
CHAPTER 3
E X P E R IM E N T A L

3 .1  R a w  m a ter ia ls

3 .1 .1  g ,  co -H y d ro x y l p o ly c a p r o la c to n e  or p o lv c a p r o la c to n e  g ly c o l  (P C L )  

P C L  w a s  su p p lie d  b y  A ld r ic h  C h e m ic a l C o ., L td . It is  s o l id  at ro o m
tem p eratu re  w ith  a m e lt in g  p o in t  o f  50 °c. A  n u m b er- a v e r a g e  m o le c u la r  

w e ig h t  w a s  2000 g  m ol"1. It h a s th e  c h e m ic a l structure as s h o w n  b e lo w .

>o-<?(CH 2)H„OH

> 0 -C (C H 2)5-}mOH
o

P C L  w a s  d ried  u p o n  h e a tin g  at 90 °c for  6 h  u n d er  v a c u u m  in  ord er  

to  r e m o v e  a  tra ce  o f  m o istu re . It w a s  sto red  in  a d e s ic c a to r  p r io r  to  u se s .
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3 .1 .2  M o d i f i e d  4 .4 ' - d ip h e n v lm e t h a n e  d iis o c y a n a te  ( M o d if ie d  M D I  or  

M M D I)
M o d if ie d  M D I  u se d  in  th is  s tu d y  w a s  c a r d in a lly  su p p lie d  b y  T h a i 

P o ly u re th a n e  In d u stry  C o ., L td . (T P U ). It is  y e l lo w  to  l ig h t  b r o w n  liq u id  

an d  c o n ta in s  a sm a ll a m o u n t o f  iso c y a n a te s  h a v in g  h ig h e r  fu n c t io n a lity .  
In th is  w o rk , m o d if ie d  M D I  w a s  d r ied  u n d er  v a c u u m  for  1 h  b e fo r e  u se s .

3 .1 .3  T r ie th a n o la m in e  (T E A )
T E A , h a v in g  a  m ild  a m m o n ia c a l o d ou r , is  a  c o lo u r le s s  liq u id  at 

ro o m  tem p era tu re . In  th is  s tu d y  it w a s  u se d  to  se r v e  as a c r o s s lin k in g  

a g e n t an d  a lso  c o r d in a lly  su p p lie d  b y  T h a i P o ly u re th a n e  In d u stry  C o ., 
L td . It is  c o m p le te ly  s o lu b le  in  w a ter  an d  a lc o h o l  an d  s l ig h t ly  s o lu b le  in  

e th er  or  c h lo r o fo r m . T E A  c h e m ic a l stru ctu re is  s h o w n  b e lo w .

^ C H 2-C H 2-O H
n - c h 2- c h 2- o h

^  C H 2-C H 2-O H

T E A  w a s  d r ied  u p o n  h e a t in g  at 90 °c u n d er  a v a c u u m  fo r  6 h  an d
th en  s to red  in  a d e s ic c a to r  b e fo r e  u se s .
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3 .1 .4  P o ly f  v in y l  C h lo r id e )  (P V C )
P V C  r e s in  (p r o d u c e d  b y  su sp e n s io n  p o ly m e r iz a t io n ) , h a v in g  a 

m o le c u la r  w e ig h t  o f  5 0 ,6 2 5  g  m ol"1, w a s  c o r d in a lly  su p p lie d  b y  T h a i 
P la s tic  an d  C h e m ic a ls  C o ., L td . It w a s  d ried  u p o n  h e a t in g  at 90 °c u n d er  

v a c u u m  fo r  6 h  an d  s to red  in  a d e s ic c a to r  b e fo r e  u se s .

3 .1 .5  T etra h v d ro fiira n  (T H F )
T H F , h a v in g  a b o i l in g  p o in t  o f  66 - 67 °c, w a s  u s e d  to  se r v e  as a 

s o lv e n t  for  P V C  res in . It w a s  d r ied  o v e r  4 A  ty p e  m o le c u la r  s ie v e s  b e fo r e  

u se s .

3 .2  R a w  m a ter ia ls  ch a ra c ter isa tio n
3 .2 .1  D e te r m in a t io n  o f  H y d r o x y l N u m b e r  o f  P C L

H y d r o x y l n u m b er  is  d e f in e d  as th e  n u m b er  o f  m illig r a m s  o f  

p o ta ss iu m  h y d r o x id e  e q u iv a le n t  to  th e  h y d r o x y l c o n te n t  o f  1 g  o f  th e  

p o ly o l .  T h e  m e th o d  for  d e te rm in a tio n  o f  th e  h y d r o x y l g ro u p s  o f  P C L  w a s  

b y  a c e t ic  a n h y d r id e  a c e ty la tio n . T h e  k n o w n  a m o u n t o f  P C L  w a s  

a c e ty la te d  w ith  a  s o lu t io n  o f  a c e t ic  an h y d rid e  in  p y r id in e . T h e  e x c e s s  

a c e t ic  a n h y d r id e  w a s  h y d r o ly z e d  w ith  w a ter  an d  th e  a c e t ic  a c id  o b ta in e d  

fro m  h y d r o ly z a t io n  w a s  titra ted  w ith  so d iu m  h y d r o x id e  so lu t io n . T h e
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h y d r o x y l c o n te n t  w a s  c a lc u la te d  from  th e  d iffe r e n c e  in  titra tio n  o f  th e  

b la n k  an d  P C L  so lu t io n . A c id  n u m b er  o f  P C L  w o u ld  b e  a d d ed  to  

h y d r o x y l n u m b er  o f  P C L  for  c o rr ec tio n  o f  th e  h y d r o x y l n u m b er  ( s e e  

S e c t io n  3 .2 .2 ) .T h e  a v e r a g e -h y d r o x y l n u m b er  o f  P C L  rep o rted  in  T a b le
3 .1  w a s  a v e r a g e d  fro m  th ree  d e te rm in a tio n s . (A S T M  D 4 2 7 4 - 8 8 )

T a b le  3 .1  A v e r a g e -H y d r o x y l n u m b er  o f  P C L

S a m p le H y d r o x y l n u m b er  
(m g  K O H  /  g )

1 5 5 .5 4
2 5 5 .0 0
3 5 4 .9 8

A v e r a g e 5 5 .1 7 ± 3 7

3 .2 .2  D e te r m in a t io n  o f  A c id  N u m b e r  o f  P C L
A c id  n u m b er  is  an  e s se n t ia l  d ata  to  m ea su re  th e  r e s id u a l a m o u n t o f  

c a r b o x y l e n d  g ro u p s  p r e se n te d  in  P C L . T h e y  rea c ts  w ith  iso c y a n a te s  to  

fo rm  a c id a m id e s  w ith  th e  r e le a se  o f  C 0 2, r e su lt in g  in  th e  c a u se  o f  b u b b le
fo rm a tio n .
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A c id  n u m b er  is  d e f in e d  as th e  q u a n tity  o f  b a se , e x p r e s se d  in  m g  o f  

K O H , req u ired  to  titrate  w ith  a c id ic  c o n st itu e n ts  p resen t in  1 g  o f  sa m p le . 
In th is  w o rk , th e  k n o w n  a m o u n t o f  P C L  w a s  d is s o lv e d  in  a m ix tu re  o f  

to lu e n e  an d  e th y l a lc o h o l . T h e  r e su ltin g  s in g le -p h a s e  s o lu t io n  w a s  

titra ted  at r o o m  tem p eratu re  w ith  a lc o h o lic  K O H  so lu t io n , to  th e  en d  

p o in t  in d ic a te d  b y  th e  c o lo r  c h a n g e  o f  th e  a d d ed  p h e n o lp h th a le in . T h e  

a c id  n u m b er  le s s  th a n  1 m g  K O H /g  is  a c c e p te d , an d  fr e q u e n tly  e v e n  an  

a c id  n u m b er  le s s  th an  0 .5  m g  K O H /g . T h e  a v e r a g e -a c id  n u m b er  o f  P C L , 
a v era g e  from  th ree  d e te r m in a tio n s , is  sh o w n  in  T a b le  3 .2 .(A S T M  D 4 6 6 2 -  

9 3 )
T a b le  3 .2  A v e r a g e -A c id  n u m b er  o f  P C L

S a m p le A c id  n u m b er  
(m g  K O H  /  g )

1 0 .1 6 9
2 0 .1 7 8
3 0 .1 7 2

A v e r a g e 0 .1 7 3  +  0 .0 0 5

A fte r  a d d in g  o f  th e  a v e r a g e -a c id  n u m b er  to  th e  h y d r o x y l n u m b er  o f
P C L , th e  co rr ec t a v e r a g e -h y d r o x y l n u m b er w a s  5 5 .3 4  m g  K O H /g .
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3 .2 .3  D e te r m in a tio n  o f  H y d r o x y l N u m b er  o f  T E A
A  te s t  m e th o d  for  d e te rm in a tio n  o f  h y d r o x y l n u m b er o f  T E A  w a s  as  

sa m e  as that fo r  P C L . T h e  a v e r a g e -h y d r o x y l n u m b er  s h o w n  in  T a b le  3 .3  

w a s  o b ta in e d  fro m  th e  a v e r a g e  o f  th ree  d e term in a tio n s .

T a b le  3 .3  A v e r a g e -H y d r o x y l N u m b e r  o f  T E A

S a m p le H y d r o x y l n u m b er  
(m g  K O H  /  g )

1 1 ,1 1 6 .5 5
2 1 ,1 1 6 .6 6
3 1 ,1 1 6 .7 1

A v e r a g e 1 ,1 1 6 .6 4  ± 0 . 0 9

3 .2 .4  D e te r m in a tio n  o f  th e  I so c y a n a te  C o n ten t o f  M M D I
N C O  c o n te n t  is  d e f in e d  as th e  w e ig h t  p ercen t o f  th e  N C O  g ro u p s  

p r e se n te d  in  th e  iso c y a n a te  c o m p o u n d . It ca n  b e  d e te r m in e d  b y  th e  

titra tio n  o f  th e  fu n c tio n a l g ro u p s  a s  w a s  d o n e  fo r  th e  p o ly o ls .

In  th e  p r e se n t w o r k , th e  N C O  c o n te n t w a s  d e te r m in e d  fro m  th e  

a m o u n t o f  d ib u ty la m in e  c o n su m e d  in  th e  rea c tio n . T h e  M M D I  w a s  a d d ed  

to  an  e x c e s s  d ib u ty la m in e  in  to lu e n e  an d  a l lo w e d  to  sta n d  at ro o m
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tem p eratu re  for  15 m in . T h e  iso c y a n a te  reacts w ith  d ib u ty la m in e  to  form  

urea. T h e  r e a c tio n  m ix tu re  w a s  d ilu ted  w ith  iso p r o p y l a lc o h o l , an d  th e  

e x c e s s  d ib u ty la m in e  w a s  b a ck -titra ted  w ith  HC1 a q u e o u s  so lu t io n  to  th e  

en d  p o in t  u s in g  b r o m c r e so l g ree n  in d ica tor . T a b le  3 .4  s h o w s  th e  a v era g e  

p e r c e n ta g e  o f  N C O  g ro u p s o f  m o d if ie d  M D I after  th ree  d e te r m in a tio n s . 

(A S T M  D 5 1 5 5 - 9 1 )

T a b le  3 .4  A v e r a g e -I so c y a n a te  C o n ten t o f  M o d if ie d  M D I

S a m p le Iso c y a n a te  C o n ten t  
( % )

1 3 0 .0 2
2 3 0 .0 8
3 3 0 .2 7

A v e r a g e 3 0 .1 2 + 0 .1 5

3 .3  C a lc u la t io n
T h e  a m o u n t o f  M o d if ie d  M D I req u ired  to  rea c t w ith  P C L  an d  T E A , 

w a s  c a lc u la te d  to  o b ta in  th e  c h e m ic a lly  sto ich io m etr iG  e q u iv a le n ts . F or  

th e  c a lc u la t io n  th e  e q u iv a le n t  w e ig h t  (E n) o f  r ea g en ts  are u se d , b y  w h ic h
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En =  M o le c u la r  w e ig h t
N u m b e r  o f  r e a c tiv e  g ro u p s or fu n c tio n a lity

T h e  e q u iv a le n t  w e ig h t  re la te s  to  th e  h y d r o x y l n u m b er  an d  th e  

iso c y a n a te  c o n te n t  a c c o r d in g  to  th e  fo l lo w in g  eq u a tio n s .

H y d r o x y l n u m b er  (m g  K O H /g )  =  56 .1  X fu n c t io n a lity  X 1 0 0 0
M o le c u la r  w e ig h t

or E q u iv a le n t  w e ig h t  =  56 .1  X 1 0 0 0
H y d r o x y l n u m b er

I so c y a n a te  C o n te n t  =  % -N C O  g ro u p s =  4 2  X fu n c t io n a lity  X 1 0 0
M o le c u la r  w e ig h t

or E q u iv a le n t  w e ig h t  =  4 2 x 1 0 0
% N C O  g ro u p s

T h e  h y d r o x y l n u m b er  o f  P C L , T E A  an d  th e  is o c y a n a te  c o n te n t  o f  

M M D I d e te rm in ed  fro m  th e  p r e v io u s  s e c t io n  w e r e  u se d  to  c a lc u la te  E n,
an d  th e  v a lu e s  are s h o w n  in  T a b le  3 .5 .
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T a b le  3 .5  E q u iv a le n t  w e ig h t  o f  P C L , T E A  an d  M M D I.
C h e m ic a ls En (g  m o l'1)

P C L
T E A

M o d if ie d  M D I

1 ,0 1 3 .6 4
5 0 .2 3
1 3 9 .4 3

In  ord er  to  o b ta in  th e  s to ic h io m e tr ic  e q u iv a le n ts , th e  ra tio  o f  

e q u iv a le n ts  o f  iso c y a n a te  to  th e  to ta l h y d r o x y l g ro u p s  w a s  c a lc u la te d  

from  th e  e q u a tio n  s h o w n  b e lo w .

r =  iso c y n a te  e q u iv a le n ts
p o ly o l  e q u iv a le n ts  +  c r o s s lin k e r  e q u iv a le n ts

w h e r e  e q u iv a le n ts  =  w e ig h t  o f  r ea g en ts
e q u iv a le n t  w e ig h t

In  m a k in g  p o ly u r e th a n e  p ro d u ct, an  e x c e s s  is o c y a n a te  s h o u ld  b e  

u se d  b e c a u s e  it ca n  a ls o  rea c t w ith  m o istu re  as w e l l  a s w ith  th e
carb am ate  g ro u p  o f  th e  p o ly u r e th a n e  p rod u ct.
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3 .4  F o rm u la tio n  o f  P o ly u r e th a n e  an d  S e m i-IP N
P o ly u r e th a n e  s y n th e s iz e d  in  th e s e  s tu d ie s  w a s  a c r o s s lin k e d  

p o ly m er . T h e  r e a c tio n s  o f  M M D I w ith  P C L  an d  M M D I w ith  T E A  g a v e  

th e  so ft  an d  th e  hard s e g m e n ts  o f  th e  r e su ltin g  P U . In  ord er to  an d  e v o id  

a m b ig u ity  w h ic h  m a y  o c c u r e d  fro m  n o w  o n  th e  term  “P C L /M M D I/T E A -  

b a sed  P U ” is  u se d  to  in d ic a te  s p e c if ic  c h e m ic a l c o m p o s it io n s  th a t u se d  to  

p repare P U .

3 .4 .1  P C L /M M D I /T E A - b a s e d  P U  fo r m u la t io n  ะ V a r ia t io n  o f  th e  

e q u iv a le n t  ra tio  o f  P C L :M M D I:T E A  

T h e  N C O /O H  ratio  w a s  c o n sta n t at 1 .0 5 . T h e  e q u iv a le n t  ra tio s  o f  

P C L  ะ M o d if ie d  M D I(M M D I)  ะ T E A  w e r e  v a r ie d  r e su lt in g  in  th e  

v a r ia tio n  o f  w e ig h t  o f  m a ter ia ls  fo r  e a c h  e q u iv a le n t  ra tio  ( s e e  a ls o  T a b le
3 .6 ) . (N o n g lu c k , 1 9 9 4 )

T a b le  3 .6  W e ig h ts  o f  r ea g en ts  fo r  v a r io u s  e q u iv a le n t  ra tio  o f  
P C L /M M D I/T E A -b a se d  P U

e q u iv a le n t  ratio  
P C L : M M D I: T E A

W e ig h t o f  c h e m ic a ls (g )
P C L M M D I T E A

2 : 3 : 1 1 0 0 .0 0 2 1 .7 4 2 .4 9
1 : 2 : 1 1 0 0  0 0 2 8 .9 9 4 .9 7
1 : 3 : 2 1 0 0 .0 0 4 3 .4 8 9 .9 5
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3 .4 .2  P C L /M M D I/T E A -b a se d  P U  fo rm u la tio n  :V aria tion  o f  

N C O /O H  ratio
T h e  s to ic h io m e tr ic  ratio  o f  N C O  to  O H  grou p s w a s  v a r ie d  fro m  0 .9 5  

to  1 .2 0 , w h ile  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  f ix e d  at 

1:3:2 . T a b le  3 .7  s h o w s  th e  v a lu e s  o f  N C O /O H  ra tio  an d  th e  w e ig h t  o f  

rea g en ts  u se d  for  th e  p articu lar  fo rm u la tio n s .

T a b le  3 .7  W e ig h t  o f  r ea g en ts  fo r  v a r io u s  N C O /O H  ratio  o f  
P C L /M M D I/T E A -b a se d  P U

N C O /O H
ratio

W e ig h t o f  c h e m ic a ls (g )
P C L M M D I T E A

0 .9 5 1 0 0 .0 0 3 9 .3 4 9 .9 5
1 .0 0 1 0 0 .0 0 4 1 .4 1 9 .9 5
1 .0 5 1 0 0 .0 0 4 3 .4 8 9 .9 5
1 .1 0 1 0 0 .0 0 4 5 .5 5 9 .9 5
1 .15 1 0 0 .0 0 4 7 .6 2 9 .9 5
1 .2 0 1 0 0 .0 0 4 9 .6 9 9 .9 5
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In th is  s tu d y , th e  c o n sta n t c o m p o s it io n  o f  P U  an d  P V C  w a s  se t  at 

9 0  to  10%  b y  w e ig h t . F or  th e  P U  co m p o n e n 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  w a s  a lso  k ep t co n sta n t at 1 :3 :2 . O n ly  th e  N C O /O H  

ratio  w a s  v a r ie d  fro m  0 .9 5  to  1 .2 0  as d escr ib ed  in  S e c t io n  3 .4 .2 .  T h e  

w e ig h t  o f  a ll o f  th e  r ea g en ts  u se d  for  p articu lar  ra tio s  o f  N C O  to  O H  fo r  

p rep a ration  o f  s e m i-I P N s  is  g iv e n  in  T a b le  3 .8 .

3.4.3 Semi-IPN of PCL/MMDI/TEA-based PU and PYC formulation
ะ Variation of NCO/OH ratio

T a b le  3 .8  W e ig h t  o f  r e a g e n ts  fo r  v a r io u s  N C O /O H  ra tio  fo r  th e
p rep a ration  o f  S e m i-IP 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 .

N C O /O H
ratio

W e ig h t  o f c h e m ic a ls (g )
P C L M M D I T E A P V C

0 .9 5 1 0 0 .0 0 3 9 .3 4 9 .9 5 1 4 .9 3
1 .0 0 1 0 0 .0 0 4 1 .4 1 9 .9 5 1 5 .1 4
1 .05 1 0 0 .0 0 4 3 .4 8 9 .9 5 1 5 .3 4
1 .1 0 1 0 0 .0 0 4 5 .5 5 9 .9 5 1 5 .5 5
1 .15 1 0 0 .0 0 4 7 .6 2 9 .9 5 1 5 .7 6
1 .2 0 1 0 0 .0 0 4 9 .6 9 9 .9 5 1 5 .9 6
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3 .4 .4  S e m i-IP N s  o f  P C L /M M D I/T E A -b a se d  P U  an d  P Y C  fo rm u la tio n  

ะ V a r ia t io n  o f  th e  w e ig h t  c o m p o s it io n  o f  P C L /M M D I /T E A -b a s e d  

P U  an d  P Y C
T h e P C L /M M D I/T E A -b a se d  P U  c o m p o n e n t h a v in g  th e  e q u iv a le n t  

ratio  o f  P C L :M M D I:T E A  eq u a l to  1:3:2  and  th e  N C O /O H  ratio  eq u a l to
1 .0 5  w a s  f ix e d  fo r  e v e r y  fo rm u la tio n s . T h e  w e ig h t  c o m p o s it io n  o f  

P C L /M M D I/T E A -b a se d  P U  an d  P V C  w a s  v a r ie d  an d  s h o w n  in  T a b le  

3 .9 .

T a b le  3 .9  W e ig h t s  o f  P V C  fo r  v a r io u s  w e ig h t  c o m p o s i t io n  o f  
S e m i-IP 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 .

C o m p o s it io n %  P V C
(พ /พ )

W e ig h ts  o f  P V C  
(g )

P U  9 5 /  P V C  5 5 7 .6 7
P U  9 0 / P V C  10 10 1 5 .3 4
P U  8 5 /  P V C  15 15 2 3 .0 1
P U  8 0 /  P V C  2 0 2 0 3 0 .6 9
P U  7 0 /  P V C  3 0 3 0 4 6 .0 3
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3 .5  P rep a ration  o f  P C L /M M D I/T E A -b a se d  P U  an d  S e m i-IP N
3 .5 .1  P C L /M M D I/T E A -b a se d  P U

In th e s e  s tu d ie s  o n e -s h o t  p r o c e s s  w a s  e m p lo y e d  for  th e  p rep a ration  

o f  P C L /M M D I/T E A -b a se d  P U . A ll  p o ly o ls  w e r e  m ix e d  to g e th e r  an d  

fo l lo w e d  b y  th e  m ix in g  iso c y a n a te . T h e  ex p e r im e n ta l w a s  d e ta ile d  th e  

fo l lo w in g s .

1) T h e  k n o w n  a m o u n t o f  d ried  P C L  and T E A  ( s e e  T a b le s  3 .6  an d  3 .7 )  

w ere  m ix e d  in  a r e a c tio n  k e tt le  eq u ip p e d  w ith  a m e c h a n ic a l stirrer an d  a  

v a c u u m  in le t. T h e  sy s te m  w a s  m a in ta in ed  in  a w a ter  b ath  at 60°c.

2 )  T h e  r ea g en ts  fro m  1) w e r e  m ix e d  to g e th e r  w h ile  stirr in g  at th e  sp e e d  

o f  5 0 0  rpm . fo r  3 0  m in . T h e  m ix tu re  w a s  su b se q u e n tly  su b je c te d  to  

v a c u u m  for  3 0  m in .

3 )  T h e  k n o w n  a m o u n t o f  M M D I su b jec ted  to  v a c u u m  fo r  3 0  m in ., w a s  

a d d ed  in to  th e  m ix tu re  fro m  2 )  w h ic h  w a s  m a in ta in e d  in  th e  r e a c tio n  

k ettle . T h e y  w ere  su d d e n ly  m ix e d  u s in g  a h ig h  sp e e d  stirrer at 1 3 0 0  rpm .
for  10 se c .
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4 )  P o u r in g  th e  m ix tu re  in to  an  a lu m in iu m  m o u ld  c o a te d  w ith  s i l ic o n e -  

b a se d  r e le a s in g  a g en t.

5 ) T h e  m o u ld  w a s  p la c e d  in  a v a c u u m  o v e n  at 70°c fo r  2 0  m in . 
S u b se q u e n tly  it w a s  p r e sse d  a d d it io n a lly  u n d er a h y d ra u lic  p ress  at 70°c 
for  15 m in . It is  n o te d  th a t th e  r e su lt in g  p o ly m e r  p rior  to  p r e s s in g  w o u ld  

b e s o f t  u n le s s  o th e r w ise  it w a s  hard to  p ress  i f  th e  m ix tu re  w a s  k e p t to o  

lo n g  in  th e  o v e n . (X ia o , 1 9 8 3 )

6 )  T h e n  th e  m o u ld  w a s  p la c e d  in  an  o v e n  at 7 0 ° c  for  a d d itio n a l 2 4  h  

w ith o u t a n y  p r e ss in g . T h e  sa m p le s  w e r e  then  c o n d it io n e d  in  a d e s ic c a to r  

for  a w e e k  p rio r  to  furth er a n a ly s is  an d  ch a ra c ter iza tio n . ( D ic k ie ,  1 9 8 8 )

3 .5 .2 . S e m i-IP N  o f  P C L /M M D I/T E A -b a se d  P U  an d  P Y C
In  p rep a ration  o f  th e  s e m i-IP N , o n e -sh o t  p r o c e s s  an d  p r e p o ly m e r  

p r o c e s s  w e r e  e m p lo y e d ,  
a) O n e -sh o t  p r o c e s s
T h e  e x p e r im e n t  p ro ced u re  w a s  as sa m e  as th a t d e sc r ib e d  in  s e c t io n

3 .5 .1 . T h e  k n o w n  a m o u n t o f  d r ied  P V C  ( s e e  T a b le s  3 .8  an d  3 .9 )  w a s
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b ) P r e p o ly m e r  p r o c e ss
F irst, P C L  w a s  m ix e d  to g e th e r  w ith  iso c y a n a te  (M M D I )  to  g iv e  a 

p rep o ly m er . T h e n  P V C  so lu t io n  in  T H F  w a s  m ix e d  to g e th e r  w ith  th e  

p rep o ly m er , f in a lly  f o l lo w e d  b y  th e  m ix in g  o f  th e  c r o s s lin k in g  a g en t, 
T E A . D e ta ils  o f  th e  ex p e r im e n ta l w e r e  th e  fo l lo w in g s .

1) T h e  s to ic h io m e tr ic  a m o u n t ( s e e  a lso  T a b le  3 .8 )  o f  d r ied  P C L  an d  

m o d if ie d  M D I w e r e  p rep ared  an d  th en  w ere  m ix e d  in  a r e a c tio n  k a ttle  

e q u ip p e d  w ith  a m e c h a n ic a l stirrer and  v a c u u m  in le t. T h e s e  s y s te m  w a s  

m a in ta in  in  w a ter  b ath  at 6 0 ° c .

2 )  T h e  r ea g en ts  fro m  1 ) w e r e  m ix e d  w e ll  u s in g  a m e c h a n ic a l stirrer at th e  

sp e e d  o f  5 0 0  rpm  fo r  3 0  m in  to  o b ta in  p rep o ly m er , w h ic h  w a s  

su b se q u e n tly  su b je c te d  to  v a c u u m  for  a p p r o x im a te ly  3 0  m in .

3 )  T h e  e x a c t  a m o u n t o f  d r ied  P V C  ( s e e  T a b le  3 .8  an d  3 .9 )  d is s o lv e d  in  

T H F  (P V C  ~ 1 5 g  /  T H F  1 0 0  m l.)  to  o b ta in  P V C  s o lu t io n , w h ic h  w a s

dissolved in THF (PVC ~15 g / THF 100 ml) to obtain the PVC solution,
which was subsequently mixed with PCL and TEA.
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4 )  T h e  k n o w n  a m o u n t o f  d ried  T E A  ( s e e  T a b le s  3 .8  an d  3 .9 )  w a s  a d d ed  

in to  th e  m ix tu re  fro m  3 )  and  su d d e n ly  m ix e d  q u ic k ly  u s in g  a h ig h  sp p ed  

stirrer o f  1 5 0 0  rpm . for  a b ou t 15 sec .

5 ) T h e  e x p e r im e n ta l w a s  su b se q u e n tly  fo l lo w e d  4 )  to  6 )  o f  S e c t io n  3 .5 .1 .

3 .6  M a ter ia ls  C h a ra cter isa tio n
A ll  o f  th e  s y n th e s iz e d  sa m p le s  in  th e se  s tu d ie s  w e r e  ch a ra c ter ised  

th e ir  p h y s ic a l an d  m e c h a n ic a l p ro p er tie s  u s in g  v a r io u s  te s t  te c h n iq u e s  

in c lu d in g  t e n s ile  te s t in g , h a rd n ess  te s t in g , d y n a m ic  m e c h a n ic a l a n a ly s is  

(D M A ), th er m o g ra v im etr ic  a n a ly s is  (T G A ), an d  s c a n n in g  e le c tr o n  

m ic r o s c o p y  (S E M ). D e ta i ls  for  e a c h  te s t  are g iv e n  su b se q u e n tly .

mixed while stirring at the speed of 500 rpm with the prepolymer for 30
min. Then the mixture was subjected to vacuum for 15 min. in order to
remove a large portion of THF.
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3 .6 .1  T e n s ile  te s t in g
T h e  t e n s ile  p rop erty  is  im p ortan t ch a ra c ter is t ic s  o f  m a ter ia l stren gth . 

T h e  sp e c im e n  is  s tre tch e d  at a c o n sta n t rate u n til it b reak s.

T h e  t e n s ile  stren g th  is  th e  m a x im u m  stress  th a t th e  m ater ia l 
w ith sta n d s  b e fo r e  rupture.

T e n s ile  stren g th  =  F  /  A
F  =  B r e a k in g  fo r c e  (N )
A  =  C r o ss -s e c t io n a l area  (m m 2)

T h e  e lo n g a t io n  at b reak  or th e  u lt im a te  e lo n g a t io n  is  th e  m a x im u m  

e x te n s io n  o f  th e  s p e c im e n  at th e  p o in t  o f  rupture.
E lo n g a t io n  at b reak  (% ) =  ((  L - Lo) /  Lo )  X 1 0 0  

w h e r e  L - L0 =  C h a n g e  o f  le n g th ,
L 0 =  O r ig in a l le n g th ,
L  =  F in a l le n g th  at th e  p o in t  o f  rupture.

T h e  p lo t  o f  s tre ss  a g a in st  strain  y ie ld s  th e  m o d u lu s  o f  e la s t ic ity .  
T h is  is  th e  s lo p e  o f  th e  in it ia l, s tr a ig h t- lin e  p o r tio n  o f  th e  stre ss-s tra in
cu rv e .
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S tre ss-s tra in  c u r v e s  ca n  a lso  p r o v id e  in fo rm a tio n  o n  to u g h n e s s  o f  a  

m a ter ia l. A n  in teg ra tio n  o f  th e  area u n d er stress-s tra in  cu rv e  is  

p ro p o rtio n a l to  th e  e n e r g y -to -b r e a k  p er u n it v o lu m e , w h ic h  is  a  m ea su re  

o f  th e  to u g h n e s s  o f  th e  sp e c im e n  u n d er  th e  c o n d it io n s  o f  th e  te s t . (W o o d ,  

1 9 8 7 )

In  th e  p r e se n t w o rk , L L O Y D  5 0 0  w a s  u sed . T h e  s p e e d  o f  te s t in g  

w a s  c o n s ta n t at 5 0 0  m m /m in . T e n s ile  stren gth  an d  u lt im a te  e lo n g a t io n  

w e r e  m ea su red . M a ter ia l s p e c im e n s  in  sh e e t  fo rm s w e r e  c u t u s in g  a d ie -  

cu t in  d u m b b e ll sh a p e  h a v in g  s iz e  eq u a l to  ty p e  IV  s p e c im e n  c o n fo r m e d  

to  A S T M  D 6 3 8 . W id th  an d  th ic k n e s s  o f  s p e c im e n s  w e r e  m e a su r e d  u s in g  

a m icro m e ter . F iv e  m e a su r e m e n ts  w e r e  taker, an d  th e  m e d ia n  v a lu e  w a s  

u s e d  fo r  c a lc u la t io n  o f  th e  c r o s s -s e c t io n a l area.

3 .6 .2  H a rd n ess  te s t in g
H a rd n ess  te s t  u su a lly  m e a su r e s  th e  a m o u n t o f  p e n e tr a tio n  o f  an  

in d en to r  in to  a p la s t ic  sp e c im e n . In  th is  w o r k  a d u ro m eter  ty p e  ‘sh o re  A ’ 
w a s  u se d . S h o re  A  is  a  s c a le  o f  sh o re  h a rd n ess  u s e d  fo r  s o f t  m a ter ia ls , 
su c h  a s  an  e la s to m e r . T h e  in d en to r  for  th e  sh o re  A  h a s  a f la t fa c e  o f
d ia m eter  o f  0 .8  m m . It is  c o n n e c te d  to  a c o i le d  sp r in g . W h e n  a
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p o ly u r e th a n e  or s e m i-I P N  s p e c im e n s  w e r e  te s te d , th e  in d en to r  w a s  fo r c e d  

in to  th e  su r fa ce  o f  th e  s p e c im e n s  an d  e x e r te d  th e  fo r c e  o f  th e  c o i le d  

sp r in g . T h e  d ep th  o f  p en e tra tio n  o f  th e  in d en to r  w a s  a m e a su r e m e n t o f  

th e  h a rd n ess  o f  sp e c im e n s . (A S T M  D 7 8 5 )

3 .6 .3  D y n a m ic  M e c h a n ic a l A n a ly s is  (D M A )
T h e  d y n a m ic  r e sp o n se  o f  a m ater ia l to  o s c il la to r y  lo a d in g , o fte n  

s in u so id a l w a v e , is  u su a lly  carr ied  o u t u s in g  a D y n a m ic  M e c h a n ic a l  
A n a ly z e r . A  s in u so id a l s tre ss  is  a p p lie d  to  a  v is c o e la s t ic  p o ly m e r . Its  

r e sp o n se  c o r r e sp o n d e n t to  s in u so id a l stra in  is o u t-o f -p h a s e  b e h in d  th e  

a p p lie d  stre ss . F ig u r e  3 .1  s h o w s  th e  s in u so id a l s tre ss  ( a  ) w ith  th e  

s in u so id a l stra in  r e sp o n se  (ธ ) , an d  th e  la g g in g  p h a se  a n g le  (5 ) .

F ig u r e  3 .1  S in u so id a l s tre ss  w ith  th e  stra in  r e s p o n s e
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A  c o m p le x  m o d u lu s , E * , is  d e fin d e d  b y  G o  /  ธ 0 w ith  th e  rea l and  

im a g in a ry  c o m p o n e n ts , E ’ an d  E ” , w h ic h  are a lso  n a m ed  r e s p e c t iv e ly  as 

th e  sto ra g e  an d  lo s s  m o d u lu s .

E * =  Go /  80 

E * =  E ’ +  E ”
T h e  re la t io n sh ip  b e tw e e n  th e s e  q u a n titie s  is  su m m a r ise d  in  th e  

A rg a n d  d ia g ra m  s h o w n  b e lo w . (H u n t, 1 9 9 3 )

E ”

E ’
T h e  ratio  o f  th e  e n e r g y  lo s t  to  th e  e n e r g y  s to red  p er  d e fo r m a tio n  

c y c le ,  i .e . ,  E ”/ E ’ or tan  Ô, is  th e  m o s t  u se fu l p aram eter . It e x h ib its  p e a k s  

o v e r  a w id e  ran g e  o f  tem p eratu re . E a ch  p e a k  c o r r e sp o n d s  to  a s p e c if ic  

r e la x a tio n  p r o c e s s , e .g .,  p rim ary  Tg (or  a - T g ) o f  th e  m e a su r e d  p o ly m e r .

In th e  p resen t w o rk , N e tz s c h  D M A 2 4 2  w ith  th e  c o m p r e s s io n  m o d e  

w a s  u se d . T h e  m a x im u m  fo r c e  o f  4 .0  N  w a s  a p p lie d  to  sa m p le  w ith  th e
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fr e q u e n c y  o f  1H z. an d  th e  a m p litu d e  o f  1 2 0  p m .. T h e  tem p era tu re  w a s  

v a r ie d  fro m  -3 0  to  1 0 0  °c, th e  h e a tin g  rate w a s  2 .0  YJ  m in .

3 .6 .4  T h erm o  g ra v im etr ic  a n a ly s is  (T G A )
T G A  is  a te c h n iq u e  u se d  to  m ea su re  th e  m a ss  c h a n g e  w ith  r e sp e c t  to  

a  k n o w n  to ta l m a ss  o f  d e te rm in ed  m a ter ia l w h ile  th e  tem p era tu re  is  

in c r e a se d  at a c o n s ta n t rate. W e ig h t  lo s s e s  o c c u r  w h e n  v o la t i le s  a b so rb ed  

b y  th e  p o ly m e r  are d r iv en  o f f ,  and  at h ig h e r  tem p era tu res  w h e n  

d eg ra d a tio n  o f  th e  p o ly m e r  o c c u r s  w ith  th e  fo rm a tio n  o f  v o la t ile  

p ro d u c ts . In  th is  w o rk , P erk in  E lm er  T G A  7 w a s  u se d . T h e  h e a t in g  rate  

w a s  2 0 ° c /m in .  T h e  m e a su r e d  tem p eratu re  ra n g es  w e r e  5 0  to  7 0 0  °c.

3 .6 .5  S c a n n in g  E le c tr o n  M ic r o s c o p y  (S E M )
In  th e  S E M , a f in e  b e a m  o f  e le c tr o n s  is  s c a n n e d  a c r o ss  th e  sp e c im e n  

su r fa ce  an d  an ap p rop ria te  d e te c to r  w a s  u se d  to  c o l le c t  th e  e le c tr o n s  

e m itte d  fro m  e a c h  p o in t. T h e  a m p lif ie d  cu rren t fro m  th e  d e te c to r  is  th en  

d isp la y e d  o n  a c a th o d e -r a y  tu b e , w h ic h  is  sca n n e d  s y n c h r o n o u s ly  w ith  

th e  e le c tr o n  p ro b e . In  th is  w a y  th e  im a g e  is  b u ilt  u p , l in e  b y  lin e . In  th is  

w o rk , S E M  w a s  u se d  to  e x a m in e  c o m p a tib il ity  b e tw e e n
P C L /M M D I/T E A -b a se d  P U  an d  P V C  in  th e  se m i-IP N s .


	CHAPTER 3 EXPERIMENTAL
	3.1 Raw materials
	3.2 Raw materials characterisation
	3.3 Calculation
	3.4 Formulation of Polyurethane and Semi-IPN
	3.5 Preparation of PCL/MMDI/TEA-based PU and Semi-IPN
	3.6 Materials Characterisation


