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  Substrates  for  printing  are  provided  by  stabilizing  the 
leucomethylene  blue  dye  contained  therein  with  an  additive 
selected  from  the  group  consisting  of  citric  acid,  aspartic 
acid,  malonic  acid,  oxalic  acid,  ascorbic  acid,  tartaric  acid, 
ketomalonic  acid  monohydrate,  glucose  and  methionine. 



This  i n v e n t i o n   r e l a t e s   to  s u b s t r a t e s   for  p r i n t i n g   on  which  

leucomethylene   blue  dyes  have  been  s t a b i l i z e d   a g a i n s t   b a c k g r o u n d  

format ion   by  the  add i t i on   of  an  a d d i t i v e   m a t e r i a l .  

Leucomethylene  blue  dyes  find  widespread   a p p l i c a t i o n   in  c o l o r  

p r i n t i n g   t e c h n o l o g i e s   such  as  thermal   p r i n t i n g ,   p r e s s u r e   p r i n t i n g   and  

e l e c t r o l y t i c   p r i n t i n g .   One  common  problem  with  the  d i f f e r e n t   leuco  dyes  

used  in  these   t e c h n o l o g i e s   is  t h e i r   spon taneous   convers ion   to  the  dye 

form  by  ambient  c o n d i t i o n s .   In  order   to  c i rcumvent   th i s   problem,  many 
methods  i n v o l v i n g   p r o t e c t i o n   of  the  leuco  dyes  have  been  used,  such  as  

e n c a p s u l a t i o n   and  the  use  of  s t i l t   l a y e r s .   Such  methods  have  given  some 

success  in  v a r i o u s   p r i n t i n g   t e c h n o l o g i e s ,   but  they  are  not  a p p l i c a b l e   t o  

e l e c t r o c h r o m i c   p r i n t i n g ,   where  the  mechanism  r e q u i r e s   an  aqueous  

e l e c t r o l y t e   l aye r   to  be  in  i n t ima te   c o n t a c t   with  the  c o l o u r - f o r m i n g  

agent.   I t   is  in  e l e c t r o c h r o m i c   p r i n t i n g   t ha t   the  p r e s e n t   i n v e n t i o n  

f inds  i t s   most  p a r t i c u l a r l y   usefu l   a p p l i c a t i o n .  

E l e c t r o c h r o m i c   p r i n t i n g   is  well  known  in  the  a r t .   The  p r e s e n t  

s t a t e   of  e l e c t r o c h r o m i c   p r i n t i n g   is  r e f e r e n c e d   by  U.S.  p a t e n t s   4 , 2 1 1 , 6 1 6  

and  4 ,309 ,255 ,   along  with  the  art   c i t ed   t h e r e i n .   No  p r i o r   art   of  which  

we  are  aware,  however,  suggests   the  use  of  the  a d d i t i v e s   which  are  t h e  

sub jec t   mat te r   of  the  p resen t   i n v e n t i o n .  

According  to  the  inven t ion   there   is  p rovided   a  p r i n t i n g   s u b s t r a t e  

compris ing  a  leucomethylene   blue  dye  c h a r a c t e r i z e d   in  tha t   the  s u b s t r a t e  

also  i nc ludes   a  s t a b i l i z i n g   amount  of  an  a d d i t i v e   s e l e c t e d   from  t h e  

group  c o n s i s t i n g   of  c i t r i c   acid,   a s p a r t i c   acid,   malonic  ac id ,   o x a l i c  

acid,   a s c o r b i c   ac id ,   t a r t a r i c   acid,   ke tomalon ic   acid  m o n o h y d r a t e ,  

glucose  and  m e t h i o n i n e .  

In  t y p i c a l   use  for  e l e c t r o c h r o m i c   p r i n t i n g ,   according  to  t h e  

p r e sen t   i n v e n t i o n ,   paper  is  t r e a t e d   with  an  aqueous  s o l u t i o n   c o n t a i n i n g  

from  about  .5  to  5%  by  weight  of  a  leuco  dye.  Genera l ly   about  1%  is  t h e  



most  p r e f e r r e d   l eve l .   The  s o l u t i o n   also  con ta ins   a  s t a b i l i z e r   in  an 

amount  which  i s ,   at  minimum,  equal  to  the  molar  amount  of  the  dye.  The 

s t a b i l i z e r   may  be  p r e sen t   up  to  about  5%  by  weight  c o n c e n t r a t i o n .   I n  

most  i n s t a n c e s   the  s o l u t i o n   wi l l   a lso   conta in   bromide  ions  in  an  amount 

of  from  1%  to  30%,  g e n e r a l l y   about  15%.  As  a  r e s u l t   of  the  t r e a t m e n t ,  

the  paper  c o n t a i n s   approx imate ly   10  mg  of  leuco  dye  for  each  s t a n d a r d  

size  page  of  8  1/2  x  11  inch  d i m e n s i o n s .  

It  has  been  observed  tha t   the  use  of  one  of  the  above-named 

a d d i t i v e s   render   leucomethylene   blue  dyes  less   prone  to  b a c k g r o u n d  

format ion  by  o x i d a t i o n .   The  mechanisms  by  which  th i s   r e s u l t   is  o b t a i n e d  

is  not  at  a l l   unde r s tood .   The  ease  of  e l e c t r o n   removal  of  a  compound  i s  

i n d i c a t e d   by  i t s   ox ida t i on   p o t e n t i a l .   A  s h i f t   to  h igher   p o t e n t i a l   i s  

i n d i c a t i v e   of  g r e a t e r   r e s i s t a n c e   towards  o x i d a t i o n .   Some  of  t h e  

subs tances   which  s t a b i l i z e   a g a i n s t   background  format ion  r a i s e   t h e  

o x i d a t i o n   p o t e n t i a l   of  the  leuco  dyes,  but  some  of  them  do  n o t .  

Fur thermore ,   a l though  most  of  the  u se fu l   a d d i t i v e s   are  p o l y - f u n c t i o n a l  

c a r b o x y l i c   ac ids ,   not  a l l   such  m a t e r i a l s   work.  S p e c i f i c a l l y ,   s u c c i n i c  

acid  is  of  no  help .   Galac tose   shows  decreased  e f f e c t i v e n e s s   w h i l e  

mal tose ,   l a c t o s e ,   d - f r u c t o s e ,   d l - a s p a r a g i n e ,   g lyc ine ,   1 - c y s t i n e   and 

d l - m e t h i o n i n e   are  i n e f f e c t i v e .  

The  o p e r a t i v e   a d d i t i v e s   do,  however,  have  a  community  of  p h y s i c a l  

and  mechanical   p r o p e r t i e s .   They  are  a l l   so l id s   which  are  so lub le   i n  

water  and  they  a l l   conta in   an  oxygen  atom  doubly  bonded  to  a  c a r b o n  

atom.  The  e x p e r i m e n t a l   r e s u l t s   ob ta ined   using  the  a d d i t i v e s   of  t h e  

p r e s e n t   i n v e n t i o n   are  summarized  in  the  fo l lowing  t ab l e   I,  showing 

r e s u l t s   ob ta ined   with  o-  s u l f o b e n z o y l l e u c o m e t h y l e n e   blue  (o-SBLMB)  a s  

the  s u b s t r a t e   l e u c o d y e .  



As  may  be  seen  from  i n s p e c t i o n   of  the  above  t a b l e ,   whatever  t h e  

mechanism  involved  in  s t a b i l i z a t i o n   a g a i n s t   background  fo rma t ion ,   i t  

obv ious ly   does  not,  of  n e c e s s i t y ,   involve   s h i f t i n g   the  o x i d a t i o n  

p o t e n t i a l   of  the  leuco  dye.  It  should  also  be  noted  tha t   r e d u c i n g  

sugars  o ther   than  glucose  did  not  give  s a t i s f a c t o r y   r e s u l t s .   G a l a c t o s e  

has  minimal  e f f e c t   while  l a c to se   and  d - f r u c t o s e   have  no  e f f e c t .   The 

fo l lowing   leucomethylene  blue  dyes  show  a  s h i f t   to  h igher   p o t e n t i a l   in  

the  presence   of  oxal ic   acid  equal  in  magnitude  to  tha t   shown  by  o-SBLME: 

2-chloro-5-su l fo-BLMB  and  2 , 4 - d i c h l o r o - 5 -   sulfoBLMB. 



Most  i m p o r t a n t l y ,   i t   should  be  emphasized  tha t   the  a d d i t i o n   o f  

these  a d d i t i v e s   does  not  s i g n i f i c a n t l y   h inder   the  p r i n t i n g   p r o c e s s ,   n o r  

does  i t   impair  the  q u a l i t y   of  the  p r i n t   ob ta ined .   Rather ,   the  a r c h i v a l  

na ture   of  the  p r i n t   is  g r e a t l y   i n c r e a s e d .  

The  most  p r e f e r r e d   a d d i t i v e   is  malonic  a c i d .  

A  t y p i c a l   f o r m u l a t i o n   is  the  fo l lowing   app l ied   to  Hammermill  Bond 

paper .   One  coat  of  a  s o l u t i o n   c o n t a i n i n g   o - s u l f o b e n z o y l l e u c o m e t h y l e n e  

blue  (o-SBLMB)  (1%),  oxa l i c   acid  (1%),  and  a sco rb i c   acid  (0.1%),  w i t h  

the  pH  ad ju s t ed   to  2.3  using  e i t h e r   phosphor i c   acid  or  p o t a s s i u m  

hydroxide  as  needed.   Three  coats  of  a  s o l u t i o n   c o n t a i n i n g   p o t a s s i u m  

bromide  (20%),  and  po ta s s ium  hydrogen  phosphate   (1.4%),  with  the  pH 

ad ju s t ed   to  11  as  a b o v e .  

Several   i d e n t i c a l   f o r m u l a t i o n s   were  p r e p a r e d ,   spray  coated  and 

monitored  for  background  fo rmat ion .   The  time  to  an  u n a c c e p t a b l e  

background  was  a p p r o x i m a t e l y   doubled  when  a  s t a b i l i z e r   was  p r e s e n t .  

These  s t ud i e s   were  c a r r i e d   out  at  v a r i o u s   pHs,  a l l   with  1.4%  p o t a s s i u m  

dihydrogen  phospha te   and  oxa l i c   ac id .   The  fo l lowing  t imes ,   in  m o n t h s ,  

to  reach  an  u n a c c e p t a b l e   background  l eve l   were  ob ta ined   with  the  f i r s t  

number  c o r r e s p o n d i n g   to  the  pH,  the  second  to  the  c o n d i t i o n   with  no 

s t a b i l i z e r ,   then  with  s t a b i l i z e r ,   and  f i n a l l y   the  pe rcen t   i n c r e a s e :   7 ,  

1.3,  2.9,  223%;  11,  2.25,  4.1,  182%;  13 ,3 .8 ,   7.2,  189%. 



1.  A  p r i n t i n g   s u b s t r a t e   compr is ing   a  l eucomethylene   blue  dye 

c h a r a c t e r i z e d   in  that   the  s u b s t r a t e   also  i nc ludes   a  s t a b i l i z i n g   amount 

of  an  a d d i t i v e   s e l e c t e d   from  the  group  c o n s i s t i n g   of  c i t r i c   a c i d ,  

a s p a r t i c   ac id ,   malonic  acid,  oxa l i c   acid,   a sco rb ic   acid,   t a r t a r i c   a c i d ,  

ke tomalon ic   acid  monohydrate,   g lucose   and  m e t h i o n i n e .  

2.  A  p r i n t i n g   s u b s t r a t e   as  claimed  in  claim  1,  wherein  t h e  

s t a b i l i z e r   is  p r e s e n t   in  a  molar  amount  approx imate ly   equal  to  the  m o l a r  

amount  of  the  leuco  dye .  

3.  A  p r i n t i n g   s u b s t r a t e   as  claimed  in  claim  1  or  2,  wherein  t h e  

s u b s t r a t e   m a t e r i a l   is  p a p e r .  

4.  A  p r i n t i n g   s u b s t r a t e   as  claimed  in  any one  of  claims  1  to  3 ,  

which  a lso  con ta ins   bromide  i o n s .  
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