
C H A P T E R  V  
C O N C L U S IO N S  A N D  R E C O M M E N D A T IO N S

5.1 C o n c lu s io n s

A  stu d y  o f  h y d r o g e n  p r o d u c tio n  from  th e s tea m  r e fo r m in g  o f  m eth a n o l 
(S R M ) o v e r  su p p o rted  A u  ca ta ly st w a s  carried  o u t b y  u s in g  A u /Z n O  and A u /Z n O -  
F e 2Ü 3 c a ta ly s ts . B o th  c a ta ly s ts  w e r e  p rep ared  b y  a d e p o s it io n -p r e c ip ita t io n  m e th o d  
and m a n y  p aram eters th at a f fe c t  to  th e  p er fo rm a n ce  o f  ca ta ly s t  h a v e  b e e n  in v e s t i­
ga ted ; in c lu d in g  th e  e f fe c t s  o f  A u  c o n te n t, c a lc in a t io n  tem p era tu re , ca ta ly s t  p retreat­
m en t, r e a c tio n  tem p era tu re , an d  m o la r  ratio  o f  Z n O  to  F e 2 Û 3 . M o r e o v e r , th e  o p tim u m  
c o n d it io n  fo r  A u /Z n O  an d  A u /Z n 0 -F e 2 0 3  c a ta ly s ts  w e r e  c h o s e n  fo r  s tu d y in g  in  th e  
p r e se n c e  o f  d e c o m p o s it io n  o f  m e th a n o l (D M ) and  w a ter  g a s  sh ift  (W G S ) rea c tio n s . 
In a d d it io n , th e  d e a c t iv a t io n  te sts  o f  b o th  ca ta ly s ts  w e r e  a ls o  p er fo r m e d  for 2 4  h ou rs. 
T h e m a in  c o n c lu s io n s  o f  th is  s tu d y  ca n  b e  su m m a rized  as f o l lo w s .

. In  th e  c a se  o f  A u /Z n 0 -F e 2 0 3  c a ta ly s ts , a 9:1 m o la r  ratio  o f  Z n O  to  F e 2 Û 3 

s h o w s  th e  b e s t  p er fo r m a n c e  in  term s o f  m e th a n o l c o n v e r s io n  and h y d r o g e n  s e le c t iv ­
ity . T h e  m o la r  ratio  o f  Z n O  to  F e 2 0 3  h a s a f fe c te d  o n  th e  c a ta ly t ic  p e r fo rm a n ce  o f  
A u /Z n O -F e 2 0 3  ca ta ly st . W h e n  an a m o u n t o f  F e 2 0 3  d e c r e a se d , th e  a c t iv ity  and  s e le c ­
t iv ity  o f  A u /Z n 0 -F e 2 0 3  c a ta ly s t  w e r e  in c r e a se d . M o r e o v e r , T E M  m icro g ra p h  sh o w e d  
that w h e n  in c r e a s in g  th e  c o n te n t  o f  F e 2 0 3 , a  s lig h t  in c r e a se  in  g o ld  p a rtic le  s iz e  w a s  
o b se r v e d .

T h e  A u  c o n te n t o n  A u /Z n O  an d  A u /Z n 0 -F e 2 0 3  c a ta ly s ts  w a s  fou n d  to  h a v e  
a s ig n if ic a n t  e f fe c t  o n  b o th  m e th a n o l c o n v e r s io n  an d  h y d r o g e n  s e le c t iv ity . T h e  a c t iv ­
ity  in c r e a se d  w ith  in c r e a s in g  A u  c o n te n t. T h e re fo re , 5%  a tom  o f  A u  c o n te n t g a v e  the  
h ig h e s t  m e th a n o l c o n v e r s io n  and  h y d r o g e n  s e le c t iv ity  for  b oth  c a ta ly s ts . It ca n  b e  
c o n c lu d e d  that th e  larger  s iz e  o f  g o ld  p a rtic le s  are p referred  for  m e th a n o l s tea m  re­
fo r m in g  rea c tio n .

C a lc in a tio n  tem p era tu re  s ig n if ic a n tly  in f lu e n c e d  th e  c a ta ly tic  p erfo rm a n ce  
o f  A u /Z n O  and  A u /Z n O -F e 2 C>3 c a ta ly s ts . F or A u /Z n O  ca ta ly s t , m e th a n o l c o n v e r s io n  
s tr o n g ly  in cr e a se d  w ith  in c r e a s in g  c a lc in a t io n  tem p era tu re . O n th e  o th er h an d , for  
A u /Z n 0 -F e 2 0 3  c a ta ly st, it d iffe r s  from  A u /Z n O . W ith  in c r e a s in g  c a lc in a t io n  tern-
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p eratu re , m e th a n o l c o n v e r s io n  and  h y d r o g e n  s e le c t iv ity  w e r e  d e c r e a se d . T h e  su ita b le  
c a lc in a t io n  tem p era tu res for  A u /Z n O  an d  A u /Z n 0 -F e 2 0 3  c a ta ly s ts  are 4 0 0  and  
200°c, r e sp e c t iv e ly .

T h e  p e r fo rm a n ce  o f  A u /Z n O  and  A u /Z n 0 -F e 2 0 3  c a ta ly s ts  w a s  fo u n d  to  be  
in f lu e n c e d  b y  c a ta ly s t  p retrea tm en t. H 2 p retrea tm en t at 400°c for  1 h o u r  is  preferred  
fo r  A u /Z n O  c a ta ly s t  and O 2 p retrea tm en t at 200°c fo r  1 h ou r is  p referred  for  
A u /Z n 0 -F e 2 0 3  c a ta ly st.

F o r  th e  e f fe c t  o f  th e  r e a c tio n  tem p era tu re  o n  S R M , th e  h ig h e r  r e a c tio n  te m ­
p eratu re , th e  h ig h e r  m e th a n o l c o n v e r s io n  and  H 2 s e le c t iv ity  w a s  o b se r v e d . N o  d e a c ­
t iv a t io n  w a s  o b se r v e d  d u rin g  2 4  h ou rs o f  te s t in g  for  b o th  c a ta ly s ts . H o w e v e r , T P O  
resu lt  in d ica ted  th at a m o rp h o u s carb o n  o ccu rred  b u t it h ad  n o  e f fe c t  o n  th e  p er fo rm ­
a n c e  o f  b o th  c a ta ly s ts . T h e  a m o u n t o f  carb o n  fo r m a tio n  o n  A u /Z n O  an d  A u /Z n O -  
F e 2 Û 3 c a ta ly s ts  are 0 . 1 2  and  0 .8 8 % w e ig h t , r e sp e c t iv e ly .

F in a lly , th e  p e r fo rm a n ce  o f  A u /Z n O  an d  A u /Z n 0 -F e 2 0 3  c a ta ly s ts  at th e  o p ­
t im u m  c o n d it io n s  w e r e  co m p a r e d  in  m e th a n o l s te a m  r e fo r m in g  r e a c tio n  (S R M ). T h e  
resu lts  sh o w e d  th a t  A u /Z n O -F e 2 C>3 c a ta ly s t .g a v e  b etter p e r fo r m a n c e  in  term s o f  m e ­
th a n o l c o n v e r s io n  and  h y d r o g e n  s e le c t iv ity  th a n  A u /Z n O  c a ta ly s t . M o r e o v e r , th e  ca t­
a ly t ic  p e r fo r m a n c e  o f  th e  A u /Z n O -F e 2 C>3 c a ta ly s t  is  h ig h e r  than  that o f  th e  A u /Z n O  
c a ta ly s t  in  D M  an d  W G S  rea c tio n .
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5.2  R e c o m m e n d a tio n s

F rom  th e  resu lt o f  th is  th e s is , A u /Z n 0 -F e 2 0 3  c a ta ly s t  is  su ita b le  fo r  m e th a ­
n o l s tea m  r e fo r m in g  r e a c tio n  but it h a s  a  p r o b le m  a b o u t C O  an d  C H 4 fo rm a tio n . 
T h e r e fo r e , th e  furth er s tu d y  is  req u ired  to  im p r o v e  th e  b e s t  c a ta ly t ic  p e r fo r m a n c e  as 
fo l lo w s :

T h e  m e ta l c r y s ta llite  s iz e s  are th e  m o s t  s ig n if ic a n t  v a r ia b le  to  the c a ta ly t ic  
p erfo rm a n ce ; th ere fo re , th e  im p r o v e m e n t o f  c a ta ly s t  p rep ara tion  m e th o d  is  n e c e s sa r y  
to  in v e s t ig a te .

X -r a y  p h o to e le c tr o n  sp e c tr o sc o p y  (X P S )  is  r e c o m m e n d e d  to  ch a ra c ter ize  
th e  c a ta ly s t , in  ord er  to  e x p la in  the c h e m ic a l sta te  o f  g o ld  th at p r e se n ts  o n  th e  su r fa ce  
o f  c a ta ly s t  and  d e term in e  th e  r e la tio n sh ip  b e tw e e n  s ta te s  o f  g o ld  an d  c a ta ly t ic  p er ­
fo rm a n ce .

A d d it io n a lly , th e  reg e n e r a tio n  p r o c e s s  sh o u ld  b e  s tu d ied  in  ord er  to  im p r o v e  
the c a ta ly t ic  p e r fo rm a n ce  fo r  th e  a p p lic a t io n  in  P E M  fu e l c e ll .
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