
CHAPTER 4
R E SU L T  A N D  D ISC U SSIO N

T h e  w o r d  “p o ly u r e th a n e  or  P U ” and  “ s e m i-I P N ” h erea fter  

ap p eared  in  th is  C h ap ter  re fers r e s p e c t iv e ly  to  th e  P C L /M M D I/T E A -  

b a se d  P U  an d  th e  s e m i-I P N s  o f  P C L /M M D I/T E A -b a se d  P U  an d  P V C . 
S in c e  th ere  w e r e  a  n u m b er  o f  P U s  an d  th e  s e m i-IP N s  s y n th e s iz e d  in  

th e s e  s tu d ie s , a  c o d in g  s y s te m  to  n o m e n c la tu r e  sa m p le s  is  set.

4 .1  S a m p le  N o m e n c la tu r e
N o m e n c la tu r e  o f  th e  p articu lar  form u la r  o f  P U s  or s e m i-I P N s  

c o m p o s e s  o f  t w e lv e  ch aracters . T h e  first tw o  ch a ra c ters are to  b e  e ith er  

P U  or  SI. P U  is  a g a in  a b b rev ia ted  fo r  th e  P C L /M M D I/T E A -b a se d  P U ,  
an d  SI for  th e  s e m i-I P N s  o f  P C L /M M D I/T E A -b a se d  P U  an d  P V C  w ith  a  

m o le c u la r  w e ig h t  o f  5 0 ,6 2 5  g /m o l. T h e  su b se q u e n t tw o  ch a ra c ters , i .e .  
th e  th ird  an d  th e  forth  ch arac ters , are d e d ic a te d  for  th e  v a lu e  o f  th e  

e q u iv a le n t  ra tio  o f  N C O /O H , w h ic h  rep resen ts  b y  th e  fir s t  tw o  d e c im a ls  

o f  th a t v a lu e . F or  e x a m p le , i f  th e  e q u iv a le n t  ra tio s  o f  N C O /O H  are eq u a l  
to  0 .9 5 , 1 .0 0 , an d  1 .0 5 , th e n  th e  th ird  an d  fou rth  ch a ra c ters are
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r e s p e c t iv e ly  9 5 , 0 0 , an d  0 5 . T h e  f ifth  ch aracter  rep resen ts  th e  e q u iv a le n t  

ratio  o f  P C L :M M D I:T E A , w h ic h  in  th e s e  s tu d ie s  th e y  w e r e  o n ly  th ree  

ra tio s , n a m e ly  2 :3 :1 , 1:2:1 and  1:3 :2 . T h e  ch arac ters A , B  an d  c  are u se d  

to  refer  to  th o s e  ra tio s , r e s p e c t iv e ly . T h e  s ix th  an d  th e  s e v e n th  ch aracters  

im p ly  th e  a m o u n t o f  P V C  c o n te n t  in  w e ig h t  p e r c e n ta g e  th a t u se d  to  

p rep are th e  s e m i-IP N . I f  o ,  5 , 15 an d  3 0  % o f  P V C  are u s e d  in  th e  se m i-  

IP N  c o m p o s it io n s , th e n  0 0 , 0 5 , 15 , an d  3 0  are r e s p e c t iv e ly  rep resen te d  

th em . T h e  e ig h th  ch aracter  is  a s la sh  ( /) . T h e  n in th  an d  ten th  ch arac ters  

are d e d ic a te d  fo r  th e  c a lc u la te  w e ig h t  p e r c e n ta g e  o f  c r o s s lin k in g  b y  th e  

to ta l w e ig h t  o f  th e  r e su lt in g  p o ly m e r s  p rep ared . F o r  e x a m p le , th e  

c a lc u la te d  c r o s s lin k in g  is  2 0  an d  3 0  % , th en  2 0  a n d  3 0  are u se d  to  

rep resen t th o s e  ch a ra c ters r e s p e c t iv e ly . In  th e  c a s e  th a t th o s e  n u m b ers  

c o n ta in  d e c im a ls , th e y  are o m itted . T h e  e le v e n th  ch arater  is  a  h y p h e n  ( - ) ,  
an d  th e  la s t  o n e  is  th e  in d ic a tio n  o f  e ith er  o n e -s h o t  or  p r e p o ly m e r  

p r o c e s s e s , w h ic h  are rep resen te d  b y  “O ” or “P ” , r e s p e c t iv e ly .

It is  n o te d  th a t th e  w e ig h t  p e r c e n ta g e  c r o s s lin k in g  b y  th e  to ta l 
w e ig h t  o f  th e  r e su lt in g  p o ly m e r s  c o u ld  b e  c a lc u la te d  b y  ta k in g  th e  w e ig h t  

o f  T E A  d iv id e d  b y  th e  to ta l w e ig h t  o f  P C L , T E A , M M D I an d  P V C .
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T o  p r o v id e  m o re  c lea r  p ic tu re  o f  th e  sa m p le  n o m e n c la tu r e , tw o  

e x a m p le s  are g iv e n  h ere . A  P U  (o b v io u s ly  n o  P V C  p r e se n te d )  is  p rep ared  

b y  a o n e -s h o t  p r o c e s s  u s in g  th e  e q u iv a le n t  ra tio s  o f  N C O /O H  an d  o f  

P C L :M M D I:T E A  eq u a l to  1 .0 5  and  1 :2 :1 , r e s p e c t iv e ly , an d  th e  

c a lc u la te d  c r o s s lin k in g  o f  3 .7 1  % b y  th e  to ta l w e ig h t , th e  n o m e n c la tu r e  

fo r  th is  sa m p le  is  P U 0 5 B 0 0 /0 4 - O . T h e  o th er  e x a m p le  is  th a t th e  

e q u iv a le n t  ra tio s  o f  N C O /O H  an d  P C L :M M D I:T E A  are r e s p e c t iv e ly  1 .05  

and  1:3 :2  b e in g  u se d  to  p repare P U  m atrix , an d  th e  d isp e r se d  m a tr ix  is  

P V C  o f  th e  a m o u n t o f  3 0  % b y  th e  to ta l w e ig h t . T h is  m a ter ia l is  th e  

s e m i-I P N  p rep a red  b y  th e  p re p o ly m e r  p r o c e ss , w h ic h  h a s  th e  c a lc u la te d  

c r o s s lin k in g  o f  4 .9 9  % b y  th e  to ta l w e ig h t . T h e re fo re , th e  n o m e n c la tu r e  

for  th is  sa m p le  is  S I 0 5 C 3 0 /0 5 -P .

T a b le  4 .1  s h o w s  th e  te n  ch aracter  n o m e n c la tu r e  o f  a ll o f  th e  

p o ly m e r s  p rep a red  in  th e s e  s tu d ie s  (w ith o u t in d ic a t io n  o f  th e  o n e -s h o t  or  

p r e p o ly m e r  p r o c e s s )  to g e th e r  w ith  th e  v a lu e s  o f  th e  e q u iv a le n t  r a tio s  o f  

N C O /O H  an d  o f  P C L :M M D I:T E A , th e  a m o u n t o f  P V C  in  p e r c e n t b y  

w e ig h t  c o n ta in e d  in  th e  r e su lt in g  p o ly m e r s , an d  th e  c a lc u la te d  w e ig h t  

p e r c e n ta g e  o f  th e  c r o s s lin k in g  o f  P U  in  th e  r e su lt in g  p o ly m e r s .
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T a b le  4 .1  T e n -c h a r a c te r  n o m e n c la tu r e  o f  s a m p le s  p r e p a r e d  in  th e s e  

s tu d ie s .
P C L /M M D I/T E A -b a se d  P U

N C O /O H
ratio

P C L :M M D I:T E A P U /P V C
( % / % )

C a lc u la te d
C r o ss lin k e d *

N o m e n c la tu r e

1 .05 2 : 3 : 1 1 0 0 /0 2 .0 0 ( 2 ) P U 0 5 A 0 0 /0 2
1 .05 1 : 2 : 1 1 0 0 /0 3 .7 1 ( 4 ) P U 0 5 B 0 0 /0 4
1 .0 5 1 : 3 : 2 1 0 0 /0 6 .4 9 ( 7 ) P U 0 5 C 0 0 /0 7
0 .9 5 1 : 3 : 2 1 0 0 /0 6 .6 6 ( 7 ) P U 9 5 C 0 0 /0 7
1 .0 0 1 : 3 : 2 1 0 0 /0 6 .5 7 ( 7 ) P U 0 0 C 0 0 /0 7
1 .1 0 1 : 3 : 2 1 0 0 /0 6 .4 0 ( 6 ) P U 1 0 C 0 0 /0 6
1 .1 5 1 : 3 : 2 1 0 0 /0 6 .3 1 ( 6 ) P U 1 5 C 0 0 /0 6
1 .2 0 1 : 3 : 2 1 0 0 /0 6 .2 3 ( 6 ) P U 2 0 C 0 0 /0 6
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T a b le  4 .1  T en -ch a ra c ter  n o m e n c la tu r e  o f  sa m p le s  p rep ared  in  th e s e  

s tu d ie s , (c o n t in u e )
S e m i-IP N  o f  P C L /M M D I/T E A -b a se d  P U  and  P Y C

N C O /O H
ratio

P C L :M M D I: T E A P U /P V C
( % /  % )

C a lcu la ted
C r o ss lin k e d *

N o m e n c la tu r e

0 .9 5 1 : 3 : 2 9 0 /1 0 6 .6 6 ( 7 ) S I 9 5 C 1 0 /0 7
1 .0 0 1 : 3 : 2 9 0 /1 0 6 .5 7 ( 7 ) S I 0 0 C 1 0 /0 7
1 .05 1 : 3 : 2 9 0 /1 0 6 .4 9 ( 7 ) S I 0 5 C 1 0 /0 7
1 .1 0 1 : 3 : 2 9 0 /1 0 6 .4 0 ( 6 ) SI 1 0 C 1 0 /0 6
1 .15 1 : 3 : 2 9 0 /1 0 6 .3 1 ( 6 ) SI 1 5 C 1 0 /0 6
1 .2 0 1 : 3 : 2 9 0 /1 0 6 .2 3 ( 6 ) S I 2 0 C 1 0 /0 6
1 .05 1 : 3 : 2 9 5 /5 6 .1 8 ( 6 ) S I 0 5 C 0 5 /0 6
1 .0 5 1 : 3 : 2 9 0 /1 0 5 .9 0 ( 6 ) S I 0 5 C 1 0 /0 6
1 .05 1 : 3 : 2 8 5 /1 5 5 .6 4 ( 6 ) S I 0 5 C 1 5 /0 6
1 .05 1 : 3 : 2 8 0 /2 0 5 .4 0 ( 5 ) S I 0 5 C 2 0 /0 5
1 .05 1 : 3 : 2 7 0 /3 0 4 .9 9 ( 5 ) S I 0 5 C 3 0 /0 5

* U n it  in  %  b y  w e ig h t  o f  th e  to ta l w e ig h t  o f  th e  r e su lt in g  p o ly m e r s . T h e  

m em b ers  in  th e  b ra ck ets  are u s e d  to  in d ic a te  th e  a p p ro x im a te  n u m b er  o f  

c r o s s lin k in g  in  th e  r e su lt in g  p o ly m e r s .
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4 .2  C h e m ic a l S tru ctu re o f  P C L /M M D I/T E A -B a se d  P U
T h e  c r o s s lin k e d  P U s  p rep ared  u s in g  the o n e -s h o t  p r o c e s s  are a 

tran sp aren t m ater ia l. T h e  c r o s s lin k in g  is  d u e  to  th e  r e a c tio n  o f  T E A  w ith  

M M D I. S in c e  T E A  is  a  sm a ll m o le c u le  in  c o m p a r iso n  to  P C L , w h ic h  is  a  

p r e p o ly m e r  o f  a m o le c u la r  w e ig h t  o f  2 ,0 0 0  g /m o l, th e  p h y s ic a l  
c h a ra c ter is t ic s  o f  c h e m ic a l l in k a g e s  r e su lt in g  fro m  th o s e  r e a c tin g  w ith  

M M D I are q u ite  d iffe r e n t  in  th a t M M D I rea c ts  w ith  P C L  y ie ld in g  a s o f t  

se g m e n t. T h e  c h e m ic a l stru ctu res o f  r ep e a tin g  u n its  o f  th o s e  are s h o w n  in  

F ig u re  4 .1 .
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F ig u r e  4 .1  C h e m ic a l r e a c tio n  an d  c h e m ic a l  s tru c tu res  o f  th e  r e p e a tin g  
u n its  o f  th e  hard  an d  s o f t  s e g m e n ts  o f  P C L /M M D I /T E A -b a s e d  P U .
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4 .3  T h e  G la s s  T ra n sitio n  o f  P U  an d  th e  se m i-IP N
S in c e  th e  so f t  s e g m e n t  o f  P U  h a s a r e la t iv e ly  lo n g  ch a in  

co n tr ib u tin g  fro m  th e  p o ly e s te r  re p e a tin g  u n it o f  P C L  p r e p o ly m e r , its  Tg 

sh o u ld  b e  o b se r v e d  an d  in  th e s e  s tu d ie s  w a s  fo u n d  at -5 .3  a n d  - 7 .0  °c, 
for  th e  o n e -s h o t  an d  th e  p r e p o ly m e r  p r o c e s s e s  to  p rep are P U s ,  
r e s p e c t iv e ly . T h e se  v a lu e s  w e r e  m ea su red  u s in g  a te c h n iq u e  o f  d y n a m ic  

m e c h a n ic a l a n a ly s is  (D M A , s e e  F ig u re  4 .2 ) . It h a s b e e n  w e l l  k n o w n  th a t  

th ree  to  f iv e  hard  s e g m e n ts  a lig n  t h e m s e lf  to  p r o v id e  a c h a r a c te r is t ic s  o f  

m ic r o -c r y s ta llin e  r e g io n s  d isp e r se d  in  th e  a m o rp h o u s  m a tr ix  o f  th e  so f t  

se g m e n t . T h e y  act a s  p h y s ic a l  c r o s s lin k in g s , m a k in g  P U  a  ty p e  o f  s e m i­
c r y s ta llin e  p o ly m e r . A  m e lt in g  tem p eratu re  sh o u ld  b e  th e r e fo r e  a b le  to  

o b se r v e  fro m  th e  D S C  th er m o g ra m  as an  e x o th e r m ic  p e a k  o f  h e a t  f lo w  

( s e e  F ig u re  4 .3  [H ep b u rn , 1991]). A s  o b se r v e d  fro m  a  D M A  th er m o g ra m , 
at th e  m e lt in g  tem p era tu re  th e  m a ter ia ls  f lo w , i .e . ,  th e  v is c o e la s t ic  

p ro p erty  is  d e s tr o y e d , to  g iv e  in f in ite  v a lu e  o f  ta n 8 . In  th e s e  s tu d ie s  th e  

m e lt in g  tem p era tu re  ca n n o t b e  o b se r v e d  fro m  th e  D M A  th er m o g ra m  

s h o w n  in  F ig u re  4 .2 . I f  a n y , th e  e x p e r im e n ta l tem p era tu re  u p to  100°c 
w o u ld  n o t b e  h ig h  e n o u g h  to  d e te c t  su c h  th e  tra n sitio n . H o w e v e r , it is  

l ik e ly  that th e  th r e e -d im e n s io n a l c h e m ic a l c r o s s lin k in g  in  P U  s h o u ld  n o t
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th r e m o d y n a m ic a lly  a l lo w  to  fo rm  th e  m ic r o -c r y s ta llin e  re g io n . F ig u r e  4 .4  

illu stra ted  th e  p o s s ib le  th r e e -d im e n s io n a l n e tw o r k in g  o f  th e  P U  p rep ared  

in  th e s e  s tu d ie s , w h e r e  R 2 rep resen ts  th e  fra c tio n  o f  T E A  m o le c u le  as  

in d ic a te d  in  F ig u re  4 .1 .

tan 5

F ig u r e  4 .2  T h e  d y n a m ic  m e c h a n ic a l r e sp o n se  o f  P U  p rep a red  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  ะ T em p era tu re  ra n g es
fro m  -3 0  to  100°c, tem p eratu re  sc a n n in g  rate 2 K /m in , fr e q u e n c y  1 H z.
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F ig u r e  4 .3  D S C  sc a n s  o f  d io l c h a in -e x te n d e d  p o ly u r e th a n e  e la s to m e r s
(a rro w  d e s ig n a te s  th e  p o s it io n  o f  th e  tra n s itio n ). [H ep b u rn , 19 9 1  ]

F ig u re  4 .4  P o s s ib le  th r e e -d im e n s io n a l n e tw o r k  o f  c r o s s lin k e d  P U
p rep a red  in  th e s e  s tu d ie s .
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F o r  th e  s e m i-I P N s  ( f ix  th e  e q u iv a le n t  ra tio  o f  P C L :M M D I:T E A  =  

1:3:2  an d  10 % o f  P V C ), th e  o n e -s h o t  m eth o d  g a v e  h ig h e r  v a lu e s  o f  T g’s 

th an  th e  p r e p o ly m e r  p r o c e s s  ( s e e  T a b le  4 .2 ) . T h e  d if fe r e n c e s  o f  th e s e  

v a lu e s  are d u e  to  th e  d iffe r e n t  in  th e  m e th o d  o f  p rep a ration . E x c lu d in g  

th e  e f f e c t  o f  th e  e q u iv a le n t  ratio  o f  N C O /O H , th e  c a lc u la te d  Tg for  th e  

se m i-IP N  c o n ta in in g  P V C  o f  10 % b y  w e ig h t  sh o u ld  b e  r e s p e c t iv e ly  2 .7  

an d  1 .2  fo r  th e  o n e -s h o t  an d  th e  p re p o ly m e r  p r o c e s s e s . T h e  c a lc u la t io n  

w a s  b a se d  o n  E q u a tio n  (2 .1 )  in  C h ap ter  2 , an d  a g a in  s h o w s  h ere

T g =  พ (PU)Tg(pu) +  W (P vc)Tg(p VC)

w h e r e  พ ( PU) =  w e ig h t  fra c tio n  o f  P U , พ (PVC) =  w e ig h t  fra c tio n  o f  

P V C , T g(pvc) =  83.5 [P e n n ,1 9 7 1 ]  , Tg(PU) =  -5.3°c (o n e - s h o t  p r o c e s s )  and  

-7.0°c (p r e p o ly m e r  p r o c e s s ) .

W h e n  th e  c o m p a tib le  se m i-IP N  o b ta in e d  b y  th e  p r e p o ly m e r  

p r o c e s s , th e  n a rrow er D M A -ta n ô  p ea k  is  o b se r v e d  ( s e e  F ig u r e  4 .5 ) .  
T o ta lly  in c o m p a tib le  P U  an d  P V C  in  th e  r e su lt in g  s e m i-I P N  y ie ld s  tw o  

T g’s, b e in g  b e lo n g s  to  that o f  P V C  and  o f  th e  s o f t  s e g m e n t  o f  P U .
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H o w e v e r , th e y  w e r e  n o t  o b se r v e d  in  th e  ta n § -tem p era tu re  D M A  

th erm o g ra m , w h ic h  m e a n s  th a t p a r tia lly  c o m p a tib le  o f  P V C  in  th e  s e m i-  

IP N  is  o b ta in e d . T h e  c o n fir m a tio n  o f  th is  e v id e n t  w a s  m a d e  u s in g  th e  

S E M  te c h n iq u e . S E M  m ic r o g a p h s  o f  th e  u n c o m p a tib le  an d  c o m p a tib le  

s e m i-I P N s  are s h o w n  in  F ig u r e s  4 .6  an d  4 .7 ,  r e s p e c t iv e ly . F o r  th e  o n e -  

sh o t  p r o c e s s , th e  w h ite  p a r tic le s  a s s o c ia te d  to  th e  P V C  p h a se  d isp e r se  in  

th e  dark  P U  m a tr ix  (F ig u r e  4 .6 )  is  o b se r v e d . T h e  h ig h e r  th e  w e ig h t  

p e r c e n ta g e  o f  P V C  in  th e  o n e -s h o t  s e m i-IP N s  w a s , th e  la rg er  th e  w h ite  

p a r tic le s  o b se r v e d , in d ic a t in g  th a t th e  P V C  c o u ld  n o t b e  w e l l  d isp e r se d  in
th e  P U  m atr ix .
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tan 5

F ig u re  4 .5  T h e  d y n a m ic  m e c h a n ic a l r e sp o n se  o f  th e  s e m i-I P N  p rep ared
b y  o n e -s h o t  ( ----- ) an d  p rep o ly m er  ( ------- ) p r o c e s s e s  ะ th e  s e m i-I P N  w a s
b a se d  o n  P C L /M M D I/T E A -b a se d  P U 8 0 % (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 ) an d  P V C 2 0 % ;  

tem p era tu re  r a n g e s  fro m  -3 0  to  100°c, tem p eratu re  s c a n n in g  rate o f  2  

K /m in , fr e q u e n c y  o f  1 H z .
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F ig u r e  4 .6  S E M  m icro g ra p h s  o f  s e m i-IP N s  P U  an d  P V C  (o n e -s h o t  

p r o c e s s )  in  v a r io u s  a m o u n t o f  P V C .

(a ) P U  100%

(b) PU 95% / PVC 5%
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(d)PU 85%/PVC 15%
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(e )  P U  80%  /  P V C  20 %
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F ig u re  4 .7  S E M  m icro g ra p h s o f  th e  s e m i-IP N  P U  an d  P V C  (p r e p o ly m e r  

p r o c e s s )  in  v a r io u s  a m o u n t o f  P V C .

r V *
• #

.บ _Z_
_

—
•

•

■ ไ* •
( •

I 1 5 K O  X 3  * 5  0  0 5 l*m  0 0 0 5 1 2

(a ) P U  100%

(b) PU 95% / PVC 5%



ft

(c )  P U  90 %  /  P V C  10%

1 5  K  น  X  3  » 5  0  0  5 t » m  1 1 5 5 1 0

(d) PU 85% / PVC 15%
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(e )  P U  80%  /  P V C  2 0

(f) PU 70% / PVC 30%
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F or th e  o n e -s h o t  s e m i-IP N , T g’s are s ig n if ic a n t ly  d e p e n d e n t u p o n  

th e  e q u iv a le n t  ratio  o f  N C O /O H  e v e n  th ro u g h  th e  e q u iv a le n t  ra tio  o f  

P C L :M M D I:T E A  an d  th e  w e ig h t  p e r c e n ta g e  o f  P V C  in  th e  r e su lt in g  

m a ter ia ls  are f ix e d . T h is  m a y  b e  a ttr ib u ted  to  th e  c h e m ic a l c r o s s lin k in g  

o f  th e  se c o n d a r y  r e a c tio n  to  form  a llo p h a n a te  in d u c e d  b etter  

im c o m p a tib il ity  b e tw e e n  P V C  an d  P U  o f  th e  r e su lt in g  s e m i-IP N s . In  

e f fe c t  th e  b ro a d er  ta n  6  p e a k s  o b se r v e d  for  th e  h ig h e r  th e  e q u iv a le n t  

ra tio s  o f  N C O /O H  ( s e e  F ig u re  4 .8 ) . T h is  s e e m  to  b e  co n tra st for  th e  se m i-  

IP N s  p rep ared  b y  th e  p rep o ly m er  p r o c e s s  in  th a t th e  n a rro w er  tan  5  p ea k s  

o b ta in e d  ( s e e  F ig u r e  4 .9 ) . In  th e se  s tu d ie s , it c o u ld  b e  c o n c lu d e d  th a t Tg 

o f  th e  c o m p a tib le  s e m i-IP N s  (10 %  P V C ) is  in  th e  r a n g e s  o f  -3 .5  - 5.1°c.

F ig u re  4 .1 0  an d  4 .1 1  sh o w  D M A  th erm o g ra m  o f  th e  s e m i-I P N s  

p rep ared  b y  o n e -s h o t  an d  p re p o ly m e r  p r o c e s s  r e s p e c t iv e ly , w h e n  th e  

a m o u n t o f  P V C  w a s  v a r ie d  fro m  0 -3 0 % . T a b le  4 .3  s h o w s  th e  v a lu e s  o f  Tg 

o f  th e  o n e -s h o t  an d  o f  th e  p re p o ly m e r  s e m i-I P N s  to g e th e r  w ith  th e  

c a lc u la te d  o n e s . D is a c c o u n t  o n  th e  e f f e c t  o f  th e  d iffe r e n t  p rep a ra tio n  

p r o c e s s e s , w h e n  th e  a m o u n t o f  P V C  in c r e a se s , Tg a lso  in c r e a se s . T h e  

larger th e  a m o u n t o f  P V C  co n tr ib u te s  to  th e  h ig h e r  th e  v a lu e s  o f  Tg,



98

w h ic h  th is  tren d  c a n  a lso  fin d  in  th e  c a se  o f  c a lc u la te d  T g’s. H o w e v e r , th e  

c a lc u la te d  v a lu e s  d iffe r  from  th e  e x p er im en ta l o n e s  b e c a u s e  th e  form er  

d e p e n d s  u p o n  m a n y  a ssu m p tio n s  for  th e  d e r iv a tio n  o f  E q u a tio n  (2 .1 ) .  
A g a in  th e  o n e -s h o t  p r o c e s s  g a v e  th e  h ig h e r  v a lu e s  o f  T g  th a n  th e  

p r e p o ly m e r  te c h n iq u e  d u e  to  th e  im c o m p a tib ility  o f  P V C  in  th e  P U  

m a tr ix  o f  th e  r e su lt in g  S e m i-IP N s .

T a b le  4 .2  V a lu e s  o f  Tg o f  th e  s e m i-IP N s  m ea su red  b y  D M A  te c h n iq u e  

at v a r io u s  e q u iv a le n t  ra tio s  o f  N C O /O H .

S a m p le N C O /O H
ratio

Tg (°C ) (o n e -sh o t) Tg (°C ) (p r e p o ly m e r )
o b ta in c a lc u la te o b ta in c a lc u la te

S I 9 5 C 1 0 /0 7 0 .9 5 3 .7 -3 .5
SIOOC1 0 /0 7 1 .0 0 7.1 -2 .1
S I 0 5 C 1 0 /0 7 1 .05 8 .4 2 .7 - 0 .9 1 .2

SI 1 0 C 1 0 /0 6 1 .1 0 1 0 .2 0 .7
SI 1 5 C 1 0 /0 6 1 .15 11 .4 1.8
S I 2 0 C 1 0 /0 6 1 .2 0 1 9 .6 5.1
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T a b le  4 .3  V a lu e s  o f  T g  o f  th e  s e m i-IP N s  m ea su red  b y  D M A  te c h n iq u e  

at v a r io u s  w e ig h t  p e r c e n ta g e  o f  P V C .

S a m p le % P V C Tg (°C) (o n e -sh o t) Tg (°C) (p r e p o ly m e r )
o b ta in c a lc u la te o b ta in c a lc u la te

S I 0 5 C 0 5 /0 6 5 5 .7 -0 .8 6 -4 .0 -2 .4 8
S I 0 5 C 1 0 /0 6 10 8 .4 2 .6 9 -0 .9 1 .1 5
S I 0 5 C 1 5 /0 6 15 1 8 .6 6 .2 4 1.3 4 .7 7
S I0 5 C 2 0 /0 5 2 0 2 1 .9 9 .8 0 3 .2 8 .3 9
S I 0 5 C 3 0 /0 5 3 0 - - 8 .6 1 3 .8 2



1 0 0

F ig u re  4 .8  T h e  p lo ts  o f  E ’ an d  tan  Ô a g a in st  tem p eratu re  o f  th e  s e m i-IP N  
o f  P U  an d  P V C  p rep ared  b y  o n e -s h o t  p r o c e s s  w ith  th e  v a r ia tio n  o f  th e  
N C O /O H  ratio .

iog(E7MPa)



1 0 1

F ig u r e  4 .9  T h e  p lo ts  o f  E ’ an d  tan  6  a g a in st  tem p eratu re  o f  th e  s e m i-IP N  
o f  P U  an d  P V C  p rep a red  b y  p r e p o ly m e r  p r o c e s s  w ith  th e  v a r ia t io n  o f  th e  
N C O /O H  ratio .

logfi'/MPa)

tans

Temperature /  *c
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F ig u re  4 .1 0  T h e  p lo ts  o f  E ’ an d  tan  5 a g a in st  tem p eratu re  o f  th e  se m i-  
IP N  o f  P U  an d  P V C  p rep ared  b y  o n e -s h o t  p r o c e s s  w ith  th e  v a r ia tio n  o f  
th e  a m o u n t o f  P V C .

ianj
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Figure 4.11 The plots of E’ and tan 5 against temperature of the semi-
IPN of PU and PVC prepared by prepolymer process with the variation
of the amount of PVC.

tar 5
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T G A  is  u s u a lly  e m p lo y e d  to  s tu d y  m a ter ia ls  c o m p o s it io n s . W h en  

th e y  are su b je c te d  to  th erm al trea tm en t, at th e  cer ta in  tem p eratu re  

fr a c tio n s  o f  th e ir  m o le c u le s  or a to m s are d e s tr o y e d , r e n d er in g  w e ig h t  

r e d u c tio n  fro m  th e  o r ig in a l m a ss . In  th e s e  s tu d ie s , o n e -s h o t  and  

p r e p o ly m e r  P U s  an d  s e m i-I P N s  w e r e  su b je c te d  to  th e  th erm a l trea tm en t  

in  a T G A  fu rn a c e  fro m  5 0 -7 0 0 ° C , and  th e ir  ty p ic a l th e r m o g r a m s are  

s h o w n  in  F ig u r e s  4 .1 2 - 4 .1 6 .

T h e  th er m o g ra m s o f  th e  o n e  sh o t  an d  p r e p o ly m e r  P U  (F ig u r e s  4.12 
an d  4.13) are o f  th e  sa m e  p attern  o f  w e ig h t  lo s s  u p o n  th erm a l trea tm en t. 

T h ere  are tw o  m a in  w e ig h t  lo s s e s  at 300-430°C an d  a t 430-480°C, w h ic h  

are a s s o c ia te d  to  th e  s o 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 s p e c t iv e ly . F ig u r e s  4.14 an d  4.15 s h o w  th e  th er m o g ra m  o f  th e  o n e -s h o t  

an d  th e  p r e p o ly m e r  s e m i-IP N s , w h ic h  are a ls o  s im ila r  to  e a c h  oth er. 

T h ere  are th ree  s te p s  o f  w e ig h t  lo s s e s  at 250-300°C, 300-430°C an d  430- 
490°c, a s s o c ia te d  to  th e  P V C , an d  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  in  th e  r e su lt in g  s e m i-IP N s , r e sp e c t iv e ly . F ig u re  4.16 s h o w s  th e

4.4 Thermo gravimetric Analysis (TGA) of PU and the Semi-IPN



1 0 5

th er m o g ra m  o f  P V C , w h ic h  th e  p e a k  at 2 7 0 - 3 9 0 ° C  s h o u ld  b e  th e  w e ig h t  

lo s s e s  d u e  to  th e  d e c o m p o s it io n  o f  HC1 an d  C l2.

F ig u re  4 .1 2  T G A  th erm o g ra m  o f  P C L /M M D I/T E A -b a se d  P U  (o n e -s h o t  

p r o c e s s  , th e  N C O /O H  ratio  =  1 .0 5  and  P C L :M M D I:T E A  =  1 :3 :2 )
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F ig u re  4 .1 3  T G A  th erm o g ra m  o f  P C L /M M D I/T E A -b a se d  P U  
(p r e p o ly m e r  p r o c e s s , th e  N C O /O H  ratio  =  1 .05  an d  P C L :M M D I:T E A  
1:3 :2 ).

F ig u re  4 .1 4  T G A  th erm o g ra m  o f  th e  s e m i-IP N  P U /P V C  
(o n e -s h o t  p r o c e s s , sa m p le  =  S I 0 5 C 1 5 /0 6 -0 ) .
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(p r e p o ly m e r  p r o c e ss , sa m p le  =  S I 0 5 C 1 5 /0 6 -P ) .
Figure 4.15 TGA thermogram of the semi-IPN PU/PVC

F ig u re  4 .1 6  T G A  th erm o g ra m  o f  P V C  r e s in (M W =  5 0 ,6 2 5  g /m o l) ,  
su p p lie d  b y  T P C  C o .,L td ..
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T h e  m e c h a n ic a l p ro p er tie s  o f  P U s  an d  s e m i-P U s  p rep a red  in  th e se  

s tu d ie s  w e r e  te n s i le  p rop erty  an d  h a rd n ess  (sh o r e  A ) . T h e  form er  

in c lu d e s  th e  t e n s ile  stren g th  an d  th e  e lo n g a t io n  at b reak . T h e  e f f e c t  o f  

e q u iv a le n t  ra tio s  o f  N C O /O H  an d  o f  P C L :M M D I:T E A  u se d  for  th e  

p rep a ra tio n  o f  P U s  an d  th e  s e m i-IP N s  p rep ared  e ith er  b y  o n e -s h o t  or  

p r e p o ly m e r  p r o c e s s e s  o n  th o s e  m e c h a n ic a l p ro p er tie s  are d is c u s s e d  

su b se q u e n tly .

4 .5 .1  E f f e c t  o f  th e  e q u iv a le n t  r a t io  o f  P C L :M M D I :T E A  o n  th e  

m e c h a n ic a l p ro p erty  c f  P U
T a b le  4 .4  s h o w s  th e  v a lu e s  o f  th e  cu rrent m e n tio n e d  m e c h a n ic a l  

p ro p er tie s  o f  P U s  an d  th e  s e m i-IP N s  p rep ared  b y  th e  o n e -s h o t  or  

p r e p o ly m e r  p r o c e s s e s  as w e l l  a s b y  v a r io u s  m a ter ia ls  c o m p o s it io n s .

4.5 Mechanical Property of PU and the Semi-IPN
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T a b le  4 .4  T h e  t e n s ile  stren gth , 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  an d  th e  s e m i-IP N s  p rep a red  in  th e s e  s tu d ie s .

S a m p le T e n s ile  stren gth E lo n g a t io n  at H a rd n ess
(N /m m 2) b reak  (% ) (sh o r e  A )

P U 0 5 A 0 0 /0 2 - O 1.31 4 5 1 .3 4 6 .4
P U 0 5 B 0 0 /0 4 - O 1.81 3 2 2 .1 5 0 .8
P U 0 5 C 0 0 /0 6 - O 3 .7 7 3 2 9 .2 6 6 .7
P U 9 5 C 0 0 /0 7 - O 1 .1 6 2 0 3 .5 6 5 .8
P U 0 0 C 0 0 /0 7 -O 1 .5 7 2 3 1 .3 6 6 .2
P U 0 5 C 0 0 /0 7 - O 3 .7 7 3 2 9 .2 6 6 .7
P U 1 0 C 0 0 /0 6 -O 4 .4 2 3 2 9 .1 6 6 .8
P U 1 5 C 0 0 /0 6 -O 4 .2 5 2 9 8 .9 6 7 .0
P U 2 0 C 0 0 /0 6 - O 5 .1 7 3 2 7 .6 6 8 .0
S I 9 5 C 1 0 /0 7 - 0 2 .0 1 1 2 7 .9 7 0 .0
S I 9 5 C 1 0 /0 7 -P 2 .0 9 2 9 2 .4 5 9 .3
S I 0 0 C 1 0 /0 7 - 0 2 .1 3 1 4 6 .4 7 0 .2
S I 0 0 C 1 0 /0 7 -P 2 .2 9 4 5 4 .8 5 9 .4
S I 0 5 C 1 0 /0 7 - 0 2 .6 3 2 1 6 .7 7 0 .7
S I 0 5 C 1 0 /0 7 -P 3 .8 0 4 1 6 .1 5 9 .5
SI IOC 1 0 /0 6 - 0 2 .7 6 2 4 4 .1 6 7 .8
S I 1 0 C 1 0 /0 6 -P 3 .4 8 4 0 4 .5 5 9 .4
S I 1 5 C 1 0 /0 6 - 0 3 .1 2 2 4 5 .7 6 8 .8
S I 1 5 C 1 0 /0 6 -P 2 .8 0 3 9 3 .3 5 8 .2
S I 2 0 C 1 0 /0 6 - 0 2 .9 1 1 9 7 .0 7 0 .4
S I 2 0 C 1 0 /0 6 -P 3 .7 9 4 3 6 .1 6 3 .4



T a b le  4 .4  T h e  t e n s i le  stren g th , th e  e lo n g a t io n  at b rea k  an d  th e  S h o re  A  
h a rd n ess  o f  P U s  an d  th e  s e m i-IP N s  p rep ared  in  th e s e  s tu d ie s .(c o n t in u e )

S a m p le T e n s ile  stren gth  
(N /ra m 2)

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

H a rd n ess  
(sh o r e  A )

P U 0 5 C 0 0 /0 6 - O 3 .7 7 3 2 9 .2 6 6 .7
P U 0 5 C 0 0 /0 6 -P 3 .4 5 3 2 3 .3 69 .1
S I 0 5 C 0 5 /0 6 - 0 2 .4 8 1 9 9 .2 6 8 .2
S I 0 5 C 0 5 /0 6 -P 3 .4 6 3 8 5 .4 6 4 .3
S I 0 5 C 1 0 /0 6 - 0 2 .6 3 2 1 6 .7 7 0 .7
S I 0 5 C 1 0 /0 6 -P 3 .8 0 4 1 6 .1 5 9 .5
S I 0 5 C 1 5 /0 6 - 0 3 .7 8 2 3 5 .6 7 9 .6
S I 0 5 C 1 5 /0 6 -P 3 .7 2 5 5 7 .3 5 9 .6
S I 0 5 C 2 0 /0 6 - 0 4 .9 9 3 1 0 .4 8 0 .4
S I 0 5 C 2 0 /0 6 -P 4 .6 2 5 3 6 .1 6 0 .4
S I 0 5 C 3 0 /0 6 -P 6 .1 0 5 4 5 .4 6 1 .6
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P U 0 5 C 0 0 /0 7 -O . F ig u r e s  4 .1 7 - 4 .1 9  s h o w  th a t w h e n  in c r e a s in g  o f  th e  

n u m b er  o f  c r o s s lin k in g , t e n s ile  s tren g th  an d  h a rd n ess  o f  P U s  in cre a se  

w h ile  e lo n g a t io n  at b reak  d e c r e a se . T h is  tren d  is  e x p e c te d  s in c e  th e  

s y n th e s iz e d  P U s  c o n ta in  m o re  c r o s s lin k e d  lin k a g e s .

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  stren g th  o b ta in e d  in  

th e s e  s tu d ie s  are th e  sa m p le  P U 0 5 C 0 0 /0 7 -O . It w a s  th e  e a s ie s t  to  h a n d -  

c a st  th a n  th e  o th ers , so  th a t th e  e q u iv a le n t  ra tio  o f  P C L :M M D I:T E A  

eq u a l to  1 :3 :2  w a s  d e d ic a te d  fo r  th e  p rep a ration  o f  P U s  an d  th e  se m i-

Three diffemt equivalent ratios of PCL:MMDI:TEA were used to
prepare PUs having different amount of crosslinking and soft segments,
the relevant samples are PU05A00/02-O, PU05B00/04-O and

IP N s .
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F ig u r e  4 .1 7  E f fe c t  o f  th e  a m o u n t o f  c r o s s lin k in g  o n  th e  t e n s ile  stren gth  

o f  P U s  : th e  e q u iv a le n t  ra tio  o f  N C O /O H  w a s  c o n sta n t at 1 .0 5 , an d  P U s  

w e r e  p rep a red  b y  th e  o n e -s h o t  p r o c e ss .

2:3:1 1:2:1 1:3:2 Equivalent ratio of
PCL:MMDI:TEA

2.00 3.71 6.49 % crosslinking
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F ig u r e  4 .1 8  E f fe c t  o f  th e  a m o u n t o f  c r o s s lin k in g  o n  th e  S h o re  A  

h a rd n ess  o f  P U s  ะ th e  e q u iv a le n t  ra tio  o f  N C O /O H  w a s  c o n sta n t at 1 .0 5 , 
an d  P U s  w e r e  p rep ared  b y  th e  o n e -s h o t  p r o c e ss .

2.00 3.71 6-49 «70 Crosslinking
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F ig u re  4 .1 9  E f fe c t  o f  th e  a m o u n t o f  c r o s s lin k in g  o n  th e  e lo n g a t io n  at 

b reak  o f  P U s  ะ th e  e q u iv a le n t  ra tio  o f  N C O /O H  w a s  c o n sta n t at 1 .0 5 , and  

P U s  w e r e  p rep a red  b y  th e  o n e -s h o t  p r o c e ss .

2.00 3.71 6.49 % Crosslinking



1 1 5

4 .5 .2  E f f e c t  o f  th e  e q u iv a le n t  r a t io  o f  N C O /Q H  o n  th e  m e c h a n ic a l  

p ro p erty  o f  P U .
T h e  N C O /O H  e q u iv a le n t  ra tio  w a s  v a r ie d  fro m  0 .9 5  to  1 .2 0  at th e  

c o n sta n t e q u iv a le n t  ra tio  o f  P C L :M M D I:T E A  at 1 :3 :2 , w h ic h  m ea n s  that 

th e  n u m b er  o f  c r o s s lin k in g  an d  th e  s o f t  s e g m e n t  o f  P U s  are m o re  or le s s  

th e  sa m e . T h e  a m o u n t o f  N C O  w a s  e x c e s s  w h e n  th e  ra tio  w a s  grea ter  

th an  1 an d  th a t o f  O H  w a s  e x c e s s  w h e n  th e  ra tio  w a s  le s s  th a n  1. T h e  

s to ic h io m e tr ic  r e a c tio n  o f  N C O  w ith  O H  a c h ie v e s  w h e n  u s in g  th e  eq u a l  
ra tio  o f  N C O  to  O H . T h e  sa m p le s  P U 9 5 C 0 0 /0 7 -O , P U 0 0 C 0 0 /0 7 -O ,  
P U 0 5 C 0 0 /0 7 - O , P U 1 0 C 0 0 /0 6 -O , P U 1 5 C 0 0 /0 6 -O , an d  P U 2 0 C 0 0 /0 6 - O  

are r e le v a n t to  th e s e  stu d ie s .

F ig u r e s  4 .2 0 - 4 .2 2  s h o w s  th a t th e  t e n s ile  s tren g th  o f  th e  r e su lt in g  

P U s  is  s ig n if ic a n t ly  im p r o v e d  for  th e  h ig h e r  N C O /O H  e q u iv a le n t  ra tio , 
w h ile  th e  e lo n g a t io n  at b reak  an d  h a rd n ess  are n o t  g r e a tly  d ifferen t. 
H o w e v e r , a  s ig n if ic a n t ly  im p r o v e m e n t o f  th e  e lo n g a t io n  at b rea k  o f  th e  

s o l id  P U s  a c h e iv e s  w h e n  th e  N C O /O H  e q u iv a le n t  ra tio  in c r e a se s  from
0 .9 5  to  1 .0 5 .
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W h e n  th e  e q u iv a le n t  ratio  o f  N C O /O H  is  eq u a l to  o n e , th ere  are  

p r e su m a b ly  n o  se c o n d a r y  r ea c tio n  b e tw e e n  th e  is o c y a n a te  c o m p o u n d  

w ith  carb am ate  g ro u p s  o f  th e  r e su lt in g  P U s . W h e n  th is  ra tio  is  le s s  than  

1, i .e . ,  le s s e r  th e  iso c y a n a te  e q u iv a le n c e  th an  th e  h y d r o x y  o n e , th ere  

w o u ld  b e  s o m e  P C L  or  T E A  le f t  in  th e  r e su lt in g  P U s . S in c e  th e s e  

c o m p o u n d s  are lo w  m o le c u la r  w e ig h t  v is c o u s  liq u id , it m a y  n o t b e  

c o m p a tib le  to ta lly  to  th e  s o l id  r e su lt in g  P U . T h e  p o o r e s t  m e c h a n ic a l  
p ro p er tie s  are th er e fo re  e x p e c te d . W h e n  th e  e q u iv a le n t  ra tio  o f  N C O /O H  

is  grea ter  th a n  o n e , th e  e x c e s s  iso c y a n a te  rea c ts  w ith  th e  carb am ate  

l in k a g e s  o f  th e  r e su lt in g  P U s  to  o b ta in  a llo p h a n a te  c r o s s lin k in g  lin k a g e s .  
T h e se  r e a c tio n s  are th e r m o d y n a m ic a lly  r e v e r s ib le . T h e  lin k a g e s  w i l l  

d e f in ite ly  im p r o v e  th e  m e c h a n ic a l p rop er tie s  o f  th e  r e su lt in g  P U s . It is  

g e n e r a lly  r e c o m m e n d e d  to  u se  th e  e q u iv a le n t  ra tio  o f  N C O /O H  grea ter  

th a n  o n e , i .e . ,  1 .0 2 -1 .0 5 , in  ord er for  th e  e x c e s s  is o c y a n a te  c o m p o u n d  to  

rea c t w ith  a tra ce  o f  m o is tu r e  p r e se n te d  in  th e  p o ly o l  or  c r o s s lin k in g  

a g e n t, r e su lt in g  in  su b stitu ted  ca rb a m ic  d ia c id  w h ic h  is  th e n  d e c o m p o s e d  

to  g iv e  ca rb o n  d io x id e  an d  d ia m in e . M ic r o  b u b b le s  d u e  to  th e  ca rb o n  

d io x id e  g a s  m a y  b e  th e  p o in t  th a t fractu re c a u s in g  to  th e  m e c h a n ic a l  
fa ilu re  o f  th e  r e su lt in g  P U . T h e  trace  a m o u n t o f  d ia m in e  c o m p o u n d  

r e su lt in g  fro m  th e  r e a c tio n  o f  w a ter  an d  d iis o c y n a te  c a n  d e f in ite ly  react
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w ith  th e  e x c e s s  d iiso c y n a te  to  g iv e  u rea  lin k a g e , w h ic h  m a y  a lso  react  

w ith  th e  e x c e s s  iso c y a n a te  to  y ie ld  b iu ret c r o s s lin k in g  lin k a g e , a lso  

im p r o v in g  th e  m e c h n ic a l p rop er tie s  o f  th e  r e su lt in g  P U s . H o w e v e r  s in c e  

th e  tra ce  m o is tu r e  rem a in ed  in  th e  d io l c o m p o u n d s , th e  se c o n d a r y  

r e a c tio n  to  fo rm  b iu ret l in k a g e s  is  u n lik e ly  to  o ccu r .

F ig u r e  4 .2 0  E f fe c t  o f  th e  e q u iv a le n t  ra tio  o f  N C O /O H  o n  th e  te n s ile  

s tren g th  o f  P U s  ะ th e  e q u iv a le n t  ra tio  o f  P C L :M M D I:T E A  =  1 :3 :2 , and  

P U s  w e r e  p rep a red  b y  th e  o n e -s h o t  p r o c e ss .

0.95 1.00 1.05 1.10 1.15 1.20

NCO/OH equivalent ratio
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F ig u r e  4 .2 1  E f fe c t  o f  th e  e q u iv a le n t  ra tio  o f  N C O /O H  o n  th e  S h o re  A  

h a rd n ess  o f  P U s  : th e  e q u iv a le n t  ra tio  o f  P C L : M M D E T E A  = 1 : 3 : 2 ,  and  

P U s  w e r e  p rep a red  b y  th e  o n e -s h o t  p r o c e ss .



F ig u re  4 .2 2  E f fe c t  o f  th e  e q u iv a le n t  ra tio  o f  N C O /O H  o n  th e  e lo n g a t io n
at b reak  o f  P U s  ะ th e  e q u iv a le n t  ra tio  o f  P C L  : M M D I ะ T E A  = 1 : 3 : 2 ,  

and  P U s  w e r e  p rep a red  b y  th e  o n e -s h o t  p r o c e ss .
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p ro p erty  o f  th e  se m i-IP N .
T h e  s e m i-IP N s  p rep ared  b y  e ith er  o n e -s h o t  or  p re p o ly m e r  

p r o c e s s e s  w e r e  p rep ared  b y  v a r ia tio n  o f  th e  e q u iv a le n t  ra tio  o f  N C O /O H  

fro m  0 .9 5  to  1 .2 0 , w h ile  th e  w e ig h t  p e r c e n ta g e  ra tio  o f  P U /P V C  w a s  

c o n sta n t at 9 0 /1 0 . T h e  te n s ile  stren gth , e lo n g a t io n  at b rea k  an d  S h o re  A  

h a rd n ess  o f  th e  r e su lt in g  s e m i-IP N s  are g r a p h ic a lly  s h o w n  in  F ig u r e s  

4 .2 3 - 4 .2 5  ( s o l id  l in e  (— )fo r  th e  p r e p o ly m e r  an d  b ro k en  lin e  ( — )fo r  th e  

o n e -s h o t  p r o c e s s e s ) . T h e  sa m p le s  S I 9 5 C 1 0 /0 7 - 0 ,  S I 0 0 C 1 0 /0 7 - 0 ,  

S I 0 5 C 1 0 /0 7 - 0 ,  SI 1 0 C 1 0 /0 6 - 0 ,  S I 1 5 C 1 0 /0 6 - 0  an d  S I 2 0 C 1 0 /0 6 - 0  w e r e  

p rep a red  b y  th e  o n e -s h o t  p r o c e s s , an d  th e  sa m p le s  S I 9 5 C 1 0 /0 7 -P ,  
S I 0 0 C 1 0 /0 7 -P , S I 0 5 C 1 0 /0 7 -P , S I 1 0 C 1 0 /0 6 -P , S I 1 5 C 1 0 /0 6 -P  and
S I 2 0 C 1 0 /0 6 -P  w e r e  b y  th e  p r e p o ly m e r  o n e .

T h e  p r e p o ly m e r  p r o c e s s  a l lo w e d  to  o b ta in  th e  tran sp aren t s e m i-  

IP N  o f  P U /P V C , w h ic h  in d ic a te d  th a t th e  c o m p a tib il ity  b e tw e e n  P U  and  

P V C  p h a se s  w a s  a c h e iv e d . T h e  c o m p a tib il ity  is  d e r iv e d  fro m  th e  s tro n g  

H -b o n d in g s  b e tw e e n  th e  P U  an d  P V C  c a r b o n y ls  w ith  th e  a - H  o f  P V C . It 

is  a p p a ren tly  th a t th e  n u m b er  o f  c r o s s lin k in g  in  th o s e  sa m p le s  an d  th e  

a m o u n t o f  P V C  w e r e  f ix e d  c o n sta n tly . T h is  in d ic a te s  th a t th e  d if fe r e n c e s

4.5.3 Effect of the equivalent ratio of NCO/OH on the mechanical
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in  th e  m e c h a n ic a l p ro p er tie s  o f  th e  r e su lt in g  s e m i-I P N s  s h o u ld  b e  d u e  to  

th e  e f f e c t  o f  s e c o n d a r y  r e a c tio n s  to  g iv e  a d d itio n  c r o s s lin k in g s .

F o r  th e  o n e -s h o t  p r o c e s s , th e  te n s ile  stren g th  an d  e lo n g a t io n  at 

b reak  are o p tim u m  w h e n  th e  N C O /O H  e q u iv a le n t  ra tio  is  1 .1 5 , w h ile  th e  

h a rd n ess  d o  n o t  d iffe r  m u ch . It is  w o rth  to  n o te  th a t th e  g e n e r a l tren d  o f  

th e  m e c h a n ic a l p ro p er tie s  are m o re  or le s s  l ik e  th o s e  o f  P U s  d is c u s s e d  

p r e v io u s ly .

F o r  th e  p r e p o ly m e r  p r o c e s s , th e  te n s ile  s tren g th  is  o p tim u m  at th e  

N C O /O H  e q u iv a le n t  ra tio  o f  1 .0 5 , an d  th e n  it d ro p s u n til th e  N C O /O H  

e q u iv a le n t  ra tio  is  1 .2 0 . T h e  e lo n g a t io n  at b rea k  s h o w s  th e  s im ila r  

b e h a v io u r  to  th e  t e n s ile  stren gth . It is  n o te d  th a t th e  m a x im u m  v a lu e  

o b ta in e d  w h e n  th e  N C O /O H  e q u iv a le n t  ra tio  is  1 .0 0 . T h e  h a rd n ess  h a s  

th e  m a x im u m  v a lu e  w h e n  th e  N C O /O H  e q u iv a le n t  ra tio  is  1 .2 0 , an d  at 

th e  o th er  e q u iv a le n t  ra tio s  o f  N C O /O H  th e ir  h a rd n ess  v a lu e s  are n o t  

m u c h  d if f e m t  fro m  o n e  an oth er. T h e  o v e r a ll p ic tu re  o f  th e  m e c h a n ic a l  
p r o p er tie s  o f  th e  s e m i-IP N s  fro m  th is  p r o c e s s  is  b etter  th a n  th o se  

p rep a red  b y  th e  o n e -s h o t  p r o c e ss . T h e  su p er io r  p ro p er tie s  o b ta in e d  are  

d u e  to  th e  c o m p a tib il ity  b e tw e e n  P U  an d  P V C .
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F or th e  fa c t  th a t P V C  is  m is c ib le  w ith  P C L  b e c a u s e  o f  th e  

in tera c tio n  b e tw e e n  th e  ca rb o n y l gro u p  o f  P C L  an d  th e  a -h y d r o g e n  o f  

P V C . H o w e v e r , th is  s e m i-IP N  p rep ared  fro m  o n e -s h o t  p r o c e s s  w a s  

turb id , an d  o n e s  ca n  o b se r v e  im p e r fe c t  c o m p a tib il ity  b e tw e e n  P U  m a tr ix  

an d  th e  d isp e r se d  P V C  p h a se . T h e  e v id e n c e  o c c u r e d  d u e  to  th e  

in c o m p le te d  m e c h a n ic a l b le n d in g  o f  th e s e  tw o  p h a se s  r e su lt in g  in  an  

a g g r o m e r a te d  P V C  d isp e r se d  in  th e  c o n t in u o u s  P U  m a tr ix , w h ic h  o n e s  

c o u ld  o b se r v e d  b y  n e c k e d -e y e s .
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F ig u re  4 .2 3  E f fe c t  o f  th e  e q u iv a le n t  ratio  o f  N C O /O H  o n  th e  te n s ile  

stren g th  o f  th e  s e m i-IP N s  ะ 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  

P U s  w a s  c o n s ta n t at 1: 3: 2 , an d  th e  w e ig h t  p e r c e n ta g e  o f  P V C  in  th e  

r e su lt in g  p o ly m e r  w a s  f ix e d  at 10%  ; ( — ■ — )th e  p r e p o ly m e r  an d  ( - " • — ) 

th e  o n e -s h o t  p r o c e s s e s .
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F ig u re  4 .2 4  E f fe c t  o f  th e  e q u iv a le n t  ra tio  o f  N C O /O H  o n  th e  e lo n g a t io n  

at b reak  o f  th e  s e m i-IP N s  ะ 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  

P U s  w a s  c o n sta n t at 1: 3: 2 , an d  th e  w e ig h t  p e r c e n ta g e  o f  P V C  in  th e  

r e su lt in g  p o ly m e r  w a s  f ix e d  at 10%  ; ( —■ — )th e  p r e p o ly m e r  an d  (— • — ) 

th e  o n e -s h o t  p r o c e s s e s .

0.95 1.00 1.05 1.10 1.15 1.20
NCO/OH equivalent ratio
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F ig u re  4 .2 5  E f fe c t  o f  th e  e q u iv a le n t  ra tio  o f  N C O /O H  o n  th e  S h o re  A  

h a rd n ess  o f  th e  s e m i-IP N s  ะ th e  e q u iv a le n t  ratio  o f  P C L : M M D I: T E A  o f  

P U s  w a s  c o n s ta n t at 1: 3: 2 , an d  th e  w e ig h t  p e r c e n ta g e  o f  P V C  in  th e  

r e su lt in g  p o ly m e r  w a s  f ix e d  at 10%  ; ( — ■ — )th e  p r e p o ly m e r  and  

th e  o n e -s h o t  p r o c e s s e s .

NCO/OH equivalent ratio
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4 .5 .4  E f fe c t  o f  th e  a m o u n t o f  P V C  d isp e r se d  p h a se  o n  th e  m e c h a n ic a l
p ro p er ty  o f  th e  se m i-IP N .

T h e  s e m i-I P N s  w e r e  p rep ared  b y  e ith er  th e  o n e -s h o t  or th e  

p r e p o ly m e r  p r o c e s s e s  in  ord er to  in v e s t ig a te  th e  e f f e c t  o f  v a r ia t io n  o f  th e  

w e ig h t  p e r c e n ta g e  o f  P V C  in  th e  r e su lt in g  s e m i-I P N s  o n  th e ir  m e c h a n ic a l  
p ro p ertie s .

In  th e s e  s tu d ie s , th e  N C O /O H  e q u iv a le n t  ra tio  w a s  f ix e d  at 1 .05  

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  w a s  a lso  k e p t c o n s ta n t at 

1:3 :2 . T h e  sa m p le s  S I 0 5 C 0 0 /0 7 -O , S I 0 5 C 0 5 /0 6 - 0 ,  S I 0 5 C 1 0 /0 6 - 0 ,  
S I 0 5 C 1 5 /0 6 - 0 ,  S I 0 5 C 2 0 /0 5 - 0  w e r e  p rep ared  b y  th e  o n e -s h o t  p r o c e s s ,  
an d  th o s e  S I 0 5 C 0 0 /0 7 -P , S I 0 5 C 0 5 /0 6 -P , S I 0 5 C 1 0 /0 6 -P , S I 0 5 C 1 5 /0 6 -P ,  
S I 0 5 C 2 0 /0 5 -P  an d  S I 0 5 C 3 0 /0 5 -P  w e r e  b y  th e  p r e p o ly m e r  o n e .

F ig u r e  4 .2 6 - 4 .2 8  s h o w  th e  r e su lts  o f  e f f e c t  o f  th e  P V C  c o n te n t  in  

th e  r e su lt in g  s e m i-I P N s  o n  th e ir  m e c h a n ic a l p r o p er tie s , in c lu d in g  th e  

te n s i le  stren g th , th e  e lo n g a t io n  at b reak  an d  th e  sh o re  A  h a rd n ess .

F o r  th e  o n e -s h o t  p r o c e s s , P U  c o n ta in in g  n o  P V C , i .e .  
P U 0 5 C 0 0 /0 7 -O , s h o w s  b etter  te n s i le  stren g th  th a n  th e  s e m i-I P N s



127

c o n ta in in g  5 an d  10%  P V C . T h e  sa m e  tren d  ca n  a lso  b e  o b se r v e d  fo r  th e  

e lo n g a t io n  at b reak , an d  e v e n  th e  a m o u n t o f  P V C  in c r e a se s  u p to  2 0 % , 
th is  p ro p erty  is  n o t  b etter  th a n  th a t o f  P U  c o n ta in in g  n o  P V C . T h e se  

e v id e n c ie s  illu stra te  th e  e f f e c t  o f  in c o m p a tib ility  o f  th e  d isp e r se d  P V C  

p h a se  w ith  th e  P U  m atr ix . H o w e v e r  w h e n  th e  a m o u n t o f  P V C  w a s  u p to  

1 5 -3 0 % , th e  t e n s ile  stren g th  o f  th e  se m i-IP N  w a s  re su m e d  e q u iv a le n t  to  

or b etter  th a n  th e  p V C -fr e e  P U . A s  d is c u s s e d  ear lier , th is  is  d u e  to  th e  

p artia l c o m p a tib le  o f  P V C  in  th e  c o n t in u o u s  m a tr ix  o f  P U  as o b se r v e d  b y  

S E M  ( s e e  s e c t io n  4 .3 ) .

In  co n tra st  to  th e  o n e -s h o t  p r o c e s s , th e  p r e p o ly m e r  m e th o d  g a v e  

th e  c o m p a tib le  s e m i-I P N s  h a v in g  b etter  te n s ile  s tren g th  an d  e lo n g a t io n  at 

b reak  th a n  th e  p V C -fr e e  P U s . T h e s e  p ro p er tie s  im p r o v e  p ro p o r tio n a l to  

th e  in c r e m e n t o f  th e  a m o u n t o f  P V C  d isp e r se d  p h a se  in  th e  r e su lt in g  

se m i-IP N s .

T h e  sh o re  A  h a rd n ess  o f  th e  s e m i-IP N s  p rep a red  b y  th e  o n e -s h o t  

an d  th e  p r e p o ly m e r  p r o c e s s e s  is  n o t  in  th e  sa m e  p attern , b y  w h ic h  th e  

fo rm er  g iv e s  th e  b etter  h a rd n ess  u p o n  in c r e m e n t o f  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  la tter  g iv e s  p o o rer  h a rd n ess  w h e n  th e  a m o u n t
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o f  P V C  in c r e a se s  fro m  5 to  10%  an d  s e e m s  to  b e  c o n sta n t or s l ig h t ly  

im p r o v e m e n t w h e n  th e  P V C  c o n te n t  in c r e a se s  fro m  15 to  30 % . T h is  

e v id e n t  su g g u s ts  that, fo r  th e  c o m p a tib le  s e m i-IP N s , P V C  e x h ib its  i t s e l f  

as a p la s t ic iz e r  in  th e  r e su lt in g  p o ly m e r s  to  h a v e  th e  so fte r  an d  m o re  

f le x ib le  p ro p er tie s .
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F ig u r e  4 .2 6  E f fe c t  o f  th e  P V C  c o n te n t  in  th e  r e su lt in g  s e m i-I P N s  o n  th e  

t e n s ile  s tren g th  ะ 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 ;  ( — 1 —  ) th e  p r e p o ly m e r  an d  (---- • -  - -)
th e  o n e - s h o t  p r o c e s s e s .

0% 5% 10% 15% 20% 30%

PVC content (%/w)



1 3 0

F ig u r e  4 .2 7  E f fe c t  o f  th e  P V C  c o n te n t  in  th e  r e su lt in g  s e m i-IP N s  o n  th e  

e lo n g a t io n  at b rea k  : 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 ;  ( — * —  ) th e  p r e p o ly m e r  an d  (---- • - -  -)
th e  o n e -s h o t  p r o c e s s e s .

PVC content (%/w)
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F ig u r e  4 .2 8  E f fe c t  o f  th e  P V C  c o n te n t  in  th e  r e su lt in g  s e m i-I P N s  o n  th e  

S h o re  A  h a rd m ess  ะ 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 ;  (—* — ) th e  p r e p o ly m e r  an d  

th e  o n e - s h o t  p r o c e s s e s .
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B a n d y o p a d h y a y  an d  S h a w  s tu d ie d  th e  t e n s ile  s tren g th  and  

e lo n g a t io n  at b reak  p ro p er tie s  o f  P V C  p la s t ic iz e d  w ith  P C L /M M D I/T E A -  

b a sed  P U . T h e y  fo u n d  that th e  te n s ile  s tren g th  in c r e a se d  w h ile  th e  

e lo n g a t io n  at b reak  d e c r e a se d , w h e n  th e  a m o u n t o f  P U  d e c r e a se d  ( s e e  

F ig u r e  4 .2 9 ) .  T h e ir  f in d in g s  w e r e  co n tra st to  th e  r e su lts  o f  th e s e  s tu d ie s ,  
a le s s e r  a m o u n t o f  P U  a c ted  a s  a p la s t ic iz e r  in  a larger  a m o u n t o f  P V C , it 

is  th e r e fo r e  s u g g e s te d  to  m a k e  a c o n c lu s io n  in  th e s e  s tu d ie s  th a t th e  sm a ll  

p o r tio n  o f  P V C  d isp e r se d  p h a se  is  p la s t ic iz e d  th e  larger  p o r tio n  o f  P U  

c o n t in u o u s  m atr ix . F ig u re  4 .3 0  su p p o rts  th e  cu rren t c o n c lu s io n . A n  

in v e s t ig a t io n  o n  an  in cre m en t o f  th e  a m o u n t o f  P V C  h ig h e r  th a n  30%  

a ffe c ts  o n  th e  m e c h a n ic a l p ro p er tie s  o f  th e  r e su lt in g  s e m i-I P N s  sh o u ld  b e  

carr ied  o u t further.
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F ig u r e  4 .2 9  T h e  t e n s i l e  s tr e n g th  a n d  e lo n g a t io n  at b rea k  o f  

P C L /M D I/T E A -b a se d  P U  b le n d e d  w ith  v a r io u s  a m o u n t o f  P V C . 
(B a n d y o p a d h y a y  and  S h a w , 1 9 8 2 )

0% 20% 40% 50% 70% 100%

PVC content (%/w)

0% 20% 40% 50% 70% 100%
PVC content (%/w)



13 4

F ig u r e  4 .3 0  T h e  te n s ile  stren gth  an d  e lo n g a t io n  at b reak  o f  p o ly b le n d  o f
P C L /M D I /T E A -b a se d  P U  w ith  P V C  p rep ared  b y  B a n d y o p a d h y a y  (------ )
an d  S h a w  an d  o f  th e  s e m i-IP N s  p rep ared  in  th e s e  s tu d ie d  ( ------ -).

PVC content (%/w)

PVC content (%/w)
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