobalt FTS katalizorlerinin amonyak zehirlenmesi hakkinda molekiiler
Olgekte bir kavrayisi nasil saglayabilecegini gosterecegim. Diiz ve kusurlu Co (0001) ylizeyler
iizerindeki yiizey bilimi deneyleri, diiz yiizeyden farkli olarak NHz bozunmasimin diisiik
koordinasyonlu bélgelerde kinetik olarak tercih edildigini belirtmektedirl. Bu bulgular
Co(0001) ve Co(211)'deki Yogunluk Fonksiyonel Teorisi (YFT) hesaplamalar1 ile
desteklenmektedir. YFT simiilasyonlari ayrica bozunma {iriinlerinin gii¢lii ve tercihli bir
sekilde kusurlu bolgelerde adsorbe edildigini isaret etmektedir. Bu sonuglar birlestirerek, Co-
FTS katalizorlerinin endiistriyel olarak gézlenen amonyak zehirlenmesinin, esas olarak kobalt
yiizeyinin diisiik koordinasyonlu bolgelerinde amonyak bozunmasindan ve normalde CO
ayrismasi i¢in aktif olan bu bolgelerin giiclii bir sekilde adsorbe edilmis NHy tiirleri tarafindan
bloke edilmesinden kaynaklandigini 6ne siiriiyoruz.

Anahtar Kelimeler: Fischer-Tropch Sentezi, Yiizey Bilimi, Yogunluk Fonksiyoneli Teorisi,
Kobalt, Amonyak, Katalizor Deaktivasyonu.
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Gold-Silver Surfaces
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Since the discovery of the catalytic activity of gold [, there has been an intensive
study of Au based catalysts for industrially important chemical processes due both to their
activity and selectivity at low temperatures and their low environmental impact. In particular,
oxidation reactions such as CO oxidation, methanol oxidation to formaldehyde, and water-gas
shift, have received significant attention. Although it has a limitation arising from the low
dissociation probability of Oy, a dilute Au-Ag alloy >*! (nanoporous Au) can dissociate O,
and be shown to be a superior catalyst for the oxidation reactions. For this reason, it is
important to understand the active site on the surface for important elementary steps to design
improved catalytic materials. Here, we report results for the O adsorption on flat and step Au
surfaces with different Ag ensembles, including oxidation intermediates in the selective
oxidation reactions of alcohols in order to address recent experimental results. According to
the calculated diffusion energy barriers, the O can spill over from Ag rich-sites to the step
edge where the Ag content is lower and Au-Ag interaction stabilized the surface site for the
oxygen. It has also been found that the step site which is the favourable site for the O>
dissociation and adsorption may be active for CO oxidation on nanoporous Au (npAu). For
the methanol oxidation, the Ag content can promote the activation of methanol on the surface
with increasing the surface O coverage, and the interaction of surface O with methoxy may
occur at the step site in selective oxidation of methanol.

Keywords: Catalytic activity, Oxidation reactions, Au-Ag alloy surfaces
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Altinin katalitik aktivitesinin kesfiylel! birlikte, hem diisiik sicakliklardaki aktivitesi
ve seciciligi hem de diisiik ¢evresel etkileri nedeniyle endiistriyel olarak 6nemli kimyasal
islemlerde Au bazli katalizorlerin yogun bir ¢alismasi olmustur. Ozellikle, CO oksidasyonu,
formaldehyde’in elde edildigi metanol oksidasyonu ve su-gaz degisimi gibi oksidasyon
reaksiyonlart biiyiik ilgi gérmistiir. O2'nin diisiik ayrisma olasiligindan kaynaklanan bir
sinirlama olmasina ragmen, seyreltik bir Au-Ag alasmu>® (nano-gézenekli Au) O2'yi
ayristirabilir ve bu oksidasyon reaksiyonlari igin iistiin bir katalizor olarak gosterilebilir. Bu
nedenle, iyilestirilmis katalitik materyallerin tasarlanmasinda onemli temel adimlar igin
yiizeydeki aktif alanin anlasilmasi 6nemlidir. Burada, son deney sonuclarini goz Oniinde
bulundurarak alkollerin segici oksidasyon reaksiyonlarinda oksidasyon ara maddeleri de dahil
olmak tzere, farkli Ag katkilarma sahip diiz ve basamakli Au yiizeyleri iizerinde O
baglanmasina dair sonuglar sunulmustur. Hesaplanan diflizyon enerji bariyerlerine gore,
oksijen, Ag’nin ylizeyde cok bulundugu baglanma bdlgelerinden, Ag igeriginin daha diisiik
oldugu ve Au-Ag etkilesiminin oksijen i¢in yiizey alanimni kararli hale getirdigi basamak
kenarina niifuz edebilmektedir. Ayn1 zamanda, O2’nin ayrigmasi ve baglanmasi i¢in uygun bir
yer olan basamak bdlgesinin, nano-gozenekli Au (npAu) yiizeyinde CO oksidasyonu i¢in aktif
olabilecegi de bulundu. Metanol oksidasyonu igin, Ag igerigi yiizeydeki metanoliin
aktivasyonunu ylizeydeki O igeriginin artirilmasiyla artirabilir ve metanoliin segici
oksidasyonu sirasinda basamak bolgesinde metoksiyle ylizey O’inin etkilesimi meydana
gelebilir.

Anahtar Kelimeler: Katalitik aktivite, Oksidasyon reaksiyonlari, Au-Ag alagim yiizeyleri
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Atomically dispersed supported metals are an emerging class of catalysts.[*! Catalytic
performance of these catalysts can be tuned by adjusting the electronic environment over
active sites by ligands, supports and promoters. An alternative way is to use surface modifiers
on active sites, such as ionic liquid (IL) coatings. Here we investigated the ligand effect of ILs
on atomically dispersed supported iridium catalysts and its consequent influence on the
performance of the catalysts.

Atomically dispersed Ir(CO)2 complexes were synthesized on y-Al,O3 and coated with
1,3-dialklyimidazolium-type ILs. Catalysts were characterized by infrared (IR) and extended
X-ray absorption fine-structure (EXAFS) spectroscopies. The variations in high-energy
resolution fluorescence-detection X-ray absorption near-edge structure (HERFD XANES)
measurements and v(CO)sym Of the catalysts upon IL coating were probed to investigate the
changes in electron density on active sites. Data show that IL coatings donate electron density
to iridium sites, such as electron-donating ligands do .12 Accordingly, electron density on
active sites increases as interionic interaction energy of the ILs (probed by the IR fingerprint
of the most acidic proton in imidazolium, v(C2H)) increases. The ligand effect of ILs were
further investigated on partial hydrogenation of 1,3-butadiene (BD) (at 333 K, atmospheric
pressure, differential conversions). Catalysts are more selective for hydrogenation when
iridium becomes electron-rich in consequence of electron-donation by IL; evidenced by a
strong correlation between selectivity and Ir Ly edge energy of corresponding IL-coated
catalysts.[® This study offers a new class of catalysts with a broad potential for tuning
catalytic performance by almost infinite number of IL coatings.

Keywords: Atomically dispersed supported catalysts, ionic liquids (ILs), partial
hydrogenation
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Atomik dagilimli destekli katalizorler gelistirilmekte olan bir katalizor smifidir.t! Bu
katalizorlerin performansini kontrol edebilmenin bir yolu, destek malzemeleri gibi ligandlar
kullanarak elektronik yapilarini degistirmektir. Buna alternatif olan bir yontem de,
katalizorlere iyonik sivi (IS) kaplamasi gibi yiizey modifikasyonlari yapmaktir. IS ler kontrol
edilebilen yapisal ozellikleri sayesinde metal sitelerin aktifligini gelistirebilmektedirler. Bu
caligmada, IS’lerin ligand etkilerini anlamak amaciyla iS-kapl atomik dagilimli destekli yeni
bir katalizor sinifi olusturulmustur.

Ir(CO):2 katalizorleri farkli elektron verme 6zelligine sahip y-Al2O3 destek malzemesi
tizerinde hazirlanmigs ve 1,3-dialkilimidazolyum sinifindaki IS’ler ile kaplanmistir.
Katalizorler, kizilotesi (IR) ve uzamis X-isinlart sogurumlu ince-yapt (EXAFS)
spektroskopileri ile karakterize edilmistir. Metal-sitelerinin elektron yogunlugu, yiiksek-enerji
¢oziillimlii florasans-sinyalli X-1sin1 absorpsiyon esik-enerjisi yapist (HERFD-XANES) ve
v(CO)sym IR bantlarindaki degisimler ile ortaya konmustur. IS’lerin elektron-verme
ozellikleri, 1S’lerin interiyonik etkilesim enerjisini belirleyen, v(C2H) (imidazolyum
halkasindaki en asidik proton) IR pozisyonuna bakilarak dl¢iilmiistiir. 1 Ir Ly esik enerjisi ve
V(CO)sym IR bantlar1 arasindaki lineer diisiis sonuclarina bakilarak, IS’lerin elektron-verme
egiliminin arttikca, iridyumun elektron yogunlugunun arttig1 bilgisi elde edilmistir.®] Boylece
[S’lerin, ayni ligandlar gibi davranarak aktif metal merkezlerindeki elektron yogunluguna etki
ettikleri ortaya konmustur. IS’lerin ligand etkileri, 333 K ve atmosferik basingta, diferansiyel
doniisimde gercgeklestirilen 1,3-biitadienin kismi hidrojenlenmesi tepkimesi icin de
incelenmistir. Buna gore, iridyum {iizerinde IS’lerden gelen elektron yogunlugu arttikca,
katalizorlerin 1,3-biitadien hidrojenlenmesi i¢in lineer olarak biiten olusmasina daha secici
olduklar1 ortaya konmustur.] Bu calisma, katalitik performansm sonsuz sayidaki IS
kaplamas: sayesinde kontrol edilebildigi IS-kapli atomik dagilimli destekli yeni bir katalizor
siif saglamaktadir.

Anahtar Kelimeler: Atomik dagilimli destekli katalizorler, iyonik sivilar (IS), kismi
hidrojenlenme
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Figure 1. Single crystal x-ray structure of Pd(Il) complex

Carboxamides are important structural parts of many functional compounds. They can
be wused as biologically active compounds (anticancer, antifungal, anticonvulsant,
antimicrobial etc.) ™M, ligands for metal complexes 21 etc.

In this study, we synthesized and characterized N-(4,6-dimethylpyridin-2-yl) thiophene-
2-carboxamide Bland its palladium (1) complex to investigate its catalytic hydrogenation
activity on selected alkenes. In styrene hydrogenation, 69.3 % ethyl benzene formation was
observed in acetonitrile under 30 bar H, at room temperature after 1 hour. The effects of
temperature, H> pressure, catalyst amount and type of solvent were investigated.

Keywords: Carboxamide, hydrogenation, thiophene, palladium.
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Sekil 1. Pd(Il) kompleksine ait x-1sinlar1 tek kristal goriintiisii

Karboksamitler, pek ¢ok fonksiyonel bilesigin 6nemli bir yap: tas1 durumundadirlar. Bu
tiir bilesikler biyolojik olarakl (antikanser, antifungal, anticonvuant, antibakteriyel vb.)
kullanilabildikleri gibi metal kompleksleri i¢in ligand olarak da kullanilmaktadirlart?l.

Sunulan ¢alismada, N-(4,6-dimetilpiridin-2-yl)tiyofen-2-karboksamit®! ligand1 ve bu
ligandin Pd(I) kompleksi sentezlenmis ve yapisi aydinlatilmistir ardindan bu kompleksin
belirli alkenler iizerindeki katalitik hidrojenasyon ekinligi test edilmistir. Stiren
hidrojenasyonunda, asetonitril ortaminda, bir saat icerisinde, oda sicaklifinda ve 30 bar
hidrojen gazi altinda toplam %69,3 etil benzen olusumu tespit edilmistir. Sicaklik, hidrojen
gazi basinci, katalizor miktar1 ve ¢oziicli tiirli etkisi parametreleri de aragtirilacaktir.
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Ammonia is one of the most promising candidates for hydrogen storage as it is carbon-
free and is liquified under mild conditions™. Among several proposed catalysts Ru-based
ones provides the highest activity for ammonia decomposition to hydrogen and nitrogen.
However, the high cost and limited availability of Ru triggered the research towards cheaper
alternatives such as Ni- or Fe-based catalysts. In this regard, red mud (RM) which is a
hazardous waste produced 150 million tons per year offers a great potential®!. Because RM
contains up to 40 wt.% Fe>Oz and iron is also active for this reaction. Structural modifications
of RM were performed as systematically as possible to reveal structural requirements for high
catalytic activity. RM was modified by acid digestion in HCI at various temperatures (85 and
220 °C) followed by calcination in air at temperatures ranging between 500-1000 °CEl. The
resulting samples were each reduced under Hx at 700°C to obtain metallic iron (Fe) out of
Fe20s. These modified red mud (MRM) samples characterized in deep by XRD, XRF,
SEM/EDX, XPS, TGA, TPR, and BET were then tested for ammonia decomposition reaction.
Results show that FesNy particles are forming during the induction period under NH3 flowl*l,
Furthermore, at differential conversions at 500 °C, a decrease in nanoparticle size of FesNy
causes an increase in catalytic activity. One of the catalysts provided 98.8+0.5 % conversion
at a space velocity of 120 000 cm® NHs h' gcat® and at 700 °C which is the record high value
among all iron-based catalysts. Here, we showed that it is possible to convert a hazardous
waste produced vastly into a highly efficient, cost-effective and eco-friendly catalyst for
hydrogen production by ammonia decomposition.

Keywords: Red Mud, Hydrogen storage, Ammonia decomposition
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Amonyak, karbon igermemesi ve kolayca sivi halde depolanabilmesi gibi sebeplerden
en umut vaat eden hidrojen depolama teknolojisi olarak kabul edilmektedir!l. Arastirilan
cesitli katalizorler arasinda goriilmiistiir ki, rutenyum bazli katalizérler amonyagin hidrojene
ve azota ayrismasinda en Yiiksek performanst vermektedir. Ancak, rutenyumun kisitl
ulagilabilirligi ve yliksek maliyeti sebebiyle aragtirmalar nikel veya demir bazli katalizorler
gibi maliyeti daha diisiik alternatiflere odaklanmistir. Bu baglamda, yilda 150 milyon tondan
fazla tretilen ve tehlikeli bir atik kabul edilen kirmizi ¢amur (KC) yiiksek bir potansiyele
sahiptirt?. Ciinkii, KC’nin kiitlece %40°1 Fe2O3’ten olusmaktadir ve demir bazli katalizorler
bu reaksiyon i¢in aktiflik gostermektedir. Kompleks bir yapiya sahip KC miimkiin oldugunca
sistematik bir sekilde modifiye edilmis ve yiiksek performans i¢in gereken yapisal faktorler
belirlenmistir. KC iki farkli sicaklikta asitte pargalanmis (85 and 220 °C) ve sicakligi 500-
1000 °C arasinda degisen degerlerde hava altinda kalsine edilmistir™®. Modifikasyon sonucu
elde edilen her bir numune 700 °C’de H; akisina maruz birakilmis ve katalzorlerde Fe;O3’ten
metalik demir (Fe) elde edilmesi saglanmistir. Bu modifiye edilmis KC katalizorleri detaylica
XRD, XRF, SEM/EDX, XPS, TGA, TPR ve BET analiz yontemleriyle karakterize edilmistir.
Sonuglar gostermistir ki NHs akis1 altinda numunelerde FesNy pargaciklari olusmaktadir!®l,
Buna ek, diisik % NHs doniisiim miktarlarinda ve 500 °C’de numunelerde FesNy
nanoparcacik boyutunun kiigiilmesiyle birlikte katalitik performans artmaktadir. Katalizorler
arasindan en umut vaat edeni 120 000 cm® NHz h? gua akista ve 700 °C’de % 98.8+0.5
dontistim orani1 vermektedir. Bu deger amonyaktan hidrojen eldesinde literatiirdeki tiim demir
bazli katalizorler arasinda rekor degerdir. Bu ¢alisma, tehlikeli ve miktarca ¢ok fazla aciga
cikan bir endiistriyel atik olan KC’nin amonyaktan hidrojen iiretilmesi i¢in 6nemli Slgiide
verimli, ekonomik ve ¢evre dostu bir katalizore doniistiiriilebilecegini gostermektedir.
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lonic liquids (IL) are promising approach to tune selectivity of catalytic reaction over
supported catalyst. IL layer not only control effective concentration of reactants, intermediate
and product, also control electronic environment of active sites. Here, we report our results on
a commercial supported nickel catalyst (65 wt% Ni/SiO2-Al,O3, abbreviated as Ni65) coated
with tributyl(methyl)phosphonium methyl sulfate, [Ps441][MeSQO4] and utilized for the partial
hydrogenation of 1,3-butadiene, an important industrial process.

Ni65 was first reduced at 650 °C in flowing H2 and passivated at room temperature in
diluted O2 before coating with the [P4441][MeSOs]. Reactivation temperature for the uncoated
and IL-coated sample was determined as 150 °C. First, we optimized reaction condition for
uncoated catalyst to give best selectivity towards total butenes. We found that Ni65 can give
approximately 95% total butenes selectivity at 1,3-butadiene and H> partial pressure of 120
mm Hg and 240 mm Hg, respectively, with balancing He at 145 °C. Upon coating Ni65 with
IL, we found that Ni65 becomes almost complete selectivity for whole conversion range. X-
ray photoelectron spectroscopy data shows electrons are donated from IL to Ni decreasing
adsorption energies of intermediates. Also, COSMO-RS calculations shows that solubility of
1,3-butadiene in [P41][MeSO4] is approximately 1.5-times higher than those of butene
intermediates/products. Such difference might provide an increase in selectivity towards
partial hydrogenation. However, we infer that the ligand effect of the IL is the major effect
controlling the partial hydrogenation performance. The filter effect, on the other hand, helps
to maintain such high partial hydrogenation selectivity at all conversion levels!3,

Keywords: lonic liquid, Solid catalyst with ionic liquid layer (SCILL), 1,3-butadiene
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Iyonik sivilar (IS), katalitik reaksiyonlarda seciciligin kontrol edilmesi acisindan umut

vaat etmektedirler. IS reaktantlarin, ara iiriinlerin ve {iriinlerin konsantrasyonlarin1 kontrol
etmekle kalmazlar, ayrica aktif bolgelerin elektronik yapilarini degistirebilmektedirler. Bu
calismada ticari bir destekli nikel katalizor (kiitlece % 65 Ni/SiO2-Al,0O3, Ni65 olarak
kisaltilacaktir) tribiitil(metil)fosfonyum metil siilfat, [Ps41][MeSO4] ile kaplanmistir ve
endiistriyel acidan 6nem tasiyan 1,3-biitadienin kismi hidrojenlenmesi i¢in denenmistir.

Ni65 [P4441][MeSOy4] ile kaplanmadan 6nce 650 °C’de H» akisi altinda indirgenmis ve
akabinde oda sicakliginda diisiik konsantrasyonlu O altinda pasiflestirme gergeklestirilmistir.
Hem IS kaplanmis hem kaplanmamis katalizor i¢in reaktivasyon sicakligi 150 °C olarak
belirlenmistir. Reaksiyon kosullar1 IS kaplanmamuis katalizoriin biitenlere en yiiksek segiciligi
saglayacagi sekilde optimize edilmistir. Sonuglar gostermektedir ki, 145 °C’de 1,3-biitadien
ve Hz’nin kismi basinglari sirasiyla 120 mmHg ve 240 mmHg iken (He ile dengelenmektedir)
Ni65 biitenlere % 95 segicilik gostermektedir. Ni65 [Paas1][MeSO4] ile kaplandiktan sonra bu
katalizoriin ayn1 reaksiyon kosullarinda her yiizde doniisiim degerinde, neredeyse tam
secicilik  gosterdigi  belirlenmistir.  X-151m1 fotoelektron  spektroskopisi  sonuglari
gostermektedir ki IS’den nikele elektron transferi olmaktadir ve bu ara iriinlerin adsorpsiyon
enerjilerini diisiirmektedir. 1,3-biitadienin [P4s41][MeSO4] iginde ¢oziiniirligiiniin biiten ara
iirlin ve Uriinlerinden 1,5 kat daha fazla oldugu da COSMO-RS hesaplamalariyla bulunmustur.
Boyle bir fark kismi hidrojenlenmede segciciligin artmasinda etkili olabilir. Fakat, IS nin
ligand-etkisinin kismi hidrojenlenmede performansi kontrol eden ana etken oldugu sonucuna
varmaktayiz. Ote yandan, IS’nin filtreleme etkisi bu kadar yiiksek bir segiciligin her bir
doniisiim degerinde ulasilmasina yardime1 olmaktadirf],
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Hydrogen is considered as one of the most promising energy carriers; however, it
faces significant storage limitations. In this regard, storing hydrogen in carbon-free ammonia
is a promising approacht. Ru-based catalysts which are the most active ones for ammonia
decomposition reaction suffer from high cost and complicated production techniques. Right
after Ru-based catalysts, Ni-based ones are considered as the second best performing catalysts
which offer economic advantages. Sepiolite, which is a hydrous magnesium aluminum silicate
clay mineral was used as a support for nickel. Sepiolite offers several advantages such as its
relatively high surface area (298.3 m?/g) and basic character. Sepiolite was calcined at
temperatures between 500-1000°C to obtain a set of supports with different characteristics.
Using simple incipient wetness impregnation, 5 wt.% Ni loaded catalysts were prepared. The
catalysts were reduced under hydrogen flow at 650 °C and then tested for ammonia
decomposition. The 5 wt.% Ni catalyst supported on sepiolite calcined at 700 °C (Ni/Sp-
C700) provided 99.2 % conversion at 650 °C and at a space velocity of 8300 cm® NH3 h™ gear
1 which was superior to the other catalysts in our pool?. This performance which is
comparable to many catalysts in the literature containing even higher loadings than 30 wt.%
Ni remains stable for 100h!?. XRD analysis of the used catalysts indicate that the smallest Ni
crystallites (2.3 nm) are forming on this best performing sample. Furthermore, CO,-TPD
measurements showed that the support Sp-C700 has comparable basic properties to two
commonly used metal oxides supports with electron donor property, La>Os and MgO.
Sepiolite offers great potential for its utilization as a cost-effective support for Ni-based
catalysts providing basic property and high dispersion of the metal.
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Hidrojen enerjisi giinimiiziin en gelecegi parlak alternatif enerji saglayicilarindan
sayllmaktadir; fakat, depolanmasiyla ilgili sorunlar vardir. Bu baglamda, hidrojeni karbon
icermeyen amonyak icerisinde depolamak umut vaat eden bir yaklasimdir™. Rutenyum-bazli
katalizorler amonyagin ayrismasi reaksiyonunda en yiiksek performans veren katalizorler
olsalar da, yiikksek maliyetidirler ve hazirlanma yontemleri zahmetlidir. Hemen rutenyumdan
sonra, nikel bazli katalizorler bu reaksiyon icin en 1iyi calisan katalizorler olarak
bilinmektedirler ve ekonomik agidan daha gekicidirler. Magnezyum hidrosilikat bir kil
minerali olan sepiyolit (liiletas1) bu c¢alismada nikel i¢in bir destek malzemesi olarak
kullanilmistir. Sepiyolitin yiizey alanimin yiiksek olmasi (298.3 m?/g) ve bazik &zellik
gostermesi gibi avantajlart vardir. Sepiyolit 500-1000 °C arasinda degisen sicakliklarda
kalsine edilmistir ve boylelikle farkli yapisal 6zellikte destek malzemeleri elde edilmistir.
Basit emdirme yontemi ile % 5 Ni yiiklii katalizorler hazirlanmistir. Ardindan bu katalizorler
H2 akis1 altinda 650 °C’de indirgenmistir ve akabinde amonyaktan hidrojen eldesi i¢in
perfomans testleri yapilmistir. 700 °C’de kalsine edilen sepiyolitin deste olarak kullanildigi
kiitlece %35 Ni yiiklii katalizor (Ni/Sp-C700) 650°C’de ve 8300 cm® NH3 ht gkar? akis hizinda
% 99.2 amonyak doniislimii vermektedir ve bu deger hazirlanan katalizorler arasinda en
yiiksek degerdir®®. Bu performans literatiirdeki kiitlece %30 ve daha fazla Ni yiiklii
katalizorler arasinda bile dikkat ¢ekici bir performans vermektedir. En iyi performans veren
bu katalizor iizerinde en kiigiik Ni nanoparcaciklarinin olustugu (2.3nm) XRD analizi ile
goriilmektedir. Sicaklik programli CO2 desorpsiyonu deneyleri gostermistir ki, Sp-C700
destek malzemesi, bazik Ozellikleri ve dolayisiyla aktif metale elektron transfer etmeleri
sebebiyle sikca kullanilan MgO ve La203 destekleriyle benzer bazik 6zellik gostermektedir.
Bu ¢alismada, sepiyolitin bazik 6zellik gostermesi ve nikel metalinin iyi dagilimini saglamasi
sebepleriyle umut vaat eden ekonomik bir destek malzemesi oldugu gosterilmistir.
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Hydrogen is one of the promising energy sources due to its high energy density and
environmental friendliness. However, storage and transportation require high pressures. To
overcome this problem, storing hydrogen in ammonia can be a good solution since ammonia
has low liquification pressure, high hydrogen weight content and COx-free emission. The
catalysts of choice for decomposition reaction of ammonia are Ru-, Ni-, Co-, and Fe-based
ones. Ni-based catalysts are widely-used among the aforementioned ones due to its more
abundant nature than Ru-based ones along with lower cost!l. As support materials, graphene
aerogels (GAs) are promising with their excellent high surface area and electrical
conductivity, enhancing dispersion of the metal and promoting electron transfert?. In this
study, GA supported Ni nanoparticles were used as ammonia decomposition catalysts.
Following one-step hydrothermal self-assembly of GA, Ni precursor was simply adsorbed
onto GA by immersion into Ni?* salt solution. After supercritical CO2 drying, Ni precursor
was converted into metallic nanoparticles by thermal reduction at 700 °C under flowing Ho/Ar
(named thereafter Ni/GA). Based on the thermogravimetric analysis, the nickel loading of
Ni/GA was determined as 37.7 wt%. STEM images revealed highly dispersed Ni
nanoparticles with approximate diameters around 10 nm. This catalyst provides 56.2 %
conversion at 600 °C and at a space velocity of 30,000 mL NHs h ger. However, it
deactivated above 600 °C. To overcome the deactivation issue, K-added Ni/GA catalysts
(NiI/GA-K) were produced since K can hinder sintering of Ni nanoparticlest!. In fact, 4 wt%
K-added Ni/GA-K exhibited stable 79.3 % conversion at 700 °C and space velocity of 30,000
mL NH3 h-1 gcat-l.
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Hidrojen yiiksek enerji yogunlugu ve g¢evre dostu Ozelliklerinden dolayr gelecek
vaadeden enerji kaynaklarindan bir tanesidir. Ancak, depolanmasi ve taginmasi yiiksek
basinglar gerektirir. Bu sorunu asmak i¢in hidrojeni diisiik sivilasma basincina, yiiksek
hidrojen icerigine sahip ve COx salinimi olmayan amonyak igerisinde depolamak iyi bir
¢Oziim olabilir. Amonyagin analiz reaksiyonu i¢in kullabilecek katalizorler Ru-, Ni-, Co- ve
Fe- temelli olanlardir. Ni- temelli olan katalizorler, en iyi performans veren Ru- temellilere
gore dogada daha fazla bulunmasi ve daha ucuz olmasindan dolayr yaygin olarak
kullanilmahdirYl, Katalizére destek malzemesi olarak grafen aerojeller (GA), yiiksek yiizey
alam1 ve elektriksel iletkenlik, metalin dagilimim1 artiric1 ve elektron transferini artici
ozellikleriyle gelecek vaadetmektedir?. Bu ¢alismada, GA destekli Ni nanoparcaciklari
amonyak analiz reaksiyonunda katalizor olarak kullanilmistir. GA’nin tek adimli hidrotermal
oztoplanma isleminden sonra Ni parcaciklart basitce GA’nin, Ni?* iceren c¢ozeltiye
daldirilarak ylizeyine tutturulmustur. Siiperkritik CO2 kurutmasindan sonra, Ni parcaciklari
700°C’de H2/Ar akisi altinda 1s1l indirgenmesiyle metalik Ni nanopargaciklarina (Ni/GA)
donistiirilmiistiir. Isil agirlik 6lclim analizlerine gore, Ni/GA’nin nikel yiiklemesi kiitlece
%37.7°dir. STEM c¢ekimleri yliksek derecede daginik Ni nanopargaciklarinin ¢apini yaklasik
olarak 10 nm olarak vermistir. Bu hazirlanan katalizér 600 °C’de, 30,000 mL NHj3 sa* gka{l
akis altinda %56.2 amonyak donilisimii vermistir. Ancak 600 °C’den yiiksek sicakliklarda
deaktive olmustur. Bu durumu asmak igin, K eklenmis Ni/GA katalizorleri (Ni/GA-K)
iiretilmistir ¢iinkii K Ni nanoparcaciklarmin toplanmasini engellemektedirl®. Aslinda kiitlece
%4 K eklenmis katalizor 700 °C’de, 30,000 NHs sa® gkar! akis altinda stabil %79.3 déniisiim
gostermistir.

Anahtar Kelimeler: amonyak ayrigtirma, grafen aerojel, nikel nanopargaciklari
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H> is a clean energy source; however, it encounters storage and transportation
limitations. Ammonia (NHs) has high volumetric and gravimetric H> density and is one of the
most promising H, vectors™. Ru-based catalysts are the best performing ones in NHs
decomposition, but they suffer from high cost. Fe-based catalysts are considered as economic
alternatives for ammonia decomposition. Recently, metal organic frameworks have been used
as precursors for preparing stable and diverse materials such as porous carbon, metal oxides
and carbon embedded metal nanoparticles offering great potential in the area of catalysis[l.
Here, we utilized Fe-BTC (iron 1,3,5-benzenetricarboxlix acid) derived highly dispersed and
loaded, carbon supported Fe-based catalysts for ammonia decomposition. Six different
catalysts were synthesized by pyrolysis of Fe-BTC at 400, 450, 500, 600, 650 and 900°C
under N2 environment for 8 h. Characterization by XRD, SEM and Raman spectroscopy
shows that as pyrolysis temperature decreases, nanoparticle size decreases and the graphitic
degree of the support increases. Resultant catalysts were activated at 500°C under NH3 flow
for 15h and then tested for ammonia decomposition at temperatures up to 500°C. Results
show that small metal particle size and higher graphitic degree of carbon support have a
positive effect on catalytic performance. For the sample pyrolyzed at 400 °C (Fe-BTC@400),
85.5+0.5% conversion was achieved at a space velocity of 4000 cm® NHz h™! gt and at
500°C. In brief, Fe-based catalysts consisting of small iron nanoparticle sizes (<6nm) at very
high loadings (up to 50 wt.%) were prepared with negligible sintering after harsh reaction
conditions. Furthermore, it was shown that one of these carbon embedded Fe catalyst provides
high conversion at quite low temperatures compared to many other Fe-based catalysts in the
literature which provide high performance for ammonia decomposition at 700°C or higher.

Keywords: Fe-BTC, MOF-derived catalysts, Ammonia decomposition
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H> temiz bir enerji kaynagidir, ancak, H2’nin depolanmasi ve tasimasiyla ilgili
sorunlar vardir. Amonyak, yiiksek hacimsel ve agirliksal Hz yogunlugu ile gelecek vaat eden
H, vektorlerinden biridir™. Ru-bazli katalizorler NH3 bozunum reaksiyonunda en iyi ¢alisan
katalizordiir. Ancak, Ru-bazli katalizorlerin yliksek maliyet ve diisiik miktarindan dolay1
kullanimi1 uygulanabilir degildir. Fe-bazli katalizorler ise ekonomik agidan avantajli alternatif
katalizorler olarak degerlendirilir. Yakin zamanda, metal organik kafesler cok daha yiiksek
kararlilikta ve cesitlilikle materyaller olan gozenekli karbon, metal oksitler ve karbon igine
gomiili metal nanoparcaciklart sentezlemek i¢in Onciil malzemeler olarak kullanilmaya
baslanmustir?l. Bu ¢alismada, Fe-BTC (demir 1,3,5-benzentrikarboksilik asit) metal organik
kafesinden tiiretilmis, yliksek dagilim ve yiikleme miktarina sahip karbon destekli Fe-bazli
katalizorler amonyak bozunumunda kullanilmistir. 6 farkli katalizor, azot gazi altinda 400,
450, 500, 600 ve 900°C sicakliklarinda, 8 saat boyunca 1s1l bozunum yolu ile sentezlenmistir.
XRD, SEM ve Raman spektroskopisi sonuglar1 gostermektedir ki 1sil bozunum sicakligi
diistiikge nanopargacik boyutu diismiistiir ve karbon destek malzemesinin grafit 6zelliginin
orani artmistir. Elde edilen katalizorler, 500°C’de 15 saat aktive edilmis ve 500°C’ye kadar
degisen farkli sicakliklarda saf amonyak altinda amonyak bozunum reaksiyonu igin test
edilmistir. Sonuglar kiigiikk metal nanopargacik boyutunun ve destek malzemesinin grafitik
ozelliginin artmasinin katalitik performansi pozitif yonde etkiledigini gostermistir. 400°C’de
1511 bozunuma ugramis Fe-BTC@400 katalizorii icin 4000 cm® NH3z h't gear? akista, 500°C’de,
85.5+0.5 % doniisiim degeri elde edilmistir. Ozetle, bu ¢alismada yiiksek demir yiiklemesine
(kiitlece %50’ye kadar) ve kii¢iik metal pargacik boyutuna sahip (<6nm) demir bazh
katalizorlerin sentezlendigi ve reaksiyon kosullarinda pargacik topaklagmasi olmadigi
gosterilmistir. Ayrica, bu karbon i¢ine gomiilii demir katalizdrlerin, literatiirdeki bulunan ve
700°C ve lizerinde iyi performans veren ¢cogu demir-bazli katalizoriin aksine oldukg¢a diisiik
sicakliklarda yiiksek aktiflik verdigi gosterilmistir.

Anahtar kelimeler: Fe-BTC, MOF-tiirevi malzemeler, amonyak ayristirmasi
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Recent studies have been shown that interest to searching suitable materials is rapidly
increasing for efficient supply of pure hydrogen to fuel cells[1]. There are various solid
materials such as metal hydrides (amine-boranes)[2], carbon based materials (carbon
nanotubes, graphene)[3], metal organic frameworks[4] investigated for hydrogen storage
materials however the low density of hydrogen makes it difficult to store it in compressed or
liquefied form. Among these materials, amine—boranes have been identified as the leading
candidates for chemical hydrogen storage because of their high hydrogen contents [5]. One of
the most interesting amine-boranes for hydrogen storage is a dimethylamine-borane complex
(DMAB) since it can liberate a theoretical quantity of 3.5 wt% Ha [6].

Herein, it is presented a complete work including (i) synthesis and comparison of
catalytic activities, (ii) effect of initial [OAm]/[Cu] molar ratio on the catalytic activity, (iii)
determination of activation parameters, (iv) demonstration of the catalytic lifetime, (v) testing
isolability and reusability, (vi) quantitative Kinetic poisoning experiments using 1,10-
phenanthroline to find a corrected TTO and TOF values on a per-active-copper-atom basis,
(vii) characterization using advanced technological spectroscopy of Cu(0) NPs in the absence
and presence of OAm for dehydrogenation of DMAB at 50.0+0.1°C.

Keywords: Copper nanoparticles, Oleylamine, Dimethylamine-borane, Dehydrogenation.
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Son calismalarda, saf hidrojenin yakit hiicrelerini verimli bir sekilde beslenmesi i¢in
uygun materyalleri arastirmaya olan ilginin hizla arttig1 gosterilmistir[1]. Hidrojen depolama
materyalleri ic¢in arastirillan metal hidritler (amin-boranlar)[2], karbon bazli malzemeler
(karbon nanotiipler, grafen)[3], metal organik ¢erceveler[4] gibi ¢esitli kat1 malzemeler vardir.
Bu malzemeler arasinda, amin-boranlar, yiiksek hidrojen igerikleri nedeniyle kimyasal
hidrojen depolamasi i¢in 6nde gelen adaylar olarak tanimlanmistir[5]. Hidrojen depolanmasi
icin en ilging amin-boranlardan biri, agirlik¢a %3.5 H> agiga ¢ikarabilmesi nedeniyle bir
dimetilamin-boran (DMAB) kompleksidir[6].

Burada, DMAB'nin 50.0+0.1°C'de Kkatalitik dehidrojenasyonu i¢in OAm yoklugunda
ve varligindaki Cu(0) nanopartikiillerinin (i) sentezlerini ve Kkatalitik aktivitelerinin
karsilastirtlmasini, (ii) baslangigtaki [OAm]/[Cu] molar oraninin katalitik aktivite iizerine
etkisini, (iii) aktivasyon parametrelerinin  belirlenmesini, (iv) katalitik Omriiniin
belirlenmesini, (v) izole edilebilirliginin ve yeniden kullanilabilirliginin test edilmesini, (vi)
aktif bakir-atom bazinda diizeltilmis TTO ve TOF degerlerini bulmak igin 1,10-fenantrolin
kullanarak yapilan niceliksel Kinetik zehirlenme deneylerini, (vii) Ileri teknolojik
spektroskopiler kullanilarak karakterizasyonunu iceren eksiksiz bir ¢alisma sunulmustur.

Anahtar  Kelimeler:  Bakir  nanopartikiilleri,  Oleyilamin, = Dimetilamin-boran,
Dehidrojenlenme.
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The use of hydrogen as an environmentally benign energy carrier is expected to play a
vital role in transition from fossil fuels to the renewable energy sources on the way towards a
sustainable energy future [1]. However, the efficient and safe storage of hydrogen has been
still a big issue in applications using hydrogen as energy carrier [2]. Boron based compounds
such as sodium borohydride [3], ammonia-borane [4], and dimethylamine-borane [5] have
been considered as solid hydrogen storage materials. Among them, sodium borohydride
(SBH, NaBH4) appears to be the most promising candidate for safe and efficient hydrogen
storage in portable onboard applications due to many advantageous properties such as non-
flammable, nontoxic, high hydrogen storage capacity of (10.8% wt) [6].

Herein it is reported the preparation of ceria supported manganese(0) nanoparticles
(Mn/CeQO2) and their catalytic use in hydrogen generation from the hydrolysis of sodium
borohydride. They could be isolated from the reaction solution by centrifugation as stable
nanopowders and characterized by BET, UV-vis, XRD, SEM, SEM-EDX, TEM, STEM and
XPS techniques. All the results reveal the formation of uniformly dispersed manganese
nanoparticles on the surface of ceria nanopowders. Ceria supported manganese(0)
nanoparticles are found to be highly active, recyclable and long lived catalyst with a total
turnover number of 45,000 in hydrogen generation from the hydrolysis of NaBH4 retaining
the initial activity even after the fifth use at 25.0 £ 0.1 °C.

Keywords: Manganese nanoparticles, Sodium borohydride, Hydrolysis, Ceria.
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Hidrojenin c¢evresel olarak iyi niyetli bir enerji tasiyicisi olarak kullanilmasinin,
stirdiiriilebilir bir enerji gelecegine giden yolda, fosil yakitlardan yenilenebilir enerji
kaynaklarina gegiste hayati bir rol oynamasi beklenmektedir[']. Ancak, hidrojenin verimli ve
giivenli bir sekilde depolanmasi, enerji tasiyici olarak hidrojen kullanan uygulamalarda hala
biiyiik bir sorundur[2]. Boron bazli bilesikler, 6rnegin sodyum borohidrit[3], amonyak-
boran[4] ve dimetilamin-boran[5] kat1 hidrojen depolama malzemeleri olarak kabul edilmistir.
Bunlar arasinda, sodyum borhidriir (SBH, NaBHa), yanici olmayan, toksik olmayan, yiiksek
hidrojen depolama kapasitesi (agirlikca %10.8) gibi bircok avantajli 6zellikten Otiirii
tasinabilir yerlesik uygulamalarda giivenli ve verimli hidrojen depolamasi i¢in en umut verici
aday olarak goriinmektedir[6].

Burada, sodyum borhidriiriin hidrolizinden hidrojen {iretiminde seria destekli
mangan(0) nanopartikiillerinin (Mn/Ce0O.) hazirlanmasi ve bunlarin katalitik kullanimi
bildirilmektedir. Nanopartikiiller reaksiyon ¢o6zeltisinden kararli nanopowder olarak
santrifiijleme yoluyla izole edilebilmekte ve BET, UV-vis, XRD, SEM, SEM-EDX, TEM,
STEM ve XPS teknikleri ile karakterize edilebilmektedir. Tiim sonuglar, seria nanotozlarinin
yiizeyinde diizgiin dagilmis mangan nanopartikiillerinin olusumunu ortaya koymaktadir. Seria
destekli mangan(0) nanopartikiillerin, 25.0£0.1°C'de besinci kullanimdan sonra bile ilk
aktiviteyi koruyan NaBHs hidrolizinden hidrojen iiretiminde 45.000 toplam devir sayisiyla
yiiksek derecede aktif, geri doniistiiriilebilir ve uzun 6miirlii bir katalizér oldugu bulunmustur.
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Calibration of aftertreatment systems (ATS) are conventionally accomplished with the
help of dynamometer or vehicle tests that span the entire operation region of an engine.
However, such tests are very long, cumbersome, labor intensive and expensive. An alternative
is to utilize models for the reactors which make up the ATS. For accuracy of such models, it
IS necessary to realistically account for the underlying surface chemistry of the ATS catalysts.
Therefore, detailed reaction kinetics modeling of the ATS catalysts based on the fundamental
pathways of the chemical reactions occurring on the surface of the catalysts can be employed,
thereby allowing one to predict the behavior of the ATS at different operating conditions.
Thus, the optimum control strategy that minimizes the tailpipe CO, hydrocarbon (HC) and
NOX levels even at very transient drive cycles such as WHTC (World Harmonized Transient
Cycle) can be developed. In this study, models for commercial honeycomb Diesel Oxidation
Catalyst (DOC) and Selective Catalytic Reduction (SCR) reactors with PtPd/alumina and Cu-
chabazite catalysts, respectively, were developed. For the DOC, a kinetics model consisting of
CO, HC and NO oxidation and their cross reactions were used using Langmuir-Hinshelwood
type rate expressions. For SCR, a single and multi-Cu site detailed reaction kinetics models
were developed. All SCR related reactions (NHz adsorption, desorption, NH3z oxidation, NO
oxidation, Standard SCR, Fast SCR, NO2-SCR, ammonium nitrate and N2O formation) were
considered. Models for both reactors included mass transport effects. The validation of the
kinetic models was carried out using the steady and transient drive cycle data obtained with
dynamometer tests using full-scale catalysts. Both models predictions were in very good
agreement with the measured data. The developed kinetic models were further utilized in the
optimization of the reactor sizes for various engine and ATS applications. In one case study,
the optimum SCR sizes for ATS of a non-road mobile machinery that would be compatible
with Tier 4&5 regulations were determined via kinetic model. In another case study, the
kinetic model was employed for the assessment of different catalyst suppliers via performance
analysis during on-road drive cycles. Employing the kinetic model in these studies was found
to provide exceptional advantages in terms of time, money, as well as labor since the work
that would take months to complete with dynamometer or vehicle tests can be accomplished
with a very high accuracy within significantly shorter time periods.

Keywords: Aftertreatment, Emission, Catalyst, DOC, SCR, Modeling.
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Motor sonrast emisyon azaltma sistemlerinin (ATS) kalibrasyonu geleneksel olarak
motorun biitlin ¢caligsma araligini1 kapsayan dinamometre ya da arag testleriyle yapilmaktadir.
Ancak bu testler pahali ve kiilfetli olup ¢ok uzun zaman alirlar ve yogun is giiciine ihtiyag
duyarlar. Buna alternatif olarak ATS’yi olusturan her bir reaktoriin fizikokimyasal modeli
kullanilabilir. Dogru modeller olusturabilmek i¢in ATS katalizorlerinde gergeklesen olaylarin
yizey kimyasimin anlagilmasi gereklidir. Bu ylizden ATS Kkatalizorlerinin ylizeyinde
gerceklesen kimyasal reaksiyonlarin ana yolaklarini temel alan, detayli reaksiyon kinetigi
modellemeleri, ATS nin farkli kosullardaki davraniglarini tahmin etmek i¢in kullanilabilir. Bu
yontemle, WHTC gibi yatiskin olmayan siiriis dongiilerinden ¢ikan CO, hidrokarbon (HC) ve
NOx seviyelerini en aza indirecek optimum kontrol stratejisi gelistirilebilir. Bu ¢alismada,
PtPd/alumina igeren ticari petek sekilli dizel oksidasyon katalizor (DOC) reaktorii ve Cu-
sabazit iceren secici katalitik indirgenme (SCR) reaktoriiniin modelleri gelistirilmistir. DOC
icin, Langmuir-Hinshelwood tipi hiz ifadeleriyle CO, HC ve NO oxidasyonu ve bu
bilesenlerin birbirleriyle olan reaksiyonlarini igeren bir kinetik model kullanilmistir. SCR i¢in
tek ve ¢cok-Cu siteli detayli kinetik modeller gelistirilmistir. SCR ile ilgili biitiin reaksiyonlar
(NH3 adsorpsiyonu, desorpsiyonu, NO oksidasyonu, standart SCR, hizli SCR, NO2-SCR,
amonyum nitrat ve N2O olusumlar1) géz 6niinde bulundurulmustur. Iki reaktor igin kullanilan
model de kiitle aktarim olaylarin1 igermektedir. Kinetik modellerin dogrulamasi i¢in tam
boyutlu katalizorler ile yatiskin ve yatiskin olmayan siirlis dongiileri ile yapilan dinamometre
deneylerinin sonuglart kullanilmistir. Iki modelin sonuglar1 da deney sonuglari ile uyumludur.
Gelistirilen kinetik modeller farklt motor ve ATS uygulamalar1 i¢in gerekli reaktor
biiyiikliiklerinin optimizasyonunda da kullanilmistir. Bu ¢aligmalardan birinde, Tier 4&S5
regiilasyonlariyla uyumlu bir yol-dist mobil ekipmanin ATS’sindeki SCR biiyiikliikleri
kinetik model kullanilarak optimize edilmistir. Baska bir calismada ise, gelistirilen kinetik
model, yolda siirlis dongiilerinin performans analizinde kullanilarak, farkli katalizor
tedarikgilerinn degerlendirilmesinde rol oynamistir. Dinamometre ya da arag testi ile aylarca
stirecek bu caligmalarda, kinetik modellemenin kullanilmasi para, zaman ve is giicli agisindan
biiyiik avantaj saglamis ve sonuglar kisa siirede yliksek dogruluk payiyla elde edilmistir.

Anahtar Kelimeler: Motor sonrasi emisyon azaltma, ATS, Emisyon, Katalizér, DOC, SCR,
Modelleme.
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Cu/SiO2 as a New Catalyst for the Direct Stepwise Conversion of Methane
to Methanol
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Direct stepwise conversion of methane to methanol using Cu-zeolites has been
receiveing increased attention in the last decade due to very high selectiviy of the process
toward methanol. The process consists of the activation of O, on oxo-copper sites at high
temperatures followed by reaction of these sites with methane to result in stable chemisorbed
intermediate which is then followed by the formation of methanol via hydration. The
formation of the active oxo-copper site with desired nature and the structure of the usually
require the confined cage-like environment of crystalline zeolites. In this study, we show that
the latter statement is not necessarily universal and when activated at higher tempertures
(>500 °C) amorphous SiO. supported Cu can also be used for direct stepwise conversion of
methane to methanol with yields similar or higher than some of the Cu-zeolites. For Cu/SiOz,
the yield increased with increased O, activation temperture. When the O, activation was
carried out at 800 °C, the methanol yield of the cycle showed an increasing trend as a function
of Cu loading upto 2 wt. % Cu (reaching 11.5 pmol/gcatayst) above which decreased upto 30
wt. % Cu (leveling to 1 pmol/geatalyst). The increased yield correlated with the desorption of
the H2O from the surface with increased activation temperature as characterized using Mass
Spectroscopy and in-situ X-ray absorption near-edge spectroscopy (XANES). Ultraviolet-
visible (UV-vis) spectroscopy indicated the presence of a charge transfer band around 22700
cm formed at high tempreatures and dissappeared after interaction with methane which may
be associated with active site(s). Additionally, X-ray diffraction (XRD) and Transmission
Electron Microscopy (TEM) indicated the presence of CuO nanoparticles on SiO2 which may
also have a role in the production of methanol.

Keywords: Methane, methanol, copper, silica, UV-vis, XRD, XANES.

124



7 th NATIONAL CATALYSIS CONGRESS 9-12 September / Eyliil 2018 Denizli / TURKEY

0-29

Cu/SiO2’nin Metanin Metanole Dogrudan Asamali Doniisiimiinde Yeni Bir
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Son on yilda Cu-zeolitler metanin metanole dogrdugan asamali doniisiimiin siirecinde
elde edilen yiiksek metanol seciciligi sayesinde onem kazanmistir. Bu siire¢, O2’nin okso-
bakir sitelerinde yiiksek sicaklikta akvitasyonu (>350 °C) ve bunu takiben metan ile etkilesim
sonucunda ylizeyde kimyasal adsorplanmis kararli aramadde olusumu (135-220 °C) ve son
olarak da hidrasyon yolu ile metanol olusumundan (25-200 °C) ibarettir. Aktif okso-bakir
sitelerinin dogas1 ve yapist istenilen sekilde olugmasi i¢in genel olarak kristal zeolitelerin
sinirli kafes benzeri ortami gerekmektedir. Bu calismada, zeolitin kristal yapisina gerek
olmadan SiO; destekli Cu’nun da yiiksek sicaklikta O, aktivasyonu gergeklestiginde metanin
metanole dogrudan agamali doniisiimiinde ve zeolitlere benzer veya daha fazla verim ile
kullanilabilecegi gosterilmistir. Cu/SiO2 kullanildiginda metanol verimi O» aktivasyon
sicakligini artmasi ile artmigstir. Oz aktivasyonu 800 °C'de yapildiginda, metanol verimi bakir
ylikleme miktarina nazaran ag. %2 Cu miktarina kadar artmis (11.5 pmol/gkataiizsr degerine
ulagmistir) ve bu noktadan sonra diisiise ge¢cmis ve ag. % 30 Cu’da 1 pmol/gckatalizor degeri
elde edilmistir. Aktivasyon sicakliginin artisi ile verim artisi, kiitle spektroskopisi (MS) ve in-
situ X-1gin1 absorpsiyonu yakin-u¢ spektroskopisi (XANES) kullanilarak yine sicaklik artist
ile H20’nun yiizeyden desorplanmasina korele hareket ettigi belirlenmistir. Mordtesi-goriiniir
(UV-vis) spekstroskopisi analizi sonucunda yiiksek sicakliklarda 22700 cm™’de sarj transfer
bandinin olustugu belirlenmis ve bu bandin metan ile etkilesim sonucunda kayboldugu
gbozlenmistir. Bu durum bu bandin aktif site olabilecegine isaret etmistir. Ayrica, X-151n1
Kirinimi (XRD) ve Gegirimli Elektron Mikroskopisi (TEM) SiO. yiizeyinde metanol
olusumunda rol sahibi olmas1 muhtemel CuO nanoparg¢aciklarinin varligini gostermistir.

Anahtar Kelimeler: Metan, metanol, bakir, silika, UV-vis, XRD, XANES.
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Carbon Supported Bimetallic PtCu Nanoparticles by Supercritical
Deposition Coupled with Electrochemical Dealloying for ORR
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Carbon supported bimetallic nanoparticles are used extensively as electrocatalysts for
oxygen reduction reaction (ORR) due to their superior electrochemical activities. The
composition, size and morphology of these supported metallic nanoparticles strongly depend
on the synthesis technique. Supercritical deposition (SCD) emerges as a promising
preparation technique because of its many advantages compared to others. We studied the
scCO; assisted preparation and electrochemical dealloying of Carbon Aerogel (CA)/Carbon
Black (Vulcan) supported PtCu bimetallic nanoparticles. For this purpose, three different SCD
techniques are investigated: simultaneous, sequential and in-situ SCD. Thermodynamic
control of the metal loading and composition is possible with the knowledge of binary
adsorption isotherms of Pt and Cu precursors on the surface of the supports for simultaneous
SCD, whereas, for sequential SCD single adsorption isotherms are utilized for this purpose.
The conversion of metal precursors was carried out both ex-situ and in-situ, either chemically
or thermally. The effect of precursor, support type, deposition conditions, deposition approach
and deposition conditions along with reduction and annealing conditions on alloying degree,
nanoalloy particle morphology and size were investigated. We confirmed the presence of
PtCu bimetallic nanoparticles via XRD, TEM and XPS. All samples, regardless of the SCD
method have uniformly distributed PtCu bimetallic alloy nanoparticles with narrow pore size
distributions on carbon supports. Furthermore, we demonstrated that the average particle size
of the PtCu bimetallic nanoparticles can be precisely controlled from 1 to 6 nm during
conversion and annealing steps regardless of the metal composition and pore size of the
support. Dealloying of the nanocomposites was carried out electrochemically via cyclic
voltammetry by selectively leaching Cu into electrolyte resulting surprising nanoparticle
morphologies. Electrochemical measurements after dealloying showed enhanced
electrochemical activity due to the creation of new Pt active sites after Cu dissolution.

Keywords: Nanoalloys, Supercritical Deposition, ORR, PtCu
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. ORR i¢in Karbon Destekli PtCu Ikili Nanoalasimlarinin Siiperkritik

Depozisyon ile Birlestirilmis Elektrokimyasal Alasim Bozunmasi
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Karbon destekli ikili metal alasim nanopargaciklari yiiksek elektrokimyasal aktiviteleri
nedeniyle oksijen indirgenme reaksiyonu i¢in yaygin olarak kullanilmaktadir. Bu destekli
metal nanopargaciklarinin bilesimi, parcacik boyutu ve morfolojisi biiyilk oranda sentez
teknigine baghdir. Kullanilan hazirlama teknikleri arasinda siiperkritik depozisyon (SCD)
digerler tekniklere gore bircok avantaji oldugundan otiirii giiglii bir sentez teknigi olarak
ortaya ¢ikmaktadir. Bu calismada Karbon Aerojel (CA)/ Karbon Siyah (Vulcan) destekli PtCu
ikili alasimlan siiperkritik depozisyon teknikleri kullanilarak sentezlenmistir. Bu nedenle,
simultane, ardisik ve in-situ SCD metotlar1 kullanilmistir. Simultane SCD’de destek
tizerindeki metal miktarinin ve bilesiminin termodinamik kontrolii Pt ve Cu onciillerinin ikili
adsorpsiyon izotermleri kullanilarak yapilirken, ardisik deposizyonda bu amagla tekli
adsorpsiyon izotermleri kullanilmistir. Metal Onciillerinin metal formlarina indirgenmesi
kimyasal ya da termal olarak ya depozisyon sonrasinda ya da depozisyon sirasinda
gergeklestirilmistir. Metal Onciillerinin, destek malzemesinin, depozisyon kosullart ve
metotlarinin, indirgenme ve tavlanma sicakliklarinin alagim olusturmaya, nanoalasimlarin
parcacik boyutu ve morfolojisine etkileri arastirilmistir. PtCu ikili alagim nanopargaciklarinin
varligit XRD, TEM ve XPS analizleri ile belirlenmistir. Ek olarak, indirgenme ve tavlanma
stirecleri ile ortalama PtCu ikili alasim nanoparcacik boyutunun 1-6 nm arasinda etkili
kontrolii, metal bilesiminden ve destek maddesinin gozenek boyutundan bagimsiz olarak
saglanmistir. Alasim bozunma siireci segici olarak bakirin elektrolit igerisine ¢dziinmesiyle
elektrokimyasal olarak gerceklestirilmistir. Bunun ic¢in c¢evirimli voltametri yontemi
kullanilmigtir.  Alasim bozunma sonrasi yapilan elektrokimyasal Ol¢limlerde Cu
coziinlimiinden sonra ortaya ¢ikan yeni Pt aktif bolgelerinden dolay1r gelismis aktivite elde
edilmistir.

Anahtar Kelimeler: Nanoalasim, Siiperkritik Depozisyon, ORR, PtCu
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Catalytic Behavior of Rutenium Complexes Containing Benzimidazole
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aerdem@pau.edu.tr, rkilincarslan@pau.edu.tr

Ruthenium metal attracts considerable interest in the literature due to its ability to
form complexes in different geometries and catalytic diversity due to the many different
oxidation steps. This allows ligand diversity and catalytic selectivity [1]. It has been known
that compounds bearing benzimidazole rings have antioxidant properties besides
antimicrobial, antiallergic, antihelmentic and anticancer activities, and metal complexes have
been used as active catalysts in some important catalytic transformations [2].

In this study, NN-type ligands were prepared by following the method shown in the
figure. Ruthenium complexes were prepared by reacting these ligands with [RuClz (p-
simen)]> (Figure 1). The structure of the ligands and complexes was determined by NMR
spectroscopy, UV-VIS, IR, TGA and LC-MS / MS methods. The electrochemical properties
of the complexes were investigated using cyclic voltammetry technique (Figure 2). It has been
observed that the complexes exhibit electrochemical and thermal stability. The catalytic
activities of the complexes have been investigated in the acetone transfer hydrogenation
reaction.
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Rutenyum metali, farkli birgok yiikseltgenme basamagina sahip olmasi nedeni ile farkli
geometrilerde kompleksler olusturabilmesi ve katalizde cesitlilik saglamasi nedeni ile
literatiirde oldukca ilgi ¢cekmektedir. Bu sayede ligant cesitliligine ve katalizde segicilige
imkan tanir [1]. Benzimidazol halkasi tasiyan bilesiklerin antimikrobiyal, antiallerjik,
antihelmentik, antikanser aktivitelerinin yaninda antioksidan o6zellige de sahip olmalari
yaninda son yillarda metal komplekslerinin bazi 6nemli katalitik doniisiimlerde etkin katalizor
olarak kullanildiklar1 bilinmektedir [2].

Bu c¢alismada sekilde gosterilen yontem izlenerek NN-tipi ligantlar hazirlanmistir. Bu
ligantlarin [RuClz(p-simen)]2 ile tepkimesinden rutenyum kompleksleri hazirlanmistir (Sekil
1). Ligant ve komplekslerin yapist NMR spektroskopisi, UV-VIS, IR, TGA ve LC-MS/MS
yontemleri kullanilarak belirlenmistir. Komplekslerin elektrokimyasal 6zellikleri dongiisel
voltametri teknigi kullanilarak incelenmistir (Sekil 2). Komplekslerin elektrokimyasal ve
termal kararlilik gosterdigi gozlenmistir. Komplekslerin katalitik aktiviteleri asetefonun
transfer hidrojenasyon tepkimesinde incelenmistir.

Anahtar Kelimeler: Benzimidazol, rutenyum kompleksleri, katalitik aktivite.
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In recent years, the coordination chemistry of transition metal ions containing
multidentate bis-benzimidazole derivatives have been thoroughly investigated. They have
drawn a great deal of attention in various areas, including medicine, research on magnetic
properties, photochemistry, materials science and homogeneous catalysis owing to the
versatility of their steric and electronic properties. In particular, they have been the reason for
their ability to change the electronic properties of the metals are bound to in the metal-
catalyzed reduction reactions commonly used in synthetic chemistry. The reduction of
carbonyl compounds (C=0) is an important transformation in synthetic organic chemistry
since it is a general entry into alcohols.

In this work, a series of monometallic copper(ll)! complexes with 2,6-
bis(benzimidazol-2-yl) pyridine (bzimpy)? derivatives were synthesized and characterized by
elemental analysis and spectroscopic methods. The synthesized complexes were used as
catalysts in transfer hydrogenation reactions of ketones with alcohols. They were successfully
applied in transfer hydrogenation reactions of ketones with alcohols in mild reaction
conditions compare to literature.
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Son yillarda, multidentat bis-benzimidazol tiirevlerini igeren geg¢is metal iyonlarinin
koordinasyon kimyasi kapsamli bir sekilde arastirilmistir. Sterik ve elektronik 6zelliklerinin
cok yonliiliiglinden dolay1 tip, manyetik 6zellikler, fotokimya, malzeme bilimi ve homojen
kataliz iizerinde arastirmalar gibi cesitli alanlarda biiyiik ilgi gérmiistiir. Ozellikle, sentetik
kimyada ¢ok kullanilan metal katalizli indirgenme reaksiyonlarinda bagli bulunduklar
metallerin elektronik 6zelliklerini degistirebilmeye (artirip-azaltmaya) olanak sagladiklar1 i¢in
tercih sebebi olmuslardir. Karbonil bilesiklerinin (C = O) indirgenmesi, sentetik organik
kimyada, alkollere genel bir girig oldugu i¢in dnemli bir dontigiimdir.

Bu calismada, 2,6-bis (benzimidazol-2-il) piridin (bzimpy)! tiirevleri ile bir dizi
monometalik bakir(I1)> kompleksleri sentezlenmis ve elementel analiz ve spektroskopik
yontemler ile karakterize edilmistir. Sentezlenen kompleksler, ketonlarin alkollerle transfer
hidrojenasyon reaksiyonlarinda katalizorler olarak kullanilmistir. Ilimli  reaksiyon
kosullarinda ketonlarin alkollerle transfer hidrojenasyon reaksiyonlarinda literatiirle
karsilastirilginda basarili olmustur.
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Au-Re/CeO; catalysts, which have been studied by our group, have stable high activity
and selectivity in WGS reaction, especially at high H.O/CO feed ratios. HRTEM analysis
conducted on these samples revealed that possible surface alloy formations ™. The aim of the
current study is to understand the reasons of stable high activity and selectivity of Au-Re
system. In this context, the steps of WGS reaction were investigated at atomic scale through
studying the adsorption and coadsorption of its reactants, products and possible intermediate
species on Au(111), Re(0001) and Au-Re(0001) surfaces by using DFT modules in CASTEP.
The adsorption energies of CO, OH, CO,, H.0, HOCO molecules and H atoms on Au(111)
and Re(0001) surfaces were calculated and LDOS profiles of these adsorbates for their free
and adsorbed states were analyzed. The co-adsorption of CO and OH on Au(111), Re(0001)
surfaces was also carried out. Then, Au-Re surface alloys were generated by the addition of
Au atoms on Re(0001) surface as point defects. Finally, the adsorption and coadsorption of
CO and OH molecules on Au-Re(0001) surface alloys having different Au concentration on
Re(0001) were performed. Our DFT results show that Re presence modifies electronic
properties of Au in bimetallic Au-Re system; and CO and OH interact to form HOCO, which
is the WGS reaction intermediate in carboxyl mechanism, on both monometallic Au and Au
sites of bimetallic Au-Re surface alloy having at least 0.5 ML Au concentration. In addition,
OH strongly favors adsorption on Re sites on Au-Re surface alloys, which might be an
indication that there is a strong driving force for Re to become oxidized and form patches of
ReOyx around Au atoms.

Keywords: Water-gas shift (WGS) reaction, Density Functional Theory (DFT), Au-Re
Surfaces
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Grubumuz tarafindan c¢alisilmis olan Au-Re/CeQO katalizérleri WGS (gaz-buhar
gecisi) reaksiyonunda, 6zellikle de yiiksek H.O/CO besleme oranlarinda, sabit yiiksek aktivite
ve secimlilige sahiptir. Ornekler {izerinde yapilan HRTEM analizleri yiizey alagim
olusumlarinin miimkiin oldugunu ortaya koymustur!. Bu calismanin amaci, Au-Re
sisteminin sahip oldugu sabit yiiksek aktivite ve secimliligin nedenlerini anlamaktir. Bu
baglamda, WGS reaksiyonuna ait reaktanlarin, tirinlerin ve muhtemel ara Girinlerin Au(111),
Re(0001) and Au-Re(0001) yiizeyleri tizerindeki adsorpsiyon ve koadsorpsiyonlari
CASTEP'in DFT modiilleri kullanilarak atomik o6lgekte ¢alisilarak WGS reaksiyonu
basamaklar1 incelenmistir. CO, OH, CO2, H20, HOCO molekiillerinin ve H atomunun
Au(111) and Re(0001) yiizeyleri iizerindeki adsorpsiyon enerjileri hesaplanmis ve bu molekiil
ve atomlarin serbest ve ylizeye tutunmus hallerine ait enerji diizeyleri lokal yogunlugu
(LDOS) profilleri analiz edilmistir. Au(111) ve Re(0001) yiizeyleri iizerinde CO ve OH
koadsorpsiyonlar1 da gerceklestirilmistir.  Daha sonra, Re(0001) yiizeyi iizerine Au
atomlarinin noktasal bozukluk olarak eklemesi ile Au-Re yiizey alasimlar1 olusturulmustur.
Son olarak, farkli Au konsantrasyonlarina sahip Au-Re(0001) yiizey alagimlar iizerinde CO
ve OH molekiillerinin adsorpsiyon ve koadsorpsiyonlart ¢alisilmistir. DFT sonuglarimiz, Au-
Re iki metalli sistem i¢indeki Re varliginin Au’nun elektronik 6zelliklerini degistirdigini; ve
karboksil mekanizmast i¢gin WGS reaksiyonu araiiriinii olan HOCO molekiiliinii olusturmak
icin CO ve OH molekiillerinin tek metalli Au yilizeyinde ve en az 0.5 ML Au
konsantrasyonuna sahip iki metalli Au-Re yiizey alasimlarindaki Au siteleri iizerinde
etkilesime girdigini gostermektedir. Ayrica, OH molekiilii Au-Re yiizey alagimlarindeki Re
siteleri tizerine daha kuvvetli tutunma egilimindedir, bu Re’nin okside olmas1 ve Au atomlari
etrafinda ReOx olusturmasi i¢in kuvvetli bir itici gli¢ olduguna isaret edebilir.

Anahtar Kelimeler: Water-gas shift (WGS) reaksiyonu, Density Functional Theory (DFT),
Au-Re Yiizeyler
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Continuous steam methane reforming reaction was carried out in a pilot scale solar
reactor — designed, constructed and operated using in-house capabilities (Kincal et al. 2018).
One of the primary cost constraints is using solar energy for running industrial scale reactions
is the requirement for large scale solar collector/concentrator infrastructure. This work was
aimed to target the evaluation of the use of multiple small reactors with cost effective mirror
collectors, rather than single large scale reactor. The reaction was studied on 30x30x10 mm,
200 CPSI (cells per inch square) mullite monoliths, loaded with Ni/Al2O3 or Pd on CeO;
catalysts (Kincal et al, 2018). The reaction chamber was constructed from 316 grade stainless-
steel components, with a 90mm diameter quartz window on one end to allow for effective
energy collection. The reactor was 200mm in total length, 50mm of this is 200mm in diameter
(the window side) and the rest was 60mm in diameter (the back end). This enclosure was
placed in front of a 70cm diameter parabolic mirror, such that solar irradiation was focused on
the 30x30mm face of the monolith. The reactor-dish assembly was mounted on a dual axis
solar tracker. Two days of continuous steam methane reactions are conducted on Ni/Al20s3
monolith followed by a two-day-experiment on Pd on CeO, with dynamic weather conditions,
enabling to characterization of the relationship between conversion, temperature and extent of
reaction. As such, the design is prone to severe back mixing problems and due to the nature of
the heating, serious heat transfer problems as well.

In order to further characterize and optimize the reaction conditions, heat and mass
transfer effects, catalyst performances, controlled experiments with a 18kW (3 lamps) high
flux solar simulator (HFSS) located in Middle East Technical University (METU) campus are
in progress. Initial heating and cooling experiments suggested that 1000 — 1200 °C range is
easily attainable on reaction zone with llamp with a focal point of 2 cm; however,
temperatures sharply decrease to 400 — 500 °C level 3cm around it. The effect of these non-
uniform temperatures on the activity and selectivity of Ni/Al>Oz catalysts on a conducting
(SiC) and a refractory (mullite) substrate will be monitored using a built-in online gas
analyzer.
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Kurum ig¢i sartlarda tasarlanan, kurulan ve isletilen pilot 6l¢ekli bir sistemde, devamli
sekilde stim metan reformlara reaksiyonu gergeklestirilmistir (Kincal et al. 2018). Endiistri
Olcekli reaksiyonlarin Giines enerjisi kullanilarak gerceklestirilmesinin Oniindeki en 6nemli
maliyet kisitlarindan biri biiyiik Olgekli kolektdr/konsantratér altyapist maliyetleridir. Bu
caligmanin, ¢ok sayida kiiciik 6lcekli reaktorlerle diisiik maliyetli aynalarin, tek ve biiyiik bir
reaktor sistemi yerine kullanilmasi agisindan bir degerlendirme olmasi hedeflenmistir.
Reformlama reaksiyonu, 30x30x10 mm boyutlu, 200 CPSI (in¢ kare basina hiicre) yogunluklu
Ni/Al,O3 ya da Pd/CeO: katalizorleri yiiklenmis mullit monolitler {izerinde c¢alisilmistir
(Kincal et al, 2018). Reaksiyon haznesi, 316 paslanmaz c¢elikten imal edilmistir ve bir ugta,
enerjiyi verimli sekilde hazneye toplayabilmek i¢in, 90mm genisliginde quartz bir agikliga
sahiptir. Toplamda 200mm uzunluga sahiptir. Bu uzunlugun 50mm’si 100mm ¢aplidir
(agiklik tarafi) ve kalan1 60mm ¢aptadir (arka boliim). Reaktor, 70cm ¢apindaki bir parabolik
aynanin karsisinda konumlandirilmistir ve Giines 1sinlari, reaktor igine yerlestirilmis,
30x30mm’lik monolit {izerine yogunlastirilmaktadir. Reaktér — ayna sistemi, iki eksenli bir
Glines takip sistemine monte edilmistir. Toplamda dort giin devam eden stim metan
reformlama reaksiyonu Ni/Al,O3 ve Pd/CeO- katalizorleriyle gerceklestirilmis ve dinamik
hava kosullar1 sayesinde, reaksiyon doniisiimii, sicaklik ve reaksiyonun gerceklesme diizeyi
arasindaki iliski karakterize edilebilmistir. Bunlarla birlikte, mevcut tasarim, onemli geri
karisma ve 1sinma mekanizmalarinin dogasina bagli olarak ciddi 1s1 transferi problemlerine
yatkin durumdadir.

Reaksiyon sartlarini, 1s1 ve kiitle transferi etkilerini, katalizor performanslarini daha
ileri diizeyde karakterize ve optimize edebilmek amaciyla, Orta Dogu Teknik Universitesi
(ODTU) kampiisiinda bulunan 18kW (3 lambali) yiiksek akili Giines simiilatdrii kullanilarak
tasarlanan kontrollii deneyler devam etmektedir. ik 1s1nma ve soguma deneyleri, 1000 — 1200
°C aralig1 sicakliklarin, 1 lamba kullanilarak elde edilen 2cm ¢apli bir odak alaninda kolayca
ulagilabildigini; ancak bu alandan 3cm mesafede, sicakliklarin hizli sekilde 400 — 500 °C
seviyelerine distiglinii gostermistir. Bu degisken sicaklilarin  Ni/Al,O3 katalizoriiniin
aktivitesine ve segiciligine, 1s1l iletken (SiC) ve refrakter 6zellikli (mullit) monolitler tizerinde
nasil etki edecegi, kurum i¢i sartlarla tasarlanan ve c¢evrimig¢i Glgiim yapabilen bir gaz
analizoriiyle tayin edilecektir.
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TUPRAS is Turkey’s largest industrial enterprise and seventh biggest refining
company in Europe, with 28.1 million tones crude oil processing capacity and is operating
four refineries with more than 5000 employees. TUPRAS Izmit, Aliaga and Kirikkale
refineries producing gasoline, and diesel complies with current Euro 5 standards which
necessitate the use of various heterogenous, homogenous and biological catalysts. These
catalysts not only purify the fuels from metals, sulfur or some chemicals but they also change
molecular structures to meet fuel specific properties such as octane and cetane. In this talk,
recent advances on heterogeneous catalysts used for fluid catalytic cracking,
hydrocracking/hydrotreatment, steam methane reforming, isomerization and continuous
catalytic reforming, benzene removal etc. will be shortly discussed. Our recent studies on
solid acid catalysts for oligomerization of light olefins and on polymeric ion-exchange resin,
Amberlyst 15 for glycerol etherification will be discussed and new project opportunities for
collaboration with universities and companies will be addressed.
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TUPRAS, dért rafinerisinde 5000'den fazla calisan ile 28,1 milyon tonluk ham petrol
isleme kapasitesine sahip, Tiirkiye’nin en biiylik sanayi kurulusu ve Avrupa'nin en biiyiik
yedinci rafineri sirketidir. Izmit, Aliaga ve Kirikkale rafinerilerinde iiretilen benzin ve dizel
iiriinleri, ¢esitli heterojen, homojen ve biyolojik katalizérler kullanilarak Euro 5
standartlarindaki tiriinlere ¢evrilmektedir. Bu katalizorler, yakitlart metallerden, kiikiirtlerden
veya bazi kimyasallardan arindirirken, diger yandan molekiillerin yapilarini degistirerek oktan
ve setan gibi yakit i¢in dnemli 6zelliklerin elde edilmesini saglamaktadir. Bu sunumda; FCC,
hidrokraking / hidrotreatment, steam methane reforming, izomerizasyon, CCR, ve benzen
giderimi i¢in kullanilan heterojen katalizorler ile ilgili giincel bilgiler paylasilacaktir. Hafif
olefinlerin oligomerizasyon prosesinde kullanilan kati asit katalizorler ve oktan arttirict
gliserol eterlerinin sentezinde kullanilan polimerik regine (Amberlyst 15) katalizorler ile ilgili
yeni ¢alismalar hakkinda bilgi verilerek tiniversite sanayi is birlikleri i¢in yeni proje firsatlari
degerlendirilecektir.
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PETKIM Petrochemical Company (PETKIM) is the first and only national
petrochemical company in Turkey. PETKIM has been rendering service to the economic
development and eco-friendly production technology since 1965. Regarding to catalytic
proceses, there are two main groups of catalytic reactions in Petkim. The former is
homogeneous catalysts which are mainly used for the production of the polymers whereas the
latter is heterogeneous catalysts which are taken advantage of the production of the chemicals
and captive products. Heterogeneous catalysts have been using by 7 plants in PETKIM which
are ethylene, aromatics, ethylene glycol, acrylonitrile, vinyl chloride, phthalic acid and pure
terephtalic acid plants.

Within the context of the R&D case study, as the part of the ongoing real-time
optimization (RTO) project, ethylene oxide (EO) catalyst characterization has been
completed. In this project, the multi-tubular fixed-bed catalytic reactors, which drive the
partial oxidation of ethylene in the EO plant, will be modelled using a model-based
experimental approach in gPROMS in order to increase the production efficiency of mono
ethylene glycol (MEG) and lower the costs of feed stock expenditures and utilities. In order to
determine the Kinetic data of the industrial-scale catalyst, an integral reactor system will be
used. The initial model that will be constructed from gPROMS’s advanced AML: FBCR
module will help develop a more effective and robust model by developing this kinetic data.
Both online and offline versions of these models will be applied to the Distributed Control
System (DCS) in order to allow for more effective and precise reaction control via efficient
and functional catalyst usage. This will; thus, promote greater MEG production by reducing
unwanted oxidation and ethylene expenditures during the reaction.

To obtain a robust model, it is crucial that the information pertaining to the catalyst
pellet should be included into the model. To do so, at first, XRD and SEM analysis has been
done in order to ensure the crystal structures of the support and active material. Then, the
surface area has been found by BET analysis and afterwards mercury porosimetry was used
for the determination of pore size distribution due to the fact that the catalyst is macroporous.
Lastly, some computational parameters such as tortuosity, permeability coefficient, thermal
conductivity and heat capacity have been calculated by the help of theoretical models.
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PETKIM Petrokimya Holding (PETKIM), Tiirkiye’nin ilk ve tek ulusal petrokimya
sirketidir. PETKIM, 1965’ten beri ekonomik gelisime katki prensibi igerisinde ¢evre dostu
iiretim faaliyetlerine devam etmektedir. PETKIM’de iki ana katalitik reaksiyon prosesi
bulunmaktadir: Homojen ve heterojen katalizérler. Homojen katalizorler polimer iiretiminde
kullanilmaktayken heterojen katalizorler ara iiriin ve kimyasallarin iiretiminde rol almaktadir.
Heterojen katalizorler, Petkim’de 7 fabrikada kullanilmaktadir: Etilen, Aromatik, Etilen
Glikol, Akrilonitril, Vinil Klorit, Ftalik Asit ve Saf Tereftalik Asit fabrikalari.

Ar-Ge Merkezi biinyesinde devam eden gergek zamanli reaktdr optimizasyon
projesinde kullanilmakta olan ticari etilen oksit katalizoriiniin karakterizasyon calismast
tamamlamistir. Bu projede model-tabanli deneysel yaklasim ile endiistriyel etilen oksit
reaktorleri modellenerek, hammadde ve utilite tasarrufu ve MEG (mono etilen glikol) iiriin
verimliligi elde edilmesi amacglanmaktadir. Kinetik model ¢alismalari i¢in laboratuvar dlgekli
integral reaktor sistemi kullanilmistir. Projenin kinetik model gelistirme asamasinda daha
verimli ve gergege yakin hassasiyete sahip bir model elde edebilmek i¢in gPROMS programi
kullanilmaktadir. Bu elde edilecek model fabrika reaktér modeli ile entegre edilerek yine
gPROMS kullanilarak offline ve online bir sekilde fabrika kontrol sistemlerine (DCS)
uygulanacaktir. Bu sayede daha etkin reaktdr kontrolii ve katalizor omrii verimliligi elde
edilecektir. Dolayisiyla, istenmeyen CO2 yan iirlinii azaltilarak birim hammadde kullanim
miktan diisiiriilecektir.

gPROMS’daki reaktor modelinde kullanmak i¢in katalizor peletinin baz1 6zellikleri
karakterize edilmesi gerekmektedir. Bu kapsamda Oncelikle katalizoriin kristal yapisindan
emin olmak i¢in XRD ve SEM analizleri yapilmistir. Sonrasinda, BET analizi ile ylizey alani
ve akabinde ise katalizoriin makro gozenekli olmasindan o6tiirli civa porozimetresi kullanarak
gozenek dagilimi bulunmustur. Egrilik, gecirgenlik katsayisi, 151l iletkenlik ve 1s1 sigast gibi
diger gerekli parametreler teorik modeller kullanarak hesaplanmistir.
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Oil refineries are process facilities to produce transportation fuels, bitumen, heating
oils, liquefied petroleum gas (LPG), lube oils, and raw materials for petrochemical processes
from crude oil. Crude oil is a very complex mixture of hydrocarbons. It naturally contains
organic impurities such as metals, Sulphur, and nitrogen. These impurities must be eliminated
from products to meet the product specifications, to comply with the environmental
regulations, and to sustain refinery operations profitably and safely.

Once a crude oil is introduced in an oil refinery, it is first separated into its main
fractions by crude oil distillation process. None of the products from a crude oil distillation
unit meet the relevant specifications. Therefore, each oil fraction must go through additional
processes to comply with these specifications and to increase refinery profitability. This is
where catalysts play an important role in refineries to convert oil fractions into refinery
products with the desired properties.

In this presentation, catalytic refinery processes used in a typical oil refinery are
introduced, general characteristics of each catalytic process, such as simple process flow,
process chemistry, and operation conditions, are described and the roles these processes play
in refinery operations are explained. The processes included in this presentation are
hydrotreating, platforming, isomerization, fluid catalytic cracking, hydrocracking, hydrogen
production, Sulphur removal, and product treatment.

Keywords: Oil refineries, catalysts, refinery processes
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Petrol Rafinerileri, ham petrolden benzin, motorin ve jet yakit1 gibi ulagtirma yakatlari,
asfalt, fuel oil, sivilastirilmis petrol gaz1 (LPG), madeni yaglar, petrokimya hammaddeleri gibi
iirlinlerin tretildigi tesislerdir. Ham petrol ¢ok karmasik bir hidrokarbon karisimidir. Dogal
olarak i¢cinde metal, kiikiirt, ve azotun organik bilesiklerininden olusan safsizliklar igerir.
Rafineride iiretilen iiriinlerin istenen 6zellikleri saglayabilmesi, ¢evre mevzuatinda yer alan
sartlarin saglanmasi ve rafineri operasyonlarinin emniyetli ve ekonomik bir sekilde
stirdiiriilebilmesi i¢in bu safsizliklarin giderilmesi gerekir.

Hampetrol rafineriye sarj edildikten sonra ilk is olarak hampetrol damitma prosesiyle
ana katmanlarina ayrilir. Hampetrol damitma iinitesinden ¢ikan ara katmanlarin higbiri istenen
ilgili tirlin 6zelliklerine sahip degildir. Bu nedenle bu ara katmanlarin hepsinin istenen iiriin
ozelliklerinin saglanmasi ve rafineri karliliginin artirilmasi amaciyla ilave proseslerden
gecirilmesi gerekir. Iste bu asamada, petrol ana katmanlarimin istenen dzelliklere sahip
iiriinlere dontistiirtilmesi i¢in kullanilan proselerde katalizorler ¢ok 6nemli rol oynarlar.

Bu c¢aligmada, tipik bir petrol rafinerisinde kullanilan katalitik rafineri prosesleri
tanitilmis, her prosesin basitlestirilmis akim semalar1, proses kimyasi, ¢alisma kosullart gibi
genel 6zellikleri anlatilmis, ve bu proseslerin rafineri operasyonlarindaki 6nemi
vurgulanmistir. Bu ¢alismada ele alinan prosesler hydrotreating, platforming, izomerizasyon,
fluid catalytic cracking, hydrocracking, hidrojen tiretimi, kiikiirt giderimi, ve {iriin kalite
artirimi prosesleridir.
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Continuous Methanol Production from Methane Using N2O as Oxidant
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Increased production of shale gas motivated using methane as a chemical feedstock.
For this reason, an economical process that converts methane into an easily transported and
valuable chemical is needed. Direct and selective, on-site, production of methanol is desirable
but challenging due to the inherent stability of methane. Selective methanol formation is
proven to be possible on copper exchanged zeolites (Cu-ZSM-5 [1] and Cu-mordenite [2,3])
following a 3-step cyclic process: (i) oxidation of the Cu-zeolite with O> at relatively higher
temperatures (450 °C) to create reactive copper-0Xo Species, (ii) methane activation at
moderate temperatures (120-200 °C) and (iii) admission of a solvent to extract methanol from
the surface. However, the process lacks continuous methanol production with altering
temperatures requires for the 3 different steps. In this study, continuous methanol production
at temperatures lower than 300 °C is reported using Cu-SSZ-13 and compared to Cu-ZSM-5
and Cu-mordenite using CHas, N2O and water vapour as reactants. The effect of CH4, N2O and
H>0 on methanol selectivity is also investigated. Methanol production rates as high as 55
umol CH30H/g/h and methanol selectivity values as high as 40% are achieved on Cu-SSZ-13

[4]
Keywords: Methane, methanol, selective alkane oxidation, Cu-SSZ-13

References

[1] M.H. Groothaert, P.J. Smeets, B.F. Sels, P.A. Jacobs, R.A. Schoonheydt, J. Am. Chem. Soc., 127, 2005,
1394.

[2] E.M. Alayon, M. Nachtegaal, M. Ranocchiari, J.A. van Bokhoven, Chem. Commun., 48, 2012, 404.

[3] S. Grundner, M. A. C. Markovits, G. Li, M. Tromp, E.A. Pidko, E.J.M. Hensen, A. Jentys, M. Sanchez-
Sanchez, J.A. Lercher, Nat. Commun. 6, 2015, 7546.

[4] B. Ipek, R.F. Lobo, Chem. Commun. 52, 2016, 13401.

142


mailto:ozgun.memioglu@metu.edu.tr

7 th NATIONAL CATALYSIS CONGRESS 9-12 September / Eyliil 2018 Denizli / TURKEY

0-38
Oksitleyici NO Kullanilarak Metandan Siirekli Metanol Uretimi
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Artan kaya gazi {iretimi metanin kimyasal hammade olarak kullanimini tesvik
etmektedir. Bu amagla, metani kolay tasinabilir ve degerli bir kimyasala ¢eviren ekonomik bir
stirece gereksinim vardir. Tek asamada, secici metanol liretimi istenilen bir siire¢ olasina
ragmen, metanin kararli yapisi sebebiyle zordur. Secici metanol iiretimi Cu-ZSM-5, Cu-
mordenite gibi Cu-zeolitler ile 3-asamali dongiisel bir siiregte basarilmistir. Bu siiregte,
yliksek sicakliklarda (450 °C) aktif bakir-oksit merkez olugmasini saglayan Oz ile Cu-zeolit
oksitlenmesi, orta sicakliklarda (120-200 °C) metan aktivasyonu ve de metanolii yiizeyden
cikarmak icin ¢Oziicli ilavesi asamalari mevcuttur. Fakat bu siireg, 3 asama i¢in gerekli
degisen sicakliklar sebebiyle siirekli metanol tiretimi saglayamamaktadir. Bu ¢aligmada, 300
C’nin altindaki sicakliklarda Cu-SSZ-13 {izerinde tepkiyen olarak CHa4, N2O ve su buhari
kullanilarak stirekli metanol iiretimi gosterilmis ve Cu-ZSM-5 ve Cu-mordenite drnekleriyle
kiyaslanmistir. Bu siiregte, CH4, N2O ve su buhar1 basin¢larinin metanol seciciligi lizerine
olan etkisi de incelenmistir. Cu-SSZ-13 ile 55 umol CH3OH/g/h degerine ulasan metanol
iiretim hizlar1 ve ylizde 40’a ulasan metanol segicilik degerleri elde edilmistir [4].

Anahtar Kelimeler: Metan, metanol, secici alkan oksitlenmesi, Cu-SSZ-13
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