
BACKGROUND AND LITERATURE SURVEY
CHAPTER II

2.1 Catalyst for n-Octane Aromatization

E v e r  s in ce  th e  d isc o v e ry  o f  P t/K L  in  1980 by  B e rn a rd , c o n tro v e rsy  has 
a risen  as  to  i f  an d  w h y  P t/K L  is u n iq u e  fo r th e  a ro m a tiz a tio n  o f  n -h e x a n e  reac tio n . 
H ere  a re  ro u g h ly  fiv e  d if fe re n t p o ss ib le  e x p la n a tio n s  a tte s tin g  to  th e  u n iq u e n e ss  o f  
P t/K L  fo r  a ro m a tiz a tio n , an d  th e se  e x p la n a tio n s  o ffe r  e ith e r  g e o m e tr ic  o r  e lec tro n ic  
in te rp re ta tio n s :
(a) M o l e c u l a r  D i e  ( G e o m e t r i c )  E f f e c t s ' .  T h e  n -h e x a n e  w o u ld  p re fe re n tia lly  ad so rb  

o n to  th e  P t c lu s te r  a t a  te rm in a l ca rb o n , w h ic h  w o u ld  fa v o r  rin g  c lo su re  to  fo rm  
b en zen e .

(b ) P r e o r g a n i z a t i o n  o f  n - h e x a n e  f o r  r i n g  c l o s u r e : T h e  sp ace  in s id e  th e  L -z e o lite  w as 
s im ila r  to  th a t o f  a  cy c lic , s ix  c a rb o n  sp ec ies . T h e re fo re , th e  ad so rb e d  h ex an e  
cu rls  a ro u n d  on  i ts e lf  in  th e  ze o lite  cag e  in  o rd e r  to  m a x im iz e  its  v an  d e r W aals  
in te rac tio n s . T h e re fo re , th e  re su ltin g  tra n s itio n  sta te  w o u ld  p u t th e  free  te rm in a l 
c a rb o n  in  c lo se  p ro x im ity  w ith  th e  a c tiv e  P t c lu s te r. T h is  p re o rg a n iz a tio n  o f  th e  
n -h e x a n e  m o le c u le  fa v o re d  rin g  c lo su re , an d  w as re sp o n s ib le  fo r th e  h ig h  a c tiv ity  
an d  se le c tiv ity  o f  P t/K L  fo r  a ro m a tiza tio n .

(c) E l e c t r o n i c  E f f e c t s ' .  T h e  h ig h  a c tiv ity  an d  se le c tiv ity  o f  P t/K L  c a ta ly s ts  fo r 
a ro m a tiz a tio n  d e r iv e d  fro m  a  u n iq u e  e le c tro n ic  s tru c tu re . L a rg e r, so fte r, c a tio n s  
like  B a +2, w ith  d iffu se  c h a rg e , w o u ld  a llo w  g re a te r  d o n a tio n  o f  e lec tro n  d e n s ity  
from  z e o lite  o x y g e n  a n io n s  to  th e  P t m e ta l, w h e re a s  sm a lle r , h a rd e r, c a tio n s  like  
M g +2, w o u ld  in te rfe re  w ith  th is  tran sfe r. A s a  te s t, th e  c o m p e titiv e  h y d ro g e n a tio n  
o f  b e n z e n e  an d  to lu e n e  w as u sed . S in ce  to lu e n e  is a  b e tte r  e le c tro n  d o n o r  th an  
b en zen e , h y d ro g e n a tio n  o f  to lu e n e  w a s  e x p e c te d  to  b e  h in d e re d  w ith  in c re a se d  
e le c tro n  d o n a tio n  fro m  th e  su p p o rt. Ktoluene/Kbenzene in c re a se d  w ith  L ew is  ac id ity  
(M g  >  C a  >  B a).

(d) I n h i b i t i o n  o f  B i m o l e c u l a r  P a t h w a y s ' .  T h e  u n iq u e n e ss  o f  P t/K L  c a ta ly s ts  w ith  th e  
ab ility  o f  K L ’s m ic ro p o ro u s  s tru c tu re  to  in h ib it b im o le c u la r  re ac tio n s  le a d in g  to  
th e  fo rm a tio n  o f  c o k e  on  th e  su rface  o f  th e  P t c lu s te rs .
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(e) S t a b i l i z a t i o n  o f  S m a l l  P t  C l u s t e r s  : T h e  ex cep tio n a l re a c tiv ity  fo r  P t/K L  re su lte d  
fro m  th e  a b ility  o f  th e  e llip so id  cag es  m a k in g  u p  th e  c h a n n e ls  o f  th e  K L  zeo lite , 
to  s ta b iliz e  sm all c lu s te rs .

F o r  th e  h ig h  a c tiv ity  an d  se lec tiv ity , m o s t au th o rs  a g ree  th a t an  e ffec tiv e  
c a ta ly s t sh o u ld  h av e  as m u c h  P t as p o ss ib le  in s id e  th e  ch a n n e ls  o f  th e  zeo lite s .

J a c o b s  e t  a l .  (2 0 0 1 ) P t/K L  c a ta ly s ts  w ere  sy n th e s iz e d  b y  d iffe re n t m e th o d s  
in c lu d in g  IE , IW I an d  V P I an d  in v e s tig a te d  th e  e ffe c t o f  m e ta l lo ad in g . T h e  c a ta ly s ts  
w ere  p re tre a te d  a t tw o  d iffe re n t red u c tio n  te m p e ra tu re s  a t 4 0 0  an d  5 00  ° c  to  
in v e s tig a te  th e  se n s itiv ity  o f  e a c h  c a ta ly s t to  th e rm a l tre a tm en t. A ll c a ta ly s ts  sh o w ed  
h ig h  d isp e rs io n  an d  H /P t ra tio  g rea te r  th a n  u n ity . A n d  fro m  F T IR  o f  ad so rb e d  C O  
sh o w ed  th e  c h a ra c te r is tic  d isp e rs io n  an d  lo c a tio n  o f  P t c lu s te r  by  each  m e th o d . IE  
c a ta ly s ts  w e re  fo u n d  to  h av e  a  h ig h  fra c tio n  o f  P t c lu s te r  lo c a te d  at e x te rn a l su rface  
o f  L z e o lite  an d  w ere  th e  m o s t sen s itiv ity  to  th e rm a l tre a tm e n t. T h ese  c a ta ly s ts  
d e a c tiv a te d  e a s ily  b y  co k e  fo rm a tio n . IW I an d  V P I c a ta ly s ts  sh o w e d  a  m a jo rity  o f  P t 
c lu s te r  lo c a te d  in s id e  ch a n n e l o f  zeo lite  L . A fte r  th e rm a l tre a tm e n t, IW I c a ta ly s ts  
w ere  d a m a g e d  by  h a lf  o f  th e ir  a c tiv ity , w h ile  th e  p e rfo rm a n c e  o f  V P I c a ta ly s t 
m a in ta in ed . F u rth e rm o re  d iffe re n c e  V P I m e th o d  w ere  s tu d ied , in c lu d in g  m o d e ra te  
v a c u u m  an d  a  h e liu m  flow . B o th  o f  th e m  sh o w ed  s im ila r  re su lt  as  in c lu d in g  h ig h  
v acu u m . T h e re fo re , th e  p o ss ib le  sca lin g  u p  p ro c e ss  is d ea l w ith  V P I te c h n iq u e  
in c lu d in g  m o d e ra te  v a c u u m  o r o p e ra te  in  h e liu m  a tm o sp h ere .

Ja c o b s  e t  a l .  (1 9 9 9 ) a lso  p re p a re d  c a ta ly s ts  fo r n -h e x a n e  an d  n -o c ta n e  
a ro m a tiz a tio n  b y  im p re g n a tio n  m e th o d . In  th e irs  w o rk s , th e y  sy n th e s iz e d  c a ta ly s ts  
v ia  tw o  d if fe re n t m e th o d , v a p o r  p h a se  im p re g n a tio n  m e th o d  an d  in c ip ie n t w e tn e ss  
im p re g n a tio n  m e th o d . T h e  re su lt sh o w ed  th e  sam e  tre n d  as  o th e r  w o rk , V P I c a ta ly s t 
h ad  a  h ig h  d isp e rs io n  w ith  a  m a jo rity  o f  sm a ll P t c lu s te rs  in s id e  th e  L  ze o lite  
ch an n e ls . T h is  m o rp h o lo g y  re su lte d  in  h ig h  c a ta ly s t s ta b ility  an d  se le c tiv ity  to  
a ro m a tic  fo rm a tio n , e v e n  in  th e  p re sen ce  o f  su lfu r, in  c o n tra s t w ith  IW I, w h ic h  
sh o w ed  lo w e r se lec tiv ity  an d  m o re  rap id  d e a c tiv a tio n .

A lth o u g h  v a p o r  p h a se  im p re g n a tio n  (V P I) m e th o d  w a s  fo u n d  to  re su lt in  th e  
h ig h e s t P t d isp e rs io n  an d  m a x im u m  in c o rp o ra tio n  o f  P t in s id e  th e  ch a n n e ls  o f  the  
zeo lite  c o m p a re d  to  an y  o th e r  m eth o d . Jo n g p a tiw u t e t  a l .  (2 0 0 3 ) sh o w ed  th a t o n  th e  
P t/K L  c a ta ly s t p rep a red  by  th e  V P I m e th o d  (o p tim u m  p e rfo rm a n c e  in  n -h ex an e
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a ro m a tiz a tio n )  th e  ac tiv ity  fo r n -o c tan e  a ro m a tiz a tio n  a t 500  °c an d  1 a tm  w a s  low  
an d  it q u ic k ly  d ro p p ed  a fte r  a  few  h o u rs  o n  s tream . T h e  p ro d u c t d is tr ib u tio n  
o b ta in e d  fro m  th e  n -o c ta n e  co n v e rs io n  sh o w e d  b en zen e  an d  to lu e n e  as  th e  d o m in a n t 
a ro m a tic  c o m p o u n d s , w ith  sm all q u a n titie s  o f  e th y lb e n z e n e  (E B ) an d  o -x y le n e  (O X ), 
w h ic h  a re  th e  ex p e c te d  p ro d u c ts  fro m  th e  d ire c t c lo su re  o f  th e  s ix -m e m b e r ring . T h e  
a n a ly s is  o f  th e  p ro d u c t ev o lu tio n  as  a  fu n c tio n  o f  c o n v e rs io n  in d ica ted  th a t  th e  
b en zen e  an d  to lu e n e  are  se co n d a ry  p ro d u c ts  re su ltin g  fro m  th e  h y d ro g e n o ly s is  o f  
e th y lb e n z e n e  an d  o -x y len e . D iffu s io n a l e ffe c ts  p la y  a  s ig n if ic a n t ro le  in  d e te rm in in g  
th is  p ro d u c t d is tr ib u tio n . S in ce  e th y lb e n z e n e  an d  o -x y le n e  a re  p ro d u c e d  in s id e  the  
ch an n e ls  o f  th e  zeo lite , th e y  a re  h y d ro g e n o ly se d  b e fo re  th e y  can  escap e . B y  co n tra s t, 
o n  th e  P t/S i0 2  c a ta ly s t u se d  fo r co m p a riso n , e th y lb e n z e n e  an d  o -x y le n e  w e re  the  
d o m in a n t a ro m a tic  p ro d u c ts , a lth o u g h  th e  o v e ra ll a ro m a tiz a tio n  ac tiv ity  w a s  m u c h  
lo w e r th an  o n  th e  P t/K L  ca ta ly s t. T h e  ra p id  d e a c tiv a tio n  fo u n d  in  th e  a ro m a tiz a tio n  
o f  n -o c ta n e  o n  P t/K L  c o m p a re d  to  th a t o f  n -h e x a n e  c a n  a lso  b e  ex p la in e d  in  te rm s  o f  
th e  d iffu s io n a l e ffec ts . T h e  C s-a ro m a tic s  p ro d u c e d  in s id e  th e  ze o lite  d iffu se  o u t o f  
th e  sy s tem  w ith  m u c h  g re a te r  d iff ic u lty  th a n  b en zen e . T h e re fo re , th ey  fo rm  co k e  and  
p lu g  th e  p o re s  to  a  g re a te r  e x te n t th a n  b en zen e . T e m p e ra tu re  p ro g ra m m e d  o x id a tio n  
an d  so rp tio n  s tu d ie s  o n  sp e n t sam p le s  d e m o n s tra te  th a t  th e  d e g re e  o f  p o re  b lo c k in g  is 
m u c h  h ig h e r  d u rin g  n -o c ta n e  a ro m a tiz a tio n  th a n  d u rin g  n -h e x a n e  a ro m a tiza tio n .

T h e re fo re , th e  id e a  o f  e n h a n c in g  life , ac tiv ity , a n d  se le c tiv ity  o f  c a ta ly ts  in  
n -o c tan e  a ro m a tiz a io n  h as  b een  d iscu ssed . C a ta ly s ts  o f  a  sm a ll p a rtic le  s ize  h av e  
a d v e n ta g e s  o v e r  la rg e r p a r tic le  size , su ch  as  th o se  p ro d u c e d  fo r re a c tio n s  in v o lv in g  
h y d ro c a rb o n  c o n v e rs io n s  b e c a u se  o f  th e ir  e n h a n c e d  ra tio  o f  su rface  a re a  to  m ass , 
h ig h  d iffu s io n  ra te s  an d  re a c tiv itie s , an d  re s is ta n c e  to  d e a c tiv a tio n  b y  p o re  p lu g g in g  
an d  su rface  co n ta m in a tio n .

2.2 Structure of L Zeolite and Synthesis Method

T h e  c ry s ta l s tru c tu re  o f  L ze o lite  w as  d e te rm in e d  in itia lly  b y  B a rre r  an d  
V illig e r. It h a s  a  12 m e m b e re d  rin g  s tru c tu re , o n e -d im e n s io n a l p o re  o f  a b o u t 0.71 nm  
ap ertu re  le a d in g  to  c a v itie s  o f  ab o u t 0 .4 8 x 1 .2 4  x 1 .0 7  n m , an d  its S i/A l ra tio  is 
ty p ica lly  3 .0 . T h e  fo rm u la  in  te rm s o f  o x id e  is
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0 .9  t o i . 3 M 2/nO  : A120 3 : 5 .2  to  6 .9  S i 0 2 : y H 20 ,  
w h ere  M  re p re se n ts  an  e x c h a n g e a b le  c a tio n  o f  v a len ce  ท, an d  y re p re se n ts  a  v a lue  
w ith in  th e  ra n g e  fro m  0 to  9. A s sh o w n  in F ig u re  2 .1 , th e  fra m e w o rk  o f  L  ze o lite  can  
be v isu a liz e d  as  a  lin e a r a ssem b ly  o f  c o rru g a te d  fo u r-rin g  r ib b o n s  a lig n ed  p a ra lle l to 
th e  c -ax is , w h ic h  c ro ss - lin k  to  p ro d u ce  p a ra lle l 1 2 -rin g  a n d  8 -r in g  c h a n n e ls  (T reacy , 
1999).

Figure 2.1 S ch em a tic  o f  L  z e o lite  s tru c tu re .

P re p a ra tio n s  o f  th e  L  zeo lite  h av e  b een  re p o r te d  m o s tly  as p a te n ts  by  
v a rio u s  in v e s tig a to rs , w ith  o r  w ith o u t u s in g  o rg a n ic  te m p la te s , c la im in g  d iffe ren t 
m o rp h o lo g ie s . M o s t o f  s tu d ie s  d e a lin g  w ith  L  ze o lite  sy n th e s is  so fa r  h av e  b een  
c o n d u c te d  a t re la tiv e ly  lo w  te m p e ra tu re  ra n g in g  fro m  2 7 0  to  403 K  in  a  K + ion ic  
sy s tem  an d  u su a lly  it to o k  3 to  10 d ay s  to  o b ta in  a  h ig h ly  c ry s ta llin e  p ro d u c t. 
F u rth e rm o re , c a re fu l co n tro l o f  th e  su b s tra te  m ix tu re  c o m p o s itio n  w as a  p re re q u is ite  
to  av o id  c o p re c ip ita tio n  o f  u n w a n te d  zeo lite  พ  o r  T  p h ase .

K o  an d  A h n  (1 9 9 9 ) fo u n d  th a t su b s ta n tia l re d u c tio n  in  sy n th es is  tim e  w as 
ach iev ed  fo r L zeo lite  c ry s ta lliz a tio n  b y  a tte m p tin g  a  h y d ro th e rm a l sy n th e s is  at 
e lev a ted  te m p e ra tu re  o f  443  K  in  a  N a +/K + m ix e d  a lk a li sy stem . H ig h ly  c ry s ta llin e  L 
zeo lite  c ry s ta ls  w ere  o b ta in e d  in  a  re p ro d u c ib le  m a n n e r  w ith o u t z e o lite  พ  o r T  p h ase  
im p u ritie s  a t th e  su b s tra te  gel c o m p o s itio n  o f  5 .4 K 2O -5 .7 N a 2O -A l2O 3-30S iO 2- 
5 0 0 H 20 .  L  Z eo lite  co u ld  be  o b ta in e d  in  h ig h  p u rity  a t th e  o p tim u m  
N a 20 / ( K 20 + N a 20 )  ra tio  o f  a ro u n d  0 .5 , w h ils t z e o lite  พ  w as fo rm ed  w h en  the
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N a 2Û /(K 2 0 + N a 2 0 ) ra tio  w as  m o re  th an  0 .66 . T h e  ch e m ic a l a n a ly s is  o f  th e  L  zeo lite  
c ry s ta ls  o b ta in e d  sh o w ed  th a t th e  m o st p o ta ss iu m  h y d ro x id e  w ith  a  sm a lle r  a m o u n t 
o f  so d iu m  h y d ro x id e  w as  in co rp o ra ted  in  th e  s tru c tu re  re g a rd le ss  o f  N a O H /K O H  
u sed . T h e  L zeo lite  sy n th e s iz e d  w as ty p ica l c lam  sh ap ed  c ry s ta ls  o f  d o m e d  basa l 
p lan e  w ith  th e  m ean  d ia m e te r  o f  1.4 m ic ro n s  an d  s tru c tu ra lly  s tab le  up  to  1073 K , 
h o w ev er, th e  su rface  a re a  (B E T ) o f  th e  L  ze o lite  e x h ib ite d  a  su b s tan tia l d e c rea se  at 
c a lc in a tio n  te m p e ra tu re s  h ig h e r  th an  873 K . P h y s ic o -c h e m ic a l p ro p e rtie s  o f  th e  L 
zeo lite  p re p a re d  as a  c a ta ly s t o r  as a  su p p o rt w e re  e v a lu a te d  u s in g  th e  p ro b e  reac tio n s  
o f  to lu e n e  a lk y la tio n  an d  n -o c ta n e  a ro m a tiz a tio n . In  to lu e n e  a lk y la tio n , an -ac id  fo rm  
H -L  c a ta ly s t sh o w ed  th e  fast d e a c tiv a tio n  d u e  to  o n e -d im e n s io n a l p o re  s tru c tu re  
b e in g  b lo c k e d  by  th e  c o k e  fo rm ed  at th e  s tro n g  ac id  s ite s , d e sp ite  h ig h  ca ta ly tic  
a c tiv ity  a t th e  b e g in n in g  o f  th e  reac tio n . In  ad d itio n , re la tiv e ly  h ig h  a m o u n ts  o f  
tr im e th y lb e n z e n e  an d  d ie th y lb e n z e n e  w e re  fo rm e d  d u e  to  a  la rg e  1 2 -m e m b e re d  rin g  
p o re  s tru c tu re  o f  th e  ze o lite  L . P t/N a K L  c a ta ly s t p re p a re d  sh o w e d  a  h ig h  c o n v e rs io n  
o f  n -h e x a n e  an d  h ig h  se le c tiv ity  to  b en zen e  in  n -h e x a n e  a ro m a tiz a tio n  rea c tio n , fa r 
ex c e e d in g  th e  p e rfo rm a n c e  o f  P t/m o rd en ite .

V e rd u ijn  e t  a l .  (1991 an d  1995) fo u n d  th a t p o ta s s iu m  z eo lite s  o f  ty p e  L  in  
w h ich  th e  c ry s ta ls  are  v e ry  f la t c y lin d e rs  o f  “ h o c k e y p u c k ” o r  “ c o in ” sh ap e  m ay  be  
p re p a re d  b y  a d ju s tin g  th e  K 20 /S i0 2  an d  S i0 2/A l20 3  ra tio  an d  in c lu d in g  in  th e  
m ix tu re  fro m  w h ic h  th e  z e o lite  is c ry s ta lliz e d  a  sm a ll a m o u n t o f  d iv a le n t c a tio n  su ch  
as m a g n e s iu m  o r b a riu m . T h e  a d d itio n  o f  th e se  m e ta ls  a lso  su p p re ss  u n w an ted  
zeo lite  พ  fo rm a tio n  e v en  w h en  sy n th e s is  c o n d itio n s  fa v o u r  fo rm a tio n  o f  o th e r 
zeo lite s . T h e  re su ltin g  zeo lite  h as  a  sh o rt ch a n n e l le n g th  an d  is p a r tic u la r ly  u se fu l as 
a  b ase  fo r  a ro m a tiz a tio n  ca ta ly s is . It c an  b e  se e n  th a t th e  im p ro v e d  s ta b ility  o f  th e  
“h o c k e y p u c k ” c a ta ly s ts  g iv e  a  g rea te r  se le c tiv ity  an d  y ie ld  and  a lso  a llo w s  fo r 
g rea tly  in c re a se d  cy c le  len g th  c o m p a re  w ith  th e  re fe ren c e  c a ta ly s t o f  K L  type . In  th e  
sam e  y ea r th e y  sh o w ed  th a t p ro c e sse s  fo r  re fo rm in g , an d  in  p a r tic u la r  a ro m a tiz in g , 
h y d ro c a rb o n s  fro m  a  p e tro le u m  so u rce  m a y  be  c a rr ie d  o u t by  c o n d u c tin g  th e  
h y d ro c a rb o n s  w ith  a  c a ta ly s t o f  a  zeo lite  K L  im p re g n a te d  w ith  a  m e ta l p ro m o to r  such  
as p la tin u m , in  w h ic h  th e  zeo lite  c ry s ta ls  a re  h o c k e y p u c k  sh ap e . T h e  p ro cesse s  h av e  
a  g ood  y ie ld  an d  se le c tiv ity  fo r th e  d e s ire d  re fo rm e d  p ro d u c ts  an d  th e  c a ta ly s t is
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s ta b le ,  is  a s s o c ia te d  w i th  a  lo w  ra te  o f  c o k e  f o rm a t io n ,  a n d  h a s  a  lo n g  c a ta ly t ic a l ly
a c t iv e  l i fe  b e f o r e  r e g e n e r a t io n  is  r e q u i re d .

Figure 2.2 S E M  m ic ro g ra p h  o f  h o c k e y p u c k  K L  z e o lite  w ith  th e  s ize  o f  4 0 ,0 0 0  tim es  
(V e rd u ijn , 2 0 0 1 ).

N o w a d a y s  n u m e ro u s  p a p e rs  an d  p a te n ts  h a v e  b een  p u b lish e d  o n  th e  
a rg u m e n t an d  in  sev era l co n v e n tio n a l sy n th e s is  ro u te s , su c c e ss fu l u se  o f  m ic ro w a v e s  
h as  b een  p ro v ed . M ic ro w a v e  ir ra d ia tio n  is m o re  e ff ic ie n t fo r  tra n s fe rr in g  th e rm a l 
en e rg y  to  a  v o lu m e  o f  m a te r ia l th an  c o n v e n tio n a l th e rm a l p ro c e ss in g  w h ic h  tran sfe rs  
h e a t th ro u g h  th e  su rface s  o f  th e  m a te ria l b y  co n v e c tio n , co n d u c tio n , an d  rad ia tio n . 
T h e  o sc illa tin g  e le c tro m a g n e tic  fie ld , w h ic h  is g e n e ra te d  b y  m ic ro w a v e s , in te rac ts  
w ith  th e  d ie le c tr ic  p ro p e rtie s  o f  m a te ria ls  le a d in g  to  ro ta tio n  o f  m o le c u la r  d ip o le s  and  
su b se q u e n t e n e rg y  d iss ip a tio n  as  h ea t fro m  in te rn a l re s is ta n c e  to  th a t ro ta tio n .

A  n u m b e r  o f  p u b lic a tio n s  h av e  re c e n tly  a p p e a re d  on  m ic ro w a v e  zeo lite  
sy n th es is  to  re d u c e  c ry s ta lliz a tio n  tim e  b y  ra p id  h e a tin g  o f  th e  re a c tio n  m ix tu re . 
P re p a ra tio n  o f  z e o lite  N a A , ze o lite  Y , an d  Z S M -5  has b e e n  p e rfo rm e d  w ith  re d u c tio n  
in  c ry s ta lliz a tio n  tim e  fro m  sev e ra l h o u rs  to  few  m in u te s  b y  c o m b in in g  p re ssu re  w ith  
m ic ro w a v e  h e a tin g  in  su ita b le  au to c lav es .

S la n g e n  e t  a l .  (1 9 9 6 ) fo u n d  th a t in  th e  m ic ro w a v e  sy n th es is  o f  z e o lite  N aA  
ag e in g  o f  th e  sy n th es is  m ix tu re  is a  p re re q u is ite  fo r fa s t c ry s ta lliz a tio n . T h e  rap id  
h ea tin g  in  m ic ro w a v e  sy n th e s is  re q u ire s  b e tte r  p re p a ra tio n  o f  th e  sy n th es is  m ix tu re
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c o m p a re d  to  c o n v e n tio n a l sy n th es is  m e th o d s . S u ffic ie n tly  a g ed  m ix tu re s  can  y ie ld  
N aA , w ith  c ry s ta l s ize  ran g in g  fro m  0.1 to  0.3 m ic ro n , a fte r  1 m in u te  in  th e  
m ic ro w av e .
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