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©  Release  agent  applicator  for  copying  machine. 
@  An  improved  release  agent  applicator  for  use  with  a  copy- 
ing  machine  having  a  fixing  device  for  pressure  fusing  a  toner 
image  to  copy  paper  as  the  paper  is  passing  between  a  fixing 
roll  and  pressure  roll.  The  fixing  roll  has  in  contact  therewith  a 
porous  sheet  or  tube  of  polyfethylene  tetrafluoride)  resin  thr- 
ough  which  the  release  agent  is  applied  to  the  fixing  roll. 
Pores  in  the  areas  of  the  porous  sheet  ortube  of  poly(ethylene 
tetrafluoride)  resin  which  are  not  needed  for  passing  release 
agent  therethrough  during  normal  copying  operations  are 

^   closed  to  form  closed-and  open-pore  areas.  A  width  of  the 
^   open-pore  area  is  smaller  than  the  width  of  the  surface  that 

which  the  porous  sheet  or  tube  contacts  the  fixing  roll.  Prefer- 
Q)  ably,  the  porous  sheet  ortube  has  a  pore  size  in  a  range  of  0.1 

to  10  microns  and  a  porosity  in  a  range  of  50  to  85%. 
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BACKGROUND  OF  THE  INVENTION 

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

a p p l y i n g   a  r e l e a s e   a g e n t   ( f o r   i n s t a n c e ,   s i l i c o n e   o i l )   to  t h e  

f i x i n g   r o l l   of   a  p l a i n   p a p e r   c o p y i n g   (PPC)  m a c h i n e .  

The  b a s i c   p r o c e s s   of  f i x i n g   in  a  PPC  c o p y i n g  

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

image   to  s h e e t   of  p a p e r   as  i t   is  p a s s e d   b e t w e e n   a  h e a t e d  

f i x i n g   r o l l   and  a  r e s i l i e n t   p r e s s u r e   r o l l   s u c h   as  a  r u b b e r  

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

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

s e v e r a l   p r o b l e m s   o c c u r ,   s u c h   as  t he   p a p e r   s t i c k i n g   to  t h e  

p e r i p h e r y   of  t h e   f i x i n g   r o l l   so  as  to  p r e v e n t   c o m p l e t e   t o n e r  

f i x i n g ,   t o n e r   p a r t i c l e s   c o m i n g   o f f   t he   copy   p a p e r   and  b e i n g  

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

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

" o f f s e t t i n g " ) ,   and  m a l f u n c t i o n   of  t h e   c o p y i n g   m a c h i n e .  

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

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

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

good   r e l e a s e   p r o p e r t i e s .  

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

a p p l y i n g   t h e   r e l e a s e   a g e n t   to  t he   r o l l   u n i f o r m l y   and  in  t h e  



r i g h t   a m o u n t .   I f   t he   r e l e a s e   a g e n t   is  a p p l i e d   in  e x c e s s i v e  

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

same  t i m e ,   r a p i d   c o n s u m p t i o n   of  t he   r e l e a s e   a g e n t   r e q u i r e s  

i t s   f r e q u e n t   r e f i l l i n g .   F u r t h e r m o r e ,   t he   e x c e s s   r e l e a s e  

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

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

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

r e l e a s e   p r o p e r t i e s   of  t he   r o l l   s u r f a c e   w i l l   o c c u r   t h a t  

i n d u c e s   t h e   s t i c k i n g   of  t he   p a p e r   to   t h e   p e r i p h e r y   of  t h e  

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

as  s i l i c o n e   o i l .  

V a r i o u s   t y p e s   of  r e l e a s e   a g e n t   a p p l i c a t o r s   have   s o  

f a r   b e e n   p r o p o s e d ,   b u t   none  of  them  a r e   c o m p l e t e l y  

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

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

r e l e a s e   a g e n t ,   c o n s u m e s   a  min imum  a m o u n t   of   t he   a g e n t ,  

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

in  s h a p e   and  can   be  m a n u f a c t u r e d   a t   a  v e r y   low  c o s t .  

As  s h o w n   in  F i g s .   lA,  1B  and  2,  t h i s   a p p l i c a t o r   i s  

u s e d   w i t h   a  f i x i n g   d e v i c e   c o m p o s e d   of  a  f i x i n g   r o l l   14  and  a  

p r e s s u r e   r o l l   15  b e t w e e n   w h i c h   copy   p a p e r   16  h a v i n g   a  t o n e r  

image   is   p a s s e d   so  as  to  p r e s s u r e   f u s e   the,  image  to  t h e  

p a p e r .   The  a p p l i c a t o r   c o n s i s t s   of  a  p o r o u s   t u b e   7  o f  

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



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

r o l l   14  in  i t s   a x i a l   d i r e c t i o n   so  as  to  e n a b l e   t h e  

a p p l i c a t i o n   of  t h e   r e l e a s e   a g e n t   6  f rom  the   p o r o u s   t u b e   o f  

p o l y ( e t h y l e n e   t e t r a f l u o r i d e )   r e s i n .  

B e i n g   s o f t ,   t he   p o r o u s   t u b e   7  is   c a r r i e d   on  a  

s u p p o r t   1  ( F i g s .   lA  and  1B)  or  4  ( F i g .   2)  in  s u c h   a  m a n n e r  

t h a t   p a r t   of  t h e   t u b e   p r o j e c t s   f rom  the   o p e n i n g   of  t h e  

s u p p o r t .   The  p o r e s   in  the   a r e a   of  t h e   p o r o u s   t u b e   o t h e r  

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

f l u o r i n e   r u b b e r   or  any  o t h e r   s u i t a b l e   m a t e r i a l   by,   f o r  

e x a m p l e ,   a  c o a t i n g   or  c o v e r i n g   t e c h n i q u e ,   so  as  to   p r o d u c e   a  

c l o s e d - p o r e   a r e a .   T h i s   is   done  in  o r d e r   to  d i s c h a r g e   t h e  

r e l e a s e   a g e n t   in  a  m e t e r e d   and  u n i f o r m   a m o u n t .  

In  F i g s .   lA,  lB  and  2,  r e f e r e n c e   n u m e r a l   2 

i n d i c a t e s   t he   c l o s e d - p o r e   a r e a   of  t h e   p o r o u s   t u b e   o f  

p o l y ( e t h y l e n e   t e t r a f l u o r i d e )   r e s i n ,   3  r e f e r s   to   the   o p e n -  

p o r e   a r e a   of  t h a t   t u b e ,   and  5  d e n o t e s   an  i n l e t   f o r   t h e  

r e l e a s e   a g e n t .  

The  i n v e n t o r s   have   a l s o   d e v e l o p e d   an  a p p l i c a t o r   o f  

the   t y p e   shown  in  F i g .   3  by  r e p l a c i n g   t he   p o r o u s   t u b e   o f  

p o l y ( e t h y l e n e   t e t r a f l u o r i d e )   r e s i n   by  a  s h e e t   of  t he   s a m e  

m a t e r i a l   as  shown  in  F i g .   4.  H o w e v e r ,   e v e n   t h e s e   p r i o r   a r t  

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

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



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

when  t h e   c o p y i n g   o p e r a t i o n   is   r e s u m e d .   T h i s   i s   b e c a u s e   s o m e  

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

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

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

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

a p p l i c a t i o n   of  t he   r e l e a s e   a g e n t .  

SUMMARY OF  THE  INVENTION 

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

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

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

e l e v a t e d   t e m p e r a t u r e s .  

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

i n v e n t i o n   f o r   use   w i t h   a  c o p y i n g   m a c h i n e   has   a  f i x i n g   d e v i c e  

f o r   p r e s s u r e   f u s i n g   a  t o n e r   image  to  copy   p a p e r   as  t h e  

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

r o l l .   The  f i x i n g   r o l l   h a s   in  c o n t a c t   t h e r e w i t h   a  p o r o u s  

s h e e t   or  t u b e   of  p o l y ( e t h y l e n e   t e t r a f l u o r i d e )   r e s i n   t h a t   i s  

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

a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   t he   p o r e s   in  t h e   a r e a   of  t h e  

p o r o u s   s h e e t   or  t u b e   of  p o l y  ( e t h y l e n e   t e t r a f l u o r i d e )   r e s i n  

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

c l o s e d   to   f o rm  c l o s e d -   and  o p e n - p o r e   a r e a s .   The  w i d t h   o f  

t he   o p e n - p o r e   a r e a   is   s m a l l e r   t h a n   the  w i d t h   of   t h e   s u r f a c e  



a t   w h i c h   t h e   p o r o u s   s h e e t   or  t u b e   c o n t a c t s   t he   f i x i n g   r o l l .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   lA  s h o w s   a  c r o s s   s e c t i o n   of  a  r e l e a s e   a g e n t  

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

F i g .   lB  s h o w s   a  f r o n t   v i ew   of   t he   a p p l i c a t o r   o f  

F i g .   l A ;  

F i g .   2  shows   a n o t h e r   f r o n t   v iew  of  t he   a p p l i c a t o r  

of   F i g .   l A ;  

F i g .   3  s h o w s   a n o t h e r   c r o s s   s e c t i o n   of  t h e  

a p p l i c a t o r   of   F i g .   lA;  a n d  

F i g .   4  i s   a  s i d e   v i ew  i l l u s t r a t i n g   a  r e l e a s e   a g e n t  

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

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

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

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

F i g .   4  i l l u s t r a t e s   a  r e l e a s e   a g e n t   a p p l i c a t o r   o f  

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

shown   in   F i g .   3.  (The  p r e s e n t   i n v e n t i o n   is  a l s o   a p p l i c a b l e  

to  t h e   e m b o d i m e n t s   shown  in  F i g s .   lA,  1B  and  2 . )   In  F i g .   4 ,  

r e f e r e n c e   n u m e r a l   7  i n d i c a t e s   a  p o r o u s   s h e e t   o f  

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

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

0 . 1   to   10  m i c r o n s ,   and  a  p o r o s i t y   of  50  to  85%.  E x a m p l e s   o f  

s u c h   a  r e s i n   s h e e t   a r e   d e s c r i b e d   in  J a p a n e s e   P a t e n t  



P u b l i c a t i o n   No.  1 3 5 6 0 / 1 9 6 7   and  J a p a n e s e   P a t e n t   A p p l i c a t i o n  

No.  1 5 5 2 2 6 / 1 9 7 5 .   The  s h e e t   is  m a n u f a c t u r e d   by  p r e p a r i n g   a  

p o l y ( e t h y l e n e   t e t r a f l u o r i d e )   r e s i n   mix  c o n t a i n i n g   a  l i q u i d  

l u b r i c a n t ,   c a l e n d e r i n g   t he   mix  to  a  s h e e t   f o r m ,   d r a w i n g   t h e  

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

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

is   P o r e f l o n   ( t r a d e m a r k )   a v a i l a b l e   f rom  S u m i t o m o   E l e c t r i c  

I n d u s t r i e s ,   L t d . ,   of   J a p a n .  

The  p o r e s   in  t he   a r e a   of  t he   s h e e t   o t h e r   t h a n   t h a t  

w h i c h   h a s   o p e n   p o r e s   n e c e s s a r y   f o r   p e r m i t t i n g   t h e   o o z i n g   o f  

t he   r e l e a s e   a g e n t   6  a r e   c l o s e d   w i t h   FEP  or  o t h e r   m a t e r i a l  

20.  The  s h e e t   is   i n s t a l l e d   on  a  t a n k   ( s u p p o r t )   1'  i n  s u c h   a  

m a n n e r   t h a t   t h e   o p e n - p o r e   a r e a   of  t he   s h e e t   f a c e s   a n d  

c o n t a c t s   t h e   f i x i n g   r o l l   14  ( a l s o   see   F i g .   3 ) .  

A c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n ,   in  o r d e r   t o  

m i n i m i z e   t h e   d i s c h a r g e   of  the   r e l e a s e   a g e n t   6  f rom  t h e  

p o r o u s   s h e e t   7 '  w h i l e   t he   c o p y i n g   m a c h i n e   is  a t   r e s t   u n d e r  

e l e v a t e d   t e m p e r a t u r e s ,   t he   w i d t h   W  of  t he   o p e n - p o r e   a r e a   o f  

t he   s h e e t   7'  is   made  s m a l l e r   t h a n   the   w i d t h   C  o f   t h e  s u r f a c e  

a t   w h i c h   t h e   p o r o u s   s h e e t  7 '   c o n t a c t s   t he   f i x i n g  r o l l   1 4 .  

For   a  b e t t e r   u n d e r s t a n d i n g   of  t h i s   f e a t u r e   of  t h e  

p r e s e n t   i n v e n t i o n ,   e x p e r i m e n t a l   r e s u l t s   a r e   shown  b e l o w   w i t h  

r e f e r e n c e   to   F i g .   4.  In  t h e   e x p e r i m e n t ,   t he   w i d t h  W   of  t h e  

o p e n - p o r e   a r e a   was  s e t   a t   v a l u e s   b e t w e e n   3  and  5  mm,  and  t h e  



c o n t a c t   s u r f a c e   w i d t h   C  was  s e t   b e t w e e n   5  and  6  mm. 

P o r e f l o n   ( t r a d e m a r k )   m e n t i o n e d   a b o v e   was  used   as  the   p o r o u s  

s h e e t   7 ' .   In  t he   e x p e r i m e n t ,   t he   d i s c h a r g e   of  t he   r e l e a s e  

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

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

I t   s h o u l d   be  u n d e r s t o o d   t h a t   t he   s h a p e   of  t h e   t a n k  

or  s u p p o r t   to  w h i c h   the   p o r o u s   s h e e t   or  t u b e   of  t he   p r e s e n t  

i n v e n t i o n   is   f i x e d   is  by  no  means   l i m i t e d   to  the   e m b o d i m e n t s  

shown  in  t h e   a c c o m p a n y i n g   d r a w i n g s .  

As  shown  a b o v e ,   t he   a p p l i c a t o r   of  t he   p r e s e n t  

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

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

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

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

a g e n t   d o e s   no t   o c c u r   when  t h e   c o p y i n g   o p e r a t i o n   i s   r e s u m e d ,  

w h i c h   p r e v e n t s   the   s t a i n i n g   or  d i s c o l o r i n g   of  t h e   p a p e r   b y  

t h e   r e l e a s e   a g e n t .   As  a  f u r t h e r   a d v a n t a g e ,   t h e   r a t e   o f  

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

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

b e c o m e s   u n n e c e s s a r y .   O t h e r   p r o b l e m s   such   as  s o l i d i f i c a t i o n  

of  e x c e s s   r e l e a s e   a g e n t   on  t h e   r o l l   s u r f a c e   a r e   a l s o  

m i n i m i z e d .  



1.  In  a  r e l e a s e   a p p l i c a t o r   a g e n t   f o r   use   w i t h   a  

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

t o n e r   i m a g e   to   copy   p a p e r   as  s a i d   p a p e r   is  b e i n g   p a s s e d  

b e t w e e n   a  f i x i n g   r o l l   and  a  p r e s s u r e   r o l l ,   s a i d   f i x i n g   r o l l  

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

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

a g e n t   to  s a i d   f i x i n g   r o l l ,   the   i m p r o v e m e n t   w h e r e i n   p o r e s   i n  

a r e a s   of   s a i d   p o r o u s   s h e e t   or  t u b e   of  p o l y ( e t h y l e n e  

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

r e l e a s e   a g e n t   t h e r e t h r o u g h   a r e   c l o s e d   to  f o rm  c l o s e d -   a n d  

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

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

Or  t u b e   c o n t a c t s   s a i d   f i x i n g   r o l l .  

2.  The  r e l e a s e   a g e n t   a p p l i c a t o r   f o r   use   w i t h   a  

c o p y i n g   m a c h i n e   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 o r o u s  

s h e e t   or  t u b e   of  p o l y ( e t h y l e n e   t e t r a f l u o r i d e )   r e s i n   i s  

i n s t a l l e d   on  a  s u p p o r t .  

3.  The  r e l e a s e   a g e n t   a p p l i c a t o r   f o r   use   w i t h   a  

c o p y i n g   m a c h i n e   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 o r o u s  

s h e e t   or  t u b e   of  p o l y ( e t h y l e n e   t e t r a f l u o r i d e )   r e s i n   has  a  

p o r e   s i z e   in  a  r a n g e   of  0 . 1   to  10  m i c r o n s   and  a  p o r o s i t y   i n  

a  r a n g e   of   50  to  8 5 % .  

4.  The  r e l e a s e   a g e n t   a p p l i c a t o r   f o r   use   w i t h   a  



c o p y i n g   m a c h i n e   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   c l o s e d -  

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

t e t r a f l u o r i d e )   r e s i n   is  f o r m e d   by  l a m i n a t i o n   w i t h   F E P .  
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