
CHAPTER III 
EXPERIMENTAL

3.1 Materials
R e a g e n t G ases  fo r R eac tio n
A ll g a se s  u sed  fo r re a c tio n  te s tin g  w e re  o b ta in e d  fro m  T h a i In d u s tr ia l G as 

C o ., L td . as  fo llo w s:
1) H e liu m  (H P  g rad e).
2) 4 0 %  E th y le n e  b a la n c e d  w ith  he liu m .
3) 9 7 %  O x y g en  b a la n c e d  w ith  h e liu m .
4) 10%  E th y len e  o x id e  b a la n c e d  w ith  ca rb o n  d io x id e .

3.2 Reaction Activity Measurement
T h e  ex p e rim en ta l s tu d y  o f  e th y len e  e p o x id a tio n  w a s  c o m p a ra tiv e ly  

c o n d u c te d  u s in g  d ie le c tr ic  b a rrie r  d isc h a rg e  (D B D ) re a c to rs  w ith  tw o  e le c tro d e  
g e o m e trie s , i.e . p a ra lle l D B D  and  cy lin d ric a l D B D , w h ic h  w ere  o p e ra te d  a t a m b ie n t 
te m p e ra tu re  an d  a tm o sp h e ric  p ressu re . T h e  sc h em a tic s  o f  e x p e rim e n ta l s e tu p  fo r 
e th y le n e  e p o x id a tio n  re a c tio n  u s in g  b o th  D B D  sy stem s a re  sh o w n  in  F ig u re  3 .1 . F o r  
th e  p a ra lle l D B D  sy stem , th e  re a c to r  c o n fig u ra tio n  is sh o w n  in  F ig u re  3 .2 (a ) . T h e  
re a c to r  s izes  w e re  1.5 cm  h e ig h t X  5.5 cm  w id th  X  17.5 c m  le n g th  fo r in n e r 
d im en s io n , an d  3 .9  cm  h e ig h t X  9.5 cm  w id th  X  21 .5  c m  len g th  fo r  o u te r  d im e n s io n . 
B e tw e e n  th e  tw o  e le c tro d e s , th e re  w a s  a  d ie lec tric  g la ss  p la te . T h e  g ap  d is ta n c e  
b e tw e e n  th e  tw o  e le c tro d e s  w as fix ed  a t 5 m m . F o r th e  c y lin d ric a l D B D  sy s te m , th e  
re a c to r  c o n fig u ra tio n  is  sh o w n  in  F ig u re  3 .2 (b ). T h e  re a c to r  c o m p rise d  tw o  
c o n cen tric  e le c tro d e  tu b es . T h e  in n e r e lec tro d e  h ad  5 m m  O D  a n d  13 .67  cm  h e ig h t, 
an d  th e  o u te r  e le c tro d e  h a d  19.05 m m  O D , 15.8 m m  ID  a n d  16.2 c m  h e ig h t. B e tw e e n  
th e  tw o  c o n c e n tr ic  e le c tro d e s , th e re  w a s  a  d ie lec tr ic  g la ss  tu b e . T h e  g ap  d is ta n c e  
b e tw e e n  tw o  e le c tro d e s  w a s  a lso  f ix e d  a t 5 m m . T h e  m ic ro d isc h a rg e  p la s m a  w as  
g e n e ra te d  in  th e  e lec tro d e  g ap . T h e  d e ta ile d  d im e n s io n s  o f  b o th  D B D  re a c to rs  a re  
g iv en  in  T a b le  3 .1 . T h e  p o w e r  u se d  to  g en e ra te  p la sm a  w as  a lte m a ti ng  c u rre n t 
p o w er, 2 2 0  V  an d  50 H z , w h ich  w a s  tra n sm itte d  to  a  h ig h  v o lta g e  c u rre n t v ia  a
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p o w e r  su p p ly  u n it. T h e  o u tp u t v o ltag e  w as ad ju s te d  by  a  fu n c tio n  g e n e ra to r, w h e rea s  
th e  s in u so id a l w av e  s ig n a l w as  c o n tro lled  an d  m o n ito red  by  an  o sc illo sc o p e .

Figure 3.1 S c h e m a tic s  o f  ex p e rim en ta l se tu p  fo r e th y len e  e p o x id a tio n  re a c tio n  u s in g  
(a) p a ra lle l D B D  an d  (b) cy lin d rica l D B D .
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Figure 3.2 Schematics of reactor setup for (a) parallel DBD and (b) cylindrical 
DBD.
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Table 3.1 T h e  d e ta ile d  d im e n s io n s  o f  b o th  D B D  reac to rs
D im en s io n P a ra lle l D B D C y lin d ric a l D B D

E le c tro d e  w id th  (cm ) 2 .98
in n e r  e le c tro d e  =  0.5 (O D ) 
o u te r  e le c tro d e  = 1 .5 8  (ID )

=  1.905 (O D )

E le c tro d e  len g th  (cm ) 14.945
in n e r e le c tro d e  = 1 3 .6 7  

o u te r  e le c tro d e  =  16.2
E le c tro d e  th ic k n e ss  (cm ) 0 .14 -
E le c tro d e  gap  d is tan ce  (cm ) 0.5 0 .8 4
G la ss  th ic k n e ss  (cm ) 0 .18 0 . 1 2

E le c tro d e  ed g e  len g th  (cm ) 71 .70 13 .07
E le c tro d e  su rfa c e  a rea  (c m 2) 89 .07 8 9 .3 6
R e a c tio n  v o lu m e  (cm 2) 14.25 2 0 .9 3
E le c tro d e  ed g e  len g th -to -  
re a c tio n  v o lu m e  ra tio  (c m '2)

5.03 0 .63

E le c tro d e  su rfa c e  a rea -to -  
re a c tio n  v o lu m e  ra tio  (c m ’1)

6 .25 4 .2 7

T h e  flo w  ra te s  o f  e th y len e , o x y g en , an d  h e liu m  f lo w in g  th ro u g h  th e  
re a c to r  w e re  co n tro lle d  by  e le c tro n ic  m a ss  f lo w  co n tro lle rs . Im p u ritie s  in  all re a c ta n t 
g ases w e re  trap p ed  b y  7 p m  in -lin e  f ilte r  b e fo re  th e  re a c tan t g a se s  p a sse d  th ro u g h  
e lec tro n ic  m a ss  f lo w  co n tro lle rs . A  m ix tu re  o f  4 0 %  e th y le n e  in  h e liu m , p u re  o x y g e n , 
and  p u re  h e liu m  w as  u se d  as  feed  g a se s  w ith  O 2 /C 2 H 4 m o la r  ra tio  ra n g in g  fro m  0.2:1 
to  1:1. T h e  re a c to r  p re s su re  w as co n tro lle d  b y  a  n ee d le  v a lv e , a n d  th e  o u tle t o f  
re a c to r  w as  v e n te d  to  th e  a tm o sp h e re  v ia  an  e x h a u s te d  ru b b e r  tu b e  b e fo re  e n te r in g  an  
o n -lin e  gas c h ro m a to g ra p h . T h e  m o is tu re  in  th e  p ro d u c t gas s tre a m  w a s  tra p p e d  b y  a 
w a te r  tra p  f ilte r  b e fo re  en te rin g  a  h e a te d  s ta in le ss  stee l lin e  to  an  o n -lin e  gas 
c h ro m a to g ra p h . T h e  c o m p o s itio n  o f  p ro d u c t g a se s  w as a n a ly z e d  b y  an  a u to m a tic  gas 
c h ro m a to g ra p h  (P e rk in -E lm e r, A u to S y s te m  G C ). T h e  g as  c h ro m a to g ra p h  w as 
e q u ip p e d  w ith  b o th  a  th e rm a l co n d u c tiv ity  d e te c to r  (T C D ) and  a  f la m e  io n iz a tio n  
d e te c to r  (F ID ). F o r  th e  T C D  c h an n e l, th e  p a c k e d  c o lu m n  (C a rb o x e n  1000) w a s  u se d
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for separating the product gases, which were hydrogen (H2), oxygen (0 2), carbon 
monoxide (CO), and carbon dioxide (CO2). For the FID channel, the capillary 
column (OV-Plot บ) was used for analysis of ethylene (C2H4), ethylene oxide 
(C2H4O), and other product gases, i.e. CH4, C2H2, C2Hé, and บ3บ 8- The GC was 
operated under the following conditions:

TCD injector temperature 
FID injector temperature 
TCD detector temperature 
FID detector temperature 
TCD range 
FID range
TCD carrier gas flow rate 
FID carrier gas flow rate 
Carrier gas 
Oven temperature

1 20°c
150°c
190°c
2 8 0 °c
4
1

30 ml/min 
25 ml/min 
High purity helium 
40°c for 5 min
165°c (heating rate 10°c/min)

To evaluate the process performance, the conversions of ethylene and 
oxygen, the selectivities for products, including H2, CO, C 02, C2H4O, CH4, C2H6, 
C2H2, and traces of C3, and the ethylene oxide yield were considered. The conversion 
of either ethylene or oxygen was defined as:

% Reactant conversion = (moles of reactant in -  moles of reactant out) X  100
(moles of reactant in)

The product selectivity was calculated from the following equation:

% Product selectivity = [(number o f  carbon or hydrogen atom in product)(moles o f  product produced)] X  100
[(number o f  carbon or hydrogen atom in ethylene) (m oles o f  ethylene converted)]
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T he e th y le n e  o x id e  y ie ld  w as c a lc u la ted  from  th e  fo llo w in g  eq u a tio n :

% Ethylene oxide yield = (%  ethylene conversion) X (% ethylene oxide selectivity)
100

T o d e te rm in e  th e  e n e rg y  e ffic ie n cy  o f  th e  p la sm a  sy s tem , th e  sp ec if ic  
p o w e r  c o n su m p tio n  w a s  c a lc u la ted  in  a u n it o f  พ ร  p e r  m o le c u le  o f  co n v e rted  
e th y le n e  o r p e r  m o le c u le  o f  p ro d u c e d  e th y len e  o x id e  u s in g  th e  fo llo w in g  eq u a tio n :

S p ec ific  p o w e r c o n su m p tio n  =  P  X 60
N  X M

w h e re  p  =  P o w e r  ( พ )
N  =  A v o g a d ro ’s n u m b e r  =  6 .02  X  1023 m o le c u le s /m o l 
M  =  R a te  o f  c o n v e rte d  e th y le n e  m o le c u le s  in  fe e d  o r  ra te  o f  p ro d u c e d  

e th y le n e  o x id e  m o le c u le s  (m o l/m in ).

3.3 Power Supply Unit

T h e  b lo c k  d ia g ra m  o f  th e  p o w e r su p p ly  u n it is sh o w n  in  F ig u re  3 .3 . F o r  th e  
f irs t s tep , th e  A C  in p u t o f  2 2 0  V  an d  50 H z  w a s  co n v e rted  to  D C  o f  a b o u t 7 0 -8 0  V  
b y  D C  p o w e r su p p ly  co n v e rte r . F o r th e  seco n d  step , th e  D C  w a s  su p p lie d  th ro u g h  a 
5 0 0 -พ  p o w e r am p lif ie r , w h ic h  w a s  c o n n ec ted  to  th e  In s te k  fu n c tio n  g e n e ra to r  to  
g e n e ra te  w a v e fo rm  an d  to  a m p lify  v o lta g e  an d  freq u en cy . T h e  sig n a l o f  a lte rn a tin g  
c u rre n t w as  th e  s in u so id a l w av e fo rm . F o r  th e  f in a l s tep , th e  a m p lif ie d  A C  p a sse d  
th ro u g h  th e  in p u t tra n s fo rm e r  to  c o n v e rt to  2 3 0  V  A C . T h e re a fte r , th e  v a r ia b le  
o u tp u t w a s  tra n sm itte d  to  a  h ig h  v o lta g e  c u rre n t b y  a  n o m in a l fa c to r  o f  130 tim e s  o f  
lo w  s id e  (in p u t). A n  E xtech®  se rie s  380801  p o w e r  a n a ly z e r  w a s  u se d  to  m e a su re  
p o w e r, p o w e r  fa c to r, c u rre n t, freq u en cy , an d  v o lta g e  a t th e  lo w  s id e  o f  th e  p o w e r 
su p p ly  u n it.



28

-0 -  80 V A C
, - 7 0 -  80 V  DC

DC Power 
Supply

-7 0 -8 0  V  DC

Power 
Amplifier 

500 พ

Power
Analyzer

A C  220 V, 50 Hz

Input

Output

-0 -2 3 0  V A C  w H '9 h|- - j  V o lta g e
T r a n s fo r m e r

Input 
Transformer

- 0 -  230 V A C

H ig h  
— V o lta g e  

T r a n s fo r m e r
Function

Generator
InpTit '

-7 0 -  80 V  DC

DC Power 
Supply

-  70- 80 V  DC

- 0 -  230 V A C

Output

Power 
Amplifier 

500 พ
Input 

_ | Transformer!

High
V o lta g e

T r a n s fo r m e r

H igh
V o lta g e

T r a n s f o m ie r

- 0- 30 kV  
-------S tage  1

- 0 -  30 kV 

--------- S tage  2

- 0 -  30 kV  

---------S tage  3

" 0 -  30 kV  

--------- S tage  4

Figure 3.3 B lo ck  d ia g ra m  o f  th e  p o w e r  su p p ly  u n it.

3.4 Studied Conditions

A fte r th e  c o m p o s itio n  o f  th e  feed  re m a in e d  c o n s ta n t, th e  p o w e r  su p p ly  
u n it w a s  tu rn e d  on . A fte r  60  m in , th e  c o m p o s itio n  o f  th e  e ff lu e n t g a s  w a s  an a ly z e d  
fo r e v e ry  tim e  in te rv a l o f  2 0  m in  u n ti l  th e  e x h a u s t g as  c o m p o s itio n  w as in v a rian t. 
A fte r  re a c h in g  a  s te a d y  s ta te , re a c ta n t c o n v e rs io n , p ro d u c t se le c tiv ity , p ro d u c t y ie ld , 
and  p o w e r  c o n su m p tio n  w e re  c a lc u la te d  fo r e v a lu a tin g  th e  sy s tem  p e rfo rm a n c e . T h e  
e x p e rim e n ts  w ere  p e rfo rm e d  b y  th e  tw o  D B D  reac to rs  w ith  d iffe re n t e le c tro d e  
g eo m e trie s . T h e  e ffe c ts  o f  v a rio u s  o p e ra tin g  p a ra m e te rs , in c lu d in g  O2/C2H4 m o la r  
ra tio , a p p lie d  v o lta g e , in p u t f re q u e n c y , and  feed  flo w  ra te , w e re  c o m p a ra tiv e ly  
in v es tig a ted .

T h e  e x p e rim e n ta l c o n d itio n s  fo r  th is  re se a rch  w e re  as fo llo w s:
O2/C2H4 m o la r  ra tio : 0 .2 :1 -1 :1
A p p lie d  v o ltag e : 13 -19  k V  (C y lin d ric a l D B D )

15-21 k Y  (P a ra lle l D B D )
4 0 0 -8 0 0  H z  
5 0 -1 5 0  cm V m in

In p u t freq u en cy : 
F e e d  f lo w  ra te : 
G a p  d is tan ce : 5 m m
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