
CHAPTER III 
EXPERIMENTAL

3.1 Materials

T h e  s im u la te d  n a tu ra l  g as  u s e  in  th is  รณ d y  c o n s is te d  o f  m e th a n e , e th a n e , 
p ro p a n e , an d  c a rb o n  d io x id e , w ith  a  Œ L iC iH é iC jH s iC O ?  m o la r  ra t io  o f  7 0 :5 :5 :2 0 , 
a n d  w a s  s p e c ia l ly  m a n u fa c ta re d  b y  T h a i  in d u s try  G a s  (P u b lic )  C o ., L td . U l tra -h ig h  
p u r i ty  o x y g e n  u s e d  fo r  p e r fo rm in g  th e  p la s m a  re fo rm in g  o f  th e  s im u la te d  n a ta ra l  g a s  
w ith  p a r tia l o x id a t io n , is a lso  o b ta in e d  f ro m  T h a i in d u s try  G a s  (P u b l ic )  C o ., L td .

3.2 Experimental Setup

T h e  s c h e m a tic  o f  th e  g l id in g  a rc  sy s te m  u s e d  in  th is  รณ d y  is sh o w n  in  
F ig u re  3 .1 . T h e  s y s te m  c o n s is te d  o f  4  se c tio n s : fe e d  g a s  m ix in g  s e c tio n , r e a c to r  
s e c tio n , p o w e r  s u p p ly  s e c tio n , a n d  a n a ly t ic a l  s e c tio n .

H>0

Syringe pum p

Figure 3.1  S c h e m a tic  o f  g l id in g  a rc  d is c h a rg e  sy s te m .
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3.2 .1  F e e d  G a s  M ix in g  S e c tio n
3.2.1.1 Gas M ixing Section

T h e  f lo w  ra te s  o f  th e  s im u la te d  n a tu ra l  g a s , a n d  th e  0 2, w e re  
c o n tro l le d  b y  m a s s  f lo w  c o n tro lle rs  an d  tr a n s d u c e r s  s u p p l ie d  b y  A A L B O R G . A  7 -  
p m  s ta in le s s  s te e l f i l te r  w a s  p la c e d  u p s tr e a m  o f  e a c h  m a s s  f lo w  c o n tro l le r  in  o rd e r  to  
tra p  a n y  so lid  p a r t ic le s  in  th e  r e a c ta n t  g a s . T h e  c h e c k  v a lv e  w a s  a lso  p la c e d  
d o w n s tre a m  o f  e a c h  m a s s  f lo w  c o n tro l le r  to  p r e v e n t  a n y  b a c k f lo w .

3.2.J.2 Steam Generation Section
T h e  s te a m  fed  in to  th e  sy s te m  w a s  a c h ie v e d  b y  v a p o r iz in g  

w a te r  in  a m ix in g  c h a m b e r  a t a  c o n tro lle d  te m p e ra tu re  o f  120 °c. T h e  w a te r  f lo w  ra te  
to  g e n e ra te  s te a m  w a s  c o n tro lle d  b y  a s y r in g e  p u m p  s u p p l ie d  (x x ) . T h e  s im u la te d  
n a tu ra l  g a s , o x y g e n , a n d  s te a m  w e re  w e ll m ix e d  in  th e  m ix in g  c h a m b e r  b e fo re  b e in g  
in tro d u c e d  u p w a rd  in to  th e  p la s m a  r e a c to r  a t  a tm o sp h e r ic  p re s s u re . T o  p re v e n t  th e  
w a te r  c o n d e n s a tio n  in  th e  fe e d  lin e , th e  te m p e ra tu re  o f  s ta in le s s  tu b e  f ro m  sy r in g e  
p u m p  to  th e  g l id in g  a rc  re a c to r , as w e ll as th e  p la s m a  r e a c to r  i ts e lf , w a s  m a in ta in e d  
a t 1 2 0  ๐c  b y  u s in g  a  h e a t in g  tap e .

3 .2 .2  R e a c to r  S e c tio n
T h e  sc h e m a tic  o f  th e  g l id in g  a rc  re a c to r  is  i l lu s t ra te d  in  F ig u re  3 .2 . 

T h e  r e a c to r  w a s  m a d e  o f  a g la s s  tu b e  w ith  9 c m  O D  a n d  8 .5  c m  ID . T h e  re a c to r  
c o n s is te d  o f  tw o  d iv e rg in g  k n ife -s h a p e d  e le c t ro d e s  th a t w e re  m a d e  f ro m  s ta in le s s  
s te e l sh e e ts . T h e  w id th  o f  e a c h  e le c tro d e  is  12 m m . T h e  g a p  d is ta n c e  b e tw e e n  th e  
e le c t ro d e  p a irs  w a s  f ix e d  a t 6  m m . T w o  te f lo n  sh e e ts  w e re  p la c e d  a t to p  a n d  b o tto m  
o f  th e  e le c tro d e s  to  d ire c t th e  fe e d  g a s  to  p a s s  th ro u g h  th e  p la s m a  zo n e .
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3 .2 .3  P o w e r  S u p p ly  S e c tio n
T h e  p o w e r  s u p p ly  u n it  c o n s is te d  o f  th re e  s te p s . F o r  th e  f irs t  s te p , a 

d o m e s tic  A C  in p u t o f  2 2 0  V  a n d  5 0  H z  w a s  c o n v e r te d  to  a  D C  o u tp u t o f  7 0  V  b y  a 
D C  p o w e r  su p p ly  c o n v e r te r . F o r  th e  se c o n d  s te p , a  5 0 0  พ  p o w e r  a m p lif ie r  w ith  a 
fu n c t io n  g e n e ra to r  w a s  u se d  to  c o n v e r t th e  D C  in to  A C  c u r re n t  w ith  a  s in u so id a l 
w a v e fo rm  an d  d if fe re n t  f re q u e n c ie s . F o r  th e  th ird  s te p , th e  o u t le t  v o lta g e  w a s  s te p p e d  
u p  b y  u s in g  a h ig h  v o lta g e  tra n s fo rm e r . T h e  o u tp u t  v o lta g e  an d  f re q u e n c y  w e re  
c o n tro l le d  b y  th e  fu n c t io n  g e n e ra to r . T h e  v o lta g e  a n d  c u r re n t a t th e  lo w  v o lta g e  s id e  
w e re  m e a su re d  in s te a d  o f  th o s e  a t th e  h ig h  v o lta g e  s id e  b y  u s in g  a  p o w e r  a n a ly z e r  
s in c e  th e  p la sm a  g e n e ra te d  is n o n -e q u il ib r iu m  in  n a tu re . T h e  h ig h  s id e  v o lta g e  an d  
c u r re n t w e re  th e re b y  c a lc u la te d  b y  m u lt ip ly in g  an d  d iv id in g  b y  a f a c to r  o f  130, 
r e sp e c tiv e ly . F ig u re  3 .3  sh o w  th e  e le c tr ic  d ia g ra m  o f  th e  p o w e r  s u p p ly  u n it  u s e d  in  
th is  s tu d y .

Figure 3.3 Schematic of the power supply unit.
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3 .2 .4  A n a ly tic a l  S e c tio n
T h e  fe e d  m ix tu re  a n d  th e  e f f lu e n t  g a s  s a m p le s  w e re  a n a ly z e d  b y  an  

o n - l in e  g as  c h ro m a to g ra p h  (H P , 5 8 9 0 )  e q u ip p e d  w ith  a  th e rm a l c o n d u c tiv i ty  d e te c to r  
(T C D ) a n d  a  f la m e  io n iz a t io n  d e te c to r  (F ID ). T h e  q u a n t ita t iv e  a n a ly s is  o f  th e  p e rc e n t  
v o lu m e s  o f  all g a s e o u s  c o m p o n e n ts  w a s  c a r r ie d  o u t b y  c o r r e la t in g  th e ir  p e a k  a re a  
r e s p o n s e s  o b ta in e d  f ro m  th e  G C  c h ro m a to g ra m s . T h e  g a s  c h ro m a to g ra p h  w a s  
e q u ip p e d  w ith  a 1 0 -p o r t  v a lv e  in  o r d e r  to  s e p a ra te  th e  g a s  s a m p le  in to  tw o  p a r ts  w i th  
in d e p e n d e n t  s a m p le  lo o p s . T h e  f irs t  p a r t  w a s  f lo w  th ro u g h  a  C a rb o x e n  1 0 0 0  c o lu m n  
w ith  th e  T C D . T h e  s e c o n d  p a r t  w a s  fed  in to  a  P L O T  A l2 0 3 ” S ”  c o lu m n  c o n n e c te d  
w ith  th e  F ID . T h e  G C  c o n d i t io n s  a re  s u m m a riz e d  a s  fo llo w s:

In je c to r  ty p e :
In je c t io n  te m p e ra tu re :  
O v e n  te m p e ra tu re :

D e te c to rs :

D e te c to r  te m p e ra tu re : 
G C  co lu m n s:

C a r r ie r  gas:
C a r r ie r  g a s  f lo w  ra te s :

A u to m a tic  s a m p lin g  v a lv e  (p ro g ra m m a b le )
120°c
In itia l te m p e ra tu re  40°c, r a m p  u p  a t 7 0 ° c /m in  
to  100°c fo llo w e d  b y  r a m p in g  u p  a g a in  a t 
3 0 ° c /m in  to  1 9 0 ° c  an d  th e n  h o ld  fo r  17 m in  
T h e rm a l c o n d u c tiv i ty  d e te c to r  (T C D ) 
a n d  f la m e  io n iz a t io n  d e te c to r  (F ID )
190°c
C a rb o x e n  1 0 0 0  (1 5 ’ X 1 /8 ’) an d  
P L O T  A12 0 3 “ ร ” (3 0  m  X 0 .5 3  m m )
H ig h  p u r i ty  h e l iu m  (9 9 .9 9 5 % )
35  c m 3/m in  fo r  C a rb o x e n  10 0 0  c o lu m n  
an d  105 c m 3/m in  fo r  P L O T  A L O 3 “ ร ” c o lu m n

3.3 Experimental Procedure

T h e  m a in  o b je c t iv e  o f  th is  r e se a rc h  w a s  to  in v e s t ig a te  th e  r e fo rm in g  
p e r fo rm a n c e  o f  n a tu ra l  g a s  to h y d ro g e n  an d  v a lu a b le  h ig h e r  h y d ro c a rb o n  p ro d u c ts  
v ia  s te a m  re fo rm in g  an d  p a r tia l o x id a tio n  r e a c tio n s  u n d e r  lo w - te m p e ra tu re  g l id in g  
a rc  d is c h a rg e . In  th is  s tu d y , a  s im u la te d  n a tu ra l  g a s , c o n ta in in g  o f  7 0 %  C H 4 , 5 %  
C 2 H 6, 5 %  C 3H 8 , a n d  2 0 %  C 0 2, an d  s te a m  w a s  u se d  as a fe e d  g as . T h e  e x p e r im e n ts
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w ere d iv id ed  into 3 m ain  parts: ( 1) sy n th e s is  g a s  p rod u ction  from  th e  reform in g  o f  
CC>2-containing natural g a s  w ith  steam  u s in g  an A C  g lid in g  arc d isch a rg e  sy s te m , (2) 
sy n th e sis  ga s p rod u ction  from  CC>2-containing natural gas b y  co m b in ed  steam  
reform in g  and partial o x id a tio n  in  an A C  g lid in g  arc d isch arge , (3) sy n th e s is  gas  
p rod u ction  from  co m b in ed  p la sm a  reform in g  o f  CC>2-containing natural g a s  w ith  
steam  and partial o x id a tio n  in a m u ltis ta g e  g lid in g  arc d isch arge sy stem

3.4 Reaction Performance Evaluation

T h e  p lasm a sy stem  p erfo rm an ce  w a s  eva lu a ted  from  reactan t co n v e r s io n s , 
product se le c t iv itie s , แ 2 , C O , and C2 y ie ld s , and p o w e r  con su m p tion s. T h e  reactant 
c o n v ers io n  is  d efin ed  as:

T h e  se le c t iv ity  o f  any C -co n ta in in g  p rod u ct is  d efin ed  on  th e  b a s is  o f  the  
am ount o f  C -con ta in in g  reactants co n v erted  to an y  sp ec ified  p rod u ct, as sta ted  in 
E quation  2. T h e p ercen ta ge  o f  co k e  form ed  can  b e  ca lcu lated  from  the d ifferen ce  
b e tw een  the total reactant co n v e r s io n s  and total C -con ta in in g  p rod u cts, as g iv e n  in  
E q u ation  3. In the c a se  o f  the H2 product, its se le c t iv ity  is  ca lcu la ted  b ased  on  the  
am ou nt o f  H -co n ta in in g  reactants con v erted , as sta ted  in Equation 4:

% R eactan t con v ersion  =
(M oles o f  reactant in -  M o le s  o f  reactant out)x(lO O )

( 1)M o les o f  reactant in

% S e le c t iv ity  for an y  h yd rocarb on  prod u ct = [PI CplOO
HRiKCRi) (2)

% C o k e £[R j]C R i- E[Pj]Cpi 
Z[Pj] Cpi (3)

% S e le c tiv ity  for h yd rogen [H] Hp 100 

Z  [R.Î Hr ,
(4)

where [P] moles of product in the outlet gas stream
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[R ] =  m o le s  o f  each  reactant in  th e  fe e d  stream  to b e  con v erted
[H ] =  m o le  o f  h yd rogen  in  the ou tlet g a s  stream
Cp =  nu m ber o f  carbon a tom s in a p rod u ct m o le c u le
C r =  n um ber o f  carbon atom  in  each  reactant m o le c u le
Hp =  n u m b er o f  H2 a tom s in a product m o le c u le
H r =  n um ber o f  H2 a tom s in each  reactant m o le c u le

T h e  y ie ld s  o f  va r io u s p rod u cts are ca lcu la ted  u s in g  th e fo llo w in g  eq u ation s:  

% C2 h yd rocarb on  y ie ld  =
[Z (%  CH4, % C2H6, % C3H8 1 % CO2 conversions)][Z (%  C2H2, % C2H4 selectivities)]

(Too) 1 (5)

ท /น  - I l  [S (%  CH4, % C2H6, % C3H 8 conversions)] [% H2 se lectiv ity ]
/o i i  2 y ie ld  — (T o ô ) ( ^ )

%  C O  y ie ld  = [ ร (% CH4) % C2Hg, % C3H8 , % C0 2 con version s)][% CO selectivity]
( 100) (7)

T h e  p o w er  con su m p tio n  is ca lcu la ted  in  a u n it o f  พ ร  per C -c o n ta in in g  
reactant m o le c u le  con verted  and พ ร  per H2 m o le c u le  p rod u ced  u s in g  the fo llo w in g  
equation:

P x 6 0
P ow er con su m p tion  =  — —  (8 )

N * M

w h ere  p  =  p ow er  m easu red  at the lo w  v o lta g e  s id e  o f  th e  p ow er  su p p ly  un it ( พ )  
N  =  A v o g a d ro ’s n u m b er (6.02 X 1023 m o le c u le  g  m o le '1)
M  =  rate o f  con verted  carbon in the rate o f  p rod u ced  H2 m o le c u le s  

(g  m o le  m in  !)
T h e  res id en ce  tim e w a s ca lcu la ted  b ased  on  th e reaction  v o lu m e  o f  g ild in g  

arc reactor d iv id ed  b y  the feed  flo w  rate. T h e  reaction  v o lu m e  w a s estim ated  from  
the ap p earan ce o f  gen erated  p la sm a .
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