
C H A P T E R  III  
E X P E R I M E N T A L

3 .1  M a te r ia ls

3 .1 .1  M o n o m er
D iv in y lb e n z e n e  (D V B ) , 4 -a m in o p h e n o l and b is (4 -c h lo r o p h e n y l)  

su lfo n e  w e r e  su p p lied  b y  M erck . B isp h e n o l A  97%  w a s  su p p lied  b y  A ld ic h . M a le ic  
an h yd rid e  w a s  su p p lied  b y  F lu k a.

3 .1 .2  S o lv e n ts
N ,N -d im e th y la c e ta m id e  (D M A c )  99%  pure w a s  su p p lie d  b y A c r o s . 

T o lu e n e  (T ) and  d im e th y lfo r m a m id e  w er e  su p p lie d  b y  Lab S ca n . Iso p ro p a n o l, 
m eth a n o l and  e th a n o l w e r e  su p p lie d  b y  E ta lm a.

3 .1 .3  S u rfactan ts
S orb itan  m o n o o le a te  (S P A N  8 0 ) and  d o d e c y lb e n z e n e su lto n ic  acid  

so d iu m  sa lt  (D D B S s )  w e r e  su p p lie d  b y  S ig m a . C e ty ltr im e th y la m m o n iu m  b rom id e  
(C T A B ) w a s  su p p lied  b y  F luka.

3 .1 .4  In itiator
P o ta ss iu m  p ersu lfa te  (K 2 S 2 O 8) w a s  su p p lie d  b y F lu k a.

3 .1 .5  C a ta ly st
P o ta ss iu m  carb o n ate  an d  p h o sp h o ru s p e n to x id e  w e r e  su p p lied  by

C arlo  Erba.
3 .1 .6  S ta b ilizer

C a lc iu m  ch lo r id e  d eh yd rate  (C a C E *21-120) w a s  su p p lie d  b y  F luka.

3 .2  E q u ip m e n ts

3 .2 .1  N u c le a r  M a g n e tic  R e so n a n c e  (N M R )
T h e N M R  sp ectra  o f  m a le im id e -te r m in a te d  p o ly (a r y le n e  eth er  

su lfo n e )  o l ig o m e r s  w e r e  o b ta in ed  u s in g  'H -N M R  an d  13C -N M R  at the C h em istry  
D ep artm en t, F acu lty  o f  S c ie n c e , N a resu a n  U n iv ers ity .
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3 .2 .2  F ou rier  T ra n sform  Infrared S p e c tr o sc o p y  (F T -IR )
T h e  F T -IR  sp ectra  o f  m a le im id e -te r m in a te d  p o ly (a r y le n e  ether  

s u lfo n e )  o lig o m e r s  w er e  o b ta in ed  u s in g  N ic o le t  N e x u s  6 7 0  F T -IR  sp ec tro m eter  in  the  
freq u en cy  ran ge o f  4 0 0 0 -4 0 0 0 ท ไ_1 w ith  3 2  sca n s  at the r e so lu tio n  o f  2  c m ' 1 K B r  
p e lle t  te c h n iq u e  w a s  ap p lied  in  th e  p reparation  o f  p o w d e r  sa m p le s .

3 .2 .3  S u rfa ce  A rea  A n a ly z e r  (S A A )
N itr o g e n  a d so rp tio n -d eso rp tio n  iso th erm s w er e  o b ta in ed  at -196°c on  

a Q u a n ta ch ro m e A u to so r b -IM P . S a m p les  w er e  d e g a sse d  at 100°c in a va cu u m  
fu rn a ce  prior to a n a ly s is . S u rfa ce  areas w ere  c a lcu la ted  u s in g  th e B E T  m eth o d . T h e  
p ore  s iz e  d istr ib u tio n s  w ere  c o n stru c ted  b ased  o n  B arrett, Jo yn er  and H a len d a  (B JH )  
m eth o d  u s in g  ad so rp tio n  o f  n itro g en  iso th erm .

3 .2 .4  T h erm a lg ra v im etr ic  A n a ly s is  (T G A )
T h erm a lg ra v im etr ic  A n a ly s is  (T G A ) w a s p erfo rm ed  to  m ea su re  the 

th erm al s ta b ility  o f  the P o ly H IP E s. T G A  o f  P o ly H IP E s w a s  p erfo rm ed  u s in g  a 
P erk in  E lm er /P y r is  D ia m o n d  T G /D T A  in stru m en t. E x p e r im en ts  w ere  carried  out 
u n d er n itro g en  g a s  a tm o sp h ere . S a m p le s  w ere  cu t in to  sm a ll p ie c e s  w e ig h  ab o u t 2 - 5  
m g . T h en  the sa m p le s  w ere  lo a d e d  on  the p la tin u m  pan and  h ea ted  to 800°c from  
40°c at a  h ea tin g  rate o f  1 0 ° c /m in .  O n e ste p s  d egra d ation  w a s  o b se r v e d  during  
te s t in g , and the d e c o m p o s it io n  tem peratu re w a s  record ed  co rr esp o n d in g  to  50%  
d e c o m p o s it io n  o f  th e  m ateria l.

3 .2 .5  U n iv e r sa l T e s t in g  M a ch in e  (L L O Y D )
A  L lo y d s  U n iv e r sa l T e stin g  M a c h in e  (L lo y d s /L R X ) eq u ip p ed  w ith  a 

5 0 0  N  lo a d  c e ll  w a s  u sed  to m ea su re  m ec h a n ic a l p rop erties in c o m p r e ss io n . T h e  
sa m p le s  w e r e  lo a d e d  at a rate o f  1 .2 7  m m /m in . S a m p le s  o f  2 5 .4  m m  in  d ia m eter  and
2 5 .4  m m  in  h e ig h t w er e  u sed  for te sted  o f  ea c h  P o ly H IP E s. T h e  sa m p le s  w e r e  lo ad ed  
u n til a d isp la c e m e n t o f  7 0  p ercen t o f  the h e ig h t o f  th e  e x a m in e d  sa m p le  w a s  reach ed

3 .2 .6  E m iss io n  S c a n n in g  E lectro n  M ic r o sc o p e  (F E -S E M )
F ie ld  e m is s io n  sc a n n in g  e le c tr o n  m ic r o sc o p y  w a s  p erfo rm ed  on  

H ita ch i ร - 4 8 0 0  M o d e l to  o b se r v e  su rface  m o r p h o lo g y  o f  P o ly H IP E s. T h e  sp 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 va cu u m  b efo re  o b se r v a tio n  to m a k e  them  
e le c tr ic a lly  c o n d u c tiv e .
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3 . 2 . 7  C O ?  G a s  a d s o rp t io n

S tu d y  o f  C O 2 g a s  a d s o r p t io n  c a p a c it ie s  o f  p o ly H I P E s  w e r e  c a r r ie d  o u t 

u s in g  a  p i lo t  g a s i f ic a t io n  u n it at th e  C h e m ic a l  T e c h n o lo g y  D e p a r tm e n t , F a c u l t y  o f  

S c ie n c e ,  C h u la lo n g k o m  U n iv e r s i ty .  S a m p le s  w e r e  c u t  in to  s m a ll  p ie c e s  w e ig h  a b o u t

1 - 2  g . T h e n  th e  s a m p le s  w e r e  lo a d e d  in to  s a m p le  tu b e  2 x 2 5  c m . C O 2 2 0  m l/m in  a n d  

H e  8 0  m l/m in  w e r e  f lo w e d  th ro u g h  th e  s a m p le  a t r o o m  te m p e ra tu re . T h e  re s id u e  o f  

C 0 2 w a s  m e a s u re d  b y  a  g a s  c h ro m a to g ra p h y  in s tru m e n ts , th e  c o lu m n  u s e d  S h im a d z u  

2 0 1 4 ,  f lo w  ra te  3 5  m l/m in .

3 .3  M e t h o d o lo g y

3 . 3 . 1  P re p a r a t io n  o f  M a le im id e - t e r m in a te d  p o ly fa r y le n e  e th e r  s u lfo n e )

3.3.1.1 Synthesis o f l-(4-hydroxy-phenyl)-pyrrole-2,5-dione (HPMl)
T h e  H P M I  w a s  s y n th e s iz e d  a c c o r d in g  to  C h o i et a l. In  a  1 0 0  m l ro u n d

b o tto m  f la s k  w e r e  a d d e d  3 0  g  m a le ic  a n h y d r id e  a n d  3 0 .6  g  p -a m in o p h e n o l  a n d  8 0  m l 

D M F  a t 0  °c. A  m ix tu r e  o f  1 5  g  P 2O 5 in  5 0  m l D M F  a n d  8  g  o f  c o n c e n tra te d  H 2 S 0 4  

w a s  a d d e d  o v e r  3 0  m in  to  a  ro u n d  b o tto m  f la s k  w h ile  th e  f la s k  w a s  b e in g  s t ir re d  b y  a  

m a g n e t ic  s t ir re r . T h e n  th e  re a c t io n  m ix tu r e  w a s  s t ir re d  at 70°c fo r  3  h  in  an  o i l  b a th  

A f t e r  th a t th e  m ix tu r e  w a s  p o u re d  in to  5 0 0  m l o f  d e - io n iz e d  ic e  w a te r  a n d  y e l lo w  

p re c ip it a t io n  w a s  o b s e r v e d . T h e  p re c ip ita te  w a s  d r ie d  u n d e r  v a c u u m  c h a m b e r  fo r  

a p p r o x im a t e ly  1 2  h  a n d  w a s  p u r if ie d  b y  r e c r y s ta l iz a t io n  in  is o p r o p a n o l.  T h e  p ro d u c t  

w a s  in  th e  fo r m  o f  y e l lo w  n e e d le  l ik e  c r y s ta ls ,  ( s c h e m e  1 )

3.3.1.2 Characterization o f HPMI
Id e n t i f ic a t io n  o f  H P M I  c o m p o s it io n  w a s  c a r r ie d  o u t u s in g  F o u r ie r  

T r a n s fo r m  In fra re d  S p e c t r o s c o p y  ( F T - I R )

3.3.1.3 Synthesis o f maleimide-terminated poly(arylene ether sulfone) 
oligomers

T h e  p o ly m e r iz a t io n  w a s  c a r r ie d  o u t in  a  5 0 0  m l th r e e -n e c k e d  ro u n d  

b o tto m  f la s k  w h ic h  w a s  f it te d  w ith  D e a n  S ta r k  tra p , n itro g e n  in le t ,  a n d  m a g n e t ic  

s t irre r . B is - ( 4 - c h lo r o p h e n y l) - s u l fo n e  5 . 7 5 1  g  w a s  a d d e d  to  th e  re a c t io n  f la s k  

fo l lo w e d  b y  b is p h e n o l A  4 . 3 3 2  g  a n d  H P M I  0 .4 0 0 2  g , a n d  r in s e d  w ith  D M A c  6 5  m l 

to  a s s u r e  q u a n t ita t iv e  a m o u n t o f  m o n o m e rs . D r ie d  p o ta s s iu m  c a rb o n a te  3 . 3 9 5  g  a n d
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to lu e n e  18 m l w er e  ad d ed  n e x t  and the reac tio n  w a s  r e f lu x e d  at 145°c for 4  h. A fte r  
th e  w a ter  h ad  b een  r e m o v e d , to lu en e  w a s  draw n from  the D e a n  Stark trap th e 

tem p era tu re  in crea sed  to  155°c. T h e reactio n  p ro ceed ed  for 8 h, a fter  the so lu tio n  
w a s  c o o le d  and filtered  to  r e m o v e  in o rgan ic  sa lts , th en  co a g u la te d  in  an  e x c e s s  rapid  
stirred  m e th a n o l, prior to dried  under va cu u m  at 60°c to c o n sta n t w e ig h t. T h e  
p rod u ct w a s  in th e  form  o f  lig h t  grey  p ow d er , (sc h e m e  2 )

S c h e m e  1.

S c h e m e  2 .
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3.3.1.4 Characterization o f maleimide-terminatedpoly(arylene ether 
sulfone) oligomers

a. Id e n t i f ic a t io n  o f  c o m p o s it io n  m a le im id e -te r m in a te d  p o ly ( a r y le n e  

e th e r  s u lfo n e )  o l ig o m e r s  w a s  c a r r ie d  o u t u s in g  F o u r ie r  T r a n s fo r m  In fra re d  

S p e c t r o s c o p y  ( F T - I R ) .

b. S tru c tu re  o f  m a le im id e -te r m in a te d  p o ly ( a r y le n e  e th e r  s u lfo n e )  

o l ig o m e r s  w a s  c a r r ie d  o u t  u s in g  'H - N M R  a n d  l3C - N M R .

3 . 3 . 2  P re p a r a t io n  o f  P o ly H I P E s  c o n ta in in g  m a le im id e - t e r m in a t e d

p o lv t a r y le n e  e th e r s u lfo n e )

3.3.2.1 Preparation o f PolyHIPEs containing maleimide-terminated 
poly(arylene ether sulfone)

T h e  c e l lu la r  m a te r ia ls  w e r e  p re p a re d  b y  f ir s t  d is s o lv in g  o r g a n ic  p h a s e  

c o n ta in in g  5  m l o f  D V B  m o n o m e r , 5  m l o f  to lu e n e , re q u ire d  a m o u n ts  o f  m a le im id e -  

te rm in a te d  p o ly ( a r y le n e  e th e r  s u lfo n e ) , an d  a  m ix tu r e  o f  n o n io n ic , a n io n ic , an d  

c a t io n ic  s u r fa c ta n ts : S P A N 8 0 ,  D D B S s ,  a n d  C T A B  w a s  a d d e d  to  th e  m ix tu r e , s t ir re d  

fo r  1 0  m in . W h ile  9 0  m l o f  d is t i l le d  w a te r  c o n ta in in g  0 .2  g  o f  p o t a s s iu m  p e r s u lfa te  

a n d  1 g  o f  c a lc iu m  c h lo r id e  d e h y d ra te d  w e r e  a d d e d  d r o p - w is e  to  th e  r e a c t io n  f la s k .  

A f t e r  a l l  th e  w a te r  h a s  b e e n  a d d e d , th e  e m u ls io n  w a s  fu r th e r  s t ir re d  fo r  2 0  m in  an d  

p la c e d  in  a  g la s s  b o tt le . T h e  o b ta in e d  e m u ls io n s  w e r e  c a p p e d  a n d  p u t in  a  c o n v e c t io n  

o v e n  at 70°c fo r  2 4  h  to  p o ly m e r iz e .  A f t e r  p o ly m e r iz a t io n , th e  c e l lu la r  m a t e r ia ls  

w e r e  r e m o v e d  fro m  th e  g la s s  b o tt le s  a n d  w a s h e d  b y  s o x h le t  e x t r a c t io n  fo r  6  h  w ith  

is o p r o p y l  a lc o h o l.  T h e n  th e  c e l lu la r  m a t e r ia ls  w e r e  re tu rn e d  to v a c u u m  o v e n  to  d r y  at 

80°c fo r  4 8  h.

3.3.2.2 Characterization o f polyHIPEs
C h a r a c te r iz a t io n  o f  th e  o b ta in e d  p o ly F I I P E s  w e r e  c h a r a c t e r iz e d  u s in g  

th e  f o l lo w in g  in s tru m e n ts .

a. T h e r m a l p ro p e r t ie s  c h a r a c t e r iz in g  o f  th e o b ta in e d  p o ly H I P E s  w e r e  

s tu d ie d  u s in g  T G / D T A .

b . M o r p h o l o g y  c h a r a c t e r i z i n g  o f  th e  o b t a in e d  p o l y H I P E s  w e r e  

s tu d ie d  u s in g  F E - S E M .

c. M e c h a n ic a l  p r o p e r t ie s  c h a r a c t e r iz in g  o f  th e  o b ta in e d  p o ly H I P E s  

w e r e  s tu d ie d  u s in g  L L O Y D .
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d. S u r fa c e  area a n a ly s is  o f  th e  o b ta in ed  p o ly H IP E s  w e r e  a n a ly z e d  
u s in g  A u to so r b -IM P .

e. C O 2  ad so rp tio n  p rop erties o f  th e  ob ta in ed  p o ly H IP E s  w e r e  carried  
u s in g  a  p ilo t  g a s if ic a t io n  un it at th e  D ep a rtm en t o f  C h em ica l T e c h n o lo g y , F a cu lty  o f  
S c ie n c e , C h u la lo n g k o r n  U n iv ers ity .
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