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Thanks t o  t h e  p rogres s  r e c e n t l y  accomplished i n  t h e  f i e l d  o f  t he  s y n t h e s i s  
and the  mod i f i ca t ions  of  z e o l i t i c  materials, t h e  chemist  now d i s p o s e s  of a l a r g e  
choice  of ac id  c a t a l y s t s .  The problem l i e s  i n  t h e  s e l e c t i o n ,  through a r e l i a b l e  
method,of the  one b e s t  s u i t e d  f o r  o b t a i n i n g  s e l e c t i v e l y  a g iven  r e a c t i o n .  The a i m  of 
t h i s  paper is  t o  show t h a t ,  by us ing  model r e a c t i o n s ,  c a t a l y s t s  can  be chosen on the  
b a s i s  of t h e i r  shape s e l e c t i v e  p r o p e r t i e s .  For  t h i s  however t h e  r e a c t i o n  mechanisms 
as w e l l  a s  t he  r easons  f o r  p o s s i b l e  mod i f i ca t ions  i n  r a t e  and o r i e n t a t i o n  must be 
p e r f e c t l y  known. 

1 .  Main f a c t o r s  govern ing  r e a c t i o n  s e l e c t i v i t y  over  a c i d  z e o l i t e s  

1 . 1 .  I somer iza t ion  and d i s p r o p o r t i o n a t i o n  o f  a romat ic  hydrocarbons over  z e o l i t e s .  

1 . 1 . 1 .  Xylene i somer i za t ion  

Over amorphous c a t a l y s t s  (1-3) xy lene  i somer i za t ion  invo lves  methyl s h i f t  i n  
benzenium ion in t e rmed ia t e s  a s  t he  r a t e  l i m i t i n g  s t e p  (scheme I ) .  
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Scheme I : I somer i za t ion  of  xy lenes  on a c i d  c a t a l y s t s  * T r a n s i t i o n  s t a t e  acco rd ing  
t o  ( 4 ) .  

With m-xylene as t h e  r e a c t a n t  and over  amorphous c a t a l y s t s  and Y z e o l i t e ,  two 
p a r a l l e l  r e a c t i o n s  l e a d i n g  t o  o-xylene and p-xylene can t ake  p l a c e  a t  s i m i l a r  
r a t e s .  However over  mordeni te ,  o f f r e t i t e  and ZSM5, t h e  p-xylene fo rma t ion  i s  f a s t e r  ( 5 )  
This  is mainly a matter of d i f f u s i o n  r a t e  (6 ) .  The p-xylene molecule be ing  sma l l e r  i n  
s i z e  d i f f u s e s  o u t  of  t h e  porous s t r u c t u r e  more r e a d i l y  t h a n  o-xylene.  I t  must be no- 
t i c e d  t h a t  t h e  in t e rmed ia t e s  and t h e  t r a n s i t i o n  s t a t e s  involved  i n  t h e  two r e a c t i o n s  
d i f f e r  s l i g h t l y  i n  s i z e  and s t r u c t u r e .  Thus t h e  p o s s i b i l i t y  of s t e r i c  e f f e c t s  cannot  
be excluded. 
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The isomerization of o-xylene into p-xylene involves two consecutive steps. 
At 350"C, the reaction is negligible over amorphous catalysts and Y zeolite but quite 
important over mordenite and very important Over ZSM5 (5) .  Three factors converge to 
increase p-xylene selectivity from Y zeolite to mordenite and ZSM5 : i) the decrease 
in average pore dimension which increases residence time in the structure ; ii) the 
increase in acid strength 
leading from o-xylene to p-xylene ; iii) the smaller size of p-xylene, favoring its 
desorption. 

which increases the rates of the two consecutive steps 

1.1.2.  Xylene disproportionation 

Xylenes can undergo simultaneously isomerization as well as disproportiona- 
tion into toluene and trimethylbenzenes. The disproportionation mechanism involves 
bimolecular intermediates (1,7) much more bulky than the benzenium intermediates 
involved in isomerization. This is probably why the disproportionationfisomerization 
rate ratio (r /r ) increases as more space becomes available in the porous structure 
of the zeolit!. I 

D I  decreases as the degree of exchange of protons for sodium cations in H-mordenite 
increases ( 8 , 9 ) .  This is more a matter of site density than acid strength. Indeed 
poisoning experiments with pyridine show that the acid strength required for both 
reactions is practically the same. But disproportionation requires probably 
two adjacent acid sites (l,7,10) while isomerization requires only one acid site. 
Hence the decrease in rD/rI from Y zeolite to ZSMS may partly be explained by the 
site density decrease. 

However r fr also seems to depend on the acidity of the zeolite. It 

? 

1.2. Alkane transformation 

Over acid and bifunctional catalysts, alkanes undergo three main reactions : !? 
isomerization, cracking and disproportionation. All three of them involve carbocations 
as intermediates and their relative importance depends both on the characteristics of 
the alkane (size, degree of branching) and of the catalyst (acidity, porous structure, 
hydrogenation activity). 

r 

Scheme 2 shows the different chemical steps involved in the isomerization 
and the cracking of alkanes. 

D 
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Scheme 2 : Isomerization and cracking of alkanes on acid and on bifunctional catalysts. 
P:paraffin , 0:olefin ,C+:carbocation ,x,y:number of  carbon atoms, A:acid 
step , M:metallic step. 

1 . 2 . 1 .  Alkane transformation on pure zeolite catalysts 

Alkane cracking on pure acid catalysts occurs through steps la ,& and 5 of 
scheme 2. The carbenium ion formation certainly results from intermolecular hydride 
transfer between a reactant molecule and a preadsorbed cation while steps 2, 2 and 5 
are considered as monomolecular reactions. 

r 
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In  the  absence  of s t e r i c  c o n s t r a i n t s  o r  of d i f f u s i o n a l  l i m i t a t i o n s ,  t h e  
c rack ing  r a t e  i s  r e l a t e d  t o  the  s t a b i l i t y  of t he  i n t e r m e d i a t e  carbenium ions  (Ci and 
c'). Thus over  Y z e o l i t e  a t  400°C i sooc tane  c rack ing  i s  25 t o  40 times f a s t e r  than  
n'hexane c racking  and 150 t o  300 t imes  f a s t e r  than  n-pentane c rack ing .  The d i f f e r e n c e  
i n  r e a c t i v i t y  of a lkanes  depends on t h e  a c t i v e  s i t e s  : t h e  g r e a t e r  t h e i r  ac id  s t r e n g t h ,  
t he  sma l l e r  the  d i f f e r e n c e  ( 1 2 ) .  

The i n t r a c r y s t a l l i n e  s t r u c t u r e  has  a l s o  a cons ide rab le  in f luence  on t h e  r e l a -  
t i v e  r e a c t i v i t i e s  of a lkanes .  F r i l e t t e  e t  a 1  ( 1 1 )  c o n s i d e r  as shape s e l e c t i v e  t h e  
z e o l i t e s  f o r  which t h e  " c o n s t r a i n t  index" C I  ( r a t i o  of  t h e  appa ren t  c r ack ing  r a t e  
c o n s t a n t s  of n-hexane and 3-methylpentane) i s  g r e a t e r  than  1 .  Due t o  t h e  h igher  
r e a c t i v i t y  of 3-methylpentane towards carbenium ion  format ion ,  t h e  CI of non-shape 
s e l e c t i v e  m a t e r i a l s  i s  sma l l e r  than  1 .  I n  t h e  c a s e  of i n t e rmed ia t e  pore  s i z e  z e o l i t e s  
t he  C I  va lue  ( I  < C I <  12)  i s  determined by s t e r i c  c o n s t r a i n t s  i n  t h e  b imolecular  
format ion  of t he  carbenium i o n  ( s t e p  I, scheme 2) ( l 3 , 1 4 ) .  On t h e  c o n t r a r y  f o r  e r i o n i t e  
which has  small pore openings  and l a r g e  c a v i t i e s  t h e  h igh  v a l u e  of C I  i s  due on ly  t o  
d i f f e r e n c e s  i n  d i f f u s i o n a l  l i m i t a t i o n s  f o r  n-hexane on t h e  one hand and 3-methylpentane 
on t h e  o t h e r .  

The a c i d i t y  and t h e  s t r u c t u r e  of  z e o l i t e s  a l s o  i n f l u e n c e  cons ide rab ly  t h e  
product d i s t r i b u t i o n  of a lkane  c rack ing  ( 1 2 ) .  I n  t h e  c a s e  of i sooc tane  about  75 % 
of t h e  c racking  products  can  be cons idered  as r e s u l t i n g  from t h e  success ive  s t e p s  1 
and 2 of scheme 2 ,  t he  remaining 25 % r e s u l t  from one i somer i za t ion  s t e p  fo l lowed by 
c rack ing  of t he  rear ranged  ca rboca t ion  (sequence L,z,i). Over mordeni te  and ZSM5, 
d i r e c t  c racking  (sequence 1,2) i s  r e s p o n s i b l e  r e s p e c t i v e l y  f o r  50 and IO % of t h e  
products  on ly ,  t h e  r e m a i n d e r r e s u l t s  from m u l t i p l e  t r ans fo rma t ions  of i sooc tane .  
The d i f f e r e n c e s  between t h e  t h r e e  z e o l i t e s  can be a t t r i b u t e d  t o  d i f f u s i o n a l  l i m i t a -  
t ions .  

slow t h a t  t he  format ion  of isomers ( s t e p  5) is  observed .  The i somer i za t ion lc rack ing  
r a t e  r a t i o  depends on  t h e  z e o l i t e .  For n-pentane t r ans fo rma t ion  a t  400°C, i t  i n c r e a s e s  
from almost ze ro  over  ZSMS t o  about  0 .7  ove r  mordeni te  and 3.5 over  Y z e o l i t e  ( 1 2 ) .  
This  may be due t o  the  i n t r i n s i c  s e l e c t i v i t y  of t h e  c a t a l y t i c  s i t e s  bu t  s t e r i c  cons- 
t r a i n t s  t u  t he  b imolecular  t r a n s i t i o n  s t a t e  of s t e p  5 may a l s o  p l ay  an  impor tan t  r o l e  
on ZSM5. 

d i s p r o p o r t i o n a t i o n  i n t o  C4 and c6  p roduc t s .  With bu tanes  t h i s  r e a c t i o n  i s  t h e  on ly  
one t h a t  can  be observed a t  low convers ion  ( 1 5 ) .  Th i s  i s  e a s i l y  unde r s t andab le  s i n c e  
butane d i s p r o p o r t i o n a t i o n  involves  secondary  carbenium i o n s  whi le  i t s  c r ack ing  o r  
i n t r amolecu la r  i somer i za t ion  n e c e s s a r i l y  invo lves  primary c a t i o n  (16 ) .  Dispropor t iona-  
t i o n  needing ve ry  s t r o n g  a c i d  s i t e s  ( 1 7 ) ,  Y z e o l i t e  i s  l e s s  a c t i v e  than  mordeni te .  
Another exp lana t ion  must be found f o r  t h e  i n a c t i v i t y  of  ZSM5. Probably  t h e  b imolecular  
C i n t e rmed ia t e  cannot be formed i n s i d e  t h e  porous s t r u c t u r e  of ZSM5. On t h e  o t h e r  
8 hand, d i s p r o p o r t i o n a t i o n  i s  c e r t a i n l y  a "demanding r e a c t i o n "  ( r e q u i r i n g  s e v e r a l  s i t e s )  

so t h a t  t h e  low d e n s i t y  of a c i d  s i t e s  i n  ZSMS could  e x p l a i n  i t s  i n a c t i v i t y .  

In t h e  c a s e  of pentanes  and hexanes ,  t h e  c rack ing  s t e p s  (?,A) become so 

Over mordeni te  pentane  c rack ing  and i somer i za t ion  a r e  accompanied by some 

1 .2 .2 .  I somer i za t ion  and c rack ing  of  n-heptane ove r  mechanical mix tures  of 
platinum-alumina and z e o l i t e s  (Y, mordeni te ,  ZSM5). 

The presence  of t h e  m e t a l l i c  component i n c r e a s e s  t h e  ca rboca t ion  format ion  
(Px + C:) and isomer deso rp t ion  (C:' + Px') r a t e s .  On b i f u n c t i o n a l  c a t a l y s t s ,  C z  f o r -  
mation involves  success ive ly  i )  t h e  a l c a n e  dehydrogenat ion  on t h e  m e t a l l i c  s i tes  
( r e a c t i o n  6) i i )  t h e  mig ra t ion  of t h e  in t e rmed ia t e  o l e f i n s  from t h e  m e t a l l i c  t o  t h e  
a c i d  s i t e s  and i i i )  t h e  adso rp t ion  of  o l e f i n s  on Bronsted a c i d  s i tes  ( s t e p  7). The 
isomer deso rp t ion  invo lves  t h e  r e v e r s e  sequence. 

A s  has  been mentionned by o t h e r  au tho r s  (18-20) i n  t h e  case  of heav ie r  
n-alkanes,  c r ack ing  always fo l lows  i somer i za t ion  : t h e  c rack ing  of l i n e a r  ca rboca t ions  
( s t e p  2 )  compared t o  t h e i r  i somer i za t ion  ( s t e p  3) and t o  t h e  c rack ing  of branched 
c a t i o n s  ( s t e p  4 )  i s  very  slow. I n  accordance  wi th  t h i s  s tep-by-s tep  pathway, i t  can  be 
observed t h a t  The i somer i za t ion lc rack ing  r a t e  r a t i o  ( r  / r  ) depends on t h e  amount of 
platinum-alumina i n  t h e  c a t a l y s t  ( i . e .  on t h e  r e s i d e n c i  t tme of t h e  in t e rmed ia t e  o l e f i n s  
on the  z e o l i t e ) .  A t  low platinum-alumina c o n t e n t s  t he  p roduc t s  r e s u l t  from a m u l t i s t e p  

- 
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a c i d  c a t a l y z e d  r e a c t i o n .  This  r e a c t i o n  l e a d s  t o  a t o t a l  c r a c k i n g  of each ind iv idua l  
molecule of dehydrogenated n-heptane : t h e r e f o r e ,  l i g h t  products  a r e  l a r g e l y  predomi- 
nant ,  rc i n c r e a s e s  f a s t e r  than  rI .  A t  h igh  platinum-alumina c o n t e n t s ,  t h e  i s o c a t i o n  
c racking  ( s t e p  4 )  now competes w l t h  i t s  d e s o r p t i o n  t o  i soheptanes  (C;' + Px ' )  and 
i n c r e a s e s  a t  th; expense of rc. rI/rc should i n  f a c t  i n c r e a s e  t o  a l i m i t  which W O U I ~  

depend on t h e  c h a r a c t e r i s t i c s  of t h e  z e o l i t e  p a r t i c l e s  ( s i z e  ; pore dimensions ; nature, 
s t r e n g t h  and d e n s i t y  of t h e  a c i d  s i t e s ) .  

l e c t i v i t y  of t h e  r e a c t i o n s  on s h a p e - s e l e c t i v e  m a t e r i a l s  depends on t h e  f r e q u e n t l y  simul- 
taneous i n f l u e n c e  of t h r e e  well-known f a c t o r s  : 

Taking i n t o  c o n s i d e r a t i o n  t h e  above examples i t  can be concluded t h a t  the se- 

a )  own c h a r a c t e r i s t i c s  o f  t h e  c a t a l y t i c  c e n t e r s  ; 
b)  l i m i t a t i o n s  to t h e  d i f f u s i o n  of r e a c t a n t s  and products  ; 
c )  s t e r i c  c o n s t r a i n t s  to t h e  format ion  o f  t r a n s i t i o n  s t a t e s .  
However, no ev idence  i s  found t h a t  d i f f u s i o n a l  l i m i t a t i o n s  o r  s t e r i c  cons- 

t r a i n t s  may l e a d  t o  t h e  format ion  o f  new i n t e r m e d i a t e s .  

2. C h a r a c t e r i z a t i o n  of z e o l i t e s  u s i n g  model r e a c t i o n s .  

The r e l a t i o n s h i p  between t h e  s t r u c t u r e  of z e o l i t e s  and t h e i r  s e l e c t i v i t y  i n  a 
given r e a c t i o n  may be used to s c r e e n  t h e  b e s t  c a t a l y s t s  t o  c h a r a c t e r i z e  t h e  poros i ty  of 
s y n t h e t i c  o r  modif ied m a t e r i a l s .  The informat ion  t h a t  w i l l  be obta ined  w i l l  depend on 
t h e  above f a c t o r s .  The i d e a l  c o n d i t i o n s  f o r  a good c h a r a c t e r i z a t i o n  of t h e  porous s t ruc-  
t u r e  a r e  t h e  fo l lowing  : i )  f a c t o r  a i s  known ; i i )  t h e  c o l l e c t e d  informat ion  concerns 
only  one o r  o t h e r  of f a c t o r s  b and c .  Moreover i n  every  c a s e  i t  i s  impor tan t  t h a t  t h e  
inf luence  of t h e  e x t e r n a l  s u r f a c e  on  t h e  a c t i v i t y  be known and i f  p o s s i b l e  suppressed ( 2 1 ) .  

2.1. D i f f u s i o n a l  l i m i t a t i o n s  ( f a c t o r  b )  

I n  o r d e r  to l i m i t  t h e  i n f l u e n c e  of s t e r i c  c o n s t r a i n t s  ( f a c t o r  c ) ,  r e a c t i o n s  

The r e l a t i v e  r e a c t i v i t i e s  of a s e r i e s  of o r g a n i c  compounds may be used. I n  
t h i s  c a s e  t h e  r e a c t i v i t y  may v a r y  a c c o r d i n g  t o  t h e  s i z e  of both t h e  r e a c t a n t  and the  
products .  Moreover as t h e  r e a c t a n t s  i n  one g iven  series (a lkanes ,  a l c o h o l s  ... ) d i f f e r  
s l i g h t l y ,  t h e  r e a c t i v i t y  can depend on t h e  c h a r a c t e r i s t i c s  of t h e  c a t a l y t i c  c e n t e r s  
( f a c t o r  a )  which may change from o n e  z e o l i t e  t o  t h e  o t h e r .  

One r e a c t a n t  undergoing c o m p e t i t i v e  r e a c t i o n s  can a l s o  be used.  I n  t h i s  case ,  
t h e  s e l e c t i v i t y  depends o n l y  on t h e  s i z e  of t h e  p r o d u c t s  and a more p r e c i s e  determina- 

involved proceed through t h e  same mechanism ( a s  i s  the  c a s e  f o r  m-xylene i somer iza t ion)  
t h e  i n f l u e n c e  of f a c t o r  a can  be c o n s i d e r e d  a s  n e g l i g i b l e .  

wel l  adapted t o  t h e  c h a r a c t e r i z a t i o n  of t h e  porous s t r u c t u r e  of z e o l i t e s  because t h e i r  
s e l e c t i v i t y  depends n o t  o n l y  on pore  s i z e  b u t  a l s o  on t h e  d e n s i t y  and a c t i v i t y  of ac id  
c e n t e r s .  

involv ing  o n l y  monomolecular i n t e r m e d i a t e s  a r e  recommended. f 

t i o n  of pore a p e r t u r e  can t h u s  be o b t a i n e d .  Moreover, i f  t h e  compet i t ive  r e a c t i o n s  I 

React ions  i n v o l v i n g  c o n s e c u t i v e  s t e p s  (e .g .  o-xylene i somer iza t ion)  a r e  not  

2 . 2 .  S t e r i c  c o n s t r a i n t s  i n  t h e  neighbourhood of t h e  a c t i v e  c e n t e r s  ( f a c t o r  c )  

Reac t ions  f o r  which d i f f u s i o n a l  l i m i t a t i o n s  ( f a c t o r  b) can be neglec ted  must 
be chosen. Those involv ing  b imolecular  t r a n s i t i o n  s t a t e s  a r e  p a r t i c u l a r l y  wel l  s u i t e d  
s i n c e  t h e  molecules  of b o t h  t h e  r e a c t a n t s  and t h e  products  a r e  g e n e r a l l y  much smal le r  
than  t h e  t r a n s i t i o n  s t a t e s .  However, even i n  t h i s  c a s e  the  e f f e c t  of f a c t o r  b cannot  
always be excluded ( s e e  1 . 2 . 1 .  c o n s t r a i n t  i n d e x ) .  

by comparing t h e  r a t e s  of t h e  b imolecular  r e a c t i o n  and of a n o t h e r  r e a c t i o n  wi thout  
s t e r i c  c o n s t r a i n t s .  

o f f e r i n g  the  p o s s i b i l i t y  of s e v e r a l  compet i t ive  t ransformat ions  through t h e  same mecha- 
nism (e .g .  format ion  of isomers)  w i t h  one a c t i n g  a s  t h e  "shape s e n s i t i v e "  r e a c t i o n  and 
t h e  o t h e r  as r e f e r e n c e .  The d i s p r o p o r t i o n a t i o n  of m-xylene i n t o  1,2,3- , 1,2,4- and 
1,3,5- t r imethylhenzenes o f f e r s  such  a p o s s i b i l i t y  inasmuch as t h e  formation of 1,3,5- 
t r imethylbenzene s u f f e r s  t h e  i n t e r v e n t i o n  of a b u l k i e r  i n t e r m e d i a t e  than t h a t  of 1,2,3- 
and 1,2,4- t r imethylbenzenes ( 2 2 ) .  

I n  p r a c t i c e  t h e  i n h i b i t i o n  t o  t h e  t r a n s i t i o n  s t a t e  formation can be measured 

To be f r e e  of the  i n f l u e n c e  of f a c t o r  a ,  i t  i s  convenient  t o  choose a r e a c t a n t  
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However, i f  t he  mechanisms of t h e  "shape s e n s i t i v e "  r e a c t i o n  and of t h e  
r e a c t i o n  taken a s  r e f e r e n c e  a r e  d i f f e r e n t  (e.g.  d i s p r o p o r t i o n a t i o n  and i somer i za t ion  
of aromat ics ) ,  f a c t o r  a becomes d e c i s i v e l y  impor tan t  s i n c e  t h e  r e l a t i v e  r a t e s  of  t r ans -  
format ion  in  t h e  two d i r e c t i o n s  may depend on t h e  d e n s i t y  and on the  s t r e n g t h  of  t h e  
a c i d  s i t e s .  

compounds can a l s o  be used ( e .g .  c o n s t r a i n t  index measurement).  Again a t t e n t i o n  must 
be drawn t o  t h e  f a c t  t h a t  d i f f e r e n t  r e a c t a n t s  e n t a i l  d i f f e r e n c e s  i n  r e a c t i v i t y  which 
could  be dependent on the  a c i d  s t r e n g t h  of t he  z e o l i t e .  

The d i f f e r e n c e s  i n  r e a c t i v i t i e s  of r eac t an t sbe long ing  t o  the  same c l a s s  of 

It can  be  n o t i c e d  f i n a l l y  t h a t  i t  is p s s i b l e  t o  c h a r a c t e r i z e  i n  one 
experiment f a c t o r s  b and c i f  t h e  r e a c t a n t  undergoes s e v e r a l  r e a c t i o n s  whose s e l e c t i -  
v i t i e s  depend f o r  some on ly  on f a c t o r  b ,  f o r  o t h e r s  o n l y  on f a c t o r  c. Such i s  t h e  
c a s e  f o r  m-xylene t r ans fo rma t ion  ( 5 )  : t h e  i somer i za t ion  s e l e c t i v i t y  s u p p l i e s  i n f o r -  
mation on p r e  s i z e  whi le  t h e  disproportionation/isomerization r a t e  r a t i o  a s  Well as 
t h e  d i s t r i b u t i o n  of t h e  t r imethylbenzenes  s u p p l i e s  i n fo rma t ion  on t h e  space  d i sposab le  
in  the  neighbourhood of t h e  a c t i v e  s i t e s .  

LITERATURE CITED 

( 1 )  Poutsma, M.L., i n  Z e o l i t e  Chemistry and C a t a l y s i s ,  J . A .  Rabo Ed., p. 437, 
ACS Monograph 1 7 1 ,  American Chemical Soc ie ty ,  Washington 1976. 

(2) Hanson, K.L. and Engel,  A . J . ,  A . I .  ChE Journa l  13, 260 (1967).  
(3)  Cor tes ,  A. and Corma, A . ,  J. C a t a l .  E, 338 ( l 9 z ) .  
(4) Matsumoto, H . ,  Take J.I. and YONEDA, Y . ,  J. C a t a l .  &, 2 1 1  (1968),  J. C a t a l .  2, 

113 (1970).  
Gnep, N.S. ,  Te jada ,  J., Guisne t ,  M . ,  Bu l l .  SOC. Chim. 5 (1982) .  
Young, L . B . ,  B u t t e r ,  S.A. and Kaeding, W . W . ,  J. Cata l .  2, 418 (1982).  
Gnep, N.S. and Gu i sne t ,  M . ,  Appl. Ca ta l .  1 ,  329 ( 1 9 8 1 ) .  
Ratnasamy, P . ,  S ivasankar ,  S .  and Vishnoi, S . ,  J. C a t a l .  - 69, 428 (1981). 
Tejada,  J . ,  Gnep, N.S., Gu i sne t ,  M . ,  t o  be  publ i shed .  
Pukanic,  G.W. and Massoth, F.E., J .  C a t a l .  8, 304 (1973).  
F r i l e t t e ,  V . J . ,  Haag, W.O.,  Lago, R .M. ,  J. Catal. 67, 218 (1981).  
H i l a i r eau ,  P . ,  Bourd i l lon ,  G . ,  P e r o t ,  G . ,  Gu'isnet, M . ,  t o  be  publ i shed .  
Weisz, P.B., i n  Proc.  7 th  I n t e r n .  Congr. C a t a l y s i s ,  Tokyo (1980) ; Plena ry  
Lec tures ,  P r e p r i n t  PI .  
Haag, W.O., Lago, R.M. and Weisz, P.B., Faraday  Di scuss ions  of t h e  Chemical 
Soc ie ty  2, 317 (1981).  
Guisne t ,  M . ,  Gnep, N.S., Bearez ,  C. and Cheva l i e r ,  F. ,  i n  "Ca ta lys i s  by Zeo l i t e s "  
(B. Imelik e t  a1 Eds) E l s e v i e r  S c i e n t i f i c  Pub l i sh ing  Company, Amsterdam 7 7  (1980).  
H i l a i r e a u ,  P . ,  Bearez,  C . ,  Cheva l i e r ,  F . ,  P e r o t ,  G .  and Gu i sne t ,  M . ,  Z e o l i t e s  2, 
69 (1982). 
Bearez,  C . ,  Cheva l i e r ,  F . ,  Guisne t ,  M . ,  t o  be publ i shed .  
S t e i n j s ,  M . ,  Froment, G.F., Jacobs ,  P.A., Uytterhoeven, J.B., Weitkamp, J., 
Erdiil ,  Kohle, Erdgas ,  Petrochem. 2, 581 (1978).  
S t e i n j s ,  M. and Froment, G.F., Jacobs ,  P. and Uytterhoeven, J.B., Weitkamp, J., 
Ind. Eng. Chem. Prod. Res. Dev. 20, 654 (1981).  
S t e i n j s ,  M. and Froment, G.F., Ix. Eng. Chem. Prod. Res. Dev. 20, 660 (1981).  
Kibby, C.L. ,  P e r r o t t a ,  A . J .  and Massoth, F.E.,  J. Ca ta l .  35, 25-8-(1974). 
Cs i c se ry ,  S.M., i n  Z e o l i t e  Chemistry and C a t a l y s i s ,  J . A .  Rabo Ed., p. 680, 
ACS Monograph 171, American Chemical S o c i e t y ,  Washington 1976. 


