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A  member  for,  a  method  of,  and  a  system  for  fusing  toner  images  to  a  substrate. 

o  

@  A  fuser  member  (1)  and  method  of  fusing  or  fixing 
thermoplastic  resin  powder  images  (14)  to  a  substrate  (12) 
in  a  fuser  assembly  of  the  type  wherein  a  polymeric  release 
agent  (22)  having  functional  groups  is  applied  to  the  sur- 
face  (2)  of  the  fuser  member  (1)  is  disclosed.  The  fuser 
member  (1)  comprises  a  base  member  (4,  70)  having  an 
elastomer  (2,  64)  surface  with  metal-containing  filler  (66) 
therein.  Metal-containing  fillers  include  metals,  metal  alloys, 
metal  oxides  and  metal  salts.  Exemplary  of  such  a  fuser 
member  (1)  is  an  aluminium  base  member  (4,  70)  coated 
with  poly(vinylidene  fluoride-hexafluoropropylene)  copoly- 
mer  (2,  64)-  having  lead  oxide  filler  (66)  dispersed  therein 
and  utilizing  mercapto-functional  polyorganosiloxane  as  a 
release  agent  (22,  60). 
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This  invent ion  re la tes   general ly   to  heat  fusing  members ,   a s s e m -  

blies  and  methods ,   and  more  par t icu la r ly ,   to  an  improved  fusing  sur face   a n d  

method  to  p revent   o f f se t t ing   of  a  res in-based  powder  fused  upon  a  s u b s t r a t e  

during  the  fusing  opera t ion   in  e l e c t r o s t a t o g r a p h i c   copiers.   As  used  h e r e i n ,  

the  fusing  sur face   may  be  a  roll,  a  belt,  a  flat  su r face   or  any  other  s h a p e  

sui table   for  fixing  toner  or  res in-based   powder  i m a g e s .   The  invent ion  is 

pa r t i cu l a r ly   useful  in  the  field  of  xerography  where  images  are  e l e c t r o -  

s t a t i ca l ly   formed  and  developed  with  resinous  powders  known  as  toners  o r  

t h e r m o p l a s t i c   resin  powders,   and  t h e r e a f t e r   fused  or  fixed  onto  sheets   o f  

paper  or  other   subs t r a t e s   to  which  the  powder  images  have  been  t r a n s f e r r e d .  

The  res in-based   powders  or  toners  of  this  invent ion  a r e  h e a t   so f t enab le ,   s u c h  

as  those  provided  by  toners  which  contain  t h e r m o p l a s t i c   resins  and  u s e d  

..  convent iona l ly   in  a  var ie ty   of  c o m m e r c i a l l y   known  m e t h o d s .  

In  order  to  fuse  images  formed  of  the  resinous  powders   or  t o n e r s ,  

it  is  necessary   to  heat  the  powder  and  the  s u b s t r a t e   to  which  it  is  to  b e  

fused,  to  a  r e la t ive ly   high  t e m p e r a t u r e ,   genera l ly   in  excess  of  about  9 0 ° C .  

This  will  vary  depending  upon  the  sof tening  range  of  the  pa r t i cu l a r   r e s i n  

used  in  the  toner.   Genera l ly ,   even  higher  t e m p e r a t u r e s   are  c o n t e m p l a t e d  

such  as  a p p r o x i m a t e l y   160°C  or  higher.  It  is  undes i rable ,   however ,   to  r a i s e  

the  t e m p e r a t u r e   of  the  subs t r a t e   subs tan t i a l ly   higher  than  about  2 0 0 ° C  

because  of  the  t endency   of  the  subs t r a t e   to  discolor  at  such  e l eva ted   t e m p -  

e ra tu res ,   pa r t i cu l a r ly   when  the  subs t r a t e   is  p a p e r .  

It  has  long  been  r ecogn ized   that  one  of  the  f a s t e s t   and  m o s t  

posit ive  methods   of  applying  heat  for  fusing  the  powder  image  is  d i r e c t  

con tac t   of  the  res in-based   powder  with  a  hot  sur face ,   such  as  a  hea ted   rol l .  

But,  in  most  ins tances ,   as  the  powder  image  is  t ack i f i ed   by  heat ,   part  of  t h e  

image  car r ied   by  the  support   mater ia l   will  stick  to  the  sur face   of  the  p l a t e  

or  roll  so  that   as  the  next  sheet   is  advanced  on  the  hea ted   roll,  the  t a c k i f i e d  

image,  par t ia l ly   removed  from  the  first  sheet,   will  part ly  t r ans fe r   to  t h e  

next  sheet  and  at  the  same  time  part  of  the  t ack i f ied   image  from  said  n e x t  

sheet  adheres   to  the  heated   roll.  This  process   is  commonly   r e f e r r ed   to  in 

the  art  as  "offse t"   or  "hot  offset" ,   terms  now  wel l-known  in  the  a r t .  

The  offset   of  toner  onto  the  hea ted   su r face   led  to  the  d e v e l o p -  

ment  of  improved  methods  and  appara tus   for  fus ing   the  toner  image.  T h e s e  



Improvement s   comprise   fusing  toner  images  by  forwarding  the  sheet   or  web  

or  subs t ra te   mater ia l   bearing  the  image  be tween   two  rolls  at  least   one  of  

which  was  heated,   the  rolls  con tac t ing   the  .image  being  provided  with  an 

abhesive  surface   such  as  a  thin  coat ing  of  t e t r a f l u o r o e t h y l e n e   resin  and  a  

silicone  oil  film  to  prevent   toner  offset.   The  outer  sur faces   of  such  rol ls  

have  also  been  f a b r i c a t e d   of  f luor ina ted   e t h y l e n e / p r o p y l e n e   p o l y m e r s ,  

e las tomers   which  contain  hexaf luoropropy lene   as  a  comonomer   such  as  

poly(vinylidene  f l uo r ide /hexa f luo rop ropy l ene )   or  si l icone  e l a s tomer s   c o a t e d  

with  silicone  oil  as  well  as  silicone  e l a s tomers   containing  low  sur face   e n e r g y  

fillers  such  as  f luor ina ted   organic  polymers,   and  the  like.  The  tendency   o f  

these  rolls  to  pick  up  the  toner  general ly   requires  some  type  of  re lease  f l u id  

cont inuously  applied  to  the  sur face   of  the  roll  to  p revent   hot  offset ,   a n d  

commonly  known  silicone  oils  are  general ly   well  adap ted   for  this  p u r p o s e .  

Bare  metal   fuser  members   having  f u n c t i o n a l i z e d   po lymer ic   re lease   a g e n t s  

upon  their  sur faces   are  also  well-known  in  the  art.  The  f u n c t i o n a l i z e d  

polymeric   re lease   agents ,   such  as  m e r c a p t o - f u n c t i o n a l   p o l y o r g a n o s i l o x a n e s ,  

are  general ly   well  adapted  for  re lease  of  t h e r m o p l a s t i c   resin  toner  from  t h e  

heated   su r faces   of  bare  metal   fuser  m e m b e r s .  

Although  the  foregoing  fuser  members   used  in  conjunct ion   w i t h  

various  fuser  re lease   agents  have  been  success fu l ly   used  to  fuse  t h e r m o -  

plastic  resin  toners  to  various  subs t ra t e s ,   each  of  the  prior  art  c o m b i n a t i o n s  

has  various  d i sadvantages .   For  example,   many  of  the  prior  art  sys tems  a r e  

incapable  of  fusing  toner  images  to  subs t r a t e s   at  high  speeds.  O t h e r s  

consume  large  amounts   of  expensive  fuser  oil  or  fuser  re lease   agen t .   S t i l l  

other  prior  art  fusing  sys tems  compromise   copy  quality  even  though  they  a r e  

capable  of  fusing  large  numbers   of  copies.  Many  of  the  fuser  m e m b e r  

s t ruc tu res   are  subject   to  wear  and  degrada t ion   due  to  cont inued  operat ion  a t  

e levated   t e m p e r a t u r e s .   This  neces s i t a t e s   r e p l a c e m e n t   of  the  fuser  m e m b e r  

which  is  quite  costly  when  a  large  number  of  machines   are  involved .  

Moreover,   many  of  the  fuser  members   having  e l a s t o m e r i c   and  r e s inous  

layers  of  ma te r i a l   along  with  a  coating  of  si l icone  oil  to  p revent   toner  o f f s e t  

are  of  suf f ic ien t   t h i c k n e s s   to  cons t i tu te   a  poor  the rmal   conduc tor ,   a n d  

longer  nip  dwell  and  higher  fuser  roll  t e m p e r a t u r e s   are  required  to  d e l i v e r  

the  fusing  energy  required  to  fix  toner.   Also,  control   of  the  s u r f a c e  

t e m p e r a t u r e   of  the  roll  presents   a  problem  due  to  large  t e m p e r a t u r e  

variat ions  occurr ing  before  and  af ter   con tac t ing   of  the  s u b s t r a t e   bearing  t h e  



i m a g e s .  

The  invention  is  p r a c t i s e d   by  applying  a  p o l y m e r i c   r e l e a s e  

agent  having  funct ional   groups  upon  the  surface   of  a  fuser  m e m b e r  

c o m p r i s i n g   a  base  member   and  an  e las tomer   surface,   the  e l a s tomer   h a v i n g  

m e t a l - c o n t a i n i n g   filler  dispersed  t h e r e i n .   The  m e t a l - c o n t a i n i n g   f i l l e r  

d i s p e r s e d   in  the  e l a s tomer   must  be  present   in  an  amount   suf f ic ien t   t o  

in te rac t   with  the  polymeric   re lease  agent  having  funct ional   groups  on  t h e  

surface  of  the  fuser  member .   The  fuser  member   which  may  be  a  roll,  a  b e l t ,  

a  flat  sur face   or  other  subs t r a t e   having  a  sui table   shape  for  f ix ing  

t he rmop la s t i c   resin  powder  images  to  a  subs t r a t e   comprises   a  base  m e m b e r  

having  an  e l a s t o m e r   surface ,   said  e l a s tomer   having  a  m e t a l - c o n t a i n i n g   f i l l e r ,  

such  as  a  metal ,   meta l   alloy,  metal   salt  or  metal   oxide,  dispersed  therein  in  

an  amount   su f f ic ien t   to  i n t e rac t   with  a  polymeric   re lease   agent  h a v i n g  
funct ional   groups,  said-  polymeric   release  agent  being  applied  to  t h e  

e las tomer   s u r f a c e   to  provide  a  surface   abhesive  (an t i -adhes ive)   to  t h e  

|  t h e r m o p l a s t i c   resin  toner  or  powder.  Thus,  there  is  provided  a  fuser  m e m b e r  

for  fixing  t h e r m o p l a s t i c   resin  powder  images  to  a  subs t r a t e   in  a  f u s e r  

assembly  of  the  type  wherein  a  polymer ic   r e l e a s e   agent  having  f u n c t i o n a l  

groups  is  applied  to  the  surface   of  the  fuser  member ,   and  the  fuser  m e m b e r  

comprises   a  base  member   having  an  e l a s tomer   working  sur face   c h a r a c t e r -  

ized  in  that   the  e l a s t o m e r   contains  m e t a l - c o n t a i n i n g   filler  dispersed  t h e r e i n  

in  an  amount   su f f ic ien t   to  i n t e rac t   with  a  polymer ic   re lease   agent  h a v i n g  

funct ional   g r o u p s .  

There  is  also  provided  a  method  of  fusing  t h e r m o p l a s t i c   r e s i n  

toner  images  to  a  s u b s t r a t e   c h a r a c t e r i z e d   by  the  steps  of:  (a)  forming  a  f i lm 

of  polymer ic   re lease   agent  having  funct ional   groups  on  the  e l a s t o m e r  

surface   of  a  fuser  member   at  e leva ted   t e m p e r a t u r e s ,   said  e l a s tomer   s u r f a c e  

having  m e t a l - c o n t a i n i n g   filler  dispersed  therein  in  an  amount   suf f ic ien t   t o  

in te rac t   with  the  polymer ic   re lease   agent  having  funct ional   groups;  (b) 

con tac t ing   the  toner  images  on  the  subs t r a t e   with  the  coated,   h e a t e d  

e las tomer   sur face   for  a  period  of  time  suf f ic ien t   to  soften  the  toner;  and  (c) 

allowing  the  toner  to  cool.  The  t he rmop la s t i c   resin  powder  is  fixed  to  t h e  

subs t ra te   by  c o n t a c t i n g   the  subs t ra te   bearing  the  t h e r m o p l a s t i c   resin  p o w d e r  

image  with  the  hea ted   surface   of  the  descr ibed  e l a s tomer   conta in ing  m e t a l  

oxide,  m e t a l  s a l t ,   metal   or  metal  alloy  filler  and  covered  with  a  p o l y m e r i c  

release  agent  having  funct ional   groups  for  a  t ime  and  at  a  t e m p e r a t u r e  



suf f ic ien t   to  permi t   the  fusion  of  the  t h e r m o p l a s t i c   resin  powder  to  t h e  

subs t ra te .   The  e l a s tomer   surface  having  metal   oxide,  metal   salt,  m e t a l ,  

metal   alloy  or  other  sui table   metal   compound  filler  dispersed  there in   is 

abhesive  (ant i -adhesive) .   to  tacki f ied   or  molten  t h e r m o p l a s t i c   resin  p o w d e r  

undergoing  fusion  on  the  subs t r a t e   because  the  e l a s t o m e r   having  m e t a l  

oxide,  metal   salt,  metal ,   metal   alloy  or  other  sui table   metal   compound  f i l l e r  

dispersed  there in   bears  a  film  of  polymeric   re lease   agent  having  f u n c t i o n a l  

groups  which  have  i n t e r a c t e d   with  the  metal ,   metal   alloy,  metal   salt,  m e t a l  

oxide  or  other  sui table   metal   compound  filler  of  the  e l a s tomer .   Because  o f  

the  synergism  be tween   the  e l a s tomer   having  metal   oxide,  meta l   salt,  m e t a l ,  

metal   alloy  or  other  sui table   metal   compound  filler  dispersed  there in   and  t h e  

polymeric   re lease   agent   having  funct ional   groups,  exce l len t   re lease   and  t h e  

product ion  of  high  quali ty  copies  are  obtained  even  at  high  ra tes   of  speed  o f  

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

In  another   i m p r o v e m e n t   of  this  invention,   it  has  been  d i s c o v e r e d  

that  when  e l a s tomers   are  cured  by  a  special   curing  or  crossl inking  agent  o r  

process,  and  the  e l a s tomer   has  i nco rpora t ed   therein  a  m e t a l - c o n t a i n i n g   f i l l e r  

in  acco rdance   with  the  p resen t   invention,   there   is  not  only  the  r ea l i za t ion   o f  

the  fusing  or  fixing-  of  a  large  number  of  copies,  that   is  the  i m p r o v e d  

release,   but  there   is  also  a  subs tan t ia l   i m p r o v e m e n t   in  wear  rate  over  t h e  

e las tomers   cured  by  convent ional   curing  or  crosslinking  agents ,   for  e x a m p l e  

free  radical   in i t ia tor   agents   such  as  peroxides.   Thus,  when  e l a s t o m e r s   s u c h  

as  f l u o r o e l a s t o m e r s   are  cured  by  a  nucleophil ic   addit ion  curing  or  c r o s s l i n k i -  

ng  system,  and  the  f l u o r o e l a s t o m e r   contains  a  m e t a l - c o n t a i n i n g   filler  in  

accordance   with  the  present   invention,  a  superior  fuser  member   and  m e t h o d  

of  fusing  are  obtained.   Thus,  there  is  provided  a  fuser  member   for  f i x i n g  

t h e r m o p l a s t i c   resin  powder  images  to  a  s u b s t r a t e   in  a  fuser  assembly  of  t h e  

type  wherein  a  po lymer ic   re lease   agent  having  func t iona l   groups  is  a p p l i e d  
to  the  sur face   of  the  fuser  member ,   wherein  the  fuser  comprises   a  b a s e  

member   having  an  e l a s t o m e r   working  surface   with  m e t a l - c o n t a i n i n g   f i l l e r  

dispersed  therein   in  an  amount   su f f ic ien t   to  i n t e rac t   with  the  p o l y m e r i c  
release  agent  having  funct ional   groups,  c h a r a c t e r i z e d   in  that  said  e l a s t o m e r  

is  cured  with  a  nucleophi l ic   addition  curing  agent .   In  this  e m b o d i m e n t   t h e  

p re fe r red   range  of  m e t a l - c o n t a i n i n g   filler,  for  example   lead  oxide,  is  used  a t  

a  c o n c e n t r a t i o n   of  about  0.5  parts   to  100  parts  of  the  m e t a l - c o n t a i n i n g   f i l l e r  

by  weight  per  100  parts  by  weight  of  the  e l a s tomer .   The  most  p r e f e r r e d  



c o n c e n t r a t i o n   of  m e t a l - c o n t a i n i n g   filler  is  about  5  parts  to  45  parts  by 

weight  per  100  parts  of  the  e las tomer .   In  the  broades t   embod imen t   t h e  

m e t a l - c o n t a i n i n g   filler  must  be  present   in  the  e l a s tomer   in  a  c o n c e n t r a t i o n  

g rea te r   than  about  0.05  volume  percent   based  upon  the  volume  of  t h e  

e l a s t o m e r .  

There  is  also  provided  in  a  heated   pressure   fusing  system  fo r  

fusing  toner  images  in  an  e l e c t r o s t a t i c   reproducing  appara tus   in  which  a  

fuser  roll  and  a  backup  roll  define  a  con tac t   arc  to  fuse  toner  images  onto  a  

subs t ra te   and  a  re lease   agent  is  applied  to  the  surface  of  the  fuser  roll  t o  

prevent   toner  offset   upon  the  fuser  roll,  said  fuser  roll  having  an  e l a s t o m e r  

a  surface ,   with  m e t a l - c o n t a i n i n g   filler  dispersed  therein,   and  the  re lease  a g e n t  

applied  upon  the  sur face   of  the  e l a s tomer   is  a  po lymer ic   re lease  a g e n t  

having  func t iona l   groups  which  in te rac t   with  the  metal   in  the  f i l l e r  

c h a r a c t e r i z e d   in  that  the  e l a s tomer   is  cured  with  a  nucleophi l ic   c u r i n g  

agent.   The  p r e f e r r ed   e l a s tomers   in  this  embod imen t   are  the  f l u o r o -  

e l a s t o m e r s .  

While  the  mechanism  is  not  comple te ly   unders tood,   it  has  b e e n  

observed  that   when  ce r ta in   p o l y m e r i c  f l u i d s  h a v i n g   funct ional   groups  a r e  

applied  to  the  surface   of  a  fuser  member   having  an  e l a s tomer   surface   w i t h  

metal   oxide,  metal   salt,  metal ,   metal   alloy  or  other  sui table   m e t a l  

compound  filler  dispersed  therein,   there  is  an  i n t e r ac t i on   (a  c h e m i c a l  

react ion,   coord ina t ion   complex,  hydrogen  bonding  or  other  m e c h a n i s m )  

be tween   the  metal   of  the  filler  in  the  e l a s tomer   and  the  po lymer ic   f lu ids  

having  funct ional   groups,  so  that  the  polymer ic   re lease   agent  h a v i n g  

funct ional   groups  in  the  form  of  a  liquid  or  fluid  provides  an  e x c e l l e n t  

surface  for  re lease   while  having  an  exce l len t   propensi ty   to  remain  upon  t h e  

surface   of  the  fuser  member .   Regardless   of  the  mechanism,   there   a p p e a r s  

to  be  the  fo rma t ion   of  a  film  upon  the  e l a s tomer   surface   which  differs  f r o m  

the  composi t ion   of  the  e l a s tomer   and  the  composi t ion   of  the  p o l y m e r i c  

release  agent  having  funct ional   groups.  This  film,  however   formed,   has  a  

g rea t e r   aff ini ty   for  the  e l a s tomer   having  metal   oxide,  metal   salts,   m e t a l ,  

metal   alloy  or  other  sui table   metal   compound  filler  dispersed  therein  t h a n  

the  toner  and  thereby  provides  an  exce l len t   re lease   coat ing  upon  t h e  

e las tomer   surface .   The  re lease   coating  has  a  cohesive  force  which  is  l e s s  

than  the  adhesive  forces  be tween   heated  toner  and  the  subs t r a t e   to  which  i t  

is  applied  and  the  cohesive  forces  of  the  toner.  Even  though  metal   ox ide ,  



metal   salts,  metal   and  metal  alloy  par t ic les   on  the  surface   of  the  e l a s t o m e r  

normally  cause  re lease  failure,  i.e.  offset   of  toner,   the  use  of  the  p o l y m e r i c  

re lease   agents  having  funct ional   groups  upon  the  surface   of  the  e l a s t o m e r  

conta ining  metal   oxide,  metal   salt,  metal   or  metal   alloy  filler  has  

subs tan t ia l ly   reduced  offset   problems  which  are  common  to  fusing  d e v i c e s  

and  processes   of  the  prior  art  having  fuser  members   with  an  outer  surface   o f  

an  e l a s tomer   or  resinous  mater ia l .   The  funct ional   group  (of  the  p o l y m e r i c  

re lease   agent)  metal   (of  the  m e t a l - c o n t a i n i n g   filler)  i n t e r ac t i on   leads  to  a n  

overall  diminution  of  the  cr i t ica l   or  high  surface   energy  of  the  metal   in  t h e  

m e t a l - c o n t a i n i n g   f i l l e r .  

Po lymer ic   re lease   agents  having  functional-  groups  are  we l l  

known  in  the  prior  art.  They  are  described  in  U.S.  Pa t en t   Nos.  4 ,029 ,827 ,  

4,078,285,  4,011,362,  4,101,686  and  4,046,795.  The  po lymer ic   re lease   a g e n t s  

having  funct ional   groups  as  used  in  this  invention  may  be  a  solid  or  a  l i qu id  

at  ambient   t e m p e r a t u r e   and  a  fluid  at  opera t ing   t e m p e r a t u r e s .   By  using  t h e  

term  "polymeric"   is  meant   two  or  more  monomer   units  as  a  backbone  h a v i n g  

chemica l ly   r eac t ive   funct ional   groups  a t t a c h e d   the re to   or  a t t a c h e d   to  s i d e  

chains  and  branches  of  the  backbone  of  the  polymer.   The  r e a c t i v e  

funct ional   groups  a t t a c h e d   to  the  polymer  must  be  capable  of  i n t e r a c t i n g  

with  the  metal   of  the  filler  dispersed  in  the  e l a s tomer   sur face   of  the  f u s e r  

member .   F u r t h e r m o r e ,   the  polymeric   re lease  agent  having  funct ional   g r o u p s  

must  form  a  film  or  barr ier   upon  the  surface   of  the  fuser  member ,   w h i c h  

barr ier   or  film  has  a  surface   energy  less  than  the  surface   energy  of  the  t o n e r  

at  opera t ing   t e m p e r a t u r e s .   As  used  herein  m e t a l - c o n t a i n i n g   filler  m e a n s  

any  metal ,   metal   alloy,  metal   oxide,  metal   salt  or  other  metal   c o m p o u n d  

which  can  be  i nco rpo ra t ed   in  the  e las tomer ,   and  which  can  i n t e r ac t   with  t h e  

polymeric   re lease   agent  having  funct ional   groups.  Since  the  metal   of  t h e  

m e t a l - c o n t a i n i n g   filler  must  i n t e rac t   with  the  func t iona l   groups  of  t h e  

polymeric   re lease   agent,   it  may  be  des igna ted   as  a  r eac t ive   m e t a l -  

containing  filler.  Me ta l - con t a in ing   fillers  include  metals ,   metal   a l loys ,  

metal   oxides  and  metal   s a l t s .  

In  the  process  and  devices  of  the  present   invention,   it  is  c r i t i c a l  

that  the  polymer ic   re lease   agen t   have  funct ional   groups  (also  des igna ted   as 

chemical ly   r eac t ive   funct ional   groups)  which  i n t e rac t   with  the  m e t a l -  

containing  filler  dispersed  in  the  e l a s tomer   or  resinous  mate r ia l   of  the  f u s e r  

member   sur face   to  form  a  thermal ly   s table  film  which  re leases   t h e r m o -  



plastic  resin  toner  and  which  prevents   t h e  t h e r m o p l a s t i c   resin  toner  f r o m  

con tac t ing   the  e l a s t o m e r   ma te r i a l   itself.  It  is  also  c r i t ica l   that   the  m e t a l  

oxide,  meta l   salt,   meta l ,   meta l   alloy  or  o the r . su i t ab l e   metal   compound  f i l l e r  

dispersed  in  the  e l a s t o m e r   or  resin  upon  the  fuser  member   sur face ,   be  a  

metal   oxide,  meta l   salt,   meta l ,   metal   alloy  or  other  su i table   m e t a l  

compound  capable   of  i n t e r a c t i n g   with  the  funct ional   groups  of  the  p o l y m e r i c  

re lease   agent.   Such  m e t a l - c o n t a i n i n g   filler  ma te r ia l s   p r e f e r ab ly   do  n o t  

c a u s e   ge l la t ion   of  or  have  any  adverse  e f fec t   upon  the  po lymer ic   r e l e a s e  

a g e n t   having  func t iona l   g r o u p s .  
E m b o d i m e n t s   of  the  invention  will  now  be  descr ibed   by  way  o f  

example   with  r e f e r e n c e   to  the  accompany ing   drawings,   in  which :  

Figure  1  is  a  typical   side  e leva t iona l   view  of  a  fuser  system  for  a  

xe rograph ic   r ep roduc ing   a p p a r a t u s ;  

Figure   2  is  a  f r a g m e n t a r y   view  of  a  fuser  m e m b e r   of  the  p r e s e n t  

i n v e n t i o n ;  

F i g u r e   3  is  a  s i m i l a r   view  of  a n o t h e r   embodiment  of  a  f u s e r  

member  of  the  p r e s e n t   i n v e n t i o n ,   a n d  

F i g u r e  4   is  a  view  of  a  t h i r d   form  of  f u s e r   member .  

T h e   fuser  e m b o d i m e n t s   of  the  p resen t   invent ion  may  be  used  in  

any  xe rog raph ic   r ep roduc ing   or  dupl ica t ing  machine   using  hea ted   roll  f u s e r s .  

Exemplary   of  an  a u t o m a t i c   xe rographic   reproduc ing   machine   is  the  m a c h i n e  

descr ibed   in  U.S.  P a t e n t   No.  3,937,637.  Therein   is  i l l u s t r a t ed   a  r e p r o d u c i n g  

machine  which  employs  an  image  recording  drum-l ike   member ,   the  o u t e r  

per iphery   of  which  is  coa ted   with  a  sui table   p h o t o c o n d u c t i v e   ma te r i a l .   O n e  

type  of  p h o t o c o n d u c t i v e   ma te r i a l   is  disclosed  in  U.S.  P a t e n t   No.  2 ,970 ,906 .  

The  p h o t o c o n d u c t i v e   drum  is  suitably  jou rna l l ed   for  r o t a t i on   within  a  

machine  f rame  by  means  o f   a  shaft  which  ro t a t e s   to  bring  the  i m a g e  

re ta in ing  su r f ace   t he reon   past  a  plural i ty  of  xe rograph ic   p rocess ing   s t a t i o n s .  

Suitable  drive  means  are  provided  to  power  and  coord ina te   the  motion  of  t h e  

various  c o o p e r a t i n g   machine   componen t s   whereby  a  fa i thful   r ep roduc t i on   o f  

the  original  input  scene  i n fo rma t ion   is  r ecorded   upon  a  shee t  o f   final  s u p p o r t  

mate r ia l   such  as  paper   or  the  l ike .  

Since  the  p r a c t i c e   of  xerography  is  well  known  in  the  art,  t h e  

various  p rocess ing   s ta t ions   for  producing  a  copy  o f   an  original  are  r e p r e -  

sented  as  s t a t i o n s   A  to  E.  In i t i a l l y  t he   drum  moves  the  p h o t o c o n d u c t i v e  

sur face   through  a  charg ing   s ta t ion   A.  At  charging  s ta t ion   A  an  e l e c t r o s t a t i c  

charge  is  p laced  uni formly   over  the  p h o t o c o n d u c t i v e   su r face   of  the  d r u m  



p r e p a r a t o r y   to  imaging.  The  charging  may  be  provided  by  a  sui table   c o r o n a  

' g e n e r a t i n g   device.  T h e r e a f t e r ,   the  drum  is  ro t a t ed   to  exposure  s ta t ion  B 

where  the  charged  pho toconduc t ive   surface  is  exposed  to  a  light  image  o f  

the  original  input  scene  in format ion ,   whereby  the  charge  is  s e l e c t i v e l y  

dissipated  in  the  light  exposed  regions  to  record  the  original  input  scene  in 

the  form  of  a  l a ten t   e l e c t r o s t a t i c   image.  A  sui table   exposure  system  m a y  

be  provided  by  one  skilled  in  the  a r t . .  

After   exposure,   the  pho toconduc t ive   drum  ro ta t e s   the  e l e c t r o -  

s ta t ic   l a ten t   image  recorded   on  the  pho toconduc t ive   surface   to  d e v e l o p m e n t  

s ta t ion  C,  where  a  convent iona l   developer   mix  is  applied  to  the  p h o t o c o n -  

ductor  surface   render ing  the  l a t en t   image  visible.  A  sui table   d e v e l o p m e n t  

s ta t ion  may  include  a  magne t ic   brush  deve lopment   system  uti l izing  a  

magne t i zab l e   developer   mix  having  carr ier   granules  and  toner  c o m p r i s i n g  

e l e c t r o p h o t o g r a p h i c   resin  plus  colorant   from  dyes  or  p igments .   A  d e v e l o p e r  

mix  is  cont inuously  brought   through  a  d i rect ion  flux  field  to  form  a  b r u s h  

thereof .   The  e l e c t r o s t a t i c   l a t en t   image  recorded   on  the  p h o t o c o n d u c t i v e  

surface   is  developed  by  bringing  the  brush  of  developer   mix  into  c o n t a c t  

the rewi th .   The  developed  image  on  the  pho toconduc t ive   sur face   is  t h e n  

brought  into  con tac t   with  a  sheet   of  final  support   mate r ia l   within  a  t r a n s f e r  

s ta t ion  D,  and  the  toner  image  is  t r a n s f e r r e d   from  the  p h o t o c o n d u c t i v e  

surface   to  the  con tac t ing   side  of  a  final  support   sheet.   The  final  s u p p o r t  

mater ia l   may  be  plain  paper,  gummed  labels,  t r a n s p a r e n c i e s   such  as  

po lyca rbona te ,   polysulfone,   Mylar,  and  the  like.  Mylar  is  a  t r a d e m a r k   of  E.  

I.  duPont  C o m p a n y .  

Af ter   the  toner  image  has  been  t r a n s f e r r e d   to  the  sheet   of  f i n a l  

support  mate r ia l ,   also  descr ibed  herein  as  a  subs t ra te ,   the  shee t  o r   s u b s t r a t e  

with  the  image  thereon  is  advanced  to  a  sui table   fuser  assembly  which  f u s e s  

the  t r ans fe r   powder  image  there to .   Af ter   the  fusing  process,   the  f i n a l  

support   ma te r ia l   is  advanced   by  a  series  of  rolls  to  a  copy  paper  tray  f o r  

subsequent   removal   t he r e f rom  by  a  machine  opera tor .   Although  most  of  t h e  

toner  powder  is  t r a n s f e r r e d   to  the  final  support   mate r ia l   or  subs t r a t e ,   s o m e  

residual  toner  remains  on  the  pho toconduc t ive   sur face   a f te r   the  t r ans fe r   o f  

the  toner  powder  image  to  the  subs t ra te .   The  residual  toner   p a r t i c l e s  

remaining  on  the  pho toconduc t ive   surface   af ter   the  t r ans fe r   opera t ion   a r e  

removed  f r o m  t h e   drum  by  any  one   of  several   well  known  cleaning  m e a n s  

including  cleaning  corona  genera t ing   devices  used  in  conjunct ion  with  b i a s e d  

resi l ient   knife  blades.  It  is  bel ieved  that  the  foregoing  descr ip t ion   is 

suf f ic ien t   for  the  purposes  of  the  present   appl ica t ion   to  i l lus t ra te   t h e  



general   opera t ion   of  a  p r e f e r r ed   au toma t i c   xerographic   copier  which  c a n  

embody  the  fuser  members   and  methods  of  the  present   i n v e n t i o n .  

In  a cco rdance   with  the  present   invention,  the  surface   for  f ix ing  

o r   fusing  a  t h e r m o p l a s t i c   resin  powder  image  to   a  subs t r a t e   at  e l e v a t e d  

t e m p e r a t u r e s   may  be  e i ther   a  roll,  a  flat  surface,   a  belt  or  any  o t h e r  

s u i t a b l e   conf igura t ion .   However ,   in  accordance   with  the  present   i nven t ion ,  

t h e   surface   of  the  fuser  member   must  comprise  an  e l a s tomer   having  a  m e t a l  

oxide,  metal   salt,  metal ,   metal   alloy  or  other  sui table   metal   compound  f i l l e r  

dispersed  therein.   The  m e t a l - c o n t a i n i n g   filler  must  be  one  which  c a n  

in te rac t   with  the  po lymer ic   re lease   agent  having  funct ional   groups  app l i ed  

to  the  fuser  member   sur face   to  provide  a  surface   abhesive-  (ant i -adhesive)   t o  

tacki f ied   toner  and  to  re lease   molten  t h e r m o p l a s t i c   resin  powder  t h e r e f r o m  

during  the  fusing  opera t ion,   and  the  m e t a l - c o n t a i n i n g   filler  dispersed  in  t h e  

e l a s tomer   must  be  p resen t   in  an  amount   suf f ic ien t   to  i n t e r ac t   with  t h e  

polymeric   re lease   agent   having  funct ional   groups.  Although  the  invention  is 

i  appl icable   to  a lmost   any  type  of  surface   which  may  be  used  in  fixing  o r  

fusing  a  t h e r m o p l a s t i c   r e s in  powder   image  to  a  subs t ra te ,   for  c o n v e n i e n c e ,  

descr ipt ions   set  forth  herein  are  d i rec ted   to  fuser  roll  members   which  a r e  

subs tan t ia l ly   cyl indr ical   in  s h a p e .  

The  fuser  members   may  be  cons t ruc t ed   ent irely  of  the  e l a s t o m e r  

having  the  metal   conta in ing   filler  dispersed  therein,   however,   in  the  p r e -  
ferred  embod imen t s ,   the  roll  s t r u c t u r e   comprises   a  base  member   made  of  a  

hollow  cyl indrical   meta l   core  such  as  copper,  a luminum,  steel  and  the  like  or  

coated   layers  of  copper,   s teel ,   and  aluminum  and  the  like,  ove rcoa t ed   w i th  

the  layer  of  e l a s tomer   having  m e t a l - c o n t a i n i n g   filler,  such  as  metal   oxide ,  

metal   salt,  metal   or  meta l   alloy,  dispersed  therein.   The  base  member   m a y  
be  any  sui table   mate r ia l ,   and  the  design  is  not  l imi ted  to  any  p a r t i c u l a r  

metal ,   non-meta l   or  c o m p o s i t e .  

The  e l a s tomers   which  may  be  used  in  acco rdance   with  t h e  

present   invent ion  must   be  heat  s table  e las tomer   or  resin  mate r ia l s   which  c a n  
wi ths tand  e leva ted   t e m p e r a t u r e s   general ly  from  about  90°C  up  to  a b o u t  
200°C  or  higher  depending  upon  the  t e m p e r a t u r e   desired  for  fusing  or  f ix ing  
the  t he rmop la s t i c   resin  powder  to  the  subs t ra te .   The  e l a s tomers   used  in  t h e  

present   invention  must  resist   degrada t ion   or  a t t ack   by  the  p a r t i c u l a r  

polymeric   re lease   agent   having  funct ional   groups  which  is  used  to  p r o m o t e  
release  of  the  molten  or  t ack i f ied   t he rmop la s t i c   resin  powder  or  toner  f r o m  



the  fuser  member   surface.   Exemplary  of  the  e las tomers   which  may  be  u s e d  

in  acco rdance   with  the  present   invention  are  the  f luoro-s i l icone  e l a s t o m e r s ,  

the  silicone  ca rborane   e las tomers ,   various  other  silicone  rubbers,   f l u o r o -  

e las tomers ,   vinylidene  f luor ide -based   e las tomers ,   various  organic  r u b b e r s  

such  as  e t h y l e n e / p r o p y l e n e   diene,  for t i f ied   organic  rubbers  which  r e s i s t  

degrada t ion   at  fusing  t e m p e r a t u r e s ,   various  copolymers ,   block  c o p o l y m e r s ,  

copolymer   and  e l a s tomer   blends,  and  the  like.  Any  e l a s tomer   or  resin  u s e d  

in  accordance   with  the  present   invention  must  have  thermal   o x i d a t i v e  

s tabi l i ty ,   i.e.,  resist   the rmal   degrada t ion   at  the  opera t ing   t e m p e r a t u r e   o f  

the  fuser  member .   Thus  the  organic  rubbers  which  resist   d e g r a d a t i o n   at  t h e  

opera t ing   t e m p e r a t u r e   of  the  fuser  member   may  be  used.  These  i n c l u d e  

chloroprene  rubber,   nitr i le  rubber,  chlorobutyl   rubber,  e thylene   p r o p y l e n e  

t e r p o l y m e r   rubber   (EPDM),  butadiene  rubber,  e thylene  propylene   r u b b e r ,  

butyl  rubber,   b u t a d i e n e / a e r y l o n i t r i l e   rubber,   e thylene   acrylic  r u b b e r ,  

s y t r e n e / b u t a d i e n e   rubber,  and  t he - l i ke   or  the  foregoing  rubbers   f o r t i f i e d  

with  additives  which  the rmal ly   s tabi l ize   the  rubber  at  leas t   at  the  o p e r a t i n g  

t e m p e r a t u r e   of  the  fuser  member .   Most  fuser  members   are  ope ra ted   a t  

t e m p e r a t u r e s   from  about  90°C  to  about  200°C  but  higher  or  l o w e r  

t e m p e r a t u r e s   are  also  c o n t e m p l a t e d   depending  upon  the  sof tening  or  m e l t i n g  

point  of  the  toner.   Resins  having  the  foregoing  proper t ies   may  also  be  u s e d  

in  accordance   with  the  p resen t   invention.  For  example,   p o l y t e t r a f l u o r o -  

e thylene  (PTFE),  f l uo r ina ted   e t hy l ene -p ropy l ene   copolymer   (FEP)  a n d  

p o l y f l u o r o a l k o x y p o l y t e t r a f l u o r o e t h y l e n e   (PFA  Teflon)  may  also  be  used  in  

accordance   with  the  p resen t   i n v e n t i o n .  

The  p r e f e r r ed   e l a s tomers   useful  in  the  present   invent ion  are  t h e  

f l uo roe l a s tomer s   and  the  most  p r e f e r r ed   f l uo roe l a s tomer s   are  the  v iny l i dene  
'  f luor ide-based   f l u o r o e l a s t o m e r s   which  contain  hexa f luo rop ropy lene   as  a  

comonomer .   Two  of  the  most  p r e f e r r ed   f l u o r o e l a s t o m e r s   are  (1)  a  class  o f  

copolymers   of  vinylidene  fluoride  and  hexa f luo rop ropy lene   known  c o m m e r -  

cially  as  Viton  A,  and  (2)  a  class  of  t e rpo lymers   of  vinylidene  f l u o r i d e ,  

hexa f luo ropropy lene   and  t e t r a f l u o r o e t h y l e n e   known  commerc i a l l y   as  Vi ton  

B.  Viton  A  and  Viton  B  and  o ther   Viton  designat ions  are  t r a d e m a r k s   of  E.  I. 

duPont  de  Nemours   and  Company.   Other  commerc ia l ly   avai lable   m a t e r i a l s  

include  Fluorel 2170,  Fluorel   2174,  Fluorel  2176,  Fluorel   2177,  Fluorel   LVS76,  

Viton  GH,  Viton  E60C,  Viton  B910,  Viton  E430.  Fluorel  is  a  t r a d e m a r k   of  3M 



Company.   Mixtures  of  the  foregoing  vinylidene  f luor ide -based   f l u o r o e l a s t o -  

mers  with  t e t r a f l u o r o e t h y l e n e ,   with  silicone  rubber,  with  f l u o r o s i l i c o n e  

rubber  and  the  like  may  also  be  compounded.   Any  sui table   heat  r e s i s t a n t  

e l a s tomer   or  resin  may  be  used  in  accordance   with  the  present   invention  as  

long  as  it  is  r e s i s t an t   to  physical  and  chemical   degrada t ion   from  t h e  

pa r t i cu la r   polymer ic   re lease   agent  having  funct ional   groups  used  as  t h e  

release  agent  and  as  long  as  the  pa r t i cu la r   metal   oxide,  metal   salt,  m e t a l ,  

metal   alloy  or  other  meta l   compound  filler  or  fillers  which  i n t e r ac t   with  t h e  

polymeric   re lease   agent  having  funct ional   groups  can  be  dispersed  therein  in 

2  a  suf f ic ien t   amount   to  produce  the  chemical   i n t e r ac t ion   be tween   the  m e t a l  

oxide,  metal   salt,  meta l ,   metal   alloy  or  other  metal   compound  and  t h e  

polymer ic   re lease   agent   having  funct ional   groups.  As  used  herein  the  t e r m  

e l a s tomer   is  used  i n t e r c h a n g e a b l y   with  resin.  Although  it  is  not  cr i t ical   in 

the  p r ac t i ce   of  the  invent ion  the  molecular   weight  range  may  vary  from  a  

l o w   of  about  1,000  to  a  high  of  about  200,000.  The  most  p r e f e r r e d  

1  embod imen t s ,   the  vinylidene  f luor ide-based   f l u o r o e l a s t o m e r s   have  a  m o l e -  

cular  weight  range  of  about  50,000  to  about  100,000,  the  molecular   weight  o f  

commerc ia l ly   avai lable   Viton  E430  being  about  75 ,000 .  

j  The  m o s t - p r e f e r r e d   e las tomers   especial ly  f l u o r o e l a s t o m e r s   h a v -  

ing  metal ,   metal   alloy,  metal   salt,  metal   oxide  or  other  metal   compound  in  

acco rdance   with  the  p resen t   invention  are  those  e l a s tomers   which  can  b e  

cured  by  a  nucleophi l ic   addit ion  cure  of  crossl inking  agent  or  a g e n t s .  

Crossl inking  with  basic  nucleophi les   (nucleophil ic  addition)  is  well  known  in  

the  art,  but  the  e l a s tomer s   having  metal ,   metal   alloy,  meta l   salt,  m e t a l  

oxide  or  other  metal   compound  fillers  therein   and  cured  with  b a s i c  

nucleophiles   result   in  improved  fuser  members .   Fuser  members   having  t h e s e  

p re fe r r ed   e l a s tomers   with  metal ,   metal   alloy,  metal   salt  or  metal   ox ide  

fillers  there in   have  about  a  ten  fold  reduct ion  in  wear  rate  and  d e m o n s t r a t e  

the  improved  re lease   of  the  present   invention  when  the  metal ,   metal   a l loy ,  

metal   salt  or  m e t a l   oxide  filled  e las tomers   are  used  upon  the  surface   of  t h e  

fuser  m e m b e r .   At  the  same  time  the  e l a s tomer   layer  containing  m e t a l ,  

metal   alloy,  metal   salt  or  metal   oxide  filler  or  mixtures   thereof   provides  a  

conformable   surface   which  improves  copy  quality  even  at  high  r a t e s  

such  as  7,000  copies  per  hour .  

The  basic  nucleophile   cure  system  is  disclosed  and  discussed  in 

various  journals  and  ar t ic les   including  a  paper  ent i t led   "VITON  F L U O R O -  



ELASTOMER  CROSSLINKING  BY  BISPHENOLS"  wr i t ten   by  W.  W. 

Schmiegel   and  p resen ted   at  the  South  German  Meeting  of  the  D e u t s c h e  

Kautschuk  Und  Gummi  Gese l l s cha f t ,   April  28-29,  1977.  One  example  of  t h e  

nucleophil ic   addit ion  cure  system  is  the  bisphenol  crossl inking  agent  w i t h  

organophosphonium  salt  a c c e l e r a t o r .   The  phosphonium  salt  may  b e  

exempl i f ied   as: 

where  φ   r epresen t s   phenyl  groups,  and  the  bisphenol  is  exempl i f ied   as :  

Another   example  of  the  nucleophil ic   addition  cure  system  is  c r o s s l i n k i n g  

with  a  diamine  c a r b a m a t e   type  curing  agent  commonly  known  as  DIAK  1. 

The  following  scheme  showing  three  s epa ra t e   react ions   r ep resen t s   the  c u r i n g  

of  poly(vinylidene  f l uo r ide -hexa f luo rop ropy lene )   with  diamine  c a r b a m a t e   as  

the  curing  or  crosslinking  a g e n t :  



where  step  1  shows  the  loss  of  HF  in  the  p resence   of  a  base;  step  2  shows  t h e  

insert ion  of  the  diamine  c a r b a m a t e   agent;  and  step  3  shows  post  cure  in  t h e  

presence   of  heat.   This  mechanism  is  well  known  in  the  art  as  a  c ro s s l i nk ing  

or  curing  sys tem.   Examples  of  diamine  c a r b a m a t e   cure  systems  a r e  

h e x a m e t h y l e n e d i a m i n e   c a r b a m a t e   known  commerc i a l l y   as  DIAK  No.  I  a n d  

N , N ' - d i c i n n a m y l i d e n e - 1 , 6 - h e x a n e d i a m i n e   known  commerc ia l ly   as  DIAK  No.  3 

(DIAK  is  a  t r a d e m a r k   of  E.  I.  duPont  de  Nemours   &  Co. ) .  

Although  other  convent ional   cure  or  crosslinking  sys tems  may  b e  

used  to  cure  the  e l a s tomers   and  resins  useful  in  the  present   invention,  f o r  

example,   free  radical   in i t ia tors   such  as  the  peroxide  cure  system,  t h e  

nucleophi l ic   addition  system  is  the  p re fe r r ed   curing  system,   especial ly  f o r  

f l uo roe l a s tomer s ,   in  the  p resen t   invention.  By  nucleophil ic   addition  c u r i n g  



system  is  general ly   meant   the  use  of  a  b i funct ional   agent  such  as  a  b i spheno l  

or  a  diamine  c a r b a m a t e   to  gene ra t e   a  covalent ly   crossl inked  n e t w o r k  

polymer  formed  by  the  appl ica t ion   of  heat  following  basic  d e h y d r o f l u o r i n -  

ation  of  the  copolymer .   Some  of  the  commerc i a l l y   avai lable   f l u o r o e l a s t o -  

mer  polymers  which  can  be  cured  by  the  nucleophil ic   addition  system  a r e  

Viton  E60C,  Viton  B910,  Viton  E430,  Viton  A,  Viton  B,  Fluorel  2170,  F l u o r e l  

2174,  Fluorel  2176  and  the  like.  Viton  is  a  t r ademark   of  E.  I.  duPont  de  

Nemours  &  Company,   and  FLUOREL  is  a  t r a d e m a r k   of  3M  C o m p a n y .  

The  metal   oxide,  metal   salt,  metal ,   metal   alloy  or  other  m e t a l  

compound  fillers  which  may  be  used  in  acco rdance   with  the  p r e s e n t  

invention,   will  vary  depending  upon  the  pa r t i cu la r   po lymer ic   re lease   a g e n t  

having  funct ional   groups  used  as  a  re lease   agent   in  the  fusing  assembly.   T h e  

m e t a l - c o n t a i n i n g   fil lers  may  be  dispersed  in  the  e l a s tomer   in  any  s u i t a b l e  

manner ,   but  in  the  p r e f e r r ed   embodiments   the  m e t a l - c o n t a i n i n g   filler  is 

uniformly  dispersed  throughout   the  e l a s tomer   layer,   coat ing  or  body.  In 

cer ta in   cases,  especial ly  where  the  fuser  member   is  ex te rna l ly   hea ted   a n d  

the  thickness  of  the  e l a s t o m e r   may  be  a  mi l l ime te r   or  g r e a t e r   in  t h i c k n e s s ,  

the  m e t a l - c o n t a i n i n g   filler  may  be  dispersed  or  disposed  only  proximal  t h e  

working  sur face   of  the  fuser  member   as  desired  to  provide  metal   at  or  n e a r  

the  sur face   for  i n t e r a c t i o n   with  the  po lymer ic   re lease   agent  h a v i n g  

funct ional   groups.  The  meta l   of  the  m e t a l - c o n t a i n i n g   filler  dipsersed  in  t h e  

e l a s tomer   may  be  easily  s e l ec t ed   by  one  skilled  in  the  art  without  u n d u e  

e x p e r i m e n t a t i o n   by  tes t ing   the  m e t a l - c o n t a i n i n g   filler,  such  as  a  m e t a l ,  

metal   alloy,  metal   oxide,  metal   salt  or  other   metal   compound,   in  an  

e las tomer .   The  general   classes  of  metals   which  are  appl icable   to  t h e  

present   invention  include  those  metals  of  Groups  lb,  2a,  2b,  3a,  3b,  4a,  4b,  

5a,  5b,  6b,  7b,  8  and  the  rare  earth  e lements   of  the  Per iodic   Table.  T h e  

m e t a l - c o n t a i n i n g   fillers  include  the  oxides,  the  salts  and  the  alloys  of  t h e  

metals   in  foregoing  groups  of  the  Periodic  Table.  In  ce r t a in   i n s t a n c e s ,  

especial ly  in salts  and  alloys,  cer ta in   metals   of  group  la  of  the  Periodic  T a b l e  

are  also  included  as  m e t a l - c o n t a i n i n g   fillers  in  a cco rdance   with  the  p r e s e n t  

i n v e n t i o n .  

The  metal   oxide  filler  dispersed  in  the  e l a s t o m e r   may  be  a n y  
metal   oxide  which  can  be  i n c o r p o r a t e d   in  the  e l a s tomer   without   a d v e r s e  

effect   upon  the  e l a s t o m e r   or  upon  the  polymer ic   re lease   agent  h a v i n g  

funct ional   groups.  Obviously,  the  re lease  c h a r a c t e r i s t i c s   of  the  p o l y m e r i c  



release  agent  having  funct ional   groups  will  vary  depending  upon  t h e  

par t icu la r   metal   oxide  filler  dispersed  in  the  e l a s tomer   sur face   because  of  

the  kinetics  of  the  i n t e r ac t i on   be tween  the  pa r t i cu la r   metal   oxide  and  t h e  

par t icu la r   funct ional   group  or  groups,  and  it  will  also  depend  upon  t h e  

e las tomer   mate r ia l   i tself.   This  invention  will  also  produce  superior   r e l e a s e  

when  cer ta in   p re fe r r ed   metal   oxide  fillers  are  used.  For  example,   t h e  

advantages   of  this  invention  can  be  obtained  when  the  metal   oxide  f i l l e r  

;  dispersed  in  the  e l a s tomer   is  an  oxide  of  aluminum,  copper,  tin,  zinc,  l e a d ,  

iron,  p la t inum,   gold,  s i l v e r ,  a n t i m o n y ,   bismuth,   zinc,  iridium,  r u t h e n i u m ,  

tungsten,   manganese ,   cadmium,   mercury,   vanadium,  chromium,   m a g n e s i u m  

and  nickel  and  alloys  thereof .   One  skilled  in. the  art  can  compare   the  r e l e a s e  

of  various  e l a s tomers   conta in ing  these  metal   oxides  to  de t e rmine   t h e  

optimum  metal   oxide  or  combinat ions   thereof   and  c o n c e n t r a t i o n s   t h e r e o f .  

For  example,   when  the  polymer ic   release  agent  is  one  having  m e r c a p t o  

funct ional   ( th iofunct ional )   groups,  the  most  p r e f e r r ed   m e t a l - c o n t a i n i n g  

fillers  such  as  the  metal   oxides,  are  those  which  in te rac t   with  the  sulfur  in  

the  me rcap to   funct ional   group  to  form  metal  sulfides.  In  those  e m b o d i m e n t s  

where  the rmal   conduc t iv i ty   is  of  s ignif icance,   the  p r e f e r r ed   metal   ox ide  

fillers  are  those  which  have  g rea t e r   thermal   conduct iv i ty .   Thus,  m o r e  

desirable  metal   oxide  fil lers  dispersed  in  the  e l a s tomer   mate r ia l   m a y  

comprise  copper,   silver,  gold,  lead,  and  the  l ike .  

When  the  metal   fillers  are  i ncorpora ted   in  the  e las tomer ,   a n y  
stable  metal   or  metal   alloy  may be  used  as  long  as  there  is  no  adverse  e f f e c t  

upon  the  e l a s tomer   or  the  po lymer ic   release  agent  having  funct ional   g roups  
and  as  long  as  the  metal   or  metal   alloy  i n t e rac t s   with  the  funct ional   g r o u p  
or  groups  of  the  polymer ic   re lease   agent.  In  general ,   the  p r e f e r r ed   m e t a l s  

are  discussed  above  re la t ive   to  their  locat ion  in  the  Periodic  Table  of  t h e  

Elements .   Cer ta in   metal   or  metal   alloy  fillers  will  produce  superior  r e l e a s e  

when  i n c o r p o r a t e d   in  the  e l a s tomer   over  other  metals   or  metal   alloys,  a n d  

one  skilled  in  the  art  can  compare   the  release  of  various  fuser  m e m b e r s  

made  in  a cco rdance   with  this  invention  to  de t e rmine   which  metals  or  m e t a l  

alloys  produce  optimum  r e s u l t s .  E x e m p l a r y   of  the  metal   or  metal   a l loy  
fillers  useful  in  the  present   invent ion  are  a luminum,  brass,  copper,  tin,  z i n c ,  

lead,  beryll ium,  be ry l l i um/coppe r ,   steel,   iron,  plat inum,  gold,  silver,  b r o n z e ,  

monel,  iridium,  ru thenium,   tungsten ,   vanadium,  cadmium,   chromium,   m a n -  

ganese,  magnes ium,   zinc,  bismuth,   antimony,  nickel  and  a l l o y s   of  t h e  



foregoing  m e t a l s .  

Metal  salts  may  also  be  i nco rpora t ed   as  the  m e t a l - c o n t a i n i n g  

filler  in  the  e las tomers   in  acco rdance   with  the  present   invention.   Any  s t a b l e  

salt  or  salts  of  the  metals   discussed  re la t ive   to  their  locat ion  in  the  P e r i o d i c  

Table  of  E lements   capable  of  i n t e rac t ing   with  the  funct ional   group  o r  

funct ional   groups  of  the  po lymer ic   re lease  agent  may  be  used  as  an  

e las tomer ic   filler  as  long  as  there  is  no  adverse  e f fec t   upon  the  e l a s tomer   o r  

the  polymer ic   re lease   agent  having  funct ional   groups.  For  example,   w h e n  

the  funct ional   group  of  the  polymeric   re lease   agent  is  a  me rcap to   or  t h io  

group,  then  the  metal   salt  must  be  able  to  i n t e r ac t   with  the  sulfur  in  t h e  

mercap to   or  thio  group  to  form  a  metal   sulfide  i n t e r ac t i on   product .   Thus,  a  

metal   salt  such  as  lead  ca rbona te ,   lead  iodide  or  lead  fluoride  would  i n t e r a c t  

with  the  sulfur  in  the  me rcap to   or  thio  group  to  form  a  lead  s u l f i d e  

i n t e r ac t i on   product .   When  the  funct ional   group  of  the  polymer ic   r e l e a s e  

agent  is  an  amino  group,  then  the  metal   salt  must  in te rac t   with  the  n i t r o g e n  

in  the  amino  group  to  form  a  m e t a l - n i t r o g e n   i n t e rac t ion   product .   When  t h e  

funct ional   group  of  the  polymer ic   re lease   agent  is  a  hydroxyl  group,  then  t h e  

metal   salt  must  i n t e r ac t   with  the  oxygen  in  the  hydroxyl  group  to  form  a  

me ta l -oxygen   i n t e r ac t i on   product .   Exemplary  of  some  of  the  meta l   salts  o f  

the  present   invent ion  are  the  a c e t a t e s ,   halides  (chlorides,  f luorides,   i od ides ,  

and  bromides),   ca rbona tes ,   sulfides,   sulfa tes ,   phosphates ,   n i t r a tes   and  t h e  

like  of  l i thium,  sodium,  potass ium,   calcium,  iron,  nickel,  copper,   z i n c ,  

aluminum,  cadmium,   silver,  lead,  tin,  gold,  chromium,   tungsten   and  the  l i ke .  

The  most  p re fe r r ed   metal   salts  are  the  salts  of  heavy  metals   which  f o r m  

highly  insoluble  salts,   and  there   is  less  t endency   of  such  salts  to  dissolve  in  

the  polymeric   re lease   agent  having  func t iona l   groups  and  thereby   produce  a n  

adverse  e f fec t   thereon  such  as  gel lat ion.   The  least   p re fe r r ed   metal   salts  a r e  

those  which  are  soluble  in  the  polymeric   re lease  agents  having  f u n c t i o n a l  

groups  because  such  salts  would  become  deple ted   as  a  funct ion  of  t i m e ,  

solubility  and  use  from  the  surface   area  of  .the  e l a s tomer   (the  work ing  

surface)  and  thereby  diminish  the  i n t e rac t ion   be tween  the  metal   and  t h e  

funct ional   group  or  groups  of  the  polymeric   re lease  a g e n t .  

In  cer ta in   embod imen t s   one  or  more  metals ,   one  or  more  m e t a l  

alloys,  one  or  more  metal   oxides  or  one  or  more  metal  salts  may  be  used  in  

the  e las tomer ,   or  mixtures   of  any  of  the  foregoing  such  as  one  or  m o r e  

metals   with  one  or  more  metal   oxides,  or  one  or  more  metal   oxide  with  one  



or  more  metal   salt  or  one  or  more  metal  alloy  with  one  or  more  metal ,   a n d  

the  like  may  be  used  in  the  e l a s tomer   in  acco rdance   with  the  p r e s e n t  

i n v e n t i o n .  

In  ce r ta in   ins tances ,   a  pa r t i cu la r   metal ,   metal   alloy,  metal   ox ide ,  

meta l   salt,   or  other   metal   compound  may  have  an  adverse  e f fec t   upon  t h e  

e l a s t o m e r   or  the  po lymer ic   re lease   agent  having  funct ional   groups.  F o r  

example,   it  has  been  d e t e r m i n e d   that  calcium  oxide  causes  gel la t ion  o f  

m e r c a p t o   func t iona l   po lyorganos i loxanes   and   t h e r e f o r e   it  is  d e t r i m e n t a l   t o  

the  re lease   of  t h e r m o p l a s t i c   resin  toners.  In  other   cases  ce r ta in   of  t h e  

m e t a l - c o n t a i n i n g   fi l lers  may  lessen  the  useful  life  of  an  e l a s t o m e r   such  as  

when  they  are  soluble  in  the  po lymer ic   re lease   agent  and  are  l eached   o r  

o therwise   dep le t ed   from  the  working  surfaces   of  the  e l a s tomer .   When  t h e s e  

condi t ions   arise,  a l t e r n a t i v e   fillers,  e l a s tomer s   and/or  po lymer ic   r e l e a s e  
agen ts   should  be  used  to  produce   optimum  r e s u l t s .  

In  one  embodiment of the present  invention  there  are  at  least   t w o  

layers  of  e l a s t o m e r   on  the  fuser  member ,   one  layer  being  a  base  l a y e r  

e l a s t o m e r   and  the  other   layer  being  an  outer  layer  or  re lease   l a y e r  

e l a s t o m e r   as  the  working  surface   of  the  fuser  member .   Other   i n t e r m e d -  

iate  or  inner   e l a s t o m e r   layers  may  be  used  be tween   the  outer  l a y e r  

e l a s t o m e r   and  the  base  layer   e las tomer ,   and  these  are  i n c l u d e d   i n  

the  phrase  "at  least   one  base  layer".   The  same  e l a s tomer   m a t e r i a l ,  h a v i n g  
the  same  m e t a l - c o n t a i n i n g   filler  dispersed  therein,  may  be  used  in  a l l  

layers,   or  the  same  e l a s tomer   mate r ia l   having  d i f fe ren t   m e t a l - c o n t a i n i n g  

fillers.  d ispersed  there in   may  be  used  in  the  layers  coated  upon  the  f u s e r  

member ,   or  d i f f e r en t   e l a s t o m e r   mate r ia l s   having  the  same  m e t a l -  

conta in ing   fi l lers  dispersed  therein   may  be  used  in  the  layers  coated  upon  
the  fuser  member ,   or  d i f f e ren t   e l a s tomer   mater ia l s   having  d i f f e r e n t  

m e t a l - c o n t a i n i n g   fil lers  dispersed  therein   may  be  used  in  the  layers  of  t h e  

fuser   member .   However ,   as  discussed  above,  the  e l a s tomers   used  in  t h e  

i n n e r   layer   or  layers   and/or   the  base  layer  optionally  contain  a  m e t a l -  

conta in ing   filler,   that  is,  depending  upon  the  c i r c u m s t a n c e s ,   e.g.  t o  

p romote   the rmal   conduc t iv i ty ,   s t rength ,   aging  s tabi l i ty ,   to  p romote   c u r e  

ini t ia t ion,   and  the  like,  a  m e t a l - c o n t a i n i n g   filler  may  be  i nco rpo ra t ed   in 

the  e l a s t o m e r   of  the  base  layer  and  any  other  inner  layer  or  layers,   or  i t  

may  be  o m i t t e d   t h e r e f r o m .  



The  m e t a l - c o n t a i n i n g   filler  must  be  i ncorpora ted   in  the  o u t e r  

or  r e l e a s e   layer  e l a s tomer .   The  me ta l - con ta in ing   filler  is  also  u sed  

as  desired  (optionally)  in  the  base  layer  and  inner  layer  or  layers  t o  

p romote   mechan ica l   ( thermal)   s tabi l i ty   of  the  e las tomer ,   to  p r o m o t e  

adhesion  to  the  outer  layer,   and  to  promote   thermal   conduc t iv i ty .   T h e  

des ignat ion   "opt ional ly   having  m e t a l - c o n t a i n i n g   filler  dispersed  therein"  as  

used  herein  defines  an  e l a s tomer   which  may  have  no  m e t a l - c o n t a i n i n g  

filler  there in ,   t race   amounts   (less  than  I  part  by  weight  based  upon  t h e  

weight  of  the  e las tomer)   of  m e t a l - c o n t a i n i n g   filler  there in ,or   s u b s t a n t i a l l y  

large  amounts   of  m e t a l - c o n t a i n i n g   filler  therein,   e.g.  g r e a t e r   than  about  1 

part   by  weight  and  more  p re fe rab ly   from  about  one  to  about  95  par ts   p e r  

h u n d r e d .  

The  m e t a l - c o n t a i n i n g   fi l ler  may  be  dispersed  in  the  e l a s t o m e r  

mater ia l   in  any  su i table   or  conven ien t   form  and  manner .   The  meta l   c o n -  

taining  fi l ler  may  be  in  the  form  of  a  powder,   flakes,  spheroids,   f ibers   or  a n y  

sui table   p a r t i c u l a t e   form.  It  is  p r e fe rab ly   uniformly  d ispersed  in  t h e  

e l a s tomer   during  the '  compound ing   of  the  e las tomer ,   for  example ,   when  t h e  

e l a s tomer   is  in  the  form  of  a  gum,  the  p a r t i c u l a t e   metal ,   meta l   oxide  o r  

metal  salt  or  m ix tu re   t he reo f   is  milled  into  the  gum  prior  to  the  curing  o f  

the  gum  to  form  the  e l a s t o m e r .   In  general ,   the  m e t a l - c o n t a i n i n g   filler  is  

dispersed  in  the  e l a s t o m e r   layer   by  mixing  the  s e l ec ted   p a r t i c u l a t e   m e t a l ,  

metal   alloy,  meta l   oxide,  meta l   salt  or  other   metal   compound  or  m i x t u r e s  

thereof   with  the  e l a s t o m e r   gum  or  other   mil lable  form  of  the  e l a s t o m e r i c  

compound  p r e f e r a b l y   prior  to  solution  or  homogen iza t ion   before   a p p l i c a t i o n  

to  the  base  m e m b e r   or  o ther   sur face   undergoing  coating.   The  m e t a l -  

conta ining  filler  may  be  d ispersed   in  the  e l a s tomer   by  convent iona l   m e t h o d s  

known  to  those  skilled  in  the  art,  as  by  any  sui table   means  of  s t i r r ing  o r  

blending  the  p a r t i c u l a t e   meta l ,   metal   alloy,  metal   oxide,  metal   salt  or  o t h e r  

metal   compound   which  is  genera l ly   in  the  form  of  a  powder  or  f lakes,   i n t o  

the  d issolved,   e l a s tomer ,   homogen ized   e l a s t o m e r   or  gum.  Af ter   t h i s  

dispersion  is  made,  the  e l a s t o m e r   gum  having  the  m e t a l - c o n t a i n i n g   filler  a n d  

the  curing  agent   d ispersed  the re in   is  then  coa ted   upon  the  base  member ,   f o r  

example  a  cy l indr ica l   fuser  roll,  or  any  other   sui table   sur face   used  in  m a k i n g  

fuser  m e m b e r s   by  any  conven t iona l   means.  Convent iona l   gum  c o m p o u n d i n g  



agents  and  solvents  may  be  chosen  by  one  skilled  in  the  art  and  depends  upon 

the  pa r t i cu la r   e las tomer .   For  example,   the  vinylidene  fluoride  c o p o l y m e r s  

may  be  dissolved  in  polar  oxygena ted   solvents  such  as  ketones,   a ce t a t e s   and  

the  like.  Organic  rubbers  are  soluble  in  such  solvents  as  toluene.   The  

surface   of  the  e l a s tomer   layer   having  the  m e t a l - c o n t a i n i n g   filler  d i s p e r s e d  

therein  must  be  posi t ioned  so  that  it  will  con tac t   the  t he rmop la s t i c   r e s i n  

powder  image  upon  the  subs t r a t e   to  which  it  is  to  be  fused  or  fixed  a t  

e leva ted   t e m p e r a t u r e s .   In  a cco rdance   with  the  present   invention,  at  t h e  

surface   of  the  e l a s tomer   layer   having  a  m e t a l - c o n t a i n i n g   filler  d i s p e r s e d  

therein,   there   will  be  provided  by  any  means  well  known  in  the  art,  a  

polymeric   re lease   agent  having  funct ional   groups  for  the  p revent ion   o f  

o f f se t t ing   or  s t icking  of  the  t h e r m o p l a s t i c   resin  powder  resin  or  toner  to  t h e  

fuser  surface   as  the  t h e r m o p l a s t i c   resin  powder  image  or  toner  i m a g e  

con tac t s   the  fuser  surface   at  e levated   t e m p e r a t u r e s .  

The  surfaces   of  the  fuser  members   of  the  present   invention  a r e  

p re fe rab ly   p repared   by  applying  e i ther   in  one  appl ica t ion   or  by  s u c c e s s i v e l y  

applying  to  the  surface   to  be  coated  with  the  e l a s tomer   having  m e t a l -  

containing  filler  dispersed  therein,   a  thin  c o a t i n g   or  coatings  of  t h e  

e l a s tomer   having  m e t a l - c o n t a i n i n g   filler  dispersed  therein.   Coat ing  is  m o s t  

convenient ly   carr ied  out  by  spraying,  dipping,  the  like,  a  solution  o r  

homogenized   suspension  of  the  e l a s tomer   containing  the  filler.  Molding,  

extruding  and  wrapping  are  also  a l t e rna t ive   techniques   which  may  be  used  t o  

make  fuser  members   in  a cco rdance   with  the  present   invention.  When 

successive  appl icat ions   are  made  to  the  surface  to  be  coated,   it  is  g e n e r a l l y  

necessary   to  heat  the  f i l m - c o a t e d   surface  to  a  t e m p e r a t u r e   su f f ic ien t   t o  

flash  off  any  solvent  conta ined   in  the  film.  For  example,   when  a  fuser  roll  is 

coated  with  an  e l a s tomer   layer   having  m e t a l - c o n t a i n i n g   filler  d i s p e r s e d  

therein,   the  e l a s tomer   having  m e t a l - c o n t a i n i n g   filler  dispersed  therein  is 

!  success ively   applied  to  the  roll  in  thin  coatings,   and  be tween  e a c h  

appl icat ion,   evapora t ion   of  the  solvent  in  the  f i lm-coa t ed   roll  is  carr ied  o u t  

at  t e m p e r a t u r e s   of  at  least   about  25°C  to  about  90°C  or  higher  so  as  t o  

flash  off  m o s t   of  the   solvent   conta ined   in  the  film.  The  t e m p e r a t u r e   o f  

evapora t ion   depends  upon  the  solvent   system  used.  When  the  d e s i r e d  

thickness  of  coat ing  is  obtained,   the  coating  is  cured  and  thereby  fused  t o  

!  the  roll  surface.   The  e l a s tomer   having  m e t a l - c o n t a i n i n g   filler  d i s p e r s e d  

therein  may  also  be  applied  as  a  sleeve  to  a  roll  or  as  a  mat  to  flat  or  o t h e r  



suitable  surfaces .   Conven t iona l   methods  known  in  the  art  may  be  used  in 

providing  a  surface   in  a cco rdance   with  this  invention,   and  the  method  f o r  

coat ing  rollers  as  taught   by  Aser  et  al.  in  U.S.  Pa ten t   No.  3,435,500  may  be  

used .  

The  m e t a l - c o n t a i n i n g   filler  must  be  present   in  the  e l a s tomer   o r  

gum  in  an  amount   su f f ic ien t   to  i n t e r ac t   with  the  polymer ic   re lease   a g e n t  

having  funct ional   groups.  This  general ly   comprises  an  amount   g r ea t e r   t h a n  

about  0.05  volume  pe rcen t   based  upon  the  volume  of  t h e   e l a s t o m e r .  

Prefe rab ly ,   the  m e t a l - c o n t a i n i n g   filler  or  mixtures   of  m e t a l - c o n t a i n i n g  

fillers  are  present   in  an  amount   from  about  1.0  to  about  15  volume  p e r c e n t  

based  upon  the  volume  of  the  e l a s tomer .   The  most  p r e f e r r ed   range  is  f r o m  

about  2.0  volume  pe rcen t   to  about  8.0  volume  percent .   The  pa r t i c le   size  o f  

the  m e t a l - c o n t a i n i n g   filler  d ispersed  in  the  e l a s t o m e r   is  p re fe rab ly   f r o m  

about  1  to  about  10  microns  in  size,  al though  par t ic le   size  is  not  a  l i m i t i n g  

factor   except   the  size  of  the  pa r t i c l e   cannot   be  g rea t e r   than  the  t h i c k n e s s  

of  the  e l a s t o m e r   layer   or  coat ing  unless  the  par t ic les   have  one  d i m e n s i o n  

which  is  less  than  the  th ickness   of  the  e l a s tomer   coating,   for  example   when  

the  metal   conta ining  fi l ler  is  in  the  form  of  a  fiber,  flake  or  flat  p l a t e  

dispersed  in  the  e l a s t o m e r .  

The  fuser  roll  m e m b e r s   of  the  present   invent ion  may  b e  

c o n s t r u c t e d   ent irely  of  the  e l a s t o m e r   having  m e t a l - c o n t a i n i n g   filler  d i s p e r -  

sed  therein,   however,   in  the  p r e f e r r e d   embodiments ,   the  roll  s t r u c t u r e  

comprises   a  hollow  cyl indrical   core  such  as  copper,   a luminum,  s teel   and  t h e  

like  ove rcoa t ed   with  at  leas t   two  layers   of  e l a s tomer ,   at  least   the  o u t e r  

layer  of  the  e l a s tomer   forming  the  working  sur face   having  m e t a l - c o n t a i n i n g  

filler  dispersed  therein.   In  these  embod imen t s ,   the  e l a s tomer   coatings  a r e  

general ly  at  least   0.013mm  in  th ickness   and  more  p re fe rab ly   about  0.10mm  t o  

about  0.25mm  in  thickness.   There  are  many  variables  wh ich  mus t   be  t a k e n  

into  cons idera t ion   in  order  to  provide  the  most  e f fec t ive   fusing  o p e r a t i o n ,  

and  these  include  such  var iables   as  hardness  of  the  fusing  sur face ,   t h e r m a l  

conduct iv i ty ,   pressure ,   roll  or  con tac t   speed,  heat  input,  heat  source  a n d  

locat ion  thereof   and  the  like.  The  se lec t ion   and  balancing  of  these  v a r i a b l e s  

is  well-known  in  the  art  and  may  e f fec t   the  se lec t ion   of  the  p a r t i c u l a r  

e l a s tomer ,   the  pa r t i cu l a r   m e t a l - c o n t a i n i n g   filler  and  the  p a r t i c u l a r  

polymeric   re lease   agent  having  funct ional   groups  which  are  to  be  ut i l ized  in  

the  fusing  process   and  assembly.   In  ce r ta in   ins tances ,   there  may  be  a  t h i n  



e l a s t o m e r   coat ing  (about  0 .025  to   0.25mm)  containing  metal   filler  and  a  

conformable   pressure   or  backup  roll  or  a  thicker   e las tomer   coat ing  ( a b o u t O . 6 5  

t o   2.5mm)  used  with  a  hard  pressure   or  backup  roll.  If  the  fuser  roll  is 

internal ly  heated,   and  the  th icker   e l a s tomer   coatings  are  used  therein,   t h e n  

j in  cer ta in   ins tances   addi t ional   addit ives  may  be  used  in  the  e l a s t o m e r t o   p r o -  
mote  thermal   conduct iv i ty .   Convent iona l   adhesives  are  general ly   used  t o  

adhere  e l a s tomer   to  the  core  or  base  m e m b e r .  

Although  the  m e t a l - c o n t a i n i n g   filler  may  be  direct ly  i n c o r p o r -  

ated  or  dispersed  in  the  e l a s tomer ,   in  an  a l t e rna t ive   embodiment ,   the  m e t a l -  

containing  filler  may  be  thoroughly  washed  and  t r ea t ed   before  it  is  d i s p e r s e d  

in  the  e l a s tomer .   One  of  the  p re fe r r ed   methods  embraces   washing  or  

t rea t ing   the  m e t a l - c o n t a i n i n g   filler  with  the  pa r t i cu la r   polymeric   r e l e a s e  

agent  having  funct ional   groups  to  be  used  in  the  fuser  assembly  prior  t o  

dispersion  of  the  m e t a l - c o n t a i n i n g   mate r ia l   as  a  filler  in  the  e las tomer .   Th is  

process  may  aid  in  the  dispersion  of  the  metal ,   metal   alloy,  metal   s a l t ,  

metal   oxide  or  other   metal   compound  filler  in  the  e l a s tomer   and  may  also  be  

used  as  a  means  of  control l ing  the  i n t e rac t ion   be tween  the  metal ,   t h e  

e las tomer   and  the  re lease   agent  having  funct ional   groups  applied  to  t h e  

surface  of  the  e las tomer .   F u r t h e r m o r e ,   it  provides  an  internal   source  of  t h e  

release  agent  and  in  ce r ta in   cases  e l iminates   the  need  for  the  e x t e r n a l  

appl icat ion  of  the  polymer ic   re lease  agent  having  funct ional   g roups .  
Other   adjuvants   and  f i l lers   may  be  i nco rpora t ed   in  the  e l a s t o m e r  

or  gum  in  acco rdance   with  t h e  p r e s e n t   invention  as  long  as  they  do  n o t  

ef fec t   the  in tegr i ty   of  the  e l a s tomer   or  the  i n t e rac t ion   be tween   the  m e t a l -  

c o n t a i n i n g   filler  and  the  po lymer ic   release  agent  having  funct ional   g roups .  
Such  fillers  normally  encoun te r ed   in  the  compounding  of  e las tomers   a n d  

gums  including  coloring  agents,   re inforc ing  fillers,  cross-l inking  a g e n t s ,  

processing  aids,  a c c e l e r a t o r s   and  po lymer i za t ion   ini t ia tors ,   may  be  used .  

The  invention  is  also  d i rec ted   to  a  method  of  fusing  t h e r m o -  

plastic  resin  toner  images  to  a  subs t r a t e   comprising:  (a)  forming  a  film  of  

polymeric   re lease  agent  having  funct ional   groups  on  the  e l a s tomer   s u r f a c e  

of  a  fuser  member   at  e leva ted   t e m p e r a t u r e s ,   said  e l a s tomer   surface   hav ing  

m e t a l - c o n t a i n i n g   filler  dispersed  therein  in  an  amount  su f f ic ien t   to  i n t e r a c t  

with  the  polymer ic   re lease  agent   having  funct ional   groups;  (b)  con tac t ing   t h e  

toner  images  on  the  subs t r a t e   with  the  coated,   heated  e l a s tomer   surface   for  

a  period  of  time  su f f ic ien t   to  sof ten  the  toner;  and  (c)  allowing  the  toner  t o  



cool.  The  polymeric   re lease  agent  having  funct ional   groups  may  be  app l i ed  

i n t e r m i t t e n t l y   or  cont inuously  as  necessary   to  mainta in   release  of  t h e  

molten  t h e r m o p l a s t i c   resin  toner  and  to  prevent   of fse t t ing .   The  thickness  o f  

the  film  of  polymer ic   re lease   agent  having  funct ional   groups  is  not  c r i t i c a l ,  

however,   in  p r e f e r r ed   embodiment s ,   the  film  is  main ta ined   at  about  0.1  t o  

about  2  microns  in  t h i c k n e s s .  

In  accordance   with  the  present   invention,  the  working  sur face   o f  

the  fuser  member   is  the  e l a s tomer   having  m e t a l - c o n t a i n i n g   filler  d i s p e r s e d  

therein.   As  used  herein  "working  surface"   of  the  fuser  member   is  t h a t  

surface  which  con tac t s   the  toner  to  cause  the  toner  to  fuse  to  the  s u b s t r a t e  

upon  which  it  is  to  be  aff ixed  pe rmanen t ly .   A  release  mate r ia l   is  applied  t o  

the  "working  surface"  to  p reven t   o f f se t t ing   of  the  toner,  especial ly   h e a t e d ,  

molten  or  tacki f ied   toner,  to  the  e l a s tomer   sur face   having  m e t a l - c o n t a i n i n g  

filler  d ispersed  therein.   In  acco rdance   with  the  present   invention,   t h e s e  

release  mate r ia l s   or  re lease  agents   are  polymeric   re lease   agents  h a v i n g  

funct ional   groups  which  are  well  known  in  the  art  and  include  the  p o l y m e r  

release  mate r ia l s   which  have  reac t ive   func t iona l i ty   and  r e a c t   with  t h e  

m e t a l - c o n t a i n i n g   filler  in  the  working  e l a s tomer   surface   of  the  f u s e r  

member .   Typical  of  these  polymer   re lease   mate r ia l s   which  have  f u n c t i o n a l  

groups  or  r eac t ive   func t iona l i ty   are  the  func t iona l i zed   po lymer ic   r e l e a s e  

agents  descr ibed  in  U.S.  Pa t en t   4,101,686  i nco rpora t ed   herein  by  r e f e r e n c e .  

In  this  disclosure,   the  r e f e r e n c e d   polymer  mate r ia l s   having  d e s i g n a t e d  

funct ional   groups  are  applied  to  a  heated  fuser  member   in  an  e l e c t r o s t a t i c  

reproducing   appara tus   to  form  thereon  a  the rmal ly   s table  layer  h a v i n g  

excel lent   toner  re lease   p roper t ies   for  e l ec t roscop ic   t h e r m o p l a s t i c   r e s i n  

toners.   The  po lyorganos i loxane   fluids  and  other  polymer ic   fluids  h a v i n g  

funct ional   groups  i n t e rac t   with  the  metal  fuser  members   therein   in  such  a  

manner  as  to  form  an  i n t e r f ac i a l   barr ier   at  the  surface  of  the  bare  m e t a l  

fuser  member   while  leaving  an  un reac t ed   low  surface   energy  re lease   fluid  as 

an  outer  layer  or  film.  Other   re lease   mater ia l s   are  well  known  in  the  a r t  

and  include  the  polymer   re lease   mater ia l s   which  oxidize  and  react   with  a  

metal   or  metal   alloy  surface   of  the  fuser  member   exemplary   of  which  a r e  

those  descr ibed  and  c la imed  in  U.S.  Pa ten t   No.  3,937,637  and  U.S.  P a t e n t  

No.  4,078,285.  Other  exemplary   po lymer ic   release  agents  having  f u n c t i o n a l  

groups  are  those  descr ibed  in  U .S .   Pa ten t   No.  4,046,795,  4,029,827  a n d  

4,011,362.  As  used  herein,  that  c h a r a c t e r i s t i c   of  the  polymer ic   re lease  a g e n t  



o r   mater ia l   applied  to  the  e l a s tomer   having  m e t a l - c o n t a i n i n g   filler  d i s p e r s e d  

t h e r e i n   upon  the  working  surface   of  a  fuser  member   and  des ignated  as 

" r e a c t i v e   func t iona l i ty"   is  defined  in  the  foregoing  disclosures,   and  e n c o m -  

p a s s e s   those  polymers  which  e i ther   oxidize  and  thereby  form  a  f u n c t i o n a l  

g r o u p   which  reac ts   or  i n t e r ac t s   with  the  metal   filler  in  the  fuser  m e m b e r  

surface   to  form  the  desired  toner  re lease  layer,  or  have  a  built-in  f u n c t i o n a l  

group  or  groups  which  react   or  in te rac t   with  the  metal  of  the  filler  in  t h e  

fuser  member   surface   to  form  the  desired  toner  release  l a y e r .  

A  typical  fuser  member   of  the  present   invention  is  described  in 

conjunct ion  with  a  fuser  assembly  as  shown  in  Figure  1  where  the  numeral   1 

designates   a  fuser  roll  compris ing  e l a s tomer   surface   2  having  m e t a l - c o n -  

taining  filler  dispersed,   therein   (not  shown)  upon  suitable  base  member   4 

which  is  a  hollow  cylinder  or  core  f ab r i ca t ed   from  any  suitable  metal   such  as 

a l u m i n u m ,   anodized  a luminum,  steel,   nickel,  copper,  and  the  like,  having  a  

sui table   hea t ing   e l ement   6  d isposed  in  the  hollow  portion  thereof   which  is 

c o e x t e n s i v e   with  the  cylinder.   Backup  or  pressure  roll  8  coopera tes   w i t h  

f u s e r   roll  1  to  form  a  nip  or  con tac t   arc  10  through  which  a  copy  paper  o r  

o t h e r   subs t ra te   12  passes  such  that  toner  images  14  thereon  c o n t a c t  

e l a s tomer   surface   2  of  fuser  roll  1.  As  shown  in  Figure  1,  the  backup  roll  8 

has  a  rigid  steel  core  16  with  an  e l a s tomer   surface   or  layer  18  thereon.   Sump 

2 0   contains  polymeric   re lease   agent  22  which  has  chemica l ly   r e a c t i v e  
f u n c t i o n a l   groups  thereon  which  are  capable  of  i n t e r ac t i ng   with  the  m e t a l -  

containing  filler  dispersed  i n  e l a s t o m e r   surface   2.  The  polymer ic   r e l e a s e  

a g e n t   22  having  funct ional   groups  thereon,   may  be  a  solid  or  liquid  at  r o o m  

t e m p e r a t u r e ,   but  it  is  a  fluid  at  opera t ing   t e m p e r a t u r e s .   In  p r e f e r r e d  

embodiments ,   the  chemica l ly   r eac t ive   groups  of  polymeric   re lease  m a t e r i a l  

2 2   in  sump  20  are  mercap to ,   carboxy,  hydroxy,  i socyana te ,   epoxy,  a n d  

amino.  The  most  p r e f e r r ed   polymer ic   re lease  agents  having  f u n c t i o n a l  

groups  thereon  used  in  acco rdance   with  the  present   invention  are  t h e  

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

In  the  embod imen t   shown  in  Figure  1  for  applying  the  p o l y m e r i c  

r e l e a s e   agent  22  to  e l a s t o m e r   surface   2,  a  me te r ing   blade  24  preferab ly   of  

convent ional   non-swell ing  rubber  is  mounted  to  sump  20  by  c o n v e n t i o n a l  

m e a n s   such  that  an  edge  26  thereof   con tac t s   e l a s tomer   surface   2  to  serve  as 

a  me te r ing   means  for  applying  the  release  agent  22  having  c h e m i c a l l y  

reac t ive   groups  to  fuser  member   I  in  its  liquid  or  fluid  s ta te .   By  using  such  a  



meter ing   blade,  a  layer   of  polymer ic   re lease  fluid  22  can  be  applied  t o  

e l a s tomer   2  in  cont ro l led   th icknesses   ranging  from  submicron  th icknesses   t o  

thicknesses  of  several   microns  of  release  fluid.  Thus,  by  me te r ing   device  24, 

about  0.1  to  2  microns  or  g r ea t e r   th icknesses   of  re lease   fluid  can  be  app l i ed  

to  the  surface   of  e l a s tomer   2.  In  the  embod imen t   shown,  a  pair  of  end  s e a l s  

28,  for  example,   of  sponge  rubber,  are  provided  to  contain  the  r e l e a s e  

mater ia l   22  in  sump  20.  One  or  more  s t r ipper   f ingers  30  may  be  provided  f o r  

insuring  removal   of  the  subs t r a t e   12  from  the  sur face   of  e l a s tomer   2. 

Re fe r r ing   to  Figure  2,  there  is  shown  a  f r a g m e n t a r y   view  of  p a r t  

of  the  fuser  member   of  the  present   invention  magnif ied   many  t imes  over  t h e  

member   shown  in  Figure  1  in  order  to  show  the  thin  layers  on  the  f u s e r  

member   sur face .   In  Figure  2,  the  base  member   or  other   solid  s t r u c t u r e   upon  
which  the  e l a s tomer   is  applied  is  des ignated   by  numeral   70.  E la s tomer   64  is 

deposi ted  upon  base  member   70  by  any  sui table   means  such  as  c u r i n g  

e l a s tomer   64  conta in ing  m e t a l - c o n t a i n i n g   filler  66  d i rect ly   upon  b a s e  

member   70  or  most  p re fe rab ly   by  using  various  adhesive  mate r ia l s   to  c a u s e  

the  adhesion  of  e l a s tomer   64  containing  metal   filler  66  to  base  member   70 

or  by  f i t t ing   a  sleeve  of  e l a s tomer   64  conta in ing  metal   filler  66  to  b a s e  

member   70  by  any  sui table   means  or  by  any  other   manner   as  desired.  As 

described  above,  base  member   70  is  p re fe rab ly   a  metal ,   but  it  may  also  be  

glass  or  any  other   sui table   mater ia l ,   or  as  descr ibed  above  the  ent i re   f u s e r  

member   may  comprise   the  e l a s tomer   having  m e t a l - c o n t a i n i n g   filler  t h e r e i n  

and  the  heat ing  e l ement   may  be  external   (not  shown)  r a the r   than  i n t e r n a l .  

The  m e t a l - c o n t a i n i n g   filler  par t ic les   66  shown  in  Figure  2  are  i l lus t ra ted   a s  

having  i r regular   shapes,  however,   any  form  of  metal   may  be  used  in 

e l a s tomer   64  including  powders,   flakes,  p la te le t s ,   spheroids,   f ibers,   ovo id  

par t ic les   and  the  like.  A  film  of  polymeric   re lease  agent   having  f u n c t i o n a l  

groups  is  shown  on  the  surface   of  e l a s tomer   64  and  is  des igna ted   by  n u m e r a l  

60. 

F i g u r e s   3  and 4  show  one  form  of  f u s e r   member  in  which  t h e r e  

is  a  l a y e r   68  i n t e r m e d i a t e   the  base  member  70  and  the  o u t e r   l a y e r   6 4 .  

The  l a y e r   68  may  be  bonded  to  member  70  s i m i l a r l y   to  the  way  l a y e r   64  was 

bonded  to  member  70  as  d e s c r i b e d   above  with  r e f e r e n c e   to  F igure   2.  The 

l a y e r   68  may  be  r e f e r r e d   to  as  the  base  l a y e r .  

As  shown  in  F igure   3,  l a y e r   68  c o n t a i n s   no  m e t a l - c o n t a i n i n g  

f i l l e r   66,  whi le   F i g u r e  4   shows  i t   as  having  such  a  f i l l e r   72  d i s p e r s e d  

in  i t .  



A d d i t i o n a l   

l a y e r s   of  e l a s tomer   may  be  p o s i t i o n e d   be tween  

l a y e r   64  and  68,  and  they  may  s i m i l a r l y   c o n t a i n ,   or  be  devoid  o f ,  

f i l l e r .  

These  i n t e r m e d i a t e   l a y e r s   may  be  d e p o s i t e d   upon  the  b a s e  

l ayer   e l a s t o m e r   68  by  any  of  the  methods  d e s c r i b e d   above.  The 

i n t e r m e d i a t e   or  inner   l a y e r s   may  be  o p t i o n a l l y   used  to  promote  s t r e n g t h  

and  c o n f o r m a b i l i t y   or  c o m p r e s s i b i l i t y   when  used  in  c o n j u n c t i o n   with  a  

backup  or  p r e s s u r e   r o l l .   In  a  p r e f e r r e d   embodiment,  m e t a l - c o n t a i n i n g  

f i l l e r   66  is  d i s p e r s e d   in  e l a s t o m e r   64  in  a  c o n c e n t r a t i o n   from  about  1 .0  

to  about  15.0  p a r t s   by  weight  of  m e t a l - c o n t a i n i n g   f i l l e r   66  per  100 

p a r t s   by  weight   of  e l a s t o m e r   64.  In  the  embodiment  of  F igure   3,  o n l y  

!  t r a c e   amounts  of  m e t a l - c o n t a i n i n g   f i l l e r   would  be  used  in  e l a s t o m e r   68 ,  

I  eg  l e s s   than  about   0.5  p a r t s   of  metal   c o n t a i n i n g   f i l l e r   per  100  p a r t s   o f  

e l a s t o m e r .   The  same  c o n c e n t r a t i o n s   of  m e t a l - c o n t a i n i n g   f i l l e r   a l s o  

apply  to  the  i n t e r m e d i a t e   or  inner   l a y e r s .  

:  R e f e r r i n g   to  F igure   4,  t he re   is  shown  a  f r a g m e n t a r y   view  o f  

pa r t   of  the  f u s e r   member  of  the  p r e s e n t   i n v e n t i o n   magn i f i ed   many  t i m e s  

compared  with  the  member  shown  in  F igure   1,  in  order   to  show  the  t h i n  

l a y e r s   on  the  f u s e r   member  s u r f a c e .  I n   F igure   4,  the  base  member  o r  

o the r   s o l i d   s t r u c t u r e   upon  which  the  l a y e r s   of  e l a s t o m e r   are  a p p l i e d ,   i s  

d e s i g n a t e d   by  numeral   70.  E las tomer   68  is  d e p o s i t e d   upon  base  member  70 

by  any  s u i t a b l e   means,  such  as  cur ing   e l a s t o m e r   68  d i r e c t l y   upon  b a s e  

member  70  or  by  any  of  the  a l t e r n a t i v e   methods  sugges t ed   above  f o r  

F igure   3.  In  the  embodiment  shown  in  F igure   4,  m e t a l - c o n t a i n i n g   f i l l e r  

72  is  i n c o r p o r a t e d   or  d i s p e r s e d   in  e l a s t o m e r   68.  This  f i l l e r   72  may  be  

the  same  as,  or  d i f f e r e n t   from,  f i l l e r   66  in  e l a s t o m e r   l aye r   64 .  

E las tomer   68  in  F i g u r e  4   is  a l s o  d e s c r i b e d   h e r e i n   as  base  l a y e r  

e l a s t o m e r   or  the  base  l a y e r   of  e l a s t o m e r .   E las tomer   l a y e r   64  i s  

d e p o s i t e d   upon  e l a s t o m e r   l a y e r   68  by  any  s u i t a b l e   means,  p r e f e r a b l y   by 

cur ing   e l a s t o m e r   64  d i r e c t l y   upon  e l a s tomer   l aye r   68  or  by  any  o t h e r  

means  as  d e s c r i b e d   for   the  e l a s tomer   l aye r   of  F igure   3.  As  in  F igure   3 ,  

the  i n t e r m e d i a t e   l a y e r s   may  be  d e p o s i t e d   upon  the  base  e l a s t o m e r   68  by  

any  of  the  methods  d e s c r i b e d   above.  These  i n t e r m e d i a t e   or  inner   l a y e r s  

may  be  o p t i o n a l l y   used  to  promote  s t r e n g t h   and  c o n f o r m a b i l i t y  o r  

c o m p r e s s i b i l i t y   when  used  in  c o n j u n c t i o n   with  a  backup  or  p r e s s u r e  
r o l l .  



The  thickness   of  the  e l a s tomer   having  m e t a l - c o n t a i n i n g   f i l l e r  

dispersed  therein  is  not  cr i t ica l   in  the  p rac t i ce   of  the  p resen t   i n v e n t i o n .  

General ly  where  the  fuser  member   is  heated  by  in ternal   means,  t h e  

e las tomer   having  metal   filler  therein  is  p re fe rab ly   of  such  th ickness   as  t o  

cons t i tu te   a  minimal  the rmal   barr ier   to  heat  rad ia t ing   from  inside  the  f u s e r  

member  to  the  o u t e r m o s t   layer  of  e l a s tomer   having  metal   filler  t h e r e i n .  

R e c o m m e n d e d   th icknesses   are  general ly   g rea t e r   than  0 .013  nm 
but  may  be  from  0.025  mm  to  about  5  mm  the  m o s t  

p re fe r r ed   ranges  being  from  about  0.1  mm  to  about  2.5  mm. 

The  p r e f e r r e d   th ickness   depends  upon  the  fuser  member   c o n f i g u r a t i o n  

and  the  p a r t i c u l a r   backup  or  pressure   member   (hard  or  conformable )   b e i n g  

used  with  the  fuser  m e m b e r .  

In  the  embodiments  i n c o r p o r a t i n g   base  l a y e r   68,  the  p r e f e r r e d  
base  l a y e r   e l a s t o m e r   t h i c k n e s s   is  about   0.15  mm  with  an  o u t e r   l a y e r  
e l a s t o m e r   t h i c k n e s s   of  about   0.05  mm.  The  most  p r e f e r r e d   base  l a y e r   h a s  

about  5.0  to  about   20.0  p a r t s   by  weight   m e t a l - c o n t a i n i n g   f i l l e r   such  a s  

magnesium  oxide ,   per  100  p a r t s   by  weight   of  e l a s t o m e r ,   and  the  o u t e r  

l aye r   e l a s t o m e r   has  about   one   to  about   95  p a r t s   by  weight   m e t a l -  

c o n t a i n i n g   f i l l e r   such  as  lead  ox ide ,   per  100  p a r t s   by  weight   o f  

e l a s t o m e r .  
The  re lease   agent   may  be  applied  by  any  su i tab le   means.   T h e  

sump  is  i l lus t ra ted   in  the  drawing,  however,   the  po lymer ic   re lease   a g e n t  

having  funct ional   groups  may  be  applied  by  spraying  from  jets  or  o t h e r  

orifices,   by  padding  from  a  flat,  con toured   or  other   shaped  pad  made  o f  

fabric,  sponge,  felt  or  o ther   sui table   ma te r i a l ,   by  me te r ing   with  an  a p p l i -  

cator  roller  or  series  of  app l i ca to r   rollers,  or  by  means  of  a  belt,  by  m e a n s  

of  a  solid  bar  or  blade  of  the  re lease   agent  mate r ia l   wiping  against   the  f u s e r  

members ,   or  by  any  other  sui table   appl ica tor   means  or  d e v i c e . .   A n  

appl ica tor   roll  or  app l i ca to r   belt  having  an  e l a s t o m e r   sur face   with  m e t a l -  

containing  filler  d ispersed  therein   may  also  be  used  to  apply  the  p o l y m e r i c  

release  agent  having  func t iona l   g roups .  

The  adhesive  or  pr imer   layer  upon  the  base  member   to  p r o m o t e  

the  adhesion  of  e l a s t o m e r   the re to ,   for  example   the  adhesion  of  t h e  

e l a s tomer   to  the  metal   of  the  base  member ,   is  not  cr i t ical .   Anyone  s k i l l e d  

in  the  art  can  easily  se lec t   one  of  many  well-known  c o m m e r c i a l   adhesives   o r  

primers  for  adhering  pa r t i cu l a r   e l a s tomers   or  resins  to  subs t r a t e s .   F o r  



I  example,   si l icone  rubbers  are  often  adhered  to  subs t ra tes   with  such  p r i m e r s  

as  v iny l t r ime thoxys i l ane ,   g a m m a - m e t h a c r y l o x y p r o p y l t r i m e t h o x y s i l a n e   and  

v i n y l t r i s   ( t -bu ty lperoxy)   silane  and  part ial ly  hydrolyzed  products   t h e r e o f .  

Organic  rubbers  may  be  adhered  to  the  core  mater ia l   by  a  p r i m e r / r u b b e r  

adhesive  system  such  as  Chemlok  205/236  which  may  be  applied  to  a  m e t a l  

core.  Chemlok  205  is  a  mixture   of  polymers,   organic  compounds  and  m i n e r a l  

f i l l e r s   in  a  methyl  isobutyl  ketone  solvent  system.  Chemlok  220  and  236 

m a y   be  used  with  Chemlok  205  when  the  bond  must  have  e x c e p t i o n a l  

res i s tance   to  adverse   env i ronmenta l   conditions.  Chemlok  220  is  also  used  as 

a  single  coat  adhesive  for  bonding  nitrile  e las tomers .   Dissolved  o r g a n i c  

polymers  and  dispersed  fillers  in  a   xylene  and  p e r c h l o r o e t h y l e n e   s o l v e n t  

system  may  be  used  for  bonding  uncured  e l a s tomers   to  metals   du r ing  

vulcaniza t ion .   One  c o m m e r c i a l   embodiment   of  this  pr imer   is  known  as 

Chemlok  220.  Chemlok  608  and  other  well-known  dissolved  silane  p o l y m e r s  

are  excel lent   pr imers   for  the  f l uo roe la s tomers .   Chemlok  is  a  t r ademark   o f  

H u g h s o n   Chemica l   Company.   Commerc i a l   epoxy  compounds  are  a l so  

excel lent   for  the  bonding  of  e las tomers   to  metal ,   plast ic  and  g l a s s  

s u b s t r a t e s .   One  family  of  epoxy  adhesives  or  cements   is  known  c o m m e r c i a l -  

l y   by  the  t r a d e m a r k   Thixon.  Thixon  300  is  an  epoxy  resin  well  suited  f o r  

b o n d i n g   f l u o r o e l a s t o m e r s   such  as  the  Viton  e l a s tomer s   to  metal .   Thixon  is  a  

t r a d e m a r k   of  Dayton  Chemica l   Products   L a b o r a t o r i e s .  

The  following  examples   fur ther   define  and  descr ibe   fuser  rol ls  

prepared  by  the  p resen t   invention  and  i l lus t ra te   the  p r e f e r r ed   e m b o d i m e n t s  

of  the  p resen t   i n v e n t i o n .  

EXAMPLE  I 

A  solution  of  silicone  resin  is  p repared   by  mixing  the  s i l i cone  

resin  with  toluene.   About  50  grams  of  Ventron  mic ron-s ized   c o p p e r  
par t ic les   are  washed  with  toluene  and  dried.  The  dried  copper  par t ic les   a r e  

d i s p e r s e d   in. the  to luene  solution  of  silicone  resin,  and  af ter   the  par t ic les   a r e  

evenly  dispersed  th roughout   the  solution,  the  solution  is  sprayed  on  t h e  
surface  of  an  a luminum  cylinder  coated  with a  convent iona l   silane  a d h e s i v e  

m a t e r i a l   known  c o m m e r c i a l l y   as  Chemlok  608.  This  results   in  a  fuser  ro l l  

similar  to  the  type  shown  in  Figure  1.  The  ratio  of  copper  par t ic les   t o  

silicone  resin  is  about  5  volume  percent .   The  roll  p repared   in  the  f o r e g o i n g  

manner  is  placed  in  a  fuser  assembly  as  shown  in  Figure  1  and  is  used  with  a  

m e r c a p t o - f u n c t i o n a l   po lyorganos i loxane   release  agent  having  a  m o l e c u l a r  



weight  of  about  14,000  and  a  mercap to   (-SH)  c o n c e n t r a t i o n   of  about  0.17 

weight  percent   (based  upon  the  weight  of  the  m e r c a p t o - f u n c t i o n a l   po lyor -  

ganosiloxane).   The  life  of  the  fuser  roll  is  sui table  and  excel lent   re lease   of 

t he rmop las t i c   resin  toner  is  observed  with  the  foregoing  fuser  roll  h a v i n g  

copper  par t ic les   dispersed  in  silicone  rubber.  No  hot  offset  is  observed  when 

this  fuser  roll  heated   at  1800C  is  used  to  fix  toner  images  to  p a p e r .  

EXAMPLE  I I  

This  was  s i m i l a r   to  Example   I  except   p a r t i c l e s   of  a l u m i n i u m  

oxide  were  used  i n s t e a d   of  copper .   Af t e r   d i s p e r s i o n   of  the  a l u m i n i u m  

oxide  p a r t i c l e s   in  the  s i l i c o n e   e l a s t o m e r ,   s u f f i c i e n t   s o l u t i o n   was 

sprayed  on  the  a d h e s i v e - c o a t e d   cylinder  to  produce  a  d r i ed   l a y e r   0.15  mn 

t h i c k .   The  e l a s t o m e r   was  d r i ed   under  vacuum  at  90°C  to  remove  t h e  

s o l v e n t .   A  s i l i c o n e   r e s i n   i n  n - h e x a n e   s o l v e n t   c o n t a i n i n g   1.5  w e i g h t  

p e r c e n t   m i c r o n - s i z e d   s i l v e r   powder  (based  upon  the  weight  of  the  r e s i n )  

u n i f o r m l y   d i s p e r s e d   t h e r e i n   was  sprayed  upon  the  d r i ed   s i l i c o n e  

e l a s t o m e r   l a y e r   c o n t a i n i n g   aluminium  oxide  p a r t i c l e s .   S u f f i c i e n t  

s i l i c o n e   r e s i n   s o l u t i o n   was  sprayed  t he reon   to  form  a  d r i ed   l a y e r   o f  

about  0.25  mm  t h i c k .   The  n-hexane  was  e v a p o r a t e d   at  60°C.  The 

r e s u l t i n g   r o l l   had  a  c o n f i g u r a t i o n   s i m i l a r   to  t ha t   shown  in  F igure   4 .  

EXAMPLE  I I I  

A  f u s e r   member  was  p r epa red   in  accordance   with  Example  I  

except   t h a t   two  e l a s t o m e r   l a y e r s   were  used,   both  e l a s t o m e r   l a y e r s   b e i n g  
of  p o l y ( v i n y l i d e n e   f l u o r i d e - h e x a f l u o r o p r o p y l e n e )   copolymer  having  a  

m o l e c u l a r   weight   of  75,000  and  i d e n t i f i e d   as  'V i ton '   GH.  Both  l a y e r s  

were  cured  with  a  pe rox ide   cure  system.  Both  l a y e r s   were  d e p o s i t e d   a s  

d i s p e r s i o n   in  methyl   e t h y l   ke tone .   The  base  l a y e r   or  f i r s t   l a y e r   o f  

'V i ton '   GH  was  about   0.10  nm  t h i c k ,   and  the  ou t e r   l a y e r   or  second  l a y e r  

of  'V i t on '   GH  was  about   0.05  mm  t h i c k .   The  base  l a y e r   of  ' V i t o n '   GH 

c o n t a i n e d   about  3  p a r t s   by  weight  based  upon  the  weight  of  the  ' V i t o n '  

GH  of  lead  oxide  p a r t i c l e s   having  an  average   p a r t i c l e   s i z e   of  2  m i c r o n s  

to  a s s i s t   the  cu r ing   of  the  e l a s t o m e r .   E x c e l l e n t   r e l e a s e   was  o b t a i n e d  

when  p a r t i c l e s   of  s i l v e r   having  an  average   p a r t i c l e   s i z e   of  about  2 

microns  were  p r e s e n t   in  the  ou te r   l a y e r   of  p o l y ( v i n y l i d e n e  

f l u o r i d e h e x a f l u o r o p r o p y l e n e )   at  a  c o n c e n t r a t i o n   of  about   1.5  volume 

p e r c e n t   based  upon  the  volume  of  the  e l a s t o m e r ,   and  the  f u s e r   r o l l   was 

used  in  a  c o n f i g u r a t i o n   s i m i l a r   to  the  f u s e r   assembly  shown  in  F igure   1 

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

with  p o l y d i m e t h y l s i l o x a n e ,   the  blend  having  a  m o l e c u l a r   weight   of  a b o u t  



11,500  and  a  mercapto  con t en t   of  about  0.17  weight  p e r c e n t .  

E X A M P L E  I V  

A  fuser  roll  was  prepared  in  accordance   with  the  procedure   of  

Example  I  except   the  mic ron-s ized   copper  par t ic les   (50  grams)  were  r e a c t e d  

with  100  g  of  a  m e r c a p t o - f u n c t i o n a l   po lyorganos i loxane   having  a  

molecular   weight  of  14,000  and  a  mercap to   content   of  about  0.17  we igh t  

percent   for  1  hour  at  149°C.  The  copper  par t ic les   were  then  s epa ra t ed   f r o m  

the  mercap to   funct ional   polyorganosi loxane  fluid,  washed  with  toluene  and  

dried.  The  dried  copper  par t ic les   ( represent ing   about  5  volume  percen t   of  

the  silicone  resin)  were  evenly  dispersed  in  a  solution  of  silicone  resin  in 

toluene  and  sprayed  on  an  aluminum  cylinder  coated  with  the  a d h e s i v e  

mater ia l   of  Example  I .  

The  foregoing  roll  was  placed  in  a  f ixture   s imilar   to  that  s h o w n  

in  Figure  I  except   that   no  release  agent  fluid  was  placed  in  the  sump,  a n d  

there  was  no  ex terna l   appl ica t ion   of  any  release  agent.   About  7,000  cop ie s  

were  fused  with  this  fuser  member   before  offset  o c c u r r e d .  

EXAMPLE  V 

A  fuser  member   was  prepared  in-  acco rdance   with  Example  I 

except  the  e l a s tomer   was  poly(vinylidene  f l u o r i d e - h e x a f l u o r o p r o p y l e n e )  

copolymer   having  a  molecu la r   weight  of  about  100,000  -and  ident i f ied   as 

Viton  A.  The  copolymer   was  dissolved  in  methyl  ethyl  ketone  s o l v e n t .  

Excel lent   re lease   was  obta ined  when  par t ic les   of  silver  having  an  a v e r a g e  

par t ic le   size  of  about  2  microns  were  present   in  the  poly(vinyl idene  f l u o r i d e -  

hexaf luoropropy lene)   at  a  concen t r a t i on   of  about  1.5  weight  pe rcen t   b a s e d  

upon  the  weight  of  the  e las tomer ,   and  the  fuser  roll  was  used  in  a  

conf igura t ion   similar   to  the  fuser  assembly  shown  in  Figure  I  with  a  r e l e a s e  

agent  of  m e r c a p t o - f u n c t i o n a l   polyorganosi loxane   blended  with  p o l y d i m e t h y l -  

siloxane,  the  blend  having  a  molecular   weight  of  about  11,500  and  a  m e r c a p t o  

content   of  about  0.17  weight  p e r c e n t .  
EXAMPLE  VI 

A  f u s e r   r o l l   was  made  s i m i l a r   to  the  f u s e r   r o l l   d e s c r i b e d   i n  

Example  I I I   except   t h a t   the  l a y e r s   of  e l a s t o m e r   were  p o l y ( v i n y l i d e n e  

f l u o r i d e h e x a f l u o r o p r o p y l e n e - t e t r a f l u o r e t h y l e n e )   t e r p o l y m e r   having  a  

m o l e c u l a r   weight   of  100,000  and  known  under  the  t radename  of  'V i ton '   B 

using  a  b i s p h e n o l   cure  system.  E x c e l l e n t   r e l e a s e   and  e x c e l l e n t   w e a r  

r a t e   were  o b t a i n e d   when  about   45  p a r t s   by  weight  m i c r o n - s i z e d   c o p p e r  

p a r t i c l e s   per  100  p a r t s   by  weight  of  'V i ton '   B  were  used  in  the  o u t e r  

l a y e r ,   and  3  p a r t s   by  weight   lead  oxide  were  used  in  the  base  l a y e r .  



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

observed   when  the  m e r c a p t o - f u n c t i o n a l   p o l y o r g a n o s i l o x a n e   of  Example  I  

is  used  as  the  r e l e a s e   agent   in  a  f u s e r   assembly  s i m i l a r   to  t h a t   shown 

in  F igure   1. 

EXAMPLE  V I I  

A  f u s e r   r o l l   is  made  s i m i l a r   to  the  f u s e r   r o l l   d e s c r i b e d   i n  

Example  V  except   the  e l a s t o m e r   is  p o l y ( v i n y l i d e n e   f l u o r i d e -  

h e x a f l u o r o p r o p y l e n e - t e t r a f l u o r e t h y l e n e )   t e r p o l y m e r   known  under  t h e  

t radename  of  Viton  B.  E x c e l l e n t   r e l e a s e   is  o b t a i n e d   when  about   9 

p e r c e n t   (by  weight   based  upon  the  weight   of  the  e l a s t o m e r )   of  m i c r o n -  

s ized   copper   p a r t i c l e s   s i m i l a r   to  the  copper  p a r t i c l e s   of  Example  I,  i s  

used.  E x c e l l e n t   r e l e a s e   of  t h e r m o p l a s t i c   r e s i n   t one r   is  observed   when 

the  m e r c a p t o - f u n c t i o n a l   p o l y o r g a n o s i l o x a n e   of  Example  I  is  used  as  t h e  

r e l e a s e   agent   in  a  f u s e r   assembly  s i m i l a r   to  t h a t   shown  in  F igure   1.  

EXAMPLE  V I I I  

A  fuser  member   was  prepared  in  acco rdance   with  Example   V 

except  the  e l a s tomer   was  a  poly(vinylidene  f l u o r i d e - h e x a f l u o r o p r o p y l e n e )  

known  commerc i a l l y   as  Viton  E430  (Viton  is  a  t r a d e m a r k   of  E.  I.  duPont  de 

Nemours  and  Co.).  The  e l a s tomer   contained  45  parts  by  weight  lead  ox ide  

per  100  parts  by  weight  of  the  e las tomer .   In  excess  of  150,000  copies  w e r e  

fixed  in  the  Xerox  9200  dupl ica tor   (Xerox  and  9200  are  t r a d e m a r k s   of  X e r o x  

Corpora t ion)   using  a  m e r c a p t o - f u n c t i o n a l   po lyorganos i loxane   release  a g e n t  

having  a  m e r c a p t o   con ten t   of  0.04  weight  pe rcen t   (based  upon  the  weight  o f  

the  p o l y o r g a n o s i l o x a n e ) .  

EXAMPLE  IX 

A  f u s e r   member  was  p r epa red   in  acco rdance   with  Example  V I I I  

except   a  base  l a y e r   of  a  p o l y ( v i n y l i d e n e   f l u o r i d e - h e x a f l u o r o p r o p y l e n e )  

known  commerc ia l ly   as  'V i t on '   E60C  was  i n t e r p o s e d   between  the  r o l l   c o r e  

and  the  ou t e r   l a y e r   of  'V i ton '   E430.  An  epoxy  adhes ive   known 

c o m n e r c i a l l y   as  'Th ixon '   300  was  used  on  the  metal   co re .   B o t h  

e l a s t o m e r s   were  cured  with  the  n u c l e o p h i l i c   a d d i t i o n   c u r i n g   a g e n t ,  

b i s p h e n o l ,   known  commerc ia l ly   as  'V i ton '   C u r a t i v e s   20  and  30.  The  b a s e  

l a y e r   of  ' V i t o n '   E60C  was  0.15  mm  t h i c k ,   and  the  ou t e r   l a y e r   of  ' V i t o n '  

E430  was  0.025  to  0.05  mm  t h i c k .   The  ou te r   e l a s t o m e r   l a y e r   c o n t a i n e d   45 

p a r t s   by  weight   lead   oxide  per  100  p a r t s   by  weight   of  the  e l a s t o m e r .  

The  inner   l a y e r   c o n t a i n e d   30  p a r t s   by  weight   carbon  b lack  and  15  p a r t s  

by  weight   magnesium  oxide  per  100  p a r t s   by  weight   ' V i t o n '   E60C.  I n  



excess   of  500,000  copies   were  f ixed   in  the  'Xerox  9200'  d u p l i c a t o r  

( 'Xerox '   and  ' 9 2 0 0 ' )   are  t r ademarks   of  Xerox  C o r p o r a t i o n )   using  a  

m e r c a p t o - f u n c t i o n a l   p o l y o r g a n o s i l o x a n e   r e l e a s e   agent   having  a  m e r c a p t o  

con ten t   of  0.10  weight   p e r c e n t   (based  upon  the  weight   of  t h e  

p o l y o r g a n o s i l o x a n e )   metred  upon  the  fu se r   r o l l   by  a  wick.  Only  m i n i m a l  

wear  was  observed   upon  the  fu se r   r o l l   s u r f a c e   0.0013  mm  per  100 ,000  

c o p i e s ) .  
EXAMPLE  X 

A  fuser  member   is  prepared  in  accordance   with  Example  V 

except  the  e l a s tomer   is  poly(vinylidene  f l u o r i d e - h e x a f l u o r o p r o p y l e n e   copo ly -  

mer  known  as  Viton  A  cured  by  a  bisphenol  curing  agent.   About  6  p e r c e n t  

(by  weight  based  upon  the  weight  of  the  e las tomer)   of  lead  ca rbona te   is 

dispersed  in  the  e l a s tomer   by  blending  on  a  rubber  mil  prior  to  dissolving  in  

methyl  ethyl  ketone.   Suitable  release  of  t he rmop la s t i c   resin  toner  is 

obtained  when  m e r c a p t o - f u n c t i o n a l   po lyorganos i loxane   is  used  as  the  r e l e a s e  

agent  in  the  fuser  assembly  similar   to  that  shown  in  Figure  1. 

-  EXAMPLE  XI 

A  fuser  roll  was  p repared   by  coating  an  aluminum  cylinder  hav ing  

an  epoxy  adhesive  known  commerc i a l l y   as  Thixon  300  thereon,   with  a  

a  solution  of  Viton  GH  conta in ing  an  a l iphat ic   peroxide  curing  agent.   Only  

t race  amounts   (less  than  1  part  by  weight  based  upon  the  weight  of  t h e  

e las tomer)   of  m e t a l - c o n t a i n i n g   filler  were  i nco rpo ra t ed   or  dispersed  in  t h e  

poly(vinylidene  f l uo r ide -hexa f luo rop ropy lene )   t e rpo lymer   known  as  Viton  GH 

to  assist  the  cure.  The  e l a s tomer   was  cured  at  232°C  for  24  hours  and  was 

placed  in  a  fuser  assembly  similar   to  the  one  shown  in  Figure  1.  A  250 

cent i s toke   po lyorganos i loxane   fuser  oil  (po lydimethyls i loxane)   was  used  as 

the  re lease   agent.   Less  than  1,000  copies  were  fused  with  this  system  b e f o r e  

release  f a i l u r e .  

EXAMPLE  X I I  

A  fuser  roll  ident ical   to  the  fuser  roll  of  Example  XI  was 

prepared  with  only  a  t race  amount   of  a  m e t a l - c o n t a i n i n g   filler  to  a s s i s t  

curing.  Instead  of  the  l inear   po lyd imethy ls i loxane   (silicone  oil)  used  as  t h e  

i  release  agent  in  Example  XI,  a  branched  silicone  oil  (branched  p o l y d i m e t h y l -  

siloxane  having  branching  of  the  siloxane  backbone)  having  a  viscosity  o f  

about  250  cen t i s tokes   was  used.  There  was  only  some  improvemen t   over  t h e  

number  of  copies  fused  when  convent ional   silicone  oil  was  used  as  t h e  

release  a g e n t .  



EXAMPLE  X I I I  

A  fuser  roll  ident ical   to  the  fuser  roll  of  Example  XI  having  an 

e las tomer   coat ing  of  Viton  A  cured  with  a  diamine  c a r b a m a t e   curing  s y s t e m  

(DIAK  No.  1)  and  having  only  t race   amounts   of  m e t a l - c o n t a i n i n g   filler  t o  

assist  the  cure  was  used.  A  m e r c a p t o - f u n c t i o n a l   po lyorganos i loxane   f l u id  

having  a  viscosity  of  about  250  cen t i s tokes ,   a  molecular   weight  of  a b o u t  

ll,500  and  a  m e r c a p t o   conten t   of  about  0.06  pe rcen t   (based  upon  the  w e i g h t  

of  the  polyorganos i loxane)   was  used  as  the  re lease  agent.   A l t h o u g h  

subs tant ia l ly   more  copies  were  fused  with  the  fuser  member   and  r e l e a s e  

agent  of  this  example  over  the  fuser  member   and  re lease   agent  of  E x a m p l e  

VIII,  the  results   were  still  less  than  d e s i r a b l e . .  

EXAMPLE  XIV 

A  fuser  roll  having  a  0.04mm  layer  of  Viton  E430  with  a  m e t a l -  

containing  filler  was  placed  upon  an  aluminum  roll  having  the  epoxy  a d h e s i v e  

of  Example  XI  thereon  ident ica l   to  the  p rocedure   and  roll  of  Example  XI  

except  there  was  an  i n t e r m e d i a t e   0.15mm  layer  of  Viton  E60C  coa ted   upon  

the  epoxy-covered   aluminum  roll.  All  conditions  were  ident ical   to  t h e  

conditions  of  Example  XI  except   a  m e t a l - c o n t a i n i n g   filler,  lead  oxide,  was  

inco rpora t ed   into  the  0.04mm  thick  poly(vinylidene  f l u o r i d e - h e x a f l u o r o p r o p y -  

lene)  copolymer   known  as  Viton  E430  prior  to  curing  with  a  bisphenol  c u r i n g  

system.  The  lead  oxide  was  about  45  parts  per  100  weight  of  the  Viton  E 4 3 0  

(7.5  pe rcen t   by  volume).  The  release  agent  used  in  the  sump  was  ident ica l   t o  

the  release  agent  used  in  Example  XI ILNear ly   1,000,000  copies  were  f u s e d  

with  the  fuser  member   and  the  m e r c a p t o - f u n c t i o n a l   p o l y o r g a n o s i l o x a n e  

release  agent   before  re lease   fai lure  was  obse rved .  

A  compar ison   of  the  results   of  Example  XI  through  Example XIV 

shows  the  r emarkab le   i m p r o v e m e n t   of  the  p resen t   invention  when  a  m e t a l -  

containing  filler  is  i nco rpo ra t ed   in  the  e l a s tomer   used  as  the  sur face   c o a t i n g  

of  a  fuser  member   when  the  polymer ic   re lease   agents  having  f u n c t i o n a l  

groups  are  used  as  re lease  agents   to  fuse  t h e r m o p l a s t i c   resin  toner  images  t o  

subs t ra tes   suchas  paper.  The  number  of  copies  which  can  be  fused  with  t h e  

m e t a l - c o n t a i n i n g   filler  in  the  e l a s tomer   are  mult iples  of  hundreds  o f  

thousands  more  than  the  same  fuser  member   conta ining  no  filler  or  only  

t race   amounts   of  filler  in  the  e l a s tomer   even  when  the  system  is  used  w i t h  

the  same  polymer ic   re lease   agent  having  funct ional   g roups .  



EXAMPLE  XV 

The  aluminum  cylinder  fuser  roll  core  having  a  d i ame te r   o f  

75.8  mm  taken  from  a  Xerox  9200  copier  (Xerox  and  9200  a r e  
t r ademarks   of  Xerox  Corpora t ion)   was  degreased,   grit  blasted,   d e g r e a s e d  

and  covered  with  an  epoxy  adhesive  known  commerc ia l ly   as  Thixon  300. 

V i t o n   E60C  containing  carbon  black  and  magnesium  oxide  was  sprayed   f r o m  

a   methyl  ethyl  ketone  solution  upon  the  epoxy-coa ted   aluminum  roll  t o  

p r o d u c e   a  layer   0.15mmthick  when  cured  with  a  bisphenol  curing  system.  A 

f l u o r o e l a s t o m e r   copolymer   of  poly(vinylidene  f l u o r i d e - h e x a f l u o r o p r o p y l e n e )  

known  as  Viton  E430  having  45  parts  of  lead  oxide  filler  per  100  parts  by 

weight  of  the  f l u o r o e l a s t o m e r   blended  therein  was  dissolved  in  methyl  e t h y l  

ketone  solvent .   The  curing  or  crosslinking  agent  for  both  f l u o r o e l a s t o m e r s  

was  f luor ina ted   bisphenol  A.  The  solution  was  r epea ted ly   sprayed  upon  t h e  

degreased   aluminum  base  member   or  core  to  yield  a  final  thickness   of  a b o u t  

0.05  mm.  The  f l u o r o e l a s t o m e r   was  cured  by  heat ing  for  16  h o u r s  

at  232°C.  The  layer  was  cooled  and  sanded.  The  final  thickness   of  the  V i ton  

E430  layer  was  about  0.04  mm.  The  roll  was  placed  in  a  N o r m a n  

A b r a d e r  a n d   wear  data  were  recorded.   Another   roll  p repared   ident ical   t o  

t h a t   shown  above  was  placed  in  a  Xerox  9200  dupl ica tor   having  a  wick  

appl ica tor   for  applying  the  re lease   agent  to  the  roll  (Xerox  and  9200  a r e  
t r a d e m a r k s   of  Xerox  Corpora t ion)   and  tes ted  for  wear  data  and  r e l e a s e .  

About  500,000  copies  were  fused  by  the  roll  in  the  xe rograph ic   d u p l i c a t o r  

using  the  po lymer ic   re lease   agent   of  Example  XIII.  The  wear  da t a  t aken   f r o m  

the  xe rographic   dupl ica tor   showed  less  than  0.0015mm  of  wear  per  100,000 

copies  and  the  Norman  Abrader   showed  100  micro inches   of  wear  per  40 

cyc l e s .  

EXAMPLE  X VI 

An  aluminium  r o l l   core  s i m i l a r   to  t h a t   of  Example  XV  was 

c o a t e d   with  a  s o l u t i o n   c o n t a i n i n g   15  p a r t s   magnesium  oxide  f i l l e r   p e r  

1 0 0   p a r t s   by  weight   of  the  'V i t on '   E60C  b lended  t h e r e i n   a long  with  3 . 0  

p a r t s   
of  carbon  black  f i l l e r   per  100  p a r t s   by  weight   of  the  ' V i t o n '  

E 6 0 C ,   was  d i s s o l v e d   in  methyl  e t h y l   ketone  s o l v e n t   to  make  an  18  p e r c e n t  

s o l u t i o n .   The  cu r ing   or  c r o s s l i n k i n g   agent   for  t h i s   f l u o r o e l a s t o m e r   was 
f l u o r i n a t e d   b i s p h e n o l   A.  The  s o l u t i o n   was  r e p e a t e d l y   sp rayed   upon  a  
primed  deg rea sed   a luminium  base  member  or  core  to  y i e l d   a  f i n a l  

t h i c k n e s s   of  0 . 1 5 - 0 . 2   mm.  The  f l u o r e l a s t o m e r   was  cured  by  h e a t i n g   f o r  

one  hour  at  165°C.  The  l a y e r   was  cooled  and  sanded.   The  f i n a l  



t h i c k n e s s   of  the  sanded  r o l l   was  about  1 . 3 -1 .8  mm.   -- 

Another   f l u o r o e l a s t o m e r   copolymer  of  p o l y ( v i n y l i d e n e  

f l u o r i d e - h e x a f l u o r o p r o p y l e n e )   known  as  'V i t on '   E430,  having  15  p a r t s  

lead  oxide  f i l l e r   per  100  p a r t s   by  weight   of  the  ' V i t o n '   E430  b l e n d e d  

t h e r e i n ,   was  d i s s o l v e d   in  methyl   e thy l   ketone  s o l v e n t   to  form  a  10 

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

p r e v i o u s l y   cured  l a y e r   to  form  an  ou te r   l aye r   or  r e l e a s e   l a y e r .  

S u f f i c i e n t   r e p e t i t i o n s   of  the  sp ray ing   p roces s   were  made  to  form  a  f i n a l  

t h i c k n e s s   of  the  o u t e r   l a y e r   e l a s t o m e r   of  about   0 . 0 5 - 0 . 0 6   mm.  The 

f l u o r o e l a s t o m e r   c o a t i n g   (ou te r   l a y e r )   was  cured  by  h e a t i n g   for   16-24  

hours  at  232°C.  The  s u r f a c e   of  t h i s   l aye r   was  p o l i s h e d   to  0 . 3 - 0 . 4   mm. 

The  r o l l   was  p l aced   in  a  Norman  Abrader ,   and  wear  data   were  r e c o r d e d .  

Another  r o l l   p r e p a r e d   i d e n t i c a l   to  t h a t   shown  above  was  p l aced   in  a  

'Xerox  9200'  d u p l i c a t o r   having  a  wick  r e l e a s e   agent   a p p l i c a t o r ,   a n d  

t e s t e d   f o r - w e a r   data   and  r e l e a s e .   Over  1 ,000,000  copies   were  fused  b y  

the  r o l l   in  the  x e r o g r a p h i c   d u p l i c a t o r   us ing  the  po lymer ic   r e l e a s e   a g e n t  

of  Example  XII.   The  wear  data  taken  from  the  x e r o g r a p h i c   d u p l i c a t o r  

showed  l e s s   than  0.0013  nm  of  wear  per  100,000  c o p i e s ,   and  t h e  

Norman  Abrader   showed  40  m i c r o i n c h e s   of  wear  per  40  c y c l e s .   The  two 

l a y e r s   of  f l u o r o e l a s t o m e r   d e p o s i t e d   upon  the  aluminium  cy l inde r  

d i s p l a y e d   no  t endency   to  s e p a r a t e   from  the  c y l i n d e r   or  from  each  o t h e r .  

EXAMPLE  XVII 

Two  rolls  iden t ica l   to  those  descr ibed  in  Example  XV  were  p r e -  

pared  for  this  expe r imen t   except   the  rolls  were  coa ted   with  a  f l u o r o e l a s t o -  

mer  t e r p o l y m e r   of  poly(vinyl idene  f l u o r i d e - h e x a f l u o r o p r o p y l e n e - t e t r a f l u o r o -  

ethylene)  having  a  copo lymer i zed   cure  site  monomer   confer r ing   g r e a t l y  

enhanced  curabi l i ty   with  a l iphat ic   peroxide  sys tems.   The  f l u o r o e l a s t o m e r  

conta ined   45  parts   by  weight  lead  oxide  per  100  parts  by  weight  of  t h e  

f l uo roe l a s tomer .   The  f l u o r o e l a s t o m e r   commerc ia l ly   avai lable  under  t h e  

trade  designat ion  Viton  GH(a  t r a d e m a r k   of  E.  I.  duPont  Company)  was  c u r e d  

with  a  convent iona l   a l iphat ic   peroxide  curing  agent.   These  rolls  were  a l so  

tested  in  a  Norman  Abrader   and  in  a  Xerox  9200  dupl ica tor   (Xerox  and  9200 

are  t r ademarks   of  Xerox  Corpora t ion) .   A  wear  rate  of  0.01mm  of  Viton  G H  

per  100,000  copies  was  observed  in  the  dupl icator ,   however,   500,000  c o p i e s  



were  fused  in  the  dupl ica tor   using  the  m e r c a p t o - f u n c t i o n a l   p o l y o r g a n o s i l -  

o x a n e   fuser  release  agent  of  Example  XIII  applied  by  a  wick  a p p l i c a t o r  

convent ional ly   used  in  the  Xerox  9200  dupl icator .   The  wear  rate   observed  in 

the  modified  paper  abrasion  f ixture  (Norman  Abrader)  for  the  Viton  GH 

c u r e d   with  the  a l iphat ic   peroxide  curing  agent  was  900  micro inches   of  w e a r  

p e r   40  c y c l e s .  

In  compar ing   the  data  of  Examples  XV  and XVII  the  magni tude  o f  

improvemen t   gained  by  using  the  f l u o r o e l a s t o m e r   cured  with  the  b i spheno l  

curing  agent,   a  nucleophi l ic   addition  curing  agent,   and  having  the  lead  ox ide  

m e t a l - c o n t a i n i n g   filler  dispersed  therein  in  accordance   with  the  p r e s e n t  

invention  is  clearly  demons t r a t ed .   A  comparison  of  the  wear  data  shows  

that  there  is  a  ten-fold   reduct ion   in  wear  rate  while  main ta in ing   t h e  

desirable  re lease  p e r f o r m a n c e   when  d i f fe ren t   cure  systems  are  used  for  t h e  

f l u o r o e l a s t o m e r s   conta in ing  m e t a l - c o n t a i n i n g   fillers  when  the  fusing  p r o c e s s  

i s   carr ied  out  with  a  po lymer ic   re lease  agent  having  funct ional   groups  s u c h  

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

EXAMPLE  X V I I I  

A  fuser  roll  s imilar   to  the  fuser  roll  of  Example  XV  was  p r e p a r e d  

for  this  expe r imen t   e x c e p t   only  15  parts  by  weight  per  100  parts  of  t h e  

f l u o r o e l a s t o m e r   ident i f ied   commerc i a l l y   as  Viton  E430  (Viton  is  a  t r a d e m a r k  

of  E.  I.  duPont  Company)  was  used.  All  other  conditions  and  mater ia l s   w e r e  

identical   to  those  set  forth  in  Example  XV.  The  fuser  roll  p repared   with  t h i s  

poly(vinylidene  f l uo r ide -hexa f luo rop ropy l ene )   copolymer   showed  an  e v e n  

g rea te r   i m p r o v e m e n t   in  wear  rate  with  accep tab le   release  p e r f o r m a n c e  

when  used  with  m e r c a p t o - f u n c t i o n a l   polyorganosi loxane   release  agent  in  a  

Xerox  9200  c o p i e r / d u p l i c a t o r   (Xerox  and  9200  are  t r a d e m a r k s   of  X e r o x  

Corporat ion) .   The  Norman  Abrader   showed  40  micro inches   of  wear  per  40 

cyc l e s .  



1.  A  member  (1)  for  f u s ing   toner   images  to  a  s u b s t r a t e   (12)  in  a  

p rocess   i n v o l v i n g   the  a p p l i c a t i o n   to  the  working  s u r f a c e   (60)  of  t h e  

fuse r   member  of  a  po lymer ic   r e l e a s e   agent   (22,  60),  in  which  the  w o r k i n g  

s u r f a c e   (60)  is  of  e l a s t a n e r i c   mat t ,   c h a r a c t e r i s e d   in  t h a t   the  o u t e r  

l a y e r   (64)  of  e l a s t o m e r i c   m a t e r i a l   has  d i s p e r s e d   in  i t   a  m e t a l -  

c o n t a i n i n g   f i l l e r   (66)  for   r e a c t i n g   with  the  po lymer ic   r e l e a s e   a g e n t  

(22,  6 0 ) .  

2.  A  member  as  c laimed  in  Claim  1,  c h a r a c t e r i s e d   by  a  base  l a y e r  

(68)  of  e l a s t o m e r i c   m a t e r i a l   i n t e r m e d i a t e   a  base  member  (70)  and  t h e  

ou te r   l a y e r   (64)  f u r n i s h i n g   the  working  s u r f a c e   (60)  and  by  the  b a s e  

l a y e r   having  m e t a l - c o n t a i n i n g   f i l l e r   (72)  d i s p e r s e d   t h e r e i n .  

3.  A  member  as  c la imed  in  Claim  1  or  2,  c h a r a c t e r i s e d   by  t h e  

e l a s t a n e r ' s   having  been  cured  with  a  n u c l e o p h i l i c   a d d i t i o n   c u r i n g  

a g e n t .  

4.  The  f u s e r   member  of  any  p r e c e d i n g   Claim,  c h a r a c t e r i s e d   i n  

t ha t   the  m e t a l - c o n t a i n i n g   f i l l e r   (66,  72)  is  in  the  form  of  a  powder ,  

f l a k e s   or  f i b r e s .  

5.  The  f u s e r   member  of  any  p r e c e d i n g   Claim,  where in   the  m e t a l -  

c o n t a i n i n g   f i l l e r   (72,  66)  is  of  me ta l ,   metal   a l l o y ,   metal   ox ide ,   o r  

metal  s a l t .  

6.  The  f u s e r   member  of  any  p r e c e d i n g   Claim  c h a r a c t e r i s e d   in  t h a t  

the  m e t a l - c o n t a i n i n g   f i l l e r   (66 ,72)   is  p r e s e n t   in  the  e l a s t c m e r   (2,  64)  

in  a  c o n c e n t r a t i o n   of  about  1.0  volume  p e r c e n t   to  about   15.0  volume  p e r -  

cent  based  upon  the  volume  of  the  e l a s t o m e r .  

7.  The  f u s e r   member  of  any  p r e c e d i n g   Claim,  c h a r a c t e r i s e d   i n  

tha t   the  m e t a l - c o n t a i n i n g   f i l l e r   (66,  72)  is  t r e a t e d   with  p o l y m e r i c  

r e l e a s e   agent   (22,  60),  p r i o r   to  d i s p e r s i o n   of  the  m e t a l - c o n t a i n i n g  



f i l l e r   (66,  72)  in  the  e l a s t o m e r   (2,  6 4 ) .  

8.  The  f u s e r   member  of  Claim  2,  or  Claim  2  and  any  C la im 

dependent   t h e r e f r o m ,   c h a r a c t e r i s e d   in  t ha t   the  base  l a y e r   e l a s t o m e r  

(68)  compr ises   about  1.0  to  about  20.0  p a r t s   of  m e t a l - c o n t a i n i n g   f i l l e r  

( 7 2 )   per  100  p a r t s   of  base  l aye r   e l a s t o m e r ,   and  in  tha t   the  m e t a l -  

c o n t a i n i n g   f i l l e r   (66)  of  the  ou te r   l aye r   e l a s t o m e r   (64)  is  p r e s e n t   in  a  
c o n c e n t r a t i o n   of  about  0.25  to  about  95.0  pa r t s   of  m e t a l - c o n t a i n i n g  

f i l l e r   per  100  p a r t s   of  ou te r   l aye r   e l a s t o m e r .  

9.  The  f u s e r   member  of  any  p r eced ing   Claim,  c h a r a c t e r i s e d   i n  

t h a t   the  n u c l e o p h i l i c   a d d i t i o n   cur ing   agent   is  a  b i s p h e n o l  c r o s s l i n k i n g  

a g e n t .  

10.  The  f u s e r   member  of  Claim  9  c h a r a c t e r i s e d   in  t h a t   t h e  

n u c l e o p h i l i c   a d d i t i o n   cu r ing   agent   f u r t h e r   comprises   a n  

organophosphonium  s a l t   a c c e l e r a t o r .  

1 1 .   The  f u s e r   member  of  any  of  Claimsl  to  8,  c h a r a c t e r i s e d   in  t h a t  

the  n u c l e o p h i l i c   a d d i t i o n   cu r ing   agent   is  a  diamine  c a r b a m a t e .  

12.  A  method  of  f u s ing   t h e r m o p l a s t i c   r e s i n   toner   images  (14)  to  a  

s u b s t r a t e   (12)  c h a r a c t e r i s e d   by  the  s teps   of:  (a)  forming  a  f i lm  o f  

po lymer ic   r e l e a s e   agent   (22,  60)  having  f u n c t i o n a l   groups  on  a n  
e l a s t o m e r   (2,  64)  s u r f a c e   of  a  fuse r   member  (1)  as  claimed  in  a n y  

p r e c e d i n g   Claim;  (b)  h e a t i n g   at  l e a s t   the  working  s u r f a c e   (60)  of  t h e  

fuse r   member  (1) ;   (c)  c o n t a c t i n g   the  toner   images  (14)  on  said  s u b s t r a t e  

(12)  with  the  coa ted   and  hea ted   e l a s t o m e r   (2,  64)  s u r f a c e   for   a  p e r i o d  

of  time  s u f f i c i e n t   to  s o f t e n   the  t one r ;   and  (d)  a l lowing   the  toner   (14)  

and  s u b s t r a t e   (12)  to  c o o l .  

13.  A  hea ted   p r e s s u r e   f u s ing   system  for  f u s ing   toner   images  (14)  

in  an  e l e c t r o s t a t i c   r e p r o d u c i n g   a p p a r a t u s ,   c h a r a c t e r i s e d   in  tha t   a  

fu se r   r o l l   (1)  as  c la imed  in  any  of  Claims  1  to  11,  is  used  i n  



c o n j u n c t i o n   with  a  backup  r o l l   (8)  to  de f ine   a  c o n t a c t   arc  (10)  to  f u s e  

toner   images  (14)  onto  a  s u b s t r a t e   (12) ,   and  in  t h a t   a  r e l e a s e   a g e n t  

(22,  60)  is  a p p l i e d   to  the  s u r f a c e   of  the  f u s e r   r o l l   to  p r even t   t o n e r  

o f f s e t   upon  the  f u s e r   r o l l   (1) ,   said  r e l e a s e   agent   being  a  p o l y m e r i c  

r e l e a s e   agent   (22,  60)  having  f u n c t i o n a l   groups  which  i n t e r a c t   with  t h e  

metal   in  the  f i l l e r   ( 6 6 ) .  
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