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3 .1  M a t e r i a l s  a n d  E q u i p m e n t

3 .1 .1  C h e m ic a ls
M o r d e n i te  z e o l i te  s u p p l ie d  b y  T o s o h  C o .,  L td .
H y d r o g e n  te t r a c h lo r o a u r a te  ( I I I )  t r ih y d r a te  (H A U C I4.3H 2O ) 
D ih y d r o g e n  h e x a c h lo r o p la t in a te  ( IV )  h y d r a te  (H 2P tC l6.x H 2 0 )
N i t r i c  a c id  ( H N O 3)
P o ta s s iu m  h y d r o x id e  (K O H )
S o d iu m  n i t r a te  (N a N C b )
S o d iu m  h y d r o x id e  (N a O H )
S i lv e r  n i t r a te  (A g N C b )
U r e a  ( ( N H 2)2C O )

3 .1 .2  G a s e s
C a r b o n  d io x id e  (C O 2) 2 0 %  p u r i ty  in  H e l iu m  f r o m  P r a x a i r  ( T h a i la n d )  

C o m p a n y  L im i te d .
C a r b o n  m o n o x id e  ( C O )  1 0 %  p u r i ty  in  H e l iu m  f r o m  T h a i  In d u s t r ia l  

G a s e s  P u b l ic  C o m p a n y  L im i te d .
H e l iu m  (H e )  o f  9 9 .9 9 %  p u r i ty  f ro m  T h a i  In d u s t r ia l  G a s e s  P u b l ic  

C o m p a n y  L im ite d .
H y d r o g e n  ( H 2) o f  9 9 .9 9 %  p u r i ty  f ro m  T h a i  I n d u s t r i a l  G a s e s  P u b l ic  

C o m p a n y  L im i te d .
O x y g e n  ( O 2) 5 %  p u r i ty  in  H e l iu m  f ro m  T h a i  I n d u s t r i a l  G a s e s  P u b l ic  

C o m p a n y  L im i te d .

3 .2 .3  E q u ip m e n t
M a s s  F lo w  C o n t r o l le r
G a s  M ix e r
G la s s  T u b e  R e a c to r



W a te r  B u b b le r
X - R a y  D i f f r a c to m e te r  (X R D )
T e m p e r a tu r e - P r o g r a m m e d  R e d u c t io n  (T P R )
A to m ic  A b s o r p t io n  S p e c tr o s c o p y  (A A S )
G a s  C h r o m a to g r a p h  (G C )

3 .2  C a t a l y s t  P r e p a r a t i o n

T h e  c a ta ly s ts  u s e d  in  th is  s tu d y  w e r e  p r e p a r e d  b y  d e p o s i t io n - p r e c ip i ta t io n  
(D P )  o f  H A u C f  a n d  P h P tC lô  o n  M o r d e n i te  z e o l i te .  M o r d e n i te  in  s o d iu m  f o r m  o f  
S iC V A L C b  ( m o l /m o l)  =  1 7 .7  s u p p l ie d  b y  T o s o h  C o .,  L td . w a s  c a lc in e d  a t  5 5 0  °c fo r  
4  h  a n d  th e n  u n d e r w e n t  t h e  p r o c e s s  to  m o d ify  th e  s u r f a c e - a c id i ty .  T h e  c o o le d  z e o l i te  
w a s  s u s p e n d e d  in  d e io n iz e d  w a te r  a n d  th e  s o lu t io n  p H  w a s  a d ju s te d  to  6 b y  a d d in g  1 
M  H N O 3 s o lu t io n .  A  s a m p le  w a s  f i l te r e d  a n d  d r ie d  a t  6 0  ๐c  f o r  1 h . F o r  lo a d in g  A u  
a n d  P t ,  th e  p r o c e d u r e s  w e re  a s  fo l lo w s :  a  d e s i r e d  a m o u n t  o f  A u - p r e c u r s o r  
(H A U C I4.3 H 2O ) f ro m  A l f a  A E S A R  a n d  P t-  p r e c u r s o r  ( I L P tC h .x I 'L O )  f ro m  A ld r ic h  
C h e m ic a l  w a s  p r e p a r e d ,  a n d  i ts  p H  w a s  a d ju s te d  to  6  b y  a d d in g  N a O H  s o lu t io n ;  a f te r  
2  g  o f  z e o l i te  w a s  a d d e d ,  th e  s o lu t io n  w a s  h e a te d  to  8 0  °c a n d  m a in ta in e d  a t  th is  
t e m p e r a tu r e  f o r  16  h . T h e  s a m p le s  w a s  o b ta in e d  a f te r  f i l t r a t io n  a n d  w a s h in g  u n t i l  f re e  
f r o m  cr io n s ,  a s  w a s  d e te c te d  b y  a  A g N C >3 s o lu t io n ,  a n d  th e n  d r ie d  a t  6 0  ๐c  f o r  12 h  
u n d e r  a i r  ( W a n  e t a l ,  2 0 0 6 ) .  T h e  n o ta t io n s  fo r  a l l  c a ta ly s ts  a re  g iv e n  in  T a b le  3 .1 .

T a b l e  3 .1  N o ta t io n s  f o r  t h e  c a ta ly s t s  w i th  v a r i e d  r a t io  A u  a n d  P t  (1 %  to ta l  m e ta l  
lo a d in g )

A u r P t N o ta t i o n
1:0 l% A u /M O R

1:1 ( 1 :1 )  A u :P t /M O R
1:5 ( 1 :5 )  A u :P t /M O R
0:1 l% P t /M O R
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3 .3  C a t a l y s t  C h a r a c t e r i z a t i o n

A  v a r ie ty  o f  m e th o d s  w a s  u s e d  to  c h a ra c te r iz e  th e  p r e p a r e d  c a ta ly s t s ,  i n c lu d 
in g  B r u n a u e r - E m m e t- T e l l e r  m e th o d  (B E T ) , X - r a y  d if f r a c t io n  (X R D ) ,  In d u c t iv e ly  
C o u p le d  P la s m a  ( IC P ) , T r a n s m is s io n  E le c tr o n  M ic r o s c o p y  (T E M ) , T e m p e r a tu r e  
p r o g r a m m e d  r e d u c t io n  ( T P R )  a n d  แ 2 P u ls e  C h e m is o rp t io n .

3 .3 .1  X - r a y  D i f f r a c t io n  (X R D )
T h e  c r y s ta l l i te  s iz e  a n d  th e  r e la t iv e  c o n te n t  o f  A u  a n d  P t  o n  th e  s u r 

f a c e  a n d  th e  c r y s ta l l in e  s t r u c tu r e  o f  th e  m o rd e n i te  z e o l i te  s u p p o r t  w e r e  e s t im a te d  b y  
u s in g  a  R ig a k u  X - r a y  d i f f r a c to m e te r  s y s te m  ( R I N T - 2 2 0 0 )  w i th  C u  tu b e  fo r  g e n e r a t 
in g  C u K a r a d ia t io n  (1 .5 4 0 6  Â )  a n d  n ic k e l  f i lte r . X - ra y  d i f f r a c t io n  ( X R D )  w a s  b a s e d  
u p o n  th e  f a c t  th a t  th e  X - r a y  d if f r a c t io n  p a t te r n  w a s  u n iq u e  f o r  e a c h  c r y s ta l l in e  s u b 
s ta n c e .  T h e  id e n t i ty  o f  th e  c r y s ta l l in e  p h a s e s  c a n  b e  f o u n d  b y  m a tc h in g  th e  p a t te r n  o f  
th e  u n k n o w n  a n d  s ta n d a r d . I n  a d d i t io n ,  th e  r e la t iv e  q u a n t i t a t iv e  a n a ly s i s  w a s  d e te r 
m in e d  f r o m  th e  in te n s i ty  o f  p e a k .  F o r  th e  s a m e  c r y s ta l l in e  p h a s e  th e  h ig h e r  o f  th e  
p e a k  in d ic a te s  th e  h ig h e r  c o n te n t  o f  th a t  p h a s e . R I N T - 2 2 0 0  s y s te m  w a s  u s e d  to  o b 
ta in  X R D  p a t te r n  a t  a  g e n e r a to r  v o l ta g e  o f  4 0  k Y  a n d  a  g e n e r a to r  c u r r e n t  o f  3 0  m A . 
T h e  s c a n  s p e e d  o f  5 ° ( 2 0 ) /m in  w i th  s c a n  s te p  o f  0 .0 2  (2 0 )  w a s  u s e d  f o r  th e  c o n t in u 
o u s  r u n  in  5° to  9 0 °  (2 0 )  r a n g e .  T h e  g o n io m e te r  p a r a m e te r s  w e re  to o k  p la c e  a s  f o l 
lo w s :

d iv e r g e n c e  s li t :  1° (2 0 ) , 
s c a t te r in g  s l i t  ะ 1 ° (2 0 ) ,  
r e c e iv in g  s l i t  : 0 .3  m m .

P r e p a r e d  c a ta ly s t s  w a s  g ro u n d e d  to  a  f in e  a n d  a  h o m o g e n e o u s  c a ta ly s t  
t h e n  p a c k e d  in  a  t h in - w a l le d  g la s s  c o n ta in e r .  A f te r  th a t ,  i t  w a s  p la c e d  in  a  s a m p le  
h o ld e r .  T h e  s ig n a l  w a s  s e n t  to  a n  o n - l in e  c o m p u te r  to  r e c o r d  a n d  a n a ly z e .  T h e  a v e r 
a g e  m e ta l  c r y s ta l l i te  s iz e  c a n  b e  c a lc u la te d  b y  S c h e r r e r ’s  e q u a t io n  a s  s h o w n  in  E q u a 
t io n  3 .1  th a t  s h o w s  th e  r e l a t io n s h ip  b e tw e e n  th e  c r y s ta l l in e  th ic k n e s s  (D b ) a n d  th e  
b r o a d e n in g  (P )  o f  th e  d i f f r a c t io n  l in e  c o r r e s p o n d in g  to  th e  B r a g g  a n g le  (0 )  u s in g  
w a v e le n g th  (X)
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(3 .1 )

w h e re :
Db  =  m e a n  c r y s ta l l i te  d ia m e te r  (Â ), 
K  =  S c h e r r e r  c o n s ta n t ,  0 .9 ,
A =  X - r a y  w a v e  le n g th  (Â ) ,
Bd -  a n g u la r  w id th  o f  p e a k  in  te rm  o f  A (2 0 )

3 .3 .2  S u r f a c e  A r e a  M e a s u r e m e n t  (B E T )
T h e  s u r f a c e  a r e a ,  to ta l  p o r e  v o lu m e  a n d  a v e ra g e  p o r e  d ia m e te r  o f  a ll 

p r e p a r e d  s a m p le s  w a s  d e te r m in e d  b y  B r u n a u e r - E m m e t- T e l le r  ( B E T )  m e th o d  u s in g  
S o rp to m a t ic  1 9 9 0 . ฬ 2 g a s  w a s  u s e d  a s  th e  a d s o r b a te  a t  l iq u id  N 2 t e m p e r a tu r e  ( -1 9 6  
°C ). A  s a m p le  w a s  o u tg a s s e d  b y  h e a t in g  u n d e r  v a c u u m  a t  3 0 0 ° c  f o r  6  h  in  o r d e r  to  
e l im in a te  a d s o r b e d  s p e c ie s  o n  th e  s u r f a c e  b e f o r e  m e a s u r e m e n t .  T h e  r e s u l t s  w e r e  a n a 
ly z e d  b y  A u to s o r b  A n y g a s  S o f tw a re  V e r s io n  2 .1 ,  w h ic h  w e r e  c a l c u la t e d  u s in g  th e  
B E T  e q u a t io n  a s  s h o w n  in  E q u a tio n  3 .2 .

w h e re :
พ  = w e ig h t  o f  g a s  a d s o r b e d  a t  r e la t iv e  p r e s s u r e  P 0
wm =  w e ig h t  o f  a d s o r b a te  c o n s t i tu t in g  a  m o n o la y e r  o f  s u r f a c e  c o v e r a g e

Po  =  s a tu r a te d  v a p o r  p r e s s u r e  o f  th e  l iq u id  a t  th e  o p e r a t in g  te m p e r a tu r e
c  =  c o n s ta n t  t h a t  is  r e la te d  to  th e  e n e rg y  o f  a d s o r p t io n  in  th e  f i r s t  a d 

s o rb e d  la y e r  a n d  m a g n i tu d e  o f  a d s o r b a te /a d s o r b e n t  in te r a c t io n .

1_____  1 1 ( C - l )  p (3 .2 )
p  W - .C  W - C  p___ ท rr "  m*- r 0

p■* ก

p  =  p r e s s u r e  o f  g a s

T h e  s u r f a c e  a r e a  c a n  b e  c a lc u la te d  b y  E q u a t io n  3 .3 .
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A  =
พ„Am ™ nitrogen X  6 . 0 2 x 1 0 "

M พ,nitrogen
(3 .3 )

w h e re :
A  =  S u r f a c e  a r e a  o f  s a m p le
A  nitrogen =  C r o s s - s e c t io n  a r e a  o f  o n e  m o le c u le  n i t r o g e n  (0 .1 6 2  n m 2 

a t  -1 9 6 ° C )
M Winitrogen= m o le c u la r  w e ig h t  o f  n i t r o g e n  (2 8  g /g -m o l)

3 .3 .3  In d u c t iv e ly  C o u p le d  P la s m a  (1 C P )
E le m e n ta l  a n a ly s e s  w e r e  c a r r ie d  o u t  in  a  P e r k in - E lm e r  O p t im a  4 3 0 0  

D V  in d u c t iv e ly  c o u p le d  p la s m a  -  o p t ic a l  e m is s io n  s p e c t r o m e te r  ( I C P - O E S )  th a t  d e 
te c t s  t h e  t r a c e s  m e ta l  in  p r e p a r e d  c a ta ly s t s  i t  c a n  d e te c t  a  w id e  r a n g e  o f  e le m e n ts  w i th  
a  s e n s i t iv i ty  in  th e  p p b  r a n g e .  IC P  r e q u i r e s  th a t  th e  e le m e n ts  w h ic h  a re  to  b e  a n a 
ly z e d  b e  in  s o lu t io n .  A  l iq u id  is  n e b u l iz e d  a n d  th e n  v a p o r iz e d  w i th  in  th e  A rg o n  
p la s m a .  T h e  a to m s  a n d  io n s  c o n ta in e d  in  th e  p la s m a  v a p o u r  a re  e x c i te d  in to  a  s ta te  o f  
r a d ia t e d  l ig h t  ( p h o to n )  e m is s io n .  T h e  r a d ia t io n  e m it te d  c a n  b e  p a s s e d  to  th e  s p e c 
t r o m e te r  o p tic ,  w h e r e  i t  is  d is p e r s e d  in to  i ts  s p e c t r a l  c o m p o n e n ts .  F r o m  th e  s p e c if ic  
w a v e le n g th s  e m it  b y  e a c h  e le m e n t .  T h e  r a d ia t io n  in te n s i ty ,  w h ic h  is  p r o p o r t io n a l  to  
th e  c o n c e n t r a t io n  o f  th e  e le m e n t  in  th e  s a m p le ,  is  r e c a lc u la te d  in te r n a l ly  f ro m  a  
s to r e d  s e t  o f  c a l ib r a t io n  c u r v e s  a n d  c a n  b e  s h o w n  d ir e c t ly  a s  p e r c e n t  o r  m e a s u r e d  
c o n c e n t r a t io n .

3 .3 .4  T e m p e r a tu r e - P r o g r a m m e d  R e d u c t io n  (T P R )
T e m p e r a tu r e - P r o g r a m m e d  R e d u c t io n  ( T P R )  b y  u s in g  T e m p e r a tu r e  

P r o g r a m m e d  D e s o r p t io n  R e d u c t io n  O x id a t io n  (T P D R O /M S  1 1 0 0 )  w a s  e m p lo y e d  fo r  
e v a lu a t in g  th e  r e d u c ib i l i ty  o f  s u p p o r te d  o x id e  c a ta ly s ts  q u a n t i t a t iv e ly  a n d  th e  q u a n 
t i ty  o f  c a t io n ic  v e r s u s  a u to - r e d u c e d  A u  o n  th e  s u p p o r t  o x id e  s u r fa c e . T h e  m ix tu r e  o f  
5 .3 2  %  แ 2 in  N 2 w a s  u s e d  to  r e d u c e  th e  c a ta ly s t  in  T P R  e x p e r im e n t .  T h e  te m p e r a tu r e  
w a s  in c r e a s e d  f r o m  3 0  to  9 0 0  °c w ith  a  h e a t in g  r a te  o f  10  ° c /m in .  T h e  p r e p a r e d  c a ta 
ly s t  s a m p le  w a s  s u b m i t te d  to  a  l in e a r  in c re a s e  o f  t e m p e r a tu r e  a n d  to  a  c o n s ta n t  f lo w  
o f  th e  g a s  m ix tu r e .  T h e  r e a c t io n  g e n e r a l ly  s ta r ts  a t  ro o m  te m p e r a tu r e .  A t  a  c e r ta in  
t e m p e r a tu r e ,  th e  r e a c t io n  s p e e d  b e c o m e s  c o n s id e r a b le  a n d  th e  h y d r o g e n  c o n s u m p tio n



2 2

c a n  b e  m o n i to r e d  th r o u g h  th e  T C D  d e te c to r .  T h e  s ig n a l  in te g r a t io n  a l lo w s  c a l c u la t 
in g  th e  q u a n t i ty  o f  h y d r o g e n  c o n s u m e d  a n d  th e  n u m b e r  o f  r e a c t in g  s i te s .  T h e  T P R  
a n a ly s i s  a l s o  a l lo w s  c h e c k in g  th e  p r e s e n c e  o f  d i f f e r e n t  s ta te s  o f  o x id a t io n  o f  th e  c o n 
ta in e d  m e ta ls .

3 .3 .5  I T  P u ls e  C h e m is o r p t io n
A  แ 2 p u ls e  c h e m is o r p t io n  m e a s u r e m e n ts  w e r e  a ls o  d o n e  o n  a  T h e r 

m o q u e s t  T P D /R /O  1 1 0 0  in s t r u m e n t  w h ic h  d e te r m in e s  m e a n  p a r t ic le  s iz e  a n d  p e r c e n t  
m e ta l  d i s p e r s io n  b y  a p p ly in g  m e a s u r e d  p u ls e s  o f  แ 2 g a s  to  th e  p r e p a r e d  c a ta ly s ts .  
T h e  แ 2 g a s  c h e m ic a l ly  r e a c ts  w i th  e a c h  a c t iv e  s ite  u n ti l  th e y  h a v e  a l l  r e a c te d .  O n c e  
th e  a c t iv e  s i te s  h a v e  to ta l ly  r e a c te d ,  th e  d is c r e te ly  in je c te d  N 2 g a s  v o lu m e s  e m e r g e  
f r o m  th e  s a m p le  tu b e  u n c h a r g e d .  T h e  a m o u n t  o f  H 2 g a s  c h e m is o r b e d  is  d i f f e r e n c e  
b e tw e e n  th e  to ta l  a m o u n t  o f  r e a c ta n t  g a s  in je c te d  a n d  th e  a m o u n t  th a t  d id  n o t  r e a c t  
w i th  t h e  a c t iv e  s i te s  o f  th e  p r e p a r e d  c a ta ly s ts .  T h e  s iz e  o f  e a c h  p u ls e  o f  แ 2 g a s  is  d e 
te r m in e d  b y  th e  lo o p  o n  a n  e le c t r i c a l ly  o p e ra te d  v a lv e .  T e n  lo o p s  o f  d i f f e r e n t  s iz e s  
a re  p r o v id e d  w i th  th e  a n a ly z e r .

3 .3 .6  T r a n s m is s io n  E le c t r o n  M ic r o s c o p y  ( T E M )
T E M  w a s  e m p lo y e d  fo r  in v e s t ig a te  th e  a v e r a g e  p a r t ic le  s iz e  o f  m e ta ls  

a n d  id e n t i f y  th e  m ic r o s t r u c tu r e  o f  p r e p a r e d  c a ta ly s t s  s u c h  a s  m e ta ls  d is p e r s io n ,  th e  
c ry s ta l l in e  s iz e  o f  th e  A u  a n d  P t  o n  th e  s u p p o r t .  In  p r e p a r a t io n  fo r  T E M  im a g in g  a p 
p r o x im a te ly  10  m g  o f  e a c h  s a m p le  w a s  d is p e r s e d  in  e th a n o l  b y  u l t r a s o n i f ic a t io n .  A  
d ro p  o f  th i s  f in e  d is p e r s io n  w a s  d e p o s i te d  o n  a  C u  g r id  a n d  th e n  d r ie d . T E M  w a s  c a r 
r i e d  o u t  in  a  J E O L  2000 c x  o p e ra t in g  a t  a n  a c c e le r a t in g  v o l ta g e  o f  200 k v  in  b r ig h t  
a n d  d a r k  f i e ld  m o d e s .  A  b e a m  w a s  p a s s e d  th r o u g h  a  s e r ie s  o f  le n s e s  to  fo rm  a  m a g n i 
f ie d  im a g e  o f  a  s a m p le  th a t  h a s  b e e n  in s e r te d  in  th e  a r e a  o f  th e  o b je c t iv e  le n s .  T h e  
im a g e  f r o m  s e le c te d  a r e a  w a s  v ie w e d  th r o u g h  p r o je c t io n  o n to  a  v ie w in g  s c re e n . 
H o w e v e r ,  e le c t r o n  b e a m s  a re  e a s i ly  s c a t te r e d  b y  a i r  m o le c u le s  a n d  T E M  c o lu m n s  
m u s t  b e  k e p t  u n d e r  h ig h  v a c u u m . 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  w e r e  u s e d  
fo r  fo c u s  th e  e le c t r o n  b e a m .
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3 .4  C a t a l y t i c  A c t iv i t y

3 .4 .1  L a b - s c a le  E x p e r im e n t
T h e  la b - s c a le  e x p e r im e n t  w a s  s tu d ie d  u n d e r  a  s im u la te d  s t r e a m  f ro m  

s te a m  r e f o r m e r ,  a n d  th e  a p p a r a tu s  is  s h o w n  in  F ig u r e  3 .1 . I t  c a n  b e  d iv id e d  in to  th r e e  
m a in  p a r t s  i n c lu d in g  g a s  b le n d in g  s y s te m , c a ta ly t ic  r e a c to r  a n d  a n a ly t ic a l  in s t ru m e n t .

3 .4 .1 .1  G a s B le n d in g  S y s tem
T h e  c o m p o s i t io n  o f  th e  g a s e o u s  m ix tu r e  u s e d  w a s  1 %  C O , 1%  

o f  O 2 a n d  4 0 %  o f  H 2 b a la n c e d  o f  H e . E a c h  s t r e a m  w a s  p a s s e d  th r o u g h  a  m ic r o  f i l te r  
to  r e m o v e  p a r t ic le s  b e f o r e  e n te r in g  th e  m a s s  f lo w  c o n tr o l le r  a n d  c h e c k  v a lv e  to  p r e 
v e n t  r e v e r s e  f lo w . A f te r  th a t ,  a l l  r e a c ta n t s  w e re  s e n t  to  th e  m ix in g  c h a m b e r .  T h e  to ta l  
v o lu m e tr ic  f lo w  r a te  o f  th e  r e a c ta n t  m ix tu r e  w a s  h o ld  a t  5 0  m l /m in .

3 .4 .1 .2  C a ta ly tic  R e a c to r
T h e  p r e f e r e n t ia l  o x id a t io n  o f  C O  w a s  c o n d u c te d  in  a  P y re x  

g la s s  บ - tu b e  m ic r o - r e a c to r  w i th  a n  in s id e  d ia m e te r  o f  6  m m  u n d e r  a tm o s p h e r ic  p r e s 
s u re . T h e  c a ta ly s t ,  u s e d  in  a  p o w d e r  w i th  100  m g  c a ta ly s t  o f  8 0 -1 2 0  m e s h  p a r t ic le s ,  
w a s  p la c e d  b e tw e e n  tw o  q u a r t z  g la s s  w o o l p lu g s  in  th e  m id d le  o f  th e  r e a c to r .  T h e  
t e m p e r a tu r e  o f  c a ta ly s t  b e d  w a s  m o n i to r e d  a n d  c o n tr o l le d  b y  P ID  t e m p e r a tu r e  c o n 
t r o l l e r  e q u ip p e d  w i th  a  t h e r m o c o u p le  (T y p e  K ) . T h e  e f f lu e n t  g a s  f ro m  th e  r e a c to r  
w a s  t r a p p e d  b y  p a s s in g  th r o u g h  a  w a te r  t ra p p e r .

3 .4 .1 .3  A n a ly tic a l In s tru m e n t
T h e  e f f lu e n t  g a s  w a s  a n a ly z e d  b o th  q u a l i t a t iv e ly  a n d  q u a n t i t a 

t iv e ly  b y  a u to - s a m p l in g  in to  a n  o n - l in e  g a s  c h r o m a to g r a p h  e q u ip p e d  w i th  a  p a c k e d  
c a r b o s p h e r e  c o lu m n , 8 0 /1 0 0  m e s h ,  a n d  10 f t  X 1 /8  in c h  a n d  a  th e r m a l  c o n d u c t iv i ty  
d e t e c to r  (T C D ) .  T h e  c o n d i t io n s  o f  G C  a re  l is te d  a s  fo l lo w s :

I n je c to r  te m p e r a tu r e  
O v e n  te m p e r a tu r e  
C a r r ie r  g a s  
C a r r ie r  g a s  f lo w  r a te  

T C D  c o n d i t io n :
T e m p e r a tu r e  
R e f e r e n c e  g a s

12 0 ° c
10 0 ° c
H e  (U H P  g ra d e )  
3 0  m l /m in

1 7 5  ° c
H e  (H P  g ra d e )
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F i g u r e  3 .1  The schem atic flow  d iagram  o f  the lab-scale experim ental apparatus.
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3 .4 .2  B e n c h - s c a le  E x p e r im e n t
A s  s h o w n  in  F ig u r e  3 .2 ,  th e  b e n c h - s c a le  e x p e r im e n ta l  a p p a r a tu s  w a s  

in te n d e d  to  p r o d u c e  แ 2 a t  a  r a te  o f  5 0  1 /day . I t  w a s  c o n s tr u c te d  to  d e s c r ib e  a  s e r ie s  o f  
r e a c t io n s  in c lu d in g  th e  s te a m  r e f o r m in g  o f  n a tu r a l  g a s  (C N G ) ,  th e  h ig h -  a n d  lo w -  
te m p e r a tu r e  w a te r - g a s  s h if t  (W G S )  r e a c t io n s  a n d  th e  p re fe r e n tia l  o x id a t io n  (P R O X )  
o f  C O  r e a c t io n s .  M o r e o v e r ,  th e  a b s o r b e r  u n i t  w a s  u s e d  to  p u r i f y  th e  h y d r o g e n .

T h e  r e a c t io n  c o n d i t io n s  a n d  th e  a p p ro p r ia te  c a ta ly s ts  t h a t  c a n  a s s u re  
h ig h  a c t iv i ty  a n d  g o o d  th e r m a l  h a v e  b e e n  d e r iv e d  f ro m  p r e v io u s  l a b - s c a le  t e s ts .

S te a m  r e f o r m in g  (S R )  c a ta ly s t  w a s  1 g  o f  1 1 %  N ic k e l  s u p p o r te d  o n  
N a -Y  z e o l i te  c a ta ly s t  ( l l % N i / N a Y )  p r e p a r e d  b y  in c ip ie n t  w e tn e s s  im p r e g n a t io n .  I t  
w a s  p r e s s e d  in to  l m m x l m m  a p p r o x im a te ly  a n d  w a s  te s te d  a t  700 °c  u n d e r  a tm o s 
p h e r ic  p r e s s u r e  w i th  G H S V  o f  4,200 m l h ' 1 gcat'1 w i th  d ry  b a s is ,  a t  a  n a tu r a l  g a s /w a te r  
r a t io  o f  1 :1 . D u r in g  th e  r e a c t io n ,  50 m l/m in  o f  n a tu r a l  g a s , 50 m l/m in  o f  s te a m  a n d  
2 0  m l /m in  o f  h e l iu m  g a s  w a s  m ix e d  b e f o r e  e n te r in g  th e  re a c to r .

H ig h - te m p é r a tu r e  w a te r  g a s  s h if t  (H T - W G S )  c a t a ly s t  w a s  4 .5  g  o f  
S h if t  M a x  1 2 0  f r o m  S u d - C h e m ie  ( T h a i )  C o .,  L T D . I t  w a s  p r e s s e d  in to  l m m x l m m  
a p p r o x im a te ly  a n d  w a s  t e s te d  a t  4 5 0  ° c  u n d e r  a tm o s p h e r ic  p r e s s u r e  w i th  G H S V  o f  
1 ,0 6 7  m l  h '1 gcat'1 w i th  d ry  b a s is .  D u r in g  th e  r e a c t io n ,  2 5  m l /m in  o f  s te a m  a n d  10 
m l /m in  o f  h e l iu m  g a s  w a s  m ix e d  b e f o r e  e n te r in g  th e  H T -W G S  re a c to r .

L o w - te m p e r a tu r e  w a te r  g a s  s h if t  ( L T -W G S )  c a t a ly s t  w a s  4 .5  g  o f  
S h if t  M a x  2 3 0  f r o m  S u d - C h e m ie  ( T h a i )  C o .,  L T D . I t  w a s  p r e s s e d  in to  l m m x l m m  
a p p r o x im a te ly  a n d  w a s  t e s te d  a t  2 5 0  ๐c  u n d e r  a tm o s p h e r ic  p r e s s u r e  w i th  G H S V  o f  
1 ,2 0 0  m l  h '1 g c a t " 1 w i th  d ry  b a s is .  D u r in g  th e  r e a c t io n ,  2 5  m l /m in  o f  s te a m  a n d  10 
m l /m in  o f  h e l iu m  g a s  w a s  m ix e d  b e f o r e  e n te r in g  th e  L T -W G S  re a c to r .

P r e f e r e n t ia l  C O  o x id a t io n  (P R O X )  c a ta ly s t  w a s  0 .7  g  o f  1 %  P t  s u p 
p o r te d  o n  m o r d e n i te  z e o l i te  c a t a ly s t  ( l% P t /M O R )  p r e p a r e d  b y  d e p o s i t io n -  
p r e c ip i ta t io n .  I t  w a s  p r e s s e d  in to  l m m x l m m  a p p r o x im a te ly  a n d  w a s  t e s te d  a t  2 0 0  ๐c  
u n d e r  a tm o s p h e r ic  p r e s s u r e  w i th  G H S V  o f  9 ,4 2 8  m l  h '1 gcat'1 w i th  d ry  b a s is .  D u r in g  
th e  r e a c t io n ,  2 0  m l /m in  o f  5 %  O 2 in  H e  w a s  m ix e d  b e f o r e  e n te r in g  th e  P R O X  re a c to r .



Figure 3.2 The schematic flow diagram of the bench-scale experimental apparatus.
to
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F i g u r e  3 .3  P h o to g r a p h  o f  th e  b e n c h - s c a le  e x p e r im e n ta l  a p p a r a tu s  (F u e l  P r o c e s s o r )
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3 .5  C a t a l y t i c  A c t iv i t y  M e a s u r e m e n t

T h e  c a ta ly t i c  a c t iv i ty  w a s  in v e s t ig a te d  a t  v a r ie d  t e m p e r a tu r e  in  th e  r a n g e  o f  
5 0 -3 3 0 ° C . T h e  C O  c o n v e r s io n  (X c o ) ,  O 2 c o n v e r s io n  (X 02)  a n d  C O  s e le c t iv i ty  (S c o )  
w a s  d e te r m in e d  a c c o r d in g  to  E q u a t io n s  3 .4 ,  3 .5  a n d  3 .6 ,  r e s p e c t iv e ly .

*co = \C O \IN — [C O ]01)T ^  J 0 0
[C O ] IN

x  = \P i}m  - [ 0 2]ouT x 100

[ 0 2]2 JIN

$CO ~
0  ̂ ( [ c o ^ - t c o ^ )

[ 0 , 1 ,  -  [ « 2] 0 UT
X  1 0 0

(3 .4 )

(3 .5 )

(3 .6 )

w h e re :

[C O ]iN  =
[C O ] O U T  =

[0 2 ]lN  =

[0 2 ]o U T  =

i n le t  c o n c e n t r a t io n  o f  C O , 
o u t le t  c o n c e n t r a t io n  o f  C O , 
in le t  c o n c e n t r a t io n  o f  O 2 a n d  
o u t l e t  c o n c e n t r a t io n  o f  O 2
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