
C H A P T E R  I I I  
E X P E R I M E N T A L

3.1 M a te r i a l s

P o ly (4 -s ty re n e su lfo n ic  a c id -c o -m a le ic  ac id ) so d iu m  sa lt w ith  1:1 
s ty re n e su lfo n ic  a c id  : m a le ic  a c id  m o le  ra tio  (1:1 PSS-C O -M A , Mw - 2 0 0 0 0 ,  S ig m a - 
A ld ric h , U S A ), p o ly (4 -s ty re n e su lfo n ic  a c id -c o -m a le ic  ac id ) so d iu m  sa lt w ith  3:1 
s ty re n e su lfo n ic  a c id  : m a le ic  a c id  m o le  ra tio  (3:1 PSS-C O -M A , M w - 2 0 0 0 0 ,  S ig m a - 
A ld ric h , U S A ), c e r iu m  (III)  n itra te  h e x a h y d ra te  (C e (N 0 3 )3.6 H 20 , 9 9 .5 % , A c ro s  
O rg a n ic s , U S A ), s ilv e r  n itra te  (A g N C b , 9 9 .8 % , S ig m a -A ld r ic h , U S A ), g o ld  (III) 
c h lo r id e  tr ih y d ra te  (H A uC1j .3 H 20 ,  9 9 .9 % , S ig m a -A ld r ic h , U S A ), so d iu m
b o ro h y d r id e  (N aB l-L , F ish e r  S c ie n tif ic , U K ) an d  so d iu m  c a rb o n a te  a n h y d ro u s  
(N a 2C 0 2, 9 9 .5 % , C a r lo  E rb a , F ra n c e )  w e re  u se d  w ith o u t fu r th e r  p u rif ic a tio n .

3 .2  C a t a ly s t  S y n th e s is

3.2.1 C h e m ic a l P re p a ra tio n

D e -io n iz e d  w a te r  w as u se d  as so lv e n t fo r  a ll so lu tio n s . A  d e s ire d  
a m o u n t o f  C e ( N 0 2)3.6H 20  w as  d is so lv e d  in  d e - io n iz e d  w a te r  to  o b ta in  a 
c o n c e n tra tio n  o f  10 m M . T h e  so lu tio n  o f  1:1 PSS-C O -M A  a n io n ic  p o ly e le c tro ly te  at 
c o n c e n tra tio n  o f  0 .5 , 1 ,5 ,  10, 50  an d  100 m M  w a s  p re p a re d  fo r u se  as c a p p in g  agen t. 
A  so d iu m  c a rb o n a te  a q u e o u s  so lu tio n  a t c o n c e n tra tio n  o f  0.1 M  w a s  u se d  as th e  
p re c ip ita t in g  ag en t.

3 .2 .2  S y n th e s is  o f  C e ria  S u p p o rt

T w o  m e th o d s  o f  th e  su p p o rt p re p a ra tio n , q u ick  m ix in g  a n d  d ro p -b y ­
d ro p , w e re  u se d  in th is  w o rk  to  in v e s tig a te  th e  e ffe c t o f  p re p a ra tio n  m e th o d  on  c e r ia  
p a r tic le  size .

3.2.2.1 Quick Mixing
An aqueous solution of 10 mM Ce(N0 3 )3 .6 H2 0  was

immediately mix with 0 mM and 10 mM of 1:1 PSS-CO-MA solution under gentle
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s tir r in g  b y  u s in g  a m a g n e tic  s tirre r .. T h e  m ix e d  a q u e o u s  so lu tio n  w a s  k e p t a t pH  9 .0  
b y  a d d in g  a so d iu m  c a rb o n a te  a q u e o u s  so lu tio n  an d  ag in g  a t 60 °c fo r  1 h o u r.

3.2.2.2 Drop-by-drop
A n  a q u e o u s  so lu tio n  o f  10 m M  C e (N 0 3 )3.6 H 2Û  w a s  p o u re d  

in to  b u re tte  a n d  th e n  a d d e d  d ro p w ise  to  a PSS-C O -M A  s o lu tio n  a t c o n c e n tra tio n  o f  0 
m M  an d  10 m M  u n d e r  g e n tle  s tir r in g  b y  u s in g  a  m a g n e tic  s tirre r. T h e  m ix e d  a q u e o u s  
so lu tio n  w as  k e p t a t p H  9 .0  b y  a d d in g  a so d iu m  c a rb o n a te  a q u e o u s  s o lu tio n  and  
a g in g  a t 60  ° c  fo r  1 ho u r.

T o  e x a m in e  th e  e ffe c t o f  th e  s o n o c h e m ic a l m e th o d , an  u ltra so n ic  
in s tru m e n t w as  u se d  as a re p la c e m e n t fo r  th e  m a g n e tic  s tirre r . A f te r  th a t, th e  w h ite  
p re c ip ita te  o f  c e r ia  w a s  f ilte re d  an d  w a sh e d  b y  d e io n iz e d  w a te r. T h e  s a m p le  w a s  th en  
d r ie d  o v e rn ig h t a t 100 ° c .  M o re o v e r , th e  v a r io u s  c o n c e n tra tio n  o f  1:1 PSS-CO -M A  
so lu tio n  (0 , 0 .5 , 1, 5 , 10, 50 , an d  100 m M ) w a s  u se d  to  in v e s tig a te  th e  e ffe c t o f  
p o ly e le c tro ly te  c o n c e n tra tio n s  on  th e  s ize  o f  c e r ia  su p p o rt.

3 .2 .3  S y n th e s is  o f  G o ld /C eria  C a ta ly s t
T h e  p re p a re d  ce r ia  w as  su sp e n d e d  in an  a q u e o u s  so lu tio n  o f  1 m M  

A g N C h , fo llo w e d  b y  N a B H 4 re d u c tio n . T h e  A g /C eC b c a ta ly s t w a s  w a s h e d  b y  
d e io n iz e d  w a te r  to  re m o v e  e x c e ss  io n s  an d  th e n  d r ie d  o v e rn ig h t a t 100 ๐c .  T h e  
A u/C eC ri c a ta ly s t w as  fu r th e r  p re p a re d  b y  a d d in g  th e  A g /C e O i p o w d e r  to  an  a q u e o u s  
so lu tio n  o f  1 m M  HAuCL) u n d e r  g e n tle  s tir r in g  a t ro o m  te m p e ra tu re . T h e  A u/C eC ri 
c a ta ly s t w a s  w a s h e d  b y  d e io n iz e d  w a te r  an d  th e n  d r ie d  o v e rn ig h t a t 100 ° c .  F o r 
c o m p a riso n  p u rp o se s , th e  A u /C e O i c a ta ly s t w ith  3:1 PSS-C O -M A  a lso  p re p a re d  b y  
u s in g  th e  sa m e  p ro c e d u re .

3 .3  M a te r i a l s  C h a r a c t e r i z a t io n

T h e  p a r tic le  s ize  d is tr ib u tio n  o f  ce r ia  su p p o rt w a s  c h a ra c te r iz e d  on a 
M a lv e rn  M a s te rs iz e r  X  P a rtic le  S ize  A n a ly z e r  (P S A ). T h e  a v e ra g e  s ize  o f  ce r ia  
s u p p o rt p a r tic le s  w a s  a lso  c a lc u la te d . T h e  X -ra y  d iff ra c tio n  (X R D ) o f  c a ta ly s ts  w e re  
re c o rd e d  on  a R ig a k u  s  m a rt lab  “ a n d  C u K a  so u rc e  a t 4 0  k v  an d  30 m A  in a ra n g e  o f  
20  =  2 0 -8 0 °  w ith  a sc a n n in g  sp e e d  o f  2 7 m in . T h e  B ru n a u e r -E m m e t-T e l le r  (B E T ) 
m e th o d  on a Q u a n ta so rb  Jr. (A u to so rb -1 )  w as  u se d  to  m e a su re  th e  s u r fa c e  a re a  o f
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A g /C eC F  a n d  A u /C eO ? c a ta ly s ts . P rio r  to  e a c h  a n a ly s is , th e  p ro d u c t w a s  d e g a s se d  at 
2 0 0  ° c  fo r  12 h . V aria i!, S p e c trA A  3 0 0  A to m ic  a b so rp tio n  s p e c tro p h o to m e te r  (A A S ) 
w a s  u se d  to  d e te rm in e  th e  s ilv e r  an d  g o ld  c o n te n ts  on  th e  c e r ia  su p p o rt. A  N ic o le t  
6 7 0 0  F o u rie r  tra n s fo rm  in fra re d  sp e c tro m e te r  (F T IR ) w a s  u se d  to  c o lle c t th e  sp e c tra  
an d  th e  w a v e n u m b e r  ra n g e  o f  th e  fu n c tio n a l g ro u p  o f  c e r ia  su p p o rt a n d  c a ta ly s ts .

3 .4  A c t iv i ty  S tu d y

T h e  c a ta ly tic  a c tiv ity  m e a su re m e n ts  o f  A u /C eC F  c a ta ly s ts  in C O  o x id a tio n  
w e re  fo llo w e d  S a k w a ra th o m  an d  c o -w o rk e rs ’ m e th o d  (S a k w a ra th o m  et al, 2 0 1 1 )  b y  
u s in g  th e  p a c k e d -b e d  q u a rtz  บ -ณ b e  re a c to r  w ith  a 0.6  m m  in n e r  d ia m e te r  a n d  a 100 

m g  sa m p le  o f  each  c a ta ly s t w as  p a c k e d  b e tw e e n  tw o  la y e rs  o f  g la ss  w o o l. T h e  
a c tiv ity  w a s  o b se rv e d  a t v a r io u s  re a c tio n  te m p e r a to e s  o v e r  th e  ra n g e  o f  50  -  190 ° c .  
T h e  fe e d  s tre a m  c o n ta in e d  4 0 %  FF, 1% CF a n d  1%  C O  in h e liu m  b a la n c e . T h e se  
m e a su re m e n ts  w e re  d o n e  u n d e r  a tm o sp h e r ic  p re ssu re  in  a c o n tin u o u s  f lo w  w ith  a 
to ta l f lo w  ra te  o f  50  m L /m in . T h e  re a c ta n t an d  p ro d u c t g a se s  w e re  d e te c te d  b y  an  o n ­
line  g as  c h ro m a to g ra p h . T h e  c a ta ly tic  a c tiv ity  o f  A u /C e 0 2  c a ta ly s ts  in  m e th a n o l 
re fo rm in g  w as  a lso  c o lle c te d  a t v a r io u s  re a c tio n  te m p e ra tu re s  o v e r  th e  ra n g e  o f  20 0  -  
4 0 0  ° c  fo llo w e d  P o ja n a v a ra p h a n  an d  c o -w o rk e rs ’ m e th o d  (P o ja n a v a ra p h a n  et al. , 
2 0 1 3 ). A  m ix tu re  o f  m e th a n o l an d  d is tille d  w a te r  w as  in je c te d  to  a v a p o r iz e r  a t a ra te  
o f  1.5 m L /h . A  v a p o r  o f  m e th a n o l an d  s te a m  p ro d u c e d  fro m  a  v a p o r iz e r  w as  m ix e d  
w ith  h e liu m  c a rr ie r  g as  fo r  c a rry in g  th e  re a c ta n t g a se s  to  m ix  w ith  o x y g e n  b e fo re  
e n te r in g  th e  c a ta ly tic  re a c to r . T h e  g as  h o u r ly  sp a c e  v e lo c ity  w as  k e p t a t 3 0 0 0 0  m L /g -  
ca t.h  a n d  th e  to ta l f lo w  ra te  w a s  50 m L /m in  u n d e r  p re ssu re  o f  1 a tm . T h e  re a c ta n t 
a n d  p ro d u c t g a se s  w e re  d e te c te d  b y  an  o n -lin e  g as  c h ro m a to g ra p h , as w e ll.
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