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Ulusal kataliz kongreleri, Kataliz Derneĵi'nin resmi etkinliĵi olarak iki yēlda bir 

düzenlenmektedir. Kongrenin amacē end¿stride ve ¿niversitelerde kataliz ve katalitik 

prosesler konularēnda alēĸan bilim adamlarēnēn ve araĸtērmacēlarēn biraraya getirilmesi ve 

kataliz alanēndaki son geliĸmelerin paylaĸēlmasēdēr. NCC3-Üçüncü Ulusal Kataliz Kongresi, 

Zonguldak Karaelmas Üniversitesi, Gazi Üniversitesi ve Kataliz Derneĵiônin iĸbirligi ile 28 

Nisan - 1 Mayēs 2010 tarihleri arasēnda Zonguldakôta gerekleĸtirilmiĸtir. Kataliz alanēndaki 

sekin bilim adamlarēnēn deĵerli sunumlarēyla katkēda bulunduklarē NCC-3 kongresinin ana 

temasē ñDoĵal Kaynaklarēn S¿rd¿r¿lebilir Kullanēmē Ķin Katalizºrlerò olarak seçilmiĸtir. 

Kongre programēnda, 7 davetli konuĸma, 26 sözlü sunum ve 58 poster sunumu yer 

almaktadēr.  

 

 
National catalysis congresses have been organized in Turkey, as the official activity of 

Catalysis Society, every two year. Major objective of these congresses is to bring together the 

researchers from academy and industry, working in the areas of catalysis and  catalytic 

processes, to exchange ideas on recent developments in these areas. NCC-3 Third National 

Catalysis Congress is organized in Zonguldak, between April 28-May 1, 2010, by the 

collaboration of Zonguldak Karaelmas University, Gazi University and Catalysis Society. The 

theme of the NCC3 congress is selected as ñCatalysis for Sustainable Resource Utilizationò. 

Contributions of well-known scientists in the area of catalysis are highly appreciated. 

Congress program consists of 7 invited lectures, 26 oral and 58 poster presentations. 

 

 
Congress Theme: Catalysis for Sustainable Resource Utilization 

 

Congress Topics: 

¶ Catalysis for Sustainable Energy and Alternative Fuels 

¶ Environmentally Benign Catalytic Processes 

¶ Air/Water Pollution Control by Catalytic Methods 

¶ Conversion of Renewable Resources 

¶ Electrochemical and Photochemical Catalytic Processes 

¶ Catalysis for Coal Based Chemicals 

¶ New Trends in Refining/Petrochemical Processes 

¶ Oxidation Catalysis 

¶ Zeolites and mesoporous catalytic materials 

¶ Nanostructured catalysts and catalytic membranes 

¶ Biocatalysis 
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                  TECHNICAL PROGRAM  

 

     

 28.04.2010-Wednesday 

     

14:00-17:00 REGISTRATION  

16:00 OPENING CEREMONY + CONCERT  

  Session 1 

17:00 
Invited 

Lecture-1 
Robbie Burch 

Queen's University of 

Belfast 

The generation and utilisation 

of hydrogen derived from 

renewable biomaterials for the 

production of alternative fuels 

17:40 Oral -1 
F. Gºkaliler, Z.Ķ. 

Önsan, A.E. Aksoylu 
Boĵazii University 

Hydrogen production from 

propane in consecutive OSR 

and WGS reactors 

18:00 Oral -2 B. Saner, Y. Yürüm Sabancē University 

Application of multiple 

graphene layers as catalyst 

support material in fuel cells 

18:20 Oral -3 

E. Kayhan, S.M. 

Andonova, G.S. 

ķent¿rk., E. ¥zensoy 

Bilkent University  

Influence of surface FeOx 

domains on the NOx storage 

mechanism of NSR catalysts 

18:40 Oral -4 

A. Sarēoĵlan, Ö.C. 

Korkmaz, A. Kaytaz, 

E. Akar, F. Akgün 

TUBITAK MAM E E 

A 5 kW t catalytic burner for 

low temperature fuel cells: 

Effect of fuel type, fuel content 

and fuel loads on the capacity 

of the catalytic burner 

19:30 Reception 

     

 29.04.2010-Thursday 

     

 Session 2 

08:50 

Invited 

Lecture-2: 
Francois 

Gault 

Lecture 

Rutger A. van Santen 

Eindhoven 

University of 

Technology 

Molecular recognition in 

heterogeneous catalysis 

09:30 Oral -5 

T. Davran-Candan, 

M.E. Günay, R. 

Yēldērēm 

Boĵazii University 

Computational analysis of 

structure and activity 

relationship for CO oxidation 

over gold catalysts 

09:50 Oral -6 
D. D¿zenli, E. ķeker, 

S. ķenkan, I. Önal 

Middle East 

Technical University 

Catalyst discovery for 

propylene epoxidation using 

combinatorial and high 

throughput testing techniques 

10:10 Oral -7 
M. Kantcheva, C. 

Koz 
Bilkent University  

Genesis and structure of 

tungstated zirconias prepared 

by peroxo route 

10:30 Coffee Break 
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  Session 3 

10:50 
Invited 

Lecture-3 
G¿rkan Karakaĸ 

Middle East 

Technical University 

Oxidative processes over 

titania based nanostructured 

thin films  

11:30 Oral -8 
Z.Ö. Kocabas, Y. 

Yürüm  
Sabancē University 

Enhanced photocatalytic 

oxidation of As3+ using titania 

nanoparticles for arsenic 

removal from water 

11:50 Oral -9 

H. Kēvrak, H. 

Tempel, S. Kuliyev, 

J.J. Schneider, D. 

Uner 

Middle East 

Technical University 

TiO 2-carbon nanotube 

structures for electrocatalysis 

12:10 Oral -10 

H. Özdemir, M.A.F. 

Öksüzömer, S.N. 

Koç, M.A. 

Gürkaynak 

Ķstanbul University  

Synthesis and characterization 

of nickel based catalysts for 

methane partial oxidation 

reaction 

12:30 Lunch Break 

     

 Session 4 

14:00 
Invited 

Lecture-4 

Ayĸe Erdem 

ķenatalar 

Ķstanbul Technical 

University 

Synthesis of zeolite 

nanocrystals for the 

preparation of new catalytic 

materials 

14:40 Oral -11 

E. Bolova, G. 

Gündüz, M. 

D¿kkancē, S. Yēlmaz, 

Y.C. Yaman 

Ege University 

Characterization and catalytic 

activity of iron and copper 

loaded ZSM-5 catalysts for 

oxidative degradation of 

orange II 

15:00 Oral -12 
A. Ķnce, S. Yēlmaz, Y. 

Selamet 

Ķzmir Institue of 

Technology 

Effect of catalyst pretreatment 

and growth conditions on CNT 

synthesis on Co-Mo/MgO 

catalyst 

15:20 Oral -13 

V. Deĵirmenci, E. 

Pidko, P. Magusin, 

R.V. Santen, E. 

Hensen 

Eindhoven 

University of 

Technology 

Glucose dehydration into HMF 

by Lewis acidic metal 

chlorides: development of a 

heterogeneous MClx/ionic 

liquid/SBA-15 catalyst 

15:40 Oral -14 
A. Arēnan, D. Varēĸlē, 

T. Doĵu 

Middle East 

Technical University 

Synthesis of ZrO2 modified 

CuO-ZnO-Al2O3 incorporated 

mesoporous silicate structured 

materials by one-pot 

hydrothermal synthesis method 

16:00 Coffee Break 
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  Session 5 

16:20 
Invited 

Lecture-5 
Philippe Sautet Université de Lyon 

Selective hydrogenation on 

metal and alloy surfaces: 

insights on active sites and 

reaction mechanisms from 

DFT calculations 

17:00 Oral -15 
B.S. ¢aĵlayan,  A.E. 

Aksoylu 
Boĵazii University 

Water gas shift reaction over 

Au-Re/ceria catalysts 

17:20 Oral -16 
M. Karakaya, A.K. 

Avci 
Boĵazii University 

Investigation of microchannel 

reactor configurations for 

combustion assisted reforming 

of iso-octane 

17:40 Oral -17 

B. Bayram, U. 

¥zgen, G. Karakaĸ, 

D. Üner, B. Atamer 

Terralab R&D  

Development of high 

temperature combustion 

catalyst for total organic 

carbon analyzer 

18:00-19:30 Poster Session 

     

 30.04.2010-Friday  

          

  Session 6 

08:50 
Invited 

Lecture-6 
Dmitry Yu . Murzin  

Abo Akademi 

University 

Catalytic transformations of 

woody biomass  

09:30 Oral -18 A. Kanca, D. Üner 
Middle East 

Technical University 

Catalytic synergy between the 

cobalt and lead oxides during 

gasification of Turkish lignites 

09:50 Oral -19 A. Ķzci, B. Shanks 
Osmangazi 

University 

Upgrading of flash pyrolysis by 

reactive distillation using an 

acid catalyst   

10:10 Oral -20 
G. ¢alēk, T.H. 

Özdamar 
Ankara University  

Catalysis through metabolic 

engineering for pathway flux 

amplification  

10:30 Oral -21 

P. ¢alēk,  B. Ķnankur, 

E.ķ. Soyaslan, M. 

ķahin, H. Taĸpēnar 

Middle East 

Technical University 

Metabolic flux analysis for 

recombinant human growth 

hormone production by pichia 

pastoris  

10:50 Coffee Break 

          

11:10 Panel (Endüstri Oturumu ) 

12:10 Lunch and Excursion (¢anakēlar) 

15:15 GENEL KURUL (  100. Yēl Tesisleri)_General Assembly of Catalysis Society 

17:30 Excursion and Reception (EMKO)  
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 01.05.2010-Saturday 

     

  Session 7 

08:50 
Invited 

Lecture-7 
Valeri I. Bukhtiyarov  

Boreskov Institute of 

Catalysis 

Nanostructured catalysts on 

the basis of noble metals. 

Synthesis, investigation and 

application 

09:30 Oral-22 

S.E. Bozbaĵ, L. 

Zhang, M. Aindow, 

C. Erkey 

Koc University 

Carbon aerogel supported 

nickel nanoparticles by 

supercritical carbon dioxide 

deposition 

09:50 Oral -23 
A. Ates, C. Hardacre, 

A. Goguet 
Cumhuriyet University  

Performance and 

characteristics of iron 

containing ZSM-5 zeolites in 

the oxidative 

dehydrogenation of propane 

with N2O 

10:10 Oral -24 
N.A. Tapan, Ö. 

Yēldēz 
Gazi University  

Electrochemical performance 

of  Low Pt and Ru loaded  

Fe-Ni bimetallics as an anode 

electrode in direct ethanol 

fuel cells 

10:30 Oral -25 

N. Beĸ¿n, Ķ. Deveci, 

H. Erden, L. Erden, 

E. Kaplaner 

Mugla University 

Synthesis of bimetalic 

nanosol PILCs for abatement 

of chlorinated volatile 

organic emissions and 

catalytic test 

10:50 Oral -26 

A. Beytaroĵlu, D. 

Rºpke, R. Aydēn, T. 

Röpke, F. Köleli 

Mersin University 

The Investigation of 

electrochemical oxidation of 

formic acid on Pt and Pd 

modified gas diffusion layer 

11:10 Closing Remarks 
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INVITED LECTURES  

 
 

Robbie Burch  

The Generation and Utilisation of Hydrogen Derived From Renewable Biomaterials For  

The Production of Alternative Fuels 

 

Rutger A. van Santen 

Molecular Recognition in Heterogeneous Catalysis 

 

G¿rkan Karakaĸ  

Oxidative Processes over Titania Based Nanostructured Thin Films 

 

Ayĸe Erdem-ķenatalar  

Synthesis of Zeolite Nanocrystals for the Preparation of  

New Catalytic Materials 

 

Philippe Sautet 

Selective Hydrogenation on Metal and Alloy Surfaces: Insights on Active Sites and Reaction 

Mechanisms from DFT Calculations 

 

Dmitry Yu Murzin  

Catalytic Transformations of Woody Biomass  

 

Valeri I. Bukhtiyarov  

Nanostructured Catalysts on the Basis of Noble Metals.  

Synthesis, Investigation and Application 
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LIST OF ORAL PRESENTATIONS 

 

# Authors Abstract 

O-01 
Feyza Gºkaliler, Z. Ķlsen ¥nsan, A. Erhan 

Aksoylu 

Hydrogen Production from Propane in Consecutive 

OSR and WGS Reactors 

O-02 Burcu Saner and Yuda Yürüm 
Application of Multiple Graphene Layers as Catalyst 

Support Material in Fuel Cells 

O-03 
E. Kayhan, S. M. Andonova, G. S. ķent¿rk ve 

E. Özensoy 

Influence of Surface FeOx Domains On the NOx 

Storage Mechanism of NSR Catalysts 

O-04 
A. Sarioglan, Ö. Can Korkmaz, A. Kaytaz, E. 

Akar, F. Akgün 

A 5 kWt Catalytic Burner for Low Temperature Fuel 

Cells: Effect of Fuel Type, Fuel Content and Fuel 

Loads on the Capacity of the Catalytic Burner 

O-05 
Tuĵba Davran-Candan, M. Erdem Günay, 

Ramazan Yēldērēm 

Computational Analysis of Structure and Activity 

Relationship for CO Oxidation over Gold Catalysts 

O-06 
Derya Düzenli, Erol ķeker, Selim Senkan,  

Iĸēk ¥nal 

Catalyst Discovery for Propylene Epoxidation Using 

Combinatorial and High Throughput Testing 

Techniques 

O-07 Margarita Kantcheva, Cevryie Koz 
Genesis and Structure of Tungstated Zirconias 

Prepared by Peroxo Route 

O-08 Z. Özlem Kocabas and Yuda Yürüm 

Enhanced Photocatalytic Oxidation of As3+ Using 

Titania Nanoparticles for Arsenic Removal From 

Water 

O-09 
Hilal Kivrak, Hermann Tempel, Sadig 

Kuliyev, J. Jorg Schneider, Deniz Uner 
TiO2-Carbon Nanotube Structures for Electrocatalysis 

O-10 
Hasan Özdemir, M.A. Faruk Öksüzömer,  

S.Naci Koç, M.A. Gürkaynak 

Synthesis and Characterization of Nickel Based 

Catalysts For Methane Partial Oxidation Reaction 

O-11 
E. Bolova, G. Gündüz, M. D¿kkancē, S. 

Yēlmaz, Y. C. Yaman 

Characterization and Catalytic Activity of Iron and 

Copper Loaded ZSM-5 Catalysts for Oxidative 

Degradation of Orange II 

O-12 
Atike Ķnce, Selahattin Yēlmaz, and Yusuf 

Selamet 

Effect of Catalyst Pretreatment and Growth Conditions 

on CNT synthesis on Co-Mo/MgO Catalyst 

O-13 

Volkan Degirmenci, Evgeny Pidko, Pieter 

Magusin, Rutger van Santen and Emiel 

Hensen 

Glucose Dehydration into HMF by Lewis Acidic 

Metal Chlorides: Development of a Heterogeneous 

MClx/ionic Liquid/SBA-15 Catalyst 

O-14 Ayca Arinan, Dilek Varisli, Timur Dogu 

Synthesis of ZrO2 Modified CuO-ZnO-Al 2O3 

Incorporated Mesoporous Silicate Structured Materials 

by One-pot Hydrothermal Synthesis Method 
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O-15 Burcu Selen ¢aĵlayan,  A. Erhan Aksoylu Water Gas Shift Reaction over Au-Re/ceria Catalysts 

O-16 Mustafa Karakaya, Ahmet K. Avci 
Investigation of Microchannel Reactor Configurations 

for Combustion Assisted Reforming of Iso-octane 

O-17 
Bilal Bayram, Ufuk ¥zgen, G¿rkan Karakaĸ, 

Deniz Üner, Bülent Atamer 

Development of High Temperature Combustion 

Catalyst for Total Organic Carbon Analyzer 

O-18 Arzu Kanca, Deniz Üner 
Catalytic Synergy between the Cobalt and Lead 

Oxides during Gasification of Turkish Lignites 

O-19 Alime Izci, Brent Shanks 
Upgrading of Flash Pyrolysis by Reactive Distillation 

Using an Acid Catalyst   

O-20 G¿zide ¢alēk and Tuner H. ¥zdamar 
Catalysis Through Metabolic Engineering For 

Pathway Flux Amplification 

O-21 
Pēnar ¢alēk,  Bahar Ķnankur, Elif ķ. Soyaslan, 

Merve ķahin, Hatice Taĸpēnar   

Metabolic Flux Analysis for Recombinant Human 

Growth Hormone Production by Pichia pastoris 

O-22 
Selmi Erim Bozbaĵ, Lichun Zhang, Mark 

Aindow and Can Erkey 

Carbon Aerogel Supported Nickel Nanoparticles By 

Supercritial Carbon Dioxide Deposition 

O-23 A. Ates, C. Hardacre and A. Goguet 

Performance and Characteristics of Iron Containing 

ZSM-5 Zeolites in the Oxidative Dehydrogenation of 

Propane with N2O 

O-24 N.Alper Tapan, ¥zlem Yēldēz 

Electrochemical Performance of  Low Pt and Ru 

Loaded  Fe-Ni Bimetallics as an Anode Electrode in 

Direct Ethanol Fuel Cells 

O-25 
Nurg¿n Beĸ¿n, Ķlyas Deveci, Hanife Erden, 

Lütfi Erden, Erhan Kaplaner 

Synthesis of Bimetalic Nanosol PILCs for Abatement 

of Chlorinated Volatile Organic Emissions And 

Catalytic Test 

O-26 
Anya Beytaroĵlu, Derya Röpke, Rezzan 

Aydēn, Thorsten Rºpke ve Fatih Köleli 

The Investigation of Electrochemical Oxidation of 

Formic Acid on Pt And Pd Modified Gas Difussion 

Layer   

 

 

 

 

 

 

 

 

 



3rd NATIONAL CATALYSIS CON GRESS   April  28- May 1, 2010   Zonguldak - TURKEY  

 

 xiv 

LIST OF POSTER PRESENTATIONS 
 

# Authors Abstract 

P-01 
Ķ. Ilgaz Soykal, Birim Duru, Sabriye G¿ven, 

A. Erhan Aksoylu 

PROX performance of the Pt-Sn/AC catalyst for fully 

realistic feed: effects of CO2, water vapor and CH4 

presence in feed mixture 

P-02 Aslēhan S¿mer, Elif Ercan, A. Erhan Aksoylu 
Effect of Pt Incorporation on The Electronic and 

Oxygen Chemisorption Properties of Ni Surface 

P-03 
Alpay ķahin, Handan Aktan, T¿rkan Kocabaĸ, 

Ķrfan Ar, Muzaffer Balbaĸē 

Coating of Membrane Surface with Platin Catalyst by 

Electroless Plating (ELP)Technique 

P-04 Saygēn Aras, Bahar Ķpek, Deniz ¦ner 
Effect of Calcination Temperature and Metal Loading 

on Adsorption Characteristics of Pt/TiO2 

P-05 Hale Ay, Deniz Üner 
Carbon dioxide reforming of methane to synthesis gas 

over SBA-15 supported Co-Ni catalyst 

P-06 
Can Okan Depboylu , Selahattin Yēlmaz , 

Sedat Akkurt  

Effect of catalyst preparation conditions on activity 

and selectivity of Pt/SiO2 catalyst in citral 

hydrogenation 

P-07 A. Derya Deniz, Doruk Doĵu 
Reforming JP-8 tO Produce Hydrogen for Solid Oxide 

Fuel Cells 

P-08 Doruk Doĵu, G¿rkan Karakaĸ 
Effects of Doping Photocatalytic TiO2 with Photon 

Up-Conversion Nanocrystals of Pr 

P-09 Emre Kēlē, Selahattin Yēlmaz 

HZSM-5 and Ferrierite  Acidity Modification by 

Silylation and Their Activities in of  n-Butene 

Isomerisation 

P-10 Tugce Irfan Ersoz, Gurkan Karakas 

Application of Semiconductor Films Over Glass 

Substrates and Their Low Temperature Photocatalytic 

Activity  

P-11 Filiz Balēkē Derekaya, H. Baran Akēnbingºl 

Preferential Oxidation of Carbon Monoxide In The 

Presence Of Hydrogen (PROX) with Co3O4, Ag, 

MnO2 Based Catalysts Over CeO2/ZrO2 

P-12 Firuze Okyay, Mustafa Baysal, Yuda Yürüm 
Effect of Minerals of Coal on Biogasification by 

Microorganisms 

P-13 
G.S. ķent¿rk, S.M. Andonova, E. Kayhan, and 

E. Ozensoy  

BaO/TiO2/Al 2O3 Ternary-Oxide Systems as NOx 

Storage Materials 

P-14 Seval G¿nd¿z, Timur Doĵu 
Ethanol Steam Reforming over Ni Impregnated  

MCM-41 Type Mesoporous Materials 
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P-15 Hakan Demiral, Cihan Güngör 

Determination of Surface Characteristics of The 

Active Carbon Produced From Agricultural Waste As 

A Supported Solid 
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I -1 

The Generation and Utilisation of Hydrogen Derived from Renewable 

Biomaterials for the Production of Alternat ive Fuels 

 

Robbie Burch  

School of Chemistry and Chemical Engineering, Queenôs University Belfast, Belfast, UK.  

r.burch@qub.ac.uk 

 

  

The challenge to reduce the production of greenhouse gases, such as CO2, has raised 

interest in the use of renewable biomaterial as an energy source. Similarly, in oil refinery 

processing, the production of low sulfur diesel, and the processing of bio-oils containing 

higher concentrations of oxygen, both require the use of large amounts of hydrogen in the 

hydrotreating and hydroprocessing stages. Renewable biomaterials provide a sustainable 

source of hydrogen.  

In this presentation the two main processes for generating hydrogen from biomass ï 

gasification or pyrolysis ï will be described and compared. Gasification produces hydrogen 

directly so the catalytic challenge is to purify the hydrogen to a level suitable for further 

downstream processing, either for direct use in a hydrogen fuel cell or in a combustion 

device, or alternatively to use the hydrogen to manufacture liquid fuels from CO or CO2.  

In the case of pyrolysis, further catalytic steam reforming is required. In the presentation the 

reforming of several model compounds, including, alcohols, phenol and acids, will be 

described as representative components of the oil produced by the fast pyrolysis of solid 

waste biomaterial. It will be shown that platinum group metals, especially rhodium, are active 

for these reactions at elevated temperatures, especially when using ceria-based oxide 

supports. Results of laboratory experiments will be described which show that equipment can 

be designed for the steam reforming of a real pyrolysis oil and that good yields of hydrogen 

over prolonged periods of time can be achieved using monolith-supported rhodium catalysts. 

 

Keywords: biomass conversion, hydrogen production, pyrolysis oil processing 
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I -2 

Molecular Recognition in Heterogeneous Catalysis 

 

Rutger A. van Santen 

Schuit Institute of Catalysis 

Laboratory of Inorganic Chemistry and Catalysis 

Eindhoven University of Technology 

The Netherlands 

 

 

A classical issue in heterogeneous catalysis is the dependence of selectivity or activity 

on catalyst particle size. For stereochemically controlled reactions the influence of shape and 

connectivity of nanoporous materials on catalytic selectivity and activity is still not well 

understood. 

 We will address these issues using as guiding principle the concept of molecular 

recognition, as proposed in molecular enzyme catalysis. We ask ourselves the question 

whether there is an analogue to molecular recognition in heterogeneous catalysis. Such a 

question has become useful due to advances in computational catalysis. Computational 

techniques now provide transition state energies and structures of elementary chemical 

reaction steps on reactive surfaces.  

 Using such detailed information we will give an interpretation of the three different 

classes of structure sensitivity that are observed for reactions catalyzed by transition metal 

particles. It will appear that reactions that show a strong increase in rate with decreasing 

particle size and reactions that behave independently of particle size, are complementary. 

They relate to reactions in which ů bonds are activated. The other class of reactions that show 

a maximum in rate as a function of particle size relate to reactions in which ˊ bonds are 

activated.  

  

References: 

1. R.A. van Santen, Acc. Chem. Res., ASAP Article, 10.1021/ar800022m (2008). 

2. R.A. van Santen, M. Neurock, Molecular Heterogeneous Catalysis, Wiley, 2008 

3. E.A. Pidko, P. Mignon, P. Geerlings, R.A. Schoonheydt, R.A.van Santen, J. Phys. Chem. 

112, 5510 (2008).  

4. J.G.O. Ojwang, R.A. van Santen, G.J. Kramer, A.C.T.van Duin, W.A.Goddard III, J. 

Chem.Phys. 128,164714 (2008). 
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Oxidative Processes over Titania Based Nanostructured Thin Films 

 

Yurum A., Doĵu D.,  Bayram B., Korkmaz B., Yetiĸemeyen P., Ko B., ¢ēnar M., 

Bakēr U., Karakaĸ G.  

Middle East Technical University, Chemical Engineering Department, 06531 Ankara, 

TURKEY 

 

 

Titanium dioxide is one of the most important and most widely used semiconductor 

photocatalyst due to its suitable band gap and availability. The absorption of photons that 

have higher energy than the corresponding edge energy of photocatalyst, yields electron/hole 

pairs. The resulting charge pairs diffuse to the catalyst surface and have high potential for 

many redox reactions. Photo induced holes directly oxidize adsorbed molecules or react with 

surface hydroxyl groups to produce ·OH radicals which are strong oxidizing species. 

Therefore many organic compounds can be oxidized unselectively at room temperature. The 

applications of photocatalytic oxidation include the mineralization of organic contaminants in 

waste streams, the inactivation of microorganisms, the production of self cleaning surfaces,  

the oxidation of CO and VOC in air etc. However, the oxidation activity of photocatalysts is 

limited and only 10-15% of absorbed photons can be converted into free radicals. The major 

limitation is caused by the charge recombination reaction of electron/hole pairs in bulk and 

surface defects. There are many attempts in literature to increase the photon efficiency and the 

photocatalytic oxidation activity of TiO2 can be enhanced by the addition of metals to the 

structure and improving the textural properties of the catalysts. In the present study, the 

photocatalytic activity of bare and metal doped TiO2 samples are characterized by phenol 

oxidation in aqueous phase, methylene blue oxidation in solid phase and CO oxidation in air 

and the effect of textural properties on the oxidation activity is also examined.  

  

Keywords: Photocatalysis, oxidation, TiO2 
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Synthesis of Zeolite Nanocrystals for the Preparation of  

New Catalytic Materials 

 

Ayĸe Erdem-ķenatalar  

Department of Chemical Engineering, Istanbul Technical University, Maslak, 34469 Istanbul 

aerdem@itu.edu.tr 

 

 

Zeolite nanocrystals have received significant attention from the catalysis community 

recently, primarily due to the expected positive effects of their short diffusion path lengths 

and large and adjustable external surface areas on their catalytic performance. Furthermore, 

zeolite nanocrystals or nanocrystal containing colloidal zeolite suspensions also allow the 

preparation of structured and/or functionalized, all-zeolite or composite new ordered porous 

materials. Most of these, for example, zeolite coatings on various substrates for applications 

in micro-structured reactors, zeolite membranes to be used in catalytic membrane reactors, 

and hierarchically structured new materials, such as guest encapsulated hollow zeolite spheres 

or tubes, 3D-ordered macroporous zeolite monoliths, zoned zeolite materials, and 

micro/mesoporous composite materials, all bear importance for the development of new or 

improved catalytic applications. The efforts in these new directions in catalysis research will 

benefit though, from a better understanding of nanozeolite crystallization, since our current 

knowledge on the synthesis of zeolites in general, and zeolite nanocrystals in particular, is far 

from being complete.   

The strategies of applying zeolite nanocrystals for the fabrication of new catalytic 

materials will be briefly reviewed initially in this talk, focusing on some exciting examples 

clearly proving the potential of the application of zeolite nanocrystals in catalysis. Later, 

nanozeolite synthesis will be briefly reviewed and recent data obtained in our laboratories on 

nanoparticle silicalite-1 crystallization from clear solutions will be presented and discussed, 

especially regarding a better control of product properties, such as the average particle size, 

particle size distribution (PSD), external surface area and crystallinity of the nanozeolite 

samples, which may be important for their catalytic applications. 

 

Keywords: Zeolites, Nanocrystals, Catalysis 
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Selective Hydrogenation on Metal and Alloy Surfaces : Insights on Active 

Sites and Reaction Mechanisms from DFT Calculations 

 

 

Philippe Sautet 

Université de Lyon, Institute of Chemistry, Ecole Normale Supérieure de Lyon and CNRS 

46 Allée dôItalie, F-69364 Lyon Cedex 07, France 

 

 

The nature of the surface active site, and the molecular reaction mechanisms are the 

two complementary pillars of fundamental catalysis. In this lecture we will explore the duality 

between these two aspects by first principle calculations. Selective hydrogenation of 

unsaturated molecules will be the central theme. In a first part we will focus on acetylene 

selective hydrogenation on Pd. In this case we will show, by a combination of first principles 

atomistic thermodynamics and in situ techniques, that the reactant itself might modify the 

surface of the catalyst, with the formation of a Pd-C phase which has strong implications on 

the reactivity of the catalyst [1]. In a second part, the mechanism of the hydrogenation of 

unsaturated aldehydes and butadiene will presented and we will show how modeling can 

explain why Pt in not selective for that reaction, while the PtSn alloy is. [2-5].  

 
References: 

1) Detre Teschner, Zsolt Révay, János Borsodi, Michael Hävecker, Axel Knop-Gericke, Robert Schlögl, D. 

Milroy, S. David Jackson, Daniel Torres, Philippe Sautet, Angew. Chem. Int. Ed. 47, 9274 (2008) 

2) D. Loffreda, F. Delbecq, F. Vigne, P. Sautet, Angew. Chem. Int. Ed. 44, 5279 (2005). 

3) D. Loffreda, F. Delbecq, F. Vigné and P. Sautet, J. Am. Chem. Soc. 128, 1316 (2006) 

4) D. Loffreda, F. Delbecq, F. Vigne, P. Sautet, Angewandte Chemie International Edition, 48, 4978 (2009) 

5) F. Delbecq, D. Loffreda, P. Sautet, J. Phys. Chem. Lett., 1, 323-326 (2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3rd NATIONAL CATALYSIS CON GRESS   April  28- May 1, 2010   Zonguldak - TURKEY  

 

 8 

I -6 

Catalytic Transformations of Woody Biomass  

 

D.Yu. Murzin  

Åbo Akademi University, Turku/Åbo, Finland,  

dmurzin@abo.fi 

 

 

Chemical treatment of wood, comprising cellulose, hemicelluloses, lignin and 

biologically active extractives can have several targets. Besides delignification of the biomass 

leading to cellulose and some residual hemicelluloses, which are further applied in production 

of paper or board, or the derivatives of cellulose, thermal (or catalytic) treatment of biomass is 

a feasible route to bio-based synthesis gas and biofuels. Unique building blocks for further 

chemical synthesis can be obtained through depolymerization of wood resulting in low-

molecular-mass components. Many valuable raw materials for producing fine and specialty 

chemicals can be also extracted from woody biomass. An overview of catalytic processing of 

different chemical compounds, like carbohydrates, fatty acids, terpenes and lignans will be 

provided. 

 

Keywords: Lignocellulosic biomass, platform chemicals, aqueous phase reforming, 

extractives 
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Nanostructured Catalysts on the Basis of Noble Metals.  

Synthesis, Investigation and Application 

 

V.I. Bukhtiyarov 

Boreskov Institute of Catalysis, Lavrentieva ave. 5, Novosibirsk 630090, Russia 

Fax:+7( 383)3308356,  

e-mail: vib@catalysis.ru 

 

 

Application of nanomaterials in catalysis has a long story and started before extensive 

usage of the prefix ónanoô. Supported metal catalysts, where nanosized noble metal (Pt, Pd, 

Rh) particles have been supported on oxide matrixes, are the most evident examples which 

prove the above statement. The original motivation of applying the nanosized metals in 

heterogeneous catalysis was optimization of the noble metal loading due to enhancement of 

the surface-to-volume ratio. However then, it has been shown that specific catalytic activity 

(or turnover frequency, TOF) for some reactions can vary when the sizes of metallic particles 

are reduced to nanometer scale. This phenomenon was called as size effect and the reactions, 

which exhibit size effects ï as structure-sensitive reactions. Practical impact of this 

phenomenon leaded to extensive investigations of the size effects in many catalytic reactions. 

Practical impact of this phenomenon leaded to extensive investigations of the size effects in 

many catalytic reactions. It has been concluded that systematic study of the size effects and 

their practical application is impossible without:   

1) development of the methods for reproducible synthesis of the supported metal particles 

with variation of the mean particle size in nanometer scale (1-10 nm), but with 

homogeneous size distribution for each specific size; 

2) application of the fool-proof methods for characterization of nanosized particles and 

determination of their size distribution; 

3) testing the catalytic properties and comparison of the TOF values depending on the 

mean particle sizes; 

4) investigation of electronic, structural and adsorption properties of the nanosized metal 

particles.  

The data of our recent investigations of the size effects in three heterogeneous 

catalytic reactions: low temperature CO oxidation over Au/Al2O3 catalysts, methane oxidation 

over Pt/Al2O3 catalysts and hydrogen electrooxidation over Pt/Sibunit catalysts, illustrate this 

affirmation.  

A series of supported metal catalysts with narrow particle size distributions were 

prepared by deposition precipitation and chemical vapor deposition (Au/Al2O3), by incipient 

wetness impregnation (Au/Al2O3, Pt/Al2O3 and Ag/Al2O3) and by redox-assisted hydrolysis at 

the presence of weak reducing agent (Pt/Sibunit). The high-surface area catalysts were used 

both for catalytic testing and for physical-chemical characterization with UV-Vis 

spectroscopy, XRD, XPS, SAXS, EXAFS, XANES and TEM.  

The author acknowledges the financial support from RFBR (08-03-01016, 09-03-

12272-ofi) and RAS (Program 27.51). 
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O-01 

Hydrogen Production from Propane in Consecutive OSR and WGS 

Reactors 

 
Feyza Gökaliler, Z. Ķlsen ¥nsan, A. Erhan Aksoylu 

Department of Chemical Engineering, Bogazici University, Bebek 34342, Istanbul, Turkey 

aksoylu@boun.edu.tr 

 

 

Oxidative steam reforming performance of Pt-Ni/d-Al 2O3 catalyst and high 

temperature water-gas shift reaction performance of Au-Re/ZrO2 catalyst were investigated in 

series experiments using a configuration of two consecutive reactors. The reactant mixture 

consisting of propane, oxygen, steam and inert gas was first sent to the reforming reactor 

which was kept at three different reforming temperatures, and the effluent gas was transferred 

directly to water-gas shift reactor without any reactant addition and/or removal. Reforming 

experiments were carried out at 400-450-500 °C while the water-gas shift reaction was 

conducted at 250-300-350°C, and various combinations of reactor temperatures were tested. 

The Pt-Ni/d-Al 2O3 reforming catalyst was reduced for 7 hours whereas the Au-Re/ZrO2 

water-gas shift catalyst was reduced for 1 hour. The catalyst sample weights were kept 

constant at 15 mg in each reactor in order to make the  assumption of constant space velocity 

for both reactors. For all sets investigated, a 100% propane conversion was obtained. For the 

same feed composition, an increase in reforming temperature resulted in elevated hydrogen 

and carbon monoxide production rates. Furthermore, higher H2/CO production ratios were 

obtained at lower reforming temperatures; for instance, a ratio of around 30 at 500°C was 

increased up to 55 at 400°C. A comparison made between the inlet and outlet compositions of 

the water-gas shift reactor revealed that the Au-Re/ZrO2 catalyst can decrease the carbon 

monoxide level up to 75%.  

 

Keywords: Oxidative steam reforming, water-gas shift reaction, series experiments  
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O-01 

Ardēĸēk Oksidatif Buharla Reformalama ve Gaz-Buhar Geiĸi 

Reaktörlerinde Propandan Hidrojen Üretimi  

 

Feyza Gökaliler, Z. Ķlsen ¥nsan, A. Erhan Aksoylu 

Boĵaziçi ¦niversitesi Kimya M¿hendisliĵi Bºl¿m¿, Bebek 34342, Istanbul, Türkiye 

aksoylu@boun.edu.tr 

 

 

Pt-Ni/d-Al 2O3 katalizörünün oksidatif buharla reformlama (OSR) ve Au-Re/ZrO2 

katalizºr¿n¿n y¿ksek sēcaklēk gaz-buhar geiĸi (WGS) reaksiyonlarēndaki performanslarē 

ardēĸēk iki reaktºrde seri deneylerle incelenmiĸtir. Propan, oksijen, su buharē ve azot 

gazlarēndan oluĸan karēĸēm ºnce OSR reaktºr¿ne gºnderilmiĸ,  bu reaktºrden ēkan gaz 

karēĸēmē herhangi bir gaz eklemesi ve/ya eksiltilmesi yapēlmadan doĵrudan WGS reaktºr¿ne 

aktarēlmēĸtēr. OSR reaktºr¿nde 400, 450 ve 500 °C, WGS reaktöründe ise 250, 300 ve 350°C 

sēcaklēk seviyeleri kullanēlmēĸtēr. Her iki reaktºrde de taze indirgenmiĸ 150 mg katalizºr 

kullanēlmēĸtēr. B¿t¿n deneylerde %100 propan evrimi elde edilmiĸtir. OSR sēcaklēĵēndaki 

artēĸ daha fazla hidrojen ve karbon monoksit ¿retimine sebep olmuĸtur. Ancak, daha yüksek 

H2/CO ¿retimi oranlarēna daha d¿ĸ¿k sēcaklēklarda ulaĸēlmēĸtēr. ¥rneĵin, 500°C de 30 olarak 

hesaplanan bu oran 400ÁC de 55 e kadar ēkmēĸtēr. WGS reaktºr¿n¿n giriĸ ve ēkēĸ 

kompozisyonlarē incelendiĵi zaman Au-Re/ZrO2 katalizörünün karbon monoksit seviyesini 

%75 oranēnda d¿ĸ¿rebildiĵi tesbit edilmiĸtir.  

 

Anahtar Kelimeler : Oksidatif buharla reformlama, gaz-buhar geiĸi, seri deneyler  
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O-02 

Application of Multiple Graphene Layers as Catalyst Support Material 

in Fuel Cells 

 

Burcu Saner and Yuda Yürüm 

Faculty of Engineering and Natural Sciences, Sabanci University Orhanli, Tuzla, Istanbul 

34956, Turkey 

Corresponding Author: yyurum@sabanciuniv.edu 

 

 

The fuel cell electrode layer is a significant part of a fuel cell. The electrode layer is 

composed of the catalyst and porous electrode or gas diffusion layer. Catalyst has critical 

importance due to the influence on the cost and durability of fuel cells. The production of 

novel catalyst support materials could open up new ways in order to ensure the catalytic 

activity by lowering the amount of catalyst loaded. At this point, utilization of multiple 

graphene layers as catalyst support material increase thermal and electronic conductivities of 

the membrane electrolyte in fuel cells. Graphene is the flat monolayer of carbon atoms in sp2 

hybridization and it has exceptional electronic conductivity, high chemical and mechanical 

stability, and high surface area. In the present work, we propose an enhanced, safer and mild 

technique for the separation of graphene layers from graphite to be used in the production of 

low-cost and durable catalyst support for polymer electrolyte membrane fuel cells. All 

samples were characterized in details by Scanning Electron Microscopy (SEM), X-Ray 

Diffraction (XRD), Thermal Gravimetric Analyzer (TGA), Atomic Force Microscope (AFM) 

and Raman Spectroscopy.  

 

Keywords: Graphene, Catalyst support, Fuel cell 
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Yakēt Pillerinde ¢ok Katlē Grafen Tabakalarēnēn Katalizºr Destek 

Malzemesi Olarak Kullanēmē 

 

Burcu Saner and Yuda Yürüm 

M¿hendislik ve Doĵa Bilimleri Fak¿ltesi, Sabancē ¦niversitesi, Orhanlē, Tuzla, Ķstanbul 

34956, Türkiye 

Ķlgili kiĸi: yyurum@sabanciuniv.edu 

 

 

Elektrot tabakasē yakēt pilinin ºnemli bir parasēdēr. Elektrot tabakasē, katalizºr ve 

gºzenekli elektrot yada gaz dif¿zyon tabakasēndan oluĸmaktadēr. Katalizºr, yakēt pillerinin 

fiyatēna ve dayanēklēlēĵēna etkisi bakēmēnda ºnem teĸkil etmektedir. Farklē katalizºr destek 

malzemlerinin ¿retimi, y¿klenen d¿ĸ¿k miktardaki katalizºrler ile y¿ksek katalitik performans 

saĵlamasē bakēmēndan yeni bir yol aacaktēr. Bu noktada, ok katlē grafen tabakalarēnēn 

katalizºr destek malzemesi olarak kullanēmē, yakēt pillerindeki membran elektrolitinin termal 

ve elektronik iletkenliklerini arttēracaktēr.  Grafen, karbon atomlarēnēn sp2 melezleĸmesi 

sonucunda oluĸmuĸ iki boyutlu planar yapēdēr ve olaĵan¿st¿ elektronik iletkenliĵi, y¿ksek 

kimyasal ve mekanik dayanēklēĵē ve y¿ksek y¿zey alanē olan bir malzemedir. Sunulan 

alēĸmada, polimer elektrolit membran yakēt pillerinde kullanēlmak ¿zere d¿ĸ¿k fiyatta ve 

dayanēklē katalizºr destek malzemesi ¿retmek iin grafitten grafin tabakalarēnēn elde 

edilmesini saĵlayan geliĸmiĸ, g¿venli ve ēlēmlē bir teknik ºnermekteyiz.  ¦retilen 

malzemelerin, Taramalē Elektron Mikroskopu (SEM), X-ēĸēnlarē difraktometresi (XRD), 

Termal Gravimetrik Analiz (TGA), Atomik Kuvvet Cihazē (AFM) ve Raman spektroskopisi 

ile detaylē karakterizasyonu yapēlmēĸtēr. 

 

Anahtar Kelimeler: Grafen, Katalizºr destek, Yakēt pili 
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Influence of Surface FeOx Domains On the NOx Storage Mechanism 

of NSR Catalysts 

 

E. Kayhan a, S. M. Andonovaa , G. S. ķent¿rka ve E. Özensoy a,b 

aDepartment of Chemistry, Bilkent University, 06800 Ankara, Turkey 
bInstitute of Materials and Nanotechnology, Bilkent University, 06800 Ankara, Turkey 

Corresponding author (ozensoy@fen.bilkent.edu.tr) 

 

 

FeOx promoted NOx storage materials were synthesized and characterized. Structural 

properties of the synthesized NOx storage materials were investigated via TEM, EELS, SEM, 

EDX, BET, XRD and Raman techniques. In addition, in-situ NO2 adsorption studies were 

performed using FTIR and TPD. The structural knowledge regarding the synthesized NOx 

storage materials is combined with the catalytic function information obtained from the in-situ 

FTIR and TPD results in order to provide a detailed understanding of the NOx storage 

mechanism of the FeOx/BaO/Al2O3 system. Influence of the relative Fe and Ba loadings 

present in the NOx storage materials, on the NOx uptake capacity was also investigated. 

This work is supported by the Türkiye Bilimsel ve Teknolojik Araĸtērma Kurumu (T¦BĶTAK) 

(Project Code: 107Y115) and European Union FP 7 (Proje Kodu: UNAM-Regpot 203953). 

 

References: 

[1]  Kayhan, E.;  Andonova, S. M.; ķent¿rk, G. S., Chusuei, C. C.; Ozensoy, E,   

       J. Phys. Chem. C, 2009, available on line 10.1021/jp907982q. 

 

Keywords: NSR, NOx, BaO, NOx storage, DeNOx 
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 Ķlgili yazar (ozensoy@fen.bilkent.edu.tr) 

 

 

FeOx ile zenginleĸtirilmiĸ, FeOx/BaO/Al2O3 yapēsēndaki yeni NOx depolama 

malzemeleri sentezlenmiĸtir. Sentezlenen NOx depolama malzemelerinin yapēsal ºzellikleri 

TEM, EELS, SEM, EDX, BET, XRD, ve Raman yºntemleri ile detaylē olarak incelenmiĸtir. 

Elde edilen bu yapēsal bilgilere ek olarak in-situ NO2 adsorpsiyon deneylerinin yapēldēĵē FTIR 

ve TPD alēĸmalarēnēn sonunda, FeOx birimlerinin sebep olduĵu yapēsal deĵiĸikliklerin, NOx 

depolama mekanizmasēnda oluĸturduĵu deĵiĸiklikler ortaya koyulmuĸtur. Bu sayede yeni 

yapē-katalitik iĸlev iliĸkileri ortaya ēkarēlmēĸtēr. NOx depolama kapasitesinin, depolama 

malzemesindeki BaO ve FeOx bileĸenlerinin miktarlarēna gºre nasēl deĵiĸtiĵi de detaylē olarak 

incelenmiĸtir. 

 

Bu alēĸma, T¿rkiye Bilimsel ve Teknolojik Araĸtērma Kurumu (T¦BĶTAK) (Proje Kodu: 

107Y115), Avrupa Birliĵi FP 7 (Proje Kodu: UNAM-Regpot 203953) tarafēndan 

desteklenmiĸtir. 

 

Referanslar: 
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       J. Phys. Chem. C, 2009, available on line 10.1021/jp907982q. 
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O-04 

A 5 kW t Catalytic Burner  for Low Temperature Fuel Cells: Effect of Fuel 

Type, Fuel Content and Fuel Loads on the Capacity of the Catalytic Burner 

 

A. Sarioglan, Ö. Can Korkmaz, A. Kaytaz, E. Akar, F. Akgün 

T¦BĶTAK Marmara Research Center, Energy Institute, P.O.21, Gebze/KOCAELĶ 

Alper.sarioglan@mam.gov.tr 

 

 
For low temperature fuel cell systems (PEMFC) integrated with fuel processors, the 

calorific value of reformate gases released during the start-up phase and the anode off gases 

released during the operation mode must be recovered. Therefore, an appropriate exhaust after 

treatment system, namely a post combustion system, has crucial importance for PEMFC 

systems. Utilization of homogeneous combustion suffers from high emissions of CO, NOx 

and unburned hydrocarbons due to the high temperatures required to achieve complete 

combustion. Moreover, homogeneous combustion of hydrogen mixtures is still a challenging 

topic. Catalytic combustion is a promising alternative regarding its total oxidation capability 

of low calorific value gases at low temperatures, thereby reducing environmentally hazardous 

emissions. The aim of the study is to develop an after treatment system using a catalytic 

burner with a nominal capacity of 5 kWt, which is adaptive to changing fuel cell capacities. 

Fuel type, fuel proportions and fuel loads are important parameters determining the operating 

window of the catalytic burner. Precious metal based catalysts, as proved to be the most 

active catalysts for the oxidation of hydrocarbons, can withstand temperatures of about 800 

°C without exhibiting a rapid deactivation.  This is the main barrier dictating the operating 

window and thereby determining the capacity of the burner. In this work, 1.5 % natural gas 

(NG) alone was found to be the upper limit to control the catalyst bed temperature below 800 

°C. If the hydrogen was catalytically burned alone, hydrogen can be catalyticall burnt up to 

7% without deactivation of the catalysts but above that percentage, homogeneous combustion 

is triggered leading to the bed temperatures of above 800°C. In the case of catalytic 

combustion of hydrogen-NG mixture, 7% of hydrogen with NG of up to 0.6% could be totally 

oxidized below 800 °C. Within the experimented ranges of fuel loads, between 2.5 kWt and 

5.5 kWt, the temperature of the catalyst bed was seen to increase with increasing the load at 

constant fuel proportions.  

  

Keywords: Catalytic combustion, PEM fuel cell, fuel processor, hydrogen, fuel type and load  
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D¿ĸ¿k Sēcaklēk Yakēt Pilleri Ķin 5 kWt Katalitik Yakēcē: Katalitik 

Yakēcēnēn Kapasitesi ¦zerine Yakēt Tipinin, Yakēt Ķeriĵinin ve Yakēt 

Yükünün Etkisi  

 

A. Sarioglan, Ö. Can Korkmaz, A. Kaytaz, E. Akar, F. Akgün 

T¦BĶTAK Marmara Araĸtērma Merkezi, Enerji Ensit¿s¿, P.K.21, Gebze/KOCAELĶ 

Alper.sarioglan@mam.gov.tr 

 

 
Yakēt iĸleme ¿nitesi ile entegre edilen d¿ĸ¿k sēcaklēk yakēt pili sistemlerinde 

(PEMYP), sistemin devreye alēnmasē sērasēnda aēĵa ēkan reformer gazēnēn ve operasyon 

modunda yakēt pili anot gazēnēn kalorifik deĵerlerinin geri kazanēlmasē gerekmektedir.  Bu 

y¿zden, PEMYP sistemleri iin uygun bir egzost gazē son iĸlem sisteminin, bir diĵer deĵiĸle 

son yakma sisteminin, geliĸtirilmesi son derece ºnemlidir. Homojen yanmada, tam yanmanēn 

gerekleĸmesi iin y¿ksek sēcaklēklar gerektiĵinden, CO, NOx ve eser miktarda yanmamēĸ 

hidrokarbon emisyonlarē aēĵa ēkabilmektedir. Ayrēca hidrojen karēĸēmlarēnēn homojen 

yanmasē hala ¿zerinde alēĸēlan problemli bir konudur. Katalitik yanma, d¿ĸ¿k kalorifik 

deĵere sahip gazlarēn 800ÁCônin altēnda tamamen okside edilebildiĵi ve emisyonlar aēsēndan 

da avantajlar sunan ºnemli bir alternatiftir. ¢alēĸmanēn amacē, yakēt pili kapasite 

deĵiĸimlerine cevap verebilen ve ortalama kapasitesi 5 kWt olan katalitik bir yakēcē 

geliĸtirmektir. Yakēt tipi, yakēt oranlarē ve yakēt y¿kleri, katalitik yakēcēnēn operasyon 

penceresini belirleyen önemli parametrelerdir. En etkin hidrokarbon oksidasyon katalizörleri 

olarak bilinen deĵerli metal katalizºrleri, hēzlē bir aktivasyon kaybē yaĸanmaksēzēn yaklaĸēk 

800ÁC sēcaklēklara kadar aktivitesini koruyabilmektedir. Maksimum 800ÁCôlik alēĸma 

sēcaklēĵē, yakēcē alēĸma penceresini ve dolayēsēyla yakēcē kapasitesini belirleyen ºnemli bir 

bariyerdir. ¢alēĸmalarda, katalitik yatak sēcaklēĵēnēn 800ÁCônin altēnda tutulabilmesi iin yakēt 

y¿zdesi ¿st sēnērē doĵal gaz (DG) iin %1.5 olarak bulunmuĸtur. Yalnēzca hidrojen katalitik 

olarak yakēldēĵēnda ise %7 hidrojen oranēna kadar katalizºr aktivasyon kaybē yaĸanmaksēzēn 

katalitik yanma gerekleĸmektedir. Bu deĵerin ¿zerindeki y¿zdelerde ise, artan yatak 

sēcaklēklarē ile birlikte katalitik yanmadan homojen yanmaya geiĸ olduĵundan, 800ÁCônin 

¿zerine ēkēlmaktadēr. Hidrojen-DG karēĸēmēnēn katalitik yanmasēnda da, %7 hidrojen ile 

birlikte %0.6ôa kadar DG ieren karēĸēmlarda katalitik yanma 800ÁCônin altēnda 

gerekleĸmektedir. Denenen yakēt y¿kleri aralēĵēnda (2.5 kWt ve 5.5 kWt) katalitik yatak 

sēcaklēĵēnēn, sabit yakēt oranlarēnda, artan y¿k ile birlikte arttēĵē gºr¿lm¿ĸt¿r.  

 

Anahtar Kelimeler: Katalitik yanma, PEM yakēt pili, yakēt iĸleme, hidrojen, yakēt tipi ve 

yükü  
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Computational Analysis of Structure and Activity Relationship for CO 

Oxidation over Gold Catalysts 

 

Tuĵba Davran-Candan, M. Erdem G¿nay, Ramazan Yēldērēm 
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Corresponding Author:  E.mail: yildirra@boun.edu.tr 

 

 

Catalyst design still involves tedious, expensive and time consuming experiments 

even though the experimental tools are getting more sophisticated everyday. On the other 

hand, it is evident that catalyst preparation variables affect the catalytic activity through 

physical and chemical properties of the catalyst. Then if the effects of preparation variables 

on physical-chemical properties and the effects of physical-chemical properties on the 

catalytic activity are known, it would be easier to improve the catalyst. An analogy can be 

established with computational catalysis easily: It is known that some user defined variables 

(such as cluster size, charge, etc) are effective in determination of catalytic performance and 

structural properties. Then if we correlate the user defined input variables to computationally 

determined structural properties and the structural properties to catalytic performance 

(adsorption and reaction energies mostly) in a more systematic manner, we can better predict 

and explain the effects of various factors on the catalytic performance.  

This work aims to demonstrate that the structure and activity relationship for CO 

adsorption over gold nanoparticles can be established using Density Functional Theory (DFT) 

and artificial neural networks (ANN) as a part of ongoing studies related to CO oxidation over 

gold catalysts. Gold clusters (Aun) in the size range of n= 2-10 were taken as model catalysts. 

The optimum structures for the anionic, neutral and cationic clusters were determined first, 

using DFT. Structural properties such as binding energy, HOMO-LUMO gap, ionization 

potential and electron affinity of the clusters as well as CO adsorption energies were 

calculated using the same method, subsequently. Then artificial neural networks were 

successfully constructed in order to establish the relationship between the input variables and 

the structural properties, as well as the structural properties and the adsorption energies.   

 

Keywords: Structure- activity relationship, DFT, artificial neural networks 
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Altēn Katalizºrleri ¦zerinde CO Oksidasyon Reaksiyonu Iin Yapē-Aktivite 

Iliĸkisinin Hesaplamalē Analizi  
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Deneysel alet ve tekniklerin her geen g¿n daha da geliĸtiĵi g¿n¿m¿zde katalizºr 

dizaynē hala olduka pahalē ve zaman alēcē deneyler iermektedir. Diĵer yandan, katalizºr 

hazērlanmasēyla ilgili parametrelerin katalizºre ait fiziksel ve kimyasal bazē ºzellikleri 

etkilemek suretiyle katalitik aktivite ¿zerinde etkili olduĵu aēktēr. Bu durumda katalizºr 

hazērlanmasēyla ilgili parametrelerin fiziksel-kimyasal özellikler üzerindeki etkisi ve fiziksel-

kimyasal özelliklerin katalitik performans üzerindeki etkisi bilinirse, katalizºr geliĸtirilmesi 

ok daha kolay olacaktēr. Bu noktada teorik alēĸmalarla bir paralellik kurulabilir. K¿mecik 

b¿y¿kl¿ĵ¿, y¿k¿,évs. gibi kullanēcē tarafēndan tanēmlanan bazē parametrelerin adsorpsiyon 

enerjisi ve yapēsal ºzellikler ¿zerinde etkili olduĵu bilinmektedir. O zaman, k¿mecik 

b¿y¿kl¿ĵ¿, y¿k¿,évs. gibi ºzelliklerle yapēsal ºzellikler arasēnda ve yapēsal ºzelliklerle 

katalitik aktivite arasēnda bir korelasyon kurulabilirse, katalitik performans ¿zerinde etken 

olan faktörleri daha iyi tahmin edebiliriz.  

Bu alēĸma, DFT ve yapay sinir aĵlarē yºntemleriyle altēn paracēklarē ¿zerinde CO 

adsorpsiyonu iin yapē-aktivite iliĸkisi kurulmasēnē amalamaktadēr. 2 ila 10 altēn atomu 

ieren k¿mecikler model katalizºr olarak kullanēlmēĸtēr. ¥nce, kuantum mekanik yºntemler 

kullanēlarak -1, 0 ve +1 y¿kl¿ k¿mecikler iin optimum geometriler belirlenmiĸtir. Daha 

sonra, k¿meciklere ait CO adsorpsiyon enerjileriyle bazē yapēsal ºzellikler hesaplanmēĸtēr. 

Son olarak, yapay sinir aĵlarē yºntemi kullanēlarak kullanēcē tarafēndan tanēmlanan 

ºzelliklerle k¿meciĵin yapēsal ºzellikleri arasēnda ve k¿meciĵin yapēsal ºzellikleriyle 

adsorpsiyon enerjileri arasēnda korelasyon kurulmaya alēĸēlmēĸ ve olduka y¿ksek baĸarē elde 

edilmiĸtir. 
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High Throughput Testing Techniques 
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The objective of this work is to discover and develop novel, active and selective 

catalysts for direct epoxidation of propylene with oxygen by use of combinatorial catalyst 

preparation and testing techniques. The single (alumina, silica, titanium) and mixed oxide 

supported different metallic and bimetallic (Ag, Cu, Mn, Mo) catalysts were prepared using a 

single step fast sol-gel approach (i.e. metal salts were added during sol stage). Some catalysts 

were also prepared by incipient wetness method. All the catalysts containing 0 to 20 wt.% 

metals were synthesized with a combinatorial synthesis setup with and without metal 

modification. The effects of metal loading, support type, reaction temperature, ratio of 

reactant gases and the type of modifier on propylene conversion and selectivity to propylene 

oxide (PO) were examined using a 20 array channeled high throughput microreactor under 

different feed streams, temperatures and a space velocity of 20 000 h-1. Data analysis was 

carried out by Micro-GC (CP-4900) equipped with a thermal conductivity detector (TCD) 

with deactivated capillary column.  

Among all the catalysts, low (SiO2) and high (m-SiO2) surface area silica supported 

copper catalysts showed the highest activity and selectivity. The modification of these 

catalysts enhanced the catalytic performance and potassium was determined as the best 

modifier among various metal ions. The highest PO yield was obtained as 0.59% over m-SiO2 

supported catalysts with Cu content of 3wt.% and K modifier of 2.25 wt.%.  An increase in K 

amount caused continuous decrease in conversion with a slight increase in PO selectivity. 

Generally for all catalysts the optimum K/Cu ratio was determined as 0.75 in agreement with 

literature data. 

 

Keywords: Propylene oxide, Epoxidation, Sol-gel, High-Throughput   
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Bu alēĸmanēn amacē, kombinatoryal katalizºr hazērlama ve katalitik test yºntemini 

kullanarak propilenden epoksidasyon reaksiyonuyla direkt propilen oksit (PO) üretiminde 

yeni, aktif ve seçici katalizör adaylarēnē keĸfetmek ve geliĸtirmektir. ¢alēĸmada tekli (alumina, 

silika, titanyum) ve ikili oksitli destek maddeleri ¿zerine farklē tekli ve ikili metaller (Ag, Cu, 

Mn, Mo) tek basamaklē sol-jel ve emdirme yöntemiyle y¿klenmiĸtir. Aĵarlēka % 0-20 

oranēnda metal ve farklē oranlarda modifiye madde ieren katalizºrler aynē anda ok sayēda 

katalizºr sentezlenmesine olanak saĵlayan sistemde hazērlanmēĸtēr. Propilen dºn¿ĸ¿m¿ ve PO 

seiciliĵi ¿zerine y¿klenen metal oranē, destek maddesi t¿r¿, reaksiyon sēcaklēĵē, reaktant gaz 

oranē (C3H6/O2) ve modifiye madde t¿r¿n¿n etkisi, iinde 20 reaktºr bulunan ve hēzlē katalitik 

test taramasē yapēlabilen mikroreaktºrde, 20 000 saat-1  gas akēĸ hēzēnda test edilmiĸtir. 

Katalitik testler deaktive edilmiĸ kolonda TCDôli Micro-GC (CP-4900) ile 

gerekleĸtirilmiĸtir.  

Hazērlanan katalizºr adaylarē arasēnda en iyi sonular y¿ksek (m-SiO2) ve d¿ĸ¿k 

(SiO2) y¿zey alanlē silika destek maddesi ¿zerine y¿klenmiĸ bakēr (Cu) katalizºrleri iin elde 

edilmiĸtir. Bu katalizºrlerin farklē metallerler modifiye edilmesiyle katalitik aktiviteleri 

y¿kselmiĸ, en etkin modifiye madde olarak potasyum (K) belirlenmiĸtir. PO verimi, m-SiO2 

destek maddesi ¿zerine y¿klenmiĸ %3 Cu ve %2.25 K ieren katalizºr iin %0.59ôe ulaĸmēĸ, 

en uygun modifiye madde/metal oranē 0.75 olarak belirlenmiĸtir. Elde edilen bu sonuçlar 

literatürde belirtilen sonuçlarla uyumludur. 
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Two series of WOx/ZrO2 samples are prepared by equilibrium adsorption from H2O2 

solutions at pH 1.8 containing two different precursor anions, [W2O3(O2)4(H2O)2]
2ī and 

[H2W12O40]
6ī. The starting material is amorphous zirconium oxyhydroxide. The maximum W 

densities obtained are larger than that reported in the literature for systems synthesized by the 

same method using aqueous non-peroxide solutions. In the case of the metatungstate 

precursor, this increase is attributed to the generation of additional anchoring sites by 

interaction between the amorphous support and H2O2. The high uptake achieved when the 

peroxo complex is used as a precursor is a result of both the ZrOx(OH)4-2x ï H2O2 interaction 

and low nuclearity of the adsorbing anion. The materials are characterized by XRD, DR-UV-

vis, Micro-Raman and FT-IR spectroscopy. The surface acidities of samples with identical W 

loading prepared by equilibrium adsorption from the [H2W12O40]
6ī - H2O2 system and by 

impregnation with aqueous solution of ammonium metatungstate are investigated by FT-IR 

spectroscopy of CO adsorbed at 80 K. 

 

Keywords: WOx/ZrO2, H2O2 precursor solutions, equilibrium adsorption, Raman, in situ FT-

IR characterization, CO adsorption 
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Perokso ¥nc¿lleri ile Hazērlanan  

Yeni Tungsten Oksit-Zirkonyum Oksit Malzemelerin  
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Farklē iki t¿rdeki ºnc¿l (W2O3(O2)4(H2O)2]
2ī ve  H2W12O40 

6ī ) iyonlarēn,  H2O2 

çözeltilerinin (pH= 1.8)  ºkt¿r¿lmesi sonucu, iki ayrē WOx/ZrO2 malzemesi sentezlenmiĸtir. 

Bu sentez yºnteminin sonucunda oluĸan baĸlangē malzemesinin amorf yapēdaki 

zirkonyumoksihidroksit olduĵu saptanmēĸtēr. Kullanēlan bu yeni yºntem sonucu elde edilen 

malzemelerdeki W ieriĵinin, literat¿rde peroksit iermeyen diĵer yºntemlerle elde edilen 

benzer malzemelere gºre, ok daha y¿ksek olduĵu gºzlenmiĸtir. Metatungstat ºnc¿l¿n¿n 

kullanēldēĵē sentez patikasē ile elde edilen malzemedeki y¿ksek W ieriĵinin, amorf destek 

malzemesi ve H2O2ônin etkileĸimi sonucu oluĸan yeni baĵlanma noktalarē olduĵu 

d¿ĸ¿n¿lmektedir. Benzer ĸekilde, perokso kompleksinin ºnc¿l olarak kullanēldēĵē sentez 

patikasēnda da, ZrOx(OH)4-2x ï H2O2 etkileĸiminin, W iin yeni ve etkin baĵlanma noktalarē 

oluĸturmaktadēr. Her iki yºntemle sentezlenen malzemeler XRD, DR-UV-vis, Micro-Raman 

and FT-IR spektroskopisi ile karakterize edilmiĸtir. Ayrēca, eĸdeĵer W y¿klemesi kullanēlarak 

iki farklē yºntem ile hazērlanan malzemelerin y¿zey asitlikleri, FTIR ile ve 80 Kôde 

gerekleĸtirilen CO adsorpsiyon deneyleri sonucunda incelenmiĸtir.   

 

Anahtar Kelimeler : WOx/ZrO2, H2O2 öncül çözeltiler, denge adsorpsiyon, Raman, in situ 

FT-IR karakterizasyonu, CO adsorpsiyonu. 
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Enhanced Photocatalytic Oxidation of As3+ Using Titania Nanoparticles for 

Arsenic Removal From Water 
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Istanbul/Turkey  

 yyurum@sabanciuniv.edu 

 

 

Excessively high arsenic concentration in natural water and industrial wastewater is 

now a threatening problem for many countries especially Bangladesh, India, Germany, China 

and Turkey [1]. Titanium dioxide, a well-known adsorbent material, has been extensively 

tested for arsenic removal from water. However, arsenate ions (As5+) adsorbs more strongly 

onto the solid phase of adsorbent than arsenite ions (As3+). Therefore, the effectiveness of 

TiO2 nanoparticles in removing As3+ species from water have been enhanced by the 

photocatalytic oxidation in the presence of oxygen in ultraviolet (UV) light. In the present 

study, the photocatalytic oxidation of As3+ to As5+ is investigated in UV-illuminated TiO2. 

Batch adsorption experiment was carried out to analyze removal capacity of the TiO2 

nanoparticles with and without presence of photocatalytic oxidation reaction and the 

adsorption isotherms were obtained.  

 

Keywords: Arsenic; Photocatalytic oxidation; Adsorption; Titanium dioxide nanoparticles 

 

[1] D. Mohan, C.U. Pittman Jr, Arsenic, Journal of Hazardous Materials, vol.142, 2007, 1ï

53. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3rd NATIONAL CATALYSIS CON GRESS   April  28- May 1, 2010   Zonguldak - TURKEY  

 

 26 

 
 

O-08 

Titanyum Dioksit  Nano partik¿lerine Geliĸtirilmiĸ Fotokatalitik 

Oksidasyon Uygulanarak  As3+  Ķyonlarēnēn Sudan Ayrēĸtērēlmasē 
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Sabancē ¦niversitesi, M¿hendislik ve Doĵa Bilimleri Orhanlē 34956 Tuzla, Ķstanbul/T¿rkiye 

yyurum@sabanciuniv.edu 

 

 
Doĵal su kaynaklarēnda ve sanayi atēk sularēnda yoĵun miktarda bulunan arsenik 

konsantrasyonu Bangladesh, Hindistan, Almanya, Çin ve Türkiye gibi birçok ülke için önemli 

bir sorun haline gelmiĸtir. Ayrēĸtērma s¿recinde oldukça iyi bilinen adsorban malzemesi olan 

titanium dioksit sudan arsenik ayrēĸtērmasēnda yaygēn bir biimde test edilmiĸtir. Fakat arsenat 

iyonlarē (As5+), arsenit iyonlarēna (As3+) gºre katē fazdaki adsorben ¿zerine daha g¿l¿ bir 

ĸekilde tutunmaktadēr. Fotokatalitik oksidasyonu ile ultraviole ēĸēk kullanēlmasē, TiO2 nano 
partiküllerinin sudaki As3+ iyonlarēnē ayrēĸtērmasēndaki etkinliĵini artērmēĸtēr. Yapēlan alēĸma 

ile As3+ ve As5+ iyonlarēnēn ultraviolet ile ēĸētēlan TiO2ôdeki fotokatalitik oksidasyonu 

incelenmiĸtir. TiO2 nano partiküllerinin fotokatalitik oksidasyon ile ve fotokatalitik 

oksidasyon olmaksēzēn ayrēĸtērma kapasitelerinin saptanmasē iin yēĵēn tutunma deneyleri 

yapēlmēĸ ve tutunma izotermleri elde edilmiĸtir.  

 

Anahtar Kelimeler:  Arsenik; Fotokatalatik oksidasyon; Tutunma; TiO2 nano partikülleri 

 

[1] D. Mohan, C.U. Pittman Jr, Arsenic, Journal of Hazardous Materials, vol.142, 2007, 1ï

53. 
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cVestel Defence Industry, Ankara, 06450 Turkey 

 

 

TiO2/CNTs are promising materials for proton coupled electron transfer reaction 

systems due to the fact that hydrogen adsorption capacity of CNTs are very high and high 

metal dispersions could be achieved on CNTs because of their high surface areas. In this 

work, CNT and TiO2/CNT were synthesized by template synthesis method as powder to 

explore their potential for hydrogen fuel cells. For this purpose, first, PAOX membranes were 

prepared by two step anodization method at 20 V constant potential in 10% H2SO4 solution. 

CNT-PAOX membranes were prepared via non-catalytic method by chemical vapor 

deposition (CVD) at 700oC under propylene and argon flow on PAOX membrane to obtain 

aligned catalyst free CNTs embedded in an alumina. Scanning Electron Microscopy (SEM) 

measurements and proton conductivity measurements were performed on these membranes. 

SEM measurements on the PAOX and CNT-PAOX membrane showed that PAOX 

membranes had 20 to 30 nm pore size and the CNTs formed on the PAOX template. Proton 

conductivity measurements of these membranes were achieved by a simple potentiometer in 

glass cell containing sulfuric acid solution having 0.1 N concentration at one side and on the 

other side 0.01 N. During proton conductivity measurements, potential difference for PAOX 

membrane was measured as 5 mV while it started from nearly 300 mV for CNT-PAOX 

composite, indicating that this membrane have higher proton conductivity than PAOX 

membrane. In the second part of this study, TiO2 deposition was done on CNTs by CVD, after 

etching CNT-PAOX membrane in HF solution, at 500°C with tetraisopropoxide titanium as precursor. 

For powder TiO2/CNTs, SEM images showed that TiO2 particles formed on the CNTs. 

Hydrogen chemisorption measurements and hydrogen electro-oxidation measurements on 

TiO2/CNT will be presented.  Performance of TiO2 as an anode catalyst in comparison to Pt 

will be explored.  

 

Acknowledgements: This work was mutually supported by TUBITAK and BMBF through 

the INTEN-C program. 

 

Keywords: TiO2/CNTs, template synthesis method, hydrogen chemisorption, hydrogen fuel 

cell  
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Yüksek hidrojen adsorplanma kapasitesi ve karbon nanotüplerin (KNT) geniĸ y¿zey 

alanlarēnēn y¿ksek metal daĵēlēmlarēna izin vermesinden dolayē TiO2/KNT proton eĸlenik 

elektron transfer sistemleri için iyi bir malzemedir. Ayrēca KNT d¿zenli yapēlarē yakēt 

pillerinde elektrokimyasal aktiviteyi ve proton geirgenliĵini artērabilir.  Bu alēĸmada KNT, 

TiO2/KNT ve TiO2 nanotüpler gözenekli Alüminyum oksit üzerinde kimyasal buhar kaplama 

yöntemi ile 700 C da propilen ve argon gazē altēnda hazērlanmēĸtēr. Ķlk olarak, gºzenekli 

al¿minyum oksit membran iki basamaklē anodizasyon yöntemi 20 V sabit potansiyelde 10% 

H2SO4 ºzeltisi iinde hazērlanmēĸtēr. Taramalē elektron mikroskopu ölçümleri ve proton 

geirgenliĵi ºl¿mleri bu membranlar ¿zerinde gerekleĸtirilmiĸtir. Taramalē elektron 

mikroskobu sonularēna göre 20-30 m b¿y¿kl¿ĵ¿nde gºzeneklere sahip olan gözenekli 

al¿minyum oksit membranlar hazērlanmēĸ ve bu membranlar ¿zerinde karbon nanotüpler 

baĸarē ile sentezlenmiĸtir. Proton geirgenlik ölçümleri ise basit bir potansiyel ölçüm cihazē 

yardēmē ile bir tarafta 0,1 N ve bir tarafta 0.01 N s¿lf¿rik asit bulunduran cam bir aparatēn 

ortasēna yerleĸtirilerek zamanla potansiyel deĵiĸimi ºl¿lm¿ĸt¿r. Proton geçirgenlik 

ölçümlerine göre karbon nanotüp kaplē membranēn gºzenekli alüminyum oksit membran göre 

daha iletken olduĵu gºr¿lm¿ĸt¿r.  Ķkinci olarak karbon nanotüp kaplē alüminyum oksit 

membran TiO2 ile kaplanarak HF içinde çözündürülerek alüminyum oksit tabaka 

uzaklaĸtērēlmēĸtēr ve toz halinde katalizºr paracēklarē elde edilmiĸtir. Taramalē elektron 

mikroskobu sonularē TiO2nin karbon nanotüpleri üzerinde paracēklar halinde oluĸtuĵunu 

gºstermiĸtir. Bu katalizºr ¿zerinde ºl¿len kimyasal hidrojen adsorplanmasē sonularē ve 

hidrojen elektro-oksitlenmesi sonularē kongrede sunulacaktēr.  

 

Teĸekk¿r: Bu proje INTEN-C programē aracēlēĵē ile T¦BĶTAK ve BMBF tarafēndan 

karĸēlēklē olarak desteklenmektedir. 
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Hydrogen, which can be used in many fields  without polluting the environment, is 

thought to be the cleanest fuel source of 21th century. Steam-hydrocarbon reforming is the 

major hydrogen production process today. However, this process has many disadvantages like 

high energy demand and complicated equipment design etc. For this reason, there have been 

many researches to develop alternative processes for several decades and catalytic partial 

oxidation has come forth as a good alternative. 

Researchers have tested many catalysts for partial oxidation of methane and have seen 

that noble based metals catalysts (Rh, Pt, Ru, Ir) and nickel (Ni) and cobalt (Co) based 

catalysts are active and selective for this reaction. Although, noble metal based catalysts are 

stable and active, because of their high cost and low availability, the best alternative have 

thought to be nickel based catalysts. But these catalysts have disadvantages like sintering, 

coking and phase transformation.    

 

             (a)                           (b)                        (c)                         (d)                          (e) 

Figure 1. TEM images of the prepared catalysts 

(a- Ni/ɔ-Al 2O3   b- Ni/MgO/ɔ-Al 2O3    c- Ni/ MgAl 2O4  d- Ni/ Mg2,5AlO   e- Ni/MgO) 

In many studies it has been observed that coking was lowered with increased basicity. 

But in literature, studies which of these catalystôs performances were compared are very low. 

For this purposes, 10% (wt) Ni loaded on ɔ-Al 2O3, 5% (wt) MgO/Al2O3, MgAl2O4, 

Mg2.5AlO and MgO  catalysts were prepared by wet impregnation method. They were 

characterized by using AAS, BET, XRD, TPR, TPO, TPSR and TEM techniques. Prepared 

catalysts showed nearly 99% CH4 conversion and 97% H2 selectivity at 900°C (GHSV=157, 

500 lt/kg hr ,  CH4/O2/N2=2/1/4 , P=1 atm) After stability tests, it was found that the lowest 

coking actualized on Ni/Mg2,5AlO ve Ni/MgO catalysts. As the activity, selectivity and 

stability results are considered, Ni/Mg2,5AlO showed the best performance amongst the 

prepared catalysts.  

 

Keywords: Partial oxidation of methane, Ni based catalysts, Coking 
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Metanin Kismi Oksidasyon Reaksiyonu Ķin Nikel Esasli Katalizºrlerin 

Sentezi Ve Karakterizasyonu 
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Kimya M¿hendisliĵi Bºl¿m¿, Ķstanbul ¦niversitesi,34320 Avcēlar, ĶSTANBUL 

 

¢evre kirliliĵine yol amadan eĸitli alanlarda kullanēlabilecek esnek bir yakēt olan 

hidrojen, 21. y¿zyēlēn en temiz enerji kaynaĵē olarak d¿ĸ¿n¿lmektedir. G¿n¿m¿zde hidrojen 

üretimi için kullanēlan baĸlēca yºntem su buharē-hidrokarbon reformingidir. Ancak bu 

prosesin y¿ksek enerji gereksinimi, karēĸēk ve hacimli ekipman dizaynē gibi bir ok 

dezavantajlarē vardēr. Bu nedenle son yēllarda alternatif prosesler geliĸtirmek iin bir ok 

araĸtērma yapēlmēĸ ve katalitik kēsmi oksidasyon prosesi iyi bir alternatif olarak ºne ēkmēĸtēr. 

Metanēn kēsmi oksidasyon reaksiyonunda araĸtērmacēlar tarafēndan bir ok katalizºr test 

edilmiĸ ve bu reaksiyon iin soy metal bazlē katalizºrler (Rh, Pt, Ru, Ir) ile nikel (Ni) ve 

kobalt (Co) bazlē katalizºrlerin olduka aktif ve selektif olduklarē tespit edilmiĸtir. Soy 

metaller olduka kararlē ve aktif olmalarēna raĵmen y¿ksek maliyetleri ve doĵada az miktarda 

bulunmalarē sebebiyle en iyi alternatifin Ni esaslē katalizºrler olacaĵē d¿ĸ¿n¿lm¿ĸt¿r. Ancak 

bu katalizörün de sinterleĸme, kok oluĸumu, faz deĵiĸimi gibi deaktivasyona neden olan 

sorunlarē bulunmaktadēr.  

 

             (a)                           (b)                        (c)                         (d)                          (e) 

ķekil 1. Hazērlanan katalizºrlerin TEM gºr¿nt¿leri                                                                         

(a- Ni/ɔ-Al 2O3   b- Ni/MgO/ɔ-Al 2O3    c- Ni/ MgAl2O4  d- Ni/ Mg2,5AlO   e- Ni/MgO) 

Yapēlan bir ok alēĸmada desteĵin bazikliĵinin artērēlmasē ile kok oluĸumunun 

azaltēldēĵē gºzlemlenmiĸtir. Ancak literat¿rde hazērlanan bu katalizºrlerin performanslarēnēn 

karĸēlaĸtērēldēĵē alēĸmalar olduka azdēr. 

Bu amala aĵērlēka %10 Ni ieren ɔ-Al 2O3, %5 MgO/Al2O3, MgAl2O4, Mg2,5AlO ve 

MgO destekli katalizörler ēslak emdirme yºntemi ile hazērlanmēĸtēr. AAS, BET, XRD, TPR, 

TPO, TPSR ve TEM teknikleri kullanēlarak karakterize edilmiĸlerdir. Hazērlanan katalizºrler 

900ÁCôde  yaklaĸēk %99 CH4 dºn¿ĸ¿m¿ ve %97 H2 seimliliĵi gºstermiĸtir (Toplam akēĸ 

hēzē=157.500 lt/kg sa , CH4/O2/N2=2/1/4 , P=1 atm) . Gerekleĸtirilen stabilite testleri 

sonrasēnda en d¿ĸ¿k koklaĸmanēn Ni/Mg2,5AlO ve Ni/MgO katalizºrler ¿zerinde gerekleĸtiĵi 

bulunmuĸtur.  Aktivite, seimlilik ve stabilite sonularē gºz ºn¿nde bulundurulduĵunda 

hazērlanan katalizºrler arasēnda en iyi performansē Ni/Mg2,5AlO gºstermiĸtir. 

 

Anahtar Kelimeler: Metanēn kēsmi oksidasyonu, Ni esaslē katalizºrler, Koklaĸma 
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This study presents an evaluation of catalytic performances of Fe and Cu containing 

ZSM-5 zeolites for oxidation of Orange II azo dye. Fe and Cu containing ZSM-5 zeolite 

catalysts which have different Si/Al contents (42 and 22) were prepared by ion exchange and 

through hydrothermal synthesis. The prepared catalysts were characterized by XRD, SEM, 

FTIR, nitrogen adsorption and ICP-AES measurements. The catalytic oxidation was carried 

out by 150 mL of 0.05 g/L Orange II aqueous solution at a temperature of 323 K, for a 

catalyst amount of 0.15 g using H2O2 as an oxidant. A relationship between structures and 

performances for the catalysts prepared was tried to be determined. The catalyst prepared by 

ion exchange (IE- CuFeZSM-5 (Si/Al ratio of 42)) showed the highest activity (100 % 

decolorization, 89.3 % aromatic degradation at an initial pH of 3.5 and 100 % decolorization, 

87.4 % aromatic degradation at an initial pH of 7.2 ).  Cu and iron was finely dispersed as 

extra-framework ion and/or oxide species in catalysts prepared by ion exchange method. 

Hydrothermally prepared catalysts contained Fe and Cu in their framework. Iron and copper 

contents were higher in the catalysts prepared by ion exchange than those in the catalysts 

prepared by hydrothermal synthesis. Leaching of iron and copper into the solution depends on 

the pH of the solution especially for the catalysts prepared by ion exchange. Copper leaching 

after an oxidation time of 2h was much higher than that of iron among all the catalysts 

studied. Incoporation of Cu into FeZSM-5 increased its catalytic activity. However, ZSM-5 

catalyst with Cu only showed lower activity when compared with catalysts containing iron 

alone or iron and copper together. A decolorization of 92.8 % and an aromatic degradation of 

55.5 % were obtained at initial solution pH of 3.5. 

 

This study is a part of a project (107M625) supported by T¦BĶTAK. 

 

Key words: Orange II, catalytic wet peroxide oxidation, ZSM-5. 

 
 
 
 
 
 
 
 
 
 
 
 
 



3rd NATIONAL CATALYSIS CON GRESS   April  28- May 1, 2010   Zonguldak - TURKEY  

 

 32 

O-11 

Demir ve Bakēr ieren ZSM-5 Katalizörlerinin Karekterizasyonu ve 

Orange IIônun Oksidatif Bozunmasēnda Katalitik Aktivitesi 

 

E. Bolovaa, G. Gündüza, M. D¿kkancēa, S. Yēlmazb, Y. C. Yamana 

aEge ¦niversitesi, Kimya M¿hendisliĵi Bºl¿m¿, 35100 Bornova/Izmir/T¿rkiye 
bĶzmir Y¿ksek Teknoloji Enstit¿s¿, Kimya M¿hendisliĵi Bºl¿m¿, G¿lbahe Kºy¿, 35437 

Urla/Izmir/Türkiye 

Sorumlu Yazar: gonul.gunduz@ege.edu.tr 

 

 

Bu alēĸmada, Fe ve Cu ieren ZSM-5 zeolit katalizörlerinin katalitik aktivitesi bir azo 

boyar madde olan Orange IIônun oksidasyonunda incelenmiĸtir. Fe ve Cu ieren, deĵiĸik 

Si/Al oranēndaki (42 ve 22) ZSM-5 zeolit katalizörleri iyon deĵiĸimi veya hidrotermal sentez 

ile hazērlanmēĸtēr. Hazērlanan katalizºrler XRD, SEM, FTIR, azot adsorpsiyonu ve ICP-AES 

ºl¿mleri ile karakterize edilmiĸtir. Orange IIônun katalitik okisdasyon deneyleri 150 mL, 

0.05 g/L Orange II sulu çözeltisi ile 323 K sēcaklēkta, 0.15 g katalizºr varlēĵēnda, oksidant 

olarak H2O2 kullanēlarak gerekleĸtirilmiĸtir. ¢alēĸmada, hazērlanan katalizºrlerin yapē-

performans iliĸkisi bulunmaya alēĸēlmēĸtēr. Ķyon deĵiĸimi yºntemi ile hazērlanan ve Si/Al 

oranē 42 olan CuFeZSM-5 katalizºr¿ en y¿ksek katalitik aktiviteye (3.5 baĸlangē pH 

deĵerinde %100 renk giderimi, %89.3 aromatik bozunma; 7.2 baĸlangē pH deĵerinde ise 

%100 renk giderimi, %87.4 aromatik bozunma) sahiptir. Ķyon deĵiĸimiyle hazērlanan 

katalizörlerde, Cu ve Fe, iyon ve/veya oksit olarak ZSM-5 yapēsē dēĸēnda ok iyi daĵēlmēĸtēr. 

Hidrotermal yºntem ile hazērlanan katalizºrlerde ise Fe ve Cu, katalizºr yapēsē iindedir. Ķyon 

deĵiĸimiyle hazērlanan katalizºrlerde Cu ve Fe miktarlarē hidrotermal yºntem ile hazērlanan 

katalizºrlere gºre daha y¿ksektir. Yapēlan alēĸmada, katalizºr ºz¿tlemesinin ºzellikle iyon 

deĵiĸimiyle hazērlanan katalizºrlerde pH ile ok yakēndan ilgili olduĵu sonucuna varēlmēĸtēr. 

Tüm katalizörlerde 2 saat reaksiyon sonundaki Cu özütlemesi Fe özütlemesine göre daha 

yüksektir. Fe içeren ZSM-5 katalizºrlerine Cu ilavesi katalitik aktiviteyi olumlu etkilemiĸtir. 

Ancak sadece Cu içeren ZSM-5 katalizºr¿, sadece Fe veya Fe ile Cuôē birlikte ieren ZSM-5 

katalizºrlerine gºre daha d¿ĸ¿k katalitik aktiviteye (3.5 baĸlangē pH deĵerinde %92.8 renk 

dºn¿ĸ¿m¿, %55.5 aromatik bozunma) sahiptir.  

 

Bu alēĸma 107M625 Nolu T¦BĶTAK Projesinin bir parasēdēr. 

 

Key words: Orange II, katalitik ēslak peroksit oksidasyonu, ZSM-5. 
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Co-Mo/MgO catalyst was prepared by combustion method using sorbitol as an 

organic additive. For this a method given in literature was used with little modification [1].  A 

molar ratio of Co:Mo:MgO; 0.5 :0.25 :10 was taken. Aquoes solution of ingredients were 

dried to form a gel. The gel was kept in oven at 550 oC for 30 minutes in a furnace. Then, it 

was grounded into powder with the particle sizes between 75-250µm. The growth temperature 

and hydrogen pretreatment effects on the CNT characteristics were examined. The catalyst 

was characterized by x-ray diffraction (XRD) and N2 adsorption (BET surface), thermal 

gravimetric analysis and SEM. CNT growths on the small amount of catalyst powder (50 mg) 

were done by thermal chemical vapor deposition at atmospheric pressure. A pre-annealing 

was done under different H2 flow rates for 1 hour prior to the growth.  Growth temperatures 

ranging from 850 to1000 oC were investigated.  Give growth duration and  fowrates of gases. 

Figure 1 a shows a typical  growth in a tray. CNT growths were taking the shapes of the 

quartz boat where the catalyst was introduced into oven and 2.54 cm diameter quartz tube. 

From SEM images (Figure 1 b) showed high yield of CNT with narrow diameter distribution 

between 10-20 nm.  Hydrogen flow rate  (from 50 to 200 sccm) affected the results; with 

decreasing hydrogen amount the average diameter of CNTs also decreased. It was also 

observed that with increasing temperature structural quality of CNTs increased.  
 

 

                      
 
Figure 1: a) A photograph of the tray with CNT grown on it b) SEM image of as-grown CNT sample grown on 

Co-Mo/MgO  at 1000 oC under CH4:H2  200:50 sccm flow. Scale bar 200 nm. 

References 

[1] A M Rashidi et al., Nanotech. 2007, 18, 315605. 
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Etkin karbon nanotüp sentezleme amacē ile Co-Mo/MgO katalizörü yakma yöntemi ile  

hazērlanmēĸtēr (Rashidi et al. 2007). Y¿ksek y¿zey alanē veren Sorbitol katkē maddesi olarak 

kullanēlmēĸtēr. Co, Mo ve Mg metallerini ieren tuzlarēn Co:Mo:MgO; 0.5 :0.25 :10 mol 

oranēnda sulu ºzeltileri hazērlanmēĸtēr. Sulu ºzeltinin fērēnda kurutulmasē ile elde edilen jel 

550 oC de 30 dakika yakēlmēĸtēr. Oluĸan paracēklar ºĵ¿t¿lm¿ĸ, 75-250 µm arasinda 

paracēklar karbon nanot¿p b¿y¿tmede kullanēlmēĸtēr. B¿y¿tme sēcaklēĵēnēn ve ºniĸlem 

s¿recinde hidrojen oranēnēn karbon nanot¿p b¿y¿tme ¿zerinde etkisine bakēlmēĸtēr. Katalizin 

karakterizasyonu için X-ēĸēnē difraksionu (XRD), N2 adsorpsiyonu (BET y¿zey alanē), termal 

gravimetrik analiz (TGA) ve taramalē elekton mikroskobu (SEM) kullanēlmēĸtēr. Karbon 

nanotüpler 15-50 mg kataliz üzerinde kimyasal buhar biriktirme (CVD) yöntemiyle, 

atmosferik basēn altēnda ve 2.54 cm aplē kuartz boru ierisinde b¿y¿t¿lm¿ĸt¿r. B¿y¿tmeye 

baĸlamadan ºnce kataliz bir saat farklē akēĸ hēzlarēnda hidrojene maruz bērakēlmēĸtēr ve 

büyütme 850, 900, 950 ve 1000 oC sēcaklēkta yapēlmēĸtēr. ķekil-1a kuartz bot içerisindeki tipik 

bir b¿y¿tmeyi gºstermektedir. ķekildende gºr¿lebileceĵi gibi ok miktarda karbon nanotüp 

oluĸmuĸtur. ķekil-1b deki SEM resmi, aplarē 10-20 nm arasēnda daĵēlēm gºsteren karbon 

nanot¿pleri gºstermektedir. ¥niĸlem s¿recindeki deĵiĸen hidrojen miktarē, karbon 

nanot¿plerin verimini etkilemektedir. Bu alēĸmada % 100 ile % 2000 arasēnda verim elde 

edilmiĸtir. B¿y¿tme s¿recindeki hidrojen akēĸ miktarē da karbon nanot¿plerin ºzelliklerine 

etki etmektedir; azalan hidrojen miktarēyla ortalama karbon nanot¿p apēda azalmaktadēr. 

Ayrēca sēcaklēk artēĸēyla birlikte karbon nanot¿pler daha y¿ksek kalitede elde edilmiĸtir. 
  

                                  
 
ķekil 1: a) Bot ierisinde b¿y¿t¿lm¿ĸ karbon nanot¿plerin bir fotoĵrafē b) Co-Mo/MgO kataliz üzerinde 1000 oC 

de 40 dakika büyütme ile elde edilen karbon nanotüplerin SEM görüntüsü  
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Cellulosic biomass is a promising renewable feedstock for energy and chemicals 

supply. In the future biorefinery abundant and cheap biomass feedstock replaces current fossil 

based production of hydrocarbons. 5-Hydroxymethylfurfural (HMF) has recently been 

proposed as a platform chemical which can be converted into a variety of useful intermediates 

including fuels and polymers [1]. Although HMF can be readily produced from fructose by 

acid-catalyzed dehydration, selective conversion of glucose, the dominant sugar in cellulose, 

to HMF remains a challenge. Metal chlorides and especially CrCl2 have been reported to 

exhibit very good yields for the conversion of glucose to HMF in the ethylmethylimidazolium 

chloride ([EMIM]Cl) ionic liquid medium [2]. The difficulty in the recovery of the product 

and the catalysts and the use of the expensive ionic liquid as the solvent remains a challenge 

for the practical application. In the industrial scale processes heterogeneous catalysts have 

clear advantages related to catalyst recovery and continuous operation. Herein, we report the 

development of a heterogeneous catalyst for glucose dehydration to HMF. An imidazolium 

based ionic liquid is successfully grafted to the surface of ordered mesoporous SBA-15 and 

the chromium chloride is added subsequently. In aqueous phase, glucose conversion of 42 % 

with 49 % selectivity to HMF was obtained by using the CrCl2/PMIMCl/SBA-15 catalyst. 

The use of DMSO/Water (2:8) as the reaction solvent and 2-Butanol/MIBK as the extraction 

layer resulted in unprecedented 70 % HMF selectivity at 50 % glucose conversion. In 

addition, in situ EXAFS measurements were carried out for the metal chloride/EMIMCl 

homogeneous system. A comparison of the coordination chemistry of Cu, Fe and Cr in the 

ionic liquid system will also be presented. 

 

[1] Román-Leshkov, Y., Chheda, J.N. and  Dumesic, J.A. Science 312 (2006), 1933-1937.  

[2] Zhao, H., Holladay, J.E., Brown, H. and Zhang, Z.C. Science 316 (2007), 1597-1600. 
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Selülozik biyokütle enerji ve kimyasal madde temini için umut vaat eden yenilenebilir 

bir hammaddedir. Gelecekte biorafineri ile bol ve ucuz hammadde olan biyokütle, mevcut 

fosil yakēt tabanlē hidrokarbon ¿retiminin yerine geecektir. 5-Hydroxymethylfurfural (HMF) 

yakēn zamanda yakēt ve polimerler dahil yararlē eĸitli kimyasallara dºn¿ĸt¿r¿lebilen bir 

platform kimyasal olarak ileri s¿r¿lm¿ĸt¿r [1]. HMF halihazērda fruktozdan kolayca asit 

katalizörü ile dehidrasyon yöntemi ile üretilebilirken, sel¿loz iinde ana ĸeker olan glikozun 

HMFôe seici dºn¿ĸ¿m¿ bir sorun olmaya devam etmektedir. Metal klorürlerin ve özellikle 

CrCl2ô¿n, ethylmethylimidazolium klor¿r ([EMIM]Cl) tipi iyonik sēvē iinde glikozdan 

HMFôe dºn¿ĸ¿m iin ok iyi verim gºsterdiĵi bildirilmiĸtir [2]. Ürün ve katalizörlerin geri 

kazanēlmasē zorluĵu ve pahalē iyonik sēvē kullanēmē pratik uygulama iin bir sorun olmaya 

devam etmektedir. End¿striyel ºlekteki s¿relerde heterojen katalizºrlerin, s¿rekli alēĸma 

ve katalizºr geri kazanēmē ile ilgili aēk avantajlarē bulunmaktadēr. Burada, glikozun HMFôe 

dehidrasyonu iin geliĸtirdiĵimiz heterojen katalizºr¿ bildiriyoruz. Ķmidazolium tabanlē 

iyonik sēvē baĸarēyla mezopor SBA-15 y¿zeyine aĸēlanmēĸ, ve krom klor¿r sonradan 

eklenmiĸtir. Sulu ortamda, % 42 glukoz dºn¿ĸ¿m ile % 49 HMF seicilik deĵerleri 

CrCl2/PMIMCl/SBA-15 katalizºr¿ kullanēlarak elde edilmiĸtir. DMSO/su (2:8) reaksiyon 

çözeltisi ve 2-Butanol/MIBK ekstraksiyon tabakasē olarak kullanēldēĵēnda % 70 HMF 

seiciliĵi % 50 glukoz dºn¿ĸ¿m¿n¿ gºstermiĸtir. Bunlara ek olarak, reaksiyon esnasēnda 

EXAFS ºl¿mleri homojen metal klor¿r/EMIMCl sistemi iin yapēlmēĸtēr. Iyonik sēvē 

sistemlerinde Cu, Fe ve Cr koordinasyon kimyasē karĸēlaĸtērēlmasē da sunulacaktēr. 

 

[1] Román-Leshkov, Y., Chheda, J.N. and  Dumesic, J.A. Science 312 (2006), 1933-1937.  

[2] Zhao, H., Holladay, J.E., Brown, H. and Zhang, Z.C. Science 316 (2007), 1597-1600. 
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Direct synthesis of dimethyl ether from synthesis gas requires development of new 

bifunctional catalysts, having sites for methanol formation as well as for methanol 

dehydration. In the present study, ZrO2 modified CuO-ZnO-Al 2O3-SiO2 type mesoporous 

catalytic materials were synthesized, following acidic and neutral one-pot hydrothermal 

synthesis routes. The XRD patterns of the materials synthesized by acidic route indicated 

some distortions of the ordered network of pores and these materials were found to show 

amorphous structure with well-dispersed metal oxides in the mesoporous silicate lattice. 

However, in the XRD pattern of the material synthesized by the neutral route, major peaks 

and their reflections corresponding to an ordered pore structure and CuO crystallites were 

observed. The results indicated that final pH value of the synthesis solution was highly 

effective on the structure of the synthesized material. Moreover, EDS results showed that 

increase in the Zr metal content and also increase of pH value of the synthesis solution 

promoted metal incorporation into the catalyst structure. All of the metals were successfully 

incorporated into the mesoporous network of MCM-41 structure at solution pH value of 6.0. 

Nitrogen adsorption isotherms indicated the presence of interconnected ordered mesopores. 

These catalysts have surface area values in the range of 858-958 m2/g. Average pore diameter 

of the catalysts were between 7.5-7.9 nm and all catalysts had narrow pore size distributions. 

DRIFTS analysis of the pyridine adsorbed samples indicated that Lewis acid sites of the 

material prepared at a neutral solution pH was stronger than the others.  

 

Keywords: Dimethyl ether, direct synthesis, ZrO2, mesoporous, bifunctional catalyst. 
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Dimetil eterin sentez gazēndan doĵrudan sentezi, hem metanol oluĸumu hem de 

metanol dehidrasyonu için aktivite gösteren iki fonksiyonlu yeni katalizºrlerin geliĸtirilmesini 

gerektirmektedir. Bu alēĸmada ZrO2 ile desteklenmiĸ CuO-ZnO-Al 2O3-SiO2 yapēsēnda 

mezogºzenekli katalizºrler asidik ve nºtr ortamlarda doĵrudan hidrotermal sentez yºntemleri 

ile sentezlenmiĸtir. Asidik koĸullarda sentezlenen katalizºrlere ait XRD desenleri, d¿zenli 

mezo-gºzenek yapēsēnēn kēsmen bozulduĵunu, katalizºrlerin amorf yapēda olduĵunu ve 

yapēya eklenen metal oksitlerin, mezogºzenekli yapēda muntazam bir ĸekilde daĵēldēĵēnē 

gºstermektedir. Nºtr koĸullarda sentezlenen malzemenin XRD deseninde ise, CuO 

kristallerine ait pikler ve d¿zenli gºzenek yapēsēnē gºsteren sinyaller gºr¿lm¿ĸt¿r. Bu 

sonular, sentez ºzeltisinin pH deĵerinin, katalizºr¿n kristal yapēsē ¿zerinde ºnemli bir 

etkisinin olduĵunu gºstermektedir. EDS analiz sonularē, mezogºzenekli yapēya giren Zr 

miktarēnēn ºzelti pH deĵeri ve metallerin ºzeltideki deriĸimlerindeki artēĸla olumlu yºnde 

etkilendiĵini gºstermiĸtir. ¢ºzelti pH deĵeri 6.0 olduĵunda, b¿t¿n metallerin katalizºr 

yapēsēna baĸarēlē bir ĸekilde girmiĸ olduĵu gºzlemlenmiĸtir. Azot adsorpsiyon izotermleri, 

sentezlenen malzemelerin birbirine baĵlē mezo gºzeneklere sahip olduklarēnē gºstermektedir. 

Katalizºrlerin y¿zey alanē deĵerleri ve ortalama gºzenek aplarē sērasēyla 858-958 m2/g ve 

7.5-7.9 nm aralēĵēndadēr ve bu malzemeler dar bir gºzenek boyutu daĵēlēmēna sahiptirler. 

Piridin adsorplanmēĸ numunelerin DRIFTS analizi, nºtr ortamda sentezlenen malzemenin 

Lewis asiditesinin diĵerlerine gºre daha g¿l¿ olduĵunu gºstermiĸtir. 

 

Anahtar Kelimeler: Dimetil eter, doĵrudan sentez, ZrO2, mezogözenekli, iki fonksiyonlu 

katalizör. 
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The water-gas shift (WGS) activity of bimetallic Au-Re/ceria catalysts was 

investigated for the temperature range 200-450 ̓̀C. The effects of the Re content, space 

velocity, H2O/CO ratio and preparation method on the catalytic performance of the catalysts 

were investigated and compared to monometallic Au/Ceria catalysts. No detectable methane 

formation was observed in the catalytic reaction tests. Increasing the space velocity by 

varying the catalyst amount decreased water gas shift activity for both monometallic and 

bimetallic catalysts. An increase in the Re content and steam/CO ratio shifted the 'carbon 

monoxide conversionïtemperature' curve toward lower reaction temperatures. Gold addition 

by deposition precipitation technique on impregnated Re/Ceria catalysts led to higher 

dispersion and, consequently, high carbon monoxide conversion values and better selectivity. 

On the other hand, incipient-to-wetness impregnation of Re on Au/Ceria monometallic 

catalysts resulted in blockage of active sites.  Bimetallic Au-Re/Ceria catalysts showed better 

performances while the monometallic catalysts suffered from steam inhibition. Since 

monometallic Re/Ceria catalysts were found inactive in water gas shift reaction, the 

performance of Au-Re/Ceria catalysts can be attributed to steam tolerance of Re sites on the 

bimetallic system. The results indicate that Au -Re/ceria catalysts are highly selective and 

active for water-gas shift reactions. 

 

Keywords: Water-gas shift, Ceria, Au  
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Çift metalli Au-Re/CeO2 katalizörlerinin buhar-gaz geiĸi (WGS) aktivitesi 200-450ºC 

sēcaklēk aralēĵēnda alēĸēlmēĸtēr. Re miktarē, geiĸ hēzē, H2O/CO oranē ve hazērlama yºntemi 

gibi parametrelerin katalitik performans ¿zerindeki etkisi araĸtērēlēp Au/CeO2 katalizörünün 

performansēyla karĸēlaĸtērēlmēĸtēr. Tepkime testlerinde metan oluĸumuna rastlanmamēĸ olup 

katalizºr miktarēnē deĵiĸtirerek geiĸ hēzēnē arttērmak, tek ve ift metalli katalizºrlerde WGS 

aktivite kaybēna sebep olmuĸtur. H2O/CO oranē ve Re miktarēndaki artēĸ ise ñCO dºn¿ĸ¿m¿- 

sēcaklēkò eĵrisini d¿ĸ¿k tepkime sēcaklēk deĵerlerine doĵru kaydērmēĸtēr. Depozisyon 

ºkt¿rme tekniĵi ile empregne edilmiĸ Re/CeO2 ¿zerine altēn eklenmesi daha iyi daĵēlēma ve 

bºylelikle y¿ksek CO dºn¿ĸ¿m deĵerleri ve daha iyi seimliliĵe yol amēĸtēr. Diĵer taraftan, 

Re metalinin Au/CeO2 katalizºrlerinin ¿zerine empregnasyonu aktif sitelerin bloke olmasēna 

sebep olmuĸtur. Tek metalli katalizºrler buhar inhibisyonu sonucunda aktivite kaybederken, 

çift metalli Au-Re/CeO2 katalizºrleri daha iyi performans sergilemiĸlerdir. Re/CeO2 

katalizºrlerinin WGS tepkimesi iin aktif olmadēĵē tespit edildiĵinden, Au-Re/CeO2 

katalizºrlerinin y¿ksek performansē iki metalin etkileĸiminden kaynaklanan yeni sitelerin 

buhar toleransēyla iliĸkilendirilebilir. Sonular Au-Re/CeO2 katalizörlerinin WGS tepkimesi 

iin y¿ksek seimlilik ve aktiviteye sahip olduĵunu gºstermektedir. 
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Microchannel reactors are defined as the units having parallel, identical channels with 

characteristic flow dimensions in the sub-millimeter range that lead to high surface area-to-

volume ratios up to ca. 5x104 m2/m3. The resulting compactness leads to commercial down-

sizing up to ~90%, offers fast heat and mass transport rates and allows efficient use of the 

catalyst that usually exists as a thin, porous layer wash-coated on the channel walls. These 

functional benefits provide an efficient way of running transport limited catalytic reactions 

such as hydrocarbon steam reforming. 

This work involves model-based investigation of steam reforming of iso-octane in Ni-

based catalyst coated microchannels to produce hydrogen needed to run a 1-kW PEMFC. 

Heat needed for endothermic (endo) steam reforming is supplied by the exothermic (exo) 

methane combustion running in parallel channels coated with a Pt-based catalyst. Sets of 

parallel, straight, 1x10-1 m long exo and endo channels, all of which have square cross-

sections with 5.6x10-4 m side length, are placed in the forms of layers and successive channels 

are equally separated by metallic walls. Heat flow between the intra-layer (identical) channels 

are neglected, allowing the multichannel system to be characterized by a óunit cellô involving 

a single inter-layer pair of endo and exo channels. The system is assumed to operate at steady-

state and reactive flows are assumed to be in co-current mode. 

The unit cell is modeled by incorporating two-dimensional continuity, momentum, 

energy conservation and species mass transport equations for the fluid and catalytic washcoat 

phases, and energy conservation equation for the metallic wall phase. The set of partial 

differential equations is solved using finite elements method under Comsol MultiphysicsTM 

environment. The model is then used to figure out the effects of parameters such as thickness, 

texture and the material of the wall separating the channels on temperature distribution and on 

hydrogen yield, defined as moles of hydrogen produced per mole of iso-octane fed.  

It was observed that more hydrogen can be produced by using thicker walls; 

increasing wall thickness from 1x10-4 m to 4x10-4 m have led to ca. 37% increase in hydrogen 

yield. A similar effect with ~21% improvement in H2 yield was noted when aluminum was 

used instead of steel as the wall material. Using micro-baffles in the channel walls was also 

found to improve hydrogen production. Sizing studies have shown that a 9.4 L microchannel 

unit can produce hydrogen sufficient to run a 1-kW PEMFC.  

 

Keywords: Hydrogen production, Microchannel reactor, Steam reforming 
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Mikrokanal reaktºrler birbirlerine paralel, t¿rdeĸ ve boyutlarē milimetre ºleĵinin 

altēnda olan kanallardan meydana gelen birimler olarak tanēmlanmakta, ufak kanal boyutlarē 

ile birim hacimde 5x104 m2/m3ôe varan y¿zey alanlarē oluĸabilmektedir. Bunun sonucunda 

%90ôa varan hacim k¿¿lmeleri, hēzlē ēsē ve k¿tle iletimi ve genellikle kanal duvarlarēna ince, 

gºzenekli ĸekilde kaplē halde bulunan katalizºrlerin verimli kullanēmē saĵlanabilmektedir. Bu 

yararlē ºzellikler ile, hidrokarbonlarēn buhar reformlanmasē gibi hēzlarē taĸēnēm olaylarē ile 

kontrol edilen katalitik tepkimeleri y¿ksek verimle koĸturmak m¿mk¿n olmaktadēr. 

Bu alēĸmada, 1-kW kapasiteli bir PEM yakēt pili iin yeterli hidrojen ¿retebilmek 

amacēyla i-oktanēn, duvarlarēna Ni-bazlē katalizºr kaplē bir mikrokanalda buhar ile 

reformlanmasē hesaplamalē yºntemlerle incelenmiĸtir. Endotermik (endo) buhar reformlama 

iin gereken ēsē, Pt-bazlē katalizºr kaplē, bir diĵer paralel kanalda ilerleyen eksotermik (ekso) 

metan yanmasē ile saĵlanmaktadēr. Her biri 1x10-1 m uzunluĵunda, d¿z, birbirlerine paralel, 

kenar uzunluĵu 5.6x10-4 m olan kare kesit ĸekilli endo ve ekso kanallarēn, tabakalar halinde, 

aralarēnda eĸit metal duvar kalēnlēĵē bulunacak ĸekilde yerleĸtirildiĵi d¿ĸ¿n¿lm¿ĸt¿r. Bir 

tabaka içindeki, yani denk tepkimelerin ilerlediĵi kanallar arasēndaki ēsē akēĸē ihmal edilmiĸ, 

bu varsayēm ok kanallē bir sistemin, tabakalar arasē tek bir ekso-endo kanal iftinden oluĸan 

bir óbirim h¿creô ¿zerinden temsil edilebilmesine imkan tanēmēĸtēr. Birim h¿crenin duraĵan 

hal koĸullarēnda bulunduĵu ve paralel ekso-endo akēĸlarēnēn eĸ-yºnl¿ olduĵu ayrēca 

varsayēlmēĸtēr. 

Birim h¿crenin akēĸkan ve katalizºr fazlarēndaki davranēĸ iki boyutlu s¿reklilik, 

momentum, enerji ve bileĸenlerin k¿tle korunumu denklemleri ile, metalik (iki kanalē 

birbirinden ayēran) duvar fazēndaki davranēĸ ise sadece enerji korunumu denklemi ile 

modellenmiĸtir. Kēsmi diferansiyel t¿rdeki bu oklu denklem seti eĸzamanlē olarak sonlu 

elemanlar yöntemi ile Comsol MultiphysicsTM ortamēnda ºz¿lm¿ĸt¿r. Bu model ºz¿m¿, 

kanallar arasēndaki duvarēn kalēnlēĵē, y¿zey ĸekli ve malzeme t¿r¿ gibi deĵiĸkenlerin, sēcaklēk 

daĵēlēmē ve hidrojen eldesi (= ¿retilen hidrojen mol sayēsē / beslenen i-oktan mol sayēsē) 

¿zerindeki etkilerinin incelenmesinde kullanēlmēĸtēr.  

Elde edilen sonularda ¿retilen hidrojen miktarēnēn duvar kalēnlēĵē ile birlikte arttēĵē 

gºr¿lm¿ĸt¿r; kalēnlēĵēn  1x10-4 m to 4x10-4 môe ēkartēlmasē ile hidrojen eldesi ~%37 

y¿kselmiĸtir. Benzer bir sonu (~%21ôlik H2 eldesi artēĸē) duvar malzemesinin elik yerine 

al¿minyum kullanēlmasē ile gºzlemlenmiĸtir. Ayrēca kanal duvarlarēna mikro girintilerin 

yerleĸtirilmesi ile hidrojen ¿retiminde bir miktar artēĸ tespit edilmiĸtir. Bu sonular 

mikrokanal reaktºr¿n yapēsal ºzelliklerinin tepkimeler arasēndaki ēsē iletimi ¿zerindeki 

etkilerini gºstermektedir. Yapēlan boyutlandērma alēĸmalarē 9.4 L hacimli bir mikrokanal 

biriminin 1-kW kapasiteli PEM yakēt pili iin yeterli hidrojen ¿retimini saĵlayabileceĵini 

ortaya koymuĸtur.  
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Converting all of the carbonaceous species into CO2 is the crucial factor in Total 

Organic Carbon Instruments. Catalytic combustion is applied in order to assure complete 

oxidation of sample which is converted to the gas phase with the aid of high temperature. In 

the present study, necessity of catalytic combustion and combustion products of a typical 

sample were investigated with the aid of mass spectrometer. After determining the need for 

catalyst, Co3O4/Al 2O3, Pt-Co3O4/Al2O3 and Pt/Al2O3 catalysts were prepared by wet 

impregnation technique. Cobalt (II) nitrate hexahydrate, Cobalt (II) acetate tetra hydrate were 

used as cobalt source, hydrogen hexachloroplatinate (IV) hexahydrate was used as platinum 

source and 1-3mm od ɔ-Al 2O3 was used as support material.  According to the activity tests 

for methane combustion in the presence of excess oxygen, 50% conversion was achieved at 

465 oC, 420 oC and 370 oC with Co3O4/Al 2O3, Pt-Co3O4/Al2O3 and Pt/Al 2O3 catalysts, 

respectively. The Pt/Al2O3 catalyst was the most active compared to the others ant it was 

subjected to combustion of five different matrices containing lead, sulfur, nitric oxide, 

chloride and hydrocarbon for 5, 25 and 100 times. The activity tests were applied on the aged 

samples and it was observed that after 5 and 25 times aging the 50% conversion temperature 

remained at 370 oC just like fresh catalyst. However, after 100 aging 50% conversion 

temperatures were shifted above 500 oC. After characterize the aged and fresh catalysts in 

terms of crystallinity, surface area and metal dispersion improvement of catalyst for longer 

service life will be studied. 

 

This research was done as a part of TUBITAK funded project 7070192  

 

Keywords: Total Organic Carbon, Platinum on Alumina, Complete Oxidation 
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Toplam Organik Karbon cihazlarēnda, karbonlu bileĸiklerin tamamēnēn karbondioksite 

(CO2) dºn¿ĸt¿r¿lmesi kilit faktördür. Birçok cihazda tam oksidasyonun saĵlanmasē iin 

katalitik yakma uygulanmaktadēr. Bu alēĸmada, bir k¿tle spektrometrisi kullanan reaksiyon 

d¿zeneĵinde katalitik yanmanēn gerekliliĵi ve tipik bir numunenin yanmasēndan ēkan ¿r¿nler 

incelenmiĸtir. Co3O4/Al2O3, Pt-Co3O4/Al2O3 ve Pt/Al2O3 katalizºrleri emdirme tekniĵi 

kullanēlarak hazērlanmēĸtēr. Kobalt (II) nitrat hegzahidrat, Kobalt (II) asetat tetra hidrat, kobalt 

kaynaĵē olarak, hidrojen hegzakloroplatin (IV) hegzahidrat, platin kaynaĵē olarak ve 1-3mm 

aplē ɔ-Al 2O3 k¿reler altlēk olarak kullanēlmēĸtēr. Aktivite testleri, fazla oksijen varlēĵēnda 

metan yanmasē reaksiyonu ¿zerinde yapēlmēĸ ve Co3O4/Al2O3, Pt-Co3O4/Al 2O3 ve Pt/Al2O3 

katalizºrleri iin 50% dºn¿ĸ¿mün sērasēyla 465 oC, 420 oC ve 370 oCôde gerekleĸtiĵi 

gºr¿lm¿ĸt¿r. Diĵer katalizºrlere kēyasla en aktif katalizºr¿n Pt/Al2O3 olduĵu anlaĸēlmēĸtēr. Bu 

aktif katalizºr daha sonra zehirleyici etkisi bilinen beĸ farklē matrisin (kurĸun, k¿k¿rt, nitrik 

oksit, klor ve hidrokarbon) yanma ürünlerine maruz bērakēlmēĸ ve katalizºr¿n ºmr¿ tayin 

edilmeye alēĸēlmēĸtēr. Eskitme testleri toplamda 125 defa yapēlmĸ ve 5., 25. ve 125. tekrardan 

sonra aktivite testi tekrarlanmēĸtēr. 5. ve 25. yakma sonrasēnda katalizºr¿n metan 

oksidasyonunda %50 dºn¿ĸ¿m sēcaklēĵē 370 oC olarak kalmēĸ, buna karĸēlēk 125. yakma 

sonrasēnda %50 dºn¿ĸ¿m sēcaklēĵēnēn 500 oCônin ¿zerine ēktēĵē gºr¿lm¿ĸt¿r. Eskitilmiĸ ve 

taze katalizºrlerin, kristallik, y¿zey alanē, metal daĵēlēmē bakēmēndan karakterizasyon 

sonularē sunulacaktēr. 

 

Bu alēĸma T¦BĶTAK tarafēndan desteklenen 7070192 nolu proje erevesinde yapēlmēĸtēr. 
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The catalytic performances of cobalt-lead (Co-Pb) mixed metal oxides on the catalytic 

gasification of Turkish lignite were tested in a semi-batch reactor system in the tempeature 

range of 25-600oC, and gaseous products were analyzed by a gas chromatograph (HP 4890) 

connected on line to the reactor equipped with a Porapak Q column. The catalyst was 

prepared by incipient wetness method at a wt/wt ratio of 1/1. The results demonstrated that 

Co-Pb mixed metal oxides catalysts increase the coal gasification rate and affect the 

composition of gaseous products depend on coal to catalyst ratio. Coal to catalyst ratio was 

optimized as 10. In this part of the study, synergy between Co and Pb oxides was investigated 

by monitoring the catalytic performances of cobalt oxide and lead oxide individually on the 

catalytic gasification of Turkish lignite. In order to compare the performance of individual 

oxides with cobalt-lead (Co-Pb) mixed metal oxides, the same experimental conditions and 

same coal to catalyst ratio were used. The comparison among, Wcoal/WCocat.=10,  

Wcoal/WPbcat.= 10 and Wcoal/WCo-Pb mixed oxide cat.=10 showed that at the same (wt/wt) coal/cat 

ratio Co-Pb mixed oxides exhibited more rates at 350oC while individual oxides exhibited 

maximum rates at 450oC. This is interpreted as the synergy between Co and Pb oxides. The 

sources of synergy and the relation between the activity and catalyst structure will be 

presented. 
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Kobalt (Co) ve kurĸun (Pb) karēĸēk metal oksitlerinin T¿rk linyitlerinin katalitik 

gazlaĸtērēlmasēndaki performanslarē 25oC-600oC sēcaklēk aralēĵēnda, yarē kesikli reaktºr 

sisteminde test edilmiĸ ve gaz ¿r¿nler Porapak Q kolonlu (HP 4890 markalē) gaz kromatografē 

cihazē ile analiz edilmiĸtir. Katalizºr aĵērlēka 1/1 oranēnda ēslaklēk baĸlangēcē metoduyla 

hazērlanmēĸtēr. Deney sonularē Co-Pb karēĸēk metal oksitlerinin kºm¿r gazlaĸtērma hēzēnē 

artērdēklarēnē ve kºm¿r katalizºr oranēna baĵlē olarak gaz ¿r¿nlerin bileĸimini etkilediklerini 

gºstermiĸtir. Kºm¿r katalizºr oranē 10 olarak optimize edilmiĸtir.  ¢alēĸmanēn bu bºl¿m¿nde, 

Co ve Pb oksitleri arasēndaki sinerji, Co ve Pbônun tek baĸēna oksitlerinin T¿rk linyitlerinin 

katalitik gazlaĸtērēlmasē ¿zerindeki performanslarē gºr¿nt¿lenerek incelenmiĸtir. Tek baĸēna 

oksitlerin performanslarēnē karēĸēk oksitlerin performansēyla karĸēlaĸtērmak iin aynē deney 

ĸartlarē ve aynē kºm¿r katalizºr oranē kullanēlmēĸtēr. Aĵērlēka kºm¿r/Co kat.=10, kºm¿r/Pb 

kat.=10 ve kömür/Co-Pb karēĸēk oksit kat.=10 arasēndaki karĸēlaĸtērma sonucu, aĵērlēka aynē 

kºm¿r katalizºr oranēnda  Co-Pb karēĸēk oksitler kullanēldēĵēnda maksimum hēz 350oCôde 

elde edilirken, ayrē ayrē Co ve Pb oksitleri kullanēldēĵēnda maksimum hēz 450oCôde 

gºzlenmiĸtir. Bu sonu Co ve Pb oksitlerin arasēndaki sinerji olarak yorumlanmēĸtēr. 

Sinerjinin nedenleri,  aktivite ve katalizºr yapēsē arasēndaki iliĸki bu alēĸmayla sunulacaktēr. 
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Bio-oil produced from the fast pyrolysis of biomass is a complex mixture of highly 

oxygenated molecules, which consists of many oxygenated organic species, such as esters, 

ethers, aldehydes, ketones, phenols, organic acids and alcohols. As produced, bio-oil also 

contains a large amount of water. The presence of organic acids in the bio-oil results in a 

liquid with a low pH of 2.5-3, so it would be desirable to remove these acids to make 

subsequent utilization of the bio-oil simpler. The current study examined the use of a strong 

acid ion-exchange resin, Amberlyst 35, which is known to be an excellent catalyst for 

esterification reactions, since it has high activity and ease of recovery by filtration after the 

reaction is completed.  Acetic acid was used as a model compound as it is a common 

chemical species in bio-oil. Separating acetic acid and water via distillation is difficult 

because they form an azeotrope. In our experiment, we exploited the fact that esters (e.g., 

ethyl acetate, bp. 350 K) have a lower boiling than their corresponding acids (e.g., acetic acid, 

b.p. 391 K); hence, it was possible to convert low molecular weight acids with alcohol into 

esters and separate them from bio-oil by reactive distillation. To achieve this separation, 

cyclohexane was chosen as an entrainment solvent.  
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Biyok¿tlenin hēzlē  prolizinden ¿retilen bio-yaĵ, birok oksijenli organik t¿rlerden 

oluĸan, ºrneĵin esterler, eterler, aldehitler, ketonlar, fenoller, organik asitler ve alkol gibi,  

y¿ksek oksijenli molek¿llerin kompleks bir karēĸēmēdēr. ¿retildiĵi zaman, aynē zamanda bio-

yaĵ  b¿y¿k miktarda su ierir.  Bio-yaĵdaki  organik asitlerin bulunmasē 2.5-3 aralēĵēndaki 

d¿ĸ¿k pH deĵerli bir sēvēyē oluĸturur. Bºylece bio-yaĵē daha faydalē birĸekilde kullanmak iin 

bu asitleri uzaklaĸtērmak istenir. Mevcut alēĸma tepkime tamamlandēktan sonra y¿ksek 

aktivitesi ve uzaklaĸtērma kolaylēĵēna sahip olmasēndan dolayē esterleĸme tepkimeleri iin  

mükemmel bir katalizör olarak bilinen kuvvetli asidik iyon deĵistirici recinenin, Amberlyst 

35, kullanēmē incelendi. Asetik asit, bio-yaĵdaki en yaygēn bileĸen olduĵu iin bir model 

olarak kullanēlmēĸtēr. Asetik asit ve H2O azeotrop  oluĸturduĵu icin  damētma ile onlarē 

ayērmak zordur. Deneyimizde, esterlerin  (ºrneĵin, etil asetat, bp. 350 K) ilgili asitlerinden 

(ºrneĵin, asetik asit,  bp. 391 K) daha d¿ĸ¿k kaynama noktasēna sahip olmasē gereĵinden 

faydalandēk. Bu y¿zden, alkol ile d¿ĸ¿k molek¿l aĵērlēklē asitleri esterlere dºn¿ĸt¿rmek ve 

orijinal bio-yaĵdan reaktif distilasyon ile onlarē ayērmak m¿mk¿n oldu. Bu ayērēmē baĸarmak 

iin, siklohekzan s¿r¿kleyici bir ºz¿c¿ olarak seilmiĸtir. 
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This work demonstrates how intracellular-reaction rate-analysis enables a successful 

metabolic engineering design to achieve pathway flux amplification to produce target bio-

molecule. Identification of all rate limiting reactions in the pathway by pulse-response 

experiments, subsequently catalyses through metabolic engineering on the determined sites 

can be applied as a valuable strategy in recombinant bio-molecule production.  To achieve 

flux amplification in a pathway to produce the concerned bio-molecule, in turn: i) a pulse-

response experiment in-vitro using a branch-point metabolite inherent to the pathway, that 

allows the identification of rate-limiting-reactions (sites) by calculating intracellular reaction 

fluxes based on the intracellular reaction network, is required; ii) to demonstrate the influence 

of catalysis on the determined sites separately, by single-gene cloning a recombinant 

microorganism specific to each identified single site wherein carries a recombinant plasmid 

having the gene encoding the enzyme of the rate-limiting reaction; and then, to demonstrate 

the concerted influence of the catalyses on the pathway, by multiple-gene cloning a 

recombinant plasmid carrying all the genes encoding the enzymes of the determined rate-

limiting reactions, need to be constructed.  

 

Keywords: Metabolic engineering, flux, rate-limiting step, phenylalanine. 
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             The methylotrophic yeast Pichia pastoris has become a popular host for industrial 

protein production due to its ability to produce foreign proteins at high levels. An overview of 

the literature on recombinant-protein (r-protein) production by Pichia pastoris reveals the 

importance of the proper choice of carbon source(s) and their feeding strategy. In the present 

work, the influence of methanol feeding rate on intracellular reaction network of  recombinant 

human growth hormone (rhGH) producing Pichia pastoris were investigated in the medium 

containing sorbitol at three different specific growth rates (ɛ), namely, 0.02 (MS-0.02), 0.03 

(MS-0.03), and 0.04 (MS-0.04) to obtain a deeper understanding of the regulatory circuitry of 

P. pastoris, using the established stoichiometry-based model containing 102 metabolites and 

141 reaction fluxes. Based on the variations in cell, rhGH, protease, sorbitol concentrations 

and specific alcohol oxidase activity with the cultivation time bioprocess were divided into 

four three representative periods. To analyze each period, a screenshot of the metabolism is 

taken, that is extracellular concentration data from representative points of each period are 

used in the metabolic flux analysis.  Period I (0<t<8 h) includes the lag phase, where rhGH 

synthesis just starts to increase; Period II (8Òt<15 h) is the exponential phase; Period III 

(15Òt<18 h) is the exponential phase where the rhGH was the highest; and Period IV (tÓ18) is 

the diminution phase for rhGH and cell synthesis. The data for cultivation times of t1 = 7 h, t2 

= 14 h, t3 = 17 h and t4 = 20 h were used to obtain the intracellular metabolic flux distributions 

in Periods I, II, III, and IV respectively. The diversions in the pathways and certain metabolic 

reactions and potential strategies for improving rhGH production will also be discussed. 

 

Keywords: Metabolic flux analysis, rate limiting step, Pichia pastoris, human growth 

hormone 
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Supercritical deposition is a relatively new ad promising technique to prepare 

supported catalysts. The technique involves the dissolution of an organometallic (OM) 

precursor in supercritical carbon dioxide (scCO2) and the adsorption of OM to the porous 

support from the scCO2 solution. Once the OM precursor is adsorbed, it can be converted to 

its metal form using various thermal or chemical reduction methods  leading to supported 

nanoparticles. In this study, nickel nanoparticles were incorporated for the first time on the 

surface of a carbon aerogel support using supercritical deposition. Carbon aerogels with 

different pore sizes were synthesized by pyrolysis of resorcinol-formaldehyde aerogels 

obtained via a sol-gel route and scCO2 drying. Carbon aerogels were impregnated with 

nickel(II) acetylacetonate (Ni(acac)2) precursor from scCO2 solution at 30MPa and 60°C. The 

resulting material was subsequently subjected to hydrogen at atmospheric pressure and at 

temperatures of 170°C to 200°C leading to nickel nanoparticles on the surface of the carbon 

aerogel support. The catalysts were characterized by X-Ray Diffraction (XRD) and 

Transmission Electron Microscopy (TEM). The influence of metal loading (3 wt. % and 5 wt. 

%), the reduction temperature and the pore size of the carbon aerogel on the size and 

dispersion of nanoparticles were investigated. The particle size of the nanoparticles ranged 

between 7 and 20 nm depending on various nickel loadings and reduction temperatures. The 

electrocatalytic activity of the catalysts were evaluated by cyclic voltammetry.  

 

Keywords: supported nanoparticles, nickel, supercritical deposition 
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             S¿perkritik depozisyon, destekli katalizºr hazērlamak iin nispeten yeni ve ¿mit verici 

bir metottur. Bu teknikte önce bir organometalik (OM) ön madde süperkritik karbon dioksit 

(scCO2) iinde ºz¿n¿r ve ardēndan scCO2 çözeltisinden gözenekli bir destek maddesine 

adsorblanēr. OM adsorbe olduktan sonra, eĸitli kimyasal veya ēsēl yollarla metal haline 

çevrilebilir. Sonu olarak, destekli metal nanoparacēklarē oluĸur. Bu alēĸmada, s¿perkritik 

depozisyon yºntemiyle ilk defa, karbon aerojellerin y¿zeylerinde nikel nanoparacēklarē 

oluĸturulmuĸtur. Deĵiĸik gºzenek boyutlarēndaki karbon aerojeller, sol-jel yolu ve scCO2 

kurutma ile elde edilmiĸ risorsinol-formaldehit aerojellerinin pirolizi ile meydana getirilmiĸtir. 

Nikel(II) asetilasetonat (Ni(acac)2), 30MPa ve 60ÁCôdeki scCO2 çözeltisinden karbon 

aerojellere emprenye edilmiĸtir. Bunu takiben, meydana gelen kompozit, atmosfer basēncēnda 

ve 170 ile 200ÁC arasēnda sēcaklēklarda hidrojene maruz bērakēlarak karbon aerojel y¿zeyinde 

nikel nanoparacēklarē oluĸturulmuĸtur. Katalizºrler, X-Iĸēnē Difraksiyonu (XRD) ve 

Geçirimli Elektron Mikroskobu (TEM) ile karakterize edilmiĸtir. Metal miktarē (k¿tlece %3 

ve %5), indirgeme sēcaklēĵē ve karbon aerojellerin gºzenek boyutunun nanoparacēklarēn 

boyutu ve daĵēlēmē ¿zerine etkisi incelenmiĸtir. ¢eĸitli nikel miktarlarēna ve indirgeme 

sēcaklēklarēna baĵlē olarak nanoparacēklarēn paracēk boyutu 7 ile 20nm arasēnda deĵiĸmiĸtir. 

Katalizºrlerin elektrokatalitik aktiviteleri Siklik Voltametri (CV) kullanēlarak 

deĵerlendirilmiĸtir. 

 

Anahtar Kelimeler:  destekli nanoparacēklar, nikel, s¿perkritik depozisyon 
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The iron containing ZSM-5 zeolites have showed remarkable activity and selectivity 

in the oxidative dehydrogenation of propane with N2O as well as hydroxylation of benzene 

and epoxidation of propene. This is related with oxygen species formed via N2O activation 

over the Fe-ZSM-5 zeolites.   In this work, a series of iron containing zeolites with varying 

Si/Al ratios (11.5 to 140) and low iron content ( ~0.9  wt. % Fe ) are synthesised by solid-state 

ion exchange with commercially available zeolites and tested in the dehydrogenation of 

propane with N2O. The catalysts were characterised by XRD, SEM-EDX, Ar-Adsorption, 

NH3-TPD, H2-TPR, DRIFT, UV/vis and XPS.  Moreover, the catalytic performances of Fe-

ZSM-5 were compared with Fe/SiO2 samples and responsible iron species in dehydrogenation 

and total oxidation were to try to determine based on their characterisation results and 

catalytic performances in decomposition of N2O and dehydrogenation of propane with N2O.   

With increase in the Si/Al ratio, whereas N2O conversion is decreasing, a slightly increase in 

the propane conversion and an distinctive increase in the selectivity towards propene are 

observed. This might be result of differences in acidity of zeolites and in the number of iron 

cations introduced into zeolites with varying Si/Al.  In addition, the iron species responsible 

for the N2O decomposition and dehydrogenation of propane are different each other, which 

can be determined with the assistance of H2-TPR, UV/vis, XPS , DRIFT, NH3-TPD.   

  

Keywords: Dehydrogenation of propane, N2O, Fe-ZSM-5 
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Demir içeren ZSM-5 zeolitleri benzenin hidroksilasyonu ve propenin epoksidasyonu 

benzer olarak N2O ile propanēn oksidatif dehidrojenasyonunda önemli miktarda aktivite ve 

seçimlilik göstermektedirler. Bu Fe-ZSM-5 zeolitleri yüzeyinde N2O aktivasyonuyla oluĸmuĸ 

oksijen t¿rleriyle iliĸkilidir. Bu alēĸmada, deĵiĸen Si/Al oranlē (11.5-140) ve d¿ĸ¿k demir 

içerikli       ( ~% 0.9 wt. Fe )  zeolitlerin bir serisi  ticari olarak mevcut olan  zeolitlerle katē 

hal iyon deĵiĸimiyle sentezlenmiĸ ve N2O ile propanēn dehidrojenasyonunda test edilmiĸtir. 

Katalizörler XRD, SEM-EDX, Argon -Adsorpsiyonu, NH3-TPD, H2-TPR, DRIFT, UV/vis ve 

XPS ile karakterize edilmiĸtir. Ayrēca, Fe-ZSM-5ôin katalitik aktiviteleri Fe/SiO2 örnekleriyle 

karĸēlaĸtērēlmēĸtēr. Dehidrojenasyon ve toplam oksidasyondan sorumlu demir türleri, 

karakterizasyon sonularē ve N2Oônun dekompozisyonu ve N2O ile propanēn 

dehidrojenasyonu aktiviteleri temel alēnarak belirlenmeye alēĸēlmēĸtēr.  

Si/Al oranēn artmasēyla, N2O dºn¿ĸ¿m¿ azalērken, propan dºn¿ĸ¿m¿nde hafif bir artmēĸ, 

propen seimliliĵi ise belirgin bir artēĸ gºzlenmiĸtir. Bu zeolitlerin asitliĵinde ve deĵiĸen 

Si/Al oranēyla zeolitlere y¿klenen demir katyonlarēn sayēsēndaki farklēlēklarēn bir sonucu 

olabilir. Ayrēca N2O dekompozisyonundan ve propanēn dehidrojenasyonundan sorumlu demir 

t¿rleri birbirinden farklēdēr ve bunlar H2-TPR, UV/vis, XPS, DRIFT, NH3-TPD yardēmēyla da 

belirlebilmektedir.  

 

Anahtar Kelimeler: Propanēn dehidrojenasyonu, N2O, Fe-ZSM-5 
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Today, high energy demand and environmental issues brings up the need for clean 

alternative energy sources. Polymer electrolyte membrane fuel cells, at this point play the key 

role since green energy sources like ethanol can be used to generate electricity. Direct ethanol 

fuel cells have higher theoretical cell voltage and have a potential of generating higher 

number of protons on the anode when compared with hydrogen fuel cells. In spite of this, 

alcohol crossover and the poisoning effect of decomposition products during electro-oxidation 

of lower alcohol is still a problem. Therefore, cathode electrodes which would minimize 

alcohol crossover effect and anode electrodes which would eliminate surface decomposition 

products of alcohol like carbon monoxide should be developed.  Inevitably, anode electrodes 

in DAFCôs involve alloys of platinum transition metals like PtSn ,PtRu, PtSnNi, PtRh, 

PtSnRh. In this respect, non-noble transition metal bimetallics can be searched that have close 

electrochemical properties to high performance electrocatalysts. 

In this study, electrochemical behavior of low Pt and Ru loaded (< 1%) Fe-Ni 

bimetallics prepared by ion exchange technique were investigated. Surface and bulk 

properties of home-made catalysts prepared at different reduction temperatures were 

determined by XPS and ICP techniques. At the same time, electrochemical stability and 

activity to wards ethanol electro-oxidation were observed. Application of electrocatalysts on 

the anode electrode of direct ethanol fuel cell exhibited superior polarization compared with 

Pt/C (20wt% Pt) commercial catalyst.  

  

Keywords: Anode, fuel cell, ethanol, electrode, oxidation 
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Günümüzde, yüksek enerji talebi ve çevresel sorunlar temiz alternatif enerji 

kaynaklarēna ihtiyacē ortaya ēkarmaktadēr.  Bu noktada, polimer membran elektrolit yakēt 

h¿creleri, etanol gibi yeĸil enerji kaynaklarēnē elektrik ¿retmek amacēyla kullandēĵē iin 

anahtar roldedir. Doĵrudan etanol yakēt h¿crelerinin (DEYH) hidrojen yakēt h¿creleri ile 

kēyaslandēĵēnda y¿ksek teorik h¿cre voltajē, daha fazla sayēda proton ¿retebilme potansiyali 

gibi avantajlarē bulunmaktadēr. Buna karĸēn, alkolô¿n katoda taĸēnmasē ve elektro-oksidasyon 

sērasēnda alkol¿n paralanmasē ile oluĸan zehirlenme etkisi halen sorun teĸkil etmektedir. 

Bundan dolayē, alkol geiĸini minimize edebilecek katot elektrotlarēn ve karbon monoksit gibi 

y¿zeyde tutunan paralanma ¿r¿nlerini elimine edebilecek anot elektrotlarēn geliĸtirilmesi 

gerekmektedir. Kaēnēlmaz olarak, DEYHôlerdeki anot elektrotlar PtSn ,PtRu, PtSnNi, PtRh, 

ve PtSnRh gibi platin alaĸēmlarēnē iermektedir. Bu baĵlamda, y¿ksek performanslē 

elektrokatalizºrlere yakēn elektrokimyasal ºzellikleri olan soy olmayan metal iftleri 

araĸtērēlabilir.  

Bu alēĸmada, iyon deĵiĸtirme tekniĵi ile hazērlanmēĸ d¿ĸ¿k Pt ve Ru y¿klenmiĸ (< 

1%) Fe-Ni ikili metallerinin elektrokimyasal davranēĸē incelenecektir. Farklē indirgenme 

sēcaklēĵēnda hazērlanan katalizºrlerin y¿zey ve yēĵēn ºzellikleri XPS ve ICP teknikleri ile 

tespit edilecektir. Aynē zamanda, elektrokimyasal stabilite ve etanol elektro-oksidasyonuna 

karĸē aktiviteleri de gözlenecektir.  Hazērlanan elektrokatalizºrlerin bazēlarē ticari (aĵērlēka 

%20 Pt ieren) Pt/Côa gºre ¿st¿n ºzellik gºstermektedir.  

 

Anahtar Kelimeler: Anot, yakēt h¿cresi, etanol, elektrot, oksidasyon 
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Chlorinated volatile organic compounds (CVOCs) are important pollutants due to their 

higher toxicity, inertness and widespread application in industries. Besides chlorinated 

volatile organic compounds emissions are toxic and carcinogenic, they cause the ozone layer 

depletion (global warming) and photochemical smog formation. Catalytic combustion is a 

viable technology for the abatement of CVOCs. Because direct combustion has high 

operating costs. Catalytic CVOCs oxidation reaction requires both acid and redox centers. 

Oxidations of CVOCs produce HCl, Cl2, H2O and CO2 .  Cl2 can attack and deactivate the 

catalyst. Catalysts have to possess high stability in the presence of Cl2 and HCl.  

Recently development of PILC (Pillared Interlayered Clay) structure has been very 

important in designing and synthesis as catalytic material. Metal polyoxycations, mixed metal 

oxide clusters or colloidal nanosol particles have been used as pillaring agents during the 

intercalation of PILCs systems. Using of colloidal particles, nanosol PILC as catalyst surface, 

because of their high surface area and high thermal stability, is considered as alternative for 

other PILC systems. 

In this Project, Nanosol PILCs were synthesized appropriately by sol-gel method to 

solve problems in catalytic CVOCs oxidation reactions and were built bimetalic doping by 

metals, to obtain high catalytic activity in oxidation reaction. Characterization of resulting 

(Cu,Cr) doped nanosol (SiO2-TiO2) PILC catalyst systems were carried out by XRD,FTIR, N2 

Adsorption and SEM-EDX analysis. Catalytic activity of bimetalic Nanosol PILCs was tested 

for the oxidation reaction in a fixed bed reactor. TCE (Trichloroethylene) was used as a model 

compound of CVOC and TCE conversion of 98-100% and 95-98% COx yield were found at 

low reaction temperatures.  

 

Keywords: Nanosol PILCs; Oxidation Reaction; Packed Bed Reactor; Tailered Clay; 

Trichloroethylene 
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Uucu organik bileĸiklerin salēmlarē, gerek end¿striyel olarak gerekse evlerde ve 

sanayide temizlik amacēyla (klorine olmuĸ olanlar) ok yaygēn kullanēldēĵēndan evresel ve 

insan saĵlēĵēnē tehdit eder nitelik kazanmēĸtēr. ¢¿nk¿ ºzellikle klorine olmuĸ uucu organik 

bileĸiklerin (CVOCs) salēmlarē son derece zehirli kanserojen olmasē yanēnda ozon tabakasēnēn 

bozulmasēna (k¿resel ēsēnma), fotokimyasal sis oluĸumuna neden olmaktadēr. CVOCsôun yok 

edilmesinde katalitik oksidasyon yºntemi teknolojik olarak en kullanēĸlē olanēdēr. Katalitik 

CVOCs oksidasyon reaksiyonu asit ve redoks merkezleri içerir ve oksidasyonda ürün olarak 

HCl, Cl2, H2O ve CO2 ēkar. Cl2ôun kataliz deaktivasyonu ve HCl-Cl2 ortamēnda stabilizasyon 

gibi problemler nedeniyle kataliz sistemlerin uygun bir ĸekilde tasarlanmasē gerekir. 

Son zamanlarda kil materyali kullanēlarak geliĸtirilen PILCs (Pillared interlayer Clay) 

yapēlarē katalitik materyal olarak tasarēm ve sentezlemede ºn plana ēkmaktadēr. PILCs 

sistemleri interkalasyon iĸlemi polioksikatyonlar, mixed metal oksit kluster veya koloidal 

nanosol partik¿ller gibi pillar vasētalarē ile gerekleĸtirilmektedir. Son zamanlarda koloidal 

partikül nanosol PILCs in kataliz y¿zeyi olarak kullanēmlarē y¿ksek y¿zey alanē ve termal 

stabiliteleri nedeniyle, diĵer PILCs sistemlere alternatif olarak gºz ºn¿ne alēnmaktadēr.  

Bu alēĸmada nanosol PILCs sol-gel yöntemiyle sentezlenerek oksidasyon 

reaksiyonlarēnda katalitik aktivitesi y¿ksek olduĵu bilinen geiĸ metallerin uygun 

kombinasyonlarēyla bimetalik giydirme yapēlmēĸtēr. Elde edilen (Cu,Cr) doplu nanosol (SiO2-

TiO2) PILCs kataliz sistemlerin karakterizasyon alēĸmalarē XRD, FTIR, N2-adsorpsiyon ve 

SEM-EDX analizleri yapēlarak gerekleĸtirilmiĸtir. Nanosol PILCs kataliz sistemlerinin 

katalitik aktiviteleri sabit yataklē reaktºrde gerekleĸtirilen oksidasyon reaksiyonunda test 

edilmiĸtir. CVOC olarak TCE nin kullanēldēĵē oksidasyon reaksiyonunda d¿ĸ¿k sēcaklēklarda 

%98-100 dºn¿ĸ¿m ve %95-98 COx seimlilik gibi y¿ksek deĵerler elde edilmiĸtir.  
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Because of increasing energy demand in the world, fuel cells attraching wide interest.  

Their application field is varrying from street lights to automobile [1].  However, high costs 

by producing hinders the application in daily-usage. 

The direct use of hydrogen in fuel cells and methanol, ethanol and formic acid which 

known as hydrogen sources can be used as well. In last 10 years, there are many researchs in 

formic acid fuel cells [2].  Because, formic acid has a higher theoretical open circuit potential 

(1.4 V) than the other fuel cells and crossover of formic acid through the polymer membrane 

is lower.  Because of this, the power output of formic acid fuel cells is remarkable high [3].  

However, due to corrosive character of formic acid, the live-time of the cells and other 

materials are negativly affected. 

In the present study, formic acid oxidation was investigated on Pt and Pd modified gas 

difussion layers (GDL).  In this case, the catalyst sludge, which is prepared from HiSpec 3000 

which contain % 20 Pt (3.5 nm) and Fumion, applied on the GDL by Screen Printing method. 

Then, prepared material is tempered for drying.  In the following step, this material was used 

as an electrode and electrochemical behaviours of the electrode were investigated by cyclic 

voltametry and impedance measurments in 0.5 M H2SO4 and xM HCOOH/0.5M H2SO4 

electrolytes.  Behaviours of the prepared electrocatalyst in 1 M HCOOH solution is shown in 

Fig.1.  

 

          
Fig.1.  The cyclic voltammograms and Nyquist plots of Pt modified GDL in  1 M HCOOH/0.5 M H2SO4.  

 

Keywords:  Fuel Cells, Formic acid, Gas Diffusion Layers (GDL) and Screen Printing.  
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Artan enerji talebini karĸēlayabilmek iin ¿retilen yakēt h¿creleri geniĸ kullanēm 

alanēna sahiptirler[1]. Ancak, ¿retim maliyetinin y¿ksek olmasē ve alēĸma aĸamalarēnda 

karĸēlaĸēlan problemler yakēt h¿crelerinin uygulamaya gemesini sēnērlamaktadēr. 

Yakēt h¿crelerinde hidrojenin doĵrudan kullanēmēnēn yanē sēra, hidrojen kaynaĵē 

olarak bilinen metanol, etanol, formik asit gibi karbonil bileĸikleri de kullanēlmaktadēr.  Son 

10 yēldēr, formik asit yakēt h¿creleri ¿zerine bir ok alēĸma yapēlmaktadēr [2]. Bunun nedeni, 

formik asit yakēt h¿crelerinin, diĵer yakēt h¿crelerine gºre daha y¿ksek aēk akēm 

potansiyeline (1.4 V) sahip olmasēdēr. Ķlaveten, formik asidin memrandan karĸē yarē h¿creye 

dif¿zyon hēzēnēn d¿ĸ¿k olmasē nedeniyle formik asit yakēt h¿crelerinin ēkēĸ g¿c¿ y¿ksektir 

[3]. Diĵer taraftan formik asidin korozyona meyilli olmasē kullanēlan h¿cre ve diĵer 

malzemelerin kullanēm s¿relerini olumsuz etkilemektedir.  

Bu alēĸmada, Pt ve Pd ile modifiye edilmiĸ bir elektrodun (GDL), formik asit 

oksidasyonundaki elektrokimyasal davranēĸē incelenmiĸtir. Bu amala gaz dif¿zyon 

tabakasēndan alēnan kesit ¿zerine, k¿tlece %20 Pt (3.5 nm boyutunda) ieren HiSpec 3000 ve 

Fumion ile hazērlanan katalizºr amuru s¿r¿lm¿ĸt¿r (Screen Printing). Daha sonra bu 

malzeme kurumasē iin temperlenerek elektrot haline getirilmiĸtir. Hazērlanan elektrodun 0.5 

M H2SO4 ve xM HCOOH/0.5M H2SO4 ºzeltilerindeki davranēĸē dºn¿ĸ¿ml¿ voltametri ve 

impedans ºl¿mleri ile incelenmiĸtir.  ķekil 1 de hazērlanan katalizºr¿n 1 M HCOOH iindeki 

davranēĸē gºsterilmektedir. 

          
ķekil 1. Pt ihtiva eden katalizörün 1 M HCOOH/0.5 M H2SO4 iinde 20 mV/s tarama hēzē ile alēnan dºn¿ĸ¿ml¿ 

voltamogramē ve farklē potansiyellerde alēnan impedans eĵrileri 

 

Anahtar Kelimeler:  Yakēt  H¿creleri, Formik asit, Gaz Dif¿zyon Tabakasē, Screen Printing. 

 
[1] Linden, D., ñHandbook of Batteries and Fuel Cellsò, Mc-Graw Hill Publishing Company, New York, 1984. 

[2]  Zhu, Y., Ha, Y.S. ve Masel, R.I., ñHigh power density direct formic acid fuel cells ò, J. Power Sources, 130 : 8ï14(2004). 

[3]  Rice, C., Ha, S., Masel, R.I. ve Wieckowski, A., ñCatalysts for direct formic acid fuel cells ò, J. Power Sources, 115: 229ï235 (2003). 
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PROX Performance Of The Pt-Sn/AC Catalyst For Fully Realistic Feed: 

Effects Of CO2, Water Vapor And CH4 Presence In Feed Mixture 
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aksoylu@boun.edu.tr 

 

 

Preferential CO oxidation over 1%Pt-0.25Sn/AC catalyst was studied for various feed 

compositions including fully realistic feed. The real time performance of the catalyst and the 

effect of reaction parameters on its PROX activity and selectivity were investigated. The 

reaction parameters tested were temperature, oxygen flow rate in the feed, presence of water 

vapor and carbon dioxide in the feed, individual presence of methane in the feed and, lastly, 

presence of methane in the feed including CO2 and water vapor. The results showed that 

presence of CO2 and H2O in the feed does not significantly affect the CO conversion 

performance and CO selectivity of the catalyst. The PROX performance of the catalyst for 

realistic H2-rich feed including CO2, H2O and methane was almost equivalent to its 

performance for the ideal feed (ie. feed free of CO2, H2O and CH4) when the O2:CO ratio in 

the feed mixture was 1.25. In the tests, CO conversion was found increasing with a decrease 

in temperature for 135-110 oC range, indicating enhancement in CO selectivity with a 

decrease in temperature. The CO conversion of the catalyst reached for the W/F value tested 

was ca.90% at 110 oC for realistic feed conditions. 

 

Keywords: Preferential CO Oxidation; PROX; Hydrogen Purification; Fuel Processors 
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Gerçekçi Besleme Koĸullarēnda Pt-Sn/AC Katalizörünün Tercihli 

Oksidasyon Tepkimesi Performansē: Besleme Karēĸēmēndaki CO2, CH4 ve 

Su Buharēnēn Etkisi 
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aksoylu@boun.edu.tr 

 

 

Tercihli oksidasyon tepkimesi (PROX) %1Pt-%0,25Sn/AC katalizörü  üzerinde 

tamamen gereki  besleme karēĸēmē da dahil eĸitli kompozisyonlarda besleme karēĸēmlarēyla 

alēĸēlmēĸtēr. Katalizºr¿n gerek zamanlē performansē, tepkime parametrelerinin tercihli 

yanma aktivitesi ve seimliliĵi araĸtērēlmēĸtēr. Test edilen tepkime parametreleri; sēcaklēk, 

besleme karēĸēmēndaki O2 akēĸ hēzē, belseme karēĸēmēndaki CO2, su buharē ve tek baĸēna CH4 

varlēĵē, son olarak da CO2 ve su buharē ihtiva eden besleme karēĸēmēnda CH4 bulunmasēdēr. 

Sonular, besleme karēĸēmēna CO2 ve H2O eklemenin katalizºr¿n CO dºn¿ĸ¿m performansē 

ve seimliliĵi ¿zerinde ok fazla bir etkisi olmadēĵēnē gºstermektedir. Besleme karēĸēmēndaki 

O2:CO oranē 1.25 iken katalizºr¿n hidrojen bakēmēndan zengin CO2, H2O ve CH4 içeren 

besleme koĸullarēnda tercihli oksidasyon performansē, ideal (CO2, H2O ve CH4 içermeyen) 

besleme koĸullarēndaki performansēyla neredeyse eĸittir. Testlerde 135-110ÜC sēcaklēk 

aralēĵēnda sēcaklēk d¿ĸ¿ĸ¿yle beraber CO dºn¿ĸ¿m¿nde artēĸ gºzlenmiĸtir. CO 

dºn¿ĸ¿m¿ndeki bu artēĸ sēcaklēk d¿ĸ¿ĸ¿yle CO seimliliĵinin arttēĵēnē gºstermektedir. 

110ÜCôta gereki besleme koĸullarēnda test edilen W/F deĵeri iin katalizºr¿n CO dºn¿ĸ¿m 

deĵerleri %90ôa ulaĸmēĸtēr. 

 

Anahtar Kelimeler:  Tercihli CO oksidasyonu, PROX, Hidrojen p¿rifikasyonu, yakēt 

prosesörleri 
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The changes in the properties of Ni(111) surface led by Pt substitution and the 

resulting decrease in oxygen chemisorption stability upon Pt-Ni surface alloy formation were 

investigated. It was shown that Pt-Ni surface alloy formation is energetically favored on the 

Ni(111) surface, based on the fact that Pt substitution decreases both the total energy and the 

tensile stress effective on the surface. The decrease in surface stress leads to a decrease in the 

rate of electron transfer from the surface Ni atoms to oxygen and, as a consequence, to a 

weakened oxygen chemisorption stability on the surface. The overall results confirm that Pt-

Ni surface alloys have a higher tendency to stay in metallic form, compared to monometallic 

Ni, and this is one of the reasons of increased catalytic activity and enhanced stability of Pt-Ni 

bimetallic catalysts in oxidative steam reforming, especially at low reaction temperatures.  

 
Keywords: Pt-Ni, surface alloy, steam reforming, oxidative steam reforming, oxygen adsorption, DFT 
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Etkisi  
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Ni(111) y¿zey ºzelliklerinde Pt eklenmesi kaynaklē olan deĵiĸim ve oluĸan Pt-Ni 

y¿zey alaĸēmēnēn oksijen tutma kararlēlēĵēndaki d¿ĸ¿ĸ incelenmiĸtir. Pt eklenmesi sonucunda 

d¿ĸ¿ĸ gºsteren y¿zey toplam enerji ve y¿zey gerilim stres deĵerleri Ni (111) y¿zeyini baz 

alan Pt-Ni y¿zey alaĸēmēnēn oluĸumunun termodinamik aēdan anlamlē olduĵunu gºstermiĸtir. 

Yüzey gerilimindeki bu d¿ĸ¿ĸ y¿zey Ni atomlarēndan y¿zeyde tutunan oksijene elektron 

aktarēm hēzēnē d¿ĸ¿rm¿ĸ ve bunun sonucunda y¿zeyde tutulan oksijenin kararlēlēĵēnda 

zayēflamaya neden olmaktadēr. Sonularēn genel deĵerlendirmesi, tek metalli Ni y¿zeyi ile 

karĸēlaĸtērēldēĵēnda Pt-Ni y¿zey alaĸēmēnēn metalik yapēda kalēĸ  kararlēlēĵēnēn daha y¿ksek 

olduĵunu teyid etmiĸ; bunun da Pt-Ni ift metalli katalizºrlerinin ºzellikle d¿ĸ¿k sēcaklēk 

seviyelerinde gºsterdikleri y¿ksek OSR aktifliĵi ve kararlēlēklarēnēn nedenlerinden biri 

olduĵuna iĸaret etmiĸtir.  

 

Anahtar Kelimeler : Pt-Ni, y¿zey alaĸēmē, buharla reformlama, oksidatif buharla reformlama, 

oksijen tutunmasē, DFT 
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Fuel cells gains increasing importance as power production systems those converting 

chemical energies of fuel and oxidant directly to the heat and electricity.Polymer Electrolyte 

Membrane Fuel Cells (PEMFC) are the most attractive fuel cell due to their high efficiency, 

high current density, silent operation, and being environment friendly systems. Membrane 

electrode assembly that consist of a membrane whose main functions are transportation of 

protons those occur as a result of hydrogen oxidation on anode and to separate fuel and 

oxidant gasses and electrodes catalyst layers on which oxidation and reduction reactions take 

place is regarded as the most important part of the fuel cell. 

  The most widely used membrane-electrode assembly preparation method is the hot 

pressing method. In this study, electroless plating technique was used as an alternative to the 

hot pressing method. Membrane surface was covered with a conductive polymer (polypyroll) 

layer before platin was loaded on the membrane surface by reducing. This method has the 

advantages over the classical methods such as simplicity, does not required use of 

sophisticated high cost equipments and having high performance.  In this study 6 membrane 

samples with different silica contents (%5, %10 ,%15, %20, %25 ve %40) were synthesized. 

Proton conductivities of these membranes were measured by two probe techniques by using 

Solartron 1287-1296 combination. The highest proton conductivity value was obtained for the 

membrane with 20% silica additive as 1.4 mS/cm. Commercial Nafion 117 membrane with 

0.4 mg Pt/cm2 has the proton conductivity of 0.1 S/cm. This high proton conductivity of 

commercial membrane is the result of application of protonization. Therefore, better results 

can be obtained if membrane electrode assembly is prepared after the protonization of 

membrane.  

 

Keywords: ELP(electroless plating), Pt catalyst, compozite membrane 
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Yakēt h¿creleri, hidrojen ve oksitleyicinin kimyasal enerjilerini doĵrudan ēsē ve 

elektrik enerjisine çeviren güç üretim sistemleri olarak gittikçe artan bir öneme sahiptiler. 

Polimer elektrolit membranlē yakēt h¿creleri (PEMYH), diĵer yakēt hücresi türlerine oranla 

daha y¿ksek akēm yoĵunluklarē, daha y¿ksek verime sahip olmalarē, sessiz alēĸmalarē ve 

evre dostu sistemler olmalarē nedeniyle ¿zerinde en ok durulan yakēt h¿cresi t¿r¿d¿r. 

Anotta y¿kseltgenen hidrojen protonlarēnē katoda iletmek ve yakēt ve oksitleyici gazlarē 

birbirinden ayērmakla gºrevli polimer elektrolit membran (PEM) ve y¿zeyinde indirgenme ve 

y¿kseltgenme reaksiyonlarēnēn gerekleĸtiĵi katalizºr tabakasēndan oluĸan membran elektrot 

d¿zeneĵi PEMYHôlerinin en ºnemli kēsmē olarak nitelendirilebilir. 

Membran elektrot d¿zeneĵinin hazērlanmasēnda sēklēkla sēcak presleme yºntemi 

kullanēlmaktadēr. Bu alēĸmada sēcak presleme yºntemine alternatif olarak electroless plating 

tekniĵi denenmiĸtir. Pt, membran y¿zeyine iletken polimer (polipirol) kaplandēktan sonra 

doĵrudan iletken polimer ¿zerinde indirgenerek kaplanmēĸtēr. Kaplama yöntemi klasik 

yönteme göre daha basit, yüksek maliyetli ekipmanlar gerektirmeyen ve daha iyi performans 

saĵlayan bir yºntemdir. Deĵiĸen silika oranlarēnda (%5, %10 ,%15, %20, %25 ve %40) 6 

farklē membran sentezlenmiĸtir. Sentezlenen membranlarēn proton iletkenlikleri 2 proplu 

teknikle Solartron 1287-1296 kombinasyonunda ºl¿lm¿ĸt¿r. Proton iletkenliĵi deĵerleri 

incelendiĵinde en iyi sonu %20 silika katkēlē membrandan (1.4 mS/cm) elde edilmiĸtir. 

Ticari olarak kullanēlan Nafyon 117 membranēn 0.4 mg Pt/cm2 yüklemesinde proton 

iletkenlik deĵeri 0.1 S/cmôdir. Ticari membranēn iletkenlĵi protonlama iĸlemi yapēldēktan 

sonra ºl¿ld¿ĵ¿ iin %20 silika katkēlē membrandan oldukça yüksek gözükmektedir. 

Membranlarēn protonlama iĸlemi yapēldēktan sonra kaplama yºntemiyle membran elektrot 

d¿zeneĵi hazērlanērsa daha iyi sonular elde edilecektir.  

 

Anahtar Kelimeler : ELP(electroless plating), Pt katalizör, kompozit membran 
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Thermal treatment of the catalysts may lead to changes in the support phase, metal 

particle size as well as decoration of metal particles by TiOx moieties known in the literature 

as SMSI effect. In order to investigate effects of calcination temperature, 0.5 and 1 wt. % 

Pt/TiO2 catalysts were prepared by incipient wetness method calcined at 410, 450, 500 °C. 

Changes in crystalline phases will be followed from XRD analysis. Particle size distribution 

of catalysts will be determined from SEM analysis. Furthermore; adsorption characteristics 

are determined from site energy distribution data via Tian-Calvet type heat flow 

microcalorimetry coupled with a volumetric line. Site energy distribution of each catalyst will 

be compared with SEM results. This will provide the relation between site energy distribution 

and particle size distribution. For 0.5% Pt/TiO2 calcined at 410 °C, initial heats of CO and H2 

adsorption were measured to be 160 kJ/mol and 130 kJ/mol respectively when the isotherm 

was measured at 50 °C. CO adsorbed on the surface was evacuated and re-adsorption 

experiment was performed. After re-adsorption, initial heat of CO adsorption was measured to 

be approximately 350 kJ/mol indicating a restructuring of the surface upon chemisorption. 

Relatively lower heats of adsorption during the first excursion could be related to SMSI effect 

which is explained by TiO2 migration over metal particles. This effect could be revealed by 

SEM analysis and consecutive adsorption cycles. Consequently it is expected to understand 

the relation between calcination temperature, metal loading with particle size distribution, site 

energy distribution and metal support interactions.   

 

Authors would like to acknowledge TUBITAK CAYDAG 106Y075 for funding the research. 
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Pt/TiO2 katalizörlerinin ēsēl iĸleme tabii tutulmasē, katalizºr desteĵinin fazēndaki ve 

metal paracēk boyutundaki deĵiĸikliklerin yanē sēra, TiOx paralarēnēn metal paracēklarēnēn 

¿zerini kaplamasēna (SMSI, g¿l¿ metal destek iliĸkisi) da sebep olmaktadēr. Kalsinasyon 

sēcaklēĵēnēn etkilerini incelemek iin 410, 450 ve 500 ÁC de kalsine edilmiĸ 0.5 ve 1 % 

Pt/TiO2 katalizºrleri ēslaklēk baĸlangēcē yºntemiyle hazērlanmēĸtēr. Kristal fazdaki 

deĵiĸiklikler XRD analiziyle, paracēk boyutu daĵēlēmē ise SEM ile gºzlenecektir. 

Katalizörlerin adsorpsiyon karakterizasyonu, hacimsel hatla birleĸtirilmiĸ Tian- Calvet tipi ēsē 

transfer mikrokalorimetrisinden elde edilen merkez-enerji daĵēlēmēyla yapēlmēĸtēr. Elde edilen 

merkez-enerji daĵēlēmlarē ile paracēk boyutu daĵēlēmē arasēnda baĵlantē kurmak için 

mikrokalorimetri verileri SEM verileri ile karĸēlaĸtērēlacaktēr. 410 Côde kalsine edilmiĸ 0.5% 

Pt/TiO2 için CO ve H2 baĸlangē adsorpsiyon ēsē deĵerleri sērasēyla 160 ve 130 kJ/mol olarak 

bulunmuĸtur. Y¿zeye baĵlanmēĸ olan CO desorplandēĵēnda ve tekrar adsorpsiyon 

yapēldēĵēnda, CO baĸlangē adsorpsiyon ēsē deĵeri 350 kJ/molôa ēkmēĸtēr. Bu artēĸ, y¿zeyin 

adsorpsiyon sonucunda yeniden yapēlandēĵēnē iĸaret etmektedir. Ķlk ºl¿mde gºzlenen d¿ĸ¿k 

adsorpsiyon sēcaklēklarē, TiO2 paracēklarēnēn metal paracēklarēnēn ¿st¿ne gº etmesiyle 

tanēmlanan g¿l¿ metal destek iliĸkisine baĵlanabilir. Bu etki SEM analizleriyle ve art arda 

yapēlan adsorpsiyon deneyleriyle gºzlemlenebilir. Sonu olarak, kalsinasyon sēcaklēĵēnēn ve 

metal y¿klemenin; paracēk boyutu, merkez-enerji daĵēlēmē ve metal destek etkileĸimi 

arasēndaki iliĸkinin anlaĸēlmasē beklenmektedir.  

 

Yazarlar, araĸtērmayē finanse eden TUBĶTAK CAYDAG 106Y075 programēna teĸekk¿r eder. 
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The catalytic reforming of methane with carbon dioxide to synthesis gas has attracted 

great attention owing to the simultaneous reduction of two well-known greenhouse gases. 

One of the serious problems in dry reforming of methane is the Bouduard reaction leading to 

coke deposition. The catalytic performance of catalysts in dry reforming of methane and their 

resistance to coke deposition depend on metal dispersion, physical and chemical properties of 

the supporting material and the metal-support interactions. Due to their low cost and catalytic 

performance, Ni based catalysts are of particular interest in dry reforming of methane from 

the industrial point of view but they are prone to carbon deposition. In this study SBA-15 will 

be used as a support for bimetallic Ni-Co catalysts in the presence of a metal oxide in order to 

get an active catalyst having resistance to carbon deposition. The catalysts will be 

characterized with respect to their surface area (BET), porosity (BJH), phase structures 

(XRD), metal dispersion (H2 chemisorption), amount of coke deposited (TGA). Catalytic 

activity measurements will be carried out in a fixed bed flow reactor and the reaction products 

will be analyzed with an online quadrupole mass spectrometer. FTIR will be used to identify 

the adsorption sites and reveal the stability of the surface carbonates. The effect of Co and 

metal oxides on the competitive formation of carbon-carbon bond and carbon-oygen bond 

will be discussed. 

 

Keywords: Carbon dioxide reforming, Synthesis gas, SBA-15  
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Metanēn karbon dioksit ile sentez gazēna olan katalitik reformasyonu iki iyi bilinen 

sera gazēnēn aynē anda azaltēlmasē nedeniyle b¿y¿k ilgi ekmektedir. Metanēn kuru 

reformasyonundaki ciddi tehlikelerden biri karbon birikimine sebep olan Bouduard 

reaksiyonudur. Kuru reformasyondaki katalizºr¿n katalitik performansē ve kok birikime karĸē 

olan direnci metal daĵēlēmēna, destek maddesinin fiziksel ve kimyasal ºzelliklerine ve metal-

destek etkileĸimlerine baĵlēdēr. Nikel bazlē katalizºrler d¿ĸ¿k maliyeti ve katalitik 

performansē nedeniyle end¿striyel aēdan metanēn kuru reformasyonunda özellikle ilgi 

alanēdēr fakat karbon birikimine yatkēndērlar. Bu alēĸmada karbon birikimine karĸē direnli 

aktif katalizºr elde etmek amacēyla metal oksit varlēĵēnda SBA-15 destekli çift metalli Co-Ni 

katalizºrleri  kullanēlacaktēr. Katalizºrler y¿zey alanlarēna (BET), gºzeneklerine (BJH), faz 

yapēlarēna (XRD), metal daĵēlēmēna (H2 kimyasal adsorbsiyonu) ve biriken kok miktarēna 

(TGA) gºre karakterize edileceklerdir.  Katalitik aktivite ºl¿mleri sabit yataklē akēĸkan 

reaktºrde yapēlacaktēr ve reaksiyon ürünleri dört kutuplu çevrimiçi kütle spektrometresi ile 

analiz edilecektir. Adsorbsiyon merkezlerinin belirlenmesi ve y¿zey karbonatlarēnēn 

kararlēlēĵēnēn aēĵa ēkarēlmasē iin FTIR kullanēlacaktēr. Kobaltēn ve metal oksitlerin karbon-

karbon ve karbon-oksijen baĵēnēn kompetitif oluĸumu ¿zerindeki etkileri tartēĸēlacaktēr.  
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In this study, the citral hydrogenation reaction in liquid phase over silica gel supported 

Pt catalysts was studied. There are three hydrogenation sites of citral, isolated C=C double 

bond, conjugated C=C double bond and a carbonyl group (C=O).  It is desired to hydrogenate 

carbonyl group selectively to produce valuable unsaturated alcohols, namely nerol and 

geraniol. The Pt/SiO2 catalyst was prepared by impregnation method. Pt loading over silica 

gel support was 1 % (w/w). The effects of parameters investigated in the present study 

included catalyst activation temperature (350°C and 450°C), after calcination at 500oC, the 

solvent type (ethanol, 2-pentanol), catalyst activation without calcination, washing of catalyst 

with 0.1 M NaOH solution, the Pt precursor type (hexachloroplatinic acid (H2PtCl6), platinum 

II acetylacetonate (C10H14O4Pt)). Citral hydrogenation reaction was performed in a semi-

batch reactor at 80°C, 6 bar H2 gas pressure and 1000 rpm stirring speed to investigate the 

catalytic activity and selectivity. XRD and SEM analyses showed that SiO2 gel had an 

amorphous structure. According to the NH3-TPD analysis, the calcination of SiO2 gel had no 

significant change on surface acidity. According to the GC-MS analysis, the maximum citral 

conversion (73%) was achieved at 350°C while the selectivity to nerol+geraniol (SNE+GE) was 

39%. Increasing the activation temperature to 450°C decreased the conversion to 46% and the 

SNE+GE to 22%. Washing of catalyst and using of 2-pentanol prevented the acetal formation 

but decreased conversion (to 54.6%) and SNE+GE (to 30%). Catalyst activated without 

calcination step gave lower conversion (37.9%) and the SNE+GE to 27%. 
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Bu projede, silika jel destekli Pt katalizºr ¿st¿ndeki sēvē fazdaki sitral hidrojenasyon 

reaksiyonu alēĸēlmēĸtēr. Sitralin ¿ hidrojenasyon bºlgesi vardēr, izole C=C ift baĵ, konjuge 

C=C ift baĵ ve karbonil grup (C=O). Karbonil grubun seici hidrojenasyonu ile deĵerli 

doymamēĸ alkoller ¿retilmek istenmektedir, bunlar nerol ve geraniolôd¿r. Pt/SiO2 katalizör 

doyurma metoduyla hazērlanmēĸtēr. Silika jel desteĵi ¿zerine y¿klenen Pt aĵērlēka % 1ô dir. 

Bu alēĸmada, kataliz aktivasyon sēcaklēĵē (350ÁC ve 450ÁC), 500oCôde kalsinasyon sonrasē, 

ºz¿c¿ eĸidi (etanol, 2-pentanol), kalsinasyonsuz kataliz aktivasyonu, katalizin 0.1 M NaOH 

ºzeltisi ile yēkanmasē, Pt kaynaĵē eĸidi (hexachloroplatinic acid (H2PtCl6), platinum II 

acetylacetonate (C10H14O4Pt)) parametrelerinin etkileri incelenmiĸtir. Sitral hidrojenasyon 

reaksiyonu 80ÁCôde 6 bar H2 gazē basēncēnda ve 1000 rpm karēĸtērma hēzēnda yarē kesikli 

reaktºrde katalizºr aktivitesinin ve seiciliĵinin belirlenmesi amacēyla yapēlmēĸtēr. XRD ve 

SEM analizleri SiO2 jelin amorf bir yapēya sahip olduĵunu gºstermiĸtir. NH3-TPD analizine 

göre SiO2 jelin kalsinasyonunun yüzey asiditesinde belirgin bir deĵiĸiklik yapmadēĵē 

gºr¿lm¿ĸt¿r. GC-MS analizlerinde en y¿ksek sitral dºn¿ĸ¿m¿ne (%73) 350ÁCôde ulaĸēlērken 

nerol+geraniol seiciliĵi (SNE+GE) %39ô dur. Aktivasyon sēcaklēĵēnēn 450ÁCôye ēkarēlmasē, 

dºn¿ĸ¿m¿ % 46ôya ve SNE+GE óyi % 22ôye d¿ĸ¿rm¿ĸt¿r. Katalizºr¿n yēkanmasē ve 2-pentanol 

kullanēlmasē, asetal oluĸumunu engellemiĸ fakat dºn¿ĸ¿m¿ %54.6ôya ve SNE+GE óyi %30ôa 

d¿ĸ¿rm¿ĸt¿r. Katalizºr¿n kalsinasyonsuz aktivasyon aĸamasē, d¿ĸ¿k dºn¿ĸ¿me (%37.9) ve  

SNE+GE (%27) neden olmuĸtur. 
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Because of its high energy density, safety and logistic ability JP-8 is the mostly used 

fuel in military vehicles. While designing a secondary power unit for these vehicles to supply 

the needed hydrojen for the SOFC (Solid Oxide Fuel Cell) system, reforming of JP-8 fuel is 

proposed. The purpose of this study is to produce hydrogen by reforming JP-8 fuel, which 

will eventually be used in the solid oxide fuel cell, which was designed as a secondary power 

unit for military vehicles. 

In this study, a steam reforming system has been designed and JP-8 fuel has been 

catalytically reacted with steam to obtain a gas mixture with high amount of hydrogen in it. 

Several alumina supported rhutenium based catalysts have been synthesized and comparative 

activity tests have been made in a temperature interval of 700ï800 ºC. Product has been 

analyzed by gas cromotography and gas compositions have been identified. It was observed 

that the product gases include methane and carbon oxides in addition to high ratio of 

hydrogen.  Also, the surface area values of the catalyst before and after usage have been 

measured by BET method and compared. Such data gave information about the coking 

behavior of JP-8 during steam reforming over the Ru impregnated alumina catalysts. 

 

Keywords: Steam reforming, JP-8, Rhutenium, Catalyst. 
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Y¿ksek enerji yoĵunluĵu, g¿venliĵi ve lojistik olmasēndan dolayē askeri aralarda 

yakēt olarak genellikle JP-8 yakētē tercih edilmektedir. Bu aralara yardēmcē g¿ kaynaĵē 

¿nitesi geliĸtirilirken Katē Oksit Yakēt Pili (KOYP) sistemleri kullanēlmasē deĵerlendirilmiĸ 

ve bu sistemlerin ihtiyacē olan hidrojenin saĵlanmasē iin JP-8 yakētēnēn reformlanmasē 

alēĸmalarē baĸlatēlmēĸtēr. Bu alēĸmanēn amacē, askeri aralara Yardēmcē G¿ ¦nitesi (YG¦) 

saĵlamak iin geliĸtirilen katē oksit yakēt pillerine JP-8 reformlanmasē ile hidrojen ¿retmek 

iin sistem ve katalizºr geliĸtirmektir.  

¢alēĸmada bir buhar reformlama sistemi tasarlanmēĸtēr ve JP-8 yakētē buharla katalitik 

reaksiyona sokularak y¿ksek oranda hidrojen ieren gaz karēĸēmē elde edilmiĸtir. ¢eĸitli 

alumina destekli rutenyum bazlē katalizºrler sentezlenmiĸ ve 700ï800 ÜC sēcaklēk aralēĵēnda 

karĸēlaĸtērmalē aktivite testleri yapēlmēĸtēr. ¦r¿n olarak ēkan gaz karēĸēmē gaz kromotografta 

analiz edilerek gaz bileĸimi belirlenmiĸtir. ¦r¿nde y¿ksek oranda hidrojenin yanēsēra metan 

ve karbon oksitler iermekte olduĵu gºr¿lm¿ĸt¿r. Ayrēca katalizºrlerin kullanēm ºncesi ve 

sonrasē y¿zey alanlarē BET yºntemiyle ºl¿lm¿ĸ ve karĸēlaĸtērēlmēĸtēr. Bu veriler Ru ierikli 

alumina katalizörlerde JP-8 yakētēnēn buhar reformlama reaksiyonu sērasēnda koklaĸma 

davranēĸē hakkēnda da bilgiler vermiĸtir.  
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Titania is a photocatalyst that can be used for the oxidation/reduction of pollutants for 

water and air treatment. Furthermore TiO2 can be used for the production of hydrogen by 

direct splitting of water photocatalytically. Titania has three crystal phases; brookite, rutile, 

anatase, where anatase is reported as the most photocatalytically active phase. The efficiency 

of TiO2 is limited because of the limited spectral band of the solar irradiation which has 

higher energy than the band gap is utilized. One way to improve the photocatalytic efficiency 

is the decreasing the band gap energy by using metal dopants. The other technique is the 

photon up-conversion where metal ions are used to combine the energies of two photons with 

lower energy (in visible spectrum) and the emission of a photon with higher energy (in UV 

band). Praseodymium (Pr) is a good photon up-conversion material which was studied for 

laser and waveguides in literature. In this study the effect of Pr addition in TiO2 is 

investigated. TiO2 and praseodymium doped TiO2 samples were sythesized by using sol-gel 

technique and calcined at different temperatures. X-ray diffraction, suface area analysis and 

activity tests were made for characterization.  

 

Keywords: Titania, photocatalysis, photon up-conversion, praseodymium 
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TiO2 su ve havayē kirletici maddelerin oksidasyon/indirgenmesi ile yok edilmesini 

saĵlayabilecek bir fotokatalizºrd¿r. Ayrēca TiO2 suyun fotokatalitik olarak tek adēmlē 

paralanmasē ile hidrojen ¿retilmesinde de kullanēlabilir. TiO2 üç Kristal faza sahiptir; 

brookite, rutile, anatase, ve bunlar iinde fotokatalitik olarak aktif olan faz anatasedēr. 

TiO2ônin performansē g¿neĸ ēĸēnlarēnēn sadece bir kēsmēnēn faydalanēlan bant aralēĵēndan daha 

y¿ksek enerjiye sahip olmasēndan dolayē sēnērlēdēr. Fotokatalitik performansē y¿kseltmenin bir 

yolu metal dopingler kullanarak bant aralēĵēnē d¿ĸ¿remektir. Baĸka bir y¿ntem ise foton 

y¿kseltme; metal iyonlarē ile iki d¿ĸ¿k enerjili fotonun (gºr¿n¿r spektrumda) enerjileri 

birleĸtirilerek yuksek enerjili bir fotonun (UV spektrumda) aēĵa ºēkartēlmasēdēr. Literat¿rde 

lazer ve frekans yºnlendiriciler iin alēĸēmēĸ olan praseodymium (Pr) iyi bir foton yükseltici 

malzemedir. Bu ºalēĸmada TiO2ôye Pr eklenmesinin etkileri araĸtērēlmaktadēr. TiO2 ve 

praseodymium ile dopinglenmiĸ TiO2 numuneleri sol-gel tekniĵi ile sentezlenmiĸ ve eĸitli 

sēcaklēklarda kalsine edilmiĸtir. Karakterizasyon iin X-ray difraksiyon, y¿zey alanē analizi ve 

aktivite testleri yapēlmēĸtēr. 
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The acidity of synthesized HZSM-5 (Si/Al=77 and Si/Al=150), commercial Ferrierite 

(H-FER) and HZSM-5 zeolite (HZSM-5C) catalysts were modified by chemical liquid 

deposition using tetraetyhyl orthosilicate (TEOS), SiCl4 and triaminopropyltriethoxysilane (3-

amino). Synthesized HZSM-5 catalysts were obtained by ion-exchange of Na-ZSM-5 which 

was synthesized with Si/Al ratios of 77 and 150 at 150 0C and 96 hours. All depositions were 

carried out at room temperature for deposition times 0.5 and 1 h. Reaction tests were 

performed in a tubular quartz fixed bed reactor at 375 0C at weight hour space velocities of 22 

and 44 h-1. 

XRD and SEM images showed that the crystal structure and morphology of zeolites 

were slightly affected with deposition. Temperature programmed desorption (TPD) results 

showed that SiCl4 modification strongly affected the Bronsted and Lewis acid sites but 

slightly less modified by 3-amino deposition. As the effect of the modification increased, total 

acidity of the SiCl4 modified catalyst decreased. The least modification of acidity was 

achieved by TEOS. 

The catalysts were tested in isomerization of n-butene. Deposition decreased the 

activity of the catalysts, but improvement of selectivity was observed with TEOS deposition. 

TEOS deposition increased the selectivity of the catalysts; for HZSM5 (Si/Al=77) from 58 to 

64, for HZSMC from 27 to 33 and for H-FER from 63 to 81. But yields of isobutene were 

approximately same as for parent HZSM-5 (30) and for HZSM-5C (18), but for H-FER 

deposited with TEOS gave the highest yield (38). Since the SiCl4 deposition strongly affected 

the total acidity, both conversion and selectivity of the ZSM-5 catalyst were very low after the 

deposition of SiCl4. Deposition with 3-amino also decreased both conversion and selectivity 

of the catalysts. 
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Ticari satēlan Ferrit (H-FER) ve HZSM-5 (HZSM-5C) ve laboratuarēmēzda 

sentezlenen H-ZSM5 (HZSM-5) zeolitlerinin asitliĵi kimyasal ºkt¿rme yºntemiyle 

deĵiĸtirilmiĸtir. Bunun iin tetraetilortosilikat (TEOS), silisyumtetraklorür (SiCl4) ve 

triaminopropiltrietoksisilan (3-amino) kimyasallarē kullanēlmēĸtēr. HZSM-5 katalizörü Na-

ZSM-5 katalizörünün NH+
4 iyon deĵiĸimiyle elde edilmiĸtir. HZSM-5 Si/Al 77 ve 150 

oranlarēnda 150 0C ve 96 saatte sentezlenmiĸtir. B¿t¿n katalizºrler oda sēcaklēĵēnda 0.5 ve 1 

saatlik modifikasyon s¿relerinde modifiye edilmiĸtir. Reaksiyon testleri boru tipi sabit yataklē 

kuartz reaktörde 375 0Côde gerekleĸtirilmiĸtir. 

XRD sonularē ve SEM gºr¿nt¿leri zeolitlerin kristal yapēsēnēn ve morfolojisinin 

modifikasyonlardan ok az etkilendiĵini gºstermiĸtir. NH3-TPD  desorpsiyonu ölçümleri 

SiCl4 modifikasyonunun kuvvetli ve zayēf asitlik merkezlerini ĸiddetli bir biimde 

etkilediĵini, 3-amino modifikasyonunun ise daha az etkilediĵini gºstermiĸtir. Ayrēca 

modifikasyonun etkisi arttēka SiCl4 ile modifiye edilen katalizºrlerin toplam asitliĵinin 

azaldēĵē gºr¿lm¿ĸt¿r. 

Katalizörler n-büten izomerizasyonu reaksiyonunda test edilmiĸtir. Modifikasyonun 

katalizörün aktivitesini azalttēĵē gºr¿lm¿ĸtür. Seiciliĵin ise TEOS modifikasyonu ile 

artērēldēĵē gºzlenmiĸtir. TEOS modifikasyonu katalizºr¿n seiciliĵini HZSM-5 katalizörü için 

% 58ôden % 64ôe,  HZSM-5C iin %27 den %33ôe ve H-FER iin % 63ôten %81ôe artērmēĸtēr. 

Modifikasyon izobüten verimini HZSM-5 katalizºrleri iin fazla deĵiĸtirmemiĸ, ama H-FER 

katalizºr¿nde maksimum verim saĵlanmēĸtēr. Ama izob¿ten verimi b¿t¿n katalizºrlerde 

hemen hemen aynēdēr. SiCl4 modifikasyonu katalizºrlerin asitliĵini ĸiddetli bir biimde 

etkilediĵinden, SiCl4 modifikasyonu sonucundaki katalizºrlerin aktivitesi ve seiciliĵi ok 

d¿ĸ¿kt¿r. 3-amino modifikasyonu da katalizºrlerin aktivitesini ve seiciliĵini azaltmēĸtēr. 
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The aim of this study is to develop semiconductor metal oxide thin films for 

multifunctional glass products and the characterization of photocatalytic self cleaning 

properties. As semiconductor metal oxides; titanium dioxide (TiO2), tin oxide (SnO2) and 

their binary mixtures (TiO2-SnO2) are selected because of their abundancy, non toxic 

properties, stability and the ability of absorbing light close to visible range. Also the effect of 

metal dopants such as praseodymium (Pr), palladium (Pd),  silver (Ag) and iron (Fe) was 

examined with these metal oxides. 

Sol-gel method was used for synthesizing the colloidal solutions and with these 

colloidal solutions, the glass substrates were coated by dip coating. Surface characterization 

studies were performed by using UV-Visible Spectrophotometer, CAM and SEM. The 

photocatalytic activities of the coated thin films were measured with the degradation of 

organic material as methylene blue. 61.2% deactivation of methylene blue stain was achieved 

over SnO2 coated thin films while this was 22.1% over TiO2 coated thin films after irradiation 

for 180 minutes. The superior photocatalytic activity was observed with TiO2 samples doped 

with Pd and Ag ions. The TiO2-SnO2 coated samples performed limited photocatalytic 

activity which is less than the activity of SnO2 coated samples. 
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Bu alēsmanēn amacē, fotokatalitik olarak kendini temizleyen ve ok fonksiyonlu cam 

ür¿nler iin yarē iletken metal oksit tabanlē ince filmler ¿retmektir. Yarē iletken metal oksit 

olarak, ok bulunmalarē, zehirsiz oluĸlarē, kararlēlēklarē ve g¿n ēĸēĵēna yakēn aralēktaki ēĸēklarē 

soĵurmalarē nedeniyle titanyum dioksit (TiO2), kalay oksit (SnO2) ve bunlarēn ikili karēĸēmlarē 

(TiO2-SnO2)  seilmiĸtir. Praseodimiyum (Pr), paladyum (Pd), g¿m¿ĸ (Ag) ve demir (Fe) gibi 

metal katkē maddelerinin etkileri de incelenmistir. 

Kolloidal çözeltiler, sol-jel tekniĵi ile hazērlanmēĸtēr ve bu kolloidal ºzeltiler ile cam 

y¿zeyler daldērma yºntemi kullanēlarak kaplanmēĸtēr. UV-ViS Spektrofotometre, CAM ve 

SEM kullanēlarak y¿zey karakterizasyon alēĸmalarē gerekleĸtirilmiĸtir. Kaplanan y¿zeylerin 

fotokatalitik özellikleri metilen mavisi gibi organik maddelerin degredasyonu ile ölçülmüstür. 

Metilen mavisi konsantrasyonu 180 dakikalēk bekleme sonrasēnda SnO2 ile kaplanmēĸ 

y¿zeylerde %61.2 oranēnda azalmēĸ olup, TiO2 kaplē y¿zeylerde ise bu oran %22.1ôdir. En iyi 

fotokatalitik ºzellik ise Pd ve Ag eklenmiĸ TiO2 ile kaplanmēĸ y¿zeylerde gºzlemlenmiĸtir. 

TiO2-SnO2 karēĸēmē ile kaplanmēĸ y¿zeyler SnO2 kaplē y¿zeylerden daha d¿ĸ¿k fotokatalitik 

aktivite gºstermiĸtir. 

 

Anahtar Kelimeler:  yarē iletken metal oksit ince filmler, fotokatalitik aktivite, sol-jel, 

daldērma yºntemi ile kaplama 
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In this study we present the preparation, characterization and catalytic activity of the 

catalysts for the selective CO oxidation in hydrogen rich stream. The Co3O4/CeO2/ZrO2, 

Ag/CeO2/ZrO2 and MnO2/CeO2/ZrO2 were prepared by the co-precipitation method as 

50/25/25 molar ratio. Since the 50/25/25 Co3O4/CeO2/ZrO2 catalyst gave the best catalytic 

activity results, this catalyst was synthesized at 80/10/10 and 20/40/40 molar ratios in order to 

investigate the effect of the catalyst composition. Catalytic activities of these catalysts were 

made by using the 1%CO, 2%O2, 85%H2 with remain He feed condition between the room 

temperature and 200̄C. All catalysts were characterized by using the N2 

adsorption/desorption isotherms, X-Ray diffraction and SEM-EDX analysis. The highest 

multipoint BET surface area was obtained from the 50/25/25 MnO2/CeO2/Co3O4 and the 

surface areas of the Co3O4/CeO2/ZrO2 catalysts which were prepared at different molar ratios 

were decreased by increasing the Co3O4 molar ratio in the catalyst structure. Average pore 

size distribution patterns of the catalysts showed that catalysts have average pore diameter in 

mesoporous range. Catalytic activities of the catalysts showed that the minimum light off 

temperature and the highest selectivity was obtained from the 50/25/25 Co3O4/CeO2/ZrO2 

catalyst between the catalysts which have 50/25/25 molar ratio. The 50/25/25 

Co3O4/CeO2/ZrO2 catalyst gave º80% CO conversion at 200 C̄ and 84% selectivity Between 

the Co3O4/CeO2/ZrO2 catalysts which have different molar ratios, the 80/10/10 

Co3O4/CeO2/ZrO2 catalyst gave the highest CO conversion as 80% at 200°C and it gave 

selectivity to CO oxidation as 84% at 125°C.  

 

Keywords: Selective oxidation, carbon monoxide, ceria-zirconia 
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Bu alēĸmada hidrojence zengin yakētlardan COô in seici oksidasyonunda 

kullanēlmak ¿zere katalizºrlerin hazērlanmasē, karakterizasyonu ve katalitik aktivitelerinin 

belirlenmesi alēĸmalarē yapēlmēĸtēr. Co3O4/CeO2/ZrO2, Ag/CeO2/ZrO2 ve MnO2/CeO2/ZrO2 

katalizºrleri 50/25/25 molar oranlarda birlikte ºkt¿rme yºntemi kullanēlarak sentez 

edilmiĸtir. Katalitik aktivite alēĸmalarē sonunda en iyi sonular 50/25/25 Co3O4/CeO2/ZrO2 

katalizºr¿nde elde edildiĵi iin bu katalizºr kompozisyon etkisini görebilmek için 80/10/10 

ve 20/40/40 molar oranlarēnda tekrar sentez edilmiĸtir. Katalizºrlerin katalitik aktiviteleri oda 

sēcaklēĵē ile 200C̄ sēcaklēklarē arasēnda %1 CO, %2 O2, %85H2 ve geri kalanē He olan 

besleme kompozisyonu kullanēlarak belirlenmiĸtir. Katalizºrler N2 adsorpsiyon/desorpsiyon 

alēĸmalarē, X-ēĸēnē kērēnēmē desenleri ve SEM-EDX teknikleri kullanēlarak karakterize 

edilmiĸtir. En y¿ksek ok noktalē BET y¿zey alanē 50/25/25 MnO2/CeO2/Co3O4 katalizöründe 

elde edilmiĸtir. Farklē oranlarda sentez edilmiĸ olan Co3O4/CeO2/ZrO2 katalizörünün yüzey 

alanē Co3O4 molar oranēnēn katalizºr yapēsēnda artmasē ile d¿ĸme gºstermiĸtir. Katalizºrlerin 

ortalama gºzenek apē deĵerlerinin mezogºzenek sēnērlarē iinde olduĵu belirlenmiĸtir. 

Katalitik aktivite deneyleri sonucunda aynē molar oranlarda hazērlanmēĸ katalizºrler arasēnda 

en d¿ĸ¿k %50 dºn¿ĸ¿m sēcaklēĵēna ve en y¿ksek seiciliĵe 50/25/25 Co3O4/CeO2/ZrO2 

katalizºr¿ vermiĸtir. 50/25/25 Co3O4/CeO2/ZrO2 katalizörü 200̄C sēcaklēkta º%80 CO 

dºn¿ĸ¿m¿ verirken bu sēcaklēkta %84 seicilik deĵeri vermiĸtir. Farklē oranlarda hazērlanmēĸ 

olan Co3O4/CeO2/ZrO2 katalizöründe 80/10/10 Co3O4/CeO2/ZrO2 katalizöründe en iyi aktivite 

sonularē elde edilmiĸtir. 80/10/10 Co3O4/CeO2/ZrO2 katalizºr¿ 200ÁC de %80 CO dºn¿ĸ¿m¿ 

verirken 125ÁC de %84 seicilik deĵeri vermiĸtir.  

 

Anahtar Kelimler : Seçici oksidasyon, karbon monoksit, CeO2-ZrO2 
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The main scope of this research is to analyze the effects of minerals of coal samples 

on catalytic reactions formed during the biogasification process. The benzene rings in the coal 

samples transform into aliphatic chains by microorganism activity during the Biogasification 

process. Therefore, the functional groups in the sifted coal samples were determined, first 

analyzed with Bruker Equinox 55 FTIR Spectrometer, then to establish the thermogravimetric 

behavior of the samples were characterized by flame experiments with Netzsch STA 449 C 

equipment at dry air with the heating rate of 5K/min and in the temperature interval 25-1000 

ᴈ.  Apart from the raw coal samples, demineralized samples were analyzed by the same 

experiments that have been explained above. After that, the effects of microorganisms on 

gasification of coal have been examined by BIOSTAT A plus bioreactor for both 

demineralized and raw coal samples. Furthermore, the effects of catalytic reactions that take 

place during the biogasification process of coal samples and the effects of coal minerals on 

these catalytic reactions have been investigated.  

 

Keywords: Biogasification, Demineralization, Microorganism, Coal 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3rd NATIONAL CATALYSIS CON GRESS   April  28- May 1, 2010   Zonguldak - TURKEY  

 

 87 

 

P-12 

Kºm¿r ¦zerindeki Minerallerin Mikroorganizmalar Kullanēlarak Yapēlan 

Biogazifikasyona Etkileri  

 

Firuze Okyay, Mustafa Baysal, Yuda Yürüm 

M¿hendislik ve Doĵa Bilimleri Fak¿ltesi, Sabancē ¦niversitesi, Ķstanbul 34956, Türkiye 

Ķlgili yazar: yyurum@sabanciuniv.edu 

 

 

Bu alēĸmanēn amacē mikroorganizmalar tarafēndan gazlaĸtērēlan kºm¿r ºrneklerindeki 

minerallerin, biyogazifikasyon s¿recinde oluĸan katalitik reaksiyonlar ¿zerindeki etkisini 

araĸtērmaktēr. Biyogazifikasyon sürecinde, kömür içinde bulunan benzen halkalarē 

mikroorganizma faaliyetleri sonucunda alifatik zincirlere dºn¿ĸmektedir. Bu sebeple elek altē 

edilen kºm¿r ºrnekleri ºnce Bruker Equinox 55 FTIR cihazē ile analiz edilerek, kºm¿r 

örnekleri içindeki fonksiyonel gruplar belirlenmiĸtir ve örneklerin termogravimetrik 

davranēĸlarēnē belirlemek iin, yanma deneyleri Netzsch STA 449 C cihazē ile kuru hava 

ortamēnda 5K/min ēsētma hēzē ile 25-1000 ᴈ  sēcaklēk aralēĵēnda gerekleĸtirilmiĸtir. Kºm¿r 

ºrneklerinin bir kēsmēda demineralizasyon ile minerallerden arēndērēlmēĸ ve yukarēda 

bahsedilen karakterizasyon analizleri bu ºrnekler iin de tekrarlanmēĸtēr. Ardēndan, 

Mikroorganizmalarēn kºm¿rden gaz oluĸumuna olan etkisi demineralize edilmiĸ kºm¿r ve 

ham kömür örneklerinde BIOSTAT A plus biyoreaktºr cihazē kullanēlarak incelenmiĸtir. 

Ayrēca, bu iki tip kºm¿r ºrneĵinin mikroorganizmalar etkisiyle gazlaĸtērēlmasē s¿recinde 

oluĸan katalitik reaksiyonlar ve minerallerin katalitik reaksiyonlar ¿zerindeki etkisi 

araĸtērēlmēĸtēr.  

 

Anahtar Kelimeler : Biyogazifikasyon, Demineralizasyon, Microorganizma, Kömür 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3rd NATIONAL CATALYSIS CON GRESS   April  28- May 1, 2010   Zonguldak - TURKEY  

 

 88 

 

P-13 

BaO/TiO2/Al 2O3 Ternary-Oxide Systems as NOx Storage Materials 

 

G.S. ķent¿rk a, S.M. Andonova a, E. Kayhan a, and E. Ozensoy a,b 

aDepartment of Chemistry, Bilkent University, 06800 Ankara, Turkey 
bInstitute of Materials and Nanotechnology, Bilkent University, 06800 Ankara, Turkey 

Corresponding author (ozensoy@fen.bilkent.edu.tr) 

 

 

Titania promoted support materials in the form of TiO2/ɔ-Al 2O3 were prepared via two 

different sol-gel preparation techniques.[1-2] The influence of the TiO2 units on the  Ba 

components (8 - 20 wt. % BaO), the nature of the crystallographic phases, thermal stabilities 

and the dispersion of the surface oxide/nitrate domains were investigated. NOx decomposition 

from nitrated BaO/TiO2/ɔ-Al 2O3 materials was also examined within the temperature range of 

423 ï 1273 K. Synthesized samples were analyzed by means of X-ray diffraction (XRD), ex-

situ Raman Spectroscopy, BET surface area analysis, scanning electron microscopy (SEM), 

energy dispersive X- ray (EDX) analysis, temperature programmed desorption (TPD) and in-

situ Fourier transform infrared (FTIR) spectroscopy. The surface distribution and the thermal 

stability of the stored nitrates in the Ba domains depend strongly on the interaction with the 

neighboring Ti and Al containing domains. A comparative analysis of the results showed that 

the TiO2/ɔ-Al 2O3 support material derived by the co-precipitation of the corresponding 

hydroxides via the sol-gel technique exhibits distinctively more homogenous distribution of 

TiO2 domains. Evidence for the presence of two different types of bridged/bidentate nitrate 

species with distinctively different thermal stabilities were detected. Our TPD results indicate 

that, the relative stabilities of the NOx surface species can be ranked with the following 

increasing order: Al3+- N2O3 << Al3+-nitrates < surface nitrates on BaO < Ti4+- 

bridged/bidentate nitrates on isolated TiO2 clusters < bulk nitrates on BaO < Ti4+- 

bridged/bidentate nitrates on TiO2 domains with relatively smaller average crystallite size.  

 

[1]  Andonova, M., ķent¿rk, G.S., Kayhan, E., Ozensoy, E., J. Phys. Chem. C 2009, 113, 

11014-11026. 

[2]  Andonova, S.M., ķent¿rk, G.S., Ozensoy E. in preparation. 

 

Keywords: storage materials, Ba(NO3)2, TiO2, sulfur poisoning. 
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 Bu alēĸmada, destek malzemesi TiO2/ɔ-Al 2O3ôdan oluĸan ve depolama birimi 

olarak kütlece % 8 ile % 20 ô lik BaO ieren (BaO/TiO2/ɔ-Al 2O3) iki farklē NOx depolama 

malzemesinin yapēlarē ve NOx depoloma davranēĸlarē incelenmiĸtir.[1,2] Bu alēĸmanēn ilk 

kēsmēnda, malzemelerin sēcaklēĵa baĵlē yapēsal deĵiĸiliklerinin detaylē olarak incelenmesi 

için, x-ēĸēnē kērēnēmē (XRD), BET y¿zey alanē ºl¿mleri, Raman spektroskopisi, taramalē 

elektron mikroskobu (SEM) ve enerji yayēlēm x-ēĸēnē spektroskopisi (EDS) teknikleri 

kullanēlmēĸtēr. ¢alēĸmanēn ikinci kēsmēnda, numunelere yapēlan NO2(g) adsorpsiyon deneyleri 

yer almaktadēr. FTIR (Fourier Dºn¿ĸ¿m Infrared Spektroskopisi) tekniĵi ile, malzemelerde 

depolanan NOx türlerinin detaylē olarak incelenmiĸtir. Ayrēca, NOx yapēlarēnēn y¿zeyden geri 

salēnēm davranēĸēnē aēklayabilmek iin, sēcaklēk programlē desorpsiyon (TPD) tekniĵi de 

kullanēlmēĸtēr. Islak emdirme yºntemiyle sentezlenmiĸ nitratlanmēĸ numunelerde, depolanan 

Ba-nitrat birimlerinin y¿zey daĵēlēmēnēn ve ēsēl kararlēĵēnēn, bu birimlerin Ti-içeren alanlarla 

ve ɔ-Al 2O3 destek malzemesiyle olan etkileĸimine baĵlē olduĵu saptanmēĸtēr. Iki farklē 

teknikle sentezlenmiĸ Ti/Al destek malzemesine bakēldēĵē zaman, sol-jel metodu ile 

hazērlanmēĸ malzemelerdeki TiO2 ünitelerinin, ɔ-Al 2O3 yüzeyi üzerindeki daĵēlēmēnēn daha 

y¿ksek olduĵu sºylenebilir. TPD sonularēna bakarak y¿zeyde depolanan NOx t¿revlerinin 

ēsēl kararlēlēklarēnēn aĸaĵēdaki sērayē takip ettiĵi gºzlemlenmiĸtir: Al 3+- N2O3 << Al3+-nitratlarē 

< BaO üzerindeki nitratlar < Ti4+- baĵlē nitratlar ( yani izole ve büyük paracēk boyutuna 

sahip TiO2 ünitlerine baĵlē nitratlar) < BaO üzerindeki bulk/oylum nitratlar < Ti4+- baĵlē 

nitratlar (k¿¿k paracēk boyutuna sahip TiO2 ünitlerine baĵlē nitratlar. 

 

[1]  Andonova, M., ķent¿rk, G.S., Kayhan, E., Ozensoy, E., J. Phys. Chem. C 2009, 113, 

11014-11026. 

 

[2]     Andonova, S.M., ķent¿rk, G.S., Ozensoy E. hazērlanma aĸamasēnda. 
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Due to environmental concerns and depletion of resources, the interest in renewable 

energy, especially in hydrogen energy has significantly increased. Hydrogen can be produced 

from various feedstocks by means of steam reforming reaction. Among the various 

feedstocks, ethanol is a highly attractive candidate due to its low toxicity, easy decomposition 

in the presence of water, high hydrogen content and easy transportation and storage.  

In this study, ethanol steam reforming reaction was performed to produce hydrogen 

rich gas over a mesoporous Ni-MCM-41 catalyst. The catalyst was prepared by impregnation 

of Ni into MCM-41, to have a Ni/Si molar ratio of 0.1. XRD result showed that MCM-41 

structure was conserved after the impregnation step. The catalyst had a surface area of 493 

m2/g. Water-ethanol mixture with a molar ratio of 3.2 was evaporated and mixed with the 

carrier gas (Ar) in an evaporator placed before the reactor. Reaction was performed at 

atmospheric pressure and data were taken in a range of at 300-500oC. Main products were 

hydrogen, carbon monoxide, carbon dioxide, methane, acetaldehyde and ethylene. Ethanol 

conversion values at 300, 350, 400, 450 and 500oC were 2.47%, 6.91%, 27.52%, 100 % and 

100%, respectively. In parallel to ethanol conversion, hydrogen yield (as defined moles of 

hydrogen produced per mole of ethanol fed to the reactor) increased with an increase in 

temperature and reached to a value of about 3.7 at 450oC. Product distributions indicated 

simultaneous occurance of ethanol steam reforming and ethanol cracking reactions at high 

temperatures, while CO selectivity became maximum at 400oC.   

 

Keywords: Ethanol steam reforming, Hydrogen, Ni-MCM-41 
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¢evresel faktºrler ve kaynaklarēn t¿kenmeye baĸlamasē sebebiyle yenilenebilir enerji 

kaynaklarēna ve ºzellikle hidrojen enerjisine ilgi artmaktadēr. Hidrojen, buhar reformlama 

reaksiyonunda kullanēlabilen birok ham maddeden ¿retilebilir. Bu ham maddelerin iinde, 

d¿ĸ¿k toksisite ºzelliĵi, su buharē ile hēzla reformlanabilmesi, y¿ksek oranda hidrojen 

barēndērmasē ve taĸēnmasēnēn/depolanmasēnēn kolay olmasē nedenleriyle, etil alkol, dikkat 

çekmektedir.  

Bu alēĸmada, hidrojen ¿retimi amalē olarak, mezogºzenekli Ni-MCM-41 katalizörü 

¿zerinde etil alkol¿n buharlē reformlama reaksiyonu gerekleĸtirilmiĸtir. Katalizºr, Ni 

çözeltisinin MCM-41 yapēsēna emdirilmesiyle hazērlanmēĸtēr ve Ni/Si oranē 0,1ôdir. XRD 

verisine gºre emdirme iĸlemi sonunda MCM-41 yapēsēnda bir bozulma olmamēĸtēr. Katalizºr 

493 m2/gôlēk BET y¿zey alanēna sahiptir. Su/etil alkol mol oranēnēn 3.2 olduĵu karēĸēm, 

reaktºrden ºnce konumlandērēlmēĸ olan evaporatºrde buharlaĸtērēlmēĸ ve taĸēyēcē olarak 

kullanēlan Ar gazē ile birleĸerek reaktºre beslenmiĸtir. Reaksiyon atmosferik basēnta 

gerekleĸmiĸ ve 300-500oC aralēĵēnda incelenmek ¿zere veri alēnmēĸtēr. Reaksiyon sonunda 

oluĸan ana ¿r¿nler; hidrojen, karbon monoksit, karbon dioksit, metan, asetaldehid ve etilendir. 

Sēcaklēĵēn 300, 350, 400, 450 ve 500oC olmasē durumunda etil alkol dºn¿ĸ¿m¿ sērasēyla % 

2.47, % 6.91, % 27.52, % 100 ve % 100ôd¿r. Etil alkol dºn¿ĸ¿m¿ne paralel olarak hidrojen 

verimi (oluĸan hidrojen mol¿n¿n reaktºre beslenen etil alkol mol¿ne oranē olarak 

tanēmlanmēĸtēr) artan sēcaklēkla birlikte y¿kselmiĸtir ve 450oCôde 3.7 mertebesine ulaĸmēĸtēr. 

¦r¿n daĵēlēmēndan, y¿ksek sēcaklēklarda etil alkol reform reaksiyonu ile dekompozisyon 

reaksiyonunun eĸ zamanlē gerekleĸtiĵi anlaĸēlmēĸ, CO seiciliĵi ise 400oCôde maksimuma 

ulaĸmēĸtēr.   
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It is so slow that some kinds of reaction become true   even it takes days to complete 

them. In these kinds of reaction, catalyst is needed to be used in order to reach concentration 

of equilibrium early. 

Effectiveness of catalyst in a reaction is also measured by features such as surface 

area, thermal stability and selectivity. By making these features better, it will increase 

effectiveness of catalyst. 

Increasing effectiveness of catalyst in reaction becomes true in support solid material. 

Supportive catalyst is a kind; get by disturbing active phase in transporting media. A good 

support material must enable high dispersion and have thermal stability. 

Because of decreasing energy supplies and economic conditions in our days, 

substances which will be obtained easily in very area and be able to be economically 

produced become important. 

 Using activated carbon as a supported solid is an intelligent choice. Producing 

activated carbon from agricultural waste is quite economical. Moreover, when supported 

catalyst is occurred, it has all qualifications to enable needed conditions for reaction. 

 Activated carbon which has so big crystal and amorphous structure is a general term to 

determine adsorbents with extensive internal pore structure. Activated carbon is known as 

porous element and has a specific surface area. 

In the last studies, producing activated carbon is realized by chemical activation 

method from agricultural waste. Produced activated carbonôs surface features such as BET 

surface area, micropore volume, total pore volume, pore size distribution and average pore 

diameter will be analyzed. 
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 Bazē t¿r tepkimelerin gerekleĸmesi olduka yavaĸtēr, hatta tepkimelerin 

tamamlanmasē g¿nler alabilir. Bu t¿r tepkimelerde, tepkimelerin denge deriĸimine erken 

ulaĸmasē iin katalizºr kullanēmē gerekir. 

 Katalizºrlerin de tepkime iindeki etkinliĵi, katalizºr¿n; y¿zey alanē, ēsēl kararlēlēĵē, 

seiciliĵi gibi ºzelliklerle ºl¿l¿r. Bu ºzelliklerin daha da iyileĸtirilmesi katalizºr¿n 

etkinliĵini arttēracaktēr. Katalizºr¿n tepkime iindeki etkinliĵini arttērmak destek katēsē 

varlēĵēnda gerekleĸtirilebilir. Destekli katalizºrler aktif fazēn bir taĸēyēcē ortam ¿zerine 

daĵētēlmasē ile elde edilen t¿rd¿r. Ķyi bir destek maddesi; y¿ksek daĵēlēmē saĵlayabilmeli ve 

ēsēl kararlēlēĵa sahip olmalēdēr. 

 G¿n¿m¿zde enerji kaynaklarēnēn giderek azalmasē ve ekonomik koĸullar nedeniyle, 

her alanda kolay elde edilebilecek ve ekonomik ¿retimi saĵlanabilecek maddeler ºnemli hale 

gelmiĸtir. 

 Destek katēsē olarak aktif karbon kullanmak, bu alanda olduka akēllēca bir seim 

olacaktēr. Tarēmsal artēklardan aktif karbon ¿retimi olduka ekonomiktir. Ayrēca destekli 

katalizºr oluĸturduĵunda, tepkime iin gerekli koĸullarē da saĵlayabilecek niteliktedir.   

 Büyük kristal ve amorf yapēda olan aktif karbon, olduka geniĸ i gºzenek yapēsē ile 

karbonlu adsorbanlarē tanēmlamak iin kullanēlan genel bir terimdir. Aktif karbon, gºzenekli 

madde olarak bilinir ve geniĸ ºzg¿l y¿zey alanēna sahiptir. 

 Yapēlmakta olan alēĸmalarda tarēmsal artēklarēndan kimyasal aktivasyon yºntemi ile 

aktif karbon ¿retimi gerekleĸtirilmektedir. ¦retilen aktif karbonlarēn BET y¿zey alanē, mikro 

gºzenek hacmi, toplam gºzenek hacmi, gºzenek boyut daĵēlēmē ve ortalama gºzenek apē gibi 

yüzey özellikleri incelenecektir.  
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Catalysts, in both homogeneous and heterogeneous form, are used widely at many 

organic reactions in industrial processes. Due to some inherent advantages, such as non-

corrosivity, easy separation and high selectivity, heterogeneous catalysts are being preferred 

in recent years. Among heterogeneous catalysts, heteropolyacids and related polyoxometallate 

compounds have getting importance and are used various organic reactions. 12-

tungstophosphoric acid (HPW) is a Keggin type heteropolyacid and it has strongest Brönsted 

acidity. On the other hand, its low specific area is a disadvantage for catalytic applications. In 

order to grow the surface area, HPW is supported on different materials such as metal oxides, 

active carbon, clays and zeolites.  

In this study, synthesis, characterization and catalytic activity of zeolite supported 12-

tungstophosphoric acid were aimed. Zeolite supported HPW catalyst was prepared by wet 

impregnation. Zeolite, used as support, was characterized by XRF, BET, DTA/TG and XRD. 

Zeolite particle size, HPW/zeolite ratio and zeolite calcination temperature were selected as 

parameters. Catalytic activity of zeolite supported HPW was evaluated for esterification 

reaction of lactic acid with ethanol and compared with commercial ion exchange resin 

Amberlyst 15. 

 

Keywords: 12-Tungstophosphoric acid, Zeolite, Esterification 
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 Homojen ve heterojen formdaki katalizörler, endüstriyel süreçlerdeki pek çok organik 

sentezde kullanēlērlar. Heterojen katalizºrler korozif olmamalarē, kolay ayrēlmalarē ve y¿ksek 

seicilikleri gibi avantajlarē nedeniyle son zamanlarda tercih edilmektedirler. Heterojen 

katalizºrler arasēnda heteropoliasitler ve polioksometalat bileĸikleri giderek ºnem kazanmakta 

ve pek ok organik reaksiyonda kullanēlmaktadēr. 12-tungstofosforik asit (TFA) bir Keggin 

tipi heteropoliasittir ve en kuvvetli Brºnsted asitliĵine sahiptir. Fakat d¿ĸ¿k y¿zey alanēna 

sahip olmasē katalitik aktiviteler iin bir dezavantaj oluĸturmaktadēr. Y¿zey alanēnē b¿y¿tmek 

amacēyla metal oksitler, aktif karbon, kil ve zeolitler gibi farklē maddeler TFA iin destek 

katēsē olarak kullanēlērlar.  

 Bu alēĸmada, zeolit destekli 12-tungstofosforik asitin sentezi, karakterizasyonu ve 

katalitik aktivitesi amalandē. Zeolit destekli TFA yaĸ emdirme yºntemi ile hazērlandē. Destek 

maddesi olarak kullanēlan zeolit, XRF, BET, DTA/TG ve XRD ile karakterize edildi. Zeolit 

tanecik boyutu, TFA/zeolit oranē ve zeolit kalsinasyon sēcaklēĵē parametre olarak seildi. 

Zeolit destekli TFAônēn katalitik activitesi laktik asit ile etanol arasēndaki esterleĸme 

tepkimesinde deĵerlendirildi ve ticari bir reine olan Amberlyst-15 ile karĸēlaĸtērēldē.  
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Catalyst which is used at oxygen reduction reaction (ORR),  have to show high 

conductivity, high oxygen adsorption abilit and have to be stable during adsorbtion and 

reduction of oxygen, also have ability to decompose H2O2. Catalyst support such as active 

carbon (C) have to show high purity, high conductivity, high corrosion resistance and high 

surface area. 

In this study, Fe, Co, Ni transition metals, N-containing carbon support and metal 

oxides such as SiO2, MnOx, TiO2 and MgO which have semiconductor properties are used.  

Chemically adsorbed H which is on the surface of Pt group metals is generated H2O at room 

temperature and adsorbated O is away from the surface easily. However, transition metals 

such as Fe is very strongly bonded with O, so this situation can not occur. At this point, Fe 

bonding with N groups which is weakened bond strength due to the N-containing carbon. 

Nitrogen can be viewed as an n-type dopant, such that when it replaces carbon in the graphite 

matrix, the plane will contain an extra electron that is more easily donated. Doping of carbon 

can affect such properties as pH, catalytic activity, conductivity, and nanostructure. Even 

simple materials like iron, cobalt, nickel salt, carbon black, and ammonia, amine isocyanate 

can be subjected to a heat treatment to produce active ORR catalysts. Pyridine, nitroanilin, 

NH3, N2, amine, isocyanate and polyacrylonitrile can be used as N precursors. Heat treatment 

of nitrogen/carbon precursors can be used to generate active catalysts for the ORR before 

doping transition metal. Transition metal (Fe, Co, Ni) which  as a part of the active site plays 

an important role on ORR. Metal oxides such as SiO2, MnOx, TiO2 and MgO occurs 

synergistic effect except the installation of N. Beside this, MnOx has ability to decompose 

H2O2. N-containing carbon plays a key role for catalytic activity at oxygen reduction reaction. 

 

Keywords: Transition metals, Oxygen Reduction Reaction (ORR), Metal oxides, Carbon 

black 
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Oksijen indirgeme reaksiyonunda yüksek iletkenliĵe sahip, oksijen adsorbsiyon 

kabiliyeti y¿ksek, oksijen adsorbsyonu ve indirgenmesi sērasēnda yapēsal olarak kararlē, 

H2O2ôyi dekompoze etme kabiliyeti y¿ksek bir katalizºr kullanēlmasē gerekmektedir. Destek 

maddesinin aktif karbon (C) gibi yüksek saflēkta, y¿ksek iletkenlik gºsteren, korozyon direnci 

y¿ksek, kolaylēkla iĸlenebilen ve y¿ksek y¿zey alanēna sahip olmasē gerekmektedir.  

Bu alēĸmada Fe, Co, Ni geiĸ metalleri, destek maddesi olarak da N ieren karbon 

siyahē ve yarē iletken ºzellik gºsteren SiO, MnOx, TiO2 ve MgO gibi metal oksitler 

kullanēlmēĸtēr. 

Pt grubu metallerinin y¿zeyi ¿zerinde kimyasal olarak adsorblanmēĸ H oda 

sēcaklēĵēnda H2Oôyu oluĸturarak adsorbe Oôi kolaylēkla y¿zeyden uzaklaĸtērēr. Fakat Fe gibi 

geiĸ metalleri Oôi ok kuvvetli baĵladēklarēndan dolayē bu durum gerekleĸemez. Tam bu 

noktada karbonun N iermesi sayesinde Fe, N gruplarēyla baĵ yaparak O ile baĵlanma kuvveti 

zayēflamaktadēr. Karbona N ilavesi ile yapēsēndaki fazla 1e- (yalnēz elektron ifti) sayesinde 

elektron vericilik ºzelliĵi artar. Aynē zamanda pH, katalitik aktivite, iletkenlik ve nanoyapēda 

geliĸmeler meydana gelir. Burada N kaynaĵē olarak piridin, nitroanilin, NH3, N2, amin, 

izosiyanat ve poliakrilonitril kullanēlabilir. Aktif katalizºrlerin ¿retimi, N kaynaĵē varlēĵēnda 

metal y¿klemesi yapēlmadan ºnce karbon desteklere uygulanan ēsēl iĸlemle gerekleĸtirilir. 

Sonrasēnda ilave edilen geiĸ metali de aktif sitelerin bir parasē olarak rol oynar. N 

y¿klenmesinin dēĸēnda SiO2, MnOx, TiO2 ve MgO gibi metal oksitlerin de destek olarak 

ortama ilave edilmesiyle sinerjistik bir etki meydana gelir. MnOxônun ayrēca H2O2ôyi 

dekompoze etme ºzelliĵi bulunmaktadēr. Karbonun N iermesi ile ORR iin katalitik aktivite 

elde etmede anahtar rol üstlenir.  

 

Anahtar Kelimeler : Geçiĸ metalleri, karbon siyahē, oksijen indirgeme reaksiyonu, metal 
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A chemically modified n-type nitrogen and carbon modified TiO2, n-TiO2-xCx with x å 0.10, 

will be synthesized by controlled combustion of Ti precursors metal in a natural gas flame. 

Nitrogen implantation will be carried out by using common nitrogen sources such as urea, 

guanidine etc.  This material is expected to absorb light at wavelengths as high as 535 nm and 

have lower band gap energy than rutile. At an applied potential of 0.3 V, it is expected to 

perform water splitting with reasonable total conversion efficiency. It is also expected to 

achieve better photo conversion efficiency than anatase. 

The lead catalysts will be screened via methylene blue degradation under visible region.  The 

good candidates will also be tested for their efficiencies for photocatalytic or 

photoelectrocatalytic water splitting. 

 

Keywords: Photocatalyst, Water splitting, Hydrogen 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3rd NATIONAL CATALYSIS CON GRESS   April  28- May 1, 2010   Zonguldak - TURKEY  

 

 99 

P-18 

n-TiO2 Tipi Etkin Fotokatalitik Su Ayrēĸtērma Katalizºrleri Hazērlanmasē 

ve Tanēmlanmasē  

 

Ķsmail Boz, Mehtap ķafak Boroĵlu, Zeynep M¿nevver Zengin,  

Can Deĵer, Levent Nergiz, Selva ¢avuĸ 

Ķstanbul ¦niversitesi, M¿hendislik Fak¿ltesi, Kimya M¿hendisliĵi Bºl¿m¿, Avcēlar, 34320, 

Ķstanbul, T¿rkiye 

 ismailb@istanbul.edu.tr 

 

 

Kimyasal olarak modifiye edilmiĸ n tipi TiO2, n-TiO2 nin karbon ile modifikasyonu 

sonucu oluĸan TiO2 katalizºrlerin tanēmlanmasē gerekleĸtirilecektir.  N tipi modifikasyon 

sonrasē normalde sadece UV bölgesinden absorbsiyon yapan katalizörlerin görünür alandan 

daha fazla absorbsiyon yapmasē beklenmektedir.  ¦retim tekniĵi olarak ¿re, guanidin vb. azot 

ieren kimyasallar kullanēlacaktēr.  Karbon modifikasyonu iin ise y¿ksek temperatür alev ile 

üretimi gerekleĸtirilecektir.   

Elde edilecek katalizºrler gºr¿n¿r dalga boyunda ki ēĸēma altēnda katalitik etkinlikleri 

metilen boyasē paralanma reaksiyonunda karĸēlaĸtērēlacaktēr.  Elde edilecek ºnc¿ 

katalizörlerin en iyileri ise fotokatalitik veya fotoelektrokatalitik su parçalanma 

reaksiyonunda da denenecektir.  
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Dimethyl ether (DME) has the potential as an efficient diesel fuel alternative with 

almost no soot and low NOx emission. Low auto ignition temperature, almost instantaneous 

vaporization when injected into the cylinder, its high oxygen content and high cetane number 

make DME an attractive compression engine fuel alternate. In this study, vapor phase 

dehydration of methanol to DME was performed in a tubular flow reactor placed into a 

temperature controlled oven. Among solid acid catalysts, catalytic activities of ɔ type of 

aluminum oxides were tested in dehydration of methanol to produce DME. Alumina catalysts 

showed catalytic activity in the temperature range of 200-400oC. Among the catalysts tested, 

Al -T which was supplied by TOYO Engineering®
, showed much higher activity than the ɔ-

alumina catalysts which was supplied by BASF®. This result was concluded to be mainly due 

to the presence of larger Lewis acid sites (as determined from the DRIFTS analysis of 

pyridine adsorbed samples) as well as quite weak Bronsted acid sites in Al-T. Also, this 

material (Al-T) had higher surface area and larger pore diameter values than other ɔ-Al 2O3 

catalysts. According to the activity tests, about 50 % of methanol was converted to the 

products with Al-T at 250oC at a space time of 0.27 s.g/cm3. This conversion reached a value 

of about 80 % at 350oC, which was close to the equilibrium value. DME selectivity was found 

to approach 90 % at temperatures over 250oC.  

 

Keywords: DME, methanol dehydration reaction, aluminum oxide 
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Dimetil eter (DME) temiz yanma özellikleri ve d¿ĸ¿k NOx salēnēmē ile etkin bir dizel 

yakēt alternatifidir. D¿ĸ¿k ateĸlenme sēcaklēĵē, enjeksiyon sērasēnda ani buharlaĸmasē, yüksek 

oksijen ieriĵi ve yüksek setan sayēsē, DMEônin dizel motorlarē yakētē olarak ¿st¿n avantajlē 

özellikleridir. Bu alēĸmada, metanol¿n buhar fazēnda dehidrasyon reaksiyonu ile DME 

üretimi sēcaklēk kontroll¿ bir fērēn iine konulan boru tipi akēĸ reaktörde gerekleĸtirilmiĸtir. 

Katē asit katalizºrler arasēndan ɔ tipi aluminyum oksitler metanolün dehidrasyonuyla DME 

sentezinde denenmiĸtir. Alumina katalizörler 200-400oC sēcaklēk aralēĵēnda katalitik aktivite 

gºstermiĸtir. Test edilen katalizºrler arasēnda TOYO Eng.® firmasēndan temin edilen Al -T, 

BASF®ôtan temin edilen ɔ-alumina katalizºrlere gºre daha y¿ksek aktivite gºstermiĸtir. Bu 

katalizörün (Al-T) daha geniĸ Lewis asit merkezlerinin yanē sēra ok zayēf Bronsted asit 

merkezlerine de sahip olmasē (piridin adsorpsiyonu ile yapēlan DRIFTS analizine göre 

belirlenmiĸtir) yüksek aktivite vermesinin en önemli nedenidir. Ayrēca bu malzeme diĵer ɔ-

Al 2O3 katalizörlere gºre y¿ksek y¿zey alanē ve geniĸ gºzenek apēna sahiptir. Aktivite 

testlerine göre, Al -T ile 250oC ve 0.27 s.g/cm3 alēkonma s¿resinde metanol¿n yaklaĸēk % 

50ôsi ¿r¿nlere dºn¿ĸm¿ĸt¿r. Bu dºn¿ĸ¿m deĵeri 350oCôde denge dºn¿ĸ¿m¿ne yakēn olan 

yaklaĸēk % 80 deĵerine ulaĸmēĸtēr. DME seiciliĵi ise 250oCôden sonra % 90ôa ulaĸmēĸtēr.  

 

Anahtar Kelimeler : DME, metanol dehidrasyon reaksiyonu, aluminyum oksit 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



3rd NATIONAL CATALYSIS CON GRESS   April  28- May 1, 2010   Zonguldak - TURKEY  

 

 102 

P-20 

Degredation of Organic Dyes with Ni, Cu, Ce Metal Oxides Doped TiO2 

Catalysts in Aqueous Media  

 

Özge Kerkez a, Ķsmail Boz b 

a Beykent University, Faculty of Engineering-Architecture, Department of Chemical 

Engineering, Ķstanbul, 34396, ozgekerkez@beykent.edu.tr 
b Ķstanbul University, Faculty of Engineering, Department of Chemical Engineering, Ķstanbul, 

34320, ismailb@istanbul.edu.tr 

 

 

Existence of organic dyes in waste water of textile industry is not desired from the 

point of view health and also aesthetic. Due to the high concentration of organics in the 

effluents and the higher stability of modern synthetic dyes, their discharges into nature are 

very harmful. Therefore removal of these organic dyes from waste water is an important 

environmental problem.  

Heterogeneous photocatalysis performed by semiconductor particules, is an attractive 

and highly efficient method for degredation of toxic chemicals in industrial waste water. 

Among the metal oxide semiconductors, TiO2 comes forward as the most suitable catalyst 

becouse it is chemically and biologically inert, photocatalytically stable, environmentally 

friendly and it has high oxidation ability. 

There are several studies in the literature that represent achievement of UV/TiO2 

systems for removal of organic dyes. It is predicted that doping semiconductor (TiO2) with a 

secondary metal oxide would increase activity for dye removal. The aim of this study is 

investigation of prepared Ni, Cu, Ce metal oxides doped TiO2 catalystsô activities at 

methylene blue degredation in aqueous media. Our studies about this topic continue to 

improve visible light responsive catalysts. 

As part of experiments methylene blue analyzed by UV-Vis spectrophotometer and 

before all else a calibration curve was prepared at 665 nm that is the wavelength of maximum 

absorbance showed by methylene blue. 100 mL, 20 ppm aqueous solution of methylene blue 

was used as initial solution. After addition of particular amount of catalysts, the solution was 

kept in dark during 1-1.5 hour for adsorption completion. The reaction was performed under 

the UV irradiation. Reaction aliquots taken periodically from reaction media were centrifuged 

and after the seperation of catalysts samples were analyzed by UV-Vis spectrophotometer. Ni, 

Cu, Ce metal oxides doped TiO2 catalysts were prepared using wet impregnation method.   

Ni(NO3)2, Cu(NO3)2 and Ce(NO3)3 solutions were doped on TiO2 (Degussa P25) support 

under the heat. After drying the catalysts were calcined as the final operation. Catalysts 

prepared by impregnation method were characterized by analysis methods like X-ray 

diffraction (XRD) and Fourier Transform Infrared Spectrometer (FTIR).  

As a result effects of doping different metal oxides on TiO2 semiconductor and 

activities of secondary metal oxide doped TiO2 catalysts at methylene blue degredation are 

examined. 

 

Keywords: Photocatalyst, Degredation of organic dyes, UV/TiO2 system 
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Tekstil end¿strisinden kaynaklanan atēk sularda organik boyalarēn bulunmasē hem 

estetik aēdan hem de saĵlēk aēsēndan istenmemektedir. Modern sentetik boyalarēn y¿ksek 

stabilitesi ve ēkēĸ akēmlarēnda y¿ksek konsantrasyonda olmalarē sebebiyle daha kirletici 

ºzelliĵe sahiptirler, bu boyalarē ieren atēksularēn doĵaya deĸarj edilmesi b¿y¿k tehdit 

oluĸturur. Dolayēsēyla bu kullanēlan toksik organik boyalarēn atēk sulardan giderilmesi ºnemli 

çevresel bir problemdir. 

Yarē-iletken partik¿llerinin kullanēldēĵē heterojen fotokataliz, end¿striyel atēk sulardan 

toksik kimyasallarēn degredasyonunda dikkat ekici ve ok etkili bir yºntemdir. Metal oksit 

yarē-iletkenler arasēnda TiO2, biyolojik ve kimyasal inertliĵi, fotokorozyona ve kimyasal 

korozyona karĸē stabil olmasē, y¿ksek oksidasyon g¿c¿ sayesinde en uygun fotokatalizºr 

olarak ºne ēkmēĸtēr.  

Literatürde boyar madde gideriminde UV/TiO2 sistemlerinin baĸarēlē olduĵunu 

gºsteren birok alēĸma mecuttur. Yarē-iletken metal oksitin (TiO2 gibi) ikincil bir metal oksit 

t¿r¿ ile katkēlandērēlmasēyla boyar madde giderimindeki aktivitesinin arttēĵē ºngºr¿lmektedir. 

Bu alēĸmanēn amacē TiO2 yarē-iletkenine, Ni, Cu ve Ce oksitlerinin katēlmasēyla hazērlanan 

katalizörlerin metilen mavisi degredasyonunda aktivitelerinin incelenmesidir.  Bu alandaki 

alēĸmalarēmēz gºr¿n¿r alan ēĸēmaya duyarlē katalizºrler (visible light responsive catalysts) 

geliĸtirmeye yºnelik olarak devam etmektedir. 

Denemeler kapsamēnda metilen mavisi UV-Vis spektrofotometresi ile analiz edilmiĸtir 

ve ºncelikle maksimum absorbans gºsterdiĵi 665 nm dalga boyunda kalibrasyon eĵrisi 

hazērlanmēĸtēr. Baĸlangē ºzeltisi olarak 100 mL, 20 ppm deriĸiminde sulu ºzeltisi 

kullanēlmēĸtēr. Belirli oranlarda katalizºr ilavesinden sonra adsorpsiyonun tamamlanmasē 

amacēyla karanlēkta 1-1,5 saat s¿reyle bekletilmiĸtir. UV ēĸēmasē altēnda reaksiyon 

gerekleĸtirilmiĸtir.  Periyodik olarak alēnan reaksiyon numuneleri santrif¿jlenerek katalizör 

ayrēldēktan sonra UV-Vis spektrofotometresinde  analiz edilmiĸtir. Metal oksitlerin TiO2 

¿zerine y¿klenmesi yaĸ emdirme metoduyla gerekleĸtirilmiĸtir. Ni(NO3)2, Cu(NO3)2 ve 

Ce(NO3)3 çözeltileri TiO2 (Degussa P25) desteĵi ¿zerine sēcaklēk altēnda y¿klenmiĸtir. 

Kurutmadan sonra kalsinasyon iĸlemiyle katalizºrler elde edilmiĸtir. Hazērlanan katalizºrler 

X-ēĸēnē kērēnēmē (XRD), Fourier Transform Ķnfrared Spektrometresi (FTIR) gibi analiz 

yºntemleri kullanēlarak karakterize edilmiĸtir.  

Farklē metal oksitlerin TiO2 yarē-iletkeninin özelliklerine etkisi ve ikincil metal 

oksitleri y¿klenmiĸ TiO2 katalizörlerinin metilen mavisi degredasyonunda aktiviteleri 

incelenmiĸtir.  

 

Anahtar Kelimeler : Fotokatalizör, Boyar madde degredasyonu, UV/TiO2 sistemi 
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The photocatalytic activities of the TiO2-SiO2 composite thin films were measured 

with methylene blue stain degradation and antimicrobial effect against Escherichia coli under 

artificial sunlight. It was found that, when the addition of SiO2 is 54 %  and  90 % the film has 

an optimum  photocatalytic self cleaning and antimicrobial  activity,  respectively. In order to 

better understand the factors that change the self-cleaning and antimicrobial activity with 

addition of SiO2, surface area measurement by methylene blue (MB) adsorption technique, X-

ray diffraction (XRD), bacteria adhesion test were performed. With addition of SiO2 specific 

surface area of thin films increased from 0.16 to 83.4 m2/m2 and bacterial adhesion improved 

from 25*104 to 32*104,  XRD results reveal that the crystal form of the TiO2 films with a 

different amount of SiO2 is identified as anatase. 

 

Keywords: TiO2, SiO2, Photocatalytic, Antimicrobial 
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TiO2-SiO2 komposit ince filmlerin, foto-katalitik etkinlik  testleri; metilen mavisinin  

suni  g¿n  ēĸēĵē altēnda  degredasyonu ve antimikrobiyal aktivite ölçümleri ise suni g¿n ēĸēĵē 

altēnda ince film yüzeylerinde hayatta kalan Escherichia coli kolonilerinin sayēmē ile  

ºl¿lm¿ĸt¿r. Ķnce filmlerdeki kütlece  SiO2 miktarē sērasēyla % 54 % ve % 90 olduĵunda,  

fotokatalitik yoldan kendi kendini temizleme ve antimikrobiyal aktivitileri optimum deĵerlere 

ulaĸmēĸtēr. Ķnce filmlerde, eklenen SiO2 miktarē ile deĵiĸen  kendi kendini temizleme ve 

antimikrobiyal aktivite deĵerlerin sebeplerini daha iyi anlamak iin, ince filmlerde, metilen 

mavisi adsorpsiyon tekniĵinden yararlanēlarak  y¿zey alanē ºl¿m¿, XRD, y¿zeye bakteri 

tutunma deneyleri gerekleĸtirilmiĸtir. Silika miktarē arttēka y¿zey alanēn 0.16 m2/m2ôden 

83.4 m2/m2ôe, y¿zeye tutunan bakteri sayēsēnēn 25*104ôden 32*104 deĵerine ēktēĵē 

gºzlemlenmiĸtir. XRD sonularē ise ince filmlerdeki ieriĵe sahip olan toz numunelerdeki 

TiO2ônun kristal yapēsēnēn silica miktarē deĵiĸse bile  anatas olarak kaldēĵē saptanmēĸtēr.     
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Ru based ammonia synthesis catalysts have a promising future for an efficent 

ammonia production process. In this manner, Ba promoted Ru/SiO2 and Ru/SBA-15 catalysts 

are prepared with different metal loadings via incipent wetness and hydrotermal direct 

synthesis techniques to investigate both the thermodynamic advantages of SBA-15 support 

and active sites on Ru metal. B5-type active sites which are constructed in Ru metal with a 

three-fold hollow site connecting a bridge site are responsible for N2 adsorption and 

dissociation on Ru catalysts. XRD, BET, microcalorimetry and chemisorption techniques will 

be used to identify the characteristic properties of catalysts. Also, DRIFTS of N2 and 1H NMR 

characterization techniques will be applied to the catalysts to determine the famous B5-type 

active sites.  

 

Keywords: Ru catalysts, B5 active sites, Ammonia synthesis  
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Ru esaslē amonyak sentez katalizºrleri yeni nesil amonyak üretim prosesleri için umut 

vadeden bir geleceĵe sahiptir. Bu amala, Ba ile g¿lendirilmiĸ Ru/SiO2 and Ru/SBA-15 

katalizºrleri farklē metal y¿klemeleri ile ēslaklēk baĸlangēcē ve hidrotermal doĵrudan sentez 

yºntemleri kullanēlarak sentezlenmiĸtir. Bu katalizºrler hem SBA-15 destek maddesinden 

kaynaklanabilecek termodinamik avantajlarē hemde Ru metali üzerindeki aktif merkezleri 

araĸtērmak iin hazērlanmēĸtēr. Ru metali ¿zerinde bulunan ¿ tane Ru atomunun birbirine 

tutunmasēyla oluĸan boĸluk merkezleri ile yine Ru atomlarēnēn oluĸturduĵu kºpr¿ merkezinin 

birleĸmesiyle oluĸmuĸ B5-tip aktif merkezleri N2 molekülünün adsorpsiyonundan ve 

ayrēĸmasēndan sorumludur. XRD, BET, mikrokalorimetri and kimyasal adsorpsiyon 

karakterizasyon teknikleri katalizörlerin karakteristik özelliklerini belirlemek için 

kullanēlacaktēr. Bu tekniklere ek olarak, N2
ônin DRIFTS yardēmēyla ve 1H NMR 

karakterizasyon teknikleri de B5-tip aktif merkezlerini belirlemek iin kullanēlacaktēr.  
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Carbon dioxide is the last oxidation product of carbon based compounds. The 

concentration of carbon dioxide in atmosphere increases continuously. This increase causes 

global warming and climatic changes. Despite of these, carbon dioxide is a carbon source 

and establishment of  an industrial process with effective reduction is intensively researched 

at present. 

            Although carbon dioxide has a limited usage in gas phase, useful organic compouns 

can be produced by reduction of carbon dioxide. Formic acid is more important among these 

products with its usage in fuel cells for energy production. It is possible to reduce carbon 

dioxide at ambient conditions in laboratory with various methods. Although these methods 

are  various, electrochemical reduction is the most effective method among these. Applied 

processes is non-continuous systems and this is one of the problems in the reduction of carbon 

dioxide. Processes that work continuously increase both productivity and energy input. In 

flow systems which designed for electrochemical reactions (electrolysers), bipolar and 

monopolar cells are usually used. 

 In this study, both monopolar and bipolar electrodes can be used in the designed 

electrolyser. Carbon dioxide electro-reduction is examined with cyclic voltammetry                

( Figure 1) and electrolysis on Pb and modified-Pb electrocatalysts in 0,1 M KHCO3 media.  

Formic acid is detected as main product (%65) at ambient conditions and -1,8 V (vs AgCl) 

electrode potential. Formic acid concentration - time graphic is shown in Figure 1. 

 

 
 

Figure 1. Cyclic voltammogram of Pb catalyst in 0,1 M KHCO3 at 50 mV/s  scan rate, (a) 

absence of carbon dioxide, (b) presence of carbon dioxide.    

 

Keywords: Carbon dioxide, Formic acid, Electrochemical reduction, Electrolyser, Bipolar 

cell. 
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Karbonlu bileĸiklerin y¿kseltgenmesinde son ¿r¿n karbondioksittir. Karbondioksitin 

atmosferdeki deriĸimi s¿rekli olarak artmasē nedeniyle k¿resel ēsēnmaya, buna baĵlē olarak da 

iklim deĵiĸikliklerine neden olduĵu belirtilmektedir. T¿m bunlara raĵmen, karbondioksit bir 

karbon kaynaĵēdēr ve indirgenerek kullanēlabilir organik bileĸiklere dºn¿ĸt¿r¿lmesi 

hedeflenmektedir.  

      Gaz halindeyken kullanēmē sēnērlē kalan karbondioksit, indirgendiĵinde kullanēlabilir 

organik bileĸiklere dºn¿ĸmektedir. Bunlar arasēnda, yakēt h¿crelerindeki kullanēmē ile enerji 

saĵlayan formik asidin  ºnemi diĵer organik bileĸiklere gºre daha b¿y¿kt¿r. Deĵiĸik 

yºntemlerin uygulanmasē sonucu karbondioksiti laboratuar ĸartlarēnda da indirgemek 

m¿mk¿nd¿r. Yºntemler eĸitli olmakla birlikte bunlarēn arasēndan elektrokimyasal 

indirgemenin en etkilisi olduĵu gºr¿lmektedir. Karbondioksitin elektrokimyasal 

indirgenmesindeki problemlerden biri, uygulanan proseslerin s¿rekli alēĸan sistemler 

olmayēĸēdēr. Bir prosesin kesintiye uĵramadan s¿rekli alēĸmasē hem verimliliĵi, hem de 

enerji tasarrufunu artērabilecektir. Elektrokimyasal reaksiyonlar iin tasarlanan s¿rekli alēĸan 

sistemlerde (elektrolizörler) genellikle bipolar ve monopolar hücreler kullanēlēr.  

 Bu alēĸmada, tasarēmē yapēlan elektrolizºrde hem monopolar hem de bipolar 

elektrotlar kullanēlabilmektedir. Pb ve modifiye Pb elektrokatalizºrleri ¿zerinde, 0,1 M 

KHCO3 ierisinde karbondioksit indirgenmesi dºn¿ĸ¿ml¿ voltametri (ķekil 1) ve elektroliz 

deneyleri ile incelenmiĸtir. Oda koĸullarēnda ve - 1,8 Vôda (vs AgCl) yapēlan elektrolizlerde 

formik asit ana ¿r¿n olarak elde edilmiĸtir (%65), zamana baĵlē formik asit deriĸimi grafikte 

verilmiĸtir (ķekil 1).  

  
 

ķekil 1. Pb katalizörün 0,1 M KHCO3 iinde 50 mV/s tarama hēzē ile alēnan dºn¿ĸ¿ml¿ voltamogramē, 

(a) karbondioksit olmadēĵēnda, (b) karbondioksit varlēĵēnda.   

Anahtar Kelimeler:  Karbondioksit, Formik asit, Elektrokimyasal Ķndirgeme, Elektrolizºr, 

Bipolar hücre. 

 


