
3.1 Materials

EXPERIMENTAL SECTION
CHAPTER III

T h e  g a s e s  u s e d  in  t h i s  r e s e a r c h  w e r e :

1 . H e l i u m  ( H e  9 9 .9 9 9 % )  w a s  o b t a i n e d  f r o m  T h a i  I n d u s t r i a l  G a s  C o . ,  L td . ,  

( T I G ) ,  w h i c h  w a s  u s e d  a s  d i l u t e d  g a s ,  p u r g e d  g a s ,  a n d  c a r r i e r  g a s  in  a  g a s  

c h r o m a t o g r a p h  a n d  a n  e l e m e n t a l  a n a l y z e r .

2 . O x y g e n  ( 9 9 . 7 % )  w a s  o b t a i n e d  f r o m  P r a x a i r  ( T h a i l a n d )  C o . ,  L T D . ,  w h ic h  

w a s  u s e d  a s  a  r e a c t a n t  g a s .

3 . I s o - o c t a n e  ( C g H is  >  9 9 .5 % )  w a s  o b t a i n e d  f r o m  L a b - S c a n ,  A n a l y t i c a l  

S c i e n c e s ,  a n d  u s e d  a s  a  r e a c t a n t .

4 . N i t r o g e n  g a s  ( 9 9 . 7 4 % )  w a s  o b t a i n e d  f r o m  T I G  t h a t  w a s  u s e d  a s  a  p u r g e d  

g a s  f o r  a e r o g e l  p r e p a r a t i o n .

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

5 . C e r o u s  ( I I I )  n i t r a t e  h e x a h y d r a t e  ( > 9 9 % )  w a s  o b t a i n e d  f r o m  F l u k a  C h e m i e

A .G .

6 . Z i r c o n y l  c h l o r i d e  o c t a h y d r a t e  ( > 9 9 % )  w a s  o b t a i n e d  f r o m  F l u k a  C h e m i e  

A .G .

7 . U r e a  ( > 9 9 % )  w a s  o b t a i n e d  f r o m  F lu k a  C h e m i e  A .G .

8 . N i c k e l  ( I I )  n i t r a t e  h e x a h y d r a t e  ( > 9 9 % )  w a s  o b t a i n e d  f r o m  F l u k a  C h e m i e

A .G .

9 . a - A l u m i n a  (> 9 6 % o ) w a s  p r o v i d e d  b y  J o h n s o n  M a t th e y .

I
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3.2 Catalyst Preparation

In  t h i s  ร ณ d y , s o l - g e l  m e t h o d  w a s  u s e d  f o r  c a t a l y s t  p r e p a r a t i o n .  

Z r 0 C l 2 . 8 H 20  a n d  C e ( N 0 2 ) 3 .6 H 2 0  w e r e  d i s s o l v e d  in  d i s t i l l e d  w a t e r  t o  th e  

c o n c e n t r a t i o n  0 .1 M .  T h e n ,  5 0  m l .  o f  u r e a  w a s  a d d e d  to  th e  p r e v i o u s  s o l u t i o n  

a s  a  h y d r o l y s i s  c a t a l y s t .  T h e  s a m p le  w a s  h e a t e d  to  1 0 0 ° c  in  t h e  o v e n  f o r  a  

p e r i o d  o f  t im e .  A f t e r  t h a t ,  t h e  s a m p le  w a s  c o o l e d  to  r o o m  t e m p e r a t u r e .  In  o r d e r  

to  r e m o v e  t h e  e x c e s s  io n s  f r o m  g e l ,  t h e  c a t a l y s t  w a s  w a s h e d  w i th  d i s t i l l e d  

w a t e r  f o r  t w i c e  a n d  c e n t r i f u g e d  a t  1 6 0 0  r p m  f o r  10  m i n u t e s .  T h e n ,  g e l  w a s  

w a s h e d  w i t h  e t h a n o l  b e f o r e  d r y i n g .  F in a l l y ,  t h e  s a m p le  w a s  d r i e d  to  r e m o v e  

t h e  s o l v e n t  f r o m  g e l .

T h e r e  a r e  m a n y  f a c t o r s  t h a t  e f f e c t  to  g e l  f o r m a t i o n  d u r i n g  t h e  r e a c t i o n  

t i m e  s u c h  a s  u r e a  c o n c e n t r a t i o n ,  d r y i n g  c o n d i t i o n ,  r e a c t i o n  t i m e  a n d  e tc .  I n  th i s  

s t u d y ,  m o l a r  r a t i o s  o f  C e / Z r ,  u r e a  c o n c e n t r a t i o n ,  r e a c t i o n  t i m e  a n d  d r y i n g  

m e t h o d  w e r e  i n v e s t i g a t e d .

3 .2 .1  M o l a r  R a t io s

T h e  m o l a r  r a t i o s  o f  C e r i u m  to  Z i r c o n i u m  w e r e  v a r i e d  to  

d e t e r m i n e  t h e  o p t i m u m  r a t i o  t h a t  g i v e s  t h e  m a x i m u m  y i e l d  o f  p r o d u c t .  T h e  

f o l l o w i n g  m o l a r  r a t i o s  w e r e  u s e d  to  i n v e s t i g a t e  t h i s  v a r i a b l e :

M o l a r  R a t i o s  o f  C e / Z r :  1 0 0 :0

7 5 :2 5

5 0 :5 0

2 5 :7 5

0 : 1 0 0

I
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3 .2 .2  R e a c t i o n  T im e

In  t h i s  w o r k ,  t h e  s a m p l e s  w e r e  i n i t i a l l y  h e a t e d  a t  1 0 0 ° c  in  a n  

o v e n  f o r  5 0  h o u r s .  A f t e r  s e v e r a l  r e s u l t s  h a d  b e e n  c o l l e c t e d  f o r  t h e s e  

c o n d i t i o n s ,  t h e  t i m e  w a s  c h a n g e d  to  1 2 0  h o u r s .  T h e  u r e a  c o n c e n t r a t i o n  w a s

0 .4 M .

3 .2 .3  U r e a  C o n c e n t r a t i o n

F o r  t h i s  s e c t i o n ,  C e o .7 5 Z ro .2 5 O 2  w a s  p r e l i m i n a r y  p r e p a r e d  b y  

h y d r o l y z i n g  w i th  0 .4 M  u r e a  w i t h  r e a c t i o n  t i m e  1 2 0  h o u r s .  T h e n ,  t h e  u r e a  

c o n c e n t r a t i o n  w a s  s w a p p e d  f r o m  0 .4 M  to  1 M  a n d  2 M .

3 . 2 .4  D r y i n g  M e t h o d

I n  t h i s  p a r t ,  C e o .7 5 Z ro .2 5 O 2  w a s  f o r m e r l y  p r e p a r e d  b y  

h y d r o l y z i n g  w i t h  0 .4 M  u r e a  a n d  t h e  r e a c t i o n  t i m e  e q u a l  t o  1 2 0  h o u r s .  A f t e r  

t h a t  t h e  g e l  o f  C e o .7 5 Z ro .2 5 O 2  w a s  d r i e d  a t  1 0 0 ° c  in  a n  o v e n  f o r  o v e r n ig h t .  T h e  

r e s u l t i n g  s a m p l e  i s  c a l l e d  x e r o g e l .

F o r  a n  a e r o g e l  s a m p le ,  C e o .7 5 Z ro .2 5 O 2  w a s  p r e p a r e d  b y  

h y d r o l y z i n g  w i t h  0 .4 M  u r e a  a n d  t h e  r e a c t i o n  t i m e  e q u a l  t o  1 2 0  h o u r s .  T h e n ,  

th e  g e l  w a s  d r i e d  u n d e r  s u p e r c r i t i c a l  c o n d i t i o n  o f  e t h a n o l  ( / A ^ O h a r ,  

7 c = 2 4 3 ° C )  a t  1 0 0  b a r  a n d  2 8 0 ° c  f o r  3 0  m i n u t e s  in  P a r r  R e a c t o r .  F in a l l y ,  th e  

a e r o g e l  o f  C e o .7 5 Z ro .2 5 O 2  w a s  d r i e d  a t  1 0 0 ° c  to  r e m o v e  t h e  r e m a i n i n g  s o lv e n t .

I
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3.3 Catalyst Characterization

3 .3 .1  D e t e r m i n a t i o n  o f  B E T  S u r f a c e  A r e a

T h e  s u r f a c e  a r e a s  o f  a l l  c a t a l y s t s  p r e p a r e d  w e r e  m e a s u r e d  b y  

th e  f i v e - p o i n t  B E T  m e t h o d  u s i n g  a  Q u a n t a c h r o m e  C o r p o r a t i o n  A u t o s o u b  1. 

B e r f o r e  m e a s u r e m e n t ,  a  c a t a l y s t  s a m p le  w a s  o u t g a s e d  b y  b e i n g  h e a t e d  u n d e r  

v a c u u m  to  e l i m i n a t e  v o l a t i l e  a d s o r b e n t s  o n  t h e  s u r f a c e  ( 5 2 3  K , 4  h o u r s ) .  B y  

m e a s u r i n g  t h e  q u a n t i t y  o f  g a s  a d s o r b e d  o n to  o r  d e s o r b e d  f r o m  a  s o l i d  s u r f a c e  

a t  5 e q u i l i b r i u m  v a p o r  p r e s s u r e  ( P / P 0)  v a l u e  ( 0 .1 1 1 5 ,  0 .1 6 1 5 ,  0 .2 1 1 5 ,  0 .2 6 1 5  

a n d  0 . 3 1 1 5 )  b y  t h e  s t a t i c  v o l u m e t r i c  m e th o d .  T h e  d a t a  w e r e  o b t a i n e d  b y  

a d m i t t i n g  o r  r e m o v i n g  a  k n o w n  a d s o r b a t e  g a s ,  n i t r o g e n ,  i n to  o r  o u t  o f  a  s a m p le  

c e l l  c o n t a i n i n g  t h e  s o l i d  a d s o r b e n t  m a i n t a i n e d  a t  a  c o n s t a n t  t e m p e r a t u r e  b e l o w  

c r i t i c a l  t e m p e r a t u r e  o f  t h e  a d s o r b a t e ,  t h a t  i s  7 7  K  f o r  n i t r o g e n .

T h e  a d s o r p t i o n  d a t a  w e r e  c a l c u l a t e d  u s i n g  t h e  B r u n a u e r -  

E m m e t t - T e l l e r  ( B E T )  e q u a t i o n .

l/[W ((P c /P )-l)J  = l / p v j c j  + [(C -l) /(W mC )]* (P /P 0)  ( 3 .1 )

W h e r e  พ  =  w e i g h t  o f  g a s  a d s o r b e d  a t  r e l a t i v e  p r e s s u r e  P 0;

พ1»=  w e i g h t  o f  a d s o r b a t e  c o n s t i t u t i n g  a  m o n o l a y e r  

o f  s u r f a c e  c o v e r a g e ;

c  =  c o n s t a n t  t h a t  IS r e l a t e d  to  t h e  e n e r g y  o f  

a d s o r p t i o n  in  th e  f i r s t  a d s o r b e d  l a y e r  a n d  

m a g n i t u d e  o f  a d s o r b a t e / a d s o r b e n t  i n t e r a c t i o n .
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T h e  s u r f a c e  a r e a  c a n  b e  o b t a i n e d  f r o m  th e  f o l l o w i n g  e q u a t i o n .

Surface area  o f  sam ple  = WnAnitrogen (6.02* 1023) M W' nitrogen ( 3 .2 )

W h e r e  Anitroga1 =  C r o s s - s e c t i o n a l  a r e a  o f  o n e  m o l e c u l e

n i t r o g e n

=  0 .1 6 2  n m 2  ( a t  7 7 K ) ;

Mw,nitrogen -  m o l e c u l a r  w e i g h t  o f  n i t r o g e n  ( 2 8 )

3 .3 .2  D e t e r m i n a t i o n  o f  C a t a l y s t  S t r u c t u r e

A  R i g a g u  X - r a y  d i f f r a c t o m e t e r  ( X R D )  s y s t e m  e q u i p p e d  w i th  a  

R d N T  2 0 0 0  w i d e  a n g l e  g o n i o m e t e r  a n d  a  C u  T u b e  f o r  g e n e r a t i n g  a  C u K  a  1 

r a d i a t i o n  i f  =  1 .5 4 A 0)  w a s  u s e d  to  o b t a i n  t h e  X - r a y  d i f f r a c t i o n  p a t t e r n s  a t  a  

g e n e r a t o r  v o l t a g e  o f  4 0  k v  a n d  a  g e n e r a t o r  c u r r e n t  o f  3 0  m A . N i c k e l  f i l t e r  w a s  

u s e d  a s  th e  K p  f i l t e r .  T h e  g o n i o m e t e r  p a r a m e t e r s  w e r e  d i v e r g e n c e  s l i t  =  f ’( 2 0 ) ;  

s c a t t e r i n g  s l i t  =  1 ° ( 2 0 ) ;  a n d  r e c e i v i n g  s l i t  =  0 .3 n m .  T h e  c a t a l y s t  s a m p l e s  w e r e  

c o m p a r e d  o n  a  g l a s s  s l i d e .  F i r m l y  p r e s s e d  b y  a n o t h e r  g l a s s  s l i d e .  A  s c a n  s p e e d  

o f  5 ° ( 2 9 ) / m i n  w i t h  a  s c a n  s t e p  o f  O .O 2 ° (2 0 )  w a s  u s e d  d u r i n g  a  c o n t i n u o u s  r u n  

in  th e  5 to  9 O ° (2 0 )  r a n g e .

T h e  S c h e r r e r  e q u a t i o n ,  w h i c h  r e l a t e s  t h e  m e a n  c r y s t a l l i t e  

d i a m e t e r  a n d  th e  b r o a d e n i n g  o f  t h e  X - r a y  d i f f r a c t i o n  l i n e d  p e r  t h e  e x p r e s s i o n ,  

c a n  b e  w r i t t e n  a s .

dh = KÂ /  Bd cos 6 (3.3)
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=  w a v e  l e n g th  o f  t h e  m o n o c h r o m a t i c  X - r a y  

d i f f r a c t i o n  (A ° ) ;

=  S c h e r r e r  c o n s t a n t  w h o s e  v a l u e  d e p e n d s  o n  th e  

s h a p e  o f  t h e  p a r t i c l e  ( a s s u m e  e q u a l  to  1 );

=  a n g u l a r  w i d t h  o f  t h e  p e a k  in  t h e  t e r m s  o f  A ( 2 9 )  

( r a d i a n ) ;

=  g l a n c i n g  a n g le  ( d e g r e e ) ;

=  m e a n  c r y s t a l l i t e  d i a m e t e r  ( A 0)

3 . 3 .4  D e t e r m i n a t i o n  o f  F u n c t i o n a l  G r o u p s  o f  C a t a l y s t s

F T - R a m a n  s p e c t r a  w e r e  p e r f o r m e d  o n  a  P e r k i n  E l m e r  2 0 0 0  F T -  

R a m a n  i n s t r u m e n t ,  w h i c h  6 4  s c a n s  a t  a  r e s o l u t i o n  o f  4  c m ’ 1 w e r e  t a k e n ,  w i th  

d i o d e  p u m p e d  Y A G  l a s e r  a n d  a  r o o m  t e m p e r a t u r e  s u p e r  I n G a A s  d e t e c to r .  T h e  

l a s e r  p o w e r  w a s  a b o u t  4 6 0  m W . T h e  f r e q u e n c y  o f  4 0 0 0 - 1 0 0  c m ’ 1 w a s  

o b s e r v e d .

3 .3 .5  E x a m i n a t i o n  o f  C a t a l y s t  M o r p h o l o g y

S c a n n i n g  e l e c t r o n  m i c r o g r a p h s  ( S E M )  w e r e  t a k e n  o n  th e  

J E O L 5 2 0 0 ,  m a g n i f i c a t i o n :  3 5 - 2 0 0 ,0 0 0 ,  s c a n n i n g  e l e c t r o n  m i c r o s c o p e .  T h e  

S E M  p r o v i d e s  u n i q u e  i n f o r m a t i o n  a b o u t  t h e  s u r f a c e s  o f  m a t e r i a l s ,  w h ic h  a r e  

th e  c a t a l y s t s  f o r  t h e  p r e s e n t  r e s e a r c h .  A H  o f  t h e  c a t a l y s t s ,  w h ic h  h a d  to  b e  

c h a r a c t e r i z e d  b y  S E M , w e r e  h e a t e d  a t  a b o u t  1 0 0 ° c  f o r  o n e  h o u r  to  r e m o v e d  

m o i s t u r e  a n d  s t o r e d  in  d e s s i c a t o r  b e f o r e  m i c r o s c o p i c  e x a m i n a t i o n s .  T h e  

s a m p le  w a s  s t i c k e d  OI1 th e  s tu b  a n d  c o a t e d  w i th  g o l d  b y  i o n  s p u t t e r i n g  d e v i c e  

( J F C - 1 1 0 0 E )  f o r  4  m i n u t e s  to  p r e v e n t  s p e c i m e n  c h a r g i n g .  T h e  e x a m i n a t i o n s  

w e r e  t a k e n  t h r o u g h  t h i s  m i c r o s c o p e  w i th  m a g n i f i c a t i o n  r a n g e  f r o m  7 5 0  to  

2 , 0 0 0 .
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3 .3  . 6  E x a m i n a t i o n  o f  C o k e  F o r m a t i o n

A  t h e r m o g r a v i m e t r i c  a n a l y s i s  w a s  u s e d  to  d e t e r m i n e  c o k e  

f o r m a t i o n  o n  a  c a t a l y s t .  T h e  c a t a l y s t  IS l o a d e d  in  p a n  a n d  h e a t e d .  T h e  m a s s  o f  

s p e c i m e n  in  a  c o n t r o l l e d  a t m o s p h e r e  is  r e c o r d e d  c o n t i n u o u s l y  ร a  f u n c t i o n  o f  

t e m p e r a t u r e  o r  t i m e  a s  th e  t e m p e r a t u r e  o f  t h e  s a m p le  i s  i n c r e a s e d  l i n e a r l y  w i th  

t im e .  A  p l o t  o f  m a s s  p e r c e n t  a s  a  f u n c t i o n  o f  t e m p e r a t u r e  i s  c a l l e d  a  

t h e r m o g r a m .

A  S i m u l t a n e o u s  T h e r m a l  A n a l y z e r  ( S T A  4 0 9 )  c o n s i s t s  o f  a  

s e n s i t i v e  a n a l y t i c a l  b a l a n c e ,  a  f u r n a c e ,  a  p u r g e  g a s  s y s t e m  f o r  p r o v i d i n g  

n i t r o g e n  a n d  o x y g e n  g a s e s  a n d  a  c o m p u t e r  f o r  i n s t r u m e n t  c o n t r o l  a n d  d a t a  

a c q u i s i t i o n  a n d  d i s p l a y .

T h e r m o g r a m s  w e r e  o b t a i n e d  u s i n g  t h i s  i n s t r u m e n t  u n d e r  

n i t r o g e n  a n d  o x y g e n  e n v i r o n m e n t s  b y  h e a t i n g  to  9 0 0 ° c  a t  a  r a t e  o f  1 0 ° c /m in .
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3.4 Experimental Apparatus

T h e  e x p e r i m e n t a l  a p p a r a t u s  u s e d  in  t h i s  r e s e a r c h  i s  s c h e m a t i c a l l y  

s h o w n  in  F i g u r e  3 .1 .  I t  c o n s i s t s  o f  t h r e e  p a r t s :  ( I )  g a s  m i x i n g  s e c t i o n ,  ( i i )  

c a t a l y t i c  r e a c t o r ,  a n d  ( i i i )  a n a l y t i c a l  i n s t r u m e n t .

3 .4 .1  G a s  M i x i n g  S e c t i o n

T h i s  s e c t i o n  w a s  u s e d  f o r  p r e p a r i n g  t h e  r e a c t a n t  g a s e s  to  

d e s i r e d  f l o w  r a t e  a n d  c o n c e n t r a t i o n  b e f o r e  b e i n g  f e d  t o  a  r e a c t o r .  A l l  g a s e s ,  

h e l i u m  a n d  o x y g e n ,  w e r e  p a s s e d  t h r o u g h  a  7 - m i c r o n  s t a i n l e s s  s t e e l  f i l t e r  t o  

r e m o v e  t h e  p a r t i c l e  in  t h e  g a s e s .  A  v o l u m e t r i c  f l o w  r a t e  o f  e a c h  g a s e s  w e r e  

c o n t r o l l e d  b y  A a b o r g  m a s s  f l o w  c o n t r o l l e r s  ( M o d e l  G F C 1 7 ) .  I s o - o c t a n e  w a s  

c o n t a i n e d  in  a  d r e s s h l e r  b o t t l e  i n  w h i c h  i t s  t e m p e r a t u r e  w a s  m a i n t a i n e d  a t  

7 .5 °c  f o r  c o n t r o l l i n g  t h e  v a p o r  p r e s s u r e  o f  i s o - o c t a n e  a t  2 0  m m H g .  H e l i u m  

w a s  a p p l i e d  t o  c a r r y  t h e  i s o - o c t a n e  t o  m i x  w i t h  o x y g e n  a t  m i x i n g  c h a m b e r .  

W a t e r  w a s  i n j e c t e d  b y  s y r i n g e  p u m p  t o  a n  e v a p o r a t o r  f o r  p r o d u c i n g  s t e a m .  

T h e  s t e a m ,  t h e n ,  w a s  c a r r i e d  b y  h e l i u m  t o  m i x  w i t h  o x y g e n  a n d  i s o - o c t a n e  

b e f o r e  e n t e r i n g  t h e  c a t a l y s t  r e a c t o r ,  t h e  t o t a l  f l o w  r a t e  o f  t h e  m i x e d  g a s  w a s  

1 6 0  m l / m i n  a t  2 5 ° c ,  a t m o s p h e r e  p r e s s u r e .  T h e  c o n c e n t r a t i o n  o f  i s o - o c t a n e  

w a s  c o n t r o l l e d  t o  b e  l e s s  t h a n  1 %  b y  v o l u m e  f o r  s a f e t y  s i n c e  a  c o n c e n t r a t i o n  

w a s  c o n s i d e r e d  t o  b e  f a l l e n  o f f  a  r a n g e  o f  e x p l o s i o n  l i m i t a t i o n .
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3.4.2 Catalyst Reactor
A 10-mm O.D. quartz tube was used a catalytic reactor. The 

reactor was loaded with a mixture of 0.0653 g of catalyst and 0.1625g of a- 
alumina sieved to 180-245 mesh. The reactant gases were fed at the bottom of 
the reactor. The reactor was heated and controlled by a Shinko temperature 
controller (Model FCR-13A) using thermocouple type K. The leaving gases 
from reactor were fed through condenser to remove the unconverted feed, 
liquid product and steam.

3.4.3 Gas Analytical Instrument
The product gases from the condenser were analyzed by gas 

chromatographs. Shimadzu (GC 14A) with CTRI column were used for 
analyzing the product gases. Th sampling gases were injected at 1 2 0 ° c ,  and 
the oven temperature was 7 0 ° c .  A thermal conductivity detector (TCD) was 
set at 1 2 0 ° c .  The calibration standard gases were C Û 2 , CO, FI 2  and 0 2 -

3.5 E xp erim en ta l Section

3.5.1 Catalyst Testing
In this work, hydrogen was produced from iso-octane by 

autothermal system. Therefore, the iso-octane oxidation was investigated in 
this part to test the catalytic activity of catalyst and find the optimum O2/C 
ratio for the autothermal system.

First, the activity of Ce/Zr mixed oxides with reaction time 120 
hours, aerogel of Ceo.75Zro.25C2 and 5%Ni/ C e o . 7 5 Z r o . 2 5 O 2  were tested for 
iso-octane oxidation at (ว 2 / c  of 1/1. The catalytic activity was measured as a 
function of temperature. The temperature corresponding to 50% conversion of
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The conversion of iso-octane was determined by using the
following expression:

X  = 1/8 [ Cco + Cco2] (3.4)

where X = iso-octane conversion;
Cco = CO conversion;
Cco2 = C 02 conversion.

3.5.2 The Effect of Steam/Carbon Ratio and Temperature
The effect of steam/carbon ratios and temperature on 5%Ni- 

C e o .7 5 Z ro .2 5 O 2  were examined in this part. The experiment was conducted at 
constant 0 2/C ratio of 1.0. The H20/C ratios were varied from 1.5, 2.0, 2.5, 
and 3.0. The furnace temperature of 450-590°C was investigated.

The H2/CO ratio, the selectivity of CO and conversion of dry 
product gases were discussed.

The selectivity of CO was determined by using the following
expression:

CO selectivity (%) = C 0/(C 02 + CO + H2)*100 (3.5)

where CO = mole of CO product;
C 02 = mole of C02 product;
H2 = mole of H2 product.
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3 .5 .3  T h e  E f f e c t  o f  O x y g e n / C a r b o n  R a t io  a n d  T e m p e r a t u r e

T h e  0 2/ c  r a t i o s  w e r e  v a r i e d  f r o m  0 .1 2 5 ,  0 .2 5 ,  0 .5 0  a n d  1 .0 . 

T h e  e f f e c t  o f  t e m p e r a t u r e  w a s  a l s o  s t u d i e d  b y  v a r y i n g  f u r n a c e  t e m p e r a t u r e  

f r o m  5 0 0 - 6 5 0 ° C .  I n  th i s  p a r t ,  t h e  e x p e r i m e n t  w a s  e a r n e d  a t  c o n s t a n t  H 2 0 / C  =  

2 /1 .  T h e  H 2/ C O  r a t i o ,  t h e  s e l e c t i v i t y  o f  C O  a n d  c o n v e r s i o n  o f  d r y  p r o d u c t  

g a s e s  w e r e  i n v e s t i g a t e d .

3 . 5 .4  C o k e  F o r m a t i o n  S tu d y

T h e  c o k e  f o r m a t i o n  w a s  s t u d i e d  in  t h i s  w o r k  b y  r u n n i n g  th e  

r e a c t i o n  a t  6 5 0 ° c ,  H 2 0 / C  r a t i o  =  2 /1  a n d  o 2/ C  r a t i o  =  1/1 f o r  1 0 0  h o u r s .  T h e  

a c t i v i t y  o f  5 % N i / C e 0 .7 5 Z ro .2 5 0 2  w a s  i n v e s t i g a t e d  e v e r y  5  h o u r s .  T h e  s p e n t  

5 % N i /C e o . 7 5 Z r 0 .2 5 0 2  w a s  c h a r a c t e r i z e d  b y  S i m u l t a n e o u s  T h e r m a l  A n a l y z e r  

( S T A )  a n d  S c a n n i n g  E l e c t i o n  M i c r o s c o p e  ( S E M ) .

A c t i v i t y  T h e  i s o - o c t a n e  c o n v e r s i o n  a t  s p e c i f i c  t i m e  

T h e  i s o - o c t a n e  c o n v e r s i o n  a t  i n i t i a l  t i m e
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