
C H A P T E R  IV
R E S U L T S  A N D  D IS C U S S IO N

A ccord in g  to the previous w ork (Chavadej et al,  2 0 0 8 ), the corona  
discharge system  w as proved to provide acceptably h igh  eth y len e ep ox id ation  
perform ance. H ence, in this research, the corona d ischarge system  w as se lected  to 
further study the effects o f  d istance betw een  p late electrod e and eth y len e  feed  
position , as w e ll as other operating parameters, for enhancing the perform ance o f  
ethylene o x id e  (desired product) production.

4.1 E ffec t o f  D is ta n ce  b e tw een  P la te  E lec tro d e  an d  C 2 H 4  F eed  P o s it io n

The e ffec t o f  d istance betw een  p late electrode and C 2 H 4  feed  p osition  w as  
in itia lly  studied in order to obtain the m ost suitable C 2 H 4  feed p osition  for the 
ethylene epoxidation  reaction. In this w ork, the d istance b etw een  p late e lectrod e and 
C 2 H 4  feed p osition  w as investigated  in the range o f  0 .1 -0 .5  cm , w h ile  the other 
operating param eters w ere fixed  at an O 2 /C 2 H 4  feed m olar ratio o f  0 .5 :1 , an applied  
v o ltage  o f  15 k v ,  an input frequency o f  5 0 0  H z, a total feed flow  rate o f  100  
cm 3 /m in, and a gap distance betw een  pin and p late electrod es o f  1 cm.

4.1.1 E ffect o f  D istan ce betw een  Plate E lectrode and C2 H 4  Feed P osition  on  
E thylene and O xygen  C onversions and E thylene O xide Y ie ld

U nder the studied conditions, the low est d istance b etw een  plate  
electrod e and C 2 H 4  feed p osition  that could generate EO  is 0.1 cm. T herefore, the 
reaction experim ents w ere conducted using the d istance b etw een  plate e lectrod e and 
C 2 H 4  feed p osition  higher than 0.1 cm. T he results o f  O 2  and C 2 H 4  con version  and 
EO yield  are illustrated in F igure 4 .1 . The C 2 H 4  and O 2  con version s o n ly  sligh tly  
varied in narrow ranges under the studied d istance range b etw een  plate e lectro d e and 
C2 H 4  feed p osition  o f  0 .1 -0 .5  cm . In contrast, the EO yie ld  tended to increase w ith  
increasing d istance b etw een  p late electrode and C 2 H 4  feed p osition  to 0 .2  cm  and 
then gradually decreased w ith  further increasing d istance b etw een  plate electrode  
and C 2 H 4  feed p osition  to 0.5 cm. The results im ply that at the d istan ce betw een
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plate electrod e and C 2 H 4  feed p osition  o f  0 .2  cm , C 2 H 4  could  react the m ost 
se lec tiv e ly  w ith  the o x y g en  radicals in the plasm a zon e to produce EO. H ow ever, the 
larger the d istance betw een  p late e lectrod e and C 2 H 4  feed p osition  than 0 .2  cm , the 
low er the opportunity o f  C 2 H 4  to react w ith the o x y g en  radicals to produce EO, 
probably due to the higher recom bination p ossib ility  b etw een  unstable o x y g en  
radicals b efore reacting w ith  C 2 H 4  m olecu les.
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D ista n ce  b e tw een  p la te  e lec tro d e  an d  C 2 H 4  feed  p o s it io n  (cm )

F ig u re  4.1 C 2 H 4  and O 2 conversions and EO yield  as a function o f  d istance b etw een  
plate electrod e and C 2 H 4  feed position  ( O 2 /C 2 H 4  feed m olar ratio =  0.5:1, applied  
vo lta g e  = 15 k v ,  input frequency = 500 H z, total feed flow  rate =  100 cm 3 /m in, and 
gap d istance b etw een  pin and plate electrod es =  1 cm ).

4 .1 .2  E ffect o f  D istan ce  betw een  Plate E lectrod e and C 7 H 4  Feed P osition  on  
Product S electiv ities

Figure 4 .2  sh o w s the e ffect o f  d istan ce betw een  plate electrod e and 
C 2 H 4  feed p osition  on the se lec tiv ities  for EO, CO, H 2 , C H 4 ,  C 2 H 2 , and C 3 H 8 . The  
EO, C H 4 , and C 3 H 8  se lec tiv ities  tended to increase w ith  increasing d istance betw een  
plate e lectrod e and C 2 H 4  feed position  to 0.2 cm  and then decreased w ith  further 
increasing d istance b etw een  plate e lectrode and C 2 H 4  feed position , w h ich  w ere in
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the sam e trend as the EO yield , w hereas the CO, แ 2 , and C2 H 2 se lec tiv ities  rem ained  
alm ost unchanged. U nder the studied conditions, the main b y-products w ere CO, แ 2 , 
and C 2 H 2 w ith  less am ount o f  C H 4 . The higher m olecular w eigh t hydrocarbon, i.e. 
C 3 H 8 , w as also found in very sm all fraction.

F ig u re  4 .2  Product se lec tiv ities  as a function  o f  d istance b etw een  p late electrod e and 
C 2 H 4  feed p osition  ( O 2 /C 2 H 4  feed m olar ratio =  0 . 5 : 1 , applied v o lta g e  =  1 5  k v ,  input 
frequency =  5 0 0  Hz, total feed How rate =  1 0 0  cm 3/m in, and gap d istance b etw een  
pin and plate e lectrod es =  1 cm).

4 .1 .3  E ffect o f  D istan ce b etw een  P late E lectrode and C 7 H 4  Feed P osition  on 
P ow er C onsum ptions

Figure 4 .3  sh ow s the effect o f  d istan ce b etw een  plate electrod e and 
C 2 H 4  feed p osition  on the p ow er consum ptions. The p ow er consum ption  per 
m o lecu le  o f  converted  C 2 H 4  reached a m axim um  at a d istance b etw een  plate 
electrod e and C 2 H 4  feed p osition  o f  0 . 2  cm . At a d istance b etw een  plate electrode
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and C 2 H 4  feed p osition  higher than 0 . 2  cm , the pow er consum ption  per m olecu le  o f  
converted C 2 H 4  rapidly decreased. H ow ever, there w as a rapid d ecrease  in the pow er  
consum ption  per m o lecu le  o f  produced EO w ith increasing d istance b etw een  plate  
electrod e and C 2 H 4  feed p osition  to 0 . 2  cm , but it increased w ith  further increasing  
distance b etw een  p late electrode and C 2 H 4  feed  position . T h ese  results im ply  that the  
C 2 H 4  m olecu les could  be unfavorably broken d ow n  in the plasm a zo n e  before  
reacting w ith  the o x y g en  radicals, and the e ffic ien cy  o f  producing EO w as reduced. 
In addition, it can b e clearly seen  that the pow er consum ption  per m o lecu le  o f  
produced EO w as about on e order o f  m agnitude higher than that per m olecu le  o f  
converted C 2 H 4 , so  the form er m ust be taken into m ore consideration  w hen  
evaluating the system  perform ance. T herefore, a d istance b etw een  p late electrode  
and C 2 H 4  feed p osition  o f  0 . 2  cm  w as considered  to be an optim um  value and 
selected  for further experim ents becau se it provided the h ighest EO selectiv ity , the 
h igh est EO yield , and the low est pow er consum ption  per m o lecu le  o f  produced EO.
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D ista n ce  b e tw een  p la te  e lec tro d e  a n d  C 2 H 4  feed  p o s it io n  (cm )

F ig u re  4 .3  P ow er consum ptions as a function o f  d istance b etw een  p late electrod e  
and C 2 H 4  feed p osition  ( O 2 /C 2 H 4  feed m olar ratio =  0 . 5 : 1 , applied v o lta g e  =  1 5  k v ,  
input frequency = 5 0 0  H z, total feed flow  rate =  1 0 0  cnrVmin, and gap d istance  
b etw een  pin and plate e lectrod es =  1 cm ).

4 .2  E ffec t o f  O 2 /C 2 H 4  F eed  M o la r  R a tio

T o determ ine the in flu en ce o f  the feed gas com p osition  on  the eth y len e  
epoxidation  reaction under the investigated  corona d ischarge environm ent, the  
O 2 /C 2 H 4  feed m olar ratio w as next investigated  in the range o f  0 .2 5 :1 -1 :1  (C b-lean  
conditions), w h ile  the other operating param eters w ere fixed  at a d istance b etw een  
plate e lectrod e and C 2 H 4  feed p osition  o f  0 .2  cm , an applied  v o lta g e  o f  15 k v ,  an 
input frequency o f  500  H z, a total feed flow  rate o f  100 cm 3 /m in , and a gap d istance  
b etw een  pin and plate electrod es o f  1 cm.
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4.2 .1  E ffect o f  O 7 /C 7 H 4  Feed M olar Ratio on E th ylen e and O xygen  
C onversions and E th ylen e O xid e Y ie ld

T he e ffec t o f  O 2 /C 2 H 4  feed m olar ratio on the C 2 H 4  and O 2  

con version s and E O  y ie ld  is sh ow n  in F igure 4 .4 . T he increase in O 2 /C 2 H 4  feed  
m olar ratio sligh tly  a ffected  the C 2 H 4  conversion , w hereas the O 2 /C 2 H 4  feed m olar 
ratio m ainly a ffected  the O 2  con version . T he O 2  con version  tended to increase w ith  
increasing O 2 /C 2 H 4  feed m olar ratio from  0.33:1 to 0.75:1 and then decreased  w ith  
further increasing O 2 /C 2 H 4  feed m olar ratio. It can be observed  that the O 2  

con version  w a s m uch higher than the C 2 H 4  conversion . This can be exp la ined  in that 
the bond d issocia tion  en ergy  o f  C 2 H 4  (1 6 .7  eV ) is m uch higher than that o f  O 2  (12 .2  
eV ), accord ingly  cau sin g  O 2  m o lecu les  to  be converted m ore easily  than C 2 H 4  

m olecu les. It could also  b e seen  that the E O  yield  tended to increase w ith  increasing  
O 2 /C 2 H 4  feed m olar ratio from  0.25:1 up to 0.5:1 and then rapidly decreased  w ith  
further increasing O 2 /C 2 H 4  feed m olar ratio. T h ese  results clearly ind icate the 
s ign ifican ce  o f  feed gas com p osition  (i.e . C 2 H 4  and O 2 )  on the eth ylen e epoxidation  
perform ance.
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F ig u re  4 .4  C 2H 4 and O 2  con version s and EO y ie ld  as a function  o f  O 2 /C 2 H 4  feed  
m olar ratio (d istance betw een  plate electrode and C 2 H 4  feed  p osition  =  0 .2 cm , 
applied vo ltage =  15 k v ,  input frequency =  5 0 0  H z, total feed  flo w  rate =  100 
cm 3/m in , and gap distance betw een  pin  and plate e lectrod es =  1 cm ).

4 .2 .2  E ffect o f  O 7 /C 2 H 4  Feed M olar R atio on  Product S e lec tiv itie s
Figure 4 .5  sh ow s the e ffect o f  O 2 /C 2 H 4  feed  m olar ratio on  the product 

se lec tiv ities . The EO  se lec tiv ity  increased to reach a m axim u m  at an O 2 /C 2 H 4  feed  
m olar ratio o f  0 .33:1 and then rapidly decreased  w ith  further increasing O 2 /C 2 H 4  

feed m olar ratio h igher than 0 .33:1 . For the other by-product se lec tiv ities , excep t C O  

and C H 4 , the se lec tiv ities  for H 2 , C 2 H 2 , and C 3 H 8  tended  to increase and then 
decreased w ith  further increasing O 2 /C 2 H 4  feed  m olar ratio h igher than 0 .33:1 . For 
the C H 4 selectiv ity , it tended to increase w ith  increasing  O 2 /C 2 H 4  feed  m olar ratio 
from  0 .2 5 :1 -0 .7 5 :1  and then decreased, w h ereas the C O  se lec tiv ity  decreased to 
reach a m inim um  at an O 2 /C 2 H 4  feed m olar ratio o f  0 .33:1 and then increased with  
further increasing O 2 /C 2 H 4  feed m olar ratio h igher than 0 .3 3 :1 . The results indicate
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that the epoxidation  reaction to produce EO  w as m ore lik e ly  to occu r under 0 2 -lean  
conditions.

F ig u re  4 .5  Product se lec tiv ities  as a function  o f  O 2 /C 2 H 4  feed  m olar ratio (d istance  
b etw een  plate electrode and C 2 H 4  feed p osition  =  0.2 cm , applied v o lta g e  =  15 k v ,  
input frequency = 500 H z, total feed flow  rate =  100 cm 3 /m in , and gap d istance  
b etw een  pin and plate electrod es = 1 cm).

4 .2 .3  Effect o f  O 7 /C 7 H 4  Feed M olar Ratio on  P ow er C onsum ptions
The pow er consum ptions required to convert C 2 H 4  m o lecu le  and to 

produce EO m olecu le  at different O 2 /C 2 H 4  feed m olar ratios are sh ow n  in F igure 4 .6 . 
T he pow er consum ption per m olecu le  o f  converted C 2 H 4  reached a m axim um  at an 
O 2 /C 2 H 4  m olar ratio o f  0 .3 3 :1 , w hich  corresponded w e ll w ith  the obtained highest 
EO selectiv ity . H ow ever, the p ow er consum ption  per m o lecu le  o f  produced EO  
rem ained alm ost unchanged ๒ the O 2 /C 2 H 4  feed m olar ratio range o f  0 .2 5 :1 -0 .7 5 :1 ,  
but then rapidly increased w ith  increasing O 2 /C 2 H 4  feed m olar ratio to 1:1, at w hich  
the low est EO se lectiv ity  w as observed. A s m entioned above, the pow er
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consum ption  per m o lecu le  o f  produced EO  w as m uch higher than that per m o lecu le  
o f  converted C 2 H 4 , the O 2 /C 2 H 4  feed m olar ratio o f  0.5:1 w as therefore se lected  for 
further experim ents becau se it provided the h ighest EO  yield , as w e ll as 
com paratively  low  p ow er consum ption per m olecu le  o f  produced EO.
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F ig u re  4 .6  P ow er consum ptions as a function o f  O 2 /C 2 H 4  feed m olar ratio (d istance  
betw een  p late e lectrod e and C 2 H 4  feed p osition  =  0 . 2  cm , applied  vo lta g e  =  1 5  k v ,  
input frequency =  5 0 0  H z, total feed flow  rate =  1 0 0  cm 3 /m in , and gap d istance  
betw een  pin and plate electrodes =  1 cm).

4 .3  E ffect o f  A p p lie d  V o lta g e

In order to determ ine the effect o f  the applied vo ltage, the reaction  
experim ents w ere conducted in the applied vo lta g e  range o f  1 5 -1 9  k v .  T he highest 
applied vo ltage  that could be ach ieved  w as 19 k v ,  w hich  w as lim ited by the
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form ation o f  co k e  filam ents b etw een  the tw o electrodes during a rela tive ly  short 
operation period, causing instability  and thereby perm anent extinction  o f  the plasm a.

4.3.1 E ffect o f  A pplied  V o lta g e  on  E thylene and O xygen  C on version s and 
E thylene O xide Y ie ld

Figure 4 .7  illustrates the effect o f  applied v o lta g e  on  the C 2 H 4  and O 2 

con version s and EO  yield . T he O 2 con version  tended to  increase w ith  increasing  
applied vo lta g e  in the range o f  1 5 -1 9  kv. In contrast, the C 2 H 4  con version  rem ained  
alm ost unchanged. The explanation  for the increased O 2 conversion  is that a higher 
vo lta g e  results in a higher generated current, as sh ow n  in F igure 4 .8 , w h ich  provides 
m ore availab le electrons to initiate the reactions and brings about greater opportunity  
for co llis io n  b etw een  O 2 m o lecu les and electrons. H ow ever, the a lm ost unchanged  
C2 H 4  conversion  can be exp lained  in that the bond d issocia tion  energy o f  O 2 (12 .2  
eV ) is m uch low er than that o f  C 2 H 4  (1 6 .7  eV ), particularly causing  O 2 m o lecu les to 
be converted  m ore easily  than C 2 H 4  m o lecu les, as m entioned above. In addition, it 
w as found that the EO yield  tended to increase w ith  increasing applied v o lta g e  in the  
range o f  1 5 -1 8  kv and then drastically  decreased  becau se o f  the form ation o f  cok e  
filam ents b etw een  the tw o electrodes in a short operation period.
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F ig u re  4 .7  C 2 H 4  and O 2 conversions and EO yield  as a function o f  applied vo ltage  
(d istance b etw een  plate electrod e and C 2 H 4  feed p osition  = 0 .2  cm , O 2 /C 2 H 4  feed  
m olar ratio =  0 .5:1 , input frequency = 5 0 0  H z, total feed flow  rate =  100 cm 3 /m in, 
and gap d istance betw een  pin and plate e lectrod es =  1 cm ).
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•F ig u re  4 .8  G enerated current as a function o f  applied v o lta g e  (d istan ce b etw een  
plate electrod e and C 2 H 4  feed p osition  = 0 .2  cm , ( V C 2 H 4  feed m olar ratio =  0 .5 :1 , 
input frequency =  5 0 0  H z, total feed flow  rate =  100 cm V m in, and gap d istance  
b etw een  pin and plate e lectrodes =  1 cm ).

4 .3 .2  E ffect o f  A pplied  V o lta g e  on  Product S electiv ities
The effect o f  applied v o ltage  on  the se lec tiv ities  for EO , C O ,  H 2 , C H 4, 

C 2 H 2 , and C 3H 8 is sh ow n  in F igure 4 .9 . The EO  se lec tiv ity  rapidly increased w ith  
increasing applied v o lta g e  in the range o f  1 5 -1 8  kv and then decreased  w ith  further 
increasing applied vo ltage , p ossib ly  due to the earlier explanation  for the lim itation  
o f  co k e  form ation. The se lec tiv ities  for H 2 , C H 4 ,  C 2 H 2 , and C 3 H 8  reached the 
m inim um  values at the applied vo lta g e  o f  17 kv and then increased w ith  further 
increasing applied vo ltage  betw een  17 and 19 kv. Interestingly, no C O 2  w as d etected  
p o ssib ly  b ecau se the system  w as operated under the 0 2 -lean con d ition  (the O 2 /C 2 H 4  

feed m olar ratio o f  1:2). T he C O  se lec tiv ity  increased w ith  increasing applied  
v o ltage  in the range o f  1 5 -1 7  kv and then decreased  w ith  further increasing applied  
voltage. T h ese results su ggest that the higher num ber o f  o x y g en  active  sp ec ies  is 
m ore favorable for EO  production than C O  production.



37

F ig u r e  4 .9  Product se lee tiv ities  as a function o f  applied v o lta g e  (d istance betw een  
plate electrode and C 2 H 4  feed p osition  =  0.2 cm , O 2 /C 2 H 4  feed m olar ratio =  0.5:1, 
input frequency =  500 H z, total feed flow  rate =  100 cm 3 /m in , and gap  d istan ce  
b etw een  pin and plate electrod es =  1 cm ).

4 .3 .3  E ffect o f  A pplied  V o lta g e  on  P ow er C onsum ptions
T he effect o f  the p ow er consum ptions n eed ed  to convert C 2 H 4  

m o lecu le  and to produce EO m o lecu le  at different input frequencies are sh ow n  in 
Figure 4.10. T he p ow er consum ption  per m o lecu le  o f  converted C 2 H 4  o n ly  sligh tly  
changed w ith  varying applied vo ltage , p o ss ib ly  due to the alm ost unchanged C 2 H 4  

conversion . On the other hand, the p ow er consum ption  per m o lecu le  o f  produced EO 
decreased  until reaching a m inim um  at an applied v o ltage  o f  18 kv  and then  
increased w ith  further increasing applied vo ltage . For further experim ents, the  
applied v o ltage  o f  18 kv  w as se lected  to em p loy  b ecau se it provided the h ighest EO 
yie ld , the highest EO selectiv ity , and the low est pow er consum ption  per m o lecu le  o f  
produced EO.
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F ig u re  4 .1 0  P ow er consum ptions as a function  o f  applied v o lta g e  (d istance b etw een  
plate e lectrode and C 2 H 4  feed p osition  =  0 .2  cm , O 2 /C 2 H 4  feed m olar ratio =  1:1, 
input frequency =  5 0 0  H z, total feed flow  rate = 1 0 0  cm 3 /m in , and gap d istance  
betw een  pin and plate e lectrod es =  1 cm ).

4 .4  E ffect o f  In p u t F req u en cy

Input frequency is another im portant param eter that greatly a ffects the  
plasm a characteristics in term s o f  stab ility  and e ffic ie n c y  perform ance. T he input 
frequency w as experim enta lly  varied in the range o f  4 0 0 - 7 0 0  Hz. For operating the 
corona d ischarge system  in this research, the low est operating input frequency (4 0 0  
H z) w as lim ited  b y  a large am ount o f  co k e  filam ents that w as found to  deposit on  the  
electrode surface at an input frequency low er than 4 0 0  H z, w hereas the plasm a could  
not exist at an input frequency higher than 700  Hz.

4.4 .1  Effect o f  Input Frequency on  E thylene and O xygen  C onversions and 
E thylene O xide Y ield

T he effect o f  input frequency on  the C 2 H 4 and O 2 con version s and EO  
yield  is illustrated in F igure 4.11.  T he results sh ow  that an increase in the input
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frequency led to a decrease in the O 2 con version , w hereas the C 2 H 4  con version  
rem ained alm ost constant. A  p o ssib le  reason for the decreased O 2  con version  is that a 
low er generated current at a higher input frequency, as confirm ed  in F igure 4 .1 2 , 
results in a reduction o f  the num ber o f  availab le e lectron s (w eaker field  strength) for 
initiating the plasm a reaction; therefore, it caused a decrease in the am ount o f  
o xygen  active  sp ecies for further reactions, resulting in a decrease in the O 2 

conversion. This subsequently  led to  a low er EO  yie ld  at a h igher input frequency; 
how ever, the EO yie ld  w as ob served  to decrease w ith  decreasin g  input frequency  
from 500  to  4 0 0  H z sin ce  cok e d ep osition  on  the e lectrod e surfaces con sid erab ly  
occurred. H ence, the m axim um  EO  yield  w as found at an input frequency o f  5 0 0  Hz.

F ig u re  4 .11  C2 H4  and O 2 con version s and EO  y ie ld  as a function  o f  input frequency  
(d istance b etw een  plate e lectrode and C 2 H4  feed p osition  =  0 .2  cm , O 2 /C 2 H 4  feed  
m olar ratio =  0 .5 :1 , applied v o lta g e  =  18 k v ,  total feed flow  rate =  100  cnrVmin, and 
gap distance betw een  pin and plate electrod es = 1 cm ).
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F ig u re  4 .12  G enerated current as a function o f  input frequency (d istan ce b etw een  
plate electrode and C 2 H 4  feed position  = 0.2 cm , O 2 /C 2 H 4  feed m olar ratio =  0.5:1, 
applied vo ltage =  18 k v ,  total feed flow  rate =  1 0 0  cm 3 /m in, and gap  d istance  
b etw een  pin and plate electrod es =  1 cm).

4 .4 .2  E ffect o f  Input Frequency on Product S electiv ities
The effect o f  input frequency on  the product se lec tiv ities  is  sh ow n  in 

Figure 4 .13 . The EO se lec tiv ity  at an input frequency low er than 5 0 0  H z decreased  
b ecau se  o f  cok e form ation, as m entioned above, w hereas it tended to decrease w ith  
increasing input frequency from  5 00  to 7 00  Hz. H ence, the m axim um  EO  se lec tiv ity  
w as observed  at the input frequency o f  5 0 0  H z. T he CO se lec tiv ity  s lig h tly  increased  
w ith  increasing input frequency from  4 0 0  to 6 0 0  H z and then dram atically  decreased  
w ith  further increasing input frequency from  6 0 0  to 700  H z. For other by-products, 
their se lec tiv ities  tended to decrease w ith  increasing input frequency. T his is becau se  
a higher frequency g iv e s  a low er generated current, resulting in the decrease in 
am ount o f  active  sp ec ies  for further reactions.
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F ig u re  4 .1 3  Product se lec tiv ities  o f  input frequency (d istance b etw een  plate  
electrod e and C 2 H 4  feed p osition  = 0 .2  cm , O 2 /C 2 H 4  feed m olar ratio =  0 .5 :1 , applied  
vo lta g e  = 18 k v ,  total feed flow  rate =  100 cm 3 /m in, and gap d istan ce b etw een  pin 
and plate electrod es =  1 cm ).

4 .4 .3  E ffect o f  Input Frequency on P ow er C onsum ptions
T he effect o f  input frequency on  the p ow er con su m p tion  to break  

d ow n  each C 2 H 4  m olecu le  or to create each EO m o lecu le  is sh ow n  in F igure 4 .14 . 
T he pow er consum ption  per m olecu le  o f  converted C 2 H 4  tended to increase w ith  
increasing input frequency; how ever, the pow er consum ption  per m olecu le  o f  
produced EO decreased w ith  increasing input frequency to 5 0 0  H z and then  
increased w ith  further increasing input frequency from  5 00  to 7 00  H z. From the 
overall results, an input frequency o f  5 0 0  H z w as considered  to be an optim um  value  
b ecau se  it provided the h igh est EO yield , the h ighest EO  se lectiv ity , and the low est  
p ow er consum ption  per m o lecu le  o f  produced EO.
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F ig u re  4 .1 4  Pow er consum ptions as a function  o f  input frequency (d istance b etw een  
plate electrod e and C 2 H 4  feed position  =  0 .2  cm , O 2 /C 2 H 4  feed m olar ratio =  0 .5 :1 , 
applied v o lta g e  =  18 k v ,  total feed flow  rate =  1 0 0  cm 3 /m in , and gap d istance  
b etw een  pin and plate electrod es =  1 cm ).

4 .5  E ffect o f  T o ta l F eed  F low  R ate

T he total feed  flow  rate has a great effect on  the resid en ce  tim e o f  gas 
m o lecu les in the p lasm a zone, a ffectin g  the overall perform ance o f  the plasm a  
system . T o in vestigate  the effect o f  total feed flow  rate, the experim ents w ere  
perform ed by varying total feed flow  rate from 100 to 150 cm 3 /m in. A  total feed  
flow  rate low er than 100 cn r /m in  w a s lim ited by too  low  C 2 H 4  flow  rate to be 
p recisely  controlled  by a m ass flow  controller. T he reaction experim ents w ere  
conducted  at a gap d istance betw een  p late e lectrode and C 2 H 4  feed  p osition  o f  0 .2  
cm , an O 2 /C 2 H 4  feed m olar ratio o f  0 .5 :1 , an applied v o ltage  o f  18 k v ,  an input 
frequency o f  5 0 0  H z, and a gap distance betw een  pin and plate e lectrod es o f  1 cm.
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4.5.1 Effect o f  Total Feed Flow Rate on Ethylene and Oxygen Conversions 
and Ethylene Oxide Yield

Figure 4.15 illustrates the influence o f  the total feed flow rate on the 
C 2 H 4 and O 2  conversions and EO yield. The O 2  conversion gradually decreased with 
increasing total feed flow rate from 100 to 150 cm3/min, while the C 2 H 4 conversion 
remained almost unchanged. An increase in the total feed flow rate normally reduces 
the gas residence time in the reaction system, resulting in having a shorter contact 
time for C 2 H 4 and O 2 molecules to collide with electrons. Therefore, a reduction in 
the total feed flow rate led to an increase in the EO yield.
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Figure 4.15 C 2 H 4 and O 2 conversions and EO yield as a function o f  total feed flow 
rate (distance between plate electrode and C 2 H 4  feed position = 0.2 cm, O 2 / C 2 H 4 feed 
molar ratio = 0.5:1, applied voltage = 18 k v , input frequency = 500 Hz, and gap 
distance between pin and plate electrodes = 1 cm).

4.5.2 Effect o f  Total Feed Flow Rate on Product Selectivities
The feed flow rate dependence o f  product selectivities is depicted in 

Figure 4.16. It can be seen that the EO selectivity decreased with increasing total 
feed flow rate. This is because a higher total feed flow rate reduces the opportunity 
o f collision between electrons/oxygen active species and C2H4 molecules, thereby
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decreasing the epoxidation performance. In contrast, the other product selectivities 
tended to slightly increase at a higher total feed flow rate (i.e. a shorter residence 
time), suggesting that the oxidation and coupling reactions are more favorable to 
occur than the epoxidation reaction when the residence time is decreased.
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Figure 4.16 Product selectivities as a function o f total feed flow rate (distance 
between plate electrode and C 2 H 4 feed position = 0.2 cm, O 2 / C 2 H 4 feed molar ratio = 
0.5:1, applied voltage = 18 k v , input frequency = 500 Hz, and gap distance between 
pin and plate electrodes = 1 cm).

4.5.3 Effect o f  Total Feed Flow Rate on Power Consumptions
Figure 4.17 shows the effect o f  total feed flow rate on the power 

consumptions. The power consumption per molecule o f  converted C 2 H 4 increased 
with increasing total feed flow rate from 100 to 125 cm3/min and then decreased, 
while the power consumption per molecule o f  produced EO sharply increased with 
increasing total feed flow rate. From the overall results, the lowest total feed flow 
rate o f  10 0  cm3/min was considered as an optimum value in this work since it could 
provide the highest EO yield, the highest EO selectivity, and the lowest power 
consumptions.
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Figure 4.17 Power consumptions as a function as a function o f  total feed flow rate 
(distance between plate electrode and C 2 H 4  feed position = 0.2 cm, O 2 / C 2 H 4 feed 
molar ratio = 0.5:1, applied voltage = 18 k v , input frequency = 500 Hz, and gap 
distance between pin and plate electrodes = 1 cm).

4.6 Effect of Gap Distance between Pin and Plate Electrodes

To invest the effect o f  gap distance between pin and plate electrodes, the 
experiments were performed under the best conditions achieve above: a gap distance 
between plate electrode and C 2 H 4 feed position o f  0.2 cm, an O 2 / C 2 H 4 feed molar 
ratio o f 0.5:1, an applied voltage o f 18 k v , an input frequency o f  500 Hz, and a total 
feed flow rate o f  100 cnr/m in. The gap distance between pin and plate electrodes 
was varied in the range o f  0 .8- 1 .2  cm since a large amount o f  coke filaments was 
found to deposit on the electrode surfaces at a gap distance between pin and plate 
electrodes lower than 0.8 cm, and the generated plasma became unfavorably non- 
uniform at a gap distance between pin and plate electrodes higher than 1.2  cm.
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4.6.1 Effect o f  Gap Distance between Pin and Plate Electrodes on Ethylene 
and Oxygen Conversions and Ethylene Oxide Yield

The effect o f gap distance between pin and plate electrodes on the 
C2H4 and O2 conversions and EO yield is illustrated on Figure 4.18. The C2H4 

conversion tended to remain almost unchanged. In contrast, the O2 conversion 
tended to increase with increasing gap distance between pin and plate electrodes. 
Even though the generated current decreased with increasing gap distance between 
pin and plate electrodes, as shown in Figure 4.19, the residence time o f  gases and 
active species in the plasma zone might more dominantly affect the O2 conversion. 
However, the EO yield reached the maximum at a gap distance between pin and 
plate electrodes o f 1 cm, and then it decreased with further increasing gap distance 
between pin and plate electrodes higher than 1 cm possibly because the residence 
time is simply increased, leading to higher probability o f  electrons reacting with the 
primary products and O2 molecules to provide a variety o f  by-products.
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Figure 4.18 C 2 H 4  and O 2 conversions and E O  yield as a function o f  gap distance 
between pin and plate electrodes (distance between plate electrode and C 2 H 4  feed 
position = 0.2 cm, O 2 / C 2 H 4  feed molar ratio = 0.5:1, applied voltage = 18 k v , input 
frequency = 500 Hz, and total feed flow rate = 100 cnrVmin).
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Figure 4.19 Generated current as a function o f  gap distance between pin and plate 
electrodes (distance between plate electrode and C 2 H 4  feed position = 0.2 cm, 
O 2 /C 2 H 4  feed molar ratio = 0.5:1, applied voltage = 18 k v , input frequency = 500 
Hz, and total feed flow rate = 100 cm3/min).

4.6.2 Effect o f Gap Distance between Pin and Plate Electrodes on Product 
Selectivities

The effect o f  gap distance between pin and plate electrodes on the 
selectivities for EO, CO, H2, CH4, C2H2, and C3H8 is shown in Figure 4.20. The EO 
selectivity tended to remain almost constant in the range o f  gap distance between pin 
and plate electrodes between 0.8 and 1.0  cm and then sharply decreased with further 
increasing gap distance between pin and plate electrodes. Hence, a higher gap 
distance between pin and plate electrodes led to a lower opportunity o f  ethylene 
epoxidation. The selectivities for H2, CH4, C2H2, and C3H 8 tended to only slightly 
change with increasing gap distance between pin and plate electrodes, but the CO 
selectivity significantly increased with increasing gap distance between pin and plate 
electrodes, which corresponded well to the result o f  increased O2 conversion. These 
results suggest that the combustion was likely to occur at a too high gap distance 
between pin and plate electrodes.



48

£
O
'S90aj
พ

Figure 4.20 Product selectivities as a function o f gap distance between pin and plate 
electrodes (distance between plate electrode and C2H4 feed position = 0.2 cm, 
O2/C2H4 feed molar ratio = 0.5:1, applied voltage = 18 k v , input frequency = 500 
Hz, and total feed flow rate = 100 cm3/min).

4.6.3 Effect o f Gap Distance between Pin and Plate Electrodes on Power 
Consumptions

The effect o f  gap distance between pin and plate electrodes on the 
power consumptions is shown in Figure 4.21. The power consumption per molecule 
o f  converted C2H4 tended to slightly vary with increasing gap distance between pin 
and plate electrodes in the range o f  0 .8- 1 .1  cm and then rapidly decreased with 
further increasing gap distance between pin and plate electrodes to 1 .2  cm, whereas 
the power consumption per molecule o f  produced EO was almost unchanged at the 
gap distance between pin and plate electrodes in the range o f 0 .8- 1 .0  cm and then 
sharply increased with further increasing gap distance between pin and plate 
electrodes. A possible reason is that a higher gap distance between pin and plate 
electrodes caused a higher probability o f  secondary reactions due to an increased 
residence time, which unavoidably consumed some power. Therefore, the gap
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distance between pin and plate electrodes o f 1 cm was considered to be the optimum 
value because it provided the highest EO yield, the highest EO selectivity, and the 
comparatively low power consumption per molecule o f produced EO.

so
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Figure 4.21 Power consumptions as a function o f  gap distance between pin and plate 
electrodes (distance between plate electrode and C 2 H 4  feed position = 0.2 cm, 
O 2 / C 2 H 4 feed molar ratio = 0.5:1, applied voltage = 18 k v , input frequency = 500 
Hz, and total feed flow rate = 100 cm3/min).
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