
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  C h e m ic a ls  f o r  C a ta ly s t  P r e p a r a t io n
A ll c h e m ic a l  u s e d  fo r  c a ta ly s t  p r e p a r a t io n  a n d  a n a ly t ic a l  p r o c e d u r e s  

a r e  d e s c r ib e d  a s  f o l lo w s :
1) S i lv e r  n i t r a te  A g N C b w ith  9 9 .9 %  p u r i ty ,  s u p p l ie d  b y  R C I  L a b s c a n  

( T h a i la n d )  C o .,  L td . ,w a s  u s e d  a s  s i lv e r  c a ta ly s t  p re c u r s o r .
2 )  T r i to n - x - 1 0 0  o b ta in e d  f ro m  S ig m a  A lo d r ic h  C o ., U S A . W a s  u s e d

a s  s u r fa c ta n t .
3 )  G la s s  p l a te  (S iC b )  w a s  u s e d  a s  c a ta ly s t  s u p p o r t .
4 )  D is t i l le d  w a te r
5 )  A c e to n e

3 .1 .2  R e a g e n t  G a s e s  fo r  R e a c t io n  E x p e r im e n t
A ll g a s e s  u s e d  fo r  r e a c t io n  w e re  o b ta in e d  f ro m  T h a i  In d u s tr i l  G a s  

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

3.2 Catalyst Preparation Procedures

T h e  p r e p a r a t io n s  m e th o d  w a s  d iv id e d in to  th re e  s te p s  w h ic h  w e r e  g la s s  p l a te  
p r e p a r a t io n ,  s i l v e r  n i t r a te  a q u e o u s  s o lu t io n  p r e p a r a t io n  a n d  A g  c o a te d  p r e p a r a t io n .  
F o r  th e  f ir s t  s te p , g la s s  p l a te  w a s  w a tc h e d  b y  d is t i l le d  w a te r  f o l lo w e d  b y  a c e to n e  a n d  
th e n  d r ie d  in  a n  o v e n  a t  1 0 0 °C  f o r  1 h o u r .  N e x t ,  A g N C >3 w e r e  d i lu te d  w i th  d i s t i l le d

water and mixed with Tritron-x-100 and after that would gave the silver nitrate
aqueous solution, For the last step, The treated glass plate was coated with an
aqueous silver nitrate solution to achieve silver loading from 0.1 wt.%. The mixture
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w a s  th e n  d r ie d  in  a n  o v e n  a t  1 1 0  ๐c  o v e r n ig h t .  T h e  c a ta ly s ts  w e r e c a lc in e d  a t  5 5 0  ๐c  
fo r  5 h . ( fo r  d e te r m in in g  th e  o p t im u m  c o n d i t io n s ) a n d  v a r ie d  f ro m  4 5 0  to  6 5 0  ° c  f o r  
5 h . ( fo r  s tu d y in g  th e  e f f e c t  o f  c a lc in a t io n  te m p e ra tu re ) .

3.3 Catalyst Characterization Techniques

T h e  c h a r a c te r i s t ic s  o f  th e  p r e p a r e d  c a ta ly s t  w e r e  d e te r m in e d  w i th  r e g a r d  to  
th e i r  p h y s ic a l  a n d  c h e m ic a l  p r o p e r t ie s .  T h e  c a ta ly s t  c h a r a c te r iz a t io n  te c h n iq u e s  
a p p l ie d  in  th is  r e s e a rc h  a re  X - ra y  d i f f r a c t io n  (X R D )  a n d  ta b le to p  m ic r o s c o p y  ( T M  
3 0 0 0 ) .

3 .3 .1  X - ra y  D i f f r a c t io n  (X R D )
X - ra y  D i f f r a c t io n  ( X R D )  a n a ly s is  is  g e n e ra l ly  p e r f o r m e d  b a s e d  o n  th e  

f a c t  th a t  a n  X - ra y  d i f f r a c t io n  p a t te rn  w a s  u n iq u e  fo r  e a c h  c r y s ta l l in e  s u b s ta n c e .  
T h u s ,  i f  a n  e x a c t  m a tc h  c a n  b e  fo u n d  b e tw e e n  th e  p a t te r n  o f  a n  u n k n o w n  a n d  a n  
a u th e n t ic  s a m p le ,  c h e m ic a l  id e n t i ty  c a n  b e  a s s u m e d . I t  is  a ls o  p o s s ib l e  to  m a k e  a  
r e la t iv e ly  q u a n t i ta t iv e  a n a ly s is  b y  c o m p a r in g  th e  in te n s i ty  o f  th e  d i f f r a c t io n  l in e s . 
W h e n  c o m p a r in g  th e  s a m e  c r y s ta l l in e  s u b s ta n c e  o f  tw o  d i f f e r e n t  s a m p le s ,  th e  h ig h e r  
in te n s i ty  in d ic a te s  th e  h ig h e r  c o n te n t .

T h e  X -ra y  d i f f r a c t io n  p a t te r n s  o f  th e  p r e p a r e d  w a s  o b ta in e d  b y  u s in g  a  
R ig a k u S m a r tL a b d if f r a c to m e te r  e q u ip p e d  w i th  a  N i f i l te r e d  C u K a  r a d ia t io n  s o u rc e  (A. 
=  1 .5 4 2  Â )  o f  4 0  k v  a n d  3 0  m V . A  c a ta ly s t  s a m p le  is  f i r s t  p r e s s e d  in to  a  h o l lo w  o f  
g la s s  h o ld e r  a n d  h e ld  in  p l a c e  b y  a  g la s s  w in d o w . A f te r  th a t ,  i t  is  s c a n n e d  in  th e  2 0  

r a n g e  f ro m  2 0  to  9 0 °  in  th e  c o n t in u o u s  m o d e  w i th  th e  ra te  o f  5 7 m i n .  T h e  X R D  

r e s u l t s  c o n s is t  o f  p e a k  p a r a m e te r s ,  in c lu d in g  th e  c e n t ro id  2 0 , th e  fu l l  l in e  w id th  a t 
h a l f  th e  m a x im u m  o f  in te n s i ty  (P ), d - v a lu e ,  a n d  in te n s i ty .  T h e  m e a n  c r y s ta l l i te  s iz e  
w i l l  b e  c a lc u la te d  f ro m  th e  X R D  d a ta  f ro m  X - ra y  l in e  b r o a d e n in g ,  u s in g  th e  fu ll l in e  
w id th  a t h a l f  m a x im u m  o f  in te n s i ty  a n d  th e  2 0  v a lu e  a n d  p lu g g in g  th e m  in to  th e  
D e b y e - S c h e r r e r  e q u a t io n  ( C u l l i ty ,  1 9 5 6  a n d  M a ta ret al., 1 9 8 9 ).

T  =  KA /  pco sO
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w h e re
X =  T h e  X - ra y  w a v e le n g th  ( 0 .1 5 4 2  n m  f o r  C u  a n o d e  s o u rc e ) ;
K  =  T h e  D e b y e - S c h e r r e r  c o n s ta n t  w h ic h  to  s o m e  d e g re e  d e p e n d s  o n  th e  
s h a p e  o f  th e  p e a k  ( a s s u m e  e q u a l to  0 .9 ) ;
p =  T h e  fu ll  w id th  a t  h a l f  m a x im u m  ( F W H M )  o f  th e  b r o a d e n e d  p e a k ;
9 =  T h e  B ra g g  a n g le  o f  th e  r e f le c t io n  ( r a d ia n ) ;  a n d
T  =  T h e  m e a n  c r y s ta l l i t e  s iz e  (n m )

T h is  e q u a t io n  w o rk s  w e l l  fo r  p a r t i c le  s iz e s  o f  le s s  th a n  1 ,0 0 0  Â . T h e  
b r o a d e n in g  o f  d i f f r a c t io n  l in e s  m e a s u re d  a t  h a l f  th e  m a x im u m  in te n s i ty  (P )  is  
c o r r e c te d  b y  u s in g  W a r r e n ’s m e th o d ,  w h ic h  is :

p 2 =  Pm 2 - P s2

w h e r e
P m =  T h e  b r e a d th  o f  th e  d i f f r a c t io n  l in e ;  a n d
Ps =  T h e  b r e a d th  o f  th e  lin e  f ro m  a  s ta n d a rd .

3 .3 .2  S c a n n in g  E le c t r o n  M ic ro s c o p e  (S E M )
S c a n n in g  E le c t r o n  M ic ro s c o p e  ( S E M ) is  e m p lo y e d  to  o b s e rv e  th e  

s u r f a c e  s t r u c tu r e  o f  a  c a ta ly s t  s a m p le  to  id e n t i f y  th e  e le m e n t  p r o p o r t io n  o v e r  th a t  
a r e a  a n d  to  e v a lu a te  a p p r o x im a te ly  th e  p a r t i c le  s iz e  d is t r ib u t io n .  T h e  c a ta ly s t  s a m p le  
p l a c e d  o n  th e  s tu b  is  c o a te d  b y  p la t in u m  ( P t )  p r io r  to  b e in g  lo a d e d  th e m  in to  th e  
m ic r o s c o p e .  A  b e a m  is  p a s s e d  th ro u g h  a  s e r i e s  o f  le n s e s  to  fo rm  a  m a g n i f i e d  im a g e  
o f  a  s a m p le  th a t  is  in s e r te d  in  th e  a re a  o f  th e  o b je c t iv e  le n s .  T h e  im a g e  f ro m  s e le c te d  
a r e a  is  v ie w e d  th ro u g h  p r o je c t io n  o n to  a  v i e w  o f  s c re e n . B e c a u s e  e le c t r o n  b e a m s  
c a n  b e  e a s i ly  s c a t t e r e d  b y  a i r  m o le c u le s .  A d d i t io n a l ly ,  th e  e le c t r o m a g n e t ic  le n s e s  a r e  
u s e d  fo r  fo c u s in g  th e  e le c t r o n  b e a m .
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3 .4  C a t a ly t i c  A c t iv i ty  E x p e r i m e n t s

T h e  e x p e r im e n ta l  s tu d y  o f  e th y le n e  e p o x id a t io n  w a s  in v e s t ig a t e d  in  a  
p a r a l l e l  d ie le c t r ic  b a r r ie r  d i s c h a r g e  ( D B D )  r e a c to r  a t  a m b ie n t  t e m p e r a tu r e  a n d  
a tm o s p h e r ic  p r e s s u r e .  T h e  r e a c to r  s iz e s  w e r e  1.5 c m  th ic k n e s s  X  5 .5  c m  w id th  X  1 7 .5  
c m  le n g th  fo r  in n e r  d im e n s io n s  a n d  3 .9  c m  th ic k n e s s  X  9 .5  c m  w id th  X  2 1 .5  c m  
le n g th  fo r  o u te r  d im e n s io n s .  B e tw e e n  th e  tw o  e le c t ro d e s ,  th e re  w e r e  tw o  d ie le c t r ic  
g l a s s  p la te s  a n d  o n ly  o n e  g l a s s  p la te  w a s  u s e d  fo r  lo a d in g  a  c a ta ly s t  s u p p o r te d .  T h e  
g a p  d is ta n c e  b e tw e e n  th e  tw o  e le c t r o d e s  w a s  f ix e d  a t  7 m m  (รนttikul et al, 2 0 1 1 ) .

F i g u r e  3 .1  S c h e m a tic s  o f  e x p e r im e n ta l  s e tu p  fo r  e th y le n e  e p o x id a t io n  r e a c t io n  u s in g  
p a r a l l e l  D B D .
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Figure 3 .2 P a ra l le l  D B D  r e a c to r  c o n f ig u ra t io n s .

T h e  d e ta i le d  d im e n s io n s  o f  th e  p a r a l l e l  D B D  r e a c to r  a r e  g iv e n  in  T a b le  3 .1 . 

Table 3 .1 T h e  d e ta i le d  d im e n s io n s  o f  th e  p a r a l l e l  D B D  r e a c to r

D im e n s io n V a lu e
E le c t ro d e  w id th  (c m ) 3
E le c t ro d e  le n g th  (c m ) 15
E le c t ro d e  th ic k n e s s  ( c m ) 0 .3 0
E le c t ro d e  g a p  d is ta n c e  ( c m ) 0 .7 0
G la s s  th ic k n e s s  (c m ) 0 .2 0

E le c t ro d e  e d g e  le n g th  ( c m ) 7 1 .7 0
E le c t ro d e  s u r f a c e  a re a  ( c m 2) 8 9 .0 7
R e a c t io n  v o lu m e  ( c m 3) 2 2 .6 7
E le c t ro d e  e d g e  le n g th - to - r e a c t io n  v o lu m e  r a t io  ( c m '2) 3 .2 2
E le c t ro d e  s u r f a c e  a r e a - to - r e a c t io n  v o lu m e  r a t io  ( c m '1) 4 .0 0
D is ta n t  b e tw e e n  e a c h  e th y le n e  fe e d  p o s i t i o n  (c m ) 3 .5

T h e  r e a c ta n t  g a s e s  ( e th y le n e ,  o x y g e n ,  a n d  h e l iu m )  f lo w in g  th r o u g h  th e  
r e a c to r  is  c o n t r o l le d  b y  a  s e t  o f  e le c t ro n ic  m a s s  f lo w  c o n tr o l le r s .  A ll  r e a c ta n t  l in e s
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h a v e  7 (am in - l in e  f i l te r s  b e f o r e  p a s s in g  th r o u g h  th e  m a s s  f lo w  c o n t r o l l e r s  in  o r d e r  to  
t r a p  a n y  f o re ig n  p a r t ic le s .  T h e  r e a c to r  p r e s s u r e  is  c o n t r o l le d  v ia  a  n e e d le  v a lv e . T h e  
o u t l e t  o f  r e a c to r  is  e i th e r  b e  v e n te d  to  th e  a tm o s p h e r e  v ia  r u b b e r  tu b e  e x h a u s t  o r  
e n te r  a n  o n - l in e  g a s  c h r o m a to 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 tu r e  
in  th e  e f f lu e n t  g a s  is  r e m o v e d  b y  a  w a te r  t r a p  b e fo re  e n te r in g  to  th e  o n - l in e  G C . T h e  
G C  is  e q u ip p e d  w i th  b o th  a  th e rm a l c o n d u c t iv i ty  d e te c to r  ( T C D )  a n d  a  f la m e  
io n iz a t io n  d e te c to r  (F ID ) . F o r  th e  T C D  c h a n n e l ,  a  H P  p lo t  M o le s iv e  1 9 0 9 6  ( P _ M ร 6 ) 
is  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  a re  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 id e  (C O ) , c a r b o n  d io x id e  ( C O 2) , a n d  e th y le n e  ( C 2H 4). F o r  F ID  
c h a n n e l ,  th e  c a p i l la ry  c o lu m n  ( O V - P lo t  บ )  is  u s e d  fo r  th e  a n a ly s is  o f  e th y le n e  o x id e  
( E O )  a n d  o th e r  b y -p ro d u c t  g a s e s ,  i.e . C H 4, C 2H 6, a n d  C 3H 8. T h e  c o m p o s i t io n  o f  th e  
p r o d u c t  g a s  s t r e a m  is  d e te r m in e d  b y  th e  G C  e v e ry  2 0  m in . W h e n  th e  s y s te m  r e a c h e s  
s te a d y  s ta te , a n  a n a ly s is  o f  th e  o u tle t  g a s  c o m p o s i t io n s  is  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 ta l  d a ta  u n d e r  s te a d y  s ta te  c o n d i t io n s  is a v e r a g e d  a n d  th e n  u s e d  
to  e v a lu a te  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 te m . T h e  G C  is o p e r a te d  u n d e r  th e  
f o l lo w in g  c o n d i t io n s :

T C D  i n j e c t i o n  t e m p e r a t u r e  1 5 0  ° c

F I D  in j e c t i o n  t e m p e r a t u r e  1 5 0  ° c

O v e n  t e m p e r a t u r e  5 0  ๐c  f o r  5 m in

D e t e c to r  t e m p e r a t u r e  2 5 0 ° c  in  T C D  a n d  3 0 0 ° c  f o r  F ID

T o  e v a lu a te  th e  s y s te m  p e r f o rm a n c e ,  th e  C 2H 4 a n d  0 2 c o n v e r s io n s  a n d  th e  
s e le c t iv i ty  fo r  p r o d u c ts ,  in c lu d in g  E O , C O , C O 2, H 2 , C H 4, C 2H 6, a n d  t r a c e s  o f  C 3, is  
c o n s id e re d .  T h e  c o n v e r s io n  o f  e i th e r  C 2H 4 o r  0 2 is  c a lc u la te d  f ro m  th e  f o l lo w in g  
e q u a t io n :

C a r r i e r  g a s  
C a r r i e r  g a s  f l o w  r a te

1 6 5 ° c  ( h e a t i n g  r a te  2 5 ° c / m i n )  
H ig h  p u r i ty  h e l iu m  
12  c m 3/m in  ( T C D  c h a n n e l )
15  c m 3/ m i n  ( F I D  c h a n n e l )
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%  R e a c ta n t  c o n v e r s io n  =  ( m o le 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 le s  o f  r e a c ta n t  in )

T h e  p r o d u c t  s e le c t iv i ty  is  c a lc u la t e d  f ro m  th e  f o l lo w in g  e q u a t io n :

% Product selectivity = [(number of carbon or hydrogen atom in product) (moles of product produced)] xioo
[(number of carbon or hydrogen atom in ethylene) (Total moles of products produced)]

T h e  e th y le n e  o x id e  y ie ld  is  c a lc u la t e d  f ro m  th e  f o l lo w in g  e q u a t io n :

%  E th y le n e  o x id e  y ie ld  =  (%  e th y le n e  co n v e rs io n ) X  (%  e th y len e  ox id e  se le c tiv ity )  /  100

T o  d e te rm in e  th e  e n e r g y  e f f ic ie n c y  o f  th e  p la s m a  s y s te m , th e  s p e c i f i c  p o w e r  
c o n s u m p t io n  is  c a lc u la te d  in  a  u n i t  o f  พ ร  p e r  m o le c u le  o f  c o n v e r te d  e th y le n e  o r  p e r  
m o le c u le  o f  p r o d u c e d  e th y le n e  o x id e  u s in g  th e  f o l lo w in g  e q u a t io n :

S p e c i f ic  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 le c u le s /m o l  
M  =  R a te  o f  c o n v e r te d  e th y le n e  m o le c u le s  in  f e e d  o r  ra te  o f  p r o d u c e d  

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

3.5 Power Supply Unit

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 i t  is  s h o w n  in  F ig u r e  3 .3  F o r  th e  
f i r s t  s te p , th e  A C  in p u t  o f  2 2 0  V  a n d  5 0  H z  is  c o n v e r te 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 te r .  F o r  th e  s e c o n d  s te p , th e  D C  is  s u p p l ie d  th r o u g h  a  5 0 0  
W a t t  p o w e r  a m p l i f i e r ,  w h ic h  is  c o n n e c te d  to  th e  I n s te k  fu n c t io n  g e n e r a to r  to  
g e n e r a te  w a v e fo rm  a n d  to  a m p l i f y  v o lta g e  a n d  f re q u e n c y . T h e  s ig n a l  o f  a l te r n a t in g  
c u r r e n t  is  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 te p , th e  a m p l i f i e d  A C  is  p a s s  th ro u g h
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th e  in p u t  t r a n s f o 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 te r ,  th e  v a r ia b le  o u tp u t  is  
t r a n s m i t te d  to  a  h ig h  v o l ta g e  c u r r e n t  b y  n o m in a l  f a c to r  13 0  t im e s  o f  lo w  s id e  ( in p u t) .  

A n  E x te c h ®  s e r ie s  3 8 0 8 0 1  p o w e r  a n a ly z e r is  u s e d  to  m e a s u r e  c u r r e n t ,  f r e q u e n c y ,  a n d  
v o l ta g e  a t  th e  lo w  s id e  o f  th e  p o w e r  s u p p ly  u n i t .

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

D C P o w e r  
SuddIv -70-80 V DC

P o w e r  
A m p lif ie r  «กก พ

ะO P o w e r
A n a ly z e r

AC 220 V, 50 Hz

Inpu
Outpu

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

High-̂เ Voltage Transformer

F u n c t io nOnnpratnr
Inpu

D C P o w e r  
SuddIv

-70-80 V DC

Highy  Voltage Transformer

P o w e r  
A m p lif ie r  «■ เก บน

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

-0- 30kVStage 1

-0-30kV ------Stage 2

HighVoltageTransformer
-0-30kV

HighVoltageTransformer
-0-30kV

F i g u r e  3 .3 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 .

3 .6  E x p e r i m e n t  P r o c e d u r e s

T h e  m a in  o b je c t iv e  o f  th i s  r e s e a rc h  is  to  d e te rm in e  th e  o p t im u m  c o n d i t io n s  
in c lu d in g  a n  a p p l ie d  v o lta g e , a n  in p u t  f re q u e n c y ,  to ta l  fe e d  f lo w  ra te  a n d  c a lc in a t io n  
te m p e r a tu r e  fo r  th e  e th y le n e  e p o x id a t io n .  A n d  c o m p a r i s o n  e f f e c t  o f  u s in g  d i f f e r e n t  
o x y g e n  s o u rc e .

T h e  e f f e c t  o f  e th y le n e  f e e d  p o s i t io n  is  f ir s t  in v e s t ig a te d . T h e  e f f e c ts  o f  
v a r io u s  o p e ra t in g  p a r a m e te r s ,  in c lu d in g  th e  e x i s te n c e  o f  A g  c a ta ly s t  o n  SiC>2 

s u p p o r te d ,  o x y g e n  s o u r c e s /e th y le n e  f e e d  m o la r  ra t io , a p p l ie d  v o l t a g e ,  in p u t 
f r e q u e n c y ,  a n d  f e e d  f lo w  ra te ,  is  f u r th e r  e x a m in e d .T h e  e x p e r im e n ta l  c o n d i t io n s  a s  
f o l lo w s :

E th y le n e  f e e d  p o s i t i o n  f r a c t io n :  
w t%  o f  A g  lo a d in g :

N 2O /C 2H 4 m o la r  r a tio :

0 .5
0 .1 %
0 .1 :1  -1 :1
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O 2/C 2H 4 m o la r  r a t io :  
A p p l ie d  v o l ta g e :
In p u t  f re q u e n c y :
F e e d  f lo w  ra te :
E le c t r o d e  g a p  d is ta n c e :  
C a lc in a t io n  T e m p e r a tu r e

0 .1 :1 -1 :1  
15 -2 1  k V  
4 5 0 - 6 5 0  H z  
3 0 -5 0  c m 3/m in  
7  m m
4 5 0 - 6 5 0  ° c
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