
CHAPTER III 
EXPERIMENTAL

3.1 Materials

•  M e th y lc y c lo h e x a n e  re a c tio n  (M C H , A ld r ic h )
•  F A U , M F I, B E A  z e o lite s
•  Z irc o n y l C h lo r id e  (Z rO C E . 8H 2O , A ld r ic h )
•  A m m o n iu m  h y d ro x id e  (N H 4O H )
•  A m m o n iu m  c h lo r id e
•  S ilv e r  n itra te  (A gN C E )
•  A m m o n iu m  m e ta tu n g s ta te  ((N H 4)6H 2พ  12O 40, A ld r ic h )
•  H e x a c h lo ro p la t in ic  a c id  (A cro s)
•  A m m o n ia
•  A lu m in a  ( in e r t  fo r re a c tio n s)
•  D e io n iz e d  w a te r
•  G as : h y d ro g e n , h e liu m , o x y g en , a n d  a ir  

. 3.2 Catalyst Preparation

B o th  z e o litic  a n d  n o n -z e o lit ic  m a te r ia ls  w ere  s tu d ied  in th is  w o rk . 
C o m m e rc ia lly  a v a ila b le  N a -F A U  (S i/A l =  5 .3 ), H -M F I (S i/A l =  90 ), an d  H -B E A  
(S i/A I =  2 .5 ) w e re  o b ta in e d  fro m  U O P , w h e re  as th e  C B V  fa u ja s ite  z e o lite s  
(C B V 4 0 0 , S i/A l =  2 .5 ; C B V 7 2 0 , S i/A l =  3 0 ) w e re  o b ta in e d  fro m  Z e o ly s t 
In te rn a tio n a l. In  a d d itio n  to  th e  z e o lite s , tu n g s ta te d  z irc o n ia  ( พ 0 X/Z r0 2 , W Z ), 
a m o rp h o u s  n o n -z e o lit ic  m a te r ia l , w a s  u sed  as th e  c a ta ly s t an d  th e  su p p o rt.

3.2.1 Ion-exchange of Na-form Zeolite
T h e  N a -F A U  z e o li te  w as  tra n s fo rm e d  to  p ro to n  fo rm  z e o lite  (F A U ) 

b y  an  io n -e x c h a n g e  w ith  an  a m m o n iu m  c h lo r id e  so lu tio n . F o u r  su c c e ss iv e  e x c h a n g e s
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w e re  c o n d u c te d  w ith  an  a q u e o u s  so lu tio n  c o n ta in in g  120.5  g a m m o n iu m  c h lo r id e  
d is so lv e d  in a  lite r  o f  d e io n iz e d  w a te r  w ith  100 g o f  N a -F A U . E a c h  su sp e n s io n  w a s  
re f lu x e d  an d  s tirre d  w ith  a  m a g n e tic  p la te  fo r 2 h. T h e  so lid  w a s  th e n  filte re d  an d  
w a sh e d  w ith  d e io n iz e d  w a te r . A fte r  eac h  ion  e x c h a n g e  s tep , th e  sa m p le  w a s  f ilte re d  
an d  w a sh e d . In  th e  fin a l s te p , th e  sa m p le  w a s  th o ro u g h ly  w a sh e d  w ith  d e io n iz e d  
w a te r  u n til it w a s  c h lo r id e -f re e . T h e  so lid  w as  fin a lly  d r ie d  in a ir  a t 3 83  K  and  k ep t 
in a d e s ic c a to r . B e fo re  u s in g , th e  s a m p le s  w ere  c a lc in e d  in f lo w  o f  a ir  a t 773 K  fo r  2 
h at th e  h e a tin g  ra te  o f  0 .5  K /m in .

3.2.2 Tungststed Zirconia (WZ) Synthesis
In a d d itio n  to  N a -F A U , W Z  sa m p le s  w e re  p re p a re d  b y  in c ip ie n t 

w e tn e s s  im p re g n a tio n  ( IW I) o f  z irc o n iu m  o x y h y d ro x id e  (Z rO x(O H )4-2x,x<2) so lid s  
w ith  a m m o n iu m  m e ta tu n g s ta te  so lu tio n s . F lig h -su rfa c e -a re a  Z rO x (O H )4-2x w as  
p re p a re d  b y  h y d ro ly s is  o f  a  0 .5  M  z irc o n y l c h lo r id e  so lu tio n  (Z rO C l2. 8H 2O , A ld r ic h , 
> 9 8  w t.% , H f  < 0 .5  w t.% , 5 00  c m 3/h  feed ) u s in g  th e  c o n tro lle d  a d d itio n  o f  N H 4O H  
(1 4 .8  N ) to  o b ta in  a c o n s ta n t  pH  o f  10. T h is  p H  w as  c h o se n  b a se d  on  p re v io u s  
s tu d ie s  (G im b le tt  et a l ., 1981), in w h ic h  the  m e so p o ro s ity , su rfa c e  a rea , an d  to ta l 
p o re  v o lu m e  o f  Z rO x (O H )4-2* w ere  sh o w n  to  in c re a se  w ith  in c re a s in g  p re c ip ita tio n  
p H . T h e  p re c ip ita te  w a s  im m e d ia te ly  f ilte re d  an d  w a sh e d  re p e a te d ly  by  d e io n iz e d  
w a te r  in o rd e r  to  re m o v e  re s id u a l c h lo r id e . A fte r  e a c h  w a sh , a  c o u p le  o f  d ro p s  o f  a  3 
M  A g N C >3 so lu tio n  w e re  a d d e d  to  th e  f i ltra te  liqu id  u n til it sh o w e d  n o  v is ib le  s ig n s  o f  
A g C l fo rm a tio n  (< 1 0  p p m  re s id u a l C F ) .

T h e  Z rO x(O H )4-2x gel w a s  d r ie d  a t 383  K  o v e rn ig h t, c ru sh e d , an d  s ie v e d  to  
re ta in  p a r tic le s  w ith  0 .1 2  -  0 .3 8  m m  d ia m e te r . T h e  d ried  p a rtic le s  w e re  im p re g n a te d  
to  th e  p o in t o f  in c ip ie n t w e tn e s s  w ith  am m o n iu m  m e ta tu n g s ta te  ( (N H 4)6H 2พ ] 2O 40, 
A ld r ic h , 9 9 .9 % ) s o lu tio n s  to  g iv e  th e  21 w t%  พ  a fte r  o x id a tio n  tre a tm e n ts . T h e  
im p re g n a te d  s a m p le s  w e re  d ried  a t 3 8 3  K o v e rn ig h t an d  o x id iz e d  in f lo w in g  d ry  a ir 
a t 9 6 0  K , su g g e s te d  by  (B a r to n  et a l . , 1999). A ll s a m p le s  w e re  o x id iz e d  in sh a llo w  
q u a r tz  b o a ts  in s id e  a 2 5 -m m -d ia m e te r  q u a rtz  tu b e  w ith  f lo w in g  a ir  (Z e ro  G ra d e , 3 .3  
c m 3/s) . T h e  s a m p le s  w e re  h ea te d  a t a ra te  o f  10 K /m in  to  th e  fin a l te m p e ra tu re  
(m e a su re d  in a q u a rtz  th e rm o w e ll  j u s t  ab o v e  th e  s a m p le  b ed ), h e ld  fo r 3 h , an d  
c o o le d  to  ro o m  te m p e ra tu re  in f lo w in g  a ir.
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3.2.3 Pt-containing Catalysts Preparation
T h e  P t-c o n ta in in g  c a ta ly s ts  w ere  p re p a re d  b y  in c ip ie n t w e tn ess  

im p re g n a tio n  o f  bo th  the  p ro to n  fo rm  z e o li te s  (H -F A U , H -B E A , H -M F1, C B V 4 0 0 , 
an d  C B V 7 2 0  z e o lite s )  a n d  w z w ith  1 w t%  P t. A n  a p p ro p r ia te  c o n c e n tra tio n  w as  
p re p a re d  fro m  h e x a c h lo ro p la tin ic  ac id  (A c ro s )  so lu tio n . B e fo re  th e  im p re g n a tio n , th e  
su p p o rts  w e re  p re tre a te d  in a ir a t 773 K fo r 3 h ; an d  a f te r  th e  im p re g n a tio n , the  
c a ta ly s ts  w e re  d ried  a t 383  K o v e rn ig h t an d  th e n  c a lc in e d  in a ir  a t 573 K  fo r 3 h. 
P r io r to  e a c h  a c tiv ity  m e a su re m e n t, the  s a m p le  w as re d u c e d  in s itu .

3.3 Catalyst Characterization

3.3 .1  T e m p e ra tu re  P ro g ra m m e d  D e so rp tio n  o f  A d so rb e d  A m m o n ia
T h e  a c id ity  d e n s it ie s  o f  th e  c a ta ly s ts  w e re  d e te rm in e d  b y  te m p e ra tu re  

p ro g ra m m e d  d e so rp tio n  (T P D ) o f  a d so rb e d  a m m o n ia . T h e  te s ts  w ere  c o n d u c te d  in a 
1/4” q u a r tz  tu b e  re a c to r  c o n ta in in g  50 m g  o f  c a ta ly s t th a t w a s  p re tre a te d  a t  773  K fo r 
1 h in H e flo w . T h en , th e  sa m p le  w as c o o le d  d o w n  to  ro o m  te m p e ra tu re  u n d e r H e 
flow ; a t w h ic h  p o in t, 2%  N H 3/H e  w as  p a sse d  o v e r  th e  s a m p le  in an  a m o u n t tha t 
g re a tly  e x c e e d s  th e  to ta l n u m b e r  o f  ac id  s ite s  to  a s su re  sa tu ra tio n  o f  all s ites. T o  
rem o v e  th e  e x c e s s  an d  w e a k ly  a d so rb e d  am m o n ia , th e  s a m p le  w a s  p u rg e d  in  H e  flow  
a t room  te m p e ra tu re  fo r 2 h. S u b se q u e n tly , th e  sam p le  w a s  lin e a rly  h ea te d  to  973 K 
in flo w  o f  H e  at a h e a tin g  ra te  o f  10 K /m in  w h ile  th e  e v o lu tio n  o f  a m m o n ia  w as 
m o n ito re d  in a th e rm a l c o n d u c tiv ity  d e te c to r . A fte r  eac h  T P D , th e  a m o u n t o f  
a m m o n ia  d e so rb e d  w as  d e te rm in e d  b y  a  c a lib ra tio n  c u rv e  o b ta in e d  b y  v a ry in g  
v o lu m e s  o f  2 %  N H 3/H e .

3 .3 .2  R a m an  S p e c tro sc o p y  o f  Z irc o n ia
T h e  R a m a n  sp e c tra  o f  c a lc in e d  c a ta ly s ts  w e re  o b ta in e d  b y  a Jo v in  

Y v o n -H o rib a  L a b R a m  800  e q u ip p e d  w ith  an  a ir-c o o le d  C C D  d e te c to r  e q u ip p e d  w ith  
a H e -N e  la se r (6 3 2 .8  nm ). T y p ica l la se r  p o w ers  ra n g e d  fro m  1.0 to  2 .0  m W ; 
in teg ra tio n  tim e s  w e re  a ro u n d  100 ร fo r  e ac h  sp e c tru m ; 3 R a m a n  sp e c tra  w ere  
a v e ra g e d  fo r  eac h  sam p le .
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3.4 Catalytic Activity Testing

T h e  ทาe th y lc y c lo h e x a n e  re a c tio n  (M C H , A ld r ic h , > 9 9 % ) w a s  c o n d u c te d  in a 
3 /8 ” s ta in le s s  s tee l re a c to r  e q u ip p e d  w ith  a th e rm o w e ll  an d  th e  th e rm o c o u p le  inside , 
w h ic h  w a s  p la ced  in th e  c e n te r  o f  th e  b ed . P r io r  to  eac h  ru n , th e  d e s ig n e d  a m o u n t o f  
c a ta ly s ts  w as  d ilu te d  w ith  in e rt a lu m in a  to  m a k e  a v o lu m e  o f  a  c a ta ly s t b ed  o f  2 m l 
an d  p la ced  in th e  c e n te r  o f  th e  re a c to r . T h e  to p  p a rt o f  th e  c a ta ly s t  bed  w a s  fille d  w ith  
g la ss  b e a d s  o f  1 m m  in a d ia m e te r , to  e n su re  e ffe c tiv e  p re h e a tin g  an d  m in im iz e  h ea t 
loss. B e fo re  th e  a c tiv ity  m e a su re m e n t, th e  z e o litic  c a ta ly s ts  w e re  re d u ced  in s itu  at 
673 K fo r  2 h in h y d ro g e n  flo w . T h e  c a ta ly tic  a c tiv ity  w a s  m e a su re d  a t the  
te m p e ra tu re  o f  533  K , at th e  to ta l p re s su re  o f  2 M P a  an d  a t a  H 2/M C H  m o la r  ra tio  o f  
40 . U n lik e  z e o litic  c a ta ly s ts , th e  w z sa m p le  w a s  f irs t tre a te d  in d ry  o x y g e n  a t 673 K 
fo r  1 h, p u rg ed  w ith  h e liu m  at 6 7 3  K fo r 3 0  m in  to  re m o v e  a ll th e  o x y g e n , a n d  then  
re d u c e d  a t 673  K fo r 2 h in f lo w in g  h y d ro g e n . T h e  sp a c e  v e lo c it ie s  w ere  
sy s te m a tic a lly  v a rie d  by  c h a n g in g  e ith e r  th e  c a ta ly s t  a m o u n t (5 0  to  2 0 0  m g )  o r the  
feed  ra te  (0.1 to  1 m l/h ). In all e x p e r im e n ts , th e  p ro d u c t g as  m ix tu re s  w e re  a n a ly z e d  
p e rio d ic a lly  o n -lin e  w ith  a H P 5 8 9 0  g as  c h ro m a to g ra p h  e q u ip p e d  w ith  a H P -5  co lu m n  
and  a F ID  d e tec to r . T h e  te m p e ra tu re  p ro g ra m  w as  s ta rte d  at 308  K . It w as  h e ld  fo r 15 
m in u te s  b e fo re  ra m p in g  to  4 23  K w ith  a h e a tin g  ra te  o f  4 0  K /m in .
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