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Properties of urethane elastomers 
IV. Depolarization currents from poly(azourethaneurea) 
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Summary 
'' ffi'e dielectric relaxation processes in poly(azourethane- 

urea) prepared from diphenylmethane-4,4'-diisocyanate (MDI) 
and poly(ethvIene adipate) glvcol were studied in the range 
200-3g0 K using thermally stimulated depolarization currents 
(TSDC), The TSDC spectra obtained on original sampIe,anneaIed 
sample, and both annealed and stretched sample showed signl- 
flcant differences which were explained in terms of the supr~ 
molecular structure of polymers. It was accepted that the oo- 
Ivmers have a multiphase $uprRmolecular structure, 

I n t r o d u c t i o n  
In  p r e v i o u s  papers  o f  t h i s  s e r i e s ( 1 - 3 ) , t h e  d i e l e c t r i c  

r e l m x a t i o n  p rocesses  i n  p o l v e s t e r s - b a s e d  p o l y u r e t h a n e s  were 
i n v e s t i g a t e d  i n  c o n n e c t i o n  w l t h  t h e r m a l  h i s t o r y  and c h e m l c a l  
s t r u c t u r e , u s i n g  t h e r m a l l y  s t i m u l a t e d  d e p o l a r i z a t i o n  c u r r e n t s  
(TSDC) and e l e c t r o n  m i c r o s c o p y  methods .  The a n n e a l i n g  e f f e c t s  
on the d i e l e c t r i c  p r o p e r t i e s  were e x p l a i n e d  i n  terms o f  the 
$ u p r a m o l e c u l a r  s t r u c t u r e  o f  polymers. It was accepted  t h a t  
b e s i d e s  the main hard and s o f t  p h a s e s , h a v i n g  o r d e r e d  and r e s -  
p e c t i v e l y  amorphous s t r u c t u r e s . s o m e  o t h e r  mlxed m ic rophases  
w i t h  i n t e r m e d i a t e  s t r u c t u r e s  e x i s t .  The s t r u c t u r e  o f  each 
phase l s  d e t e r m i n a t e d  by i t s  hard segment c o n c e n t r a t i o n , w h i c h  
i n c r e a s e s  From the e l a s t i c - a m o r p h o u s  phase to the h a r d - o r d e r e d  
phase~ 

Using X-Ray and t h e r m a l  m e t h o d s , W i l k e s  and Yusek (4 )  
showed t h a t  the s u p r a m o l e c u l a r  s t r u c t u r e  o f  u r e t h a n e  e l a s t o -  
mers i s  s e n s i t i v e  to the m e c h a n i c a l  t r e a t m e n t s ; s t r e s s  d e v e l o p s  
a b e t t e r  o r d e r  i n  po lymero  The l e v e l  o f  the s t r e s s - o r i e n t a t i o n  
was found dependent  both on c o m p o s i t i o n  and on the degree o f  
s t r e t c h .  

The p r e s e n t  work a n a l y s e s  the TSDC r e s u l t s  on p o l y ( a z o -  
u r e t h e n e u r e a )  i n  c o n n e c t i o n  w i t h  t h e r m a l  and m e c h a n i c a l  
t r e a t m e n t s ~  

Experimental 
T'~'e p ' o l v ( a z o u r e t h a n e u r e s  ) was s y n t h e s l s e d  from one mole 

o f  p o l y ( e t h y l e n e  a d i p a t e ) g l v c o l ~ t w o  moles o f  d l p h e n y l m e t h a n e -  
A , 4 ' - d i i s o c y a n a t e  ( M D I ) a n d  a p rope r  amount of  d i m e t h y l f o r m a -  
mide g i v i n g  an p r e p o l y m e r  w i t h  f r e e  -NH 2 g r o u p s .  The macromo- 
l e c u l a r  c h a i n s  were then ex tended  by f o r m a t i o n  o f  -N=N- groups 
upon o x l d p t i o n  i n  a i r  a t  room t e m p e r a t u r e  i n  p resence  o f  C u ( I )  
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i o n s .  Detailed a s p e c t s  on the  r e a c t i o n  mechanisms and kinetic 
d a t a  are p r e s e n t e d  e l s e w h e r e  ( 5 ) ~  

The TSDC measurements  were p e r f o r m e d  on o r i g i n a l  f i l m s ,  
a n n e a l e d  f i l m s , s t r e t c h e d  films and bo th  s t r e t c h e d  and annea led  
films, 

Polymer  f i l m s  about  O,lmm t h i c k  were  p r e p a r e d  by c a s t i n g  
d i l u t e  dimethylformamide-polymer solut ions on clean glass 
p la tes .  Af ter  removal from the support, the f i lms were washed 
with water and then dried in vacuum for two hours at 60~ 

The f i lms were stretched u n l a x i a l l y  200~ at room tempe- 
rature= The annealing of the f i lms was performed Bt lOOOC for 
one hour in the same chamber used for TSDC measurements~ A 
special  sample support was designated in order to draw and to 
maitain constant the f i lm elongation during the TSDC measure- 
ments, 

B e f o r e  TSDC measurements  the  f i l m s  were  p r o v i d e d  w i t h  
v a c u u m - e v a p o r a t e d  silver e l e c t r o d e s o f  c i r c u l a r  fo rm(~=13mm).  
Measurements  were  c a r r i e d  OUt i n  d r y  N 2 at no,rmal p r e s s u r e  
u s i n g  a d e v i c e  d e s c r i b e d  e l s e w h e r e  ( 6 ) .  

The thermal c y c l e s  o f  polarization and depolarization 
o f  samples  c o n s i s t e d  o f  the  f o l l o w i n g  s t e p s . A  sample w i t h  a 
p o l a r i z a t i o n  f i e l d  o f  15kV/cm was warmed up to  t he  p o l a r i z a -  
t i o n  t e m p e r a t u r e  Tp (75oC f o r  o r i g i n a l  sample and s t r e t c h e d  
s a m p l e , a n d  lOO~ f o r  a n n e a l e d  and s t r e t c h e d  sample )  wh ich  was 
m a i n t a i n e d  f o r  a p o l a r i z a t i o n  t ime  ~ o f  20 m i n . ;  a f t e r  c o o l i n g  
to  20OK u s i n g  l i a u i d  N2, Ep was removed and the  sample was 
s h o r t - c i r c u i t e d  f o r  10 m in .  i n  o r d e r  to  e l i m i n a t e  the  r a p i d  
d e p o l a r i z a t i o n  c u r r e n t s ; t h e n  the  d e p o l a r i z a t i o n  c u r r e n t s  were 
r e c o r d e d  at  a h e a t i n g  r a t e  o f  3 . 5  K /min= 

R e s u l t s  and discussion 
........... Figure I presents the TSDC thermograms of the o r i g i na l  
and a n n e a l e d  s a m p l e s .  A c o m p a r a t i v e  a n a l y s i s  o f  t he  the rmo-  
grams r e v e a l s  t h a t  d i e l e c t r i c  r e l a x a t i o n  spec t rum o f  the  o r i -  
g i n a l  sample unde rwen t  changes by a n n e a l i n g .  The main o b s e r -  
v a t i o n s  a re  t he  d e c r e a s e  o f  the  ~ peak i n t e n s i t y  and the  
a r r i v a l  o f  an a d d i t i o n a l  ~ '  peak .  A l s o , t h e  ~ peak s l i g h t l y  
i n c r e a s e d  i n  i n t e n s i t y  and s h i f t e d  to l o w e r  t e m p e r a t u r e s ~  A 
s i m i l a r  t e m p e r a t u r e  s h i f t  was o b s e r v e d  f o r  ~ peak t o o .  

The t e m p e r a t u r e  found f o r  ~ , ~ and 6 r e l a x a t i o n  p r o -  
cesses  a re  c l o s e  to  t h o s e  o b s e r v e d  f o r  t he  c o r r e s p o n d i n g  p r o -  
cesses  from p o l y e s t e r - b a s e d  p o l y u r e t h a n e s  ( 3 , 2 ) .  The a c t i v a -  
t i o n  e n e r g i e s  were a l s o  found i n  t he  same v a l u e  r a n g e s .  On the  
o t h e r  h a n d j s i m i l a r  a n n e a l i n g  e f f e c t s  were o b s e r v e d  f o r  t h e s e  
two t y p e s  of p o l y u r e t h a n e s ,  

These o b s e r v a t i o n s  may sugges t  t h a t  t he  ~ and 6 peeks 
o r i g i n a t e  from sof t  and hard domains respec t i ve ly :  ~ process 
involves motions w i th in  the amorphous por t lons ,o f  the f l e x i b l e  
polyester segments and 5 process involves motions wi th in  the 
r i g i d  domains~ The ~ process may be ascribed to the motion 
of the polyester  carbonyl groups= 

According to the multlphase s t ructure approach (1-3),  
s h o r t l y  p r e s e n t e d  i n  t he  i n t r o d u c t i o n  s e c t i o n , t h e  d i s t i n c t  ~ '  
peak may be a t t r i b u t e d  to a new s e p a r a t e  m i c r o p h a s e  g e n e r a t e d  
by a n n e a l i n g l  d u r i n g  the  a n n e a l i n g  p r o c e s s , t h e  ha rd  segmen ts ,  
r andomly  o r i e n t e d  w i t h i n  t he  po l ymer  amorphous d o m a i n s , s e g r e -  
g a t e d  up to a c e r t a i n  e x t e n t  wh ich  i s  p r o b a b l y  dependen t  on 
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F i g . l .  TSDC s p e c t r a  o f  
p o l y ( e z o u r e t h a n e u r e a ) :  

or ig ina l  fi lm 
annealed f i lm 

F i g . 2 .  TSDC s p e c t r a  o f  
p o l y ( a z o u r e t h a n e u r e a ) :  

o r i g i n a l  f i l m  
. . . . .  s t r e t c h e d  f i l m  

F i g . 3 .  TSDC s p e c t r e  o f  
p o l y ( a z o u r e t h a n e u r ~ a ) :  

o r i g i n a l  f i l m  
s t r e t c h e d  and 

annea led  f i lm 

t he  a n n e a l i n g  c o n d i t i o n s  such as t e m p e r a t u r e  and t ime o f  
a n n e a l i n g ,  The a n n e a l i n g  c o n d i t i o n s  dependence  o f  t he  s u p r a -  
m o l e c u l a r  s t r u c t u r e  o f  t h i s  u r e t h a n e  e l a s t o m e r  i s  now i n  p r o -  
g r e s s  i n  ou r  l a b o r a t o r y ~  The new m i c r o p h a s e  e v i d e n c e d  by ~ '  
peak has a $ u p r a m o l e c u l a r  s t r u c t u r e  w i t h  an i n t e r m e d i a t e  
o r d e r  deg ree  d e t e r m i n e d  by a s p e c i f i c  hard  segments concen -  
t r a t i o n  s i t u a t e d  between t h o s e  o f  s o f t  and he rd  domains~ 

The TSDC thermogram o f  t he  s t r e t c h e d  sample a l s o  shows 
s i g n i f i c a n t  changes ( F i g o 2 ) ,  The most r e m a r k a b l e  one i s  t h a t  
t he  s i n g u l a r  ~ peak s p l i t s  i n  two peaks o f  l o w e r  i n t e n s i t i e s .  
As p r e v i o u s 1 v  m e n t i o n e d , t h e  # p r o c e s s  i n  o r i g i n a l  samples i s  
c o r r e l a t e d  w i t h  t he  m o t i o n s  o f  the  p o l y e s t e r  ca rbonv1  g r o u p s .  
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T h r e f o r e , t h e s e  two s e p a r a t e  peaks f o r  drawn samples c o u l d  be 
a s s i g n e d  to  t he  c a r b o n y l  g roup  m o t i o n s  w i t h i n  t he  u n o r i e n t e d  
and s t r e s s - o r i e n t e d  p o l y e s t e r  doma ins ;  h i g h e r  t e m p e r a t u r e  
oeak c o r r e s p o n d s  to t he  s t r e s s - i n d u c e d  domains~ The d e c r e a s e  
o f  t he  ~ peak i n t e n s i t y  may be a t t r i b u t e d  to t he  d i m i n u t i o n  
o f  t he  c a r b o n y l  p o l a r i z a t i o n  d e t e r m i n a t e d  by i n t e r n a l  s t r e s s ~  

The ~ peak s l i g h t l y  d e c r e a s e d  and s h i f t e d  to  h i g h e r  
t e m p e r a t u r e s  ( F i g o 2 ) ;  s t r e s s  h i n d e r s  the  mo t i on  o f  the  p o l y -  
e s t e r  segmentso The a d d i t i o n a l  ~' peak i s  s m a l l e r  and l o c a -  
ted  s t  h i g h e r  t e m p e r a t u r e  c o m p a r a t i v e l  V w i t h  t h a t  o b s e r v e d  
i n  a n n e a l e d  sample ( T a b l e  1 ) .  These o b s e r v a t i o n s  sugges t  t h a t  
t he  s t r e s s - i n d u c e d  o r d e r  i n  t he  mixed phase i s  l e a s  d e v e l o p e d  
than t h a t  i n d u c e d  bv a n n e a l i n g ~  T h i s  i s  p r o b a b l y  due to  t he  
p r e s e n c e  o f  t he  i n t e r n a l  s t r e s s  i n  s t r e t c h e d  sample~ 

In  F i g , 3 ,  t he  TSDC thermogram o f  s t r e t c h e d  and a n n e a l e d  
f i l m  i s  p r e s e n t e d  c o m p a r a t i v e l y  w i t h  t h a t  o f  o r i g i n a l  samp le ,  
The t h e r m a l  t r e a t m e n t  o f  s t r e t c h e d  sample enhanced the  de-  
c r e a s e  o f  t he  ~ peak i n t e n s i t % p ~ s h i f t e d  ~'  peak to h i g h e r  
t e m p e r a t u r e s  and b r o u g h t  t o g e t h e r  t he  ~ peaks i n  a s i n g u l a r  
oneo The f u t h e r  d e c r e a s e  o f  the  ~ peak i n t e n s i t y  and the  
s h i f t  o f  the  ~ '  peak i n d i c a t e  t h a t  a b e t t e r  o r d e r  was deve -  
loDed upon s t r e t c h i n g ;  t he  e x t e n t  o f  the  amorphous phase d i -  
m i n i s h e d , ~ n d  t he  i n t e r m e d i a t e  phase unde rwen t  r e s t r u c t u r a t i o n  
i n  a manner wh ich  r e t a i n s  c o n s i d e r a b l e  o r i e n t a t i o n  o f  t he  
hard  segmen ts ,  

T a b l e  1,  The r e l a x a t i o n  c h a r a c t e r i s t i c s  o f  p o l y u r e t h a n e s  

Polymer Peak t e m E e [ ~ t u [ e _ ~ K ~ _ _ A p p a [ e n t _ a c ~ i v a t i o n  energy(eVi_. 

= = = = ===  

O r i g i n a l  235 268 - - 0=61 2 ,01  - 2~98 
Annea led  230 265 537 - 0 , 5 8  1 ,95  2 .40  - 
S t r e t c h e d  2 3 2 ; 2 4 2  269 341 - 0 ~ 5 0 ; 0 , 6 5  2 .05  2~ - 
S t r e t c h e d  233 270 363 - 0~62 2 ~ 0  2~57 - 

~nd 

The r e l a x a t i o n  c h a r a c t e r i s t i c s  o f  t he  samples d e r i v e d  
from TSDC s p e c t r a  a re  p r e s e n t e d  i n  T a b l e  1 ,  The a p p a r e n t  ac-  
t i v a t i o n  e n e r g i e s  were d e t e r m i n e d  u s i n g  the  i n i t i a l  c u r r e n t  
rise method,applled to the cleaned TSOC peaks, 
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