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7.1 Abstract

In th is  w o rk , the e th y le n e  e p o x id a t io n  w a s  in v e s t ig a te d  in  a lo w -tem p era tu re  
d ie le c tr ic  barrier d isch a rg e  (D B D )  j e t  s y s te m  u n der h ig h  f lo w  rate and 0 2 - lea n  
c o n d it io n s . T h e  C2H4 stream  w a s  d ir e c tly  in jec ted  at th e  en d  o f  th e  p la sm a  z o n e  in  
ord er to red u ce  C2H4 cra c k in g  and o th er  rea c tio n s , w h ile  th e  O2 b a la n c e d  w ith  argon  
w a s  fed  th ro u gh  the p la sm a  z o n e  for g e n e r a tin g  a c t iv e  o x y g e n  s p e c ie s . T h e  e f fe c ts  o f  
v a r io u s  o p era tin g  p aram eters, su ch  as to ta l fe e d  f lo w  rate, O2/C2H4 fe e d  m o lar  ratio , 
a p p lied  v o lta g e , input freq u en cy , and  in n er  e le c tr o d e  p o s it io n  o n  the e th y le n e  
e p o x id a tio n  a c t iv ity , w er e  in v e stig a te d  to  a c h ie v e  the o p tim u m  o p e r a tin g  c o n d it io n s  
for  th is  n e w  D B D  je t  sy s te m . T h e h ig h e s t  E O  s e le c t iv ity  and y ie ld , as w e ll as th e  
lo w e s t  p o w er  c o n su m p tio n  w ere  o b ta in ed  at a tota l f e e d  H ow  rate o f  1 ,6 2 5  c m 3/m in  
(c o r r e sp o n d in g  to a r e s id e n c e  t im e  o f  0 .0 2 2 9  ร), an O2/C2H4 fe e d  m o la r  ratio o f  
0 .2 5 :1 , an a p p lie d  v o lta g e  o f  9 k v ,  an  in p u t fre q u e n c y  o f  3 0 0  H z , and  an inner  
e le c tr o d e  p o s it io n  o f  0 .3  m m .

Keywords: E p o x id a tio n ; E th y le n e  o x id e ;  D ie le c tr ic  barrier d isc h a r g e ;  A tm o sp h e r ic  
p la sm a  je t

7.2 Introduction

E th y le n e  e p o x id a t io n  is  v ery  im p ortan t in  th e  p e tr o c h e m ic a l in d u stry . 
E th y le n e  o x id e  (C2H4O, E O )—  a d e s ir e d  p rod u ct fro m  th e p artia l o x id a t io n  o f  
e th y le n e , s o -c a l le d  e th y le n e  e p o x id a t io n —  is  in c r e a s in g ly  d e m a n d e d  a s a c h e m ic a l  
fe e d s to c k  for v a r io u s  d o w n strea m  p r o c e s s e s  to  p ro d u ce  se v e r a l u se fu l d e r iv a tiv es  
su c h  as a n tifr e e z e  a g e n ts , a u to m o tiv e  c o o la n ts , p o ly e s te r s , d e te r g e n ts , e tc  [1 ], In



ad d itio n , it is  a lso  u se d  as a ster ila n t for fo o d s tu ffs , in  m e d ic a l e q u ip m en t and  
su p p lie s , and  a s  a fu m ig a n t in  agricu ltu ra l p rod u cts [ 2 ],

C o m m e r c ia lly , th e  c a ta ly t ic  p r o c e sse s  u s in g  s ilv e r -b a se d  c a ta ly s ts , 
e s p e c ia lly  lo w -su r fa c e -a r e a  (L S A ) a -a lu m in a -su p p o r te d  s ilv e r  c a ta ly s t  (A g /(L S A )  a -  
A I 2 O 3 ) are u se d  in th is  reactio n . A lk a li and tra n sitio n  m e ta ls  su c h  as c e s iu m  (C s), 
cop p er  (C u ), rh en iu m  (R e ) , and g o ld  (A u )  w ere  rep orted  to s ig n if ic a n tly  e n h a n ce  E O  
s e le c t iv ity  [3 -1 3 ] , M o r e o v e r , a sm a ll am o u n t o f  c h lo r id e  a d d in g  to  reactan t g a se s  a lso  
im p ro v ed  th e  e th y le n e  e p o x id a t io n  a c t iv ity  [1 0 ,1 4 - 1 6 ] ,  A lth o u g h  the ca ta ly tic  
p r o c e sse s  e x h ib it  h ig h  E O  s e le c t iv ity , h ig h  tem p era tu re  is  req u ired  to op era te  the  
ca ta ly tic  p r o c e s s e s , le a d in g  to h ig h  e n e r g y  c o n su m p tio n . T h e  h ig h -tem p era tu re  
ca ta ly tic  p r o b le m s, in c lu d in g  c a ta ly t ic  d e a c t iv a t io n  d ir e c t ly  lo w e r s  p r o c e ss  
e f f ic ie n c y . T h ere fo re , th ere  are m a n y  a ttem p ts to  resea rch  a  n e w  te c h n iq u e  in  order  
to s o lv e  th e se  lim ita tio n s  and to p r o v id e  a better e th y le n e  e p o x id a t io n  p erfo rm an ce .

N o n -th e r m a l p la sm a , i.e . d ie le c tr ic  barrier d isc h a r g e  (D B D ), co ro n a  
d isch a rg e , g lo w  d isc h a r g e , m ic r o w a v e , e tc ., is  c o n s id e r e d  to  b e  a p r o m is in g  
te c h n iq u e  b e c a u se  o f  its v a r io u s  a p p lic a t io n s  [1 7 -2 5 ] , M o r e o v e r , th is  te c h n iq u e  h as a 
v a lu a b le  ch a ra cter is tic  that it can  g en e r a te  h ig h ly  e n e r g e t ic  e le c tr o n s , w h ile  th e  bu lk  
g a s  tem p era tu re  is  c o m p a r a tiv e ly  lo w  (at roo m  tem p era tu re  or  s lig h tly  h ig h er)  
[2 6 ,2 7 ] , T h e se  im p ly  that th e  n o n -th erm a l p la sm a  c a n  b e  o p era ted  u n d er a tm o sp h er ic  
p ressu re and  a m b ien t tem p era tu re , r e su lt in g  in  lo w  e n e r g y  c o n su m p tio n , as w e ll  as it 
can  o v e r c o m e  the a b o v e  m e n tio n e d  c a ta ly s t  p ro b lem s at h ig h -tem p era tu re  op era tion .

R e c e n tly , the e th y le n e  e p o x id a t io n  h as b e e n  in v e s t ig a te d  in  d ifferen t n o n -  
therm al p la sm a  reac tors—  a co r o n a  d isc h a r g e  reactor , a  p ara lle l an d  cy lin d r ica l D B D  
reactor [2 8 -3 1 ] ,  T h e  cy lin d r ic a l D B D  w a s  reported  to e x h ib it  th e  b e s t  p er fo rm a n ce  in  
term s o f  th e  h ig h e s t  E O  s e le c t iv ity  w ith  th e lo w e s t  p o w e r  c o n su m p tio n , as co m p a red  
to the o th er  p la sm a  sy s te m s . In sp ite  o f  h ig h  E O  s e le c t iv ity ,  th e  e th y le n e  c o n v e r s io n  
w a s still lo w  and o th er  p rod u cts  w e r e  p ro d u ced  in  th e  p la sm a  z o n e . T h ere fo re , a 
cy lin d r ic a l D B D  reactor  is n e c e ssa r y  to  b e  r e d e s ig n e d  in  ord er to  im p r o v e  e th y le n e  
e p o x id a tio n  p erfo rm a n ce .

A tm o sp h e r ic  p la sm a  je t s —  d ie le c tr ic  barrier d isc h a r g e  ( D B D )  je ts —  h a v e  
cu rren tly  b e e n  great o f  in terest in  cu rren t lo w -tem p era tu re  p la sm a  research  [3 2 ] , T h e  
p la sm a  je t  reactors ca n  gen era te  h ig h ly  rea c tiv e  c h e m ic a l s p e c ie s  b y  u s in g  ga s stream



to  b lo w  th e  p la sm a  o u t o f  its p ro d u ctio n  re g io n , th u s it is  c o n v e n ie n t  to  op era te  and  
be e m p lo y e d  in  p ractica l a p p lic a tio n s  su ch  a s  su rfa ce  m o d if ic a tio n , th in -film  
d e p o s it io n , and b io m e d ic in e  [ 3 3 -3 8 ] .  In a d d it io n , the p la sm a  je t  w a s  in v e s t ig a te d  in 
th e  e p o x id a t io n  o f  1 -d e c e n e  to p ro d u ce  the e p o x y  p rod u cts—  1 ,2 -e p o x y d e c a n e , 1 - 
d e c a n a l, 1 -n on an a l, and  2 -d e c a n o n e  [3 9 ] , It w a s  h y p o th e s iz e d  that a p la sm a  je t  cou ld  
p r o v id e  a  b etter im p r o v e m e n t for  e th y le n e  e p o x id a t io n  p erfo rm a n ce . T h ere fo re , a 
c y lin d r ic a l D B D  reactor  ty p e  w a s  u sed  to r e d e s ig n  a D B D  je t  reactor  for th is  stu d y.

T h e  m a in  o b je c t iv e  o f  th is  w ork  w a s , for  the first t im e , to  in v e s t ig a te  the  
e th y le n e  e p o x id a t io n  in a lo w -tem p era tu re  D B D  je t  sy s te m . T h e  separate  
e th y le n e /o x y g e n  fe e d  s y s te m —  e th y le n e  g a s  stream  w a s  d ir e c t ly  in jec ted  at th e  end  
o f  p la sm a  r e g io n  w h ile  o x y g e n  b a la n ced  w ith  a rg o n  w a s  fed  at th e  b e g in n in g  p la sm a  
z o n e  to  p ro d u ce  o x y g e n  a c t iv e  s p e c ie s —  w a s  u sed  to red u ce  a ll u n d e s ir a b le  other  
rea c tio n s  su ch  as c ra c k in g  and d e h y d r o g e n a tio n . T h e  e f fe c t s  o f  to ta l fe e d  f lo w  rate, 
o x y g e n -to -e th y le n e  fe e d  m o la r  ratio , ap p lied  v o lta g e , in p u t fr eq u en cy , and  inner  
e le c tr o d e  p o s it io n  o n  the e p o x id a t io n  reac tio n  e f f ic ie n c y  in  th e  term s o f  reactant 
c o n v e r s io n s , E O  y ie ld , E O  s e le c t iv ity ,  and p o w e r  c o n su m p tio n  w er e  e x a m in e d  to  
ob ta in  that the b est  c o n d it io n s  for  e th y le n e  e p o x id a t io n .

7.3 Experimental

7 .3 .1  D ie le c tr ic  B arrier D isc h a r g e  (D B D )  Jet S y s te m
T h e  c o n fig u r a tio n  o f  D B D  je t  reactor  an d  the sc h e m a tic  o f  

e x p e r im e n ta l se tu p  for  e th y le n e  e p o x id a t io n  r ea c tio n  are sh o w n  in  F ig u re  7 .1 (a )  and  
(b ), r e sp e c t iv e ly . T h e  D B D  je t  reactor  c o n s is te d  o f  a q u artz tu b e  w ith  1 c m  outer  
d ia m eter  and  10 .5  c m  len g th , an d  tw o  e le c tr o d e s  w h ic h  m a d e  o f  s ta in le s s  s te e l. A n  
ou ter  e le c tr o d e  (h ig h -v o lta g e  s id e )  had  an in n er d ia m eter  o f  1  c m  and a len g th  o f  1 

c m , w h e r e a s  an in n er e le c tr o d e  (g ro u n d  s id e )  h ad  a d ia m eter  o f  1  m m  and a len g th  o f  
17 cm . T h e  gap  d is ta n c e  b e tw e e n  tw o  e le c tr o d e s  w a s  f ix e d  at 7 m m , e x c e p t  in the  
c a se  o f  th e  e f fe c t  o f  in n er  e le c tr o d e  p o s it io n .
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(a)
Inner electrode ( 1 mm OD, 17 cm length)

Quartz tube ( 1 cm OD, 10.5 cm length)

Gap distance (0.7 cm)

(b)

----- 0 2 with Argon feed

Outer electrode (1 cm ID, 1 cm length) 

◄ ----- C2I I| feed

► Outlet gas

A r  0 2 C 2H 4

V oltage probe

Figure 7.1 (a ) C o n fig u ra tio n  o f  th e  D B D  je t  reactor  and (b )  S c h e m a tic  o f  
e x p e r im e n ta l se tu p  o f  D B D  je t  sy s te m  for  e th y le n e  e p o x id a t io n  rea c tio n .

7 .3 .2  R e a c tio n  A c t iv ity  E x p e r im en ts
T h e  C2 II4 e p o x id a tio n  rea c tio n  w a s  in v e s t ig a te d  in  a D B D  je t  reactor  

at am b ien t tem p era tu re  (a b o u t o f  2 5  ๐C ) and a tm o sp h er ic  p ressu re . In th is  stu d y , the  
f lo w  rates o f  C2 H4 and O2 b a lan ced  w ith  argon  f lo w in g  th rou gh  th e  D B D  je t  reactor  
as illu stra ted  in  F ig u re  7 .1 (b )  w er e  regu la ted  b y  ro ta m eters  (K O F L O C , a ccu ra cy  
± 2 %  for C2 H4 , ± 1 %  for 0 2, and ± 5 %  for  argon ). A fte r  th e  c o m p o s it io n s  o f  the feed
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w er e  in v aria n t w ith  t im e , a  A C  gen era to r  (M o d e l P M  0 4 0 1 5 , T R E K  In c) w a s  turned  
on . T h e  v o lta g e  and  d isch a rg e  cu rren t w ere  m o n ito re d  b y  an o s c i l lo s c o p e  (T D S 3 0 1 2 ,  
T ek tro n ix  In c). A fte r  th e  sy s te m  rea ch ed  e q u ilib r iu m  w h ic h  n o r m a lly  sp en t 3 m in  
after tu rn in g  A C  gen era to r , p rod u ct g a se s  w e r e  a n a ly z e d  b y  a g a s  ch rom a to grap h  
(S H IM A D Z U ). T h e  g a s  ch rom a to grap h  w a s  eq u ip p ed  w ith  b oth  a therm al 
c o n d u c tiv ity  d e te c to r  (T C D ) and  a fla m e  io n iz a t io n  d e tec to r  (F ID ). F or th e T C D  
d etecto r  (S H I M A D Z U , G C - 8 A ), a p ack ed  c o lu m n  (M o le c u la r  s ie v e  1 3 X ) w a s  
e m p lo y e d  for  sep a ra tin g  th e p rod u ct g a se s  su ch  a s  H 2  and O 2  w h i le  an o th er  c o lu m n  
(Parapak  Q  (2 M ))  w a s  u sed  to  d etec t C O  and C O 2 . F or the F ID  d etector  
(S H IM A D Z U , G C -1 4 B ) , the c o lu m n  (G S -G a sP r o ) w a s  u sed  fo r  a n a ly s is  o f  C 2 H 4 , 
e th y le n e  o x id e  (C 2 H 4 O , E O ), and  o th er  p rod u ct g a se s , i.e . C H 4 , C 2 H 2 , C 2 H 4 , บ 2 แ 6  

C 3 H 6, C 3 H 8, n -C 4 H , 0 , i-C 4 H , 0 , and 1 ,3 -C 4 H 10.
T o  e v a lu a te  the p r o c e s s  p erfo rm a n ce , the e x p e r im e n ta l data  taken  

under s te a d y  sta te  w e r e  a v era g ed  (w ith  a  standard  d e v ia t io n  o f  le s s  than 5% ) and  
th en  u se d  to  c a lc u la te  th e  c o n v e r s io n s  o f  e th y le n e , th e  s e le c t iv it ie s  for p rod u cts, 
in c lu d in g  H 2, E O , C H 4, C 2 H 2, C 2 H 4, C 2 H 6, C 3 H 6, C 3 H 8, n -C 4 H , 0 , i-C 4 H , 0 , and  1 ,3- 
C 4 H 1 0 , an d  th e E O  y ie ld  as fo l lo w in g  eq u ation s:

% R ea cta n t c o n v e r s io n  =  (m o le s  o f  reactant in  -  m o le s  o f  reactan t ou t) X 10 0  (7 .1 )
(m o le s  o f  reactan t in )

% Product selectivity = [(number o f carbon atom in product) (moles o f product produced)] X 100
[(number o f  carbon atom in C2H4) (moles o f C2H4 converted)]

(7 .2 )
% E O  y ie ld  =  (%  C 2 H 4  c o n v e r s io n )  X (%  E O  s e le c t iv ity )  (7 .3 )

1 0 0

% C o k e  fo rm a tio n  =  ( [R ]C r - X  [Pi]Cpi) X 100 (7 .4 )

m c~ R
% W ater form a tio n  =  ( [R ]H r - X  [ Pi]Hpi) X 100  (7 .5 )

[R ]H r

w h ere  [P] =  m o le s  o f  p rod u ct in  th e  o u tle t  g a s  stream
[R ] =  m o le s  o f  C 2 H 4  in the fe e d  stream  to b e  co n v er ted
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Cp =  n u m b er  o f  carb on  a to m s in  a p rod u ct m o le c u le  
C r =  n u m b er  o f  carb on  a to m  in C 2 H 4  m o le c u le  
Hp =  n u m b er o f  H  a to m s in  a p rod u ct m o le c u le  
Hr =  n u m b er o f  H a to m s in  C 2 H 4  m o le c u le

T o  d eterm in e  th e e n e r g y  e f f ic ie n c y  o f  th e  p la sm a  sy s te m , th e  e lec tr ic  
p o w e r , s o -c a lle d  in p u t p o w er , w a s  estim a ted  b y  L issa jo u s  m e th o d  [4 0 ] and  then  the  
p o w e r  c o n su m p tio n  w a s  ca lc u la te d  in  a unit o f  พ ร  per m o le c u le s  o f  C 2 H 4  co n v erted  
or p er m o le c u le s  o f  E O  p rod u ced  u s in g  the fo l lo w in g  eq u ation :

P o w e r  c o n su m p tio n  =  P X 6 0 (7 .6 )

w h e r e  p  =  
N  =  
M  =

N  X M  
P o w e r  ( พ )
A v o g a d r o ’s n u m b er =  6 .0 2  X 10 2 3  m o le c u le s /m o l  

R ate o f  c o n v er ted  C2 H4 m o le c u le s  in fe e d  or rate o f  
p ro d u ced  EO  m o le c u le s  (m o l/m in ) .

7 .4  R e s u lt s  a n d  D is c u s s io n

7 .4 .1  E ffe c t  o f  T o ta l F e e d  F lo w  R ate
T o  in v e s tig a te  th e  e f fe c t  o f  to ta l fe e d  H ow  rate o n  e th y le n e  

e p o x id a t io n  p er fo rm a n ce  u n der th e D B D  p la sm a  je t , th e  to ta l fe e d  f lo w  rate is  
e x p e r im e n ta lly  v a r ied , as sh o w n  in  T a b le  7.1 w h ile  an O 2 /C 2 H 4  fe e d  m o la r  ratio , an 
input fr e q u e n c y , and  an  a p p lied  v o lta g e  are f ix e d  at 0 .2 5 , 5 0 0  H z , an d  7 k v ,  
r e sp e c tiv e ly .
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T a b le  7 .1  F lo w  rates o f  th ree  fe e d  g a se s  for  ea c h  tota l fe e d  f lo w  rate u sed  in th is  
stu d y

F lo w  r a te  ( c m 3 /m in ) R e s id e n c e  t im e

(ร)40%  C 2 H 4 97%  0 2 A rgon T o ta l feed
1 0 0 2 5 1,500 1 ,625 0 .0 2 2 9
117 2 9 1,750 1 ,8 9 6 0 .0 1 9 6
133 33 2 , 0 0 0 2 ,1 6 7 0 .0 1 7 2
150 3 8 2 ,2 5 0 2 ,4 3 8 0 .0 1 5 3
167 4 2 2 ,5 0 0 2 ,7 0 8 0 .0 1 3 7

2 0 0 5 0 3 ,0 0 0 3 ,2 5 0 0 .0 1 1 4
2 3 3 58 3 ,5 0 0 3 ,7 9 2 0 .0 0 9 9

F rom  the e x p e r im e n ts , a to ta l fe e d  f lo w  rate, e s p e c ia l ly  lo w e r  than
1 .6 2 5  c m 3 /m in , w a s  fou n d  to  b e  n ot su ff ic ie n t  to  b lo w  th e p la sm a  ou t, re su lt in g  in  a 
v e r y  h ig h  d isc h a r g e  tem p era tu re  in sid e  th e  p la sm a  z o n e  b e tw e e n  in n er  and ou ter  
e le c tr o d e s . T h is  led  to the ap p ea ran ce  o f  litt le  f la m e  at th e  corn er  o f  th e  C 2 H 4  feed  
p o in t  and a fter that d isc h a r g e s  e x t in g u ish e d . T h ere fo re , th e  to ta l fe e d  f lo w  rate o f
1 .6 2 5  c m 3/m in  w a s  a m in im u m  o p era tio n a la b le  f lo w  rate in  th is  s tu d y . F ig u re  7 .2 (a ) , 
s h o w s  the e f fe c t  o f  total f e e d  f lo w  rate o n  b o th  C 2 H 4  and  O 2  c o n v e r s io n s . T h e (ว2  

c o n v e r s io n  s ig n if ic a n tly  d e c r e a se d  o v er  en tire  tota l fe e d  f lo w  ra n g es  o f  1 ,6 2 5 -3 ,7 9 2  
c m 3 /m in , w h e r e a s  th e  C 2 H 4  c o n v e r s io n  g ra d u a lly  d e c r e a se d  w ith  in c r e a s in g  tota l feed  
f lo w  rate from  1 ,6 2 5  to  1 ,8 9 6  c m 3 /m in , th en  s lig h t ly  in cr e a se d  w ith  further  
in c r e a s in g  to ta l fe e d  f lo w  rate to 3 ,2 5 0  c m 3 /m in , and f in a lly  d e c r e a se d  s lig h t ly  at the  
h ig h e s t  to ta l fe e d  f lo w  rate o f  3 ,7 9 2  cn rV m in . T h e  s e le c t iv it ie s  for E O  and other  
p ro d u cts  and E O  y ie ld  are sh o w e d  in F ig u re  7 .2 (b )  and  (c ) . S m a ll a m o u n ts  o f  C H 4, 
C 2 FE, C 3 H 6 , C 3 H 8 , and C 4 FI1 0  w e r e  p rod u ced  o v e r  th e  en tire  tota l fe e d  f lo w  rate range  
w h ile  b o th  C 2 H 2  and  C O 2  w e r e  n ot p rod u ced . T h e  H 2  s e le c t iv ity , E O  s e le c t iv ity  and  
y ie ld  had  th e sa m e  trend w ith  O 2  c o n v e r s io n  that d e c r e a se d  w ith  in c r e a s in g  to ta l feed  
f lo w  rate from  1 ,6 2 5  to 3 ,7 9 2  c m 3 /m in . T h is  is  b e c a u se  an in c r e a se  in  to ta l fe e d  f lo w  
rate red u ced  th e co n ta c t t im e  o f  h ig h ly  a c t iv e  s p e c ie s  and e n e r g e t ic  e lec tro n  
c o l l is io n s , le a d in g  to red u ctio n  o f  EO  and แ 2  s e le c t iv it ie s ,  E O  y ie ld , O 2  c o n v e r s io n , 
and  C 2 H 4  c o n v e r s io n . T h e  g en era ted  p la sm a  je t  len g th  s ig n if ic a n t ly  in cre a se d  w ith
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in c r e a s in g  to ta l fe e d  f lo w  rate, le a d in g  to the e n h a n c e m e n t o f  p la sm a  reac tio n  
v o lu m e . H e n c e , the C2H4 c o n v e r s io n  s lig h t ly  in cr e a se d  w h e n  to ta l fe e d  f lo w  rate  
in crea sed  fro m  1 ,8 9 6  to  3 ,2 5 0  cm V m in . H o w e v e r , th e  D B D  j e t  s y s te m  u nder the  
h ig h e s t  to ta l f lo w  rate (3 ,7 9 2  cm V m in ) s e e m e d  to  h a v e  in s u ff ic ie n t  c o n ta c t  t im e  for  
e th y le n e  e p o x id a t io n . T h e  C 2 H 4  r eco m b in a tio n  o ccu rred  in ste a d , resu ltin g  in  
d e c r e a s in g  C 2 H 4  c o n v e r s io n  in the tota l fe e d  f lo w  rate ran g e  o f  3 ,2 5 0 - 3 ,7 9 2  cm V m in . 
In con trast to  E O  s e le c t iv ity , the C O  s e le c t iv ity  rem a in ed  a lm o st  u n c h a n g e d  in the  
tota l feed  f lo w  rate ran g e  o f  1 ,6 2 5 -2 ,4 3 8  c m 3/m in  b ut it in c r e a se d  n ea r ly  lin early  
w ith  in c r e a s in g  tota l fe e d  f lo w  rate b e y o n d  the tota l fe e d  f lo w  rate o f  2 ,4 3 8  c m 3 /m in . 
T h e  C H 4  s e le c t iv ity  w a s  r e la t iv e ly  lo w  an d  rea ch ed  ze r o  w h e n  th e to ta l fe e d  f lo w  rate 
e x c e e d e d  3 ,2 5 0  c m 3 /m in . T h e  resu lts  in d ica te  that th e  D B D  je t  sy s te m  op era ted  at a 
h ig h  tota l f e e d  f lo w  rate in  the ran ge o f  2 ,7 0 8 -3 ,7 9 2  c m 3/m in  w a s  m ore  lik e  to  
p r o m o te  th e  c o m b u s tio n  or d e e p  o x id a t io n , resu ltin g  in  lo w e r in g  E O  se le c t iv ity .

F ig u re  7 .2 (d )  illu stra tes  th e  e f fe c t  o f  to ta l fe e d  f lo w  rate o n  the p o w er  
c o n su m p tio n  per C2H4 m o le c u le  c o n v e r te d  or E O  m o le c u le  p ro d u ced . W ith  
in c r e a s in g  to ta l fe e d  f lo w  rate, b oth  the p o w e r  c o n su m p tio n s  p er  C2H4 m o le c u le  
co n v e r te d  an d  E O  m o le c u le  p rod u ced  ten d ed  to  s ig n if ic a n t ly  in c r e a se  w h ile  the  
current w a s  n ea r ly  u n c h a n g e d  o v er  th e  en tire  tota l fe e d  f lo w  rate ran ge (F ig u re  
7 .2 (e )) . In ter e s t in g ly , th e  c o k e  and w a ter  fo rm a tio n  (F ig u re  7 .2  ( f ) )  m irrored  th e  
C2H4 c o n v e r s io n  in  th e  w a y  that th e y  in it ia lly  d e c r e a se d  at th e  lo w  to ta l feed  f lo w  
rate ran ge o f  1 ,6 2 5 -1 ,8 9 6  c m 3 /m in , then  ten d ed  to in c r e a se  w ith  in c r e a s in g  tota l fe e d  
f lo w  rate from  1 ,8 9 6  to 3 ,2 5 0  c m 3 /m in , and  f in a lly  d e c r e a se d  w ith  furth er in crea sin g  
tota l fe e d  f lo w  rate a b o v e  3 ,2 5 0  cm V m in . T h e  resu lts  in d ic a te  that th e  sy s te m  sh o u ld  
b e op era ted  at lo w  tota l fe e d  f lo w  rate in  ord er to  m in im iz e  w a ter  fo rm a tio n . F rom  
th e  a b o v e  m e n tio n e d  resu lts , a to ta l fe e d  f lo w  rate o f  1 ,6 2 5  cn rV m in  w a s  c o n s id ered  
to  b e  an o p tim u m  v a lu e  w h e n  it c o u ld  p r o v id e  the h ig h e s t  E O  s e le c t iv ity  and y ie ld , 
and  C2H4 an d  0 2 c o n v e r s io n s  w ith  the lo w e s t  p o w er  c o n su m p tio n  per C2H4 m o le c u le  
c o n v e r te d  or E O  m o le c u le  p rod u ced  and  a r e la t iv e ly  lo w  w a te r  fo rm a tio n .
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F ig u r e  7 .2  (a )  C 2H 4 a n d  O 2 c o n v e r s io n s ,  (b ) E O  s e le c t iv i t y  

p ro d u c t  s e le c t iv i t ie s ,  (d ) p o w e r  c o n s u m p t io n , a n d  (e )  c o k e  a n d  

fu n c t io n  o f  to ta l f lo w  ra te  (a n  O 2/C2H 4 fe e d  m o la r  ra t io  o f  1/4 ,

7 k v ,  a n d  an  in p u t f r e q u e n c y  o f  500 H z ) .

a n d  y ie ld ,  (c ) o th e r  

w a t e r  fo rm a tio n  a s  a  

a n  a p p lie d  v o lta g e  o f
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7.4.2 Effect of O7/C2H4 Feed Molar Ratio
To study the effect of O2/C2 H4 feed molar ratio, the DBD jet system 

was operated at different O2/C2 H4 feed molar ratios of 0.2:1, 0.25:1, 0.3:1, 0.35:1, 
0.4:1, and 0.5:1 with a fixed C2 H4 flow rate of 100 cm3/min and a total flow rate of
1,625 cm3/min. As shown in Figure 7.3(a), the O2 conversion tends to gradually 
increase with increasing O2/C2 H4 feed molar ratio over the entire range of 0.2:1- 
0.5:1. The C2 H4 conversion significantly increased when O2/C2 H4 feed molar ratio 
increased from 0.2:1 to 0.3:1, and then it remained almost unchanged with further 
increasing O2/C2H4 feed molar ratio above 0.3:1. From the results as shown in Figure 
7.3(b), the EO selectivity and yield significantly increases when the O2/C2 H4 feed 
molar ratio increases from 0.2:1 to 0.25:1, and then adversely decreases with further 
increasing O2/C2 H4 feed molar ratio from 0.25:1 to 0.4:1. However, when the 
O2/C2 H4 feed molar ratio increased beyond 0.4:1, both EO selectivity and yield 
slightly increased. The results can be explained by the fact that the studied DBD jet 
system was operated under the 0 2 -lean conditions; thus the O2 is the limiting 
reactant. However, an increase in O2/C2 H4 feed molar ratio beyond 0.3:1 promoted 
the combustion reaction to form CO more than ethylene epoxidation. From the 
results, the O2/C2 H4 feed molar ratio of 0.25:1 was considered to be an appropriate 
value for the ethylene epoxidation.

Figure 7.3(c) shows the effect of O 2 /C 2 H 4  feed molar ratio on 
selectivities for H 2  and CO, whereas the selectivities of other by-products, i.e. C H 4 , 
C2 H6 , and C2 H6 , are not shown here because of their extremely low values (less than 
1% for C H 4  and 0.05% for C2H6 , and C2 H6 ). The H 2 selectivity decreased with 
increasing O 2 /C 2 H 4  feed molar ratio from 0.2:1 to 0.3:1, whereas it increased with 
further increasing O 2 /C 2 H 4 feed molar ratio beyond 0.3:1. The C O  selectivity was 
found to increase with increasing O 2 /C 2 H 4  feed molar ratio throughout the entire 
studied range. The results confirm that high O 2 /C 2 H 4  feed molar ratios (0.3:1-0.5:1) 
are not appropriate for the ethylene epoxidation because they prefer the hydrogen 
formation and hydrocarbon combustion, resulting in increasing H 2 and C O  
selectivities.

As shown in Figure 7.3(d), the O 2 /C 2 H 4  feed molar ratio predominantly 
influenced the power required for the DBD jet system while the current remained
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a lm o st  u n ch a n g ed  w h e n  the O 2 /C 2 H 4  fe e d  m o lar  ratio  in cr e a se d  in  the ran g e  o f  0 .2 :1 -  
0 .3 :1 . F ig u re  7 .3 ( e )  illu stra tes  th e  p o w er  c o n su m p tio n  per C 2 H 4  m o le c u le  co n v erted  
or E O  m o le c u le  p ro d u ced  as a fu n c tio n  o f  O 2 /C 2 H 4  fe e d  m o la r  ratio . T h e  p ow er  
c o n su m p tio n  p er  C 2 H 4  m o le c u le  c o n v er ted  ten d ed  to  d e c r e a se  w ith  in crea sin g  
O 2 /C 2 H 4  fe e d  m o la r  ratio up  to  0 .5 :1 , w h e r e a s  the p o w e r  c o n su m p tio n  per E O  
m o le c u le  p ro d u ced  rap id ly  d e c r e a se d  to reach  a m in im u m  v a lu e  at an O 2 /C 2 H 4  feed  
m o la r  ratio o f  0 .2 5 :1 , then  in crea sed  w ith  in c r e a s in g  O 2 /C 2 H 4  f e e d  m o la r  ratio  from  
0 .2 5 :1  to 0 .4 :1 , an d  f in a lly  d e c r e a se d  w ith  further in c r e a s in g  O 2 /C 2 H 4  fe e d  m olar  
ratio  b e y o n d  0 .4 :1 .

B e s id e  the d es ired  E O , H 2, and  C O  p ro d u cts , c o k e  and w a ter  w ere  
p ro d u ced  b y  th e s tu d ied  D B D  j e t  sy s te m . C o k e  d e p o s ite d  o n  th e  in n er e lec tro d e  
w h ile  w a ter  v a p o r  c o u ld  n ot b e  c o lle c te d  to m ea su re  the a m o u n t o f  p ro d u ced  w ater. 
T h ere fo re , the c o k e  and w a ter  fo rm a tio n s  w er e  co m p u te d  b y  carb o n  and h yd ro gen  
b a la n c e s , as sh o w n  o n  F igu re 7 .3 ( f) . W ith  in c r e a s in g  O 2 /C 2 H 4  fe e d  m o la r  ratio  from  
0 .2 :1  to  0 .3 :1 , th e  p rop o rtio n  o f  a v a ila b le  o x y g e n  free ra d ica ls  in crea sed  in  th e  D B D  
je t  sy s te m  and th en  c a u sed  e n h a n c e m e n t o f  h y d ro carb on  c o m b u s t io n , r e su ltin g  in  
s ig n if ic a n tly  in c r e a s in g  c o k e  and w a ter  fo rm a tio n s . H o w e v e r , b o th  c o k e  and w ater  
fo r m a tio n s  d e c r e a se d  w ith  further in crea sin g  O 2 /C 2 H 4  fe e d  m o la r  ratio a b o v e  0 .3 :1 . 
T h is  m a y  b e p o s s ib le  that an in crea se  in  o x y g e n  a v a ila b le  in  the sy s te m  s im p ly  
p r o m o te s  the fo r m a tio n  o f  C O  w ith  le s s  c o k e  form atio n . M o r e o v e r , th e  D B D  je t  
sy s te m  u n der th e  O 2 /C 2 H 4  fe e d  m o la r  ratio ran g e  o f  0 .3 :1 -0 .5 :1  se e m e d  to  p refer  H 2  

fo rm a tio n  rea c tio n  rather than w a ter  fo rm a tio n . T h u s, th e  H 2  s e le c t iv ity  in crea sed  
w ith  in c r e a s in g  O 2 /C 2 H 4  feed  m o la r  ratio from  0 .3 :1  to 0 .5 :1 . F rom  th e  resu lts , the  
O 2 /C 2 H 4  fe e d  m o la r  ratio o f  0 .2 5 :1  w a s  c o n s id e r e d  to b e  an  o p tim u m  v a lu e  for  
e th y le n e  e p o x id a t io n  b e c a u se  it p ro v id ed  th e  h ig h e s t  E O  s e le c t iv ity  and y ie ld , as w e ll  
as th e  lo w e s t  H 2  s e le c t iv ity  and p o w e r  c o n su m p tio n  per E O  m o le c u le  p rod u ced .
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(a) (b)

(c )  (d )

(e )  ( f)

F ig u r e  7 .3  (a ) C 2 H 4  and O 2  c o n v e r s io n s , (b ) E O  s e le c t iv ity  and y ie ld , (c )  o th er  
p rod u ct s e le c t iv it ie s ,  (d ) in p u t p o w e r  and d isch a rg e  cu rren t, (e )  p o w e r  c o n su m p tio n , 
and ( f)  c o k e  and  w a ter  fo rm a tio n  as a fu n c tio n  o f  O 2 /C 2 H 4  fe e d  m o la r  ratio (a tota l 
f lo w  rate o f  1 ,6 2 5  c m 3 /m in , an a p p lied  v o lta g e  o f  7 k v ,  and  an in p u t freq u en cy  o f
5 0 0  H z).
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7 .4 .3  E ffe c t  o f  A p p lie d  V o lta g e
F rom  th e p re lim in a ry  resu lts  on  th e v o lta g e  ran g e , it w a s  fo u n d  that 

th e  b rea k d o w n  v o lta g e , or th e  lo w e s t  v o lta g e  n e e d e d  to  g en era te  d isc h a r g e s , w a s  
ab o u t 7 k V , and  the d isch a rg e  w a s  n o t u n ifo rm  and  s ta b le  at a v o lta g e  a b o v e  15 k V . 
T h ere fo re , th e  e f fe c t  o f  a p p lied  v o lta g e  w a s  in v e s t ig a te d  in th e  ra n g e  o f  7 -1 5  k V . A s  
sh o w n  in  F ig u re  7 .4 (a ) , th e  (ว 2  c o n v e r s io n  gra d u a lly  in c r e a se d  o v e r  th e  en tire  ap p lied  
v o lta g e  ran g e  o f  7 -1 5  k V  w h ile  th e  C 2 H 4  c o n v e r s io n  w a s  a lm o s t  u n ch a n ged . 
In terestin g ly , th e  E O  s e le c t iv ity  and y ie ld  s ig n if ic a n tly  in cr e a se d  w h e n  the ap p lied  
v o lta g e  in c r e a se d  from  7 to  9  k V  (F ig u re  7 .4 (b )) . T h is  is  b e c a u se  an  in c r e a se  in  the  
ap p lied  v o lta g e  in cr e a se s  th e  g en era ted  current and  c o n s e q u e n t ly  le a d s  to a h ig h er  
p o w er  for p r o d u ctio n  o f  p la sm a  d isc h a r g e s , as illu stra ted  in F ig u re  7 .4 (c ) .  H o w e v e r , 
b oth  E O  s e le c t iv ity  and  y ie ld  ten d ed  to d ecr e a se  w ith  further in c r e a s in g  ap p lied  
v o lta g e  o v e r  9  k V . T h e  IT  and C O  s e le c t iv it ie s  s ig n if ic a n tly  in crea sed  w ith  
in cr e a s in g  a p p lied  v o lta g e  from  7 to 15 k V , w h ile  C H 4  s e le c t iv ity  rem a in ed  n early  
u n ch a n g ed  (F ig u r e  7 .4 (d )) .

T h e  p o w e r  c o n su m p tio n  per C 2 H 4  m o le c u le  c o n v e r te d  or E O  m o le c u le  
p rod u ced  a s  a fu n c tio n  o f  th e  ap p lied  v o lta g e  is  s h o w n  in F ig u re  7 .4 ( e ) .  B o th  p o w e r  
c o n su m p tio n s  had  the sa m e  trend that th e y  d e c r e a se d  w ith  in c r e a s in g  a p p lied  v o lta g e  
from  7 to  9  k V , and th en  ten d ed  to in crea se  w ith  furth er in c r e a s in g  a p p lied  v o lta g e  
up to 15 k V . T h e c o k e  fo rm atio n  s lig h t ly  d e c r e a se d  w h e n  th e  a p p lie d  v o lta g e  
in crea sed  fro m  7  to 9 k V , th en  gra d u a lly  in crea sed  w ith  in c r e a s in g  a p p lie d  v o lta g e  
from  9  to  11 k V , and f in a lly  rem ain ed  a lm o st  u n c h a n g e d  w ith  further in crea sin g  
ap p lied  v o lta g e  a b o v e  11 k V  (F igu re  7 .4 ( f ) ) .  A s  sh o w n  in  F ig u re  7 .4 ( f ) ,  th e  ap p lied  
v o lta g e  s h o w s  m o re  in f lu e n c e s  o n  th e w a ter  fo r m a tio n  than  c o k e  fo rm a tio n . T h e  
w a ter  fo rm a tio n  d e c r e a se d  w ith  in c r e a s in g  a p p lied  v o lta g e  from  7  to  9  k V , th en  
in crea sed  w ith  further in c r e a s in g  ap p lied  v o lta g e  a b o v e  9  k V , and  f in a lly  it gra d u ally  
d e c rea sed  w h e n  the a p p lied  v o lta g e  in cr e a se d  from  9 to  15 k V . It in d ic a te d  that at the  
h ig h  ap p lied  v o lta g e  in  th e  ran ge o f  9 to  15 k V , th e  m a in  r e a c tio n s  w ere  the  
h yd ro carb on  c o m b u stio n , IT  form atio n , and c o k e  fo r m a tio n  in ste a d  o f  e th y le n e  
e p o x id a tio n . F rom  th e resu lts , the a p p lied  v o lta g e  o f  9  k V  w a s  an  o p tim u m  v a lu e  for  
e th y le n e  e p o x id a t io n  and th en  w a s  e m p lo y e d  to further in v e s t ig a te  in  th e  e f fe c t  o f  the
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(a) (b)

(c ) (d )

(e )  ( f)

Figure 7.4 (a) C2 H4 and O2 conversions, (b) EO selectivity and yield, (c) other 
product selectivities, (d) input power and discharge current, (e) power consumption, 
and (f) coke and water formation as a function of applied voltage (a total flow rate of
1,625 cm3/min, an O2/C2H4 feed molar ratio of 0.25, and an input frequency of 500 
Hz).
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i n p u t  f r e q u e n c y  b e c a u s e  i t  p r o v i d e d  t h e  h i g h e s t  E O  s e l e c t i v i t y  a n d  y i e l d ,  a s  w e l l  a s  
t h e  l o w e s t  p o w e r  c o n s u m p t i o n ,  c o k e  a n d  w a t e r  f o r m a t i o n s .

7 . 4 . 4  E f f e c t  o f  I n p u t  F r e q u e n c y
T h e  i n p u t  f r e q u e n c y  i s  a n  i m p o r t a n t  p a r a m e t e r ,  d i r e c t l y  a f f e c t i n g  t h e  

f i e l d  s t r e n g t h  i n  t h e  p l a s m a  z o n e .  T o  i n v e s t i g a t e  t h e  e f f e c t  o f  t h e  i n p u t  f r e q u e n c y  o n  
t h e  e t h y l e n e  e p o x i d a t i o n ,  t h e  i n p u t  f r e q u e n c y  w a s  v a r i e d  i n  t h e  r a n g e  o f  3 0 0 - 9 0 0  H z .  
T h e  p l a s m a  c o u l d  n o t  e x i s t  a t  t h e  i n p u t  f r e q u e n c y  l o w e r  t h a n  3 0 0  H z ,  w h i l e  p l a s m a  
s t r e n g t h  w a s  v e r y  h i g h  i n t e n s i t y  a t  t h e  i n p u t  f r e q u e n c y  h i g h e r  t h a n  9 0 0  H z ,  l e a d i n g  t o  
a  l a r g e  a m o u n t  o f  c o k e  f o r m a t i o n .  F i g u r e  7 . 5 ( a )  s h o w s  t h e  e f f e c t  o f  i n p u t  f r e q u e n c y  
o n  t h e  C 2 H 4  a n d  O 2 c o n v e r s i o n s .  T h e  i n p u t  f r e q u e n c y  s i g n i f i c a n t l y  a f f e c t e d  t h e  O 2 

c o n v e r s i o n  t h a t  d e c r e a s e d  w i t h  i n c r e a s i n g  i n p u t  f r e q u e n c y  f r o m  3 0 0  t o  9 0 0  H z ,  
w h e r e a s  C 2 H 4  c o n v e r s i o n  r e m a i n e d  a l m o s t  u n c h a n g e d  o v e r  t h e  e n t i r e  i n p u t  
f r e q u e n c y  r a n g e  o f  3 0 0 - 9 0 0  H z .  T h e  E O  s e l e c t i v i t y  a n d  y i e l d  h a d  t h e  s a m e  t r e n d  a s  
O 2 c o n v e r s i o n  t h a t  t h e y  d e c r e a s e d  w i t h  i n c r e a s i n g  i n p u t  f r e q u e n c y  f r o m  3 0 0  t o  9 0 0  
H z  ( F i g u r e  7 . 5 ( b ) ) .  I n  c o n t r a s t  t o  E O  s e l e c t i v i t y ,  t h e  H 2 s e l e c t i v i t y  s i g n i f i c a n t l y  
i n c r e a s e d  w i t h  i n c r e a s i n g  i n p u t  f r e q u e n c y  f r o m  3 0 0  t o  9 0 0  H z  w h i l e  C O  s e l e c t i v i t y  
i n c r e a s e d  i n  t h e  i n p u t  f r e q u e n c y  r a n g e  o f  3 0 0 - 8 0 0  H z ,  a n d  t h e n  s l i g h t l y  d e c r e a s e d  a t  
h i g h  i n p u t  f r e q u e n c y  o f  9 0 0  H z  ( F i g u r e  7 . 5 ( c ) ) .  T h e  C H 4  s e l e c t i v i t y  r a p i d l y  i n c r e a s e d  
w i t h  i n c r e a s i n g  i n p u t  f r e q u e n c y  f r o m  3 0 0  t o  5 0 0  H z ,  a n d  f i n a l l y  t e n d e d  t o  d e c r e a s e  
w i t h  f u r t h e r  i n c r e a s i n g  i n p u t  f r e q u e n c y .

F i g u r e  7 . 5 ( d )  i l l u s t r a t e s  t h a t  a n  i n c r e a s e  i n  t h e  i n p u t  f r e q u e n c y  r e s u l t s  
i n  a n  i n c r e a s e  i n  c u r r e n t  a n d  p o w e r ,  r e q u i r e d  f o r  o p e r a t i n g  t h e  D B D  j e t  s y s t e m .  I n  
t h i s  w o r k ,  t h e  A C / D C  g e n e r a t o r  w a s  e m p l o y e d  t o  m o n i t o r  t h e  c u r r e n t ,  e x p r e s s i n g  t h e  
a v e r a g e  c u r r e n t  i n  a  s e c o n d .  T h e  c u r r e n t  i n c r e a s e d  w i t h  i n c r e a s i n g  i n p u t  f r e q u e n c y  
h a d  t h e  o p p o s i t e  t r e n d ,  a s  s h o w n  i n  t h e  p r e v i o u s  w o r k  [ 2 8 ] ,  b e c a u s e  t h e  c u r r e n t  i n  t h e  
p r e v i o u s  w o r k  w a s  b a s e d  o n  a  d i s c h a r g e ,  r e s u l t i n g  i n  d e c r e a s i n g  c u r r e n t  w i t h  
i n c r e a s i n g  i n p u t  f r e q u e n c y .  B o t h  p o w e r  c o n s u m p t i o n s  p e r  C 2 I I 4 m o l e c u l e  c o n v e r t e d  
a n d  E O  m o l e c u l e  p r o d u c e d  s i g n i f i c a n t l y  i n c r e a s e d  w h e n  t h e  i n p u t  f r e q u e n c y  
i n c r e a s e d ,  e s p e c i a l l y  f r o m  5 0 0  t o  9 0 0  H z  ( F i g u r e  7 . 5 ( e ) ) .  T h e  c o k e  f o r m a t i o n  
g r a d u a l l y  i n c r e a s e d  o v e r  t h e  e n t i r e  i n p u t  f r e q u e n c y  r a n g e  o f  3 0 0 - 9 0 0  H z ,  w h i l e  t h e  
w a t e r  f o r m a t i o n  i n i t i a l l y  d e c r e a s e d  w i t h  i n c r e a s i n g  i n p u t  f r e q u e n c y  f r o m  3 0 0  t o  5 0 0
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(a) (b)

( c )  ( d )

(e )  ( 0

F i g u r e  7 . 5  ( a )  C 2 H 4  a n d  O 2 c o n v e r s i o n s ,  ( b )  E O  s e l e c t i v i t y  a n d  y i e l d ,  ( c )  o t h e r  
p r o d u c t  s e l e c t i v i t i e s ,  ( d )  i n p u t  p o w e r  a n d  d i s c h a r g e  c u r r e n t ,  ( e )  p o w e r  c o n s u m p t i o n ,  
a n d  ( f )  c o k e  a n d  w a t e r  f o r m a t i o n  a s  a  f u n c t i o n  o f  a p p l i e d  v o l t a g e  ( a  t o t a l  f l o w  r a t e  o f
1 , 6 2 5  c m 3 / m i n ,  a n  O 2 / C 2 H 4  f e e d  m o l a r  r a t i o  o f  0 . 2 5 ,  a n d  a n  a p p l i e d  v o l t a g e  o f  9  k V ) .
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H z, and  th en  s lig h tly  in crea sed  w ith  further in c r e a s in g  input fr e q u e n c y  a b o v e  5 0 0  H z  
(F ig u re  7 .5 ( f ) ) .

F rom  th e resu lts , th e  in p u t fr e q u e n c y  o f  3 0 0  H z  w a s  c o n s id e r e d  to be  
an o p tim u m  v a lu e  for  e th y le n e  e p o x id a t io n  b e c a u se  it p r o v id e d  the h ig h e st  EO  
s e le c t iv ity  and y ie ld  as w e ll  as th e  lo w e s t  p o w e r  c o n su m p tio n , s e le c t iv it ie s  for H 2, 
C O , CH4, and c o k e  form atio n .

7 .4 .5  E ffe c t  o f  th e  S p a c in g  o f  Inner P in  E le c tr o d e  and C 2 H 4  F eed  P o in t
T h e  e f fe c t  o f  the sp a c in g  o f  an in n er  p in  e le c tr o d e  an d  C2H4 feed  p oin t  

on  the e th y le n e  e p o x id a t io n  rea c tio n  is  sh o w n  in  F ig u re  7 .6 . T h e  sp a c in g  o f  an inner  
pin  e le c tr o d e  and C2H4 fe e d  p o in t w a s  d e fin e d  a s  a  d is ta n c e  b e tw e e n  th e m id d le  o f  
C2H4 fe e d  stream  and  th e  tip  o f  the in n er p in  e le c tr o d e . T h e sh orter  th e  sp a c in g  o f  an 
inner p in  e le c tr o d e  and  C2H4 feed  p o in t, the h ig h er  the o p p o r tu n ity  o f  c o l l is io n  o f  
C2H4 m o le c u le s  w ith  h ig h ly  e n e r g e t ic  e le c tr o n s  an d  a c tiv e  o x y g e n  s p e c ie s , to  y ie ld  
le a d in g  to su b seq u en t rea c tio n s , e s p e c ia lly  d e e p  c o m b u s t io n  and  H 2  form atio n . From  
the r esu lts  as sh o w n  in  F ig u re  7 .7 (a ) , the sp a c in g  o f  an inner p in  e le c tr o d e  and  C 2 H 4  

feed  p o in t  grea tly  a f fe c ts  th e  C2H4 c o n v e r s io n  but th e  0 2  c o n v e r s io n  rem a in ed  a lm o st  
u n ch a n g ed . T h e  C2H4 c o n v e r s io n  in crea sed  w ith  in c r e a s in g  sp a c in g  o f  an inner p in  
e le c tr o d e  and  C2H4 fe e d  p o in t from  0  to 3 m m , an d  rea ch ed  a  m a x im u m  at the 
sp a c in g  o f  an inner p in  e le c tr o d e  and  C2H4 fe e d  p o in t  o f  3 m m . T h e  E O  s e le c t iv ity  
and y ie ld  had  the sa m e  trend  as th e  C2H4 c o n v e r s io n  (F ig u re  7 .7 (b ) ) . T h e  h ig h e s t  EO  
s e le c t iv ity  and y ie ld  w e r e  ob ta in ed  at th e  sp a c in g  o f  an inner p in  e le c tr o d e  and  C2H4 
fe e d  p o in t  o f  3 m m  w h e r e a s  th e  s e le c t iv it ie s  fo r  H 2, C O , and  CH4 d e c rea sed  w ith  
in c r e a s in g  sp a c in g  o f  an  inner p in  e le c tr o d e  and C2H4 fe e d  p o in t  from  0 to 6  m m  
(F igu re  7 .7 (c ) ) .  T h e se  resu lts  can  b e  e x p la in e d  b y  th e  fact that a d e c r e a se  in sp a c in g  
o f  an in n er  p in  e le c tr o d e  and C2H4 feed  p o in t in c r e a se s  the r ea c tio n  v o lu m e  or 
rea c tio n  t im e , le a d in g  to  h ig h er  o p p ortu n ity  o f  C2H4 cra ck in g  an d  further reac tio n s  
in c lu d in g  H 2  form a tio n  and  d eep  c o m b u stio n . A s  a  c o n se q u e n c e , b o th  E O  se le c t iv ity  
and y ie ld  d e c r e a se d  w ith  d e c r e a s in g  sp a c in g  o f  an  in n er  p in  e le c tr o d e  and C2H4 feed  
p oin t. H o w e v e r , th e  sp a c in g  o f  an in n er p in  e le c tr o d e  and C2H4 fe e d  p o in t o f  6  m m  
w a s to o  far from  the C2H4 fe e d  p o in t in  w h ic h  m o s t  g en era ted  a c t iv e  o x y g e n  sp e c ie s  
w ere  r e c o m b in e d  b e fo r e  reac tin g  w ith  C2H4 m o le c u le s , le a d in g  to lo w e r in g  EO
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form a tio n . F rom  th e resu lts , the sp a c in g  o f  an inner p in  e le c tr o d e  and  C2H4 feed  
p o in t  o f  3 m m  g a v e  th e h ig h e st  a c t iv ity  tow ard  e th y le n e  e p o x id a t io n  rea c tio n  (F igu re  
7 .6 (b )) .

i
ร ุ I

1

F ig u r e  7 .6  Im a g e s  o f  g en era ted  p la sm a  at d iffe r e n t sp a c in g  o f  an  in n er p in  e lec tr o d e  
and  C 2 H 4  feed  p oin t: (a ) 0 m m , (b )  3 m m , and  (c )  6  m m  (a  to ta l f lo w  rate o f  1 ,625  
c m 3 /m in , an O 2 /C 2 H 4  fe e d  m o la r  ratio o f  0 .2 5 , an a p p lied  v o lta g e  o f  9  k V , and an  
in p u t freq u en cy  o f  3 0 0  H z).
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(e )

S p a c i n g  o f  i n n e r  p in  e l e c t r o d e  a n d  C 2H 4 
f e e d  p o i n t  ( m m )

(f)

3 0

2 5  ?

2 0  I  

1 0  I

0

Spacing of inner pin electrode and C2 H4 feed point (mm)
Figure 7 . 7  ( a )  C 2 H 4  a n d  O 2 c o n v e r s i o n s ,  ( b )  E O  
p r o d u c t  s e l e c t i v i t i e s ,  ( d )  i n p u t  p o w e r  a n d  d i s c h a r g e  
a n d  ( f )  c o k e  a n d  w a t e r  f o r m a t i o n  a s  a  f u n c t i o n  o f  
f l o w  r a t e  o f  1 , 6 2 5  c n r V m i n ,  a n  O 2 / C 2 H 4  f e e d  m o l a r  
o f  9  k V ,  a n d  a n  i n p u t  f r e q u e n c y  o f  5 0 0  H z ) .

s e l e c t i v i t y  a n d  y i e l d ,  ( c )  o t h e r  
c u r r e n t ,  ( e )  p o w e r  c o n s u m p t i o n ,  
i n n e r  e l e c t r o d e  p o s i t i o n  ( a  t o t a l  
r a t i o  o f  0 . 2 5 ,  a n  a p p l i e d  v o l t a g e
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T h e  sp a c in g  o f  an in n er p in  e le c tr o d e  and C2H4 fe e d  p o in t  s lig h tly  
in f lu e n c e s  the g e n e r a te d  cu rrent and  c o n su m e d  p o w er , as sh o w n  in F ig u re  7 .7 (d ) , 
w h ile  th e  p o w e r  c o n su m p tio n  p er C2H4 m o le c u le  c o n v e r te d  or E O  m o le c u le  
p ro d u c e d  s lig h tly  v a r ie s  in  th e  ran ge o f  th e  sp a c in g  o f  an  in n er  p in  e le c tr o d e  and  
C2H4 fe e d  p o in t o f  0 -3  m m , and  th en  rap id ly  r ise s  up w ith  fu rth er in cr e a s in g  sp a c in g  
o f  an  in n er p in  e le c tr o d e  and  C2H4 fe e d  p o in t a b o v e  3 m m , a s  sh o w n  in F ig u re  7 .7 (e ) . 
A s  sh o w n  in  F ig u re  7 .7 ( f ) ,  the c o k e  and w a ter  fo r m a tio n s  rem a in  a lm o st  u n ch a n g ed  
in th e  ran g e  o f  th e  sp a c in g  o f  an  in n er  p in  e le c tr o d e  and C2H4 fe e d  p o in t o f  0 -3  m m , 
and th en  d e c r e a se d  w ith  further in cr e a s in g  fro m  3 to 6  m m . F or the resu lts , the  
sp a c in g  o f  an in n er  p in  e le c tr o d e  an d  C2H4 fe e d  p o in t  o f  3 m m  w a s  c o n s id e r e d  to be 
an  o p tim u m  v a lu e  for  e th y le n e  e p o x id a t io n  b e c a u se  it g a v e  th e  h ig h e s t  E O  s e le c t iv ity  
and  y ie ld  as w e ll  as th e  lo w e s t  p o w e r  c o n su m p tio n .

7.5 Conclusions

In th is w o rk , th e  e p o x id a t io n  o f  e th y le n e  w a s  in v e s t ig a te d  in  a  lo w -  
tem p era tu re  D B D  je t  sy s te m . A  h ig h  f lo w  rate w ith  0 2 - lea n  c o n d it io n s  w a s  n eed ed  to  
form  th e  p la sm a  je t . T h e C 2 H 4  stream  w a s  sep a ra te ly  in je c te d  at th e  en d  o f  the  
p la sm a  z o n e  in  ord er  to  red u ce  C2H4 c ra c k in g  and  further r e a c tio n s , w h ile  the O 2  

b a la n c e d  w ith  a rg on  w a s  th o r o u g h ly  fed  in to  a  D B D  j e t  reactor. T h e  D B D  je t  
p r o v id e d  o b v io u s ly  h ig h  p o ten tia l for e th y le n e  e p o x id a t io n  w ith  v e r y  lo w  p o w er  
c o n su m p tio n . F or further s tu d y , a c t iv e  c a ta ly s ts  are in te r e s tin g  to  a p p ly  in th e  D B D  
je t  s y s te m  for s o lv in g  th e c o k e  fo rm a tio n . T h e  h ig h e s t  E O  s e le c t iv ity  and  y ie ld , as  
w e ll  as th e  lo w e s t  p o w e r  c o n su m p tio n  w e r e  o b ta in e d  at a  to ta l fe e d  f lo w  rate o f
1 ,6 2 5  c m 3 /m in , an O 2 /C 2 H 4  fe e d  m o la r  ratio o f  0 .2 5 :1 , an a p p lie d  v o lta g e  o f  9  k V , an  
in p u t fre q u e n c y  o f  3 0 0  H z , and  an in n er e le c tr o d e  p o s it io n  o f  0 .3  m m .
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6 : S 6 3 1 - S 6 3 6
2 4 . T h e v e n e t  F, C o u b le  J, B ran d h orst M , D u b o is  JL, P u zen a t E , G u illard  c ,  B ian ch i 

D  ( 2 0 1 0 )  P la sm a  C h e m  P la sm a  P ro cess  3 0 :4 8 9  A u g
2 5 . L ed u c  M , G u a y  D , C o u lo m b e  ร , L ea sk  R L  (2 0 1 0 )  P la sm a  P r o c e ss  P o ly m  7 :8 9 9  

N o v
2 6 . R o sa c h a  L A , A n d e r so n  G K , B e c h to ld  L A , C o o g a n  JJ, H e c k  H G , K an g  M , 

M c C u lla  W H , T en n a n t R A , W an tu ck  PJ, N A T O  A S I se r ie s  ( 1 9 9 3 )  3 4 , part B .
2 7 . S u h r H , S c h m id  H , P feu n d sc h u h  H , L a c o c c a  D  ( 1 9 8 4 )  P la sm a  C h em  P lasm a  

P r o c e ss  4 :2 8 5
2 8 . C h a va d ej ร , T a n su w a n  A , S re e th a w o n g  T  (2 0 0 8 )  P la sm a  C h e m  P la sm a  P ro cess  

2 8 :6 4 3
2 9 . S r e e th a w o n g  T , S u w an n a b a rt T , C h avad ej ร  (2 0 0 9 )  C h e m  E n g  J 1 1 5 :3 9 6
3 0 . S r e e th a w o n g  T , S u w an n a b a rt T , C h avad ej ร ( 2 0 0 8 )  P la sm a  C h em  P la sm a  

P r o c e s s  2 8 :6 2 9
3 1 . S r e e th a w o n g  T , P erm sin  N , S u ttik u l T , C h a va d ej ร ( 2 0 1 0 )  P la sm a  C h em  P la sm a  

P r o c e s s  3 0 :5 0 3
3 2 . L ei X , F an g  z  ( 2 0 1 1 )  IE E E  T  P la sm a  S c i 3 9 :2 2 8 8
3 3 . P a n o u s is  E , C lé m e n t  F, L o ise a u  JF, S p y ro u  N , H e ld  B , L arrieu  J, L e c o q  E, 

G u im o n  c  ( 2 0 0 7 )  S u r f  C o at T e c h  2 0 1 :7 2 9 2
3 4 . G u im in  X , G u an ju n  z, X in g m in  ร , Y u e  M , N in g  พ ,  Y u a n  L ( 2 0 0 9 )  P la sm a  S c i 

T e c h  11:83
3 5 . M e r c h e  D , P o le u n is  c ,  B ertrand  P, S fer r a z z a  M  , R e n ie r s  F ( 2 0 0 9 )  IE E E  T  

P la sm a  S c i 3 7 :9 5 1
3 6 . C h ia n g  M H , L iao  K C , L in  IM , L u c c ,  H u a n g  H Y , K u o  C L , พ น  JS ( 2 0 1 0 )  IE E E  

T  P la sm a  S c i 3 8 :1 4 8 9
3 7 . P u lp y te l J, K u m ar V , P e n g  P, M ic h e li V , L a id an i N , A r e fi-K h o n sa r i F (2 0 1 1 )  

P la sm a  P r o c e ss  P o ly m  8 :6 6 4
38 . S h a o  X J , Z h a n g  G J, Z han  JY , X u  G M  ( 2 0 1 1 )  IE E E  T  P la sm a  S c i 3 9 :3 0 9 5
3 9 . Y o sh in o r i ร , H id e to sh i ร ( 2 0 0 6 )  T h in  S o lid  F ilm s  5 0 6 -5 0 7 : 4 2 7
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4 0 . W ag n er  H E , B ra n d en b u rg  R , K o z lo v  K V , S o n n e n fe ld  A , M ic h e l P , B eh n k e  JF, 
(2 0 0 3 )  S u r f  E n g  S u r f  In stru m en ta tion  &  V a cu u m  tech  7 1 :4 1 7
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