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coating  into  discrete  thin  membranes  spanning  said  cells, 
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d)  transferring  the  membranes  to  a  web  surface,  either 
directly,  or  indirectly  via  one  or  more  intermediate  transfer 
rolls. 



REFERENCE  TO  RELATED  APPLICATION 

Th i s   a p p l i c a t i o n   i s   a  c o n t i n u a t i o n - i n - p a r t   of  U . S .  

P a t e n t   A p p l i c a t i o n   S e r i a l   No.  3 6 0 , 6 1 5   f i l e d   o n  

March  22,  1 9 8 2 .  

BACKGROUND  OF  THE  INVENTION 

F i e l d   of  t h e   I n v e n t i o n  

Th i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   t o  t h e   p r i n t i n g   o f  

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

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

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

f o a m a b l e   i n k   or  c o a t i n g   c o m p o s i t i o n s .  

D e s c r i p t i o n   of  t h e   P r i o r   A r t  

The  i n v e n t i o n   i s   e s p e c i a l l y   u s e f u l   i n ,   but   no t   l i m i t e d   t o ,  

r o t o g r a v u r e   p r i n t i n g .   S i n c e   i t s   i n c e p t i o n   in  t he   l a t e  

1 8 0 0 ' s ,   r o t o g r a v u r e   p r i n t i n g   has   been   c a r r i e d   o u t  

p r i m a r i l y   w i t h   s o l v e n t   b a s e d   i n k s .   The  s o l v e n t s   a r e  

t o x i c   and  h i g h l y   f l a m m a b l e ,   and  c o n s e q u e n t l y   p r i n t i n g  

p l a n t   p e r s o n n e l   a r e   e x p o s e d   c o n t i n u o u s l y   to  p o t e n t i a l l y  



s e r i o u s   h e a l t h ,   f i r e   and  e x p l o s i o n   h a z a r d s .   As  a  r e s u l t ,  

in  s p i t e   of  t he   i m p l e m e n t a t i o n   of  e l a b o r a t e   a n d  

e x p e n s i v e   p r o t e c t i v e   m e a s u r e s  s u c h   as  f o r   e x a m p l e   s o l v e n t  

r e c o v e r y   and  a i r   p o l l u t i o n   a b a t e m e n t   s y s t e m s ,   e l e c t r i -  

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

i n s u r a n c e   c o s t s   have   r e m a i n e d   e x t r e m e l y   h i g h .   M o r e o v e r ,  

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

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

as  has   t h e   c o s t   of  t h e   e n e r g y   c o n s u m e d   by  t h e   d r y e r s  

r e q u i r e d   to  d r y   the   s o l v e n t   i n k s   a f t e r   p r i n t i n g .  

Some  a t t e m p t s   have   been  made  a t   a v o i d i n g   t h e s e   p r o b l e m s  

by  e m p l o y i n g   w a t e r   b a s e d   i n k s .   H o w e v e r ,   w a t e r   b a s e d   i n k s  

have   a  t e n d e n c y   to  o v e r s a t u r a t e   t h e   p a p e r   web.   M o r e o v e r ,  

w a t e r   has   a  l a t e n t   h e a t   of  v a p o r i z a t i o n   f i v e   t i m e s   t h a t  

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

much  e n e r g y   to  e v a p o r a t e .   For  t h e s e   r e a s o n s ,   t he   u s e  

of  w a t e r   b a s e d   i n k s   has   n o t   been   w i d e s p r e a d .   A n o t h e r  

a t t e m p t e d   s o l u t i o n   i s   d i s c l o s e d   in  U.S.   P a t e n t   N o .  

2 , 9 7 1 , 4 5 8   ( K u m i n s ,   e t   a l , )   w h i c h   s u g g e s t s   r e p l a c i n g  

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

d i r e c t l y   to  t h e   web  s u r f a c e .   To  a c c o m p l i s h   t h i s   d i r e c t  

foam  a p p l i c a t i o n ,   Kumins  s t r e s s e s  t h e   i m p o r t a n c e   o f  

m a i n t a i n i n g   t he   s i z e   of  t h e   foam  b u b b l e s   as  n e a r l y  

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

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

c y l i n d e r .   Whi le   no t   s p e c i f i c a l l y   s t a t e d   in  K u m i n s ,  

i t   would   a p p e a r   t h a t   t h e s e   t e a c h i n g s   a r e   b a s e d   on  t h e  

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

or  at   l e a s t   c o n t a i n   some  foam  b u b b l e s   in  o r d e r   to  i n s u r e  

t h a t   t he   foam  b u b b l e s   a r e   a p p l i e d   to  t h e   web  s u r f a c e   i n  

t he   d e s i r e d   p r i n t i n g   p a t t e r n .  

I t   must   be  a p p r e c i a t e d ,   h o w e v e r ,   t h a t   in  r o t o g r a v u r e  

p a p e r   p r i n t i n g   and  c o a t i n g ,   whe re   f o r   e x a m p l e   t h e   g r a v u r e  

c y l i n d e r   has   been  e l e c t r o n i c a l l y   e n g r a v e d   by  u s e   o f  

a  H e l i o - K l i s c h o g r a p h ,   c e l l   d e p t h s   r a n g e   f rom  a  minimum  o f  



2-3  m i c r o n s   to  a  maximum  o f  a b o u t   40  m i c r o n s .   E l a b o r a t e  

and  e x p e n s i v e   e q u i p m e n t   would   be  r e q u i r e d   to  g e n e r a t e  

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

t h a n   t he   s m a l l e s t   of  s u c h   c e l l s ,   and  even  w i t h   s u c h  

e q u i p m e n t ,   i t   a p p e a r s  e x t r e m l y   d o u b t f u l   t h a t   t h e  K u m i n s  

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

s c a l e .   Thus ,   f o a m e d   w a t e r  b a s e d   i n k s   have   n e v e r   b e e n  

e m p l o y e d   s u c c e s s f u l l y   in  c o m m e r c i a l   r o t a r y   g r a v u r e   p a p e r  

p r i n t i n g   o p e r a t i o n s .   Th i s   in  s p i t e   of  t he   s u b s t a n t i a l  

s a f e t y   and  c o s t   a d v a n t a g e s   t h a t   c o u l d   have  been   r e a l i z e d  

by  e l i m i n a t i n g   t h e   i n d u s t r y ' s   c o n t i n u e d   r e l i a n c e   o n  

s o l v e n t   b a s e d   i n k s .  

Summary  of  t h e   i n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   l i e s ,   in  p a r t ,   in  t he   s u r p r i s i n g  

d i s c o v e r y   t h a t   q u i t e   c o n t r a r y   to  K u m i n s '   t e a c h i n g s ,   t h e  

r e l a t i v e   s i z e   and  u n i f o r m i t y   of  t he   foam  b u b b l e s   i s   no t   a  

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

w a t e r   b a s e d   foamed   i n k   in  a  r o t a r y   g r a v u r e   p r i n t i n g  

p r o c e s s .   R a t h e r   t h a n   a t t e m p t i n g   to   f i l l  c e l l s   w i t h   s m a l l  

foam  b u b b l e s ,   t he   p r e s e n t   i n v e n t i o n   r e l i e s   on  an  i n i t i a l  

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

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

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

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

a r e a s   or  " l a n d s "   of  t h e   c y l i n d e r   b e t w e e n   t h e   c e l l s   as  w e l l  

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

s u b s t a n t i a l l y   f r e e   of  i n k .   The  m e m b r a n e s   t h e n   may  b e  

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

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

by  means   of  an  i m p r e s s i o n   r o l l e r .   A l t e r n a t i v e l y ,   i n  

o t h e r   p r o c e s s e s   such   as  f l e x o g r a p h i c   p r i n t i n g ,   c o a t i n g ,  

e t c . ,   t h e   m e m b r a n e s   may  be  t r a n s f e r r e d   o n t o   t h e   s u r f a c e s  

of  one  or  more  i n t e r m e d i a t e   r o l l s   b e f o r e   f i n a l l y   b e i n g  

a p p l i e d   to  t he   web  s u r f a c e .  



Thus  i t   w i l l   be  s e e n   t h a t   in  c o n t r a s t   to  p r i o r   a r t  

p r o c e d u r e s   as  e x e m p l i f i e d   by  t he   Kumins  p a t e n t ,   w h e r e  

foam  b u b b l e s   a r e   a p p l i e d   d i r e c t l y   to  t h e   web,  in  t h e  

p r e s e n t   i n v e n t i o n   t h e   web  i s   no t   e x p o s e d   to  foam  b u b b l e s .  

R a t h e r ,   t he   foam  b u b b l e s   a r e   c o n v e r t e d   i n t o   d i s c r e t e  

m e m b r a n e s   wh ich   a r e   t r a n s f e r r e d   e i t h e r   d i r e c t l y   f rom  t h e  

g r a v u r e   c y l i n d e r - o n t o   t h e   web  s u r f a c e ,   or  i n d i r e c t l y   o n t o  

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

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

m e m b r a n e s   of  i n k ,   or  o t h e r   c o a t i n g   c o m p o s i t i o n s ,   i s  

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

w h i c h   may  v a r y   in  s i z e ,   but   wh ich   a r e ,   on  t h e   a v e r a g e ,  

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

as  c e l l   d e p t h )   of  a  t y p i c a l   g r a v u r e   c y l i n d e r .   Thus  i t   i s  

u n n e c e s s a r y   to  r e s o r t   to   t h e   use   of  e l a b o r a t e   a n d  

e x p e n s i v e   foam  g e n e r a t i n g   e q u i p m e n t .   T e s t   r e s u l t s   t o  

d a t e   have  i n d i c a t e d   t h a t   p r i n t i n g   in  a c c o r d a n c e   w i t h  

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

to  and  in  most   c a s e s   s u p e r i o r   to  t h o s e   a c h i e v e d   w i t h  

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

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

of  a p p r o x i m a t e l y   50  p e r c e n t .   M o r e o v e r ,   b e c a u s e   of  t h e  

r e l a t i v e l y   s m a l l   a m o u n t   of  ink   b e i n g   t r a n s f e r r e d   f r o m  

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

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

s u b s t a n t i a l l y   m i n i m i z i n g   t he   need   to  e m p l o y   d r y e r s .  

The  d i m e n s i o n a l   c h a r a c t e r i s t i c s   of  t he   a f o r e s a i d  

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

c h a r a c t e r i s t i c s   of  t h e   c e l l s ,   e x c e p t   t h a t   f o r   a  g i v e n  

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

p r o p o r t i o n   to  t h e   open  c e l l   a r e a .   In  any  e v e n t ,   h o w e v e r ,  

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

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

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

s y s t e m s ,   wh ich   r e l y   on  a  l o a d i n g   of  t he   c e l l   in  o r d e r   t o  



a c h i e v e   e f f e c t i v e   p r i n t i n g .  

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

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

in  t he   amoun t   of  l i q u i d   v e h i c l e   i s   a d v a n t a g e o u s   in  t h a t  

i t  r e s u l t s   in  a  l e s s e r   p e n e t r a t i o n   i n t o   t he   p a p e r .   The  

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

s u r f a c e ,   as  c o m p a r e d   to  p r i o r  a r t   s y s t e m s   where   t h e  

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

d e e p e r   i n t o   t h e   p a p e r .   Thus ,   when  p r i n t e d   in  a c c o r d a n c e  

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

r e d u c t i o n   in  "show  t h r o u g h "   i . e . ,   t h e   v i s i b i l i t y   of  a  

p r i n t e d   image   f rom  t he   n o n - p r i n t e d   s i d e   of  the   p a p e r .  

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

t he   p a p e r ,   b e c a u s e   i t s   d e p o s i t i o n   i s   more  l o c a l i z e d   a t  

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

e x h i b i t   a  more  v i v i d   c o l o r   as  c o m p a r e d   to  the   p r i o r   a r t  

p r o c e s s e s   whe re   p i g m e n t   i s   in  e f f e c t   " l o s t "   by  b e i n g  

c a r r i e d   more  d e e p l y   i n t o   t h e   p a p e r .   To  the   p r i n t e r ,   t h e  

p r e s e n t   i n v e n t i o n ' s   more  e f f i c i e n t   d e p o s i t i o n   of  i n k  

t r a n s l a t e s   i n t o   e x t r a o r d i n a r y   s a v i n g s   in  ink  c o s t s .  

M o r e o v e r ,   b e c a u s e   the   p r e s e n t   i n v e n t i o n   i s   c h a r a c t e r i z e d  

by  a  l e s s e r   p e n e t r a t i o n   of  t h e   l i q u i d   v e h i c l e ,   t h e  

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

show  t h r o u g h ,   t h u s   f u r t h e r   r e d u c i n g   the   c o s t   of  p r i n t i n g .  

T h e  p r e s e n t   i n v e n t i o n   a l s o   makes   i t   p o s s i b l e   to  a p p l y  

o p a c i t y - c o n t r i b u t i n g   or  h o l d - o u t   c o a t i n g s .   These   w i l l  

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

p a p e r .   Most  i m p o r t a n t l y ,   i t   has   been   d i s c o v e r e d   t h a t  

the   e x t r e m e l y   q u i c k - d r y i n g   c h a r a c t e r i s t i c   of  t he   c o a t i n g s  

makes   i t   p o s s i b l e   to  a c h i e v e   s u c h   c o a t i n g s o n - l i n e ,   e . g .  
w i t h   a  c o a t i n g   p r o c e s s   p r e c e d i n g   t h e   p r i n t i n g   p r o c e s s .  
The  s u r f a c e - s e g r e g a t i o n   of  t he   c o a t i n g   m a t e r i a l s   m i g h t  

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

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

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



Thus ,   one  s i d e   can  b e a r   an  a c i d i c   c o a t i n g   w h i l e   t h e  

o t h e r   s i d e   can  c a r r y   a  b a s i c   c o a t i n g .   S i m i l a r l y ,   v e r y  

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

f a c e   c o a t   and  an  e l e c t r o   c o n d u c t i v e   back  c o a t   w i t h o u t  

u n a c c e p t a b l e   c o n t a m i n a t i o n   of  one  c o a t i n g   by  t h e   o t h e r .  

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

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

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

c o m p a r e d   w i t h   t he   p r i o r   a r t   p r o c e s s e s .   Thus ,   to  a c h i e v e  

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

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

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

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

c o n c o m i t a n t   s a v i n g s   in  o p e r a t i n g   c o s t s .  

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

d r a s t i c   r e d u c t i o n   of  "web  b r e a k s "   w h i c h   have   p r e v i o u s l y  

been  a s s o c i a t e d   w i t h   p a p e r   w e a k e n e d   by  e x c e s s i v e   l i q u i d  

a b s o r p t i o n .   T h i s   i s   t r u e   d e s p i t e   t h e   f a c t   t h a t ,   as  a  

g e n e r a l   r u l e ,   a q u e o u s   s y s t e m s   more  r e a d i l y   wet  m o s t  

i n e x p e n s i v e ,   c e l l u l o s i c   s u b s t r a t e s .  

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

to  t he   H e l i o - K l i s c h o g r a p h   p r o c e s s   of  e n g r a v i n g   g r a v u r e  

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

been   t he   d i f f i c u l t y   of  o b t a i n i n g   s u f f i c i e n t   c e l l   v o l u m e  

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

t e c h n i q u e s .   Th i s   p r o b l e m   i s   e s s e n t i a l l y   e l i m i n a t e d   w i t h  

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

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

R a t h e r ,   i t   i s   open  c e l l   a r e a   t h a t   i s   i m p o r t a n t ,   and  t h i s  

can  be  a c h i e v e d   e a s i l y   by  t h e   H e l i o - K l i s c h o g r a p h   p r o c e s s  

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

a n g l e .  

The  p r e f e r r e d   f o r m u l a t i o n s   f rom  w h i c h   t he   foam  i s  

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



I t   i s   p r e f e r r e d   t h a t  s u c h   f o r m u l a t i o n s   be  foamed   to  a n  

e x p a n d e d   v o l u m e   of  f rom  a b o u t   3  to  20  t i m e s   the   v o l u m e  

of  t he   l i q u i d   c o m p o s i t i o n .   H i g h - s t a b i l i t y   foams   of  t h e  

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

w h i c h   have   25%  d r a i n a g e   t i m e s   of  l e s s   t h a n   t h r e e   h o u r s  

a r e   p r e f e r r e d .   Those having  25%  d r a i n a g e   t i m e s   (NFPA  STD 

11,  1978  p.  1 1 - 9 8 )   of  w e l l   be low  one  hour   a re   e n t i r e l y  

a c c e p t a b l e .   M o r e o v e r ,   t h e  b e s t   c o m p o s i t i o n s   a r e   t h o s e  

in  w h i c h   t h e   d r a i n a g e   l i q u i d   i s   no t   f o r m e d   by  m a t e r i a l  

d r a i n e d   ou t   of  b u b b l e   f i l m s ;   i n s t e a d ,   i t   i s   p r e f e r r e d  

t h a t   t h e   l i q u i d   be  l a r g e l y   d e r i v e d   f rom  b r e a k i n g   b u b b l e s .  

Thus ,   i t   has   been   f o u n d   to  be  p a r t i c u l a r l y   d e s i r a b l e   t o  

u t i l i z e   foam  c o m p o s i t i o n s   w h i c h   do  no t   d r y   out   b e f o r e  

t h e   foam  b u b b l e s   b r e a k   and  d r a i n .   Such  foams  can  b e  

o b t a i n e d   i f   one  a v o i d s   e x c e s s i v e l y   f o a m - s t a b i l i z e d  

f o r m u l a e .   A  p a r t i c u l a r   a d v a n t a g e   of  such   foams   i s  

t h a t   t h e y   can  be  r e a d i l y   r e w o r k e d ,   w i t h o u t   a n y  

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

t he   p r i n t e r   may  u t i l i z e   h i s   m a t e r i a l   e f f i c i e n t l y   a n d  

m i n i m i z e   w a s t e   d i s p o s a l   p r o b l e m s .  

These   and  o t h e r   o b j e c t s   and  a d v a n t a g e s   of  t he   p r e s e n t  

i n v e n t i o n   w i l l   become  more  a p p a r e n t   as  t he   d e s c r i p t i o n  

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

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

i n v e n t i o n ;  

F i g u r e   2  i s   a  p e r s p e c i t v e   v i e w  o f   a  p o r t i o n   of  a  g r a v u r e  

c y l i n d e r   w h i c h   has  been  e l e c t r o n i c a l l y   e n g r a v e d   w i t h   a  

H e l i o - K l i s c h o g r a p h ,   and  s h o w i n g   a  r a n g e   of  c e l l   s i z e s  

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

of  i l l u s t r a t i o n ;  



F i g u r e s   3-6  a r e   s u b s t a n t i a l l y   m a g n i f i e d   s e c t i o n a l   v i e w s  

t a k e n   a l o n g   t h e   l i n e   X-X of   F i g u r e   2  s h o w i n g   in  a  

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

c a r r y i n g   our   a  r o t o g r a v u r e   p r i n t i n g   p r o c e s s   in  a c c o r d a n c e  

w i t h   t he   p r e s e n t   i n v e n t i o n ;   a n d  

F i g u r e   7  i s   a  s c h e m a t i c   d i a g r a m   of  a  f l e x o g r a p h i c   c o a t i n g  

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

DETAILED  DESCRIPTION  OF  INVENTION 

R e f e r r i n g   i n i t i a l l y   to   F i g u r e   1,  a  r o t g r a v u r e   p r i n t i n g  

a p p a r a t u s   i s   shown  c o m p r i s i n g   a  g r a v u r e   c y l i n d e r   10 

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

f o u n t a i n   12.  The  e n g r a v e d   s u r f a c e   of  t h e   g r a v u r e   c y l i n d e r  

i s   p a r t i a l l y   s u b m e r g e d   in  a  body  14  of  p i g m e n t e d   w a t e r  

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

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

c o n t i n o u o u s l y   by  a  r o t a t i n g   c y l i n d r i c a l   b r u s h   16  s u b m e r g e d  

in  t h e   foam  body  14  and  a l s o   d r i v e n   in  t h e   c l o c k w i s e  

d i r e c t i o n .   A  d o c t o r   b l a d e   18  w i p e s  t h e   s u r f a c e   of  gravure   c y l i n d e r  

10  p r i o r   to   i t s   a r r i v i n g  a t   a  p r i n t i n g   n i p   20  d e f i n e d  

b e t w e e n   t h e   g r a v u r e   c y l i n d e r   10  and  an  i m p r e s s i o n   r o l l   2 2 .  

A  p a p e r   web  24  i s   fed   f rom  a  s u p p l y   r o l l   26  t h r o u g h   t h e  

p r i n t i n g   n i p   20  and  t h e n   o v e r   a  r o l l   28  on  t h e   way  to  a  

c o n v e n t i o n a l   c u t t i n g   and  f o l d i n g   a p p a r a t u s   ( n o t   s h o w n ) .  

The  f o u n t a i n   12  i s   c o n n e c t e d   v i a   a  s u p p l y   l i n e   30  to  a  

foam  g e n e r a t i n g   u n i t   32  w h i c h   o p e r a t e s   on  demand   to  f o a m  

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

s u p p l i e d   t h e r e t o .   In  o r d e r   to  c o m p e n s a t e   f o r   t he   p r e s s u r e  

b u i l d - u p   in  t h e   foam  body  14  b e n e a t h   t h e   d o c t o r   b l a d e   18 

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

g r a v u r e   c y l i n d e r   10  and  c y l i n d e r  b r u s h   16,  foam  may  b e  

c o n t i n u o u s l y   r e c i r c u l a t e d   v i a   s u c t i o n   l i n e   34,  pump  36 

and  d e l i v e r y   l i n e   38  back   to   t h e   o p p o s i t e   s i d e   of  t h e  

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



b e i n g   d e l i v e r e d   v i a   l i n e   3 0 .  

P o r t i o n s   of  the   a b o v e - d e s c r i b e d   a p p a r a t u s   a re   c o n v e n t i o n a l  

and  w e l l   known  to  t h o s e   s k i l l e d   in  t he   a r t .   w h e r e a s  

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

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

a s s i g n e e   as  t h a t   of  t he   p r e s e n t   i n v e n t i o n .  

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

t h e   s u r f a c e   of  t h e   g r a v u r e   c y l i n d e r   10  has   been  e n g r a v e d  

by  a  H e l i o - K l i s c h o g r a p h ,   w h i c h   as  i s   w e l l   known  to  t h o s e  

s k i l l e d   in  t he   a r t ,   u t i l i z e s   an  e l e c t r o n i c a l l y   c o n t r o l l e d  

d i a m o n d   s t y l u s   ( n o t   s h o w n )   to  c u t   ou t   i n v e r t e d   p y r a m i d a l  

s h a p e d   c e l l s   of  t h e   t y p e   shown  in  F i g u r e s   2 - 6 .   The  c e l l s  

a r e   spaced  one  f rom  t he   o t h e r   by  l a n d s   "L"  whose  d i m e n s i o n s  

v a r y  d e p e n d i n g   on  t h e   d e p t h s   and  c e n t e r - t o - c e n t e r   s p a c i n g  

of  t he   c e l l s .   Open  c e l l   a r e a   (as   v i e w e d   in  p l a n )   i s   a  

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

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

t he   open  c e l l   a r e a .  

C o n v e n t i o n a l   e n g r a v i n g   w i t h   a  H e l i o - K l i s c h o g r a p h   w i l l  

y i e l d   c e l l s   r a n g i n g   in  d e p t h   ( shown  a t   "X"  in  F i g u r e   3 )  

f rom  a  minimum  of  2-3   m i c r o n s   to  a  maximum  of  a b o u t   40  

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

c e l l s   (shown  at  "Y"  in  F i g u r e   2)  w i l l   r a n g e   f rom  a 

minimum  of  40  m i c r o n s   to  a  maximum  of  a b o u t   200  m i c r o n s .  

and  t h e   l a n d s   "L"  w i l l   have   a  minimum  s i z e   of  a b o u t   10 

m i c r o n s .  

Some  e x a m p l e s   of  f o a m a b l e   ink   f o r m u l a t i o n s   u t i l i z e d   i n  

t h e  p r o c e s s   of  t he   i n v e n t i o n   a r e   l i s t e d   b e l o w .   The  

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

PP:  A  t h i x o t r o p i c   or  p s e u d o p l a s t i c  

c o n t r i b u t i n g   a d d i t i v e ;   50%  by  w e i g h t  

Kelco   K8A13  ( h e t e r o p o l y s a c c h a r r i d e - 7 )  
s l u r r i e d   in  150%  by  w e i g h t   B u t y l   C a r b i t o l o o b t a i n e d  

f rom  Union  C a r b i d e   C o r p .  



P i g m e n t   1123:   100%  S u n s p e r s e   Y e l l o w   Y F D - 1 1 2 3  

(35%  s o l i d s )   by  Sun  C h e m i c a l  C o r p .  

F o a m e r :   h i g h - e x p a n s i o n   foam  c o n c e n t r a t e   c a l l e d  

"High  E x p a n s i o n   Foam"  and  o b t a i n e d   f r o m  

N a t i o n a l   Foam  S y s t e m s ,   I n c .  

P J C - 5 5 :   2 5 % . H 2 O / 5 0 %  N H 4 O H / 2 5 %  J o n c r y l   6 7 8  

S u r f a c t a n t   L - 7 1 2 9 :   A  s i l i c o n e   s u r f a c t a n t   a v a i l a b l e   f r o m  

Union  C a r b i d e   C o r p .  

F - 1 2 2 :   35%  c a r b o n   b l o c k   p i g m e n t / 5 . 6   N i t r i l e  

r e s i n   ( A t r o m a x - V i n i t o n e ) / 5 9 . 4 %   w a t e r  

R e s i n   678:   an  a l k a l i - s o l u b l e   s t y r e n e   a c r y l i c   a c i d  

copolymer   s o l d   u n d e r   t he   d e s i g n a t i o n  

Joncry l   678  by  S.  C.  Johnson  &  Sons  Co. 

E t h y l e n e   g l y c o l   was  a d d e d   as  a  foam  c o n d i t i o n e r   and  t h e  

a m o u n t  o f   p s e u d o p l a s t i c   m a t e r i a l   was  i n c r e a s e d   to  0 . 2 0 % .  

A l t h o u g h   the   foam  l a c k e d   c o n s i s t e n c y ,   t h e   f o r m u l a   w a s  



a p p l i e d   s u c c e s s f u l l y   to  a  p a p e r   web.  No  c h a n g e   in  c o l o r  

i n t e n s i t y   was  n o t e d   a f t e r   a  run   of  1 - 1 / 2   h o u r s .   No 

i n d i c a t i o n   of  g r o w t h   was  n o t i c e d .  

EXAMPLE  B 

1%  s i l i c o n e   s u r f a c t a n t   ( L - 7 1 2 9 )   was  a d d e d   to  t he   f o r m u l a  

of  E x a m p l e   A.  T h e  a d d i t i o n   of  t h e   s u r f a c t a n t   r e s u l t e d   i n  

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

a  p a p e r   web.  No  c h a n g e   in  c o l o r   i n t e n s i t y   or  g r o w t h   i n  

one  h o u r .  

EXAMPLE  C 

The  f o r m u l a   of  e x a m p l e   A  was  m o d i f i e d   by  i n c r e a s i n g   t h e  

w e i g h t   p e r c e n t   o f  t h e   r e s i n   f rom  11.0%  to  20 .0%  a n d  

c o r r e s p o n d i n g l y   d e c r e a s i n g   t h e   w a t e r   c o n t e n t   f rom  5 4 . 8 %  

to  4 5 . 8 % .   T h i s   f o r m u l a   was  s u c c e s s f u l l y   a p p l i e d   to  a  

p a p e r   web.   No  c h a n g e   in  c o l o r   i n t e n s i t y   was  n o t e d .  

EXAMPLE  D 

The  f o r m u l a   of  Example   C  was  m o d i f i e d   by  a d d i n g   1% 

s i l i c o n e   s u r f a c t a n t   ( L - 7 1 2 9 ) .   T h i s   f o r m u l a   w a s  

s u c c e s s f u l l y   a p p l i e d   to  p a p e r   web.  The  foam  had  t h e  

f o l l o w i n g   c h a r a c t e r i s t i c s :  

No  c h a n g e   in  c o l o r   i n t e n s i t y   and  v e r y   l i t t l e   foam  g r o w t h .  



EXAMPLE  E 

EXAMPLE  F 

The  p e r f l u o r o c a r b o x y l i c   a c i d   has   t h e   f o r m u l a :  

where   N = 5 - 1 2 .  

The  p e r f l u o r o c a r b o x y l i c   a c i d   was  a d d e d   to  e n h a n c e   t h e  

s u r f a c e   t e n s i o n   of  t he   f o a m .   The  f o r m u l a   s u c c e s s f u l l y  

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

The  a b o v e   l i q u i d   f o r m u l a t i o n s   were   m i x e d   by  t h e   f o a m  

g e n e r a t i n g   e q u i p m e n t   32  w i t h   a  p r e s s u r i z e d   gas   such   a s  



a i r   at   t he   a b o v e   s p e c i f i e d   e x p a n s i o n   r a t i o s ,   w i t h o u t  

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

n o n - u n i f o r m   b u b b l e   s i z e s   ( d e t e r m i n e d   by  b u b b l e   d i a m e t e r )  

r a n g i n g   f rom  a b o u t   5  t o   1 0 0 , 0 0 0   m i c r o n s .   Thus ,   t h e  

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

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

r u n s   i n d i c a t e d   t h a t  m e d i a n   b u b b l e   s i z e   was  s u b s t a n t i a l l y  

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

open   c e l l   a r e a s .  

T u r n i n g   now  to  F i g u r e s   3 - 6 ,   t he   c o n d i t i o n   of  t he   g r a v u r e  

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

t h e   p r i n t i n g   n i p   20  and  p r i o r   to  i t s   r e - e n t r y   i n t o   t h e  

foam  body  14  i s   shown  in  F i g u r e   3.  The  e n t i r e   c y l i n d e r  

s u r f a c e ,   i n c l u d i n g   t h e   d i f f e r e n t l y   s i z e d   open   c e l l s   4 0 a  -  

40e  and  the   l a n d s   L  t h e r e b e t w e e n   is   s u b s t a n t i a l l y   f r e e   o f  

i n k .  

F i g u r e   4  shows  t h e   c o n d i t i o n   of  t he   g r a v u r e   c y l i n d e r  

s u r f a c e   a f t e r   i t   has   e n t e r e d   t he   foam  body   and  has   b e e n  

e x p o s e d   to  t he   b r u s h i n g   a c t i o n   of  r o l l   16,  bu t   p r i o r  

to   i t s   b e i n g   w iped   by  t h e   d o c t o r   b l a d e   18.  At  t h i s   s t a g e ,  

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

fo rm  of  r a n d o m l y   d i s t r i b u t e d   b u b b l e s   42  w h i c h   as  m e n t i o n e d  

a b o v e ,   v a r y   in  s i z e ,   w i t h   t he   minimum  b u b b l e   d i a m e t e r  

b e i n g   l a r g e r   t h a n   t h e   maximum  c e l l   d e p t h ,   and  w i t h   t h e  

m e d i a n   b u b b l e   s i z e   b e i n g   l a r g e r   t h a n   t h e   m e d i a n   m a x i m u m  

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

F i g u r e   5  shows  the   c o n d i t i o n   of  t he   g r a v u r e   c y l i n d e r  

s u r f a c e   i m m e d i a t e l y   a f t e r   i t   has   been  w i p e d   by  the   d o c t o r  

b l a d e   18  but   p r i o r   to  i t s   e n t r y   i n t o   t he   p r i n t i n g   n ip   2 0 .  

I t   w i l l   be  s e e n   t h a t   t h e   b u b b l e   c o a t i n g   shown  in  F i g u r e   4 

has   been  c o n v e r t e d   by  d o c t o r i n g   i n t o   d i s c r e t e   e x t r e m e l y  

t h i n   m e m b r a n e s   44  c o v e r i n g   or  s p a n n i n g   t h e   c e l l s   4 0 a  -   4 0 e .  

The  a b o v e - s t a t e d   r e l a t i o n s h i p   b e t w e e n   t h e   b u b b l e   s i z e  a n d   c e l l  

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



t h a t   a  m a j o r   p e r c e n t a g e   of  t he   b u b b l e s   are  o n l y   p a r t i a l l y  

r e c e i v e d   in  t he   c e l l s   and  t h u s   a r e   e x p o s e d   to  t he   w i p i n g  

a c t i o n   of  the   d o c t o r   b l a d e .   The  l a n d s   L  b e t w e e n   t h e   c e l l s ,  

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

a r e   f r e e   of  i n k ,   or  a t   l e a s t   s u b s t a n t i a l l y   s o .  

F i g u r e   6  shows  the   c o n d i t i o n   of  t he   g r a v u r e   c y l i n d e r   s u r f a c e  

as  i t   p a s s e s   t h r o u g h   t h e   p r i n t i n g   n ip   20  w h e r e   i t   i s  

b r o u g h t   i n t o   c o n t a c t   w i t h   t he   p a p e r   web  24.  At  t h i s  

s t a g e ,   the   t h i n   m e m b r a n e s   44  a r e   p i c k e d   up  by  t he   w e b ,  

l e a v i n g   the   c y l i n d e r   s u r f a c e  f r e e   of  ink   in  t h e   c o n d i t i o n  

shown  in  F i g u r e   3 .  

E x p e r i m e n t a l   r u n s   w i t h   t h e   p r o c e s s   of  t h i s   i n v e n t i o n   h a v e  

y i e l d e d   e x c e l l e n t   r e s u l t s   c o m p a r a b l e   in  e v e r y   way  t o  

t h o s e   a c h i e v e d   w i t h   c o n v e n t i o n a l   s o l v e n t   i n k s .   S u r p r i s i n g -  

l y ,   t h e s e   r e s u l t s   have   been  a c h i e v e d   w i t h   f oams   o f  

r e l a t i v e l y   l a r g e   b u b b l e   s i z e ,   in  d i r e c t   c o n t r a v e n t i o n   t o  

t he   t e a c h i n g s   of  t h e   p r i o r   a r t .  

Whi l e   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   has   b e e n  

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

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

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

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

a l e n t   r e s u l t s .  

As  shown  in  F i g u r e   7,  t h e   p r o c e s s   of  t he   p r e s e n t   i n v e n t i o n  

a l s o   may  be  e m p l o y e d   in  f l e x o g r a p h i c   p r i n t i n g .   He re ,   a n  

e n g r a v e d   a n i l o x   c y l i n d e r   50  i s   p a r t i a l l y   s u b m e r g e d   in  a n d  

r o t a t e d   t h r o u g h   a  body  52  of  foamed  i n k ,   t h e   l a t t e r  

h a v i n g   been  g e n e r a t e d   and  d e l i v e r e d   in  a c c o r d a n c e   w i t h  

p r e v i o u s l y   d e s c r i b e d   t e c h n i q u e s .   A ' r o t a t i n g   s u b m e r g e d  

b r u s h   54  a g a i n   i s   e m p l o y e d   to  a c h i e v e   a p p r o p r i a t e  

d i s t r i b u t i o n   of  foam  o v e r   t he   s u r f a c e   of  t he   a n i l o x  

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

56  to  c o n v e r t   t he   same  to  t h e   p r e v i o u s l y   d e s c r i b e d   m e m b r a n e s  



s p a n n i n g   t he   e n g r a v e d   c e l l s .   R a t h e r   t h a n   b e i n g   a p p l i e d  

d i r e c t l y   to  a  web,  h o w e v e r ,   t h e  m e m b r a n e s   a r e   t h e n  

t r a n s f e r r e d   to  and  d e p o s i t e d   on  t he   s u r f a c e   of  a  r o t a t i n g  

i n t e r m e d i a t e   r u b b e r   t r a n s f e r   r o l l   5 8 . .   From  h e r e ,   t h e  

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

a  f l e x o g r a p h i c   p r i n t i n g   p l a t e   60.  F i n a l l y ,   t h e   m e m b r a n e  

d e p o s i t s   a r e   a p p l i e d   to  t h e   s u r f a c e   of  a  m o v i n g   web  62  

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

i m p r e s s i o n   r o l l   6 4 .  

I t   w i l l   t h u s   be  s e e n   t h a t   in  a  b r o a d   s e n s e ,   t h e   p r e s e n t  

i n v e n t i o n   c o n s i s t s   of  a  p r i n t i n g   or  c o a t i n g   p r o c e s s  

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

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

g r a v u r e   or  a n i l o x   c y l i n d e r s ,   w i t h   t h e   foam  b u b b l e s   b e i n g  

r a n d o m l y   s i z e d   and  s i g n i f i c a n t l y   l a r g e r   on  a v e r a g e   a s  

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

c y l i n d e r   s u r f a c e s   a r e   t h e n   d o c t o r e d   to   c o n v e r t   t he   f o a m  

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

o v e r l i e   t h e   open  c e l l s ,   l e a v i n g   t h e  c e l l   i n t e r i o r s  

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

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

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

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



1.  A  p r o c e s s   f o r   a p p l y i n g   a  w a t e r - b a s e d   l i q u i d  

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

a  m o v i n g   web  c o m p r i s i n g   t h e   s t e p s   o f :  

a)  f o a m i n g   s a i d   c o m p o s i t i o n ;  

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

to  a  c y l i n d e r   h a v i n g   an  a r r a y   of  m u t u a l l y  

s p a c e d   open   c e l l s   on  t h e   s u r f a c e   t h e r e o f ;  

c)  c o n v e r t i n g   t h e   c o a t i n g   of   t h e   f o a m e d  

c o m p o s i t i o n   t o - a - d i s c r e t e   l i q u i d   c o m p o s i t i o n  

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

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

l a n d   a r e a s   b e t w e e n   s a i d   c e l l s   b e i n g   s u b s t a n t i a l l y  

f r e e   of  s a i d   c o m p o s i t i o n ;  

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

to  t he   s u r f a c e   of  s a i d   web  and  i m m o b i l i z i n g  

s a i d   s o l i d s   on  t h e   s u r f a c e   of  s a i d   web  as  a 

r e s i d u e   f o r m e d   of  s a i d   s o l i d s .  

2.  A  p r o c e s s   as  d e f i n e d   in  c l a i m   1  w h e r e i n   s a i d   web  i s  

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

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

3.  A  p r o c e s s   as  d e f i n e d   in  c l a i m   1  w h e r e i n   s a i d   s u b s t r a t e  

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

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

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

w h e r e i n   s a i d   s o l i d s   c o m p r i s e   means   to   m o d i f y   s u r f a c e  

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

4.  A  p r o c e s s   as  d e f i n e d   in  c l a i m s   1,2  or  3,  w h e r e i n  

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

i m m e d i a t e l y   a f t e r   c o n v e r s i o n   of  s a i d   foam  to  s a i d  

l i q u i d   m e m b r a n e s .  



5.  A  p r i n t i n g   p r o c e s s   as  d e f i n e d   in  c l a i m   1  w h e r e i n  

t he   t r a n s f e r r i n g   of  s a i d   l i q u i d   m e m b r a n e s   f rom  s a i d  

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

s t e p s   o f :  

a)  a  f i r s t   t r a n s f e r r i n g   of  s a i d   l i q u i d  

m e m b r a n e  t o   a  t r a n s f e r   r o l l   s y s t e m ,  

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

m e a n s   to   c o n v e r t   s a i d   l i q u i d   m e m b r a n e s  

to  a  c o n t i n u o u s   f i l m ;   a n d ,  

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

to  a  p r i n t i n g   p l a t e   f o l l o w e d   by  a  f i n a l  

t r a n s f e r   of  s a i d   f i l m   p o r t i o n s   f rom  s a i d  

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

6.  A  p r o c e s s   as  d e f i n e d   in  c l a i m   5  w h e r e i n   s a i d  

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

7.  A  p r o c e s s   as  d e f i n e d   in  c l a i m   5  w h e r e i n   s a i d   m o v i n g  

web  i s   a  p a p e r   s h e e t .  

8.  A  p r o c e s s   as  d e f i n e d   in  c l a i m s   1,  2  or  3  w h e r e i n   s a i d  

foamed   c o m p o s i t i o n   has  a  d e n s i t y   of  f rom  a b o u t   6  t o  

a b o u t   16  I b s . / f t . 3 .  

9.  A  p r o c e s s   as  d e f i n e d   in  c l a i m s   1,  2  or  3  w h e r e i n  

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

foam  b u b b l e s   h a v i n g   a  m e d i a n   s i z e  ( m e a s u r e d   as  b u b b l e  

d i a m e t e r )   l a r g e r   t h a n   t he   m e d i a n   maximum  l a t e r a l  

d i m e n s i o n s   of  s a i d   c e l l s .  

10.  A  p r o c e s s   as  d e f i n e d   in  c l a i m s   1,2  or  3  w h e r e i n  

s a i d   foam  i s   c h a r a c t e r i z e d   by  s u c h   i n s t a b i l i t y   o n  

d r a i n a g e ,   t h a t   t he   foam  w i l l   b r e a k   down  and  y i e l d   a  

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

i n t o   s a i d   p r o c e s s .  



11.  A  p r o c e s s   as  d e f i n e d   i n c l a i m s   1,2  or  2  w h e r e i n   t h e  

2 5 %  d r a i n a g e   t i m e   of  s a i d   f oamed   c o m p o s i t i o n   i s   l e s s  

t h a n   a b o u t   4 .0   h o u r s .  

12.  A  p r o c e s s   as  d e f i n e d   by  c l a i m s   1,  2  or  3  w h e r e i n  

t he   l i q u i d   c o m p o s i t i o n   f rom  w h i c h   s a i d   foam  i s   f o r m e d  

a  p s e u d o p l a s t i c   l i q u i d .  

13.  A  p r o c e s s   as  d e f i n e d   in  c l a i m s   1 ,2  or  3  w h e r e i n  

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

l i q u i d   c o m p o s i t i o n   and  i s   c h a r a c t e r i z e d   by  a  d e n s i t y   o f  

l e s s   t h a n   a b o u t   16 .0   I b s . / f t . 3   and  i s   such   t h a t   u p o n  

d r a i n a g e ,   foam  b u b b l e s   w i l l   b r e a k   to  y i e l d   a  d r a i n a g e  

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

p r o c e s s .  

14.  A  p r o c e s s   as  d e f i n e d   in  c l a i m s   1,2  or  3  w h e r e i n  

s a i d   q u a r t e r - d r a i n a g e   t i m e   of  s a i d   foam  i s   l e s s   t h a n  

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

p s e u d o p l a s t i c   l i q u i d   w h i c h   may  be  r e f o a m e d   to  a  foam  o f  

a  d e n s i t y   of  l e s s   t h a n   a b o u t   16  l b s . / f t . 3   f o r   r e c y l i n g  

i n t o   s a i d   p r o c e s s .  

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

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

c o m p r i s i n g :  

a)  f o a m i n g   s a i d   l i q u i d   ink   c o m p o s i t i o n ;  

b)  a p p l y i n g   a  c o a t i n g   of  s a i d   foamed   i n k  

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

g r a v u r e   c y l i n d e r ,   t he   s u r f a c e   of  s a i d  

c y l i n d e r   h a v i n g   an  a r r a y   of  d i f f e r e n t l y   s i z e d  

open  c e l l s   s p a c e d   one  f rom  t he   o t h e r ;  

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

c o n v e r t   s a i d   c o a t i n g   i n t o   d i s c r e t e   m e m b r a n e s  

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



of  s a i d   c y l i n d e r   b e t w e e n   s a i d  c e l l s   as  w e l l   a s  

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

b e i n g   s u b s t a n t i a l l y   f r e e   of  i n k ;   a n d  

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

a  web  by  p r e s s i n g   s a i d   web  a g a i n s t   s a i d   c y l i n d e r .  

16.  The  p r i n t i n g   p r o c e s s   of  c l a i m   15  w h e r e i n   s a i d   f o a m e d  

ink   c o m p o s i t i o n   has   a  m e d i a n   b u b b l e   s i z e   ( m e a s u r e d   a s  

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

of  s a i d   c e l l s .  

17.  The  p r i n t i n g   p r o c e s s   of  c l a i m s   15  or  16  w h e r e i n   s a i d  

c e l l s   have   d e p t h s   r a n g i n g   f rom  a b o u t   2  to  40  m i c r o n s ,  

and  w h e r e i n   s a i d   foam  has   a  m e d i a n   b u b b l e   s i z e   ( m e a s u r e d  

as  b u b b l e   d i a m e t e r )   l a r g e r   t h a n   40  m i c r o n s .  

18.  The  p r i n t i n g   p r o c e s s   of  c l a i m   15  w h e r e i n   s a i d  f o a m e d  

ink   c o m p o s i t i o n   has   a  b u b b l e   s i z e   ( m e a s u r e d   as  b u b b l e  

d i a m e t e r )   r a n g i n g   f rom  a b o u t   5  to  1 0 0 , 0 0 0   m i c r o n s ,   w h e r e i n  

t h e   maximum  c e l l   d e p t h   i s   a b o u t   40  m i c r o n s ,   and  w h e r e i n   t h e  

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

v i e w e d   i n - p l a n   r a n g e s   f rom  a  minimum  of  40  m i c r o n s   t o  a  

maximum  of  a b o u t   200  m i c r o n s .  

19.  The  p r i n t i n g   p r o c e s s   of  c l a i m   15  w h e r e i n   t h e   a p p l i -  

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

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

in  a  body  of  s a i d   f oamed   i nk   c o m p o s i t i o n .  

20.   The  p r i n t i n g   p r o c e s s   of  c l a i m   19  w h e r e i n   t h e   s u r f a c e  

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

in  s a i d   b o d y .  

21.   A  r o t a r y   g r a v u r e   p r i n t i n g   p r o c e s s , '   c o m p r i s i n g  :  

a)  g e n e r a t i n g   w a t e r   b a s e d   foamed   ink   c o m p o s i t i o n  

h a v i n g   a  n o n - u n i f o r m   b u b b l e   s i z e   ( m e a s u r e d   a s  

b u b b l e   d i a m e t e r   r a n g i n g  



f r o m  a b o u t   5  to  1 0 0 , 0 0 0   m i c r o n s ;  

b)  a p p l y i n g   a  c o a t i n g   of  s a i d   f o a m e d   i n k  

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

g r a v u r e   c y l i n d e r ,   t he   s u r f a c e   of   s a i d   c y l i n d e r  

h a v i n g   an  a r r a y  o f   d i f f e r e n t l y   s i z e d   open  c e l l s  

s p a c e d   one  f rom  t he   o t h e r ,   s a i d   c e l l s   h a v i n g  

d e p t h s   r a n g i n g   f rom  a b o u t   2  to   40  m i c r o n s ,   a n d  

h a v i n g   maximum  l a t e r a l   d i m e n s i o n s   when  v i e w e d  

in  p l a n   r a n g i n g   f rom  a b o u t   40  to   200  m i c r o n s ;  

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

c o n v e r t   s a i d   c o a t i n g   i n t o   d e s c r e t e   m e m b r a n e s  

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

s a i d   c y l i n d e r   b e t w e e n   s a i d   c e l l s   as  w e l l   as  t h e  

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

s u b s t a n t i a l l y   f r e e   of  i n k ;   a n d  

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

of  a  web  by  p r e s s i n g   s a i d   web  a g a i n s t   s a i d  

c y l i n d e r .  
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