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(54)  Improved  method  for  providing  permanent  images. 
©  This  invention  relates  to  image  generation  by  thermal 
printing  means. 

Thermal  printing  means,  such  as  a  thermal  print  head, 
are  employed  to  raise  the  temperature  of  a  normally  solid, 
non-tacky  material  above  its  melting  temperature  and  pro- 
vide  a  latent  liquid  image  area  on  heat-sensitive  substrate. 
The  latent  liquid  image  can  then  be  developed  with  a  dry 
imaging  powder.  In  a  subsequent  step,  the  developed  image 
can  be  fixed  by  means  of  pressure.  In  the  two-step  develop- 
ing/fixing  sequence,  the  substrate  bearing  the  developed 
image  passes  through  squeeze  rolls  to  fix  the  image. 
Sophisticated,  expensive  steering  mechanisms  must  be  used 
with  the  squeeze  rolls  to  guide  the  substrate  smoothly 
through  the  rolls  to  prevent  the  formation  of  wrinkles  and 

(̂ |  creases  in  the  substrate. 
^   The  present  invention  is  directed  to  a  process  whereby 

the  image  areas  of  the  substrate  are  simultaneously  de- 
veloped  and  fixed  by  contacting  them,  under  sufficient 

{<)  pressure,  with  a  dry  magnetizable  imaging  powder  that 
^   becomes  permanently  attached  thereto.  The  one-step  de- 

veloping/fixing  procedure  eliminates  the  employment  of 
0)  sophisticated  steering  mechanisms.  The  process  is  useful 
O  wherever  it  is  desired  to  generate  images  from  electronic 
O  data  sources  such  as  computers,  facsimile  transceivers,  chart 

recorders,  teleprinters,  etc.,  and  provide  such  images  in 
O  essentially  permanent  form. 
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  This  invention  relates  to  image  generation  by  thermal 
printing  means. 

Thermal  printing  means,  such  as  a  thermal  print  head, 
are  employed  to  raise  the  temperature  of  a  normally  solid, 
non-tacky  material  above  its  melting  temperature  and  pro- 
vide  a  latent  liquid  image  area  on  heat-sensitive  substrate. 
The  latent  liquid  image  can  then  be  developed  with  a  dry 
imaging  powder.  In  a  subsequent  step,  the  developed  image 
can  be  fixed  by  means  of  pressure.  In  the  two-step  develop- 
ing/fixing  sequence,  the  substrate  bearing  the  developed 
image  passes  through  squeeze  rolls  to  fix  the  image. 
Sophisticated,  expensive  steering  mechanisms  must  be  used 
with  the  squeeze  rolls  to  guide  the  substrate  smoothly 
through  the  rolls  to  prevent  the  formation  of  wrinkles  and 
creases  in  the  substrate. 

The  present  invention  is  directed  to  a  process  whereby 
the  image  areas  of  the  substrate  are  simultaneously  de- 
veloped  and  fixed  by  contacting  them,  under  sufficient 
pressure,  with  a  dry  magnetizable  imaging  powder  that 
becomes  permanently  attached  thereto.  The  one-step  de- 
veloping/fixing  procedure  eliminates  the  employment  of 
sophisticated  steering  mechanisms.  The  process  is  useful 
wherever  it  is  desired  to  generate  images  from  electronic 
data  sources  such  as  computers,  facsimile  transceivers,  chart 
recorders,  teleprinters,  etc.,  and  provide  such  images  in 
essentially  permanent  form. 





B a c k g r o u n d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   is  r e l a t e d   to   image   g e n e r a t i o n .  

More  p a r t i c u l a r l y   i t   is   r e l a t e d   to  t e c h n i q u e s   w h e r e i n   a  

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

a  s u b s t r a t e ,   w h i c h   image   is  s u b s e q u e n t l y   d e v e l o p e d   w i t h   a  

d r y   i m a g i n g   p o w d e r   and  f i x e d   by  m e a n s   of  p r e s s u r e .   T h e  

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

s i m u l t a n e o u s l y .  

Image   g e n e r a t i o n   p r o c e s s e s   u t i l i z i n g   h e a t   a r e  

known  and  a r e   o f t e n   r e f e r r e d   to  as  t h e r m o g r a p h i c   p r o c e s s e s .  

They   g e n e r a l l y   r e q u i r e   i m a g e - w i s e   e x p o s u r e   of  a  h e a t -  

s e n s i t i v e   m a t e r i a l   to  h e a t .   T h i s   may  c a u s e   a  c h e m i c a l  

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

v i s i b l e   i m a g e .   A l t e r n a t i v e l y ,   i t   may  c a u s e   t h e   h e a t -  

s e n s i t i v e   m a t e r i a l   to  become   e i t h e r   t a c k y   or  f l u i d   i n  

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

may  t h e n   be  d e v e l o p e d   w i t h   an  i m a g i n g   p o w d e r .  

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

s e t   f o r t h   in  U n i t e d   S t a t e s   P a t e n t s   3 , 1 9 6 , 0 2 9 ;   3 , 2 6 0 , 6 1 2 ;  

3 , 5 1 5 , 5 7 0 ;   and  3 , 9 4 1 , 5 9 6 .   T h e s e   p a t e n t s   d i s c l o s e   p r o c e s s e s  
w h e r e i n   a  s u b s t r a t e   h a v i n g   a  l a y e r   of  a  h e a t - s e n s i t i v e  

m a t e r i a l   is  i m a g e d   by  use   of  a  m a s t e r   or   an  o r i g i n a l  

d o c u m e n t .   The  image  may  t h e n   be  t o n e d   w i t h   a  p o w d e r   o r  

d y e .  

In  U.  S.  P a t e n t   3 , 1 9 6 , 0 2 9 ,   an  o r i g i n a l   d o c u m e n t  

is   p l a c e d   on  t h e   h e a t - s e n s i t i v e   l a y e r .   The  o r i g i n a l   i s  

t h e n   e x p o s e d   to  i n f r a - r e d   r a d i a t i o n .   The  image   a r e a s   o f  

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

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

i m a g e .   The  image  is  t h e n   made  v i s i b l e   by  c o n t a c t   w i t h   a  

p o w d e r .   The  p o w d e r   may  t h e n   be  f i x e d   by  e i t h e r   h e a t i n g   i t  

or  e x p o s i n g   i t   to  s o l v e n t   v a p o r .   H o w e v e r ,   f i x i n g   i s  

o p t i o n a l .  

In  U.  S.  P a t e n t   3 , 2 6 0 , 6 1 2 ,   an  image   is  f o r m e d   by  

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



a  s u b s t r a t e   and  e x p o s i n g   t h e   o r i g i n a l   to  i n f r a - r e d  

r a d i a t i o n .   The  image   is   made  v i s i b l e   by  c o n t a c t   w i t h   a  

p o w d e r   o r   a  d y e .  

In  U.  S.  P a t e n t   3 , 5 1 5 , 5 7 0 ,   t h e   h e a t - s e n s i t i v e  

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

c o o l i n g   p r o p e r t y   and  has   a  m e l t i n g   p o i n t   of  45°C  to  1 2 0 ° C ,  

and  f i n e   p a r t i c l e s   of  a  s e c o n d   m a t e r i a l   w h i c h   d o e s   no t   s h o w  

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

10°C  h i g h e r   t h a n   t h e   m e l t i n g   p o i n t   of  t h e   f i r s t   m a t e r i a l .  

I m a g e s   a r e   f o r m e d   as  d e s c r i b e d   a b o v e .  

In  U.  S.  P a t e n t   3 , 9 4 1 , 5 9 6 ,   a  h e a t - s e n s i t i v e  

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

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

A f t e r   image   f o r m a t i o n ,   t h e   image   is  made  v i s i b l e   by  e i t h e r  

c o n t a c t   w i t h   a  t o n e r   p o w d e r   or  by  t r a n s f e r   of  t h e   image  t o  

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

Each  of  t h e s e   p r o c e s s e s   r e q u i r e s   t h e   use   of  a  

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

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

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

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

of   c o o l i n g   e q u i p m e n t   s u c h   as  f a n s   in  o r d e r   t q   g i v e   a c c e p t -  
a b l e   m a c h i n e   l i f e   to   t h e   e q u i p m e n t .   A d d i t i o n a l l y ,   t he   h e a t  

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

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

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

o p e r a t o r s   d u r i n g   p e r i o d s   of  h i g h   u s a g e .  
The  h e a t   r e q u i r e d   to  f i x   t he   i m a g e s ,   s u c h   as  i n  

U.  S.  P a t e n t   3 , 1 9 6 , 0 2 9 ,   is   d i s a d v a n t a g e o u s   f o r   o t h e r  

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

t h e   s u b s t r a t e s   t h a t   can  be  u s e d .   S t i l l   f u r t h e r ,   t h e   h e a t  

r e q u i r e s   a  s i g n i f i c a n t   d e g r e e   of  power   c o n s u m p t i o n   and ,   a s  

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

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

The  i n v e n t i o n   d i s c l o s e d   in  W a r t m a n ,   U . S .  

A p p l i c a t i o n   2 4 1 , 7 6 6 ,   f i l e d   March   9,  1981 ,   e l i m i n a t e s   t h e  

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



g e n e r a t i o n   of  an  e l e c t r o n i c   s i g n a l   w h i c h   a c t i v a t e s   a  

t h e r m a l   p r i n t i n g   means   f o r   g e n e r a t i n g   a  h e a t   p a t t e r n   or  a  

r e c e p t o r   to  g i v e   a  l a t e n t   i m a g e   w h i c h   can  be  p o w d e r  

d e v e l o p e d .   I t   p r o v i d e s   a  s i m p l e ,   q u i e t ,   c l e a n ,   c o o l ,   a n d  

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

s u b s t r a t e .   M o r e o v e r ,   t h e   i n v e n t i o n   in  W a r t m a n ,   U . S .  

A p p l i c a t i o n   2 4 1 , 7 6 6 ,   p r o v i d e s   an  i n s t a n t - o n   s y s t e m .   T h u s ,  

no  w a r m - u p   t i m e   is  n e e d e d   and  no  s t e a d y   s u p p l y   of  h e a t   m u s t  

be  p r o v i d e d   b e t w e e n   p e r i o d s   of  u s e .   The  a d v a n t a g e   of  t h e  

p r e s e n t   i n v e n t i o n   o v e r   t h a t   d i s c l o s e d   in  U.S.   A p p l i c a t i o n  

2 4 1 , 7 6 6   i s   t h a t   t h e   p r e s e n t   i n v e n t i o n   f u r t h e r   p r o v i d e s   a  

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

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

f i x i n g   p r o c e s s   has   s e v e r a l   a d v a n t a g e s   o v e r   t h e   p r o c e s s  
w h e r e   d e v e l o p m e n t   and  f i x i n g   a r e   s e q u e n t i a l .  

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

d e v e l o p e d   image   p a s s e s   t h r o u g h   s q u e e z e   r o l l s   to   f i x   t h e  

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

m e c h a n i s m s   mus t   be  u s e d   w i t h   t h e   s q u e e z e   r o l l s   to   g u i d e   t h e  

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

f o r m a t i o n   of  w r i n k l e s   and  c r e a s e s .   In  t h e   s i m u l t a n e o u s  

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 ,   t h e   s q u e e z e   r o l l s   a n d  

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

no  t e n d e n c y   f o r   w r i n k l e s   and  c r e a s e s   to  f o r m   b e c a u s e   t h e  

s u b s t r a t e   d o e s   no t   have   to  be  g u i d e d   i n t o   an  image   f i x i n g  

m e c h a n i s m   s e p a r a t e   f rom  t he   image   d e v e l o p m e n t   m e c h a n i s m .  

The  s q u e e z e   r o l l s   u s e d   in  t he   s e q u e n t i a l   p r o c e s s  

may  w e i g h   a b o u t   10  to   20  p o u n d s   or  more  f o r   an  8 - 1 / 2   i n c h  

w i d e   s u b s t r a t e ,   and  may  o c c u p y   a  v o l u m e   of  a b o u t   75  c u b i c  

i n c h e s   or   m o r e .   In  c o n t r a s t ,   t h e   d e v e l o p i n g   and  f i x i n g  

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

p o u n d s   and  o c c u p i e s   o n l y   a b o u t   10%  of  t h e   v o l u m e   of  t h e  

s e q u e n t i a l   p r o c e s s .   The  l o w e r   w e i g h t   and  v o l u m e   i s  

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

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

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

r e q u i r e d   to  o b t a i n   a  r e a d a b l e   image   f rom  a  l a t e n t   image   b y  



a t   l e a s t   a b o u t   50%  o v e r   t h e   s e q u e n t i a l   p r o c e s s .   F o r  

e x a m p l e ,   i f   t h e   s u b s t r a t e   p a s s e s   at   a  r a t e   of  one  i nch   p e r  

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

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

t a n e o u s   p r o c e s s   is   two  i n c h e s ,   a  f i x e d ,   v i s i b l e   image  w i l l  

be  d e v e l o p e d   in  two  s e c o n d s .   By  c o m p a r i s o n ,   i f ,   in  t h e  

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

m e c h a n i s m   is  two  i n c h e s   and  t h e   d i s t a n c e   to   t h e   s q u e e z e  

r o l l s   is   an  a d d i t i o n a l   t h r e e   i n c h e s ,   a  f i x e d   v i s i b l e   i m a g e  

w i l l   be  p r o d u c e d   in  f i v e   s e c o n d s .  

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

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

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

p e r m a n e n t   image   upon   a  s u b s t r a t e   w h e r e i n   t h e   image   is  a  d r y  

m a g n e t i z a b l e   i m a g i n g   p o w d e r ,   w h e r e i n   f i x i n g   is  a c h i e v e d   b y  

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

d e v e l o p i n g   by  t h e   i m a g i n g   p o w d e r .   The  m e t h o d   c o m p r i s e s   t h e  

s t e p s   o f :  

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

n o r m a l l y   s o l i d ,   n o n - t a c k y   m a t e r i a l   w h i c h   has   a  m e l t i n g  

t e m p e r a t u r e   a t   l e a s t   10°C  a b o v e   a m b i e n t   ( t y p i c a l l y   a b o v e  

a b o u t   45°C)   and  f o r m s   a  s u p e r c o o l e d   m e l t   when  c o o l e d   to  a  

t e m p e r a t u r e   b e l o w   i t s   m e l t i n g   t e m p e r a t u r e ;  

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

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

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

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

t u r e ;  

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

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

a t t a c h   and  embed  t h e   c o l o r e d   m a g n e t i z a b l e   p o w d e r   to  s a i d  

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

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

As  i t   is  u s e d   h e r e i n ,   t h e   t e r m   " l a t e n t   l i q u i d  

i m a g e "   means   a  f l u i d   image   t h a t   is  g e n e r a l l y   no t   r e a d i l y  

p e r c e p t i b l e   to  t h e   n a k e d   eye  as  an  i m a g e .   Such  i m a g e s   a r e  



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

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

The  l a t e n t   l i q u i d   image  a r e a s   need   o n l y   b e  

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

t h o u g h   t h e y   a p p e a r   to   be  c o n t i n u o u s   when  e x a m i n e d   by  t h e  

n a k e d   e y e ,   t h e y   n e e d   n o t   be.   They  may  c o m p r i s e   h a l f t o n e  

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

g e n e r a l l y   make  up  t h e   g r a p h i c   c h a r a c t e r   to   be  r e p r o d u c e d .  

The  p r o c e s s   of  t h e   i n v e n t i o n   c a l l s   f o r  

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

i m a g e   and  f i x i n g   of  t h e   p e r m a n e n t   i m a g e .   T h i s   p r o c e s s   i s  

d e s i r a b l e   b e c a u s e   i t   makes   f e a s i b l e   a  r e d u c e d   s i z e ,   r e d u c e d  

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

image   in  a  v e r y   s h o r t   i n t e r v a l   a f t e r   an  e l e c t r o n i c   s i g n a l  

i s   r e c e i v e d   by  t h e   t h e r m a l   p r i n t   h e a d .  

A d d i t i o n a l l y ,   t he   amoun t   of  e n e r g y   r e q u i r e d   t o  

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

d u r i n g   f i x i n g   a r e   s u b s t a n t i a l l y   r e d u c e d .   T h i s   no t   o n l y  

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

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

w i t h   h e a t i n g   and  t a c k i f y i n g   the   e n t i r e   s h e e t .   Such  t o t a l  

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

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

p r o b l e m s   of  image   o f f s e t t i n g ,   image  s m e a r i n g ,   and  f i n g e r -  

p r i n t i n g   u n t i l   t h e   c o a t i n g   or  p a r t i c l e s   on  t h e   s h e e t  

r e c r y s t a l l i z e .  

The  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   is  a l s o  

q u i e t .   C o n s e q u e n t l y ,   i t   is  not   a  d i s t r a c t i n g   i n f l u e n c e   t o  

t h o s e   c o m p e l l e d   to  work  in  t he   a r e a   of  p r o c e s s .   S t i l l   f u r -  

t h e r ,   t h e   p r o c e s s   d o e s   no t   r e q u i r e   t he   use   of  s o p h i s t i c a t e d  

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

C o n s e q u e n t l y   i t   is  s i m p l e   and  e c o n o m i c a l   to  e m p l o y .  

B r i e f   D e s c r i p t i o n   of  D r a w i n g  

The  F i g u r e   is  a  s c h e m a t i c   v iew  of  t h e   a p p a r a t u s  

of  t h e   p r e s e n t   i n v e n t i o n .  



D e t a i l e d   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

The  p r o c e s s   of  t h e   p r e s e n t   i n v e n t i o n   is  e a s i l y  

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

s u b s t r a t e ,   f o r m i n g   a  l a t e n t   l i q u i d   image   t h e r e o n ,   s i m u l -  

t a n e o u s l y   c o n t a c t i n g   t h e   l i q u i d   image   w i t h   a  m a g n e t i z a b l e  

t o n e r   p o w d e r   and  f i x i n g   t h e   image   t h u s   f o r m e d   w i t h   p r e s s u r e  

to  p r o v i d e   a  u n i f i e d ,   e s s e n t i a l l y   p e r m a n e n t   image   on  t h e  

s u b s t r a t e .  

The  s u b s t r a t e   u s e d   in  t h e   i n v e n t i o n   may  b e  

s e l e c t e d   f r o m   any  d r y ,   s o l i d   m a t e r i a l   w h i c h   is  c o m p a t i b l e  

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

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

f o i l s ,   and  p a p e r .   Most   p r e f e r a b l y   t h e   s u b s t r a t e   is   p a p e r .  

The  s u b s t r a t e   p r e f e r a b l y   b e a r s   f rom  a b o u t   0 .5   t o  

a b o u t   5  g /m2  of  t h e   c o a t i n g   m a t e r i a l   a t t a c h e d   to  i t s  

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

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

s o l v e n t   c o a t i n g   and  d ry   c o a t i n g .   For   e x a m p l e ,   t he   s e l e c t e d  

n o r m a l l y   s o l i d ,   n o n - t a c k y   m a t e r i a l   may  be  d i s s o l v e d   o r  

d i s p e r s e d   in  an  a p p r o p r i a t e   s o l v e n t   ( e . g . ,   a c e t o n e ,   o r  

w a t e r ) ,   t h e   s o l u t i o n   or   d i s p e r s i o n   a p p l i e d   to  t h e  

s u b s t r a t e ,   and  t h e   s o l v e n t   a l l o w e d   to  e v a p o r a t e .   T h e  

d i s s o l v e d   s o l i d   m a t e r i a l   is  a l l o w e d   to  c r y s t a l l i z e .  

E v a p o r a t i o n   of  t h e   s o l v e n t   may  be  a c c e l e r a t e d ,   i f   d e s i r e d ,  

by  h e a t i n g   t h e   c o a t e d   s u b s t r a t e .   H o w e v e r ,   c a r e   s h o u l d   b e  

t a k e n   to  i n s u r e   t h a t   t h e   s u b s t r a t e   d o e s   no t   c u r l   o r  
o t h e r w i s e   s u f f e r   a d v e r s e   e f f e c t s   as  a  r e s u l t   of  t h e  

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

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

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

T h i c k e n i n g   a g e n t s   may  be  a d d e d   to  t h e   c o a t i n g  

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

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

a m o u n t   of  s u c h   a g e n t s   is  r e q u i r e d ,   e . g . ,   20%  by  w e i g h t   o r  

l e s s   of  t h e   c o a t i n g   s o l u t i o n .   T h e s e   m a t e r i a l s   a r e   k n o w n  

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

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



Dry  c o a t i n g   t e c h n i q u e s   may  a l s o   be  u t i l i z e d .  

T h u s ,   one  may  b r u s h   or  rub  t he   s o l i d   form  of  t he   n o n - t a c k y  

m a t e r i a l   o n t o   t he   s u b s t r a t e .   P r e f e r a b l y   the   m a t e r i a l ,   w h e n  

a p p l i e d   to  t he   s u b s t r a t e ,   is  e i t h e r   a  p o w d e r   or  a  fo rm  i n  

w h i c h   i t   may  r e a d i l y   be  c o n v e r t e d   to  a  p o w d e r .   T h i s   d r y  

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

t h e   m a t e r i a l   to  t h e   s u b s t r a t e .   T h u s ,   m a t e r i a l s   a p p l i e d   b y  

t h e   dry   c o a t i n g   t e c h n i q u e   do  no t   s o a k   i n t o   t he   s u b s t r a t e   a s  

t h e y   do  w i t h   s o l v e n t   c o a t i n g   t e c h n i q u e s .   F u r t h e r m o r e ,   w h e n  

a  p l a i n   p a p e r   s u b s t r a t e   is  c o a t e d   by  t he   d ry   c o a t i n g   t e c h -  

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

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

c o a t i n g .  

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

t h e   s u b s t r a t e   is  no t   c r i t i c a l   to  t h e   i n v e n t i o n ,   p r o v i d e d  

t h a t   t h e r e   is   s u f f i c i e n t   m a t e r i a l   to  fo rm  a  l a t e n t   i m a g e  

and  no t   so  much  m a t e r i a l   t h a t   i t   f o u l s   t h e   t h e r m a l   p r i n t i n g  

m e a n s ,   b e c o m e s   t oo   d i e l e c t r i c ,   or  g i v e s   a  g r e a s y   f e e l   o r  

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

a m o u n t   of  t he   m a t e r i a l   mus t   be  u s e d   so  t h a t   once   t h e   l a t e n t  

image  has   been   f o r m e d ,   t h e r e   w i l l   be  s u f f i c i e n t   a d h e s i o n  

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

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

p o w d e r   to  t he   d e v e l o p m e n t   r o l l .  

I t   has  been   f o u n d   t h a t   a  s m a l l   q u a n t i t y   of  t h e  

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

r e s u l t s .   T h u s ,   i t   has  been  f o u n d   t h a t   f rom  a b o u t   0 .5   t o  

a b o u t   5  g/m2  p r o v i d e s   e x c e l l e n t   r e s u l t s .   When  s o l v e n t  

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

1 .0   to   4 . 0   g/m2  of  t h e   m a t e r i a l ,   and  more  p r e f e r a b l y   f r o m  

a b o u t   2 .0   to   3 .5  g/m2  of  t h e   m a t e r i a l .   S u r p r i s i n g l y   t h e s e  

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

l a t e n t   i m a g e s   t h a t   can  be  d e v e l o p e d   and  e s s e n t i a l l y  

p e r m a n e n t l y   f i x e d   to  t he   s u b s t r a t e .  

When  dry  c o a t i n g   t e c h n i q u e s   a re   e m p l o y e d ,   t h e  

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

s u b s t r a t e   s u r f a c e .   T h u s ,   f o r   e x a m p l e ,   when  the   s u b s t r a t e  



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

t h e   p a p e r   f i b e r s .  

The  m a t e r i a l   u t i l i z e d   as  t h e   s o l i d ,   n o n - t a c k y ,  

m a t e r i a l   of  t h e   c o a t i n g   mus t   have   a  m e l t i n g   t e m p e r a t u r e  

a b o u t   10°C  a b o v e   a m b i e n t   t e m p e r a t u r e .   A m b i e n t   t e m p e r a t u r e ,  

as  u s e d   h e r e i n ,   r e f e r s   to  t h e   t e m p e r a t u r e   u t l l i z e d   d u r i n g  

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

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

T h e s e   m a t e r i a l s   may  be  s a i d   to  e x i s t ,   a t   l e a s t   t e m p o r a r i l y ,  

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

b e l o w   t h e i r   m e l t   t e m p e r a t u r e s .   When  t h e   l a t e n t   image  h a s  

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

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

i s   c o n t a c t e d   w i t h   ( t h a t   i s ,   d e v e l o p e d   by)  t h e   dry   i m a g i n g  

p o w d e r .   A l t e r n a t i v e l y ,   i t   may  be  a l l o w e d   to  c o o l   b e l o w   i t s  

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

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

has   no t   r e g a i n e d   i t s   s o l i d   c r y s t a l l i n e   s t a t e .   C o n s e q u e n t l y ,  

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

to  be  d e v e l o p e d  a n d   f i x e d .   Once  t h e   m a t e r i a l   r e g a i n s   i t s  

c r y s t a l l i n e   s t a t e   in  t h e   imaged   a r e a s ,   t h e   l a t e n t   i m a g e  

c e a s e s   to   e x i s t   as  a  d i s t i n c t   a r e a .  

The  i m a g e d   a r e a   mus t   a l s o   a d h e r e   t h e   d ry   i m a g i n g  

p o w d e r .   T h u s ,   f o r   e x a m p l e ,   t h e   i m a g e d   a r e a   may  r e a c t   w i t h  

t h e   i m a g i n g   p o w d e r ;   i t   may  fo rm  a  s o l u t i o n   w i t h   t he   p o w d e r ;  

i t   may  we t   t h e   p o w d e r ;   or  i t   may  e i t h e r   a b s o r b   or   b e  

a b s o r b e d   by  t h e   p o w d e r .  

A  n u m b e r   of  m a t e r i a l s   a r e   u s e f u l   as  t he   c o a t i n g   i n  

t h e   i n v e n t i o n .   R e p r e s e n t a t i v e   e x a m p l e s   of  t h e s e   m a t e r i a l s  

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

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

2 , 4 - d i h y d r o x y   b e n z o p h e n o n e ,   b e n z o p h e n o n e ,   and  b e n z i l .  

A n o t h e r   u s e f u l   m a t e r i a l   of  t h i s   t y p e   is   " S a n t i c i z e r   9" ,   a  

m i x t u r e   of  o r t h o -   and  p a r a - t o l u e n e   s u l f o n a m i d e s   o b t a i n e d  

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

A  v a r i e t y   of  i m a g i n g   p o w d e r s   a r e   u s e f u l   in  t h e  

p r e s e n t   i n v e n t i o n .   The  i m a g i n g   p o w d e r   c o m p r i s e s   a  c o l o r e d  



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

a b o u t   1  m i c r o n   to  a b o u t   40  m i c r o n s ,   as  r e q u i r e d   f o r   f i x i n g ,  

edge   d e f i n i t i o n ,   and  r e s o l u t i o n .   U s e f u l   d ry   p o w d e r s   may  b e  

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

p o w d e r s   c u r r e n t l y   u s e d   in  t h e   c o p y i n g   i n d u s t r y .   A  u s e f u l  

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

i n g r e d i e n t s   in  t h e   a m o u n t s   i n d i c a t e d :  

The  p r e f e r r e d   t o n e r   p o w d e r s   a r e   n e i t h e r   of  t h e   h e a t   f i x i n g  

t y p e   nor   of  t he   p r e s s u r e   f i x i n g   t y p e .   They  a r e   i n s e n s i t i v e  

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

i n c l u d e   i r o n   ( r e d u c e d   e l e c t r o l y t i c ,   1X  250 ,   m a n u f a c t u r e d   b y  

M a t h e s o n ,   C o l e m a n ,   and  B e l l ,   N o r w o o d ,   Ohio   h a v i n g   a  

p a r t i c l e   s i z e   r a n g e   of  3  to   30  m i c r o n s   and  an  a v e r a g e   s i z e  

of  10  m i c r o n s )   and  n i c k e l   (Type  287  m a n u f a c t u r e d   b y  

I n t e r n a t i o n a l   N i c k e l   C o . ,   New  York ,   N.  Y.  h a v i n g   a  p a r t i c l e  

s i z e   of  2 .6   to  3 .3   m i c r o n s ) .  

O t h e r   u s e f u l   p o w d e r s   mus t   be  m a g n e t i z a b l e   and  a r e  

p r e f e r a b l y   h e a t   and  p r e s s u r e   i n s e n s i t i v e . -   U s e f u l   p o w d e r s  

i n c l u d e   c o b a l t ,   c h r o m i u m   o x i d e   ( C r 0 2 ) ,   m a g n e t i t e   ( F e 3 o 4 ) ,  

c o b a l t   doped   m a g n e t i t e ,   γ - F e 2 0 3 ,   an  a l l o y   c o m p r i s i n g   39  

p e r c e n t   c o b a l t   and  57  p e r c e n t   i r o n ,   and  an  a l l o y   c o m p r i s i n g  

1 0 . 6   p e r c e n t   n i c k e l   and  79  p e r c e n t   i r o n .  

In  the   p r o c e s s   of  t h e   i n v e n t i o n   a  l a t e n t   i m a g e  

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

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

a i r ,   a  t h e r m a l   p r i n t   h e a d ,   or  a  l a s e r   may  be  u s e d   t o  

p r o v i d e   the   l a t e n t   i m a g e .  

In  one  e m b o d i m e n t   of  t he   i n v e n t i o n   the   l a t e n t  

image   c o m p r i s e s   a  s e r i e s   of  m e l t e d   d o t - l i k e   a r e a s   on  t h e  

c o a t i n g .   T h e s e   a r e a s   may  be  p r o v i d e d   by  any  of  t h e  

t e c h n i q u e s   d e s c r i b e d   a b o v e ,   a l t h o u g h   the   f o l l o w i n g  

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

T h e r m a l   p r i n t   h e a d s   a re   known.   In  t he   s i m p l e s t  

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



two  c o n d u c t o r s .   The  t h e r m a l   p r i n t   head   may  a l s o   c o m p r i s e  

an  a r r a y   of  r e s i s t a n c e   e l e m e n t s .   T h u s ,   f o r   e x a m p l e ,   t h e r e  

may  be  a  5  by  7  e l e m e n t   a r r a y   on  t he   p r i n t   h e a d .   A d d i t i o n -  

a l l y ,   t h e   p r i n t   h e a d   may  be  f i x e d   or  m o v e a b l e   w i t h   r e s p e c t  

to   t h e   s u r f a c e   to  be  i m a g e d .  

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

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

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

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

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

e l e c t r i c   c u r r e n t   to  t h e   e l e m e n t ,   and  r e l o c a t i n g   t he   e l e m e n t  

on  t h e   c o a t i n g .   The  s t e p s   of  c o n t a c t i n g ,   h e a t i n g   a n d  

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

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

l a t e n t   l i q u i d   i m a g e .  

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

s e t   of   e l e m e n t s ,   t h e   s t e p s   n e c e s s a r y   to  f o rm  t h e   l a t e n t  

i m a g e   m u s t   be  r e p e a t e d   f r e q u e n t l y   b e f o r e   an  image   has   b e e n  

d e f i n e d .   When  t h e   p r i n t   h e a d   c o m p r i s e s   an  a r r a y   ( o r  

m a t r i x )   of  e l e m e n t s ,   t h e   s t e p s   n e c e s s a r y   to   f o r m   t h e   l a t e n t  

i m a g e   f o r m a t i o n   need   be  r e p e a t e d   f e w e r   t i m e s .   The  p r i n t  

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

h e a t   f o r   an  a p p r o p r i a t e   l e n g t h   of  t i m e   and  a t   t h e   a p p r o -  

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

A f t e r   f o r m a t i o n   of  t h e   l a t e n t   i m a g e ,   t he   i m a g i n g  

p o w d e r   i s   a p p l i e d   and  f i x e d   s i m u l t a n e o u s l y .   P r e f e r a b l y   a  

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

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

i t   to  t h e   image   a r e a   w h e r e   t h e   p o w d e r   is   t h e n   a t t a c h e d   t o  

t h e   i m a g e   a r e a   bu t   n o t   to   t h e   b a c k g r o u n d   a r e a .   T h e  

p r e s s u r e   r e q u i r e d   to  f i x   t h e   image  is   a p p r o x i m a t e l y   5  t o  

300  g / c m 2 ,   d e p e n d i n g   upon   t h e   t y p e   of  i m a g i n g   p o w d e r   u s e d ,  

t h e   n a t u r e   of  t h e   c o a t i n g ,   or  t h e   n a t u r e   of  t h e   s u b s t r a t e .  

The  d e v e l o p i n g - f i x i n g   a s s e m b l y   c o n t a i n s   a  

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

p o w d e r )   d i s p e n s e r ,   and  a  m e a n s   f o r   a p p l y i n g   p r e s s u r e  

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



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

t r a d e m a r k   A l n i c o   5  and  is   m a n u f a c t u r e d   by  A r n o l d  

E n g i n e e r i n g   C o . ,   C h i c a g o ,   I l l i n o i s .   An  e x a m p l e   of  a  

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

C o t t o n   V e l v e t   " B r i t t a n y   B e i g e "   and  is  m a n u f a c t u r e d   by  t h e  

J.  B.  M a r t i n   C o . ,   L e e s v i l l e ,   S o u t h   C a r o l i n a .  

R e f e r r i n g  n o w   to  t he   f i g u r e ,   a  r o l l   of  t h e   c o a t e d  

p a p e r   10  is   b r o u g h t   i n t o   c o n t a c t   w i t h   drum  12  by  means   o f  

i d l e r   r o l l   14.  I t   i s   c o n t e m p l a t e d   t h a t   t h e   drum  12  i s  

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

t h e   d i r e c t i o n   of  t h e   a r r o w   A.  H o w e v e r ,   t he   s p e e d   is  no t   a  

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

l o w e r  s p e e d s   may  be  u t i l i z e d .   The  p a p e r   is  c o n t a c t e d   by  a  

t h e r m a l   p r i n t   h e a d   16  w h i c h   p r o d u c e s   a  l a t e n t   image   on  t h e  

p a p e r   1 0 .  

A  r e s e r v o i r   of  m a g n e t i z a b l e   p o w d e r   18  i s   c o n -  

t a i n e d   in  h o p p e r   20  and  is  m e t e r e d   to  t h e   b r u s h   a p p l i c a t o r  

22  by  g a t e   24.  The  b r u s h   a p p l i c a t o r   22  c o m p r i s e s   a  c o t t o n  

v e l v e t   m a t e r i a l   26  w r a p p e d   a r o u n d   h o l l o w   a l u m i n u m   r o l l   28 

w h i c h   r o t a t e s   in  t h e   d i r e c t i o n   of  t h e   a r r o w   B  a t   a b o u t   f o u r  

r e v o l u t i o n s   p e r   s e c o n d .   Here   a g a i n ,   t h e   s p e e d   i s   no t   a  

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

n o t e d   t h a t   t h e   s p e e d   of  t h e   a l u m i n u m   r o l l   28  m u s t   b e  

c o m p a t i b l e   w i t h   t h e   s u r f a c e   s p e e d   of  t h e   drum  12.  T h e  

m a g n e t i z a b l e   p o w d e r   18  b e c o m e s   e m b e d d e d   in  t h e   nap  of  t h e  

b r u s h   a p p l i c a t o r   22.  The  m a g n e t i z a b l e   p o w d e r   18  i s  

a t t r a c t e d   to  p e r m a n e n t   m a g n e t   30  and  w i l l   no t   t r a n s f e r   t o  

a r e a s   of  p a p e r   10  t h a t   do  no t   have   a  l a t e n t   image   p a t t e r n .  
T h i s   has   t h e   b e n e f i c i a l   r e s u l t   of  i m p r o v i n g   edge   d e f i n i t i o n  

and  r e s o l u t i o n .   A r e a s   of  p a p e r   10  t h a t   have   a  l a t e n t   i m a g e  

p a t t e r n   a r e   t a c k y   and  have   an  a d h e s i v e   f o r c e   s t r o n g   e n o u g h  

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

c o l o r e d   p o w d e r   18  to   t h e   l a t e n t   image  p a t t e r n .   A  p r e s s u r e  
of  40  g / c m 2   b e t w e e n   r o l l   28  and  p a p e r   10  d u r i n g   t r a n s f e r  

can   be  o b t a i n e d   by  means   of  s p r i n g s   ( n o t   s h o w n )   a t t a c h e d  

b e t w e e n   a l u m i n u m   r o l l   28  and  drum  12.  The  p r e s s u r e   a i d s   i n  

f o r c i n g   the   p o w d e r   i n t o   t h e   l a t e n t   image  p a t t e r n   to  p r o d u c e  



a  f i x e d   image   w h i c h   c a n n o t   be  e a s i l y   r e m o v e d ,   even   b y  

v i g o r o u s   r u b b i n g   w i t h   a  f i n g e r .   The  i m a g e d   p a p e r   10  i s  

t r a n s p o r t e d   t h r o u g h   s l o t   32.  A f t e r   t h e   d e s i r e d   amoun t   o f  

p r i n t   has   b e e n   m a d e ,   t he   p a p e r   10  is   m a n u a l l y   t o r n   o f f  

u s i n g   k n i f e   3 4 .  

The  s u b s t r a t e   e m p l o y e d   in  t h e   p r o c e s s   of  t h e  

i n v e n t i o n   may  be  c h o s e n   f rom  a  v a r i e t y   of  m a t e r i a l s .  

P r e f e r a b l y   i t   i s   t h i n   and  f l e x i b l e   and  may  be  t r a n s p a r e n t  

or   o p a q u e .   T h u s ,   t h e   s u b s t r a t e   may  be  s e l e c t e d   f r o m ,   f o r  

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

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

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

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

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

The  p r e s e n t   i n v e n t i o n   i s   i l l u s t r a t e d   by  t h e  

f o l l o w i n g   e x a m p l e s .   T h e s e   e x a m p l e s   a r e   no t   to  be  c o n s t r u e d  

as   l i m i t a t i v e .  

E x a m p l e   I  

A  s h e e t  o f   m a c h i n e   f i n i s h e d   p a p e r   (37  l b .   p e r  
3000  s q u a r e   f e e t )   was  c o a t e d   w i t h   a  s o l u t i o n   c o m p r i s i n g   24% 

by  w e i g h t   d i c y c l o h e x y l p h t h a l a t e   (DCHP),   5%  by  w e i g h t   e t h y l  

c e l l u l o s e   ( H e r c u l e s ,   I n c o r p o r a t e d   N - 2 0 0 )   and  71%  by  w e i g h t  

a c e t o n e .  

The  c o a t e d   p a p e r   was  d r i e d   by  a l l o w i n g   t h e  

a c e t o n e   to  e v a p o r a t e   f o r   a b o u t   10  m i n u t e s   i n t o   a  room  a t  

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

w e i g h t   of  2 .7   g / m 2 .   The  d r i e d   c o a t e d   s u b s t r a t e   was  a g e d  

f o r   one  week  to  i n s u r e   t h a t   t h e   DCHP  was  in  a  c r y s t a l l i n e  

s t a t e .   The  c r y s t a l l i z a t i o n   p r o c e s s   may  be  a c c e l e r a t e d   b y  

s e e d i n g   t h e   c o a t e d   s u b s t r a t e   w i t h   d r y   DCHP.  The  d r i e d  

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

L a t e n t   l i q u i d   image   a r e a s   w e r e   p r o v i d e d   on  o n e  

s t r i p   of  t h e   d ry   c o a t e d   p a p e r   by  p a s s i n g   i t   t h r o u g h   a  T e x a s  

I n s t r u m e n t   Model   T I 5 0 4 0   e l e c t r o n i c   p r i n t i n g   c a l c u l a t o r .  

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

a b o u t   85°C.   The  l a t e n t   l i q u i d   image   a r e a s   were   t h e n   r u b b e d  



w i t h   i r o n   p o w d e r   w h i c h   had  been   e m b e d d e d   in  t he   nap  o f  

v e l v e t   m a t e r i a l   w h i c h   had  been   w r a p p e d   a r o u n d   a  m a g n e t .  

The  i r o n   p o w d e r ,   m a n u f a c t u r e d   by  M a t h e s o n ,   Co leman   and  B a l l  

of  Norwood ,   O h i o ,   had  a  p a r t i c l e   s i z e   r a n g e   of  3  to   30  

m i c r o n s .   The  v e l v e t   m a t e r i a l ,   m a n u f a c t u r e d   by  J . B .   M a r t i n  

&  C o . ,   L e e s v i l l e ,   S . C . ,   was  d e s i g n a t e d   C o t t o n   V e l v e t ,  

" B r i t t a n y   B e i g e " .   The  nap  was  e s t i m a t e d   to  be  1 / 1 6   i n c h  

l o n g .   The  m a g n e t ,   m a n u f a c t u r e d   by  A r n o l d   E n g i n e e r i n g   C o . ,  

C h i c a g o ,   I l l . ,   was  a  b a r   m a g n e t   d e s i g n a t e d   " A l n i c o   5 " .  

The  r u b b i n g   was  c o n d u c t e d   on  t he   pan  of  a  t r i p  

b a l a n c e   in  such   a  way  t h a t   t he   b a l a n c e   was  in  e q u i l i b r i u m .  

P r i n t s   h a v i n g   good   image   a d h e s i o n   were   o b t a i n e d  

o v e r   p r e s s u r e s   r a n g i n g   f r o m   10  g / c m 2   to   360  g / c m 2 .   At  t h e  

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

was  o b s e r v e d .  

E x a m p l e   I I  

T h i s   E x a m p l e   was  i d e n t i c a l   to   E x a m p l e   I ,   w i t h   t h e  

e x c e p t i o n   t h a t   n i c k e l   p o w d e r ,   Type  287,   m a n u f a c t u r e d   b y  

I n t e r n a t i o n a l   N i c k e l   Company ,   New  York ,   N.Y.  w a s  

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

s i z e   r a n g e   of  2 .6   to   3 .3   m i c r o n s .  

A  p r i n t   h a v i n g   good   image   a d h e s i o n   was  o b t a i n e d  

a t   a  p r e s s u r e   of  40  g / c m 2 .  

E x a m p l e   I I I  

A  s h e e t   of  S u b s t a n c e   12  " M i r r a f o r m "   p a p e r  
m a n u f a c t u r e d   by  t h e   N e k o o s a   E d w a r d s   P a p e r   Company  w a s  

c o a t e d   w i t h   a  s o l u t i o n   c o m p r i s i n g   24%  by  w e i g h t   d i p h e n y l  

p h t h a l a t e   (DPP) ,   5%  by  w e i g h t   e t h y l   c e l l u l o s e   (N-200   f r o m  

H e r c u l e s ,   I n c o r p o r a t e d )   and  71%  by  w e i g h t   a c e t o n e .   T h e  

c o a t i n g   was  d r i e d   as  d e s c r i b e d   in  E x a m p l e   1  to   p r o v i d e   a  

d r i e d   c o a t i n g   w e i g h t   of  2 .7   g /m2 .   The  s h e e t   was  t h e n   a g e d  

f o r   o v e r   one  week  to  i n s u r e   a l l   t he   DPP  was  in  t h e  

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

s t r i p s .  



One  of  t h e   s t r i p s   of  t h e   d ry   c o a t e d   p a p e r   of  t h i s  

e x a m p l e   was  i m a g e d ,   t o n e d ,   and  f i x e d   a c c o r d i n g   to  t h e  

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

I I .   S h a r p ,   p e r m a n e n t l y   b o n d e d   d a r k   g r e y   i m a g e s   on  w h i t e  

p a p e r   w e r e   o b t a i n e d .   The  i m a g e s   c o u l d   no t   be  r e m o v e d   b y  

r u b b i n g   them  w i t h   a  f i n g e r .  

E x a m p l e   I V  

T h i s   E x a m p l e   was  i d e n t i c a l   to  E x a m p l e   I ,   w i t h   t h e  

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

a p p l i e d   to  s u p e r   c a l e n d e r e d   "3M  Dry  S i l v e r "   b a s e   s t o c k   ( 3 9  

l b .   p e r   3000  s q u a r e   f e e t )   m a n u f a c t u r e d   by  S i m p s o n   P a p e r  

C o . ,   San  F r a n c i s c o ,   C a l i f o r n i a .   The  t o n e r   had  t h e  

f o l l o w i n g   c o m p o s i t i o n :  

The  p a r t i c l e   s i z e   of  t h e   t o n e r   was  8 -20   m i c r o n s .   A  p r i n t  

was  made  a t   a  p r e s s u r e   of  20  g / c m 2 ,   y i e l d i n g   an  i n t e n s e  

b l a c k   i m a g e   on  a  w h i t e   b a c k g r o u n d .   The  image   c o u l d   no t   b e  

r e m o v e d   by  r u b b i n g   w i t h   a  f i n g e r .  

E x a m p l e   V 

T r i p h e n y l   p h o s p h a t e   was  p u l v e r i z e d   to  a  p o w d e r  

and  t h e n   r u b b e d   on  t h e   p a p e r   of  E x a m p l e   I  by  means   of  a  

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

was  o b t a i n e d .  

The  d r y   c o a t e d   p a p e r   was  p r i n t e d   in  t he   T e x a s  

I n s t r u m e n t   Mode l   TI  5040  and  r u b b e d   w i t h   t he   i r o n   p o w d e r   o f  

E x a m p l e   I .   An  a d h e r e n t   g r a y - c o l o r e d   image   on  a  w h i t e  

b a c k g r o u n d   was  o b t a i n e d .   The  image   was  no t   r e m o v e d   w h e n  

r u b b e d   w i t h   a  f i n g e r .  



1.  The  m e t h o d   of  p r o v i d i n g   a  p e r m a n e n t   image   o n  

a  s u b s t r a t e   c o m p r i s i n g   the   s t e p s   o f :  

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

n o r m a l l y   s o l i d ,   n o n - t a c k y   m a t e r i a l   w h i c h   has   a  m e l t i n g  

t e m p e r a t u r e   a t   l e a s t   10°C  a b o v e   a m b i e n t   and  w h i c h   f o r m s   a  

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

m e l t i n g   t e m p e r a t u r e ;  

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

g e n e r a t i n g   an  e l e c t r i c   s i g n a l   to  a c t i v a t e   a  t h e r m a l  

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

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

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

m e l t i n g   t e m p e r a t u r e ;  

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

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

l a t e n t   image   p a t t e r n   and  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   t o  

s a i d   i m a g i n g   p o w d e r   to  f i x   t he   p o w d e r   image  and  fo rm  a  

p e r m a n e n t   image   t h e r e o n .  

2.  The  m e t h o d   a c c o r d i n g   to  c l a i m  t   w h e r e i n   s a i d  

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

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

p r i o r   to  f o r m i n g   s a i d   l a t e n t   image  p a t t e r n   t h e r e o n .  

3.  The  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

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

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

b e n z o t r i a z o l e ,   2 , 4 - d i h y d r o x y   b e n z o p h e n o n e ,   b e n z o p h e n o n e ,  

and  a  m i x t u r e   of  o r t h o -   and  p a r a - t o l u e n e   s u l f o n a m i d e s .  

4.  The  m e t h o d   a c c o r d i n g   to  c l a i m   3  w h e r e i n   s a i d  

s o l i d   m a t e r i a l   is   d i c y c l o h e x y l   p h t h a l a t e .  

5.  The  m e t h o d   a c c o r d i n g   to  c l a i m   3  w h e r e i n   s a i d  

s o l i d   m a t e r i a l   is   t r i p h e n y l   p h o s p h a t e .  



6.  The  m e t h o d   a c c o r d i n g   to  c l a i m   3  w h e r e i n   s a i d  

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

p h t h a l a t e   and  d i p h e n y l p h t h a l a t e .  

7.  The  m e t h o d   a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d  

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

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

c o n d u c t o r s .  

8.  The  m e t h o d   a c c o r d i n g   to  c l a i m   7  w h e r e i n   s a i d  

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

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

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

h e a t   s a i d   r e s i s t a n c e   e l e m e n t   to   a  t e m p e r a t u r e   t h a t   m e l t s  

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

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

(d)  r e l o c a t i n g   s a i d   r e s i s t a n c e   e l e m e n t   on  s a i d   c o a t i n g ,   a n d  

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

p a t t e r n   is   f o r m e d .  

9.  The  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

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

p a r t i c l e   s i z e   r a n g e   of  a b o u t   1  to   a b o u t   40  m i c r o n s .  

10.  The  m e t h o d   a c c o r d i n g   to   c l a i m   9  w h e r e i n   s a i d  

i m a g i n g   p o w d e r   is  i n s e n s i t i v e   to  h e a t   a n d / o r   p r e s s u r e .  

11.  The  m e t h o d   a c c o r d i n g   to   c l a i m   9  w h e r e i n   s a i d  

i m a g i n g   p o w d e r   c o m p r i s e s   f rom  a b o u t   40  to   a b o u t   45  p e r c e n t  

by  w e i g h t   B i s p h e n o l   A  f u m a r a t e ,   f rom  a b o u t   55  to  a b o u t   60  

p e r c e n t   by  w e i g h t   m a g n e t i t e ,   and  f rom  a b o u t   1  to   a b o u t   2 

p e r c e n t   by  w e i g h t   c a r b o n .  

12.  The  m e t h o d   a c c o r d i n g   to  c l a i m   9  w h e r e i n   s a i d  

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

i r o n ,   n i c k e l ,   c o b a l t ,   c h r o m i u m   o x i d e ,   m a g n e t i t e ,   y - F e 2 0 3 .  



13.  The  m e t h o d   a c c o r d i n g   to  c l a i m   9  w h e r e i n   s a i d  

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

a l l o y s   of  i r o n ,   n i c k e l ,   and  c o b a l t .  

14.  The  m e t h o d   a c c o r d i n g   to   c l a i m   1  w h e r e i n   s a i d  

s u b s t r a t e   b e a r s   f r o m   a b o u t   0 .5   to   a b o u t   5  g/m2  of  s a i d  

c o a t i n g .  

15.  The  m e t h o d   a c c o r d i n g   to   c l a i m   14  w h e r e i n   s a i d  

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

16.  The  m e t h o d   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

p r e s s u r e   is  b e t w e e n   a b o u t   5  to  a b o u t   300  g r a m s   p e r   s q u a r e  
c e n t i m e t e r .  
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