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T h i s   i n v e n t i o n   r e l a t e s   to   j e t   i n k   r e c o r d i n g s  

c h a r a c t e r i z e d   by  opaque   p r o p e r t i e s   in  l i g h t .   More  s p e c i f i c a l l y ,  

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

o r d i n a r y   l i g h t   and  m a g n e t i c a l l y   r e a d a b l e   so  as  to  r e n d e r   t h e m  

p a r t i c u l a r l y   s u i t a b l e   as  a  means  for   m a r k i n g   v a r i o u s   m a t e r i a l s .  

Ink  j e t   p r i n t i n g   is   a  r e c e n t   d e v e l o p m e n t   in  t he   a r t   o f  

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

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

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

p i e z o e l e c t r i c   c r y s t a l   v i b r a t i n g   at  h igh   f r e q u e n c y   ( 5 0  -   1 0 0 , 0 0 0  

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

o r i f i c e   to  be  b roken   i n t o   m i n u t e   d r o p l e t s   e q u a l   in  number  to  t h e  

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

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

c h a r g e   in  r e s p o n s e   to  a  v ideo   s i g n a l ,   the  m a g n i t u d e   of  the  c h a r g e  

b e i n g   d e p e n d e n t   on  t h e   a m p l i t u d e   of  t he   v i d e o   s i g n a l .   T h e  

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

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

d e p e n d i n g   on  t h e  d e n s i t y   of  the   c h a r g e   a s s o c i a t e d   t h e r e w i t h ,  

a f t e r   which   t h e  d e f l e c t e d   d rops   are   d i r e c t e d   to  t h e   b a s e   m e d i u m  



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

i n d i c i a .  

In  o r d e r   to  o p e r a t e   s a t i s f a c t o r i l y   in  an  ink  j e t   p r i n t i n g  

s y s t e m ,   an  ink   mus t   d i s p l a y   a  c o n s i s t e n t   d r o p   b r e a k u p   l e n g t h ,  

d rop   v e l o c i t y   and  d rop   c h a r g e   under   s e t   o p e r a t i n g   c o n d i t i o n s .   I t  

has   b e e n   d e t e r m i n e d   t h a t   i n k s   w i t h   v i s c o s i t i e s   of  25  cps .   w i l l  

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

H o w e v e r ,   i n k s   w i t h   l o w e r   v i s c o s i t i e s   p e r f o r m   much  b e t t e r .  

R e s i s t i v i t y   of  ink  may  r a n g e   as  h i g h   as  1 0 , 0 0 0   o h m - c m .   f o r  

s a t i s f a c t o r y   o p e r a t i o n s .  

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

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

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

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

a c c o r d a n c e   w i t h   i n f o r m a t i o n   to  be  r e c o r d e d .   The  i n f o r m a t i o n   i s  

r e c o r d e d   on  t he   med ium  s i n c e   t he   l i q u i d   or  ink  c o n t a c t s   t h e  

medium  in  a  p a t t e r n   d e t e r m i n e d   by  the  m o d u l a t i o n   and  a d h e r e s   t o  

t h e   m e d i u m   upon  i m p a c t .   The  l i q u i d   may  be  c o l o r l e s s   a t   t h i s  

p o i n t ,   as  i t   is  s u b s e q u e n t l y   c o n t a c t e d   by  a  m a g n e t i c   p i g m e n t   t o  

p r o d u c e   a  m a g n e t i c   image  and  to  make  the  i n f o r m a t i o n   opaque   a n d  

v i s i b l e .   The  m a g n e t i c   p i g m e n t   i s   a p p l i e d   to  t h e   med ium  b e f o r e  

the  ink  is  d r i e d   so  t h a t   i t   a d h e r e s   to  the  i nk ,   and  is  p r e f e r a b l y  

a p p l i e d   w h i l e   t he   ink   i s   in   a  t a c k y   s t a t e .   One  m e t h o d   o f  

a p p l y i n g   t h e   p a r t i c l e s   is   to   p a s s   t he   med ium  o v e r   a  m a g n e t i c  

s u r f a c e ,   and  t h u s   d r a w   t h e   p i g m e n t   to  t h e   medium  by  m a g n e t i c  

m e a n s .   A n o t h e r   means  of  a p p l y i n g   the  p i g m e n t   may  be  to  pa s s   t h e  

medium  t h r o u g h   a  f l u i d i z e d   bed  of  m a g n e t i c   p i g m e n t ,   the   i m p o r t a n t  

c o n s i d e r a t i o n   be ing   the  c o n t a c t i n g   of  the  medium  by  the  m a g n e t i c  

p i g m e n t   w h i l e   the  l i q u i d   is  s t i l l   s u f f i c i e n t l y   t a c k y   to  a d h e r e  



the   a p p r o p r i a t e   amount  of  p i g m e n t .   Th i s   w o u l d   be  d e t e r m i n e d   b y  

s u c h   f a c t o r s   as  t he   t e m p e r a t u r e   of  t h e   o p e r a t i o n ,   the  s o l v e n t  

c o n t e n t   in  t he   i n k ,   t h e   p i g m e n t   s e l e c t e d ,   and  t h e   d e s i r e d  

s t r e n g t h   of  the  r e s u l t i n g   m a g n e t i c   image.   In  the  p r e f e r r e d   f o r m ,  

a  c o m m i n u t e d   m a g n e t i c   p i g m e n t   i s   u s e d   and  m a g n e t i c   m e a n s   o f  

a t t r a c t i o n   are  used  to  a p p l y   the  p i g m e n t .  

P r i n t e d   ink  images   as  d e v e l o p e d   by  the   i n v e n t i o n   i n c l u d e  

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

a f t e r   the   j e t   ink  p a t t e r n   has   b e e n   e s t a b l i s h e d ,   fo r   p r o v i d i n g  

v i s i b i l i t y   of  the  p r i n t e d   i n d i c i a .   The  s econd   major   componen t   i s  

the   s o l v e n t   which  p r o v i d e s   f l u i d i t y   to  the  j e t   ink  which   is   u s e d  

and  c a r r i e s   in  s o l u t i o n   or  s u s p e n s i o n   t h e   r e s i n   and  the  o t h e r  

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

b i n d e r   wh ich   r e m a i n s   on  the  s u b s t r a t e   s u r f a c e   a f t e r   p r i n t i n g   a n d  

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

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

c o m p o n e n t s ,   which  are   found  in  n e a r l y   a l l   f l u i d   p r i n t i n g   i n k s ,  

v a r i o u s   o t h e r   i n g r e d i e n t s   may  be  u t i l i z e d ,   i n c l u d i n g   d r y i n g ,  

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

l i k e .  

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

r e c o r d i n g   medium  10  i s   p r o v i d e d   on  s u p p l y   r e e l   12  and  i m p r i n t e d  

by  j e t   p r i n t e r   14  u s i n g   b a c k i n g   16.  I t   t h e n   p a s s e s   a r o u n d   r e e l  

18  and  on  to  t a k e - u p   r e e l   20.  Reel   18  is  p o s i t i o n e d   in  t r a y   24 

so  t h a t   m a g n e t i c   p a r t i c l e s   26  come  in  c o n t a c t   w i t h   t he   p r i n t e d  

i m a g e .   The  p a r t i c l e s   s t i c k   to  t h e   t a c k y   image  s u r f a c e   a n d  

t h e r e b y   r e n d e r   t he   p r i n t e d   i n f o r m a t i o n ,   c h a r a c t e r s   or  o t h e r  

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

a long   a  pa th   to  the  t a k e - u p   r e e l   20  w h e r e   t h e   e x c e s s   p a r t i c l e s  



a r e   b r u s h e d   o f f   by  b r u s h   28.  A  m a g n e t   22,   w h i c h   may  be  a n  

e l e c t r o m a g n e t   i f   d e s i r e d ,   is   shown  p o s i t i o n e d   w i t h i n   the   r e e l   18 

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

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

The  i n k s   u t i l i z a b l e   in   t h e   p r o c e s s   o f   t h e   p r e s e n t  

i n v e n t i o n   a r e   p r e f e r a b l y   o p a q u e ,   as  p r i n t e d ,   and  c o n t a i n   r e s i n s  

and  p o l y m e r s   in  c o n c e n t r a t i o n s   of   f rom  1  to  80  w e i g h t   p e r c e n t ,  

a l o n e   or  in  b l e n d s .   The  r e s i n   or  p o l y m e r   is  d i s s o l v e d   in  a 

s o l v e n t   such  as  an  a l i p h a t i c   a l c o h o l .   Other   s o l v e n t s   u t i l i z a b l e  

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

g l y c o l s ,   g l y c o l   e t h e r s ,   h y d r o c a r b o n s ,   and  l a c t o n e s .   T h e  

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

m e t h y l   a l c o h o l ,   e t h y l   a l c o h o l ,   e t c .   As  a  g e n e r a l   r u l e ,   t h e  

s o l v e n t   i s   a l s o   p r e s e n t   in  an  a m o u n t   of  f rom  1  t o   80  w e i g h t  

p e r c e n t   of  t h e   l i q u i d ,   and  i s   a  m i x t u r e   of  a  l o w e r   a l i p h a t i c  

a l c o h o l ,   and  a  k e t o n e .   The  p a r t i c u l a r   s o l v e n t   would  depend  u p o n  

the   c h a r a c t e r   of  t h e   r e s i n   or  p o l y m e r   u t i l i z e d ,   and   w o u l d  

e s p e c i a l l y   depend   on  w h e t h e r   a  m i x t u r e   of  r e s i n s   and  p o l y m e r s   i s  

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

s o l u b i l i t i e s   in   v a r i o u s   s o l v e n t s .   G e n e r a l l y ,   in  o r d e r   t o  

p r o p e r l y   p r i n t ,   the   i nks   have  a  v i s c o s i t y   of  f rom  a b o u t   1 . 5   c p s  

to  a b o u t   25  cps   a t   25°C .   P r e f e r a b l y ,   h o w e v e r ,   t h e   v i s c o s i t y  

v a r i e s   b e t w e e n   1.8  and  7.5  cps .   The  r e s i s t i v i t y   of   t h e   ink   may  

be  as  h i g h   as  1 0 , 0 0 0   ohm-cm,  but   is  p r e f e r a b l y   from  a b o u t   1 , 5 0 0  

to  abou t   4 ,000   ohm-cm.  The  v i s c o s i t y   and  r e s i s t i v i t y   of  t he   i n k  

are   s e l e c t e d ,   d e p e n d i n g   upon  the  p a r t i c u l a r   j e t   p r i n t i n g   p r o c e s s  

u t i l i z e d .   As  n o t e d   above ,   d i f f e r e n t   t ypes   of  e q u i p m e n t   e x i s t   f o r  

j e t   ink  p r i n t i n g .   Thus,   the  p a r t i c u l a r   ink  c o m p o s i t i o n   i n c l u d i n g  

the   r e s i n ,   t h e   s o l v e n t ,   t h e   v i s c o s i t y   of  m i x t u r e ,   and   t h e  



r e s i s t i v i t y   of  the  m i x t u r e   would  be  d e t e r m i n e d   by  t h e   a p p a r a t u s  

in  u s e .   The  ink  u t i l i z e d ,   h o w e v e r ,   must  have  good  a d h e s i o n   on  

p r a c t i c a l l y   a l l   s u b s t r a t e s ,   and  in  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 ,   m u s t   e x h i b i t   good  a d h e s i o n   on  a luminum,   p a p e r ,   a n d  

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

o t h e r   h a n d ,   may  vary   wi th   the  d e s i r e d   e v e n t u a l   use .   However ,   i t  

is  p r e f e r r e d   t h a t   a  comminu ted   m a g n e t i c   p i g m e n t   be  u t i l i z e d ,   a n d  

in  the  most  p a r t i c u l a r l y   p r e f e r r e d   form,   comminuted   i r on   ox ide   i s  

u t i l i z e d   as  the  m a g n e t i c   p i g m e n t .  

A d d i t i o n a l l y ,   t he   r e s i n   componen t   of  a  j e t   p r i n t i n g   i n k  

s u i t a b l e   for  p r i n t i n g   on  c o a t e d   or  v i r g i n   m e t a l   must   a l s o   mee t   a  

v a r i e t y   of  r e q u i r e m e n t s .   Of  p r i m a r y   i m p o r t a n c e   is  the  a b i l i t y   o f  

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

w h i c h   the   ink  i s   p r i n t e d   and  to  m a i n t a i n   t h i s   s t r o n g   a d h e s i o n  

under   w i d e l y   v a r y i n g   c o n d i t i o n s   of  h u m i d i t y   and  t e m p e r a t u r e .  

When  t h e   ink  is   a p p l i e d   to  a  m e t a l   s u r f a c e ,   i t   mus t   "wet"   o r  

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

of  some  m o i s t u r e ,   and  s h o u l d   be  m o i s t u r e p r o o f ,   no t   o n l y   t o  

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

p i g m e n t .   The  r e s i n   c o m p o n e n t   must  a l s o   be  ve ry   r e a d i l y   s o l u b l e  

in  t h e   s o l v e n t   c o m b i n a t i o n   to  fo rm  a  s t a b l e ,   low  v i s c o s i t y  

s o l u t i o n   so  t h a t   e f f e c t i v e   a m o u n t s   can  be  d i s s o l v e d   in  t h e  

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

c o m p o s i t i o n .  

S y n t h e t i c ,   s e m i - s y n t h e t i c   and  n a t u r a l   r e s i n s ,   which  is  t o  

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

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

c u s t o m a r y   in  t h e   p r i n t i n g   ink  and  p a i n t   i n d u s t r y   may  be  u s e d .  

Exempla ry   r e s i n s   a re   d e s c r i b e d   in  the   l a c q u e r   raw  m a t e r i a l   t a b l e s  



o f   K a r s t n e   (4 th   e d i t i o n ,   H a n o v e r ,   1967)  and  in  Wagner  and  S a r x ' s  

work   on  l a c q u e r   r e s i n s   ( 4 t h   e d i t i o n ,   M u n i c h ,   1 9 5 9 ) .   T h e  

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

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

c a l c i u m   or  z i n c   s a l t ,   w i t h   c o l o p h o n y   e s t e r i f i e d   w i t h   mono-   o r  

p o l y v a l e n t   a l c o h o l s ;   w i t h   r e s i n i f i e r s   such  as  a c r y l i c   ac id   a n d  

b u t a n e d i o l   or  m a l e i c   ac id   and  p e n t a e r y t h r i t o l   m o d i f i e d   c o l o p h o n y  

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

based   on  a c r y l i c   c o m p o u n d s ,   m a l e i n a t e   r e s i n s ,   o i l - f r e e   a l k y d  

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

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

a lkyd   r e s i n s ,   r i c i n e n e   a l kyd   r e s i n s ,   c a s t o r   o i l   a lkyd   r e s i n s ,   s o y  

o i l   a l k y d   r e s i n s ,   a c r y l a t e d   a l k y d   r e s i n s ,   a l s o   o i l s   and   o i l  

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

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

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

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

p o l y a c r y l i c   r e s i n s ,   a c r y l a t e   r e s i n s ,   p o l y s t y r e n e s ,  

p o l y i s o b u t y l e n e s ,   p o l y e s t e r s   ba sed   on  p h t h a l i c   a c i d ,   m a l e i c   a c i d .  

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

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

( e s p e c i a l l y   u r e t h a n e   p r i m a r y - p r o d u c t s   t h a t   cu re   only   at   e l e v a t e d  

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

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

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

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

as  p o l y e t h y l e n e   wax  or   p o l y p r o p y l e n e   w a x ,   i n d e n e   a n d  

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

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



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

r u b b e r .  

A  f u r t h e r   r e q u i r e m e n t   of  r e s i n   is   t h a t   i t   s h o u l d   h a v e  

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

is  o b t a i n e d   on  a  g i v e n   s u b s t r a t e .   In  o r d e r   to  be  e f f e c t i v e   in  a 

f o r m u l a t i o n   of  a  j e t   p r i n t i n g   ink  fo r   a  g i v e n   s u b s t r a t e ,   t h e  

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

r e s i n   c o m p o n e n t   and  any  d e s i r a b l e   o p t i o n a l   c o m p o n e n t s   such  as  t o  

a c h i e v e   the  d e s i r e d   l e v e l   of  t a c k y   a d h e s i v e n e s s ,   c o n d u c t i v i t y   and  

v i s u a l   impac t   of  the  ink  c o m p o s i t i o n .   F u r t h e r ,   s i n c e   some  d e g r e e  

of  e v a p o r a t i o n   of  s o l v e n t   w i l l   o c c u r   in  t he   ink   s u p p l y   and  i n k  

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

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

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

D e p e n d i n g   upon  type   of  s u b s t r a t e   on  w h i c h   ink  is  to  b e  

p r i n t e d ,   i t   is  a d v a n t a g e o u s   to  use  a  s o l v e n t   which  w i l l   p e n e t r a t e  

the  wax  or  o t h e r   c o a t i n g   on  s u b s t r a t e s   to  e n h a n c e   a d h e s i o n   a n d  

r u b   r e s i s t a n c e   of  t he   i n k .   The  j e t   ink  n o r m a l l y   c o n t a i n s   a  

m i x t u r e   of  an  a l i p h a t i c   m o n o v a l e n t   a l c o h o l   and  a t   l e a s t   one  o t h e r  

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

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

a l c o h o l ,   n - b u t y l   a l c o h o l ,   s e c - b u t y l   a l c o h o l ,   t e r t - b u t y l   a l c o h o l ,  

i s o b u t y l   a l c o h o l ,   n-amyl   a l c o h o l ,   a m y l a l c o h o l ,   i s o a m y l   a l c o h o l ,  

h e x y l   a l c o h o l ,   h e p t y l   a l c o h o l ,   o c t y l   a l c o h o l ,   or  a  m i x t u r e   o f  

same.  A l i p h a t i c   m o n o v a l e n t   a l c o h o l s   wi th   1  to  8  c a r b o n   atoms  a r e  

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

a l c o h o l   to  o t h e r   s o l v e n t s   is   p r e f e r a b l y   1 - 9 9 : 9 9 - 1 ,   e s p e c i a l l y  

3 0 - 8 0 : 7 0 - 2 0 ,   and  p a r t i c u l a r l y   4 0 - 8 0 : 6 0 - 2 0 .  

S o l v e n t s   w h i c h   fo rm  t h e   m i x t u r e   f o r   t h e s e   i n k s   a r e  



k e t o n e s ,   a l d e h y d e s ,   e t h e r s ,   e s t e r s ,   h y d r o c a r b o n s ,   g l y c o l ,   g l y c o l  

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

h e x a n e ,   h e p t a n e ,   o c t a n e ,   d e c a n e ,   c y c l o p e n t a n e ,   c y c l o h e x a n e ,  

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

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

t r i c h l o r o e t h y l e n e ,   t e t r a c h l o r o e t h a n e ,   and  d i c h l o r o b e n z e n e ;  

e t h e r - t y p e   s o l v e n t s ,   such  as  b u t y l   e t h e r ,   e t h y l e n e   g l y c o l - d i e t h y l  

e t h e r ,   e t h y l e n e   g l y c o l - m o n o e t h y l   e t h e r ,   e t h y l e n e   g l y c o l - m o n o b u t y l  

e t h e r ;   k e t o n e - t y p e   s o l v e n t s ,   such  as  a c e t o n e ,   m e t h y l e t h y l   k e t o n e ,  

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

c y c l o h e x a n o n e ;   e s t e r - t y p e   s o l v e n t s ,   such  as  e t h y l   f o r m a t e ,   m e t h y l  

a c e t a t e ,   p r o p y l   a c e t a t e ,   b u t y l   a c e t a t e ,   p h e n y l   a c e t a t e ,   e t h y l e n e  

g l y c o l - m o n o e t h y l   e t h e r   a c e t a t e ,   m e t h y l p r o p i o n a t e ;   o t h e r   a l c o h o l  

s o l v e n t s ,   such  as  d i a c e t o n e   a l c o h o l   or  s u c h .  

T h i s   i n v e n t i o n   u s e s   j e t   p r i n t i n g   i n k s   w h i c h   h a v e  

e x c e l l e n t   a d h e s i o n   on  v a r i o u s   s u b s t r a t e s .   More  p a r t i c u l a r l y   t h e  

i n v e n t i o n   u s e s   p r i n t i n g   i n k s   w h i c h   c o n t a i n   v e r y   h i g h   w e i g h t  

p e r c e n t a g e s   of  r e s i n   or  b l e n d   of  r e s i n s   d i s s o l v e d   i n  a   b l end   o f  

s o l v e n t s   which   a re   c o m p a t i b l e   w i th   f a t t y   o i l s   and  v a r i o u s   o i l s ,  

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

as  p r i n t i n g   ink  m a t e r i a l s .   F u r t h e r ,   i f   n e c e s s a r y ,   the  ink  may  b e  

p r e p a r e d   by  m i l l i n g   and  t he   a d d i t i o n   of  d i s p e r s i n g   a g e n t s ,  

e x t e n d e r s   a n d / o r   a u x i l i a r y   m a t e r i a l s .  

A  b i n d i n g   a g e n t   and  o t h e r   a d d i t i v e s ,   such   as  s u r f a c e  

a c t i v e   a g e n t s   can  be  added  to  the  ink .   S u i t a b l e   b i n d i n g   a g e n t s  

( v e h i c l e )   a re   dry  o i l s ,   such  as  l i n s e e d   o i l ,   tung  o i l ,   s a f f l o w e r  

o i l ,   soya  o i l ,   d e h y d r a t e d   c a s t o r   o i l ;   s e m i d r y i n g   o i l s ,   such   a s  

c o t t o n s e e d   o i l   and  b e e t   o i l ;   n o n - d r y i n g   o i l s ,  s u c h   as  c a s t o r   o i l  

and  o l i v e   o i l ,   a l i p h a t i c   a c i d s   and  e s t e r s   of  same,  such  as  o l e i c  



a c i d ,   l i n o l e i c   a c i d ,   p e l a r g o n i c   a c i d ,   c a p r i n i c   a c i d ,  

e t h y l t r i d e a n a t e   and  m e t h y l   l a u r a t e ;   d i c a r b o x y l i c   ac id   e s t e r ,   s u c h  

as  d i m e t h y l   p h t h a l a t e ,   d i e t h y l   p h t h a l a t e ,   d i b u t y l p h t h a l a t e ,  

b u t y l b e n z e n e   p h t h a l a t e ,   d i o c t y l p h t h a l a t e ,   d i o c t y l a d i p a t e ,  

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

m o n o e t h y l p i m e l a t e ;   p o l y v a l e n t   a l c o h o l s ,   such  as  e t h y l e n e   g l y c o l ,  

p o l y e t h y l e n e   g l y c o l ,   d i e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l ,  

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

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

g l y c o l e m o n o e t h y l   e s t e r   or  s u c h .  

L i q u i d   r e s i n s   w i th   a  m o l e c u l a r   w e i g h t   under  2000  can  a l s o  

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

p o l y b u t a d i e n e   r e s i n s .   Compared  to  c o m m e r c i a l   n o n a q u e o u s   i nk ,   t h e  

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

e x c e l l e n t   e l e c t r o s t a t i c   d e f l e c t i o n   p r o p e r t i e s   and  i n c r e a s e d  

s t a b i l i t y   a re   a l s o   a v a i l a b l e .   The  ink  in  a c c o r d a n c e   wi th   t h e  

i n v e n t i o n   is  s u i t e d   for   j e t   p r i n t i n g   d e v i c e s   and  e l e c t r i c a l   f i e l d  

type  p r i n t e r s .  

In  p r a c t i c e   the  ink  is  s e l e c t e d   in  a c c o r d a n c e   w i t h   t h e  

a b o v e   p a r a m e t e r s ,   p r o v i d e d   to  a  p i e z o e l e c t i c   c r y s t a l ,   and  f o r m e d  

i n t o   very   s m a l l   d r o p l e t s .   I t   i s   t h e n   s u b j e c t e d   to  an  e l e c t r i c  

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

c o r r e s p o n d i n g   to  an  image  t h a t   is  to  be  p l a c e d   upon  a  s u b s t r a t e .  

The  r e s u l t i n g   c h a n g e d   j e t   of  ink  is  d i r e c t e d   to  a  s u b s t r a t e   o r  

r e c o r d   medium  and  imp inged   upon  the  medium  and  a d h e r e d   t h e r e t o .  

The  ink  c o m p o s i t i o n   is  s e l e c t e d   in  such  a  manner  t h a t   i t   p r o p e r l y  

a d h e r e s   to  the  medium,  but   does   not   dry  c o m p l e t e l y   b e f o r e   c o n t a c t  

w i t h   t h e   s u b s e q u e n t l y   a p p l i e d   m a g n e t i c   p i g m e n t .   The  m a g n e t i c  

p i g m e n t   ca.-  be  a p p l i e d   by ,   f o r   i n s t a n c e ,   d u s t i n g ,   as  is  w e l l  



known  in  the  a r t ,   or  by  d i p p i n g   in  a  ba th   of  m a g n e t i c   p a r t i c l e s .  

In  a d d i t i o n ,   t h e   p i g m e n t   can  be  a p p l i e d   by  m a g n e t i c   means ,   o r  

o t h e r w i s e ,   as  p r e v i o u s l y   d i s c l o s e d   h e r e i n .   The  i m p o r t a n t  

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

p r o d u c e d   by  t h e   i n k ,   be  i t   c o l o r e d   or  c o l o r l e s s ,   i s   in  a  

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

m a g n e t i c   p i g m e n t   w i l l   a d h e r e   to  the  ink  s u r f a c e .  

The  i n v e n t i o n   is   e x e m p l i f i e d   as  f o l l o w s :  

E x a m p l e  1  

A  60%  s o l u t i o n   of  A r o c h e m   650  in  m e t h y l   e t h y l   k e t o n e  

e x h i b i t e d   a  v i s c o s i t y   of  l e s s   than  25  c e n t i p o i s e s .   A  j e t  

ink  was  f o r m u l a t e d   u s i n g   Arochem  650  r e s i n   which  was  s l o w  

d r y i n g   ( w h i c h   p r o v i d e s   t a c k   fo r   p i g m e n t   p i c k - u p   a n d  

a d h e s i o n )   by  u s i n g   h igh   b o i l i n g   k e t o n e s ,   a l c o h o l s ,   e t c .  

A  m a g n e t i c   i r o n - o x i d e   is   a p p l i e d   by  a  m a g n e t i c   d e v i c e  

over   the  p r i n t e d   ink  to  o b t a i n   opaque  and  v i s i b l e   p r i n t s . .  

The  p i g m e n t   o n l y   a d h e r e d   to  t he   p r i o r   j e t   p r i n t e d   a r e a  



e l i m i n a t i n g   the   j e t   ink   t a c k .   The  c o n d u c t i v i t y   i s  

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

c o m p a t i b l e   a c i d .  



1.  A  p r o c e s s   f o r   i n f o r m a t i o n   r e c o r d i n g   c o m p r i s i n g  

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

t he   j e t   by  a p p l y i n g   an  e l e c t r i c   f i e l d   in  a c c o r d a n c e   w i t h   t h e  

i n f o r m a t i o n   to  be  r e c o r d e d ,   d i r e c t i n g   t h e   j e t   of  l i q u i d   to  a  

r e c o r d i n g   medium  to  r e c o r d   s a i d   i n f o r m a t i o n ,   and  s u b s e q u e n t l y  

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

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

i n f o r m a t i o n   m a g n e t i c ,   opaque   and  v i s i b l e .  

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

is  used  as  the  m a g n e t i c   p i g m e n t   to  r e n d e r   t he   r e c o r d i n g   m a g n e t i c ,  

opaque  and  v i s i b l e .  

3.  The  p r o c e s s   of  clam  2  w h e r e i n   t he   i n f o r m a t i o n   p a t t e r n  

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

m a g n e t i c   p i g m e n t .  

4.  The  p r o c e s s   of  c l a i m   3  w h e r e i n   the  m a g n e t i c   p i g m e n t  

is  a p p l i e d   to  the   t a c k y   p a t t e r n   by  means  of  m a g n e t i c   a t t r a c t i o n .  

5.  The  p r o c e s s   of  c l a i m   1  w h e r e i n   t he   j e t   ink   has   a  

v i s c o s i t y   of  from  1 .5   to  25  cps  a t   25°C  and  a  r e s i s t i v i t y   of  u p  

to  10 ,000   ohm-cm.  

-6.  The  p r o c e s s   of  c l a i m   5  w h e r e i n   the   v i s c o s i t y   i s   f r o m  

1.8  to  7.5  cps  and  the   r e s i s t i v i t y   is  from  1 ,500   to  4,000  ohm-cm.  

7.  A  p r o c e s s   f o r   i n f o r m a t i o n   r e c o r d i n g   c o m p r i s i n g  



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

d i s s o l v e d   in   a  s o l v e n t   c o n t a i n i n g   an  a l i p h a t i c   m o n o v a l e n t   a l c o h o l  

of  from  1  to  8  c a r b o n   a toms ,   m o d u l a t i n g   the  c h a r g e   d e n s i t y   of  t h e  

j e t   by  a p p l y i n g   an  e l e c t r i c a l   f i e l d   in   a c c o r d a n c e   w i t h  

i n f o r m a t i o n   to  be  r e c o r d e d ,   d i r e c t i n g   t h e   j e t   of  l i q u i d   to  a 

r e c o r d i n g   medium  to  r e c o r d   the  i n f o r m a t i o n ,   s u b s e q u e n t l y   a l l o w i n g  

the   r e c o r d e d   i n f o r m a t i o n   to  dry  to  a  t a c k y   s t a t e ,   and  t h e r e a f t e r  

a p p l y i n g   a  m a g n e t i c   p i g m e n t   to  the   r e c o r d e d   i n f o r m a t i o n   on  t h e  

m e d i u m .  

8.  The  p r o c e s s   of  c l a i m   7  w h e r e i n   the  j e t   of  l i q u i d   i s  

c o l o r l e s s ,   and  is  r e n d e r e d   opaque  and  v i s i b l e   by  the  a p p l i c a t i o n  

of  the   m a g n e t i c   p i g m e n t .  

9.  The  p r o c e s s   of  c l a i m   8  w h e r e i n   t h e   m a g n e t i c   p i g m e n t  

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

comminu ted   m a g n e t i c   p a r t i c l e s .  

10 .   The  p r o c e s s   of  c l a i m   9  w h e r e i n   t he   c o m m i n u t e d  

m a g n e t i c   p a r t i c l e s   are   comminuted   i r o n   o x i d e .  
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