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APPENDICES

Appendix A Experimental data

Table A1 E ffe c t o f  s te a m  c o n te n t o n  re a c ta n t  c o n v e rs io n s  an d  p ro d u c t  y ie ld s  fo r  th e  
re fo rm in g  o f  n a tu ra l g a s  w i th  s te a m  ( to ta l fe e d  f lo w  ra te , 1 0 0  c m 3/m in ;  in p u t v o lta g e , 
17 .5  k V ; in p u t  f re q u e n c y , 3 0 0  H z ; an d  e le c t ro d e  g a p  d is ta n c e , 6  m m ).

S te a m
c o n te n t
(m o l% )

R e a c ta n t  c o n v e rs io n  (% ) P ro d u c t y ie ld  (% )

ch4 C 2H 6 C 3H 8 C 0 2 h2 c 2 C O
0 1 1 .79 2 2 .6 9 29 .81 7 .4 7 2 9 .0 7 25 .71 2 .1 4

1 0 15 .39 2 5 .8 6 3 1 .5 7 9 .4 6 3 9 .0 4 2 3 .1 0 2 . 6 6

15 12 .07 2 4 .8 5 33 .1 5 8 .3 8 3 4 .6 2 2 3 .6 6 2.91
2 0 10 .16 22 .4 1 3 4 .9 2 7 .1 9 3 4 .6 0 2 3 .8 5 2 .9 4
30 7 .6 6 2 0 .7 0 2 7 .8 6 4.41 2 7 .3 5 2 0 .5 7 2 .3 8

Table A2 E ffe c t o f  s te a m  c o n te n t o n  c o n c e n tra t io n s  o f  o u tle t  g a s  fo r  th e  re fo rm in g  
o f  n a tu ra l  g a s  w ith  s te a m  ( to ta l  feed  f lo w  ra te , 100  c m 3 /m in ; in p u t v o lta g e , 17 .5  k V ; 
in p u t  f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m ).

S te a m
c o n te n t
(m o l% )

C o n c e n tra t io n  o f  o u tle t  g a s  (m o l% )

c h 4 C 2H 6 C 3H 8 c o 2 h 2 CO C 2H 2 C2H4 C 4H ,0

0 6 1 .6 9 3 .9 5 3 .4 8 1 9 .4 6 13 .38 0 .5 5 0.61 2 .6 7 0 .3 8
10 6 1 .3 4 3 .7 9 3 .3 9 1 9 .04 17.45 0 . 6 6 0 .6 9 2 .1 8 0 .6 0
15 6 4 .6 8 3 .8 4 3.31 12 .2 7 13 .10 0 .6 4 0 .4 6 2 .1 5 0 .3 7
2 0 6 5 .1 4 3 .9 7 3 .22 19 .5 2 12 .87 0 .6 3 0 .4 4 2 .1 8 0 .3 8
30 6 6 .9 5 4 .0 6 3 .5 7 2 0 . 1 0 9 .63 0 .4 9 0 .31 1.85 0 .2 8
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Table A3 Effect of steam content on product selectivities for the reforming of
natural gas with steam (total feed flow rate, 100 cmVmin; input voltage, 17.5 kV;
input frequency, 300 Hz; and electrode gap distance, 6 mm).

S te a m
c o n te n t
(m o l% )

P ro d u c t s e le c t iv i ty  (% )

h 2 C O C 2H 2 C 2 H 4 C 4 H , 0

0 4 3 .1 2 2 . 8 6 6 .4 0 2 7 .9 3 8 . 0 1

1 0 5 3 .6 0 3 .2 3 6 .7 7 2 1 .3 0 11.71
15 5 0 .3 2 3 .7 7 5 .4 5 25 .2 1 8 .7 0
2 0 4 9 .9 7 3 .9 3 5 .3 4 2 6 .6 0 9 .0 7
30 4 8 .6 5 2 . 8 6 4 .9 5 2 8 .9 8 8 .6 7

Table A 4  E ffe c t o f  s te a m  c o n te n t o n  p ro d u c t  m o la r  r a t io s  fo r  th e  r e fo rm in g  o f  
n a tu ra l  g a s  w ith  s te a m  ( to ta l fe e d  flo w  ra te , 100  c m 3/m in ; in p u t v o lta g e , 17 .5  k V ; 
in p u t  f re q u e n c y , 3 0 0  H z; a n d  e le c tro d e  g ap  d is ta n c e , 6  m m ).

S te a m  c o n te n t M o la r  ra tio
(m o l% )

\ h 2/ c o h 2 / c 2 h 2 H 2 /C 2 H 4 C 2 H 4/C 2 H 2

0 1 9 .3 7 3 0 .5 4 5 .2 2 5 .8 5
1 0 24 .41 2 1 .8 3 5 .0 0 4 .3 6
15 2 6 .3 4 2 5 .1 5 7 .9 9 3 .1 4
2 0 2 0 .3 6 2 8 .1 8 6 .0 9 4 .6 2
30 2 0 . 0 1 2 9 .4 5 5.91 4 .9 8



131

Table A5 E ffe c t  o f  s te a m  c o n te n t  o n  p o w e r  c o n s u m p tio n s  fo r  th e  r e fo rm in g  o f  
n a tu ra l  g a s  w ith  s te a m  ( to ta l f e e d  f lo w  ra te , 10 0  c m 3/m in ; in p u t  v o lta g e , 17 .5  k V ; 
in p u t f re q u e n c y , 3 0 0  H z ; a n d  e le c t ro d e  g ap  d is ta n c e , 6  m m )  (E c : p o w e r  p e r  re a c ta n t 
m o le c u le  c o n v e r te d ;  E h2- p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

S te a m  c o n te n t - 
(m o l% )

P o w e r  c o n s u m p tio n  
(xio18 พ ร /ท lo le c u le )

p e r  r e a c ta n t  c o n v e r te d p e r  H 2 p ro d u c e d
0 3 .4 2 3 .2 7

1 0 2 . 1 2 1 .94
15 2 .4 3 2 .3 2
2 0 2 .5 8 2 .3 6
3 0 3 .4 0 3 .1 5

Table A6 E ffe c t o f  to ta l fe e d  f lo w  ra te  o n  r e a c ta n t  c o n v e r s io n s  an d  p ro d u c t  y ie ld s , 
fo r  th e  r e fo rm in g  o f  n a tu ra l  g a s  w i th  s te a m  ( s te a m  c o n te n t, 1 0  m o l% ; in p u t  v o lta g e ,
17 .5  k V ; in p u t f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m ).

T o ta l  fe e d  
f lo w  ra te  

(c m 3/m in )

R e a c ta n t c o n v e r s io n  (% )
\

P ro d u c t  y ie ld  (% )

c h 4 C 2 H 6 C 3H 8 C 0 2 h 2 c 2 C O
75 1 6 .2 7 2 6 .3 2 2 9 .7 6 9 .1 7 2 9 .6 5 2 3 .7 7 1 .59

1 0 0 1 5 .4 0 2 5 .8 6 3 1 .5 7 9 .4 6 3 9 .0 4 2 3 .1 0 2 . 6 6

125 13 .09 2 3 .3 5 3 0 .2 9 4 .7 4 29 .91 2 3 .8 5 1 .47
15 0 9 .9 2 2 0 . 8 8 2 8 .5 0 2 .7 3 2 4 .5 5 2 4 .1 6 1 .24
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Table A7 Effect of total feed flow rate on concentrations of outlet gas for the
reforming of natural gas with steam (steam content, 10 mol%; input voltage, 17.5
kV; input frequency, 300 Hz; and electrode gap distance, 6 mm).

T o ta l fe e d  
flo w  ra te  

(c m 3/m in )

C o n c e n tra t io n  o f  o u t le t  g a s  (m o l% )

c h 4 C 2H 6 C 3H 8 ท^ ๐ to h 2 C O C 2H 2 C 2H 4 C 4H 10

75 59.91 3 .7 2 3 .43 18 .85 1 3 .56 0 .4 0 0 .3 7 2 .6 3 0 .41
1 0 0 6 1 .3 4 3 .7 9 3 .8 9 1 9 .0 4 17 .45 0 . 6 6 0 .6 9 2 .1 8 0 .6 0
125 6 2 .1 8 3 .8 7 3.41 19 .7 7 12 .6 4 0 .3 5 0 .3 5 2.51 0 .4 3
150 6 4 .4 6 3 .9 9 3 .4 9 2 0 .1 9 9 .4 9 0 .2 8 0 .2 6 2 .4 5 0 .3 4

Table A8 E ffe c t o f  to ta l  fe e d  f lo w  ra te  o n  p ro d u c t  s e le c t iv i t ie s ,  a n d  f o r  th e  
re fo rm in g  o f  n a tu ra l g a s  w ith  s te a m  ( s te a m  c o n te n t, 10 m o l% ; in p u t v o lta g e , 17 .5  
k V ; in p u t f re q u e n c y , 3 0 0  H z ; an d  e le c tro d e  g a p  d is ta n c e , 6  m m ).

T o ta l  fe e d  
f lo w  ra te  

(c m 3/m in )

P ro d u c t s e le c t iv i ty  (% )

h 2 C O c 2 h 2 C 2H 4 C 4H ,0

75 V 4 0 .9 9 1 .95 3 .6 2 2 5 .5 5 8 .0 4
1 0 0 5 3 .6 0 3 .2 3 6 .7 7 2 1 .3 0 11.71
125 4 4 .8 2 2 .0 5 4 .1 0 2 9 .2 7 1 0 . 1 0

150 41 .41 2 . 0 0 3 .7 6 3 5 .1 9 9 .6 8
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Table A9 Effect of total feed flow rate on product molar ratios for the reforming of
natural gas with steam (steam content, 10 mol%; input voltage, 17.5 kV; input
frequency, 300 Hz; and electrode gap distance, 6 mm).

T o ta l fe e d  
f lo w  ra te  

(c m 3 /m in )

M o la r  ra tio

h 2/ c o H 2 /C 2 H 2 H 2 /C 2 H 4 C 2 H 4/C 2 H 2

75 3 3 .8 8 3 6 .4 8 5 .1 6 7 .0 7
1 0 0 2 6 .3 4 2 5 .1 5 7 .9 9 3 .1 5
125 3 5 .9 3 3 5 .9 5 5 .03 7 .1 4
150 3 4 .0 5 3 6 .1 9 3 .8 8 9 .3 6

Table A 1 0  E f fe c t  o f  to ta l f e e d  flo w  r a te  o n  p o w e r  c o n s u m p tio n s  fo r  th e  r e fo rm in g  
o f  n a tu ra l g a s  w ith  s te a m  (s te a m  c o n te n t, 10 m o l% ; in p u t  v o lta g e , 17 .5  k V ; in p u t  
f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m )  (E c : p o w e r  p e r  r e a c ta n t  
m o le c u le  c o n v e r te d ; E h2: p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

T o ta l  fe e d P o w e r  c o n s u m p tio n
f lo w  ra te (xio18 พ ร /m o le c u le )

(c m 3 /m in )
X

p e r  re a c ta n t c o n v e r te d p e r  H 2 p ro d u c e d
75 2 .3 6 2 .8 4

1 0 0 2.12 1.95
125 2 .7 2 2 .8 0
15 0 3 .4 9 3 .7 2
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Table A ll Effect of input voltage on reactant conversions and product yields for the
reforming of natural gas with steam (steam content, 10 mol%; total feed flow rate,
100 cm3/min; input frequency, 300 Hz; and electrode gap distance, 6 mm).

In p u t
v o lta g e

(k V )

R e a c ta n t c o n v e rs io n  (% ) P ro d u c t  y ie ld  (% )

c h 4 C 2 H 6 C 3H 8 C 0 2 h 2 -c 2 C O
12.5 1 0 . 6 6 16 .6 4 2 9 .7 7 1 .44 3 7 .21 17 .33 2 .3 6
13.5 1 2 . 1 1 19 .08 3 0 .0 2 4 .6 7 4 0 .2 5 18 .05 3 .13
14 .5 13 .5 3 19 .4 5 2 5 .9 0 6 .2 8 3 7 .4 9 17 .4 5 2 .4 4
15.5 1 2 .7 4 2 0 .4 5 3 0 .4 8 5 .2 0 3 9 .6 9 2 0 .0 5  ' 2 .8 2
16 .5 1 6 .3 4 2 7 .1 6 3 9 .3 0 8 .3 7 4 2 .6 0 2 3 .4 6 3 .4 3
17.5 1 5 .4 0 2 5 .8 6 3 1 .5 7 9 .4 6 3 9 .0 4 2 3 .1 0 2 . 6 6

18.5 1 5 .5 5 2 8 .2 7 3 8 .7 9 8 .5 7 4 2 .9 7 2 4 .7 7 2 .3 8

Table A 1 2  E ffe c t o f  in p u t v o lta g e  o n  c o n c e n tra t io n s  o f  o u tle t  g a s  fo r  th e  re fo rm in g  
o f  n a tu ra l  g a s  w ith  s te a m  ( s te a m  c o n te n t, 1 0  m o l% ; to ta l fe e d  f lo w  ra te , 1 0 0  

c m 3/m in ; in p u t f re q u e n c y , 3 0 0  H z ; an d  e le c tro d e  g a p  d is ta n c e , 6  m m ).

In p u t
v o lta g e

(k V )

\

C o n c e n tra t io n  o f  o u tle t  g as  (m o l% )

C H 4 C2Hs C 3H 8 C 0 2 h 2 CO C 2H 2 C 2H 4 C 4H jo

12 .5 6 4 .2 5 4 .2 6 3 .6 2 19 .27 1 5 .6 6 0 .5 6 0 .4 6 1.65 0 .33
13 .5 6 1 .9 0 4 .0 3 3 .5 2 18 .97 17 .0 7 0 .7 6 0.61 1.57 0 .2 8
14.5 6 1 .2 3 4 .0 2 3 .6 6 19 .03 17.31 0 .6 2 0 . 6 6 1.56 0 .2 5
15.5 6 2 .0 0 3 .9 6 3 .4 0 19 .07 16 .9 2 0 .6 3 0 .6 0 1.82 0 .3 0
16 .5 6 0 .1 8 3 .7 2 3 .0 6 18.56 18 .3 2 0 .83 0.71 2 .1 4 0 .3 6
17 .5 6 1 .3 4 3 .7 9 3 .3 9 19 .04 17 .44 0 . 6 6 0 .6 9 2 .1 8 0 .6 0
18 .5 6 1 .2 5 3 .6 7 3 .0 6 18 .74 18.01 0 .5 7 0 . 6 8 2 .2 7 0 .3 6
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Table A13 Effect of input voltage on product selectivities for the reforming of
natural gas with steam (steam content, 10 mol%; total feed flow rate, 100 cm3/min;
input frequency, 300 Hz; and electrode gap distance, 6 mm).

In p u t
v o lta g e

(k V )

P ro d u c t s e le c t iv i ty  (% )

h 2 C O C 2H 2 C 2 H 4 C 4H ,0

12.5 6 5 .2 0 4 .0 4 6 .4 8 2 3 .1 5 9 .2 2
13 .5 6 5 .7 5 7 .5 5 7 .6 8 19.71 6 .9 8
14 .5 6 3 .6 8 3 .7 5 7 .9 5 18 .82 6 . 0 0

15.5 6 2 .3 4 4 .1 0 7 .1 7 2 1 .9 3 7 .2 3
16 .5 5 1 .4 6 3 .7 6 6 .3 9 19 .33 6 .43
17 .5 5 3 .6 0 3 .2 3 6 .7 7 2 1 .3 0 11 .7
18 .5 52 .01 2.61 6 .31 2 0 .8 5 6 .6 9

Table A14 E ffe c t o f  in p u t v o lta g e  o n  p ro d u c t  m o la r  ra tio s  fo r  th e  r e fo rm in g  o f  
n a tu ra l  g a s  w ith  s te a m  (s te a m  c o n te n t, 1 0  m o l% ; to ta l  feed  f lo w  ra te , 1 0 0  c m 3 /m in ; 
in p u t f re q u e n c y , 3 0 0  H z ; an d  e le c tro d e  g a p  d is ta n c e , 6  m m ).

In p u t v o lta g e M o la r  ra tio
(k V )

H 2/C O H 2/C 2H 2 H 2/C 2H 4 C 2H 4/C 2 H 2

12.5 2 7 .1 8 3 3 .9 3 9 .4 6 3 .5 7
13.5 2 2 .5 8 2 7 .9 5 10 .89 2 .5 6
14 .5 2 7 .7 8 2 6 .1 7 11 .05 2 .3 7
15 .5 2 4 .8 4 2 8 .3 6 9 .2 8 3 .0 6
16 .5 2 1 .9 6 2 5 .8 3 8 .55 3 .0 2
17 .5 2 6 .3 4 2 1 .1 5 7 .9 9 3 .1 4
18 .5 31 .6 8 2 6 .2 7 7 .9 4 3 .3 0
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Table A15 E ffe c t o f  in p u t  v o lta g e  o n  p o w e r  c o n s u m p tio n s  fo r  th e  re fo rm in g  o f  
n a tu ra l  g a s  w ith  s te a m  ( s te a m  c o n te n t, 1 0  m o l% ; to ta l  fe e d  f lo w  ra te ,  1 0 0  c m 3/m in ; 
in p u t f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m ) (E c : p o w e r  p e r  re a c ta n t 
m o le c u le  c o n v e r te d ; E h2  ̂ p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

In p u t v o lta g e  
(kV)

P o w e r  c o n s u m p tio n  
( x io 18 พ ร /m o le c u le )

p e r  re a c ta n t  c o n v e r te d p e r  H 2 p ro d u c e d
12.5 2 .2 9 1.51

13 .5 2 .2 6 1 .58
14.5 2.31 1 .75
15 .5 2 .4 6 1 .83
16.5 2 .3 8 1 . 8 6

17.5 2.12 1.95
18.5 1 .9 4 1 .7 7

Table A16 E ffe c t o f  in p u t  f re q u e n c y  o n  re a c ta n t c o n v e r s io n s  an d  p ro d u c t  y ie ld s  fo r  
th e  r e fo rm in g  o f  n a tu ra l g a s  w ith  s te a m  ( s te a m  c o n te n t ,  1 0  m o l% ; to ta l  fe e d  f lo w  
ra te , 10 0  c m 3/m in ; in p u t v o lta g e  13 .5  k V ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m ).

In p u t
f r e q u e n c y

(H z )

R e a c ta n t  c o n v e rs io n  (% ) P ro d u c t y ie ld  (% )

CH4 C 2H6 C3H8 CO2 h 2 c 2 CO

3 0 0 1 2 . 1 2 19 .0 8 3 0 .0 2 4 .6 7 4 0 .2 5 18 .0 5 3 .1 3
4 0 0 11 .67 1 5 .3 6 2 5 .0 5 6 . 2 0 3 5 .2 9 15 .33 3 .0 7
5 0 0 8 .3 0 9 .8 3 1 7 .87 5 .2 0 32 .11 10.61 2 .9 8
6 0 0 6 .3 0 4 .9 0 8 .0 4 3 .2 9 16.11 6 .9 4 1.93
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Table A17 Effect of input frequency concentrations of outlet gas for the reforming
of natural gas with steam (steam content, 10 mol%; total feed flow rate, 100
cm3/min; input voltage 13.5 kV; and electrode gap distance, 6 mm).

In p u t
f re q u e n c y

(H z )

C o n c e n tra t io n  o f  o u tle t  g a s  (m o l% )

c h 4 C2H 6 C 3H s c o 2 h 2 CO C 2H 2 C2H 4 C 4H 10

3 0 0 6 1 .9 0 4 .03 3 .5 2 1 8 .9 7 17 .0 7 0 .7 6 0.61 1 .57 0 .2 8
4 0 0 6 3 .4 6 4 .2 7 3 .6 8 19 .0 4 16 .27 0 .7 8 0 .5 2 1 .44 0 .2 9
5 0 0 6 5 .5 8 4 .5 7 4 .1 4 19 .7 9 15 .1 4 0 .7 7 0 .3 9 0 .9 9 0.22

6 0 0 6 7 .0 4 4 .8 0 4 .4 9 2 0 .0 7 14 .19 0 .5 9 0 .2 6 0 .7 9 0 .2 4

Table A18 E ffe c t  o f  in p u t f re q u e n c y  o n  p ro d u c t  s e le c t iv i t ie s  fo r  th e  r e fo rm in g  o f  
n a tu ra l g a s  w ith  s te a m  (s te a m  c o n te n t, 1 0  m o l% ; to ta l fe e d  f lo w  ra te , 1 0 0  c m 3/m in ; 
in p u t v o lta g e  13 .5  k V ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m ).

In p u t
f re q u e n c y

(H z )

P ro d u c t  s e le c t iv i ty  (% )

h 2 C O C 2H 2 C 2 H 4 C4H10

3 0 0 '  65 .7 5 4 .7 6 7 .6 8 19 .72 6 .9 9
4 0 0 67 .7 5 5 .2 7 6 .93 19 .37 7 .7 4
5 0 0 6 9 .1 8 7 .2 3 6 .8 2 18 .53 8 .4 2
6 0 0 71 .63 5 .6 7 7 .63 2 3 .1 5 13 .95
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Table A19 Effect of input frequency on product molar ratios for the reforming of
natural gas with steam (steam content, 10 mol%; total feed flow rate, 100 cm3/min;
input voltage 13.5 kV; and electrode gap distance, 6 mm).

In p u t f re q u e n c y  
(H z)

M o la r  ra tio

h 2/ c o H2/C2H2 H2/C2H4 C 2H4/C2H2

30 0 2 2 .5 7 2 7 .9 5 1 0 .8 9 2 .5 7
4 0 0 2 0 .7 2 3 1 .5 0 1 1 .2 7 2 .7 9
5 0 0 19 .53 3 9 .1 0 1 5 .2 4 2 .5 7
6 0 0 16.13 3 6 .1 9 1 1 .9 4 3 .0 3

Table A20 E ffe c t o f  in p u t f re q u e n c y  o n  p o w e r  c o n s u m p tio n s  fo r  th e  r e fo rm in g  o f  
n a tu ra l g a s  w ith  s te a m  (s te a m  c o n te n t, 1 0  m o l% ; to ta l fe e d  f lo w  ra te , 1 0 0  c m 3 /m in ; 
in p u t v o lta g e  13 .5  k V ; an d  e le c tro d e  g a p  d is ta n c e , 6  m m )  (E c : p o w e r  p e r  re a c ta n t 
m o le c u le  c o n v e r te d ; E h2 : p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

In p u t f re q u e n c y  
(H z )

P o w e r  c o n s u m p tio n
( x io 18 พ ร /m o le c u le )

p e r  r e a c ta n t  c o n v e r te d p e r  H 2 p ro d u c e d
3 0 0 2 .2 6 1.58
4 0 0 2.86 2 .0 5
5 0 0 3.61 2 . 0 1

6 0 0 6 .0 5 3 .7 2
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Appendix B  Experimental data

Table B 1 E ffe c ts  o f  H C s - to - 0 2  fe e d  m o la r  ra t io  o n  re a c ta n t c o n v e rs io n s  a n d  p ro d u c t  
y ie ld s  u n d e r  s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 1 0  m o l% ; to ta l  fe e d  f lo w  ra te , 1 0 0  

c m 3/m in ; in p u t v o lta g e , 13 .5 k V ; in p u t  f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  
d is ta n c e , 6  m m  (E c: p o w e r  p e r  r e a c ta n t  m o le c u le  c o n v e r te d ; E h2 : p o w e r  p e r  H 2 

m o le c u le  p ro d u c e d ) .

H C s - to - 0 2  

feed  m o la r  
ra tio

R e a c ta n t c o n v e rs io n  (% ) P ro d u c t y ie ld  (% )

c h 4 C 2H 6 C 3H 8 C O 2 0 2 h 2 C 2 C O
2 / 1 19 .14 2 7 .1 2 3 5 .6 5 -0 . 6 6 29 .41 5 9 .2 9 2 1 . 1 0 4 6 .4 3
3/1 16 .32 2 5 .6 3 3 5 .9 2 2 .4 7 2 8 .5 2 5 7 .3 7 2 3 .2 9 3 5 .9 8
4/1 15 .09 2 1 .5 0 3 0 .2 6 4 .6 9 2 3 .9 8 4 6 .0 4 18 .48 1 9 .4 2
6 / 1 9 .3 8 16 .0 6 2 8 .1 6 4 .4 6 19 .66 4 4 .8 5 2 0 .5 9 1 1 . 2 2

9/1 9 .3 7 14 .43 2 3 .7 3 4 .1 6 18 .2 7 4 1 .3 5 16 .82 8 .4 9
w ith o u t O 2 11 .76 1 8 .0 0 3 1 .9 0 4.41 2 2 .3 0 2 8 .9 7 14 .8 0 5 .6 2
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Table B2 E ffe c ts  o f  H C s - to - 0 2 fe e d  m o la r  ra tio  o n  c o n c e n tra t io n s  o f  o u tle t  g as  
u n d e r  s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 1 0  m o l% ; to ta l  fe e d  f lo w  ra te , 1 0 0  c m 3/m in ;  
in p u t v o lta g e , 13 .5  k V ; in p u t  fre q u e n c y , 3 0 0  H z; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m  
(E c: p o w e r  p e r  re a c ta n t m o le c u le  c o n v e r te d ; E h2 '. p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

H C s - to - 0 2 

fe e d  m o la r  
ra tio

C o n c e n tra t io n  o f  o u tle t  g a s  (m o l% )

C H 4 c 2h 6 C 3H 8 C 0 2 0 2 Hz CO C 2H2 C2H4 C 4H io

2 / 1 3 7 .1 4 2 .53 2 . 2 2 1 4 .40 2 2 . 6 6 18.33" 8 .15 0 .41 1.45 0 .1 8
3/1 4 1 .6 7 2 .7 5 2 .3 5 14 .96 1 8 .7 0 1 7 .9 6 6 .43 0 .4 3 1.65 0 . 2 2

4/1 4 7 .1 6 3 .2 0 2 .8 5 1 5 .99 1 4 .9 0 1 6 .7 7 3 .9 7 0 .3 8 1.51 - 0 . 2 2

6 / 1 5 5 .8 3 3 .73 3 .1 9 17 .65 9 .8 0 15 .65 2 .2 7 0 .31 1.78 0.31
9/1 5 7 .4 9 3 .8 8 3 .43 2 1 .7 8 8 .0 8 1 5 .7 6 1.87 0 .3 4 1.51 0 .2 5

w ith o u t  <ว2 59 .01 3 .8 8 4 .4 9 18 .27 4 .7 6 16 .3 6 1.62 0 .3 8 1.74 3 .2 6

Table B3 E ffe c ts  o f  H C s - to - 0 2 feed  m o la r  ra tio  o n  p ro d u c t s e le c t iv i t ie s  u n d e r  
s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 1 0  m o l% ; to ta l fe e d  f lo w  ra te , 1 0 0  c m 3/m in ; in p u t 
v o lta g e , 13 .5  k V ; in p u t f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g ap  d is ta n c e , 6  m m  (E c: 
p o w e r  p e r  re a c ta n t m o le c u le  c o n v e r te d ; E h2; p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

H C s - to - 0 2 

fe e d  m o la r  
ra tio

P ro d u c t s e le c t iv i ty  (% )

h 2 C O c 2 h 2 C 2 H 4 C 4H 10

2 / 1 7 2 .3 8 5 7 .1 4 5.71 2 0 .2 6 5 .0 4
3/1 7 3 .6 8 4 4 .73 6 . 0 0 2 2 .9 9 6 . 2 0

4/1 6 8 . 8 8 2 7 .1 5 5 .25 2 0 .5 8 6 .0 8
6 / 1 8 3 .6 7 19.33 5 .3 0 3 0 .1 6 10.41
9/1 8 6 .9 9 16 .42 5 .9 9 2 6 .5 6 8 .67

w ith o u t 0 2 8 6 .0 8 14 .77 7 .0 2 3 1 .8 7 8 .8 9
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TableB4 E ffe c ts  o f  H C s - to - 0 2 fe e d  m o la r  ra tio  o n  p ro d u c t  m o la r  r a t io s  u n d e r  
s tu d ie d  c o n d itio n s : s te a m  c o n te n t ,  1 0  m o l% ; to ta l fe e d  f lo w  ra te , 1 0 0  c m V m in ; in p u t 
v o lta g e , 13 .5  k V ; in p u t f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m  (E c: 
p o w e r  p e r  re a c ta n t  m o le c u le  c o n v e r te d ; E h2 : p o w e r  p e r  H 2  m o le c u le  p ro d u c e d ) .

H C s - to - 0 2 feed M o la r  ra tio
m o la r  ra tio

h 2/ c o H 2 /C 2 H 2 H 2 /C 2H 4 C 2H 4/C 2 H 2

2 / 1 2 .2 5 4 5 .0 3 1 2 . 6 8 3 .5 5
3/1 2 .7 9 4 1 .6 7 1 0 . 8 8 3.83-
4/1 4 .2 2 4 3 .6 2 11 .13 3.91
6 / 1 6 .8 7 5 0 .1 0 8.81 5 .6 9
9/1 8 .4 2 4 6 .1 1 10.41 4 .4 3

w ith o u t <ว2 1 0 . 1 1 4 2 .5 4 9 .3 7 4 .5 4

Table B5 E ffe c ts  o f  H C s - to - 0 2  fe e d  m o la r  ra tio  o n  p o w e r  c o n s u m p tio n s  a n d  c o k e  
fo rm a tio n  u n d e r  s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 1 0  m o l% ; to ta l f e e d  f lo w  ra te , 
10 0  c m 3/m in ; in p u t v o lta g e , 13 .5  k V ; in p u t  f re q u e n c y , 3 0 0  H z; a n d  e le c tro d e  g a p  
d is ta n c e , 6 m m  (E c: p o w e r  p e r  re a c ta n t m o le c u le  c o n v e r te d ;  E h2‘. p o w e r  p e r  H  2 

m o le c u le  p ro d u c e d ) .

H C s - to - 0 2 feed  
m o la r  ra tio

P o w e r  c o n s u m p tio n  
( x i o 18 พ ร /!ท o le c u le )

p e r  re a c ta n t c o n v e r te d p e r  H 2 p ro d u c e d
2 / 1 2 .6 5 1.57
3/1 3 .2 8 1 .97
4/1 3 .13 2 . 1 1

6 / 1 4 .1 2 2 .2 6
9/1 4 .1 0 2 .2 4

w ith o u t 0 2 3.63 2 .6 0
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Table B 6  E f fe c ts  o f  in p u t v o lta g e  o n  re a c ta n t c o n v e rs io n s  a n d  p ro d u c t  y ie ld s  u n d e r  
s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 10 m o l% ; H C s /C >2 fe e d  m o la r  ra tio , 2 /1 ; to ta l feed  
f lo w  ra te , 100  c m 3 /m in ; in p u t f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m  
(E c: p o w e r  p e r  r e a c ta n t  m o le c u le  c o n v e r te d ; Em'- p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

In p u t
V o lta g e

(k V )

R e a c ta n t c o n v e rs io n  (% ) P ro d u c t y ie ld  (% )

CH4 C 2 H 6 C 3H8 CO2 O2 h 2 c 2 CO

13.5 1 9 .1 4 27 .11 3 5 .6 5 -0 .6 5 29 .41 5 9 .2 9 2 1 . 1 0 4 6 .4 3
14 .5 2 2 .2 8 3 1 .2 2 3 9 .4 2 -2 .81 3 4 .6 2 6 3 .3 9 2 1 .7 5 5 3 .9 9
15 .5 24 .1 1 3 3 .7 8 4 1 .6 6 -3 .8 4 3 8 .4 3 6 6 .4 4 2 2 .4 6 60 .71
16 .5 2 6 .9 2 3 7 .9 0 4 6 .4 1 -1 .41 4 2 .1 8 6 7 .6 7 2 3 .0 8 6 3 .9 3
17 .5 3 0 .3 4 4 3 .5 9 5 2 .5 6 -2 .8 4 4 7 .3 5 7 3 .9 3 2 4 .8 8 7 5 .7 4
18 .5 3 1 .3 3 4 3 .5 0 5 1 .4 5 -0 .7 5 4 7 .2 4 7 4 .3 4 2 4 .1 1 76 .71
19.5 3 2 .0 3 4 4 .5 6 5 2 .5 3 -1 .5 7 4 8 .0 5 7 4 .7 8 2 4 .3 2 78 .71
2 0 .5 3 3 .4 7 4 6 .9 2 5 5 .0 2 0 .3 8 5 1 .4 5 7 7 .6 7 2 5 .0 0 83 .71
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Table B7 E ffe c ts  o f  in p u t v o lta g e  o n  c o n c e n tra t io n s  o f  o u t le t  g a s  u n d e r  s tu d ie d  
c o n d itio n s : s te a m  c o n te n t, 1 0  m o l% ; H C s / 0 2  fe e d  m o la r  ra tio , 2 /1 ; to ta l fe e d  flo w  
ra te , 1 0 0  c m 3 /m in ; in p u t  f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m  (E c: 
p o w e r  p e r  re a c ta n t m o le c u le  c o n v e r te d ;  E h2: p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

In p u t
V o lta g e

(k V )

C o n c e n tra t io n  o f  o u tle t  g a s  (m o l% )

CH4 C 2H 6 C 3H 8 C 0 2 0 2 h 2 C O C 2H 2 C 2H 4 C4H10

13.5 3 7 .1 4 2 .5 3 2 .2 2 14.41 2 2 .6 6 18 .33 8 .1 5 0.41 1 .45 0 .18
14.5 35 .41 2 .3 4 2 .0 3 14 .1 7 2 1 . 1 0 19 .63 9 .5 0 0 .4 8 1 .4 4 0 .1 7
15.5 3 4 .2 7 2 .2 3 1.92 1 4 .4 0 2 0 .1 4 2 0 .4 8 1 0 .6 2 0 .5 2 1 .4 4 0 .1 7
16.5 3 3 .5 3 2 .1 4 1.83 14 .1 6 19 .06 2 1 .2 6 11 .3 6 0 .5 7 1 .49 0 .1 7
17.5 3 1 .8 0 1.93 1.61 1 4 .2 6 17 .03 2 2 .9 7 13 .3 4 0.66 1.53 0 .1 7
18.5 3 1 .2 2 1 .92 1.62 1 4 .1 9 17 .18 2 3 .4 2 13 .5 9 0 .7 2 1.41 0 .1 6
19.5 3 0 .8 6 1 . 8 8 1.59 14.31 17 .06 2 3 .5 4 13 .95 0 .7 4 1.41 0 .1 6
20 .5 30 .11 1.79 1 .49 14.11 15 .95 2 4 .3 0 14.71 0 .7 9 1.41 0 .1 6
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Table B8 E ffe c ts  o f  in p u t v o lta g e  o n  p ro d u c t  s e le c t iv i t ie s  u n d e r  s tu d ie d  c o n d i t io n s :  
s te a m  c o n te n t, 10  m o l% ; H C s /0 2 fe e d  m o la r  ra tio , 2 /1 ; to ta l  fe e d  f lo w  ra te , 10 0  
c m 3/m in ; in p u t  f re q u e n c y , 3 0 0  H z; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m  (E c: p o w e r  p e r  
re a c ta n t m o le c u le  c o n v e r te d ; E h2‘- p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

In p u t
V o lta g e

(k V )

P ro d u c t  s e le c t iv i ty  (% )

h 2 C O C2H2 C 2 H 4 C4H10

13.5 7 2 .3 8 5 7 .1 4 5.71 2 0 .2 6 5 .0 4
14 .5 6 8 . 2 2 59 .91 6 . 0 2 18 .12 4 .4 3
15 .5 ' 6 6 .7 4 6 3 .4 3 6 .27 1 7 .2 0 4.11
16.5 6 0 .8 3 58 .21 5 .79 15 .2 2 3 .5 7
17 .5 5 8 .4 5 6 1 .2 5 6 .05 14 .07 3.21
18 .5 5 8 .8 6 6 1 .1 0 6.51 12 .69 2 .93
19 .5 57 .91 61 .71 6 .5 9 12 .48 2 .9 2
2 0 .5 5 7 .3 5 6 1 .6 5 6 .6 2 11 .7 9 2 .7 4
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TableB9 E ffe c ts  o f  in p u t v o lta g e  o n  p r o d u c t  m o la r  r a tio s  u n d e r  s tu d ie d  c o n d itio n s : 
s te a m  c o n te n t, 10 m o l% ; H C s / 0 2  fe e d  m o la r  ra tio , 2 / 1 ; to ta l fe e d  f lo w  ra te , 1 0 0  

c m 3 /m in ; in p u t f re q u e n c y , 3 0 0  H z; an d  e le c tro d e  g ap  d is ta n c e , 6  m m  (E c: p o w e r  p e r  
re a c ta n t  m o le c u le  c o n v e r te d ; E h2: p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

In p u t V o lta g e  
(k V )

M o la r  ra tio

h 2/ c o H 2 /C 2H 2 H 2/C 2 H 4 C 2 H 4/C 2 H 2

13.5 2 .2 5 4 5 .0 3 1 2 . 6 8 3 .5 5
14 .5  - 2 .0 7 4 1 .1 4 13 .6 7 3.01
15 .5 1.93 3 9 .0 2 14.21 2 .7 5
16 .5 1 .87 3 7 .6 0 14.31 2 .63
17.5 1 .72 3 4 .8 5 14 .9 9 2 .3 2
18 .5 1.71 3 2 .3 2 1 6 .6 0 1.95
19 .5 1 .69 31 .61 16 .68 1.89
2 0 .5 1.65 3 .7 7 17 .27 1.78
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Table BIO E ffe c ts  o f  in p u t v o lta g e  o n  p o w e r  c o n s u m p tio n s  an d  c o k e  fo rm a tio n  
u n d e r  s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 1 0  m o l% ; H C s/O a  fe e d  m o la r  ra tio , 2 /1 ; 
to ta l  fe e d  f lo w  ra te , 100  c m 3/m in ;  in p u t f re q u e n c y , 3 0 0  H z ; an d  e le c tro d e  g a p  
d is ta n c e , 6  m m  (E c: p o w e r  p e r  re a c ta n t  m o le c u le  c o n v e r te d ; E h2 : p o w e r  p e r  H 2 

m o le c u le  p ro d u c e d ) .

In p u t V o lta g e  
(k V )

P o w e r  c o n s u m p tio n  
( x i o 18 พ ร /m o le c u le )

p e r  r e a c ta n t  c o n v e r te d p e r  H 2 p ro d u c e d
13.5 2 .6 5 1.57
14 .5 1.99 1 . 2 2

15.5 2 .0 5 1 .29
16.5 2 .0 8 1.47
17.5 2 . 0 1 1.46
18 .5 2 .0 8 1.54
19.5 2 .0 5 1.53
2 0 .5 2 .0 7 1.58
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T a b le  B l l  E ffe c ts  o f  in p u t  f re q u e n c y  o n  r e a c ta n t  c o n v e r s io n s  an d  p ro d u c t  y ie ld s , 
u n d e r  s tu d ie d  c o n d i tio n s : s te a m  c o n te n t, 10 m o l% ; H C s / 0 2  fe e d  m o la r  ra tio , 2 / 1 ; 
to ta l fe e d  f lo w  ra te , 100  c m 3/m in ; in p u t  v o lta g e , 1 4 .5 k V ; an d  e le c tro d e  g a p  d is ta n c e , 
6  m m  (E c: p o w e r  p e r  r e a c ta n t  m o le c u le  c o n v e r te d ;  E h2 ‘. p o w e r  p e r  H 2 m o le c u le  
p ro d u c e d ) .

In p u t
F re q u e n c y

(H z)

R e a c ta n t c o n v e rs io n  (% ) P ro d u c t  y ie ld  (% )

c h 4 C 2H 6 C 3 H 8 C O 2 O2 h 2 c 2 C O
2 9 0 2 6 .2 4 3 7 .8 0 4 7 .1 5 -2 .3 5 4 1 .7 2 6 9 .4 2 2 4 .7 6 6 6 .8 0
3 0 0 2 2 .2 8 3 1 .2 2 3 9 .4 2 -2 .81 3 4 .6 2 6 3 .3 9 2 1 .7 5 5 3 .9 9
3 5 0 2 5 .6 9 3 5 .4 2 4 4 .6 2 -0 .8 2 3 8 .2 3 6 5 .5 6 2 3 .0 9 6 0 .7 0
4 0 0 2 1 .7 2 2 9 .6 5 3 9 .4 5 - 1 . 0 2 3 1 .6 5 6 2 .7 6 21 .71 5 0 .7 6
5 0 0 16.55 2 2 .9 5 3 1 .9 3 -0 .4 8 2 4 .7 4 5 9 .5 3 18.71 4 1 .5 2

Table B12 E ffe c ts  o f  in p u t  f re q u e n c y  o n  c o n c e n tra t io n s  o f  o u tle t  g a s  u n d e r  s tu d ie d  
c o n d itio n s : s te a m  c o n te n t, 10 m o l% ; H C s /0 2 fe e d  m o la r  ra tio , 2 /1 ; to ta l fe e d  flo w  
ra te , 10 0  c m 3 /m in ; in p u t  v o lta g e , 1 4 .5 k V ; a n d  e le c tro d e  g a p  d is ta n c e , 6  m m  (Em
p o w e r  p e r  re a c ta n t m o le c u le  c o n v e r te d ; E h2: p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

In p u t
F re q u e n c y

(H z )

C o n c e n tra t io n  o f  o u tle t  g as  (m o l% )

c h 4 C 2H 6 C 3H 8 C 0 2 0 2 h 2 CO C 2H 2 C 2H 4 C 4H 10

2 9 0 3 3 .5 8 2 . 1 1 1.77 14.31 18 .78 2 1 .2 6 11.61 0 .5 7 1.58 0 .1 9
3 0 0 35.41 2 .3 4 2 .03 14 .1 7 2 1 . 1 0 19 .63 9 .5 0 0 .4 8 1 .44 0 .1 8
3 5 0 34 .01 2 . 2 0 1.85 1 3 .96 2 0 . 0 1 2 0 .5 3 10 .73 0 .5 7 1 .47 0 .1 8
4 0 0 3 5 .6 5 2 .3 9 2 . 0 2 13 .95 2 2 .1 3 1 9 .4 0 8 .8 9 0 .4 9 1 .42 0 .1 9
5 0 0 3 7 .9 6 2 .61 2 .2 6 1 3 .84 2 4 .3 4 18 .03 7 .1 2 0 .43 1.18 0 .1 8
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T ab le  B 13 E ffe c ts  o f  in p u t f re q u e n c y  o n  p ro d u c t  s e le c t iv i t ie s  u n d e r  s tu d ie d  
c o n d i t io n s :  s te a m  c o n te n t ,  10 m o l% ; H C s /0 2 fe e d  m o la r  ra tio , 2 /1 ; to ta l fe e d  flo w  
ra te , 1 0 0  c m 3/m in ; in p u t  v o lta g e , 1 4 .5 k V ; a n d  e le c tro d e  g a p  d is ta n c e , 6 m m  (E c: 
p o w e r  p e r  re a c ta n t m o le c u le  c o n v e r te d ; E h2 : p o w e r  p e r  แ 2 m o le c u le  p ro d u c e d ) .

In p u t
F re q u e n c y

(H z )

P ro d u c t s e le c t iv i ty  (% )

h 2 C O C 2H 2 C 2H 4 C 4 H 10

2 9 0 6 2 .4 3 6 1 .3 8 6 .0 7 16 .68 3 .9 8
3 0 0 6 8 .2 2 5 9 .9 2 6 .0 2 18 .12 4 .43
3 5 0 62 .0 1 5 7 .8 6 6 .2 0 15.81 3 .9 5
4 0 0 69 .1 1 5 6 .5 3 6 .1 7 1 8 .0 0 4 .8 6
5 0 0 8 3 .2 9 57 .71 6 .8 9 19.11 5 .7 2

T a b leB 1 4  E ffe c ts  o f  in p u t f re q u e n c y  o n  p r o d u c t  m o la r  r a tio s  u n d e r  s tu d ie d  
c o n d i t io n s :  s te a m  c o n te n t ,  10 m o l% ; H C s /0 2 fe e d  m o la r  ra tio , 2 /1 ; to ta l fe e d  f lo w  
ra te , 1 0 0  c m 3/m in ; in p u t  v o lta g e , 1 4 .5 k V ; a n d  e le c tro d e  g a p  d is ta n c e , 6 m m  (E c: 
p o w e r  p e r  re a c ta n t m o le c u le  c o n v e r te d ; E H2: p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

In p u t  F re q u e n c y M o la r  ra tio
(H z ) -

H 2/C O h 2/ c 2h 2 H 2/C 7H 4 C 2H 4/ C 2H 2
2 9 0 1.83 3 7 .0 4 13 .47 2 .7 5
3 0 0 2 .0 7 4 1 .1 4 13 .67 3.01
3 5 0 1.91 3 5 .7 4 14.01 2 .5 5
4 0 0 2 .1 8 4 0 .0 0 13.71 2 .9 2
5 0 0 2 .53 4 2 .3 9 15 .29 2 .7 7
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T ab le  B 1 5  E ffe c ts  o f  in p u t  f re q u e n c y  o n  p o w e r  c o n s u m p tio n s  a n d  c o k e  f o rm a t io n  
u n d e r  s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 10 m o l% ; H C s/C >2 f e e d  m o la r  r a t io ,  2 /1 ; 
to ta l fe e d  f lo w  ra te , 1 0 0  c m 3/m in ; in p u t v o lta g e , 1 4 .5 k V ; a n d  e le c t ro d e  g a p  d is ta n c e , 
6 m m  (E c: p o w e r  p e r  re a c ta n t  m o le c u le  c o n v e r te d ;  E h2 '. p o w e r  p e r  H 2 m o le c u le  
p ro d u c e d ) .

In p u t F re q u e n c y  
(H z )

P o w e r  c o n s u m p tio n  
( X1 0 18 พ  s /m o le c u le )

p e r  r e a c ta n t  c o n v e r te d p e r  H 2 p ro d u c e d
2 9 0 2 .1 6 1 .4 7
3 0 0 1.98 1 .22
35 0 2.01 1 .40
4 0 0 2 .1 9 1 .3 6
50 0 3 .0 6 1 .6 0

T ab le  B 16  E ffe c ts  o f  e le c tro d e  g a p  d is ta n c e  o n  r e a c ta n t  c o n v e r s io n s  a n d  p ro d u c t  
y ie ld s  u n d e r  s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 10 m o l% ; H C s / 0 2 fe e d  m o la r  ra tio , 
2 /1 ; to ta l  fe e d  flo w  ra te , 10 0  c m 3/m in ; in p u t v o lta g e , 14 .5  k V ; a n d  in p u t f re q u e n c y , 
3 0 0  H z  (E c: p o w e r  p e r  r e a c ta n t  m o le c u le  c o n v e r te d ;  E h2: p o w e r  p e r  H 2 m o le c u le  
p ro d u c e d ) .

E le c tro d e
G a p

D is ta n c e
(m m )

R e a c ta n t  c o n v e rs io n  (% ) P ro d u c t  y ie ld  (% )

c h 4 C 2H 6 C 3H 8 c o 2 0 2 h 2 c 2 C O

4 15.71 1 8 .2 7 2 1 .5 7 0 .46 2 0 .7 3 4 9 .7 5 11 .6 6 3 2 .0 8
6 2 2 .2 8 3 1 .2 2 3 9 .4 2 -2.81 34 .61 6 3 .3 9 2 1 .7 5 5 3 .9 9
7 28 .11 3 9 .3 6 4 8 .3 2 -1 .7 2 4 2 .9 3 7 0 .9 6 2 4 .4 7 6 9 .4 9
8 2 7 .6 7 3 9 .7 0 4 9 .9 8 -1 .1 6 4 3 .2 9 6 9 .8 3 2 5 .5 4 6 7 .6 7
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T ab le  B 17 E ffe c ts  o f  e le c tro d e  g a p  d is ta n c e  o n  c o n c e n tra t io n s  o f  o u tle t  g a s , (c) 
g e n e ra te d  c u r re n t u n d e r  s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 10 m o l% ; H C s/C >2 fe e d  
m o la r  r a t io ,  2 /1 ; to ta l f e e d  f lo w  ra te , 10 0  c m 3 /m in ; in p u t  v o lta g e , 14 .5  k V ; a n d  in p u t 
f re q u e n c y , 3 0 0  H z  (E c: p o w e r  p e r  r e a c ta n t  m o le c u le  c o n v e r te d ; E h2 : p o w e r  p e r  H 2 

m o le c u le  p ro d u c e d ) .

E le c tro d e
G a p

D is ta n c e
(m m )

C o n c e n tra t io n  o f  o u t le t  g a s  (m o l% )

CH4 C2H 6 C 3H 8 C 0 2 0 2 h 2 CO C 2H 2 C 2H 4 C 4H io

4 3 8 .4 6 2 .7 8 2 .6 2 13 .85 2 5 .7 0 1 7 .0 9 6 .0 9 0 .3 7 0 .73 0 .0 9
6 35.41 2 .3 4 2 .03 1 4 .1 7 2 1 . 1 0 19 .63 9 .5 0 0 .4 8 1 .44 0 .1 8
7 3 2 .3 7 2 .0 4 1 .70 1 4 .2 6 18.51 2 1 .8 5 12 .08 0 .6 0 1.53 0 .1 8
8 3 3 .2 3 2 .0 7 1 .69 1 4 .0 6 18 .83 2 1 .5 8 11 .84 0.61 1 .62 0 . 2 0

T able B 18  E ffe c ts  o f  e le c tro d e  g a p  d is ta n c e  o n  p ro d u c t  s e le c t iv i t ie s  u n d e r  s tu d ie d  
c o n d itio n s : s te a m  c o n te n t, 10 m o l% ; H C s/C >2 fe e d  m o la r  ra tio , 2 /1 ; to ta l  fe e d  flo w  
ra te , 10 0  c m 3/m in ; in p u t v o lta g e , 14 .5  k V ; an d  in p u t  f re q u e n c y , 3 0 0  H z  (E c: p o w e r  
p e r  re a c ta n t  m o le c u le  c o n v e r te d ; E h2'. p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

E le c tro d e
G a p

D is ta n c e
(m m )

P ro d u c t s e le c t iv i ty  (% )

h 2 C O C 2 H 2 C 2 H 4 C4H10

4 8 9 .5 6 5 7 .2 7 7 .0 5 13 .77 3.31
6 6 8 . 2 2 5 9 .9 2 6 . 0 2 18 .12 4 .43
7 6 1 .2 8 6 0 .9 2 6 .0 7 15 .38 3 .6 7
8 59 .51 5 8 .2 4 ' 6 . 0 0 15.98 3 .9 0
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T ab leB 19  E ffe c ts  o f  e le c tro d e  g a p  d is ta n c e  o n  p ro d u c t  m o la r  r a tio s  u n d e r  s tu d ie d  
c o n d itio n s : s te a m  c o n te n t, 10 m o l% ; H C s/C >2 fe e d  m o la r  ra tio , 2 /1 ; to ta l  feed  f lo w  
ra te , 10 0  c m 3/m in ; in p u t v o lta g e , 14 .5 k V ; a n d  in p u t  f re q u e n c y , 3 0 0  H z  (E c: p o w e r  
p e r  re a c ta n t m o le c u le  c o n v e r te d ; E H2 : p o w e r  p e r  H 2 m o le c u le  p ro d u c e d ) .

E le c tro d e  G ap  
D is ta n c e  (m m )

M o la r  ra tio

H 2/C O H2/C2H2 H2/C2H4 C2H4/C2H2

4 " 2 .81 45 .61 2 3 .3 4 1.95
6 2 .0 7 4 1 .1 4 13 .67 3.01
7 1.81 3 6 .2 9  ■ 14 .32 2 .5 3
8 1 .82 3 5 .3 5 13 .28 2 .6 6

T ab le  B 20  E ffe c ts  o f  e le c tro d e  g a p  d is ta n c e  o n  p o w e r  c o n s u m p tio n s  a n d  c o k e  
fo rm a tio n  u n d e r  s tu d ie d  c o n d itio n s : s te a m  c o n te n t, 10 m o l% ; H C s/C >2 fe e d  m o la r  
ra tio , 2 /1 ; to ta l  feed  f lo w  ra te , 100  c m 3/m in ; in p u t v o lta g e , 14 .5  k V ; an d  in p u t 
f re q u e n c y , 3 0 0  H z  (E c: p o w e r  p e r  r e a c ta n t  m o le c u le  c o n v e r te d ; E h2  ̂ p o w e r  p e r  H 2 

m o le c u le  p ro d u c e d ) .

E le c tro d e  G ap  
D is ta n c e  (m m )

P o w e r  c o n s u m p tio n  
(x  I 0 i8 พ ร /:m o le c u le )

p e r  re a c ta n t c o n v e r te d p e r  H 2 p ro d u c e d
4 3 .3 6 1.69
6 1.98 1.22
7 2 .0 4 1.43
8 2 .0 0 1.45
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A p p en d ix  c E xp erim en ta l data

T ab le  C l E ffe c t o f  s ta g e  n u m b e r  o f  p la s m a  re a c to rs  o n  re a c ta n t c o n v e rs io n s  an d  
p ro d u c t y ie ld s  fo r  th e  c o m b in e d  s te a m  re fo rm in g  a n d  p a r t ia l  o x id a tio n  o f  n a tu ra l g a s  
a t a c o n s ta n t fe e d  flo w  ra te  o f  100  c m 3/m in  (s te a m  c o n te n t, 10 m o l% ; H C s - to - 0 2 
fe e d  m o la r  ra t io , 2/1 (O x y g e n  c o n te n t o f  3 3 .3 3  m o l% ); in p u t  v o lta g e , 14 .5  k V ; in p u t 
f re q u e n c y , 3 0 0  H z ; an d  e le c tro d e  g a p  d is ta n c e , 6 m m ).

R e s id e n c e  
t im e  (ร)

N u m b e r  
o f  s ta g e

R e a c ta n t c o n v e rs io n  (% ) P ro d u c t  y ie ld  (% )

c h 4 C 2H 6 C 3H 8 c o 2 o 2 h 2 c 2 C O '
1.37 1 22 .28 31.22 39.42 -2.81 34.62 63.38 21.75 53 .99
2 .7 4 2 37.55 38.76 55.26 -5.45 26.12 106.57 30.99 106.71
4.11 3 39.58 45.60 68.95 7.78 36 .79 120.75 41.35 134.84
5 .48 4 52.22 52.94 76.10 4.70 43 .30 121.51 43 .37 158.39

T ab le  C2 E ffe c t o f  s ta g e  n u m b e r  o f  p la s m a  re a c to r  o n  c o n c e n tra t io n s  o f  o u tle t  g a s  
fo r  th e  c o m b in e d  s te a m  re fo rm in g  a n d  p a r tia l  o x id a tio n  o f  n a tu ra l g a s  a t a c o n s ta n t  
fe e d  f lo w  ra te  o f  100 c m 3/m in  (s te a m  c o n te n t, 10 m o l% ; H C s - to - 0 2 fe e d  m o la r  ra tio , 
2/1 (O x y g e n  c o n te n t o f  3 3 .3 3  m o l% ); in p u t  v o lta g e , 14 .5  k V ; in p u t f re q u e n c y , 3 0 0  
H z ; an d  e le c tro d e  g a p  d is ta n c e , 6 m m ).

Residence 
time (ร)

N u m b e r  
o f  s ta g e

C o n c e n tra t io n  o f  o u t le t  g a s  (m o l% )

h 2 CO CH4 C 02 C2H2 C2H4 C2H6 C3H8 C 4H,0
1.37 1 19.63 9.49 35.41 14.16 0.477 1.437 2.343 2.030 0.176
2 .7 4 2 35.28 19.84 27.54 12.21 1.057 1.825 1.943 1.366 0.179
4.11 3 39.74 24.51 28.17 11.83 1.570 2.189 1.822 1.039 0.262
5 .4 8 4 41.62 29.65 21.69 10.83 1.939 2.122 1.529 0.746 0.203



153

T ab le  C3 E ffe c t o f  s ta g e  n u m b e r  o f  p la s m a  re a c to rs  o n  p ro d u c t s e le c t iv i t ie s  fo r  th e  
c o m b in e d  s te a m  re fo rm in g  a n d  p a r tia l o x id a t io n  o f  n a tu ra l  g a s  a t a c o n s ta n t  fe e d  
f lo w  ra te  o f  10 0  c m 3/m in  ( s te a m  c o n te n t, 10 m o l% ; H C s - to - 0 2 fe e d  m o la r  ra t io , 2/1 
(O x y g e n  c o n te n t o f  33 .3 3  m o l% ) ;  in p u t v o lta g e , 14 .5  k V ; in p u t f re q u e n c y , 3 0 0  H z ; 
a n d  e le c tro d e  g a p  d is ta n c e , 6 m m ).

R e s id e n c e  t im e  (ร)
N u m b e r  o f  

s ta g e
P ro d u c t s e le c t iv i ty  (% )

h 2 C 2H 2 C 2H 4 C O C 4H ,0
1 .37 1 6 8 .2 1 6 6 .0 2 0 18 .1 2 2 5 9 .9 1 5 4 .4 3 4
2 .7 4 2 8 1 .0 0 2 9 .0 0 9 15 .56 5 8 4 .6 1 8 3 .061
4 .11 3 7 8 .3 4 5 1 0 .6 6 5 14 .8 7 5 8 3 .2 8 5 3 .5 5 4
5 .4 8 4 6 7 .0 3 8 11 .1 3 5 12 .191 8 5 .1 7 5 2 .3 3 2

T a b le  C 4 E ffe c t  o f  s ta g e  n u m b e r  o f  p la s m a  re a c to rs  o n  p ro d u c t m o la r  ra tio  fo r  th e  
c o m b in e d  s te a m  re fo rm in g  a n d  p a r tia l o x id a tio n  o f  n a tu ra l  g as  a t a  c o n s ta n t fe e d  
f lo w  ra te  o f  1 0 0  c m 3/m in  an d  (s te a m  c o n te n t, 10 m o l% ; H C s - to -0 2  fe e d  m o la r  ra tio , 
2/1 (O x y g e n  c o n te n t o f  3 3 .3 3  m o l% ); in p u t v o lta g e , 14 .5  k V ; in p u t f re q u e n c y , 3 0 0  
H z ; an d  e le c tro d e  g a p  d is ta n c e , 6 m m ).

R e s id e n c e  t im e  (ร)
N u m b e r  
o f  s ta g e

M o la r  ra tio

h 2/ c o H 2/C 2H 2 h 2/ c 2h 4 C o H V C j^
1.37 1 2 .0 6 7 4 1 .1 3 6 13 .6 6 6 3 .0 1 0
2 .7 4 2 1 .778 33 .4 0 1 19 .3 3 4 1 .728
4.11 3 1.621 2 5 .3 2 3 18 .15 6 1.395
5 .48 4 1 .4 0 4 2 1 .4 7 3 1 9 .6 1 4 1 .095
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T a b le  C 5  E f fe c t  o f  s ta g e  n u m b e r  o f  p la s m a  r e a c to r  o n  p o w e r  c o n s u m p tio n s  a n d  
c o k e  fo rm a t io n  fo r  th e  c o m b in e d  s te a m  re fo rm in g  an d  p a r t ia l  o x id a tio n  o f  n a tu ra l  g a s  
a t a c o n s ta n t fe e d  f lo w  ra te  o f  1 0 0  c m 3/m in  a n d  (s te a m  c o n te n t ,  10 m o l% ; H C s-to -C b  
fe e d  m o la r  r a t io ,  2/1 (O x y g e n  c o n te n t  o f  3 3 .3 3  m o l% ) ; in p u t  v o lta g e , 14 .5  k V ; in p u t 
f re q u e n c y , 3 0 0  H z ; a n d  e le c tro d e  g a p  d is ta n c e , 6 m m ).

R e s id e n c e  t im e  (ร)
N u m b e r  
o f  s ta g e

P o w e r  c o n s u m p tio n  
(x  1 0 '17 W s /m o le c u le )

p e r  re a c ta n t  c o n v e r te d p e r  Ho p ro d u c e d
1.37 1 1 9 .7 8 4 1 2 .2 4 4
2 .7 4 2 18 .7 3 5 1 0 .0 0 7
4.11 3 3 .4 8 5 2 .0 4 3
5 .4 8 4 8 .1 0 6 5 .5 2 0

T a b le  C 6  E ffe c t o f  s ta g e  n u m b e r  o f  p la s m a  re a c to rs  o n  re a c ta n t c o n v e r s io n s  an d  
p ro d u c t  y ie ld s  fo r  th e  c o m b in e d  s te a m  re fo rm in g  a n d  p a r tia l  o x id a tio n  o f  n a tu ra l  g a s  
a t c o n s ta n t r e s id e n c e  tim e  o f  4 .11  ร (s te a m  c o n te n t, 10 m o l% ; H C s-to -O o  fe e d  m o la r  
ra t io , 2/1 (O x y g e n  c o n te n t o f  3 3 .3 3  m o l% ) ; in p u t  v o lta g e , 14 .5  k V ; in p u t  f re q u e n c y , 
3 0 0  H z; a n d  e le c tro d e  g a p  d is ta n c e , 6 m m ).

F e e d  flo w  
ra te

( c m 3/m in )

N u m b er 
o f  stage

R e a c ta n t  c o n v e rs io n  (% ) P ro d u c t y ie ld  (% )

c h 4 C 2H 6 C 3H 8 COo 0 2 Ho c 2 C O
3 3 .3 1 35.10 40.52 56.50 -1.58 35 .96 118.70 34 .40 122.56
6 6 .6 2 39.82 45 .17 68.31 6.11 30.83 124.36 43 .95 139.49
10 0 .0 3 39.58 45 .60 68.95 7.78 36.79 120.76 41 .35 134.84
133.3 4 39.29 47.35 70.49 -2.04 45 .02 119.35 46 .48 121.46
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T a b le  C l  E ffe c t o f  s ta g e  n u m b e r  o f  p la s m a  r e a c to r  o n  c o n c e n tra t io n s  o f  o u tle t  g a s  
f o r  th e  c o m b in e d  s te a m  re fo rm in g  a n d  p a r t ia l  o x id a t io n  o f  n a tu ra l g a s  a t c o n s ta n t 
r e s id e n c e  t im e  o f  4 .11  ร ( s te a m  c o n te n t, 10  m o l% ; H C s - to -0 2  fe e d  m o la r  ra tio , 2/1 
(O x y g e n  c o n te n t o f  33 .3 3  m o l% ) ;  in p u t  v o lta g e , 14 .5 k V ; in p u t f re q u e n c y , 3 0 0  H z ; 
a n d  e le c tro d e  g a p  d is ta n c e , 6  m m ).

F e e d  flo w  
ra te

(c m V m in )

N u m b e r  
o f  s ta g e

C o n c e n tra t io n  o f  o u tle t  g a s  (m o l% )

h 2 C O c h 4 c o 2 C 2H 2 C 2H 4 C 2H  6 C 3H 8 C 4H,0
3 3 .3 1 3 8 .0 7 2 1 .9 9 2 8 .9 9 11 .92 1.491 1 .5 9 4 1 .9 2 9 1 .3 5 9 0 .1 6 9
6 6 .6 2 3 9 .5 7 2 4 .5 2 2 7 .0 7 11 .63 1 .8 0 0 2 .0 6 2 1 .761 0 .9 9 8 0 .2 3 6
10 0 .0 3 3 9 .7 5 24 .5 1 2 8 .1 7 11 .83 1 .5 7 0 2 .1 8 9 1 .8 2 2 1 .0 3 9 0 .2 6 2
133 .3 4 3 8 .8 0 2 2 .2 6 2 8 .5 2 12.53 1 .8 9 9 2 .3 6 2 1 .7 8 4 0 .9 7 9 0 .2 7 6

T a b le  C 8  E ffe c t o f  s ta g e  n u m b e r  o f  p la s m a  re a c to rs  o n  p ro d u c t  s e le c t iv i t ie s  fo r  th e  
c o m b in e d  s te a m  r e fo rm in g  a n d  p a r t ia l  o x id a t io n  o f  n a tu ra l  g a s  a t c o n s ta n t  r e s id e n c e  
t im e  o f  4 .11  ร ( s te a m  c o n te n t, 10 m o l% ; H C s - to - 0 2 fe e d  m o la r  ra tio , 2/1 (O x y g e n  
c o n te n t o f  3 3 .3 3  m o l% ); in p u t v o lta g e , 14 .5  k V ; in p u t  f re q u e n c y , 3 0 0  H z ; an d  
e le c tro d e  g a p  d is ta n c e , 6 m m ).

F e e d  f lo w  ra te  
(c m 3/m in )

N u m b e r  o f  
s ta g e

P ro d u c t  s e le c t iv i ty  (% )

h 2 C 2H 2 C 2H 4 C O C 4H i0
33 .3 1 8 9 .8 3 9 12 .735 13 .6 1 5 9 3 .8 8 2 .8 8 5
6 6 .6 2 8 1 .1 2 4 12 .851 1 4 .7 1 8 8 7 .5 0 3 .3 6 8

10 0 .0 3 7 8 .3 4 5 10 .665 14 .8 7 5 8 3 .2 8 3 .5 5 4
133.3 4 7 5 .9 5 6 13 .3 5 8 16 .61 3 7 8 .3 1 3 .8 8 2
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T ab le  C9 E ffe c t o f  s ta g e  n u m b e r  o f  p la s m a  re a c to rs  o n  p ro d u c t  m o la r  r a t io  fo r  th e  
c o m b in e d  s te a m  re fo rm in g  an d  p a r t ia l  o x id a t io n  o f  n a tu ra l  g a s  a t c o n s ta n t r e s id e n c e  
t im e  o f  4 .11  ร ( s te a m  c o n te n t, 10  m o l% ; H C s-to -C b  fe e d  m o la r  ra tio , 2/1 (O x y g e n  
c o n te n t o f  3 3 .3 3  m o l% ); in p u t v o lta g e , 14 .5  k V ; in p u t f re q u e n c y , 3 0 0  H z ; an d  
e le c tro d e  g a p  d is ta n c e , 6 m m ).

F e e d  f lo w  ra te N u m b e r M o la r  ra tio
(c m 3/m in ) o f  s ta g e

h 2/ c o h 2/ c 2h 2 h 2/ c 2h 4 C 2H 4/C 2H 2
33 .3 1 1.731 2 5 .5 2 3 2 3 .8 7 4 1 .0 6 9
6 6 .6 2 1 .6 1 4 2 1 .9 7 6 19 .1 8 9 1 .145
10 0 .0 3 1.621 2 5 .3 2 3 1 8 .1 5 6 1 .3 9 5
133.3 4 1 .743 2 0 .4 3 3 16 .4 2 9 1 .2 4 4

T a b le  CIO E ffe c t  o f  s ta g e  n u m b e r  o f  p la s m a  re a c to r  o n  p o w e r  c o n s u m p tio n s  an d  
c o k e  fo rm a tio n  fo r  th e  c o m b in e d  s te a m  re fo rm in g  a n d  p a r tia l  o x id a t io n  o f  n a tu ra l  g as  
a t c o n s ta n t r e s id e n c e  t im e  o f  4 .11  ร (s te a m  c o n te n t , 10 m o l% ; H C s-to -C >2 fe e d  m o la r  
ra tio , 2/1 (O x y g e n  c o n te n t o f  3 3 .3 3  m o l% ); in p u t  v o lta g e , 14 .5  k V ; in p u t f re q u e n c y , 
3 0 0  H z ; an d  e le c tro d e  g a p  d is ta n c e , 6 m m ).

F e e d  f lo w  ra te  
(c m 3/m in )

N u m b e r  
o f  s ta g e

P o w e r  c o n s u m p tio n  
(x  10"17 พร/ททo le c u le )

p e r  re a c ta n t c o n v e r te d p e r  H 2 p ro d u c e d
33 .3 1 5 2 .4 8 3 2 5 .4 8 3
6 6 .6 2 14 .881 8 .3 7 5
10 0 .0 3 3 .4 8 5 2 .0 4 3
133.3 4 8 .9 6 0 5 .1 1 5



CURRICULUM VITAE

N am e: M s. K r it t iy a  P o m m a i
D ate o f  B irth: M a rc h  2 3 , 19 8 4
N ation a lity : T h a i
U n iv ersity  E d u cation :

2 0 0 2 -2 0 0 6  B a c h e lo r  D e g re e  o f  C h e m ic a l E n g in e e r in g , F a c u l ty  o f
E n g in e e r in g , T h a m m a s a t  U n iv e rs ity , B a n g k o k , T h a ila n d .

P u b lica tion s:
1. P o m m a i , K .; J in d a n in , A .; S e k ig u c h i, H .; C h a v a d e j, ร . S y n th e s is  G a s  p ro d u c t io n  

f ro m  CC>2 -C o n ta in in g  N a tu ra l G a s  b y  C o m b in e d  S te a m  R e fo rm in g  a n d  P a rtia l 
O x id a tio n  in  an  A C  G lid in g  A rc  D is c h a rg e . P la sm a  C h e m is try  a n d  P la sm a  
P ro c e s s in g , (a c c e p te d )

P ro ceed in g s and P resen tation s:
1. P o m m a i , K .; S re e th a w o n g , T .;  a n d  C h a v a d e j, ร . (2 0 0 9 )  S te a m  R e fo rm in g  o f  

C O i-C o n ta in in g  N a tu ra l  G as  U s in g  an  A C  G lid in g  A rc  D is c h a rg e  S y s te m . P a p e r  
p re s e n te d  at T h e  1 9 th In te rn a t io n a l S y m p o s iu m  o n  P la s m a  C h e m is try . J u ly  2 6 -  
3 1 , B o c h u m , G e rm a n y .

2. P o m m a i, K .p  S re e th a w o n g , T .;  a n d  C h a v a d e j, ร . (2 0 1 0 )  S te a m  R e fo rm in g  o f  
C O i- C o n ta in in g  N a tu ra l. G a s  U s in g  an  A C  G lid in g  A rc  D is c h a rg e  S y s te m : 
E ffe c ts  o f  O p e ra t io n a l P a ra m e te rs . P a p e r  p re s e n te d  a t T h e  13th A s ia  P a c if ic  
C o n fe d e ra tio n  o f  C h e m ic a l E n g in e e r in g  C o n g re s s . O c to b e r  5 -8 , T a ip e i.
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