
E X P E R I M E N T A L  S E C T I O N
CHAPTER III

3 .1  E x p e r im e n t a l  S e tu p

T h e  e x p e r im e n ta l  s e tu p  in  th is  r e s e a r c h  is  s c h e m a t ic a l ly  s h o w n  in  
F ig u r e  3 .1 .  I t  c o n s is t s  o f  3 p a r ts ,  ( i)  g a s  b le n d in g ,  ( i i )  r e a c t io n ,  a n d  ( i i i )  
a n a ly t ic a l .

T h e  g a s  b le n d in g  s e c t io n  w a s  u t i l iz e d  to  p r e p a r e  r e a c ta n t  g a s e s  to  a  
d e s i r e d  c o n c e n t r a t io n  a n d  f lo w r a te  b e f o r e  b e in g  in t r o d u c e d  in to  th e  c a ta ly t ic  
r e a c to r .  M e th a n e  ( 9 9 .9 7 % , P r a x a i r  D is t r ib u t io n  I n c .)  a n d  c a r b o n  d io x id e  
( 9 9 .9 9 9 % , T h a i  I n d u s t r ia l  G a s  P u b l ic  C o .,  L td .)  w e r e  u s e d  a s  r e a c ta n t  g a s e s .  
H e l iu m  ( 9 9 .9 9 % , T h a i  In d u s t r ia l  G a s  P u b l ic  C o .,  L td .)  w a s  u s e d  a s  th e  d i lu e n t  
g a s  f o r  th e  r e a c t io n  a n d  u s e d  a s  th e  p u r g e  g a s  f o r  th e  c a ta ly s t  r e d u c t io n ,  w h ic h  
u s e d  h y d r o g e n  ( 9 9 .9 9 % , T h a i  In d u s t r ia l  G a s  P u b l ic  C o .,  L td .)  a s  th e  r e d u c t io n  
g a s .  A t  f i r s t ,  e a c h  g a s  w a s  p a s s e d  th r o u g h  a  7 - m ic r o n  s ta in le s s  s te e l  f i l t e r  to  
r e m o v e  s m a l l  c o n ta m in a n ts  f ro m  th e  g a s e s .  In  o r d e r  to  c o n t r o l  a  v o lu m e t r ic  
f lo w  ra te ,  S ie r r a  m a s s  f lo w  c o n t r o l le r s  e q u ip p e d  w i th  a  c o n t r o l  b o x  m o d e l  
9 0 4 C - P E - I 1 - B M  w e r e  u s e d  fo r  e a c h  g a s . C h e c k  v a lv e s  w e r e  in s ta l le d  to  
p r e v e n t  d e te r io r a t io n  o f  th e  m a s s  f lo w  c o n t r o l le r  f r o m  b a c k p r e s s u r e .  A  g a s 
m ix in g  c h a m b e r  w a s  u s e d  to  p r o m o te  th e  c o m p le te  b le n d in g  o f  th e  r e a c ta n t  
g a s e s  b e f o r e  p r o c e e d in g  th r o u g h  th e  r e a c to r .

A f t e r  th e  r e a c ta n t  g a s e s  w e re  p re p a re d ,  th e y  w e r e  fe d  to  th e  b o t to m  o f  
a  v e r t ic a l  4 - m m - in s id e - d ia m e te r  q u a r tz  r e a c to r .  T h e  0 .0 2  g  o f  c a ta ly s t  w a s  
k e p t  in  p la c e  b y  0 .0 4  g  q u a r tz  w o o l p lu g g e d  a t  th e  c e n te r  o f  th e  r e a c to r .  T h e  
r e a c to r  w a s  in s ta l le d  a n d  e le c t r ic a l ly  h e a te d  in  th e  fu r n a c e .  T h e
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f u r n a c e  te m p e r a tu r e  w a s  c o n t r o l le d  b y  a  d ig i ta l  te m p e r a tu r e  c o n t r o l le r  
e q u ip p e d  w i th  a  ty p e - K  th e r m o c o u p le ,  w h ic h  w a s  in s e r te d  in to  th e  c e n te r  o f  
th e  c a ta ly s t  b e d .  A  v a r ia c  w a s  u s e d  to  c o n t r o l  e le c t r ic a l  c u r r e n t  to  th e  
te m p e r a tu r e  c o n t r o l l e r  a n d  h e a t in g  c o il  in  th e  f u rn a c e .  B y  th e  a p p r o p r ia te  
a d ju s tm e n t  o f  th e  v a r ia c  a n d  th e  t e m p e r a tu r e  c o n t r o l le r ,  i s o th e r m a l  c o n d i t io n s  
c a n  b e  a c h ie v e d  w i th  a  m a x im u m  v a r ia t io n  o f  ±  2°c a t s te a d y  s ta te .

P r o d u c ts  f ro m  th e  r e a c t io n  w e r e  a n a ly z e d  b y  a  H e w le t t  P a c k a r d  (H P  
5 8 9 0  s e r i e s l l )  g a s  c h r o m a to g r a p h  (G C ) .  T h e  H a y e s e p  D B  p a c k e d  c o lu m n ,  4 m  
X  l / 8 i n ,  s ta in le s s  s te e l ,  w h ic h  w a s  c o n n e c te d  to  a  th e r m a l  c o n d u c t iv i ty  d e te c to r  
( T C D ) ,  w a s  s e le c te d  fo r  th e  a n a ly s is .  A  6 - p o r t  v a lv e  w a s  u s e d  f o r  th e  s a m p le  
in je c t io n ,  w h ic h  u s e d  n i t r o g e n  g a s  ( 9 9 .9 9 % , T h a i  I n d u s t r ia l  G a s  P u b l ic  C o .,  
L td .)  to  d r iv e  th e  a u to - s a m p l in g  v a lv e .  H e l iu m  w a s  u s e d  a s  th e  G C  c a r r ie r  g a s  
a t  th e  f lo w  r a te  o f  15 m l /m in .  T h e  in je c to r  t e m p e r a tu r e ,  o v e n  te m p e r a tu r e ,  a n d  
d e te c to r  t e m p e r a tu r e  w e r e  s e t  a t  1 1 0 , 1 2 0 , a n d  130°c, r e s p e c t iv e ly .  E a c h  
c y c le  o f  th i s  a n a ly s i s  to o k  15 m in u te s  to  c o m p le te .  T h e  d e te c to r  o u tp u t  w a s  
t r a n s m i t t e d  to  a n  o n - l in e  c o m p u te r  r u n n in g  th e  H P  C h e m s ta t io n  to  
a u to m a t ic a l ly  e v a lu a te  d a ta  a n d  r e p o r t  th e  r e s u lts .

3 .2  E x p e r im e n t a l  P r o c e d u r e s

3 .2 .1  C a ta ly s t  P r e p a r a t io n
T w o  te c h n iq u e s  w e r e  e m p lo y e d  to  p r e p a r e  th e  c a ta ly s t s  u s e d  in  

th is  r e s e a r c h .  T h e  f i r s t  te c h n iq u e ,  w h ic h  w a s  u s e d  f o r  e v e r y  c a ta ly s t  p r e p a r e d ,  
w a s  im p r e g n a t io n .  T h e  s e c o n d  te c h n iq u e ,  c o - p r e c ip i ta t io n ,  w a s  a p p l ie d  w h e n  
th e  c a ta ly s ts  w i th  m ix e d - p r o m o te r  w e r e  p r e p a r e d .  T h e  n o ta t io n s  f o r  a ll  
c a ta ly s t s  w e r e  g iv e n  in  T a b le s  3 .1 -3 .3 .



16

T a b le  3 .1  N o ta t io n  f o r  th e  u n p r o m o te d  c a ta ly s ts
S u p p o r t N o ta t io n

Z r 0 2 P t /Z

T a b le  3 .2  N o ta t i o n  fo r  th e  p r o m o te d  c a ta ly s ts

w t%  P r o m o te r  lo a d in g
T y p e  o f  p r o m o te r

C e Y
3 % P t/3 C e Z P t /3 Y Z
5 % P t/5 C e Z P t /5 Y Z
7 % P t/7 C e Z P t /7 Y Z
9 % P t/9 C e Z P t /9 Y Z

T a b le  3 .3  N o ta t io n  f o r  th e  m ix - p r o m o te r  c a ta ly s ts
C a ta ly s t  P r e p a r a t io n w t%  C e w t%  Y N o ta t io n

I m p r e g n a t io n
2 .5 2 .5 P t /2 .5 - 2 .5 im

5 5 P t /5 - 5 im
15 15 P t /1 5 - 1 5 im

C o - p r e c ip i ta t io n  
( c a lc in e d  6 0 0 ° C )

5 5 P t /5 - 5 c o ( 6 0 0 )
15 15 P t /1 5 - 1 5 c o ( 6 0 0 )

C o - p r e c ip i t a t io n  
( c a lc in e d  8 0 0 ° C )

5 5 P t /5 - 5 c o ( 8 0 0 )
15 15 P t /1 5 - 1 5 c o ( 8 0 0 )

3 .2 .1 .1  Im p r e g n a tio n  T ech n iq u e
T h e  C e -  o r  Y -  d o p e d  Z r 0 2 s u p p o r t  w a s  m a d e  b y  th e  

a q u e o u s  im p r e g n a t io n  o f  C e N 30 9.6 H 20  o r  Y ( N 0 3) 3.6 H 20  ( F lu k a  C o .,  L td .) ,  
r e s p e c t iv e ly  to  th e  Z r ( O H ) 4 (M E I  C h e m ic a l ) .  T h e  w e ig h t  o f  C e  , Y , o r  m ix e d -  
p r o m o te r  w a s  v a r i e d  to  a c h ie v e  th e  d e s i r a b le  % lo a d in g  in  f in a l  m a te r ia l .  T h e  
in c ip ie n t  w e tn e s s  o f  th e  z i r c o n iu m  h y d r o x id e  w a s  0 .1  c m 3/g . T o  o b ta in  th e
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o x id e  f o r m  o f  s u p p o r t  a n d  p r o m o te r ,  th e  m a te r ia l  w a s  d r ie d  a t  110°c 
o v e r n ig h t ,  p r io r  to  c a lc in a t io n  a t  800°c f o r  4  h o u r s  in  a ir .  F in a l ly ,  th e  
in c ip ie n t  w e tn e s s  im p r e g n a t io n  o f  th e  a q u e o u s  s o lu t io n  o f  H 2P tC l6.6 H 20  
( M e r c k  C h e m ic a l  C o . ,  L td .)  w a s  p r e p a r e d  to  o b ta in  1.5 w t%  P t  lo a d in g .  T h e  
c a ta ly s t  w a s  d r ie d  o v e r n ig h t  a t  110°c, a n d  th e n  c a lc in e d  a t  400°c f o r  2  h o u r s  
in  a ir .

3 .2 .1 .2  C o -p re c ip ita tio n  T ech n iq u e
Z r O C l2.8 H 20 ,  C e N 30 9.6 H 20 ,  a n d  Y ( N 0 3) 3.6 H 20  (F lu k a  

C o .,  L td . )  w e r e  u s e d  a s  th e  p r e c u r s o r s  f o r  th is  te c h n iq u e .  A t  f i r s t ,  s o lu t io n  
c o n ta in in g  0.1 M  o f  Z r 0 C l 2.8FI20 ,  C e N 30 9.6 H 20 ,  a n d  Y ( N 0 3) 3.6 H 20  w a s  
p r e p a r e d  to  o b ta in  a  d e s i r a b le  f in a l  c o n c e n t r a t io n .  T h e  s o lu t io n  w a s  th e n  
s t i r r e d  w i th  a  h ig h  r a te  w h i le  1 M  o f  N H 4O H  ( C a r lo  E r b a )  w a s  a d d e d  a t  a  s lo w  
ra te .  W h e n  p H  r e a c h e d  a r o u n d  8 , th e  b a s ic  s o lu t io n  a d d i t io n  w a s  s to p p e d  
w h i le  th e  s o lu t io n  w a s  f u r th e r  s t i r r e d  f o r  a n o th e r  h o u r .  A f te r  th a t ,  th e  s o lu t io n  
w a s  p r e c ip i t a t e d  b y  c e n t r i f u g e  m e th o d  a t  2000 r p m  f o r  5 m in u te s  w i th  th e  
A L C  c e n t r i f u g e  in s t r u m e n t  m o d e l  4236. T h e  p r e c ip i ta te  w a s  w a s h e d  
th o r o u g h ly  b y  w a r m  d e io n iz e d  w a te r  (6 0 ° C ) ,  a n d  th e n  c e n t r i f u g e d  a g a in .  T h e  
w a s h in g  p r o c e d u r e  w a s  r e p e a te d  fo r  8 t im e s  to  e n s u r e  th e  to ta l  e l im in a t io n  o f  
th e  e x c e s s  io n s .  T h e  p r e c ip i ta te  m a te r ia l  w a s  s e p a r a te d  f ro m  s u p e r n a ta n t  a n d  
d r ie d  o v e r n ig h t  a t  110°c. T o  o b s e r v e  th e  e f f e c t  o f  c a lc in a t io n  t e m p e r a tu r e ,  th e  
d r ie d  m a te r ia l  w a s  th e n  c a lc in e d  e i th e r  600°c o r  800°c f o r  4  h o u r s  in  a ir . 
A f t e r  th e  s u p p o r t  w a s  p r e p a r e d ,  th e  in c ip ie n t  w e tn e s s  im p r e g n a t io n  o f  a n  
a q u e o u s  s o lu t io n  o f  H 2P tC l6.6 H 20  ( M e r c k  C h e m ic a l  C o .,  L td .)  w a s  p r e p a r e d  
to  y ie ld  a  c a ta ly s t  w i th  1.5 w t%  P t. T h e  c a ta ly s t  w a s  d r ie d  o v e r n ig h t  a t  1 10°c, 
a n d  th e n  c a lc in e d  a t  400°c f o r  2  h o u r s  in  a ir .
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3 .2 .2  C a ta ly s t  C h a r a c te r iz a t io n
3 .2 .2 .1  B E T  S u r fa c e  A r e a  M e a s u re m e n t

T h e  c a ta ly s t  p h y s ic a l  s u r f a c e  a r e a  w a s  a p p r o x im a te d  b y  
a  Q u a n ta c h r o m e  C o r p o r a t io n  A u to s o r b - I  in s t r u m e n t .  T h is  c h a r a c te r iz a t io n  is  
b a s e d  o n  th e  p h y s ic a l  a d s o r p t io n  o f  th e  a d s o r b a te ,  w h ic h  w a s  n i t r o g e n  (N2) a t 
th e  l iq u id  n i t r o g e n  te m p e r a tu r e  (7 7  K )  in  th is  s tu d y ,  o n to  th e  s u r f a c e  o f  th e  
s a m p le s .  B e f o r e  th e  a n a ly s is ,  0.3±0.02 g  o f  a  s a m p le  w a s  o u tg a s s e d  to  
e l im in a te  v o la t i l e  a d s o r b a te s  o n  th e  s u r f a c e  b y  h e a t in g  th e  s a m p le  u n d e r  
v a c u u m  in  a  f lo w  o f  H e  ( 9 9 .9 9 % , th e  T h a i  I n d u s t r ia l  G a s  P u b l ic  C o . ,  L td .)  a t 
200°c f o r  a t  l e a s t  1 h o u r .  T h e  s a m p le  s p e c i f ic  s u r f a c e  a r e a  w a s  c a lc u la te d  
f r o m  th e  f iv e - p o in t  n i t r o g e n  a d s o r p t io n  is o th e r m  u s in g  th 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 io n .  T h e  a v e r a g e  p o r e  r a d iu s  a n d  a v e r a g e  p o r e  v o lu m e  
w e r e  c a lc u la t e d  a t  P /P 0 r a t io  c lo s e  to  u n ity .

3 .2 .2 .2  X -r a y  D iffra c tio n  (X R D ) A n a ly s is
X - r a y  d i f f r a c t io n  te c h n iq u e  w a s  u s e d  to  id e n t i f y  

c r y s t a l lo g r a p h ic  p h a s e  o f  th e  m a te r ia l  f o r  b o th  q u a l i t a t iv e  a n d  q u a n t i ta t iv e  
a n a ly s e s .  T h e  q u a l i ta t iv e  a n a ly s is  is  b a s e d  u p o n  th e  f a c t  th a t  a n  x - r a y  
d i f f r a c t io n  p a t t e r n  is  u n iq u e  fo r  e a c h  c r y s ta l l in e  s u b s ta n c e .  C h e m ic a l  id e n t i ty  
c a n  b e  a s s u m e d  i f  a n  e x a c t  m a tc h  c a n  b e  fo u n d  b e tw e e n  th e  p a t t e r n s  o f  a n  
u n k n o w n  a n d  r e f e r e n c e  s u b s ta n c e .  T h e  r e la t iv e ly  q u a n t i t a t iv e  a n a ly s i s  f o r  th e  
s a m e  c r y s ta l l in e  p a t te r n  s u b s ta n c e  c a n  b e  d e te r m in e d  b y  th e  c o m p a r i s o n  o f  th e  
d i f f r a c t io n  l in e s  in te n s i ty .  T h e  h ig h e r  in te n s i ty  in d ic a te s  th e  h ig h e r  c o n te n t  o f  
th a t  c r y s t a l l in e  fo rm .

A  P h i l ip s  X - r a y  d i f f r a c to m e te r  s y s te m  ( P W  3 0 2 0 )  
e q u ip p e d  w i th  a  g r a p h i te  m o n o c h r o m a to r  a n d  C u  a n o d e  x - r a y  tu b e ,  w h ic h  
g iv e s  C u K  r a d ia t io n ,  w a s  u s e d  to  o b ta in  th e  X R D  p a t te r n s .  T h e  g r in d in g  w e l l -  
m ix e d  h o m o g e n e o u s  p o w d e r  w a s  s c a t te r e d  o n  a  th in  g la s s  s l id e  th a t  w a s  p u t  
a g a in s t  t h e  x - r a y  b e a m . C o n s t r u c t iv e  in te r f e r e n c e  c a n  b e  a c h ie v e d  w i th  
m o n o c h r o m a t i c  i r r a d ia t io n  b y  v a r y in g  th e  a n g le  o f  in c id e n c e  f r o m  5 to  9 0
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degrees. E ach  sam ple w as scanned tw ice, once to  perfo rm  qualita tive  peak  
location  and the  o ther tim e for quantita tive data gathering . T he d ig ita l outputs 
o f  the proportional x-ray detector and the gon iom eter angle  m easurem ents 
w ere  acqu ired  by an on-line m icrocom puter for the storage and subsequent 
data  analysis by P C -A PD  version 3.5B.

3 .2 .2 .3  H y d ro g e n  C h e m iso rp tio n  M e a s u r e m e n t
A n A utosorb-I-C  instrum ent is used  for hydrogen  

chem iso rp tion  m easurem ents, w hich  used to  approxim ate  % m etal d ispersion . 
T he experim ents w ere conducted  on several sam ples o f  the p repared  catalysts 
in a static  vo lum etric  adsorption  Pyrex system , equipped  w ith  a h igh capacity , 
h igh  vacuum  pum ping  station. F irst, the catalyst w as loaded into the quartz 
tube  and the reduction  under hydrogen flow  for 1 h at 500°c w as follow ed. 
Second, the hydrogen  at the p latinum  surface w as rem oved by helium  flow  at 
the reduction  tem peratu re  for 30 m in and then evacuated  for 1.5 h. A fte r that, 
the ca talyst w as cooled  to 40°c and evacuated  at the sam e tim e. A t th is step, 
all the  hyd ro gen  w as sucked aw ay from  the surface o f  the p latinum , w hich  w as 
stud ied  by reabso rb ing  hydrogen increm entally . T he hydrogen  w as 
increm enta lly  dosed at 40°c at elevated pressure. T hen, the first iso therm  w as 
obtained. T he  extrapolation  back to zero p ressure  m ethod  w as used  to 
calcu late  the adsorbed  volum e. To quantify  the am ount o f  reversib ly  adsorbed 
hydrogen , the sam ple w as evacuated for 5 m in at 40°c to  rem ove th e  w eakly  
adsorbed  (physiso rbed) and the second isotherm  w as determ ined.

3.2.3 M ethane R eform ing w ith  C arbon D ioxide
A ll catalysts w ere crushed and sieved to sm aller than 0.125 m m  

to p reven t the partic le  size effect. B efore the reaction , the catalysts w ere 
p re trea ted  in H e w ith  the flow  rate o f  15 m l/m in from  room  tem perature  to 
500°c at the rate  o f  1 0 °c /m in  and then reduced in H 2 w ith  the flow  rate o f  30 
m l/m in  for 1 hour. Then, the system  w as flushed w ith  15 m l/m in  o f  H e for 30
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m inutes at 500°c. A fte r that, the sam e sam ple w as then heated  in H e (15 
m l/m in) to  800°c at the rate o f  1 0 °c /m in , w hich  w as the reaction  tem perature. 
W hen all the  above steps had been com pleted, the feed gas m ix tu re  w as fed 
in to the reactor.

3 .2 .3 .1  E ffe c ts  o f  C H 4/ C O 2 R a tio
The P t/5C eZ  w as used at a G H SV  o f  4777500 h ' 1 by 

vary ing  the C H 4/C O 2 ratios according to  T able 3.4.

Table 3.4 R eactan t com positions
c h 4/ c o 2 vol%  C H 4 vol%  C 0 2 vol%  H e

1 /1 2 0 2 0 60
2 /1 40 2 0 40
3/1 60 2 0 2 0

1 /2 2 0 40 40

The deactivation  rate o f  the catalysts w as then analyzed 
for the effects o f  C H 4 to  C 0 2 ratio  by com paring  the m ethane and carbon 
dioxide conversions, and H 2/C O  product ratio.

3 .2 .3 .2  E ffe c ts  o f  G as H o u r  S p a c e  V e lo c ity  (G H S V )
In this study, the P t/5C eZ  w as tested  at a C H 4/C 0 2 ratio  

o f  2/1. A  G H S V  w as varied  by changing the total flow  rate o f  the in let gases 
and bed h e ig h t o f  the catalysts as show n in T able 3.5.

The deactivation  rate o f  the catalysts w as then  analyzed 
for the effects o f  C H 4 to  C 0 2 ratio  by com paring m ethane and carbon  dioxide 
conversions, and H 2/C O  product ratio.
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Table 3.5  G H S V  applied  in th is w ork
G H S V  X 1 O' 5 Total flow  rate B ed heigh t

๙ ) (cm3/min) (cm)
2.390 1 0 0 0 . 2 0

3.183 1 0 0 0.15
4.775 150 0.15
6.366 2 0 0 0.15

3 .2 .3 .3  E ffe c ts  o f  P ro m o te r s
T he P t/3C eZ , P t/5C eZ , P t/7C eZ , P t/9C eZ  and P t/3Y Z , 

P t/5Y Z , P t/7Y Z , P t/9Y Z  catalysts w ere studied. The experim en t w as carried  
on the m ost su itab le  C H 4/C O 2 ratio  and G H SV  received  from  3.2.3.1 and
3.2 .3 .2 . T his effect w as com pared w ith  P t/Z  catalysts. T he activ ity  and 
stab ility  o f  the catalysts w ere considered by com paring  the m ethane and 
carbon d ioxide conversions, and H 2/C O  product ratio.

3 .2 .3 .4  E ffe c ts  o f  M ix e d -p ro m o te r
This study concen trated  on the effects o f  catalysts 

loaded w ith  Ce and Y  together on Z r 0 2 support. T w o prepara tio n  techniques, 
im pregnation  and co-precip itation , w ere used. T he am ount o f  p rom oters 
loading  w as varied . The effect o f  calcination  tem peratu re  w as also  studied  
w hen using  the co-precip ita tion  technique. C haracteristics, activ ity  and 
stab ility  o f  the catalysts w ere  observed by com paring  the m ethane and  carbon 
d ioxide conversions, and H 2/C O  product ratio.
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