
CHAPTER I 
INTRODUCTION

A n y  m a ter ia l c o n s is t in g  o f  m o re  th an  a s in g le  p h a se  ca n  ju s t i f ia b ly  b e  
d e sc r ib e d  a s  a “c o m p o s ite  m a ter ia l” . In p la s t ic s  t e c h n o lo g y  th e  term  is  u su a lly  
r eserv ed  fo r  tw o -p h a s e  s y s te m s  c o n s is t in g  o f  a r e in fo r c in g  f ib r o u s  m a ter ia l, 
w h ic h  is  u su a lly  in o r g a n ic  b u t w h ic h  m a y  b e  p o ly m e r ic , d isp e r se d  in  a 
c o n tin u o u s  p o ly m e r ic  m a tr ix  (C o p e , 1 9 9 2 ).

C o n v e n tio n a l c o m p o s it e s  s c ie n c e  and  e n g in e e r in g  h a s  c o n cen tra ted  
u p o n  m a k in g  p ro d u c ts  o f  h ig h  r ig id ity , stren gth , im p a c t stren gth  (r e s is ta n c e  to  
m e c h a n ic a l sh o c k )  and  o fte n  r e s is ta n c e  to  h ig h  tem p era tu re  a s  w e ll .  T o  d o  
th is , s c ie n t is ts  fir st s e le c t  a  p o ly m e r ic  m a tr ix  o f  h ig h  r ig id ity  and  h ea t  
r e s is ta n c e . O r ig in a lly  h ig h ly  c r o s s lin k e d  th e rm o se t r e s in s  w e r e  u se d  b u t n o w  
th e r m o p la s t ic s  o f  h ig h  m o le c u la r  r ig id ity  a n d /o r  c r y s ta ll in ity  are a lso  u sed .

T h e y  n e x t  s e le c t  a  r e in fo r c in g  fib er , w h ic h  th e y  d isp e r se  th ro u g h o u t  
th e  p o ly m e r ic  m a tr ix  to  in c r e a se  its  r ig id ity  and  s tren g th  s t il l  further, and  
e s p e c ia l ly  to  add  im p a c t stren gth , w h ic h  is  o fte n  la c k in g  in  su ch  r ig id  
m a tr ix es . A m o n g  th e  sev era l g la s s - fo r m in g  c o m p o s it io n s  u se d  to  m a n u fa ctu re  
r e in fo r c e m e n ts  fo r  c o m p o s ite s , E -g la s s  is  th e  m o st  in d u str ia lly  im p ortan t.

T h e  h ig h  p e r fo r m a n c e  o f  su ch  c o m p o s it e s  r e su lts  fr o m  th e  u n iq u e  
in tera c tio n  b e tw e e n  p o ly m e r ic  m a tr ix  an d  r e in fo r c in g  fib er . W h e n  m e c h a n ic a l  
stre ss  is  a p p lie d  to  th e  c o m p o s ite , it  sp rea d s  u n ifo r m ly  th ro u g h  th e  m a tr ix  u n til  
it  r e a c h e s  a m a tr ix -f ib er  in te r fa c e . I f  th e  in te r fa c e  is  w e l l  b o n d e d , th e  s tre ss  is  
tran sferred  a c r o ss  it  in to  th e  fib er , and  th en  sp rea d s r a p id ly  th ro u g h o u t th e  
fib er . W h en  it  e x it s  fro m  th e  f ib e r  su r fa c e  at a n o th er  f ib e r -m a tr ix  in te r fa c e , i f  
it  i s  w e l l  b o n d e d , th e  s tre ss  is  a g a in  tra n sferred  to  th e  m a tr ix , an d  th e  p r o c e s s  
c o n tin u e s  in  th is  w a y . O n  th e  o th er  h an d , i f  th e  f ib er /m a tr ix  in te r fa c e  is  w ea k , 
th e  c o m p o s ite  w i l l  h a v e  lo w  stren gth  and  b e  w o r th le s s .
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T h e  c o m p o s ite  th en  i s  s e e n  to  c o n s is t  o f  v er y  s tro n g  f ib e r s  e m b e d d e d  
in  a p o ly m e r ic  m a tr ix . T h e  p u r p o se  o f  th e  f ib e r s  is  to  e n h a n c e  th e  lo w  
s t if fn e s s  and  stren gth  o f  th e  p o ly m e r ic  m a tr ix  w h ile  th e  m a tr ix  se r v e s  to  
m a in ta in  f ib e r  p o s it io n  an d  o r ien ta tio n , tra n sm it sh ea r  fo r c e , p ro te c t th e  f ib e r  
su rfa ce  and  tra n sfer  lo a d s  to  th e  r e in fo rc e m e n t. F or  th e se  r e a s o n s  fib er -m a tr ix  
a d h e s io n  is  e s se n t ia l.

T h u s  g rea t re sea rch  e ffo r ts  h a v e  b e e n  e x p e n d e d  to  e n su re  th at th e  
m a tr ix -f ib er  in te r fa c e  is  a s  stro n g  a s  p o s s ib le . W h ils t  s o m e  o f  th e se  in te r fa c e  
s y s te m s  h a v e  e n o u g h  n atu ral a ff in ity  d u e  to  p o la r , h y d r o g e n  b o n d in g , 
e le c tr o n ic  a ttra ctio n , or a ctu a l p rim ary  c o v a le n t  b o n d in g , in  m o s t  s y s te m s  it  is  
n e c e s sa r y  to  u se  a c o u p lin g  a g e n t at th e  in te r fa c e  to  crea te  a  stro n g  b o n d  and  
th e re fo r e  c o n fe r  g o o d  s tre ss  tra n sfer  a c r o ss  th e  fib e r /m a tr ix  in te r fa c e  an d  th u s  
p re v en t part fa ilu re .

T h e r e fo re , im p r o v in g  th e  a d h e s io n  b e tw e e n  a p o ly m e r  m a tr ix  an d  a 
r e in fo r c in g  f ib e r  in  f ib e r -r e in fo r c e d  c o m p o s ite s  is  v e r y  im p o rta n t s in c e  g o o d  
a d h e s io n  is  n e c e s s a r y  fo r  g o o d  m e c h a n ic a l p ro p ertie s . T h is  w o r k  u s e s  a 
te c h n iq u e  term ed  “a d m ic e lla r  p o ly m e r iz a t io n ” , w h ic h  u s e s  n a n o sc a le  
ch e m istr y , to  c o a t  a la y er  o f  p o ly e th y le n e  o n to  g la s s  f ib e r  r e in fo r c e m e n t in  
ord er  to  im p r o v e  th e  in te r fa c ia l a d h e s io n  b e tw e e n  th e  p o ly m e r ic  m a tr ix  
(H D P E ) and  r e in fo r c in g  f ib e r s  (g la s s  fib er ).

Theoretical Background of Admicellar Polymerization

In a d m ic e lla r  p o ly m e r iz a t io n , a  v er y  th in  la y er  o f  p o ly m e r  is  fo r m e d  in  
th e  h y d r o p h o b ic  r e g io n  o f  a  su rfacta n t b ila y e r  a d so rb ed  o n  th e  su r fa ce  o f  a 
p a r tic le  su sp e n d e d  in  w a ter . T h e  m o s t  s ig n if ic a n t  a d v a n ta g e  o f  a d m ice lla r  
p o ly m e r iz a t io n  r e la t iv e  to  o th er  m e th o d s  u se d  to  im p r o v e  p o ly m e r -f i l le r  
a d h e s io n  is  c o s t;  b o th  th e  in g r e d ie n ts  and  p r o c e s s in g  m e th o d s  u se d  fo r  
a d m ice lla r  p o ly m e r iz a t io n  are in e x p e n s iv e .
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F i g u r e  1 . 1  T h e  fo u r -ste p  a d m ic e lla r  p o ly m e r iz a t io n  p r o c e s s .

T h e  th in -f ilm  p o ly m e r iz a t io n  p r o c e s s  c a n  b e  e n v is io n e d  a s o cc u rr in g  
in  fo u r  m ajor  s te p s  a s illu stra ted  in  F igu re  1 .1 . T h e  v a r io u s  s te p s  are as  
fo l lo w s :

Step 1 Admicelle formation.
T h e  a g g r eg a tio n  o f  su rfa c ta n ts  at s o lid /l iq u id  in te r fa c e s  to  fo rm  

b ila y e r s  (a d m ic e lle s )  th ro u g h  a d so rp tio n  fro m  an  a q u e o u s  so lu t io n  is  a  w e l l -  
k n o w n  p h e n o m e n o n . T o  o b ta in  a d m ic e lle  fo r m a tio n , th e  m o s t  cr itica l  
p ara m eter  to  b e  m a n ip u la te d  is  th e  so lu tio n  p H , su ch  th at th e  su r fa ce  e x h ib its  a 
n et su rfa ce  ch a rg e  o f  z e r o  (re ferred  to  a s th e  p o in t  o f  z e ro  ch a rg e  or P Z C ). A t  
p H  v a lu e s  b e lo w  th e  P Z C , th e  su rfa ce  b e c o m e s  p ro to n a ted , i .e . m o re  
p o s i t iv e ly  ch a rg ed ; a b o v e  th e  P Z C , th e  su r fa ce  b e c o m e s  n e g a t iv e ly  ch a rg ed . 
C o n se q u e n tly , a n io n ic  su rfa c ta n ts  a d sorb  b e lo w  th e  P Z C  and  c a t io n ic
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su rfa c ta n ts  a b o v e  th e  P Z C . T h e  c o n c en tr a tio n  o f  su rfa c ta n t u sed  in  th e  
a d m ic e lle  fo r m a tio n  step  m u st b e  lo w e r  th an  th e  c r itica l m ic e l le  c o n c en tr a tio n  
(C M C ) in  ord er  to  a v o id  e m u ls io n  p o ly m e r iz a t io n  o cc u rr in g  in  th e  su p ern atan t  
liq u id .

Step 2 Monomer adsolubilization.
U n d er  c o n d it io n s  fa v o r a b le  fo r  th e  fo rm a tio n  o f  a d m ic e l le s  o n  a so lid  

su rfa ce  b u t u n fa v o r a b le  fo r  th e  fo r m a tio n  o f  m ic e l le s  in  an  a q u e o u s  so lu tio n , 
m o n o m e r  b e c o m e s  c o n c en tr a te d  at th e  h y d r o p h o b ic  b ila y e r  in te r fa c e  in  a 
p h e n o m e n o n  c a lle d  a d so lu b iliz a t io n . F o rm a lly , a d so lu b iliz a t io n  can  b e  
d e f in e d  a s th e  e x c e s s  c o n c e n tr a tio n  o f  m o n o m e r  at an  in te r fa c e  th at w o u ld  n o t  
e x is t  in  th e  a b se n c e  o f  a d m ic e lle s . T h e  o rg a n ic  e n v ir o n m e n t e x h ib ite d  b y  th e  
h y d r o p h o b ic  in te r a c tio n  o f  th e  a m p h ip h ilic  ta ils  o f  th e  su rfa c ta n t m o le c u le s  
ren d ers  a fa v o r a b le  r e g io n  to  s o lu b i l iz e  th e  h y d r o p h o b ic  m o n o m e r s .

Step 3 In-situ polymerization of adsolubilized monomer.
In a d d itio n  to  c o n c e n tr a tin g  th e  m o n o m e r  at th e  su r fa c e  o f  th e  

su b stra te , th e  a d m ic e lle s  fu n c tio n  a s  r e a c tio n  lo c i  or tw o  -d im e n s io n a l r e a c tio n  
so lv e n t  fo r  p o ly m e r iz a t io n . In itia to rs b e g in  th e  fo rm a tio n  o f  p o ly m e r  w ith in  
th e  su rfacta n t b ila y e r , p ro b a b ly  b y  m e c h a n is m s  s im ila r  to  th at w h ic h  o c c u r s  in  
c o n v e n tio n a l e m u ls io n  p o ly m e r iz a t io n , i .e . w ith in  m ic e l le s .

Step 4 Surfactant removal.
A fte r  p o ly m e r iz a t io n , th e  trea ted  su b stra te , p r e su m a b ly  c o a te d  w ith  a 

th in  p o ly m e r ic  f i lm , m u s t  b e  w a sh e d  u s in g  d is t il le d  w a te r  to  r in se  o f f  a n y  
r es id u a l m o n o m e r s  and  su rfa c ta n ts  fro m  th e  a d h er in g  f ilm .
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