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C H A P T E R  1

IN T R O D U C T IO N

A n  u ltim a te  o b je c t iv e  to  b le n d  tw o  or m o re  p o ly m e r s  is  to  o b ta in  

m a ter ia ls  h a v in g  d es ired  s p e c if ic  p ro p er tie s , su ch  as te n s ile  and  im p a ct  

stren g th , c h e m ic a l r e s is ta n c e , w e a th e r a b ility , w h ic h  w o u ld  b e  b etter  than  

th o se  o f  h o m o p o ly m e r s . T h e  p h y s ic a l p rop er tie s  o f  th e  p o ly m e r  b len d  

d e p e n d  u p o n  th e  p ro p erties  o f  e a c h  o f  th e  h o m o p o ly m e r s  u se d  as w e l l  as 

th e  w a y  th a t th e y  are c o m b in e d . B o th  c h e m ic a l an d  p h y s ic a l b le n d in g s  

are p o s s ib le  b y  w h ic h  th e  latter is  th e  b le n d in g  in  th e  liq u id  sta te  (e ith er  

b y  m e lt in g  o f  b o th  h o m o p o ly m e r s  or b y  d isp e r s io n  in  a s o lv e n t) . T h e  

fo rm er  is  a c h e iv e d  b y  r e a c tio n s  o f  fu n c tio n a l g ro u p s  e x is t in g  in  

h o m o p o ly m e r s . T h is  ty p e  o f  b le n d in g  is  g e tt in g  m o r e  in te r e s t in g  s in c e  it 

ca n  b e  e m p lo y e d  to  p ro d u ce  p ro d u cts  w ith  c o m p lic a te d  sh a p e  u s in g  a  

tw in  s c r e w  ex tru d er. T h e  c h e m ic a l b le n d in g  p r o c e s s  w h ic h  c h e m ic a l  
r e a c tio n s  o c c u r  in  s itu  ca n  b e  c a lle d  as “R e a c iiv e  B le n d in g ” .

In terp en etra tin g  p o ly m e r  n e tw o rk  (IP N ) is  a  k in d  o f  u n iq u e  p o ly m e r  

b le n d  h a v in g  b e e n  o f  c o m m e r c ia l and  a c a d e m ic  in terest. It c o n s is t s  o f
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tw o  or m o re  c r o s s lin k e d  p o ly m e r s  h e ld  to g e th e r  b y  in terp en etra tio n  and  

e n ta n g le m e n t  o f  n e tw o r k s  w h ic h  in d ic a te  that th ere  are n o  c o v a le n t  

b o n d s  b e tw e e n  th em . I f  o n e  p o ly m e r  is  c r o s s lin k e d  and  th e  o th er  is  lin ea r  

u n c r o ss lin k in g , th e  r e su ltin g  sy s te m  is  c a lle d  a se m i-IP N .

T h e re  are tw o  m e th o d s  in  s y n th e s is  IP N  in c lu d in g  (a ) a se q u e n tia l  
s y n th e s is  and  (b ) a s im u lta n e o u s  sy n th e s is . T h e  form er  is  s u c c e s s fu l  b y  

s w e l l in g  o f  p o ly m e r  I in  th e  m o n o m e r  II c o m a in in g  a c r o s s lin k in g  a g en t, 
an d  th e  m o n o n e r  II is  su b se q u e n tly  p o ly m e r iz e d  an d  c r o s s lin k e d . T h e  

latter is  a c h e iv e d  b y  s im u lta n e o u s  p o ly m e r iz a t io n  o f  m o n o n e r s  I an d  II in  

th e  p r e se n c e  o f  c r o s s lin k in g  a g en ts . F o rm a tio n  o f  IP N  is  th e  o n ly  w a y  o f  

in t im a te ly  c o m b in in g  d iffe r e n t  ty p e s  o f  c r o s s lin k e d  p o ly m e r s . T h e  

r e su lt in g  p o ly m e r  e x h ib it  a  lim ite d  p h a se  sep a ra tio n . W h ile  a n o rm a l  
p o ly m e r  b le n d  u su a lly  s h o w s  a  m u ltip h a se  m o r p h o lo g y  d u e  to  th e  la c k  o f  

su ita b le  b o n d in g  fo r c e s  b e tw e e n  th e  tw o  p o ly m e r  p h a se s . In  e f f e c t  IP N  

h a v e  b etter  m e c h a n ic a l p ro p er tie s  th an  th e  n orm a l p o ly m e r  b le n d s .

IP N  b a se d  o n  p o ly u r e th a n e  (P U ) is  o f  v e r y  m u c h  in tere st  in  

p articu lar  P U  w ith  e p o x y , P U  w ith  u n sa tu ra ted  p o ly e s te r , P U  w ith  p o ly  

(m e th y l m eth a c r y la te ) , to  m e n tio n  b u t a fe w . In  th e  p resen t w o rk , s e m i-
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IP N  b a se d  o n  c r o s s lin k e d  P U  m a tr ix  an d  p o ly (v in y l  c h lo r id e )  (P V C )  

d isp e r se d  p h a se  is  sy n th e s iz e d . T h e  P U  s o f t  s e g m e n t  w a s  d e r iv e d  from  

th e  r e a c tio n  o f  m o d if ie d  m e th y le n e (b is )d ip h e n y l d iiso c y a n a te  (M M D I)  

w ith  a ,c o -h y d r o x y l p o ly c a p r o la c to n e  or  p o ly c a p r o la c to n e  g ly c o l  (P C L ). 

T h e hard  s e g m e n t  w a s  fo rm ed  fro m  th e  r ea c tio n  o f  M M D I w ith  

tr ie th a n o la m in e  (T E A ). T h ere  is  n o  p h a se  sep a ra tio n  b e tw e e n  th e  P U  

m a tr ix  an d  th e  d isp e r se d  P V C . T h is  s e m i-I P N  h a v e  b e e n  rep orted  to  b e  

p o s s ib le  to  u se  as th e  in stru m en t p a n e l in  a u to m o b ile  in s te a d  o f  P V C  

p a d d ed  or  P U  p a d d ed  w ith  P V C  sk in n e d , b e c a u se  o f  its  su p er io r  

f le x ib i l i ty  an d  s t if fn e s s . In  a d d itio n  IP N s  w o u ld  b e  le s s  c o s t ly  th a n  o n e  

m o u ld s  a c o n v e n t io n a l m o d if ie d  e n g in e e r in g  r e s in  or b len d .

In  th e  p resen t w o r k , th e  s e m i-IP N s  o f  P U  w ith  P V C  w e r e  p rep ared  

b y  v a r ia tio n  o f  p e r c e n ta g e  o f  P V C  an d  o f  m e th o d s  o f  p rep a ration . T h e ir  

m e c h a n ic a l p ro p er tie s , in c lu d in g  h a rd n ess , t e n s ile  stren g th , e lo n g a t io n  at 

b reak , a n d  p h y s ic a l p ro p er tie s , in c lu d in g  g la s s  tra n s itio n  tem p eratu re  

(Tg), a s a fu n c t io n  o f  v a r ia tio n s  o f  th e  e q u iv a le n t  ra tio  o f  iso c y a n a te  to  

p o ly o l  (th e  N C O /O H  ra tio ) in  P U , w e ig h t  c o m p o s it io n  b e tw e e n  P U  and  

P V C  fo r  p articu lar  p rep a ration  m e th o d s  w e r e  m ea su red .
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