
CHAPTER II
LITERATURE SURVEY

2.1 Catalytic Reforming

T h is  resea rch  re la ted  to  th e  re fo rm in g  c a ta ly s t  that is  P t su p p o rted  on  
n o n a c id ic  p o ta ss iu m  L -z e o lite  (P t/K L ) c a ta ly s ts . T h e  e x c e p t io n a l h ig h  
c a ta ly t ic  a c t iv ity  and s e le c t iv ity  o f  P t/K L  w a s  a c c e p te d  in se v e r a l y e a r s  for  th e  
c o n v e r s io n  o f  n -h e x a n e  to  b e n z e n e . T h e  c a ta ly t ic  r e fo r m in g  is  u sed  in re fin ery  
to  im p r o v e  th e  o c ta n e  n u m b er  o f  d is t illa te s  in th e g a s o lin e  b o il in g  ra n g e , and  
in c h e m ic a l m a n u fa ctu re  for th e p ro d u ctio n  o f  a ro m a tic  h y d ro ca rb o n s .

C a ta ly t ic  r e fo r m in g  in v o lv e s  rea c tin g  fe e d  v a p o r  o v e r  a c a ta ly s t  at 
tem p era tu re  in th e ra n g e  o f  4 5 0  to  5 5 0  ° c  and p ressu re  in th e  ra n g e  o f  10  to  5 0  

atm , in th e p r e se n c e  o f  h y d r o g e n . T h e  c o n v e n tio n a l c a ta ly s ts  u se d  are dual 
fu n c tio n  c a ta ly s ts  (S a tte r fie ld , 1 9 9 1 ) , that is , th ey  h a v e  b o th  th e  a c id ic  and  
h y d r o g e n a tio n -d e h y d r o g e n a tio n  p ro p erties . A lm o s t  in v a r ia b ly  th e y  are Pt on  
a lu m in a  c a ta ly s ts , Pt is  th e  h y d r o g e n a tio n -d e h y d r o g e n a tio n  c o m p o n e n t  w h ile  
th e  a lu m in a  w h ic h  is g e n e r a lly  treated  w ith  c h lo r id e s  or f lu o r id e s  is  th e  a c id ic  
c o m p o n e n t.

A lth o u g h  a dual fu n c tio n  c a ta ly st , P t /A l20 3, d r iv e s  th e  eq u ilib r iu m  
r e a c tio n s  to  th e  right. B u t h y d r o g e n o ly s is ,  p a rticu la r ly  o f  th e  C 6  fra c tio n , can  
lo w e r  th e  b e n z e n e  y ie ld . N e v e r th e le s s ,  P t/K L , th e  m o n o fu n c t io n a l c a ta ly s t  
c o u ld  re d u c e  th is  u n d es ira b le  s id e  rea c tio n  (T a m m  et al., 1 9 8 7 ) . C o n s id e r in g  
th e  g e n e r a l rea c tio n  n e tw o rk  o f  F ig u re  2 .1 , th e  m ain  fea tu res  o f  th e  A R O M A X  
p r o c e s s  are th e  p r o m o tio n  o f  s te p s  A +  and B - and th e  m in im iz a t io n  o f  a ll th e  
rea c tio n  s tep s .
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I = Isomerization
c  = Cracking w
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Figure 2.1 R e a c t io n  p a th w a y  for  m o n o fu n c t io n a l r e fo r m in g  c a ta ly s ts  u s in g  ท- 
h e x a n e  a s th e  reactan t (T a m m  et al., 1 9 8 7 ) .

r

2.2 Catalytic Performance of Pt/KL

S in c e  B ern ard  ( 1 9 8 0 )  fo u n d  that P t/K L  e x h ib its  th e  b e s t  a c t iv ity  and  
s e le c t iv ity  o v e r  th e  o th er  n o n a c id ic  z e o l i t e  c a ta ly s ts . T h ere  are sev era l  
resea rch  w o r k s  in v e s t ig a te d  th e  d is t in g u is h in g  in  th e  a ro m a tiza tio n  
p e r fo r m a n c e  o f  P t on  K L -z e o lite  and Pt o n  th e  o th er  su p p o rts.

M a n n in g e r  et al. ( 1 9 8 9 )  fo u n d  that P t/K L  p ro m o ted  a ro m a tiza tio n ,  
iso m e r iz a t io n , and h y d r o g e n o ly s is  o n  n -h e x a n e  w ith  a s e le c t iv ity  p attern  
s im ila r  to  P t/S iC b  in  E U R O P T -1 . N e v e r th e le s s ,  in 1 9 9 0 , T a u ster  an d  S te g e r  
r e v e a le d  that P t/K L  con trast w ith  Pt/SiC > 2  in  h a v in g :

1) P t/K L  s h o w  m u ch  grea ter  s e le c t iv ity  for  a r o m a tiza tio n  th an  P t / S i 0 2.
2 )  A  s tro n g  p r e fe r e n c e  for  cra ck in g  th e  term in a l ca rb o n -ca rb o n  b o n d  as 

o p p o s e d  to  in ter io r  b o n d s . T h e s e  p ro p er tie s  e n h a n c e d  term in a l a d so rp tio n  o f  
th e  h e x a n e  m o le c u le  at th e  Pt su r fa ce . T h e y  b e l ie v e  th e  fa ct that P t in b oth
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L a n e  et al. ( 1 9 9 1 )  d isp la y e d  th e rea c tio n  p a th w a y s  o f  the  
m o n o fu n tio n a l c a ta ly s ts . T h e y  in d ica ted  that b e n z e n e  is fo rm ed  as a prim ary  
p ro d u c t v ia  o n e -s ix -r in g  c lo su r e  and m e th y lc y c lo p e n ta n e  is  fo rm ed  as a 
p rim ary  p ro d u c t v ia  o n e - f iv e -r in g  c lo su r e . P t/K L  h a s tw o  t im e s  g rea ter  in th e  
o n e - s ix  to  o n e - f iv e  r in g  c lo su r e  ratio  than th e o th ers Pt c a ta ly s ts . T h e  
in c r e a se d  s e le c t iv ity  and a c t iv ity  for o n e -s ix -r in g  c lo su r e  o b se r v e d  for th e  L - 
z e o l i t e  c a ta ly s t  is  c o n s is te n t  w ith  an in f lu e n c e  o f  th e  z e o lite  g e o m e tr y  on  the  
tra n sitio n  sta te , i .e .,  th e  c o n f in e m e n t  (c o n fo r m a tio n )  m o d e l. In L -z e o lite ,  
a d so rp tio n  fo r c e s  b e tw e e n  n -h e x a n e  and th e z e o lite  ch a n n e l m a y  lead  to  
p r e o r g a n iz a tio n  o f  th e tra n sitio n  sta te  for  d irect b e n z e n e  fo rm a tio n .

M a n y  ty p e s  o f  su p p orts (e .g . ,  P t/K L , P t/B a K L , P t/K B a L , P t/N a Y , 
P tC sN a Y , P t /N a F A U , P t/h e x , P t /S S Z -2 4 , P t /S il ic a  and P t/C a rb o n ) w e r e  v a r ied  
to  s tu d y  th e  n -h e x a n e  a ro m a tiza tio n  rea ctio n  b y  M ie lc z a r sk i et al.{ 1 9 9 2 ) . T h e y  
c o n c lu d e d  that P t/K L  sh o w e d  th e  b est p er fo rm a n ce  b e c a u se  th e  la ck  o f  an y  
a c id ity  in th e  su p p ort and th e  a b ility  o f  L -z e o lite  to  s ta b iliz e  th e  fo rm a tio n  o f  
e x tr e m e ly  sm a ll Pt c lu ster s . In a g ree  w ith  th e D a v is  (1 9 9 4 )  w h o  su m m a r iz e d  
th e  r e a so n s  in th e  e x c e lle n t  p e r fo rm a n ce  o f  P t/K L  o v e r  th e o th er  su p p o rts . H e  
r e v e a le d  that th e  m eta l c lu ster  su p p o rted  on  b a s ic  L -z e o lite  are m o re  e le c tro n -  
rich  than  that su p p o rted  on  s il ic a , L -z e o lite  s ta b iliz e d  sm a ll Pt c lu s te r s  and the  
m ic r o p o r e  stru ctu re o f  z e o l i t e  in h ib ited  the b im o le c u la r  r e a c tio n s  that 
d e a c t iv a te  th e  ca ta ly st.

M ille r  et al. ( 1 9 9 6 )  a lso  c o n s id e r e d  th e  g e o m e tr ic  e f f e c ts  in  L -z e o lite  
d e h y d r o c y c liz a t io n  c a ta ly s ts . T h e y  fo u n d  that for m o st  c a ta ly s ts , in c lu d in g  
z e o lite  an d  a m o rp h o u s  su p p o rts ( i .e .  K -F E R , K -M F I, K -M T W , K -B E A , K -  
M A Z , an d  K -F A U ) , h a v e  th e  ratio  o f  1-6  to  1-5 r in g  c lo su r e  lo w e r  than P t/K L . 
P t/K -M A Z , w h ic h  h as a p o re  g e o m e tr y  s im ila r  to  that o f  L -z e o lite ,  w a s  n ot 
q u ite  as s e le c t iv e  as P t/K L  for 1-6  to  1-5 r in g  c lo su r e  (0 .8 9 )  but e x h ib its  the

th e se  z e o lite  is a c ce ss ib le  on ly  th ro u g h  p o re  h o les o f  -  7.3 A  is a c ritica l
fe a tu re  w h ic h  lead s to  th ese  u n u su a l p ro p e rtie s .
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h ig h e r  r in g  c lo su re  ra tio  than  the  o th e r ca ta ly sts . T h e ir  e x p e r im e n t re su lts  are  
m o s t c o n s is te n t w ith  the  p re o rg a n iz a tio n  m o d e l, in w h ic h  th e  re a c ta n t 
m o le c u le  is a d so rb e d  in the  z e o lite  ch an n e l in a cy c lic  c o n fo rm a tio n  s im ila r  to  
th e  tra n s itio n  s ta te , th e reb y  re d u c in g  th e  en tro p y  o f  a c tiv a tio n  le a d in g  to  a 
p re fe re n c e  fo r 1-6 rin g  c lo su re . T h e  z e o lite  g eo m e try  o f  L T L  is th e  b e s t su ited  
fo r  th is  a d so rp tio n .

T h e y  a lso  s tu d ied  the  a d d itio n  o f  a lk a li on  P t/K L  re su ltin g  in a  sm all 
in c re a se  in th e  rin g  c lo su re  se lec tiv ity  an d  in re d u c tio n  o f  C 1 -C 5  
h y d ro g e n o ly s is  se lec tiv ity . So they  c o n c lu d ed  th a t th e  o p tim u m  c a ta ly s t is o ne  
w ith  sm all P t p a r tic le s  su p p o rt on  K L -z eo lite  th a t h as  b een  m o d if ie d  w ith  a 
sm a ll e x c e ss  o f  a lka li.

M o re o v e r, the  c o m p u te r  s im u la tio n s  d e m o n s tra te d  th a t a t h ig h  
c o n v e rs io n  a h ig h  1-6 to  1-5 rin g  c lo su re  ra tio  lea d e d  to  a  h ig h  a p p a re n t 
a c tiv ity . In  ad d itio n , the  u ltim a te  b en z e n e  se lec tiv ity  w as s u b s ta n tia lly  h ig h e r 
a t h ig h  c o n v e rs io n  lead in g  to  a lm o s t d o u b le  the  b e n z e n e  y ie ld  a t c o n s ta n t C l -  
C 5 y ie ld .

H o w e v e r  the  h ig h  p e rfo rm a n c e  o f  P t/K L  w as  still in te re s te d . In  1998, 
Ja c o b s  et al. in v e s tig a te d  the  n -h ex a n e  a ro m a tiz a tio n  on P t /S i0 2 ,P t/K L  and  
P tM g (A l)0 .  T h ey  fo u n d  th a t P t/K L  c a ta ly s t ex h ib its  m u c h  h ig h e r 
a ro m a tiz a tio n  ac tiv ity  an d  se lec tiv ity  than  P t /M g ( A l)0  an d  P t / S i 0 2. T h ey  
a ssu m e d  th a t th e  b as ic ity  o f  the  su p p o rt a lo n e  c o u ld n ’t e x p la in  th e  h igh  
p e r fo rm a n c e  o f  P t/K L  c a ta ly s ts . B e n z e n e  is th e  m a in  p ro d u c t on  P t/K L  and  
h e x e n e s  an d  lig h te r c o m p o u n d s  are  the  p rin c ip a l b y -p ro d u c ts , in c o n tra s t  w ith  
P t /M g ( A l)0  th a t has h ex e n e s  as the  m ain  p ro d u c t. S in ce  h e x e n e s  a re  p rim a ry  
p ro d u c ts  an d  b en z e n e  is a se c o n d a ry  p ro d u c t, the  e x c e p tio n a l a ro m a tiz a tio n  
a c tiv ity  o f  P t/K L  is e x p la in ed  in te rm s o f  its a b ility  to  c o n v e r t h e x e n e  in to  
b e n z e n e . F u r th e rm o re  th ey  su m m a riz e d  th a t the  m o st im p o rta n t ro le  o f  the  
z e o lite  is to  in h ib it b im o le c u la r  in te ra c tio n s  th a t lead  to  co k e  fo rm atio n .



2.3 Catalyst Deactivation

In  g en e ra lly , th e  ca ta ly s ts  can  be d e a c tiv a te d  in 3 w a y s  i.e ., s in te rin g , 
fo u lin g  an d  p o iso n in g .

1. Sintering is a p h y sica l p ro ce ss  a sso c ia te d  w ith  th e  lo ss  o f  a re a  o f  the  
c a ta ly s t w h e n  it o p e ra ted  ab o v e  the  n o rm a l ra n g e  o f  te m p e ra tu re .

2. Fouling is a p ro ce ss  o f  ca ta ly s t d ea c tiv a tio n  th a t m a y  be  e ith e r  
p h y s ic a l o r ch em ica l in n a tu re . T h e  m o st ty p ica l o f  fo u lin g  p ro c e s se s  is th e  
c a rb o n a c e o u s  d ep o sitio n  o r “ c o k e ” th a t fo rm s on  th e  m o s t c a ta ly s t  u se d  in the  
p ro c e s se s  o f  p e tro le u m  frac tio n s  o r o th e r o rg an ic  c h e m ic a l fe e d s to c k .

3. Poisoning is th e  d ea c tiv a tio n  o f  c a ta ly s t d ue  to  sm a ll a m o u n t o f  
m a te r ia l, a sso c ia te d  w ith  the  ad so rp tio n  o f  the  p o iso n  on  th e  a c tiv e  s ite s  o f  the  
c a ta ly s t.

F o r P t/K L , th e  se lec tiv e  d eh y d ro c y c liz a tio n  and  te rm in a l a d so rp tio n  
p ro p e r tie s  o f  c lean  P t s ites  w ith in  o r o u ts id e  L -z e o lite  can  in h ib it the  
d e a c tiv a tio n  o f  Pt c lu ste rs . F lo w ev er o n ly  Pt c lu s te rs  w ith in  th e  p ro te c te d  
e n v iro n m e n t o f  L -z e o lite  c h a n n e ls  th a t fa v o r d e h y d ro c y c liz a tio n  
th e rm o d y n a m ic s  (Ig le s ia  and  B a u m g a m e r, 1992).

H e x e n e s  w ere  a lm o s t e x c lu s iv e  p rim a ry  p ro d u c ts . T h e  lo w  a m o u n t o f  
c is -2-h e x e n e  m ay  in d ica te  its e n h a n c e d  re a c tiv ity  in a ro m a tiz a tio n  
(M a n n in g e r  et al., 1991). M o re o v e r, Ja c o b s  et tf/.(1 9 9 8 ) fo u n d  th a t the  
p re se n c e  o f  h ex e n e s  as p ro d u c ts , w h ic h  a re  g e n e ra te d  in th e  re a c tio n  as 
p re c u rs o rs  fo r  b en z e n e , is an  in d ica to r  o f  the  loss o f  a ro m a tiz a tio n  ac tiv ity .

A c c o rd in g  to  M e n a c h e rry  an d  H a lle r ( 1 9 9 8 )’ร w o rk , in th e  a b se n c e  o f  
s u lfu r  im p u ritie s , the  d ea c tiv a tio n  ap p ea rs  to  be d u e  to  tw o  ty p e s  o f  c o k e  
fo rm atio n :

- T h e  e ffec t o f  the  d ep o sitio n  o f  ca rb o n  a to m s on th e  su rfa c e  o f  the  
m e ta l p a rtic le s

- T h e  p o re  b lo c k a g e  from  c o k in g
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F u rth e rm o re , the  in c re a se  in re a c tio n  tim e  c o u ld  in c re a se  th e  n u m b e r  o f  
c h a n n e l b lo c k a g e  by Pt th a t sh o w ed  th e  d is tr ib u tio n  o f  P t p a r tic le  s ize  by  a 
tra n s m is s io n  e le c tro n  m ic ro sc o p y  (T E M ). T h is  p ro b le m  is e x a c e rb a te d  by  lo n g  
L -z e o lite  c h a n n e l len g th s  (T rea c y , 1999).

S in ce  th e  L -z e o lite  w as  d isc o v e red  to  p la y  an  im p o r ta n t ro le  in the  
in h ib it b im o le c u la r  in te ra c tio n s  th a t lead  to  co k e  fo rm a tio n  (Ja c o b s  et al.,
1999). T h e  m a in  cau se  in th e  d ea c tiv a tio n  o f  P t/K L  is s u lfu r  p o iso n in g  
(V a a rk a m p  et a i,  1992). T h is  p ro b le m  w as  very  c o n c e rn e d  in  m u c h  re sea rch . 
N o t o n ly  P t w ill lo se  th e ir  c h a ra c te r is tic  a f te r  su lfu r  a tta c h e d  b u t a lso  re su lte d  
in th e  p o re  b lo c k a g e .

2.4 Catalyst Preparation

T h e  a p p ro x im a te  m e ta l lo ad in g  m e th o d  h as  a ffe c te d  o n  th e  c a ta ly tic  
p e r fo rm a n c e  an d  the  s tab ility  o f  P t/K L . T h e re  a re  se v e ra l p re p a ra tio n  m e th o d s
i.e ., in c ip ie n t w e tn e ss  im p re g n a tio n  (IW I) m e th o d , ion  e x c h a n g e  (IE ) m e th o d  
an d  c h e m ic a l v a p o r d ep o s itio n  (C V D ) m e th o d  th a t w ere  u se d  to  lo ad  P t 
p re c u rs o rs  in to  L -zeo lite . T h e  fav o rab le  m e th o d  in th e  re c e n t y e a rs  is th e  C V D  
m e th o d  (Ja c o b s  et al., 2 00 0 ).

2 .4 .1  In c ip ien t W etn ess  Im p reg n a tio n  and  Ion  E x c h a n g e  M e th o d
F o r IW I th a t is the  co n v en tio n a l e ffe c tiv e  m e th o d  m o re  th an  IE , 

th e  so lid  is im p re g n a te d  w ith  a n o n so lv e n t liq u id , u su a lly  w a te r  o r 
h y d ro c a rb o n s , n ec e ssa ry  to  fill the  p o re s  c o m p le te ly . A d d itio n  o f  liq u id  m u st 
b e  s to p p e d  w h e n  th e  so lid  ten d s to  b e c o m e  stick y  o r la rg e  e x c e ss  h as  b een  
u se d , th e  liq u id  can  be  re m o v ed  by c e n tr ifu g a tio n . In  th a t c o n d itio n  th e  p o re  
v o lu m e  is eq u a l to the  v o lu m e  o f  the  liq u id  a d so rb e d  by  th e  so lid  (L e o fa n ti et 
al, 1998).



T h e  P t/K L  c a ta ly s ts  p re p a re d  by ion e x c h a n g e  (IE ), in c ip ien t 
w e tn e s s  im p re g n a tio n  (IW I) and  c o im p re g n a tio n  w ith  KC1 (IW I+ K C 1) h av e  
b ee n  c h a ra c te r iz e d  by  O stg a rd  et al. (1 9 9 1 ). T h e  re su lts  sh o w e d  th a t, a f te r  
re d u c tio n  th e  IW I ca ta ly s ts  co n ta in  sm a lle s t P t p a r tic le s  lo c a te d  in s id e  the  
z e o lite  c h a n n e ls , w h ile  the  IE  sa m p les  h as  la rge  p a r tic le s , so m e  o f  w h ic h  are  
on  th e  e x te rn a l su rfa c e s . A t h ig h  tem p e ra tu re , e x c e ss  KC1 re a c ts  w ith  ze o lite  
p ro to n s , fo rm in g  HC1, w h ic h  e scap es . In  c o m p a riso n  to  th e  IE  sa m p le s , th e  
IW I c a ta ly s ts  a re  less ac id ic , m o re  se lec tiv e  fo r d e h y d ro c y c liz a tio n , b u t less 
s e le c tiv e  fo r  h y d ro g e n o ly s is  th a t re q u ire s  la rg e  P t e n se m b le s , th en  IW I 
p ro d u c e d  less  C 1 -C 5  c o m p o u n d s  and  less coke.

T h e  P t has to  re d u c e  b e fo re  th e  re a c tio n  te s tin g . M a n n in g e r  et al. 
(1 9 9 0 ) fo u n d  th a t N a B H 4 re d u c tio n  re su lts  in a less  s ta b le  c a ta ly s t th a n  H 2 
re d u c tio n , b u t th e  fo rm a tio n  co u ld  be  s ta b iliz e d  b y  h ea tin g  in H 2. In the  
re d u c tio n  s tep  io n -e x c h a n g e  ca ta ly s ts  c rea te s  a d d itio n a l ac id  c e n te rs ; th e se  can  
b e  e lim in a te d  b y  a fte r - tre a tm e n t w ith  K N O 3 . H o w e v e r  th e  ac id  c e n te rs  in  IE  
c a ta ly s ts  is n o t co n s id e red , th is  is the  w ea k  p o in t o f  IE  m e th o d . A lth o u g h  IW I 
m e th o d  w as  a c c e p te d  fo r sev era l y ea rs , b u t the  c a ta ly s ts  fro m  IW I m e th o d  
h a v e  p la tin u m  c lu s te r  th a t c lo se  p ro x im ity  to  each  o th e r  and  w ill s in te rin g  in 
th e  h ig h  th e rm a l trea tm en t.

T h e re fo re  th e re  a re  m an y  re se a rc h  w o rk s  tried  to  p re p a re d  P t/K L  
to  a c h ie v e  th e  h ig h ly  d isp e rse  P t p a r tic le s  in sid e  th e  z e o lite  c h a n n e ls  m o re  
th a n  IW I m e th o d .

2 .4 .2  C h e m ic a l V a p o r D ep o s itio n  M e th o d
M o s t a c e ty la c e to n a te  (A c A c ) fo rm s o f  d iv a le n t an d  tr iv a le n t 

m e ta l c a tio n s  can  be ea sily  su b lim e d  b e lo w  th e ir  d e c o m p o s it io n  te m p e ra tu re  
u n d e r  low  p re ssu re . H o n g  et al. (1 9 9 2 ) d e v e lo p e d  a n o v e l P t- in c o rp o ra tio n  
p ro c e d u re  th a t in v o lv e s  su b lim a tio n  o f  P t(A c A c)2 in to  d e h y d ra te d  L -z e o lite .
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H ig h ly  d isp e rse d , n o n  ac id ic  L -z e o lite  w e re  p ro d u c e d  by  th e rm a l tre a tm e n t o f  
v a p o r  p h a se  im p re g n a te d  sa m p les  (M ie lc z a rsk i et al., 1992).

H o n g  et al.{ 1992) u sed  C V D  m e th o d  to  load  P t in to  
a lu m in o s il ic a te  (K L , B aK L , N aY , C sN aY , cu b ic  an d  h e x a g o n a l p o ly ty p e s  o f  
fa u ja s ite , Z S M -1 2  an d  S S Z -2 4 ) and  a lu m in o p h o sp h a te  (A IP O 4-5 an d  C V D -5 ) 
m o le c u la r  s iev es . T h e  c h a ra c te r iz a tio n  b y  X R D , T P D , e le m e n ta l a n a ly s is , l3C 
M A S  N M R , T E M  an d  H 2 c h e m iso rp tio n  re v e a le d  th a t P t can  b e  lo a d ed  in to  
th e  m ic ro p o ro u s  o f  m o le c u la r  s ie v e s  w ith  b o th  c h a rg e d  an d  n eu tra l fra m e w o rk  
w h ile  IW I an d  IE  m eth o d , P t can  b e  lo a d ed  o n ly  in  th e  c h a rg e d  fram ew o rk . 
T h e  a d v a n ta g e  o f  C V D  m e th o d  o v e r IW I an d  IE  m e th o d  is C V D  m e th o d  co u ld  
n o t c h a n g e  th e  a c id /b a se  p ro p e r tie s  o f  th e  m o le c u la r  s iev e . In  a d d itio n , P t th a t 
im p re g n a te d  by  C V D  m e th o d  d o es  n o t m ig ra te  to  th e  e x te r io r  su rfa c e  a t the  
c o n d itio n  o f  a ro m a tiz a tio n  re a c tio n .

B e lla tre c c ia  et al. (1 9 9 5 ) in v e s tig a te d  th e  C V D -b a se d  P t/K L  by 
in-situ e x te n d e d  X -ray  a b so rp tio n  fin e  s tru c tu re  (E X A F S ) sp e c tro sc o p y . A fte r  
in -s itu  re d u c tio n  (H 2, 400  °C), E X A F S  re su lts  su g g e s te d  th e  p re se n c e  o f  sm all 
m e ta l p a r tic le s , w h ic h  m ay  b e  lo c a liz e d  in s id e  th e  K L -z e o lite  c h a n n e ls . A fte r  
th e  re fo rm in g  o f  m e th y lc y c lo p e n ta n e  a t 5 0 0 ° c  (an d  1 a tm ), n o  c o k e  d ep o s itio n  
w a s  e v id e n c e d  b y  E X A F S , in  a g re e m e n t w ith  th e  n o n -a c id ic  c h a ra c te r  o f  
P t/K L . M o re o v e r, th e  se v e re  0 2/H 2 re g e n e ra tio n  c y c le  d id  n o t a lte r  th e  
s tru c tu re  an d  lo c a tio n  o f  P t p a r tic le s  in s id e  th e  z eo lite .

Ja c o b s  et al. (1 9 9 9 ) s tu d ie d  tw o  se rie s  o f  P t/K L  c a ta ly s ts  w ith  
v a ry in g  m e ta l lo a d in g  th a t sy n th e s iz e d  b y  IW I and  C V D  m e th o d . T h e  c a ta ly s ts  
w e re  c h a ra c te r iz e d  by T E M , F T IR  o f  a b so rb e d  C O , E X A F S  an d  p u lse  te s tin g  
o f  M C P  r in g  o p e n in g . T h e  c h a ra c te r is tic  m o rp h o lo g y  p ro d u c e d  b y  th e  C V D  
m e th o d  w a s  fo u n d  to  im p ro v e  th e  p e rfo rm a n c e  o f  th e  c a ta ly s t u n d e r  c lean  and  
s u lfu r  p o iso n in g  co n d itio n s , e n h a n c in g  th e  c a ta ly s t’s re s is ta n c e  to  fo rm a tio n  o f  
c o k e  an d  d e c re a s in g  the  p a r tic le  a g g lo m e ra tio n  ra te .
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H o w ev e r, H o n g  et al. (1 9 9 2 ) re c o m m e n d e d  th a t it is n e c e ssa ry  
to  P t(A c A c)2 an d  th e  m o le c u la r  s ie v e s  b e  fu lly  d e h y d ra te d  an d  k e p t in a 
v a c u u m  o f  b e tte r  th an  10'4 T o rr  fo r th e  su c c e ss fu l su b lim a tio n  o f  P t(A c A c )2.

T h e  p re p a ra tio n  u n d e r v a c u u m  c o n d itio n  w a s  n o t w id e ly  u se d  
b e c a u se  o f  th e  re s tr ic tio n  in the  co s t o f  o p e ra tio n . T h e re fo re  th e  p re p a ra tio n  
u n d e r  a tm o sp h e ric  p re ssu re  w as  se le c te d  to  s tu d y . J a c o b s  et al.{2 0 0 0 ) 
c o m p a re d  th e  c a ta ly s ts  th a t p re p a re d  b y  C V D  m e th o d  th a t w a s  d o n e  u n d e r  
v a c u u m  c o n d itio n  an d  h e liu m  flo w  sy s tem . T h ey  su g g e s te d  th a t  th e  c a ta ly s ts  
th a t p re p a re d  by  C V D  m e th o d  in the  h e liu m  flo w  sy s tem  w h ic h  p re fe r  in the  
in d u s tr ia l a p p lic a tio n  sh o w e d  the  h ig h  c a ta ly tic  p e rfo rm a n c e  s im ila r  to  th e  
c a ta ly s ts  th a t p re p a re d  in th e  v ac u u m  sy stem .

In a d d itio n  to  th e  im p ro v e m e n t o f  P t/K L  b y  p le n ty  o f  p re p a ra tio n  
m e th o d s , P t/K T  w as m o d if ie d  by  ad d itio n  o f  p ro m o te rs  su ch  as b a r iu m  an d  
ra re  ea rth  e le m e n ts . T h e  p u rp o se  o f  th e se  m o d if ic a tio n s  w e re  in c re a s in g  the  
a c tiv ity , se le c tiv ity  and  s ta b ility  o f  P t/K L .

D e ro u n c e  an d  V a n d e rv e k e n  (1 9 8 8 ) su g g e s te d  th a t th e  a d d itio n  o f  B a 2 + 
in to  L -z e o lite  a ttr ib u te d  to  th e  L -z e o lite  p o re  sy s tem  w h ic h  c o n fin e s  re a c ta n ts  
w ith in  its p o re s  in su ch  a m a n n e r as to  a ss is t the  o rg a n iz a tio n  o f  n -h e x a n e  in to  
a  “ p s e u d o c y c le ” an d  s ta b iliz e d  tra n s itio n  s ta te  c o m p lex .

F u k u n a g a  an d  P o n e c  (1 9 9 7 ) su g g e s te d  th a t th e  p re se n c e  o f  K + (i.e . th e  
c a tio n  in z e o lite )  can  be re la te d  to  b o th  th e  h ig h  a ro m a tiz a tio n  
a c tiv ity /se le c tiv ity  and  the  h ig h  se n s itiv ity  to  su lfu r  p o iso n in g  in  n -h e x a n e  
c o n v e rs io n . In  ad d itio n , the  K + w h ic h  s ta b iliz e s  an  in te rm e d ia te  o f  
a ro m a tiz a tio n , lo ses  th is  p ro p e rtie s  by  its in te ra c tio n  w ith  su lfu r.

F an g  et al. (1 9 9 7 ) s tu d ie d  a se rie s  o f  P t-R E -K L , w h ic h  c o n ta in in g  0.8  
w t%  P t an d  0 .2  w t%  R E  (R E  is ra re  ea rth  e le m e n t su ch  as G d , T b , D y , T m , 
Y b , and  L u ) an d  p re p a re d  by  IW I m e th o d . T h e ir  u se d  p ro p e r  %  lo a d in g  from  
th e ir  p re v io u s  w o rk , they  fo u n d  tha t the  R E  lo a d in g  sh o u ld  in the  ra n g e  o f
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0 .0 5  -  0 .2 % . T h e  sa m p les  w ere  p re p a re d  by  IW I m e th o d  an d  c h a ra c te r iz e d  by 
T P D , T P R  a n d  p lu s -C S 2 p o iso n in g  tes t. T h ey  c o n c lu d e d  th a t th o se  h e a v y  ra re  
e a rth  e le m e n ts  ad d ed  to  P t/K L  c a ta ly s t d o n a te  e le c tro n  to  P t p a r tic le s  and  
p re v e n t th e  a c c u m u la tio n  o f  ac tiv e  P t p a r tic le s . T h u s  R E  can  re m a rk a b ly  
in c re a se  th e  a b ility  o f  re s is ta n c e  su lfu r  p o iso n in g  an d  th e  a ro m a tic  se le c tiv ity  
o f  n -h e x a n e  o r  M C P  c o n v e rs io n  on  P t/K L  c a ta ly s ts .

Ja c o b s  et al.{2 0 0 0 ) fo c u sed  on  th e  ad d itio n  o f  T m  (0 .1 5 %  w t) by  C V D  
m e th o d . T h e y  fo u n d  th a t T m  co u ld  in c re a se  th e  s u lfu r  to le ra n c e  o f  P t/K L  by 
a c t as s u lfu r  g e tte r  an d  can  in c re a se  th e  d isp e rs io n  o f  sm a ll P t  p a r tic le s  in the  
z e o lite .

2.5 Catalyst Characterization

T h e  se v e ra l c h a ra c te r iz a tio n  m e th o d s  w e re  a p p lie d  to  in v e s tig a te  the  
p ro p e r tie s  o f  P t/K L  re su ltin g  in th e  im p ro v e m e n t th e ir  p ro p e r tie s  in  th e  fu tu re .

T h e  p ro d u c t d is tr ib u tio n  o f  m e th y lc y c lo p e n ta n e  (M C P ) r in g  o p e n in g  
can  u se  as p ro b e  re a c tio n s  (O s tg a rd  et al., 1992). T h e  h ig h  3-
m e th y lp e n ta n e /2 -m e th y lp e n ta n e  ra tio  su g g e s tin g  th a t th e  M C P  m o le c u le  
b e c o m e s  o r ie n te d  in sid e  th e  z e o lite  c h a n n e ls . It w a s  re su ltin g  fro m  th e  sm all 
P t p a r tic le s  in th e  c h a n n e ls  o f  z e o lite . T h is  re su lt  w a s  c o n firm e d  b y  H 2 
c h e m iso rp tio n  a n a ly s is .

T h e  m ic ro c a lo r im e tric  m e a su re m e n ts  a t 353 K  o f  S h a rm a  et al.( 1994) 
sh o w e d  th a t th e  h e a t o f  C O  a d so rp tio n  is th e  sam e  o n  fre sh ly  re d u c e d  P t / S i 0 2 
an d  P t/K (B a )L  c a ta ly s ts  b u t th e  d if fe re n t w ere  o b se rv e d  a f te r  th e  re a c tio n  
te s tin g . T h e  c a rb o n e o u s  sp ec ie s  th a t a c c u m u la te  on  P t /S i0 2 d u r in g  n -h e x a n e  
c o n v e rs io n  d e c re a se  th e  to ta l n u m b e r  o f  a d so rp tio n  s ite s  an d  th e  n u m b e r  o f  
s ite s  th a t a d so rb  C O  s tro n g ly . In  c o n tra s t w ith  P t/K (B a )L  th a t re ta in e d  the  
a d so rp tiv e  p ro p e rtie s  o f  th e  fresh ly  re d u c e d  c a ta ly s ts .



T h e  N M R  o f  13C 0  a d so rp tio n  (S h a rm a  et al., 1994) sh o w e d  th a t the  
sm all c lu s te r-s iz e d  P t p a rtic le s  a re  m o re  re s is ta n c e  to  d e a c tiv a tio n  by se lf ­
p o iso n in g  re a c tio n s  th an  la rg e r P t p artic le s .

C h ao  et al. (1 9 9 5 ) c h a ra c te r iz e d  the  P t c lu s te r  s ize  an d  lo c a tio n  on  the  
z e o lite  u s in g  th e  ch em ica l sh if t  in l29X e  N M R  sp e c tro sc o p y  o f  a d so rb e d  x en o n  
an d  th e  x -ra y  a d so rp tio n  fin e  s tru c tu re  (X A F S ) o b ta in e d  a t th e  P t Lm edg e . 
T h e  re su lts  in d ica te d  th a t a P t c lu s te r  c o n s is t o f  5-7 P t a to m s lo c a te d  in sid e  the  
z e o lite  m a in  ch a n n e l w h ic h  is fo rm ed  by  th e  in te rc o n n e c tio n  o f  c a g e  1.1 n m  in 
d ia m e te r  to  each  o th e r  in a lin e a r  w ay  th ro u g h  0.71 n m  a p e rtu re . T h e  P t c lu s te r 
in  th e  K L -z e o lite  ch a n n e l is so  sm all w h ic h  does n o t c au se  p o re  b lo c k a g e  fo r 
th e  a d so rp tio n  o f  x en o n  a to m s (a to m ic  d ia m e te r  0 .43  n m ) and  CC14 m o lec u le s  
(a to m ic  d ia m e te r  0 .5 9  n m ) sev ere ly .

T h e  E X A F S  d a ta  a n a ly s is  (M o je t an d  K o n in g sb e rg e r ,1 9 9 6 )  a lso  
sh o w e d  th a t a f te r  re d u c tio n  v e ry  sm all P t m e ta l p a r tic le s  are  p re se n t c o n s is tin g  
o f  fiv e  to  six  a to m s.

X A F S  e x p e rim e n ts  o n  re d u c e d  P t/K L  b e fo re  an d  a fte r  C O  ad m iss io n  
re v e a le d  th a t th e  sm all P t p a r tic le s  d e c o m p o se  u p o n  C O  ex p o su re . T h is  lead ed  
to  sm a ll [P t(C O )2]3 en titie s  th a t a re  s ta b iliz e d  by  th e  z e o lite  p o re  w alls .

T h e  X A F S  d a ta  re v e a le d  th a t th e  d ec re a se d  e le c tro n  d en s ity  on  P t a f te r  
C O  a d m iss io n  im p ly in g  7t-b a c k d o n a tio n  from  P t to  C O , a p o s itiv e  c h a rg e  on 
P t in th e  n ew ly  fo rm ed  c lu s te r  o r a c o m b in a tio n  o f  bo th .

T h e  F T IR  sp e c tra  o f  a d so rb e d  C O  w as  w id e ly  u sed  to  c h a ra c te r iz e  the  
d is tr ib u tio n  and  lo ca tio n  o f  P t p a r tic le  (F a n e  et a l, 1993). A ll P t ca ta ly s ts  
sh o w e d  a  s tro n g  a b so rb a n ce  b an d  a ro u n d  2 0 7 0  ±  20  c m '1 d u e  to  lin e a r-b o n d ed  
C O  an d  sh o w e d  a w e a k ly  a b so rb a n c e  b an d  a ro u n d  1850 ±  20  c m '1 d u e  to  
b r id g e -b o n d e d  C O . P t/K L , P t/K M F I, P t/K M T W  an d  P t /K S i0 2 h ad  an 
a d d itio n a l a b s o rb a n c e  n e a r  1970 c m '1. T h e  a d d itio n a l b an d  is n o t o b se rv e d  fo r 
P t/s ilic a , P t/L a L , P t/H L  an d  P t/H M F I, i.e ., n eu tra l an d  ac id ic  su p p o rts .
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S ta k h e e v  et al.{ 1995) in v e s tig a te d  F T IR  sp e c tra  o f  a d so rb e d  C O . T h ey  
p re su m e d  th a t the  b as ic  o x y g en  a to m s o f  the  z e o lite  f ra m e w o rk  can  ac t as 8- 
d o n o r  lig a n d s  and  s ta b iliz e d  th e  P t c a rb o n y ls

T h e ir  re su lts  rev ea l the  e x is te n c e  o f  tw o  g ro u p s  o f  P t p a r tic le s  in the  
sa m p le  g ro u p  o f

1. P a r tic le s  th a t lo c a liz e d  on the  o u te r  su rfa c e  o f  th e  z e o lite  
m ic ro c ry s ta ls  an d  in the  n e a r  su rface  reg io n ; th e y  e x h ib it  C O  b an d s  at 2 0 6 0 - 
2 0 5 0  c m '1 c lo se  to  th o se  o f  P t su p p o rted  on  c o n v e n tio n a l su p p o rts .

2 . G ro u p  o f  p a rtic le s  th a t are  e n c a g ed  in sid e  z e o lite  c h a n n e ls  an d  th e ir 
e le c tro n ic  s tru c tu re  is p re su m a b ly  s tro n g ly  p e r tu b ed  b y  th e  z e o lite  fram ew o rk  
C O  b an d , can  o b se rv e d  at freq u en c ie s  in the  ra n g e  o f  1 9 6 0 -1 9 2 0  c m '1.

M e n a c h e rry  and  H a lle r  (1 9 9 8 ) in v e s tig a te d  th e  F T IR  sp e c tra  o f  
a d s o rb e d  C O . T h ey  su g g e s ted  th a t the  in c re a se  in b e n z e n e  se le c tiv ity  c o rre la te  
w ith  a sh if t  to  lo w e r s tre tc h in g  freq u en c ie s  o f  th e  C O  a d so rp tio n  b an d s, 
in d ic a tin g  th a t an  in c rease  in e le c tro n  d en s ity  at th e  su rfa c e  m eta l a to m s.

T h e y  p re su m e d  th a t the  e ffe c t o f  th e  su p p o rt in th e  h ig h  a c tiv ity  and  
a ro m a tiz a tio n  se lec tiv ity  o f  P t/K L  can  b e  tw o fo ld , i.e ., th e  s ta b iliz a tio n  o f  
e x tre m e ly  sm all m e ta l p a r tic le s  o f  sp e c ific  m o rp h o lo g y  u n d e r  re a c tio n  
c o n d itio n s  an d  m e ta l su p p o rt in te ra c tio n  in v o lv in g  c h a rg e  t ra n s fe r  b e tw e e n  the  
m e ta l p a r tic le s  an d  th e  su p p o rt re su ltin g  in an in c re a se d  e le c tro n  d e n s ity  o v e r 
th e  m e ta l p a r tic le s .

In  ad d itio n , th is  e le c tro n ic  e ffe c t can  be re la te d  to  th e  sp e c ific  
m o rp h o lo g ie s  o f  th e  m etal p a r tic le s  fo rm ed  on  d if fe re n t su p p o rts  an d  on  u s in g  
d if fe re n t p re p a ra tio n  m eth o d s.
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