
CHAPTER III
E X P E R IM E N T A L

3.1 M a ter ia ls

3 .1 .1  C h e m ic a ls :
P o ly m e r  C h e m ic a ls

B is p h e n o l-A  (B P A )
- F o r m a ld e h y d e  

T etra e th y le n e p e n ta a m in e  (T E P A )
P o ly e t h y le n e  g ly c o l) -p o ly (p r o p y le n e  g ly c o l) -p o ly (e th y le n e  
g ly c o l )  (P lu ro n ic  P I 2 3 )

S o lv e n ts
- D im e th y lfo r m a m id e  (D M F )
- I so p r o p a n o l
- D io x a n e

3 .2  E q u ip m e n t

3 .2 .1  F o u r ier  T ra n sform  Infrared  S p e c tr o s c o p y  (F T -IR )
T h e  fu n c t io n a l gro u p s re la ted  to  stru ctu re o f  carb o n  p recu rsors  

in v e s t ig a te d  b y  u s in g  F T -IR  tech n iq u e . T h e  F T -IR  sp e c tr a  o f  fu l ly -p o ly m e r iz e d  
b e n z o x a z in e  x e r o g e l  an d  a s  sy n th e s iz e d  b e n z o x a z in e  x e r o g e l  w e r e  o b ta in ed  b y  u s in g  
a  N ic o le t  N e x u s  6 7 0  F T -IR  sp ectro m eter  in  th e  fr e q u e n c y  ran g e  o f  4 0 0 - 4 0 0 0  c m '1. 
K B r p e lle t  te c h n iq u e  w a s  a p p lied  in  th e  p rep ara tio n  o f  p o w d e r  sa m p le s .

3 .2 .2  T h e r m o  gra v im etr ic  A n a ly s is  (T G A )
T G -D T A  c u r v e s  w ere  c o l le c te d  o n  a  P e r k in -E lm e r  P yr is  D a im o n d  

T G /D T A  in stru m en t. T h e  5 m g  o f  sa m p le  w a s  lo a d e d  o n  th e  p la tin u m  p an  and  h ea ted  
fr o m  3 0  to  9 0 0 ° c  at a  h e a t in g  rate o f  10  ° c /m i n  u n d er  N 2  f lo w  o f  5 0  m l/m in .
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3 .2 .3  D iffe r e n tia l S c a n n in g  C a lo r im e tr y  (D S C )
D S C  a n a ly s is  w e r e  carr ied  o u t  u s in g  a  P e r k in -E lm e r  D S C  7 

in stru m en t. T h e  sa m p le  w a s  f ir st  h ea te d  fr o m  3 0 ° c  to  3 0 0  ๐c  b y  h e a t in g  rate  
1 0 ° c /m i n  u n der a  N 2 a tm o sp h e r e  w ith  a  f lo w  rate o f  2 0  m l/m in .

3 .2 .4  S c a n n in g  E le c tr o n  M ic r o s c o p e  (S E M )
M icrostru ctu re  an d  su r fa c e  m o r p h o lo g y  o f  p o ro u s ca rb o n  m a ter ia l w a s  

o b se r v e d  b y  a  S ca n n in g  e le c tr o n  m ic r o s c o p e  (S E M ; E H TA C H I T M 3 0 0 0 ) . T h e  
s p e c im e n s  w e r e  co a te d  w ith  p la tin u m  u n d er  v a c u u m  b efo re  o b se r v a t io n  to  m a k e  
th e m  e le c tr ic a lly  c o n d u c tiv e .

3 .2 .5  S u rfa ce  A r e a  A n a ly z e r  ( S A A )
B E T  su r fa ce  a rea  an d  p o r e  s iz e  d istr ib u tio n  o f  a ll carb o n  x e r o g e l  w e r e  

c a lc u la te d  from  th e  n itr o g e n  a d so r p tio n  iso th e r m s at 7 7 K  u s in g  a  
Q u a n ta c h r o m e /A u to so r b -1. S u r fa c e  area  a n a ly z e r  b a se d  o n  th e B ru n a u er -E m m ett-  
T e lle r  (B E T )  an d  B a r re t-J o y n er -H a len d a  (B J H ) m e th o d s , r e sp e c tiv e ly .

3 .2 .6  W id e  A n g le  X -R a y  D iffr a c t io n  ( W A X D )
W id e  A n g le  X -R a y  D iffr a c t io n  ( W A X D )  w a s  p er fo rm ed  o n  a  R ig a k u  

Sm artlab®  w ith  a  sc a n n in g  sp e e d  o f  2  ° /m in  an d  C u K a  so u rce  Qj= 0 .1 5 4  Â )  in  a  ran g e  
o f  2 0  =  5 - 8 0 °  to  d eterm in e  th e  X R D  p attern  o f  c a r b o n  in  va r ia tio n  p a ra m eters  .

3 .3  E x p e r im e n ta l P ro ced u res

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  P recu rso r
P o ly b e n z o x a z in e  p recu rso rs  w e r e  sy n th e s iz e d  b y  d is s o lv in g  P lu ro n ic

P I 2 3  in  w h ic h  th e c o n c e n tr a tio n  w a s  v a r ie d  in  d iffe r e n t ty p es  o f  s o lv e n t  ( N , N ,-
d im e th y lfo r m a m id e , I so p r o p a n o l, 1, 4 - D io x a n e  ( s e e  in  tab le  3 .1 , 3 .2 ,  3 .3 ) )  in  g la s s
b o tt le s  an d  stirred u n til th e  c le a r  s o lu t io n  w a s  o b ta in e d . B is p h e n o l-A  ( 2 .2 8  g .)  w a s
th en  a d d ed  in to  th e  P I 2 3  s o lu t io n  an d  stirred  u n til th e  c lea r  s o lu t io n  w a s  o b ta in e d .
N e x t  fo rm a ld e h y d e  so lu t io n  ( 3 .2 4 g )  w a s  th e n  a d d e d  in to  the b is p h e n o l-A  s o lu t io n .
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T h e so lu t io n  w a s  k e p t u n d er  lo w  tem peratu re b y  u s in g  ic e  b ath . A fte r  that 
te tr a e th y le n e p e n ta m in e  ( 1 .8 9  g )  w a s  ad d ed  d r o p w ise  in to  th e  m ix tu r e  an d  stirred  
c o n tin u o u s ly  fo r  a p p r o x im a te ly  1 h o u r  w h ile  th e  r ea c tio n  w a s  c o o le d  w ith  th e  ic e  
b ath  u n til tran sp aren t y e l lo w  v i s c o u s  liq u id  w a s  o b ta in e d . T h e  m o la r  ra tio  o f  
b isp h e n o l-A : fo r m a ld e h y d e :  T E P A  w a s  1:4:1 . T h e  sy n th e tic  r e a c tio n  is  s h o w n  in  
F ig u re  3 .1 . T h e n , th e  p recu rso r  w a s  f i l le d  in  a  v ia l an d  p la c e d  in  an  o i l  b a th  a t 8 0 ° c  
fo r  2 4  hr. to  g e t  b e n z o x a z in e  g e l .  T h e  b e n z o x a z in e  g e l s  w e r e  cu t in to  s m a ll  p ie c e s  
an d  th en  d ried  at a m b ie n t  tem p era tu re  f o l lo w  b y  p la c in g  in  an  o v e n  at 8 0 ° c  fo r  2  hr., 
1 0 0 ° c  fo r  1 hr., 2 0 0 ° c  fo r  1 .3 0  h r., a n d  2 2 0 ° c  for  15 m in .

1 HO -OH
0

+ 4 H-C-H + 1 NH2-R-NH2

Formaldehyde Tetraethylenepentamine

F ig u re  3 .1  P rep a ra tio n  o f  p o ly b e n z o x a z in e  p recursor.
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T a b le  3 .1  T e m p la te  lo a d in g  c o n te n t o f  e a c h  s a m p le  in  N , N -d im e th y lfo r m a m in e

C o n c e n tr a tio n  o f  
P B Z

p recu rso r

S a m p le  n a m e C o n c e n tr a tio n  
o f  su rfa cta n t  

(P lu r o n ic  
P 1 2 3 )

M o la r  ratio  
P 1 2 3 :B P A

2 0 % P B Z /D M F - -

2 0 % P B Z /1  % p 12 3 /D M F 1 % 0 .0 0 3 2 :0 .3 2 3
2 0 % 20 % P B Z /3 % P  12 3 /D M F 3 % 0 .0 0 9 6 :0 .3 2 3

2 0 % P B Z /5 % P  12 3 /D M F 5 % 0 .0 1 6 1 :0 .3 2 3
20 % P B Z /6 % P  12 3 /D M F 6 % 0 .0 1 9 4 :0 .3 2 3

2 5 % P B Z  /D M F - -
2 5 % P B Z /1 % P 1 2 3 /D M F 1 % 0 .0 0 4 3 : 0 .0 4 3 0  '
2 5 % P B Z /3 % P 1 2 3 /D M F 3 % 0 .0 1 2 9 :0 .0 4 3 0
2 5 % P B Z /5 % P 1 2 3 /D M F 5 % 0 .0 2 1 5 :0 .0 4 3 0
25 % P B Z /6 % P  12 3 /D M F 6 % 0 .0 2 5 8 :0 .0 4 3 0
25 % P B Z /7 % P  12 3 /D M F 7 % 0 .0 3 0 1 : 0 .0 4 3 0
2 5 % P B Z /8 % P 1 2 3 /D M F 8 % 0 .0 3 4 4 : 0 .0 4 3 0
2 5 % P B Z /9 % P 1 2 3 /D M F 9 % 0 .0 3 8 7 : 0 .0 4 3 0

2 5 % P B Z /1 0 % P  12 3 /D M F 1 0 % 0 .0 4 3 0 : 0 .0 4 3 0
2 5 % P B Z /1 2 % p  12 3 /D M F 1 2 % 0 .0 5 1 6 :0 .0 4 3 0
2 5 % P B Z /1 5 % p  12 3 /D M F 1 5 % 0 .0 6 4 5 :0 .0 4 3 0
2 5 % P B Z /1 8 % P 1 2 3 /D M F 1 8 % 0 .0 7 7 4 : 0 .0 4 3 0
2 5 % P B Z /2 0 % P  12 3 /D M F 2 0 % 0 .0 8 6 0 : 0 .0 4 3 0
2 5 % P B Z /2 2 % P 1 2 3 /D M F 2 3  % 0 .0 9 8 9 :0 .0 4 3 0
2 5 % P B Z /2 5 % P  12 3 /D M F 25% 0 .1 0 7 5 :0 .0 4 3 0

3 0 % P B Z /D M F - -
3 0 % 3 0 % P B Z /3 % P 1 2 3 /D M F 3 % 0 .0 1 6 6 :0 .0 5 4

30 % P B Z /6 % P  12 3 /D M F 6 % 0 .0 3 2 6 :0 .0 5 4
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T a b le  3 .2  T e m p la te  lo a d in g  c o n te n t  o f  e a c h  sa m p le  in  Isop rop an ol

C o n c e n tr a tio  
ท o f  P B Z  
p recu rso r

S a m p le  n a m e C o n c e n tr a tio n  o f  
su rfa cta n t (P lu ro n ic  

P 1 2 3 )

M o la r  ra tio  
P 1 2 3 :B P A

2 0 % 2 0 % P B Z  /  IP - -

2 5 %

2 5 % P B Z /  IP - -
2 5 % P B Z /3 % P  1 2 3 / IP 3 % 0 .0 1 0 7 : 0 .3 5 9
2 5 % P B Z /6 % P 1 2 3 /IP 6 % 0 .0 2 1 5 : 0 .3 5 9

2 5 % P B Z /1 0 % P 1 2 3 / IP 1 0 % 0 .0 3 5 9 : 0 .3 5 9
2 5 % P B Z /1 2 % P 1 2 3 / IP 1 2 % 0 .0 4 3 1 : 0 .3 5 9
2 5 % P B Z /15% p  1 2 3 / IP 15 % 0 .0 5 3 8 : 0 .3 5 9

3 0 %

3 0 % P B Z / IP • - -
3 0 % P B Z /6 % P 1 2 3 / IP 6 % 0 .0 2 7 6 :0 .4 6 1

3 0 % P B Z /1 0 % P 1 2 3 / IP 1 0 % 0 .0 4 6 1 :0 .4 6 1
3 5 % 3 5 % P B Z /  IP - -

T a b le  3 .3  T e m p la te  lo a d in g  c o n te n t  o f  e a c h  sa m p le  in  1, 4 -d io x a n e

C o n c e n tr a tio n  
o f  P B Z  

p recu rso r

S a m p le  n a m e C o n cen tra tio n  
o f  su rfactant 

(P lu ro n ic  
P 1 2 3 )

M o la r  ratio  
P 1 2 3 :B P A

3 5 % P B Z /D io x a n e - -
3 5 % P B Z /6 % P 1 2 3 /D io x a n e 6 % 0 .0 4 4 4 : 0 .7 4 0

3 5 % P B Z /7 % P  12 3 /D io x a n e 7 % 0 .0 5 1 8 : 0 .7 4 0
3 5  % 3 5 % P B Z /8 % P  12 3 /D io x a n e 8 % 0 .0 5 9 2 : 0 .7 4 0

3 5 % P B Z /1 2 % p  12 3 /D io x a n e 1 2 % 0 .0 8 8 8 : 0 .7 4 0
3 5 % P B Z /1 5 % p  12 3 /D io x a n e 1 5 % 0 .1 1 1 0 : 0 .7 4 0
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3 .3 .2  P rep a ra tio n  o f  C a rb o n  X e r o g e l
P o ly b e n z o x a z in e s  w e r e  p y r o ly z e d  u n d er  n itr o g e n  f lo w  ra te  o f  5 0 0  

c m 3/m in  in  d if fe r e n t  f in a l tem p era tu re  (8 0 0  ° c ,  8 5 0  ๐c ,  9 0 0  ๐c ,  1 0 0 0  °C ).T h e  
h eatin g  p r o f ile  w a s  a s  fo l lo w s :  h e a t in g  from  ro o m  tem p era tu re  to  2 0 0 ° c  in  6 0  m in ,  
2 0 0  to 6 0 0 ° c  in  3 6 0  m in , 6 0 0  to  f in a l tem perature in  1 2 0  m in , an d  h o ld in g  at f in d  
tem peratu re fo r  1 2 0  m in  an d  th e n  c o o l in g  d o w n  to  r o o m  tem p era tu re .

3 .3 .3  P rep ara tio n  o f  A c t iv a te d  C arb on  X e r o g e l
A c t iv a te d  ca rb o n  x e r o g e l  w a s  prep ared  b y  c a r b o n iz a t io n  o f  carb o n  

x e r o g e l u n d er  ca rb o n  d io x id e  a tm o sp h e r e  at 9 0 0  ° c  fo r  1 8 0  m in s .

3 .3 .4  C O 2 A d so r p t io n
A c t iv a te d  p o ly b e n z o x a z in e  p oro u s carb o n  w ith  h ig h e s t  su r fa c e  area  

w a s  te st  th e  a d so r p tio n  a p p lic a t io n  b y  lo a d in g  0 . 1  g . o f  sa m p le  in to  th e  s ta in le s s  s te e l  
ad so rp tio n  c h a m b e r  w h ic h  w a s  h ea te d  b y  th e  furn ace in  ord er  to  rea c h  th e  a d so r p tio n  
tem p era tu res. H e  g a s  w a s  u se d  as a  p u r g e  g a s  in  th is  s tu d y . T h e  a d so r p tio n  p r o c e s s e s  
w e r e  carried  o u t  b y  u s in g  h ig h  p u r ity  C O 2  ga s.
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