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The reforming of methane with C02produces synthesis gas with
high CO/H2 ratio, which is suitable to produce higher hydrocarbons and
oxygenated compounds by Fischer-Tropsch synthesis. In this study, the sol-gel
technique, which has several advantages over conventional technique, was
applied to prepare 5% NI/AID3 catalyst and alumina support. The
performance of 5% sol-gel catalyst on CH4 reforming with C02was compared
to that of 5% impregnation catalysts supported on commercial alumina and on
sol-gel alumina. It was found that all three catalysts deactivated with time on
stream, because of carbon deposition on the catalysts resulting in total loss of
catalytic activity. In addition, the reverse water gas shift reaction, the side
reaction, uses H2to produce CO. Therefore, CO selectivity is higher than H2
selectivity. Temperature programmed oxidation (TPO) on thermogravimetric
analyzer (TGA) was used to determine the amount of carbon on the three
prepared catalysts used for 20 hours. It was found that the carbon deposition
on the catalyst can be oxidized at high temperatures in the range of 670-700 °c
and % carbon on Ni/sol-gel AL 3is 17.61%, whereas that on sol-gel Ni/Al2) 3
15 25.15% and on Ni/commercial AL 3is 17.89%.



(Catalyst Development for Methane Reforming with C02
(Prof. Erdogan Gulari) .
50 ISBN 974-331-897-6

(C02 (CHY
(synthesis gas) (2
(Fischer-
Tropsch) 5% Ni/AID3 (sol-gel
technique) (impregnation technique)

(reverse water gas shift reaction)
(CO  selectivity) (H2 selectivity)

(temperature programmed oxidation on
thermogravimetric analyzer)
(C02 670-700 °c sol-gel
Ni/AID 3 Ni/commercial AD3  Nifsol-gel AlD3  25.15%, 17.89%
17.61%



ACKNOWLEDGMENTS

This work cannot he successful without the participation of the
following individuals and organizations.

First of all, | wish to express my utmost appreciation and deepest
gratitude to my thesis advisors, Professor Erdogan Gulari, Associate Professor
Kunchana Bunyakiat and Dr. Thirasak Rirksomboon, for their guidance,
discussion, strong encouragement and assistance devotedly throughout my
thesis work.

| would like to extend my sincere thanks to all of the Professors who
guided me through their courses, establishing the knowledge needed for this
thesis. 1 also would like to thank Assoc. Prof. Sumaeth Chavadej for serving
on my thesis committee.

It is a pleasure to acknowledge the PTT Research and Technology
Institute for financial support, the Petroleum and Petrochemical College for the
support in laboratory facilities and all of the staffs of the college for their
helpful assistance.

Very special thanks are forwarded to all of my friends for making my
two years of study at the college most memorable and enjoyable.

Finally, I would like to express whole-hearted gratitude to my family
for their love, encouragement and measureless support.



TABLE OF CONTENTS

Title Page

Abstract (in English)
Abstract (in Thai)
Acknowledgments
Table of Contents
List of Tables

List of Ligures

INTRODUCTION

LITERATURE SURVEY
2.1 Methane Reforming Reaction
2.2 Catalyst Development
2.2.1 Active Metals
2.2.2 Supports
2.2.3 Ni Precursors
2.3 Reaction Conditions
2.4 Carbon Deposition
25 Catalyst Regeneration
2.6 The Application of Sol-Gel in Catalyst
Preparation

EXPERIMENTAL SECTION
31 Materials

O OO0 ——Jd N OO OO O o1 o

14
4



CHAPTER

3.1.1 Catalyst Preparation Materials
3.1.2 Gases
3.2 Catalyst Preparation
32.1 Sol-Gel Technique
3.2.2 Impregnation Technique
3.3 Catalyst Characterization
33.1 Surface Area Measurement
3.3.2 Temperature Programmed Reduction (TPR)
3.3.3 Temperature Programmed Oxidation (TPQ)
on Thermogravimetric Analyzer(TGA)
3.3.4 X-Ray Diffraction (XRD)
3.4 Experimental Apparatus
34.1 Gas Mixing Section
3.4.2 Catalytic Reactor
34.3 Analytical Instrument
3.5 Experimental Procedures
35.1 The Effect of Calcination Temperature
3.5.2 The Effect of Reduction Time
35.3 The Effect of Reaction Temperature
354 Activation Energy
3.5.5 Carbon Deposition Studies

RESULTS AND DISCUSSION
4.1 Catalyst Characterization
411 X-Ray Diffraction

vil

PAGE

4
14

15

&5 56 5 &

16
17
1
1
17
19
19
20
20
20
20
2

22
22
23



CHAPTER

4.1.2 Surface Area and the Reduction
Temperature
4.2 The Effect of Calcination Temperature
4.3 The Effect of Reduction Time
4.4 The Effect of Reaction Temperature
4.5 Catalytic Activity, Stability and Selectivity
4.6 Activation Energy
4.7 Carbon Deposition Studies

CONCLUSIONS
REFERENCES

CURRICULUM VITAE

VIl

PAGE

24
29
3l
33
3
37
41

47

48

51



TABLE

41

4.2

43

44

45

4.6

LIST OF TABLES

The crystallite phases on 5% sol-gel Ni/AI2) 3 fresh and
used 5% Ni/sol-gel A1) 3identified by XRD.

The surface areas and the reduction temperatures (Tr) for the
catalysts.

The average of CO. PI2 selectivity, CO:H2 ratio and water
formation rate of 5% sol-gel Ni/AID3 at various
temperatures over 6 hours on stream.

The average of CO. H2 selectivity, CO:H2 ratio and water
formation rate of all three catalysts over 20 hours on stream.
The activation energies of 5% sol-gel Ni/AI2)3 5%
Ni/commercial A120 3and 5% Ni/sol-gel A1) 3hased on CO
and H2 formation rate.

The oxidation temperatures for carbon and % carbon on all
three catalysts used for 20 hours.

PAGE

24

25

3

37

41

42



FIGURE
i

31
41

42
43

44

45

4.6

4.7

43

LIST OF FIGURES

Schematic diagram of the chemical energy transmission
system (CETS).

Schematic of experiment apparatus.

XRD patterns of sol-gel A1) 3 fresh and used 5% sol-gel
Ni/AID 3

XRD patterns of commercial A0 3 fresh and used 5%
Ni/commercial ALZ) 3

XRD patterns of sol-gel AL20 3 fresh and used 5% Ni/sol-gel
Al 3

Catalytic activity of 5% sol-gel Ni/AI2) 3calcined at 500 °C
and G00°C when tested at 700 °C: () CH4 conversion (b)
C02conversion.

Catalytic activity of 5% sol-gel Ni/Al2) 3calcined at 500 T
reduced for 3,4 and 5 hours when tested at 700 °C: (a) € 4
conversion (b) CO2conversion.

Catalytic activity of 5% sol-gel Ni/AI2) 3calcined at 500 T
when tested at 600, 650, 700, 750 °C: (a) € 4conversion
(b) CO2conversion.

Catalytic activity of 5% sol-gel Ni/Al2) 3 5% Ni/commercial
AL 3and 5% Nifsol-gel AL2) 3when tested at 700 °C; (a)
CH4 conversion (b) CO2conversion.

Arrhenius plots of 5% sol-gel Ni/AI2) 3 (a) based on CO
formation rate (b) based on EI2formation rate.

PAGE

18

26

21

28

30

32

36

3



FIGURE

4.9  Arrhenius plots of 5% Ni/commercial AL 3 (a) based on
CO formation rate (b) based on H2formation rate.

410  Arrhenius plots of 5% Ni/sol-gel AL 3; (a) hased on CO
formation rate (b) based on H2 formation rate.

411 Temperature programmed oxidation (TPO) profiles of all
three catalysts tested for 20 hours.

412 Temperature programmed oxidation (TPO) profiles of the
catalysts when tested for 20 hours: (a) 5% sol-gel Ni/AI2) 3
(b) 5% Nifcommercial AL 3 (c) 5% Nifsol-gel AL 3

Xl

PAGE

39

40

4

46



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



