
CHAPTER III 
EXPERIMENTAL

3.1 Materials

B is p h e n o l - A  ( B A , C 1 5H 1 6 O 2 ) w a s  p u rch ased  from  A ld r ic h , G erm a n y . 
F o r m a ld e h y d e  (C H 20 ,  a n a ly tic a l gra d e) w a s  p u rch a sed  fro m  M e r c k , G erm a n y . 1 ,6 -  
H e x a d ia m in e  (h d a , C 6H i6 N 2) w a s  p u rch a sed  fro m  A ld r ich , G erm a n y . 1 ,4 - D io x a n e  
(C 4 H 8 O 2 , a n a ly tica l gra d e) w a s  p u rch a sed  from  L a b sca n , Irelan d . A l l  c h e m ic a ls  w er e  
u sed  w ith o u t  further p u r if ic a tio n . Z e o lite  a m m o n iu m  ( Z S M - 5 )  p o w d e r — S i/A l ratio  
is  2 4 .3 , th e  m ed ia n  p a rtic le  s iz e  is  4 .5  p , and  su rfa ce  area  is  4 5 0  m 2/g — w a s  
p u rch ased  from  Z e o ly s t  In tern a tio n a l, U S A . In ord er to  r e m o v e  th e  a d so rb ed  w a ter  
va p ou r or o th er  o r g a n ic  v a p o r s , z e o l it e  w a s  d eh y d ra ted  at 2 5 0 °  c  fo r  7 2 0 0  ร (2  h o u rs)  
u n der v a c u u m  b e fo r e  u se .

3.2 Equipment

1. N ic o le t /F o u r ie r  T ra n sform  Infrared  S p e c tr o m e te r  (F T -I R )
2 . N ic o le t /A tte n u a te d  T o ta l R e f le c ta n c e  In frared  S p e c tr o m e te r  (A T R -I R )
3 . J N M -A 5 0 0 /F o u r ie r  T ra n sform  N u c le a r  M a g n e tic  R e so n a n c e  

S p ec tr o m e te r  ( F T -N M R )
4 . F E -S E M  S 4 8 0 0 /S c a n n in g  E le c tr o n  M ic r o s c o p y  (S E M )
5 . X - R a y  D iffr a c to m e te r  (X R D )
6 . A ir -c ir c u la t in g  O v en
7 . G a s P e r m e a b ility  A p p a ra tu s U n it

3.3 Methodology

3 .3 .1  S y n th e s is  o f  P o ly b e n z o x a z in e  M em b ra n e
3 .3 .1 .1  S yn th esis o f  P o lyb en zo x a zin e  P recu rso rs

T h e  p o ly b e n z o x a z in e  p recu rso r  w a s  s y n th e s iz e d  b y  u s in g  
b is p h e n o l- A  ( B A , C15H16O2), fo r m a ld e h y d e  (CH2O) and  1 ,6 -h e x a d ia m in e  (hd a ,
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C 6 H i6N 2), w ith  a m o la r  ratio  o f  1 :4:1 , r e sp e c t iv e ly . F irst, b is p h e n o l- A  (6 .8 4  g )  w a s  
d is s o lv e d  in  a 1 ,4 -d io x a n e  (1 5  m l)  in 5 0  m l g la s s  b o ttle  and stirred  until th e  c lea r  
s o lu t io n  w a s  o b ta in ed . F o r m a ld e h y d e  so lu t io n  (9 .7 3  g )  w a s  th en  ad d ed  in to  the  
b is p h e n o l- A  so lu tio n . T h e  reac tio n  w a s  c o o le d  w ith  an ic e  bath . A fte r  that 1 ,6 -  
h e x a d ia m in e  (3 .4 8  g )  w a s  ad d ed  d r o p w ise  in to  th e  m ix tu re  and  stirred  c o n t in u o u s ly .

3 .3 .1.2 P rep a ra tio n  o f  P o lyb en zo x a zin e  M em bran es
T h e p o ly b e n z o x a z in e  p recu rsor  o b ta in ed  from  th e r ea c tio n s  

w a s  h ea te d  and stirred  c o n t in u o u s ly  u n til v is c o u s  liq u id  w a s  o b ta in e d . T h en  the  
m ix tu re  w a s  c a st on  th e  g la s s  p la te  w h ic h  is  c o a te d  w ith  fo il at r o o m  tem p era tu re  
w ith  a th ic k n e s s  o f  a p p r o x im a te ly  3 0 0  p m  u s in g  E lc o m e te r  3 5 8 0  c a s t in g  k n ife  f ilm  
a p p lica to r  (fro m  e lc o m e te r /in sp e c t io n  e q u ip m e n t) . T h e  m em b ra n e  w a s  d ried  at roo m  
tem p era tu re  in  air for  o n e  d a y  y ie ld in g  the y e l lo w  tran sp aren t m em b ra n e . T h e  
m em b ra n e  w a s  then  p la c e d  in  the o v e n  at 1 1 0 ° c  in  an a ir -c ir c u la t in g  o v e n  for  2 4  
h ou rs. T h e  th ic k n e ss  o f  th e  o b ta in ed  m em b ra n e  w a s  arou n d  15 0  p m ±  10 p m .

T h e  structural c h a r a c te r is tic s  o f  p o ly b e n z o x a z in e  m em b ra n e  
w er e  m ea su red  u s in g  F ou rier  T ra n sform  Infrared S p e c tr o m e te r  ( F T -I R )  and P roton  
N u c le a r  M a g n e tic  R e so n a n c e  ( ' h  N M R ). T h e  m o r p h o lo g y  w a s  o b se r v e d  by  
S c a n n in g  E lec tro n  M ic r o sc o p y  (S E M ). F ig u re  3.1 d e p ic ts  th e  c h e m ic a l stru ctu re o f  
p o ly b e n z o x z in e .

- f c|wF-n

R =  -  (C H 2) 6 -

Figure 3.1 T h e  stru ctu re o f  p o ly b e n z o x a z in e .
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3 .3 .1 .3  P o lyb en zo x a zin e  M em bran e C h a ra c te r iza tio n s
3 .3 .1 .3 .1  P ro ton  N u c lea r  M a g n e tic  R eso n a n ce  (‘ H  N M R)

' h  N M R  sp ectra  w e r e  reco rd ed  o n  a V a r ia n  M ercu ry  
3 0 0  ( 3 0 0  M H z ) in stru m en t. T o  id e n tify  c h e m ic a l c o m p o s it io n  in  th e  ran ge o f  1 - 5  
p p m . T h e  p rep ared  p o ly b e n z o x a z in e  p recu rsor  w a s  d is s o lv e d  in  d eu tera ted  
c h lo r o fo r m  (C D C I 3 ) for  2 4  h ou rs prior to  u sed .

3 .3 .1 .3 .2  S cannin g  E lec tron  M ic ro sc o p y  (SEM )
S c a n n in g  e le c tr o n  m ic r o s c o p e , F E - S E M  S 4 8 0 0 , w a s  

u se d  to  o b se r v e  th e  su r fa ce  m o r p h o lo g y  o f  p o ly b e n z o x a z in e  m em b ra n e . T h e  
s p e c im e n  w a s  co a te d  w ith  p la tin u m  u n d er  v a c u u m  b e fo r e  o b se r v a t io n .

3 .3 .1 .3 .3  F ou rier Transform  In fra red  S p e c tro m e te r  (F T-1R )
F ou rier  T ra n sfo rm  Infrared  S p ec tra  w e r e  o b ta in ed

from  a T h erm o  N ic o le t  w ith  sc a n s  at a sc a n n in g  r e so lu tio n  o f  2  c m '1.
3 .3 .2  S y n th e s is  o f  M ix e d  M a trix  M e m b r a n e s  (M M M s)

3 .3 .2 .1  V arying con cen tra tion  o fZ S M -5
V a r io u s  c o n te n ts  o f  Z S M - 5  w e r e  d isp e r se d  in  1 ,4 - D io x a n e  

and stirred  for  3 h ou rs. A fte r  that, th e  z e o l it e  m ix e d  s o lu t io n  w a s  so n ic a te d  for  10  
m in u te s  to  im p r o v e  th e  d isp e r s io n  o f  z e o l it e  p a r tic le s  in  th e  so lu t io n . Z e o lite  p a r tic le s  
w e r e  th e n  “p r im ed ” b y  a d d in g  a p p r o x im a te ly  15 wt.%  o f  to ta l a m o u n t o f  
p o ly b e n z o x a z in e , to  in c r e a se  the c o m p a tib ility  b e tw e e n  z e o l it e  an d  p o ly m e r , to  
m in im iz e  th e  a g g r e g a tio n  o f  z e o l ite  p a r tic le s . T h e  m ix tu re  w a s  stirred  u s in g  m a g n e tic  
stirrer to  e n h a n c e  th e  h o m o g e n e ity . A fte r  th e  r e m a in in g  p o ly b e n z o x a z in e  w a s  a d d ed , 
th e  fin a l m ix tu re  w a s  furth er m ix e d  for  2  h ou rs to  fo rm  m ix e d  m a tr ix  m em b ra n es  
so lu t io n . T h e  c o n c e n tr a tio n s  o f  z e o l ite  in  p o ly b e n z o x a z in e  w e r e  v a r ied  at 1 w t.% , 
5 wt.%  an d  10  wt.%  o n  s o lv e n t - f r e e  b a s is  ( S in g h a - in ,  2 0 0 8 ) .

3 .3 .2 .2  P rep a ra tio n  o f  M ix ed  M a trix  M em b ra n es (M M M s)
M ix e d  m atrix  m em b r a n e s  s o lu t io n  o b ta in e d  fro m  th e  r e a c tio n s  

w e r e  h ea te d  and  stirred  c o n t in u o u s ly  u n til v i s c o u s  liq u id  w a s  o b ta in e d . T h e n  th e  
h o m o g e n e o u s  s o lu t io n  w e r e  c a st  o n  th e  g la s s  p la te  w h ic h  is  c o a te d  b y  fo il  at ro o m  
tem p era tu re  w ith  th ic k n e ss  o f  a p p r o x im a te ly  3 0 0  p m  u s in g  E lc o m e te r  3 5 8 0  c a s t in g  
k n ife  f ilm  a p p lica to r  (fr o m  e lc o m e te r /in sp e c t io n  e q u ip m e n t) . T h e  m e m b r a n e s  w e r e  
d ried  at r o o m  tem p era tu re  in  air for  o n e  d ay  y ie ld in g  th e  y e l lo w  m em b ra n es . T h e
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m em b r a n e s  w e r e  th en  further d ried  at 1 1 0 ° c  in an  a ir -c ir c u la t in g  o v e n  fo r  2 4  h ou rs  
to  ob ta in  th e  p o ly b e n z o x a z in e /Z S M -5  m e m b r a n e s  (M M M ). T h e  th ic k n e s s  o f  th e  
o b ta in ed  M M M s w a s  arou n d  1 5 0  p m ±  10  |im .

3 .3 .2 .3  M ix ed  M atrix  M em b ra n es  (M M M s) C h a ra c te r iza tio n s
3 .3 .2 .3 .1  S can n in g  E lec tron  M ic ro sc o p y  (SEM )

T h e m o r p h o lo g y  o f  fla t d e n se  M M M s w e r e  
in v e s t ig a te d  u s in g  S E M  (F E -S E M  S 4 8 0 0 )  to  d e te r m in e  that th e  z e o l i t e  Z S M -5  
p a rtic le s  w e r e  d istr ib u ted  h o m o g e n o u s ly  in  P B Z  m e m b ra n e  m a tr ix  and  w h eth er  
v o id s  e x is te d  b e tw e e n  p o ly m e r  and z e o l it e  p h a ses .

3 .3 .2 .3 .2  X -R a y  D iffra c to m eter  (X R D )
X R D  p attern s o f  z e o l i t e  Z S M - 5  b e fo r e  and a fter  

ad d ed  in to  P B Z  m atrix  w er e  in v e s t ig a te d  to  c o n fir m  th e  stru ctu re o f  z e o l i t e  Z S M -5  
e x is t s  in  th e  m ix e d  m atrix  m em b ran e .

3 .3 .2 .3 .3  F ou rier T ransform  In fra red  S p ec tro m e te r  (F T -IR )
T h e IR  sp ec tra  o f  M M M , P B Z  an d  Z S M - 5  w e r e

in v e s tig a te d  to  in d ica te  th e  co n ta c t  b e tw e e n  th e p o ly m e r  and  th e  Z S M - 5  p a rtic le  
w h ic h  m ig h t  b e  d u e  to  th e  c h e m ic a l in tera ctio n .

3 .3 .3  G a s P e r m e a b ility  A p p aratu s
In th is  s tu d y , C O 2  (P rax  A ir ) and  C H 4  (T IG ) w e r e  u se d  a s  te s t in g  

g a s e s  for  a ll m em b ra n es . A l l  te ste d  g a s e s  w e r e  o f  a h ig h  p u rity  (H P ) gra d e  and  u sed  
a s r e c e iv e d .

A  sc h e m a tic  d ia gram  o f  th e  s y s te m  u se d  to  carry  o u t th e  g a s  
p e r m e a b ility  e x p e r im e n ts  is  sh o w n  in  F ig u re  3 .2 . T h e  e x p e r im e n ta l se tu p  in c lu d e d  
g a s  so u r c e s , a  m em b ra n e  te s t in g  u n it sh o w n  in  F ig u re  3 .3 ,  and  a b u b b le  f lo w  m eter .
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Figure 3.2 E x p e r im e n ta l set u p  for th e  g a s  p e r m e a b ility  ap p aratu s.

Gas In

Figure 3 .3  S c h e m a tic  o f  th e  m em b ra n e  te s t in g  u n it (S in g h a - in ,  2 0 0 8 ) .
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3 .3 .4  G as P erm ea tio n  M e a su r e m e n ts
3 .3 .4 .1  S in g le -c o m p o n e n t g a s  p e rm e a tio n

T h e  s in g le -c o m p o n e n t  g a s  p e r m e a tio n  (C H 4  and  C O 2 ) 
e x p e r im e n t  th ro u gh  p o ly b e n z o x a z in e  m em b ra n e  an d  p o ly b e n z o x a z in e /Z S M -5  
m em b r a n e s  (M M M ) w a s  carried  o u t at 2 5 °  c  in  s e q u e n c e s  b y  u s in g  a g a s  p erm ea tio n  
te st in g  u n it in  w h ic h  th e  m em b ra n e  w a s  p la c e d  o n  a  p o ro u s  m eta l p la te , th en  th e tw o  
co m p a r tm e n ts  w er e  f ix e d  to g e th e r  to  p roh ib it th e  le a k a g e . T h e  area  o f  th e  m em b ran e  
in c o n ta c t  w ith  the g a s  w a s  4 4 .1 7  c m 2. T h e  p ressu re  d if fe r e n c e  a c r o ss  th e  m em b ran e  
w a s  m a in ta in ed  at 2 0  p s i. O n c e  rea c h ed  th e  s te a d y -s ta te , in d iv id u a l g a s  f lo w  rates  
w er e  m ea su red  u s in g  a so a p  b u b b le  f lo w  m eter . T h e  a tta in ed  data  w e r e  u sed  to  
c a lc u la te  th e  g a s  p e r m e a n c e  and  s e le c t iv ity . T h e  p e r m e a b ility  c o e f f ic ie n t  for the  
p erm ea ted  g a s  can  b e  o b ta in ed  b y  e q u a tio n  3.1 :

M  _  a * i 4 . 7 x i o 6  ( 3 . 1 )
พ /  ~  ( A ) x ( A P ) x 7 6

w h ere  / _ p \  =  p e r m e a n c e  o f  g a s ‘i ’ (G P U )V' ร ิ) i
p

(1 B arrer =  1 0 " 10 

8 
Q,
A
AP

p e r m e a b ility  o f  g a s  ‘i ’ ( 1 0 ' 10 c m 3 (S T P )  c m /c m 2 ร c m  H g )  
c m 3 (S T P )  c m /c m 2 ร c m  H g  =  7 .5 x ] 0 ' 18 m 2 ร’ 1 P a’1) 

th ic k n e ss  o f  m em b ra n e  (p m )  
v o lu m e tr ic  f lo w  rate o f  g a s  ‘i ’ (c m 3 / s e c )  
m em b ra n e  area (c m 2)
p ressu re  d if fe r e n c e  b e tw e e n  th e  fe e d  s id e  and th e  
p e r m e a tin g  s id e  (p s i)

3 .3 .4 .2  G a s S e lec tiv ity
T h e  id ea l sep a ra tio n  facto r  (G a s S e le c t iv ity ,  Sa/b) for  

c o m p o n e n t  A  and B  is  d e fin e d  as th e  ratio  o f  e a c h  c o m p o n e n t  a s  sh o w n  in  e q u a tio n
3.2:

ร
(3 .2 )
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3 .3 .5  T h e  in tera c tio n  b e tw e e n  p en etran t g a s  an d  m ix e d  m a tr ix  m em b ran e
3 .3 .5 .1  A tten u a ted  T ota l R eflec tan ce  In fra red  S p e c tro m e te r  (ATR-IR) 

T h e  IR  sp ectra  o f  M M M , M M M  in  C O 2 and C H 4 w er e  
in v e s t ig a te d  to  in d ica te  th e  e f fe c t  o f  p en etran t g a s  on  m em b ra n e , a p o s s ib le  
fo rm a tio n  b e tw e e n  M M M  m o le c u le  and p en etran t g a s  h a s  b een  s u g g e s te d .
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