
RESULTS AND DISCUSSION
CHAPTER IV

4.1 Effect of feed compositions on m- and p-CNB crystallization

For this experiment, the effect o f  feed compositions on the m- and p-CNB  
crystallization was investigated. The feed compositions at 61.0, 62.9, and 65.0 wt% 
m-CNB were utilized. Figure 4.1 shows the binary phase diagram of m- and p-CNB. 
Seven grams o f m- and/>CNB solid mixture were melted in the crystallizer to obtain 
a homogeneous solution. Then, the system was cooled by the cooling water from 
30°C to a crystallization temperature. The precipitates were then collected, washed, 
and dissolved with hexane before quantitative analysis by GC. The CNB 
compositions o f the feeds and precipitates are shown in Table 4.1.

Figure 4.1 Binary phase diagram o f เท- andp-CNB (www.sulzerchemtech.com).

http://www.sulzerchemtech.com
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Table 4.1 C o m p o s it io n s  o f  เท- and p -C N B  in the fe e d s  and  th e  p r e c ip ita te s , and  
c r y s ta lliz a tio n  tem p era tu re

F eed

F eed  c o m p o s it io n  
(w t% )

P rec ip ita te  c o m p o s it io n  
(w t% )

C r y s ta lliz a t io n
tem p era tu re

( ๐๑m - c  N B p - c m m -C N B p - C N B

B e lo w  th e e u te c t ic  
c o m p o s it io n 6 1 .0 5 3 8 .9 5 4 .9 6 9 5 .0 4 2 2 .0

A t th e  e u te c t ic  
c o m p o s it io n 6 2 .8 9 3 7 .1 1 6 2 .8 0 3 7 .2 0 2 3 .5

A b o v e  th e e u te c t ic  
c o m p o s it io n 6 4 .9 7 3 5 .0 3 9 2 .7 3 7 .2 7 2 3 .0

W ith o u t a n y  z e o l it e ,  th e  resu lt s h o w s  that th e  c r y s ta lliz a tio n  o f  m - and  p -  
C N B  at th e  e u te c t ic  c o m p o s it io n  or 62.9 w t%  m -C N B  in  th e fe e d  p r o v id e s  o p a q u e  
p r e c ip ita te s  w ith  th e  C N B  c o m p o s it io n  c lo s e  to  that o f  th e  fe e d  at 23.5°c. A b o v e  th e  
e u te c t ic  c o m p o s it io n , th e  tran sp aren t p rec ip ita te s  ap p ear w ith  th e  c o m p o s it io n  b e in g  
r ic h  in  m -C N B , 92.73 w t% , w h ile  th e  /? -C N B  en r ich ed  p rec ip ita te s  are o b se r v e d  for  
th e  ; c o m p o s it io n  b e lo w  th e  e u te c t ic  c o m p o s it io n . A  p o s s ib le  rea so n  w h y  th e  
p rec ip ita te  p u r ity  is  n o t c lo s e  to  100%  m a y  b e  from  th e  c o n ta m in a tio n  in  th e  feed . 
T h e se  resu lts  c o u ld  b e  c o n fir m e d  from  th e  b in ary  p h a se  d ia g ra m  a s s h o w n  in  F ig u re
4 . น ุ
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4 .2 .1  E ffe c t  o f  F A U  z e o lite s  o n  th e C N B  fe e d  s o lu t io n  c o m p o s it io n s
T h e  z e o l i t e s  w ere  c a lc in e d  at 350°c for an h ou r b e fo r e  e x p e r im e n ts . A  

z e o l it e  w a s  p la ced  at the cen ter  o f  th e  c r y sta llizer . T h e so lu t io n  m ix tu re  and  th e  
z e o l it e  w e r e  s lig h t ly  stirred  to m in im iz e  an y  c o n cen tra tio n  g ra d ien t in  th e  so lu t io n .  
T h en , th e  s o lu t io n  c o m p o s it io n  a fter a d d in g  th e  z e o l it e  w a s  a n a ly z e d . F rom  th e  
resu lts  in  T a b le s  4 .2 ,  4 .3 ,  and  4 .4 , th e  fe e d  c o m p o s it io n s  b e fo r e  an d  a fter  a d d in g  th e  
z e o l i t e  are s t i ll  s im ila r . T h e  s im ila r ity  s e e m s  to  b e  in d e p e n d e n t o f  th e  m -C N B  
c o m p o s it io n  in  th e  fe e d  and typ e  o f  th e  z e o lite . T h is  im p lie s  that th e  p r e se n c e  o f  a 
z e o l it e  h ard ly  a f fe c ts  th e  m - and /? -C N B  c o m p o s it io n s  in  the fe e d  so lu t io n .

Table 4.2 m- and /> C N B  c o m p o s it io n s  in  the fe e d , 6 1 .0  w t%  o f  /« -C N B , b e fo r e  and  
after a d d in g  th e z e o l i t e s  at 30°c

4.2 Effect of FAU zeolite on m -  and /J-CNB crystallization

Z e o lite
F eed  c o m p o s it io n  

b efo re  a d d in g  z e o lite  (w t% )
F eed  c o m p o s it io n  

after a d d in g  z e o l ite  (w t% ) % d iffe r e n c e *
r n - c m p - C N B m -C N B p - C N B

N a X 6 0 .9 9 3 9 .0 1 6 1 .0 2 3 8 .9 8 0 .0 3
C a X 6 1 .0 0 3 9 .0 0 6 1 .0 3 3 8 .9 7 0 .0 3
B a X 6 1 .0 5 3 8 .9 5 6 0 .9 9 3 9 .0 1 0 .0 6
N a Y 6 1 .0 4 3 8 .9 6 6 0 .9 5 3 9 .0 5 0 .0 9
C a Y 6 0 .9 7 3 9 .0 3 6 0 .9 8 3 9 .0 2 0 .0 1

* % d iffe r e n c e  is  th e  d if fe r e n c e  b e tw e e n  the m -C N B  c o m p o s it io n s  in  th e  fe e d  w ith  
an d  w ith o u t  a  z e o l ite .
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Table 4 .3  เท- an d  p -C N B  c o m p o s it io n s  in  th e  fe e d , 6 2 .9  w t%  o f  m -C N B , b e fo r e  and  
after a d d in g  th e  z e o l it e s  at 30°c

Z e o lite
F e e d  c o m p o s it io n  

b e fo r e  a d d in g  z e o l i t e  (w t% )
F e e d  c o m p o s it io n  

after  a d d in g  z e o l i t e  (w t% ) % d ifferen ce*
m -C N B p -C N B เท- C N B P -C N B

N a X 6 2 .8 8 3 7 .1 2 6 2 .9 0 3 7 .1 0 0 .0 2
C a X 6 2 .8 7 3 7 .1 3 6 2 .9 0 3 7 .1 0 0 .0 3
B a X 6 2 .9 1 3 7 .0 9 6 2 .9 3 3 7 .0 7 0 .0 2
N a Y 6 2 .8 9 3 7 .1 1 6 2 .8 8 3 7 .1 2 0 .0 1
C a Y 6 2 .8 7 3 7 .1 3 6 2 .8 7 3 7 .1 3 0 .0 0

* % d iffe r e n c e  is  th e  d if fe r e n c e  b e tw e e n  th e m -C N B  c o m p o s it io n s  in  th e  fe e d  w ith  
and w ith o u t  a  z e o l ite .

Table 4.4 m - a n d / 7 -C N B  c o m p o s it io n s  in  th e  fe e d , 65.0 w t%  o f  m -C N B , b e fo r e  and  
after a d d in g  th e z e o l i t e s  at 30°c

Z e o lite
F e e d  c o m p o s it io n  

b e fo r e  a d d in g  z e o l i t e  (w t% )
F e e d  c o m p o s it io n  

after  a d d in g  z e o l i t e  (w t% ) % d ifferen ce*
m -C N B / 7-c n b W -C N B P -C N B

N a X 6 4 .9 9 3 5 .0 1 6 4 .9 7 3 5 .0 3 0 .0 2
C a X 6 4 .9 6 3 5 .0 4 6 4 .9 8 3 5 .0 2 0 .0 2
B a X 6 5 .0 2 3 4 .9 8 6 5 .0 1 3 4 .9 9 0 .0 1
N a Y 6 5 .0 6 3 4 .9 4 6 5 .0 2 3 4 .9 8 0 .0 4
C a Y 6 4 .9 8 3 5 .0 2 6 4 .9 6 3 5 .0 4 0 .0 2

* % d iffe r e n c e  is  th e  d if fe r e n c e  b e tw e e n  th e OT-CNB c o m p o s it io n s  in  th e  fe e d  w ith  
and  w ith o u t  a z e o l ite .

4 .2 .2  E ffe c t  o f  F A U  z e o l it e s  o n  th e C N B  p r ec ip ita te  c o m p o s it io n s
A fte r  a d d in g  a  z e o l it e  in  th e  fe e d , th e  s y s te m  w a s  c o o le d  from  3 0 ° c  

u n til p r e c ip ita te s  w e r e  o b se r v e d . T h e n , th e  p r e c ip ita te s  w e r e  c o l le c te d , w a sh e d  and
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d is s o lv e d  w ith  h e x a n e . T h e  C N B  c o m p o s it io n  w a s  a n a ly z e d  b y  G C  ( R u n # l) .  In 
a d d it io n , th e  m o th e r  liq u o r  w a s  a lso  a n a ly z e d  for its  c o m p o s it io n . In ord er to  
en su re  that th e  s y s te m  w a s  rep ro d u c ib le  and  w a s  n ot a f fe c te d  b y  th e  a d so r p tio n , th e  
m ix tu re  w a s  h e a te d  b a ck w a rd s to  th e  h o m o g e n e o u s  p h a se  and  th en  c o o le d  u n til 
p r e c ip ita te s  w e r e  fo rm ed  a g a in . A n o th e r  C N B  c o m p o s it io n  a n a ly s is  (R u n # 2 )  w a s  
th en  carr ied  ou t. N o r m a lly , th e  p r e c ip ita te s  w er e  fo r m e d  th ro u g h o u t th e  
c r y sta lliz e r ;  th e  p o s it io n s  w h e r e  p rec ip ita te s  w e r e  c o l le c te d  are s p e c if ie d  a s  s h o w n  
in  F ig u re  4 .2 . T h e  p o s it io n s  1 to  4  are lo c a te d  near th e  z e o l i t e  or area  (a ) an d  th e  
p o s it io n s  5 to  8 are lo c a te d  far from  th e  z e o l it e  or area (b ) . F rom  th e  e x p e r im e n t ,  
th e  C N B  c o m p o s it io n s  in  th e  p r ec ip ita te s  for  b o th  R u n # l and  R u n # 2  at e v e r y  
p o s it io n  are illu stra ted  in  T a b le s  4 .5 -4 .1 0 .

1 0  Zeolite grains

Figure 4.2 L o c a t io n s  w h e r e  p r ec ip ita te s  w er e  c o lle c te d  for  m - and  /? -C N B  
c o m p o s it io n  a n a ly s is .
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Table 4.5 C o m p o s it io n s  o f  m - and  p -C N B  in  th e  p rec ip ita te s  lo c a te d  n ear an d  far  
from  z e o l i t e s  ( R u n # l)  w ith  6 1 .0  w t%  m -C N B  in  th e  fe e d

P rec ip ita te  n ear z e o l ite P rec ip ita te  far from  z e o l it e
Z e o lite C o m p o s it io n  (w t% ) % C o m p o s it io n  (w t% ) %

m -C N B p -C N B d iffe r e n c e * m -C N B p -C N B d iffe r e n c e *
7 .7 3  (1 ) 9 2 .2 7  (1 ) 5 3 .2 7 1 0 .2 9  (5 ) 8 9 .7 1  (5 ) 5 0 .7 1
8 .3 2  (2 ) 9 1 .6 8  (2 ) 5 2 .6 8 1 1 .1 9 ( 6 ) 8 8 .8 1  (6 ) 4 9 .8 1

N a X
8 .6 2  (3 ) 9 1 .3 8 ( 3 ) 5 2 .3 8 1 1 .6 7  (7 ) 8 8 .3 3  (7 ) 4 9 .3 3
6 .3 8  (4) 9 3 .6 2  (4) 5 4 .6 2 1 2 .6 9  (8 ) 8 7 .3 1  (8 ) 4 8 .3 1
5 .0 2  (1 ) 9 4 .9 8  (1 ) 5 5 .9 8 11 .11  (5 ) 8 8 .8 9  (5 ) 4 9 .8 9
6 .5 8  (2 ) 9 3 .4 2  (2 ) 5 4 .4 2 1 0 .5 8  (6 ) 8 9 .4 2  (6 ) 5 0 .4 2

C a X
8.21  (3 ) 9 1 .7 9 ( 3 ) 5 2 .7 9 1 2 .4 5  (7 ) 8 7 .5 5  (7 ) 4 8 .5 5
5 .3 5  (4) 9 4 .6 5  (4) 5 5 .6 5 1 2 .0 2  (8 ) 8 7 .9 8  (8 ) 4 8 .9 8
5 .8 2  (1 ) 9 4 .1 8  (1 ) 5 5 .1 8 1 0 .5 6 ( 5 ) 8 9 .4 4  (5 ) 5 0 .4 4
6 .2 4  (2 ) 9 3 .7 6  (2 ) 5 4 .7 6 1 1 ,7 9  (6 ) 8 8 .2 1  (6 ) 4 5 .2 1

B a X
6 .6 9  (3 ) 9 3 .3 1  (3 ) 5 4 .31 1 1 .0 6  (7 ) 8 8 .9 4  (7 ) 4 9 .9 4
5 .0 7  (4) 9 4 .9 3  (4) 5 5 .9 3 1 1 ,7 0  (8 ) 8 8 .3 0  (8 ) 4 9 .3 0

1 0 .3 9 ( 1 ) 8 9 .6 1  (1 ) 5 0 .61 2 3 .2 5  (5 ) 7 6 .7 5  (5 ) 3 7 .7 5
9 .11  (2 ) 9 0 .8 9  (2 ) 5 1 .8 9 2 0 .0 2  (6 ) 7 9 .9 8  (6 ) 4 0 .9 8

N a Y
1 7 .5 5 ( 3 ) 8 2 .4 5  (3 ) 4 3 .4 5 2 3 ,2 5  (7 ) 7 6 .7 5  (7 ) 3 7 .7 5
1 7 .9 3  (4) 8 2 .0 7  (4) 4 3 .0 7 2 2 .0 5  (8 ) 7 7 .9 5  (8 ) 3 8 .9 5
6 .7 6 ( 1 ) 9 3 .2 4 ( 1 ) 5 4 .2 4 1 3 .9 7  (5 ) 8 6 .0 3  (5 ) 4 7 .0 3
7 .7 8  (2 ) 9 2 .2 2  (2 ) 5 3 .2 2 15 .71  (6 ) 8 4 .2 9  (6 ) 4 5 .2 9

C a Y
1 1 .2 2  (3 ) 8 8 .7 8  (3 ) 4 9 .7 8 17 .9 3  (7 ) 8 2 .0 7  (7 ) 4 3 .0 7

7 .6 7  (4) 9 2 .3 3  (4) 5 3 .3 3 1 7 .7 0  (8 ) 8 2 .3 0  (8 ) 4 3 .3 0
* % d iffe r e n c e  is  the d if fe r e n c e  b e tw e e n  the m -C N B  c o m p o s it io n s  in  th e  fe e d  an d  th e
p r e c ip ita te s  w ith  a  z e o lite .
**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2.
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Table 4.6 Compositions of เท - and jD-CNB in the precipitates located near and far
from zeolites (Run#2) with 61.0 wt% m-CNB in the feed

P rec ip ita te  n ear z e o l it e P rec ip ita te  far from  z e o l it e
Z e o lite C o m p o s it io n  (w t% ) % C o m p o s it io n  (w t% ) %

m -C N B p - c m d iffe r e n c e * m -C N B P -C N B d iffe r e n c e *
9 .4 7  (1 ) 9 0 .5 3  (1 ) 5 1 .5 3 1 4 .2 6  (5 ) 8 5 .7 4  (5 ) 4 6 .7 4

1 0 .2 7  (2) 8 9 .7 3  (2) 5 0 .7 3 1 5 .8 7  (6 ) 8 4 .1 3  (6 ) 4 5 .1 3
N a X

1 0 .4 8  (3 ) 8 9 .5 2  (3 ) 5 0 .5 2 1 7 .2 7  (7 ) 8 2 .7 3  (7 ) 4 3 .7 3
1 0 .5 0 ( 4 ) 8 9 .4 1  (4 ) 5 0 .5 0 1 8 .8 9  (8 ) 8 1 .1 1  (8 ) 4 2 .1 1

6 . 3 2 ( 1 ) 9 3 .6 8  (1 ) 5 4 .6 8 1 2 .8 5  (5 ) 8 7 .1 5  (5 ) 4 8 .1 5
7 .5 2  (2) 9 2 .4 8  (2) 5 3 .4 8 1 4 .4 6  (6 ) 8 5 .5 4  (6 ) 4 6 .5 4

C a X
9 .7 7  (3 ) 9 0 .2 3  (3 ) . 5 1 .2 3 1 5 .1 5  (7 ) 8 4 .8 5  (7 ) 4 5 .8 5
7 .8 9  (4 ) 9 2 .1 1  (4 ) 5 3 .11 1 4 .0 9  (8 ) 8 5 .9 1  (8 ) 4 6 .9 1
6 . 3 9 ( 1 ) 9 3 .6 1  (1 ) 5 4 .6 1 1 1 .2 9 ( 5 ) 8 8 .7 1  (5 ) 4 9 .7 1
5 .7 2  (2) 9 4 .2 8  (2) 5 5 .2 8 1 1 .3 4 ( 6 ) 88.66 (6 ) 4 9 .6 6

B a X
7 .2 6  (3 ) 9 2 .7 4  (3 ) 5 3 .7 4 13 .0 1  (7 ) 8 6 .9 9  (7 ) 4 7 .9 9
6 .6 9  (4 ) 9 3 .3 1  (4 ) 5 4 .31 1 2 .0 9  (8 ) 8 7 .9 1  (8 ) 4 8 .9 1
8 .6 1  (1 ) 9 1 .3 9 ( 1 ) 5 2 .3 9 1 9 .8 2  (5 ) 8 0 .1 8 ( 5 ) 4 1 .1 8

1 2 .3 8  (2) 8 7 .6 2  (2) 4 8 .6 2 2 1 .9 7  (6 ) 7 8 .0 3  (6 ) 3 9 .0 3
N a Y

1 5 .9 5  (3 ) 8 4 .0 5  (3 ) 4 5 .0 5 2 1 .3 1  (7 ) 7 8 .6 9  (7 ) 3 9 .6 9
1 4 .3 5  (4 ) 8 5 .6 5  (4 ) 4 6 .6 5 2 0 .8 7  (8 ) 7 9 .1 3  (8 ) 4 0 .1 3
8 .81  (1 ) 9 1 .1 9 ( 1 ) 5 2 .1 9 1 3 .2 3  (5 ) 8 6 .7 7  (5 ) 4 7 .7 7
6 .5 2  (2 ) 9 3 .4 8  (2 ) 5 4 .4 8 1 5 .7 2  (6 ) 8 4 .2 8  (6 ) 4 5 .2 8

C a Y
9 .5 8  (3 ) 9 0 .4 2  (3 ) 5 1 .4 2 1 7 .2 8  (7 ) 8 2 .7 2  (7 ) 4 3 .7 3
9 .2 2  (4 ) 9 0 .7 8  (4 ) 5 1 .7 8 1 6 .6 7  (8 ) 8 3 .3 3  (8 ) 4 4 .3 3

* % d iffe r e n c e  is  th e  d if fe r e n c e  b e tw e e n  th e m -C N B  c o m p o s it io n s  in  th e  fe e d  an d  th e
p r e c ip ita te s  w ith  a z e o l ite .
**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2.
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Table 4.7 Compositions of m -  and p-CNB in the precipitates located near and far
from zeolites (Run#l) with 62.9 wt% W-CNB in the feed

P rec ip ita te  n ear z e o l ite P rec ip ita te  far fro m  z e o l it e
Z e o lite C o m p o s it io n  (w t% ) % C o m p o s it io n  (w t% ) %

W -C N B / 7-C N B d iffe r e n c e * m -C N B /? -C N B d iffe r e n c e *
7 .1 3  (1 ) 9 2 .8 7  (1 ) 5 5 .7 7 10 .51  (5 ) 8 9 .4 9  (5 ) 5 2 .3 9
8 .2 5  (2 ) 9 1 .7 5  (2 ) 5 4 .6 5 1 2 .9 0  (6 ) 8 7 .1 0 ( 6 ) 5 0 .0 0

N a X
8 .4 1  (3 ) 9 1 .5 9 ( 3 ) 5 4 .4 9 17 .61  (7 ) 8 2 .3 9  (7 ) 4 5 .2 9
8 .3 7  (4 ) 9 1 .6 3  (4 ) 5 4 .5 3 1 6 .2 5  (8 ) 8 3 .7 5  (8 ) 4 6 .6 5
6 .7 5  (1 ) 9 3 .2 5  (1 ) 5 6 .1 5 1 0 .8 3  (5 ) 8 8 .1 7 ( 5 ) 5 2 .0 7
7 .2 2  (2 ) 9 2 .7 8  (2 ) 5 5 .6 8 11 .41  (6 ) 8 8 .5 9  (6 ) 5 1 .4 9

C a X
9 .3 3  (3 ) 9 0 .6 7  (3 ) 5 3 .5 7 15 .9 3  (7 ) 8 4 .0 7  (7 ) 4 6 .9 7
8 .6 4  (4 ) 9 1 .3 6 ( 4 ) 5 4 .2 6 1 4 .4 7  (8 ) 8 5 .5 3  (8 ) 4 8 .4 3
7 . 1 7 ( 1 ) 9 2 .8 3  (1 ) 5 5 .7 3 1 0 .2 4  (5 ) 8 9 .7 6  (5 ) 5 2 .6 6
6 .2 2  (2 ) 9 3 .7 8  (2 ) 5 6 .6 8 1 2 .0 3  (6 ) 8 7 .9 7  (6 ) 5 0 .8 7

B a X
9 . 1 6 ( 3 ) 9 0 .8 4  (3 ) 5 3 .7 4 18 .4 3  (7 ) 8 1 .5 7 ( 7 ) 4 4 .4 7
8 .1 2 ( 4 ) 9 1 .8 8  (4 ) 5 4 .7 8 1 5 .0 4  (8 ) 8 4 .9 6  (8 ) 4 7 .8 6
6 .4 9  (1 ) 9 3 .5 1  (1 ) 5 6 .4 1 10 .91  (5 ) 8 9 .0 9  (5 ) 5 1 .9 9
7 .0 7  (2 ) 9 2 .9 3  (2 ) 5 5 .8 3 1 1 .2 3  (6 ) 8 8 .7 7  (6 ) 5 1 .6 7

N a Y
9 . 1 6 ( 3 ) 9 0 .8 4  (3 ) 5 3 .7 4 1 6 .0 6  (7 ) 8 3 .9 4  (7 ) 4 6 .8 4
8 .3 9  (4 ) 9 1 .6 1  (4 ) 54 .51 1 4 .5 7 ( 8 ) 8 5 .4 3  (8 ) 4 8 .3 3
5 .91  (1 ) 9 4 .0 9  (1 ) 5 6 .9 9 12 .81  (5 ) 8 7 .1 9 ( 5 ) 5 0 .0 9
6 . 1 6 ( 2 ) 9 3 .8 4  (2 ) 5 6 .7 4 1 2 .6 5  (6 ) 8 7 .3 5  (6 ) 5 0 .2 5

C a Y
8 .6 6  (3 ) 9 1 .3 4 ( 3 ) 5 4 .2 4 1 5 .8 7 ( 7 ) 8 4 .1 3  (7 ) 4 7 .0 3
8 .0 4  (4 ) 9 1 .9 6  (4 ) 5 4 .8 6 1 4 .8 4  (8 ) 8 5 .1 6 ( 8 ) 4 8 .0 6

* % d iffe r e n c e  is  th e  d if fe r e n c e  b e tw e e n  th e  OT-CNB c o m p o s it io n s  in  th e  fe e d  an d  the
p r e c ip ita te s  w ith  a z e o lite .
**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2.
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Table 4.8 Compositions of m- and /7-CNB in the precipitates located near and far
from zeolites (Run#2) with 62.9 wt% m-CNB in the feed

P rec ip ita te  near z e o l it e P rec ip ita te  far fro m  z e o l ite
Z e o lite C o m p o s it io n  (w t% ) % C o m p o s it io n  (w t% ) %

m -C N B P -C N B d iffe r e n c e * m -C N B p -C N B d iffe r e n c e *
6 .9 2  (1 ) 9 3 .0 8  (1 ) 5 5 .9 8 1 2 .4 6  (5 ) 8 7 .5 4  (5 ) 5 0 .4 4
8 .3 4  (2 ) 9 1 .6 6  (2 ) 5 4 .5 6 1 1 .8 9  (6 ) 8 8 .1 1  (6 ) 5 1 .0 1

N a X
9 .2 1  (3 ) 9 0 .7 9  (3 ) 5 3 .6 9 1 8 .7 8  (7 ) 8 1 .2 2  (7 ) 4 4 .1 2
8 .6 6  (4 ) 9 1 .3 4 ( 4 ) 5 4 .2 4 1 4 .2 9  (8 ) 8 5 .7 1  (8 ) 4 8 .6 1
5 .5 5  (1 ) 9 4 .4 5  (1 ) 5 7 .3 5 11 .91 (5 ) 8 8 .0 9  (5 ) 5 0 .9 9
7 .5 1  (2 ) 9 2 .4 9  (2 ) 5 5 .3 9 11 .41 (6 ) 8 8 .5 9  (6 ) 5 1 .4 9

C a X
8 .2 3  (3 ) 9 1 .7 7 ( 3 ) 5 4 .6 7 1 4 .4 9  (7 ) 8 5 .5 1  (7 ) 4 8 .4 1
9 .0 6  (4 ) 9 0 .9 4  (4 ) 5 3 .8 4 1 2 .2 2  (8 ) 8 7 .7 8  (8 ) 5 0 .6 8
6 .9 4  (1 ) 9 3 .0 6  (1 ) 5 5 .9 6 1 1 .2 9  (5 ) 8 8 .7 1  (5 ) 5 1 .6 1
8 .3 7  (2 ) 9 1 .6 3  (2 ) 5 4 .5 3 1 2 .9 5  (6 ) 8 7 .0 5  (6 ) 4 9 .9 5

B a X
9 .0 3  (3 ) 9 0 .9 7  (3 ) 5 3 .8 7 1 8 .7 4  (7 ) 8 1 .2 6  (7 ) 4 4 .1 6
8 .7 9  (4 ) 9 1 .2 1  (4 ) 5 4 .1 1 1 6 .1 2  (8 ) 8 3 .8 8  (8 ) 4 6 .7 8
6 .8 6  (1 ) 9 3 .1 4 ( 1 ) 5 6 .0 4 1 0 .5 8  (5 ) 8 9 .4 2  (5 ) 5 2 .3 2
7 .3 0  (2 ) 9 2 .7 0  (2 ) 5 5 .6 0 1 1 .8 2  (6 ) 8 8 .1 8 ( 6 ) 5 1 .0 8

N a Y
9 .8 6  (3 ) 9 0 .1 4 ( 3 ) 5 3 .0 3 1 9 .4 4  (7 ) 8 0 .5 6  (7 ) 4 3 .4 6
9 .5 7  (4 ) 9 0 .4 3  (4 ) 5 3 .3 3 1 3 .2 3  (8 ) 8 6 .7 7  (8 ) 4 9 .6 7
5 .8 8  (1 ) 9 4 .1 2 ( 1 ) 5 7 .0 2 1 2 .3 9 ( 5 ) 8 7 .6 1  (5 ) 5 0 .5 1
7 .11  (2 ) 9 2 .8 9  (2 ) 5 5 .7 9 1 4 .0 0  (6 ) 8 6 .0 0  (6 ) 4 8 .9 0

C a Y
8 . 1 4 ( 3 ) 9 1 .8 6  (3 ) 5 4 .7 6 1 5 .7 7  (7 ) 8 4 .2 4  (7 ) 4 7 .1 3
6 .4 8  (4 ) 9 3 .5 2 ( 4 ) 5 6 .4 2 1 5 .7 5  (8 ) 8 4 .2 5  (8 ) 4 7 .1 5

* % d iffe r e n c e  is  th e  d if fe r e n c e  b e tw e e n  the m -C N B  c o m p o s it io n s  in  th e  fe e d  an d  th e
p r ec ip ita te s  w ith  a z e o lite .
* * T h e  n u m b er in  th e  p a re n th e s is  re fers  to  th e  p o s it io n  w h ere  p r e c ip ita te s  w e r e
c o l le c te d  as sh o w n  in  F ig u re  4 .2 .
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Table 4.9 Compositions of m -  and p-CNB in the precipitates located near and far
from zeolites (Run#l) with 65.0 wt% m-CNB in the feed

P rec ip ita te  n ear z e o l it e P rec ip ita te  far from  z e o l it e
Z e o lite C o m p o s it io n  (w t% ) % C o m p o s it io n  (w t% ) %

m - c  N B P -C N B d iffe r e n c e * m -C N B p - C N B d iffe r e n c e *
7 .9 6  (1 ) 9 2 .0 4 ( 1 ) 5 7 .0 4 1 2 .2 7  (5 ) 8 7 .7 3  (5 ) 5 2 .7 3
7 .2 5  (2 ) 9 2 .7 5  (2 ) 5 7 .7 5 11 .71  (6 ) 8 8 .2 9  (6 ) 5 3 .2 9

N a X
8 .3 9  (3 ) 9 1 .6 1  (3 ) 5 6 .6 1 18 .61  (7 ) 8 1 .3 9 ( 7 ) 4 6 .3 9
9 .6 6  (4) 9 0 .3 4  (4) 5 5 .3 4 1 6 .8 2  (8 ) 8 3 .1 8 ( 8 ) 4 8 .1 8
7 .5 3  (1 ) 9 2 .4 7  (1 ) 5 7 .4 7 1 1 .8 8 ( 5 ) 8 8 .1 2 ( 5 ) 5 3 .1 2
7 .3 1  (2 ) 9 2 .6 9  (2 ) 5 7 .6 9 1 2 .3 4  (6 ) 8 7 .6 6  (6 ) 5 2 .6 6

C a X
9 .8 6  (3 ) 9 0 .1 4 ( 3 ) 5 5 .1 4 1 8 .9 8  (7 ) 8 1 .0 2  (7 ) 4 6 .0 2
8 .1 7 ( 4 ) 9 1 .8 2  (4 ) 5 6 .8 3 1 4 .7 2  (8 ) 8 5 .2 8  (8 ) 5 0 .2 8
7 .5 0 ( 1 ) 9 2 .5 0 ( 1 ) 5 7 .5 0 1 2 .6 5  (5 ) 8 7 .3 5  (5 ) 5 2 .3 5
7 . 1 2 ( 2 ) 9 2 .8 8  (2 ) 5 7 .8 8 1 3 .9 9  (6 ) 8 6 .0 1  (6 ) 5 1 .0 1

B a X
1 0 .2 7  (3 ) 8 9 .7 3  (3 ) 5 4 .7 3 1 4 .7 4  (7 ) 8 5 .2 6  (7 ) 5 0 .2 6
9 .2 7  (4) 9 0 .7 3  (4 ) 5 5 .7 3 1 4 .6 9  (8 ) 8 5 .3 1  (8 ) 5 0 .3 1
6 .0 9  (1 ) 9 3 .9 1  (1 ) 5 8 .9 1 1 0 .6 5  (5 ) 8 9 .3 5  (5 ) 5 4 .3 5
6 .3 5  (2 ) 9 3 .6 5  (2 ) 5 8 .6 5 1 1 .8 9 ( 6 ) 8 8 .1 1  (6 ) 5 3 .1 1

N a Y
9 .6 1  (3 ) 9 0 .3 9  (3 ) 5 5 .3 9 12 .2 1  (7 ) 8 7 .7 9  (7 ) 5 2 .7 9
8 .4 0  (4 ) 9 1 .6 0  (4 ) 5 6 .6 0 1 3 .5 6 ( 8 ) 8 6 .4 4  (8 ) 5 1 .4 4
7 . 2 9 ( 1 ) 9 2 .7 1  (1 ) 57 .7 1 1 0 .1 0 ( 5 ) 8 9 .9 0  (5 ) 5 4 .9 0
8 .6 4  (2 ) 9 1 .3 6 ( 2 ) 5 6 .3 6 1 3 .3 5  (6 ) 8 6 .6 5  (6 ) 5 1 .6 5

C a Y
9 .4 5  (3 ) 9 0 .5 5  (3 ) 5 5 .5 5 1 6 .2 7  (7 ) 8 3 .7 3  (7 ) 4 8 .7 3
8 .1 3  (4 ) 9 1 .8 7 ( 4 ) 5 6 .8 7 1 7 .4 4  (8 ) 8 2 .5 6  (8 ) 4 7 .5 6

* % d iffe r e n c e  is  th e  d if fe r e n c e  b e tw e e n  th e m -C N B  c o m p o s it io n s  in  th e  fe e d  an d  the
p r e c ip ita te s  w ith  a z e o l ite .
**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2.
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Table 4.10 Compositions of m -  and p-CNB in the precipitates located near and far
from zeolites (Run#2) with 65.0 wt% W-CNB in the feed

P rec ip ita te  n ear z e o l it e P rec ip ita te  far fro m  z e o l i t e
Z e o lite C o m p o s it io n  (w t% ) % C o m p o s it io n  (w t% ) %

W -C N B P -C N B d iffe r e n c e * W -C N B p -C N B d iffe r e n c e *
7 .4 3  (1 ) 9 2 .5 7 ( 1 ) 5 7 .5 7 13 .21 (5 ) 8 6 .7 9  (5 ) 5 1 .7 9
7 .3 5  (2 ) 9 2 .6 5  (2 ) 5 7 .6 5 1 4 .9 2  (6 ) 8 5 .0 8  (6 ) 5 0 .0 8

N a X
9 .8 9  (3 ) 9 0 .1 1  (3 ) 55 .11 1 6 .4 5  (7 ) 8 3 .5 5  (7 ) 4 8 .5 5
8 .2 5  (4 ) 9 1 .7 5  (4 ) 5 6 .7 5 1 5 .7 4  (8 ) 8 4 .2 6  (8 ) 4 9 .2 6
7 .5 3  (1 ) 9 2 .4 7 ( 1 ) 5 7 .4 7 1 1 .8 8 ( 5 ) 8 8 .1 2 ( 5 ) 5 3 .1 2
7 .3 1  (2 ) 9 2 .6 9  (2 ) 5 7 .6 9 1 2 .3 4 ( 6 ) 8 7 .6 6  (6 ) 5 2 .6 6

C a X
9 .8 6  (3 ) 9 0 .1 4 ( 3 ) 5 5 .1 4 1 8 .9 8  (7 ) 8 1 .0 2  (7 ) 4 6 .0 2
8 . 1 7 ( 4 ) 9 1 .8 2  (4 ) 5 6 .8 3 1 4 .7 2  (8 ) 8 5 .2 8  (8 ) 5 0 .2 8
7 .5 4  (1 ) 9 2 .4 6  (1 ) 5 7 .4 6 1 5 .6 4  (5 ) 8 4 .3 6  (5 ) 4 9 .3 6
8 .8 2  (2 ) 9 1 .1 8  (2 ) 5 6 .1 8 1 5 .9 4  (6 ) 8 4 .0 6  (6 ) 4 9 .0 6

B a X
9 .2 1  (3 ) 9 0 .7 9  (3 ) 5 5 .7 9 1 6 .9 9  (7 ) 8 3 .0 1  (7 ) 4 8 .0 1

1 0 .8 7  (4 ) 8 9 .1 3  (4 ) 5 4 .1 3 1 7 .7 8  (8 ) 8 2 .2 2  (8 ) 4 7 .2 2
5 . 6 9 ( 1 ) 9 4 .3 1  (1 ) 59 .3 1 1 1 .1 2 ( 5 ) 8 8 .8 8  (5 ) 5 3 .8 8
6 .5 8  (2 ) 9 3 .4 2  (2 ) 5 8 .4 2 1 1 .7 7 ( 6 ) 8 8 .2 3  (6 ) 5 3 .2 3

N a Y
9 .5 1  (3 ) 9 0 .4 9  (3 ) 5 5 .4 9 12 .3 3  (7 ) 8 6 .2 2  (7 ) 5 2 .6 7
8 .9 6  (4 ) 9 1 .0 4  (4 ) 5 6 .0 4 1 3 .7 8  (8 ) 8 7 .6 7  (8 ) 5 1 .2 2
7 .5 2  (1 ) 9 2 .4 8  (1 ) 5 7 .4 8 1 1 .0 0  (5 ) 8 9 .0 0  (5 ) 5 4 .0 0
7 .0 5  (2 ) 9 2 .9 5  (2 ) 5 7 .9 5 1 1 .4 0  (6 ) 8 8 .6 0  (6 ) 5 3 .6 0

C a Y
8 .1 1  (3 ) 9 1 .8 9 ( 3 ) 5 6 .8 9 1 5 .2 9  (7 ) 8 4 .7 1  (7 ) 4 9 .7 1
8 .9 1  (4 ) 9 1 .0 9  (4 ) 5 6 .0 9 1 3 .6 6  (8 ) 8 6 .3 4  (8 ) 5 1 .3 4

* % d iffe r e n c e  is  th e  d if fe r e n c e  b e tw e e n  the m -C N B  c o m p o s it io n s  in  th e  fe e d  an d  th e
p r e c ip ita te s  w ith  a  z e o lite .
**The number in the parenthesis refers to the position where precipitates were
collected as shown in Figure 4.2.



36

T h e  p r e se n c e  o f  the z e o l it e s  in  th e  fe e d  at the e u te c t ic  c o m p o s it io n  
resu lts  in  th e  tran sp aren t p rec ip ita te  fo rm a tio n  in ste a d  o f  o p a q u e  p r e c ip ita te s  and  
th e ir  c o m p o s it io n s  are r ich  in  /? -C N B . B e lo w  th e  e u te c t ic  c o m p o s it io n , th e  C N B  
c o m p o s it io n  in  th e  p r e c ip ita te s  rem ain s r ich  in  /? -C N B  a lth o u g h  its  c o m p o s it io n  
s lig h t ly  d e c r e a se s , w h e r e a s  th e  c o m p o s it io n  o f  th e  p r e c ip ita te s  o b ta in e d  from  th e  
fe e d  a b o v e  th e  e u te c t ic  c o m p o s it io n  is  sh ifte d  from  b e in g  r ich  in  พ - C N B  to  r ich  in  p -  
C N B . C o n s id e r in g  th e tw o  areas w h ere  th e  p r e c ip ita te s  w er e  c o l le c te d , area (a ) and  
area  (b ) , th e  resu lts  s h o w  that th e  p rec ip ita te s  lo c a te d  n ear  th e  z e o l i t e s  (a rea  (a ))  h a v e  
a h ig h e r  a m o u n t o f  /? -C N B  than th o se  lo c a te d  far fro m  th e z e o l i t e s  (a rea  (b )). 
M o r e o v e r , th e  p rec ip ita te s  from  R u n # 2  o f  e v e r y  fe e d  p r o v id e  th e  c o m p o s it io n  o f  
C N B s  c lo s e  to  th o se  fro m  R u n # l .  T h e  resu lt ca n  c o n fir m  that th is  s y s te m  c o u ld  b e  
rep rod u ced .

T h e  C N B  c o m p o s it io n s  in  th e  p r ec ip ita te s  fro m  R u n # l w ere  
c a lc u la te d  in  term s o f  พ -  to  /? -C N B  ratio  as illu stra ted  in  F ig u r e s  4 .3 - 4 .5  to  g iv e  a  
c le a r e r  p ic tu re  in  th e  te n d e n c y  o f  th e  p rec ip ita te  c o m p o s it io n s . T h e  พ -//? -C N B  ratio  
o f  th e  p r e c ip ita te s  far fro m  th e  z e o l ite s  is  h ig h er  than  that near th e  z e o l it e s ,  w h ic h  
m e a n s  that arou n d  the z e o l i t e s  th e  p rec ip ita te s  h a v e  h ig h e r  a m o u n t o f  /? -C N B  than  
th o s e  far fro m  th e  z e o l it e s .  F rom  F ig u re  4 .3 , w h e n  พ - C N B  in  th e  fe e d  c o m p o s it io n  
is  b e lo w  that at th e  e u te c t ic  p o in t, th e  resu lt s h o w s  that th e  X  z e o l i t e s  g iv e  s lig h t ly  
lo w e r  พ -//? -C N B  ratio  o f  the p rec ip ita te s  than  th e Y  z e o l it e s  in  b o th  areas. 
C o n s id e r in g  th e p rec ip ita te s  near th e  z e o l it e s ,  th e  p r e se n c e  o f  th e  a lk a lin e -ea r th  
c a t io n -e x c h a n g e d  z e o l it e s  d e c r e a se s  th e  พ -//? -C N B  ratio  o f  th e  p r e c ip ita te s  co m p a red  
w ith  th e  a lk a lin e  c a t io n -e x c h a n g e d  z e o l it e s  e x c e p t  C a Y  w h ic h  p r o v id e s  th e  h ig h er  พ -  
//? -C N B  ratio o f  th e  p r e c ip ita te s  than N a X . F or th e p r ec ip ita te s  c o l le c te d  far from  the  
z e o l i t e s ,  th e  พ -//? -C N B  ra tio s  o f  th e  p rec ip ita te s  are s im ila r  w h e th e r  a lk a lin e  or 
a lk a lin e -e a r th  c a t io n -e x c h a n g e d  X  z e o l ite  is  p resen t. H o w e v e r , th e  ratio  in c r e a se s  
w h e n  C a Y  an d  N a Y  are u se d . In th e  fe e d  at th e  e u te c t ic  c o m p o s it io n , th e  พ -//? -C N B  
ratio  o f  th e  p r ec ip ita te s  s e e m s  to  b e  in d e p e n d e n t o f  th e  ty p e  o f  a z e o l i t e  a s  sh o w n  in  
F ig u re  4 .4 . T h is  rem ark  is  true for th e  p rec ip ita te s  n ear th e  z e o l ite , w h ile  far from  th e  
z e o l i t e  th e  ratio  is  s l ig h t ly  d e c rea sed  u n d er C a X  an d  N a Y . A b o v e  th e  e u te c t ic  
c o m p o s it io n , th e  te n d e n c y  o f  th e  p rec ip ita te  c o m p o s it io n s  w ith  th e  z e o l i t e s  a s  sh o w n  
in  F ig u re  4 .5  is  d ifferen t fro m  that b e lo w  th e e u te c t ic  c o m p o s it io n . U s in g  B a X , N a X ,
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and  C a Y  r e su lts  in  th e  s im ila r ity  o f  th e  พ -//? -C N B  ratio  o f  th e  p rec ip ita te s  n ear the  
z e o l it e s .  H o w e v e r , th e  ra tio s  are s lig h t ly  h ig h er  than  th o se  o b ta in e d  fro m  C a X  and  
N a Y . T h is  re su lt  in d ic a te s  th e  d e c r e a se  in  the a m o u n t o f  / ? -C N B  in  th e p rec ip ita te s  
u n d er B a X , N a X  and  C a Y . Far fro m  th e z e o l ite s , b o th  X  and  Y  z e o l it e s  g iv e  a lm o st  
th e  sa m e  m -lp -C N B  ratio  o f  th e  p r e c ip ita te s  e x c e p t  N a Y .

C o m p a r iso n  b e tw e e n  th e พ -//? -C N B  ra tio s  o f  th e  p rec ip ita te s  o b ta in e d  
from  a ll f e e d s  s h o w s  th a t, at th e  fe e d  b e lo w  th e e u te c t ic  c o m p o s it io n , m o s t  o f  the  
ra tio s  c h a n g e  w ith  th e  c h a n g e  in  th e  c a t io n  or ty p e  o f  th e  z e o l ite , w h ile  th e  c h a n g e  in  
th e  c a t io n  or ty p e  o f  th e  z e o l it e  in  th e  fe e d  at and  a b o v e  th e  e u te c t ic  c o m p o s it io n  h as  
v e r y  litt le  in f lu e n c e  o n  th e C N B  ratio . In o th er  w o r d s , th e  c a t io n  and  ty p e  o f  th e  
z e o l i t e  h a v e  an  in f lu e n c e  o n  th e /? -C N B  c o m p o s it io n  in  th e  p rec ip ita te s  in  th e  feed  
b e lo w  th e  e u te c t ic  c o m p o s it io n  m o re  than  th o se  in  th e  fe e d  at an d  a b o v e  th e  p o in t. 
M o r e o v e r , th e  ran g e  o f  th e  m -lp -C N B  ratio  o f  th e  p rec ip ita te s  in  th e  fe e d  b e lo w  th e  
e u te c t ic  c o m p o s it io n  ( « 0 .0 5 -0 .3 0 )  is  b oard er than that o f  th e  o th er  tw o  ( « 0 .0 8 - 0 .2 0 ) .  
T h e  p r e se n c e  o f  B a X  in  th e  fe e d  b e lo w  the e u te c t ic  c o m p o s it io n  le a d s  to  th e  lo w e s t  
พ -//? -C N B  ratio  or th e  h ig h e s t  /? -C N B  c o m p o s it io n  in  the p rec ip ita te s . S im ila r ly , 
N a Y  g iv e s  th e  h ig h e s t  /? -C N B  c o m p o s it io n  in  th e  p r e c ip ita te s  w h e n  th e  feed  
c o m p o s it io n  is  at an d  a b o v e  th e e u te c t ic  c o m p o s it io n .
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Figure 4 .3  C o m p a r iso n  o f  m -lp -C N B  ratio  o f  th e  p r e c ip ita te s  fro m  6 1 .0  พ t%  m - 
C N B  in  th e  fe e d  w ith o u t  and  w ith  z e o l it e s  (B a X , C a X , N a X , C a Y , and  N a Y ) .
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Figure 4.4 C o m p a r iso n  o f  m -Ip -C N B  ratio  o f  th e  p r e c ip ita te s  fro m  6 2 .9  w t%  m - 
C N B  in  th e  fe e d  w ith o u t  and  w ith  z e o l it e s  (B a X , C a X , N a X , C a Y , and  N a Y ) .
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Figure 4.5 Comparison of m-//?-CNB ratio of the precipitates from 65.0 wt% m- 
CNB in the feed without and with zeolites (BaX, CaX, NaX, CaY, and NaY).

From the results, the presence of the zeolite affects the CNB 
compositions in the precipitates, especially those obtained from the feed above the 
eutectic point. It may be because of the formation of the temperature variation of the 
mixture inside the crystallizer when the temperature was being decreased. According 
to this hypothesis, the addition of a zeolite may cause the change in the solution 
temperature; therefore, the temperatures of the solution with and without zeolite were 
measured by a thermocouple in five positions as shown in Figure 4.6. The results 
were then compared and shown in Figure 4.7.



40

Figure 4.6 Positions in the crystallizer, where the temperature of the solution was 
measured (a) without zeolite and (b) with zeolite.

Measuring position
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(๖)

Figure 4.7 Temperature of the solution containing 65.0 wt% m-CNB in the feed 
(a) without zeolite and (b) with CaX.

Figure 4.7 shows the temperature of the solution containing 65.0 
wt% /ft-CNB in the feed without and with CaX. The temperature was decreased 
from 25 to 17°c. The result reveals that the solution temperature is independent of 
the position even with the presence of the zeolite.

The FAU zeolites preferentially adsorb m-CNB more than p-CNB 
due to the higher basicity of OT-CNB (Lerdsakulthong, 2007; Yensukjit, 2008). 
Thus, an adsorption selectivity of the zeolite might be a possible cause of the shift 
of A77-CNB composition to be rich in p-CNB in the precipitates. To prove whether 
the zeolite selectivity plays any roles in the precipitate composition, a silicalite, 
which selectively adsorbs p-CNB more than m-CNB because of its shape 
selectivity effect (Guo et al., 2009), was used in further study. The precipitate 
composition was compared with that with NaY because NaY gives the highest m- 
/p-CNB selectivity among the studied FAU zeolites in the adsorption 
(Lerdsakulthong, 2007). Furthermore, in the crystallization, NaY also provides the 
maximum and the minimum p-CNB composition in the precipitates when the feed 
composition is below and above the eutectic composition, respectively.
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Precipitate collecting area

Figure 4.8 Comparison of พ-//?-CNB ratio of the precipitates from 61.0 wt% พ- 
CNB in the feed with Silicalite, NaY and without zeolite.

Nearzeolite Far from Z édité
Precipitate collecting area

Figure 4.9 Comparison of พ-//?-CNB ratio of the precipitates from 65.0 wt% พ-
CNB in the feed with Silicalite, NaY and without zeolite.
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It was postulated that the composition of the precipitates with the 
silicalite might be rich in m-CNB if the selectivity of a zeolite has the effect on the 
shift in the CNB precipitate composition. From Figures 4.8 and 4.9, the precipitate 
composition with the silicalite from both feeds is still rich in /?-CNB as the same as 
with NaY. Moreover, the presence of the silicalite provides the m-lp-CNB ratio of 
the precipitates lower than that with NaY. In the feed below the eutectic composition, 
the precipitates near the silicalite have a lower m-/p-CNB ratio than those far from 
the silicalite as in the case of NaY, while the ratio becomes similar for both areas 
when the feed composition is above the eutectic composition. These results indicate 
that the shift in CNB precipitate composition is independent of the zeolite selectivity.

In addition, an activated carbon, a non-selective and high surface 
area sorbent, was used in this crystallization to investigate whether the difference in 
adsorbent structure and surface area, as listed in Table 4.11, has any influence on the 
CNB precipitate composition. Glass bead, an inert and non-porous material, was also 
included in the study. It is expected that p-CNB may be selectively adsorbed by the 
activated carbon more than m-CNB as m-CNB has a lower polarity (its dipole 
moment is 3.73 compared to 2.83 of/>-CNB (Lerdsakulthong, 2007)). To minimize 
the effect of the adsorption selectivity, BaX, which has the lowést m-//?-CNB 
selectivity or the greatest p-CNB adsorption capacities among the studied FAU 
zeolites (Lerdsakulthong, 2007; Yensukjit, 2008), was chosen to compare the result 
with the activated carbon and glass bead.
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Table 4.11 General properties of glass bead, activated carbon, and BaX

Material Structure Property BET surface 
area (m2/g)

Pore volume
(cm3/g)

Type of 
surface

Glass bead Glass innert N/A N/A Non-porous

Activated
carbon

A modified 
graphite-like 

structure
Hydrophobicity 540 0.62 Non-Uniform

Porous

BaX A crystalline 
aluminosilicate Hydrophillicity 422 0.20 Uniform

Porous
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Figure 4.10 Comparison of m-lp-CNB ratio of the precipitates from 61.0 wt% m- 
CNB in the feed with glass bead, activated carbon, BaX and without zeolite.
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Figure 4.11 Comparison of m-lp-CNB ratio of the precipitates from 65.0 wt% m- 
CNB in the feed with glass bead, activated carbon, BaX and without zeolite.

The m-lp-CNB ratio of the precipitates around the adsorbent in the 
feed below the eutectic composition decreases when the adsorbent is changed from 
the activated carbon to glass bead; and BaX provides the lowest ratio albeit higher 
than that without an adsorbent. Far from the adsorbent, the activated carbon still 
provides the highest m-/p-CNB ratio of the precipitates but the lowest one is offered 
by the glass bead as illustrated in Figure 4.10. From Figure 4.11, the m-lp-CNB ratio 
of the precipitates with the activated carbon for both areas is similar with the feed 
above the eutectic composition. Near the adsorbent, the m-lp-CNB ratio of the 
precipitates increases from the glass bead, activated carbon, and BaX, respectively. 
The ratio with the activated carbon slightly changes with the collection areas, while 
the ratios with the glass bead and BaX slightly increase. The lowest m-lp-CNB ratio 
of the precipitates far from the adsorbent is obtained with the presence of the 
activated carbon and the highest ratio is from BaX. From the results, considering the 
ratio of the precipitates from both feeds, it shows that the m-lp-CNB ratio of the 
precipitates in the feeds is changed with the change in the adsorbent. In other words,

o

N ear adsorbent Far from adsorbent 
Precipitate collecting area
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the difference in adsorbent structure and surface area has an influence on the ratio of 
the precipitates in the feeds both below and above the eutectic composition. However, 
the tendency of CNB precipitate composition still remains rich in p-CNB. It implies 
that the difference in type of adsorbent and adsorbent structure affects the change in 
the CNB precipitate composition, while the reason why the precipitates composition 
in the feed above the eutectic composition is shifted from being m-CNB to p-CNB 
has to be further investigated.
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