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(£/  In  a  method  of  producing  uniaxialty  oriented  polymer 
material,  particularly  a  uniaxially  oriented  film,  from  a  high 
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sion  and  is  drawn  from  a  transverse  heated  portion  with  a 
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temperature  is  selected  to  be  between  80*C  and  110*C,  and 
preferably  below  105"C,  whereby  excellent  gas  barrier 
characteristics  are  obtained  in  the  drawn  material. 
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In  a  method  of  producing  uniaxially  oriented  polymer 
material,  particularly  a  uniaxially  oriented  film,  from  a  high 
density  polyethylene,  in  which  the  material  is  put  under  ten- 
sion  and  is  drawn  from  a  transverse  heated  portion  with  a 
draw  ratio  of 5:1  or  higher  (preferably  7:1  to 20:1) the drawing 
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characteristics  are  obtained  in  the  drawn  material. 



T h i s   i n v e n t i o n   r e l a t e s   to   m e t h o d s   of  p r o d u c i n g   o r i e n t -  

ed  p o l y m e r   m a t e r i a l ,   p a r t i c u l a r l y   o r i e n t e d   f i l m   of  h i g h  

d e n s i t y   p o l y e t h y l e n e .  

I t   i s   known  t h a t ,   by  d r a w i n g   a  h i g h   d e n s i t y   p o l y -  

e t h y l e n e   s h e e t   m a t e r i a l   a t   a  t e m p e r a t u r e   b e l o w   i t s   m e l t i n g  

p o i n t   to   a  d raw  r a t i o   o f ,   f o r   e x a m p l e ,   5 : 1   t o   1 0 : 1 ,   i t   i s  

p o s s i b l e   to   p r o d u c e   an  o r i e n t e d   p o l y m e r   f i l m   h a v i n g   u s e f u l  

p r o p e r t i e s   of  t r a n s p a r e n c y   and   h i g h   t e n s i l e  s t r e n g t h   in   t h e  

d i r e c t i o n   of  d r a w ,   as  w e l l   as  c r e a s e   r e t e n t i o n   in   some  c a s e s .  

C o m m e r c i a l l y   a v a i l a b l e   f i l m s   of  t h i s   t y p e ,   h o w e v e r ,  

h a v e   gas   b a r r i e r   c h a r a c t e r i s t i c s   w h i c h   a r e   no  b e t t e r   t h a n  

t h o s e   o f  t h e   u n d r a w n   p o l y e t h y l e n e   s h e e t   m a t e r i a l .  

I t  i s   an  o b j e c t   of   t h e   i n v e n t i o n   to   p r o v i d e   a  m e t h o d  

of  p r e p a r i n g   s u c h   an  o r i e n t e d   p o l y m e r   m a t e r i a l   w i t h  

i m p r o v e d   gas   b a r r i e r   c h a r a c t e r i s t i c s .  

The  p r e s e n t   i n v e n t i o n   r e s i d e s   in   a  m e t h o d   of  p r o d u c -  

i n g   a  u n i a x i a l l y   o r i e n t e d   p o l y m e r   m a t e r i a l ,   in   w h i c h   a  h i g h  

d e n s i t y   p o l y e t h y l e n e   h a v i n g   a  d e n s i t y   of  0 . 9 4   gm/cm3  o r  

h i g h e r   i s   s u b j e c t e d   to   a  d r a w i n g  t e n s i o n ,   and   a  p o r t i o n  

e x t e n d i n g   a c r o s s   t h e   p o l y e t h y l e n e   m a t e r i a l   t r a n s v e r s e l y  

t o   t h e   d r a w i n g   d i r e c t i o n   i s   h e a t e d   to   i n d u c e   d r a w i n g   t o  

t a k e   p l a c e   p r e f e r e n t i a l l y   i n   or  a d j a c e n t   to   t h e   h e a t e d  

t r a n s v e r s e   p o r t i o n ,   t h e   d r a w i n g   t e n s i o n   b e i n g   c o n t r o l l e d  

t o   d r a w   o u t   t h e   p o l y e t h y l e n e   m a t e r i a l   w i t h   a  d raw  r a t i o  

of  5 : 1   or  h i g h e r ,   w h e r e i n   t h e   t e m p e r a t u r e   of  t h e   h e a t e d  

t r a n s v e r s e   p o r t i o n   i s   s e l e c t e d   t o   be  i n   t h e   r a n g e   f r o m  

80°   t o   1 1 0 ° C .  



The  m e t h o d   i s   p a r t i c u l a r l y   a p p l i c a b l e   t o   t h e   p r o -  

d u c t i o n   of  o r i e n t e d   p o l y e t h y l e n e   f i l m s ,   b u t   i t   c an   a l s o  

be  a p p l i e d , t o   t h e   p r o d u c t i o n   of  o r i e n t e d   t a p e s   or  f i b r e s  

p r o d u c e d   by  s l i t t i n g   or  f i b r i l l a t i n g   t h e   p o l y e t h y l e n e  

b e f o r e   or  a f t e r   d r a w i n g ,   or  t o   t h e   p r o d u c t i o n   of  o r i e n t e d  

f i b r e s   or  m o n o f i l a m e n t s   by  d r a w i n g   s p u n   f i b r e s .  

I t   h a s   s u r p r i s i n g l y   b e e n   f o u n d   t h a t ,   by  s e l e c t i o n  

of  a  d r a w i n g   t e m p e r a t u r e   i n   t h e   a b o v e   r a n g e ,   e x c e l l e n t   g a s  

b a r r i e r   c h a r a c t e r i s t i c s   c an   be  o b t a i n e d   i n   t h e   d r a w n  

m a t e r i a l ,   and  t h e s e   c h a r a c t e r i s t i c s   a r e   b e l i e v e d   to   b e  

a c c o m p a n i e d   by  g r e a t l y   i m p r o v e d   r e s i s t a n c e   to   w e a t h e r i n g .  

At  h i g h e r   d r a w i n g   t e m p e r a t u r e s ,   t h e   g a s   b a r r i e r   c h a r a c t e r i s -  

t i c s   h a v e   b e e n   f o u n d   t o   d e t e r i o r a t e   w i t h   i n c r e a s i n g   s h a r p -  

n e s s ,   t o   s u c h   an  e x t e n t   t h a t   t h e   gas   b a r r i e r   c an   b e c o m e  

s i g n i f i c a n t l y   l e s s   t h a n   t h a t   of  t h e   u n d r a w n   m a t e r i a l ,   w h e n  

u s i n g   d r a w i n g   t e m p e r a t u r e s   w h i c h   a r e   s t i l l   w e l l   b e l o w   t h e  

m e l t i n g   p o i n t   of   t h e   h i g h   d e n s i t y   p o l y e t h y l e n e ,   w h i c h   i s  

a r o u n d   1 3 4 ° C .   W i t h   d r a w i n g   t e m p e r a t u r e s   o n l y   s l i g h t l y  

a b o v e   110°C  t h e   gas   b a r r i e r   may  i n   some  c a s e s   s t i l l   b e  

r e a s o n a b l y   g o o d ,   e s p e c i a l l y   w i t h   a  h i g h   d raw  r a t i o ,   b u t  

one  i s   t h e n   w o r k i n g   in   an  a r e a   w h e r e   t h e   gas   b a r r i e r   i s  

b e g i n n i n g   t o   d e t e r i o r a t e   and   s l i g h t   c h a n g e s   i n   t h e   c o n d i -  

t i o n s - m a y   c a u s e   m a j o r   d e t e r i o r a t i o n   i n   t h e   q u a l i t y   of   t h e  

p r o d u c t .   To  o b t a i n   a  c o n t r o l l a b l e   i m p r o v e m e n t   i n   a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n ,   we  h a v e   f o u n d   t h e   maximum  d r a w i n g   t e m -  

p e r a t u r e   t o   be  1 1 0 0 C .   B e s t   r e s u l t s   h a v e   b e e n   o b t a i n e d   a t  

105°C  and   b e l o w .   A l t h o u g h   u s e   of   d r a w i n g   t e m p e r a t u r e s   b e -  

low  80°C  s e e m s   l i k e l y   t o   p r o d u c e   good   g a s   b a r r i e r  



c h a r a c t e r i s t i c s ,   s u c h   t e m p e r a t u r e s   a r e   n o t   d e s i r a b l e  

b e c a u s e   t h e   m a t e r i a l   p r o d u c e d   t e n d s   to   be  l e s s   c l e a r ,   a n d  

more   e n e r g y   i s   r e q u i r e d   to   c a r r y   o u t   t h e   d r a w i n g   p r o c e s s .  

The  d e p e n d e n c e   of  t h e   gas   b a r r i e r   on  t h e   t e m p e r a t u r e  

of  d r a w i n g   i s   a  s u r p r i s i n g   d i s c o v e r y ,   b u t   i t   ha s   b e e n   f o u n d  

to   a p p l y   f o r   f i l m s   of  h i g h   d e n s i t y   p o l y e t h y l e n e   p r o d u c e d  

a t   a  w i d e   r a n g e   of  d raw  r a t i o s   a b o v e   5 : 1 .   H i g h   d raw  r a t i o s ,  

h o w e v e r ,   a b o v e   2 0 : 1 ,   t e n d   t o   p r o d u c e   o r i e n t e d   m a t e r i a l s  

w h i c h   h a v e   e x c e p t i o n a l l y   h i g h   m o d u l u s   and  w h i c h   may  c o n s e -  

q u e n t l y   be  u n s u i t a b l e   f o r   some  p u r p o s e s .   A l s o  t h e   d r a w i n g  

p r o c e s s   c a n   b e c o m e   s o m e w h a t   c u m b e r s o m e   w i t h   s u c h   h i g h   d r a w  

r a t i o s ,   e s p e c i a l l y   when   d r a w i n g   w i d e   f i l m ,   and  i t   i s  

d i f f i c u l t   t o   c o n t r o l  t h e   d i s s i p a t i o n   of   h e a t   g e n e r a t e d   i n  

t h e   m a t e r i a l   i n   t h e   d r a w i n g   p r o c e s s .   At  low  d raw  r a t i o s  

b e l o w   7 : 1 ,   a l t h o u g h   t h e   gas   b a r r i e r   o b t a i n e d   a t   l o w e r  

d r a w i n g   t e m p e r a t u r e s   i s   b e t t e r   t h a n   t h a t   o b t a i n e d   a t   h i g h  

d r a w i n g   t e m p e r a t u r e s ,   i t   i s   n e v e r t h e l e s s  n o t   v e r y   good   a n d  

t h e   o t h e r   c h a r a c t e r i s t i c s   of  t h e   f i l m   a r e   n o t   so  a t t r a c t i v e .  

The  r a n g e   of   d r a w i n g   t e m p e r a t u r e s   u s e d   in   a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   t h u s   l i e s   b e t w e e n   80°C  and   1 1 0 ° C ,   w h i l e  

i t   i s   b e l i e v e d   t h a t   t h e   b e s t   r e s u l t s   w i l l   be  o b t a i n e d   i n  

t h e   r a n g e   f r o m   80°C  to   1 0 5 ° C .   The  p r e f e r r e d   r a n g e   of  d r a w  

r a t i o s   l i e s   b e t w e e n   7 : 1   and  2 0 : 1 .  

In   p r a c t i s i n g   t h e   i n v e n t i o n ,   to   p r o d u c e   an  o r i e n t e d  

p o l y m e r   f i l m   f r o m   a  p o l y e t h y l e n e   s h e e t   m a t e r i a l ,   t h e  

p o l y e t h y l e n e   s h e e t   m a t e r i a l   i s   p r e f e r a b l y   t r a n s p o r t e d  

c o n t i n u o u s l y   b e t w e e n   r e s p e c t i v e   s e t s   of  t e n s i o n i n g   a n d  

d r a w i n g   r o l l e r s ,   p a s t   a  h e a t i n g   d e v i c e   w h i c h   h e a t s   t h e  



t r a n s v e r s e   p o r t i o n .   The  t r a n s v e r s e   p o r t i o n   of   t h e   s h e e t  

m a t e r i a l   may  be  h e a t e d   by  b e i n g   p a s s e d   a r o u n d   a  p a r t   of   t h e  

c i r c u m f e r e n c e   of   a  f i x e d   m e t a l   t u b e   or  drum  w h i c h   i s   h e a t e d  

i n t e r n a l l y .   The  t u b e   or  drum  may  be  h e a t e d   by  p a s s i n g   a  

h e a t e d   l i q u i d   t h r o u g h   i t .   A l t e r n a t i v e l y ,   t h e   t r a n s v e r s e  

p o r t i o n   of  t h e   s h e e t   m a t e r i a l   may  be  h e a t e d   by  b e i n g   p a s s e d  

a r o u n d   a  p a r t   of   t h e   c i r c u m f e r e n c e   of  a  h o l l o w   m e t a l   r o l l e r  

w h i c h   i s   h e a t e d   i n t e r n a l l y .   A  s e r i e s   of  h e a t e d   r o l l e r s   m a y  

be  u s e d .  

In   a n o t h e r   a l t e r n a t i v e ,   t h e   t r a n s v e r s e   p o r t i o n   o f  

t h e   s h e e t   may  be  h e a t e d   by  p a s s i n g   i t   t h r o u g h   a  h e a t e d  

b a t h   of  l i q u i d ,   b e t w e e n   t h e   t e n s i o n i n g   a n d d r a w i n g   r o l l e r s .  

In   t h i s   s p e c i f i c a t i o n ,   w h e r e   r e f e r e n c e   i s   made  t o  

t h e   d r a w i n g   t e m p e r a t u r e ,   we  mean  t h e   t e m p e r a t u r e   of  t h e  

p o l y e t h y l e n e   i m m e d i a t e l y   b e f o r e   i t   i s   d r a w n ,   e . g .   t h e   t e m -  

p e r a t u r e   t o   w h i c h   i t   i s   h e a t e d   by  t h e   h e a t e d   t u b e ,   d r u m ,  

r o l l e r   or  b a t h   m e n t i o n e d   a b o v e ,   a l t h o u g h   t h e   t e m p e r a t u r e  

of   t h e   p o l y e t h y l e n e   may  e x c e e d   t h i s   v a l u e   m o m e n t a r i l y   d u e  

to   t h e   h e a t   p r o d u c e d   by  t h e   d r a w i n g   p r o c e s s .  

S p e c i f i c   e m b o d i m e n t s   of  t h e   i n v e n t i o n  w i l l   now  b e  

d e s c r i b e d   i n   more   d e t a i l   by  way  of   e x a m p l e   w i t h   r e f e r e n c e  

to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n   w h i c h : -  

F i g u r e   1  i s   a  d i a g r a m m a t i c   e l e v a t i o n   of   a n  

a p p a r a t u s   f o r   c a r r y i n g   o u t   t h e   d r a w i n g  

o p e r a t i o n ,  



F i g u r e   2  i s   a  g r a p h   s h o w i n g   v a r i a t i o n   of  gas   b a r r i e r  

c h a r a c t e r i s t i c s   a g a i n s t   d r a w i n g   t e m p e r a t u r e  

when   s a m p l e s   of  t h r e e   d i f f e r e n t   g r a d e s   o f  

h i g h   d e n s i t y   p o l y e t h y l e n e   a r e   d r a w n   u n d e r  

o t h e r w i s e   s i m i l a r   c o n d i t i o n s ,  

F i g u r e   3  i s   a  g r a p h   s h o w i n g   v a r i a t i o n   of  gas   b a r r i e r  

w i t h   d r a w i n g   t e m p e r a t u r e   f o r   t h r e e   s a m p l e s  

of  one  g r a d e   of  h i g h   d e n s i t y   p o l y e t h y l e n e  

d r a w n   to   d i f f e r e n t   d raw  r a t i o s ,  

F i g u r e   4  i s   a  g r a p h   s h o w i n g   v a r i a t i o n   of   t e n s i l e  

m o d u l u s   w i t h   d r a w i n g   t e m p e r a t u r e   f o r   t h e  

same  t h r e e   s a m p l e s   as  F i g u r e   3 ,  

F i g u r e   5  i s   a  g r a p h   s h o w i n g   v a r i a t i o n   of  t e n s i l e  

s t r e n g t h   w i t h   d r a w i n g   t e m p e r a t u r e   f o r   t h e  

same  t h r e e   s a m p l e s   as  F i g u r e s   3  and   4 ,  

F i g u r e   6  i l l u s t r a t e s   t h e   v a r i a t i o n   of  t h e   g a s  

b a r r i e r   c h a r a c t e r i s t i c s   w i t h   t h e   t e m p e r a t u r e  

of   t h e i r   e n v i r o n m e n t   of   two  s a m p l e s   o f  

h i g h   d e n s i t y   p o l y e t h y l e n e ,   one  u n d r a w n  

and  one  d r a w n   in   a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n .  

S a m p l e s   of   v a r i o u s   g r a d e s   of  h i g h   d e n s i t y   p o l y e t h y l e n e  

h a v i n g   d e n s i t i e s   a b o v e   0 . 9 4   gm/cm3  w e r e   f o r m e d   i n t o   t h i n  

s h e e t   m a t e r i a l   and   wound   i n t o   r o l l s   in   known  m a n n e r ,   a n d  

s u b s e q u e n t l y   d r a w n   i n t o   o r i e n t e d   f i l m s   u s i n g   t h e   a p p a r a t u s  

of   F i g u r e   1 .  



In  t h i s   a p p a r a t u s ,   t h e   s h e e t   m a t e r i a l   10  i s   f e d   f r o m  

a  r o l l   11  o v e r   a  r o l l e r   12  and   t h r o u g h   a  s e t   of   t e n s i o n i n g  

r o l l e r s   13,   and   t h e n   p a s s e s   a r o u n d   a  p a r t   of   t h e   c i r c u m -  

f e r e n c e   of   a  f i x e d   h o l l o w   m e t a l   t u b e   14  w h i c h   i s   h e a t e d  

i n t e r n a l l y   by  p a s s i n g   h o t   o i l   t h r o u g h   i t .   The  t u b e   14  m a y  

be  of   a l u m i n i u m   or  o t h e r   m e t a l   w h i c h   c o n d u c t s   h e a t   w e l l ,  

and   i t   may  be  of  10  cm  d i a m e t e r   f o r   e x a m p l e .   The  a n g l e  o f  

w r a p - a r o u n d   of  t h e   s h e e t   m a t e r i a l   on  t h e   t u b e   14  may  b e  

s u b s t a n t i a l l y   900 ,   as   s h o w n .   A  p o r t i o n   of  t h e   s h e e t  

m a t e r i a l   e x t e n d i n g   a c r o s s   i t   f r o m   edge   t o   edge   i s   t h u s  

h e a t e d   t o   i n d u c e   d r a w i n g   to   o c c u r   a t   or  a d j a c e n t   to   t h e  

h e a t e d   p o r t i o n .   The  a n g l e   of   w r a p - a r o u n d   c a n   be  v a r i e d  

to   c o n t r o l   t h e   h e a t i n g   of   t h e   s h e e t   m a t e r i a l .   The  d r a w n  

a n d   o r i e n t e d   f i l m   i s   t a k e n   o f f   t h r o u g h   a  s e t   of   d r a w i n g  

r o l l e r s   15 ,   v i a   a n o t h e r   r o l l e r   16 ,   and   wound   on  a  s p o o l  

or  drum  17.   The  d r a w i n g   t a k e s   p l a c e   as   t h e   s h e e t  

m a t e r i a l   p a s s e s   a r o u n d   t h e   t u b e   14  or  as   i t   l e a v e s   t h e  

t u b e   14  and   p a s s e s   a r o u n d   t h e   r o l l e r   16 ,   and   b e f o r e   i t  

r e a c h e s   t h e   d r a w i n g   r o l l e r s   1 5 .  

In   p l a c e   of   t h e   h e a t e d   t u b e   14,   a  f i x e d   d rum  o f  

l a r g e r   d i a m e t e r   may  be  e m p l o y e d ,   or  an  i n t e r n a l l y   h e a t e d  

r o l l e r   or  a  s e r i e s   of   h e a t e d   r o l l e r s .   A l t e r n a t i v e l y ,  

h e a t i n g   c o u l d   be  e f f e c t e d   by  p a s s i n g   t h e   s h e e t   m a t e r i a l  

t h r o u g h   a  b a t h   of   h e a t e d   l i q u i d   i n   w h i c h   t h e   d r a w i n g  

t e n s i o n   i s   a p p l i e d   t o   i t .  

I n s t e a d   of   f e e d i n g   t h e   s h e e t   m a t e r i a l   f r o m   t h e  

r o l l   11 ,   i t   w o u l d   be  p o s s i b l e   t o   e x t r u d e   t h e   s h e e t  

m a t e r i a l   and   f e e d   i t   d i r e c t l y ,   or  t h r o u g h   a  q u e n c h i n g  



t h a n k ,   f r o m   t h e   e x t r u d e r   t o   t h e   t e n s i o n i n g   r o l l e r s   1 3 .  

S a m p l e s   of  e a c h   h i g h   d e n s i t y   p o l y e t h y l e n e   m a t e r i a l  

w e r e   d r a w n   a t   d i f f e r e n t   t e m p e r a t u r e s   by  v a r y i n g   t h e  

t e m p e r a t u r e   of  t h e   o i l   p a s s i n g   t h r o u g h   t h e   t u b e   14.   T h e  

d r a w i n g   t e m p e r a t u r e   was  m e a s u r e d   by  means   of   a  t h e r m o -  

c o u p l e   in   c o n t a c t   w i t h   t h e   e x t e r i o r   s u r f a c e   of   t h e   t u b e  

14  and  t h e   o x y g e n   b a r r i e r   c h a r a c t e r i s t i c s   of  t h e   r e s u l t i n g  

f i l m s   w e r e   m e a s u r e d   in   known  m a n n e r .   In  a  f i r s t   s e r i e s  

of  e x p e r i m e n t s   w h o s e   r e s u l t s   a r e   i n d i c a t e d   in   F i g u r e   2 ,  

t h e   f o l l o w i n g   t h r e e   g r a d e s   of  h i g h   d e n s i t y   p o l y e t h y l e n e  

w e r e   u s e d ,   d r a w n   to   s i m i l a r   d r aw  r a t i o s   in   e a c h   c a s e :  

(1)   DF  5071G  s o l d   by  W a c k e r - C h e m i e  

D e n s i t y :   0 . 9 5 2   g . c m 3  

M e l t   i n d e x   MFI  1 9 0 ° / 5  :   0 . 4 0  

W e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t  M w  :  

1 9 6 , 0 0 0  -   2 5 0 , 0 0 0  

Draw  r a t i o  :   7 . 5  :   1 .  

(2)   HOSTALEN  GM  9 2 5 5 F   s o l d   by  H o e c h s t  

Mw :  3 0 5 , 0 0 0 ,  

Draw  r a t i o :   8 : 1  

(3)   RIGIDEX  50  s o l d   by  B . P .   C h e m i c a l s   L t d  

Mw :  9 0 , 0 0 0  -   1 0 0 , 0 0 0  

Draw  r a t i o :   8 . 5  :   1 .  

D r a w i n g   s p e e d   was  6  f e e t   p e r   m i n u t e   i n   e a c h   c a s e .  

The  r e s u l t s   of  t h i s   s e r i e s   of   e x p e r i m e n t s   a r e   i l l u s t r a t e d  

g r a p h i c a l l y   in   F i g u r e   2,  i n   w h i c h   t h e   gas   b a r r i e r  

c h a r a c t e r i s t i c ,   n a m e l y   t h e   p e r m e a b i l i t y   of   t h e   f i l m   t o  

o x y g e n   e x p r e s s e d   as  x 1 0 - 1 0 c m 3 .   c m - 2 .   s e c - 1 .   cmHg-1  f o r  



one  t h o u s a n d t h   i n c h   t h i c k n e s s ,   i s   p l o t t e d   a g a i n s t   t h e  

t e m p e r a t u r e   of   t h e   d r a w i n g   t u b e   14 .   F i g u r e   2  a l s o   i l l u s t -  

r a t e s   t h e   gas   b a r r i e r   v a l u e s   f o u n d   f o r   t h e   u n d r a w n   m a t e r i a l s .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   v a l u e s   f o r   t h e   u n d r a w n  

m a t e r i a l s   a r e   t y p i c a l   v a l u e s   w i t h i n   t h e   w i d e   r a n g e s   n o r m a l l y  

f o u n d   i n   u n d r a w n   m a t e r i a l s  .   I t   w i l l   be  s e e n   t h a t   t h e   g a s  

b a r r i e r   c h a r a c t e r i s t i c s   d e t e r i o r a t e d   w i t h   i n c r e a s i n g  

s h a r p n e s s   w i t h   i n c r e a s e d   d r a w i n g   t e m p e r a t u r e .   When  t h e  

d r a w i n g   t e m p e r a t u r e   was  a r o u n d   1 2 0 ° C ,   w h i c h   i s   w e l l   b e l o w  

t h e   m e l t i n g   p o i n t   ( 1 3 4 ° C )   of   t h e   p o l y e t h y l e n e ,   t h e   g a s  

b a r r i e r   was  i n   two  c a s e s   l i t t l e   b e t t e r   t h a n   t h a t   of   t h e  

u n d r a w n   m a t e r i a l ,   b u t   r e d u c t i o n   of  t h e   d r a w i n g   t e m p e r a t u r e  

t o   115°C  p r o d u c e d   an  i m p r o v e m e n t .   At  110°C  t h e   g a s   b a r r i e r  

was  f u r t h e r   i m p r o v e d   and   t h e   s l o p e   of   t h e   c u r v e   was   f l a t t e r ,  

so  t h a t   r e s u l t s   s h o u l d   be  e a s i l y   r e p r o d u c i b l e .   B e s t   r e s u l t s  

w e r e   o b t a i n e d   w i t h   d r a w i n g   t e m p e r a t u r e s   b e l o w   1 0 5 ° C .   No 

a p p r e c i a b l e   b e n e f i t   a p p e a r e d   to   be  a c h i e v e d   by  r e d u c t i o n  

of   d r a w i n g   t e m p e r a t u r e   b e l o w   9 0 ° C ,   and  a t   t e m p e r a t u r e s  

l o w e r   t h a n   80°C  t h e   r e s u l t i n g   f i l m   s h o w e d   a  t e n d e n c y   t o  

l o s e   c l a r i t y   a n d   b e c o m e   c l o u d y ,   w h i l e   t h e   e n e r g y   r e q u i r e d  

t o   c a r r y   o u t   t h e   d r a w i n g   p r o c e s s   b e c a m e   i n c o n v e n i e n t l y  

h i g h .  

F i g u r e   3  i l l u s t r a t e s   r e s u l t s   o b t a i n e d   w i t h   t h r e e  

d i f f e r e n t   s a m p l e s   of  a  h i g h   d e n s i t y   p o l y e t h y l e n e   ( R I G I D E X  

50  p r o d u c e d   by  B . P . C h e m i c a l s   L i m i t e d )   d r a w n   t o   t h r e e  

d i f f e r e n t   d raw  r a t i o s   of   8 ,1  :   1,  1 2 1  :   1  a n d   1 7  :   1.  A s  

w o u l d   b e  e x p e c t e d ,   t h e   h i g h e r   t h e   d r a w   r a t i o   t h e   b e t t e r  

t h e   g a s   b a r r i e r   c h a r a c t e r i s t i c ,   b u t   a t   a l l   t h r e e   d r a w  



r a t i o s   i t   i s   e v i d e n t   t h a t   o p e r a t i o n   a t   d r a w i n g   t e m p e r a t u r e s  

of  1100C  and  b e l o w   p r o d u c e d   g r e a t l y   i m p r o v e d   and  r e p r o d u c i -  

b l e   g a s   b a r r i e r   c h a r a c t e r i s t i c s   as  o p p o s e d   t o   f i l m s   d r a w n  

a t   h i g h e r   d r a w i n g   t e m p e r a t u r e s .  

F i g u r e s   4  and  5  i l l u s t r a t e   t h e   r e s u l t s   of  m e a s u r e m e n t s  

of  t e n s i l e   m o d u l u s   and  t e n s i l e   s t r e n g t h   on  t h e   s a m p l e s   o f  

F i g u r e   3.  I t   w i l l   be  s e e n   t h a t   t e n s i l e   m o d u l u s   was  h i g h e r  

f o r   t h e   f i l m s   d r a w n   a t   l o w e r   d raw  t e m p e r a t u r e s ,   p a r t i c u l a r l y  

in   t h e   c a s e   of  t h e   f i l m   d r a w n   to   a  h i g h   d raw  r a t i o   of  1 7 : 1 .  

The  t e m p e r a t u r e   of  d r a w i n g   a p p e a r e d   to   h a v e   no  s i g n i f i c a n t  

e f f e c t   on  t h e   t e n s i l e   s t r e n g t h   of   t h e   f i l m .  

M e a s u r e m e n t s   w e r e   a l s o   made  w i t h   t h e   same  g r a d e   o f  

h i g h   d e n s i t y   p o l y e t h y l e n e   (RIGIDEX  50)  to   a s c e r t a i n   t h e  

v a r i a t i o n   of   t h e   g a s   b a r r i e r   c h a r a c t e r i s t i c   w i t h   t h e  

t e m p e r a t u r e   of   e n v i r o n m e n t   of  t h e   m a t e r i a l ,   b o t h   f o r   a n  

u n d r a w n   s a m p l e   and  f o r   a  s a m p l e   d r a w n   to   a  d r a w   r a t i o   o f  

1 7 : 1   a t   a  d r a w i n g   t e m p e r a t u r e   of  9 7 ° C .   The  r e s u l t s   a r e  

i l l u s t r a t e d   in   F i g u r e   6,  w h i c h   shows   t h a t   w h i l e   t h e   g a s  

b a r r i e r   t e n d e d   t o   f a l l ,   i . e .   t h e   p e r m e a b i l i t y   r o s e ,   a s  

t h e   t e m p e r a t u r e   of   t h e   e n v i r o n m e n t   r o s e ,   t h e r e   was  n o  

s i g n i f i c a n t   c h a n g e   in   t h e   r a t e   of  f a l l   of  t h e   gas   b a r r i e r  

c h a r a c t e r i s t i c   w i t h   t e m p e r a t u r e .  

As  i n d i c a t e d   a b o v e ,   t h e   d r a w i n g   t e m p e r a t u r e s   r e f e r r e d  

to   a r e   t h e   t e m p e r a t u r e   of   t h e   h e a t e d   d r a w i n g   t u b e   1 4 ,  

m e a s u r e d   by  means   of  a  t h e r m o - c o u p l e   i n   c o n t a c t   w i t h   t h e  

s u r f a c e   of   t h e   t u b e ,   and  t h i s   i s   e f f e c t i v e l y   t h e   t e m p e r a t u r e  

of   t h e   h i g h   d e n s i t y   p o l y e t h y l e n e   a t   t h e   i n s t a n t   b e f o r e  

d r a w i n g   t a k e s   p l a c e .   To  a s c e r t a i n   t h e   r e l a t i o n s h i p   o f  



t h i s   t e m p e r a t u r e   t o   t h e   t e m p e r a t u r e   of  t h e   p o l y m e r   i n  

t h e   s u r f a c e   of  t h e   n e c k   r e g i o n   d u r i n g   t h e   a c t u a l   d r a w i n g  

p r o c e s s   m e a s u r e m e n t s   w e r e   made  of  t h e   t e m p e r a t u r e   of  t h e  

s u r f a c e   of   t h e   p o l y m e r   i n   t h e   n e c k   r e g i o n   u s i n g   a n  

i n f r a r e d   t h e r m o m e t e r .   For   a  s e r i e s   of  s a m p l e s   of  R I G I D E X  

50,   d r a w n   a t   a  d raw  r a t i o   of  8 . 5  :   1,  t h e   f o l l o w i n g   v a l u e s  

of  d raw  t u b e   t e m p e r a t u r e   and   c o r r e s p o n d i n g   p o l y m e r   t e m p e r a -  

t u r e   w e r e   m e a s u r e d .  

I t   w i l l   be  s e e n   t h a t ,   p a r t i c u l a r l y   a t   l o w e r   d r a w i n g   t e m -  

p e r a t u r e s ,   t h e   t e m p e r a t u r e   of  t h e   p o l y m e r   i n   t h e   n e c k  

r e g i o n   i s   s l i g h t l y   h i g h e r   t h a n   t h a t   of   t h e   s u r f a c e   o f  

t h e   d raw  t u b e ,   due   t o   t h e   w o r k   d o n e   i n   e f f e c t i n g   t h e  

d r a w i n g   p r o c e s s .   At  t h e   maximum  d r a w i n g   t e m p e r a t u r e   o f  

1100C  i n   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   h o w e v e r ,  

t h e   t e m p e r a t u r e   r e a c h e d   by  t h e   p o l y m e r   was  o n l y   v e r y  

s l i g h t l y   a b o v e   t h e   t e m p e r a t u r e   of   t h e   d r aw  t u b e .  



As  m e n t i o n e d   a b o v e ,   i t   i s   b e l i e v e d   t h a t   t h e   i m p r o v e -  

men t   in   gas   b a r r i e r   c h a r a c t e r i s t i c s   p r o d u c e d   by  t h e  

p r e s e n t   i n v e n t i o n   i s   a l s o   r e f l e c t e d   in   i m p r o v e d   w e a t h e r i n g  

c h a r a c t e r i s t i c s   of  t h e   d r a w n   m a t e r i a l .   A  s e t   of   s a m p l e s  

of  RIGIDEX  50  h i g h   d e n s i t y   p o l y e t h y l e n e ,   d r a w n   a t   a  d r a w  

r a t i o   of  1 2 : 1   a t   a  d raw  t e m p e r a t u r e   of  95°C  and  d r a w  

s p e e d   of  20  f e e t   p e r   m i n u t e   w e r e   s u b j e c t e d   to   w e a t h e r i n g  

t e s t s   by  e x p o s u r e   to   t h e   w e a t h e r   on  t h e   r o o f   of   a  b u i l d i n g  

in   L o n d o n   f o r   e i g h t e e n   m o n t h s   c o n t i n u o u s l y ,   w i t h   a  

c o n t r o l   b a t c h   of   u n d r a w n   s a m p l e s ,   and  t h e n   c o m p a r e d   w i t h  

u n e x p o s e d   s a m p l e s   d r a w n   u n d e r   t h e   same  c o n d i t i o n s   and   w i t h  

u n e x p o s e d   u n d r a w n   s a m p l e s .   The  s a m p l e s   w e r e   s u b j e c t e d   t o  

t e s t s   of  t e n s i l e   s t r e n g t h   and  e x t e n s i o n   to   b r e a k   a n d  

w e r e   i n v e s t i g a t e d   by  i n f r a r e d   s c a n n i n g   f o r   e v i d e n c e   o f  

o x i d a t i o n   p e a k s   w h i c h   w o u l d   i n d i c a t e   s t r u c t u r a l   b r e a k d o w n  

of  t h e   m a t e r i a l .   The  r e s u l t s   a r e   s e t   o u t   i n   t h e   f o l l o w i n g  

t a b l e : -  



The  r e s u l t s   i n d i c a t e   t h a t   t h e   m a t e r i a l   w h i c h   w a s  

d r a w n   i n   a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n   s u f f e r e d  

n e g l i g i b l e   d e t e r i o r a t i o n   c o m p a r e d   w i t h   t h e   u n e x p o s e d  

d r a w n   c o n t r o l ,   w h e r e a s   t h e   u n d r a w n   e x p o s e d   m a t e r i a l   w a s  

s e r i o u s l y   a f f e c t e d   by  t h e   e x p o s u r e .  

F u r t h e r   i m p r o v e m e n t s   i n   w e a t h e r i n g   r e s i s t a n c e   m a y  

be  o b t a i n a b l e   by  i n c o r p o r a t i o n   of  m a t e r i a l s   s u c h   as  c a r b o n  

b l a c k   w h i c h   a r e   known  to   h a v e   p r o t e c t i v e   q u a l i t i e s .  

A l t h o u g h   t h e   m e a s u r e m e n t s   of   gas   b a r r i e r   r e f e r r e d  

to   a b o v e   r e l a t e   t o   t h e   p e r m e a b i l i t y   of   t h e   m a t e r i a l   t o  

o x y g e n ,   t e s t s   h a v e   shown   s i m i l a r   i m p r o v e m e n t s   i n   t h e  

p e r m e a b i l i t y   t o   w a t e r   v a p o u r ,   h e l i u m   and   h y d r o g e n .   W i t h  

f i l m s   d r a w n   f r o m   W a c k e r   DF  5071G  p o l y e t h y l e n e   a t   90°   t o  

9 5 ° C ,   t h e   f o l l o w i n g   r e s u l t s   w e r e   f o u n d   f o r   w a t e r   v a p o u r  

p e r m e a b i l i t y .  

A n o t h e r   s a m p l e   of   RIGIDEX  50  d r a w n   t o   a  d r aw  r a t i o  

of   2 0 : 1   a t   80°C  was  t e s t e d   f o r   b o t h   o x y g e n   and   h e l i u m  

p e r m e a b i l i t y   w i t h   t h e   f o l l o w i n g   r e s u l t s :  



The  p e r m e a b i l i t y   u n i t s   in   w h i c h   t h e   gas   b a r r i e r   c h a r -  

a c t e r i s t i c   was  m e a s u r e d   w e r e   t h e   same  as  t h o s e   r e f e r r e d   t o  

a b o v e   i n   c o n n e c t i o n   w i t h   F i g s .   2,  3  and  6.  E x c e p t   in   t h e  

c a s e   of  t h o s e   i l l u s t r a t e d   i n   F i g .   6,  a l l   m e a s u r e m e n t s   o f  

gas   b a r r i e r   c h a r a c t e r i s t i c   r e f e r r e d   t o   in   t h i s   s p e c i f i c a t i o n  

w e r e   made  a t   an  e n v i r o n m e n t a l   t e m p e r a t u r e   of  2 5 ° C .  

F i n a l l y ,   to   i n v e s t i g a t e   t h e  e f f e c t   ( i f   a n y )   of  d r a w i n g  

s p e e d ,   t e s t s   w e r e   made  a t   a  c o n s t a n t   d r a w i n g   t e m p e r a t u r e   o f  

880C,   and   d r a w i n g   s p e e d s   f r o m   6  f e e t   p e r   m i n u t e   to   120  f e e t  

p e r   m i n u t e .   No  a p p r e c i a b l e   v a r i a t i o n   of   t h e   gas   b a r r i e r  

c h a r a c t e r i s t i c   w i t h   d r a w i n g   s p e e d   was  f o u n d .  

The  i m p r o v e d   gas   b a r r i e r   and   w e a t h e r i n g   r e s i s t a n c e  

of  t h e   m a t e r i a l s   o b t a i n e d   i n   a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n   a r e   b e l i e v e d   to   be  a c c o m p a n i e d   by  i m p r o v e d  

r e s i s t a n c e   to   c h e m i c a l   a t t a c k   and  t o   s w e l l i n g   i n   o i l s   a n d  

s o l v e n t s .  

Thus   by  o p e r a t i n g   a t   d r aw  r a t i o s   of   5 : 1   and  a b o v e  

( p r e f e r a b l y   b e t w e e n   7 : 1   and   2 0 : 1 )   and   d r a w i n g   t e m p e r a t u r e s  

b e t w e e n   80°C  and   110°C  ( p r e f e r a b l y   b e t w e e n   80°C  and   1 0 5 ° C ) ,  

o r i e n t e d   p o l y m e r   f i l m s   h a v i n g   u n e x p e c t e d l y   h i g h   g a s   b a r r i e r  

c h a r a c t e r i s t i c s   as   w e l l   as   o t h e r   u s e f u l   p r o p e r t i e s   c a n   b e  

o b t a i n e d .  



1.  A  m e t h o d   o f   p r o d u c i n g   a  u n i a x i a l l y   o r i e n t e d   p o l y m e r  

m a t e r i a l ,   i n   w h i c h   a  h i g h   d e n s i t y   p o l y e t h y l e n e   m a t e r i a l  

h a v i n g   a  d e n s i t y   o f   0 . 9 4   gm/cm3  or   h i g h e r   i s   s u b j e c t e d   t o  

a  d r a w i n g   t e n s i o n ,   and  a  p o r t i o n   e x t e n d i n g   a c r o s s   t h e  

p o l y e t h y l e n e   m a t e r i a l   t r a n s v e r s e l y   to   t h e   d r a w i n g   d i r e c t i o n  

i s   h e a t e d   to   i n d u c e   d r a w i n g   to   t a k e   p l a c e   p r e f e r e n t i a l l y  

in   o r   a d j a c e n t   to   t h e   h e a t e d   t r a n s v e r s e   p o r t i o n ,   t h e   d r a -  

w i n g   t e n s i o n   b e i n g   c o n t r o l l e d   to  d r a w   o u t   t h e   p o l y e t h y l e n e  

m a t e r i a l   w i t h   a  d r a w   r a t i o   of   5 : 1   o r   h i g h e r ,   c h a r a c t e r i s e d  

i n   t h a t   t h e   h e a t i n g   i s   c o n t r o l l e d   to   m a i n t a i n   t h e   t e m -  

p e r a t u r e   o f   t h e   h e a t e d   t r a n s v e r s e   p o r t i o n   i n   t h e   r a n g e  

f r o m   80°C  to   1 1 0 ° C .  

2.  A  m e t h o d   a c c o r d i n g   to   C l a i m   1,  c h a r a c t e r i s e d   i n  

t h a t   t h e   h e a t i n g   i s   c o n t r o l l e d   to   m a i n t a i n   t h e   t e m p e r a t u r e  

o f   t h e   h e a t e d   t r a n s v e r s e   p o r t i o n   i n   t h e   r a n g e   f r o m   8 0 ° C  

to   1 0 5 ° C .  

3.  A  m e t h o d   a c c o r d i n g   to   any   one  o f   t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i s e d   i n   t h a t   t h e   d r aw  r a t i o   i s   b e t w e e n  

7 : 1   and  2 0 : 1 .  

4.  A  m e t h o d   a c c o r d i n g   t o   any   one  o f   t h e   p r e c e d i n g  

c l a i m s ,   f o r   p r o d u c i n g   an  o r i e n t e d   p o l y m e r   f i l m   f r o m   a  

p o l y e t h y l e n e   s h e e t   m a t e r i a l ,   c h a r a c t e r i s e d   i n   t h a t   t h e  

p o l y e t h y l e n e   s h e e t   m a t e r i a l   i s   t r a n s p o r t e d   c o n t i n u o u s l y  

b e t w e e n   r e s p e c t i v e   s e t s   o f   t e n s i o n i n g   and   d r a w i n g   r o l l e r s ,  

p a s t   a  h e a t i n g   d e v i c e   w h i c h   h e a t s   t h e   t r a n s v e r s e   p o r t i o n .  



5.  A  m e t h o d   a c c o r d i n g   to   C l a i m   4,  c h a r a c t e r i s e d   i n  

t h a t   t h e   t r a n s v e r s e   p o r t i o n   o f   t h e   s h e e t   m a t e r i a l   i s  

h e a t e d   by  b e i n g   p a s s e d   a r o u n d   a  p a r t   of   t h e   c i r c u m f e r e n c e  

of  a  f i x e d   m e t a l   t u b e   o r   drum  w h i c h   i s   h e a t e d   i n t e r n a l l y .  

6.  A  m e t h o d   a c c o r d i n g   to   C l a i m   5,  c h a r a c t e r i s e d   i n  

t h a t   t h e   t u b e   or   drum  i s   h e a t e d   by  p a s s i n g   a  h e a t e d   l i q u i d  

t h r o u g h   i t .  

7.  A  m e t h o d   a c c o r d i n g   t o   C l a i m   4,  c h a r a c t e r i s e d   i n  

t h a t   t h e   t r a n s v e r s e   p o r t i o n   o f   t h e   s h e e t   m a t e r i a l   i s  

h e a t e d   by  b e i n g   p a s s e d   a r o u n d   a  p a r t   o f   t h e   c i r c u m f e r e n c e  

of   a  h o l l o w   m e t a l   r o l l e r   w h i c h   i s  h e a t e d   i n t e r n a l l y .  

8.  A  m e t h o d   a c c o r d i n g   to   C l a i m   4,  c h a r a o t e r i s e d   i n  

t h a t   t h e   t r a n s v e r s e   p o r t i o n   o f   t h e   s h e e t   i s   h e a t e d   b y  

p a s s i n g   i t   t h r o u g h   a  h e a t e d   b a t h   o f   l i q u i d ,   b e t w e e n   t h e  

t e n s i o n i n g   and   d r a w i n g   r o l l e r s .  
















	bibliography
	description
	claims
	drawings
	search report

