
C H A PT E R  I 
IN TR O D U C TIO N

H y d ro g en  (H 2), as a  c lean  en e rg y  ca rrie r, is o n e  o f  th e  m o st im p o rta n t raw  
m a te ria ls  and  feed s to ck  in th e  p e tro ch em ica l in du stry . C u rren tly , h y d ro g en  is 
p ro d u ced  c o m m erc ia lly  from  n a tu ra l gas, liq u e fied  p e tro le u m  gas, an d  n ap h th a , by 
s team  re fo rm in g  (S R ) o r p artia l o x id a tio n  (P O X ) o f  h eav y  oil fra c tio n s  w h ich  lead  to  
the  em iss io n  o f  a  hu g e  am o u n t o f  c a rb o n  d io x id e  (C O 2) in to  th e  a tm o sp h e re , 
re su ltin g  in  g lob al w a rm in g  and  c lim a te  ch an g es . F o r th is  reaso n , ren ew ab le  so u rces, 
su ch  as b io m ass , is g a in in g  a tten tio n  fo r a  c a rb o n  d io x id e  n eu tra l en e rg y  sup p ly .

R ecen t d ev e lo p m en ts  in fast p y ro ly sis  te c h n o lo g ie s  w h ich  b io m ass  is 
rap id ly  h ea ted  to  h ig h  te m p e ra tu re  w ith o u t o x y g en  (O 2) in  th e  sy stem , it d eco m p o ses  
to  gen e ra te  a liq u id  p ro d u c t and  b io -o il. A ce tic  ac id  is the  o n e  o f  th e  m a jo r 
c o m p o n e n ts  in  b io -o il w h ich  can  be eas ily  c o n v e rted  to  h y d ro g en  w ith  h ig h  
se lec tiv ity  o v e r e ffec tiv e  S R  p ro cess . T h u s, sev e ra l re se a rch e rs  in v es tig a ted  ace tic  
ac id  as a  m o d e l co m p o u n d  for h y d ro g en  p ro d u c tio n .

A n o th e r  m e th o d  for p ro d u c in g  h y d ro g en  th a t o ffe rs  m an y  a d v an tag es  fro m  
tech n ica l and  eco n o m ic  p o in ts  o f  v iew  is au to th e rm a l s team  re fo rm in g  (A T R ). T h is  
p ro cess  req u ire s  less en erg y  due  to  a  c o m b in a tio n  o f  e n d o th e rm ic  S R  an d  e x o th e rm ic  
P O X  reac tio n , ren d erin g  th e  o v e ra ll reac tio n  b e in g  th e rm o n eu tra l. T h e re fo re , the 
A T R  p ro cess  can  sta rt q u ick ly  and  c o n tin u e  w ith o u t ad d itio n a l h ea t supply . 
A cc o rd in g  to  T o m ish ig e  et al. (2 0 0 4 ) and  S im eo n e  et al. (2 0 0 8 b ), u n d e r  A T R  
c o n d itio n s , th e  h y d ro ca rb o n  co n v e rs io n  tak e  p lace  in tw o  co n se c u tiv e  step s. F irs t, the  
fuel is co n v e rted  th ro u g h  ex o th e rm ic  reac tio n s  w ith  av a ila b le  O 2 a t th e  to p  p o rtio n  o f  
ca ta ly s t bed . A fte r  O 2 is co n su m ed , the  rem a in in g  fuel is th en  co n v e rted  th ro u g h  
en d o th e rm ic  reac tio n s  d o w n  th e  re st o f  c a ta ly s t bed . It has a lso  b een  o b se rv e d  th a t 
th e  type  o f  ca ta ly tic  m eta l w ill in flu en ce  th e  re ac tio n s  a lo n g  th e  ca ta ly s t b ed  in  A T R  
p ro cess. F o r n o n -n o b le  m eta l ca ta ly s t su ch  as N ic k e l (N i), u n d e r  o x id iz in g  
a tm o sp h ere , N i° is eas ily  o x id iz e d  and  c o n v e rted  in to  N i2+ fo rm  w h ic h  p ro m o te s  the  
e x o th e rm ic  reac tio n . T hen , th e  en d o th e rm ic  reac tio n  o ccu rs  o v e r  N i° in  th e  o x yg en - 
d ep le ted  zo n e  d o w n  the  len g th  o f  N i ca ta ly s t bed .
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N ic k e l-b a se d  ca ta ly s ts  hav e  b een  m a in ly  e x p lo ite d  b eca u se  o f  h ig h  ac tiv ity  
an d  lo w  cost. H o w ev e r, m e ta llic  n ick e l is e a s ily  d ea c tiv a te d  by  ca rb o n  fo rm a tio n  
u n d e r  o p e ra tio n s  o f  such  p ro cesses . A lth o u g h  a p rev io u s  w o rk  (T ra ita n g w o n g  et a l ,  
2 0 1 4 ) em p lo y ed  th e  1 5 % N i/C eo .7sZro .25 0 2  ca ta ly s t fo r c a rb o n  fo rm a tio n  re s is tan ce  in 
A T R  p ro cess , it is fo u n d  th a t co k e  still o ccu rs  on  th e  u p p e r lay er o f  th e  ca ta ly s t bed . 
C arb o n  fo rm a tio n  o v e r N i has a lso  b een  ch a ra c te r iz e d  in  sev era l w o rk s  (P en g p an ich  
et a l ,  20 04 ; S eh ested , 20 06 ). T he  m o rp h o lo g y  o f  th e  ca rb o n  sp ec ie s  fo rm ed  on  N i 
ca ta ly s ts  can  be  d iffe red  in  m any  ty p es d e p en d in g  on  o c c u rren ce  o f  re ac tio n s  and  
co n d itio n s .

In th is  stu dy , th e  m ain  o b jec tiv e  w as to  p ro p o se  th e  ace tic  ac id  A T R  o v er 
1 5 % N i/C e 7 5 Z r2 5 0 x  ca ta ly s t v ia  co k e  c h a ra c te r iz a tio n  a lo n g  the  ca ta ly s t bed . 
C e 7 5 Z r2 5 0 x  su p p o rt w as p rep a red  by  u rea -h y d ro ly sis  fo llo w e d  by  n ick e l (15 w t% ) 
im p reg n a tio n . T he  ca ta ly s ts  w ere  ch a ra c te r iz e d  by  B E T , S E M , T E M , T G -D T A , 
T P O , T P R , X P S , X R D , an d  X R F  tech n iq u es .
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