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Non-oxidative methane coupling over metal-containing Y-type zeolite catalysts 
was investigated in this research with Co, Ru and Pt. It has been found that catalytic 
activity of the metal catalyst prepared by ion exchange method was better than the metal 
catalyst prepared by impregnation method. Comparison with 10%Co/HY, 10%NaY shows 
the very low activity for non-oxidative methane coupling. In addition, the percentage of 
metal loading, the appropriate percentages of cobalt, ruthenium and platinum were 10, 15 
and 15% by weight, respectively. The products from this reaction are ethane and propane. 
Propane was produced on 10%Co/HY and 15%Ru/HY, while ethane was occurred on 
15%Ru/HY and 15%Pt/HY. With the effect of space velocity of methane, the amount of 
propane was decreased when the space velocity of methane was increased from 4960 h '1 to 
6200 h"1. On the other hand the amount of ethane was increased. In hydrogenation step 
found that the amount of propane produced on 10%Co/HY was much higher in argon 
stream than hydrogen stream.

ภาควิชา วิศวกรรมเคมี
สาขาวิชา........ ว ิ^ ^ . เ.ค.มี.

2541

ลายมือชื่อนิสิต ..........................• = ^ ........................................................._ .....

ลายมือชื่ออาจารย์ที่ปรึกษา.....',̂ โ ^ ^ . . : Zะ4..>.. 
ลายมือชื่ออาจารย์ที่ปรึกษาร่วม................... ....................ปีการศึกษา



ACKNOWLEDGMENTS

The author would like to express her greatest gratitude to Dr. Suphot 
Phatanasri, her advisor, for his invaluable guidance, suggestions and supervision 
during her study. She wishes to give her sincere gratitude to Professor Dr. Piyasan 
Praserthdam, her thesis co-advisor, tor his advice and encouragement. Furthermore, 
she is also grateful to Professor Dr.Wiwut Tanthapanichakoon and Assistant 
Professor Dr.Tharathom Mongkhonsi for serving as a chairman and a menber of the 
thesis evaluating committee, whose comments have been especially helpful.

Her sincere thanks are due to Mr. Choowong Chaisuk and Mr. Wiroj 
Johnraleechanchai for their valuable help and many best friends in the Petrochemical 
Research Laboratory at department of Chemical Engineering, who had instantly 
provided encouragement and cooperation throughout this study.

Finally, she would like to express her highest gratitude to her parents for their 
continuous support and encouragement throughout this study.



CONTENTS

ABSTRACT (IN ENGLISH)........................................................................................... iv
ABSTRACT (IN THAI)....................................................................................................V
ACKNOWLEDGEMENTS..............................................................................................vi
LIST OF TABLES............................................................................................................ I X

LIST OF FIGURES............................................................................................................X

CHAPTER
I INTRODUCTION............................................................................................1
II LITERATURE REVIEWS.............................................................................5

2.1 Reviewed Papers.......................................................................... 5
2.2 Some comments on the previous works................................... 11

III THEORY........................................................................................................ 12
3.1 Zeolite Y...................................................................................... 12

3.1.1 Structures of zeolite Y................................................... 12
3.1.2 Active sites of zeolite Y................................................ 17

3.2 Methane Coupling...................................................................... 23
IV EXPERIMENTAL SYSTEMS................................................................... 24

4.1 Preparation of catalysts...............................................................25
4.1.1 Materials......................................................................... 25
4.1.2 Apparatus:unit of calcination...................................... 26
4.1.3 Preparation ofTransition metals..................................26
4.1.4 Preparation of catalysts..........................................   26
4.1.5 Preparation of metal catalysts...................................... 30

4.2 Reaction of non-oxidative methane coupling..........................31
4.2.1 Material...........................................................................31
4.2.2 Apparatus....................................................................... 32
4.2.3 Experimentation............................................................ 36

4.3 Catalysts characterization..........................................................36
4.3.1 X-ray Diffraction (XRD)............................................. 36

PAGE



V l l l

4.3.2 Determination of composition content of
catalyst.............................................................................37

4.3.3 FT-IR pyridine adsorption.............................................37
4.3.4 CO adsorption.................................................................39

V RESULTS AND DISCUSSIONS................................................................ 40
5.1 Catalyst characterization..........................................................  40

5.1.1 X-ray diffraction (XRD)................................................40
5.1.2 Determination of composition of catalyst...................42
5.1.3 CO adsorption................................................................ 43
5.1.4 FT-IR pyridine adsorption............................................ 43

5.2 Catalytic reaction........................................................................ 47
5.2.1 The effect of catalysts preparation method.................48
5.2.2 The effect of Na-form (NaY) and H-form (HY)...... 50
5.2.3 The effect of the amount of metal loading................53
5.2.4 The effect of reaction temperature...............................62
5.2.5 The effect of methane flow rate................................... 70
5.2.6 The effect of hydrogenation gas...................................80

VI CONCLUSIONS AND RECOMMENDATIONS................................... 82
6.1 Conclusions.................................................................................82
6.2 Recommendations for future studies...................................... 83

REFERENCES................................................................................................................84
APPENDIX

A. CALCULATION OF CATALYST PREPARATION.............................. 86
B. SAMPLE OF CALCULATIONS................................................................ 88
C. CALIBRATION CRUVE.............................................................................90
D. METHAN ADSORBED CURVE.............................................................. 92

VITA.................................................................................................................................. 96

PAGE



LIST OF TABLES

TABLE page

1.1 Reaction which can occur during hydrogenation of CO........................... 3
4.1 Reagents used for the preparation of zeolite Y........................................ 26
4.2 Operating conditions for gas chromatograph..........................................35
4.3 Operating condition of the TCD for CO adsorption................................ 39
5.1 The compositions of catalysts...............................................................42
5.2 The metal active sites of metal catalysts................................................ 43
5.3 The amount of methane adsorbed on 10%Co/NaY and 10%Co/NaYw....49
5.4 The amount of methane adsorbed on 10%Co/NaY and 10%Co/HY

catalysts.............................................................................................................. .51
5.5 The amount of methane adsorbed on Co/HY catalyst.................................. 54
5.6 The amount of methane adsorbed on Ru/HY catalyst.................................. 56
5.7 The amount of methane adsorbed and ethane evolved on

Pt/HY catalyst.................................................................................................... 60
5.8 The amount of methane adsorbed on 10%Co/HY catalyst.......................... 63
5.9 The amount of methane adsorbed on 15%Co/HY catalyst.......................... 65
5.10 The amount of methane adsorbed and ethane evolved on

15%Pt/HY catalyst.............................................................................................6 8

5.11 The amount of methane adsorbed on 10%Co/HY catalyst.......................... 71
5.12 The amount of methane adsorbed on 15%Ru/HY catalyst.......................... 74
5.13 The amount o f methane adsorbed and ethane evolved on

15 To Pt/HY catalyst............................................................................................7 7



L IST  OF FIG U R E S

FIGURE PAGE

1.1 Schematic representation of several catalytic developments of which
the origin lies in natural gas.................................................................................. 3

3.1 [Si04]4' or [A104]5" tetrahedral.............................................................................  13
3.2 Secondary building units (SBUS) of zeolite Y ..................................................  14
3.3 Zeolite Y pore geometries.................................................................................. 14
3.4 Structure of zeolite Y ............................................................................................ 15
3.5 Locations of cation sites in Y zeolites............................................................. 16
3.6 Bifunctional proceed of n-hexane isomerization on platinum-silica

alumina....................................................................................................................2 1
3.7 Schematic presentation of the two-step route oef methane conversion into

ethane or higher hydrocarbons using tansition metal catalysts....................... ,23
4.1 The preparation procedure of NaY-zeolite catalyst..............................................29
4.2 Flow diagram of the non-oxidative methane coupling system .........................33
4.3 Flow diagram of instrument used for pyridine adsorption experiment............ 38
5.1 X-ray diffraction pattern of commercial NaY(JRC-Z-Y)..................................41
5.2 X-ray diffraction pattern of NaY...........................................................................41
5.3 X-ray diffraction pattern of HY...........................................................................,42
5.4 IR spectrum of 10%Co/NaYw.............................................................................. .44
5.5 IR spectrum of 10%Co/NaY................................................................................. 45
5.6 IR spectrum of 10%Co/HY..................................................................................46
5.7 The amount of methane produced on 10%Co/NaY and 10%Co/NaYw as a 

function of time on stream. GHSV of CH4 : 4960 h"1. GHSV of แ 2 :
4960 h"1. Reaction temperature : 300 ° c ........................................................... 49

5.8 The amount of propane produced on 10%Co/NaY and 10%Co/NaYw as a 
function of time on stream. GHSV of CH4 : 4960 h '1. GHSV of แ 2 :
4960 h '1. Reaction temperature : 300 ° c ........................................................... 50



X I

5.9 The amount of methane produced on 10%Co/HY and 10%Co/NaY as a 
function of time on stream. GHSV of CH4 : 4960 h '1. GHSV of H2 :
4960 h"1. Reaction temperature : 300 ° c ............................................................ 52

5.10 The amount of propane produced on 10%Co/HY and 10%Co/NaY as a 
function of time on stream. GHSV of CH4 : 4960 h '1. GHSV of H2 :
4960 h '1. Reaction temperature : 300 ° c .............................................................52

5.11 The amount of methane produced on Co/HY as a function of time on 
stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
Reaction temperature : 300 ° c .............................................................................. 54

5.12 The amount of propane produced on Co/HY as a function of time on 
stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
Reaction temperature : 300 ° c ...............................................................................55

5.13 The amount of methane produced on Ru/HY as a function of time on 
stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
Reaction temperature ะ 200 °c............................................................................. 57

5.14 The amount of ethane produced on Ru/HY as a function of time on 
stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
Reaction temperature : 200 °c.............................................................57

5.15 The amount of propane produced on Ru/HY as a function of time on 
stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
Reaction temperature ะ 200 ° c ...............................................................................58

5.16 The amount of propane produced on Pt/HY as a function of time on 
stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
Reaction temperature : 200 ° c .............................................................................. 60

5.17 The amount of ethane produced on Pt/HY as a function of time on 
stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
Reaction temperature ะ 200 °c.............................................................61

5.18 The amount of propane produced on Pt/HY as a function of time on 
stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
Reaction temperature ะ 200 °c.............................................................................. 61

FIGURE PAGE



5.19 The amount of methane produced on 10%Co/HY as a function of time
onstream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.........................63

5.20 The amount of propane produced on 10%Co/HY as a function of time
onstream. GHSV ofCH 4 : 4960 h’1. GHSV of H2 : 4960 h '1.........................64

5.21 The amount of methane produced on 15%Ru/HY as a function of time
onstream. GHSV of CH4 : 4960 h '1. GHSV ofH 2 : 4960 h '1.........................65

5.22 The amount of ethane produced on 15%Ru/HY as a function of time
onstream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.........................66

5.23 The amount of propane produced on 15%Ru/HY as a function of time 
onstream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h"1.........................66

5.24 The amount of methane produced on 15%Pt/HY as a function of time 
onstream. GHSV ofCH4 : 4960 h '1. GHSV ofH 2 : 4960 h '1.........................68

5.25 The amount of ethane produced on 15%Pt/HY as a function of time
onstream. GHSV ofCH4 : 4960 h"1. GHSV ofH 2 : 4960 h '1.........................69

5.26 The amount of propane produced on 15%Pt/HY as a function of time
on stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.........................69

5.27 The amount of methane adsorbed on 10%Co/HY as a function of time
onstream. GHSV of H2 : 4960 h_1. Reaction temperature 300 ° c ................. 71

5.28 The amount of methane produced on 10%Co/HY as a function of time
on stream. GHSV of H2 : 4960 h"1. Reaction temperature 300 ° c ................. 72

5.29 The amount of propane produced on 10%Co/HY as a function of time
on stream. GHSV of H2 : 4960 h"1. Reaction temperature 300 ° c ................. 72

5.30 The amount of methane adsorbed on 15%Ru/HY as a function of time
on stream. GHSV of H2 : 4960 hf1. Reaction temperature 200 ° c ................. 74

5.31 The amount of methane produced on 15%Ru/HY as a function of time
on stream. GHSV of H2 : 4960 h '1. Reaction temperature 200 ° c ................. 75

5.32 The amount of ethane produced on 15%Ru/HY as a function of time
on stream. GHSV of H2 : 4960 h"1. Reaction temperature 200 ° c ................. 75

5.33 The amount of propane produced on 15%Ru/HY as a function of time
on stream. GHSV of H2 : 4960 h’1. Reaction temperature 200 ° c ................. 76

xii

FIGURE PAGE



X l l l

FIGURE PAGE

5.34 The amount of methane adsorbed on 15%Pt/HY as a function of time
on stream. GHSV of H2 : 4960 h"1. Reaction temperature 400 ° c ................. 77

5.35 The amount of methane produced on 15%Pt/HY as a function of time
on stream. GHSV of H2 ะ 4960 h"1. Reaction temperature 400 ° c ................. 78

5.36 The amount of ethane produced on 15%Pt/HY as a function of time
on stream. GHSV of H2 : 4960 h '1. Reaction temperature 400 °c................78

5.37 The amount of propane produced on 15%Pt/HY as a function of time
on stream. GHSV of H2 : 4960 h '1. Reaction temperature 400 ° c ................. 79

5.38 The amount of propane produced on 10%Co/HY catalyst as a function 
of time on stream. GHSV of CH4 : 4960 h '1. GHSV of H2 : 4960 h '1.
GHSV of Ar : 4960 h '1. Reaction temperature : 300 °c................................ 81

5.39 The amount of propane produced on 10%Co/HY catalyst as a function 
of time on stream. GHSV of CH4 : 4960 h '1. GHSV of Ar : 4960 h '1.
Reaction temperature : 300 ° c .............................................................................. 81


	Cover (Thai)

	Cover (English)

	Accepted

	Abstract (Thai)

	Abstract (English)

	Acknowledgements

	Contents


