
RESULTS AND DISCUSSION
C H A P T E R  I V

4.1 Effect of O2/C2H4 Molar Ratio

T h e  e ffe c t o f  feed  m o la r  ra tio  w a s  in itia lly  s tu d ied  in  o rd e r  to  o b ta in  th e  m o s t 
su itab le  feed  g as  c o m p o s itio n  fo r e th y le n e  e p o x id a tio n  reac tio n  u n d e r  th e  low - 
te m p e ra tu re  c y lin d rica l D B D  sy stem . In  th is  s tu d y , th e  e ffe c t o f  O2/C2H4 m o la r  ra tio  
w as  in v e s tig a te d  in  th e  ra n g e  o f  0.2:1 to  1:1, w h ile  an  a p p lie d  v o lta g e  o f  19 k v ,  an  
in p u t fre q u e n c y  o f  500  H z , an d  a  re s id e n c e  tim e  o f  2 5 .1 2  ร w ere  a p p lie d  d u rin g  th e  
reac tio n . A n  O2/C2H4 m o la r  ra tio  lo w e r th a n  0.2:1 (1 :5 ) co u ld  n o t b e  s tu d ie d  d u e  to  
th e  lim ita tio n  o f  th e  O 2 m a ss  f lo w  c o n tro lle r.

4 .1 .1  Effect of O7/C2H4 Molar Ratio on E th y le n e  and Oxygen Conversions, 

and Ethylene Oxide Yield

T h e  e ffec t o f  O 2/C 2H 4 m o la r  ra tio  o n  th e  C 2H 4 an d  O 2 c o n v e rs io n s  an d  
th e  C 2H 4O  y ie ld  is sh o w n  in  F ig u re  4 .1 . T h e  in c re a se  in  th e  O 2/C 2 H 4 m o la r  ra tio  
s lig h tly  a ffe c ted  to  th e  C 2H 4 c o n v e rs io n , b u t it m a in ly  a ffe c ted  th e  O 2 co n v e rs io n  an d  
th e  C 2 H 4O  y ie ld , e sp e c ia lly  a t th e  O 2 /C 2 H 4 m o la r  ra tio  ab o v e  0 .25 :1  (1 :4 ). T h e  O 2 

c o n v e rs io n  te n d e d  to  in c re a se  w ith  in c re a s in g  O 2/C 2 H 4 m o la r  ra tio  u p  to  0 .75 :1  
(1 :1 .3 3 ) b u t th en  d e c re a sed  w ith  fu r th e r  in c re a s in g  O 2 /C 2H 4 m o la r  ra tio , w h e rea s  th e  
C 2 H 4O  y ie ld  in c re a se d  to  re a c h  a  m a x im u m  a t an  O 2 /C 2 H 4 m o la r  ra tio  o f  0 .25:1 ( 1 :4), 
b u t d ra m a tic a lly  d e c re a sed  w ith  fu r th e r  in c rea s in g  O 2 /C 2 H 4 m o la r  ra tio . It c a n  be  
o b se rv ed  th a t a t an y  g iv e n  O 2/C 2H 4 m o la r  ra tio , th e  O 2 c o n v e rs io n  w a s  m u c h  h ig h e r  
th a n  th e  C 2H 4 co n v ers io n . T h is  can  be  ex p la in e d  in  th a t th e  b o n d  d is so c ia tio n  e n e rg y  
o f  C 2H 4 (1 6 .7  eV ) is m u c h  h ig h e r  th an  th a t  o f  O 2 (1 2 .2  eV ), c o n se q u e n tly  c a u s in g  O 2 

m o le c u le s  to  be  c o n v e rte d  m o re  e a s ily  th an  C 2 H 4 m o lecu le s . T h is  im p lie s  th a t 
e th y le n e  e p o x id a tio n  in  th e  D B D  sy s te m  is fa v o ra b le  u n d e r  0 2-le a n  c o n d itio n . T h e  
o p tim u m  O 2 /C 2H 4 m o la r  ra tio  w as  th e re fo re  c o n s id e re d  to  b e  0 .25 :1  (1 :4 )  b e c a u se  it 
p ro v id e d  th e  h ig h e s t C 2H 4O  y ie ld .
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Figure 4.1 C o n v e rs io n s  o f  e th y le n e  an d  o x y g e n  an d  y ie ld  o f  e th y le n e  o x id e  as  a  
fu n c tio n  o f  O 2/C 2 H 4 m o la r  ra tio  by  u s in g  th e  c y lin d rica l D B D  re a c to r  (ap p lied  
v o lta g e  =  19 kV ; in p u t f req u en cy  =  500 H z; feed  f lo w  ra te  =  50 c m 3/m in ; re s id e n c e  
tim e  =  25.12 ร; an d  e lec tro d e  g ap  d is tan ce  =  5 m m ).

F ig u re  4 .2  illu s tra te s  th e  c o m p a riso n  o f  th e  C 2 H 4 an d  O 2 c o n v e rs io n s  
b e tw e e n  th e  p a ra lle l D B D  and  th e  cy lin d rica l D B D  re a c to rs  a s  a  fu n c tio n  o f  O 2 /C 2 H 4 

m o la r  ra tio . It can  b e  seen  th a t  b o th  C 2 H 4 an d  O 2 c o n v e rs io n s  fo r th e  cy lin d rica l 
D B D  sy stem  w ere  so m e w h a t lo w e r th a n  th o se  fo r th e  p a ra lle l D B D  sy s te m ; h o w e v e r, 
th e  C 2 H 4 an d  O 2 co n v e rs io n s  a re  n o t th e  o n ly  in d ic a to rs  u se d  to  v e r ify  w h e th e r  w h ic h  
sy s te m  p ro v id e d  h ig h e r  ep o x id a tio n  p e rfo rm a n c e . T h e  d e s ire d  p ro d u c t  (C 2H 4O ) 
se le c tiv ity  an d  y ie ld  o f  each  sy s tem  m u s t b e  s im u lta n e o u s ly  c o n s id e re d  fo r th e  
sy s te m  p e rfo rm a n c e  ev a lu a tio n .
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Figure 4.2 C o m p a riso n  o f  e th y le n e  an d  o x y g e n  co n v e rs io n s  b e tw e e n  th e  p a ra lle l 
D B D  an d  th e  c y lin d ric a l D B D  re a c to rs  as  a  fu n c tio n  o f  O2/C2H4 m o la r  ra tio  (ap p lied  
v o lta g e  =  19 kV ; in p u t f req u en cy  =  500  H z; feed  f lo w  ra te  =  50  c m 3/m in ; re s id e n c e  
tim e  -  17 .10  ร (p a ra lle l D B D ), 2 5 .1 2  ร (cy lin d rica l D B D ); a n d  e le c tro d e  g ap  d is tan ce  
=  5 m m ).

T he c o m p a riso n  o f  C2H4O se le c tiv ity  an d  C2H4O y ie ld  b e tw e e n  th e  
p a ra lle l D B D  and  th e  c y lin d rica l D B D  reac to rs  as  a  fu n c tio n  o f  O2/C2H4 m o la r  ra tio  
is  sh o w n  in  F ig u re  4 .3 . T h e  re su lts  sh o w  th a t th e  C2H4O se le c tiv ity  an d  C2H4O y ie ld  
o f  b o th  re a c to rs  re a c h e d  a  m a x im u m  a t an  O2/C2H4 m o la r  ra tio  o f  0 .2 5 :1 , an d  th e y  
ra p id ly  d e c re a sed  w ith  fu rth e r in c re a s in g  O2/C2H4 m o la r ra tio  h ig h e r  th a n  0 .2 5 :1 . 
In te re s tin g ly , th e  cy lin d ric a l D B D  re a c to r  p ro v id e d  h ig h e r  C2H4O se le c tiv ity  th a n  th e  
p a ra lle l D B D  reac to r; h o w ev e r, th e  C2H4O y ie ld  w a s  q u ite  c o m p a ra b le  b e tw e e n  b o th  
th e  D B D  reac to rs . T h e  o p e ra tio n a l p a ra m e te rs  n e e d  to  b e  fu r th e r  a d ju s te d  in  o rd e r  to  
v e r ify  th e  m o re  su ita b le  D B D  re a c to r  fo r  e th y le n e  ep o x id a tio n , u s in g  th e  o b ta in e d  
o p tim u m  O2/C2H4 m o la r  ra tio  o f  0 .25 :1 .
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Figure 4.3 C o m p a riso n  o f  e th y len e  o x id e  se lec tiv ity  an d  e th y le n e  o x id e  y ie ld  
b e tw e e n  th e  p a ra lle l D B D  and  th e  cy lin d rica l D B D  re a c to rs  as  a  fu n c tio n  o f  O 2/C2H 4 

m o la r  ra tio  (ap p lied  v o lta g e  =  19 kV ; in p u t f req u en cy  =  500  H z; feed  f lo w  ra te  =  50  
c m 3/m in ; re s id e n c e  tim e  =  17.10 ร (p a ra lle l D B D ), 2 5 .1 2  ร (c y lin d ric a l D B D ); an d  
e le c tro d e  g ap  d is tan ce  =  5 m m ).

4 .1 .2  E ffec t o f  O 7/C 7H 4 M o la r  R a tio  on  B y -P ro d u c t S e le c tiv itie s
F ig u re  4 .4  illu s tra te s  th e  b y -p ro d u c t s e le c tiv itie s  a t v a r io u s  O 2/C2H 4 

m o la r  ra tio s . F o r th e  c y lin d ric a l D B D  sy s tem  o p e ra ted  in  th e  O2/C2H 4 m o la r ra tio  
ra n g e  o f  0 .2:1 to  0 .7 5 :1 , th e  se lec tiv itie s  fo r  C O , H 2, and  C2H 2 te n d e d  to  d e c re a se , 
w h ile  th e  se le c tiv itie s  fo r C O 2  an d  C H 4  re m a in  a lm o st u n c h a n g e d , b u t th e  
se le c tiv itie s  fo r  C2H 6, and  C3H 8 d e c re a sed  w ith  in c re a s in g  O 2/C2H 4 m o la r  ra tio . 
F u rth e rm o re , th e  C O ,  H 2, C H 4 , and  C3H 8 se lec tiv itie s  sh a rp ly  in c re a se d  w ith  fu r th e r  
in c re a s in g  O 2/C2H 4 m o la r  ra tio  u p  to  1 :1, w h ereas  th e  o th e rs  re m a in e d  a lm o s t 
u n ch a n g e d . U n d e r  th e  s tu d ied  c o n d itio n s , th e  m a in  b y -p ro d u c ts  w e re  C O ,  H2, an d  
C 2H 2 w ith  le ss  s ig n if ic a n t a m o u n ts  o f  C O 2  an d  C H 4 . T h e  h ig h e r  m o le c u la r  w e ig h t 
h y d ro c a rb o n s , i.e . C 2H 6 o r  C 3H 8, w ere  fo u n d  in  a v e ry  sm all f ra c tio n . T h e  d e c re a se  
in  th e  se le c tiv itie s  fo r  th e se  h y d ro c a rb o n s  and  H2 a t h ig h e r  O 2/C2H 4 m o la r  ra tio  
c le a r ly  re v e a ls  th a t th e  o x id a tiv e  d eh y d ro g e n a tio n  an d  co u p lin g  re a c tio n s  fa v o ra b ly  
o c c u rre d  u n d e r  0 2 -le a n  co n d itio n s .
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Figure 4.4  B y -p r o d u c t  s e le c t iv it ie s  as a fu n c t io n  o f  O 2 /C 2H 4 m o la r  ra tio  b y  u s in g  th e  
c y lin d r ic a l D B D  reactor  (a p p lie d  v o lta g e  =  19 kV ; in p u t fr e q u e n c y  =  5 0 0  H z; fe e d  
f lo w  rate =  50  c m 3 /m in ; r e s id e n c e  tim e  =  2 5 .1 2  ร; an d  e le c tr o d e  ga p  d is ta n c e  =  5 
m m ).

T h e  H 2 p ro d u c tio n  in  te rm s o f  H 2 s e le c tiv ity  an d  H 2 y ie ld  in  th e  p a ra lle l 
D B D  and  th e  c y lin d rica l D B D  re a c to rs  is  i l lu s tra te d  in  F ig u re  4 .5 . T h e  re su lts  sh o w  
th a t  th e  H 2 p ro d u c tio n  in  b o th  reac to rs  te n d e d  to  d e c re a se  w ith  in c re a s in g  O 2 /C 2 H 4 

m o la r  ra tio ; h o w e v e r, th e  p a ra lle l D B D  re a c to r  g e n e ra te d  h ig h e r  a m o u n ts  o f  H 2 th a n  
th e  cy lin d ric a l D B D  reac to r. T h is  im p lie s  th a t th e  p a ra lle l D B D  re a c to r  is  m o re  
fa v o ra b le  fo r  th e  d e h y d ro g e n a tio n  re a c tio n  in  the  p la sm a  zo n e . T h e re fo re , it m a y  
su g g e s t th a t  th e  c y lin d rica l D B D  reac to r w a s  su ita b le  fo r  th e  C 2 H 4O  p ro d u c tio n , 
a lth o u g h  it g av e  h ig h e r  a m o u n ts  o f  C O  an d  C 2H 2 , b u t a t th e  sam e  tim e , lo w e r 
f ra c tio n  o f  C O 2 , H 2 , an d  lig h t h y d ro c a rb o n s , i.e . C H 4 , C 2 H 6, an d  C 3H 8, th a n  th e  
p a ra lle l D B D  re a c to r, as sh o w n  in  F ig u re  4 .6 . M o re o v e r, th e  c y lin d ric a l D B D  re a c to r  
p ro v id e d  th e  h ig h e s t C 2H 4O  se lec tiv ity , as  a fo re m e n tio n e d .
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Figure 4.5 C o m p a riso n  o f  h y d ro g e n  se le c tiv ity  an d  h y d ro g e n  y ie ld  b e tw e e n  th e  
p a ra lle l D B D  an d  th e  c y lin d ric a l D B D  re a c to rs  as  a  fu n c tio n  o f  O 2 / C 2 H 4  m o la r  ra tio  
(a p p lie d  v o lta g e  =  19 k V ; in p u t fre q u e n c y  =  5 00  H z; feed  f lo w  ra te  =  50  c m 3/m in ; 
re s id e n c e  tim e  =  17 .10  ร (p a ra lle l D B D ), 2 5 .1 2  ร (cy lin d ric a l D B D ); an d  e lec tro d e  
g ap  d is ta n c e  =  5 m m ).
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Figure 4.6 C o m p a riso n  o f  b y -p ro d u c t se le c tiv itie s  b e tw e e n  th e  p a ra lle l D B D  an d  th e  
cy lin d ric a l D B D  re a c to rs  as a  fu n c tio n  o f  O 2/C 2 H 4 m o la r  ra tio : (a ) c a rb o n  m o n o x id e , 
(b ) c a rb o n  d io x id e , (c ) ace ty len e , (d ) m e th an e , (e ) e th a n e , an d  (f)  p ro p a n e  (a p p lie d  
v o lta g e  =  19 kV ; in p u t fre q u e n c y  =  5 00  H z; feed  f lo w  ra te  =  50  c m 3/m in ; re s id e n c e  
tim e  =  17 .10  ร (p a ra lle l D B D ), 2 5 .1 2  ร (cy lin d rica l D B D ); and  e le c tro d e  g ap  d is ta n c e  
=  5 m m ).
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4 .1 .3  E ffec t o f  O 7/C 2 H 4 M o la r R a tio s  on  S p ec ific  P o w e r C o n su m p tio n s
F ig u re  4 .7  sh o w s th e  p o w e r  c o n su m p tio n s  u se d  to  c o n v e rt C2H4 

m o le c u le  an d  to  p ro d u c e  C2H4O m o lecu le  at d iffe ren t O2/C2H4 m o la r  ra tio s . T h e  
p o w e r  c o n su m p tio n  p e r  m o lecu le  o f  C2H4 co n v e rted  g ra d u a lly  in c rea sed  w ith  
in c re a s in g  O2/C2H4 m o la r  ra tio  up  to  1:1. H o w ev er, th e re  w a s  a  m o re  s ig n if ic a n t 
in c re a se  in  th e  p o w e r c o n su m p tio n  p e r  m o le c u le  o f  C2H4O p ro d u c e d  w ith  in c re a s in g  
O2/C2H4 m o la r  ra tio , e sp e c ia lly  at th e  m o la r  ra tio  h ig h e r  th an  0 .7 5 :1 . It c an  a lso  be  
n o tic e d  th a t s in ce  th e  p o w e r  c o n su m p tio n  p e r m o le c u le  o f  C2H4O p ro d u ced  w a s  
a p p ro x im a te ly  tw o  o rd e rs  o f  m ag n itu d e  h ig h e r th an  th a t p e r  m o le c u le  o f  C2H4 

c o n v e rte d , th e  fo rm er m u s t be  tak en  in to  m u ch  m o re  c o n s id e ra tio n . H en ce , an  
O2/C2H4 m o la r  ra tio  o f  0 .25 :1  w as th e re fo re  se lec ted  fo r fu rth e r e x p e r im e n ts  b e c a u se  
it p ro v id e d  th e  h ig h e s t se lec tiv ity  and  y ie ld  fo r C2H4O and  th e  c o m p a ra tiv e ly  lo w  
p o w e r  c o n su m p tio n  p e r  m o le c u le  o f  C2H4O p ro d u ced .
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Figure 4.7 C o m p a riso n  o f  sp ec ific  p o w e r c o n su m p tio n s  fo r d if fe re n t O 2 /C 2 H 4 m o la r  
ra tio s  by  u s in g  th e  c y lin d ric a l D B D  re a c to r  (ap p lied  v o lta g e  =  19 kV ; in p u t 
fre q u e n c y  =  500  H z; fe e d  f lo w  ra te  =  50  c m 3/m in ; re s id e n c e  t im e  =  2 5 .1 2  ร; an d  
e le c tro d e  g ap  d is tan ce  =  5 m m ).
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F ig u re  4 .8  sh o w s th e  c o m p a riso n  o f  th e  sp e c if ic  p o w e r  c o n su m p tio n s  
b e tw e e n  th e  p a ra lle l D B D  an d  th e  cy lin d rica l D B D  re a c to rs  at d iffe re n t O2/C2H4 

m o la r  ra tio s . A lth o u g h  th e  p o w e r  c o n su m p tio n  p e r m o le c u le  o f  C2H4 c o n v e rte d  fo r 
th e  c y lin d rica l D B D  re a c to r  w as  h ig h e r  th an  th a t  fo r th e  p a ra lle l D B D  re a c to r, the  
p o w e r  c o n su m p tio n  p e r  m o le c u le  o f  C2H4O p ro d u ced  fo r  b o th  th e  D B D  re a c to rs  w as 
q u ite  c o m p a ra b le  in  lo w  O2/C2H4 m o la r  ra tio  ran g e , e sp e c ia lly  th e  O2/C2FI4 m o la r  
ra tio  o f  0 .25:1  e x h ib itin g  th e  lo w e s t p o w e r c o n su m p tio n  p e r  m o le c u le  o f  C2H4O 

p ro d u c e d  fo r  th e  cy lin d rica l D B D  reac to r. T h e re fo re , th e  O2/C2H4 m o la r  ra tio  o f  
0 .25 :1  w as se le c te d  fo r fu rth e r ex p e rim en ts .
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Figure 4.8 C o m p a riso n  o f  sp e c if ic  p o w e r c o n su m p tio n s  b e tw e e n  th e  p a ra lle l D B D  
a n d  th e  c y lin d ric a l D B D  re a c to rs  as  a fu n c tio n  o f  O 2/C 2 H 4 m o la r  ra tio  (ap p lied  
v o lta g e  =  19 k V ; in p u t fre q u e n c y  =  500  H z; feed  f lo w  ra te  =  50 c m 3/m in ; re s id e n c e  
tim e  =  17 .10  ร (p a ra lle l D B D ), 2 5 .1 2  ร (cy lin d rica l D B D ); an d  e le c tro d e  g ap  d is tan ce  
=  5 m m ).

4.2 Effect of Applied Voltage

U n d e r  th e  s tu d ie d  c o n d itio n s , th e  b re a k -d o w n  v o lta g e  o r th e  lo w e s t v o lta g e  
(o n se t v o lta g e )  to  g e n e ra te  p la sm a  w a s  fo u n d  to  be  ab o u t 13 k V  fo r  th e  c y lin d ric a l 
D B D  sy s tem , an d  th e  sy s tem  co u ld  n o t be  o p e ra te d  a t th e  ap p lie d  v o lta g e  h ig h e r  th an
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19 k v  sin ce  th e  g e n e ra te d  p la sm a  w as fo u n d  to  b ec o m e  s in g le  d isc h a rg e  s tre a m  w ith  
v ery  h ig h  s tren g th , a n d  it co u ld  d e s tro y  th e  d ie le c tr ic  g la ss  p la te . T h e re fo re , th e  
re a c tio n  e x p e rim e n ts  w e re  in v e s tig a te d  in  th e  ap p lie d  v o lta g e  ra n g e  o f  13 to  19 k v .  
F o r a  co m p ariso n , th e  p a ra lle l D B D  re a c to r  w as  a lso  o p e ra ted  u n d e r  d iffe re n t ap p lied  
v o lta g e s  in  th e  ra n g e  o f  15 to  21 k v ,  w ith  th e  sam e  rea so n s  u se d  fo r  se le c tin g  th e  
ap p lie d  v o ltag e  range .

4.2 .1  E ffec t o f  A p p lie d  V o lta g e  on  E th y le n e  and  O x y g e n  C o n v e rs io n s , and  
E th y le n e  O x id e  Y ie ld

T h e  e ffe c t o f  ap p lied  v o lta g e  o n  th e  C2H4 an d  O2 c o n v e rs io n s  an d  th e  
C2H4O y ie ld  is  illu s tra te d  in  F ig u re  4 .9 . T h e  C2H4 co n v e rs io n  re m a in e d  a lm o st 
u n c h a n g e d  o v e r th e  e n tire  ap p lied  v o ltag e  ra n g e , b u t th e  O2 c o n v e rs io n  in itia lly  
in c re a se d  w ith  in c re a s in g  ap p lied  v o lta g e  to  14 k v ,  re m a in e d  a lm o s t u n c h a n g e d  
w h e n  th e  ap p lied  v o lta g e  w a s  fu r th e r  in c re a se d  u p  to  18 k v ,  an d  a f te r  th a t d e c re a sed  
w ith  fu r th e r  in c rea s in g  ap p lie d  v o lta g e  to  19 k v .  M ean w h ile , th e  C2H4O y ie ld  te n d e d  
to  c o n s id e ra b ly  in c re a se  w ith  in c rea s in g  ap p lied  v o lta g e  u n til re a c h in g  a  m a x im u m  at 
15 k v ,  an d  th e  C2H4O y ie ld  te n d e d  to  d e c re a se  w ith  fu rth e r in c re a s in g  ap p lied  
v o lta g e  h ig h e r  th a n  15 k v .  T h e  e x p la n a tio n  o f  m o re  rap id  in c re m e n t in  th e  C2H4O 

y ie ld  is  th a t a  h ig h e r  v o lta g e  re su lts  in  a h ig h e r  c u rre n t (s tro n g e r  f ie ld  s tre n g th ) , as 
sh o w n  in  F ig u re  4 .1 0 , le a d in g  to  m o re  av a ilab le  e le c tro n s  to  in c re a se  an  o p p o rtu n ity  
fo r c o llis io n  w ith  o x y g en . H o w ev e r, a t ap p lied  v o lta g e  h ig h e r th a n  15 k v ,  th e  h ig h e r  
g e n e ra te d  c u rre n t an d  th e  co rre sp o n d in g  h ig h e r  n u m b e r  o f  a c tiv e  o x y g e n  sp e c ie s  m ay  
u n d e s ira b ly  le ad  to  h ig h e r  p ro b a b ility  o f  fu rth e r o x id a tio n  to  fo rm  c a rb o n  m o n o x id e , 
as  sh o w n  la ter. T h is  c o u ld  p o ss ib ly  re su lt in  le ss  C2H4O y ie ld  a t to o  h ig h  ap p lie d  
v o lta g e . T h e  ap p lie d  v o lta g e  o f  15 k v  m ig h t b e  su ffic ie n t fo r  th e  d e s ire d  p ro d u c t 
fo rm a tio n  b y  u s in g  th e  c y lin d ric a l D B D  reac to r. T h e re fo re , th e  a p p lie d  v o lta g e  o f  15 
k V  c o u ld  b e  c o n s id e re d  as  th e  o p tim u m  p o in t fo r  th e  cy lin d ric a l D B D  sy s te m  sin ce  
th e  h ig h e s t  C2H4O y ie ld  w a s  ach iev ed .
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Figure 4.9 C o n v e rs io n s  o f  e th y le n e  an d  o x y g e n  an d  y ie ld  o f  e th y le n e  o x id e  as a 
fu n c tio n  o f  ap p lied  v o lta g e  by  u s in g  th e  c y lin d rica l D B D  re a c to r  (m o la r  ra tio  o f  
O 2/C 2H 4 =  0.25:1; in p u t f req u en cy  =  500 H z; feed  f lo w  ra te  =  50 c m 3/m in ; re s id e n c e  
tim e  =  25.12 ร; and  e le c tro d e  gap  d is ta n c e  =  5 m m ).

Figure 4.10 E ffe c t o f  a p p lie d  v o lta g e  o n  g e n e ra te d  c u rre n t b y  u s in g  th e  c y lin d ric a l 
D B D  re a c to r  (m o la r ra tio  o f  O 2/C 2 H 4 =  0 .2 5 :1 ; in p u t f re q u e n c y  =  500  H z; fe e d  f lo w  
ra te  =  50 c m 3/m in ; re s id e n c e  tim e  =  2 5 .1 2  ร; an d  e le c tro d e  gap  d is ta n c e  =  5 m m ).
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T h e
D B D  reac to rs  are  
cy lin d rica l D B D  
re a c to r, w h ile  th e  
d iffe ren t.

C2H 4 an d  O2 co n v e rs io n s  fo r b o th  th e  c y lin d ric a l an d  th e  p a ra lle l 
c o m p a ra tiv e ly  sh o w n  in  F ig u re  4 .1 1 . T h e  re su lts  sh o w  th a t th e  

re a c to r  p ro v id e d  h ig h e r  O2 co n v e rs io n  th an  th e  p a ra lle l D B D  
C2H 4 c o n v e rs io n  fo r b o th  th e  D B D  re a c to rs  w a s  n o t s ig n ific a n tly

Figure 4.11 C o m p a riso n  o f  e th y len e  an d  o x y g e n  co n v e rs io n s  b e tw e e n  th e  p a ra lle l 
D B D  and  th e  cy lin d rica l D B D  reac to rs  as  a  fu n c tio n  o f  ap p lie d  v o lta g e  (m o la r  ra tio  
o f  O 2 /C 2H 4 =  0 .25 :1 ; in p u t f req u en cy  =  500  H z; feed  f lo w  ra te  =  50  c m 3/m in ; 
re s id e n c e  tim e  =  17 .10  ร (p a ra lle l D B D ), 2 5 .1 2  ร (c y lin d ric a l D B D ); an d  e le c tro d e  
g ap  d is tan ce  =  5 m m ).

T h e  C 2 H 4 O  se lec tiv ity  and  th e  C 2 H 4 O  y ie ld  fo r  b o th  th e  D B D  re a c to rs  
a re  a lso  c o m p a ra tiv e ly  sh o w n  in  F ig u re  4 .1 2 . T h e  C 2 H 4 O  y ie ld  o f  b o th  th e  D B D  
re a c to rs  w as a lm o s t th e  sam e  in  th e  h ig h  ap p lied  v o lta g e  ra n g e , b u t in  th e  lo w  
a p p lie d  v o lta g e  ran g e , th e  cy lin d rica l D B D  re a c to r  te n d e d  to  p ro v id e  h ig h e r  C 2 H 4 O  

y ie ld  th an  th e  p a ra lle l D B D  reac to r, w h ic h  w a s  in  th e  sam e  m a n n e r  as th e  C 2 H 4 O  

se lec tiv ity . It c o u ld  be  se e n  th a t th e  C 2 H 4 O  y ie ld  fo r  b o th  th e  D B D  re a c to rs  g ra d u a lly  
in c re a se d  u n til re ach in g  a  m a x im u m  and  th e n  d ec reased . T h e  C 2 H 4 O  y ie ld  fo r th e  
cy lin d ric a l D B D  re a c to r  re a c h e d  a  m a x im u m  a t 15  k v ,  w h ile  th e  m a x im u m  C 2 H 4 O  

y ie ld  fo r th e  p a ra lle l D B D  re a c to r w as  o b se rv e d  a t 19 k v .  C lea rly , th e  m a x im u m
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C2H4O y ie ld  fo r  th e  c y lin d rica l D B D  re a c to r  a t 15 k v  w as  h ig h e r  th a n  th a t  fo r the  
p a ra lle l D B D  re a c to r  a t 19 k v .  It can  be p o ss ib ly  b e lie v e d  th a t th e  g e o m e try  o f  the  
c y lin d ric a l D B D  re a c to r w ith  lo w e r e lec tro d e  ed g e  le n g th - to -re a c tio n  v o lu m e  ra tio  
m ig h t g en e ra te  m o re  u n ifo rm  m ic ro d isc h a rg e s  o v e r th e  w h o le  c o n c e n tr ic  e lec tro d e  
su rfa c e s  th an  th e  p a ra lle l D B D  re a c to r  in lo w  ap p lied  v o lta g e  ran g e . H en ce , th e  O 2 

c o n v e rs io n  in  th e  case  o f  th e  cy lin d rica l D B D  re a c to r w as  h ig h e r  in  su c h  a  ran g e  
(F ig u re  4 .1 1 ), le a d in g  to  th e  h ig h e r  C2H4O se lec tiv ity  an d  C2H4O y ie ld , as il lu s tra te d  
in  F ig u re  4 .1 2 . T h e re fo re , th e  cy lin d rica l D B D  reac to r o p e ra te d  a t an  ap p lie d  v o lta g e  
o f  15 kV  w as e m p lo y e d  fo r fu rth e r ex p e rim en ts .

Figure 4.12 C o m p a riso n  o f  e th y le n e  o x id e  se lec tiv ity  an d  e th y le n e  o x id e  y ie ld  
b e tw e e n  th e  p a ra lle l D B D  an d  th e  cy lin d rica l D B D  re a c to rs  as  a  fu n c tio n  o f  ap p lied  
v o lta g e  (m o la r ra tio  o f  O2/C2H4 =  0 .2 5 :1 ; in p u t freq u en cy  =  500  H z ; feed  f lo w  ra te  =  
50  c m 3/m in ; re s id e n c e  tim e  =  17 .10  ร (p ara lle l D B D ), 2 5 .1 2  ร (cy lin d ric a l D B D ); an d  
e le c tro d e  gap  d is ta n c e  =  5 m m ).

4 .2 .2  E ffe c t o f  A p p lie d  V o lta g e  o n  B y -P ro d u c t S e le c tiv itie s

in  F ig u re  4 .1 3 . T h e  C O 2 s e le c tiv ity  te n d e d  to  d e c rea se  w ith  in c re a s in g  ap p lied  
v o lta g e , b u t th e  C O  se lec tiv ity  ten d ed  to  a d v e rse ly  in c rea se . In te re s tin g ly , th e  
se le c tiv itie s  fo r  th e  o th e rs  b ecam e  in s ig n ific a n tly  ch a n g e d  fo r  th e  c y lin d ric a l D B D

13 14 15 16 17 IB 19 20 21
A p p l i e d  v o l ta g e  ( k V )

T h e  e ffec t o f  ap p lied  v o ltag e  o n  th e  b y -p ro d u c t s e le c tiv itie s  is  sh o w n
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re a c to r. I t w a s  o b se rv e d  th a t th e  se le c tiv itie s  fo r  C O  and  C O 2 w e re  in  th e  o p p o s ite  
tren d . W h en  in c re a s in g  ap p lied  v o ltag e , th e  se lec tiv ity  fo r  C O  w as g ra d u a lly  
in c re a se d  p o ss ib ly  b e c a u se  th e  p a rtia l o x id a tio n  is m o re  p re fe ra b le  to  o c c u r  th a n  th e  
c o m p le te  o x id a tio n , so  C O  w as n o t fu rth e r o x id ized  to  fo rm  C O 2 , re su ltin g  in  
lo w e rin g  th e  C O 2 se le c tiv ity  at h ig h  ap p lied  v o ltag e .

Figure 4.13 B y -p ro d u c t se lec tiv itie s  as  a  fu n c tio n  o f  ap p lied  v o lta g e  b y  u s in g  th e  
c y lin d ric a l D B D  re a c to r  (m o la r ra tio  o f  O2/C2H4 =  0 .2 5 :1 ; in p u t f re q u e n c y  =  5 00  H z; 
feed  f lo w  ra te  =  50  cm 3 /m in ; re s id e n c e  tim e  =  2 5 .1 2  ร; an d  e le c tro d e  g ap  d is ta n c e  =  5 
m m ). *

F ig u re s  4 .1 4  an d  4 .1 5  c o m p a ra tiv e ly  illu s tra te  th e  b y -p ro d u c t 
se le c tiv itie s  o f  th e  p a ra lle l D B D  an d  th e  c y lin d ric a l D B D  re a c to rs  as  a  fu n c tio n  o f  
th e  a p p lie d  v o ltag e . T h e  H 2 p ro d u c tio n  o f  th e  cy lin d ric a l D B D  re a c to r  w as  re la tiv e ly  
s im ila r  to  th a t fo r  th e  p a ra lle l D B D  reac to r, w h e re  th e  in s ig n if ic a n t d iffe re n c e  w as 
a lso  o b se rv e d  fo r th e  C2H2 se lec tiv ity . T h e  se le c tiv itie s  fo r CO2 an d  CH4 o f  th e  
c y lin d ric a l D B D  re a c to r  w ere  fo u n d  to  be  h ig h e r  th a n  th e se  o f  th e  p a ra lle l D B D  
sy s te m , w h e rea s  th e  o p p o s ite  tre n d s  w e re  fo u n d  fo r th e  se le c tiv itie s  fo r C O , C 2 H 6, 
an d  C 3H 8 . T h is  m ig h t b e  b ecau se  th e  p a rtia l o x id a tio n  in  th e  c y lin d ric a l D B D  re a c to r 
w as  m o re  fa v o ra b le  to  tak e  p la c e  th a n  th e  c o m p le te  o x id a tio n , w h ic h  fa v o ra b ly  
o c c u rre d  in  th e  p a ra lle l D B D  reac to r. M o reo v e r, th e  cy lin d ric a l D B D  re a c to r  seem ed
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to  p ro v id e  h ig h e r  te n d e n c y  fo r  th e  c o u p lin g  re a c tio n  to  fo rm  h ig h e r  h y d ro c a rb o n s , i.e. 
C2H6 and  C3H8, w h e re a s  th e  p a ra lle l D B D  re a c to r g av e  h ig h e r  c ra c k in g  p o ss ib ility  to  
fo rm  lo w e r h y d ro c a rb o n , i.e. CH4. H o w ev e r, te n d e n c y  fo r th e  d e h y d ro g e n a tio n  
reac tio n  to  fo rm  H 2 a n d  C 2 H 2 fo r  b o th  th e  D B D  re a c to rs  w a s  n o t s ig n ific an tly  
d iffe ren t.

Figure 4.14 C o m p a riso n  o f  h y d ro g e n  se lec tiv ity  an d  h y d ro g e n  y ie ld  b e tw e e n  th e  
p a ra lle l D B D  an d  th e  cy lin d rica l D B D  reac to rs  as a  fu n c tio n  o f  ap p lied  v o lta g e  
(m o la r  ra tio  o f  O2/C2H4 =  0 .2 5 :1 ; in p u t freq u en cy  =  5 00  H z; feed  f lo w  ra te  =  50 
c m 3/m in ; re s id e n c e  tim e  =  17.10 ร (p a ra lle l D B D ), 2 5 .1 2  ร (c y lin d ric a l D B D ); an d  
e lec tro d e  g ap  d is tan ce  =  5 m m ).
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(a) , (b)

(c) (d)

Figure 4.15 Comparison o f by-product selectivity between the parallel DBD and the 
cylindrical DBD reactors as a function o f applied voltage: (a) carbon monoxide, (b) 
carbon dioxide, (c) acetylene, (d) methane, (e) ethane, and (f) propane (molar ratio o f  
O2/C2H4 = 0.25:1; input frequency = 500 Hz; feed flow rate = 50 cm3/min; residence 
time = 17.10 ร (parallel DBD), 25.12 ร (cylindrical DBD); and electrode gap distance 
= 5 mm).
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4.2.3 Effect o f  Applied Voltages on Specific Power Consumptions
Figure 4.16 shows the effect o f applied voltage on the power 

consumptions. With increasing applied voltage, the power consumption per molecule 
o f converted C2H4 remained almost unchanged, whereas the power consumption per 
molecule o f produced C2H4O dramatically decreased until reaching a minimum at an 
applied voltage o f 15 k v  and then increased with further increasing applied voltage. 
From the results, the applied voltage o f 15 k v  was selected to be the optimum value 
for the cylindrical DBD reactor because this applied voltage provided comparatively 
high conversions o f C2H4 and O2, and the highest selectivity and yield for C2H4O, as 
well as the lowest power consumption per C2H4O molecule produced.

.2 hJ-<-> HH Q.| u  
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F igure 4.16 Comparison of specific power consumptions for different applied 
voltages by using the cylindrical DBD reactor (molar ratio o f O2/C2H4 = 0.25:1; 
input frequency = 500 Hz; feed flow rate = 50 cm3/min; residence time = 25.12 ร; 
and electrode gap distance = 5 mm).

Figure 4.17 illustrates the comparison o f power consumptions per 
C2H4 molecule converted and power consumptions per C2H4O molecule produced 
between the parallel DBD and the cylindrical DBD reactors. From the results, the 
power consumption per C2H4 molecule converted o f both the DBD reactors was not 
largely different, while the power consumption per C2H4O molecule produced of
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both the DBD reactors had a minimum point. The minimum power consumption per 
C2H4O molecule produced of the cylindrical DBD reactor occurred at 15 k v , as 
above mentioned, but that o f the parallel DBD reactor occurred at 19 kv. However, 
such the power consumption at the minimum point o f the cylindrical DBD reactor 
was lower than that o f the parallel DBD reactor. This is another advantage o f the 
cylindrical DBD reactor as compared to the parallel DBD reactor if the optimum 
operating conditions were obtained.

ï 0ร์  p

Figure 4.17 Comparison o f specific power consumptions between the parallel DBD 
and the cylindrical DBD reactors as a function of applied voltage (molar ratio o f  
O2/C2H4 = 0 .2 5 :1 ; input frequency = 5 00  Hz; feed flow rate = 50 cm3/min; residence 
time = 17.10  ร (parallel DBD), 2 5 .1 2  ร (cylindrical DBD); and electrode gap distance 
= 5 mm).

4.3 E ffect o f Input Frequency

Input frequency is one o f the most important parameters in plasma reactor 
operation, significantly affecting the field strength in the plasma zone. The studied 
cylindrical DBD system was operated in the frequency range o f  400-800 Hz. At a 
frequency lower than 400 Hz, the plasma distribution with high strength tended to 
become single stream plasma discharge on the electrode surface, and it tended to
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destroy the dielectric glass plate, whereas the plasma could not exist at a frequency 
higher than 800 Hz.

4.3.1 Effect o f Input Frequency on Ethylene and Oxygen Conversions and 
Ethylene Oxide Yield

The effect o f input frequency on the C2H4 and O2 conversions and 
yield o f C2H4O is illustrated in Figure 4.18. When increasing input frequency in the 
range o f 500-800 Hz, the O2 conversion and the C2H4O yield dramatically decreased. 
The explanation is that a higher frequency results in a lower current that corresponds 
to the reduction of the number o f electrons generated (weaker field strength), as 
shown in Figure 4.19. It therefore caused the decrease in amount o f active species for 
further reactions, resulting in the decrease in the O2 conversion and subsequently 
leading to the lower yield o f C2H4 O; however, the C2H4 conversion only slightly 
decrease in this frequency range. Moreover, the current tended to decrease with 
decreasing frequency from 500 to 400 Hz since the uniform discharge distribution 
over the electrode surface did not occur, leading to the reduction o f conversion and 
yield in this frequency range. Hence, the C2H4O yield was found to increase with 
increasing input frequency until reaching an input frequency o f 500 Hz probably due 
to the dramatic increase in O2 conversion.

Figure 4.18 Conversions o f ethylene and oxygen and yield o f ethylene oxide as a 
function o f input frequency by using the cylindrical DBD reactor (molar ratio o f  
O2/C2H4 = 0.25:1; applied voltage = 15 kV; feed flow rate = 50 cm 3/min; residence 
time = 25.12 ร; and electrode gap distance = 5 mm).
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Figure 4.19 Effect o f input frequency on generated current by using the cylindrical 
DBD reactor (molar ratio o f O2/C2H4 = 0.25:1; applied voltage = 15 kV; feed flow  
rate = 50 cm3/min; residence time = 25.12 ร; and electrode gap distance = 5 mm).

The effect o f input frequency on the C2H4 and O2 conversions between 
the parallel DBD and the cylindrical DBD reactors is comparatively shown in Figure 
4.20. The results show that the highest C2H4 conversion o f both systems was found at 
an input frequency o f 500 Hz, and the O2 conversion tended to linearly decrease 
when increasing input frequency, as aforementioned. The C2H4O selectivity and 
C2H4O yield between the two DBD systems are comparatively shown in Figure 4.21. 
The C2H4O selectivity o f the cylindrical DBD reactor tended to be higher than that o f  
the parallel DBD reactor in low input frequency range because the cylindrical DBD  
reactor probably has the electrode geometry, by which the microdischarges can occur 
in more uniform manner in all directions, leading to the highest C2H4O yield at an 
input frequency o f 500 Hz. Therefore, the input frequency o f 500 Hz was suitable for 
both types o f DBD reactor.
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Figure 4.20 Comparison o f ethylene and oxygen conversions between the parallel 
DBD and the cylindrical DBD reactors as a function o f input frequency (molar ratio 
o f O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), 15 kV (cylindrical 
DBD); feed flow rate = 50 cm3/min; residence time = 17.10 ร (parallel DBD), 25.12 ร 
(cylindrical DBD); and electrode gap distance = 5 mm).

Figure 4.21 Comparison of ethylene oxide selectivity and ethylene oxide yield 
between the parallel DBD and the cylindrical DBD reactors as a function o f  input 
frequency (molar ratio o f O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), 
15 k v  (cylindrical DBD); feed flow rate = 50 cm3/min; residence time = 17.10 ร 
(parallel DBD), 25.12 ร (cylindrical DBD); and electrode gap distance = 5 mm).
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4.3.2 Effect o f Input Frequency on By-Product Selectivities
The effect o f input frequency on the by-product selectivities o f the 

cylindrical DBD reactor is shown in Figure 4.22. In the input frequency range of 
400-500 Hz, the selectivities for all by-products, except CO2, tended to decrease 
possibly due to the decrease in the generated current, leading to the decrease in the 
amount o f active O2 species; however, the generated active species had a high 
tendency to induce the complete oxidation, as observed by the increase in the CO2 
selectivity. For the input frequency higher than 500 Hz, the selectivities for all by
products decreased along with the decrease in the current, which could be directly 
related to lower amount o f active O2 species for the reaction. However, the input 
frequency o f 500 Hz can be considered as a potentially optimum value, exhibiting 
the highest C2H4O yield with a reasonably high C2H4O selectivity and a relatively 
low CO selectivity.
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Figure 4.22 By-product selectivities as a function o f input frequency by using the 
cylindrical DBD reactor (molar ratio o f O2/C2H4 = 0.25:1; applied voltage = 15 kV; 
feed flow rate = 50 cm3/min; residence time = 25.12 ร; and electrode gap distance = 5 
mm).

The by-product selectivities by using the cylindrical DBD and the 
parallel DBD reactors are comparatively shown in Figures 4.23 and 4.24. It was 
found that the selectivities for H2 , CHU, C2H6, C3H8, CO2 , and CO tended to decrease,
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except the selectivity for C2H2, for both the parallel DBD and the cylindrical DBD  
reactors. The explanation is that C2H2 was widely reported as a major gaseous 
hydrocarbon found in DBD system because o f the recombination o f radicals or the 
inelastic collision o f CH4 molecules with radicals (Zheng e t  a l ,  2008).
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Figure 4.23 Comparison o f hydrogen selectivity and hydrogen yield between the 
parallel DBD and the cylindrical DBD reactors as a function o f  input frequency 
(molar ratio o f O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), 15 k v  
(cylindrical DBD); feed flow rate = 50 cm3/min; residence time = 17.10 ร (parallel 
DBD), 25.12 ร (cylindrical DBD); and electrode gap distance = 5 mm).
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Figure 4.24 Comparison o f by-product selectivities between the parallel DBD and 
the cylindrical DBD reactors as a function o f input frequency: (a) carbon monoxide, 
(b) carbon dioxide, (c) acetylene, (d) methane, (e) ethane, and (f) propane (molar 
ratio o f O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), 15 k v  
(cylindrical DBD); feed flow rate = 50 cm3/min; residence time = 17.10 ร (parallel 
DBD), 25.12 ร (cylindrical DBD); and electrode gap distance = 5 mm).
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4.3.3 Effect o f Input Frequency on Specific Power Consumptions
The effect o f input frequency on the power consumptions to break 

down each C2H4 molecule and to create each C2H4O molecule is shown in Figure 
4.25. The results show that both the power consumptions per C2H4 molecule 
converted and per C2H4O molecule produced first tended to decrease with increasing 
input frequency from 400 to 500 Hz and then increased with further increasing input 
frequency higher than 500 Hz. At the input frequency lower than 500 Hz, the coke 
formation was experimentally observed on the electrode surface, leading to 
decreasing the power efficiency. Based upon relatively high ethylene oxide yield and 
the lowest power consumption per molecule o f ethylene oxide produced, the 
optimum input frequency o f 500 Hz was selected for further experiments.

Figure 4.25 Comparison of specific power consumptions as a function o f  input 
frequency by using the cylindrical DBD reactor (molar ratio o f O2/C2H4 = 0.25:1; 
applied voltage = 15 kV; feed flow rate = 50 cmVmin; residence time = 25.12 ร; and 
electrode gap distance = 5 mm).

Figure 4.26 illustrates the comparison of power consumption per C2H4 

molecule converted and power consumption per C2H4O molecule produced between 
the parallel DBD and the cylindrical DBD reactors. It can be seen that both the 
power consumptions exhibited the tendency as previously explained; however, the
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cylindrical DBD reactor consumed slightly higher power per C2H4 molecule 
converted than the parallel DBD reactor over the entire range o f the investigated 
input frequency. Even though the power consumption per C2H4O molecule produced 
for the cylindrical DBD reactor was much higher than that for the parallel DBD  
reactor at the applied voltage range higher than 700 Hz, it was almost comparable for 
both the DBD reactors at low applied voltage range, indeed even lower for the 
cylindrical DBD reactor at 500 Hz. Interestingly, at the input frequency o f 500 Hz, 
the power consumptions o f both the DBD reactors are the lowest. Therefore, input 
frequency o f 500 Hz was used for further experiments for both the DBD reactors.

Figure 4.26 Comparison o f specific power consumptions between the parallel DBD  
and the cylindrical DBD reactors as a function o f  input frequency (molar ratio o f  
O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), 15 k v  (cylindrical DBD); 
feed flow rate = 50 cm3/min; residence time = 17.10 ร (parallel DBD), 25.12 ร 
(cylindrical DBD); and electrode gap distance = 5 mm).

4.4 Effect o f Residence Tim e

The residence time has a significant effect on the reactions o f gas molecules 
within the plasma zone, affecting the performance o f the plasma system. The 
experiments were performed by varying residence time from 25.12 to 16.74, 12.56,

Input frequency (Hz)
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10.05, and 8.37 ร, corresponding to the feed flow rate o f 50, 75, 100, 125, and 150 
cm3/min, respectively. At a feed flow rate lower than 50 cm3/min, the O2 flow rate 
cannot be adjusted due to the limitation o f a mass flow controller. The studied 
plasma system conditions o f an O2/C2H4 molar ratio o f 0.25:1, an applied voltage o f 
15 k v , and an input frequency o f 500 Hz were applied during the reaction.

4.4.1 Effect o f Residence Time on Ethylene and Oxygen Conversions and 
Ethylene Oxide Yield

Figure 4.27 illustrates the influence o f the residence time on the C2H4 

and O2 conversions and the C2H4O yield. The O2 conversion and C2H4O yield tended 
to gradually increase with increasing residence time, while the C2H4 conversion 
remained almost unchanged. An increase in the feed flow rate generally reduces the 
gas residence time in the reaction zone, resulting in having a shorter contact time o f  
ethylene and oxygen molecules to collide with electrons. Moreover, it was 
experimentally observed that a decrease in the residence time requires higher current 
to generate the microdischarges for the plasma operation, as shown in Figure 4.28. 
As a result, an increase in the residence time (a reduction in the feed flow rate) 
enhanced the O2 conversion, reasonably leading to an increase in the C2H4O yield.

aไ̂

Figure 4.27 Conversions o f ethylene and oxygen and yield o f ethylene oxide as a 
function o f residence time by using the cylindrical DBD reactor (molar ratio o f  
O2/C2H4 = 0.25:1; applied voltage= 15 kV; input frequency = 500 Hz; and electrode 
gap distance = 5 mm).
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F igure 4.28 Effect o f residence time on generated current by using the cylindrical 
DBD reactor (molar ratio o f O2/C2H4 = 0.25:1; applied voltage = 15 kV; input 
frequency = 500 Hz; and electrode gap distance = 5 mm).

The C2H4 and O2 conversions between the parallel DBD and the 
cylindrical DBD reactors as a function o f residence time are comparatively shown in 
Figure 4.29. The results show that the cylindrical DBD reactor gave higher C2H4 
conversion than the parallel DBD reactor. From the results, the C2H4 conversion of 
the parallel DBD reactor slightly decreased with decreasing residence time from 
17.10 to 11.40 ร (or increasing feed flow rate from 50 to 75 cm3/min) and then 
remained almost unchanged between 11.40 and 5.70 ร, while that o f the cylindrical 
DBD reactor remained almost unchanged over the low entire range o f the 
investigated residence time. On the other hand, the O2 conversion o f  the parallel 
DBD reactor dramatically decreased, while that o f the cylindrical DBD reactor 
slightly decreased (still remained nearly -100%  in the residence time between 25.12 
and 16.74 ร) with decreasing residence time. This is possibly because the 
investigated cylindrical DBD reactor had slightly larger reaction volume than the 
parallel DBD reactor, therefore slightly affecting the residence time o f the reactants 
in the plasma zone.
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Figure 4.29 Comparison o f ethylene and oxygen conversions between the parallel 
DBD and the cylindrical DBD reactors as a function o f residence time (molar ratio o f  
O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), = 15 k v  (cylindrical 
DBD); input frequency = 500 Hz; and electrode gap distance = 5 mm).

Figure 4.30 illustrates the comparison of the C2H4O selectivity and 
C2H4O yield between the parallel DBD and the cylindrical DBD reactors. It can be 
seen that the C2H4O yield tended to decrease with decreasing residence time. This is 
because, at the lower residence time (higher feed flow rate), the concentrations o f  the 
reactive oxygen species in the plasma region decreases since a fraction o f these 
generated species quickly passes and leaves the plasma zone. When increasing 
residence time higher than 15 ร, the C2H4O yield o f the cylindrical DBD reactor 
tended to be higher than that o f the parallel DBD reactor, but the opposite trend was 
observed for the residence time lower than 15 ร. Moreover, the higher C2H4O  
selectivity o f the cylindrical DBD reactor was obtained at the higher residence time. 
Therefore, the residence time has a critical effect on the plasma efficiency that it 
should be used as high as possible (Morent e t  a l ,  2008).The maximum C2H4O yield 
o f 2.41% was obtained using the cylindrical DBD reactor at the residence time o f
25.12 ร (feed flow rate = 50 cm3/min).
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Figure 4.30 Comparison of ethylene oxide selectivity and ethylene oxide yield 
between the parallel DBD and the cylindrical DBD reactors as a function of 
residence time (molar ratio of O2/C2H4 = 0.25:1; applied voltage = 19 kv (parallel 
DBD), = 15 kv (cylindrical DBD); input frequency = 500 Hz; and electrode gap 
distance = 5 mm).

4.4.2 Effect of Feed Flow Rate on By-Product selectivities
The residence time dependence of by-product selectivities using the 

cylindrical DBD reactor is depicted in Figure 4.31. The results show that the 
selectivities for CO, CO2 , and CH4 tended to increase, but the selectivity for C2H2 

tended to decrease, whereas the selectivities for other by-products remained almost 
unchanged with increasing residence time (decreasing feed flow rate). These imply 
that the partial and complete oxidations are favorable to occur at high residence time 
(low feed flow rate), while the dehydrogenation reaction is likely to take place at low 
residence time (high feed flow rate). Interestingly, the H2 selectivity did not increase 
as the C2 H2 selectivity according to the dehydrogenation reaction, but remained 
almost unchanged. It can be believed that H2 was consumed to form higher 
hydrocarbons at low residence time (high feed flow rate).
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Figure 4.31 By-product selectivities as a function o f residence time by using the 
cylindrical DBD reactor (molar ratio o f O2/C2H4 = 0.25:1; applied voltage = 15 kV; 
input frequency = 500 Hz; and electrode gap distance = 5 mm).

Figure 4.32 shows the comparison o f the H2 selectivity and H2 yield 
between the parallel DBD and the cylindrical DBD reactors. The results show that 
the H2 selectivity o f both DBD reactors is quite high around -70% ; however, the 
cylindrical DBD reactor tended to provide higher H2 selectivity and H2 yield than the 
parallel DBD reactor. Since H2 was obtained as a main by-product, H2 is greatly 
considered very valuable to be produced by the studied epoxidation reaction using 
the investigated cylindrical DBD reactor. Therefore, H2 has high potential to be a 
desired product along with the C2H4O production.



60

2ไร
aเพ
ผ ิ)2■ p

Figure 4.32 Comparison of hydrogen selectivity and hydrogen yield between the 
parallel DBD and the cylindrical DBD reactors as a function o f residence time (molar 
ratio o f O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), = 15 k v  
(cylindrical DBD); input frequency = 500 Hz; and electrode gap distance = 5 mm).

The comparison o f the by-products between the parallel DBD and the 
cylindrical DBD reactors as a function o f residence time is shown in Figure 4.33. 
The CO, CO2, and CH4 selectivities for both the DBD reactors tended to increase 
with increasing residence time (decreasing feed flow rate). The C2H2 selectivity 
slightly decreased; meanwhile, the selectivities for C2H6 and C3H8 remain almost 
unchanged for both the DBD reactors in the studied residence time range. From the 
results, the cylindrical DBD reactor tended to generate lower amount o f CO2 than the 
parallel DBD reactor, especially under the operation with high residence time above 
10 ร.
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Figure 4.33 Comparison o f by-product selectivities between the parallel DBD and 
the cylindrical DBD reactors as a function o f residence time: (a) carbon monoxide, (b) 
carbon dioxide, (c) acetylene, (d) methane, (e) ethane, and (f) propane (molar ratio o f  
O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), = 15 k v  (cylindrical 
DBD); input frequency = 500 Hz; and electrode gap distance = 5 mm).
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4.4.3 Effect o f Feed Flow Rate on Specific Power Consumptions
Figure 4.34 shows the effect o f residence time on the power 

consumptions for the cylindrical DBD reactor. The power consumption per molecule 
o f converted C2H4 slightly decreased, while the power consumption per molecule o f 
produced C2H4O tended to dramatically decrease when decreasing residence time. 
The higher residence time (lower feed flow rate) consumed comparatively high 
power to produce C2H4O molecule; however, higher reactant conversions and C2H4O 
selectivity and yield were obtained at higher residence time (Figure 4.27). Therefore, 
the residence time o f 25.12 ร (feed flow rate of 50 cm3/min) was considered as an 
optimum value. Interestingly, the comparative results shown in Figure 4.35 reveal 
that the cylindrical DBD reactor consumed lower powers both to convert c  2H4 
molecule and to produce C2H4O molecule than the parallel DBD reactor.

8 1 1  14 17 20 23 26
Residence time (ร)

Figure 4.34 Comparison o f specific power consumptions as a function o f  residence 
time by using the cylindrical DBD reactor (molar ratio o f O2/C2H4 = 0.25:1; applied 
voltage = 15 kV; input frequency = 500 Hz; and electrode gap distance = 5 mm).
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Figure 4.35 Comparison o f specific power consumptions between the parallel DBD  
and the cylindrical DBD reactors as a function o f residence time (molar ratio o f  
O2/C2H4 = 0.25:1; applied voltage = 19 k v  (parallel DBD), = 15 k v  (cylindrical 
DBD); input frequency = 500 Hz; and electrode gap distance = 5 mm).
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