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Structural modification of polypropylene-Bijoypur white clay
(PP-BWC) composites
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\ | , s l r ; u i  P o ly p ro p y le n e -B i jo y p u r  W h ite  C la y  (P P -B W C ) com pos ites  w ere  p iepa rcd  at d if ie re n t c o iiip o s ih o n s  o f  PP and B W C  o f  Bangladesh
, , t \ i i i is io n  ic ch m c jiic  T h e  X - ra y  d ii t r u c u o n  (X R D )  s tud ies o l the P P -B W C  co m pos ites  revea l that the in le iis i iy  o l the ch a ra c te r is tic  le f le c lio n s  
,1 in \ (  iiu re a se s and th a t o f  PP decreases g ra d u a lly  as the B W C  p ro p o rtio n  m cieases The  apparent d o u b le t at 21 9" in  the X IU )  pa ttern  o f  PP 

MIL’ S iw o  d is t in c t  in te n s e  r c l lc c t io n s  in  the e o m p o s ile s  w ith  h ig h e i B W C  c o n c e n tra tio n s  The  fra c t io n a l c r y s ta l l in ity ,  /  o l the co m p o s ite s  
ili.iid scs  up to 23 (wr9? ) B W C  and th e n  inc reases. T h e  c ry s ta lli te  s i/e ,  t , vanes in  the o p p os ite  m anner to  tha t o f /  w ith  B W C  co n c e n tra tio n  
Ihc a iiiiliLa ie  a change in  the co m p o s ite  s truc tu re  It is seen tro m  In fra re d  ( IR )  spectroscop ic studies that the C -H  and C  C  bonds are a ffected  by 
1A\| li L.m be n o tic e d  f ro m  the  D i l le r c n t ia l  T h e rm a l A n a ly s is  (D T A )  and T h e rm o g ia v im e tn c  A n a ly s is  (T G A )  that the m e lt in g  Ic m p c ia tu ie  o f  
III! IiM iiposiics IS (o im d  to  change  Iro m  4 3 0  to  43,S K w ith  in c re a s ing  B W C  The change o l the m e lt in g  tem pera tu re , e xo ih e n n ie  peak tem perature  
iiul loss i 7 f ) w ith  B W C  c o n te n t in d ica te s  the m o d ilic a l io n  o l PP B W C  s iiu c iu re  w ith  B W C  c o n c c n tia lio n  w h ic h  supports the observations
f \k l)  and IR

KL\vs()rds P o ly m e r c o m p o s ite s . X R D , IR . I^ T A /T G A  
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I. Intniduction

\ U\yc  a n io u n l o f  w o r k  has b e e n  d e d ic a te d  lo  im p ro v e  ih e  
i^iojii'iik’s and q u a lity  o f  c o m p o s ite  m a te r ia ls  lo  m e e t e n g in e e r in g  
i -M ‘'i<‘*o ie iU s V a r io u s  t e c h n ic a l  d e m a n d s  o f  Ih c  m o d e r n  
U'Jiiinlogy o f  such  m a te r ia ls  d e p e n d  on  th e ir  s tru c tu ra l, e le c tr ic a l 

u p h c a l b e h a v io u r s .  A  s u r v e y  o f  l i t e r a t u r e  o n  th e s e  
‘'m|H)siics in d ic a te d  th a t a l th o u g h  a  lo t  o f  w o r k  has been  d o n e  

‘”1 p ic p a ra tio n  o f  p o ly m e r  c e ra m ic  c o m p o s ite s  b u t m o re  
on ilic  s tru c tu re  -- p r o p e r ly  r e la t io n  [ 11 o f  these m a te r ia ls  

needed to  e x p lo re  f o r  s u ita b le  a p p lic a t io n . T h e  in v e s tig a t io n  
*’■ tile s im c lu ra l p r o p e r t ie s  o f  p o ly m e r  c o m p o s ite  m a y  f in d  
P'li iieulai in ic re s i b e c a u s e  o f  th e ir  use in  e le c tro n ic  a p p lic a t io n s  
1-1 Several a u th o rs  h a v e  r e p o r te d  th e  s tru c tu re  an d  o p t ic a l  

b e h a v io u r o f  p o ly p ro p y le n e  (P P )  [3J, b ia x ia lly  o r ic n ie d  
3|, P o ly e th y le n e  [ 6 ]  a n d  o th e r  p o ly m e r s  [7 -9 J .  T h e  

"iteraciion o f  a d d it iv e s  w i t h  p o ly m e rs  m a y  re s u lt th e  fo rm a t io n  

a g g re g a te s  [ 1 0 - 1 1 ] .

"̂•̂ 'L’sp.MKling A u th o r

B ijo y p u r  w h ite  c la y  ( B W C )  is b e in g  used  in  c e ra m ic s ,  
in s u la lo rs  and  s a n ita ry  in d u s tr ie s . S e v e ra l a u th o rs  1 1 2 -1 4 ] ha ve  
re p o r te d  th e  c h e m ic a l  a n a ly s is  o f  B W C .  C h o w d h u r y  an d  
B h u iy a n  | 1 5 ]  e a rn e d  o u t an in v e s t ig a t io n  on  the s tru c tu ra l 
m o d if ic a t io n  o f  B W C  on heat tre a tm e n t at h ig h  te m p e ra tu re  and  
fo u n d  that B W C  m o d if ie s  on heal tre a tm e n t to  a p o s s ib le  m u llite  

p h a s e .

T h is  w o rk  is an a tte m p t to  e lu c id a te  the s tru c tu ra l p ro p e rtie s  
o f  P P - B W C  c o m p o s ite s  u s in g  X - r a y  D if f r a c to m e lry  ( X R D ) ,  
In fra re d  ( I R )  s p e c tro s c o p y  an d  D i l f e r e n t ia l  T h e n i ia l  A n a ly s is  
( D T A )  and  T h e rm o g ra v im e lr ic  A n a ly s is  ( T G A ) .  F ro m  X R D  and  
D T A /T G A  th e  c ry s ia l l i lc  s ize , c ry s la l l in i ly ,  e x o th e rm ic  peak  
te m p e ra tu re s  in  th e  D T A  an d  c o rre s p o n d in g  w e ig h t  losses  

o b s e rv e d  in  th e  T G A  tra c e  o f  d if fe re n t  c o m p o s ite s  h a v e  b een  
d e te r m in e d . T h e  I R  s p e c tro s c o p ic  a n a ly .sc s  w e re  d o n e  to  

s u b s ta n tia te  the X R D  o b .s erv a lio n s .
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2. Theory

2. /  X - r a y  d i j f r a c t o m e t r y  ( X R D )  :

T h e  B ra g g  c q u a iio n  fo r  th e  f irs t  o rd e r  d i f f r a c t io n  is

dhti  =
2  s in  6 ( 1)

w h e r e  df̂ f̂ f is th e  in t c r p la n a r  s p a c in g , 0  is th e  a n g le  o f  

d if f r a c t io n ,  A  is th e  w a v e le n g th  o f  th e  X - r a y  ra d ia t io n .

T h e  f ra c t io n a l c r y s ta l l in ity ,  . is e x p re s s e d  as

(2)

w h e re  /  is th e  to ta l a re a  a t t r ib u ta b le  to  c ry s ta l l in e  d i f f r a c t io n  
(w h ic h  in c lu d e s  th e  are as  o l a l l c ry s ta l l in e  p e a k s ), is the a re a  
u n d e r  th e  a m o rp h o u s  c u rv e .

T h e  c r y s ta l l i te  s i /e  w a s  c a lc u la te d  u s in g  S c h e rre r 's  re la t io n
[ lb ] .

t  =
K k  

P e n s (3 )

10 PP;x BWC where jc = 1,2,3.4,5. The samples are represented
as

S a m p le  A  B

d e s ig n a t io n

C o m p o s it io n  P P  B W C  1 0 : 1  1 0 : 2  1 0 : 3  1 0 :4 10.5

w h e re  t is th e  c r y s ta l l i te  s ize  th a t is p e rp e n d ic u la r  to  th e  hk l  

p la n e , p , the  p e a k  w id th  at fu ll  w id th  h a lf  m a x im u m  ( F W H M )  in  

ra d ia n s  an d  is th e  B ra g g  a n g le . T h e  c o e f f ic ie n t  K  n o rm a lly  
ta k e s  a v a lu e  c lo s e  to  0  9 .

2 . 2  I n f r a r e d  i l R )  s p e c t r o s c o p y  :

In  the IK  s p e c tro s c o p y  in te n s ity  o f  a b s o rp tio n  o r  tra n s m is s io n  
IS d i r e c t ly  p r o p o r t io n a l  to  th e  e n e r g y  o f  th e  v ib r a t io n  o f  
m o le c u le s . B a n d  in te n s itie s  a re  e x p re s s e d  e ith e r  as tra n s m is s io n  
(7  ) o r  a b s o rp tio n  ( A ) .  T r a n s m it ta n c e  is th e  ra t io  o f  th e  ra d ia n t  
p o w e r  t ra n s m it te d  b y  a s a m p le  to  th e  ra d ia n t  p o w e r  in c id e n t on  
th e  s a m p le . A b s o rb a n c e  is th e  lo g a r ith m  to  th e  base 10  o f  th e  
re c ip ro c a l o f  th e  tra n s m it ta n c e , i .e.  A  =  log j^^C I/T ).

3. Experimental details

3 .1  S a m p l e  p r e p a r a t i o n  :

C o m p o s ite s  used in  this w o rk  w e re  p rep ared  fro m  P P  ( N O V O L E N  
1 lO O L  2 5 1 (X )2 5 , B A S E , G e rm a n y , d e n s ity  =  9 0 0  k g / m \  m e lt in g  
te m p e r a tu re  =  3 3 8 K ,  g la s s  t r a n s it io n  te m p e r a tu re  =  2 7 0 K )  

R e fr a c t iv e  in d e x , =  1 .3 , M o le c u la r  w e ig h t ,  =  I8 4 7 (X )  

g /m o le )  a n d  th e  u n c o m p r e s s e d  h a rd  a n d  s o lid  B W C  w a s  
c o lle c te d  f r o m  th e  m in e  a t B i jo y p u r ,  N e tra k o n a , B a n g la d e s h . T o  
c o lle c t  th e  s a m p le  in  th e  fo rm  o f  h a rd  lu m p s , o v e rb u rd e n  o f  
a b o u t 5  m  th ic k n e s s  w a s  re m o v e d . T w o  k i lo g ra m  o f  B W C  lu m p s  
w a s  m a n u a l ly  c ru s h e d  in to  c o a rs e  p o w d e r  u s in g  m o r ta l an d  
p e s tle  an d  B W C  p o w d e r  w a s  th e n  s ie v e d  th ro u g h  a 2 0 0  m e s h  
s ie v e . A t  f ir s t  f iv e  b a tc h e s  w ith  d if fe re n t  c o m p o s it io n s  o f  P P  
a n d  B W C  p o w d e r  w e re  p re p a re d  a c c o rd in g  to  th e  fo r m u la  a re

T h e  d i f f e r e n t  m ix tu re s  w e re  m ix e d  d u r in g  passing ihrough 
an  e x tru s io n  m a c h in e . T h e  m o lte n  m a te r ia l w as  co llec ted  through 
th e  d ie  in  th e  fo r m  o f  ro d . T h e  ro d s  w e r e  c o o le d  in  a w ater hath 
d u r in g  c o lle c t io n . T h e s e  w e re  th e n  c u t b y  a  h a c k s a w  lo pellets 
T h e  p e lle ts  w e re  th e n  p o lis h e d  b y  a m e ta llo g ra p h ic  polishci 
( M S P - 2  o f  S h im a d z u  S c ie n t if ic  In s tru m e n t C o m p a n y  L td  Jap;ui) 
T h e n  th e  c o m p o s ite  p e lle ts  w e r e  p re s s e d  u s in g  a hydraulu  
p re s s in g  u n it  a t a p re s s u re  o f  3 4  M P a  a t 3 9 8  K  fo r  fiv e  ininuiLs 
T h e  s a m p le s  w e re  th e n  s to re d  m  a d e s s ic a to r . A  pure PP and 
B W C  sa m p le s  w e re  a lso  p re p a re d  fo l lo w in g  the sam e piixedurc

3 . 2  M e a s u r e m e n t  t e c h n i q u e s  :

A n  X - r a y  d if f ra c to m e te r  (M o d e l  J D X - 8 P )  o f  J E O L I J D . ,  Tnkyo 
Ja p an  w a s  u s ed . 77 ic  ta rg e t  is Cuk^^ a n d  th e  w a v e lc n iih  ol X 
ra y  ra d ia t io n  is 1 .5 4 1 8 A .  T h e  X R D  p a tte rn s  o f  the sanipk^ 
m e n tio n e d  in  S e c tio n  3 .1  w e re  re c o rd e d  as a ru n c tm n  ol 
f r o m  3 to  73^’ u s in g  th e  a b o v e  m e n t io n e d  d if fra c to m e te r

T h e  I R  s p e c tra  o f  a l l  th e  s a m p le s  a t ro o m  tcrnperatu ic  wcu 
re c o rd e d  in  th e  w a v e  n u m b e r  re g io n  4 0 0 -4 0 (X )  cm  ' using an IK 
4 7 0  d o u b le  b e a m  s p e c tro p h o to m e te r  o f  w Shim ad/u Corpniainm  
Ja p an

A l l  D T A  an d  T G A  scans w e re  ta k e n  fro m  3 (X )-8 ()0  K m an ai 
th e  h e a tin g  ra te  1 O K /m in .  D T A  w a s  p e r fo rm e d  us ing  ShmiaJ/u 
m ic r o  D T A  sy s te m  m o d e l D T 5 0 ,  S h im a d z u  C o rp o ra tio n . Japan 
M e t t le r  M 3  b a la n c e , T G  5 0  fu rn a c e  an d  m ic ro p io c cs so r IA 
3 (X )0  s y s te m  w e re  u.scd fo r  T G  a n a ly s is .

4. Results and discussion

4 . /  X R D  a n a l y s i s  :

X - r a y  d if f r a c t io n  p a tte rn s  o f  th e  s a m p le s  A ,  B , C , ,  C^, C a n d  
C ^ a rc  p re s e n te d  in  F ig u r e  1. T h e s e  d if f r a c t io n  pattern'' ari 
re p re s e n te d  r e s p e c t iv e ly  b y  d if f r a c to g r a m s  a, b, c, d, c, I and 
T h e  d e ta ils  o f  th e  X - r a y  scans ( 2 6  an d  d ^ ^ )  are dcpiclcd m 

T a b le s  1 an d  2 .

F r o m  th e  X R D  p a tte rn  o f  s a m p le  A  (P P ) ,  i t  is observed ihai 

th e  in te n s e  d i f f r a c t io n  m a x im a  a p p e a r  a t th e  2 6  values of 
1 T \  1 8 .6 ' \  2 1 .9«, 25.6*", 29.4*^, etc .  T h e s e  va lu e s  are matched vci\ 
c lo s e ly  w ith  th e  v a lu e s  re p o r te d  b y  s e v e ra l authors [17, 181 
in d ic a t in g  th a t  th e  P P  u s ed  in  th is  e x p e r im e n t  is isoiaclic Tht 
X - r a y  scan s  o f  P P  in d ic a te  m o n o c lin ic  a  fo r m  crystallites with 
s o m e  p e a k s  a b s e n t. T h e  a b s e n c e  o f  s o m e  p e aks  cou ld  be dû  ̂
o r ie n ta t io n  o f  th e  c r y s ta l l in e  p h a s e  [ 1 9 ] .  T h e  firs t very 
p e a k  a ro u n d  7 . 2 ” m a y  b e  d u e  lo  th e  d e fe c ts  b e tw e e n  cryslalld^ 
in  f ib r i ls  o r  re g io n s  b e tw e e n  th e  f ib r i ls ,  a n d /o r  imperfections m

10 
bioad

%
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lah k  1. 20 and sam ples A (PP ) and  B (BW C).
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P P B W C

T ab le  2. S um m ary  o f  the  p eak  in ten siu e s  o f  X R D  patterns o f  PP-B W C  
c o m p o s ite s .
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4 8  8
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4 4 4 0  
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3 3 2 0  

2 .4 5 5  

2 3 7 0  

2 2 8 6  

2 .1 3 2  

1 981

ihL ordered p h a se , to g e th e r  w ith  b a c k g ro u n d  n o is e  a t the lo w
diltraelion an g le s .

20 C, C.
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•■‘Uwru I. The XRD p atte rn s o f  all the sam p le s rep resen ted  by A (P P), a;
HiHWC, h . C , , c ; C , . d . ; C , . c ; C . . f ; n n d  C „  g.

I hi‘ X R D  pattern of the sample B (BWC) shows the m a m  

()| dii fraction peaks at the 26 values of 12.6”, 20”, 21", 
'• ’ X". 36.6", 38”, 39.4”, 42.4”, 45.8", 55". The XRD analysis

presence of kaolinitc (7.03,3.56 and 1.45 A), silicon 
(4 4 4 ,2.44 and 1 .45 A ) ,  iron oxide ( 1 .67,1 .38 and 1 .28 A),

V L  Very large, L -  la ig c , M -M e d iu m , S -S m a ll.  V S -V e ry  .small

p o ta s s iu m  a lu m in iu m  s ilic a te  h y d ro x id e  ( 4  9 3 . 3 .5 6 , 2 .5 3  and  
2 .3 7 A ) , a lu m in iu m  silicate ( 9 . 6 1 and 4 .4 4 A ) , etc. V ery  sm all aiiKJunl 
o f  o x id e s  o f  p o ta ss iu m , c a lc iu m , s o d iu m , etc. m a y  also  be present 
as re p o rte d  b y  B is w a s  an d  B a s a k  [ 121 an d  C h o w d h u ry  and  
B h u iy a n  [151.

T h e  X R D  p a tte rn s  o f  sa m p le s  C ,  to  c o n ta in in g  d if fe re n t  
a m o u n t o f  B W C  s h o w n  in F ig u re  1 e x h ib it  m o s t o f  the m a jo r  

c h a ra c te r is t ic  rc H e c tio n s  p res en t in  the X R D  p a tte rns  o f  P P  and  
B W C .  I t  is o b s e rv e d  th a t th e  in te n s ity  o f  the c h a ra c te r is tic  

re f le c t io n s  ( 2 0 =  1 2 .6 ^  2 ()‘\  2 V \  2 5 ^  2 6 .8 ^  e tc )  o f  B W C  are  

in c re a s in g  an d  th a t o f  P P  ( 2 0  =  1 4 ^  17", 18 .6" , 2 1 .9 " , 2 5  6", 
2 9 .4 " , e tc )  a re  d e c re a s in g  g ra d u a lly  as th e  B W C  p ro p o rtio n  

in c reas es  (T a b le  2 ) .  T h e  a p p a re n t d o u b le t  at 2 0  =  2 1 .9 "  in  the  

X R D  p a tte rn  o f  P P  b e c o m e s  a c le a r  d o u b le t  an d  ap p ears  as tw o  
d is t in c t  in te n se  re f le c t io n s  (T a b le  2 )  in  case o f  be co m e s  a c le a r  
d o u b le t  an d  ap p ea rs  as tw o  d is t in c t  in te n se  re f le c t io n s  (T a b le  
2 )  in  case o l c o m p o s ite s  w ith  h ig h  B W C  c o n c e n tra tio n s  T h e s e  
v a r ia tio n s  in  the X R D  re llc c t io n s  in d ic a te  a d e fin ite  e ffe c t  o f  

B W C  in  th e  P P  s tru c tu re .

T h e  fra c t io n a l c r y s ta l l in ity , /^ ,  w as  c a lc u la te d  u s in g  the cq  
( 2 )  fro m  the X R D  p a tte rn s  o f  A ,  B , an d  co m p o s ite s  C ,  to  
s a m p le s . T h e  c ry s ta l lite  s ize , /,  w as  c a lc u la te d  u s in g  cq . (3 ) .

T h e  v a ria tio n s  o f  A  and t as a 1 u n c tio n  o f  B W C  co n ce n tra tio n  
a re  p re s e n te d  in  F ig u re  2 . I t  is  o b s e rv e d  t h a t / ,  decreases up  to  
2 3  (w t % )  B W C  and then  in c reas e  and t varies  in oppo site  m a n n er  
to  th a t o f /  w ith  B W C  c o n c e n tra tio n . T h is  k in d  o f  b e h a v io u r  
w a s  a ls o  o b s e rv e d  in  th e  m e ta l f i l le d  P P  c o m p o s ite s  [1 6 ]  and
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p o ly p r o p y le n e /s ly r e n e - e ih y le n c  b u ty le n e -s ty r e n e  t r ib lo c k  

c o p o ly m e r  b le n d s  | 20 ].

11

10

9

8

7 l

6

5

F ig u re  2. The  c r y s ia ll in i iy ,  /  , and c iy s la l l i ie  s i/e , ^  o l a ll ih c  sam ples 
The  sam ples d e s ign a iio n s  arc as m F igu re  1

4 . 2  I n f r a r e d  ( IR )  s p e c t r o s c o p y  .

T h e  TR s p e c tra  o f  a l l  th e  s a m p le s  a rc  s h o w n  in F ig u re  3 . T h e  IR  
s p e c tra  fo r  th e  s a m p le s , A ,  B  an d  c o m p o s ite s  C j  to  arc  
re p re s e n te d  as a, b , c, d , c , f  an d  g , re s p e c tiv e ly .

F ig u r e  3 . T h e  IR  sp e c tra  o f  a ll the  sam p les . T h e  sa m p le s ' d e s ig n a tio n s  
are as m F igu re  I

In  th e  s p e c tru m  a  fo r  PP, it is o b s e rv e d  th a t th e re  is a  b ro a d  
b a n d  a ro u n d  3 0 0 0  c m '*  w h ic h  m a y  be a s s ig n ed  to  C - H  s tre tc h in g  
in  a lk a n e . T h e  a b s o rp tio n  b a n d s  at 1 4 4 6  an d  13 6 5  c m “ ‘ m a y  b e  
d u e  to  th e  p re s e n c e  o f  C H ^  g r o u p  in  p o ly p r o p y le n e .  T h e

a b s o rp tio n  b a n d  a t 1 2 51  c m ''*  m a y  b e  d u e  to  th e  C -H  out oj 
p la n e  b e n d in g . T h e  a b s o rp tio n  b a n d  a t 9 9 5  c m “ ‘ m a y  be assigned 
to  C - C  s tre tc h in g  a n d  8 3 8  a n d  8 0 6  cm "^ a b s o rp tio n  bands arise 
d u e  to  th e  p re s e n c e  o f  C - H  r o c k in g  g ro u p . T h e  ab sorption  bands 
8 9 7 , 9 9 5 , 1 1 6 3  an d  1 2 5 3  c m '^  a re  th e  c h a ra c te r is t ic  o f  isoiacu^ 
p o ly p ro p y le n e  [ 4 ] ,  T h u s , th e  I R  s p e c tru m  is w e ll  m atched wuh 
th e  re p o rte d  IR  s p e c tru m  o f  is o ta c tic  p o ly p ro p y le n e  CKccpi lui 
fe w  e x tra  b an d s.

T h e  m a jo r  a b s o rp tio n  b a n d s  in  th e  IR  s p e c tru m  b for sampii. 
B W C  arc  s u m m a r iz e d  in  T a b le  3 . T h e  s p e c tru m  b shows a cIosl- 
s im i la r i t y  to  a s ta n d a rd  k a o l in i t e  [ 21 , 22 ] a lo n g  w iili  
a b s o rp tio n  bands. T h e  m in o r  d e p a r tu re  in  th e  ab sorp tion  Icaiuics 
o f  th is  c la y  w ith  th a t o f  s ta n d a rd  k a o lin ite  m a y  be attribured lo 
th e  v a r ia t io n  o f  k a o l in i t e  c o n te n t ,  d e g re e  o f  c ry s ia lim iiv  
p re s e n c e  o f  o th e r  c o n s titu e n ts , e tc .

T a b le  3. T he  IK  a b so rp tio n  bunds o f  the m a jo r consiiu ient.s ol sainpk p 
(B W C )

C o n s titu e n ts  o f  B W C

K a o l in i te  

S il ic o n  o x id e

W ave n u m b e r ( c n r ‘ )

6 9 1 .9 1  1, lOO.S, 1031, 1 1 IS'^ U,r)0 

7 6 8 , 7 9 0 , 93.S i

In  the I R  s p e c tra  c lo  g fo r  c o m p o s ite s  C ,  lo  rc .spcam  h 
g iv e n  in  F ig u re  3 , it  is o b s e rv e d  th a t a l l  th e  co m p o s ites  evhihii 
a ll the m a jo r  c h a ra c te r is t ic  I R  b a n d s  o f  P P  a n d  so m e new  peaks 
T h e  o v e ra ll  t r a n s m ilia n c c  decrca.scs w ith  in c re a s in g  B W ( ’ '[\k 

a d d it io n  o f  B W C  re s u lts  in  th e  a p p e a ra n c e  o f  a band ai 
c m " ' c o n e s p o n d m g  lo  k a o l in i t e  th e  in le n s i ly  o l w h id i h 
in c re a s e d  w ith  ih e  in c re a s e  o f  B W C  c o n c e n tra t io n . The baiuK 
at 9 9 5  an d  1 1 6 3  c m " *c o rre s p o n d in g  to  C - C  decreases gradiialb 
an d  th e n  d is a p p e a r  fo r  h ig h e r  c o n c e n tra t io n  o f  B W C  llic 
a b s o r p t io n  b a n d  a t 8 3 8  c m  ' fo r  C - H  d e c re a s e s  u ith  ilu 
in c re a s in g  p e rc e n ta g e  o l B W C .  I t  is seen  th a t the C -H  and ( C 
b o n d s  a re  a f fe c te d  by  th e  in c re a s in g  a m o u n t o l B W C ' in IT  
w h e re a s  the C H ,  b o n d  is no t a f fe c te d  b y  th e  a d d itio n  td  BWC 
T h u s  th is  o b s e rv a tio n  s u b s ta n tia te d  th e  X R D  observa tion  whkli 
re f le c ts  a v a r ia t io n  in  th e  P P  s tru c tu re  o n  in c lu s io n  ol BWC.

4 . J  D i f f e r e n t i a l  t h e r m a l  a n a l y s i s  a n d  t he rmo f f ra v i nu ' i m  

a n a l y s i s  :

T h e  D T A  an d  T G A  trac es  o f  the s a m p le s  A ,  B ,  C , , C 4
a re  p re s e n te d  in  F ig u re  4  (a * g ) .  T h e  D T A  ih c m io jita in  ol 

s a m p le  A  (P P )  s h o w s  an  e n d o th e rm ic  p e a k  a t ab o u t 4.H) K and 
tw o  e x o th e rm ic  p e a k s  a t a b o u t 5 5 0  a n d  6 3 5  K . T h e  endoilicimiL 
p e a k  a t a b o u t 4 3 0  K  is d u e  lo  th e  m e lt in g  o f  P P  [2 3 | 1 he ivn<̂ 
e x o t h e r m ic  p e a k s  a t  5 5 0  a n d  6 3 5  K  m a y  be  related m 
d e h y d ro g e n a t io n  a n d  o x id a t iv e  re a c t io n . T h e  corresponding 
T G A  tra c e  f ro m  ro o m  te m p e ra tu re  to  7 7 3  K  sh ow s a gradual 
w e ig h t  lo s s  u p  to  a b o u t 5 0 5  K ,  a  s te p  w e ig h t  loss betw een  50^ 

a n d  6 5 0  K  an d  th e n  a  s m a ll  w e ig h t  loss  a b o v e  6 5 0  K . T h e  fCiA 
tra c e  c a n  b e  d iv id e d  in to  th re e  re g io n s  e a c h  associated win  
d if fe r e n t  ra te  o f  w e ig h t  loss. T h e  a m o u n ts  o l  w e ig h i losses ai 

th e  th re e  re g io n s  a rc  a b o u t 1 0 , 81 a n d  7 % . T h e  firs t region 0
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h l'iin *  A. I he D T A  a nd  T G A  (ra ce s  o l a l l ih c  sa m p le s  T h e  sa m p le s '
‘Il'mlmi.iIuiiis aie as in  F ig u re  I.

w e ig h i loss fro m  ro o m  te m p e ra tu re  to  5 0 5  K  m a y  be du e  p r im a r ily  
to  th e  e x p u ls io n  o f  a b s o rb e d  w a te r  an d  o th e r  gaseo us sp ecies. 
T h e  D T A  e n d o th e rm ic  p e a k s  c o rre s p o n d in g  to  m e lt in g  o f P P  in  
th is  re g io n  su p p o rts  th is  a rg u m e n t. T h e  se co n d  re g io n  o f  w e ig h t  
loss, f ro m  5 0 5  to  6 5 0  K  c o u ld  b e  re s p o n s ib le  lo r  m a jo r  th e rm a l  
d e g ra d a t io n  o f  th e  p o ly m e r  as th e  D T A  tra c e  e x h ib its  tw o  
e x o th e rm ic  p e a k s  m  th is  re g io n . T h e s e  m a y  b e  as so c ia te d  to  
tw o  d i l fc r c n l  typ e s  o f  re a c tio n . T h e  f irs t  w id e  e x o th e rm  m a y  be 
a ttr ib u te d  m a in ly  to  the d e h y d ro g e n a tio n  o f  the  p o ly m e r  to g e th e r  
w ith  s o m e  o x id a t iv e  re a c tio n s . T h e  s e co n d  s h arp  e x o th e rm ic  
p e a k  m a y  be re la te d  to  o x id a t iv e  th e rm a l b re a k d o w n  o f  the  
p o ly m e r  b a c k b o n e . T h e  th ird  re g io n  o f  w e ig h t  loss a b o v e  6 5 0  K  
m a y  be ca u se d  b y  fu r th e r  o x id a t iv e  th e rm a l b re a k d o w n  o f  th e  
p o ly m e r  b a c k b o n e .

T h e  D T A  th e r m o g r a m  o f  s a m p le  B  ( B W C )  s h o w s  an  
e n d o th e rm ic  p e a k  at a b o u t 7 7 3  K . T h e  e n d o ih c rm ic  p e a k  is 
a ttr ib u te d  to the e x p u ls io n  o f w a te r  o f  c ry s ta lliz a t io n  o r in te r la y e r  
w a te r  [151. T ltc  c o n e s p o n d in g  T G A  U ace fro m  ro o m  tem p e ra tu re  
to  8 7 3  K  s h o w s  a g r a d u a l w e ig h t  lo s s  a r o u n d  th e  D T A  
e n d o lh e rm

T h e  D T A  an d  ' I 'G A  trac e  o f  c o m p o s ite  sa m p le s  C ,  to  arc  
sh o w n  in F ig u re  4  (c -g ) .  T h e  D T A  th e rm o g ra m s  sh o w  a c o m m o n  
e n d o th e rm ic  p e a k  b e tw e e n  4 3 0 - 4 3 5  K  w h ic h  a re  a ro u n d  th e  
m e lt in g  te m p e ra tu re  o f  P P  as o b s e rv e d  in F ig u re  4  (a ) . T h e  
e x o th e rm  d tn ib ic t is re d u c e d  g ra d u a lly  to  a s h arp  e x o th e rm ic  
p e a k  c o rre s p o n d in g  to  the h ig h  te m p e ra tu re  e x o th e rm  m  the  
D T A  o f  P P  F ig u re  4 (a )  w ith  the in c re a s in g  a m o u n t o f  B W C  in  
th e  c o m p o s ite s .  T h e  e n d o t h e r m ic  a n d  e x o t h e r m ic  p e a k  
tem p era tu re s  and  w e ig h t loss ( % )  fo r  a ll th e  sam p les  are d e p ic te d  
in T a b le  4 . I t  is seen that the m e lt in g  Ic n ip c ra lu rc  increases s lig h tly  
w ith  the a d d it io n  o f  B W C  up to  2 3  ( w t % )  an d  then  re m a in s  
u n c h a n g e d . T h is  m a y  be a ttr ib u te d  to  th e  fo rm a t io n  o f  p o ly m e r  
B W C  a g g lo m e ra te s  in the  c o m p o s ite s  an d  the  a g g lo m e ra tio n  
m a y  a tta in  a sa tu ration  a fte r  2 3  (w t% ) .  T h e  increase o fe x o lh c n T iic  
peak  tem p era tu re  w ith  g rc a le r  in te n s ity  al.so im p lie s  the fo rm a tio n  
o f  a g g lo m e r a te s  in  th e  P P - B W C  m a t r ix .  A s  a re s u lt  th e  
d e g ra d a tio n  o f  the m a tr ix  an d  e v o lu t io n  o f  the d if fe re n t  gases  
ta k e  p la c e  at h ig h e r  te m p e ra tu re s  at a  t im e . I t  is seen th at the  
m a in  loss has ta k e n  p la c e  in  th e  m id d le  re g io n . I t  is o b s e rv e d

T a b ic  4 . T h e  B n d o th e r in ic  and E x o ih c rm ic  peak tc m p e ia tu ie s  in  D T A  and the w e ig h t loss (% ) ca lcu la te d  
I ro m  T G A  traces  fo r  a ll the  sam ples.

S am p le s E n d o th e rm ic E x o th e rm ic W c ip h l loss ( % )  111 the m am  le g m n

p e a k  te m p e ra tu re  ( K ) peak tc m p e ra iu ic  t K ) T e m p e ra tu re  
(K )  re g io n

W e ig h t loss (% )

A 4 3 0 550  and 635 5 0 5 -6 5 0 81 50

B 7 7 3 7 3 5 - H75 1 1 0 0

4 3 0 5 6 0  and 645 5 1 0 - 6 5 0 8 8 .0 0

C , 4 3 3 6 4 7 4 9 0 - 6 6 5 H 5 .0 0

C . 4 3 5 651 5 1 0 -6 5 5 8 4  0 0

C . 4 3 0 6 5 6 5 0 6 -6 5 6 7 7 .0 0

C , 4 3 0 6 4 8 4 9 7 -6 5 7 7 4  0 0
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th a t a lth o u g h  the  w e ig h t  loss le m p c ra lu re  re g io n  is a lm o s t sa m e , 
th e  w e ig h t  loss d e c re a s e s  w ith  th e  a d d it io n  o I B W C  in  P R  I t  is  

seen  in  F ig u re  4 ( b )  th a t th e  w e ig h t  loss fo r  B W C  in  d if fe re n t  

te m p e ra tu re  ra n g e s  is less as c o m p a re d  to  th a t o f  P R  T h u s , th is  
m a y  be o n e  o f  th e  reaso n s o f  re d u c e d  w e ig h t  loss as the  a m o u n t  

o f  B W C  in c re a s e s  in  th e  c o m p o s ite s . T h e s e  res u lts  c o rro b o ra te  
th e  o b s e r v a t io n  o f  s t r u c tu r a l  c h a n g e  in  th e  X R D  a n d  I R  

in v e s tig a t io n s  d is c u s s e d  e a r lie r .

5. Conclusions

A n  a n a ly s is  o f  th e  X R D  p a tte rn s  o f  th e  P P - B W C  c o m p o s ite s  

re v e a ls  th at th e  in te n s ity  o f  the  c h a ra c te r is tic  re f le c t io n s  o f  B W C  

in c re a s e s  an d  th a t o f  P P  d e c re a s e s  g ra d u a lly  w ith  B W C .  T h e  

a p p a re n t d o u b le t  at 2 1.9 " in  the X R D  p a tte rn  o f  P P  is c h a n g e d  to  

se p ara te  in te n se  re f le c t io n s  in the  c o m p o s ite s  in  the h ig h e r  B W C  

c o n c e n tra tio n . T h e  o f  the c o m p o s ite s  d ecreases up  to 2 3  ( w t % )  

B W C  an d  th en  in c re a s e s . T h e  t  v a rie s  in the o p p o s ite  m a n n e r  to  

th a t o f w i t h  B W C  c o n c e n tra t io n . T h e s e  o b s e rv a tio n s  in d ic a te  

a d e f in ite  e f fe c t  o f  B W C  on  the  P P - B W C  s tru c tu re . T h e  o v e ra ll  

IR  t ra n s m itta n c e  o f  th e  c o m p o s ite s  d e crea ses  w ith  in c re a s in g  

B W C . I t  is seen  f r o m  I R  s p e c tro s c o p ic  s tu d ies  th a t the C - H  an d  

C - C  b o n d s  a re  a f fe c te d  by B W C .

T h e  m e lt in g  te m p e ra tu re  o f  the  c o m p o s ite s  is fo u n d  to ch an g e  

fro m  4 3 0  to  4 3 5  K  on  B W C  in c lu s io n . T h t  e x o th e rm s  a io u n d  5 5 0  

an d  6 3 5  K  in  the  D 7 A  tra c e  o f  P P  an d  c o rre s p o n d in g  w e ig h t  
loss o b s e rv e d  in  th e  T G A  tra c e  m a y  be d u e  to  d e h y d ro g e n a tio n  

a c c o m p a n ie d  b y  s o m e  o x id a t iv e  re a c tio n . T h e  c h a n g e  o f  the  

m e lt in g  te m p e ra tu re , e x o th e r m ic  te m p e ra tu re  an d  w e ig h t  loss  

( % )  w ith  B W C  c o n te n t in d ic a te  the m o d if ic a t io n  o f  P P - B W C  
s t r u c t u r e  d u e  to  in c lu s i o n  o f  B W C  t h a t  s u p p o r t s  th e  
o b s e rv a tio n s  o f  X R D  an d  IR  s tu d ies .
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