
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Catalyst Characterization

T h is  s e c t io n  w a s  d e v o te d  to  th e  c a ta ly s ts  c h a r a c te r iz a t io n  r e s u lt s .  T h e  re su lts  
w e r e  d e r iv e d  f ro m  v a r ie ty  c h a r a c te r iz a t io n  m e th o d s ,  in c lu d in g  p u ls e  c h e m is o rp t io n ,  
X - r a y  d i f f r a c t io n ,  B E T  a n d  S E M . T h e  c h a r a c te r i s t ic  o f  th e  c a ta ly s ts  in  th is  p a r t  w ill  
b e  u s e d  to  e x p la in  th e  a c t iv i ty  o f  c a ta ly s ts  in  th e  n e x t  s e c t io n .  M o r e o v e r ,  th e  
p r e c u r s o r s ,  s i l a t r a n e  a n d  a lu m a tra n e ,  w e r e  c h a r a c te r iz e d  a n d  d i s c u s s e d  in  th is  
s e c t io n .

4 .1 .1  P r e c u r s o r  S y n th e s is
T h e  s i l a t r a n e  a n d  a lu m a tra n e  w e r e  s u c c e s s f u l ly  s y n th e s i z e d  v ia  th e  

O x id e - O n e - P o t - S y n th e s i s  ( O O P S )  p r o c e s s ,  a s  d e s c r ib e d  in  th e  p r e v io u s  c h a p te r .  T h e  
p r e c u r s o r s  w e r e  c h a r a c te r iz e d  b y  T h e r m a l  G r a v im e tr ic  A n a ly s is  ( T G A )  a n d  F o u r ie r  
T r a n s f o r m  I n f r a r e d  S p e c t r o s c o p y  (F T IR ) .

4.1.1.1 Silatrane Characterization
F ig u r e  4 .1  s h o w s  th e  T G A  th e r m o g r a m  o f  th e  s ila tra n e , 

c o n ta in in g  tw o  m a s s  lo s s  t r a n s i t io n s .  T h e  f ir s t  m a s s  lo s s  t r a n s i t io n ,  w h ic h  is 
c o r r e s p o n d in g  to  o r g a n ic  l ig a n d  o x id a t io n ,  o c c u r r e d  a t 300°-450 °c. T h e  o th e r ,  w h ic h  
is  c o r r e s p o n d in g  to  th e  r e s id u e  c h a r  o x id a t io n ,  w a s  o b s e r v e d  a t  600-650 °c. T h e  
s i l a t r a n e  h a s  p e r c e n t  c e r a m ic  y ie ld  o f  a b o u t  2 0 % , w h ic h  is  s l i g h t ly  h ig h e r  th a n  th e  
th e o r e t ic a l  c e r a m ic  y ie ld  o f  1 9 %  ( S a th u p a n y a  et al, 2003).

T h e  I R - s p e c t r u m  o f  th e  p r e c u r s o r s  is  s h o w n  in  F ig u r e  4 .2 . 
I t  s h o w s  p e a k s  th a t  a lm o s t  id e n t ic a l  to  th e  c h a r a c te r i s t ic  p e a k s  o f  s i l a t r a n e  (T a b le  
4 .1 ) ,  r e p o r te d  b y  S a th u p a n y a  et al, 2 0 0 3 .
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Temperature (oC)

lire 4.1 T h e  T G A  th e r m o g r a m  o f  s i la tra n e .
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Figure 4.2 FTIR spectrum of silatrane.



Table 4.1 Peak positions and assignments in the FTIR spectrum of synthesized
silatrane

P e a k  p o s i t io n s  ( c m '1) A s s ig n m e n ts
3 1 0 0 -3 7 0 0 v ( O - H )
2 8 0 0 -3 0 0 0 V (C -H )

1 4 4 5 , 1 4 5 9 , 1 5 0 0 <S(C -H )
1351 v ( C - N )

1 2 7 6 , 1 0 2 2 V (C -O )

1 0 8 0 -1 1 8 0 , 1 0 4 9 v ( S i - O )
1 0 9 6 v ( S i - O - C )

7 0 0 -9 4 0 < 5 (S i- 0 - C )
5 8 0 Si<—N
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4.1.1.2 Alumatrane Characterization

Temperature (oC)

lire 4.3 T h e  T G A  th e rm o g ra m  o f  a lu m a tra n e .

F i g u r e  4 .4  F T I R  s p e c t r u m  o f  a lu m a tra n e .
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F ig u r e  4 .3  s h o w s  th e  T G A  th e r m o g r a m  o f  a lu m a tra n e , 
h a v in g  th r e e  m a s s  lo s s  t r a n s i t io n s  a t  5 0 ° -2 0 0 ° C , 2 0 0 ° -5 5 0 ° C  a n d  5 8 0 - 6 0 0 ° C , w h ic h  
w e r e  c o r r e s p o n d in g  to  t r a p p e d  s o lv e n t  a n d  T IS  d e c o m p o s i t io n ,  o r g a n ic  l ig a n d  
d e c o m p o s i t io n  a n d  r e s id u a l  c a r b o n  c h a r  d e c o m p o s i t io n ,  r e s p e c t iv e ly .  T h e  p e r c e n t  
c e r a m ic  y ie ld  o f  th e  a lu m a tr a n e  is  a b o u t  3 2 .6 %  w h ic h  is  h ig h e r  th a n  th e  th e o r e t ic a l  
c e r a m ic  y ie ld  o f  2 3 .7 %  r e p o r te d  b y  S a th u p a n y a  et al, 2 0 0 3 .

F ig u r e  4 .4  s h o w s  IR  s p e c t r u m  o f  s y n th e s i z e d  a lu m a tra n e  
p r o d u c t  g iv in g  th e  p e a k s  th a t  a r e  a lm o s t  id e n t ic a l  to  th e  c h a r a c te r i s t ic  p e a k  o f  
a lu m a tr a n e ,  a s  s u m m a r iz e d  in  T a b le  4 .2  a n d  r e p o r te d  b y  S a th u p a n y a  et al, 2 0 0 3 .

T a b l e  4 .2  P e a k  p o s i t i o n s  a n d  a s s ig n m e n ts  in  th e  F T E R  s p e c t r u m  o f  s y n th e s iz e d  
a lu m a tra n e

P e a k  p o s i t i o n s  ( c m '1) A s s ig n m e n ts
3 1 0 0 - 3 7 0 0 v ( O - H )

2 8 0 0 - 3 0 0 0 V (C -H )
1 6 5 3 O - H  o v e r to n e
1 4 5 7 b '(C - H )

1 1 3 3 v ( C - O )
1 0 3 0 -1 1 0 0 v ( A l - O - C )
9 0 0 - 1 0 0 0 v ( C - N )

8 9 0 < 5 (A l-0 -C )
5 0 0 - 8 0 0 v ( A l - O )

4 .1 .2  C a ta ly s t  C h a r a c te r iz a t io n
T h e  H 2 c h e m is o r p t io n  a n d  B E T  w e r e  p e r f o r m e d  to  d e t e r m in e  th e  

m e a n  m e ta l  p a r t i c le  s iz e ,  m e ta l  d i s p e r s io n  a n d  s u r f a c e  a r e a  o f  th e  c a ta ly s ts .  T h e  
m e a s u r e m e n t  w a s  c a r r ie d  o u t ,  a s  d e s c r ib e d  p r e v io u s ly .  T h e  r e s u l t s  a r e  s h o w n  in  
T a b le  4 .3 .



Table 4.3 The mean particle sizes and degree of metal dispersion measured by แ 2

chemisorption method and BET surface area of the prepared catalysts

C a ta ly s t s M e ta l  p a r t i c le  
s iz e  (n m )

M e ta l
D i s p e r s io n  (% )

B E T  S u rfa c e  
A r e a
(m 2/g )

l% P t / A l 20 3 0 .9 5 1 0 7 .0 1 1 6 1 .0 6
l% P t /L T A 4 5 .7 5 17 .7 1 3 6 .2 6
l% P t / L T A 6 4 .7 7 2 1 .3 4 6 0 .7 7
P tF e /L T A 6 ( P t :F e  =  1 0 :1 ) -
P tF e /L T A 6 ( P t :F e  =  1 :1 ) 4 .3 0 2 3 .4 0 -

T h e  m e a n  p a r t i c le  s iz e s  a r e  c o n s is te n t  to  th o s e  a p p ro x im a te ly  
c a lc u la te d  b y  th e  X R D  p e a k  b r o a d e n in g  te c h n iq u e ,  w h ic h  w i l l  b e  e x p la in e d  in  th e  
n e x t  p a r t .  T h e  l% P t / L T A 6  w a s  a b o u t  1 6 %  s m a l le r  m e ta l  p a r t i c le  s iz e  th a n  th a t  o f  
l% P t /L T A 4 ,  a s  s h o w n  in  T a b le  4 .3 . A s  e x p e c te d ,  th e  l% P t / L T A 6  h a s  h ig h e r  m e ta l 
d i s p e r s io n  w h ic h  is  2 1 .3 4 %  th a n  1 7 .7 1 %  m e ta l  d i s p e r s io n  o f  P t /L T A 4 , w h ic h  m a y  b e  
a  c a u s e  o f  d i f f e r e n t  c a ta ly s t  p e r f o r m a n c e s  b e tw e e n  l% P t / L T A 6  a n d  l% P t/L T A 4 . 
T h e  1 0 7 %  m e ta l  d i s p e r s io n  o f  P t /A l2 0 3  d id  n o t  r e f le c t  th e  r e a l  v a lu e . I t w a s  a  r e su lt  
o f  แ 2 s p i l l  o v e r  ( S a t te r f ie ld ,  1 9 9 1 ). H o w e v e r ,  w e  k n o w  th a t  th e  m e ta l  p a r t ic le  s iz e  o f  
l % P t / A l 20 3  w a s  s m a l le r  th a n  5 n m  b e c a u s e  i t  w a s  n o t  o b s e r v e d  b y  th e  X R D . 
M o r e o v e r ,  lo a d in g  F e  o n to  th e  c a ta ly s t  w a s  n o t  c h a n g e d  th e  m e ta l  s iz e  a n d  d is p e rs io n  
s in c e  th e  c o m p a r a b le  v a lu e s  w e r e  o b ta in e d .  T h e r e  a r e  m a n y  p o s s ib i l i t ie s .  I t m a y  b e  
th a t  th e  F e  c o v e r e d  a  p a r t  o f  P t  a n d  H 2 w a s  c h e m is o r b e d  o n to  th e  F e  j u s t  l ik e  P t to  
a l t e r  a n d  th e  m e a s u r e m e n t .  A n o th e r  p o s s ib i l i t y  is  th e  F e  s e p a r a te ly  lo c a te d  f ro m  th e  
P t  a n d  th e  H 2 w a s  n o t  c h e m is o r b e d  o n  th e  F e  to  g e n e r a te  th e  m e a s u r e m e n t  re su lt .

4 .1 .3  X - r a y  D i f f r a c t io n  P a t t e r n s
P o w d e r  X - r a y  d i f f r a c t io n  m e th o d  w a s  u s e d  to  c o n f i r m  L T A  s u p p o rt  

a n d  a ls o  to  o b ta in  p h a s e  a n d  c r y s ta l  s iz e  o f  P t  m e ta l .  T h e  X R D  p a t te r n s  o f  th e  
u n lo a d e d  L T A 4 , l % P t / L T A 6 , l% P t /L T A 4 ,  a n d  l% P t / A l 2 0 3  a r e  s h o w n  in  F ig u re  4 .1 . 
T h e  L T A 4  s h o w s  m a n y  s h a r p  p e a k s  m a tc h e d  to  th e  X R D  p a t te r n  o f  L T A  r e p o r te d  b y
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S a th u p a n y a  et al., (2 0 0 3 ) .  T h e  1 % P t /c o m m e r c ia l  L T A  h a s  a lm o s t  e x a c t ly  th e  s a m e  
p a t te r n s  a s  th e  u n lo a d e d  L T A , s u g g e s t in g  th a t  th e  P t  p a r t i c le  o n  th e  L T A 6  w a s  to o  
s m a l l  to  b e  o b s e r v e d  b y  X R D . O n  th e  o th e r  h a n d , s o m e  a d d i t io n a l  p e a k s  to  th e  p e a k s  
o f  L T A  s u p p o r t  w e r e  o b s e rv e d  in  l% P t /L T A 4 .  T h is  s u g g e s ts  th e  b ig g e r  P t  p a r t ic le  
s iz e  o n  th e  L T A 4  is  b ig g e r  th a n  th a t  o f  th e  L T A 6 . T h o s e  a d d i t io n a l  p e a k s  o b s e rv e d  a t 
2 9  o f  3 9 .8 °  a n d  4 6 .4 °  w e r e  c o r r e s p o n d in g  to  P t ( l  11 ) a n d  P tO  f o r  C u K a  ( 1 .5 4 0 6  Â )  

r a d ia t io n ,  r e s p e c t iv e ly  ( Ig a ra s h i  et. a i, 1 9 9 7 ). B y  u s in g  v a lu e s  o f  2 0 , fu l l  w id th  h a l f  
m a x im u m  ( F W H M ), a n d  w a v e  le n g th  o f  X - r a y  o f  C u K a  to g e th e r  w i th  D e b y e -  
S c h e r r e r  e q u a t io n ,  th e  m e a n  p a r t i c le  s iz e  o f  th e  P t  m e ta l  w a s  e s t im a te d .  F o r  
l% P t /L T A 4 ,  th e  m e a n  p a r t i c le  d i a m e te r  p e r p e n d ic u la r  to  ( 1 1 1 )  p l a n  w a s  a b o u t  4 .8 2  
n m  a n d  b y  u s in g  g e o m e tr ic a l  c o r r e c t io n  f a c to r  th e  m e a n  p a r t i c le  s iz e  w a s  a b o u t  6 .4  
n m , w h ic h  is  in  a g r e e m e n t  w i th  o n e  th a t  o b ta in e d  f ro m  th e  H 2 c h e m is o rp t io n  
te c h n iq u e  ( T a b le  4 .1 ) .  T h e  l% P t / A l2 0 3  g a v e  n o  p e a k s ,  a s  e x p e c te d ,  d u e  to  th e  
a m o r p h o u s  p h a s e  o b ta in e d ,  m o r e o v e r ,  th e  P t  p a r t i c le  s u p p o r te d  o n  A I2O 3 w a s  to o  
s m a l l  to  s ig n i f ic a n t ly  d i f f r a c t  X - ra y . F r o m  X R D  r e s u l t s  d e s c r ib e d  a b o v e , th e  
d i f f e r e n c e  b e tw e e n  l% P t /L T A 4  a n d  l % P t / L T A 6  w a s  th e  s iz e  o f  P t  p a r t i c le  o r  m a y  
a ls o  b e  th e  p h a s e  o f  s u p p o r te d  P t. T h e  d i f f e r e n t  P t  p a r t i c le  s iz e  m ig h t  le a d  to  th e  
d i f f e r e n t  m e ta l  d is p e r s io n .  T h e  h ig h e r  d e g r e e  o f  m e ta l  d i s p e r s io n  m e a n s  th e  h ig h e r  
a c c e s s ib le  P t  a c t iv e  s i te  w h ic h  m a y  b e  a  c a u s e  o f  d i f f e r e n t  s e le c t iv i ty  b e tw e e n  
l% P t / L T A 6  a n d  l% P t /L T A 4  in  lo w  te m p e r a tu r e  r a n g e .  M o r e o v e r ,  i t  h a s  b e e n  
r e p o r te d  th a t  th e  s m a l l  P t  p a r t i c le  w a s  m o r e  a c t iv e  a n d  s e le c t iv e  to  C O  o x id a t io n  d u e  
to  s t r o n g e r  a d s o r p t io n  o f  C O  o n  th e  s m a l l  P t  th a n  th e  la r g e r  o n e . B e c a u s e  o f  th e  
r e la t iv e ly  lo w  h e a t  c a p a c i ty  o f  th e  s m a l l  p a r t i c le  a n d  e x o th e r m ic  r e a c t io n ,  th e  
m ic r o s c o p ic  t e m p e r a tu r e  r o s e  a n d  c o n t r ib u te d  to  th e  h ig h  a c t iv i ty  a n d  k e p t  w a te r  
f ro m  p h y s ic a l  a d s o rp t io n .  In  c o n tr a s t ,  th e  la r g e  p a r t i c le  c a n  a d s o rb  m o r e  h e a t  so  th e  
m ic r o s c o p ic  t e m p e r a tu r e  w a s  n o t  r a is e d  m u c h  a n d  n o t  e n o u g h  to  d e s o r b e d  w a te r .  T h e  
la r g e  p a r t i c le s  w e r e  th u s  s lo w ly  d e a c t iv a te d  b y  th e  a c c u m u la te d  w a te r  ( S o n  et ai,
2002). A s  a  r e s u l t  o f  th o s e  p h e n o m e n a ,  th e  s e le c t iv i ty  o f  l% P t /L T A 4  d r a m a t ic a l ly  
in c r e a s e d  w i th  te m p e r a tu r e .  In  c o n tr a s t ,  th e  l % P t / L T A 6  r e v e a le d  h ig h  s e le c t iv i ty  a t  
lo w  te m p e ra tu re s .
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* Pt(Hi)

7000 1 + PtOi

Figure 4.5 X R D  p a t te r n s  fo r  l% P t / A l2C>3, l% P t /L T A 4 ,  l % P t / L T A 6 , a n d  L T A 4 .

4 .1 .4  S c a n n in g  E le c t ro n  M ic r o s c o p e  ( S E M )
T h e  S E M  m ic r o g r a p h s  w e r e  t a k e n  in  o r d e r  to  o b s e rv e  th e  

m o r p h o lo g y  o f  th e  L T A  s u p p o r t .  A s  r e v e a le d  in  F ig u r e s  4 .6 - 4 .7 .  T h is  d i f fe re n c e  
m ig h t  b e  r e la te d  to  th e  d i f f e r e n c e  o f  c a ta ly t ic  a c t iv i ty  b e tw e e n  l% P t /L T A 4  a n d  
l % P t / L T A 6 .
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F i g u r e  4 .6  S E M  m ic r o g r a p h  o f  l% P t / c o m m e r c i a l  L T A  ( L T A 6 ).

F i g u r e  4 .7  S E M  m ic r o g r a p h  o f  l% P t / s y n th e s i z e d  L T A  ( L T A 4 )

I
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4.2 Activity Testing

In  th is  s e c t io n  th e  r e s u l t s  o f  th e  c a ta ly t ic  p e r f o r m a n c e  o f  th e  p re p a re d  
c a ta ly s ts  w e r e  p r e s e n te d  a n d  d is c u s s e d .  I t  w a s  d iv id e d  in to  4  s u b s e c t io n s :  e f fe c ts  o f  
s u p p o r t ,  H 20  v a p o r  c o n c e n t r a t io n ,  C 0 2 c o n c e n t r a t io n  a n d  th e  c o m b in a t io n  o f  H 20  
a n d  C 0 2 in  th e  fe e d  o n  th e  c a ta ly t ic  p e r f o rm a n c e .

4 .2 .1  E f f e c t  o f  C a ta ly s t  S u p p o r t
A s  m e n t io n e d  p r e v io u s ly ,  in  th is  s e c t io n  th e  c a ta ly t ic  p e r f o rm a n c e  

o f  P t  s u p p o r te d  o n  th r e e  d i f f e r e n t  s u p p o r ts  w e r e  e x h ib i te d .  T h e  c a ta ly t ic  a c t iv i t ie s  o f  
l % P t  s u p p o r te d  o n  th e  s y n th e s iz e d  L T A  ( a b b r e v ia te d  L T A 4 )  a n d  c o m m e r c ia l  L T A  
( a b b r e v ia te d  L T A 6 ) w e r e  p lo t  a g a in s t  th e  l % P t / A l20 3 , th e  c o n v e n t io n a l  c a ta ly s t  fo r  
th is  r e a c t io n .

Figure 4.8 CO conversion of l%Pt/Al2 0 3  (•), l%Pt/LTA4 (synthesized) (๐), and
l%Pt/LTA6 (commercial) (T ). Reactant composition is 1% CO, 1% 0 2, and He
(balance).
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F ig u r e s  4.8-4.10 d i s p la y  th e  C O  c o n v e r s io n s ,  C O  s e le c t iv i ty  a n d  O 2 

c o n v e r s io n s  o f  l % P t  s u p p o r te d  o n  A I2O 3, L T A 4  a n d  L T A 6 , r e s p e c t iv e ly .  P e a k s  o f  
C O  c o n v e r s io n  w e r e  o b s e r v e d  o n  a ll  o f  th e  c a ta ly s ts .  A m o n g  th e m , th e  C O  
c o n v e r s io n s  w e r e  in  th e  o r d e r  o f  P t /L T A 4  >  P t /L T A 6  >  P C A I2O 3 (F ig u re  4.8). T h e  
C O  c o n v e r s io n  p r o f i l e  o f  l% P t /L T A 4  w a s  v e r y  s im i la r  th a t  o f  th e  l% P t /L T A 6 , 
h o w e v e r ,  th e  t e m p e r a tu r e  a t  w h ic h  th e  m a x im u m  C O  c o n v e r s io n  o c c u r r e d  w a s  
s h i f t e d  to  20°c h ig h e r .  T h e  C O  w a s  c o m p le te ly  c o n v e r te d  to  C O 2 b y  th e  l% P t /L T A 4  
a t  220 °c w h ile  th e  l% P t / L T A 6  g a v e  th e  m a x im u m  te m p e r a tu r e  a t  a b o u t  200 °c. In  
c o n t r a s t ,  th e  l% P t / A l2 0 3  c o u ld  n o t  a c h ie v e  C O  c o n v e r s io n  o f  100%, i t  g a v e  th e  
m a x im u m  C O  c o n v e r s io n  o f  a b o u t  88% a t 220 °c. T h e  C O  c o n v e r s io n  o f  
l% P t /L T A 4  c a n  b e  d iv id e d  to  in  tw o  r e g io n s  w h ic h  a re  in c r e a s in g  s h a r p ly  f ro m  
a b o u t  5 %  to  1 0 0 %  a t te m p e r a tu r e  r a n g e  f ro m  100 °c to  220 °c a n d  th e n  d r a m a t ic a l ly  
d e c r e a s in g  a t  t e m p e r a tu r e s  a b o v e  220 °c. T h e  P t /L T A 6  g a v e  th e  s a m e  f e a th e r  o f  C O  
c o n v e r s io n  a s  th e  P t /L T A 4  e x c e p t  h ig h e r  C O  c o n v e r s io n  a t  lo w e r  m a x im u m  
te m p e r a tu r e .  A s  th e  te m p e r a tu r e  w a s  r a is e d  u p  th e  C O  c o n v e r s io n  o f  P t /L T A 6  

e x p o n e n t ia l ly  in c r e a s e d ,  th e  ig n i t io n  t e m p e r a tu r e  w a s  o b s e r v e d  a t  160°c. A t  200°c 
th e  P t /L T A 6  a lm o s t  c o m p le te ly  o x id iz e d  C O  to  C O 2, 9 9 %  m a x im u m  C O  c o n v e rs io n . 
A b o v e  200 °c, th e  C O  c o n v e r s io n  d r a m a t ic a l ly  d e c r e a s e d  to  a b o u t  5 0 %  a t  3 0 0  °c. 
T h e s e  o b s e r v a t io n s  a r e  c o n s is te n t  w i th  th e  w o r k  r e p o r te d  b y  m a n y  a u th o r s ,  in c lu d in g  
K a h l i c h  et a l, ( 1 9 9 7 ) ,  M a n a s i lp  a n d  G u la r i  (2002), a n d  S o n  et a l,  (2002). In  th e  
w o r k  o f  K a h l ic h  et a l, th e y  c o n d u c te d  th e  e x p e r im e n t  w i th  0 .5 %  P t /A l2 0 3  a n d  5 %  
P t /A l2 0 3 - T h e y  in v e s t ig a t e d  th e  C O  o x id a t io n  o v e r  0 .5 % P t/A l2O 3 w i th  a n d  w ith o u t  
แ 2 in  th e  r e a c ta n t  g a s . T h e  o x id a t io n  o f  l% C O  w i th  \ VoO2 in  th e  a b s e n c e  o f  แ 2 w a s  
m e a s u r e d  a s  a  f u n c t io n  o f  te m p e ra tu re .  T h e  C O  c o n v e r s io n  w a s  v e r y  lo w  a i 
t e m p e r a tu r e s  b e lo w  125 °c. A s  th e  t e m p e r a tu r e  w a s  r a is e d  th e  C O  c o n v e r s io n , f irs t  
s lo w ly  in c r e a s e d  th e n  s u d d e n ly  w e n t  u p  a n d  r e a c h e d  100% c o n v e r s io n  a t  225 °c. In  
o r d e r  to  s tu d y  th e  C O  o x id a t io n  in  H 2- r ic h  e n v i r o n m e n t ,  th e y  a d d e d  7 5 %  แ 2 in to  th e  
r e a c ta n t  g a s .  In  th e  H 2- r ic h  e n v i r o n m e n t ,  th e  ig n i t io n  te m p e r a tu r e  w a s  r e d u c e d  b y  
a b o u t  3 0  °c f ro m  200° to  170 °c. T h e  C O  c o n v e r s io n  w a s  v e r y  lo w  a t te m p e ra tu re s  
b e lo w  1 0 0  °c a n d  s h a r p ly  in c r e a s e d  to  a b o u t  8 0 %  in  th e  te m p e r a tu r e  r a n g e  o f  1 0 0 °- 
225 °c, a b o u t  10% le s s  th a n  o u r  w o r k  w h ic h  m a y  b e  d u e  to  lo w e r  m e ta l  lo a d in g . 
T h e n ,  th e  C O  c o n v e r s io n  e x p o n e n t ia l ly  d e c r e a s e d  f ro m  8 0 %  to  a b o u t  3 0 %  a t 3 5 0  °c.
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T h is  p h e n o m e n a  h a s  b e e n  e x p la in e d  b y  K a h l ic h  et al. th a t  in  th e  a b s e n c e  o f  H 2, o n ly  
th e  C O  a n d  0 2 w e r e  c o m p e te d  fo r  th e  m e ta l  a c t iv e  s i te s  a n d  th e  C O  o x id a tio n  to o k  
p la c e  o n ly  a t  th e  in te r f a c e  o f  th e  a d s o rb e d  C O  (C O ads) a n d  d i s s o c ia te d  th e  a d so rb e d  
O2 (Oads). A t  lo w  te m p e ra tu re s  th e  m e ta l  s u r f a c e  w a s  d o m in a te d  b y  COads, m o re  th a n  
9 0 % , th e re f o r e ,  th e  Oads is  a  l im i t in g  f a c to r  o f  th is  r e a c t io n .  A s  th e  te m p e ra tu re  w e n t  
u p  m o r e  Oads w a s  a v a i la b le  w h ic h  m a d e  th e  C O  c o n v e r s io n  in c re a s e  u n ti l  it r e a c h e d  
m a x im u m  a t  1 0 0 %  C O  c o n v e r s io n . In  th e  p r e s e n c e  o f  H 2, th e  แ 2  c a m e  to  
c o m p e t i t io n  w i th  C O  a n d  0 2 fo r  th e  m e ta l  a c t iv e  s ite s . T h e  C O , h o w e v e r ,  is  m u c h  
s t r o n g e r  a d s o r b e d  o n  th e  m e ta l  a c t iv e  s ite , a s  a  r e s u l t ,  th e  m e ta l  s u r f a c e  w a s  s till 
d o m in a te d  b y  COads. A s  th e  t e m p e ra tu re  in c r e a s e d ,  th e  d i s s o c ia t io n  o f  th e  a d so rb e d  
H 2 (Hads) w a s  a ls o  in c re a s e d , r e s u l t in g  in  lo s s  o f  C O  s e le c t iv i ty .  T h is  is  a  m a jo r  c a u s e  
o f  a  d e c r e a s e  in  C O  c o n v e r s io n  a t  th e  t e m p e r a tu r e  r a n g e  b e y o n d  m a x im u m  C O  
c o n v e r s io n .  M a n a s i lp  a n d  G u la r i ,  ( 2 0 0 2 )  in v e s t ig a te d  th e  c a ta ly t ic  p e r fo rm a n c e  o f  
1 %  a n d  2 %  P t /A l2 0 3  c a ta ly s ts  p r e p a r e d  v ia  s o l -g e l  m e th o d .  T h e i r  r e s u l t s  h a v e  th e  
s a m e  f e a th e r  a s  o u r  w o r k  e x c e p t  lo w e r  m a x im u m  C O  c o n v e r s io n  o f  a b o u t  7 5 %  a n d  
a b o u t  8 0 %  fo r  l% P t / A l20 3  a n d  2 % P t/A l2 0 3 , r e s p e c t iv e ly .  T h e  te m p e r a tu r e  a t w h ic h  
th e  m a x im u m  c o n v e r s io n  w a s  o b s e rv e d  a ls o  d i f f e r e n t .  T h e i r  c a ta ly s ts  re a c h e d  th e  
m a x im u m  C O  c o n v e r s io n  a t  1 7 0  °c w h ile  o u r  l% P t / A l 2 0 3  c a ta ly s ts  re a c h e d  
m a x im u m  C O  c o n v e r s io n  a t  2 2 0  °c. T h o s e  d i f f e r e n c e s  a r e  th e  r e s u l t s  o f  d i f fe re n t 
c a ta ly s t s  p r e p a r a t io n  m e th o d ,  w h ic h  le d  to  th e  m e ta l  d i s p e r s io n  a n d  m e ta l  p a r tic le  
s iz e  a n d  d i f f e r e n t  a m o u n t  o f  m e ta l  lo a d in g . T h e  5 % P t/A l20 3  w a s  te s te d  fo r  th e  
s e le c t iv e  C O  o x id a t io n  in  th e  H 2- r ic h , l% C O ,  1 % 0 2 b y  S o n  et a l, (2 0 0 2 ) .  T h e y  a lso  
o b s e r v e d  th e  s a m e  C O  c o n v e r s io n  a n d  s e le c t iv i ty  f e a th e r s  a s  o u r  w o rk . T h e  C O  
c o n v e r s io n  w a s  f ir s t  q u i te  lo w  a t a r o u n d  5 - 1 0 %  a t th e  te m p e r a tu r e  lo w e r  th a n  100 °c, 
a n d  w a s  s u d d e n ly  in c r e a s e d  in  th e  te m p e r a tu r e  r a n g e  o f  1 0 0 - 2 0 0  °c f ro m  - 10 %  to  
- 9 0 % .  T h e i r  o b s e r v a t io n s  c a n  b e  u n d e r s to o d  b y  th e  s a m e  e x p la n a t io n  o f  K a h lic h .
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F i g u r e  4 .9  C O  s e le c t iv i ty  o f  l% P t / A l2 0 3  ( • ) ,  l% P t /L T A 4  ( s y n th e s iz e d )  ( o ) ,  a n d  
l% P t / L T A 6  ( c o m m e r c ia l )  (▼ ). R e a c ta n t  c o m p o s i t io n  is  1 %  C O , 1 %  O 2, a n d  H e  
(b a la n c e ) .

T h e  5 % P t/A l2 0 3  o f  S o n  a c h ie v e d  th e  m a x im u m  C O  c o n v e r s io n  o f  
9 0 %  e v e n  th e y  lo a d e d  h ig h e r  a m o u n t  o f  th e  P t  m e ta l ,  w h ic h  g a v e  m e ta l  p a r t i c le  s iz e  
o f  a b o u t  16 n m . C o m p a r in g  to  th e  m e ta l  p a r t i c le  s iz e  o f  o u r  l % P t / A l2 0 3 , th e  16 n m  
o f  5 % P t/A l2 0 3  o f  S o n  w a s  m u c h  b ig g e r  a n d  le d  to  lo w e r  m e ta l  d i s p e r s io n .  H o w e v e r ,  
th e  h ig h e r  m e ta l  lo a d in g  o f  S o n ’s c a ta ly s t  m a y  p r o v id e  c o m p a r a t iv e ly  a b s o lu te  
n u m b e r  o f  m e ta l  a c t iv e  s i te s  to  o u r  c a ta ly s ts .

A l l  c a ta ly s ts  s h o w e d  d i f f e r e n t  c h a r a c te r i s t ic  o f  s e le c t iv i ty  a t 
t e m p e r a tu r e  lo w e r  th a n  2 2 0  °c. T h e  d i f f e r e n c e s  a t  lo w  te m p e r a tu r e s  a re  i l lu s t r a te d  in  
F ig u r e  4 .9 . T h is  f e a th e r  o f  P t /L T A  c a ta ly s t  is  q u i te  d i f f e r e n t  f ro m  th e  P t /A l20 3  

c a ta ly s t  o n  w h ic h  th e  s e le c t iv i ty  is  s te e p ly  lo w e r e d  a s  in c r e a s in g  th e  C O  c o n v e r s io n  
a t  te m p e r a tu r e  o f  2 2 0  °c. O n  th e  o th e r  h a n d ,  th e  s e le c t iv i ty  o f  P C A I2O 3 w a s  
a p p r o x im a te ly  c o n s ta n t ,  it s l ig h t ly  s w in g s  b e tw e e n  3 5 - 4 8 %  a ll  o v e r  th e  te m p e ra tu re  
r a n g e  o f  in te r e s t .  T h e  s e le c t iv i ty  o f  P t /L T A 4  w a s  to ta l ly  d i f f e r e n t  f ro m  th e  o n e  o f  
P t /L T A 6 . I t s h a r p ly  in c r e a s e d  f ro m  a b o u t  2 0 %  a t 1 0 0  °c to  a b o u t  8 0 %  a t 1 6 0  °c. A t 
te m p e r a tu r e  a b o v e  1 6 0  °c, th e  s e le c t iv i ty  o f  P t /L T A 4  w a s  s h a r p ly  d r o p p e d  to  a b o u t



38

3 0 %  a t 3 0 0  °c. T h e  d i f f e r e n t  o f  th e  C O  c o n v e r s io n  p r o f i l e  a n d  s e le c t iv i ty  b e tw e e n  
l% P t /L T A 4  a n d  l% P t / L T A 6  m ig h t  b e  a  r e s u l t  o f  d i f f e r e n t  m e ta l  d is p e r s io n , 2 1 %  in  
l% P t / L T A 6  a n d  1 8 %  in  l% P t /L T A 4 .  T h e  P t /L T A 6  s h o w e d  v e r y  h ig h  s e le c t iv i ty  o f  
a b o u t  8 0 %  a t lo w  te m p e ra tu re s .  It w a s  th e  ig n i t io n  te m p e r a tu r e  w h e r e  th e  s e le c t iv i ty  
s ta r te d  s u d d e n ly  d r o p p e d  to  5 5 %  a t 1 8 0  °c a n d  a lm o s t  l in e a r ly  d e c r e a s e d  to  3 5 %  at 
3 0 0  °c. T h e  P t /L T A 6 , u n l ik e  P t /A l2 0 3 , g a v e  v e r y  h ig h  s e le c t iv i ty ,  a b o u t  8 0 % , in  th e  
te m p e r a tu r e  r a n g e  o f  1 0 0 -1 6 0  °c. B e y o n d  1 6 0  °c, th e  s e le c t iv i ty  r a p id ly  d ro p p e d  to  
a b o u t  6 5 %  a t 1 8 0  °c. In  th e  te m p e r a tu r e  r a n g e  a b o v e  2 2 0  °c, th e  s e le c t iv i t ie s  o f  
P t /A l20 3  a n d  P t /L T A 6  w e r e  n o t  m u c h  d i f f e r e n t .  T h e  s t r u c tu r e  o f  L T A  ( ty p e  z e o lite )  
h a s  p o re ,  in  th is  w o r k  N a - A  ty p e  h a s  p o re  s iz e  a b o u t  0 .4 0  n m , w h ic h  c a n  c o n ta in  g a s  
m o le c u le s  l ik e  H 20 ,  O 2, e tc , ( Ig a ra s h i  et al, 1 9 9 7 ) . T h e  d i f f e r e n c e  in  s e le c t iv i ty  m a y  
b e  a  r e s u l t  o f  s i e v in g  c a p a b i l i ty  o f  th e  L T A  s u p p o r t .  I t m a y  b e  th a t  th e  H 2 m o le c u le s  
c o u ld  g e t  in to  th e  p o r e  m u c h  e a s ie r  c o m p a r e d  to  th e  C O  a n d  O 2 m o le c u le s ,  th e re fo re , 
th e  แ 2 w a s  c r o w d e d  in s id e  th e  p o re  a n d  m a d e  C O  a n d  O 2 h a v e  m o r e  o p p o r tu n i ty  to  
a c c e s s  th e  m e ta l  a c t iv e  s i te  w h ic h  is  lo c a te d  o u ts id e  th e  p o re .  O n  th e  o th e r  h a n d , th e  
แ 2 m o le c u le s  in  th e  L T A ’s p o re  m ig h t  r e d u c e  th e  a m o u n t  o f  Hads b e c a u s e  lo w e r  
n u m b e r  o f  H 2 c a n  a c c e s s  th e  m e ta l  a c t iv e  s i te s .  I g a r a s h i  et a l, ( 1 9 9 7 )  s tu d ie d  th e  
c a ta ly t ic  p e r f o r m a n c e  o f  P t  s u p p o r te d  o n  v a r io u s  s u p p o r ts ,  in c lu d in g  A - ty p e  z e o lite , 
X - ty p e  z e o l i te ,  m o r d e n i te  z e o l i te  a n d  A I2O 3. T h e y  r e p o r te d  th a t  th e  s e le c t iv i ty  o f  
th e i r  c a ta ly s ts  v a r ie d  in d i r e c t ly  to  th e  p o r e  s iz e  o f  th e  s u p p o r ts .  T h e  6 % P t/L T A  
p r e p a r e d  b y  io n - e x c h a n g e  m e th o d  a ls o  s h o w e d  s im i l a r  C O  c o n v e r s io n  p ro f ile . 
H o w e v e r ,  th e  C O  c o n v e r s io n  a n d  s e le c t iv i ty  o f  6 % P t/L T A  w e r e  m u c h  lo w e r  th a n  o u r  
P t /L T A  c a ta ly s t .  T h e  s e le c t iv i ty  s ta r te d  a b o u t  2 0 %  a t  1 5 0  °c th e n  in c re a s e d  to  th e  
m a x im u m  s e le c t iv i ty  o f  6 0 %  a t 2 0 0  °c. A b o v e  2 0 0  °c th e  s e le c t iv i ty  l in e a r ly  
d e c r e a s e d  to  a b o u t  3 0 %  a t  3 5 0  °c. T h e  d i f f e r e n c e s  o f  c a ta ly t ic  p e r f o r m a n c e  b e tw e e n  
6 % P t/L T A  o f  I g a r a h s i  a n d  l% P t /L T A  in  o u r  w o r k  m ig h t  b e  th e  lo c a t io n  o f  P t m e ta l  
o n  th e  s u p p o r t  a n d  th e  a m o u n t  o f  P t  lo a d in g . In  o u r  w o rk ,  th e  in c ip ie n t  w e tn e s s  
im p r e g n a t io n  m e th o d  w a s  u s e d , a n d  b y  th is  m e th o d  th e  m e ta l  w o u ld  s i t  o u ts id e  th e  
p o r e  o f  L T A  o n  th e  s u r f a c e  o f  th e  s u p p o r t .  W h ile ,  b y  io n - e x c h a n g e  m e th o d  th e  P t 
m e ta l  m ig h t  lo c a te  in s id e  th e  p o re  o f  L T A  a n d  le a d  to  lo w e r  p e r f o rm a n c e  o f  th e  
c a ta ly s t .
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Figure 4.10 O x y g e n  c o n v e r s io n  o f  l% P t / A l2 0 3  ( • ) ,  l % P t / L T A 4  ( s y n th e s iz e d )  (o), 
a n d  l% P t /L T A 6  ( c o m m e r c ia l )  ( T ) .  R e a c ta n t  c o m p o s i t io n  is  1 %  C O , 1 %  O 2, a n d  H e  
(b a la n c e ) .

T h e  O 2 c o n v e r s io n s  s im p ly  in c r e a s e d  w i th  in c r e a s in g  th e  te m p e ra tu re  
f o r  a l l  c a ta ly s ts  ( F ig u r e  4 .1 0 ) .  T h e  o x y g e n  c o n s u m p t io n  w a s  in  o r d e r  o f  P t /A l2 03  >  
P t /L T A 6  >  P 1 /L T A 4 . T h e  d i f f e r e n t  o x y g e n  c o n s u m p t io n  r a te  a m o n g  th o s e  th re e  
c a ta ly s ts  w a s  a  r e s u l t  o f  d i f f e r e n t  s e le c t iv i ty  o f  th e  c a ta ly s ts .

4 .2 .2  E f f e c t  o f  C O ?  C o n c e n t r a t io n
N o r m a l ly ,  th e  r e f o r m a te  s t r e a m  f ro m  th e  s te a m  r e f o r m e r  u n it 

c o n ta in s  s o m e  a m o u n t  o f  C O 2 , th e re f o r e ,  th e  e f f e c t  o f  C O 2 o n  th e  c a ta ly t ic  a c t iv i ty  p f  
th e  c a ta ly s ts  w a s  s tu d ie d .  T o  s tu d y  th e  e f f e c t  o f  C O 2 o n  th e  c a ta ly t ic  p e r fo rm a n c e , 
10%  C O 2 w a s  a d d e d  to  th e  r e a c ta n t  g a s  to  m a k e  th e  r e a c ta n t  g a s  c o m p o s i t io n  o f  10%  
C O 2, 1 %  C O , 1 %  O 2, 4 0 %  H 2, b a l a n c e  H e . A s  s h o w n  in  F ig u r e s  4 .1 1 - 4 .1 3  th a t th e  
p r e s e n c e  o f  C 0 2 h a s  a  p o s i t i v e  e f f e c t  o n  th e  C O  c o n v e r s io n  o f  th e  l% P t /L T A 6 .  It 
b o o te d  u p  th e  C O  c o n v e r s io n  o f  th e  l% P t /L T A 6  c a ta ly s t  a ll  o v e r  te m p e r a tu r e  ra n g e  
a n d  r e d u c e d  th e  1 0 0  %  c o n v e r s io n  te m p e r a tu r e  b y  2 0  d e g r e e  f ro m  2 0 0  °c to  180  °c, 
h o w e v e r ,  th e  ig n i t io n  te m p e r a tu r e  w a s  o b s e r v e d  a t  th e  s a m e  te m p e r a tu r e .  F o r  o x y g e n
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c o n v e r s io n ,  h a v in g  C O 2 in  th e  r e a c ta n t  g a s  h a s  n o  s ig n i f ic a n t  e f f e c t  o n  th e  O 2 

c o n v e r s io n  p r o f i l e  o f  th e  l% P t /L T A 6 .  A s  c o n s e q u e n c e  o f  in c re a s in g  in  C O  
c o n v e r s io n ,  n o  c h a n g e  in  O 2 c o n v e r s io n  w a s  o b s e rv e d .  T h e  C O  s e le c t iv i ty  w a s  
s ig n i f ic a n t ly  in c r e a s e d  o v e r  e n t i r e  te m p e r a tu r e  r a n g e  o f  in te r e s t ,  e s p e c ia l ly  b e lo w
160 °c.

Tem perature (°C )

Figure 4.11 E f f e c t  o f  C O 2 c o n c e n t r a t io n  o n  C O  c o n v e r s io n  o f  1% 
P t /L T A 6 ( c o m m e r c ia l )  c a ta ly s t ;  0 %  C O 2 ( • ) ,  1 0 %  C O 2 (๐ ) , a n d
l% P t /L T A 4 ( s y n th e s i s ) ;  0 %  C O 2 ( T ) ,  1 0 %  C O 2 (V ) . R e a c ta n t  c o m p o s i t io n  is  l% C O , 
1 % 0 2, 0 - 1 0 % C O 2, 4 0 %  H 2 a n d  H e  ( b a la n c e ) .

O n  th e  o th e r  h a n d , th e  l% P t /L T A 4  w a s  n e g a t iv e ly  a f fe c te d  b y  th e  
p r e s e n c e  o f  th e  C O 2 in  th e  fe e d , a s  s h o w n  in  F ig u r e s  4 .1 1 - 4 .1 3 .  T h e  C O , O 2 

c o n v e r s io n s  w e r e  s l ig h t ly  r e d u c e d  w h e n  a d d in g  1 0 % C O 2  in to  th e  feed . T h e  
s e le c t iv i ty  w a s  s l ig h t ly  c h a n g e d  in  te r m  o f  m a x im u m  s e le c t iv i ty  te m p e ra tu re .  It w a s  
s h i f te d  20°c f ro m  160°c to  180°c, a s  s h o w n  in  F ig u r e  4 .1 3 .
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Figure 4.12 Effect of CO2 concentration on O2 conversion of 
l%Pt/LTA6(comrnercial) catalyst; 0% CO2 (•), 10% CO2 (o) and
l%Pt/LTA4(synthesis); 0% C 02 (▼ ), 10% C 02 (V). Reactant composition is 1%C0, 
1%02, 0-10%CO2, 40% H2 and He (balance).

The effect of CO2 concentration on the performance of catalyst was 
also investigated by others using on the Pt/Al203 catalyst. Manasilp and Gulari 
(2002) studied the effect of CO2 concentration on the 2% Pt/Al20 3 . They found that 
by adding 25% CO2 in the reactant gas, consisted of 1% CO, 1% O2, 60% H2 and He 
balance, the CO conversion was suppressed all temperature range of interest. 
Especially, at the temperatures above maximum temperature of 170 °c, the CO 
conversion rapidly dropped from about 65% to about 10%. In the presence of CO2, 
the CO selectivity was booted up to the peak conversion of 170 °c, then, it was 
sharply dropped to lower than the selectivity of the one without CO2 at temperature 
over 170 °c. The O2 conversion was lower in the presence of CO2 over the complete 
range of temperature studied, which suggested that the CO2 in the reactant gas 
slowed the oxidation of both CO and H2. To explain the phenomena, they proposed 
the



42

Figure 4.13 Effect of CO2 concentration on CO selectivity of 1% 
Pt/LTA6(commercial) catalyst; 0% CO2 (•), 10% CO2 (o), and
l%Pt/LTA4(synthesis); 0% CO2 (T ), 10% CO2 (V). Reactant composition is 1%C0, 
1 %<ว2, 0-10%C02. 40% H2 and He (balance).

hypothesis that the reverse water gas shift reaction may take place and cause a limit 
of the catalyst performance at high temperature range. Another possible explanation 
is that the CO2 dissociated adsorption on Pt, providing a higher effective CO 
concentration on the catalyst surface and, thus, reducing the rate of oxidation. The 
positive effect of C 02 on l%Pt/LTA6 catalyst for the selective CO oxidation implied 
that the LTA support could inhibit the occurrence of reverse water gas shift reaction. 
Regarding to the RWGS inhabitation', it might be due to the structure of the A 
zeolite. Since the pore size of A zeolite is close to the diameter of CO2 molecule 
(about 2.5 ) which could cause the difficulty of the C 02 admittance into zeolite
pores. On the other hand, it still promoted the oxidation of CO to C 02. Since the 0 2 

conversion was not changed whether it had C 02 in the feed stream or not, while the 
CO conversion increased, thus, the H2 oxidation rate was slowed down while the CO 
oxidation rate was speeded up. This unusual behavior of Pt/LTA catalyst is good for 
using in the PROX unit and is the advantage of Pt/LTA catalyst over the
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conventional Pt/Al203 catalyst. The reasons for this are still not clear. Further study 
on this behavior is still needed.

4.2.3 Effect of H?0 Vapor Concentration
Generally, not only C 02 was produced from the reforming reaction, 

but also H20  vapor was present in the stream. This is a very critical point for the 
practical application of zeolite, therefore, it is interesting to study the effect of H20  
vapor on the catalytic activity of Pt/LTA catalysts. To investigate the effect of H20  
vapor on the performance of Pt/LTA catalysts, about 10% H20  vapor was added to 
the reactant gas. From Figures 4.14-4.17, it was obvious that the presence of water 
vapor had a negative effect on the performance of the catalyst. From the CO 
conversion profiles from Fig 4.14, they are shifted both in absolute temperature and 
relative to each other for different catalyst supports. In the presence of 10%H2O 
vapor in the feed, the CO conversion of the l%Pt/LTA6 catalyst decreased about 3% 
from 99% at 200 °c to 96% at 220°c. It is seemed that the presence of H20  vapor 
only shifted the CO conversion profile 20°c higher all over the temperature range, as 
shown in the Figure 4.14. Moreover, the 0 2 consumption rate of l%Pt/LTA6 was 
slowed down (Figure 4.15). The 0 2 conversions of l%Pt/LTA6 reached 100% at the 
same temperature of 240°c. The CO selectivity of the l%Pt/LTA6 was also reduced 
by the H20  vapor at the temperature below 180°c. It dropped down from around 
80% to around 65%. However, at the temperature above 180°c the CO selectivity of 
systems with and without H20  vapor in the feed stream seemed to converge and 
independent to the feed composition.

, The l%Pt/LTA4 catalyst had similar effect to the H20  vapor in the
feed stream. The CO conversion was reduced as well. The highest CO conversion 
was decreased from about 100% to about 75% at 220°c. The 0 2 consumption of the 
l%Pt/LTA4, unlike l%Pt/LTA6, was faster at temperature below 200°c, on the 
other hand, over 200°c it was slowed down. However, it reached 100% 0 2 

conversion at 240°c as well as l%Pt/LTA6 . For the CO selectivity was also 
decreased all over the temperature range of interest. The peak CO selectivity of 
l%Pt/LTA4 was reduced from 80% to 60 at 160°c.
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Figure 4.14 Effect of H2O vapor concentration on CO conversion of 1% Pt/LTA6 

(commercial); 0% H20  (•), 10% H20  (o), and l%Pt/LTA4(synthesis); 0% H20  (T), 
10% H20  (V). Reactant composition is 1% CO, 1% 0 2, 0-10% H20, and He 
(balance).

These results are consistent with Igarashi et al, they reported that 
negligible degradation of activity occurred on Pt/mordenite when 20% H20  was 
added to the feed. Although when 20%H2O was added, the CO conversion and the 
0 2 conversion slightly decreased at the initial stage. In contrast to watanabe et al., 
they found that in the presence of 20% H20, the activity of the supported metallic 
catalyst and the mordenite support were extremely stable for 24 hrs. However, this is 
opposite to Pt/Al203 catalyst reported by Manasilp and Guiari (2002). For Pt/Al203, 
many authors proposed the possible mechanism on this phenomena. Schubert et al, 
(1997) reported the result of in-situ Diffuse Reflectance Infrared Fourier Transform 
Spectroscpy (DRIFTS) that this reaction was strongly enhanced by water. Kahlich et 
al., (1997) proposed that the formate group formed on the A12C>3 support may 
participate the reaction and increase the CO conversion. Manasilp and Guiari (2002) 
proposed three possibility on this system. First, the water gas shift promoting, the
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Figure 4.15 Effect of H2O vapor concentration on O2 conversion of 1% Pt/LTA6 

(commercial); 0% H2O (•), 10% H2O (o), and l%Pt/LTA4(synthesis); 0% H2O 
(Y), 10% H2O (V). Reactant composition is 1% CO, 1% O2, 0-10% H2O, and He 
(balance).

presence of H2O in the feed stream enhanced the forward water gas shift reaction 
which increased CO conversion and also made additional H2. Second, the H20  
provided hydroxyl group on the catalyst. Those hydroxyl groups were a better 
oxidant than the O2, and increased oxidation rate of CO and H2. Third, the F 20  vapor 
altered the Pt° and PtOx ratio which could directly influence on activity and 
selectivity of the Pt/Al203 catalyst. In contrast, those did not happen or not 
significant in Pt/iTTA catalyst. In this work, the decreased CO conversion in the 
presence of H2O may be linked to the catalyst active sites by adsorbed water, as well 
as, the formation CO-H2O surface complexes or the water gas shift reaction might be 
suppressed by the more strong effect of sieving capability of LTA on this reaction or 
H2O vapor was accumulated in the pore of LTA, which is acting a very good 
molecular sieve for H2O vapor and the accumulated H2O was simply not available 
for sieving H2. This caused reduction of selectivity of the catalyst. One evidence that
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supports this hypothesis is that in Pt/Al203 the H20  had slightly effect on the 
selectivity, even it had a strongly effect on the CO and 0 2 conversions.

Figure 4.16 Effect of H2O vapor concentration on CO selectivity of 1% Pt/LTA6 

(commercial); 0% H20  (•), 10% H20  (o), and l%Pt/LTA4(synthesis); 0% H20  (T), 
10% H20  (V). Reactant composition is 1% CO, 1% O2, 0-10% H20, and He 
(balance).

4.2.4 Effect of Combination of H7O and CO?
To investigate the overall effect of H20  vapor concentration and 

CO2 concentration, the combination of 10% H2O vapor and 10% CO2 was added to 
the reactants gas consisting of 1% CO, 1% O2 and 40% H2 balanced'in He. For 
l%Pt/LTA6, even the CO conversion was promoted by CO2, but in the presence CO2 

together with H2O the CO conversion was significantly retarded, as shown in Figure 
4.17. This suggests that the H20  has stronger influence to the catalytic performance 
of the l%Pt/LTA6 catalyst than the CO2. Comparing to the activity of Pt/Fe- 
mordenite catalysts studied by Watanabe et al. (2003), they observed that the 
performance of Pt/Fe-mordenite slightly decreased from 100 to 99.1% at 200°c due 
to a reverse water gas shift reaction in the presence of CO2. This effect on the
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catalytic performance of Pt/Al203 was also studied by Manasilp and Gulari (2002). 
They fed 1% CO, 1% 0 2, 0-10% H20, 0-25% C 02, 60% H2 and He as balance to the 
reactor. They found that the combination of 25% C 02 and 10% H20  had 
dramatically positive effect on the CO conversion of their Pt/Al203 catalyst, even the 
CO conversion was retarded by the C 02 alone.

Figure 4.17 Effect of combination of 10% C 02 and 10% H20  vapor on CO 
conversion of 1% Pt/LTA6 (commercial). Reactant composition was 1% CO, 1% 0 2, 
0-10% H20, 0-10% C 02, 40% H2 and He (balance).

This indicates the stronger effect of H20  to the catalytic activity of the Pt/Al203 

catalyst compared to the C02, •A'hich is consistent to our work. However, the effect of 
H20  on the l%Pt/LTA6 catalyst and on the Pt/Al203 catalyst was come from 
different sources. As proposed by Manasilp and Gulari (2002), the changing of CO 
conversion due to the effect of H2G was a result of water gas shift reaction 
enhancement, hydroxyl group formation and modification of the ration of Pt to PtOx, 
as mentioned previously. In contrast, the H20  on the l%Pt/LTA6 filled the pore of 
the LTA support and blocked the H2 molecules to access the pores.
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Figure 4.18 Effect of combination of 10% CO2 and 10% H2O vapor on O2 

conversion of 1% Pt/LTA6 (commercial). Reactant composition of 1% CO, 1% O2, 
0-10% H20 , 0-10% CO2, 40% H2 and He (balance).

The O2 conversion of the l%Pt/LTA6 catalyst was affected by the 
combination of CO2 and H2O in the same way as the CO conversion, as shown in 
Figure 4.18. This is also consistent with the observation for the Pt/Al203 by Manasilp 
and Gulari, 2002. The O2 conversion was consumed much faster in the presence of 
H2O in the feed stream for the ?t/Al203

For the selectivity towards CO oxidation, it was found that the CO 
selectivity of l%Pt/LTA6 was significantly suppressed at the temperature range 
lower than 180 °c. Above 180 °c, it seems like that the selectivity was independent 
of reactant composition. This supports the idea of the H20  molecules accumulated in 
the pore of LTA support and consequently reduced the selectivity of the catalyst. 
Moreover, the H2O has a stronger effect, again, compared to the CO2 effect.

The l%Pt/LTA4 showed the same behaviors to the effect of the 
combination of 10%cc>2 and 10%H2O on the catalytic activity. The values of CO 
conversion, O2 conversion, and CO selectivity of the l%Pt/LTA4 being affected by 
the presence of CO2 and H20  vapor together were in between those values which
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were the effect by CO2 or H20  alone. The above data suggests a conclusion that the 
decrease of CO conversion in the presence of CO2 and H20  may be attributed to 
reverse water gas shift reaction, blockage of catalyst active sites by adsorbed water 
or the formation of CO-H2O surface complexes which are less active than adsorbed 
CO.

Figure 4.19 Effect of combination of 10% C 02 and 10% H20  vapor on 0 2 

conversion of 1% Pt/LTA6 (commercial). Reactant composition was 1% CO, 1% O2, 
0-10% H20 , 0-10% CO2, 40% H2 and He (balance).

4.2.5 Effect of Fe Promoting on the Performance of 1% Pt/LTA Catalyst
Since there are many reports about Fe promoted the Pt catalysts, it 

was thus interesting to study the effect of Fe promoting on our Pt/LTA catalyst. As a 
result, we promoted our l%Pt/LTA6 with 0.1% and 1% Fe and investigated their 
performance. The reactant gas consisted of l%CO, 1%02, 40%H2 and balance He 
was used for the reaction. It was found that promoting the l%Pt/LTA6 catalyst with 
Fe did not improve the performance of the catalyst, in contrast, it significantly 
reduced the performance of the catalysts both in terms of CO conversion and CO 
selectivity as shown in Figures 4.10-4.11, respectively. In Figure 4.10, the CO 
conversion profiles of !%Pt0.1%Fe/LTA6 and l%Ptl%Fe/LTA6 were shown
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comparing to the un-promoted l%Pt/LTA6 . The maxima CO conversion were 
reduced from almost 100% to about 70% and 60% for l%Ptl%Fe/LTA6 and

Temperature (°C)

Figure 4.20 Effect of Fe promoted 1% Pt/LTA6(commercial) on the CO conversion; 
0%Fe (•), 0.1 %Fe ( o ) ,  and l%Fe (T ). Reactant composition was 1% CO, 1% O2, 
40% H2 and He (balance).

l%Pt0.1%Fe/LTA6, respectively. In addition, the maximum CO conversion 
temperature of the l%Ptl%Fe/LTA6 was shifted 20% down from 200 °c to 180 °c. 
Adding l%Fe into the l%Pt/LTA6 catalyst made the 0 / be consumed faster. 
Promoting the l%Pt /LTA6 with 0.1 %Fe, however, insignificantly altered the O2 

consumption rate of the catalyst, as shown in Figure 4.11. As shown in Figure 4.12, 
the CO selectivity of the Fe promoted l%Pt/LTA6 catalysts was totally changed 
comparing to the un-promoted one. Normally, the CO selectivity profile of the 
supported Pt catalyst had peak, but no peak was observed in the CO selectivity 
profile of the Fe promoted l%Pt/LTA6 catalyst. In the work of Lui et al, (2002), 
they did the structural study of Fe oxide promoted Pt/Al203 catalyst in the selective 
catalytic oxidation of CO in H2 by using several techniques, including, Fourier 
Transform Infrared Spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS),
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high-resolution transmission electron microscopy (HRTEM), and energy dispersive 
X-ray analysis (EDAX) together with chemisorption. They found that when adding 
Fe oxide into the Pt/A^Ch catalyst the Fe oxide would locate on the Pt metal particle 
and partially covers the Pt metal surface causing decrease in Pt metal active sites. 
Moreover, the CO did not adsorb on the Fe which means that the surface reaction of 
CO oxidation did not occur on the Fe oxide surface. However, the Fe oxide could 
provide more active oxygen to the Pt, resulting in more active for the CO oxidation 
reaction. In addition, the Fe oxide strongly interacted with the Pt metal and modified 
the electronic property of the Pt metal. As a result of this modified electronic 
property, the CO was adsorbed on the Pt longer.

Temperature (°C)

Figure 4.21 Effect of Fe promoted 1% Pt/LTA6(comme‘icial) on the O2 conversion; 
0%Fe (•), 0.1 %Fe (o), and l%Fe (T ). Reaciant composition of 1% CO, 1% O2, 
40% H2 and He (balance).

There are many possibilities for the explanation of the behavior of 
our Fe promoted l%Pt/LTA6 catalyst. Based on the work of Lui et al., (2002), it 
might be that the Fe sat on the Pt metal particle and covered some surface of the Pt 
metal particle and reduced the number of Pt active sites. Unlike the Fe promoted
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Pt/Al203 in work of Lui et ai, the Fe in our work did not supply additional oxygen to 
the Pt metal, therefore, instead of promoting the reaction the Fe retarded the 
performance of the l%Pt/LTA6 . Another possibility might be that unlike Pt/Al20 3 , 
the Fe did not sit on the Pt metal particle at all. The Fe just located on the LTA 
support, as a consequence, it could not supply oxygen to the Pt metal. On the other 
hand, it blocked some pore of the support and caused a reduction in the performance 
of the i%Pt/LTA6 catalyst. To investigate the causes of this behavior of the Fe 
promoted l%Pt/LTA6 catalyst further study is required.

Temperature (°C)

Figure 4.22 Effect of Fe promoted 1% Pt/LTA6(commercial) on the CO selectivity;
' 0%Fe (•), 0.1%Fe ( o ) ,  and l%Fe (T). Reactant composition of 1% CO, 1% 0 2, 

40% H2 and He (balance).

4.2.6 Durability Testing
To investigate the durability of the Pt/LTA catalyst, the l%Pt/LTA6 

was tested for 12 hrs continually. The reaction was conducted with 1%C0, 1%02, 
and 40%H2 at 200 °c, which is the maximum CO conversion temperature of the 
l%Pt/LTA6 catalyst. The data was recorded every 10 mins. No deactivation was
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observed, as shown in Figure 4.23. This suggests that the Pt/LTA catalyst has a good
durability for the selective CO oxidation reaction.
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Figure 4.23 Durability testing, the CO oxidation was performed at 200 °c under
atmospheric pressure; CO conversion (•), 0 2 conversion (o), and CO selectivity
(T). Reactant composition of 1% CO, 1% O2 , 40% H2 and He (balance).
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