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@  Extrusion  coating  process. 

@  A  process  of  extrusion  coating  which  is  particularly  useful 
in  the  manufacture  of  viscous  pressure-sensitive  adhesive 
sheets  and  tapes  is  described.  In  the  process,  the  distance  be- 
tween  the  die  orifice  and  the  substrate,  and  the  relationships 
between  the  direction  of  extrusion,  the  direction  of  approach 
of  the  substrate  and  the  direction  of  departure  of  the  coated 
substrate  are  important. 



BACKGROUND  OF  THE  INVENTION 

E x t r u s i o n   c o a t i n g   of  v i s c o u s   m a t e r i a l s ;   m a i n l y   m a t e r i a l s  

h a v i n g   v i s c o s i t i e s   in  the  range  of  from  a b o u t   100 ,000   t o  

800 ,000   c e n t i p o i s e s   at  350°F  such  as  t a c k y   i n d u s t r i a l  

g r a d e   p r e s s u r e - s e n s i t i v e   a d h e s i v e   c o m p o s i t i o n s ,   c e r t a i n  

hot   me l t   a d h e s i v e   c o m p o s i t i o n s   and  c e r t a i n   i n t e r m e d i a t e  

t e m p e r a t u r e   m e l t i n g   t h e r m o p l a s t i c   f i lm  f o r m i n g   c o m p o s i -  

t i o n s ,   are  u s u a l l y   c a r r i e d   out  by  o p e r a t i o n s   in  which  t h e  

e x t r u d a t e   i s s u e s   from  a  die  p o s i t i o n e d   l a t e r a l l y   above  t h e  

b i t e   or  n ip   formed  be tween   a  h i g h l y   p o l i s h e d   me ta l   c h i l l  

r o l l   ( s o m e t i m e s   c a l l e d   c o a t i n g   r o l l )   b e a r i n g   the  s u b s t r a t e  

and  a  r u b b e r   or  p r e s s u r e   r o l l ,   and  f a l l s   i n t o   the  nip  t o  

be  a i r   drawn  to  the  d e s i r e d   f i lm  t h i c k n e s s   and  t h e n  

l a m i n a t e d   on to   the  s u b s t r a t e .   S o m e t i m e s ,   the  die  has  b e e n  

p o s i t i o n e d   above  the  me ta l   c h i l l   r o l l   or  the  p r e s s u r e   r o l l  

but   n e v e r t h e l e s s   at  a  l o c a t i o n   s u f f i c i e n t l y   above  the  r o l l  

so  t h a t   the  f i l m   c u r t a i n   is  drawn  to  r e d u c e   i t s   t h i c k n e s s  

w h i l e   u n a t t a c h e d   to  the  s u b s t r a t e .   The  e x t r u d e d   f i l m  
c u r t a i n   is  w i d e s t   as  i t   l e a v e s   the  die   and  n a r r o w s   d u r i n g  
i t s   f r e e   f a l l   to  the  s u b s t r a t e .   This   phenomenon  c a l l e d  

d raw-down  or  n e c k - i n   is  d e p e n d e n t   on  the  c o m p o s i t i o n   t y p e ,  
me l t   t e m p e r a t u r e   and  d i s t a n c e   of  the  d ie   above  t h e  

s u b s t r a t e .   The  n e c k - i n   is  a c c o m p a n i e d   by  a  t h i c k e n i n g   o f  

the  o u t s i d e   edges   of  the  f a l l i n g   c u r t a i n .   This   t h i c k e n e d  

edge  c a l l e d  a n   edge  bead  can  be  from  t h r e e   to  s ix   t i m e s  

t h i c k e r   than   the  c o a t i n g   t h i c k n e s s .   The  edge  bead  must  be  

removed  from  the  c o a t e d   or  l a m i n a t e d   s u b s t r a t e   in  o r d e r   t o  

e l i m i n a t e   h a n d l i n g   p r o b l e m s .   The  r emova l   which  is  c a r r i e d  

ou t   by  t r i m m i n g   o f f   the  edge  beads   r e p r e s e n t s   a  m a j o r  



economic   l o s s   s i n c e   no  e c o n o m i c a l   way  has  been  found  t o  
r e c o v e r   and  r e u s e   t h i s   m a t e r i a l .   Not  o n l y   the  b e a d  
m a t e r i a l   but  the  s u b s t r a t e   a l s o   must  be  e l i m i n a t e d   a n d  
c o n s i d e r e d   a  l o s s .   A l t h o u g h   ways  have  been  d e v i s e d   t o  
min imize   the  l o s s   of  m a t e r i a l s ,   a d d i t i o n a l   m a n i p u l a t i o n s  
are   n e c e s s a r y   and  t o t a l   l o s s   is  not  a v o i d e d .  

A d d i t i o n a l l y ,   c o a t i n g s   of  m a n u f a c t u r i n g   w i d t h s   ( a p p r o x i -  
m a t e l y   5  f e e t )   a re   d i f f i c u l t   to  o b t a i n   and  m a i n t a i n   i n  
u n i f o r m   t h i c k n e s s .   F u r t h e r ,   wi th   some  s u b s t r a t e s ,   ; c c d  
a n c h o r a g e   of  the  a d h e s i v e   is  d i f f i c u l t   to  a c h i e v e .   I t   i s  
h i g h l y   d e s i r a b l e   to  d e v i s e   a  p r o c e d u r e   c a p a b l e   of  p r o -  
d u c i n g   a  c o a t e d   p r o d u c t   from  a  h i g h l y   v i s c o u s   c o a t i n g  
c o m p o s i t i o n   of  h igh   q u a l i t y   and  u n i f o r m i t y ,   and  w i t h  
minimum  economic   w a s t e .  

STATEMENT  OF  THE  INVENTION 

A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   i t   has  been  d i s c o v e r e d  
t h a t   a  smooth ,   u n i f o r m   c o a t i n g   can  be  o b t a i n e d   from  a  
v i s c o u s   c o m p o s i t i o n   by  e x t r u d i n g   a  hot  m o l t e n   c o m p o s i t i o n  
onto   a  s u b s t r a t e   t h r o u g h   a  die   p o s i t i o n e d   d i r e c t l y   ove r   a  
p o l i s h e d   me ta l   c h i l l   r o l l   or  c o a t i n g   r o l l   of  an  e x t r u s i o n  
c o a t i n g   l i n e   at   a  d i s t a n c e   which  p r o v i d e s   a  s e p a r a t i o n  
be tween   the  die  l i p   or  d ie   o r i f i c e   and  s u b s t r a t e   of  no  
g r e a t e r   than  a b o u t   50  m i l s   and  w h e r e i n   the  s u b s t r a t e   i s  
drawn  to  the  die  o r i f i c e   from  a  d i r e c t i o n   such  t h a t   t h e  
a n g l e   formed  b e t w e e n   a  l i n e   r e p r e s e n t i n g   the  d i r e c t i o n   o f  

a p p r o a c h   of  the  s u b s t r a t e   and  a  l i n e   r e p r e s e n t i n g   t h e  
d i r e c t i o n   of  e x t r u s i o n   of  the  c o m p o s i t i o n   or  e x t r u d a t e  

t h r o u g h   the  o r i f i c e   is  l e s s   than  90°,   and  w h e r e i n   t h e  
s u b s t r a t e   is  drawn  away  from  the  die  o r i f i c e   in  a  d i r e c -  
t i o n   such  t h a t   the  a n g l e   formed  be tween   the  d i r e c t i o n   o f  
e x t r u s i o n   and  a  l i n e   r e p r e s e n t i n g   the  i n i t i a l   d e p a r t i n g  
d i r e c t i o n   of  the  c o a t e d   s u b s t r a t e   i m m e d i a t e l y   on  f o r m a t i o n  
is  no  g r e a t e r   than   9 0 ° .  



The  c o a t e d   p r o d u c t   o b t a i n e d   a c c o r d i n g   to  the  p r o c e s s   o f  

the  p r e s e n t   i n v e n t i o n   is  of  s u p e r i o r   q u a l i t y ,   h a v i n g   no  
b e a d i n g   e f f e c t   at  the  o u t e r   e d g e s .   M o r e o v e r ,   i t   has  b e e n  
found  t h a t   wi th   some  s u b s t r a t e s   c o a t i n g   may  be  c a r r i e d   o u t  
w i t h o u t   the  use  of  p r e s s u r e   r o l l s   and  s t i l l   r e s u l t   in  a 

p r o d u c t   in  which  t h e r e   is  good  a n c h o r a g e   of  the  c c a t i n g   t o  
the  s u b s t r a t e .   This   is  e s p e c i a l l y   b e n e f i c i a l   when  t h e  
s u b s t r a t e   has  low  t e n s i l e   s t r e n g t h   so  t h a t   i t   may  b e c o m e  

s u b j e c t   to  be ing   t o r n   by  the  p r e s s u r e   r o l l .  

In  a d d i t i o n ,   the  p r o c e s s   is  a l s o   a d v a n t a g e o u s l y   e m p l o y e d  
f o r   e x t r u s i o n   c o a t i n g   on to   s u b s t r a t e s   of  t h e r m o p l a s t i c  
m a t e r i a l s   of  m o d e r a t e   s o f t e n i n g   t e m p e r a t u r e s   which  are  n o t  

n e c e s s a r i l y   of  the  h igh   v i s c o s i t y   of  the  a d h e s i v e   c o m p o -  
s i t i o n s   but   have  p r o p e r t i e s   h e r e i n a f t e r   d e s c r i b e d .   When 
the  e x p r e s s i o n   " c o a t i n g   c o m p o s i t i o n "   is  employed   w i t h o u t  

q u a l i f i c a t i o n   i t   is  i n t e n d e d   to  embrace   both   the  v i s c o u s  
a d h e s i v e   c o m p o s i t i o n s   and  n o n a d h e s i v e   t h e r m o p l a s t i c  
c o a t i n g   p o l y m e r s   of  m o d e r a t e   s o f t e n i n g   t e m p e r a t u r e s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g u r e   1  is  a  s c h e m a t i c   end  view  of  a  p o r t i o n   of  an  e x t r u -  
s ion   a p p a r a t u s   for   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n  
showing  the  d i e ,   s u b s t r a t e   and  r o l l s .  

F i g u r e   la  is  a  s c h e m a t i c   end  view  s i m i l a r   to  F i g u r e   1  b u t  

i n c l u d i n g   a  p r e s s u r e   r o l l .  

F i g u r e   2  is  an  e n l a r g e d   view  at  the  p o i n t   of  e n c o u n t e r   o f  
the  e x t r u d a t e   wi th   the  s u b s t r a t e .  

F i g u r e   3  is  a  view  r e p r e s e n t i n g   a  die   p o s i t i o n e d   o f f   t o p  
dead  c e n t e r   of  the  m e t a l   c h i l l   or  c o a t i n g   r o l l   in  t h e  
u p s t r e a m   d i r e c t i o n .  



F i g u r e   4  is  a  view  showing  the  d ie   at  the  same  p o s i t i o n   a s  
in  F igu re   3  but   w i t h   the  d ie   o r i f i c e   d i r e c t e d   to  t h e  
c e n t e r   of  the  c o a t i n g   r o l l .  

F i g u r e   5  is  a  view  r e p r e s e n t i n g   a  die  p o s i t i o n e d   o f f   t o p  
dead  c e n t e r   in  the  d o w n s t r e a m   d i r e c t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   v i s c o u s  

m a t e r i a l s , . m a t e r i a l s   w i th   v i s c o s i t y   in  the  o r d e r   o f  

100 ,000   to  8 0 0 , 0 0 0   c e n t i p o i s e s ,   may  be  e x t r u d e d   in  t h e  

a b s e n c e   of  s o l v e n t   t h r o u g h   a  die   of  c o n v e n t i o n a l   o p e n i n g  
s i z e ,   e . g . ,   20  to  50  m i l s   and  c o a t e d   u n i f o r m l y   onto   a  
s u b s t r a t e   at  a  c o a t i n g   t h i c k n e s s   as  low  as  a b o u t   0 .75  m i l ,  

g e n e r a l l y   0 .75  to  6  m i l s ,   w i t h o u t   the  p r o b l e m   of  n e c k - i n  

a n d / o r   o t h e r   n o n u n i f o r m i t y   e n c o u n t e r e d   when  h i g h l y   v i s c o u s  
m a t e r i a l   is  c o a t e d   e m p l o y i n g   c o n v e n t i o n a l   p r o c e d u r e s   o f  

e x t r u d i n g   and  d r a w i n g .  

In  c a r r y i n g   out   the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n ,   t h e  

component   or  c o m p o n e n t s   of  the  c o a t i n g   c o m p o s i t i o n ,   g e n -  
e r a l l y   in  dry   p a r t i c u l a t e   form,  are  fed  i n t o   an  e x t r u d e r  
in  a  c o n v e n t i o n a l   manne r ,   the  componen t   or  componen t s   t h e n  

are   advanced   f o r w a r d   in  the  e x t r u d e r   b a r r e l   h e a t e d   a t  

t e m p e r a t u r e s   in  t h e  ' r a n g e   of  325°F  to  450°F  to  p roduce   a  
m o l t e n   homogeneous   c o m p o s i t i o n ,   and  the  c o m p o s i t i o n   t h e n  

p a s s e d   t h r o u g h   an  e l o n g a t e d   e x t r u s i o n   die   d i r e c t l y   onto  a 
s u b s t r a t e   as  i t   moves  on  a  c o a t i n g   r o l l   p a s t   the  o r i f i c e  
of  sa id   d i e .   ( " C o a t i n g   r o l l "   as  h e r e i n   employed  is  m e a n t  
the  h i g h l y   p o l i s h e d   m e t a l   c h i l l   or  chrome  r o l l   which  i s  

n o r m a l l y   employed   t o g e t h e r   wi th   a  r u b b e r   or  s i l i c o n e  

r u b b e r   p r e s s u r e   r o l l   fo r   e x t r u s i o n   l a m i n a t i n g ) .   The 
o r i f i c e   of  the  die   is  p o s i t i o n e d   over   the  c o a t i n g   r o l l   i n  

such  a  manner   t h a t   the  d i s t a n c e   be tween   the  s u b s t r a t e   a n d  



the  die  o r i f i c e   w i l l   not   be  g r e a t e r   than  abou t   50  m i l s .  

F u r t h e r ,   the  s u b s t r a t e   is  c a u s e d   to  be  drawn  to  the  d i e  
o r i f i c e   from  a  d i r e c t i o n   such  t h a t   the  ang le   f o r m e d  

be tween   a  l i n e   r e p r e s e n t i n g   the  d i r e c t i o n   of  a p p r o a c h   o f  
the  s u b s t r a t e   and  a  l i n e   r e p r e s e n t i n g   the  d i r e c t i o n   o f  

e x t r u s i o n   of  the  c o m p o s i t i o n   t h r o u g h   the  o r i f i c e   is  l e s s  
than   90° .   S t i l l   f u r t h e r ,   the  c o a t e d   s u b s t r a t e   must  be 

drawn  away  from  the  die  o r i f i c e   in  a  d i r e c t i o n   such  t h a t  
the  a n g l e   f o r c e d   b e t w e e n   a  l i n e   r e p r e s e n t i n g   the  d i r e c t i o n  

of  e x t r u s i o n   and  a  l i n e   r e p r e s e n t i n g   the  i n i t i a l   e x i t i n g  
or  d e p a r t i n g   d i r e c t i o n   of  the  c o a t e d   s u b s t r a t e   i m m e d i a t e l y  

on  f o r m a t i o n   is  no  g r e a t e r   t han   9 0 ° .  

The  i n v e n t i o n  m a y   be  u n d e r s t o o d   more  c l e a r l y   by  r e f e r e n c e  

to  the  d r a w i n g s .   In  bo th   F i g u r e   1  and  l a ,   e x t r u d a t e   12  i s  

seen  i s s u i n g   from  d ie   21  t h r o u g h   die   o r i f i c e   22  o n t o  
s u b s t r a t e   11  p a s s i n g   b e n e a t h   the  die   o r i f i c e   on  a  c o a t i n g  
r o l l   31  at  a  d i s t a n c e   no  g r e a t e r   than  abou t   50  m i l s .   ( T h e  
c o a t i n g   r o l l   g e n e r a l l y   is  c o o l e d   and  may  be  of  r u b b e r  

c o a t e d   m e t a l   as  we l l   as  u n c o a t e d   m e t a l . )   The  e x t r u d a t e   12 
c o n t a c t s   and  c o a t s   the  moving  s u b s t r a t e   11  at  X  d i r e c t l y  
b e n e a t h   the  die  o r i f i c e   to  form  a  c o a t e d   s u b s t r a t e   1 3 .  

In  o r d e r   to  a c h i e v e   the  aims  of  the  p r e s e n t   i n v e n t i o n ,  
namely  to  p r o v i d e   a  h i g h l y   u n i f o r m   c o a t i n g   wi th   a  s u b s t a n -  

t i a l l y   t o t a l   a b s e n c e   of  n e c k - i n   or  e d g e - b e a d   f o r m a t i o n ,  
the  a n g u l a r   d i r e c t i o n  o f  a p p r o a c h   of  the  s u b s t r a t e   to  t h e  

d i r e c t i o n   of  the  e x t r u s i o n   as  we l l   as  the  i n i t i a l   a n g u l a r  
d i r e c t i o n   of  d e p a r t u r e   of  the  newly  formed  c o a t e d   s u b -  

s t r a t e   to  the  d i r e c t i o n   of  e x t r u s i o n   is  e x t r e m e l y   i m p o r -  
t a n t .   Thus,   the  ang le   a l p h a   (a)  formed  be tween   a  l i n e   B 

r e p r e s e n t i n g   the  d i r e c t i o n   of  the  incoming  s u b s t r a t e   a n d  
l i n e   A  r e p r e s e n t i n g   the  d i r e c t i o n   of  e x t r u s i o n   t h r o u g h   t h e  

c e n t e r   of  the  die  o r i f i c e   must  be  l e s s   than  90°.  The 
d i r e c t i o n   of  a p p r o a c h   of  the  i ncoming   s u b s t r a t e   is  c o n -  
t r o l l e d   by  feed  gu ide   r o l l   33.  S i m i l a r l y ,   the  ang le   b e t a  



(s)  formed  be tween   l i n e   A  a long   the  d i r e c t i o n   of  e x t r u s i o n  

and  l i n e   C  in  the  d e p a r t i n g   d i r e c t i o n   of  the  s u b s t r a t e   a t  
the  moment  a f t e r   c o n t a c t   by  the  e x t r u d a t e ,   namely ,   t h e  
i n i t i a l   momentary   e x i t i n g   d i r e c t i o n   of  the  c o a t e d   s u b -  

s t r a t e   is  a l s o   c r i t i c a l .   This   ang le   6  s h o u l d   be  90°  o r  
l e s s .   When  the  die  is  p o s i t i o n e d   so  t h a t   the  die  o r i f i c e  

22  is  d i r e c t e d   to  the  c e n t e r   Y  of  the  c o a t i n g   r o l l   31,  t h e  

a n g l e   formed  at  X  b e t w e e n   l i n e   A  and  l i n e   C  is  9 0 ° .  

Th i s   is  more  c l e a r l y   seen  in  F i g u r e   2  w h e r e i n   s u b s t r a t e   11 
fed  from  feed  gu ide   r o l l   33  moves  toward  the  die  21  a l o n g  
h y p o t h e t i c a l   l i n e   B.  E x t r u d a t e   12  i s s u e s   from  o r i f i c e   22  
of  d ie   21  a long   h y p o t h e t i c a l   l i n e   A  c o n t a c t i n g   s u b s t r a t e  
11  a t   p o i n t   X  on  the  c i r c u m f e r e n c e   of  the  c o a t e r   r o l l   3 1 .  

Angle  a  is  formed  b e t w e e n   l i n e s   A  and  B  at   X.  The  m o v i n g  
d i r e c t i o n   of  the  c o a t e d   s u b s t r a t e   13  a t   p o i n t   X  is  a l o n g  
l i n e   C  and  the  ang le   formed  b e t w e e n   A  and  C  is  6 .  

F i g u r e   3  shows  a  m o d i f i c a t i o n   in  which  the  die  21  i s  

p o s i t i o n e d   o f f   top  dead  c e n t e r   (12  o ' c l o c k )   of  the  c o a t i n g  
r o l l   in  the  u p s t r e a m   d i r e c t i o n   and  d i r e c t e d   downward  a n d  
not   to  c e n t e r   of  the  r o l l .   F i g u r e   4  shows  a  m o d i f i c a t i o n  
in  which  the  p o s i t i o n   of  d ie   21  wi th   r e s p e c t   to  t h e  
c i r c u m f e r e n c e   of  the  chrome  r o l l   is  s u b s t a n t i a l l y   the  same 
as  in  F i g u r e   3  but  in  which  the  d i r e c t i o n   of  the  d i e  
o r i f i c e   or  l i n e   A  is  toward   the  c e n t e r   Y  of  the  r o l l .  

F i g u r e   5  shows  a  m o d i f i c a t i o n   in  which  die   21  is  p o s i -  
t i o n e d   o f f   top  dead  c e n t e r   in  the  d o w n s t r e a m   d i r e c t i o n   o f  

the  c o a t i n g   r o l l .   When  the  d ie   is  p o s i t i o n e d   d o w n s t r e a m  
and  is  d i r e c t e d   downward  i n s t e a d   of  toward   the  c e n t e r ,   i t  

is  n e c e s s a r y   to  p r o v i d e   gu ide   r o l l   38  to  a s s u r e   ang le   6 .  t o  
be  90°  or  l e s s .   These  l a t t e r   i l l u s t r a t i o n s   r e p r e s e n t   some 
of  the  m o d i f i c a t i o n s   which  can  be  made,  m a i n l y   m o d i f i c a -  
t i o n s   in  the  p o s i t i o n   of  the  die   a long   the  c i r c u m f e r e n c e  

of  the  c o a t i n g   r o l l   and  the  d i r e c t i o n   of  the  die  o r i f i c e .  

These  l a t t e r   m o d i f i c a t i o n s   may  be  v a r i e d   to  any  p o s i t i o n  



on  the  c i r c u m f e r e n c e   p r o v i d e d   t h a t   ang le   a  is  a lways   l e s s  
than   90°  and  ang le   B  is  no  g r e a t e r   than  9 0 ° .  

Not  only   are  the  a n g l e s   a  and  B  i m p o r t a n t   but   a s  
p r e v i o u s l y   i n d i c a t e d   the  d i s t a n c e   of  the  s u b s t r a t e   f r o m  
the  die  o r i f i c e   is  a l s o   i m p o r t a n t .   The  d i s t a n c e   s h o u l d  
not   be  g r e a t e r   than   a b o u t   50  m i l s .   The  d i s t a n c e   of  50 
m i l s   is  a p p r o x i m a t e l y   the  maximum  d i s t a n c e   p e r m i s s i b l e   f o r  
the  e x t r u d a t e   i s s u i n g   from  the  die   o r i f i c e   to  t r a v e r s e .  
For  t h i s   sma l l   but   f i n i t e   d i s t a n c e ,   the  e x t r u d a t e   s t i l l   i s  
under   h igh  p r e s s u r e   and  r e t a i n s   i t s   d i r e c t i o n   of  m o t i o n  
u n t i l   i t   comes  in  c o n t a c t   w i th   a  s u b s t r a t e   at  which  t i m e  
i t   changes   i t s   d i r e c t i o n   to  t h a t   of  the  s u b s t r a t e .   The 
i n i t i a l   c h a n g e  i n   d i r e c t i o n   and  the  ang le   (s)  f o r m e d  

t h e r e b y   is  e s s e n t i a l   and  c r i t i c a l   to  good  a n c h o r a g e   of  t h e  
e x t r u d a t e   to  the  s u b s t r a t e .   When  the  die  is  p o s i t i o n e d   a t  
top  dead  c e n t e r ,   the  d i s t a n c e   may  c o i n c i d e   wi th   t h e  
d i s t a n c e   be tween   the  d ie   l i p   and  the  c i r c u m f e r e n c e   of  t h e  

c o a t i n g   r o l l .   However ,   the  d i s t a n c e   be tween   the  die  l i p  
and  s u b s t r a t e   may  be  s l i g h t l y   d i f f e r e n t   from  the  d i s t a n c e  
be tween   the  die  l i p   and  c i r c u m f e r e n c e   of  the  c o a t i n g   r o l l  
i f   the  die  is  p o s i t i o n e d   o f f   top  dead  c e n t e r .   Thus,   when 
the  die  is  p o s i t i o n e d   o f f   of  top  dead  c e n t e r   toward  t h e  
feed  or  u p s t r e a m   d i r e c t i o n   ( a b o u t   11  o ' c l o c k )   and  d i r e c t e d  
downward  as  seen  in  F i g u r e   3,  i t   is  p o s s i b l e   to  p o s i t i o n  
the  feed  guide   r o l l   to  s u b s t a n t i a l l y   d e c r e a s e   ang le   a .  
Under  t h e s e   c i r c u m s t a n c e s   the  d i s t a n c e   be tween   the  d i e  
o r i f i c e   and  the  c o a t i n g   r o l l   s u r f a c e   may  be  s o m e w h a t  
g r e a t e r   than  50  m i l s   and  s t i l l   a c h i e v e   a  maximum  d i s t a n c e  
be tween   the  s u b s t r a t e   and  die   o r i f i c e   of  no  g r e a t e r   t h a n  
50  m i l s .  

In  the  c o a t e d   s u b s t r a t e ,   the  t h i c k n e s s   of  the  c o a t i n g  
d e p e n d s   on  the  t h r o u g h p u t   r a t e   of  e x t r u d e r   w id th   o f  
s u b s t r a t e   and  the  speed  of  the  moving  s u b s t r a t e .  

T y p i c a l l y   the  die  has  an  o r i f i c e   of  20  to  50  m i l s   a t  



a m b i e n t   t e m p e r a t u r e .   I t   is  to  be  u n d e r s t o o d   t h a t   u n d e r  
c o n d i t i o n s   of  e x t r u s i o n ,   which  a re   g e n e r a l l y   in  the  t e m -  

p e r a t u r e   range  of  about   3 2 5 ° - 4 5 0 ° F ,   t h e r e   is  e x p a n s i o n   o f  

the  me ta l   and  the  die  o r i f i c e   is  s l i g h t l y   l a r g e r   than  t h e  

co ld   d i m e n s i o n s .   The  e x t r u s i o n   a s s e m b l y   may  be  o p e r a t e d  
at   a  l i n e a r   speed  of  abou t   50  f e e t   to  a b o u t   1000  f e e t   p e r  
m i n u t e .   The  a c t u a l   l i n e a r   speed  w i l l   va ry   d e p e n d i n g   o n  
the  d i a m e t e r   of  the  e x t r u d e r   b a r r e l   which  d e t e r m i n e s  

t h r o u g h p u t   r a t e ,   the  s l o t   w id th   of  the  d ie   which  d e t e r -  

mines   s u b s t r a t e   w i d t h ,   and  the  c o a t i n g   t h i c k n e s s   d e s i r e d .  

E x t r u d e r   b a r r e l s   are  commonly  a v a i l a b l e   in  v a r i o u s   d i -  

a m e t e r   s i z e s ,   e . g . ,   3 - 1 / 2   inch   w i th   t h r o u g h p u t   r a t e   of  600 

pounds   per   hou r ,   and  4 - 1 / 2   i n c h ,   6  i n c h ,   8  i n c h ,   e t c . ,  
w i th   h i g h e r   t h r o u g h p u t   r a t e s .   One  t y p i c a l   c o m m e r c i a l   s l o t  

wid th   is  60  i n c h e s .   T y p i c a l l y ,   c o a t i n g   t h i c k n e s s e s   a r e  
0.5  to  1.5  mi l s   for   f i lm   s u b s t r a t e ,   1  to  2  m i l s   for   p a p e r  
s u b s t r a t e ,   2  to  3  m i l s   fo r   r e i n f o r c e d   f i l m   s u b s t r a t e ,   a n d  

3  to  4  m i l s   for   c l o t h   s u b s t r a t e .   Thus,   for   e x a m p l e ,   t o  
o b t a i n   a  c o a t i n g   of  one  ounce  per   s q u a r e   yard   ( a p p r o x i -  

m a t e l y   1  mil  in  t h i c k n e s s )   a t   a  58  inch  w i d t h ,   the  l i n e a r  

speed   on  a  3 - 1 / 2   inch  e x t r u d e r   may  be  298  f e e t   per  m i n u t e  

and  on  a  4 - 1 / 2   inch  e x t r u d e r ,   596  f e e t   per   m i n u t e .  

The  v i s c o u s   m a t e r i a l s   to  which  the  p r o c e s s   of  the  p r e s e n t  
i n v e n t i o n   is  p r i m a r i l y   d i r e c t e d   are   a d h e s i v e   c o m p o s i t i o n s  
and  c e r t a i n   t h e r m o p l a s t i c   m a t e r i a l s   and  c o m p o s i t i o n s  
h a v i n g   m o d e r a t e   s o f t e n i n g   t e m p e r a t u r e s ,   i . e .   in  the  r a n g e  
of  abou t   325°F  to  abou t   450°F.   I n d u s t r i a l   g rade   h i g h  

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

t a p e s   are  p a r t i c u l a r l y   s u i t e d   to  be  a d v a n t a g e o u s l y  

m a n u f a c t u r e d  b y   the  p r o c e s s   of  the   p r e s e n t   i n v e n t i o n .  

The  e x t r u d a b l e   high  p e r f o r m a n c e   i n d u s t r i a l   p r e s s u r e -  
s e n s i t i v e   a d h e s i v e s   c o n t e m p l a t e d   to  be  employed  a r e  

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

a  t a c k i f i e r   r e s i n   c o m p o n e n t ,   such  c o m p o s i t i o n s   h a v i n g  



v i s c o s i t i e s   in  the  range   of  from  about   100 ,000  to  a b o u t  

800 ,000   c e n t i p o i s e s   at   3 5 0 ° F .  

The  e l a s t o m e r   in  such  a d h e s i v e   c o m p o s i t i o n s   is  c h a r a c t e r -  
ized  by  hav ing   t h e r m o p l a s t i c   p r o p e r t i e s .   Thus,  the  e l a s -  

tomer  component   which  may  be  a  m i x t u r e   of  e l a s t o m e r s  

n e c e s s a r i l y   c o n t a i n   m a t e r i a l s   known  in  the  a r t   as  t h e r m o -  

p l a s t i c   e l a s t o m e r s   or  t h e r m o p l a s t i c   r u b b e r s .   T h e s e  
r u b b e r s   g e n e r a l l y   beg in   to  s o f t e n   at  abou t   200°F  ( 9 3 ° C )  
and  have  a  s o f t e n i n g   t e m p e r a t u r e   maximum  of  abou t   4 5 0 ° F  

( 2 3 2 ° C ) .   The  most  u s e f u l   and  b e s t   known  of  t h e s e   t h e r m o -  

p l a s t i c   e l a s t o m e r s   a re   b l o c k   c o p o l y m e r s   which  may  be  t h o s e  
r e f e r r e d   to  as  A-B-A  b l o c k   c o p o l y m e r   or  as  A-B  b l o c k  

c o p o l y m e r   in  which  A  d e s i g n a t e s   a  t h e r m o p l a s t i c   b l o c k   a n d  

B  d e s i g n a t e s   an  e l a s t o m e r i c   b l o c k .   In  the  A-B-A  b l o c k  

c o p o l y m e r s ,   the  t e r m i n a l   or  end  po lymer   b l o c k s   are  t h e  

t h e r m o p l a s t i c   b l o c k s   and  the  midd le   or  i n t e r n a l   b l o c k s   a r e  
the  r u b b e r y   b l o c k s .   In  the  A-B  b l o c k   c o p o l y m e r s   t h e  
B  b lock   forms  one  of  the  end  b l o c k s   r a t h e r   than  a  m i d -  

b l o c k .   The  t h e r m o p l a s t i c   A  b l o c k   is  a  po lymer   of  a l k e n y l -  

a r e n e ,   p r e f e r a b l y   s t y r e n e   or  s t y r e n e   homolog  or  a n a l o g .  
The  B  b l o c k   is  a  p o l y m e r   of  an  u n s a t u r a t e d   a l i p h a t i c  
h y d r o c a r b o n   of  4  to  6  c a r b o n   a toms ,   p r e f e r a b l y   of  a  
c o n j u g a t e d   a l i p h a t i c   d i e n e   and  most  f r e q u e n t l y   a  p o l y m e r  
of  b u t a d i e n e   or  i s o p r e n e .   B  a l s o   may  be  a  po lymer   of  a  
lower   a l k e n e   such  as  e t h y l e n e   or  b u t y l e n e .   The  A-B-A 
b l o c k   c o p o l y m e r s   may  be  any  v a r i a t i o n   of  l i n e a r ,   b r a n c h e d ,  

or  r a d i a l   c o p o l y m e r s   w i th   r u b b e r y   m i d - b l o c k s   and  t h e r m o -  

p l a s t i c   e n d - b l o c k s ,   i n c l u d i n g   t h o s e   somet imes   d e s i g n a t e d  
as  A-B-C  b l o c k   c o p o l y m e r s   in  which  C  is  a  t h e r m o p l a s t i c  
e n d - b l o c k   but  of  a  d i f f e r e n t   po lymer   than  A.  The  r a d i a l  

or  t e l e b l o c k   c o p o l y m e r s   are  some t imes   d e s i g n a t e d   (A-B+nX 
w h e r e i n   X  is  an  o r g a n i c   or  i n o r g a n i c   whole  f u n c t i o n a l   a t o m  

or  m o l e c u l e ,   n  is  an  i n t e g e r   c o r r e s p o n d i n g   to  the  va lue   o f  
the  f u n c t i o n a l   g roup   o r i g i n a l l y   p r e s e n t   in  X,  a n d  i n   w h i c h  

(A-B+  r a d i a t e s   from  X  in  a  way  t h a t   A  is  an  end  b l o c k .  



The  A-B-A  b l o c k   c o p o l y m e r s   employed  as  the  e l a s t o m e r  

componen t   g e n e r a l l y   are  t h o s e   in  which  the  i n d i v i d u a l   A 
b l o c k   has  a  number  a v e r a g e   m o l e c u l a r   w e i g h t   of  at  l e a s t  

6000,   u s u a l l y   from  about   8000  to  30 ,000   and  c o n s t i t u t e  
from  a b o u t   5  to  50  p e r c e n t ,   u s u a l l y   a b o u t   10  to  30  p e r c e n t  
by  w e i g h t   of  the  A-B-A  b l o c k   c o p o l y m e r .   The  B  b l o c k  

p o r t i o n   has  a  number  a v e r a g e   m o l e c u l a r   w e i g h t   in  the  r a n g e  
of  from  a b o u t   45 ,000   to  abou t   1 8 0 , 0 0 0 .   The  number  a v e r a g e  
m o l e c u l a r   w e i g h t   of  the  e n t i r e   b l o c k   c o p o l y m e r   may  be  i n  

the  r ange   of  abou t   75 ,000   to  200 ,000   when  l i n e a r   o r  
b r a n c h e d ,   and  abou t   125 ,000   to  400 ,000   when  r a d i a l .  

U s u a l l y ,   the  l i n e a r   and  b r a n c h e d   c o p o l y m e r s   a re   in  t h e  

r ange   of  100 ,000   to  150 ,000   and  the  r a d i a l   in  the  range   o f  

1 5 0 , 0 0 0   to  2 5 0 , 0 0 0 .   In  A-B  b lock   c o p o l y m e r s ,   the  n u m b e r  

a v e r a g e   m o l e c u l a r   w e i g h t   of  the  A  b l o c k   is  g e n e r a l l y   f r o m  
a b o u t   7000  to  abou t   20 ,000   and  the  t o t a l   m o l e c u l a r   w e i g h t  

u s u a l l y   does  not   exceed   abou t   1 5 0 , 0 0 0 .  

S u i t a b l e   t h e r m o p l a s t i c   e l a s t o m e r i c   b l o c k   c o p o l y m e r s   a r e  
p r e p a r e d   by  s t e p w i s e   s o l u t i o n   p o l y m e r i z a t i o n   of  t h e  

c o m p o n e n t s .   They  are  a l s o   a v a i l a b l e   c o m m e r c i a l l y .   The 

p r e p a r a t i o n s   and  p r o p e r t i e s   of  b l o c k   c o p o l y m e r s   are  a m p l y  
d e s c r i b e d   in  the  l i t e r a t u r e   such  as ,   fo r   e x a m p l e ,   " T h e r m o -  

p l a s t i c   Rubber   (A-B-A  Block  Copo lymers )   in  A d h e s i v e s "   b y  
J . T .   H a r l a n ,   et  a l . , .  i n   "Handbook  of  A d h e s i v e s "   e d i t e d   by  
I r v i n g   S k e i s t ,   V a n  N o s t r a n d   R e i n h o l d   Co. ,   New  York,  S e c o n d  

E d i t i o n   ( 1 9 7 7 ) ,   pages   3 0 4 - 3 3 0 ;   " R u b b e r - R e l a t e d   P o l y m e r s ,  
I.  T h e r m o p l a s t i c   E l a s t o m e r s "   by  W.R.  H e n d r i c k s ,   et  a l . ,   i n  

"Rubber   T e c h n o l o g y "   e d i t e d   by  Maur ice   M o r t o n ,   Van  N o s t r a n d  
R e i n h o l d   Co. ,   New  York  ( 1 9 7 3 ) ,   pages   5 1 5 - 5 3 3 ;   and  U . S .  

P a t e n t s   3 , 5 1 9 , 5 8 5 ;   3 , 7 8 7 , 5 3 1 ;   and  3 , 2 8 1 , 3 8 3 ;   and  for   A-B 
b l o c k   c o p o l y m e r s ,   U.S.  P a t e n t s   3 , 5 1 9 , 5 8 5   and  3 , 7 8 7 , 5 3 1 .  

When  the  t h e r m o p l a s t i c   e l a s t o m e r   is  a  b l o c k   c o p o l y m e r ,   i t  

may  be  an  A-B-A  or  an  A-B  b l o c k   c o p o l y m e r   or  a  m i x t u r e   o f  



the  two  t y p e s .   When  the  A  b l o c k   is  p o l y s t y r e n e   and  B 
b l o c k   is  p o l y i s o p r e n e ,   the  e l a s t o m e r s   are   r e f e r r e d   to  a s  
an  S - I - S   b l o c k   c o p o l y m e r   or  S-I  b l o c k   c o p o l y m e r .   When  t h e  

A  b l o c k   is  p o l y s t y r e n e   and  the  B  b l o c k   is  p o l y b u t a d i e n e ,  
the  e l a s t o m e r s   are  known  as  S-B-S  or  S-B  b l o c k   c o p o l y m e r .  

When  the  A-B-A  b lock   c o p o l y m e r   or  A-B  b l o c k   c o p o l y m e r   i s  
used  as  the  p r i m a r y   e l a s t o m e r   of  the  e l a s t o m e r   c o m p o n e n t ,  
the  componen t   may  be  m o d i f i e d   by  the  a d d i t i o n   of  from  0  t o  
25  p e r c e n t   by  w e i g h t   based  on  the  w e i g h t   of  the  t h e r m o -  
p l a s t i c   e l a s t o m e r ,   of  a  more  c o n v e n t i o n a l   d i e n e   e l a s t o m e r  
such  as  n a t u r a l   r u b b e r ,   p o l y m e r s   based   on  b u t a d i e n e   o r  
i s o p r e n e ,   b u t a d i e n e - s t y r e n e   (SBR)  r u b b e r ,   b u t a d i e n e -  

a c r y l o n i t r i l e   (NBR)  r u b b e r ,   b u t y l   r u b b e r   and  the  l i k e ,  
p r o v i d e d   they   are  in  a  low  p l a s t i c i t y   s t a t e ,   e . g . ,   l e s s  
than   abou t   40  Mooney  u n i t s .  

A d d i t i o n a l l y ,   the  e l a s t o m e r   component   may  be  an  e t h y l e n e  
v i n y l   a c e t a t e   c o p o l y m e r   (EVA)  c o p o l y m e r .   These  a r e  
g e n e r a l l y   random  c o p o l y m e r s   c o n t a i n i n g   from  a b o u t   28  to  60 

p e r c e n t   v i n y l   a c e t a t e   by  w e i g h t .   These  may  be  u s e d  

s i n g l y ,   as  m i x t u r e s   of  e t h y l e n e   v i n y l   a c e t a t e   p o l y m e r s   o r  
as  m i x t u r e   wi th   a  A-B-A  or  A-B  b l o c k   c o p o l y m e r s .  

The  t a c k i f y i n g   r e s i n   for   the  t a c k i f i e r   componen t   may  be  a  
n a t u r a l   or  s y n t h e t i c   p o l y m e r ,   p r e f e r a b l y   s o l i d   hav ing   a  
s o f t e n i n g   p o i n t   in  the  range   of  abou t   85°C  to  a b o u t   150°C 
and  i n c l u d e s   r o s i n ,   h y d r o g e n a t e d   r o s i n ,   d e h y d r o g e n a t e d  
r o s i n ,   r o s i n   e s t e r s   such  as  e r y t h r i t o l   and  g l y c e r o l  
e s t e r s ,   p o l y m e r i z e d   a l p h a   or  b e t a   p i n e n e ,   p o l y m e r i z e d  
m i x t u r e   of  p i p e r y l e n e   and  i s o p r e n e ,   and  the  l i k e .   O t h e r  
m a t e r i a l s   are  d e s c r i b e d   in  the  c h a p t e r   e n t i t l e d  
" P r e s s u r e - S e n s i t i v e   Tapes  and  L a b e l s "   by  C.W.  Bemmel  i n  
"Handbook  of  A d h e s i v e s "   e d i t e d   by  I r v i n g   S k e i s t ,   Van 
N o s t r a n d   R e i n h o l d  C o . ,   (1977)  pages   7 2 4 - 7 3 5 .  



In  a d d i t i o n   to  the  f o r e g o i n g ,   the  a d h e s i v e   c o m p o s i t i o n s  

may  i n c l u d e   o t h e r   c o n v e n t i o n a l   a d d i t i v e s   such  as  a n t i o x i -  

d a n t s ,   hea t   s t a b i l i z e r s ,   u l t r a v i o l e t   a b s o r b e r s ,   p i g m e n t s ,  
i n o r g a n i c   f i l l e r s ,   p a r t i n g   a g e n t s   and  the  l i k e .  

R e p r e s e n t a t i v e   of  some  of  the  a d h e s i v e   c o m p o s i t i o n s   w h i c h  

may  be  a d v a n t a g e o u s l y   employed   in  the  p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n   i n c l u d e   c o m p o s i t i o n s   which  are  d e s c r i b e d  
in  U.S.  P a t e n t s   3 , 7 8 3 , 0 7 2   and  3 , 9 8 4 , 5 0 9 .  

The  p r o c e s s  i s   a l s o   a d a p t a b l e   to  be ing   employed   for   u s e  
wi th   c o a t i n g   m a t e r i a l s   which  are  not  a d h e s i v e  

c o m p o s i t i o n s .   C o a t i n g   m a t e r i a l s   which  may  b e n e f i c i a l l y  
employ  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n   i n c l u d e  
c e r t a i n   c o p o l y e s t e r s ,   c e r t a i n   m o d i f i e d   e t h y l e n e   p o l y m e r s  
and  o t h e r   t h e r m o p l a s t i c   m a t e r i a l s   which  have  a  t o r q u e  
v a l u e   not  to  exceed   600  m e t e r   grams  when  m e a s u r e d   b y  
w o r k i n g   at  220°C  at  75  r . p . m .   in  a  r e c o r d i n g   t o r q u e  
dynamomete r   ( P l a s t i - C o r d e r @   EPL-V750  m a n u f a c t u r e d   by  
C.W.  B r a b e n d e r   Co.,   H a c k e n s a c k ,   N . J . ) .  

C o p o l y e s t e r s   are  c o p o l y m e r s   o f :  

a n d  

w h e r e i n   X  and  X'  are   n u c l e i   of  a r o m a t i c   or  a l i p h a t i c  

d i c a r b o x y l i c   a c i d s   and  Y  and  Y'  are  n u c l e i   of  a l k y l e n e  .  
d i o l s .   Those  c o p o l y e s t e r s   which  are  of  high  v i s c o s i t y   a n d  

m o d e r a t e   s o f t e n i n g   t e m p e r a t u r e   in  the  r ange   h e r e i n b e f o r e  
i n d i c a t e d   are  a d a p t a b l e   to  be ing   employed  in  the  p r e s e n t  

p r o c e s s .  



Other   c o a t i n g   m a t e r i a l s   which  may  be  u s e f u l l y   e m p l o y e d  
i n c l u d e   low  m e l t i n g   m o d i f i e d   p o l y e t h y l e n e   and  e t h y l e n e  

v i n y l   a c e t a t e   h a v i n g   a  v i n y l   a c e t a t e   c o n t e n t   of  20  p e r c e n t  

or  h i g h e r .  

The  i n v e n t i o n   is  a  u s e f u l   c o a t i n g   p r o c e s s   e m p l o y i n g  
m a t e r i a l s   w h e t h e r   a d h e s i v e   or  not   which  are  h i g h l y  

v i s c o u s ,   e . g . ,   h av ing   a  v i s c o s i t y   h i g h e r   than  1 0 0 , 0 0 0  

c e n t i p o i s e s   and  not   p r e v i o u s l y   c o n s i d e r e d   s u i t a b l e   f o r  

e x t r u s i o n   c o a t i n g   p r o v i d e d   they   have  m o d e r a t e   s o f t e n i n g  

t e m p e r a t u r e s ,   e . g . ,   not  above  abou t   450°F  ( 2 3 2 ° C ) .  

C o a t i n g   a n d / o r   a d h e s i v e   m a t e r i a l s   of  low  v i s c o s i t y   a l s o  

may  be  employed  in  the  p r o c e s s   of  the  p r e s e n t   i n v e n t i o n  

a l t h o u g h   for   t h e s e   m a t e r i a l s ,   o t h e r   me thods   not  a d a p t a b l e  

to  h i g h l y   v i s c o u s   c o m p o s i t i o n s   are  a v a i l a b l e   for   a c h i e v i n g  

u n i f o r m   c o a t i n g .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   the  i n v e n t i o n   but  a r e  

not  to  be  c o n s t r u e d   as  l i m i t i n g :  

EXAMPLES  I - V I I I  

P r e s s u r e - s e n s i t i v e   a d h e s i v e   c o a t e d   s u b s t r a t e s   are  p r e p a r e d  

by  f e e d i n g   the  componen t   m a t e r i a l s   i n d i c a t e d   in  Table  A 

( in  p a r t s   by  we igh t )   i n t o   an  e x t r u d e r ,   mix ing   and  m e l t i n g  
at   t e m p e r a t u r e s   in  the  range   of  from  abou t   350°  to  4 2 5 ° F ,  
and  e x t r u d i n g   t h r o u g h   a  die   o r i f i c e   of  20  mi l s   o n t o  

v a r i o u s   s u o s t r a t e s .   S u i t a b l e   s u b s t r a t e s   are  p a p e r ,  
p o l y v i n y l  c h l o r i d e ,   c l o t h ,   p o l y e s t e r   and  aluminum  f o i l .  

The  c o a t e d   s u b s t r a t e s   have  a d h e s i v e   f i lm   t h i c k n e s s   of  l e s s  

than  5  m i l s   and  are  u n i f o r m   t h r o u g h o u t   wi th   s u b s t a n t i a l l y  

no  bead ing   e f f e c t .   The  c o a t e d   s u b s t r a t e s   are  s l i t t e d   t o  

form  p r e s s u r e - s e n s i t i v e   a d h e s i v e s   t a p e s   of  good  a d h e s i o n  

and  h : l d .  







EXAMPLES  IX-X 

In  s e p a r a t e   o p e r a t i o n s ,   p o l y ( e t h y l e n e   t e r e p h t h l a t e - c o -  
e t h y l e n e   a z e l a t e )   of  a p p a r e n t   m o l e c u l a r   w e i g h t   of  a b o u t  

20,000  (VPE  5571,  Goodyear   T i re   and  Rubber   Company)  a n d  
m o d i f i e d   p o l y e t h y l e n e   of  a p p a r e n t   m o l e c u l a r   w e i g h t   o f  

8000,   v i s c o s i t y   of  8500  c e n t i p o i s e s   at  150°C,  a n d  

s o f t e n i n g   p o i n t   of  abou t   106°C  (EPOLENE  wax  C-16,   E a s t m a n  
Kodak  Company)  are  fed  i n t o   the  hoppe r   of  an  e x t r u d e r   a n d  

h e a t e d   at  a b o u t   350°F  and  e x t r u d e d   t h r o u g h   the  die  on to   a  

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

p o l y e t h y l e n e   c o a t e d   p a p e r   r e s p e c t i v e l y   with  s u b s t a n t i a l l y  
no  b e a d i n g   e f f e c t .   The  c o a t e d   f i l m s   may  be  used  a s  
s u b s t r a t e s   for   a d h e s i v e   t a p e s   as  we l l   as  for   w a t e r p r o o f  
c o v e r i n g s .  

EXAMPLE  XI 

In  s e p a r a t e   o p e r a t i o n s ,   a d h e s i v e   c o a t e d   s h e e t s   of  SBR 
l a t e x   s a t u r a t e d   p a p e r   c o a t e d   on  the  back  s ide   wi th   a  
r e l e a s e   a g e n t   ( s t e a r y l   m e t h a c r y l a t e - - a c r y l o n i t r i l e   b l e n d e d  
wi th   r e s i n   f i l m   f o r m e r ,   U.S.  P a t e n t   3 , 5 0 2 , 4 9 7 ,   E x a m p l e  
V I I I ) ,   and  0.88  gauge  Mylar@  p o l y e s t e r   f i lm  c o a t e d   on  t h e  
back  s i d e   wi th   a  r e l e a s e   a g e n t   ( s t e a r y l   m e t h a c r y l a t e - -  
a c r y l o n i t r i l e ,   U.S.   P a t e n t   3 , 5 0 2 , 4 9 7 ,   Example  I)  to  be  
s l i t t e d   in  the  m a n u f a c t u r e   of  p r e s s u r e - s e n s i t i v e   t a p e s   a r e  
p r e p a r e d   f i r s t   by  f e e d i n g   i n t o   the  h o p p e r   of  an  e x t r u d e r ,  
the  f o l l o w i n g   c o m p o n e n t s   ( in   p a r t s   by  w e i g h t ) :  



The  componen t s   then  are   mixed  and  me l t ed   at  b a r r e l  

t e m p e r a t u r e s   r a n g i n g   from  160°  to  230°C  and  e x t r u d e d  

t h r o u g h   a  die  o r i f i c e   of  a b o u t   20  mi l s   onto  the  p a p e r  
s u b s t r a t e   and  the  f i lm   s u b s t r a t e   to  o b t a i n   a d h e s i v e   f i l m  

c o a t e d   s h e e t s   of  a d h e s i v e   f i l m   t h i c k n e s s   of  1.5  mi l s   f o r  

p a p e r   s u b s t r a t e ,   and  0 .75  mil  for   p o l y e s t e r   f i l m  

s u b s t r a t e .   All   c o a t e d   s h e e t s   o b t a i n e d   are  of  g o o d  
u n i f o r m i t y   wi th   no  b e a d i n g   e f f e c t ,   i . e . ,   s u b s t a n t i a l l y   no 

t h i c k e n i n g   a long   the  e d g e s .  

EXAMPLE  X I I  

In  a  s i m i l a r   o p e r a t i o n ,   an  a d h e s i v e   c o a t e d  s h e e t   o f  

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

( p a r t s   by  w e i g h t ) .  

The  componen t s   are  mixed  and  m e l t e d   in  the  t e m p e r a t u r e  

range   160°  to  230°C  and  e x t r u d e d   t h r o u g h   a  20  mil  d i e  

o r i f i c e   to  o b t a i n   a  3.5  mil  a d h e s i v e   f i lm  on  a  c l o t h  
s u b s t r a t e   of  u n i f o r m   t h i c k n e s s   and  s u b s t a n t i a l l y   f ree   o f  

any  b e a d i n g   e f f e c t .  



EXAMPLE  X I I I  

In  s t i l l   a n o t h e r   s i m i l a r   o p e r a t i o n ,   a  s a t u r a t e d   p a p e r  
s u b s t r a t e   d e s c r i b e d   in  Example  XI  is  c o a t e d   wi th   a n  
a d h e s i v e   m i x t u r e   of  the  f o l l o w i n g   c o m p o s i t i o n :  

The  componen t s   are  mixed,   me l t ed   and  e x t r u d e d   a s  
p r e v i o u s l y   d e s c r i b e d   to  o b t a i n   a  1.5  mil   a d h e s i v e   c o a t e d  

p a p e r   s u b s t a n t i a l l y   f r ee   of  a n y  b e a d i n g   e f f e c t .  



1.  A  d i r e c t   e x t r u s i o n   p r o c e s s   for  p r e p a r i n g   a  c o a t e d  
s u b s t r a t e   from  a  v i s c o u s   c o a t i n g   c o m p o s i t i o n   w h i c h  

c o m p r i s e s :  

(a)  f e e d i n g   the  componen t   m a t e r i a l   or  m a t e r i a l s   of  a  

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

(b)  a d v a n c i n g   the  m a t e r i a l   or  m a t e r i a l s   f o r w a r d   in  t h e  

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

(c)  p a s s i n g   the  homogeneous   c o m p o s i t i o n   t h r o u g h   a n  

e l o n g a t e d   e x t r u s i o n   die  d i r e c t l y   onto  a  s u b s t r a t e   as  i t  

moves  on  a  c o a t i n g   r o l l   p a s t   the  o r i f i c e   of  s a i d   die   t o  
form  a  c o a t e d   s u b s t r a t e ,   w h e r e i n  

s a i d   o r i f i c e   is  p o s i t i o n e d   over   s a id   c o a t i n g   r o l l   in  s u c h  

manner  t h a t   the  d i s t a n c e   be tween   the  s u b s t r a t e   and  the  d i e  

o r i f i c e   is  no  g r e a t e r   than   abou t   50  m i l s ,  

s a i d   s u b s t r a t e   is  drawn  to  the  die   o r i f i c e   from  t h e  
d i r e c t i o n   such  t h a t   the  a n g l e   formed  be tween   a  l i n e  

r e p r e s e n t i n g   the  d i r e c t i o n   of  a p p r o a c h   of  the  s u b s t r a t e  
and  a  l i n e   r e p r e s e n t i n g   the  d i r e c t i o n   of  e x t r u s i o n   is  l e s s  
than   90°,   a n d  

s a i d   c o a t e d   s u b s t r a t e   is  drawn  away  from  the  d ie   o r i f i c e  
in  a  d i r e c t i o n   such  t h a t   the  ang le   formed  be tween   t h e  
d i r e c t i o n   of  e x t r u s i o n   and  a  l i n e   r e p r e s e n t i n g   the  i n i t i a l  

d e p a r t i n g   d i r e c t i o n   of  the  c o a t e d   s u b s t r a t e   i m m e d i a t e l y   on 
f o r m a t i o n   is  no  g r e a t e r   than  9 0 ° .  



2.  A  p r o c e s s   a c c o r d i n g   to  Claim  1  w h e r e i n   the  c o m p o s i t i o n  
is  of  a  v i s c o s i t y   in  the  range   of  from  abou t   1 0 0 , 0 0 0  
c e n t i p o i s e s   to  abou t   800 ,000   c e n t i p o i s e s   at  3 5 0 ° F .  

or  Claim  2 
3.  A  p r o c e s s   a c c o r d i n g   to  Claim  1 / w h e r e i n   the  c o a t i n g   i s  

of  a  t h i c k n e s s   in  the  range  of  from  abou t   0 .75  to  5  m i l s .  

any one  of  to  3 
4.  A  p r o c e s s   a c c o r d i n g   t o / C l a i m s l / w h e r e i n   the  e x t r u s i o n  
is  c a r r i e d   out   in  the  t e m p e r a t u r e   range   of  from  a b o u t  

325°F  to  abou t   4 5 0 ° F .  

any one  of  to  4 
5.  A  p r o c e s s   a c c o r d i n g   t o / C l a i m s l / w h e r e i n   the  c o a t i n g   i s  

an  a d h e s i v e   c o m p o s i t i o n .  

6.  A  d i r e c t   e x t r u s i o n   p r o c e s s   fo r   p r e p a r i n g   p r e s s u r e -  
s e n s i t i v e   a d h e s i v e   f i l m s   and  t a p e s   which  c o m p r i s e s :  

(a)  f e e d i n g   the  componen t s   of  an  a d h e s i v e   c o m p o s i t i o n  
i n t o   an  e x t r u d e r ,  

(b)  a d v a n c i n g   the  componen t s   f o rward   in  the  e x t r u d e r  
b a r r e l   to  me l t   and  mix  the  componen t s   i n to   a  h o m o g e n e o u s  
a d h e s i v e   c o m p o s i t i o n ,   a n d  

(c)  p a s s i n g   the  homogeneous   a d h e s i v e   c o m p o s i t i o n   t h r o u g h  

an  e l o n g a t e d   e x t r u s i o n   die   d i r e c t l y   on to   a  s u b s t r a t e   as  i t  

moves  on  a  c o a t i n g   r o l l   pass   the  o r i f i c e   of  s a id   die  t o  

form  an  a d h e s i v e . c o a t e d   s u b s t r a t e ,   w h e r e i n  

s a i d   o r i f i c e   is  p o s i t i o n e d   over   s a id   c o a t i n g   r o l l   in  s u c h  

manner   t h a t   the  d i s t a n c e   be tween   the  s u b s t r a t e   and  the  d i e  

o r i f i c e   is  no  g r e a t e r   than  abou t   50  m i l s ,  

s a i d   s u b s t r a t e   is  drawn  to  the  die   o r i f i c e   from  a  d i r e c -  
t i o n   such  t h a t   the  ang le   formed  be tween   a  l i n e   r e p r e s e n t i n g  
the  d i r e c t i o n   of  a p p r o a c h   of  the  s u b s t r a t e   and  a  l i n e  



r e p r e s e n t i n g   the  d i r e c t i o n   of  e x t r u s i o n   is  l e s s   than  9 0 ° ,  
a n d  

s a i d   a d h e s i v e   c o a t e d   s u b s t r a t e   is  drawn  away  from  the  d i e  
o r i f i c e   in  a  d i r e c t i o n   such  t h a t   the  ang le   formed  b e t w e e n  

a  l i n e   r e p r e s e n t i n g   the  d i r e c t i o n   of  e x t r u s i o n   and  a  l i n e  

r e p r e s e n t i n g   the  i n i t i a l   d e p a r t i n g   d i r e c t i o n   of  the  n e w l y  
formed  a d h e s i v e   c o a t e d   s u b s t r a t e   is  no  g r e a t e r   than  9 0 ° .  
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