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©  Transfer  coating  process  for  applying  coatings  to  porous  substrates. 

©  A  process  for  producing  coated  substrates  having  con- 
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sited  on  a  carrying  web  (200)  to  which  the  coating  will  not 
adhere  (e.g.  polyester  film).  The  substrate  (100)  to  be  coated 
(e.g.  paper)  is  subsequently  brought  into  contact  with  the 
coated  web  material  and  the  laminate  (201  )  passed  through  a  / 
curing  station  (7)  where  the  coating  composition  is  polymer-  /f~N 
ized  and  cured.  Upon  removal  from  the  curing  station  the  (  JfT" 
substrate  with  the  coating  adhering  to  it  can  be  released 
from  the  carrying  web.  The  web  can,  if  desired,  be  reused  in  "  OC 
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T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r  

a p p l y i n g   c o a t i n g s  t o   s u b s t r a t e s   and ,   in  p a r t i c u l a r ;   to  a  
m e t h o d   f o r   p r o d u c i n g   h i g h   g l o s s   c o a t i n g s   on  s u b s t r a t e s .  

C o a t i n g s   h a v e   t r a d i t i o n a l l y   b e e n   a p p l i e d   t o  

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

c o m p o s i t i o n   in   an  i n e r t  v o l a t i l e   c a r r i e r ,   d i r e c t l y  

a p p l y i n g   i t   to  t h e   s u b s t r a t e ,   and  h e a t - c u r i n g   in   a n  

o v e n .   On  t h e   a p p l i c a t i o n   o f   h e a t   t h e   i n e r t   c a r r i e r   i s  

d r i v e n   o f f   and  t h e   c o a t i n g   c o m p o s i t i o n   c u r e d .   T h i s  

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

b e c a u s e   of  t h e   p h e n o m e n o n   known  as  " w i c k i n g "   in   w h i c h  

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

T h i s   makes   i t   d i f f i c u l t  -   i f   n o t   i m p o s s i b l e  -   to  o b t a i n  

h i g h   g l o s s   c o a t i n g s .  

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

f i l m   of  an  u n s a t u r a t e d   e s t e r   to  a  s u b s t r a t e   and  c u r i n g  
t h e   e s t e r   by  i o n i s i n g   r a d i a t i o n   i s   d i s c l o s e d   in   C . B .  

1 2 4 1 8 5 1 .   A n o t h e r   p r o c e s s   e m p l o y i n g   i o n i s i n g   r a d i a t i o n  

( e l e c t r o n   beam)  c u r i n g   i s   d i s c l o s e d   in   G.B.   1 5 1 9 4 9 3 ;  

t h i s   p r o c e s s   u s e s   a  r e l e a s e   p a p e r   to  e f f e c t   a  t r a n s f e r  

of   t h e   c o a t i n g .  

We  h a v e   now  d e v i s e d   an  i m p o r v e d   t r a n s f e r  

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

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

a r e   d i f f i c u l t   to  c o a t .   The  p r o c e s s   e n a b l e s   t h e  

a b s o r b t i o n   of  t h e   c o a t i n g   i n t o   t he   s u b s t r a t e   to  b e  

r e d u c e d ,   t h e r e b y   r e d u c i n g   t h e   q u a n t i t y   of   c o a t i n g  

c o m p o s i t i o n   n e e d e d .   S u b s t r a t e s   c o a t e d   by  t h i s   p r o c e s s  
d e m o n s t r a t e   i m p r o v e d   g l o s s   and  s m o o t h n e s s   of  s u r f a c t  

t e x t u r e .   P a r t i c u l a r l y   d e s i r a b l e   s u r f a c e   t e x t u r e s   may  b e  

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

s u b s t r a t e   in  v a r i o u s   p a t t e r n s   a n d / o r   f i l m   t h i c k n e s s e s  

p r i o r   to  c u r i n g .   A  p a r t i c u l a r l y   b e n e f i c i a l   a s p e c t   o f  



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

a i r   and  t h a t   no  i n e r t   g a s e o u s   a t m o s p h e r e   is   r e q u i r e d  

d u r i n g   t he   c u r i n g   s t a g e .  

The  p r o c e s s   a c c o r d i n g   to  t h e   i n v e n t i o n  

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

c o m p o s i t i o n   to  a  s m o o t h   s u r f a c e d   c a r r y i n g   web.   T h e  

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

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

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

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

c o m p o s i t i o n   f rom  t h e   c a r r y i n g   web  to  t h e   s u b s t r a t e .   T h e  

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

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

s e t .   Upon  r e m o v a l   f rom  t h e   r a d i a t i o n   c u r i n g ,   t h e  

c a r r y i n g   web  may  be  s e p a r a t e d - f r o m   t h e   c o a t e d   s u b s t r a t e .  

The  c o a t e d   s u b s t r a t e   i s   t h e n   r e m o v e d   and  t h e   c a r r y i n g  
web  i s   e i t h e r   d i s c a r d e d   or  r e c y c l e d   f o r   r e u s e   in   t h e  

p r o c e s s .  

The  c a r r y i n g   web  i s   s e l e c t e d   so  t h a t   t h e  

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

to  i t s   s u r f a c e .   R a d i a t i o n   c u r a b l e   c o a t i n g s   d i f f e r   i n  

t h e i r   a b i l i t y   to  a d h e r e   to  v a r i o u s   s u b s t r a t e s   and  i t   i s  

t h e r e f o r e   p o s s i b l e   to  s e l e c t   t h e   c a r r y i n g   web  and  t h e  

s u b s t r a t e   in   s u c h   a  m a n n e r   t h a t ,   f o r   any  g i v e n   c o a t i n g  

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

b u t   n o t   to  t h e ' c a r r y i n g   w e b .  

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

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

i m p e r v i o u s   to   t h e   c o a t i n g   c o m p o s i t i o n   and  h a v e   a  h i g h  

d e g r e e   of  s u r f a c e   s m o o t h n e s s .   A d d i t i o n a l l y ,   t he   w e b  

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

t h a t   i t   w i l l   n o t   s t i c k   to  t he   c o a t i n g .   The  c a r r y i n g  
webs   may  be  in   t h e   f o rm  of   c o n t i n u o u s - f i l m s   or  a n  



e n d l e s s   b e l t .   T h e y  m a y   be  made ,   f o r   e x a m p l e ,   f r o m  

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

b e l t   or  d r u m .  

The  s u b s t r a t e   may  be  f a b r i c a t e d   f rom  a  w i d e  

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

c o m p o s i t i o n s   or  e v e n   m e t a l s ,   d e p e n d i n g   on  t h e   n a t u r e   o f  

t h e   c a r r y i n g   web  and  t he   c o a t i n g   c o m p o s i t i o n .  

The  p r e s e n t   p r o c e s s   i s   p a r t i c u l a r l y   s u i t a b l e  

f o r   u s e   w i t h   p o r o u s   s u b s t r a t e s   ( e . g .   c o a r s e   p a p e r )  
b e c a u s e   i t   e n a b l e s   v e r y   s m o o t h   g l o s s y   s u r f a c e s   to  b e  

p r o d u c e d .   In  a d d i t i o n ,   t he   c o a t e d   s u b s t r a t e   m a y  

s u b s e q u e n t l y   be  top   c o a t e d   w i t h   a n o t h e r   m a t e r i a l   by  t h e  

same  or   d i f f e r e n t   p r o c e s s  -   f o r   i n s t a n c e ,   c o a t e d   p a p e r  

may  be  m e t a l l i z e d   w i t h   a l u m i n u m   by  a  c o n v e n t i o n a l :  

m e t a l l i z i n g   p r o c e s s .   The  a d v a n t a g e   of  s u c h   o p e r a t i o n   i s  

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

c h a r a c t e r i s t i c s   ( s m o o t h n e s s ,   g l o s s ,   r e f l e c t a n c e ) .  

O t h e r   s u b s t r a t e s   c o a t e d   by  means   of  t h e  

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

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

( e . g .   v i n y l ,   p o l y e s t e r ,   p o l y o l e f i n ,   e t c . ) :   t he   g o o d  
s u r f a c e   c h a r a c t e r i s t i c s   of  t h e   c o a t e d   s u b s t r a t e   a r e  

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

s u p e r i o r   s u r f a c e   c h a r a c t e r i s t i c s .  

In  a  p r e f e r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n   t h e  

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

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

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

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

m o s t   s u b s t r a t e s   of  i n t e r e s t .   The  c r o s s   l i n k   d e n s i t y   m a y  
be  c o n v e n i e n t l y   d e f i n e d   by  the   c a l c u l a t e d   ( i . e . ,  

t h e o r e t i c a l l y   p o s s i b l e )   n u m b e r   of  gram  m o l e s   of  -  



p o t e n t i a l   b r a n c h   p o i n t s   p e r   100  g rams  of  c o a t i n g  

c o m p o s i t i o n .   C r o s s l i n k   d e n s i t i e s   r a n g i n g   f rom  0 . 0 2   t o  

1 .0   h a v e   b e e n   f o u n d   to  be  u s e f u l ,   b u t   a  r a n g e   f rom  0 . 0 3  

to  0 .7  is   p r e f e r r e d   a n d ,   in   p a r t i c u l a r ,   a  r a n g e   f r o m  

0 . 0 4   to   0 .5   i s   f o u n d   to  be  t he   mos t   u s e f u l .  

G i v e n   a  c a l c u l a t e d   p o t e n t i a l   c r o s s l i n k   d e n s i t y  

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

t he   c u r e d   c o a t i n g   and  t h e   s u b s t r a t e   of   i n t e r e s t   may  b e  

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

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

i n f l u e n c e   t h e   a d h e s i v e   b o n d   to  t he   s u b s t r a t e .   E x a m p l e s  

of   s u c h   c h e m i c a l   g r o u p s   a r e   g r o u p s   d e r i v e d   f rom  Lewis   o r  
B r o n s t e d   a c i d s   or  b a s e s ,   h y d r o x y l   or  c a r b o x y l   g r o u p s  
c o m b i n e d   w i t h   o r g a n i c   h y d r o c a r b o n   m o l e c u l e s ,   e t h e r  

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

g r o u p s .  

In  a d d i t i o n ,   i t   may  be  b e n e f i c i a l   t o  

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

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

a f t e r   t h e   r e m o v a l   o f   t h e   c a r r y i n g   web.   T h i s   may  b e  

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

c o r o n a   d i s c h a r g e   by  o p e n   f l a m e ,   or  by  o t h e r   o x i d i z i n g   o r  

r e d u c i n g   a t m o s p h e r e s ;   or  by  any  o t h e r   s u i t a b l e   c h e m i c a l  

or  h e a t   t r e a t m e n t .   P h y s i c a l   t r e a t m e n t   of  t h e   s u r f a c e   o f  

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

i m p r o v e   m e c h a n i c a l   a d h e s i o n   may  a l s o   be  u s e d   o n  

n o n p o r o u s   s u b s t r a t e s   to  i m p r o v e   the   a d h e s i v e   b o n d .  

I n c o r p o r a t i o n   of  r e l e a s e   a g e n t s   s u c h   as  s i l i c o n e   o i l ,  

m i n e r a l   o i l s ,   or  w a x e s   o n t o   t he   s u r f a c e   of  t h e   c a r r y i n g  
web  may  be  u s e d   to  d e c r e a s e   the   a d h e s i v e   b o n d ,   b u t   t h e s e  

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

c o s t   of   t he   p r o c e s s   and  a r e   u s u a l l y   n o t   n e c e s s a r y .  

F u r t h e r   f e a t u r e s   of  t he   i n v e n t i o n   w i l l   b e  



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

e m b o d i m e n t s ,   g i v e n   by  way  of  i l l u s t r a t i o n   o n l y .   In  t h e  

a c c o m p a n y i n g   d r a w i n g s :  

FIGURE  1  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of   a  

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

FIGURE  2  i s   a  s c h e m a t i c   r e p r e s e n t a t i o n   of   o n e  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n ,  

FIGURE  3  d e p i c t s   a n o t h e r   e m b o d i m e n t   of  t h i s  

i n v e n t i o n ,  

FIGURE  4  d e p i c t s   a n o t h e r   e m b o d i m e n t   e s p e c i a l l y  
u s e f u l   f o r   t h e   c o a t i n g   of  h i g h l y   p o r o u s   s u b s t r a t e s .  

FIGURE  5  shows   a n o t h e r  e m b o d i m e n t   in   w h i c h   t h e  

c a r r y i n g   web  has   b e e n   f o r m e d   i n t o   an  e n d l e s s   b e l t .  

T h r o u g h o u t   t h e   d r a w i n g s , :   common  e l e m e n t s   h a v e  

b e e n   n u m b e r e d   in   t h e   same  way  so  as  to  m i n i m i z e  

c o n f u s i o n .  

F i g u r e   1  shows  a  t y p i c a l   p r o c e s s i n g   l i n e   f o r  

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

u n c o a t e d   s u b s t r a t e   s h e e t   100  i s   fed   to  t h e   l i n e   f r o m  

s u b s t r a t e   r o l l   1.  I t   p a s s e s   o v e r   t e n s i o n i n g   r o l l e r   2 

and  on  to   r o l l e r   3  w h e r e   a  c o a t i n g   i s   a p p l i e d .   C o a t i n g  

a p p l i c a t i o n   i s   by  mans  of  a  c o n v e n t i o n a l   o f f s e t   g r a v u r e  

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

p l a c e d   in   pan  4  and  i s   t h e n   p i c k e d   up  by  s t e e l   g r a v u r e  
r o l l  5   w h i c h ,   as  i t   r o t a t e s ,   t r a n s f e r s   the   c o a t i n g  

c o m p o s i t i o n   to  r u b b e r   o f f s e t   r o l l   6.  Then ,   as  s u b s t r a t e  

s h e e t   100  p a s s e s   b e t w e e n   r o l l e r s   3  and  6,  t h e   c o a t i n g  

c o m p o s i t i o n   is   t r a n s f e r r e d   to  t he   s u r f a c e   of   t h e  

s u b s t r a t e   s h e e t .   The  raw  c o a t e d   s u b s t r a t e   s h e e t   101  i s  



t h e n   f ed   to  t h e   c u r i n g ' s t a t i o n   7.  ( F o r   t h e   p u r p o s e s   o f  

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

r e f e r r e d   to  b e l o w   as  an  " e l e c t r o n   beam  a p p a r a t u s . " )   As 

t h e   r aw  c o a t e d   s u b s t r a t e   s h e e t   101  p a s s e s   u n d e r   t h e  

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

p o l y m e r i z e d   and  c u r e d .   As  i t   l e a v e s   t h e   e l e c t r o n   b e a m  

a p p a r a t u s ,   t h e   c u r e d   c o a t e d   s h e e t   102  p a s s e s   o v e r   a n d  

a r o u n d   t e n s i o n i n g   r o l l e r s   8  and  9  and  i s   w o u l d   o n  

t a k e - u p   r o l l e r   1 0 .  

F i g u r e   2  shows  one  of  t h e   p r e f e r r e d  

e m b o d i m e n t s   of  t h e   p r o c e s s .   C a r r y i n g   web  r o l l   3 0  

s u p p l i e s   a  c a r r y i n g   web  200  to  t h e   l i n e .   The  c a r r y i n g  
web  200  i s   p a s s e d   o v e r   t e n s i o n i n g   r o l l e r   31  and  t h e  

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

p r o c e s s   as  d e s c r i b e d   a b o v e ,   e x c e p t   t h i s   t i m e   i t   i s  

a p p l i e d   to  a  c a r r y i n g   web  200.   A f t e r   t h e   u n c u r e d  

c o a t i n g   c o m p o s i t i o n   is   a p p l i e d   to  t he   web,   b o t h   t he   w e b  

and  t h e   s u b s t r a t e   s h e e t   100  a r e   p a s s e d   b e t w e e n   n i p '  

r o l l e r s   11  and  12  f o r m i n g   a  l a m i n a r   s t r u c t u r e d   s h e e t  

201 .   S h e e t   201  c o m p r i s e s   s u b s t r a t e   s h e e t   on  t o p ,   t h e  

c a r r y i n g   web  on  t h e   b o t t o m   a n d .  t h e   u n c u r e d   c o a t i n g  

c o m p o s i t i o n   b e t w e e n   the   two.   In  m o s t   e m b o d i m e n t s   o f   t h e  

p r o c e s s   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   i t   i s   n o t  

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

c a r r y i n g   web  on  t h e   b o t t o m   (as   in   t h e   p r e s e n t  
e m b o d i m e n t )   or  w i t h   t h e   c a r r y i n g   web  on  t h e   t o p .   O n c e  

t h e   l a m i n a t e   201  i s   f o r m e d ,   i t   i s   p a s s e d   q u i c k l y   to  t h e  

c u r i n g   s t a t i o n   to  m i n i m i z e   or  e l i m i n a t e   a b s o r p t i o n   o f  

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

p a s s i n g   t h r o u g h   t h e   e l e c t r o n   beam  w h e r e   t he   c o a t i n g  

c o m p o s i t i o n   i s   p o l y m e r i z e d   and  c u r e d ,   t h e   l a m i n a t e   o r  
s a n d w i c h   201  i s   p a s s e d   a r o u n d   t e n s i o n i n g   r o l l e r s   8  and  9 

as  in   F i g u r e   1  and  is   wound  on  t a k e - u p   r o l l e r   10.  l j h e n  

r e a d y   f o r   u s e ,   t h e   c a r r y i n g   web  200  may  be  p e e l e d   a w a y  
f rom  t h e   c o a t e d   s u b s t r a t e   s i n c e   t h e   c h o i c e   of  m a t e r i a l s  



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

a d h e r e   to  t h e   c a r r y i n g   web  b u t   w i l l   a d h e r e   to  t h e   p a p e r  
s u b s t r a t e .   B e c a u s e   t h e   a b s o r p t i o n   of  t h e   raw  c o a t i n g  

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

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

s u i t a b l y   c o a t e d   s u b s t r a t e   s h e e t   i s   a l s o   r e d u c e d .   A l s o ,  

by  c a r e f u l l y   c h o o s i n g   t h e   m a t e r i a l   w h i c h   i s   to  c o m p r i s e  
t h e   c a r r y i n g   web  200 ,   i t   i s   p o s s i b l e   to  c o n t r o l   t h e  

s u r f a c e   f i n i s h   on  t h e   c o a t e d   s h e e t .   An  a p p r o p r i a t e  
c h o i c e  o f   m a t e r i a l   f o r   t h e   c a r r y i n g   web  may  r e s u l t   in   a  
s m o o t h   and  g l o s s y   f i n i s h   on  t h e   c o a t i n g   o r ,   i f   d e s i r e d ,  

a  d u l l   and  f l a t   f i n i s h .   S i m i l a r l y ,   a  d e s i g n   may  b e  

i m p a r t e d   to  t h e   c o a t e d   s u r f a c e   m e r e l y   by  a p p r o p r i a t e  
c h o i c e   or  m o d i f i c a t i o n   of   t he   c a r r y i n g   w e b .  

F i g u r e   3  o f   t h e   d r a w i n g s   shows  a n o t h e r  

p r e f e r r e d   e m b o d i m e n t   of   t h i s   i n v e n t i o n .   The  p r o c e s s  
l i n e   i s   s e t  u p   as  in   t h e   F i g u r e   2  e m b o d i m e n t .   A f t e r   t h e  

l a m i n a t e   201  i s   f o r m e d   and  p a s s e d   t h r o u g h   the   e l e c t r o n  

beam  a p p a r a t u s ;   i t   i s   f e d   to  s e p a r a t i n g   r o l l e r s   13  a n d  

14  w h e r e   t h e   c a r r y i n g   web  200  i s   r e l e a s e d   f rom  t h e  

c o a t e d   s u b s t r a t e   102  and  s e p a r a t e d   f rom  i t .   T h e  

c a r r y i n g   web  i s   p a s s e d   a r o u n d   t e n s i o n i n g   r o l l e r s   32  a n d  

33  and  wound  on  web  t a k e - u p   r o l l e r   34.  The  c a r r y i n g   w e b  

may  be  r e u s e d   m e r e l y   by  s u b s t i t u t i n g   t he   m a t e r i a l   o n  

t a k e - u p   r o l l e r   34  f o r   t h e   c a r r y i n g   web  r o l l   30.  A f t e r  

s e p a r a t i o n   of   t h e   c a r r y i n g   web  f rom  the   c u r e d   and  c o a t e d  

s u b s t r a t e  1 0 2 ,   t h e   s u b s t r a t e   102  i s   p a s s e d   o v e r  

t e n s i o n i n g   r o l l e r   9  and  wound  on  t a k e - u p   r o l l   10  a s  
b e f o r e .  

The  a p p a r a t u s   i l l u s t r a t e d   in  F i g u r e   4  i s   a  
m o d i f i c a t i o n   of  t h e   p r v i o u s   a p p a r a t u s .   The  m o d i f i c a t i o n  
i s   p a r t i c u l a r l y   s u i t a b l e   in  t h e   c o a t i n g   of  h i g h l y   p o r o u s  
s u b s t r a t e s .   In  t h i s   e m b o d i m e n t ,   t he   n i p   r o l l e r s   11  a n d  
12  w h i c h   h e l p   f o r m   l a m i n a t e   or  s a n d w i c h   201  a r e  



p o s i t i o n e d   i m m e d i a t e l y   b e f o r e   c u r i n g   s t a t i o n   7  so  as  t o  

m i n i m i z e   t h e   d i s t a n c e   w h i c h   t h e   l a m i n a t e   201  mus t   t r a v e l  

b e f o r e   b e i n g   e x p o s e d   to  t h e  e l e c t r o n   beam  r a d i a t i o n . o f  

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

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

w h i c h ,   p r i o r   to  t he   p r e s e n t   i n v e n t i o n ,   h a v e   b e e n  

d i f f i c u l t   or  e v e n   i m p o s s i b l e   to  c o a t   b e c a u s e   of  t he   h i g h  

d e g r e e   of  s u b s t r a t e . p o r o s i t y   w h i c h   r e s u l t e d   in  m o s t   o r  

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

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

A f t e r   c u r i n g   t h e   c o a t i n g   c o m p o s i t i o n   in   l a m i n a t e   201  a s  

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

r o l l e r s   13  and   14  w h e r e   t h e   c a r r y i n g   web  20C  i s   r e l e a s e d  

f rom  t h e   c o a t e d   s u b s t r a t e   102  and  r e c o v e r e d   on  t a k e - u p  

r o l l   34.  A l t e r n a t e l y ,   b o t h   t h e   c o a t e d   s u b s t r a t e   and  t h e  

c a r r y i n g   web  may  be  wound  on  t h e   same  r o l l ,   as  shown  i n  

F i g u r e   2 .  

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

i l l u s t r a t e d   s c h e m a t i c a l l y   in   F i g u r e   5.  In  t h i s  

e m b o d i m e n t ,   t h e   c a r r y i n g   web  r o l l   30  and  c a r r y i n g   w e b  

t a k e - u p   r o l l   34  a r e   c o m p l e t e l y   e l i m i n a t e d . a n d   r e p l a c e d  

by  an  e n d l e s s   b e l t   of  c a r r y i n g   web  m a t e r i a l   300 .   B E l t  

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

in   t h e   p r e v i o u s   e m b o d i m e n t s   and  t h e   s u b s t r a t e   s h e e t   1 0 0  

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

n i p   r o l l e r s   11  and  12  as  b e f o r e   to  f o r m   l a m i n a t e   o r  
s a n d w i c h   301 .   L a m i n a t e   301  i s   t h e n   p a s s e d   t h r o u g h   t h e  

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

p o l y m e r i z e d   and  c u r e d .   The  c o a t e d   s u b s t r a t e   102  i s  

s u b s e q u e n t l y   s t r i p p e d   f rom  b e l t   300 ,   p a s s e d   o v e r  

t e n s i o n i n g   r o l l e r   9  and  wound  on  t a k e - u p   r o l l e r   1 0 .  

S u i t a b l e   s o u r c e s   o f   r a d i a t i o n   f o r   c u r i n g   t h e  

c o a t i n g   c o m p o s i t i o n   c o m p r i s e   e l e c t r o n   beam  r a d i a t i o n ,  

u l t r a v i o l e t   l i g h t ,   or  even   t h e r m a l   r a d i a t i o n .   T h e  



p r e f e r r e d   s o u r c e   of  r a d i a t i o n   f o r   t he   i n i t i a t i o n . o f  

p o l y m e r i z a t i o n   and  c u r i n g   i s   e l e c t r o n   beam  r a d i a t i o n .  

E l e c t r o n   beam  r a d i a t i o n   may  be  o b t a i n e d   f rom  h i g h   e n e r g y  
e l e c t r o n s   p r o d u c e d   by  h i g h   v o l t a g e   e l e c t r o n   a c c e l e r a t o r ,  

r e s o n a n t   t r a n s f o r m e r s ,   t r a n s f o r m e r   r e c t i f i e r s ,   m i c r o w a v e  

w a v e g u i d e   l i n e a r   a c c e l e r a t o r ,   and  s y n c h r o t r o n s .   T h e  

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

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

p h y s i c a l   n a t u r e   of   e i t h e r   t he   web  or  t h e   s u b s t r a t e ;   i t  

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

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

t he   d e n s i t y   r a t h e r   t h a n   t he   t h i c k n e s s   of  t h e   t o t a l  

s u b s t r a t e   w h i c h   t h e   beam  mus t   p e n e t r a t e   ( i . e .   t h e  

d e n s i t y   of  t h e   l a m i n a t e ) .   A l t h o u g h   in   mos t   a p p l i c a t i o n s  

t h e   beam  w i l l   p e n e t r a t e   t h e   e n t i r e   l a m i n a t e   w i t h   some  o f  

t h e   beam  p a s s i n g   t h r o u g h ,   i t   n e e d s   o n l y   to  p e n e t r a t e   a s  
f a r   as  t h e   c o a t i n g   c o m p o s i t i o n .   The  d e n s i t y   l i m i t a t i o n  

f o r   any  p a r t i c u l a r   beam  i s   d e t e r m i n e d   by  t h e   i n t e n s i t y '  
of   t h a t   beam.   For   e x a m p l e   a  200  kv  beam  of  e l e c t r o n s  

w i l l   p e n e t r a t e   up  to   1C  m i l s   of   u n i t   d e n s i t y   m a t e r i a l ,  

e . g .   w a t e r .   A l u m i n u m   has   a  d e n s i t y   of   3,  and  s u c h   a  
beam  can   p e n e t r a t e   o n l y   a b o u t   3  m i l s   of   a l u m i n u m .  

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

a p p r o x i m a t e l y   1.  D e n s e r   m a t e r i a l s ,   s u c h   as  s t a i n l e s s  

s t e e l ,   may  be  u s e d   in   an  e l e c t r o n   beam  c u r i n g   s t e u p   b u t  

t h e   l a m i n a t e   m u s t   be  a r r a n g e d   so  t h a t   t he   s t a i n l e s s  

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

r e l a t i v e   to  t h e   d i r e c t i o n   of  t he   e l e c t r o n   b e a m  

r a d i a t i o n .  

U l t r a v i o l e t   r a d i a t i o n   may  be  u s e d   f o r  

i n i t i a t i n g   t h e   c u r i n g   of  t he   c o a t i n g   c o m p o s i t i o n ,  

p r o v i d e d   a t   l e a s t   one  s i d e   of  t h e   s a n d w i c h   i s  

t r a n s p a r e n t   to  t h e   U.V.  l i g h t   r a y s .   In  p r a c t i c e ,   t h i s  

r e q u i r e m e n t   u s u a l l y   means   t h a t   t he   c a r r y i n g   web  m u s t   b e  

t r a n s p a r e n t ,   t h e r e b y   e l i m i n a t i n g   m e t a l   or  m e t a l l i z e d  



c a r r y i n g   webs  and  m a t e r i a l s   s u c h   as  p o l y e s t e r   f i l m   w h i c h  

a b s o r b   t h e  U . V .   l i g h t .   H o w e v e r ,   s u i t a b l y   t r a n s p a r e n t  

m a t e r i a l s   ( e . g .   p o l y e t h y l e n e   f i l m )   may  be  u s e d   w i t h  

g r e a t   s u c c e s s   as  c a r r y i n g   w e b s .   S i m i l a r l y ,   t h e r m a l  

r a d i a t i o n   may  be  u s e d   in   t h e   p r o c e s s ,   as  l o n g   as  t h e  

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

i n t o   t he   s u b s t r a t e   s h e e t   o c c u r s .  

I t   i s   a l s o   p o s s i b l e   to  e m p l o y   n o n - c o n v e n t i o n a l  

means   f o r   c u r i n g   t h e   c o a t i n g   c o m p o s i t i o n s .   Such  m e a n s  

may  i n c l u d e ,   f o r   e x a m p l e ,   c h e m i c a l l y   i n d u c e d  

p o l y m e r i z a t i o n   or   m i c r o w a v e   or  o t h e r   t y p e s   or  s o u r c e s   o f  

r a d i a t i o n .  

The  p r e s e n t   p r o c e s s   has   t h e   u n e x p e c t e d  

a d v a n t a g e   of  e l i m i n a t i n g   or  s u b s t a n t i a l l y   r e d u c i n g   t h e  

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

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

c o m p o s i t i o n   i s   u n d e r g o i n g   p o l y m e r i z a t i o n .   P r e v i o u s  

p r o c e s s e s ,   s u c h   as  t h a t   shown  in  F i g u r e   1,  h a v e   r e q u i r e d  

an  i n e r t   gas   a t m o s p h e r e   in   t h e   a r e a   in   w h i c h  

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

p l a c e   so  as  to  a v o i d   t h e   u n d e s i r a b l e   e f f e c t s   b r o u g h t  

a b o u t   by  t he   p r e s e n c e   of   u n w a n t e d   s u b s t a n c e s   i n t r o d u c e d  

f r o m   t h e   a t m o s p h e r e .   Of  p a r t i c u l a r   c o n c e r n   has   b e e n   t h e  

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

c r o s s - l i n k i n g   b o n d s   in   t h e  p o l y m e r   c a u s e d   by  t h e  

p r e s e n c e   of   a t m o s p h e r i c   o x y g e n ,   t he   e f f e c t   of   w h i c h   h a s  

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

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

o t h e r w i s e   e x p e c t e d .  

A n o t h e r   i m p o r t a n t   a d v a n t a g e   of  t h i s   i n v e n t i o n  

i s   t h e   s u b s t a n t i a l   s a v i n g s   r e a l i z e d   in  t he   a m o u n t   o f  

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



s u b s t r a t e   in   o r d e r   to  a c h i e v e   a  g i v e n   s u r f a c e   e f f e c t ,  

p a r t i c u l a r l y   w i t h   r e s p e c t   to  t h e   c o a t i n g   of  p o r o u s  
s u b s t r a t e s .   I t   i s   now  p o s s i b l e ,   by  a p p l y i n g   t he   c o a t i n g  

c o m p o s i t i o n s   as  d i s c l o s e d   h e r e i n ,   to  g e t   s m o o t h ,   h i g h  

g l o s s   c o a t i n g s   on  p o r o u s   s u b s t r a t e s   ( e . g . :   t i s s u e   p a p e r  
and  t e x t i l e s )   w h i l e   s i m u l t a n e o u s l y   u s i n g  

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

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

t h e   u n c u r e d   c o m p o s i t i o n s   and  t h e   p o r o u s   s u b s t r a t e s .  

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   may  b e  

u s e d   to  a d v a n t a g e   in   t h e   m a n u f a c t u r e   of  m e t a l l i z e d  

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

good   s u r f a c e   c h a r a c t e r i s t i c s   w i t h   m e t a l l i z e d   s u b s t r a t e s  

b u t   t h i s   i s   e s p e c i a l l y   d i f f i c u l t   when  t he   s u b s t r a t e   is   a  

p o r o u s   m a t e r i a l   s u c h   as  p a p e r .   The  b a s i c   d i f f i c u l t y  
e n c o u n t e r e d   in   t h e   m e t a l l i z a t i o n   of   p o r o u s   m a t e r i a l s   i s  

t h a t   t h e   m e t a l l i z e d   l a y e r   i s  e x t r e m e l y   t h i n   ( t y p i c a l l y  
of   t h e   o r d e r   of  a  f r a c t i o n   of  a  m i c r o n )   and  any  s u r f a c e  

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

m e t a l l i z e d   s u r f a c e .   S u r f a c e   i m p e r f e c t i o n s   may  b e  

r e m o v e d ,   by  a p p l y i n g   a  b a s e   c o a t   to  t he   s u b s t r a t e   t o  
f i l l   in   m i n o r   i m p e r f e c t i o n s   and  p r o v i d e   a  s u i t a b l e  

h i g h - g l o s s   s u r f a c e   to  r e c e i v e   t he   m e t a l   d e p o s i t .  

P l a s t i c   m a t e r i a l s ,   w h i c h   a r e   s u b s t a n t i a l l y   n o n - p o r o u s  
and  u s u a l l y   a l r e a d y   h a v e   r e a s o n a b l y   s m o o t h   s u r f a c e s ,   a r e  

c o m m o n l y   b a s e   c o a t e d   w i t h   l a c q u e r ,   a c r y l i c   r e s i n s ,   a l k y d  
r e s i n s   ( p u r e   and  m o d i f i e d ) ,   p o l y e s t e r s ,   c o n v e n t i o n a l  

v a r n i s h e s ,   u r e a - f o r m a l d e h y d e   r e s i n s ,   v i n y l   p o l y m e r s ,  

a c r y l o n i t r i l e   p o l y m e r s ,   p h e n o l i c   r e s i n s ,   c e l l u l o s i c   ' 

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

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

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

p h e n o l i c   r e s i n s ,   e i t h e r   i n d i v i d u a l l y   or  in  v a r i o u s  

c o m b i n a t i o n s .  



P o r o u s   s u b s t r a t e   m a t e r i a l s   p r e s e n t  

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

k i n d ,   t h a n   do  n o n - p o r o u s   s u b s t r a t e s   b e c a u s e   i t   i s  

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

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

the   d e s i r a b l e   p h y s i c a l   c h a r a c t e r i s t i c s   of  Lhe  s u b s t r a t e .  

The  s e l e c t i o n   of  a  m a t e r i a l   s u i t a b l e   f o r   a  b a s e   c o a t   i s  

n o t ,   h o w e v e r ,   d i f f i c u l t   in   i t s e l f .   G e n e r a l l y ,   any  o f  

the   t y p e s   of   m a t e r i a l s   e n u m e r a t e d   a b o v e ,   as  w e l l   as  a n y  
o t h e r   c o m p o s i t i o n   n o r m a l l y   u s e d   to  c o a t   and  g i v e   a  h i g h  

g l o s s   f i n i s h   to  p a p e r   a r e   s u i t a b l e .   The  o n l y   c r i t e r i a  

is  t h a t   t h e   c o a t i n g   b l o c k   t h e   p o r e s   of  t he   s u b s t r a t e ;  

h a v e   good  h o l d o u t   c h a r a c t e r i s t i c s   to  g i v e   a  s m o o t h ,  

h i g h - g l o s s   s u r f a c e ;   and  n o t   be  so  h a r d   or  s l i p p e r y   as  t o  

i n h i b i t   t h e   a d h e s i o n   of   t h e   m e t a l   a toms   to  t h e   s u r f a c e .  

I t   i s   p r e f e r r e d   t h a t   s i l i c o n e   l u b r i c a n t s   on  t h e   s u r f a c e  

of   t h e   c u r e d   c o a t i n g   be  k e p t   a t   a  minimum  b e c a u s e   t h i s  

m a t e r i a l   may  t e n d   to  i n t e r f e r e   w i t h   t h e   d e p o s i t i o n   o f  

t h e   m e t a l   a t o m s .  

The  p r e s e n t   p r o c e s s   may  be  u s e d   to  a p p l y   t h e  

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

the   m e t a l   a t o m s ;   t h i s   r e s u l t s   in   a  i m p o r o v e d   a n d  

d e s i r a b l e   s u r f a c e   f o r   m e t a l l i z i n g .   The  b a s e   c o a t   i s  

a p p l i e d   and  c u r e d   as  t a u g h t   a b o v e   and ,   a f t e r   r e m o v a l  

f rom  t h e   c a r r y i n g   web,   t h e   c o a t e d   s u r f a c e   i s   m e t a l l i z e d  

by  any  s u i t a b l e   means   s u c h   as  v a c u u m   m e t a l l i z i n g ,  

e l e c t r o p l a t i n g   and  s p u t t e r i n g ,   as  d e s c r i b e d   in   EXTRUSION 

AND  OTHER  PLASTICS  OPERATIONS,  N.M.  B i k a l e s   e d i t o r  

( I l i l e y - I n t e r s c i e n c e ,   1971)   p a g e s   2 4 9 - 2 7 7 .  

A n o t h e r   u s e   f o r   t h e   p r e s e n t   i n v e n t i o n   i s   i n  

t he   c a s t - f o r m i n g   of  p l a s t i c   or  o t h e r   s h e e t   m a t e r i a l  

w h e r e   t h e   s u r f a c e   c h a r a c t e r i s t i c s   of  t he   c a s t   s h e e t   a r e  
of   m a j o r   c o n c e r n .   By  a p p l y i n g   a  c o a t i n g   to  a  s u p p o r t  
s u b s t r a t e   by  t h i s   p r o c e s s   p r i o r   to  c a s t i n g   t h e   f i l m ,   i t  



i s   p o s s i b l e   to  i m p a r t   a  s m o o t h e r   s u r f a c e   to  t h e  

s u b s t r a t e   t h a n   p r e v i o u s l y   o b t a i n a b l e .   A l t e r n a t e l y ,   t h e  

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

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

c a s t - f o r m i n g .   Most   of  t h e   k i n d s   of   c o a t i n g   c o m p o s i t i o n s  

m e n t i o n e d   p r e v i o u s l y   w i l l   be  e m p l o y a b l e   in  t h i s   t y p e   o f  

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

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

s t a b i l i t y .   B a s i c a l l y ,   i f   t h e   s h e e t   or  f i l m   to  b e  

c a s t - f o r m e d   is   to  be  c a s t   f r o m   t h e   m e l t  -   i . e .   t h e  

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

s u b s t r a t e   m u s t   be  s u b s t a n t i a l l y   u n a f f e c t e d   by  t h e  

t e m p e r a t u r e   of   t h e   m o l t e n   r e s i n .   L i k e w i s e ,   i f   t h e   s h e e t  

or  f i l m   i s   to  be  s o l v e n t - c a s e  -   i . e .   a  s o l u t i o n   of  t h e  

r e s i n   i s   l a i d   down  on  t h e   s u p p o r t   s u r f a c e   and  t h e  

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

c o m p o s i t i o n   m u s t   be  i m m u n e  t o   t h e   s o l v e n t .  

The  s u b s t r a t e s   w h i c h   may  be  u s e d   i n c l u d e ,   w i d e  

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

m e t a l s ,   d e p e n d i n g   p r i m a r i l y   on  t h e   c h o i c e   of  c a r r y i n g  
web  m a t e r i a l   and  c o a t i n g   c o m p o s i t i o n .   The  p r o c e s s   m a y  

e v e n   be  u s e d   to  a p p l y   c o a t i n g s   to  open   weave   f a b r i c s ,  

h a r d b o a r d   m a t e r i a l   and  wood  p a n e l i n g .  

T h e r e   a r e   c e r t a i n   g e n e r a l   r e q u i r e m e n t s   f o r   t h e  

web.   I t   s h o u l d   be  i m p e r v i o u s   to  t h e   raw  c o a t i n g  

c o m p o s i t i o n   and  s h o u l d   b e ' s e l e c t e d   so  t h a t   i t   w i l l   n o t  
s t i c k   to  t h e   c u r e d   c o a t i n g   c o m p o s i t i o n .   A l s o ,   t h e  

c a r r y i n g   web  s h o u l d   be  r e s i s t a n t   to  t e a r i n g   s i n c e   i t  

w i l l b e   u n d e r   some  d e g r e e   of  t e n s i o n   d u r i n g   t h e  

o p e r a t i o n .   S u i t a b l e   m a t e r i a l s   i n c l u d e ,   f o r   e x a m p l e ,  

p o l y e s t e r   f i l m   ( e . g . ,   t he   f i l m   m a t e r i a l   s o l d   by  t h e  



D u p o n t   Company  u n d e r   t h e   t r a d e   name  MYLAR),  m e t a l   f o i l ,  

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

A n o t h e r   r e q u i r e m e n t   f o r   a  s u i t a b l e   c a r r y i n g   web  is   t h a t  

i t   mus t   be  r e s i s t a n t   to  t h e   t y p e   of  c u r i n g   r a d i a t i o n  

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

d e s i r e d   in   t h e   f i n i s h e d   c o a t e d   s u b s t r a t e ,   i t   i s  

p a r t i c u l a r l y   i m p o r t a n t   t h a t   t h e   c a r r y i n g   web  be  c h o s e n  

f o r   i t s   f u r f a c e   c h a r a c t e r i s t i c s .   In  c o n t r a s t ,   b y  

i m p a r t i n g   a  d e s i g n   to  t h e   s u r f a c e   of   t he   c a r r y i n g   w e b ,  

i t   i s   p o s s i b l e   to  t r a n s f e r   t he   d e s i g n   to  t he   c o a t e d  

s u b s t r a t e .  

The  raw  c o a t i n g   c o m p o s i t i o n   may  be  a p p l i e d   t o  

t h e   c a r r y i n g   web  by  means   of  t h e   o f f s e t   g r a v u r e  

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

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

s u r f a c e   o f   t h e   c a r r y i n g   web  may  be  u s e d .   E x a m p l e s   o f  

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

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

f l o w   c o a t i n g .  

A  c h o i c e   of   c o a t i n g   c o m p o s i t i o n   to  be  u s e d   i n  

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

of   t h e   s u b s t r a t e   and  t h e   q u a l i t y ,   t e x t u r e   and  o t h 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   d e s i r e d   in   t he   f i n a l   c o a t e d  

s u b s t r a t e .   O t h e r   c o n s i d e r a t i o n s   i n c l u d e   t h e   n a t u r e   o f  

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

c o a t i n g .   For   e x a m p l e ,   i f   e l e c t r o n   beam  r a d i a t i o n   i s  

u s e d ,   i t   i s   n e c e s s a r y   to  h a v e   an  e l e c t r o n   beam  c u r a b l e  

c o a t i n g .   S i m i l a r l y ,   i f   t h e   c o a t i n g   c o m p o s i t i o n   i s   to  b e  

c u r e d   by  means   of  u l t r a v i o l e t   r a d i a t i o n   a  p h o t o i n i t i a t o r  
s h o u l d   g e n e r a l l y   be  p r e s e n t   in   t h e   c o a t i n g   c o m p o s i t i o n .  
I f   t h e   c o a t i n g   is   to  be  t h e r m a l l y   c u r e d ,   t h e n   t h e  

c o m p o s i t i o n   m u s t   b e ' t h e r m o s e t t a b l e .   F i n a l l y ,   i t   i s   o f  

p r i m a r y  i m p o r t a n c e   t h a t   t h e   c o m b i n a t i o n   of  c o a t i n g  

c o m p o s i t i o n   and  c a r r y i n g   web  m a t e r i a l   c h o s e n   be  s u c h  



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

web,   t h e r e b y   a l l o w i n g   t r a n s f e r   of  t he   s u r f a c e  

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

t h e   c o a t i n g   o n c e   p o l y m e r i z a t i o n   has   t a k e n   p l a c e :  

The  c o a t i n g   c o m p o s i t i o n s   g e n e r a l l y   c o m p r i s e   a  

m i x t u r e   c o n t a i n i n g   one  or  more   m a t e r i a l s   c o n t a i i n g   o n e  

or   more   e t h y l e n i c a l l y   u n s a t u r a t e d   f u n c t i o n a l   g r o u p s .  
The  c o a t i n g s   may  be  s p e c i f i c a l l y   d e s i g n e d   to  p r o v i d e   t h e  

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

" s e l e c t i v e   a d h e s i o n "   b e t w e e n   two  d i s s i m i l a r   s u b s t r a t e  

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

s u b s t r a t e   of  i n t e r e s t .   The  b a s i c   v a r i a b l e s   c o n t r o l l i n g  

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

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

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

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

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

t e m p e r a t u r e   of  t h e   c o a t i n g .   By  a p p r o p r i a t e   m a n i p u l a t i o n  
and  c o n t r o l   of  t h e s e   v a r i a b l e s   i t   i s   p o s s i b l e   t o  

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

to  t h e   c a r r y i n g   web  and  t h e   s u b s t r a t e   can  be  c o n t r o l l e d  

in   t h e   m a n n e r   d e s i r e d .   As  p r e v i o u s l y   m e n t i o n e d ,   t h e  

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

t h e   s u b s t r a t e   may  be  v a r i e d   by  c h a n g i n g   t h e   c r o s s  

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

of  0 . 03   to   0 . 7 ,   a d v a n t a g e o u s l y   0 . 0 4   to  0 . 1 5 ,   b e i n g  

p r e f e r r e d .   T h u s ,   l o w e r   s h i p p i n g   f o r c e s   ( t h e   f o r c e  

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

web)  may  be  o b t a i n e d   by  s u i t a b l e   c o n t r o l   of  t h e  

c r o s s l i n k   d e n s i t y .   T h i s   p e r m i t s   a  c o r r e s p o n d i n g l y  

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

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

made  b e t w e e n   a d h e s i o n   to  t h e   s u b s t r a t e   and  to  b e  

c a r r y i n g   web  be  m a d e .   I n c r e a s i n g   t he   c r o s s l i n k   d e n s i t y  
d e c r e a s e s   t h e   a d h e s i o n   and  c o n v e r s e l y ,   d e c r e a s i n g   t h e  



d e n s i t y   i n c r e a s e s   t h e   d e g r e e   of  a d h e s i o n .  

An  a d d i t i o n a l   i m p o r t a n t   f a c t o r   in  t h e  

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

t r a n s i t i o n   t e m p e r a t u r e   (Tg)  of  t h e   c u r e d   c o a t i n g .   T h e  

Tg  is   i m p o r t a n t   b e c a u s e ,   t o g e t h e r  w i t h   t h e   c r o s s l i n k  

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

c o a t i n g .   For   i n s t a n c e ,   c o a t i n g s   w h i c h   a r e   t oo   low  in   Tg 

may  f a i l   c o h e s i v e l y   d u r i n g   t he   s t r i p p i n g   o p e r a t i o n .  

S i m i l a r l y ,   i f   t h e   Tg  i s   too   h i g h   b r i t t l e   f a i l u r e   of   t h e  

c o a t i n g   may  o c c u r   d u r i n g   s t r i p p i n g .   I t   ha s   b e e n   f o u n d  

t h a t   a  Tg  f a l l i n g   w i t h i n   t he   a p p r o x i m a t e   r a n g e   o f  8 0 ° C  

to  +100°C  may  be  u s e f u l   in  t he   i n v e n t i o n ,   b u t   we  p r e f e r  

t h a t   t h e   Tg  f a l l   b e t w e e n   -20oC  and  + 5 0 ° C ,   m o s t  

p r e f e r a b l y   b e t w e e n   0°C  and  + 3 0 ° C .   We  f i n d   t h a t   t h e  

l a t t e r   r a n g e   p r o v i d e s   maximum  t o u g h n e s s   in   t h e   c u r e d  

c o a t i n g   a t   room  t e m p e r a t u r e   f o r   a  g i v e n   p o t e n t i a l  

c r o s s l i n k   d e n s i t y .   H o w e v e r ,   in   many  a p p l i c a t i o n s  

c o n s i d e r a t i o n s   of   min imum  a p p l i e d   c o a t i n g   c o s t   w i l l  

o u t w e i g h   maximum  t o u g h n e s s ,   in   w h i c h   c a s e   o p e r a t i o n  

o u t s i d e   t h e   p r e f e r r e d   r a n g e s   may  be  d e s i r a b l e .  

. A n o t h e r   f a c t o r   to  be  c o n s i d e r e d   i n   t h e  

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

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

h y d r o c a r b o n   o i l s   a n d  s i l i c o n e s .   T h e s e   m a t e r i a l s   a r e  

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

c o e f f i c i e n t   of   f r i c t i o n .   The  i n c o r p o r a t i o n   of   s u c h  

i n t e r n a l   l u b r i c a n t s   i n t o   t h e   c o a t i n g   h a s   now  b e e n   f o u n d  

to  be  a  u s e f u l   a d d i t i o n a l   t o o l   to  c o n t r o l   ( g e n e r a l l y   t o  

r e d u c e )   t h e   a d h e s i v e   f o r c e   of  t h e   c u r e d   c o a t i n g ,   t h e r e b y  

f a c i l i t a t i n g   r e m o v a l   t h e r e f r o m   of  t h e   c a r r y i n g   w e b .  

C a r e   m u s t   be  t a k e n ,   h o w e v e r ,   n o t   to  i n c o r p o r a t e   an  u n d u e  

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

as  a d h e s i o n   to  t h e   s u b s t r a t e   of   i n t e r e s t   may  b e  

a d v e r s e l y   a f f e c t e d   and  i t   may  make  t h e   s u b s e q u e n t  



a p p l i c a t i o n   of  d e c o r a t i v e   i n k s   or  o t h e r   m a t e r i a l s   to  t h e  

c u r e d   c o a t i n g   more   d i f f i c u l t .  

B e c a u s e   of   t h e   n u m e r o u s   f a c t o r s   e n t e r i n g   i n t o  

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

in  t h i s   i n v e n t i o n ,   we  h a v e   d e v i s e d   t h e   f o l l o w i n g  

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

u s e   w i t h   t h e   s u b s t r a t e   of   i n t e r e s t .   F i r s t ,   t h e   d e s i r e d  

p h y s i c a l ,   c h e m i c a l   and  a e s t h e t i c   p r o p e r t i e s   of   t h e  

c o a t i n g   r e q u i r e d   f o r   t h e   i n t e n d e d   u se   on  t h e   s u b s t r a t e  

of   i n t e r e s t   a r e   d e c i d e d   upon   and  a  s u i t a b l e   c o a t i n g  
v e h i c l e   d e v e l p e d .   A p p l i c a t i o n   of  t h e   c o a t i n g   to  v a r i o u s  

p l a s t i c   and  m e t a l   f i l m   m a t e r i a l s   w h i c h   m i g h t   be  u s e f u l  

as  c a r r y i n g   webs  i s   t h e n   p e r f o r m e d   and  t he   c o a t e d   f i l m  

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

i n t e r e s t .   The  s a n d w i c h   f o r m e d   t h e r e b y   i s - t h e n   s u b j e c t e d  
to  a p p r o p r i a t e   c u r i n g   means   ( e l e c t r o n   beam,   UV,  t h e r m a l ,  
e t c . )   and  t h e   c o a t i n g   c o m p o s i t i o n   p o l y m e r i z e d .   The  p e e l  
f o r c e   r e q u i r e d   to  s t r i p   t h e   c a r r y i n g   web  f rom  t h e   c o a t e d  

s u b s t r a t e   i s   t h e n   d e t e r m i n e d .  

The  c a r r y i n g   webs  may  be  o r d e r e d   a c c o r d i n g   t o  
t h e   p e e l   f o r c e   r e q u i r e d   to  s e p a r a t e   them  f rom  t h e  

s u b s t r a t e   of   i n t e r e s t .   In  g e n e r a l ,   i t   w i l l   be  f o u n d  

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

c o m m e r c e   w i l l   p e r f o r m   e x c e p t i o n a l l y   w e l l   as  c a r r y i n g  
webs  e x h i b i t i n g   low  p e e l   s t r e n g t h s .   The  o r d e r   in   t h e  

a r r a y   may  be  a l t e r e d   by  s u r f a c e   t r e a t m e n t .   For  e x a m p l e ,  
i f   i t   i s   d e s i r e d   to  t r a n s f e r   f rom  p o l y e s t e r   t o  

p o l y e t h y l e n e   or  m e t a l   f i l m s ,   t h e   p o l y e t h y l e n e   may  b e  

s u b j e c t e d   to  c o r o n a   d i s c h a r g e ,   or  t h e   m e t a l   f i l m   may  b e  
c l e a n s e d   of   t h e   o i l s   and  s o a p s   u s e d   in   t he   m a n u f a c t u r i n g  

p r o c e s s   by  s u i t a b l e   w a s h i n g ,   h e a t   t r e a t m e n t ,   or  b y  
c o r o n a   d i s c h a r g e   t r e a t m e n t .  

As  p r e v i o u s l y   m e n t i o n e d ,   c o n t r o l   of  t h e  



c r o s s l i n k   d e n s i t y   a l s o   c o n t r o l s   t h e   d e g r e e   of  a d h e s i o n .  

I t   i s   p r e f e r r e d   t h a t   t h e   c r o s s l i n k   d e n s i t y   of   t h e  

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

m o l e s   of   b r a n c h   p o i n t s   p e r   100  g r ams   of  c o a t i n g   ( t w o  

b r a n c h   p o i n t s   e q u a l s   one  c r o s s l i n k )   l i e   b e t w e e n   0 . 0 3   a n d  

0 . 7 ;   a l t h o u g h   the   r a n g e   f rom  0 . 0 2   to  1 .0  may  a l s o   b e  

u s e d   w i t h   good  r e s u l t s .   A  r a n g e   f rom  0 . 0 4   to   0 .5   i s   a  

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

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

v i n y l   f i l m ,   w h i l e   r e l e a s i n g   a c c e p t a b l y   f rom  p o l y o l e f i n ,  

p o l y e s t e r ,   and  " o i l y "   m e t a l   f i l m s .   The  l o w e r   p o r t i o n   o f  

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

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

e a s i l y   f rom  p o l y o l e f i n ,   p o l y e s t e r   and  " o i l y "   m e t a l  

f i l m s .  

In  c a s e   of   c u r e   by  e l e c t r o n   beam,   t h e  

c o m p o s i t i o n   of  t he   c a r r y i n g   web  i s   n o t   c r i t i c a l   (as  f a r  

as  t h e   c u r i n g   s t e p   i s   c o n c e r n e d )   b e c a u s e   p e n e t r a t i o n   b y  

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

s u f f i c i e n t l y   h i g h   v o l t a g e .   I n - t h e   c a s e   of   c u r e   b y  

u l t r a v i o l e t   l i g h t ,   h o w e v e r ,   t h e   s e l e c t i o n   of   c a r r y i n g  

web  m u s t   be  c o n f i n e d   to  f i l m s   t h a t   t r a n s m i t   UV  l i g h t   i n  

s u f f i c i e n t   i n t e n s i t y   to  c u r e   t h e   c o a t i n g .   T h u s  

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

f o r   u s e   w i t h   UV  c u r e   c o a t i n g s   due  to  t h e   e x c e l l e n t  

t r a n s m i s s i o n   of  UV  l i g h t .   The  r a n g e   of   m a t e r i a l s   t h a t  

can   be  u s e d   as  c a r r y i n g   webs   can   be  e x t e n d e d   by  u s i n g   UV 

i n i t i a t o r s   t h a t   a b s o r b   s t r o n g l y   in   r e g i o n s   w h e r e   UV 

t r a n s m i s s i o n   is   h i g h e s t .   T h u s ,   p o l y e s t e r  f i l m   can   b e  

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

as  2 - c h l o r o t h i o x a n t h o n e   w h i c h   a b s o r b s   l i g h t   as  t h e  

h i g h e r   w a v e l e n g t h s .  

E s s e n t i a l l y   a l l   t h e   v a r i o u s   known  c r o s s l i n k i n g  
m e c h a n i s m s   f o r   t he   c u r e   of  c o a t i n g s   by  e l e c t r o n   beam  or  - 



u l t r a v i o l e t   l i g h t   a r e   u s e f u l   w i t h   t h e   i n v e n t i o n .   F o r  

e x a m p l e ,   m i x t u r e s   of  m o l e c u l e s   c o n t a i n i n g   one  or  m o r e  

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

p o l y m e r i z a t i o n   by  f r e e   r a d i c a l s   may  be  u s e d .   I n  

a d d i t i o n ,   m a t e r i a l s   c o n t a i n i n g   one  or  more   m e r c a p t a n  

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

m o l e c u l e s   w i t h  o r   w i t h o u t   t h e  a d d i t i o n   of  m e r c a p t a n s   m a y  
be  c u r e d   e i t h e r   by  e l e c t r o n   beams  or  u l t r a v i o l e t   l i g h t .  

In  a d d i t i o n ,   m i x t u r e s   of   m o l e c u l e s   c o n t a i n i n g   one  o r  

more   e p o x i d e   g r o u p s   p e r   m o l e c u l e   may  be  c u r e d   b y  

u l t r a v i o l e t   l i g h t   u s i n g   a p p r o p r i a t e   UV  s e n s i t i v e  

i n i t i a t o r s .   Such  i n i t i a t o r s   a r e   w e l l   known  in  t h e  

c o a t i n g s   a r t .   I t   i s   f o u n d   t h a t   p o l y e t h y l e n e   is   a  

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

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

m e c h a n i s m .  

S u b s t r a t e s   c o a t e d   by  t h e   p r e s e n t   p r o c e s s   m a y ,  
in   a d d i t i o n ,   be  t o p - c o a t e d   w i t h   o t h e r   c o a t i n g  

c o m p o s i t i o n s   by  t h e   same  or  a  d i f f e r e n t   a p p l i c a t i o n  

p r o c e s s .   Such  t o p - c o a t i n g s   may  be  t r a n s p a r e n t   and  s e r v e  

p r i m a r i l y   a  p r o t e c t i v e   f u n c t i o n ,   or  t h e y   may  b e  

p i g m e n t e d   to  p r o v i d e   a d d i t i o n a l   d e c o r a t i n g   f u n c t i o n  -  

f o r   e x a m p l e ,   w r a p p i n g   p a p e r   or  d e c o r a t i v e   w a l l   c o v e r i n g s  

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

A l t e r n a t i v e l y ,   t h e   c o a t e d   s u b s t r a t e   may  be  s u b s e q u e n t l y  

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

d e s i g n s   u s i n g   p r i n t i n g   i n k s  -   f o r   i n s t a n c e ,   l a b e l s   o r  

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

u s e r   of   t h e   p a c k a g e .   A n o t h e r   a p p l i c a t i o n   w o u l d   be  t o  

d e c o r a t e   or  p r i n t   on  t he   u n c o a t e d   s u b s t r a t e   a n d  

s u b s e q u e n t l y   a p p l y   a  c l e a r   p r o t e c t i v e   c o a t i n g   by  t h e  

p r e s e n t   p r o c e s s .  

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

i n v e n t i o n .  



EXAMPLE  1 

U s i n g   t h e   a p p a r a t u s   shown  in  F i g u r e   2,  a  

c o m m e r c i a l l y   o b t a i n a b l e   28  pound   CIS  p a p e r   s t o c k  

( o b t a i n e d   f r o m   t h e   C o n s o l i d a t e d   P a p e r   Company)   w a s  

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

of  2000  cp  u s i n g   a  150  quad   g r a v u r e   r o l l   f o r   a p p l i c a t i o n  

of   t he   c o m p o s i t i o n   i  t h e   o f f s e t   mode.   The  i n g r e d i e n t s  

in   t h e   c o a t i n g   c o m p o s i t i o n   a r e   g i v e n   in   T a b l e   1  b e l o w .  

*The  c o m b i n a t i o n   of  c o m p o n e n t s   1  and  2  i s   d i s c l o s e d   i n  

U . S .   P a t e n t   No.  4 , 0 6 4 , 0 2 6 .  

EPON  828  i s   a  t r a d e   mark   f o r   a  d i g l y c i d y l   e t h e r   o f  

4 , 4 ' - i s o p r o p y l i d e n e d i p h e n o l ,   e p o x i d e   e q u i v a l e n t   w e i g h t  
of   185  to   2 0 0 .  



The  c o a t i n g   c o m p o s i t i o n   was  a p p l i e d   to  a  0 .5   m i l   t h i c k  

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

m a t e r i a l .   The  c o a t e d   c a r r y i n g   web  was  t h e n   b r o u g h t   i n t o  

c o n t a c t   w i t h   t h e   s u b s t r a t e   arid  t h e   s a n d w i c h   f o r m e d   b y  

p a s s i n g   t h e   two  s h e e t s   b e t w e e n   a  p a i r   of   n i p   r o l l e r s .  

The  s a n d w i c h ,   w i t h   t h e   c o a t i n g   c o m p o s i t i o n   b e t w e e n   t h e  

two  l a y e r s ,   was  t h e n   f ed   to  an  e l e c t r o n   beam  c u r i n g  

a p p a r a t u s   a t   a  s p e e d   of   3 0 . 5   m.  p e r   m i n u t e .   The  v o l t a g e  

of   t h e   beam  was  175  k v . w i t h   a  c u r r e n t   of  10  ma  and  t h e  

d o s a g e   of  2 MR.  A f t e r   c u r i n g ,   t h e   c a r r y i n g   web  w a s  

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

EXAMPLE  2 

U s i n g   t h e   same  p a p e r   s u b s t r a t e   and  c o a t i n g  

c o m p o s i t i o n   of  E x a m p l e   1,  a  s u p e r i o r   m a t t e   f i n i s h   w a s  
a c h i e v e d   by  a p p l y i n g   t h e   c o a t i n g   c o m p o s i t i o n   to  a  

c a r r y i n g   web  c o m p r i s i n g   a  2.5  m i c r o n   t h i c k   s h e e t   o f  

m a t t e   f i n i s h   a l u m i n u m   f o i l .   The  s a n d w i c h   was  t h e n  

f o r m e d   w i t h   t he   p a p e r   s u b s t r a t e   as  b e f o r e   and  t h e  

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

r a d i a t i o n   u s i n g   t h e   c o n d i t i o n s   g i v e n   in   E x a m p l e   1.  U p o n  
r e m o v a l   f rom  t h e   c u r i n g   s t a t i o n   t h e   a l u m i n u m   f o i l   w a s  

p e e l e d   f rom  t h e   c o a t e d   s u b s t r a t e   to  r e v e a l   t h e   c u r e d  

c o a t i n g   s u r f a c e   on  t h e   s u b s t r a t e   h a v i n g   s u p e r i o r  
s m o o t h n e s s   w i t h   a  m a t t e   f i n i s h .  

EXAMPLE  3 

The  p o r o u s   s i d e   of  t h e   CIS  28  p a p e r   s t o c k   w a s  
c o a t e d   w i t h   t h e   c o a t i n g   c o m p o s i t i o n   and  c u r e d   as  i n  

E x a m p l e   1  u s i n g   a  p o l y e s t e r   c a r r y i n g   web.   A f t e r   r e m o v a l  

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

p a p e r   and  i m p a r t e d   a  s m o o t h ,   h i g h   g l o s s ,   r e f l e c t i v e   - 



f i n i s h   to  t he   p a p e r .  

EXAMPLE  4  

U s i n g   t h e   same  p a p e r ,   c o a t i n g   c o m p o s i t i o n ,  

c u r i n g   s p e e d   and  e l e c t r o n   beam  d o s a g e   p a r a m e t e r s   as  i n  

E x a m p l e   1,  t h e   c o a t i n g   was  a p p l i e d   d i r e c t l y   to  t h e  

s u r f a c e   of  t he   p a p e r   u s i n g   c o n v e n t i o n a l   m e t h o d s .   U p o n  

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

a l l   t h e   c o m p o s i t i o n   had  b e e n   d rawn   i n t o   t h e   i n t e r s t i c e s  

of   t h e   p a p e r   and  t h a t   t he   c o a t e d   s u r f a c e   had   a  f l a t  

a p p e a r a n c e   w i t h   s u b s t a n t i a l l y   no  g r e a t e r   g l o s s   o r  

r e f l e c t i v i t y   t h a n   i t   had  b e f o r e   c o a t i n g .  

EXAMPLE  5 

The  c o a t i n g   c o m p o s i t i o n   of   E x a m p l e   1  w a s  

a p p l i e d   to  a  p o l y e s t e r   f i l m   c a r r y i n g   web  u s i n g  a   1 5 0  

quad  o f f s e t   g r a v u r e   r o l l   a t   3 3 . 5   m . / m i n .   The  c o a t e d  

s u r f a c e   of  t h e   c a r r y i n g   web  was  t h e n   b r o u g h t   i n t o  

c o n t a c t   w i t h   a  s h e e t   of  No.  60  l i t h o g r a p h i c   g r a d e   p a p e r  
s t o c k   and  t h e   c o a t i n g   c o m p o s i t i o n   c u r e d  b y   e l e c t r o n   b e a m  

a t   10  ma,  185  kv  and  a  d o s a g e   of   2 . 0   MR.  A f t e r   r e m o v a l  

of  t he   p o l y e s t e r   web  t h e   c o a t e d   p a p e r   was  v i s u a l l y  

e x a m i n e d   f o r   t h e   q u a l i t y   of   t h e   c u r e d   c o a t i n g .   T h e  

s u r f a c e   was  v e r y   s m o o t h   and  e x c e p t i o n a l l y   r e f l e c t i v e .  

EXAMPLE  6 

U s i n g   c u r i n g   s p e e d   and  p a r a m e t e r s   i d e n t i c a l   t o  

t h o s e   of  E x a m p l e   5,  t h e   c o a t i n g   was  a p p l i e d   d i r e c t l y   t o  

t h e  N o .   60  l i t h o   s t o c k   in   t h e   c o n v e n t i o n a l   way .   U p o n  

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

a m o u n t   of  t h e   c o m p o s i t i o n   had  been   a b s o r b e d   i n t o   t h e  

p a p e r   p r i o r   to  p o l y m e r i z a t i o n   end  as  a  r e s u l t   t h e   g l o s s  
and  s m o o t h n e s s   of   t h e   c o a t i n g   was  s u b s t a n t i a l l y   l e s s  



at   10  ma  and  185  kv  w i t h   a  d o s a g e   of  2 .0   MR.  T h e  

p o l y m e r i z e d   c o a t i n g   was  smoo th   and  g l o s s y   w i t h   a  v e r y  

h i g h   d e g r e e   of  r e f l e c t i v i t y   and  v e r y   l i t t l e   of  t he   b r o w n  

p a p e r   c o l o r   s h o w i n g   t h r o u g h   the   w h i t e   c o a t i n g .  

EXAMPLE  10  

U s i n g   t h e   same  s u b s t r a t e   and  c o a t i n g  

- c o m p o s i t i o n   as  E x a m p l e   9,  the   k r a f t   p a p e r   was  c o a t e d   i n  

t h e   c o n v e n t i o n a l   m a n n e r   ( i . e .   d i r e c t   a p p l i c a t i o n   of  t h e  

c o a t i n g   c o m p o s i t i o n   to  t he   p a p e r )   a t   100  f t / m i n .  

S u b s e q u e n t   c u r i n g   was  by  e l e c t r o n   beam  r a d i a t i o n   a t   1 8 5  

kv  and  30  ma  w i t h   a  d o s a g e   r a t e   of  6 .0   MR.  The  c o a t e d  

and  c u r e d   s u r f a c e   was  m a t t e   and  was  n e i g h e r  

s u b s t a n t i a l l y   s m o o t h e r   n o r   more  r e f l e c t i v e   t h a n   t h e  

u n c o a t e d   p a p e r .   A d d i t i o n a l l y ,   a l t h o u g h   t he   c o a t i n g  

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

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

t he   r e s u l t   t h a t   t h e   c o a t e d   p a p e r   was  of  s u b s t a n t i a l l y  

t h e   same  b rown   c o l o r   as  t h e   u n c o a t e d   k r a f t   p a p e r .  

EXAMPLES  1 1 - 1 8  

T h e s e   E x a m p l e s   i l l u s t r a t e   t h e   f o r m u l a t i o n   o f  

t h e   c o a t i n g   c o m p o s i t i o n .   In  t h e s e   E x a m p l e s ,   C o a t i n g s   A ,  

B  a n d   C  a r e   c u r a b l e   by  e l e c t r o n   beam  r a d i a t i o n   w h i l e  

C o a t i n g s   D.  E.  F.  G  and  H  a r e   c u r a b l e   by  UV  l i g h t .   T h e  

r e p o r t e d   T - p e e l   v a l u e s   f o r   e ach   c o a t i n g   c o m p o s i t i o n   o n  

t he   v a r i o u s   s u b s t r a t e s   and  c a r r y i n g   webs  w e r e   d e t e r m i n e d  

in  a c c o r d a n c e   w i t h   ASTM  p r o c e d u r e   D - 1 8 7 6 .  

The  s u b s t r a t e s   u s e d   f o r   t h e   i l l u s t r a t i o n   o f  

t h i s   i n v e n t i o n   a r e   i d e n t i f i e d   in  T a b l e   2  b e l o w .   T h e  

same  m a t e r i a l s   w e r e   u s e d   in  t he   e x p e r i m e n t s   as  b o t h  

c a r r y i n g   webs  and  c o a t a b l e   s u b s t r a t e s .   T a b l e   3 

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



t h a n   t h a t   of  E x a m p l e   5 .  

EXAMPLE  7 

U n d e r   c o n d i t i o n s   i d e n t i c a l   to  t h o s e   of  E x a m p l e  

5,  t h e   r e v e r s e   ( n o n - s m o o t h )   s i d e   of   t h e   No.  60  l i t h o  

s t o c k   was  c o a t e d   by  t h e   t r a n s f e r   m e t h o d   a t   3 0 . 5   m . / m i n .  

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

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

r e f l e c t i v i t y   c o m p a r a b l e   to  t h a t   of  E x a m p l e   5,  t h e r e b y  

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

by  t h e   p r o c e s s   of  t h i s   i n v e n t i o n   to  e i t h e r   t he   u s u a l  

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

or  to  t h e   r e v e r s e ,   r e l a t i v e l y   n o n - s m o o t h   s i d e   w i t h  

e q u a l l y   good  r e s u l t s .  

EXAMPLE  8 

E x a m p l e   7  was  r e p e a t e d   w i t h   t h e   e x c e p t i o n   t h a t  

t h e   c o a t i n g   was  a p p l i e d   a t   t h e   r a t e   of   50  f t / m i n .   a n d  

t h e   e l e c t r o n   beam  r a d i a t i o n   c u r   had   a  c u r r e n t   of   5 m a .  

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

was  n o t   as  s m o o t h   as  t h a t   of  E x a m p l e   7,  a l t h o u g h  

r e f l e c t i v i t y   and  r e s i s t a n c e   to  a b s o r p t i o n   w e r e   s t l l  

s u b s t a n t i a l l y   b e t t e r   t h a n   t h a t   of  t h e   c o n v e n t i o n a l  

a p p i c a t i o n   m e t h o d   to  t h e   p r e p a r e d   s i d e   of  t he   p a p e r   a s  
in   E x a m p l e   6 .  

EXAMPLE  9 

Medium  g r a d e   b rown   k r a f t   p a p e r   was  c o a t e d   w i t h  

t h e   c o a t i n g   c o m p o s i t i o n   of  E x a m p l e   1  a t   t h e  r a t e   of  3 0 . 5  

m . / m i n .   The  u n c u r e d   c o a t i n g   was  a p p l i e d   to  a  p o l y e s t e r  

c a r r y i n g   web  u s i n g   a  150  quad   g r a v u r e   r o l l   in  t h e   o f f s e t  

mode  and  the   k r a f t   p a p e r   b r o u g h t   i n t o   c o n t a c t   w i t h   t h e  

c o a t e d   s u r f a c e .   C u r i n g   was  by  e l e c t r o n   beam  r a d i a t i o n  



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

v e h i c l e s .  



TABLE 3  

NOMENCLATURE 

1 0 0 4  

EPON  1004  e p o x y   r e s i n   f o r m e d   by  r e a c t i o n   o f  

e p i c h l o r o h y d r i n   and  4 , 4 ' - i s o p r o p y l i d e n e d i p h e n o l ;   e p o x i d e  

e q u i v a l e n t   w e i g h t   of  883  to   1 0 0 0 .  

1 0 0 4 / A  

R e a c t i o n   p r o d u c t   of   EPOM  1004  ( t r a d e   ma rk )   and  a c r y l i c  

a c i d   u s i n g   e q u i v a l e n t   q u a n t i t i e s   of  a c r y l i c   a c i d   a n d  

e p o x i d e   g r o u p s .  

1 0 0 4 / A / M  

R e a c t i o n   p r o d u c t   o f   a b o v e   w i t h   0 . 2 5   m o l e s   of   m a l e i c  

a n h y d r i d e   a d h e s i o n   p r o m o t e r   (U.S .   P a t e n t   N u m b e r  

4 , 0 7 2 , 5 9 2 )   p e r   m o l e   of   EPON  1004  ( t r a d e   ma rk )   u s e d   i n  

1 0 0 4 / A   r e a c t i o n   a b o v e  -   m o l e c u l a r   w e i g h t   a p p r o x i m a t e l y  

1 8 0 0  -   w i t h   a p p r o x i m a t e l y   two  r e a c t i v e   a c r y l a t e   g r o u p s  

p e r   m o l e c u l e .  

8 2 8  

EPON  828  ( t r a d e   m a r k )   D i g l y c i d y   e t h e r   o f  

4 , 4 ' - i s o p r o p y l i d e n e d i p h e n o l ;   e p o x i d e   e q u i v a l e n t   w e i g h t  
of   185  to  2 0 0 .  

8 2 8 / H  

R e a c t i o n   p r o d u c t   b e t w e e n   e q u i v a l e n t   q u a n t i t i e s   o f  

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

a p p r o x i m a t e l y   616 ,   w i t h   a p p r o x i m a t e l y   two  r e a c t i v e  



a c r y l a t e   g r o u p s   p e r   m o l e c u l e .  

TMPTA  . 

T r i m e t h y l o l   p r o p a n e   t r i a c r y l a t e ,   mo le   w e i g h t   of   2 9 9 ,  

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

BCEA 

B u t y l   c a r b a m y l   e t h y l   a c r y l a t e ,   f o r m e d   by  r e a c t i o n   o f  

e q u i v a l e n t   a m o u n t s   of  b u t y l   i s o c y a n a t e   and  h y d r o x y e t h y l  

a c r y l a t e ,   mo le   w e i g h t   of  215 ,   one  r e a c t i v e   a c r y l a t e  

g r o u p   p e r   m o l e c u l e .  

QM589 

I s o b o r n y l   a c r y l a t e   m a n u f a c t u r e d   by  Rohm &  Haas   C o . ,   m o l e  

w e i g h t   186,   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  h o m o p o l y m e r  

of   a p p r o x i m a t e l y   850C,   one  r e a c t i v e   a c r y l a t e  g r o u p   p e r  

m o l e c u l e .  

NVP 

n - V i n y l   p y r r o l i d o n e   m a n u f a c t u r e d   by  GAF  C o r p . ,   m o l e  

w e i g h t   of  111,   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of  8 0 ° C ,   o n e  
r e a c t i v e   u n s a t u r a t e d   g r o u p   p e r   m o l e c u l e .  

F - I - 4  

A  c h l o r i n a t e d   b e n z o p h e n o n e   d e r i v a t i v e   m a n u f a c t u r e d   b y  

E a s t m a n   C h e m i c a l   Company  u n d e r   t h e   t r a d e   name  F - I - 4 .  

HEA-5PO 

An  a d d u c t   p r e p a r e d   by  r e a c t i n g   one  mo le   of  h y d r o x y e t h y l  

a c r y l a t e   w i t h   f i v e   m o l e s   of  p r o p y l e n e   o x i d e   as  d e s c r i b e d  



in   U . S .   P a t e n t   No.  4 , 0 6 4 , 0 2 6 .   The  m o l e   w e i g h t   was  4 0  

g r a m s   and  t h e r e   was  one  u n s a t u r a t e d   g r o u p   p e r   m o l e c u l e .  

X D 9 0 0 2  

An  a d d u c t   s u p p l i e d   by  Dow  C h e m i c a l   C o . ,   f o r m e d   b y  

r e a c t i n g   one  mole   of  an  epoxy   r e s i n   w i t h   two  m o l e s   o f  

a c r y l i c   a c i d .   Mole  w e i g h t   is   a p p r o x i m a t e l y   4 0 0  a n d  

t h e r e   a r e   two  u n s a t u r a t e d   g r o u p s   p e r   m o l e c u l e .  

I - 6 5 1  

A  p h o t o i n i t i a t o r   s u p p l i e d   by  C iba   G e i g y   C o r p o r a t i o n  

u n d e r   t h e   t r a d e   name  IRGACURE  6 5 1 .  

CTX 

2 - C h l o r o t h i o x a n t h o n e   s u p p l i e d   by  S h e r w i n - W i l l i a m s  

C o m p a n y .  

MDEOA 

M e t h y l d i e t h a n o l a m i n e   s u p p l i e d   by  U n i o n   C a r b i d e   C o m p a n y .  

F C 5 C 4  

P h o t o c h e m i c a l l y   r e a c t i v e   c u r a t i v e   f o r   e p o x y   g r o u p s  
c o n t a i n i n g   c o m p o s i t i o n s   s u p p l i e d   c o m m e r c i a l l y   by  3M 

C o m p a n y .  

E R L - 4 2 2 1  

D i g l y c i d y l e t h e r   of  4 , 4 ' - i s o p r o p y l i d e n e d i p h e n o l  -   m o l e  

w e i g h t   a p p r o x i m a t e l y   374 ,   two  epoxy   g r o u p s   p e r   m o l e c u l e  

-  m a n u f a c t u r e d   by  U n i o n   C a r b i d e   C o r p o r a t i o n .  



ARALDITE  6 0 0 4  

3 , 4 - e p o x y   c y c l o h e x y l   m e t h y l - 3 , 4 - e p o x y   c y c l o h e x a n e  

c a r b o x y l a t e  -   m o l e   w e i g h t   a p p r o x i m a t e l y   2 8 0  -   two  e p o x y  

g r o u p s   p e r   m o l e c u l e  -   m a n u f a c t u r e d   by  C i b a   G e i g y  

( A r a l d i t e   i s   a  t r a d e   m a r k ) .  

R D - 2  

1 , 4 - b u t a n e d i o l   d i g l y c i d y l   e t h e r  -   m o l e   w e i g h t   2 6 8  -   t w o  

e p o x y   g r o u p s   p e r   m o l e c u l e  -   m a n u f a c t u r e d   by  C iba   G e i g y .  

EXAMPLES  1 1 - 1 3  

C o a t i n g s   A,  B  a n d   C 

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

c u r e   by  m e a n s   of  e l e c t r o n   beam  r a d i a t i o n .   They  a r e  
f o r m u l a t e d   u s i n g   s t a n d a r d   f o r m u l a t i o n   t e c h n i q u e s   a n d  a  

summary   of   e a c h ,   t o g e t h e r   w i t h   t he   c a l c u l a t e d   p o t e n t i a l  
c r o s s l i n k   d e n s i t y   and  t h e   Tg  (as   d e t e r m i n e d   b y  
d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y ) ,   is   p r e s e n t e d   i n  

T a b l e   4  b e l o w .  





C o a t i n g   A: 

C o a t i n g   A  is   an  e x a m p l e   of  a  c o a t i n g   o f  

r e l a t i v e l y   low  p o t e n t i a l   c r o s s l i n k   d e n s i t y   ( 0 . 1 1 ) .  

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

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

may  be  e a s i l y   s e p a r a t e d   f rom  p o l y e t h y l e n e ,   p o l y e s t e r ,  

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

z e r o .   H o w e v e r ,   s e p a r a t i o n   f rom  c l e a n e d   a l u m i n u m ,  

t r e a t e d   p o l y e t h y l e n e ,   or  v i n y l   f i l m   p r o v e d   to  b e  

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

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





C o a t i n g   B : 

The  r e s u l t s   o b t a i n e d   f o r   C o a t i n g ' B   a r e   g i v e n  

in   T a b l e   6  b e l o w ,   C o a t i n g   B  is  s i m i l a r   in   c h e m i c a l  

s t r u c t u r e   s t r u c t u r e   to  C o a t i n g   A  w i t h   t h e   m a j o r   c h a n g e  

b e i n g   an  i n c r e a s e   in   TMPTA  l e v e l   to  p r o v i d e   a  c r o s s l i n k  

d e n s i t y   of   0 . 2 9 .   T h i s   c h a n g e   r o d u c e s   a  c o a t i n g   w h i c h  

S e p a r a t e s   e a s i l y   f rom  c l e a n e d   a l u m i n u m ,   p r o v i d i n g   y e t  
a n o t h e r   p o t e n t i a l   c a r r y i n g   web.   F u r t h e r   i n c r e a s e s   i n  

c r o s s l i n k   d e n s i t y   c o u l d   be  made  to  i n c l u d e   t r e a t e d  

p o l y e t h y l e n e   as  a  c a r r y i n g   w e b .  





C o a t i n g   C: 

C o a t i n g   C  p r o v i d e s   an  a d d i t i o n a l   i l l u s t r a t i o n  

of  t he   i n v e n t i o n   f o r   c o a t i n g s   w i t h   Tg  b e l o w   the   p r e f e r r e d  

r a n g e   b u t   s t i l l   w i t h i n   t h e   s c o p e   of  t he   i n v e n t i o n .   T h e  

T - p e e l   r e s u l t s   o b t a i n e d   f o r   r e l e a s e   f rom  t he   s a m e  

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

o n l y   a r e   g i v e n   in  T a b l e   7  b e l o w .   T h e s e   r e s u l t s   a r e  

l i s t e d   u s i n g   t he   same  o r d e r   of  s u b s t r a t e s   as  u s e d   in  t h e  

p r e v i o u s   T a b l e s .   H o w e v e r ,   w h i l e   C o a t i n g   C  has   a  
c r o s s l i n k   d e n s i t y   o n l y   s l i g h t l y   h i g h e r   t h a n   t h a t   o f  

C o a t i n g   B,  t h e   s e p a r a t i o n   f rom  the   s u b s t r a t e   is   n o t   a s  

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

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

some  e x t e n t .   T h i s   a d h e r e n c e   i s   due  to  t he   e x t r e m e  

s o f t n e s s   of  t h e s e   c o a t i n g s ,   w h i c h   can  l e a d   to  b l o c k i n g   i n  

t h e   r o l l   or  d i f f i c u l t y   of   o b t a i n i n g   e a s y   r e l e a s e .   F o r  

t h i s   r e a s o n ,   i t   i s   m o s t   p r e f e r a b l e   to  c o n t r o l   t he   Tg  f r o m  

0  to  3 0 ° C . ,   w h i c h   p r o v i d e s   c o a t i n g s   of  o p t i m a l   r e l e a s e  

p r o p e r t i e s   and  t o u g h n e s s   in   t h e   c u r e d   f i l m .  





EXAMPLES  1 4 - 1 7  

C o a t i n g s   D ,  E .   F  and  G: 

Fou r   u l t r a v i o l e t   l i g h t   c u r a b l e   c o a t i n g  

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

p o t e n t i a l   c r o s s l i n k   d e n s i t i e s   and  Tg  v a l u e s ,   a r e   g i v e n   i n  

T a b l e   8  b e l o w .   As  w i t h   t he   f o r e g o i n g   E x a m p l e s ,   t h e s e  

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

t e c h n i q u e s .  





Each   of  t he   c o a t i n g s   was  a p p l i e d   to  c a r r y i n g  

webs  of  p o l y e t h y l e n e ,   p o l y e s t e r ,   and  c o r o n a   t r e a t e d  

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

a t   7 . 6 m . / m i n / l a m p   u s i n g   a  b a n k   of  f o u r   m e r c u r y   f i l l e d  

l amps   ( two  l amps   o p e r a t e d   a t   118  w a t t s / c m . - a n d   two  l a m p s  

o p e r a t e d   a t   78  w a t t s / c m . ) .   The  r e s u l t s   a r e   s u m m a r i z e d   i n  

T a b l e   9  b e l o w .   A l l   of  t h e s e   c o a t i n g s   f a l l   o u t s i d e   t h e  

p r e f e r r e d   r a n g e   of  Tg,  b u t   s t i l l   w i t h i n   t he   r a n g e  

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

i n d i c a t e d   by  an  a b s e n c e   of  t a c k i n e s s   a f t e r   c u r e ,   a n d  

r e l e a s e d   e a s i l y   f rom  t he   p o l y e s t e r   and  p o l y e t h y l e n e   f i l m s  

e m p l o y e d   as  c a r r y i n g   w e b s .   H o w e v e r ,   C o a t i n g s   E  and  F ,  

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

b r i t t l e   f a i l u r e   d u r i n g   s t r i p p i n g   as  i l l u s t r a t e d   by  t h e  

a t t e m p t s   to  t r a n s f e r   f rom  C o r o n a   t r e a t e d   p o l y e t h y l e n e .  

For  t h i s   r e a s o n ,   i t   i s   p r e f e r r e d   to  k e e p   t h e   Tg  of  t h e  

c o a t i n g   b e t w e e n   a b o u t   0°  and  a b o u t   3 0 ° C .  





EXAMPLE  18  

C o a t i n g   P :  

A  c o a t i n g   c o m p o s i t i o n   was  f o r m u l a t e d   t o  

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

c r o s s l i n k i n g   t h r o u g h   an  epoxy   f u n c t i o n .   The  c o a t i n g  

c o m p o s i t i o n   was  o b t a i n e d   by  b l e n d i n g   1 9 . 9   p a r t s   by  w e i g h t  
of  FC504,   6 0 . 6   p a r t s   of  E R L - 4 2 2 1 ,   14 .0   p a r t s   of   ARALDITE 

6004 ,   5  p a r t s   of  RD-2  and  0 .5  p a r t s   of  an  i n t e r n a l  

s i l i c o n e   l u b r i c a n t .   The  c o m p o s i t i o n   was  a p p l i e d   t o  

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

c u r e d   in   c o n t a c t   w i t h   p a p e r   by  means  of  UV  l i g h t   a s  
d e s c r i b e d   p r e v i o u s l y .   The  c u r e   was  f o u n d   to  be  c o m p l e t e  
u n d e r   t h e   c o n d i t i o n s   u t i l i z e d   and  r e l e a s e   of  t h e   c o a t e d  

p a p e r   f r o m t h e   c a r r y i n g   webs  was  e a s y   and  c o m p l e t e .  

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

. i n   a c c o r d a n c e   w i t h   a m o u n t s   r e q u i r e d   f o r   c u r e   in   d i r e c t  

c o n t a c t   w i t h   an  o x y g e n - c o n t a i n i n g   a t m o s p h e r e .   n o r m a l l y ,  
t h e   c u r i n g   of   c o a t i n g s   by  means   of  f r e e   r a d i c a l  

p o l y m e r i z a t i o n   i s   i n h i b i t e d   by  o x y g e n .   S i m i l a r l y ,   t h e  

c u r e   t h r o u g h   e p o x y   g r o u p s   is   i n h i b i t e d   by  w a t e r   v a p o r .  
B e c a u s e   t h e   u s e   of  t h e   p r e s e n t   i n v e n t i o n   p r e s e n t s   a  

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

s t a g e   ( t h e   c o a t i n g   i s   s a n d w i c h e d   b e t w e e n   t h e   web  and  t h e  

s u b s t r a t e ) ,   t h e   l e v e l   of  p h o t o i n i t i a t o r   may  be  r e d u c e d  

s u b s t a n t i a l l y   w h i l e   m a i n t a i n i n g   f u l l   c u r e   of  t h e   c o a t i n g .  
T h i s   i s   a  s i g n i f i c a n t   a d v a n t a g e   i n h e r e n t   in   t h e  

i n v e n t i o n ,   e s p e c i a l l y   s i n c e   t he   p h o t o i n i t i a t o r s   a v a i l a b l e  

in   c o m m e r c e   a r e   u s u a l l y   more  e x p e n s i v e   t h a n   t h e   o t h e r  

c o a t i n g   i n g r e d i e n t s .  

In  o r d e r   to  d e m o n s t r a t e   t h i s   a s p e c t   of  t h e  

i n v e n t i o n ,   t h e   i n i t i a t o r   l e v e l s   in  C o a t i n g s   D,  E  and  F 



w e r e   r e d u c e d   to  t he   1%  l e v e l   and  t h e   p r e v i o u s l y   d e s c r i b e d  

t r a n s f e r   c o a t i n g   e x p e r i m e n t s   r e p e a t e d .   The  r e s u l t s   w e r e  

s u b s t a n t i a l l y   t h e   same  as  t h o s e   r e c i t e d   in  T a b l e   V I I I .  

A l t e r n a t i v e l y ,   t he   c u r e   s p e e d   may  be  i n c r e a s e d   w h i l e  

m a i n t a i n i n g   t h e   h i g h e r   i n i t i a t o r   l e v e l s .   The  c h o i c e  

b e t w e e n   t h e s e   two  a l t e r n a t i v e s   ( i . e .  -   l o w e r   c o s t   v s .  

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

e c o n o m i c s   of  t he   p r o c e s s   in   w h i c h   t h e   i n v e n t i o n   i s  

u t i l i z e d .  

A n o t h e r   a d v a n t a g e   of  t h e   i n v e n t i o n   i s  

i l l u s t r a t e d   in   t he   f o l l o w i n g   E x a m p l e .  

EXAMPLE  19 

When  t r a n s f e r r i n g   a  c o a t i n g   f rom  a  c a r r y i n g  

web,   i t   i s   f o u n d   t h a t   t h e   s u r f a c e   t e x t u r e   and  a p p e a r a n c e  
o f   t h e   c a r r y i n g   web  i s   i m p a r t e d   to  t h e   c o a t i n g .   Thus ,   i f  

t h e   c a r r y i n g   web  is   s m o o t h   and  g l o s s y ,   t h e   c o a t i n g   h a s  

t h e   same  s u r f a c e   a p p e a r a n c e .   To  d e m o n s t r a t e   t h i s   e f f e c t ,  

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

c o n t a c t   w i t h   p a p e r .   A f t e r   s t r i p p i n g   t h e   p o l y e s t e r ,   t h e  

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

a  G l o s s m e t e r   a t   a  600  a n g l e .   The  g l o s s   of   t he   c o a t i n g  

was  f o u n d   to  be  75%,  w h i c h   was  s u b s t a n t i a l l y   t he   same  a s  
t h a t   of  t h e   p o l y e s t e r   f i l m .  

To  f u r t h e r   d e m o n s t r a t e   t h i s   e f f e c t ,   t h e  

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

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

r o u g h e n e d   s u r f a c e   and  t r a n s f e r r e d   to  a  p a p e r   s u b s t r a t e   a s  
b e f o r e .   The  g l o s s   of  t h e   c o a t e d   s u r f a c e   of  t he   p a p e r   a n d  

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

s u b s t a n t i a l l y   t he   same  r e a d i n g   of   53%.  T h i s   r e s u l t   w a s  
f u r t h e r   s u b s t a n t i a t e d   by  t r a n s f e r   f rom  a  d u l l   a l u m i n u m  

f o i l   c a r r y i n g   w e b .  



T h e s e   r e s u l t s   a r e   of  g r e a t   p r a c t i c a l  

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

p r o t e c t i v e   c o a t i n g s   t h a t   p o s s e s s   t h e   low  s h e e n   r e q u i r e d  

in   a p p l i c a t i o n s   s u c h   as  w a l l   c o v e r i n g s ,   v i n y l   u p h o l s t e r y  

and  w a l l   p a n e l s .   In  t h e   p a s t ,   t h i s   low  s h e e n   a p p e a r a n c e  
h a s   b e e n   o b t a i n e d   by  i n c o r p o r a t i o n   of  t r a n s p a r e n t  

p i g m e n t s   s u c h   as  f i n e l y   d i v i d e d   s i l i c a   i n t o   t he   c o a t i n g  

c o m p o s i t i o n .   H o w e v e r ,   i n c o r p o r a t i o n   of  s u c h   a g e n t s   o f t e n  

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

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

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

of  c o a t i n g s   h a v i n g   a  s u p e r i o r   g l o s s   and  s m o o t h n e s s  

s u i t a b l e   f o r   s u b s e q u e n t   m e t a l l i z a t i o n .   To  d e m o n s t r a t e  

t h i s   a s p e c t   of   t h e   i n v e n t i o n ,   C o a t i n g   C  was  a p p l i e d  

d i r e c t l y   to  p a p e r   by  d i r e c t   r o l l - c o a t i n g   and  c u r e d   b y  

e l e c t r o n   beam  r a d i a t i o n .   A  s e c o n d   s a m p l e   was  p r e p a r e d   b y  

t r a n s f e r r i n g   t h e   s a m e  c o a t i n g   c o m p o s i t i o n   f rom  a  

p o l y e s t e r   f i l m   c a r r y i n g   web  to  a n o t h e r   i d e n t i c a l   p a p e r  
s u b s t r a t e   and  c u r i n g .   A f t e r   vacuum  m e t a l l i z a t i o n   of  t h e  

c u r e d   c o a t i n g   t h e   a p p e a r a n c e   of  t he   two  m e t a l l i z e d  

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

be  o b t a i n e d   due  to  t h e   s p e c t r a l   r e f l e c t i o n   of  t h e   m e t a l ,  
t h e   d i f f e r e n c e   in   b r i g h t n e s s   of  t h e   two  s u r f a c e s   w a s  

r e a d i l y   p e r c e i v a b l e   by  t h e   e y e .   The  m e t a l   f i l m   d e p o s i t e d  

on  t h e   c o a t i n g   t r a n s f e r r e d   f rom  t h e   p o l y e s t e r   f i l m  

p r e s e n t e d   a  much  b r i g h t e r ,   c l e a n e r   a p p e a r a n c e .  

The  u t i l i z a t i o n   of  t he   i n v e n t i o n   to  t r a n s f e r   a  

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

is   a n o t h e r   d e s i r a b l e   a s p e c t .   T h i s  w a s   d e m o n s t r a t e d   b y  

p i g m e n t i n g   C o a t i n g   C  w i t h   t i t a n i u m   d i o x i d e   a t   t h e   40% 

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

a p p l i e d   as  a  s t r i p e   on  p o l y e s t e r   f i l m ,   t r a n s f e r r e d   t o  

p a p e r   and  c u r e d .   The  s t r i p e   of  p i g m e n t e d   c o a t i n g  
t r a n s f e r r e d   e a s i l y   and  c l e a n l y   to  the   p a p e r .  



1 .   A  p r o c e s s   f o r   a p p l y i n g   a  c o a t i n g   to  a  

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

( i )   a p p l y i n g   a  r a d i a t i o n - c u r a b l e   c o a t i n g  

c o m p o s i t i o n   to  a  c a r r y i n g   web  w h i c h   i s  

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

c u r i n g ,  

( i i )   b r i n g i n g   t h e   c o a t e d   s u r f a c e   of  t h e  

c a r r y i n g   web  i n t o   c o n t a c t   w i t h   a  s u b s t r a t e  

to  w h i c h   t h e   c o m p o s i t i o n ,   a f t e r   c u r i n g ,  
w i l l   p r e f e r e n t i a l l y   a d h e r e ,   to  fo rm  a  

l a m i n a r   s t r u c t u r e ,  

( i i i )   c u r i n g   t h e   c o a t i n g   c o m p o s i t i o n   by  means   o f  

r a d i a t i o n ,  

( i v )   d e l a m i n a t i n g   t h e   s u b s t r a t e  w i t h   t h e   c u r e d  

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

t h e   c a r r y i n g   w e b .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1  in  w h i c h   t h e  

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

r a d i a t i o n .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  in   w h i c h   t h e  

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

r a d i a t i o n .  

4.  A  m e t h o d   a c c o r d i n g   to  c l a i m   2  or  3  in   w h i c h  

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

c o a t i n g   c o m p o s i 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   2  or   3  in   w h i c h  

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

c o m p o s i t i o n .  



6.  A  m e t h o d   a c c o r d i n g   to  any  of  c l a i m s   1  to  4  

in  w h i c h   the   s u b s t r a t e   c o m p r i s e s   a  p o r o u s   m a t e r i a l .  

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5  in  w h i c h   t h e  

s u b s t r a t e   c o m p r i s e s   p a p e r .  

8.  A  m e t h o d   a c c o r d i n g , t o   any  of  c l a i m s   1  to  6 

in  w h i c h   the   c a r r y i n g   web  is   in  t he   fo rm  of  an  e n d l e s s  

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

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

9.  A  m e t h o d   a c c o r d i n g   to  any  of  c l a i m s   1  to  7 

in   w h i c h   the   c a r r y i n g   web  c o m p r i s e s   a  f i l m   of  p l a s t i c  

r e s i n .  

10.  A  m e t h o d   a c c o r d i n g   to  any  of  c l a i m s  1   to  8 

in   w h i c h   t he   c o a t i n g   c o m p o s i t i o n   is   a p p l i e d   to  t h e  

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

c o a t i n g .  

11.  A  m e t h o d   a c c o r d i n g   to  any  of  c l a i m s   1  to  9 

in  w h i c h   t he   c a r r y i n g   web  has   a  t e x t u r e d   s u r f a c e   w h i c h   i s  

i m p r e s s e d   in  c o m p l e m e n t a r y   fo rm,   on  t h e   c u r e d   c o a t i n g .  

12.  A  m e t h o d   a c c o r d i n g   to  any  of  c l a i m s   1  t o  
10  in   w h i c h   t he   c o a t i n g   c o m p o s i t i o n   has   a  p o t e n t i a l  
c r o s s l i n k   d e n s i t y ,   as  d e t e r m i n e d   by  t h e   gram  m o l e s   o f  

p o t e n t i a l   b r a n c h   p o i n t s   p e r   100  g rams   of  u n c u r e d   c o a t i n g  

c o m p o s i t i o n ,   of  f rom  0 . 0 2   to  1 . 0 ,   and  a  g l a s s  t r a n s i t i o n  

t e m p e r a t u r e   w i t h i n   t h e   a p p r o x i m a t e   r a n g e   of  - 80°C   t o  
+ 1 0 0 0 C .  

13.  A  m e t h o d   a c c o r d i n g   to  c l a i m   11  in   w h i c h  

t h e   p o t e n t i a l   c r o s s l i n k   d e n s i t y   is   f rom  0 .03   to  0 . 7 .  



14.  A  m e t h o d   a c c o r d i n g   to  c l a i m   12  in   w h i c h  

t h e   p o t e n t i a l   c r o s s l i n k   e n s i t y   i s   f r om  0 . 0 4   to  a b o u t   0 . 5 .  

15.  A  m e t h o d   a c c o r d i n g   to  any  of   c l a i m s   1  t o  
13  in   w h i c h   t h e   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   of   t h e   c u r e d  

c o a t i n g   c o m p o s i t i o n   i s   f r om  - 2 0 ° C   to  + 5 0 ° C .  

16.  A  m e t h o d   a c c o r d i n g   to  c l a i m   14  in   w h i c h  

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

c o m p o s i t i o n   i s   f rom  0°  to  + 3 0 ° C .  
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