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BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  t r a n s f e r   p r o -  

c e s s ,   and  e s p e c i a l l y   a  p r o c e s s   f o r   t r a n s f e r r i n g   a  c o l o r -  

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

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

T r a n s f e r   p r i n t i n g ,   p a r t i c u l a r l y   in  p r i n t i n g   of  w a x y  

c o m p o s i t i o n s   c o n t a i n i n g   a  p i g m e n t   such   as  c a r b o n   b l a c k ,  

h a v e   b e e n   u s e d   p r e v i o u s l y   in  a  v a r i e t y   of  s e t t i n g s .   I n  

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

p r o v i d i n g   a  r i b b o n   c o n t a i n i n g   a  c o n t i n u o u s   c o a t i n g   of  a  

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

s t r u c k   on  the   o p p o s i t e   s i d e   by  a  t y p e f a c e   or  o t h e r  

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

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

p a p e r .   On ly   g r o s s   u n i f o r m i t y   of  t he   c o a t i n g   t r a n s f e r r e d  

is   r e q u i r e d   in  s u c h   a p p l i c a t i o n s .  

P r i n t i n g   f o r m u l a t i o n s ,   and  e s p e c i a l l y   i n k s ,   h a v e  

b e e n   a p p l i e d   to  p a p e r   in  a  v a r i e t y   of  a p p l i c a t i o n s  

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

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

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

( w h e r e i n   a  l a t e n t   image  is  p r i n t e d   to  be  d e v e l o p e d   o n l y  

u n d e r   c e r t a i n   e n v i r o n m e n t a l   e x p o s u r e   c o n d i t i o n s )   and  i n  

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

r e q u i r e d   to  i n d i c a t e   t h a t   an  e v e n t   has  o c c u r r e d   (as   i n  

U . S .   P a t e n t   4 , 1 8 0 , 2 0 4   to   K o e n i g   e t   a l .   ( D e c e m b e r   2 5 ,  

1 9 7 9 ) ) .   In  such   a p p l i c a t i o n s   i t   is  a g a i n   n o t   c r i t i c a l  

t h a t   t he   c o l o r   d e v e l o p e d   have   a  h i g h   d e g r e e   of  u n i f o r m -  

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

i m p r i n t s .  

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

o t h e r   a c e t y l e n i c   c o m p o s i t i o n s )   have  been   d i s c l o s e d   f o r  

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

r a d i a t i o n   e x p o s u r e   in  a  s e r i e s   of  p a t e n t s   i n c l u d i n g   U . S .  



P a t e n t   No.  3 , 9 9 9 , 9 4 6   to   P a t e l   e t   a l   ( 1 9 7 6 ) ;   4 , 1 8 9 , 3 9 9   t o  

P a t e l   ( 1 9 8 0 ) ;   4 , 3 8 9 , 2 1 7   to  B a u g h m a n   e t   a l   ( 1 9 8 3 ) ;   a n d  

4 , 2 0 8 , 1 8 6   t o ' P a t e l   ( 1 9 8 0 ) .  

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

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

n i f i c a n c e ;   h o w e v e r   s u c h   g r a d a t i o n s   a r e   b a s e d   on  v i s u a l  

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

t i o n s   l e s s   t h a n   10  p e r c e n t   in  r e f l e c t i v i t y   w o u l d   h a v e  

s i g n i f i c a n c e .   See  U . S .   P a t e n t   4 , 1 8 9 , 3 9 9 ,   F i g u r e   4.  I n  

U .S .   P a t e n t   A p p l i c a t i o n s   S e r i a l   No.  4 6 9 , 8 8 0   of  P r u s i k  

et   al   ( f i l e d   F e b r u a r y   25,   1 9 8 3 ,   c o p e n d i n g   and  c o m m o n l y  

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

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

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

s e n s i t i v i t y .   In  s u c h   a  s y s t e m ,   r e f l e c t a n c e   d i f f e r e n c e s  

as  l i t t l e   as  1  or   2  p e r c e n t   a r e   m e a s u r e d   and  c o r r e l a t e d  

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

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

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

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

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

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

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

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

c o l o r   f o r m a t i o n   (as   m e a s u r e d   by  r e f l e c t a n c e ) .   A  v a r i e t y  

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

and  o t h e r   s t r u c t u r e s   on  p a p e r   f o r   t h e   i n d i c a t o r s   of  U . S .  

S e r i a l   No.  4 6 9 , 8 8 0 .   Such  t e c h n i q u e s   have   i n v o l v e d   a  

v a r i e t y   of  i n k s   c o n t a i n i n g   t h e   s o l v e n t   in  w h i c h   t h e   a c e -  

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

e n t s .   See  U . S .   P a t e n t   4 , 2 1 5 , 2 0 8   of  Yee  e t   a l   ( 1 9 8 0 ) ;  

E u r o p e a n   P a t e n t   A p p l i c a t i o n   4 7 , 9 1 8   of  A l l i e d   C o r p o r a t i o n  

(March   24,   1 9 8 2 ) ;   U . S .   P a t e n t   3 , 5 0 1 , 2 9 7   of  C r e m e a n s  

( 1 9 7 0 ) .  

BRIEF  DESCRIPTION  OF  THE  INVENTION 

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

c o l o r - c h a n g i n g   c o a t i n g s   can  be  a p p l i e d   in  b a r s   or  o t h e r  

s h a p e s   o n t o   i n d i c a t o r s ,   so  as  to   g i v e   a  h i g h l y   r e p r o -  



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

S e r i a l   No.  4 6 9 , 8 8 0 .   U s i n g   a  t r a n s f e r   p r o c e s s ,   u n i f o r m  

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

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

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

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

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

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

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

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

c o a t i n g   s t a t i o n ,  

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

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

p o s i t i o n   in  s a i d   c o a t i n g   s t a t i o n   s u b s t a n t i a l l y  

p a r a l l e l   to  an  i n d i c a t o r   in  s a i d   f i r s t   c o n t r o l   p o s i -  

t i o n ,   s a i d   r i b b o n   c o m p r i s i n g   a  b a c k i n g   and  a  u n i f o r m  

r e l e a s a b l e   c o a t i n g   on  t h e   s i d e   of  s a i d   b a c k i n g   a d j a -  

c e n t   to   s a i d   i n d i c a t o r   in  s a i d   c o a t i n g   s t a t i o n ,   a n d  

(c)  a p p l y i n g   s u f f i c i e n t   p r e s s u r e   to   a  s e l e c t e d   p o r -  
t i o n   of  s a i d   b a c k i n g   on  t h e   s i d e   o p p o s i t e   s a i d  

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

ing  to  an  a d j a c e n t   s e l e c t i v e   p o r t i o n   of  the   i n d i -  

c a t o r   in  s a i d   c o a t i n g   s t a t i o n ;  

s a i d   c o a t i n g   c o n t a i n i n g   a  c o m p o n e n t   e x h i b i t i n g  

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

e x p o s u r e   of  t h e   c o a t i n g   on  an  i n d i c a t o r .  

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

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

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

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

and  p r e s s u r e   i s   a p p l i e d   by  a  r o l l e r   or  s t y l u s   o v e r   w h i c h  

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

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

in  t he   s h a p e   of  a  b a r   e x t e n d i n g   in  a  d i r e c t i o n   p a r a l l e l  

to   the   d i r e c t i o n   of  movemen t   of  t h e   r i b b o n ,   w h i c h   i s  

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

the   i n d i c a t o r s .  



BRIEF  DESCRIPTION  OF  THE  D R A W I N G  

F i g u r e   1  is   an  e l e v a t i o n a l   v i e w   of  an  a p p a r a t u s   f o r  

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

r i b b o n   ( s h o w n )   to   t r a n s f e r   a  c o a t i n g   to  a  s e r i e s   o f  

l a b e l s   ( n o t   s h o w n ) ;  

F i g u r e   2  i s   a  v i ew  s i m i l a r   to   F i g u r e   1  s h o w i n g   a  

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

bu t   w i t h   t h e   r o l l e r   s t i l l   r e t r a c t e d ;  

F i g u r e   3  i s   a  v i ew  s i m i l a r   to   F i g u r e   2  in  w h i c h   t h e  

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

i n d i c a t o r ;  

F i g u r e   4  i s   a  p l a n   v i ew   a l o n g   t h e   r i b b o n   in  F i g u r e  

3  s h o w i n g   t h e   c o a t i n g   p r i o r   to   t r a n s f e r   on  t h e   r i g h t ,  

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

F i g u r e   5  is   a  v iew  s i m i l a r   to   F i g u r e   4  of  a  s o m e -  

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

t he   s m a l l e r   r o l l e r ;  

F i g u r e   6  i s   a  v iew  s i m i l a r   to   F i g u r e s   4  and  5  of  a  

r i b b o n   u s e d   in  a  s e c o n d   fo rm  of  t h e   i n v e n t i o n   in  w h i c h  

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

r a t h e r   t h a n   p a r a l l e l   w i t h   t he   p a t h   of  t r a v e l   of  t h e  

r i b b o n .  

F i g u r e   7  is   a  p l a n   v iew  of  a  f i r s t   f o rm  of  i n d i c a -  

t o r   p r i n t e d   by  t he   p r o c e s s   of  t he   i n v e n t i o n .  

F i g u r e   8  is   a  p l a n   v i ew  of  a  s e c o n d   fo rm  i n d i c a t o r  

p r i n t e d   by  t h e   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 .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   can  be  d e s c r i b e d   by  f i r s t  

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

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

b r o a d e r   f o r m s   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   1  i l l u s -  

t r a t e s   an  a p p a r a t u s   u s e d   in  t h e   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 ,   as  d e s c r i b e d   more  f u l l y   b e l o w   in  c o n n e c t i o n  

w i t h   F i g u r e s   1,  2  and  3.  In  F i g u r e   1,  a  m o v e a b l e   b l o c k  

10  has   r o t a t a b l y   m o u n t e d   t h e r e o n   a  t op   i d l e r   r o l l e r   12  

p r e s e n t i n g   an  a n n u l a r   s u r f a c e   w h i c h   is  open   to   c o n t a c t  

a t   t h e   b o t t o m   and  is  f r e e   to   r o t a t e   a r o u n d   an  a x i s  



e x t e n d i n g   h o r i z o n t a l l y   in  a p p r o x i m a t e l y   the   d i r e c t i o n   o f  

the   v i e w .   The  b l o c k   10  is  m o u n t e d   on  a  s e r i e s   of  g u i d e  

b a r s   and  a  d r i v e   s h a f t   14  to   an  a i r   c y l i n d e r   a s s e m b l y   o r  

o t h e r   c o n t r o l l a b l e   m o t i v e   means   so  as  to  l o w e r   t h e  

e n t i r e   b l o c k   10  and  t h e r e b y   the   a n n u l a r   s u r f a c e   of  t o p  

i d l e r   r o l l e r   12.  A  s t a t i o n a r y   l o w e r   b l o c k   16  is   f i x e d l y  

p o s i t i o n e d   b e l o w   t he   t op   b l o c k   10  and  has   r o t a t a b l y  

m o u n t e d   on  i t   a  b o t t o m   i d l e r   r o l l e r   18  p r e s e n t i n g   a n  

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

the   a x i s   of  t o p   i d l e r   r o l l e r   12.  The  two  i d l e r   r o l l e r s  

a re   p o s i t i o n e d   so  t h a t ,   when  t he   b l o c k   10  is  f u l l y  

l o w e r e d ,   t he   a n n u l a r   s u r f a c e s   of  t h e   two  r o l l e r s   a r e  

n e a r l y   in  c o n t a c t ,   and  the   s p a c i n g   t h e r e -   b e t w e e n   a t   t h e  

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

e x t e n d i n g   p a r a l l e l   to  t h e   two  a x e s   of  r o t a t i o n .   F i x e d l y  

m o u n t e d   l e f t   and  r i g h t   of  t h i s   s l o t   a r e   g u i d e   b a r s   2 0  

and  22  ( shown   as  b e i n g   m o u n t e d   to   t he   a i r   c y l i n d e r  

a s s e m b l y   bu t   o p t i o n a l l y   m o u n t e d   to  any  o t h e r   f i x e d   p a r t  

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

r o t a t i o n   of  t op   i d l e r   r o l l e r   12  and  b o t t o m   i d l e r   r o l l e r  

18,  w i t h   a  p l a n e   b e t w e e n   g u i d e   b a r s   20  and  22  e x t e n d i n g  

t h r o u g h   or  s l i g h t l y   above   t h e   s l o t   f o r m e d   b e t w e e n   t h e  

two  r o l l e r s   when  t h e   b l o c k   10  i s   f u l l y   l o w e r e d .   A  r i b -  

bon  is  shown  w i t h   t he   i n c o m i n g   r i b b o n   24  p a s s i n g   d o w n -  

w a r d l y   and  t o w a r d   g u i d e   b a r   20,   a c r o s s   and  i m m e d i a t e l y  

be low  g u i d e   b a r   20,   t h r o u g h   t h e   s l o t   to   g u i d e   b a r   2 2 ,  

b e l o w   and  a c r o s s   g u i d e b a r   22  and  c o n t i n u i n g   to   t he   l e f t  

upward   as  u s e d   r i b b o n   38.  To  p e r m i t   f r e e   m o v e m e n t   o f  

the   r i b b o n   o v e r   g u i d e b a r s   20  and  22,  t h e   g u i d e b a r s   20  

and  22  may  a l s o   be  f r e e l y   r o t a t a b l e .  

R e f e r r i n g   to  F i g u r e   2,  e l e m e n t s   1 0 - 3 8   c o r r e s p o n d   t o  

e l e m e n t s   b e a r i n g   t h e   same  n u m e r a l s   in  F i g u r e   1.  A 

p l a n a r   l a b e l   s t o c k   30  is  shown  p a s s i n g   f rom  r i g h t   t o  

l e f t   b e l o w   g u i d e b a r s   20  and  22  and  a b o v e   b o t t o m   i d l e r  

r o l l e r   18.  The  l a b e l   s t o c k   has   f i x e d   to   i t s   u p p e r   s i d e  

a  s e r i e s   of  l a b e l s   32  i m p r i n t e d   w i t h   a  b a r   code   34  and  a  

r e f e r e n c e   r e c t a n g l e   36.  The  l a b e l   s t o c k   is   a l i g n e d   s u c h  

t h a t   the   r e c t a n g l e   36  p a s s e s   t h r o u g h   t he   s l o t   b e t w e e n  



g u i d e   r o l l e r s   12  and  18  b e l o w   the   r i b b o n   24.   The  l a b e l  

s t o c k   is   moved  f rom  r i g h t   to   l e f t   a t   u n i f o r m   v e l o c i t y   b y  

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

( n o t   s h o w n ) .   Each  g u i d e   r e c t a n g l e   36  p a s s e s   t h r o u g h   a  

p r i n t i n g   s t a t i o n   ( s l o t )   b e t w e e n   the   two  i d l e r   r o l l e r s  

and  i m m e d i a t e l y   b e l o w   t he   r i b b o n   2 4 .  

R e f e r r i n g   now  to   F i g u r e   3,  t he   m o v e a b l e   b l o c k   10 

has   b e e n   l o w e r e d   so  as  to   c o n t a c t   t h e   t o p   i d l e r   r o l l e r  

12  a g a i n s t   t h e   r i b b o n   24  i m m e d i a t e l y   a d j a c e n t   to   t h e  

r e f e r e n c e   r e c t a n g l e   36  of  a  p a r t i c u l a r   l a b e l   3 2 c .   T h i s  

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

t he   r i b b o n   24  and  t h e   l a b e l   32c  c a u s e s   e a c h   i d l e r   r o l l e r  

to   r o t a t e   ( t h e   t o p   i d l e r   r o l l e r   12  to   r o t a t e   c l o c k w i s e  

and  t h e   b o t t o m   i d l e r   r o l l e r   18  to  r o t a t e   c o u n t e r c l o c k -  

w i s e ) .   W h i l e   t h e   m o v e a b l e   b l o c k   10  i s   in  t h i s   l o w e r e d  

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

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

t h e   l a b e l   s t o c k   30.  The  v e l o c i t y   of  t h e   r i b b o n   can  b e  

c o n t r o l l e d   e i t h e r   by  a  t a k e - u p   r o l l e r   m a t c h e d   to   t h e  

t a k e   up  of  l a b e l   s t o c k   o r ,   more  p r e f e r a b l y ,   by  h a v i n g  

t he   r i b b o n   p r o p e l l e d   by  t h e   l a b e l   s t o c k   when  t h e   two  a r e  

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

a p p e a r a n c e   of  r e f e r e n c e   r e c t a n g l e s   36  of  l a b e l s   32a  a n d  

32b  w h i c h   have   p a s s e d   t h r o u g h   the   p r i n t i n g   s t a t i o n   w i t h  

t he   r e f e r e n c e   r e c t a n g l e s   36  of  l a b e l s   3 2 d ,   32e  and  3 2 f  

w h i c h   have   n o t ,   i t   can   be  s e e n   t h a t   a  l i n e   or  ba r   o f  

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

b e e n   t r a n s f e r r e d   by  t he   a c t i o n   of  t h e   i d l e r   r o l l e r s   12 

and  18  on  e a c h   l a b e l   w h i c h   has  p a s s e d   t h r o u g h   t h e   p r i n t -  

ing  s t a t i o n .  

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

a d v a n t a g e o u s   t h a t   t h e   r i b b o n   24  moves   a c r o s s   g u i d e b a r s  

20  and  22  e s s e n t i a l l y   o n l y   when  the   m o v e a b l e   b l o c k   10  i s  

l o w e r e d ,   and  f u r t h e r m o r e   t h a t   s u c h   o c c u r   o n l y   when  a  

r e f e r e n c e   r e c t a n g l e   36  is   in  t he   s l o t   b e t w e e n   t he   t w o  

g u i d e   r o l l e r s .   Such   c o n d i t i o n s   can  be  c o n t r o l l e d   e i t h e r  

by  a  r e p e t i t i v e   t i m i n g   c y c l e   c o n t r o l l e d   e l e c t r i c a l l y   o r  



m e c h a n i c a l l y ,   or  by  a  s e n s o r   w h i c h   r e c o g n i z e s   t h e  

e n t r a n c e   of  a  r e c t a n g l e   i n t o   the   s l o t   (or   i t s   p o s i t i o n -  

ing  a  f i x e d   d i s t a n c e   to  t he   r i g h t   of  t he   s l o t )   a n d  

c a u s e s   the   m o v e a b l e   b l o c k   10  to  be  l o w e r e d   and  t he   r i b -  

bon  to  be  moved  o n l y   when  s u c h   o c c u r s .  

R e f e r r i n g   to  F i g u r e   4,  the   o u t c o m e   of  s u c h   c o n t r o l  

can  be  s e e n :   w i t h   t h e   r i b b o n   24  w h i c h   has   no t   y e t  

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

i n g ;   and  the   r i b b o n   38  w h i c h   has   p a s s e d   t h r o u g h   t he   s l o t  

h a v i n g   a  s e r i e s   of  e l o n g a t e d   s p a c e s   38a  f rom  w h i c h   t h e  

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

of  s m a l l   s t r i p s   38b  w h e r e   c o a t i n g   r e m a i n s .   I t   is   g e n e -  

r a l l y   d e s i r a b l e   t h a t   s m a l l   s t r i p s   38b  r e m a i n   so  t h a t   a n y  

n o n u n i f o r m i t y   in  c o m p l e t i n g   the   c o a t i n g   on  one  i n d i c a t o r  

d o e s   no t   c a u s e   a  n o n u n i f o r m   i n i t i a t i o n   of  c o a t i n g   on  t h e  

n e x t   i n d i c a t o r .   I t   i s   n o t ,   h o w e v e r ,   u s u a l l y   n e c e s s a r y  
to   c o n t i n u e   t h e   m o v e m e n t   of  t he   r i b b o n   a f t e r   t he   m o v e -  

a b l e   b l o c k   has   b e e n   r e t r a c t e d   u p w a r d ,   s i n c e   a  v e r y   s m a l l  

l e n g t h   of  r i b b o n   is   a v a i l a b l e   f o r   r e t r a c t i o n   or  m o v e m e n t  

m e r e l y   by  r e l e a s i n g   t he   r i b b o n   f rom  p r e s s u r e   as  t h e  

m o v e a b l e   b l o c k   10  is   r e t r a c t e d   u p w a r d .   So  l ong   as  t h i s  

s l a c k   is  r e t r a c t e d   in  a  f o r w a r d   ( l e f t w a r d )   d i r e c t i o n  

r a t h e r   t h a n   p u l l e d   back   ( r i g h t w a r d ) ,   i t   is  g e n e r a l l y  

s u f f i c i e n t   to   c r e a t e   t he   s t r i p s   38b  of  r e m a i n i n g  

c o a t i n g .   In  some  p r e f e r r e d   f o r m s   of  t he   i n v e n t i o n ,   t h e  

t a k e - u p   of  r i b b o n   is   by  a  r e l a t i v e l y   h i g h   s p e e d ,   l o w  

t o r q u e   m o t o r   d r i v i n g   a  s p o o l   to  t a k e   up  t h e   r i b b o n   s l a c k  

when  the   b l o c k   i s   l o w e r e d   and  is  f i r s t   r e t r a c t e d .  

R e f e r r i n g   to   F i g u r e   4,  i t   can  be  s e e n   t h a t   a  u n i -  

fo rm  c o n t i n u o u s   c o a t i n g   can  be  fed   i n t o   t h e   p r o c e s s   a n d  

a  s e r i e s   of  b a r s   of  t h e   same  w i d t h   as  t he   u n i f o r m   c o a t -  

ing  can  be  t r a n s f e r r e d .   P r o v i d e d   t h a t   t he   c o n t r o l l e d  

w i d t h   is  m a i n t a i n e d   in  f a b r i c a t i n g   t h e   r i b b o n   24,   t h e  

two  i d l e r   r o l l e r s   12  and  18  can  be  t he   same  or  g r e a t e r  
in  w i d t h   and  s t i l l   a c h i e v e   t he   same  e f f e c t .   I t   is   c o n -  

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

may  be  d e s i r e d   a n d / o r   t h a t   a  s i n g l e   r i b b o n   may  b e  

d e s i r e d   to   be  u s e d   f l e x i b l y   f o r   c r e a t i n g   b a r s   of  d i f -  



f e r e n t   w i d t h s .   In  s u c h   e v e n t ,   t h e   w i d t h   of  a t   l e a s t   o n e  

of  t h e   i d l e r   r o l l e r s   ( w h i c h   can  be  i n t e r c h a n g e d   w h e n  

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

p r e c i s e l y   to   t h e   w i d t h   of  b a r   d e s i r e d   ( w i t h   t he   o t h e r  

i d l e r   r o l l e r   b e i n g   t h e   same  w i d t h   or  g r e a t e r   in  w i d t h )  

and  t h e   w i d t h   of  t h e   c o a t i n g   on  t h e   r i b b o n   can  t h e n   b e  

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

c o n t a c t i n g   t h e   l a b e l   s t o c k   ( t h e   l o w e r   r o l l e r   18  i n  

F i g u r e s   1 -3 )   be  of  g r e a t e r   w i d t h   and  t h a t   t he   r o l l e r  

c o n t a c t i n g   t h e   b a c k   of  t h e   r i b b o n   ( t h e   u p p e r   r o l l e r   12  

in  F i g u r e s   1 - 3 )   be  of  l e s s e r   w i d t h   and  t h u s   c o n t r o l   t h e  

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

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

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

on  o u t g o i n g   r i b b o n   38  in  F i g u r e   4)  or   can   be  w i d e r .   I f  

t h e   c o a t i n g   i s   w i d e r ,   as  in  t he   e m b o d i m e n t s   i l l u s t r a t e d  

in  F i g u r e   5,  t h e   i n c o m i n g   r i b b o n   124  h a s   a  c o a t i n g   o f  

g r e a t e r   w i d t h   t h a n   t h e   a r e a s   138a  ( f r o m   w h i c h   c o a t i n g  

has   b e e n   t r a n s f e r r e d   in  t he   o u t g o i n g   r i b b o n   138)  s u c h  

t h a t   t h e   r e m a i n i n g   r e g i o n s   138b  c o n t a i n   s o m e w h a t   m o r e  

m a t e r i a l   ( and   a r e   s h a p e d   l i k e   a  r e c t a n g u l a r   c h a i n )  

c o m p a r e d   to   t h e   i s o l a t e d   r e m a i n i n g   s t r i p s   3 8 b  

i l l u s t r a t e d   in  F i g u r e   4 .  

I t   s h o u l d   a l s o   be  a p p r e c i a t e d   t h a t   in  F i g u r e s   1 

t h r o u g h   3  t he   p a t h   of  t r a v e l   of  t h e   r o l l e r   i s   p a r a l l e l  

t o   t h e   p a t h   of  t r a v e l   of  b o t h   t h e   r i b b o n   and  t h e  

l a b e l s .   In  s u c h   e v e n t ,   i t   i s   no t   n e c e s s a r y   to   i n t e r r u p t  

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

f e r .   In  some  c a s e s ,   h o w e v e r ,   i t   may  be  d e s i r a b l e   t o  

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

m o v e m e n t   when  an  i n d i c a t o r   is   in  a  c o a t i n g   s t a t i o n   a n d  

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

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

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

may  t r a v e l   e i t h e r   p a r a l l e l   t o ,   p e r p e n d i c u l a r   to   or  a t  

some  a n g l e   to  t h e   p a t h   of  t r a v e l   of  t h e   i n d i c a t o r s .  

F i g u r e   6  i l l u s t r a t e s   a  r i b b o n   f rom  w h i c h   b a r s   have   b e e n  

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



t r a v e l   of  t h e   r i b b o n   ( w h i c h   may  be  e i t h e r   p a r a l l e l   to  o r  

p e r p e n d i c u l a r   to  t h e   p a t h   of  t r a v e l   of  t h e  

i n d i c a t o r s ) .   S u c h  a   g e o m e t r y   p e r m i t s   t he   use  of  a  w i d e r  

c o a t i n g   ( b e i n g   in  t he   long   d i r e c t i o n   of  the   b a r s )   a n d  

m i n i m i z e s   t h e   l e n g t h   of  r i b b o n   u s e d .   T h i s   g e o m e t r y   i s  

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

i l l u s t r a t e d   in  F i g u r e s   4  and  5,  b e c a u s e   of  t he   r e q u i r e -  

ment   of  d i s c o n t i n u i t y   in  t he   m o t i o n   of  the   i n d i c a t o r s .  

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   can  b e  

p r a c t i c e d   w i t h   a  v a r i e t y   of  m o d i f i c a t i o n s   in  t he   a p p a r a -  

t u s   i n d i c a t e d   in  F i g u r e s   1 - 3 .   T h u s ,   f o r   e x a m p l e ,   t h e  

l o w e r   r a t h e r   t h a n   t he   u p p e r   r o l l e r   c o u l d   be  r e t r a c t e d   o r  

t he   e n t i r e   g e o m e t r y   c o u l d   be  t u r n e d   u p s i d e   d o w n .  

F u r t h e r m o r e ,   e i t h e r   or  b o t h   i d l e r   r o l l e r s   c o u l d   b e  

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

f i x e d   s u r f a c e   on  m o v e a b l e   b l o c k   10  a n d / o r   p r o v i d e   a  

p l a n a r   or  o t h e r   f i x e d   s u r f a c e   b e l o w   t he   s t o c k   30 

a t t a c h e d   to   s t a t i o n a r y   l o w e r   b l o c k   16.  In  g e n e r a l ,  

h o w e v e r ,   i t   is   b e l i e v e d   t h a t   two  r o l l e r s   p r o v i d e   t h e  

p o s s i b i l i t y   of  a  g r e a t e r   d e g r e e   of  u n i f o r m i t y   in  p r e s -  

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

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

u n i f o r m   c o a t i n g   on  the   t a p e   24  or  a  u n i f o r m   w i d t h   of  t h e  

two  i d l e r   r o l l e r s ,   a  d i f f e r e n t   s h a p e   can  be  c r e a t e d  

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

or  b o t h   i d l e r   r o l l e r s .   I t   is  a l s o   c o n t e m p l a t e d   t o  

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

s u r f a c e   ( e . g . ,   a  t y p e   f a c e )   to  t h e   o t h e r .  

I t   is  a l s o   c o n t e m p l a t e d   t h a t   more   t h a n   one  ba r   o r  

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

such   as  by  e m p l o y i n g   a  s e r i e s   of  p a i r s   of  r o l l e r s  

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

( a r r a n g e d   e i t h e r   n e x t   to  e a c h   o t h e r   so  as  to  c o a t   t h e  

same  i n d i c a t o r   s i m u l t a n e o u s l y   or  in  l i n e   so  as  to  c o a t  

d i f f e r e n t   p a r t s   of  an  i n d i c a t o r   s e q u e n t i a l l y ) .   W i t h  

p a r a l l e l   p a i r s   of  r o l l e r s ,   t he   c o a t i n g   may  b e  

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

s i n g l e   r i b b o n   or  f rom  a  s i n g l e   c o n t i n u o u s   b a r   of  c o a t i n g  



on  e a c h   of  two  or  more   r i b b o n s ,   e a c h   c o n t i n u o u s   ba r   o f  

c o a t i n g   p a s s i n g   b e t w e e n   r o l l e r s   of  a  p a i r .   Wi th   s e q u e n -  
t i a l   p a i r s   of  r o l l e r s ,   a  c o n t r o l l e d   e x p o s u r e   s t e p   may  b e  

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

d e g r e e   of  e x p o s u r e   ( g e n e r a l l y   r a d i a t i o n   e x p o s u r e )   to  t h e  

f i r s t - p r i n t e d   b a r s   to   a c h i e v e   t he   e f f e c t   s e t   f o r t h   i n  

U . S .   P a t e n t   4 , 3 8 9 , 2 1 7 ,   or   a c t i v a t i o n   ( g e n e r a l l y   by  a  
c h e m i c a l   r e a g e n t   s u c h   as  an  a c i d   as  d e s c r i b e d   in  c o l u m n s  

9 - 1 1   of  U .S .   P a t e n t   4 , 3 7 3 , 0 3 2 ,   t o   P r e z i o s i   e t   a l .  

( 1 9 8 3 ) ) .   I t   is  a l s o   f u r t h e r   c o n t e m p l a t e d   t h a t   the   c o a t -  

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

w i t h   t h e   p r i n t i n g   of  t h e   b a r   code   34,  t h e   c o a t i n g   o v e r  

t h e   r e f e r e n c e   r e c t a n g l e   36  b e a r i n g   t h e   c o a t e d   s t r i p   of  a  

p r o t e c t i v e   l a y e r   ( s u c h   as  an  u l t r a v i o l e t   r a y   a b s o r b i n g  

l a y e r )   or  t h e   p r i n t i n g   of  a d d i t i o n a l   i n f o r m a t i o n   o n t o  

t h e   l a b e l .   Such  a d d i t i o n a l   p r i n t i n g   may,   f o r   e x a m p l e ,  

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

l a b e l e d   ( w h i l e   t h e   e x i s t i n g   b a r s   a re   u n i f o r m   from  l a b e l  

to   l a b e l ,   t h i s   a d d i t i o n a l   ba r   c o d i n g   w o u l d   be  s e q u e n -  

t i a l ) .  

F i g u r e   7  i l l u s t r a t e s   a  l a b e l   232  c o a t e d   by  two  s u c h  

p a i r s   of  r o l l e r .   The  l a b e l   232  c o n t a i n s   a  p r o d u c t   i d e n -  

t i f i c a t i o n   ba r   code   233  ( c o r r e s p o n d i n g   in  m a c h i n e   r e a d a -  

b l e   f o rm  to  the   " 9 0 0 0 "   in  human  r e a d a b l e   f o r m ) ,   a  f i r s t  

i n d i c a t o r   i d e n t i f i e r   234  ( c o r r e s p o n d i n g   in  m a c h i n e   r e a d -  

a b l e   f o rm  to   t he   " 1 0 " )   and  a  s e c o n d   i n d i c a t o r   i d e n t i f i e r  

235  ( c o r r e s p o n d i n g   in  m a c h i n e   r e a d a b l e   fo rm  to  t h e  

" 2 4 " ) .   The  r e f e r e n c e   e l e m e n t   236  is   p r i n t e d   as  a  

r e c t a n g l e   w i t h   a  c e n t r a l   v e r t i c a l   s t r i p e   so  as  to  f o r m  

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

two  c o a t i n g   s t r i p e s   237a   and  237b  a r e   t r a n s f e r r e d   so  a s  

to   be  m e a s u r e d   f o r   r e f l e c t a n c e   v e r s u s   a d j a c e n t   r e f e r e n c e  

b a r s   and  u n p r i n t e d   a r e a s   by  t h e   m e t h o d   of  U . S . S . N .  

4 6 9 , 8 8 0 ,   w i t h   i n d i c a t o r   i d e n t i f i e r s   234  and  235  c o r -  

r e s p o n d i n g   to   t he   m a t e r i a l s   (or   l e v e l s   of  p r e e x p o s u r e )  

of  t h e   i n d i c a t o r   c o a t i n g s   237a  and  2 3 7 b .  

F i g u r e   8  i l l u s t r a t e s   a  s i m p l e r   i n d i c a t o r   l a b e l  

w h i c h   can   be  p r e p a r e d   by  t h e   p r e s e n t   p r o c e s s ,   w i t h   t h e  



c o a t i n g   s t r i p e   137  p o s i t i o n e d   c e n t r a l l y   b e t w e e n  

p r e p r i n t e d   r e f e r e n c e   b a r s   136a  and  136b .   In  s o m e  

i n d i c a t o r s   of  t h i s   and  the   o t h e r   c o n f i g u r a t i o n s ,   i t   may  
be  d e s i r a b l e   to  c o a t   t he   e n t i r e   i n d i c a t o r   (o r   a t   l e a s t  

t h e   p o r t i o n   b e a r i n g   c o a t i n g   s t r i p e   37,  137a   or   237a  a n d  

237b)   w i t h   a  p r o t e c t i v e   c o a t i n g ,   and  e s p e c i a l l y   o n e  

w h i c h   a b s o r b s   u l t r a v i o l e t   l i g h t .  

The  c o a t i n g   p r e s e n t   on  the   t a p e   24  can   c o n t a i n   a n y  
of  t he   a c e t y l e n i c   m a t e r i a l s   i n d i c a t e d   in  a b o v e -  

r e f e r e n c e d   U .S .   P a t e n t s   4 , 1 8 9 , 3 9 9 ,   4 , 3 8 9 , 2 1 7 ,   4 , 2 0 8 , 1 8 6  

or  in  U .S .   P a t e n t   4 , 2 4 2 , 4 4 0   ( e s p e c i a l l y   f o r   m o n i t o r i n g  

r a d i a t i o n   e x p o s u r e )   or   in  c o p e n d i n g ,   c o m m o n l y - a s s i g n e d  

S e r i a l   No.  5 1 4 , 3 9 9   of  P r e z i o s i   e t .   a l . ,   f i l e d   J u l y   1 8 ,  

1983  ( e s p e c i a l l y   d i u r e a d i y n e s ) .   Such  a c e t y l e n i c   m a t e -  

r i a l s   can  be  f o r m u l a t e d   w i t h   v a r i o u s   w a x e s   or   o t h e r  

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

m e n t s   i n t o   t r a n s f e r   c o a t i n g s   in  U.S .   P a t e n t s   3 , 8 2 5 , 4 7 0  

to  E l b e r t   e t   al   ( 1 9 7 4 )   and  3 , 8 2 5 , 4 3 7   to  B l a i r   ( 1 9 7 4 ) .  

E x e m p l a r y   f o r m u l a t i o n s   a re   g i v e n   in  the   p r e s e n t   e x a m -  

p l e s .  

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

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

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

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

as  h e x a h y d r o x y e t h y l a m i n o t r i p h e n y l n i t r i l e .   In  a d d i t i o n ,  

i t   may  b e  d e s i r e d   in  some  c a s e s   to  i n c l u d e   a  s m a l l  

a m o u n t   of  a  p i g m e n t   in  t he   c o a t i n g   f o r m u l a t i o n   so  as  t o  

have   a  v i s i b l e   c o l o r   ( p r e f e r a b l y   not   e f f e c t i v e   a t   t h e  

w a v e l e n g t h   in  w h i c h   r e f l e c t a n c e   is  to  be  m e a s u r e d   f o r  

t he   v a r i a b l e   m a t e r i a l )   so  as  to  r e a d i l y   i d e n t i f y   l a b e l s  

o n t o   w h i c h   t he   c o a t i n g   has   been   a p p l i e d .   O t h e r   s u i t a b l e  

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

U . S .   S e r i a l   No.  4 6 9 , 8 8 0 ,   r e f e r r e d   to  a b o v e ,   t h e  

d i s c l o s u r e   of  w h i c h   is   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

In  p r e p a r i n g   t he   r i b b o n ,   a  c o m p o s i t i o n   is   g e n e r a l l y  

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

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

s o l v e n t   or  v o l a t i l e   s o l v e n t   m i x t u r e .   Such   s o l v e n t   o r  



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

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

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

t h e m s e l v e s   c o n t a i n   a  v o l a t i l e   s o l v e n t   in  s e v e r a l  

r e s p e c t s .   F i r s t ,   no  s o l v e n t   e v a p o r a t i o n   o c c u r s   in  t h e  

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

r i b b o n   is   m a d e ,   g e n e r a l l y   an  e a s i e r   e n v i r o n m e n t   t o  

c o n t r o l .   S e c o n d ,   in  a  l a b e l   d i s t r i b u t i o n   a r r a n g e m e n t ,  

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

p l a c e m e n t   on  c a r t o n s   or  t he   l i k e .   R i b b o n   is  g e n e r a l l y  

more   c o m p a c t   t h a n   l a b e l s   and  t h e r e f o r e   e a s i e r   to  s t o r e  

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

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

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

p e r i s h a b l e   p r o d u c t s   s u c h   as  c h i l l e d   or   f r o z e n   f o o d s .  

F i n a l l y ,   t h e   t e m p e r a t u r e   e x p o s u r e   and  p o s s i b l e  

v a r i a t i o n s   among  l a b e l s   t h e r e i n   d u r i n g   s o l v e n t  

e v a p o r a t i o n   f rom  i n d i c a t o r s   is   e l i m i n a t e d .   T e m p e r a t u r e  

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

c o m p a c t   r i b b o n   is  e a s i e r   to  make  u n i f o r m   and  c a n ,   i f  

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

p a r t i a l   p o l y m i z a t i o n   ( s e e   U .S .   P a t e n t   4 , 3 8 9 , 2 1 7   f o r  

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

p a r t i a l l y   p o l y m i z e d ) .  



EXAMPLES 

The  c o l o r - c h a n g i n g   compound   N , N " - 1 , 6 - h e x a - 2 , 4 - d i y n e  

d i y l - b i s ( N ' - e t h y l u r e a )   h a v i n g   t he   f o r m u l a  

[ C H 3 C H 2 N H C ( O ) N H C H 2 C = C 2 ,   p r e p a r e d   as  i n d i c a t e d   i n  

p e n d i n g   a p p l i c a t i o n   S.N.   5 1 4 , 3 9 9   of  P r e z i o s i   e t   a l .  

( i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e )   was  g r o u n d   t o  

p a r t i c l e s   of  l e s s   t h a n   one  m i c r o m e t e r   ( m i c r o n )   d i a m e t e r  

and  f o r m u l a t e d   as  a  p i g m e n t   i n t o   an  ink  as  f o l l o w s :  

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

of  0 . 0 0 0 7 5   i n c h   ( 1 9 . 1   pm)  t h i c k n e s s   and  5 /16   i n c h   ( 8  

mm)  w i d t h   a t   a  wet   c o a t i n g   t h i c k n e s s   of  0 . 0 0 1 2   to  0 . 0 0 1 3  

i n c h   ( 3 0 - 3 3   um).   A f t e r   d r y i n g   u n d e r   a m b i e n t   c o n d i t i o n s  

f o r   a b o u t   t h r e e   m i n u t e s ,   the   c o a t i n g   had  a  d ry   c o a t i n g  

t h i c k n e s s   0 . 0 0 0 6 - 0 . 0 0 0 7   i n c h   ( 1 5 - 1 8   p m  ) .   I t   i s  

b e l i e v e d   t h a t   t o l u e n e   and  i s o p r o p a n o l ,   bu t   no t   t he   o t h e r  

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

A  l a b e l   s t o c k   was  u sed   known  as  " p i n f e e d   p r e s s u r e  
s e n s i t i v e   l a b e l   s t o c k " .   I t   c o n t a i n e d   a  f a n f o l d e d   p a p e r  

b a c k i n g   s h e e t   of  4 - 3 / 4   i n c h   (12  cm)  w i d t h   o n t o   w h i c h   w a s  

m o u n t e d   a  s e r i e s   of  l a b e l s ,   e a c h   4  i n c h e s   (10  cm)  i n  

l e n g t h   and  1 - 7 / 1 6   i n c h   ( 3 . 6   cm)  in  w i d t h   o n t o   w h i c h   h a d  

been   p r i n t e d   a  ba r   code  (as   i n d i c a t e d   by  n u m e r a l   34  i n  

F i g u r e   3)  and  a  r e c t a n g u l a r   r e f e r e n c e   b a r   (as   i n d i c a t e d  

by  n u m e r a l   36  in  F i g u r e   3 ) .   Each  r e f e r e n c e   r e c t a n g l e  

had  an  o u t s i d e   p r o f i l e   of  3/4  i n c h   (19  mm)  by  1 5 / 3 2   i n c h  

( 1 1 . 9   mm)  and  an  i n s i d e   p r o f i l e   of  1 9 / 3 2   i n c h   (15  mm)  b y  

5 / 1 6   i n c h   ( 7 . 9   mm)  so  as  to  c o n t a i n   5 /64   i n c h   (2  mm) 

wide  u n i f o r m l y   d a r k e n e d   s t r i p   on  t h e   t o p ,   b o t t o m   a n d  

s i d e s .  



The  r i b b o n   and  l a b e l   s t o c k   were   c o n v e y e d   t h r o u g h  

t he   a p p a r a t u s   shown  in  F i g u r e s   1-3  by  i m p i n g i n g   t h e  

l a b e l   s t o c k   w i t h   r o t a t i n g   p i n s   a t   a  s p e e d   of  2 . 5  

c m / m i n .   The  top   r o l l e r   12  was  a  c y l i n d r i c a l   b a l l  

b e a r i n g   of  0 . 3 7 5   i n c h   ( 9 . 5   mm)  o u t s i d e   d i a m e t e r ,   0 . 1 2 5  

i n c h   ( 3 . 1 8   mm)  i n s i d e   d i a m e t e r   and  0 . 1 5 5   i n c h   ( 3 . 9   mm) 

h e i g h t   of  w h i c h   1/8  i n c h   (3  mm)  was  c y l i n d r i c a l   ( i n   t h e  

d i r e c t i o n   o f ,   bu t   n a r r o w e r   t h a n   t he   8  mm  w i d t h   of  t h e  

c o a t i n g   s t r i p ) .   The  b o t t o m   r o l l e r   18  was  a  c y l i n d r i c a l  

b a l l   b e a r i n g   of  1 . 1 2 5   i n c h   ( 2 8 . 6   mm)  o u t s i d e   d i a m e t e r ,  

0 . 5 0 0   i n c h   ( 1 2 . 7   mm)  i n s i d e   d i a m e t e r   and  0 . 3 1 2   i n c h   ( 8  

mm)  c y l i n d r i c a l   h e i g h t   ( w i d e r   s t i l l   t h a n   t o p   r o l l e r   1 2 ) .  

When  a  r e c t a n g l e   was  s e n s e d   a  f i x e d   d i s t a n c e   b e f o r e  

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

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

b e t w e e n   t o p   and  b o t t o m   r o l l e r s ,   so  t h a t   b o t h   moved  a t  

t h e   2 . 5   cm/min   s p e e d   and  t h e   c o a t i n g   was  t r a n s f e r r e d  

o n t o   e a c h   l a b e l   as  a  1 /8   i n c h   (3  mm)  w ide   s t r i p e ,  

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

e n t i r e   1 9 / 3 2   i n c h   (15  mm)  i n t e r i o r   h e i g h t   of  e a c h  

r e c t a n g l e .   The  r i b b o n ,   v i e w e d   as  in  F i g u r e   5,  had  a r e a s  

138a   of  1 9 / 3 2   i n c h   (15  mm)  l e n g t h   s e p a r a t e d   by  s t r i p e s  

( t h e   v e r t i c a l   p o r t i o n   of  a r e a   138b)   of  a p p r o x i m a t e l y  

1 / 3 2   i n c h   ( 0 . 8   mm)  w i d t h .  

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

w e r e   e v a l u a t e d   u s i n g   a  M a c b e t h   PCM  II   P r i n t   C o n t r a s t  

M e t e r   ( m a n u f a c t u r e d   by  M a c b e t h   d i v i s i o n   of  K o l l m o r g a n  

C o r p o r a t i o n   of  N e w b u r g h ,   N . Y . )   to   m e a s u r e   r e f l e c t a n c e   a t  

632  nm  of  0 . 0 0 8   i n c h   ( 0 . 2 0   mm)  d i a m e t e r   s p o t s   o v e r   t h e  

e n t i r e   b a r .   The  v a r i a t i o n   b e t w e e n   s p o t s   a v e r a g e d   3%  o f  

f u l l   s c a l e   r e f l e c t a n c e .   V i s u a l l y   t he   b a r s   w e r e   o f  

e x t r e m e l y   good  q u a l i t y ,   w i t h o u t   v o i d s   and  w i t h   s h a r p  

e d g e   d e f i n i t i o n .  

A l t e r n a t e   F o r m u l a t i o n s  

R i b b o n s   were   made  as  in  E x a m p l e   1  w i t h   s e v e r a l   i n k  

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



F o r m u l a t i o n   D  p r o d u c e d   the   b e s t   r i b b o n   (as   t e s t e d   in  a  

t y p e w r i t e r )   of  F o r m u l a t i o n s   A - D .  

I t   s h o u l d   be  u n d e r s t o o d   by  one  s k i l l e d   in  t he   a r t  

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

r e s i n ,   o t h e r   v o l a t i l e   s o l v e n t s   f o r   t he   t o l u e n e /  

i s o p r o p a n o l   and  o t h e r   waxy  m a t e r i a l s   f o r   the   r a p e s e e d  

o i l / m i n e r a l   o i l .   O t h e r   a n t i o x i d a n t s   may  be  s u b s t i t u t e d  

f o r   a s c o r b i c   a c i d   and  a l l   i n g r e d i e n t s   can   be  o p t i m i z e d  

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

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

s i l i c a s   may  be  a d d e d   i f   d e s i r e d .   A l c o h o l   s o l u b l e   d y e s  

can  a l s o   be  a d d e d   to  g i v e   t he   c o a t i n g   a  s t a r t i n g   c o l o r .  



1.  A  p r o c e s s   of  a p p l y i n g   a  u n i f o r m   c o l o r - c h a n g i n g  

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

i n d i c a t o r s   w h i c h   c o m p r i s e s   t he   s t e p s :  

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

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

c o a t i n g   s t a t i o n ,  

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

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

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

to  an  i n d i c a t o r   in  s a i d   f i r s t   c o n t r o l   p o s i t i o n ,   s a i d  

r i b b o n   c o m p r i s i n g   a  b a c k i n g   and  a  u n i f o r m   r e l e a s a b l e  

c o a t i n g   on  t h e   s i d e   of  s a i d   b a c k i n g   a d j a c e n t   to  s a i d  

i n d i c a t o r   in  s a i d   c o a t i n g   s t a t i o n ,   a n d  

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

p o r t i o n   of  s a i d   b a c k i n g   on  t he   s i d e   o p p o s i t e   s a i d  

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

to  an  a d j a c e n t   s e l e c t e d   r e g i o n   of  t h e   i n d i c a t o r   in  s a i d  

c o a t i n g   s t a t i o n ;  

s a i d   c o a t i n g   c o n t a i n i n g   a  c o m p o n e n t   e x h i b i t i n g  

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

e x p o s u r e   of  t h e   c o a t i n g   on  an  i n d i c a t o r .  

2.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d   c o n t i n u o u s  

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

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

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

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

3.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d   a p p l y i n g  

s u f f i c i e n t   p r e s s u r e   s t e p   (c)  c o m p r i s e s   c o n t a c t i n g   t h e  

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

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

4.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   s a i d   a p p l y i n g  

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

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

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

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

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



5.  The  p r o c e s s   of  c l a i m   4  w h e r e i n   t he   c o n t i n u o u s  

l e n g t h   of  c o a t e d   p l a n a r   r i b b o n   is   c o n v e y e d   a t  

s u b s t a n t i a l l y   t he   same  v e l o c i t y   as  s a i d   c o n t i n u o u s  

l e n g t h   of  l a b e l s .  

6.  The  p r o c e s s   of  c l a i m   5  w h e r e i n   t he   c o n t i n u o u s  

l e n g t h   of  c o a t e d   p l a n a r   r i b b o n   is   c o n v e y e d   by  a  f o r c e  

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

l a b e l s .  

7.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   a  p l u r a l i t y   o f  

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

a r e   each   c o n v e y e d   t h r o u g h   one  s a i d   c o a t i n g   s t a t i o n   a n d  

p r e s s u r e   is   a p p l i e d   to  each   of  s a i d   r i b b o n s   to  t r a n s f e r  

c o a t i n g   to  a  s a i d   s e l e c t e d   p o r t i o n   of  an  i n d i c a t o r .  

8.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   e a c h   s a i d  

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

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

i n d i c a t o r   i s   a  bar   a d j a c e n t   to  and  s u b s t a n t i a l l y  

p a r a l l e l   w i t h   t h e   r e f e r e n c e   b a r .  

9.  A  t r a n s f e r   r i b b o n   c o m p r i s i n g :  

(a)  a  c o n t i n u o u s   p l a n a r   b a c k i n g   e x t e n d i n g   in  a  

f i r s t   d i r e c t i o n ,   a n d  

(b)  a  c o n t i n u o u s   s t r i p   of  c o a t i n g   r e l e a s a b l y  

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

b a c k i n g ,   e x t e n d i n g   c o n t i n u o u s l y   in  s a i d   f i r s t   d i r e c t i o n ;  

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

t h i c k n e s s   and  c o m p o s i t i o n   and  c o n t a i n i n g   a  c o m p o n e n t  

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

10.  The  t r a n s f e r   r i b b o n   of  c l a i m   9  h a v i n g   a  

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

e x h i b i t i n g   a  d i f f e r e n t   c o l o r   c h a n g e   b e h a v i o r .  
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