
CHAPTER 5
C O N C L U SIO N  A N D  SU G G E ST IO N  F O R  F U R T H E R  W O R K

5 .1  C o n c lu s io n
P C L /M M D I/T E A -b a se d  p o ly u r e th a n e  (P U )  an d  th e  s e m i-I P N  o f  

P U  an d  P V C  w e r e  p rep ared  b o th  b y  o n e -s h o t  an d  p r e p o ly m e r  p r o c e s s e s . 
It w a s  fo u n d  th a t th e  latter w a s  th e  m o s t  ap p rop ria te  m e th o d  to  prepare  

c o m p le te ly  p h a se  c o m p a tib le  s e m i-IP N s  w h ic h  w a s  c o n f ir m e d  b y  S E M  

an d  p h y s ic a l  o b se r v a tio n  o f  th e  p ro d u ct as o p t ic a l tran sp aren t m ater ia l.

T h e  c o m p a tib il ity  o f  th o se  tw o  p h a se s  w a s  a c h ie v e d  d u e  to  th e  

h y d r o g e n  b o n d in g s  b e tw e e n  a -h y d r o g e n  o f  P V C  w ith  c a r b o n y l o f  P U  

p r e p o ly m e r  an d  w ith  th a t o f  P C L . T h e  g la s s  tr a n s itio n  tem p era tu re  as  

o b ta in e d  b y  D M A  te c h n iq u e  o f  th e  c o m p a tib le  s e m i-I P N  w a s  in  th e  

r a n g e s  o f  -4  - 8.6°c d e p e n d in g  u p o n  th e  e q u iv a le n t  ra tio  o f  N C O /O H  

u se d  fo r  th e  p rep a ration  o f  P U  an d  th e  P V C  c o n te n t  in  th e  r e su lt in g  

p o ly m e r . T h e  g la s s  tra n s itio n  tem p era tu res o f  P U  p rep a red  b y  th e  o n e -  

sh o t a n d  th e  p r e p o ly m e r  m e th o d s  w e r e  at -5.3°c an d  at -7.0°c,
r e sp e c t iv e ly .
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T h e rm o g ra v im etr ic  A n a ly s is  (T G A ) g iv e s  th e  in fo r m a tio n  o n  th e  

c h e m ic a l c o m p o s it io n s  o f  P U  an d  th e  se m i-IP N s . F o r  P U , it c o m p o s e s  o f  

tw o  c o m p o s it io n  in c lu d in g  th e  s o f t  s e g m e n t  d e r iv e d  fro m  th e  rea c tio n  o f  

M M D I w ith  P C L  an d  th e  c r o s s lin k in g  fro m  th at w ith  T E A . T h e  w e ig h t  

lo s s e s  o f  th e s e  tw o  c o m p o s it io n s  w e r e  fo u n d  at 3 0 0 -4 3 0 ° C  an d  at 4 3 0 -  

4 8 0 ° c ,  r e s p e c t iv e ly . F o r  th e  s e m i-IP N s  in d e p e n d e n t u p o n  th e  p rep a ration  

p r o c e s s e s ,  th e  w e ig h t  lo s s e s  at 2 5 0 -3 0 0 ° C , 3 0 0 -4 3 0 ° C  an d  4 3 0 -4 9 0 ° C  

w e r e  re la ted  to  th e  th ree  c o m p o s it io n s  in c lu d in g  P V C , an d  th e  so f t  

s e g m e n t  an d  th e  c r o s s lin k in g  o f  P U , r e sp e c t iv e ly .

T h e  m e c h a n ic a l p ro p er tie s  in c lu d in g  th e  te n s ile  stren g th , th e  

e lo n g a t io n  at b reak  an d  th e  S h o re  A  h a rd n ess  o f  P U  an d  th e  sem i-E P N s  

p rep a red  b y  b o th  o f  o n e -sh o t  an d  p r e p o ly m e r  p r o c e s s e s  w e r e  m ea su red . 
T h e se  p r o p e r tie s  w e r e  a ffe c te d  b y  th e  e q u iv a le n t  ra tio s  o f  N C O /O H  and  

o f  P C L : M M D I: T E A  u se d  fo r  th e  p rep a ration  o f  P U s  a n d  th e  se m i-IP N s .  
T h e  fo rm er  p r o v id e s  a d d itio n a l c r o s s lin k in g  d e r iv e d  fro m  th e  se c o n d a r y  

r e a c tio n  o f  u reth a n e  l in k a g e s  w ith  N C O , i .e ., a llo p h a n a te  l in k a g e s , in  th e  

c a se  th a t th e  s to ic h io m e tr ic  e q u iv a le n t  o f  N C O  is  grea ter  th a n  th a t o f  

O H . T h e  la tter  p r o v id e  v a r ia tio n  in  th e  m em b er  o f  c r o s s lin k in g s  d u e  to  

th e  r e a c tio n  o f  T E A  and  M M D I in  th e  r e su lt in g  P U s .
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T h e  b e s t  p ro p er tie s  o f  h a rd n ess  and  te n s ile  s tren g th  o f  P U  o b ta in e d  

in  th e s e  s tu d ie s  w h e n  th e  e q u iv a le n t  ra tio s  o f  N C O /O H  =  1 .0 5  an d  o f  

P C L : M M D I: T E A  =  1: 3: 2 , w h ic h  g a v e  7%  c r o s s lin k in g . T h e  te n s ile  

stren g th , th e  e lo n g a t io n  at b reak  an d  th e  S h o re  A  h a rd n ess  o f  P U s  

o b ta in e d  w e r e  r e s p e c t iv e ly  in  th e  ra n g es  o f  1 .1 6 -5 .1 7  N /m m 2, 2 0 3 .5 -  

4 5 1 .3 % , an d  4 6 .4 - 6 8 .0 .

T h e  t e n s ile  stren g th  o f  3 .4 5 - 6 .1 0  N /m m 2, th e  e lo n g a t io n  at b reak  o f  

1 9 9 .2 -5 5 7 .3  % , an d  th e  S h o re  A  h a rd n ess  o f  5 9 .5 - 6 4 .3  o f  th e  c o m p a tib le  

s e m i-I P N s  w e r e  o b ta in e d  in  th e s e  s tu d ie s . F o r  th e  P V C  c o n te n t  w a s  10%  

w e ig h t  b y  th e  to ta l w e ig h t  o f  th e  s e m i-I P N  an d  th e  e q u iv a le n t  ra tio  o f  

P C L : M M D I: T E A  o f  th e  P U  m a tr ix  at 1: 3: 2 , th e  b e s t  m e c h a n ic a l  
p ro p er tie s  o f  th e  s e m i-I P N s  in c lu d in g  th e  te n s ile  s tren g th  o f  3 .7 9  N /m m 2, 
th e  e lo n g a t io n  at b rea k  o f  4 3 6 .1 % , an d  th e  S h o re  A  h a rd n ess  o f  6 3 .4  

w e r e  fo u n d  w h e n  th e  e q u iv a le n t  ra tio  o f  N C O /O H  =  1 .2 0 .

F o r  th e  f ix e d  p rep a ration  fo r m u la tio n  o f  P U , i .e . ,  f i x  th e  e q u iv a le n t  

ra tio s  o f  N C O /O H  at 1 .0 5  an d  o f  P C L : M M D I: T E A  at 1: 3: 2 , an d  

v a r ia tio n  o f  th e  P V C  c o n te n t  in  th e  c o m p a tib le  s e m i-I P N s , th e  b e s t  

m e c h a n ic a l p ro p er tie s  in c lu d in g  th e  te n s ile  stren g th  o f  6 .1 0  N /m m 2, th e
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e lo n g a t io n  at b reak  o f  5 4 5 .4  % an d  th e  S h o re  A  h a rd n ess  o f  6 1 .6  w e r e  

fo u n d  w h e n  th e  P V C  c o n te n t  w a s  3 0 % . In  a d d it io n  it  w a s  a lso  fo u n d  th a t  

P V C  a c te d  as a  p la s t ic iz e s  in  th e  r e su lt in g  s e m i-I P N s  to  h a v e  th e  so fter  

an d  m o r e  f le x ib le  m a ter ia ls  th an  th e  p V C -fr e e  P U . T h is  e v id e n t  w a s  in  

c o n tra st  to  th e  re su lt  o f  th e  s tu d ie s  carr ied  o u t b y  B a n d y o p a d h y a y  an d  

S h a w  (B a n d y o p a d h y a y , 1 9 8 2 )  in  that, fo r  th e  P C L /M D I /T E A -b a se d -P U  

b le n d e d  w ith  P V C , a larger a m o u n t o f  P V C  w a s  p la s t ic iz e d  b y  a  sm a ller  

a m o u n t o f  P U .

It is  w o r th  to  n o te  th a t th e  s e m i-I P N  o f  P C L /M M D I/T E A -b a se d  

P U  (7 0 % ) w ith  P V C  (3 0 % ) h a s  th e  m e c h a n ic a l p r o p e r tie s  in  b e tw e e n  

th o se  o f  th e  P V C -fr e e  P C L /M M D I/T E A -b a se d  P U  a n d  o f  P U -fr e e  P V C  

a s  s h o w n  in  th e  ta b le  b e lo w

M a te r ia ls T e n s ile  stren gth  
(N /m m 2)

E lo n g a t io n  at 
b reak  (% )

H a rd n ess

P U 3 .4 5 3 2 3 .3 6 9 .1  (S h o r e  A )
S e m i-I P N 6 .1 0 5 4 5 .4 6 1 .1  (S h o r e  A )

(P U  7 0 /P V C 3 0 )
P V C 3 1 -6 0 2 -4 0 6 5 -8 5 (S h o r e  D )
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5 .2  S u g g e s t io n  fo r  F urther W ork
T h e se  s tu d ie s  h a v e  b e e n  d e f in ite ly  in c o m p le te d  b e c a u se  o f  th e  

l im ita t io n  o f  t im e  as w e l l  a s e q u ip m e n ts , in stru m en ts  an d  c h e m ic a ls  

a v a ila b le . T h ere  are m a n y  to p ic s  w h ic h  m a y  req u ire  furth er s tu d ie s  p rior  

to  m a k e  c o r r e c tiv e  c o n c lu s io n s  or to  u se  th e  m a ter ia ls  c o m m e r c ia lly . 
T h e se  are

1. T h e  e q u iv a le n t  ratio  o f  P C L : M M D I: T E A  m a y  b e  v a r ie d  to  b e  

1: 4: 3 an d  1: 5: 4  in  ord er to  in c r e a se  th e  c r o s s lin k in g  c o n te n t  in  th e  

r e su lt in g  P U  an d  s e m i-I P N s  w h ic h  sh o u ld  a ffe c t  o n  th e ir  m e c h a n ic a l  
p ro p ertie s .

2 . T h e  a m o u n t o f  P V C  in  th e  r e su lt in g  s e m i-I P N s  m a y  b e  

in c r e a se d  m o r e  th a n  30 %  in  ord er  to  o b ta in  its  o p tim u m  q u a n tity  th a t 

y ie ld s  th e  o p tim u m  m e c h a n ic a l p rop er tie s . A ls o ,  th e  s y n e r g is t ic  e f f e c t  o f  

th e  P V C  an d  th e  c r o s s lin k in g  c o n te n ts  in  th e  r e su lt in g  P U  an d  s e m i-IP N s  

o n  th e ir  m e c h a n ic a l p ro p er tie s  sh o u ld  b e  a lso  in v e s t ig a te d .

3 . A n  o r g a n ic  d io l-c r o s s l in k in g  a g e n t su c h  a s  1,4 -b u ta n e d io l m a y  

b e  e m p lo y e d  in  p la c e  o f  T E A  in  ord er  to  p rep are th e  h ard  s e g m e n t  in  th e
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PU and to investigated the effect of its content on the mechanical
properties of the resulting PU and semi-IPN.
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