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ABSTRACT

##941005 Major Petrochemical Technology
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Hydrocarbons under Dielectric-Barrier Discharge Influence : Assoc.
Prof. Richard G. Mallinson, Ph.D., Dr. Sumaeth Chavadej, Ph.D.,
65 pp., ISBN974-634-150-2

The behaviors of the direct methane conversion reaction processed under
the environment of the applied AC electric discharges at ambient conditions were
investigated in this study. The aim was to determine the success of introducing
this process as a new route for direct production of higher hydrocarbons from
feeding methane. The generation of such electric discharge environment
implemented by the applying of high voltage to the so-called Dielectric-Barrier
Discharge (DBD) reactor which has long been utilized in the ozone production
application. The voltage was varied from 3,750 V. to 10.9 kv. at which the total
flow rate of 20 to 80 ml/min. was employed. It was found that, with increase in
voltage, the methane conversion was increased, whereas all the product
selectivities were nearly independent on this change at those extreme values. The
highest methane conversion obtained by using the reaction residence time of
nearly 12 min. was about 25% with the ethane as the primary product. This
conversion dropped very significantly with decreasing residence time. Some
amounts of propane, butane and ethylene could also be detected. The selectivities
of those paraffin products were found to decrease when the residence time was
decreased. It was observed that higher selectivities of Cs and Ca hydrocarhons

could be obtained by the addition of ethane into the feed.



(Direct Conversion of Methane to Higher Hydrocarbons under Dielectric-

Barrier Discharge Influence) . Lo (Assoc. Prof. Richard
G. Mallinson) . , 65 , ISBN974-634-150-2
3,750 10.9
20 80
25 109

20



ACKNOWLEDGMENTS

Richard G. Mallinson

School of Chemical Engineering and Materials Science,
University of Oklahoma

It was considered to be another challenging thoroughfare since the
beginning to the end upon which many persons and things had been drawn into
contact. In this momentary lapse of silence, the names of those people could
have been embodied inside my memory for those who have expressed their
great kindness and encouragement to support this work.

To name, let me first honestly thank Dr. Richard G. Mallinson of the
University of Oklahoma (OU), USA for his all-the-time best wishes to this
youthful guy. In addition, Dr. Sumaeth Chavadej of the Petroleum and
Petrochemical College (PPC) was another person whose name has to be deeply
respectfully acknowledged. A number of friends and colleagues including
Mui, Tao, B, Moo, Aor, Wang, Pong and Yang were also intensely meaningful
in marking every advancing step of this work. Hundreds of advice, help and
suggestions have oftentimes been revised and fulfilled by those effective staffs
of the PPC including Mr. Alfred Knappe of Canada and thus | would like to
express my thanks to them as well.



\

For their eternally good wills, Mr. Boonyarach Kitiyanan (Luke) and
the O'Havers were ones of those persons who need to be acknowledged. Also,
| deeply appreciate the aid of the United States AID Program-University
Development Linkages Project (USAID-UDLP) for granting me a great dream
of working at the University of Oklahoma. The lines of my entire family,
especially my parents and younger brothers, were those people who were also
impossible to forget for their helping hands. At this end, the last but the great
person | intentionally would like to mention her name was Thanyaboon Sutad
na Ayoothaya (Aey) for all her loving care to me all the times in this work.



Title Page
Abstract

TABLE OF CONTENTS

Acknowledgments
Table of Contents
Listof Tables
List of Figures

CHAPTER

INTRODUCTION

BACKGROUND
2.1 Physical and chemical properties of methane
2.2 Gaseous plasmas for activating methane molecules
2.2.1 Fundamental properties of plasma
2.2.2 Generation of plasma
2.3 Type of non-equilibrium plasma
2.3.1 Radio frequency (RF) discharge
2.3.2 Microwave discharge
2.3.3 Glow discharge
2.3.4 Corona discharge
2.3.5 The Dielectric-barrier discharge (DBD)

PAGE

Vil

Xli

© oo (& ] (& |

13
13
14
16
16
17



CHAPTER PAGE
in  METHODOLOGY 21
3.1 Experimental setup 21

3.1.1 The reactant make-up section 23

3.1.2 The reaction section 24

3.1.2.1 The DBD reactor 24

3.1.2.2 Power supply system 26

3.1.3 The sample collecting and analysis section 26

3.2 Experimental procedures 30

3.2.1 Pure methane system 30

3.3.2 Influence of third-hodies on the methane

reaction 32

3.3.3 Reaction of pure methane and pure propane 33

IV RESULTS AND DISCUSSION 34
4,1 Effect of applied voltage in pure methane system 34
4.1.1 Effect ofapplied voltage on methane conversion 34

4.1.2 Effect of applied voltage on product selectivity 35

4.2 Effect of residence time in pure methane system 38

4.2.1 Effect of residence time on methane conversion 38

4.2.2 Effect of residence time on product selectivity 38

4.3 Influence of different voltage rising approach 41

4.4 Effect of helium on methane reaction 43

4.4.1 Effect of helium on methane conversion 43

4.4.2 Effect of helium on product selectivities 45

4.5 Effect of ethane on methane reaction 47

4,5.1 Effect of ethane on methane conversion 47

4.5.2 Effect of ethane on ethylene formation 49

Vil



CHAPTER

4.5.3 Effect of ethane on propane formation
4.5.4 Effect of ethane on butane formation

4.6 Reaction of ethane-helium system and
propane-helium system

V. CONCLUSIONS AND RECOMMEDATION
51 Conclusions
5.2 Recommendations
REFERENCES
APPENDIX
APPENDIX A
APPENDIX B

PAGE

52

54

56
56
58
59
63
63
66



TABLE

2.1
2.2
2.3
3.1
B.I

B.2

B.3

B.4

B.5

LIST OF TABLES

Average chemical bond energy of some covalent bonds
The first ionization potential of some common gases
Collision mechanisms in the gases

Specification of gases used in the experiment
Methane conversion and product selectivities for
pure methane inlet system at different voltages
(total inlet flow rate = 20 ml/min)

Methane conversion and product selectivities for
pure methane inlet system at different voltages
(total inlet flow rate = 40 ml/min)

Methane conversion and product selectivities for
pure methane inlet system at different flow rates
(applied voltage = 6250 V)

Methane conversion and product selectivities for
pure methane inlet system at different voltages
(total flow rate = 20 ml/min; immediate voltage
rising mode)

Methane conversion and product selectivities for
the inlet system of methane and helium mixture at
different voltages (total inlet flow rate = 20 ml/min;
CHLt/He =1:1)

PAGE

11
23

66

67

67

68

68



TABLE

B.6

B.7

B.8

B.9

PAGE

Methane conversion and product selectivities for
the inlet system of methane and helium mixture at
different voltages (total inlet flow rate = 20 ml/min;
CFLt/He =3:1) 69
Methane conversion and product selectivities for
the inlet system of methane and ethane mixture at
different voltages (total inlet flow rate = 20 ml/min) 69
Ethane conversion and product selectivities for
the inlet system of ethane and helium mixture at
dif /h/oltages (total inlet flow rate = 20 ml/min;
ne in helium) 10
Propane conversion and product selectivities for
the inlet system of ethane and helium mixture at

dlff voltages (total inlet flow rate = 20 ml/min;
ane in helium) 10



GURE

2.1
3.1
3.2
3.3
4.1
4.2
4.3

4.4

4.5

4.6

4.1

4.8

4.9

LIST OF FIGURES

Alternative methods of chargedparticles generation.
Equipment flow diagram.

Reactor drawing.

Schematic diagram of power supply unit.

Effect of applied voltage on methane conversion

at two different total flow rates.

Distribution of products as a function of the

applied voltage at total flow rate of 20 ml/min.
Distribution of products as a function of the

applied voltage at total flow rate 40 ml/min.
Distribution of products as a function of applied voltage
at the residence times of 11.55 min and

5 76 min, respectively.

Influence of total gaseous flow rate on the methane
conversion and product selectivities at 6,250 V.
Influence of different methods of applying voltage

on methane conversion at 20 ml/min.

Influence of different methods of applying voltage

on product selectivities at 20 ml/min,

Effect of feeding methane-to-helium ratio on methane
conversion at different voltages.

Distribution of product as a function of applied voltage.

Xii

PAGE

22
25
21
35

36

37

39

40

42

43

44

(total flow rate = 20 ml/min; H4/He ratio in the feed =1:1) 46



FIGURE

4, 10 Distribution of product as a function of applied voltage.

411

4.12

4.13

4.14

4.15

4.16

4.17

X1

PAGE

(total flow rate = 20 ml/min; CH4/He ratio in the feed = 3:1) 46

Effect of ethane concentration on methane conversion
at two different applied voltages.

Effect of the ethane concentration on ethylene selectivity

at two different applied voltages.

Effect of ethane concentration on propane selectivity
at two different applied voltages.

Effect of ethane concentration on butane selectivity
at two different applied voltages.

Variation in outlet ethane concentration at different
applied voltages.

Effect of applied voltage on ethane conversion and
product selectivities. (total flow rate = 20 ml/min,
20% ethane in helium)

Effect of applied voltage on propane conversion and
product selectivities.

(total flow rate = 20 ml/min, 20% propane in helium)

47

49

51

52

53

54

5



	Cover (English)


	Accepted


	Abstract (English)


	Abstract (Thai)


	Acknowledgements


	Contents



