
C H A PT E R  III
M E T H O D O L O G Y

3.1 M a ter ia ls

R e a g e n t  G a s e s  fo r  R e a c t io n
A l l  g a s e s  u s e d  fo r  r e a c t io n  t e s t i n g  w e r e  o b t a in e d  f r o m  T h a i  I n d u s tr ia l  G a s  

C o .,  L td , a s  f o l lo w s :
1 ) H e l iu m  (H P  g r a d e )
2 )  4 0 %  E t h y le n e  b a la n c e d  w i t h  h e l iu m
3 )  9 7 %  O x y g e n  b a la n c e d  w i t h  h e l iu m
4 )  3 0 %  E t h y le n e  o x id e  b a la n c e d  w i t h  h e l iu m

3.2 R ea ctio n  A c tiv ity  T e st in g

T h e  e t h y le n e  e p o x id a t io n  e x p e r im e n t s  w e r e  p e r f o r m e d  b y  u s i n g  a c o r o n a  

d is c h a r g e  r e a c to r ,  w h ic h  w a s  o p e r a t e d  at a t m o s p h e r ic  p r e s s u r e  a n d  a m b ie n t  

te m p e r a tu r e ,  a r o u n d  2 5 - 2 7  ° c  ( r o o m  te m p e r a tu r e ) .  T h e  s c h e m a t ic  o f  e x p e r im e n t a l  

s e tu p  fo r  e t h y le n e  e p o x id a t io n  r e a c t io n  u s i n g  a  c o r o n a  d is c h a r g e  s y s t e m  is  s h o w n  in  

F ig u r e  3 .1 ( a ) ,  a n d  t h e  d e t a i le d  s c h e m a t i c  o f  c o r o n a  d i s c h a r g e  r e a c t o r  is  s h o w n  in  

F ig u r e  3 .1 ( b ) .  T h e  r e a c to r  c o m p r is e d  a n  1 1 .2 5 - i n c h - l o n g  q u a r tz  t u b e  w i t h  a n  o u t e r  

d ia m e te r  o f  1 0  m m  a n d  a n  in n e r  d ia m e t e r  o f  8  m m . P la s m a  w a s  g e n e r a t e d  in  t h e  g a p  

b e t w e e n  p in  a n d  p la t e  e l e c t r o d e s ,  w h i c h  w e r e  lo c a t e d  at t h e  c e n t e r  o f  r e a c to r .  T h e  

p o w e r  u s e d  to  g e n e r a t e  p la s m a  w a s  a lt e r n a t in g  c u r r e n t p o w e r ,  2 2 0  V  a n d  5 0  H z ,  
w h ic h  w a s  a d ju s te d  b y  a  f u n c t io n  g e n e r a t o r ,  w h e r e a s  th e  s in u s o id a l  w a v e f o r m  is  

m o n it o r e d  b y  a n  o s c i l l o s c o p e .
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C2H4 in

G a s  out

Plate electrode

Quartz tube
(ID = 8 mm, O D  = 10 mm, length = 11.25 inch)

Pin electrode

D istance between plate electrode 
and C 2H4 feed position

F ig u re  3.1 ( a )  S c h e m a t ic  o f  e x p e r im e n t a l  s e t u p  fo r  e t h y le n e  e p o x i d a t i o n  r e a c t io n  

u s in g  a c o r o n a  d i s c h a r g e  r e a c to r  a n d  (b )  d e t a i le d  s c h e m a t ic  o f  c o r o n a  d is c h a r g e
r e a c to r .
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T h e  r e a c ta n t  g a s e s  ( e t h y le n e  a n d  o x y g e n ,  b a la n c e  w i t h  h e l i u m )  f l o w in g  

th r o u g h  th e  r e a c t o r  w e r e  c o n t r o l le d  b y  a  s e t  o f  e le c t r o n ic  m a s s  f l o w  c o n t r o l le r s .  A l l  

r e a c ta n t  l in e s  h a d  7  p m  i n - l i n e  f i l t e r s  b e f o r e  p a s s in g  th r o u g h  t h e  m a s s  f lo w  

c o n t r o l le r s  in  o r d e r  t o  tr a p  a n y  f o r e ig n  p a r t ic le s .  T h e  r e a c t o r  p r e s s u r e  w a s  c o n t r o l le d  

v ia  a  n e e d l e  v a lv e .  T h e  o u t l e t  o f  r e a c to r  e i th e r  w a s  v e n t e d  to  th e  a t m o s p h e r e  v ia  

r u b b e r  t u b e  e x h a u s t  o r  e n te r e d  a n  o n - l i n e  g a s  c h r o m a t o g r a p h  ( G C )  to  a n a ly z e  th e  

p r o d u c t  g a s e s .  T h e  m o is t u r e  in  th e  e f f lu e n t  g a s  w a s  r e m o v e d  b y  a w a t e r  tra p  b e f o r e  

e n t e r in g  t h e  o n - l i n e  G C . T h e  G C  w a s  e q u ip p e d  w i t h  b o t h  a th e r m a l  c o n d u c t iv i t y  

d e t e c t o r  ( T C D )  a n d  a  f la m e  io n iz a t io n  d e t e c t o r  ( F I D ) .  F o r  th e  T C D  c h a n n e l ,  a  

p a c k e d  c o lu m n  ( C a r b o x e n  1 0 0 0 )  w a s  u s e d  fo r  s e p a r a t in g  th e  p r o d u c t  g a s e s ,  w h ic h  

w e r e  h y d r o g e n  ( H 2 ) ,  o x y g e n  ( O 2 ) ,  c a r b o n  m o n o x i d e  ( C O ) ,  c a r b o n  d i o x i d e  ( C O 2 ), 
a n d  e t h y le n e  ( C 2 H 4 ). F o r  F I D  c h a n n e l ,  th e  c a p i l la r y  c o lu m n  ( O V - P l o t  บ )  w a s  u s e d  

fo r  t h e  a n a ly s i s  o f  e t h y le n e  o x id e  ( E O )  a n d  o t h e r  b y - p r o d u c t  g a s e s ,  i .e .  C H 4 , C 2 H 2 ,
C 2 H 6 , a n d  C 3 H 8 . T h e  c o m p o s i t io n s  o f  th e  p r o d u c t  g a s  s tr e a m  w e r e  d e t e r m in e d  b y  th e  

G C  e v e r y  2 0  m in . W h e n  t h e  s y s t e m  r e a c h e d  s t e a d y  s ta te ,  an  a n a ly s i s  o f  t h e  o u t le t  g a s  

c o m p o s i t io n s  w a s  p e r f o r m e d  a t le a s t  th r e e  t im e s .  T h e  e x p e r im e n t a l  d a ta  u n d e r  s t e a d y  

s t a t e  c o n d i t io n s  w e r e  a v e r a g e d  a n d  th e n  u s e d  to  e v a lu a t e  th e  p e r f o r m a n c e  o f  th e  

p la s m a  s y s t e m .  T h e  G C  w a s  o p e r a t e d  u n d e r  t h e  f o l l o w i n g  c o n d i t io n s :

TCD i n j e c t i o n  t e m p e r a t u r e  120 °c
F I D  i n j e c t i o n  t e m p e r a t u r e  

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

C a r r ie r  g a s  

C a r r ie r  g a s  f l o w  r a t e

1 5 0  ๐c

4 0  ๐c  f o r  5  m in

1 6 5  ๐c  ( h e a t i n g  r a t e  1 0  ๐c / m i n )  

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

3 0  c m 3/ m i n  ( T C D  c h a n n e l )
2 5  c n r / m i n  ( F I D  c h a n n e l )

D e t e c t o r  t e m p e r a t u r e 1 9 0  ๐c  in  T C D  a n d  2 8 0  ๐c  f o r  F I D

T o  e v a lu a t e  t h e  s y s t e m  p e r f o r m a n c e ,  t h e  C 2 H 4  a n d  O 2  c o n v e r s i o n s  a n d  th e  

s e l e c t i v i t y  fo r  p r o d u c t s ,  in c lu d in g  E O , C O ,  C O 2 ,  H 2 , C H 4 ,  C 2 H 2 , C 2 H 6, a n d  tr a c e s  o f  

C 3 , w e r e  c o n s id e r e d .  T h e  c o n v e r s i o n  o f  e i t h e r  C 2 H 4  o r  O 2 w a s  c a lc u la t e d  fr o m  th e  

f o l l o w i n g  e q u a t io n :
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%  R e a c ta n t  c o n v e r s i o n  =  ( m o l e s  o f  r e a c ta n t  in  -  m o le s  o f  r e a c ta n t  o u t )  X 1 0 0

( m o l e s  o f  r e a c ta n t  in )

T h e  p r o d u c t  s e l e c t i v i t y  w a s  c a lc u la t e d  fr o m  th e  f o l l o w i n g  e q u a t io n :

%  P ro d u c t  s e le c t iv i ty  = [ (n u m b e r  o f  c a rb o n  o r  h y d ro g e n  a to m  in  p ro d u c t) (m o le s  o f  p ro d u c t  p ro d u c e d ) ]  X 100 

£  [ (n u m b e r  o f  c a rb o n  o r  h y d ro g e n  a to m  in p ro d u c tX m o le s  o f  p ro d u c t  p ro d u c e d ) ]

T h e  e t h y le n e  o x id e  y ie ld  w a s  c a lc u la t e d  f r o m  t h e  f o l l o w i n g  e q u a t io n :

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

T o  d e t e r m in e  t h e  e n e r g y  e f f i c i e n c y  o f  t h e  p la s m a  s y s t e m ,  t h e  s p e c i f i c  p o w e r  

c o n s u m p t io n  w a s  c a lc u la t e d  in  a  u n it  o f  พ ร  p e r  m o le c u l e  o f  c o n v e r t e d  e t h y le n e  o r  

p e r  m o le c u l e  o f  p r o d u c e d  e t h y le n e  o x i d e  u s in g  t h e  f o l l o w i n g  e q u a t io n :

S p e c i f i c  p o w e r  c o n s u m p t io n  =  P  X 6 0
N  X M

w h e r e  p  =  P o w e r  ( พ )
N  =  A v o g a d r o ’s  n u m b e r  =  6 .0 2  X  1 0 23 m o l e c u l e s / m o l  

M  =  R a te  o f  c o n v e r t e d  e t h y le n e  m o le c u l e s  in  f e e d  o r  r a te  o f  p r o d u c e d  

e t h y le n e  o x i d e  m o le c u l e s  ( m o l /m in ) .

3 .3  P o w er  S u p p ly  U n it

T h e  b lo c k  d ia g r a m  o f  th e  p o w e r  s u p p ly  u n it  is  s h o w n  in  F ig u r e  3 .2 .  F o r  t h e  

f ir s t  s t e p ,  t h e  A C  in p u t o f  2 2 0  V  a n d  5 0  H z  w a s  c o n v e r t e d  to  D C  o f  a b o u t  7 0 - 8 0  V  

b y  a  D C  p o w e r  s u p p ly  c o n v e r t e r .  F o r  t h e  s e c o n d  s t e p , t h e  D C  w a s  s u p p l ie d  t h r o u g h  a  

5 0 0  พ  p o w e r  a m p l i f ie r ,  w h i c h  w a s  c o n n e c t e d  t o  t h e  in s t e k  f u n c t io n  g e n e r a t o r  to  

g e n e r a t e  w a v e f o r m  a n d  t o  a m p l i f y  v o l t a g e  a n d  f r e q u e n c y .  T h e  s ig n a l  o f  a lt e r n a t in g  

c u rren t w a s  a s in u s o id a l  w a v e f o r m . F o r  th e  f in a l  s t e p ,  th e  a m p l i f i e d  A C  p a s s e d  

th r o u g h  t h e  in p u t tr a n s fo r m e r  to  c o n v e r t  to  2 3 0  V  A C . T h e r e a f t e r ,  t h e  v a r ia b le  o u tp u t
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w as transm itted to a h igh vo ltage current by n om inal factor 130 tim es o f  lo w  side  
(input). A n  E xtech ®  series 380801 pow er analyzer w as u sed  to  m easure current, 
frequency, and v o lta g e  at the lo w  sid e o f  the pow er supply  unit.

- 0- 230 V AC
-0- 80 VAC1 -70- 80 V DC

D C  P o w e r  
S u p p ly

-70- 80 VDC
P o w e r  

A m p li f ie r  
500 พ-----ๆ ท เ ท '

AC 220 V, 50 Hz
P o w e r

A n a ly z e r

In p u t
T r a n s f o r m e r

High
^  Voltage  

Transform er

-0- 230 V AC
F u n c t io n
G e n e r a to

“เทpu"

High
Voltage

Transform er

D C  P o w e r  
S u p p ly

-70- 80 VDC

- 70- 80 V DC

Outpu
-0-230 VAC Hi9h

Voltage  
Transform er

P o w e r  
A m p lif ie r  

500 พ
In p u t  

_| T r a n s f o r m e r

{ I

-0- 230 VAC
High  

_  Voltage  
Transform er

- 0- 30 kV ---- stage

-Stage

-0- 30 kV —1—; Stage

- 0- 30 kV —•—'Stage

F ig u re  3 .2  B lock  diagram  o f  the pow er supply unit.

3 .4  S tu d ied  C o n d itio n s

A fter the com p osition s o f  the feed  rem ained constant, the pow er supply  unit 
w as turned on. A fter 60  m in, the com p osition s o f  the efflu en t gas w ere analyzed  for 
every tim e interval o f  20  m in until the gas co m p o sitio n s w ere invariant. A fter  
reaching a steady state, reactant con version , production  se lec tiv ity , product y ield , 
and pow er consum ption  w ere calcu lated  for evaluating the sy stem  perform ance. The  
con d ition s for all studied parameters (i.e . d istance b etw een  p late e lectrod e and C 2 H 4  

feed p osition , O 2 /C 2 H 4  feed m olar ratio, applied v o lta g e , input frequency, total feed  
flo w  rate, and gap distance betw een  pin  and plate e lectro d es) are sh ow n  as fo llow s:  

D istance b etw een  plate electrode and C 2 H 4  feed  p o sitio n  0 .1 -0 .5  cm  
O 2 /C 2 H 4  feed  m olar ratio: 0 .2 5 :1 -1 :1
A pplied  vo ltage  : 1 5 -1 9  k V
Input frequency: 4 0 0 -7 0 0  H z
Total feed f lo w  rate: 1 0 0 -1 5 0  cm 3/m in
Gap distance betw een  pin and plate electrodes: 0 .8 -1 .2  cm


	CHAPTER III METHODOLOGY
	3.1 Materials
	3.2 Reaction Activity Testing
	3.3 Power Supply Unit
	3.4 Studied Conditions


