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BACKGROUND  OF  THE  INVENTION 

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

more  p a r t i c u l a r l y ,   to  r e c e i v i n g   e l e m e n t   u s e f u l   in  t h e r m a l  

i m a g i n g   s y s t e m s .  

P r o c e s s e s   w h e r e i n   i m a g e s   can  be  f o r m e d   by  c a u s i n g  

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

a r e a s   upon  i m a g e w i s e   a p p l i c a t i o n   of  h e a t   and  t hen   d e v e l o p e d  

by  a d h e r i n g   an  i m a g i n g   p o w d e r   to  the  t a c k y   image  a r e a s   a r e  

known .   An  e x a m p l e   of  such   a  p r o c e s s   is  d e s c r i b e d   in  U . S .  

P a t e n t   3 , 9 4 1 , 5 9 6 .  

T h e r m a l   p r i n t   h e a d s   can  be  used   to  t a c k i f y   o r  

f l u i d i z e   the  b e a t - s e n s i t i v e   m a t e r i a l   to  form  the  l a t e n t  

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

The  l a t e n t   image  p a t t e r n   is  f o rmed   by  c o n t a c t i n g  

the  r e s i s e a n c e   e l e m e n t   to  the  h e a t - s e n s i t i v e   m a t e r i a l ,  

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  the  e l e m e n t   for   a  t i   e 

s u f f i c i e n t   to  h e a t   the   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   t o  

a  l e v e l   s u f f i c i e n t   to  m e l t   the   m a t e r i a l   in  the  a r e a   o f  

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

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

The  s t e p s   of  c o n t a c t i n g ,   h e a t i n g   and  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   number   of  m e l t e d   d o t - l i k e   a r e a s  

have  been  p r o v i d e d   to  d e f i n e   the  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  the  p r i n t   head  has  o n l y   a  s i n g l e   e l e m e n t ,   h e  

s t e p s   n e c e s s a r y   to  form  the  l a t e n t   image  must  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  been  d e f i n e d .   When  the  p r i n t  

head  c o m p r i s e s   an  a r r a y   (or   m a t r i x )   of  e l e m e n t s ,   the  s t e p s  

n e c e s s a r y   to  form  the  l a t e n t   image  f o r m a t i o n   need  b e  

r e p e a t e d   f e w e r   t i m e s .  



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

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

h e a t - s e n s i t i v e   m a t e r i a l   of  the  image  r e c e i v i n g   s u r f a c e .  

G e n e r a l l y ,   the  p r i n t   head   is  p l a c e d   in  d i r e c t   c o n t a c t   w i t h  

the   h e a t - s e n s i t i v e   m a t e r i a l .   If   even   a  s m a l l   amoun t   o f  

m a t e r i a l   from  the   h e a t - s e n s i t i v e   c o a t i n g   t r a n s f e r s   to  t h e  

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

d e n s i t y ,   or  b o t h ,   is  d r a s t i c a l l y   r e d u c e d .   In  many  c a s e s ,  

t he   t h e r m a l   p r i n t   h e a d s   a re   not   r e a d i l y   a c c e s s i b l e   fo r   e a s y  
c l e a n i n g .   Some  m a n u f a c t u r e r s   of  t h e r m a l   p r i n t e r s   r e c o m m e n d  

p a s s i n g   c o a r s e   bond  p a p e r   t h r o u g h   the   p r i n t e r   to  a b r a d e   t h e  

d e p o s i t s   from  the   p r i n t   h e a d .   I t   is  d e s i r a b l e   to  i n c r e a s e  

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

h e a d s   in  o r d e r   to  s a v e   t ime   and  i m p r o v e   r e s o l u t i o n .  

SUMMARY  OF  THE  INVENTION 

The  image   r e c e i v i n g   medium  of  the   p r e s e n t  

i n v e n t i o n   c o m p r i s e s   a  s u b s t r a t e ,   e . g . ,   a  s h e e t ,   b e a r i n g   on  

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

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

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

s u b s e q u e n t   c o o l i n g ,   (b)   et  l e a s t   one  a n t i - f o u l i n g   a g e n t  

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

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

b i n d e r .  

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

h e a d ,   a  s h e e t   b e a r i n g   the  a f o r e m e n t i o n e d   h e a t - s e n s i t i v e  

c o a t i n g   m a t e r i a l   b e c o m e s   t a c k y   in  the   image  a r e a s .  

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

t a c k i f i e d   a r e a s .   O p t i o n a l l y ,   the   r e s u l t i n g   i m a g e s   can  b e  

s i m u l t a n e o u s l y   or  s u b s e q u e n t l y   f i x e d .  

The  a d v a n t a g e   of  the  h e a t - s e n s i t i v e   a t i n g  

d e s c r i b e d   is  t h a t   the   t h e r m a l   p r i n t   head  w i l l   a - o i d   b e i n g  

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

a s s u r i n g   f o r m a t i o n   of  i m a g e s   h a v i n g   h i g h   r e s o l u t i o n   f o r  



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

DETAILED  DESCRIPTION 

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

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

r e f e r r e d   to  as  s u p e r c o o l i n g   m a t e r i a l ,   must   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  used   h e r e i n ,   r e f e r s   to  the  t e m p e r a t u r e   o f  

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

( e . g . ,   room  t e m p e r a t u r e   of  a b o u t   19°C  to  2 0 ° C ) .   T h e  

m a t e r i a l   of  the  c o a t i n g   must   a l s o   form  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   be low  i t s   m e l t i n g   t e n p e r a t u r e ,  

i . e .   t h e s e   m a t e r i a l s   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   and  then   c o o l e d   b e l o w  

t h e i r   m e l t i n g   t e m p e r a t u r e s .   When  the  l a t e n t   image  has  b e e n  

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

M o r e o v e r ,   the   image  must   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  

is  c o n t a c t e d   w i t h   ( i . e . ,   d e v e l o p e d   by)  the  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   a y   be  a l l o w e d   to  coo l   b e l c w   i t s  

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

a r e a s   a re   d e v e l o p e d .   B e c a u s e   the  s u p e r c o o l e d   l i q u i d   has  n o t  

reg  i ned   i t s   s o l i d   s t a t e ,   the  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  

memery  in  the  imaged   a r e a s   to  be  d e v e l o p e d   and  f i x e d .   O n c e  

the  m a t e r i a l   r e g a i n s   i t s   s o l i d   s t a t e   in  the  i m a g e d   a r e a s ,  
the   l a t e n t   image  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 .  

P r e f e r a b l y ,   the   s u p e r c o o l i n g   m a t e r i a l   m e l t s  

w i t h i n   the  a p p r o x i m a t e   r a n g e   of  40°C  to  140°C .   Due  to  t h e  

l a c k   in  the  a v a i l a b l e   c h e m i c a l   l i t e r a t u r e   of  a d e q u a t e   d a t a  

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

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

been  e s t a b l i s h e d ,   one  which   w i l l   now  be  d e s c r i b e d .  

The  m e l t i n g   p o i n t   or  m e l t i n g   r a n g e   of  t h e  

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

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

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

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



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

t e m p e r a t u r e   m e a s u r i n g   m e a n s ,   and  o b s e r v i n g   the   t e m p e r a t u r e  

a t   w h i c h   the  p a r t i c l e s   me l t   and  f u s e .  

A  t e s t   f o r   d e t e r m i n i n g   if   a  m a t e r i a l   is  a  

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

c o n v e n i e n t l y   a c c o m p l i s h e d   u s i n g   the   same  s a m p l e   as  fo r   t h e  

m e l t i n g   p o i n t   t e s t .   A  L e i t z   ho t   s t a g e   m i c r o s c o p e   h a v i n g   a n  

e l e c t r i c a l l y   h e a t e d   s t a g e   w h i c h   may  be  c o o l e d   by  c i r c u l a -  

t i o n   of  c o l d   w a t e r   is  used   f o r   b o t h   d e t e r m i n a t i o n s .   A f t e r  

the   s t a g e   has  been   h e a t e d   a b o v e   the  m e l t i n g   p o i n t   of  t h e  

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

c r y s t a l l i z a t i o n   or  s o l i d i f i c a t i o n   o c c u r s .   Both  h e a t i n g   a n d  

c o o l i n g   may  be  a c c o m p l i s h e d   a t   s o m e w h a t   h i g h e r   r a t e s   o f  

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

p r e c i s e   m e a s u r e m e n t s   a re   r e q u i r e d .   " a t e r i a l s   wh ich   w h e n  

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

t h e i r   m e l t i n g   p o i n t s ,   e . g . ,   a t   l e a s t   a b o u t   60°C  be low  t h e i r  

m e l t i n g   p o i n t s ,   have   been  f o u n d   to  be  e f f e c t i v e   a s  

s u p e r c o o l i n g   m a t e r i a l s   fo r   t h i s   i n v e n t i o n ;   m a t e r i a l s   w h i c h  

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

s sbould   no t   be  u s e d   fo r   mak ing   p o w d e r - r e t a i n i n g   l a t e n t  

i m a c e s   in  a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n .   Some  m a t e r i a l s  

s o l i d i f y   to  a  g l a s s y   r a t h e r   t han   a  v i s i b l y   c r y s t a l l i n e  

s t a t e ,   a  c o n d i t i o n   wh ich   is  e a s i l y   d e t e r m i n e d   by  a p p l y i n g  

m o d e r a t e   p r e s s u r e   on  the  c o v e r   g l a s s   w i t h   a  s p a t u l a ;   g l a s s y  

d r o p l e t s   r e t a i n   t h e i r   s h a p e ,   w h e r e a s   the  l i q u i d   d r o p l e t s  

f l o w   or  r a p i d l y   c r y s t a l l i z e .   A  more  e l a b o r a t e   t e s t   f o r  

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

i n v e n t i o n   is  d e s c r i b e d   in  U.S .   P a t e n t   3 , 3 6 0 , 3 6 7 ,  

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

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

the  c o a t i n g s   of  the   i n v e n t i o n .   R e p r  s e n t a t i v e   e x a m p l e s   o f  

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 u 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 ,   t r i b e n z y l a m i n e ,  

b e n z i l ,   v a n i l l i n ,   and  p h t h a l o p h e n o n e .   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   o f  



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   c o m m e r c i a l l y   a v a i l a b l e  

from  the  M o n s a n t o   C h e m i c a l   Company .   M i x t u r e s   of  t h e s e  

m a t e r i a l s   a r e   a l s o   u s e f u l .   The  s u p e r c o o l i n g   m a t e r i a l   c a n  
a l s o   c o n s i s t   of  two  or  more  m a t e r i a l s   t h a t   a re   n o t  

s u p e r c o o l i n g   by  t h e m s e l v e s ,   bu t   a re   c o m b i n a b l e   to  form  a 

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

The  a n t i - f o u l i n g   a g e n t   can  be  s e l e c t e d   f rom  t h e  

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

A.  W a x e s  

B.  S i l i c a s  

C.  M e t a l   s i l i c a t e s  

D.  M i x t u r e s   of  w a x e s   w i t h   s i l i c a s   or  m e t a l  

s i l i c a t e s   or  b o t h .  

As  used   h e r e i n ,   the   term  " a n t i - f o u l i n g   a g e n t '  

means  a  m a t e r i a l ,   i . e . ,   a  c h e m i c a l   compound  or  m i x t u r e   o f  

c h e m i c a l   c o m p o u n d s ,   t h a t   is  a d d e d   to  the  h e a t - s e n s i t i v e  

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

from  b e i n g   d e p o s i t e d   on  the  t h e r m a l   p r i n t   h e a d .   The  w a x e s ,  
s i l i c a s ,   and  m e t a l   s i l i c a t e s   t h a t   a re   u s e f u l   a s  

a n t i - f o u l i n g   a g e n t s   in  the  c o m p o s i t i o n   of  t h i s   i n v e n t i o n  

have  a t   t i m e s   been  r e f e r r e d   to  as  l u b r i c a n t s   a n d  

a n t i b l o c k i n g   a g e n t s .  

Waxes  t h a t   a re   s u i t a b l e   for   the  c o m p o s i t i o n   o f  

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

l e a s t   le  c a r b o n   a t o m s ,   f a t t y   a c i d s   h a v i n g   a t   l e a s t   12  

c a r b o n   a t o m s ,   f a t t y   a m i d e s   h a v i n g   at  l e a s t   12  c a r b o n   a t o m s ,  

f a t t y   a c i d   e s t e r s   h a v i n g   a t   l e a s t   12  c a r b o n   a t o m s ,  

s y m m e t r i c a l   k e t o n e s   d e r i v e d   f rom  f a t t y   a c i d s   h a v i n g   a t  

l e a s t   12  c a r b o n   a t o m s ,   m e t a l   s a l t s   of  f a t t y   a c i d s   h a v i n g   a t  

l e a s t   12  c a r b o n   a t o m s ,   and  f l u o r o c a r b o n   p o l y m e r s .  

A l i p h a t i c   a l c o h o l s   t h a t   a re   s u i t a b l e   f o r   t h e  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   can  be  r e p r e s e n t e d   by  t h e  

f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  s a t u r a t e d   or  u n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l ,   e . g .   a l k y l ,  



a l k e n y l ,   h a v i n g   9  to  21  c a r b o n   a t o m s .  
R e p r e s e n t a t i v e   e x a m p l e s   of  such   s u i t a b l e   a l i p h a t i c   a l c o h o l s  

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

t h e r e o f .  

F a t t y   a c i d s   t h a t   a re   s u i t a b l e   f o r   t h e  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   can  be  r e p r e s e n t e d   by  t h e  

f o r m u l a  

w h e r e i n   R2  r e p r e s e n t s   a  s a t u r a t e d   or  u n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l ,   e . g .   a l k y l ,  

a l k e n y l ,   h a v i n g   11  to  21  c a r b o n   a t o m s .  

R e p r e s e n t a t i v e   e x a m p l e s   of  such   f a t t y   a c i d s   i n c l u d e  

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

F a t t y   a m i d e s   t h a t   a r e   s u i t a b l e   f o r   t h e  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   can  be  r e p r e s e n t e d   by  t h e  

f o r m u l a  

w h e r e i n   R2  is  as  d e f i n e d   a b o v e ,   a n d  

X  r e p r e s e n t s  or  H .  

R e p r e s e n t a t i v e   e x a m p l e s   of  such  f a t t y   a m i d e s   i n c l u d e  

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

and  m i x t u r e s   t h e r e o f .  

F a t t y   a c i d   e s t e r s   t h a t   a r e   s u i t a b l e   fo r   t h e  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   can  be  r e p r e s e n t e d   by  t h e  

f o r m u l a  



w h e r e i n   R2  is  as  d e f i n e d   a b o v e ,   a n d  
R3  r e p r e s e n t s   a  s a t u r a t e d   or  u n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l ,   e . g . ,   a l k y l ,  

a l k e n y l ,   h a v i n g   1  to  22  c a r b o n   a t o m s ,  

s a i d   h y d r o c a r b o n   r a d i c a l   b e i n g  

u n s u b s t i t u t e d   or  s u b s t i t u t e d   w i t h  

h y d r o x y   g r o u p .  

R e p r e s e n t a t i v e   e x a m p l e s   of  such  s u i t a b l e   f a t t y   a c i d   e s t e r s  

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

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

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

s t e a r a t e .  

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

c o m p o s i t i o n   of  t h i s   i n v e n t i o n   can  be  r e p r e s e n t e d   by  t h e  

f o r m u l a  

w h e r e i n   R2 is  as  d e f i n e d   a b o v e .  w h e r e i n   R2  is  as  d e f i n e d   a b o v e .  

R e p r e s e n t a t i v e   e x a m p l e s   of  s y m m e t r i c a l   k e t o n e s   d e r i v e d   f r e  

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

i n v e n t i o n   i n c l u d e   s t e a r o n e   and  l a u r o n e .  

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

the   c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   can  be  r e p r e s e n t e d   b y  

the  f o r m u l a  

w h e r e i n   M  r e p r e s e n t s   a  m e t a l   a t o m ,  

n  r e p r e s e n t s   an  i n t e g e r   from  1  to  3 ,  

i n c l u s i v e ,   a n d  

R2  is  as  d e f i n e d   a b o v e .  



M e t a l   s a l t s   of  f a t t y   a c i d s   t h a t   a re   s u i t a b l e   f o r   t h e  

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

l a u r a t e s ,   p a l m i t a t e s ,   and  s t e a r a t e s   of  a l u m i n u m ,   l e a d ,  

c a d m i u m ,   b a r i u m ,   c a l c i u m ,   l i t h i u m ,   m a g n e s i u m ,   and  z i n c .  

The  m e t a l   s t e a r a t e s   a r e   most   p r e f e r r e d .   B l e n d s   of  m e t a l  

s a l t s   of  f a t t y   a c i d s ,   e . g .   z i n c   s t e a r a t e ,   and  f a t t y   a c i d s ,  

e . g .   s t e a r i c   a c i d ,   a re   a l s o   u s e f u l   as  a n t i - f o u l i n g   a g e n t s  
in  the   c o m p o s i t i o n   of  the   p r e s e n t   i n v e n t i o n .  

One  or  more  of  the   h y d r o g e n   a t o m s   of  t h e  

h y d r o c a r b o n   r a d i c a l s   Rl ,   R2,  R3  can  be  r e p l a c e d   w i th   o t h e r  

a t o m s ,   e . g . ,   h a l i d e ,   or  g r o u p s   of  a t o m s ,   e . g .   h y d r o x y l ,   s o  

l ong   as  s a i d   a t o m s   or  g r o u p s   of  a t oms   do  no t   a d v e r s e l y  

a f f e c t   the   a n t i - f o u l i n g   c h a r a c t e r i s t i c s   of  the   wax 

a n t i - f o u l i n g   a g e n t .  

F l u o r o c a r b o n   p o l y m e r s   t h a t   a re   s u i t a b l e   fo r   t h e  

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

t e t r a f l u o r o e t h y l e n e .  
S i l i c a s   and  m e t a l   s i l i c a t e s   can  be  u s e d   as  t h e  

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

a g e n t s   i n c l u d e   s i l i c a   g e l ,   fumed  s i l i c a ,   p r e c i p i t a t e d  

s i l i c a ,   c l a y ,   k a o l i n ,   and  t a l c .  

S i l i c a s   and  m e t a l   s i l i c a t e s   can  be  b l e n d e d   w i t h  

waxes   such   as  m e t a l   s a l t s   of  f a t t y   a c i d s ,   e . g .   m e t a l  

s t e a r a t e s ,   f l u o r o c a r b o n   p o l y m e r s ,   e . g . ,   p o l y t e t r a f l u o r o -  

e t h y l e n e ,   f a t t y   a m i d e s ,   e . g ,   s t e a r a m i d e ,   and  the   l i k e ,   t o  

i m p r o v e   t h e i r   a n t i - f o u l i n g   a c t i o n .  

B i n d e r s   can  a l s o   be  i n c l u d e d   in  the   h e a t -  

s e n s i t i v e   c o m p o s i t i o n   of  the   image   r e c e i v i n g   e l e m e n t .   T h e  

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

c e r t a i n   c o n d i t i o n s   in  the  a b s e n c e   of  b i n d e r s .   R e p r e s e n -  

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

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

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

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



S u b s t r a t e s   s u i t a b l e   f o r   use  in  the  i n v e n t i o n   c a n  
be  s e l e c t e d   from  any  d r y ,   s o l i d   m a t e r i a l   t h a t   is  c o m p a t i b l e  
w i t h   the  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  m a t e r i a l s   s u i t a b l e   f o r   the  s u b s t r a t e   i n c l u d e  

p o l y m e r i c   f i l m s ,   e t a l   f o i l s ,   and  p a p e r .   The  p r e f e r r e d  

s u b s t r a t e   is  p a p e r .  
The  r a n g e   of  c o n c e n t r a t i o n   of  each   i n g r e d i e n t   i n  

the  h e a t - s e n s i t i v e   c o a t i n g   m a t e r i a l   has  been  found   to  b e  

i m p o r t a n t .   If  too   l i t t l e   a n t i - f o u l i n g   a g e n t   is  e m p l o y e d ,  

the   t h e r m a l   p r i n t   h e a d s   w i l l   become  f o u l e d   r e l a t i v e l y  

r a p i d l y .   If   too  much  a n t i - f o u l i n g   a g e n t   is  e m p l o y e d ,   t h e  

o p t i c a l   d e n s i t y   of  the   t o n e d   image   w i l l   be  too  low.   T h e  

r a n g e s   of  c o n c e n t r a t i o n   of  each   i n g r e d i e n t   is  a l s o  

d e p e n d e n t   upon  the   n a t u r e   of  a n t i - f o u l i n g   a g e n t   e m p l o y e d .  

When  waxes   a r e   u s e d   as  the  a n t i - f o u l i n g   a g e n t ,   t h e  

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

s e n s i t i v e   c o a t i n g   m a t e r i a l   a re   as  f o l l o w s :  

When  s i l i c a s   or  m e t a l   s i l i c a t e s   a re   used   as  t h e  

a n t i - f o u l i n g   a g e n t ,   the  c o n c e n t r a t i o n   r a n g e s   for   e s s e n t i a l  

i n g r e d i e n t s   of  the   h e a t - s e n s i t i v e   m a t e r i a l   a re   as  f o l l o w s :  

When  s i l i c a s   or  m e t a l   s i l i c a t e s   or  bo th   a re   u s e d  

in  c o m b i n a t i o n   w i t h   waxes   as  the   a n t i - f o u l i n g   a g e n t ,   t h e  

c o n c e n t r a t i o n   r a n g e s   fo r   e s s e n t i a l   i n g r e d i e n t s   of  the  h e a t -  

s e n s i t i v e   m a t e r i a l   a re   the  same  as  when  s i l i c a s   a l o n e   o r  

m e t a l   s i l i c a t e s   a l o n e   a re   used   as  the  a n t i - f o u l i n g   a g e n t .  



The  c o a t i n g   m a t e r i a l   can  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   b o t h   s o l v e n t   c o a t i n g   and  dry  c o a t i n g .   F o r  

e x a m p l e ,   the  h e a t - s e n s i t i v e   c o a t i n g   m a t e r i a l   can  b e  

d i s s o l v e d   or  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 ,   or  w a t e r ) ,   the   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   t o  

t he   s u b s t r a t e ,   and  the   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  

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

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  the  s o l v e n t   can  b e  

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   the  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   be  t a k e n   to  i n s u r e   t h a t   the  s u b s t r a t e  

does   no t   c u r l   or  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  the   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   o f  

the  d i s s o l v e d   or  d i s p e r s e d   s o l i d   m a t e r i a l   can  b e  

B c c e l e r a t e d   by  s e e d i n g   the   c o a t e d   s u b s t r a t e   w i t h   l i k e   s o l i d  

m a t e r i a l .  

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

s o l i d   form  of  the   h e a t - s e n s i t i v e   c o a t i n g   m a t e r i a l   can  b e  

b r u s h e d   or  r u b b e d   o n t o   the   s u b s t r a t e .   P r e f e r a b l y ,   the   s o l i d  

form  of  the  m a t e r i a l   is  e i t h e r   in  the  form  of  a  powder   o r  
in  a  form  in  wh ich   i t   can  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 .  
The  dry  c c a t i n g   t e c h n i q u e   is  an  e f f i c i e n t   means  f o r  

a p p l y i n g   the  m a t e r i a l   to  the  s u b s t r a t e .   M a t e r i a l s   a p p l i e d  

by  the   dry  c o a t i n g   t e c h n i q u e   do  not  soak   i n t o   the  s u b s t r a t e  

as  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 .   Th i s   i s  

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

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

good  an  image  as  t h a t   when  the   c o a t i n g   m a t e r i a l   is  a p p l i e d  

by  a  s o l v e n t   c o a t i n g   t e c h n i q u e .   F u r t h e r m o r e ,   when  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  the  dry  c o a t i n g   i e c h n i q u e ,   t h e  

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   from  an  u n c o a t e d  

p a p e r   s h e e t   and  can  be  used   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  the  c o a t i n g   m a t e r i a l   on  t h e  

s u b s t r a t e   can  v a r y .   T h e r e   s h o u l d   be  s u f f i c i e n t   c o a t i n g  

m a t e r i a l   to  form  a  l a t e n t   image  but   not   so  much  m a t e r i a l  

t h a t   the   t h e r m a l   p r i n t i n g   means  is  a d v e r s e l y   a f f e c t e d ,   t h e  

a r t i c l e   b e c o m e s   too  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 .   A  s u f f i c i e n t   a m o u n t   of  c o a t i n g   m a t e r i a l   must  b e  

u s e d   so  t h a t   once  the  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  the  i m a g i n g  

p o w d e r   to  o v e r c o m e   the   t r i b o e l e c t r i c   or  m a g n e t i c   f o r c e s ,   o r  

b o t h ,   h o l d i n g   the  i m a g i n g   p o w d e r   to  the  d e v e l o p m e n t   r o l l .  

I t   has  been   found   t h a t   f rom  a b o u t   0 .1   to  5  g / m 2  

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   i s  

u t i l i z e d ,   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  0 .1   to  2  g / m 2  

of  the  m a t e r i a l ,   more  p r e f e r a b l y   f rom  a b o u t   0 .1   to  1 . 2  

g /m2 ,   and  most  p r e f e r a b l y   from  a b o u t   0 .2   to  1 .0   g/m2  of  t h e  

m a t e r i a l .   These   r e l a t i v e l y   s m a l l   a m o u n t s   of  c o a t i n g  

m a t e r i a l   a re   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   c a n  

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 h e  

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 .   When  the  s u b s t r a t e   is  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  the  s u r f a c e   of  the  p a p e r  
f i b e r s .  

The  imaged   a r e a   must   p r o v i d e   s u f f i c i e n t   a d h e s i o n  

to  the  dry  i m a g i n g   p o w d e r .   The  imaged   a r e a   may  r e a c t   w i t h  

the   i m a g i n g   p o w d e r ;   i t   may  form  a  s o l u t i o n   w i t h   the  p o w d e r ;  

i t   r ay   wet  the  p o w d e r ;   or  i t   may  e i t h e r   a b s o r b   or  be  

a d s o r b e d   by  the  p o w d e r .   W h a t e v e r   the  i n t e r a c t i o n   b e t w e e n  

the   p o w d e r   and  the   i m a g e d   a r e a   i s ,   the   imaged   a r e a   m u s t  

h o l d   the   p o w d e r   u n t i l   the   p o w d e r   is  f i x e d   to  the  s u b s t r a t e .  

C o a t i n g s   were   e v a l u a t e d   by  p r i n t i n g   a  s o l i d   b a r  

(26  i n c h e s   l o n g )   w i t h   the  t h e r m a l   p r i n t   head   in  the  EMT 

9140  F a c s i m i l e   M a c h i n e   (3M  C o m p a n y ) .   The  l a t e n t   image  w a s  

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

c o p i e r   (3M  Company)   and  t o n e r   p o w d e r   d e s c r i b e d   in  U . S .  

P a t e n t   No.  3 , 9 2 5 , 2 1 9 ,   Example   1.  The  t o n e r   p a r t i c l e s  

r a n g e d   in  s i z e   f rom  10  to  45  m i c r o m e t e r s .  

The  p r i n t e r   u t i l i z e d   a  100  s t y l i / i n c h   t h i c k   f i l m  

p r i n t   head  m a n u f a c t u r e d   by  Rolm  C o r p o r a t i o n .  

P r i n t   head  r e s i d u e   was  e v a l u a t e d   by  v i s u a l l y  

i n s p e c t i n g   the  head  u n d e r   5X  m a g n i f i c a t i o n   and  r a t e d  



a c c o r d i n g   to  the   f o l l o w i n g   c r i t e r i a :  

N o n e  -   No  v i s i b l e   r e s i d u e  

T r a c e  -   S m a l l   s p e c k s   of  c o a t i n g   a d h e r i n g   to  p r i n t  

h e a d  

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

c o n t i n u o u s   c o a t i n g   on  p o r t i o n   of  p r i n t  

h e a d ,   bu t   no t   i n t e r f e r i n g   w i t h   h e a d  

c o n t a c t   to  p a p e r  
M e d i u m  -   R e s i d u e   f o r m s   c o n t i n u o u s   c o a t i n g   o v e r  

a p p r o x i m a t e l y   h a l f   of  the  p r i n t   h e a d  

H e a v y  -   L a r g e   a m o u n t   of  r e s i d u e   on  and  b e h i n d  

p r i n t   head  and  i n t e r f e r i n g   w i t h   h e a d  

c o n t a c t   to  p a p e r   and  h e a t   t r a n s f e r .  

Image  d e n s i t y   a f t e r   d e v e l o p m e n t   was  m e a s u r e d   w i t h   a  M a c B e t h  

TR  924  d e n s i t o m e t e r   in  r e f l e c t i o n   m o d e .  

EXAMPLES  1 - 8  

C o a t i n g   m a t e r i a l   f o r m u l a t i o n s   a re   s e t   f o r t h   i n  

T a b l e   I .   In  the   f o l l o w i n g   t a b l e   the   a m o u n t s   a re   in  p a r t s  

by  w e i g h t .  



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

d i s s o l v e d   in  a c e t o n e .   The  wax  a n t ; - f a u l i n g   a g e n t s   w e r e  

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

an  u l t r a s o n i c   b a t h .   The  f i l l e r   a n t i - f o u l i n g   a g e n t s   w e r e  

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

a  h o m o g e n i z e r .   The  d i s p e r s i o n s   were  c o a t e d   on  p a p e r   w i t h   a  

1 /2   i n c h   d i a  e t e r   #8  w i r e   wound  rod  and  a i r   d r i e d ,   y i e l d i n g  

a  dry  c o a t   w e i g h t   of  0 . 2 8   to  0  36  g / f t 2 .  

Each  c o a t e d   s h e e t   was  e v a l u a t e d   and  the  r e s u l t s  

a re   shown  in  T a b l e   I I .  



When  no  a n t i - f o u l i n g   a g e n t   was  p r e s e n t   in  t h e  

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

l i g h t   to  h e a v y .   When  a t   l e a s t   one  a n t i - f o u l i n g   a g e n t   w a s  

i n c l u d e d   in  the  h e a t - s e n s i t i v e   m a t e r i a l ,   p r i n t   head  r e s i d u e  

r a n g e d   f rom  none  to  t r a c e .  

EXAMPLE  9 

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

w e i g h t   on  p r i e t h e a d   r e s i d u e .  

The  f o l l o w i n g   f o r m u l a t i o n   was  u sed   to  p r e p a r e  
t e s t   s a m p l e s :  

S a m p l e s   of  the  f o r m u l a t i o n   were  c o a t e d   on  p a p e r   at   c o a t i n g  

w e i g h t s   r a n g i n g   f rom  0 . 2 6   g/m2  to  0 .95   g / m 2 .   C o a t i n g  

w e i g h t   was  v a r i e d   by  u s i n g   d i f f e r e n t   Mayor  r o d s .   T h e  

r e s u l t s   of  the  p r i n t h e a d   r e s i d u e   e v a l u a t i o n   a r e   shown  i n  

T a b l e   I I I .  



From  T a b l e   I I I ,   i t   can  be  s een   t h a t   a  d ry   c o a t i n g  

w e i g h t   of  0 . 6 2   g/m2  p r o v i d e d   o p t i m u m   o p t i c a l   d e n s i t y   v a l u e  

w i t h   no  p r i n t   head  r e s i d u e .  

EXAMPLES  1 0 - 1 6  

T h e s e   e x a m p l e s   d e m o n s t r a t e   the  e f f e c t   o f  

d i f f e r e n t   waxes   in  c o m b i n a t i o n   w i t h   m e t a l   s i l i c a t e  

( a l u m i n u m   s i l i c a t e )   in  the  c o a t i n g   c o m p o s i t i o n .  

The  f o l l o w i n g   f o r m u l a t i o n s   were   u sed   f o r   t h e  

e x a m p l e s .   In  the  f o l l o w i n g   t a b l e ,   the  a m o u n t s   a r e   in  p a r t s  

by  w e i g h t .  



Each   c o a t i n g   was  e v a l u a t e d   and  the  r e s u l t s   a r e   shown  i n  

T a b l e   V. 



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

i n v e n t i o n   w i l l   become  a p p a r e n t   to  t h o s e   s k i l l e d   in  the  a r t  

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

i n v e n t i o n ,   and  i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h i s   i n v e n t i o n  

is   no t   to  be  u n d u l y   l i m i t e d   to  the  i l l u s t r a t i v e   e m b o d i m e n t s  

s e t   f o r t h   h e r e i n .  



1.  Image  r e c e i v i n g   e l e m e n t   c o m p r i s i n g   a 
s u b s t r a t e   b e a r i n g   on  a t   l e a s t   one  m a j o r   s u r f a c e   t h e r e o f   a 

c o a t i n g   c o m p r i s i n g   (a)  m a t e r i a l   c a p a b l e   of  e x i s t i n g   in  a  

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

(b)  a t   l e a s t   one  a n t i - f o u l i n g   a g e n t   s e l e c t e d   from  the  g r o u p  
c o n s i s t i n g   of  w a x e s ,   s i l i c a s ,   m e t a l   s i l i c a t e s ,   and  m i x t u r e s  

t h e r e o f .  

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

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

a n t i - f o u l i n g   a g e n t   c o m p r i s e s   a  w a x .  

4.  The  e l e m e n t   of  c l a i m   2  w h e r e i n   s a i d  

a n t i - f o u l i n g   a g e n t   c o m p r i s e s   a  w a x .  

5.  The  e l e m e n t   of  c l a i m   3  w h e r e i n   s a i d   a n t i -  

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

a l i p h a t i c   a l c o h o l s ,   f a t t y   a c i d s ,   f a t t y   a m i d e s ,   f a t t y   a c i d  

e s t e r s ,   and  s y m m e t r i c a l   k e t o n e s   d e r i v e d   from  f a t t y   a c i d s .  

6.  The  e l e m e n t   of  c l a i m   5  w h e r e i n   s a i d  

a n t i - f o u l i n g   a g e n t   is  r e p r e s e n t e d   by  the  f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  s a t u r a t e d   or  u n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l   h a v i n g   9  to  21 

c a r b o n   a t o m s .  



7.  The  e l e m e n t   of  c l a i m   5  w h e r e i n   s a i d  

a n t i - f o u l i n g   a g e n t   is  r e p r e s e n t e d   by  the  f o r m u l a  

w h e r e i n   R2  r e p r e s e n t s   a  s a t u r a t e d   or  u n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l   h a v i n g   11  to  21 

c a r b o n   a t o m s .  

8.  The  e l e m e n t   of  c l a i m   5  w h e r e i n   s a i d   a n t i -  

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

w h e r e i n   R2  r e p r e s e n t s   a  s a t u r a t e d   or  u n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l   h a v i n g   11  to  21 

c a r b o n   a t o m s ,   a n d  

X  r e p r e s e n t s  or  H. 

9.  The  e l e m e n t   of  c l a i m   5  w h e r e i n   s a i d   a n t i -  

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

w h e r e i n   R2  r e p r e s e n t s   a  s a t u r a t e d   or  a n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l   h a v i n g   11  to  21 

c a r b o n   a t o m s ,  
R3  e p r e s e n t s   a  h y d r o c a r b o n   r a d i c a l  

h a v i n g   1  to  21  c a r b o n   a t o m s .  



10.  The  e l e m e n t   of  c l a i m   5  w h e r e i n   s a i d  

a n t i - f o u l i n g   a g e n t   is  r e p r e s e n t e d   by  the  f o r m u l a  

w h e r e i n   R2  r e p r e s e n t s   a  s a t u r a t e d   or  u n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l   h a v i n g   11  to  21 

c a r b o n   a t o m s .  

11.   The  e l e m e n t   of  c l a i m   3  w h e r e i n   s a i d   a n t i -  

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

12.  The  e l e m e n t   of  c l a i m   11  w h e r e i n   s a i d   a n t i -  

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

w h e r e i n   R2  r e p r e s e n t s   a  s a t u r a t e d   or  u n s a t u r a t e d  

h y d r o c a r b o n   r a d i c a l   h a v i n g   11  to  21 

c a r b o n   a t o m s ,  

n  r e p r e s e n t s   an  i n t e c e r   from  1  to  3 ,  

i n c l u s i v e ,  

M  r e p r e s e n t s   a  m e t a l   a t o m .  

13.   The  e l e m e n t   of  c l a i m   3  w h e r e i n   s a i d   a n t i -  

f o u l i n g   a g e n t   is  a  f l u o r o c h e m i c a l   w a x .  

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

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

and  s u b s e q u e n t   c o o l i n g   c o m p r i s e s   55  w e i g h t   p e r c e n t   to  9 9  

w e i g h t   p e r c e n t   of  the  c o a t i n g ,   s a i d   wax  c o m p r i s e s   1  w e i g h t  

p e r c e n t   to  16  w e i g h t   p e r c e n t   of  the   c o a t i n g ,   and  s a i d  

b i n d e r   c o m p r i s e s   up  to  40  w e i g h t   p e r c e n t   of  the   c o a t i n g .  



15.  The  e l e m e n t   of  c l a i m   2  w h e r e i n   s a i d   m a t e r i a l  

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

and  s u b s e q u e n t   c o o l i n g   c o m p r i s e s   55  w e i g h t   p e r c e n t   to  99  

w e i g h t   p e r c e n t   of  the  c o a t i n g ,   s a i d   wax  c o m p r i s e s   1  w e i g h t  

p e r c e n t   to  16  w e i g h t   p e r c e n t   of  the  c o a t i n g ,   and  s a i d  

b i n d e r   c o m p r i s e s   up  to  40  w e i g h t   p e r c e n t   of  the  c o a t i n g .  

16.  The  e l e m e n t   of  c l a i m   1  w h e r e i n   s a i d   a n t i -  

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

17.  The  e l e m e n t   of  c l a i m   16  w h e r e i n   s a i d   m a t e r i a l  

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

and  s u b s e q u e n t   c o o l i n g   c o m p r i s e s   50  w e i g h t   p e r c e n t   to  9 5  

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

c o m p r i s e s   5  w e i g h t   p e r c e n t   to  40  w e i g h t   p e r c e n t   of  t h e  

c o a t i n g ,   and  s a i d   b i n d e r   c o m p r i s e s   3  w e i g h t   p e r c e n t   to  4 0  

w e i g h t   p e r c e n t   of  the   c o a t i n g .  

18.  The  e l e m e n t   of  c l a i m   1  w h e r e i n   s a i d  

a n t i - f o u l i n g   a g e n t   c o m p r i s e s   a  m i x t u r e   of  a  wax  and  e i t h e r  

a  s i l i c a   or  a  m e t a l   s i l i c a t e .  

19.  The  e l e m e n t   of  c l a i m   2  w h e r e i n   s a i d  

a n t i - f o u l i n g   a g e n t   c o m o r i s e s   a  m i x t u r e   of  a  wax  and  e i t h e r  

a  s i l i c a   or  a  m e t a l   s i l i c a t e .  

20.  The  e l e m e n t   of  c l a i m   18  w h e r e i n   s a i d   m a t e r i a l  

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

and  s u b s e q u e n t   c o o l i n g   c o m p r i s e s  5 0   w e i g h t   p e r c e n t   to  95  

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

c o m p r i s e s   5  w e i g h t   p e r c e n t   to  40  w e i g h t   p e r c e n t   of  t h e  

c o a t i n g ,   and  s a i d   b i n d e r   c o m p r i s e s   3  w e i g h t   p e r c e n t   to  4 0  

w e i g h t   p e r c e n t   of  the   c o a t i n g .  



21.  The  e l e m e n t   of  c l a i m   19  w h e r e i n   s a i d   m a t e r i a l  

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

and  s u b s e q u e n t   c o o l i n g   c o m p r i s e s   50  w e i g h t   p e r c e n t   to  95  

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

c o m p r i s e s   5  w e i g h t   p e r c e n t   to  40  w e i g h t   p e r c e n t   of  t h e  

c o a t i n g ,   and  s a i d   b i n d e r   c o m p r i s e s   3  w e i g h t   p e r c e n t   to  4 0  

w e i g h t   p e r c e n t   of  the   c o a t i n g .  
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