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An i n v a r i a n t  r e l a t i o n  is  d e r i v e d  fo r  the t h e r m a l  c o n d u c t i v i t y  of a m o r p h o u s  p o l y m e r s  above  
the v i t r i f i c a t i o n  t e m p e r a t u r e .  

Even  though a huge  quan t i ty  of e x p e r i m e n t a l  da t a  h a s  b e e n  a c c u m u l a t e d  on the t h e r m a l  c ondu c t i v i t y  
of  p o l y m e r  m a t e r i a l s  [1, 2, 4, 5], no a t t e m p t  was  m a d e  y e t  to g e n e r a l i z e  t hem in o r d e r  to e s t a b l i s h  s o m e  
u n i v e r s a l  r e l a t i o n .  

It h a s  b e e n  shown in those  r e f e r e n c e s ,  fo r  i n s t a n c e ,  tha t  v a r i a t i o n s  in t h e r m a l  c onduc t i v i t y  can e x -  
p l a i n  s e v e r a l  s t r u c t u r a l  p h e n o m e n a  o c c u r r i n g  in p o l y m e r s .  In th is  a r t i c l e  the a u t h o r ' s  a i m  was  d i f f e r en t ,  
n a m e l y ,  to d e r i v e  a u n i v e r s a l  r e l a t i o n  fo r  the t h e r m a l  c o n d u c t i v i t y  X of p o l y m e r s  above  the v i t r i f i c a t i o n  
t e m p e r a t u r e  T V. 

F o r  th i s  p u r p o s e ,  the t h e r m a l  conduc t i v i t y  m u s t  be  e x p r e s s e d  as  a func t ion  of a quan t i ty  whose  v a r i -  
a t i o n  i s  e f f e c t e d  by  the s a m e  s t r u c t u r a l  p r o p e r t i e s  of the s u b s t a n c e  a s  the v a r i a t i o n  of X. 

It i s  we l l  known that  the t h e r m a l  c o n d u c t i v i t y  of p o l y m e r s  d e p e n d s  on the f o r c e s  of i n t r a m o t e e u t a r  
and  i n t e r m o l e c u l a r  i n t e r a c t i o n ,  on the  t h e r m a l  k i n e t i c s ,  on the  f l e x i b i l i t y  of m o l e c u l a r  c ha in s ,  and on the 
r i g i d i t y  of  t h e i r  i nd iv idua l  l i nks  [3-5].  The  p a r a m e t e r  whose  v a r i a t i o n  i s  g o v e r n e d  by  the s a m e  s t r u c t u r a l  
p r o p e r t i e s  a p p e a r s  to be  the f r e e  vo lume  [6, 7]. It is  l o g i c a l  tha t  such  a u n i v e r s a l  r e l a t i o n  be  e s t a b l i s h e d  
fo r  s u b s t a n c e s  in the  u l t r a e l a s t i e  s t a t e ,  a l though i t  m a y  e v i d e n t l y  be  p o s s i b l e  l a t e r  to ex t end  i t  to p l a s t i c  
p o l y m e r s  a s  we l l .  The  t r a n s i t i o n  of p o l y m e r s  f r o m  the v i t r e o u s  s t a t e  to the u l t r a e l a s t i e  s t a t e  o c c u r s  at  
the v i t r i f i c a t i o n  t e m p e r a t u r e .  T h i s  p r o c e s s  is  a s s o c i a t e d  wi th  s i g n i f i c a n t  c h a n g e s  wi th in  the s u b s t a n c e .  
One v e r y  i m p o r t a n t  fac t  i s  to be  no ted  h e r e .  The  s a m e  f r a c t i o n  of f r e e  v o l u m e ,  n a m e l y  0.025 �9 0.003, 
c o r r e s p o n d s  to d i f f e r e n t  v i t r i f i c a t i o n  t e m p e r a t u r e s  of m a n y  p o l y m e r s  [6]. A change  in th is  f r a c t i o n  at  a 

t e m p e r a t u r e  above  the v i t r i f i c a t i o n  po in t  i s  e f f e c t e d  a c -  
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F i g .  1. D i m e n s i o n l e s s  t h e r m a l  c o n d u c t i v i t y  
a s  a funct ion  of the f r e e  vo lume  f r a c t i o n :  1) 
f o r  n a t u r a l  r u b b e r  [1]; 2) fo r  s i l i c o n e  r u b -  
b e r  [1]; 3) fo r  p o l y s t y r e n e  [21; 4) fo r  p o t y -  
m e t h y l m e t h a c r y t a t e  [2, 5]; 5) fo r  p o l y v i n y l  
c h l o r i d e  wi th  2070 p l a s t i c i z e r  [1]; 6) fo r  
a t a x i c  p o l y p r o p y l e n e  [4]; 7) fo r  a m o r p h o u s  
p o l y e t h y l e n e  [4]; 8) fo r  p o l y v i n y l  c h l o r i d e  
wi th  407o p l a s t i c i z e r  [1]. 

c o r d i n g  to the fo l lowing  r e l a t i o n :  

[ = / V  -r- a (T - -  Tv). (1) 

Since  the v a l u e s  of X and f depend  on the s a m e  
s t r u c t u r a l  p r o p e r t i e s ,  i t  i s  r e a s o n a b l e  to a s s u m e  that  
the sought  funct ion  should  be of the type  

s = qD (f). (2) 

The  use  of r e l a t i o n  (2) fo r  e v a l u a t i n g  the t e s t  da t a  
would  y i e l d  a s e t  of c u r v e s  fo r  v a r i o u s  m a t e r i a l s .  In 
o r d e r  to c o n s t r u c t  a u n i v e r s a l  c u r v e ,  i t i s  n e c e s s a r y  to 
r e p r e s e n t  i t  in t e r m s  of  d i m e n s i o n l e s s  c o o r d i n a t e s .  As  
the c h a r a c t e r i s t i c  s c a l e  d i m e n s i o n s  we choose  those  a t  
the v i t r i f i c a t i o n  po in t .  Then,  if the p r e c e d i n g  s t a t e -  
m e a t s  a r e  c o r r e c t ,  the e n t i r e  s e t  of c u r v e s  fo r  v a r i o u s  
m a t e r i a l s  shou ld  m e r g e  into a s ing le  c u r v e ,  i . e . ,  the 
r e l a t i o n  
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should be invar ian t  within the en t i r e  c l a s s  of amorphous  m a t e r i a l s  at t e m p e r a t u r e s  T > T V. 

The t e m p e r a t u r e  does not appea r  in Eq. (3) exp l ic i t ly ,  but the f rac t ion  of f ree  volunae is a function 
of the t e m p e r a t u r e  he re .  

The tes t  data in [1, 2, 4, 5] were  evaluated  in t e r m s  of Eq. (3) for  p o l y m e r s  with f lexible  chains 
( s i l i cones ,  na tura l  rubber)  and for  p o l y m e r s  with r ig id  chains  (polyvinyl ch lo r ide ,  po lys ty rene ,  po ly -  
me thy lme thac ry l a t e ) .  The tes t  points  a r e  shown in F ig .  1. It is  evident  he re  that al l  the tes t  data for  
these  p a r t i c u l a r  p o l y m e r s  fit onto the same curve .  Thus,  an invar ian t  r e l a t i on  has  been obtained for  these 
m a t e r i a l s .  The outstanding f ea tu re s  of this r e s u l t  a r e  obvious,  s ince it becomes  poss ib l e  now, with the 
aid of the un ive r sa l  curve ,  to find k at any t e m p e r a t u r e  above T V. F o r  this pu rpose  one needs to d e t e r -  
mine X at one point only (e. g., at room t em pe r a t u r e ) .  

XV, X 

fV, f 
T, T V 
0/ 

NOTATION 

are the thermal eonduetivities of a substance at the vitrification temperature and above it, 

respectively; 
are the fractions of the free volume at the vitrification temperature and above it, respectively; 

�9 are the temperature coordinate and vitrification temperatures, respectively; 

is the thermal expansivity of a substance above T V. 
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