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S u m m a r y  

A study of sh r inkage-s t ress  and the rma l  r ecove ry  on s t ra in - induced  
s e m i - c r y s t a l l i n e  p o l y ( e t h y l e n e - t e r e p h t h a l a t e )  (PET) f i lms has been under taken .  
The residual shr inkage ra t io  is discussed in t e rm of molecu la r  d i so r i en ta t ion  
in the  non-c rys ta l l ine  region which occurs  by shr inkage process ,  accord ing  
with  a compos i t e  solid model  in a ser ies  coupling.  

Introduct ion 

It is well known tha t  in the  essen t ia l ly  unor ien ted  non-c rys ta l l ine  PET 
f i lms,  drawn to d i f f e r e n t  ex tens ions  at  80 ~ C, two processes  occur  : ( l)  the  
non c rys t a l l i ne  chains b e c o m e  or ien ted  and (2) s t ra in - induced  c rys t a l l i za t ion  
occurs  (RIETSCH et  al, 1979 ; RIETSCH, 1985). If these  drawn f i lms a re  then 
sub jec ted  to inc reased  t e m p e r a t u r e  and a re  a l lowed to shrink f r ee ly  for a 
f ixed t ime ,  the  o r i en t a t i on  of the  noncrys ta l l ine  chains dec rease s  (SAMUELS, 
197~ ; RIETSCH).  The s t r u c t u r e  produced during the  ini t ia l  drawing process  
and the  subsequent  s t ruc tu ra l  change tha t  occurs  on the rma l  shr inkage a re  
thus i n t i m a t e l y  r e l a t ed .  

Shrinkage  s tress  and thermal  recovery  

Let  us cons idere  both the  amorphous  and c rys t a l l i ne  phases accord ing  
with a compos i t e  solid model  in a ser ies  coupling as shown in F igure  I. 

The [sotropic  sample  of N e l a s t i c  chains per unit vo lume is c h a r a c t e -  
r ized by i ts  ini t ial  length  L , c ros s - sec t ion  S and vo lume V (Figure  I a). A f t e r  
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homogeneous  drawing at  a ~ raw- ra t l o  X the  amorphous  and c rys ta l l ine  componen t s  
(of to ta l  vo lume V = V + V ) a r e  defir~ed r e spec t i ve ly  by i ts  lengths  : L , L~. ; 
c ross - sec t ions  : S , S .'~The ~morphous  phase of N(l-13) e l a s t i c  chains is d'rawh a t  a 
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value  : ). (Figure I bY. A f t e r  t he rma l  shrmkaRe at  a residual  length  Lr, the  a m o r -  
phous phase re lax  to the  random s t a t e  (L ~ S ~;) whereas  the  c rys t a l l i ne  componen t  
remains  inchanged (L , S ). Then the  app~renrt ex tens ion  ra t io  of the  non-c rys t a l -  
. . . .  o 

l ine polymer ,  X , c a n o e  ~e fmed  as shown in F igure  l c : X = L /L a . a .  r . . 
The extension rat io,  Xr, a f ter  the two-stage processes ( tota l  resldua~ extension rat io) 
can be wr i t ten  as : X -- L /Lo. 

r r Then the two-stage processes can be quant i ta t ive ly  expressed by the fo l lowing 
express ions  : ~ -  

1) V : L S + L S : V ( 1 - 1 3 +  13 c ) 
a a  c c  o ~ -  

a 
2) V -- V (1- B) -- L S 

a o a a  
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= Vog = L S 3) V c V c c 
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#) L = ~. L L 
c p o a 

5) X a = L a / L  r - L c 

6) o = [ /S  a 

7) Xp = L / L  ~ = (L a + L c) / L o 

where  B, V , V are the degree o I  c rys ta l l i n i t y~  spec i I i c  vo lumes of  the c r ys ta l -  
- C - �9 hne and amorpgous  reglons r e s p e c t w e l y .  

F rom these re la t ions  i t  can be schown tha t  the apparen t  d r a w - r a t i o  and cross- 
sect ion o l  the amorphous region can be expressed as f o l l o w  : 
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a X - 9 -  p a 
T h e n  t h e  e n g i n n e r i n g  s h r i n k a g e  s t r e s s  b e c o m e s  : 

9) 

NkT (~'a X; 2) 
o = S 
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lO) a = NkT V kp 

S ( 1 -13+13 _....._~c ) 
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F o r  e x a m p l e ,  a PET f i l m  e x t e n d e d  to  
r e c o v e r y  or  t h e r m a l  s h r i n k a g e  (B = 0 ~ p k r 

Thus  r e l a t i o n s  8, 9, 10 a r e  e x p r e s s e d  as  : 
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It has been shown (SAMUELS, 1974) that the sample orientation return 
along the original extension path during shrinkage which is primari ly controlled 
by the behavior of the non-crystalline chains. Nevertheless during thermal 
shrinkage (in oil or air) the samples developped a crimps or poor heat transfer. 
As a consequence the non-crystalline region never allowed to relax to the 
random state (lain -- 0). Consequently, further experimental data are needed 
in order to obtain more precise information on the deformation of the non 
crystall ine phase (Xr) and thus to define more precisely tha values of X and S a. 
However the results described by Samuels (1974) allow us to think thatax is never 

P far from the apparent amorphous draw-ratio, )'a" 

S o  _ 

Vo 
Lc 

N 

isotropic sample 
a) 
S c  

111111 
N(1- 6) 

S~r 

!11111111111 
L 

homogeneous 
L b) 

drawing 

L '  

d /~P= ~ /~r = Lr 
Lo 

residual extension 
c) 

Xa__ L_a 
Lo 

Figure I 

References  

DE VRIES, A.3., BONNEBAT, C., and BEAUTEMPS, 3., 3. Polym. Sci., Polym. 
Symp., 5__~g, 109, (1977). 
RIETSCH, F., DUCKETT, R.A., and WARD, I.M., Polymer, 2_9_0 , 1133, (1979) 
RIETSCH, F., Eur. Polym. 3., 21, 793, (1985) 
RIETSCH, F., Submitted to Makrom. Chem. 
SAMUELS, R.3., Structured Polymer Properties. Wiley, New-York (197#). 

Accepted January 7, 1986 C 


