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ABSTRACT
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Natthapong Senathiphordee: Hydrogen Production from Steam
Reforming of Methane Using Ni-Supported on KL Zeolite
Catalysts
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In addition to its use for industrial feed, hydrogen has received a great deal
of attention n fuel cell applications with the goal of reducing negative impacts on the
environment. - Steam reforming of methane using supported Ni catalysts is a major
process in hydrogen production. In this work, the steam reforming of methane using
Ni supported on KL zeolite catalysts was studied. The catalysts were prepared by
the incipient wetness impregnation method (IWI) and characterized using BET,
XRD, TPR and TPO techniques. The main purpose of this work was to study the
effects of Ni loading, ceria promoter and the H20/CH4 ratio over Ni supported on KL
zeolites. A comparison study between NI/KL zeolite and Nifa-alumina catalysts was
also studied for the effect of the H20/CH4 ratio. Among the catalysts examined,
1%Ni-3%Ce/KL zeolite exhibited the best catalytic activity and stability. The
addition of a ceria promoter enhanced Ni dispersion and reduced carbon deposition
on the catalyst. At a H20/CH4 ratio of 1, methane conversion of KL zeolite catalyst
slightly decreased with time on stream while at H20/CH4 ratios of 2 and 3, methane
conversion remained constant. KL zeolite catalyst was comparable to commercial
catalysts in terms of catalytic activity and stability.



(Hydrogen Production from  Steam
Reforming of Methane Using Ni-Supported on KL Zeolite Catalysts) .
53 ISBN 974-9651-09-X

(Fuel cell)
(KL

zeolite) (Impregnation  method)
BET, XRD, TPR  TPO

%



ACKNOWLEDGEMENTS

This work can not be successful without the assistance of the following
individuals and organizations.

First of all, I would like to express my utmost appreciation and deepest
gratitude to my thesis advisors, Dr. Apanee Luengnaruemitchai and Dr. Sirirat
Jitkamka, for their kindness, invaluable guidance, providing useful recommendations,
Creative comments, understanding and strong encouragement throughout the course of
my research 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. Thirasak Rirksomboon and Asst. Prof. Pramoch
Rangsunvigit for serving on my thesis committee.

It is pleasure to acknowledge the Petroleum and Petrochemical College for
their support in laboratory facilities and all of the staff of the college for their helpful
assistance.

This thesis work was partially funded by Postgraduate Education and
Research Programs in Petroleum and Petrochemical Technology (PPT Consortium).

Finally, I would like to take this opportunity to thank PPC Ph.D. students and
all my PPC friends for their friendly assistance, cheerfulness, creative suggestions, and
encouragement. | had the most enjoyable time working with all of them. Also, | am
greatly indebted to my parents and my family for their support, love and
understanding.



TABLE OF CONTENTS

Title Page
Acceptance Page
Abstract (in English)
Abstract (in Thai)
Acknowledgements
Table of Contents
List of Tables

List of Figures

CHAPTER

INTRODUCTION

BACKGROUND AND LITERATURE SURVEY
2.1 Steam Reforming of Methane

2.2 Steam Reforming Catalyst

2.3 Carbon Formation on Steam Reforming Catalyst
2.4 Catalyst Development for Steam Reforming

2.5 KL Zeolite Catalyst Support

EXPERIMENTAL SECTION

31 Materials
311 Catalyst Preparation Materials
312 Gases

3.2 Catalyst Preparation Procedure

3.3 Catalyst Characterization
33.1 Surface Area Measurement
3.3.2 X-Ray Diffraction (XRD)

PAGE

~N o1 o1 & &~

10

12
12
12
12

12

13
13
13



CHAPTER

3.3.3 Temperature ProgrammedReduction (TPR)
334 Temperature ProgrammedOxidation (TPO)
3.4 Experimental Apparatus
34.1 Gas Mixing Section
34.2 Catalytic Reactor
343 Analytical Instrument
3.5 Experimental Procedure
351 Effect of Nickel Loading
35.2 Effect of Ceria Content
353 Effect of Steam to Methane Ratio
35.4  Comparison between KL Zeolite Catalyst and
Commercial Catalyst
355 Stability Test
3.6 Calculations

RESULTS AND DISCUSSION
4.1 Catalyst Characterizations
411 Surface Area Measurement
412 X-Ray Diffraction (XRD)
4.1.3 Temperature ProgrammedReduction (TPR)
4.2 Effect of Nickel Loading
4.3 Effect of Ceria Content
4.4 Effect of Steam to Methane Ratio
45 Comparison between KL Zeolite Catalyst and
Commercial Catalyst
451 AtH2):.CH4=3!l
452 AtHZ):CH4= 11
4.6 Stability Test

vil

PAGE

14
14
14
14
15
15
1
17
17
1

18
18
18

20
20
20
2
25
21
3l
3

38
38
41
4



Vil

CHAPTER page
V' CONCLUSIONS AND RECOMMENDATIONS 48
51  Conclusions 48
2 Recommendations 49
REFERENCES 50

CURRICULUM VITAE 53



TABLE

41
4.2
43

LIST OF TABLES

BET characterization results
Effect of ceria content on catalytic activity
TPO results of ceria promoted 7% Ni/KL zeolite catalyst

after 5 hours of reaction

PAGE

20
32

33



LIST OF FIGURES

FIGURE

2.1
3.1
4.1

4.2

43

4.4

4.5

4.6

4.7
4.8

4.9

KL zeolite structure.

Schematic of experimental apparatus.

XRD patterns of KL zeolite and calcined KL zeolites
atvarious temperatures.

XRD patterns of KL zeolite and nickel supported on KL zeolite

catalysts calcined at 700°c for 4 hours; (1 ), nickel oxide phase.

XRD patterns of ceria promoted Ni/KL zeolites

calcined at 700°c¢ for 4 hours: (+ ), nickel oxide phase.
XRD patterns of KL zeolite, calcined and used

(5 hours of reaction) 7% Ni/KL zeolite catalysts;

(4 ), nickel oxide phase (+)5nickel metal phase.

XRD patterns of used ceria promoted 7% Ni/KL zeolite

(5 hours of reaction); (+)5nickel metal phase.

TPR patterns of Ni/KL zeolite catalyats with different
nickel loading.

TPR patterns of ceria promoted 7% Ni/KL zeolite catalysts
Methane conversion as a function of reaction temperatures

over different nickel loading on KL zeolite; % Ni loading:
() 3, ()7 and (A) 15 at H20 /CH4 ratio of 3.

Methane conversion as a function of time on stream over
different nickel loadings on KL zeolite; % Ni loadings : (+ ) 3,

)5 (A)7,(+) 10 and (X) 15 at H20/CH4 ratio of 3
and 700°C.

PAGE

11
16

21

22

23

24

24

25
26

27

28



FIGURE

4.10

411

4.12

4.13

4.14

4.15

Hydrogen yield as a function of time on stream over

different nickel loadings on KL zeolite; % Ni loadings : (v ) 3,
( )5 (A)7,() 10and (X) 15 at H20/CH4 ratio of 3

and 700°c.

Hydrogen selectivity as a function of time on stream over
different nickel loadings on KL zeolite; % Ni loadings : (+ ) 3,
)5 (A)7,(+) 10 and (X) 15 at H20/CH4ratio of 3

and 700°¢c.

Carbon monoxide selectivity as a function of time on stream over
different nickel loadings on KL zeolite; % Ni loadings : (+ ) 3,
)5 (A)7,() 10and (X) 15 at H20/CH4ratio of 3

and 700°c.

Methane conversion as a function of time on stream over
ceria promoted Ni/KL zeolite catalysts; % ceria contents:

(W )0, ()L (A)3,(¢)5and (X)7atH20/CH4ratio of3
and 700°c.

Hydrogen yield as a function of time on stream over

ceria promoted Ni/KL zeolite catalysts; %ceria contents:
()0, @)L (A)3, (+) 5and (X) 7T at H20/CH4ratio of 3
and 700°c.

Hydrogen selectivity as a function of time on stream over

ceria promoted Ni/KL zeolite catalysts; % ceria contents:
(bW )0, ()L (A)3,(+)5and (X)7 atH20/CH4ratio of 3
and 700°c.

PAGE

30

30

31

32

34

34



Xii

FIGURE PAGE

4.16 Carbon monoxide selectivity as a function oftime on stream
over ceria promoted Ni/KL zeolite catalysts; % ceria contents:

(b )0, ()L (A)3,(+)5and (X) 7 atH20/CH4ratioof3

and 700°c. 35
4.17 Methane conversion as a function of time on stream over

T%Ni/KL zeolite catalysts at 700°c and H20/CH 4 ratio

of (A) L, ( )2and(t )3. 36
4.18 Hydrogen yield as a function of time on stream over

T9% Ni/K L zeolite catalysts at 700°c and H20/CH4 ratio

of (A) 1,0 )2and (+ )3. 37
4.19 Hydrogen selectivity as a function of time on stream over

T% Ni/KL zeolite catalysts at 700°c and H20/CH 4 ratio

of (A) 1, ( )2and(#)3. 37
4.20 Carbon monoxide selectivity as a function oftime on stream

over 7% Ni/KL zeolite catalysts at 700°c and H20/CH 4 ratio

of (A) L,( )2and(+ )3. 38
421 Methane conversion as a function of time on stream over

T%Ni/KL zeolite catalyst (¢ ) and 7% Ni/a-alumina catalyst (1 )

at 700°c and H20/CH4ratio of 3. 39

4.22 Hydrogen yield as a function of time on stream over
T%Ni/KL zeolite catalyst (+ ) and 7% Ni/a-alumina catalyst (1 )

at 700°c and H20/CH4 ratio of 3. 39

4.23 Hydrogen selectivity as a function of time on stream over
T%NIi/KL zeolite catalyst (+ ) and 7% Ni/a-alumina catalyst ( )
at 700°c and H20/CH4 ratio of 3. 40



Xl

FIGURE PAGE

4.24  Carbon monoxide selectivity as a function of time on stream over
1%NI/KL zeolite catalyst (¢ ) and 7%Ni/a-alumina catalyst {1 )

at 700°c and Hz o /CHx ratio of 3. |
425 Methane conversion as a function oftime on stream over

1%NI/KL zeolite catalyst (+ ) and 7%Ni/a-alumina catalyst ( )

at 700 °C and H.0/CHe ratio of 1 1
4.26 Hydrogen yield as a function of time on stream over

T%NI/KL zeolite catalyst ¢ )and 7%Ni/a-alumina catalyst ( )

at 700°c and H.O/CH. ratio of 1 43
4.27 Hydrogen selectivity as a function of time on stream over

T%NI/KL zeolite catalyst (+ ) and 7%Ni/a-alumina catalyst i )

at 700°c and H.O/CH ratio of L 43
4.28 Carbon monoxide selectivity as a function of time on stream over

T%Ni/KL zeolite catalyst (¢ ) and 7%Ni/a-alumina catalyst @t )

at 700 C and H. O/CH. ratio of 1 44
4.29 Methane conversion as a function of time on Stream at

H20/CH_ ratio of 3and 70 °C. 5
4.30 Hydrogen selectivity as a function of time on stream at

H.O/CH: ratio of 3and 700°c. 46

431 Hydrogen yield as a function of time on stream at
H: O/CH ratio of 3 and 700°c. 47



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



