
EXPERIMENTAL SECTION
CHAPTER III

In this research work, the plasma promoting partial oxidation of 
methane was carried out at atmospheric condition. The wire and plate 
electrodes made of stainless steel were used to generate an AC corona 
discharge in the quartz tube reactor where the reaction took place. Both the 
feed and product streams were analyzed by two gas chromatographs 
comprising of thermal conductivity and flame ionization detector. The purpose 
of this work was to determine the effects of applied voltage, frequency, ratio 
of component, flow rate and gap width on conversions and product 
selectivities.

3.1 Materials

Methane (CH4) UHP grade of 99.97% purity, air zero grade moisture 
less than 25 ppm, oxygen range 21±1% and ethane (C2H<5) research grade, 
99.99% were used in this experimental study.

3.2 Experimental Setup

The schematic diagram of the entire reaction system used throughout 
this study was illustrated in Figure 3.1. The system.could be categorized into 
three parts as reactant make-up section, reaction section and analysis section.

3.2.1 Reaction Make-Up Section
All reactant gases used in this work were used without any 

purification. The flow rates of all gases fed into the reactor were controlled by



-----------  Outlet gas line wrapped up with heating tape Flow meterCH4 Air C2H6
Figure 3.1 F l o w  d i a g r a m  o f  p l a s m a  r e a c t o r  s y s t e m o
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a  s e t  o f  m a s s  f l o w  c o n t r o l  b o x  a n d  t r a n s d u c e r s  s u p p l i e d  b y  S I E R R A ®  

I n s t r u m e n t ,  I n c .  T h e  e r r o r  o f  t h e  a p p a r a t u s  w a s  r e p o r t e d  t o  b e  l e s s  t h a n  1 % .  

D u r i n g  c o n d u c t i n g  t h e  e x p e r i m e n t ,  a l l  m a s s  f l o w  c o n t r o l l e r  w e r e  r e g u l a r l y  

c a l i b r a t e d  w i t h  t h e  d i g i t a l  b u b b l e  f l o w  m e t e r .

T h e  p r e s s u r e  r e a d  o u t  a t  t h e  d i s c h a r g e  e n d  o f  a l l  p r e s s u r e  

r e g u l a t o r s  c o n n e c t e d  t o  t h e  g a s  c y l i n d e r s  h a d  t o  b e  m a i n t a i n e d  i n  r a n g e  o f  2 0 -  

3 0  p s i a  t o  g u a r a n t e e  t h e  r e l i a b l e  f u n c t i o n  o f  t h e  t r a n s d u c e r s .  T h e  0 . 7 p m  i n - l i n e  

f i l t e r s  w e r e  p l a c e d  u p s t r e a m  o f  a l l  m a s s  f l o w  t r a n s d u c e r s  i n  o r d e r  t o  t r a p  a n y  

f o r e i g n  p a r t i c l e s .  T h e  c h e c k  v a l v e s  w e r e  p l a c e d  d o w n s t r e a m  o f  a l l  m a s s  f l o w  

c o n t r o l l e r s  t o  p r o t e c t  f r o m  a n y  b a c k  p r e s s u r e  e f f e c t s .

P r e s s u r e  a n d  t e m p e r a t u r e  o f  t h e  f e e d  g a s  w e r e  r e a d  o u t  d i r e c t l y  

f r o m  a  p r e s s u r e  g a u g e  a n d  t h e r m o c o u p l e  t y p e -  K  i n s t a l l e d  d o w n s t r e a m  o f  

m a k e - u p  s e c t i o n .

3 . 2 . 2  R e a c t i o n  S e c t i o n

3.2.2.1 Power Supply Unit
F i g u r e  3 . 2  i l l u s t r a t e s  t h e  s c h e m a t i c  d i a g r a m  o f  t h e  

p o w e r  s u p p l y  u n i t .  F i r s t ,  d o m e s t i c  A C  p o w e r  2 2 0  V ,  5 0  H z  w a s  c o n n e c t e d  t o  

t h e  D C  p o w e r  s u p p l y  c o n v e r t e r  t o  c o n v e r t  t o  r e l a t i v e l y  l o w  D C  c u r r e n t ,  t h e n  

p a s s e d  t h r o u g h  a  f u n c t i o n  g e n e r a t o r  f o r  v a r y i n g  f r e q u e n c y  i n  r a n g e  0 -  8 0 0  H z .  

T h e  o u t p u t  p a s s e d  t h r o u g h  a m p l i f i e r ,  5 0 0  w a t t  i n  o r d e r  t o  a m p l i f y  v o l t a g e  i n  

r a n g e  0  t o  8 0  V .  E v e n t u a l l y ,  t h e  o u t p u t  w a s  t h e n  t r a n s m i t t e d  t o  h i g h  v o l t a g e  

a l t e r n a t i n g  c u r r e n t  ( H V A C )  t r a n s f o r m e r .  T h e  H V A C  c o u l d  s t e p  u p  t h e  v o l t a g e  

t o  a  m a x i m u m  v a l u e  o f  1 0 , 0 0 0  V .

3.2.2.2 Reactor Unit
T h e  q u a r t z  t u b e  r e a c t o r  u s e d  i n  t h i s  s t u d y  w a s  s h o w n  i n  

F i g u r e  3 . 3  a n d  t h e  r e a c t o r  t u b e  h a d  a n  i n s i d e  d i a m e t e r  o f  8  m m .  T h e  w i r e  

e l e c t r o d e  w a s  m a d e  o f  1 / 1 6  i n c h  d i a m e t e r  s t a i n l e s s  s t e e l  r o d .  T h e  s t a i n l e s s  

s t e e l  p l a t e  e l e c t r o d e  h a d  t h e  s h a p e  o f  a  c i r c u l a r  s t a i n l e s s  s t e e l  w i t h  a  t h i c k n e s s
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Figure 3.2 S c h e m a t i c  d i a g r a m  o f  p o w e r  s u p p l y  u n i t
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o f  1 m m .  T h e  d i s k  w a s  d r i l l e d  w i t h  8  h o l e s  a n d  e a c h  h o l e  h a d  a  d i a m e t e r  o f  1 

m m .  A  t y p e -  K  t h e r m o c o u p l e  w a s  c o n n e c t e d  a t  t h e  m i d d l e  o f  t h e  t w o  

e l e c t r o d e s  a n d  a t  t h e  o u t s i d e  t u b e  w a l l  f o r  m o n i t o r i n g  t h e  w a l l  t e m p e r a t u r e .

3 . 2 . 3  A n a l y s i s  S e c t i o n

T h e  p r o d u c t  g a s  s t r e a m  w a s  h e a t e d  a l o n g  t h e  l i n e  t o  a n  o n - l i n e  

G C  u n i t  i n  o r d e r  t o  p r e v e n t  a n y  l i q u i d  c o n d e n s a t i o n  i n  t h e  l i n e  b e f o r e  r e a c h i n g  

t h e  G C .  T h e  v o l u m e t r i c  f l o w  r a t e s  o f  p r o d u c t  s t r e a m  a n d  f e e d  s t r e a m  w e r e  

m e a s u r e d  b y  u s i n g  a  d i g i t a l  f l o w  m e t e r .

A  P e r k i n - E l m e r  G C  w i t h  a  t h e r m a l  c o n d u c t i v i t y  d e t e c t o r  

( T C D )  a n d  a  f l a m e  i o n i z a t i o n  d e t e c t o r  ( F I D )  w a s  u s e d  a s  a n  o n - l i n e  G C .  T h e  

q u a n t i t a t i v e  a n a l y s i s  o f  t h e  p e r c e n t  v o l u m e  o f  a l l  g a s e o u s  c o m p o n e n t s  w a s  

c a r r i e d  o u t  b y  c o r r e l a t i n g  t h e i r  p e a k - a r e a  r e s p o n s e  d e r i v e d  f r o m  t h e  G C  

c h r o m a t o g r a m s .  T h e  P e r k i n - E l m e r  G C  w a s  i n s t a l l e d  w i t h  a  1 0 - p o r t  v a l v e  i n  

o r d e r  t o  s e p a r a t e  t h e  a n a l y z e d  g a s  i n t o  t w o  p a r t s  w i t h  i n d e p e n d e n t  s a m p l e  

l o o p s .  T h e  f i r s t  p a r t  w a s  i n t r o d u c e d  t o  a  H a y e S e p - T  c o l u m n  c o n n e c t e d  w i t h  

F I D  a l l o w i n g  t h e  s e p a r a t i o n  o f  m e t h a n o l .  T h e  s e c o n d  p a r t  w a s  s e n t  t o  a  

C a r b o n x e n - 1 0 0 0  c o l u m n  c o n n e c t e d  w i t h  t h e  T C D  a l l o w i n g  t h e  s e p a r a t i o n  o f  

น2, N 2 , 0 2 , C H 4 , C 0 2, C 2H 2 , C 2H 4 a n d  C 2H 6 . T h e  G C  c o n d i t i o n s  a r e

s u m m a r i z e d  a s  f o l l o w s :  

I n j e c t o r  t y p e :  

I n j e c t o r  t e m p e r a t u r e :  

O v e n  t e m p e r a t u r e :

D e t e c t o r s :

A u t o m a t i c  s a m p l i n g  1 0 - p o r t  v a l v e

110°c
3 5  °c h o l d  f o r  5  m i n u t e s ,  t h e n  r i s e  

t o  1 7 0  °c a t  r a t e  1 5  ° c / m i n  a n d  

e v e n t u a l l y  h o l d  f o r  3 0  m i n u t e s .  

T h e r m a l  c o n d u c t i v i t y  d e t e c t o r  

( T C D )  a n d  f l a m e  i o n i z a t i o n  d e t e c t o r  

( F I D )

180 °cD e t e c t o r  t e m p e r a t u r e :
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C o l u m n s :

C o l u m n s :

C a r r i e r  g a s :

C a r r i e r  g a s  f l o w  r a t e s :

H a y e S e p - T  ( 5 ' x  1 / 8 ” )  a n d  

C a r b o n x e n - 1 0 0 0  ( 1 5 ' x  1 / 8 ” )  

H i g h  p u r i t y  h e l i u m  

3 0  m l / m i n  f o r  H a y e S e p - T  

3 0  m l / m i n  f o r  C a r b o n x e n - 1 0 0 0

T
Figure 3.3 P l a s m a  r e a c t o r
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3.3 Experim ental Procedure

The experiment was divided into two parts. The first part was to 
experiment with only methane and air for studying the effects of voltage, 
frequency, ratio of component, flow rate and gap width. The second was to 
experiment with methane, air and ethane for studying the effects of ethane 
addition, voltage and frequency. All of experiments were run at atmospheric 
pressure and room temperature.

3.3.1 Methane/Air System
For the methane/ air system, the effects of voltage, frequency, 

methane partial pressure, gas flow rate, and the electrode gap width on 
methane conversion and product selectivities were determined.

3.3.1.1 S tudy o f  Voltage E ffect
The feed gas was a mixture of methane and air having 

a constant ratio of methane to air of 3:4.8, which corresponded to CH4:0 2:N2= 
3:1:3.8. The total flow rate of the feed gas was kept constant at 100 ml/min. 
The gap width of the electrodes was set at 0.9 cm. The supply power was then 
turned on at the desired voltage and frequency. The frequencies o f 300 and 
400 Hz were selected in this experiment and the applied voltage varied from
5,000 to 9,000 V. The feed gas was then continuously fed to the reactor for 
measuring the exact gas composition. Next, the gas composition of the outlet 
stream was examined by GC every 1 hour. The system reached a steady state 
condition when the compositions of the outlet gas was relatively constant. The 
current was also measured every 20 minutes. The flow rate of the outlet gas 
was measured by using the digital flow meter. Afterwards, the experiment was 
repeated by changing the new voltage while the others kept constant.
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3.3.1 .2  S tudy o f  F requency E ffect
It was found that the coke deposit on the electrode 

surface appeared when the system was operated under frequency below 300 
Hz. Therefore in this experiment study frequency had to be varied from 300 to 
700 Hz. The mixture was kept constant at a methane to air ratio of 3:4.8 
(CH4:0 2:N2= 3:1:3.8) while the total flow rate of 100 ml/min and a gap width 
of 0.9 cm were set in the experiment. In addition, the voltage was fixed at
6,500 and 9,000 V. Next, the gas compositions of the inlet and outlet streams 
were examined by GC every 1 hour. The system was assumed a steady state 
condition when the composition of the outlet gas was relatively constant. The 
current was also measured every 20 minutes. It was found that the current 
varied in a some extent due to its nature of nonequilibruim plasma. Hence, an 
average value of the current was taken to represent each run. The flow rate of 
the outlet gas was measured by using the digital flow meter. Afterwards, the 
experiment was repeated by changing a new frequency while the others kept 
constant.

3.3.1.3 S tudy o f  M ethane P artia l P ressure E ffec t
In this experiment, there were three different CH4 to air 

ratios o f experiments; 2:1, 3:1 and 4:1 corresponding to CH4:0 2:N2= 2:1:3.8, 
CH4:0 2:N2= 3:1:3.8, and CH4:0 2:N2= 4:1:3.8, respectively. The studied 
system was run at a total flow rate of 100 ml/min, the gap width of 0.9cm, an 
applied voltage of 9,000 V and a frequency of 300 Hz. After the desired 
composition o f feed gas was obtained, the supply power unit was then turned 
on at the desired voltage and frequency. Next, the gas composition of the 
outlet stream was examined by GC. Then, the similar procedure was taken as 
described before.

3.3.1.4 S tudy o f  F low  R ate E ffect
The flow rate was varied from 50 to 125 ml/min while a 

ratio o f methane to air of 3:4.8 (CH4:0 2:N2= 3:1:3.8), a gap width of 0.9 cm.
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An applied voltage of 9,000 V and the frequency of 300 Hz were set in this 
experimental study. The similar procedure was taken as described before.

3.3.1 .5  S tudy o f  G ap W idth E ffect
The gap width was varied from 0.7 to 1.9 cm while a ratio 

of methane to air of 3:4.8 (CH4:0 2:N2= 3:1:3.8). The total flow rate of 100 
ml/min, the applied voltage of 9,000 V and the frequency of 300 Hz were set 
for this experiment. Again the same procedure was then taken as describe 
before.

3.3.2 Methane/Air/Ethane System
3.3.2.1- S tudy o f  Voltage E ffect

In this experimental study, ethane was introduced in 
order to determine its effects on the partial oxidation of methane. A ratio of 
CH4:C2H6:air in the feed mixture was kept at 2:1:4.8 corresponding to 
CH4:C2H6:0 2:N2 of 2:1:1:3.8. The applied voltage was only varied from 5,000 
to 7,250 V while the other parameters were kept constant throughout the 
experiment. The total flow rate of the feed mixture was 100 ml/min and the 
gap width was 0.5 cm. In addition, the frequency of 300 Hz was chosen for 
this experiment. Again, the similar procedure was carried out as described 
before.

3.3.2 .2  S tudy o f  F requency E ffect
In this experiment, the frequency was only varied from 

300 to 700 Hz while the other parameters were kept constant. The ratio of CH4 
to C2H6 to air was 2:1:4.8. The total flow rate was 100 ml/min. The gap width 
of 0.9 cm and applied voltage of 9,000V were set in this experiment. The 
similar procedure was then taken as described before.
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