
CHAPTER I 
INTRODUCTION

In  re c e n t tim e s , m o re  e m p h a s is  h a s  b e e n  la id  o n  th e  ex p a n s io n  o f  h y d ro g e n  
e n e rg y  b ecau se  o f  its  h ig h -e n e rg y  e ff ic ie n cy  an d  c lean  b u rn in g  p ro p e rtie s . H y d ro g e n  
can  b e  u sed  d ire c tly  as  a fuel in  in te rn a l c o m b u s tio n  en g in es  o r  in d ire c tly  to  su p p ly  
fuel ce lls . W id e sp re a d  u se  o f  h y d ro g e n  fue l ce ll v eh ic le s  w o u ld  red u ce  th e  u sag e  o f  
o il, th e reb y  re d u c in g  e n v iro n m e n ta l p o llu tan ts , su ch  as o x id e s  o f  n itro g e n , su lfu r  and  
h y d ro c a rb o n , s in ce  h y d ro g e n  p ro d u c e s  o n ly  e n e rg y  an d  w a te r  v a p o r  w h en  u tiliz e d  as 
a  fue l. In  a d d itio n , it can  be  u tiliz e d  in  p ro to n  e x ch an g e  m e m b ra n e  fu e l ce lls 
(P E M F C ), in  w h ic h  e lec tr ic ity  is g e n e ra ted  b y  e lec tro c h em ic a l o x id a tio n  o f  h y d ro g e n  
a c ro ss  a  p ro to n  c o n d u c tin g  p o ly m e r  m em b ran e . W ith  th e  d e v e lo p m e n t o f  th e  te c h 
n o lo g y  o f  p o ly m e r  e lec tro ly te  fu e l c e lls , a h y d ro g e n  fuel ce ll e x h ib its  a th e rm a l e ffi
c ie n c y  o f  up  to  3 5 -4 0 % , in  c o m p a riso n  w ith  th e  2 5 -3 0 % , w h ich  is ty p ica l o f  a n o rm al 
p e tro l-fu e lle d  en g in e .

T he d ire c t u se  o f  h y d ro g e n  fo r fuel ce ll ap p lic a tio n  is h in d e re d  b y  p ro b lem s 
o f  o n -b o a rd  s to ra g e  o f  h y d ro g en , re la ted  to  m o b ile  a p p lic a tio n s , is a s so c ia te d  w ith  
m a n y  d isa d v a n ta g e s  d u e  to  the  sa fe ty , the  c o s t o f  s to rag e  an d  h an d lin g , re fu e lin g , etc. 
T h e se  p ro b le m s  can  b e  o v e rco m e  b y  th e  p ro d u c tio n  o f  h y d ro g e n  on  th e  v e h ic le  from  
a  su itab le  h ig h  en e rg y /d e n s ity  liq u id  fuel su ch  as m e th an o l, e th a n o l, m e th a n e , d i- 
m e th y le th e r  e tc . M e th a n o l is c u rre n tly  co n s id e re d  one  o f  th e  b e s t c a n d id a te s : bes id es  
h a v in g  a h ig h  h y d ro g e n /c a rb o n  ra tio , it c an  b e  c o n v e rte d  in to  h y d ro g e n  a t m o d e ra te  
te m p e ra tu re  an d  it d o es  n o t co n ta in  c a rb o n -c a rb o n  b o n d s , h en ce  red u c in g  th e  risk  fo r 
c o k e  fo rm atio n . M o re o v e r, m e th an o l can  be  p ro d u ced  fro m  p lan ts , ren ew ab le  
so u rc e s , c au s in g  no  n e t ad d itio n  o f  C O 2 to  th e  a tm o sp h ere . O n e  o f  th e  m e th o d s  to  
e x tra c t h y d ro g en  from  m e th an o l so u rce  is th ro u g h  th e  s team  re fo rm in g  re a c tio n .

C H 3O H  (g ) +  H 20  (g) ->  3 H 2 (g ) +  C 0 2 (g ) A H °r =  49  k Jm o l " 1 (298  K )

Unfortunately, the steam reforming of methanol process produces CO as a
by-product in appreciable amounts (>100 ppm) during the reaction. The precious
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m e ta l e lec tro  c a ta ly s t a t th e  fuel ce ll an o d e  is p o iso n e d  b y  C O  in  c o n c e n tra tio n s  e x 
cee d in g  a fe w  p p m  (2 0  p p m ). H en c e , p re se n t-d a y  re fo rm in g  te c h n o lo g ie s  req u ire  
so m e  ty p e  o f  c a ta ly s t to  red u ce  th e  C O -c o n te n t in  th e  h y d ro g e n  p ro d u c tio n  fro m  
s team  re fo rm in g  o f  m e th an o l.

T h e  c u rre n t in v e s tig a tio n  o f  h y d ro g e n  p ro d u c tio n  fro m  m e th a n o l m a in ly  fo 
c u se s  on  C u -b a se d  and  P d -Z n  ca ta ly s ts . H o w e v e r, C u -b a se d  c a ta ly s ts  d e a c tiv a te d  
q u ic k ly  and  P d -Z n  c a ta ly s ts  hav e  a  h ig h  C O  c o n te n t in  th e  p ro d u c t s tream . T h e re fo re , 
th ey  a re  n o t su itab le  fo r  o n -b o a rd  p ro d u c tio n  o f  h y d ro g en . H e n c e , m a n y  e x te n s iv e  
re se a rch  e ffo r ts  a re  fo c u se d  on  th e  d e v e lo p m e n t o f  n e w  ca ta ly s ts  to  rep lace  C u -b a se d  
an d  P d -Z n  ca ta ly s ts .

T h e  p u rp o se  o f  th is  re sea rch  is to  s tu d y  the  m e th an o l s team  re fo rm in g  re a c 
tio n  o v e r A u /Z n O  and  A u /Z n 0 -F e 2 0 3  ca ta ly sts . T h e  c a ta ly s ts  w e re  p re p a re d  by  a de- 
p o s itio n -p re c ip ita tio n  m e th o d  an d  ch a ra c te riz e d  by  X -ra y  d iffra c tio n  (X R D ), T ra n s 
m is s io n  E le c tro n  M ic ro sc o p y  (T E M ), B E T  S u rface  A re a  M e a su re m e n t, T e m p e ra tu re  
P ro g ra m m e d  R e d u c tio n  (T P R ), an d  T em p era tu re  P ro g ra m m e d  O x id a tio n  (T P O ). T h e  
e ffe c ts  o f  A u  co n te n ts  (1 % , 3% , an d  5% ), c a lc in a tio n  te m p e ra tu re  (2 0 0 , 3 0 0 , 4 0 0 , 
an d  500°C ), c a ta ly s t p re tre a tm e n t (H 2 and  O 2 p re tre a tm en t) , re a c tio n  te m p e ra tu re  
(2 5 0 -4 5 0 °C ), a n d  Z n 0 -F e 2 0 3  m o la r  ra tio  (9 :1 , 3 :1 , 1:1, 1:3, 1:9) o n  the  p e rfo rm a n c e  
o f  A u /Z n O  an d  A u /Z n 0 -F e 2 0 3  ca ta ly s ts  fo r s team  re fo rm in g  o f  m e th an o l w e re  s tu d 
ied  in  de ta il. M o reo v e r, th e  o p tim u m  co n d itio n  fo r A u /Z n O  an d  A u /Z n 0 -F e 2 0 3  c a ta 
lysts  are  c h o se n  fo r fu r th e r  s tu d y  in  th e  p re sen ce  o f  d e c o m p o s itio n  o f  m e th a n o l (D M ) 
an d  w a te r  g as  sh if t re a c tio n  (W G S ) reac tio n s . F in a lly , th e  d e a c tiv a tio n  te s ts  o f  b o th  
c a ta ly s ts  w e re  a lso  p e rfo rm ed  fo r 24  h ou rs.
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