
CHAPTER II
BACKGROUND AND LITERATURE SURVEY

2.1 Zeolite

Z e o lite  is an  a lu m in o s ilic a te  m a te ria l th a t fo rm s as a  fram ew o rk . T h e  
zeo lite  f ra m e w o rk  is m ad e  up  o f  S iO f 4 an d  AIO4'5 te tra h e d ra l lin k ed  to g e th e r  by  
sh a rin g  th e  o x y g e n  a to m . A  n e g a tiv e  ch a rg e  is p ro d u c e d  w h e n  an  a lu m in a  te trah ed ra l 
is p re sen t, so  a  c a tio n  m u s t be  p re se n t to  b a la n c e  th e  ch a rg e . T h e  s tru c tu re s  co n ta in  
ch an n e ls  o r  in te rc o n n e c ted  v o id s  th a t a re  o c c u p ie d  b y  th e  ca tio n s  an d  w a te r  
m o lecu le s . In  m o st z eo lite  s tru c tu re s , th e  p rim a ry  s tru c tu ra l u n its , te tra h e d ra l, a re  
a sse m b le d  in to  se co n d a ry  b u ild in g  u n its , w h ic h  m ay  be  a s im p le  p o ly h e d ra l, su ch  as, 
cu b e , h e x a g o n a l p rism s, o r  tru n c a te d  o c tah ed ra l. T h e  p o ly h e d ra l w ill c o n n e c t to  each  
o th e r to  fo rm  a  u n it ce ll. T h e re  a re  m a n y  w a y s  fo r p o ly h e d ra l to  be  co n n ec ted , 
th e re fo re  th e re  a re  m an y  u n it c e lls  fo rm ed . T h e  p o ro s ity  is m o s tly  g e n e ra ted  o n ly  
w h en  th e  p o ly h e d ra l are  c o n n e c te d  to  fo rm  a  u n it ce ll. T h e  p o re s  can  b e  c la ss if ie d  as 
cag es  and  c h an n e ls . H ig h  a lu m in iu m  c o n te n t z eo lite s  ten d  to  be  a  cag e  s tru c tu re  
f ra m e w o rk  w h ile  h ig h  s ilic a  co n ten t z e o lite s  ten d  to  be  a  ch a n n e l s tru c tu re  
fram ew o rk . T h e  w in d o w  is a  p o re  ap e rtu re  o f  th e  fram ew o rk  s tru c tu re . C la ss if ic a tio n  
o f  z e o lite s  b a se d  on  size  o f  w in d o w s  is sh o w n  in  T ab le  2.1.

Table 2.1 C la ss if ic a tio n  o f  z e o lite s  b a sed  o n  s ize  o f  w in d o w s

S m all M ed iu m L arg e E x tra  large M e so p o ro u s

L/1 0 > 5 -6  °A 7-8  °A 12 ๐A 13 ๐ A 1 6-100  °A
8 -T  rin g 10-T  rin g 12-T  ring 18 -T  ring 2 0 -T  rin g V ariab le

Z eo lite  A Z S M -5 F au ja s ite V P I-5 C lo v e rite M C M -41
C h ab az ite T h e ta -1 M o rd en ite M C M -4 8

Z K -5 F e rrie rite O ffre tite
R ho Z S M -4 8 B e ta

E rio n ite Z e o lite  L
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Z e o lite s  a re  h ig h  c a p a c ity  an d  se le c tiv e  a d so rb e n ts  c a p ab le  o f  se p a ra tin g  
m o lecu le s , m a in ly  b a sed  o n  th e  s ize  an d  sh ap e  o f  th e  m o le c u le  re la tiv e  to  th e  s ize  
an d  g eo m e try  o f  th e  m a in  a p e rtu re s  o f  th e  s tru c tu re . S e p a ra tio n  m a y  be  b a se d  on  th e  
m o le c u la r-s ie v e  e ffec t o r  m ay  in v o lv e  th e  p re fe ren tia l o r se lec tiv e  ad so rp tio n  o f  one  
m o le c u la r  sp e c ie s  o v e r an o th e r. T h e  se p a ra tio n s  a re  g o v e rn e d  b y  sev e ra l fac to rs . T h e  
b asic  f ra m e w o rk  s tru c tu re  o r  to p o lo g y  o f  th e  zeo lite  d e te rm in e s  th e  p o re  s ize  an d  th e  
v o id  v o lu m e . T h e  ex am p le  o f  f ram ew o rk  s tru c tu re  o f  Z S M -5  ze o lite  is sh o w n  in 
F ig u re  2 .1 . T h e  ex ch a n g e  ca tio n s , in  te rm s  o f  th e ir  sp e c if ic  lo c a tio n  in  th e  s tru c tu re , 
p o p u la tio n  d e n s ity , ch a rg e  an d  size , a ffe c t th e  m o le c u la r-s ie v e  b e h a v io r  an d  
se lec tiv ity  o f  th e  zeo lite . B y  c h a n g in g  th e  c a tio n  ty p e  o r n u m b e r, th e  se le c tiv ity  o f  
th e  zeo lite  in  a  g iv e n  se p a ra tio n  can  b e  ta ilo re d  o r m o d if ie d  w ith in  ce rta in  lim its .

Figure 2.1 F ra m e w o rk  s tru c tu re  sh o w in g  th e  to p o lo g y  o f  th e  Z S M -5  zeo lite .

In  ze o lite s , c a ta ly s is  ta k e s  p lace  p re fe re n tia lly  w ith in  th e  in tra c ry s ta llin e  
v o id s. A p e rtu re  s ize  an d  ty p e  o f  ch an n e l sy s te m  a ffe c t c a ta ly tic  re ac tio n s , th ro u g h  
w h ich  re a c ta n ts  an d  p ro d u c ts  m u s t d iffu se . M o d if ic a tio n  te c h n iq u e s  in c lu d e  ion  
e x c h an g e , v a r ia tio n  o f  S i/A l ra tio , h y d ro th e rm a l tre a tm e n t o r  s ta b iliz a tio n  can  
im p ro v e  c a ta ly tic  a c tiv ity  an d  se lec tiv ity . In  a d d itio n , th e  ze o lite  fra m e w o rk  
s tru c tu re  d e te rm in e s  sh a p e -se le c tiv e  e ffec ts . S ev era l ty p e s  h av e  b een  d e m o n s tra te d  
in c lu d in g  re a c ta n t se le c tiv ity , p ro d u c t se le c tiv ity , an d  re s tr ic te d  tra n s itio n -s ta te  
se lec tiv ity . N o n -sh a p e -se le c tiv e  su rface  a c tiv ity  is o b se rv e d  o n  v e ry  sm all c ry s ta ls , 
an d  it m ay  b e  d e s ira b le  to  p o iso n  th ese  s ite s  se lec tiv e ly , e .g . w ith  b u lk y  co m p o u n d s  
u n ab le  to  p e n e tra te  th e  ch a n n e l ap e rtu res , o r  b y  su rface  s ila tio n .
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2.2 Toluene Disproportionation

T o lu e n e  d isp ro p o rtio n a tio n  o v e r z e o lite  c a ta ly s t y ie ld s  b en zen e  and  a 
m ix tu re  o f  x y len es . G e n e ra l z e o lite  u sed  in  th is  re ac tio n  is Z S M -5  to  in c rea se  para - 
iso m e r c o n te n t in  th e  p ro d u c ts  co m p ared  w ith  th e  th e rm o d y n a m ic  eq u ilib riu m . 
C h em ica l m o d if ic a tio n  o f  th e  ze o lite  c a u s in g  th e  re d u c tio n  o f  p o re  d ia m e te r  p ro d u ces  
c a ta ly s ts  th a t ach iev e  h ig h  se lec tiv ity  o f  p a ra -x y le n e . T h is  fav o rab le  re su lt is 
e x p la in e d  b y  g re a tly  re d u c e d  d iffu s iv ity  o f  o th o - and  m e ta -x y le n e s  co m p ared  w ith  
th a t o f  th e  le ss  b u lk y  p a ra - iso m e r.

T h e  m e c h a n ism  o f  to lu e n e  d isp ro p o r tio n a tio n  o v e r zeo lite  can  be  
su m m a riz e d  in  th e  fo llo w in g  steps:

1. T o lu e n e  d iffu se s  th ro u g h  th e  z e o lite  c h a n n e ls  an d  re a c ts  on  th e  ac id  s ite
g iv in g  b en zen e  an d  x y le n e s  m ix tu re .

2. T h e  in itia l p ro d u c t d iffu se s  th ro u g h  th e  zeo lite  p o re  s tru c tu re  an d
s im u lta n e o u s ly  u n d e rg o es  in te rn a l iso m e riz a tio n  reac tio n s , y ie ld in g  th e  
p rim a ry  p ro d u c t, th e  f irs t o b se rv a b le  o u ts id e  th e  ze o lite  ch an n e ls . T h e  
p ro p o rtio n  o f  p a ra -x y le n e  in  th e  p rim a ry  p ro d u c t is e x p e c te d  to  in c rea se  
d u e  to  th e  fa s te r  d iffu s io n  o f  th is  isom er.

3. T h e  p r im a ry  p ro d u c t u n d e rg o e s  a  se c o n d a ry  iso m e riz a tio n , b e c o m in g  th e
se c o n d a ry  p ro d u c t f in a lly  o b se rv e d  in  th e  e fflu en t.

T h e  p re lim in a ry  fin d in g s  o f  to lu e n e  d isp ro p o rtio n a tio n  o v e r Z S M -5  
c a ta ly s ts  w e re  firs t p a te n te d  by  K a e d in g  (1 9 7 7 ). A t a tm o sp h e ric  p re ssu re  an d  a  
te m p e ra tu re  ran g e  o f  4 5 0 ° -6 0 0 °C , he  re p o rte d  th a t th e  m a in  p ro d u c ts  in  th e  re a c tio n  
w ere  b e n z e n e  an d  x y len es . T h e  p e rc e n ta g e  co n v e rs io n  o f  to lu e n e  an d  th e  ra tio  o f  
b en zen e  to  x y le n e s  w e re  fo u n d  to  in c rea se  w ith  in c rea s in g  te m p e ra tu re , an d  p a ra - 
x y len e  p re se n t in  th e  x y le n e  m ix tu re  w as a lw a y s  in  eq u ilib r iu m  w ith  its iso m ers.

M e sh ra m  e t  a l .  (1 9 8 3 ) in v es tig a ted  th e  e ffec t o f  c a ta ly tic  p a ram e te rs . T h ey  
o b se rv e d  th a t  b en zen e  to  x y le n e  ra tio  w as  in d e p e n d e n t w ith  p re ssu re , w h ile  th e  
p e rc e n ta g e  o f  to lu e n e  c o n v e rte d  w as d e p e n d e n t on  p ressu re . In  a d d itio n , th ey  a lso  
fo u n d  th a t th e  s tro n g  ac id  s ite  o f  Z S M -5  zeo lite  p ro m o te d  th e  d e a lk y la tio n  o f  
to lu en e .
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M a v ro d in o v a  e t  a l .  (1 9 8 5 ) s tu d ie d  th e  to lu e n e  c o n v e rs io n  o v e r  H Z S M -5  
zeo lite  an d  re p o rte d  th a t th e  c o k e  w a s  fo rm ed  o n ly  o n  th e  ex te rn a l su rface  o f  th e  
zeo lite .

T h e  p a ra -se lec tiv ity  in c reased  by  m o d ify in g  Z S M -5  w ith  p h o sp h o ro u s . 
In c rea s in g  th e  te m p e ra tu re s  a lso  red u ced  th e  p e rc e n ta g e  o f  p a ra -x y le n e  p ro d u c ts  
(M esh ram  e t  a l . ,  1987).

B h a sk a r  and  D o (1 9 9 0 ) sh o w ed  th a t to lu e n e  in  th e  p re se n c e  o f  h y d ro g e n  
o v e r Z S M -5  c a ta ly s ts  u n d e rw e n t d e a lk y la tio n  an d  d isp ro p o rtio n a tio n  reac tio n s , b u t 
in  th e  p re se n c e  o f  n itro g en , o n ly  d isp ro p o rtio n a tio n  re a c tio n  o ccu rred . T h e  a m o u n t 
o f  p a ra -x y le n e  in  th e  x y le n e  m ix tu re  w as m o re  th an  th e  eq u ilib r iu m  v a lu e  fo r th e  
la rg e  c ry s ta l c a ta ly s ts  on ly .

2.3 Zeolite Surface Modification

T h e  e ffe c t o f  u n m o d if ie d  an d  m o d if ie d  Z S M -5  z e o lite s  w as  s tu d ied  by  
U g u in a  e t  a l .  (1 9 9 3 ,b). W h en  a  Z S M -5  w as m o d ifie d  w ith  Si an d  M g  co m p o u n d s , 
o n ly  th e  p a ra -x y le n e  iso m e r w as  ju s t  o u ts id e  th e  ch an n e l sy stem . T h e  m e c h a n ism  fo r 
th e  u n m o d if ie d  Z S M -5  m o d e l w as  b a sed  o n  th e  a lk y l tra n s fe r  m e c h a n ism . T h e  
k in e tic s  o f  th e  re a c tio n  w as  b e tte r  f itted  w ith  p seu d o  firs t o rd e r  m o d e l. F u rth e r  s tu d y  
o n  th e  ro le s  o f  Z S M -5  m o d if ie r  ag en ts  in se le c tiv e  to lu e n e  d isp ro p o rtio n a tio n  w as 
d o n e  in  th e  sa m e  year. T h e  re su lts  sh o w ed  th a t m o d if ic a tio n  o f  Z S M -5  w ith  Si gav e  
h ig h  p a ra -se le c tiv ity  an d  ca ta ly tic  a c tiv ity  in  to lu e n e  d isp ro p o rtio n a tio n . T h is  
m o d if ie r  a g e n t w a s  lo c a te d  on  th e  ex te rn a l su rfa c e  o f  z eo lite  c ry s ta ls . D u e  to  its  la rg e  
m o le c u la r  s iz e  it p re v e n te d  se c o n d a ry  iso m e riz a tio n  re a c tio n  a t th e  o u ts id e  c ry sta l by  
red u c in g  e x te rn a l ac id  s ite  o f  th e  zeo lite . C s  ca tio n , h a v in g  sm a lle r  s ize , co u ld  
p re se n t w ith in  th e  ch an n e l sy s te m  in o rd e r  to  p a rtia lly  b lo c k  p o re s  o f  z e o lite , th u s , 
lo w  to lu e n e  c o n v e rs io n  w as o b ta in ed  w ith  th is  ag en t. In a d d itio n , th e  p a ra -se lec tiv ity  
w as m a in ly  re la te d  to  th e  d e a c tiv a tio n  d eg re e  o f  th e  ex te rn a l su rface .

K u n e id a  e t  a l .  (1 9 9 9 ) in v e s tig a te d  th e  so u rce  o f  se lec tiv ity  o f  p a ra -x y le n e  
fo rm a tio n  in  th e  to lu en e  d isp ro p o rtio n a tio n  o v e r  Z S M -5  zeo lite s . T h e  re su lt w as  in 
a g re e m e n t w ith  U g u in a  e t  a l .  (1 9 9 3 ,a), th ey  fo u n d  th a t th e  se le c tiv ity  in 
d isp ro p o rtio n a tio n  co u ld  be  re la ted  w ith  n o t o n ly  th e  d iffu s io n  ra te  b u t a lso  the
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ex te rn a l so lid  ac id ity , e x c e p t fo r u n u su a l sp e c ie s  o f  z eo lite s . T h e se  u n u su a l 
p ro p e rtie s  m ig h t be c o rre la te d  w ith  n o n -h o m o g e n e o u s  d is tr ib u tio n  o f  c a tio n  A1 o r  Si 
in  th e  zeo lite . T h e re fo re , th e  so u rce  o f  s e le c tiv ity  s tro n g ly  d e p e n d e d  on  th e  p h y sica l 
an d  c h e m ic a l p ro p e rtie s  o f  th e  zeo lite .

F a n g  e t  a l .  (1 9 9 9 ) fo u n d  th a t th e  se lec tiv e  co k in g  d u rin g  to lu en e  
d isp ro p o rtio n a tio n  o v e r H Z S M -5  zeo lite  co u ld  e n h an ce  p a ra -se lec tiv ity . In the  
p re se n c e  o f  N 2  c a rr ie r  gas, lig h t v o la tile  so ft co k e  p re fe rre d  to  d e p o s it w ith in  the  
in tra c ry s ta llin e  c h a n n e ls  o f  th e  zeo lite , an d  w as  re sp o n s ib le  fo r  a  d e c re a se  in  to lu e n e  
c o n v e rs io n . T h is  in te rn a l co k e  co u ld  be  re m o v e d  by  H 2. C o k e  th a t te n d e d  to  d e p o s it 
o n  th e  e x te rn a l su rfa c e  o f  zeo lite  w as  m o s tly  b u lk y  h a rd  co k e . T h is  ex te rn a l co k e  
e ffe c tiv e ly  m o d if ie d  th e  su rfa c e  ac id  p ro p e rtie s  o f  th e  zeo lite  c ry s ta llin e s , w h ic h  in 
tu rn  cu t o f f  th e  se co n d a ry  iso m e riz a tio n  p a th w a y s  o f  p a ra -x y le n e , th u s  e n h a n c in g  the  
p a ra -se lec tiv ity .

T h e  m ild  h y d ro th e rm a l tre a tm e n t fo r  th e  H -Z S M -5  an d  P t in c o rp o ra tio n  
Z S M -5  h ad  g re a tly  re d u c e d  b o th  o f  h y d ro d e a lk y la tio n  an d  d isp ro p o rtio n a tio n  
ac tiv itie s , b u t en h a n c e d  p a ra -x y le n e  se le c tiv ity  (A b o u l-G h e it e t  a l ,  2 0 0 1 ). T h e  
rea so n  is th a t  s te a m in g  h ad  rem o v ed  s tro n g  ac id  s ite s , w h e re a s  P t h ad  c o v e re d  a 
p o rtio n  o f  th e se  s tro n g  a c id  sites. M o re o v e r, th e  th e rm a l h y d ro tre a tm e n t b e fo re  P t 
in c o rp o ra tio n  im p ro v ed  b ifu n c tio n a lity  (ac id  an d  m e ta l fu n c tio n ) an d  in c rea sed  th e  
se lec tiv ity  o f  p a ra -x y le n e . H o w ev e r, h y d ro th e rm a l tre a tm e n t a fte r  P t in c o rp o ra tio n  
seem ed  to  red u c e  th e  b ifu n c tio n a lity .

T h e  e n h a n c e m e n t o f  sh ap e  se le c tiv ity  o f  Z S M -5  b y  c h e m ic a l v a p o r  
d ep o s itio n  (C V D ) by  b u lk y  o rg a n ic  s ilic o n  co m p o u n d s  is o n e  o f  th e  im p o rta n t 
m o d if ic a tio n  m e th o d s . T h e  sh ap e  and  p ro d u c t se le c tiv ity  m e c h a n ism s  w e re  b a se d  on  
th e  d iffe re n ce  in  th e  d iffu s io n  ra te s  o f  x y le n e  iso m e rs  an d  th e  a m o u n t o f  ex te rn a l 
ac id  sites. T h e re fo re , C V D  te c h n iq u e  ch a n g e d  n e ith e r  th e  ch a n n e l s ize  n o r  a c id ity  by  
d e p o s itin g  s ilic a  a t th e  e x te rn a l su rface  o f  z eo lite , an d  a t th e  sam e  tim e  n a rro w e d  
d o w n  th e  p o re  o p e n in g  s ize  d u e  to  c o a tin g  in e rt s ilic a  o n  th e  ex te rn a l su rface  
(H a lg e ri an d  D as, 2 0 0 2 ).
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