
CHAPTER III 
EXPERIMENTAL

3.1 Materials and Equipment

C h e m i c a l s :

F u m e d  s ilica
A lu m in iu m  h y d ro x id e  h y d ra te
T rie th a n o la m in e
T  riiso p ro p a n o la m in e
T  e tra e th o x y  silan e
E th y le n e  g ly co l
S o d iu m  h y d ro x id e
L ith iu m  h y d ro x id e
T e tra -p ro p y l a m m o n iu m  b ro m id e
A c e to n itr ile
M e th a n o l
A m m o n iu m  h y d ro x id e  so lu tio n
S ilic o n e  oil
T o lu e n e
D is tille d  w a te r
E q u i p m e n t :

M ic ro w a v e
T h e rm o g ra v im e tr ic  A n a ly z e r  (T G A )
F o u rie r  T ra n sfo rm  In fra red  S p e c tro m e te r  (F T IR )
P o s itiv e  F as t A to m ic  B o m b a rd m e n t M ass  S p e c tro m e te r  (FAB"1-M S ) 
S c a n n in g  e lec tro n  m ic ro sc o p y  (S E M )
X -ra y  d iffra c tio n  (X R D )
T e m p e ra tu re  p ro g ra m m e d  d e so rp tio n  (T P D )
S u rfa c e  a rea  a n a ly z e r  (B E T )
X -ra y  f lu o re sc e n c e  (X R F )
G as  c h ro m a to g ra p h y  (G C )
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R eac to rs
S y rin g e s
V ia ls

3.2 Experimental Methods

3.2 .1  S ila tran e  S y n th es is
F o llo w in g  th e  m e th o d  o f  W o n g k a se m jit [13 , 15], a lu m a tra n e  an d  

s ila tran e  w e re  sy n th e s iz e d  d irec tly  fro m  in e x p e n s iv e  an d  w id e ly  av a ila b le  s ta rtin g  
m a te ria ls  v ia  th e  O x id e  O n e  P o t S y n th es is  (O O P S ) p ro c e ss , w h ic h  is th e  o n e  step  
reac tio n .

S ila tran e  ( tr is (s ila tra n y lo x y -e th y l)a m in e  o r S iT E A ) w as sy n th e s iz e d  
by  h e a tin g  a  m ix tu re  o f  0 .1 2 5  m ol o f  T E A , 0.1 m o l o f  S i0 2  an d  100 m l o f  E G  at 
2 0 0 ° c  u n d e r  n itro g e n  a tm o sp h e re . T h e  re a c tio n  w as c o m p le te  w ith in  10 h r an d  th e  
m ix tu re  w as  co o le d  d o w n  to  ro o m  te m p e ra tu re  b e fo re  d is till in g  ex cess  E G  u n d e r 
v a c u u m  (8 m m H g ) at 110 ° c  fo r 6 hr. T h e  w h ite  so lid  w as w a sh e d  th re e  tim e s  w ith  
d ried  a c e to n itr ile  to  re m o v e  u n re a c te d  T E A  an d  E G  ou t. T h e  s ila tran e  p ro d u c t w as  
d rie d  u n d e r  v a c u u m  d e s ic c a to r  o v e rn ig h t an d  c h a ra c te r iz e d  u s in g  T G A , F A B +-M S  
an d  F T -IR .

3 .2 .2  A lu m a tra n e  S y n th es is
A lu m a tra n e  ( tr is (a lu m a tran y lo x y -i-p ro p y l)a m in e  o r A 1TIS) w as 

sy n th e s iz e d  u s in g  th e  sam e  m e th o d  an d  c o n d itio n  as s ila tran e  sy n th e s is  by  m ix in g  
0 .125  m o l o f  T IS  an d  0.1 m o l o f  A l(O H ) 3  in  100 m l o f  E G . E G  w as re m o v e d  a fte r  
c o m p le tio n  o f  th e  re a c tio n  by  v acu u m  d is tilla tio n  ( 8  m m H g ) a t 110 ° c  u n til d ried  
c ru d e  p ro d u c t w as  o b ta in ed . P a le -y e llo w  so lid  w as w a sh e d  th re e  tim es  w ith  d ried  
a c e to n itr ile  to  o b ta in  fin e  w h ite  p o w d er. T h e  p u rif ie d  p ro d u c t w as c h a rac te riz ed  
u s in g  T G A , F A B +-M S  an d  F T -IR  tech n iq u es .

3 .2 .3  Z eo lite  C a ta ly s t P re p a ra tio n
S ilic a lite -1 , Z S M -5  an d  FAEf zeo lite  sam p le s  w ith  d iffe ren t 

S iO i/A h C E  ra tio s  in  th e  ra n g e  o f  5 0 -2 5 0  w e re  p rep a red  u s in g  so l-g e l p ro cess  an d
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m ic ro w a v e  te c h n iq u e  fo r  h y d ro th e rm a l tre a tm en t. S ila tra n e  an d  a lu m a tra n e  w ere  
u sed  as p re c u rso rs , an d  th e  m o la r  s ta rtin g  m a te r ia l c o m p o s itio n s  in c lu d in g  sy n th es is  
c o n d itio n s  w e re  g iv e n  in  T a b le  3 .1 .

Table 3.1 M o la r  s ta rtin g  c o m p o s itio n s  o f  th e  sy n th e s is  m ix tu re s  an d  c o n d itio n s  fo r 
zeo lite  sy n th e s is

Z eo lite S i 0 2/
A I2 O 3
ra tio

S i 0 2 A I2 O 3 T P A N a O H h 20 A g in g
tim e
(h r)

H e a tin g
tim e
(h r)

H e a tin g
te m p
(°C )

Sil-1 a 1 - 0.1 0 .4 114 90 15 150
Z S M -5 50 1 0 . 0 2 0.1 0 .4 114 90 15 150
Z S M -5 1 0 0 1 0 . 0 1 0.1 0 .4 114 90 15 150
Z S M -5 150 1 0 .0 0 7 0.1 0 .4 114 90 15 150
Z S M -5 2 0 0 1 0 .005 0.1 0 .4 114 90 15 150
Z S M -5 2 5 0 1 0 .0 0 4 0.1 0 .4 114 90 15 150

F A U 2 1 0.5 - 2 * 410 72 5 1 1 0

* U se  o f  L iO H  in  p lace  o f  N aO H

A fte r  f in ish in g  th e  c ry s ta lliz a tio n  step , th e  zeo lite  sam p le s  w ere  
ca lc in e d  a t 5 5 0 ° c  w ith  h e a tin g  ra te  o f  l ° c /m in  to  d e c o m p o se  o rg an ic  te m p la te  o u t 
fro m  th e  ch a n n e ls . T h en , th e  sa m p le s  w e re  re f lu x e d  in  2 M  a m m o n iu m  h y d ro x id e  
so lu tio n  fo r 2  h r  an d  c a lc in e d  ag a in  w ith  th e  sam e  p ro c e d u re  to  ex c h a n g e  in to  an  
a c tiv e  fo rm . T h e  zeo lite  p ro d u c ts  w ere  c h a ra c te r iz e d  u s in g  X R D , S E M , B E T , T P D  
an d  X R F  te c h n iq u e s .

3 .2 .4  M a te ria l C h a ra c te riz a tio n
F T IR  sp e c tro sc o p ic  a n a ly s is  w as  c o n d u c te d  u s in g  B ru k e r  In s tru m e n t 

(E Q U IN O X 5 5 ) w ith  a  re so lu tio n  o f  2 c m ' 1 to  m easu re  fu n c tio n a l g ro u p s  o f  m a te ria ls . 
T h e  so lid  sa m p le s  w ere  m ix e d  an d  p e lle tiz e d  w ith  d ried  K B r. M ass  sp ec tro m e try  
w as s tu d ie d  u s in g  V G  A u to sp e c  m o d e l 7 0 7 0 E  fro m  F iso n  In s tru m e n ts  w ith  V G  d a ta  
sy s tem , th e  p o s itiv e  fast a to m ic  b o m b a rd m e n t (F A B * -M S ) m o d e  an d  g ly ce ro l as  a  
m a trix . C sl w a s  u sed  as a  re fe ren ce , w h ile  a  c e s iu m  g u n  w as u se d  as an  in itia to r. 
T h e  m ass  ra n g e  u sed  w as fro m  m /e  =  20  to  3 ,000 . T h e rm o g ra v im e tr ic  an a ly sis
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(T G A ) w a s  c a rried  o u t u s in g  P e rk in  E lm e r T G A 7  a n a ly z e r  w ith  h e a tin g  ra te  o f  
1 0 ° c /m in  o v e r  ro o m  te m p e ra tu re  u n til 7 5 0 ° c  u n d e r n itro g e n  a tm o sp h ere . 
H y d ro th e rm a l tre a tm e n t s tep  u s in g  m ic ro w a v e  h e a tin g  te c h n iq u e  fo r z eo lite  sy n th es is  
w as d o n e  u s in g  M A R S , C M E  C o rp o ra tio n . T h e  c ry s ta llin ity  an d  c ry s ta l s tru c tu re  
w ere  id e n tif ie d  u s in g  R ig a k u  X -R ay  d iffra c tro m e te r  (X R D ) u s in g  th e  sca n n in g  sp eed  
o f  0 .5  an d  5 d eg re e /se c , C u K a  as a  ra d ia tio n  an d  a  filte r. T h e  w o rk in g  ran g e  w as 5- 
90  th e ta /2  th e ta  w ith  1 d eg re e  an d  0.3 m m  se ttin g  o f  d iv e rg e n t fo r sca tte rin g  and  
rece iv in g  s lit, re sp ec tiv e ly . T h e  c ry s ta l m o rp h o lo g y  w as  o b se rv e d  u s in g  JE O L  5 2 0 0 - 
2 A E  sc a n n in g  e lec tro n  m ic ro sc o p e  (S E M ). T h e  sam p le  m ix tu re  w as h ea te d  in  a 
T e flo n  v e sse l u s in g  p o w e r  o f  300  พ  to  se t p o in t at 1 5 0 ° c  w ith  ram p  to  te m p e ra tu re  
p ro g ram . S u rface  a rea  an d  p o re  v o lu m e s  o f  zeo lite  sam p le s  w e re  m e a su re d  u s in g  
A u to so rb -1  su rface  an a ly ze r. A c id ity  an d  a c id  s tre n g th  o f  z e o lite s  w e re  d e te rm in e d  
u s in g  T h e rm o fin ig a n  T P D /R /O  1100 in s tru m en t. T h e  a m m o n ia  an d  4 -m e th y l 
q u in o lin e  w e re  u sed  as  a  b a s ic  p ro b e  to  m e a su re  to ta l a c id ity  an d  e x te rn a l a c id ity , 
re sp e c tiv e ly . T h e  p a ra m e te rs  u se d  fo r th e  T P D  s tu d y  a re  lis ted  in  T ab le  3 .2 . T h e  
ac tu a l a m o u n t o f  S i/A l ra tio  w as  m e a su re d  u s in g  P h ilip s  2 4 0 0  X -R ay  F lu o re sc e n c e  
(X R F ). B o ric  ac id  (H B O 3 ) w as  u sed  as  a  m a tr ix  b in d e r  fo r sam p le  b len d in g . T h e  
re a c to r  e f f lu e n t in  b o th  o f  C V D  an d  re a c tio n  p ro c e d u re s  w a s  e x a m in e d  u s in g  f ix ed - 
v o lu m e  sa m p le  lo o p  A g ile n t 6 8 9 0 N  G as ch ro m a to g ra p h y  (G C ) e q u ip p e d  w ith  a  30  m  
lo n g  p o ly e th y le n e  g ly co l c o lu m n  (D B -W A X ).

Table 3 .2  T P D  p a ra m e te rs  fo r a c id ity  m e a su re m e n t

T P D  P a ra m e te rs P y rid in e 4 -M Q
C ata ly s t m ass (g) 0 .25 0 .4

A d so rp tio n  te m p  (๐C ) R o o m  te m p R o o m  te m p
A d so rp tio n  tim e  (h) 1 1

H eliu m  flo w ra te  (m l/m in ) 2 0 2 0

D e so rp tio n  te m p  (°C ) R T -9 0 0 R T -9 0 0
H e a tin g  ra te  (๐c  /m in ) 1 0 1 0
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3 .2 .5  Z eo lite  M o d if ic a tio n  T ec h n iq u e s
3 . 2 . 5 .1  S e e d i n g  T e c h n i q u e

T h e  sy n th e tic  Z S M -5  ze o lite  h a v in g  th e  S i0 2 /A l2 0 3  ra tio  o f  
100 can  b e  o b ta in ed  d u rin g  h y d ro th e rm a l tre a tm e n t u s in g  m ic ro w a v e  te c h n iq u e  w ith  
a  m o la r  c o m p o s itio n  o f  S iO 2:0.01 A l2O3:0. lT P A B r:0 .4 N a O H : 1 14H 20 .  S ilic a lite -1 , 
th e  s tab le  a lu m in iu m -fre e  zeo lite , w as  u sed  fo r co a tin g  th e  su rface  o f  Z S M -5  by  
seed in g  te c h n iq u e . S am p le s  w e re  p rep a red  by  a  tw o -s te p  c ry s ta lliz a tio n  p ro c e d u re  
u s in g  sy n th e tic  Z S M -5  seed s  p ro d u c e d  fro m  s ila tra n e  an d  a lu m a tran e . T o  o b ta in  a  
s i l ic a l i te -1 sh e ll co a ted  on  th e  Z S M -5  c ry s ta ls , th e  Z S M -5  seed s  w ere  re -im m e rse d  in 
seco n d a ry  sy n th e s is  m ix tu re s  c o n ta in in g  n o  a lu m in iu m . T h e  p ro c e d u re  o f  seco n d a ry  
sy n th es is  w a s  s im ila r  to  th e  Z S M -5  sy n th esis . T h e  ra tio  b e tw e e n  co re  an d  sh e ll w as 
eq u a l to  o n e . T h e  sy n th e s is  a t d iffe ren t c o n d itio n s  w ere  s tu d ie d  to  d e te rm in e  th e  
o p tim a l c o n d itio n  fo r m o d ific a tio n . T h e  e ffe c t o f  d ilu tio n  a t c o n s ta n t p H  w as the  
p re lim in a ry  s tu d y  to  in v e s tig a te  th e  p o ss ib ility  in  d is so lu tio n  o f  th e  c ry sta ls . T h e  
m o la r  c o m p o s itio n s  o f  th e  se c o n d a ry  sy n th e s is  m ix tu re s  a re  g iv e n  in  T ab le  3.3.

T a b le  3 .3  M o la r  c o m p o s itio n s  o f  th e  se c o n d a ry  sy n th e s is  m ix tu re s  an d  co n d itio n s  
fo r seed in g

S y n th es is S i 0 2 T P A B r N aO H
1 '•*^ 1

h 2 0 A g in g  tim e  
(h r)

H e a tin g
tim e
(h r)

H e a tin g
te m p
(°C )

S eed  l .A 1 0.1 0 .4 114 - 15 150
S eed  2 .A 1 0.1 3.51 1000 - 15 150
S eed  3 .A 1 0.1 17.55 5 0 0 0 - 15 150
S eed  4 .A 1 0.1 0 .7 2 0 0 - 15 150
S eed  5 .A 1 0.1 0 .88 2 5 0 - 15 150

3 . 2 . 5 . 2  C h e m i c a l  V a p o r  D e p o s i t i o n  ( C V D )

T h e  su rface  m o d if ic a tio n  on  Z S M -5  z e o lite s  by  th e  C V D  
te c h n iq u e  w as  p e rfo rm e d  a t 3 d iffe re n t S i0 2 /A l 2 0 3  ra tio s , 2 0 0 ° c  u s in g  6 .3 8 %  T E O S  
by  v o lu m e  in  m e th an o l so lv e n t a t sp ace  v e lo c ity  o f  5 h -1, an d  n itro g e n  as  a  c a rrie r  
g as  in  a  v a c u u m  line. T h e  a m o u n t o f  s ilic a  d e p o s ite d  w as c o n tro lle d  by  th e  
d e p o s itio n  tim e  o f  T E O S . In  o rd e r  to  fin d  th e  o p tim a l d e p o s itio n  tim e , th e  C V D
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p ro ced u re  w as  f irs tly  sc an n ed  fo r 50 m in . T h e  a m o u n t o f  u n c o n v e rte d  T E O S  w as 
m easu red  u s in g  gas ch ro m a to g ra p h y  (G C ). A fte r  f in ish in g  th e  d e p o s itio n , th e  T E O S  
feed  s tream  w a s  rep laced  w ith  n itro g e n  gas a t th e  f lo w  ra te  o f  30  m l/m in  to  rem o v e  
p h y s iso rb e d  T E O S  fo r 30  m in u tes . T h e  c a ta ly s t b ed  w as th e n  ca lc in ed  u n d e r  a ir 
a tm o sp h e re  a t 5 0 0 ° c  w ith  h e a tin g  ra te  o f  2 ° c /m in  fo r 6 h r to  d e c o m p o se  T E O S  in to  
s ilic a  la y e r c o a te d  on  th e  su rface . T h e  m o d ifie d  c a ta ly s ts  w ere  c h a ra c te r iz e d  to  
co m p are  th e  p ro p e rtie s  w ith  u n m o d if ie d  ca ta ly s ts .

3 .2 .6  T o lu en e  D isp ro p o rtio n a tio n  E x p e rim e n t
T h e  c a ta ly tic  a c tiv ity  te s tin g  o f  z eo lite s  by  to lu e n e  d isp ro p o rtio n a tio n  

reac tio n  w as  p e rfo rm e d  in  a  fix ed  b ed , co n tin u o u s  d o w n  f lo w  q u a rtz  re a c to r  w ith  1 0  

m m  o.d . an d  a  len g th  o f  0 .6  m . T h e  to lu e n e  re a c tan t w as  in tro d u c e d  u s in g  a  sy rin g e  
p u m p  w ith  sp ace  v e lo c ity  in  th e  ran g e  o f  2 .5 -1 0 0  h r - 1  to  d e te rm in e  th e  su itab le  
c o n d itio n  fo r  th e  reac tio n . B e fo re  fe e d in g  to lu e n e , th e  c a ta ly s t w as  tre a te d  in  a 
n itro g e n  s tre a m  a t 5 0 0 ° c  fo r 1 h r  to  re m o v e  th e  m o is tu re  o u t. 1 M o le  n itro g e n  
eq u iv a le n t to  to lu e n e  fed  w as u sed  as  a  c a rr ie r  gas. T h e  gas an d  liq u id  m ix tu re  w as 
p re h e a te d  a t 2 0 0 ° c  b e fo re  e n te r in g  to  th e  reac to r. T h e  re a c tio n  w as d o n e  u n d e r 
a m b ie n t p re ssu re  an d  tw o  d iffe re n t te m p e ra tu re s  o f  4 0 0 ° c  an d  5 0 0 ° c .  T h e  e fflu e n t 
p ro d u c ts  fro m  th e  re a c to r  w e re  an a ly z e d  u s in g  G C . T h e  sc h e m a tic  f lo w  d iag ram  o f  
reac tio n  w a s  sh o w n  in  F ig u re  3 .1 .
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F ig u r e  3.1 S c h e m a tic  f lo w  d ia g ra m  o f  to lu e n e  d isp ro p o rtio n a tio n  reac tio n .
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