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@>  Process  for  preparing  coated  carrier  particles  for  electrostatographic  developers. 

Electrostatographic  conductive  coated  carrier  parti- 
cles  for  use  in  the  development  of  electrostatic  latent  im- 
ages  are  provided  by  preparing  a  fluid  mixture  of  insulating 
resinous  material  and  an  electrically  conductive  agent, 
converting  the  fluid  mixture  to  a  solid  state,  and  comminut- 
ing  the  solid  mixture  to  dry,  powdered  particles  having  a 
particle  size  of  1  to  100  microns.  The  powdered  particles 
are  mechanically  or  electrostatically  applied  to  the  surface 
of  carrier  cores  having  a  particle  size  of  30  to  1000  mi- 
crons.  The  resultant  aggregation  is  heated  to  melt  and  fuse 
the  powdered  particles  to  the  surface  of  the  carrier  cores. 
The  conductive  carrier  particles  are  mixed  with  finely-divid- 
ed  toner  particles  to  form  developer  mixtures. 



This  i n v e n t i o n   r e l a t e s   to  a  process   for  p r e p a r i n g   c o a t e d  

c a r r i e r   p a r t i c l e s   for  e l e c t r o s t a t o g r a p h i c   d e v e l o p e r s .  

It  is  well  known  to  form  and  develop  images  on  the  surface  o f  

pho toconduc t ive   mater ia ls   by  e l ec t ro s t a t i c   methods  such  as  described,  fo r  

example,   in  U.S.  Pa ten t s   2,297,691;  2,277,013;  2,551,582;  3,220,324;  and  

3,220,833.  In  summary,   these  processes  as  described  in  the  a f o r e m e n t i o n e d  

patents   involve  the  format ion   of  an  e l ec t ro s t a t i c   l a ten t   charge  image  on  an  

insulating  e l ec t ropho tog raph ic   e lement   and  rendering  the  l a ten t   image  vis ible  

by  a  deve lopment   step  whereby  the  charged  surface  of  the  p h o t o c o n d u c t i v e  

e lement   is  brought  into  con tac t   with  a  developer  mixture.   As  described  in  U.S. 

Pa ten t   2,297,691,  for  example,   the  result ing  e l e c t r o s t a t i c   l a ten t   image  is 

developed  by  deposi t ing  thereon  a  f inely-divided  e lec t roscopic   m a t e r i a l  

r e fe r red   to  in  the  art  as  toner,  the  toner  being  general ly  a t t r a c t e d   to  the  a r e a s  

of  the  layer  which  retain  a  charge  thus  forming  a  toner  image  corresponding  t o  

the  e l ec t ro s t a t i c   l a ten t   image.  Subsequently,   the  toner  image  can  be  t r a n s -  

ferred  to  a  support  surface  such  as  paper  and  this  t r ans fe r r ed   image  can  be 

pe rmanen t ly   affixed  to  the  support  surface  using  a  variety  of  t e c h n i q u e s  

including  pressure  fixing,  heat  fixing,  solvent  fixing,  and  the  l ike .  

Many  methods  are  known  for  applying  the  e lec t roscopic   part icles   t o  

the  l a ten t   image  including  cascade  development ,   touchdown  and  m a g n e t i c  

brush  as  i l lustrated  in  U.S.  Pa ten t s   2,618,552;  2,895,847  and  3,245,823.  One  of  

the  most  widely  used  methods  is  cascade  deve lopment   wherein  the  d e v e l o p e r  

mater ia l   comprising  re la t ive ly   large  carr ier   par t ic les   having  f i ne ly -d iv ided  
t o n e r   par t ic les   e l e c t r o s t a t i c a l l y   clinging  to  the  surface  of  the  carr ier   p a r t i c l e s  

is  conveyed  to  and  rolled  or  cascaded  across  the  e l e c t r o s t a t i c   la tent   i m a g e -  

bearing  surface.   Magnetic  brush  deve lopment   is  also  known  and  involves  t h e  

use  of  a  developer   mater ia l   compris ing  toner  and  magnet ic   carr ier   p a r t i c l e s  

which  are  carried  by  a  magnet   so  that  the  magnet ic   field  produced  by  t h e  

magnet   causes  a l ignment   of  the  magnet ic   car r iers   in  a  brush-like  c o n -  

f iguration.   Subsequently,   this  brush  is  brought  into  contac t   with  the  e l e c t r o -  

s tat ic   l a ten t   image-bear ing   surface  causing  the  toner  par t ic les   to  be  a t t r a c t e d  

from  the  brush  to  the  e l ec t ro s t a t i c   la tent   image  by  e l ec t ro s t a t i c   a t t rac t ion ,   as  

more  specif ical ly  disclosed  in  U.S.  Pa ten t   2 ,874,063.  



Carr ier   mater ia ls   used  in  the  deve lopmen t   of  e l e c t r o s t a t i c   l a t e n t  

images  are  described  in  many  pa ten ts   including,  for  example,   U.S.  P a t e n t  

3,590,000.  The  type  of  carr ier   mater ia l   to  be  used  depends  on  many  f a c t o r s  

such  as  the  type  of  deve lopmen t   used,  the  quality  of  the  deve lopment   des i red ,  

the  type  of  pho toconduc t ive   mate r ia l   employed  and  the  like.  Gene ra l l y ,  

however,   the  mater ia ls   used  as  carr ier   surfaces   or  carr ier   par t ic les   or  t h e  

coat ing  thereon  should  have  a  t r iboe lec t r i c   value  c o m m e n s u r a t e   with  t h e  

t r iboe lec t r i c   value  of  the  toner  in  order  to  genera te   e l e c t r o s t a t i c   adhesion  of  

the  toner  to  the  carr ier .   Carr ie rs   should  be  se lec ted   that  are  not  bri t t le   so  as  

to  cause  flaking  of  the  surface   or  part icle   break-up  under  the  forces  e x e r t e d  

on  the  carr ier   during  recycle   as  such  causes  undesirable  e f fec t s   and  could,  f o r  

example,   be  t r ans fe r r ed   to  the  copy  surface  thereby  reducing  the  quality  o f  

the  final  i m a g e .  

There  have  been  recen t   effor ts   to  develop  car r ie rs   and  p a r t i c u l a r l y  

coatings  for  carr ier   pa r t i c les   in  order  to  obtain  be t t e r   deve lopmen t   quality  a n d  

also  to  obtain  a  ma te r ia l   that   can  be  recycled  and  does  not  cause  any  a d v e r s e  

e f fec ts   to  the  pho toconduc to r .   Some  of  the  coatings  commerc ia l ly   u t i l i z e d  

de t e r i o r a t e   rapidly  especial ly   when  employed  in  a  continuous  process  w h e r e b y  
the  entire  coating  may  sepa ra te   from  the  carr ier   core  in  the  form  of  chips  o r  
flakes  as  a  result  of  poorly  adhering  coated  mater ia l   and  fail  upon  impact   and  

abrasive  contac t   with  machine  parts  and  other  carr ier   par t ic les .   Such  c a r r i e r  

par t ic les   general ly  cannot   be  rec la imed  and  reused  and  usually  provide  poor  
print  quality  results.   Fur ther ,   the  t r iboe lec t r i c   values  of  some  carr ier   coa t i ngs  
have  been  found  to  f l uc tua te   when  changes  in  re la t ive  humidity  occur  and  thus  

these  carr iers   are  not  desirable  for  use  in  e l e c t r o s t a t o g r a p h i c   systems  as  t h e y  

can  adversely  a f fec t   the  quality  of  the  developed  i m a g e .  

The  coat ing  mater ia ls   employed  for  carr ier   par t ic les   are  g e n e r a l l y  
resins  having  e lec t r i ca l ly   insulating  proper t ies   and  are  usually  applied  by  
solution  or  spray-drying  techniques.   However,  it  has  been  found  that  w h e n  

a t t e m p t s   are  made  to  apply  an  insulating  resin  coating  to  porous  carr ier   c o r e  
mater ia ls   by  so lu t ion -coa t ing   techniques   that  the  products   obtained  are  un-  
desirable.   This  is  so  because  most  of  the  coating  mater ia l   is  found  to  reside  in 

the  pores  of  the  car r ie r   cores  and  not  at  the  surface  thereof   so  as  to  be 

available  for  t r i boe l ec t r i c   charging  when  the  coated  carr ier   par t ic les   a r e  
mixed  with  f inely-divided  toner  par t ic les .   A t t empt s   to  resolve  this  problem  by 

increasing  carr ier   coating  weights,  for  example,  to  as  much  as  up  to  about  3 



percent   or  g rea te r   to  provide  an  e f fec t ive   t r iboe lec t r i c   charging  coating  to  t h e  

carr ier   par t ic les   necessar i ly   involves  handling  excessive  quant i t ies   of  s o l v e n t s  

and  usually  results   in  low  product   yields.  It  has  also  been  found  that  t o n e r  

impact ion,   i.e.,  where  toner  par t ic les   become  welded  to  or  impacted   upon  t h e  

carr ier   par t ic les ,   remains   high  with  thus  coated  car r ie r   par t ic les   p r o d u c i n g  

short  developer   useful  l i fe t imes .   Fur ther ,   so lu t i on -coa t ed   porous  c a r r i e r  

par t ic les   when  combined  and  mixed  with  f inely-divided  toner  par t ic les   p rov ide  

t r iboe lec t r i c   charging  levels  which  are  too  low  for  p rac t i ca l   use.  In  add i t ion ,  

so lu t ion -coa ted   metal l ic   carr ier   par t ic les   have  a  high  incidence  of  e l e c t r i c a l  

breakdown  at  low  applied  voltages  leading  to  short ing  be tween  the  c a r r i e r  

par t ic les   and  the  p h o t o r e c e p t o r .  

Further ,   when  a t t e m p t i n g   to  provide  carr ier   mater ia ls   hav ing  
conduct ive   proper t ies   such  as  by  par t ia l ly   coat ing  conduct ive   carr ier   c o r e s  

with  an  e l ec t r i ca l ly   insulat ing  resin,  the  amount   of  coat ing  mater ia l   app l i ed  

must  be  careful ly   control led  so  that  enough  uncoated   areas  remain  on  t h e  

carr ier   cores  to  provide  conduct ive   paths  be tween  the  carr ier   mater ia l   and  t h e  

pho to recep to r .   Such  part ial ly   coated  carr ier   mater ia ls   are  ex t remely   d i f f i cu l t  

to  reproducibly   control   and  manufac tu re ,   they  produce  bimodal  t r i b o e l e c t r i c  

charging  sites,  and  they  have  narrow  toner  concen t r a t i on   la t i tudes   qu ick ly  

yielding  insulat ing  developers   and  short  developer   l i f e .  

Further ,   in  pa r t i cu la r   e l e c t r o s t a t o g r a p h i c   reproduc t ion   systems,  in 

order  to  develop  a  l a ten t   image  comprised  of  negat ive  e l ec t ro s t a t i c   cha rges ,  

an  e l e c t r o s t a t i c   carr ier   and  toner  powder  combinat ion  must  be  se lected  in 

which  the  toner  is  t r i boe l ec t r i ca l ly   charged  positively  re la t ive   to  the  g r a n u l a r  

carrier .   Likewise,  in  order  to  develop  a  la tent   image  comprised  of  pos i t ive  

e l e c t r o s t a t i c   charges  such  as  where  a  selenium  p h o t o r e c e p t o r   is  employed,  an  

e lec t roscop ic   toner  powder  and  carr ier   mixture  must  be  se lec ted   in  which  t h e  

toner  is  t r i boe l ec t r i ca l l y   charged  negat ively   re la t ive  to  the  carrier.   Thus, 

where  the  l a ten t   image  is  formed  of  negat ive  e l e c t r o s t a t i c   charges  such  as  

when  employing  an  organic  e l ec t ropho tosens i t i ve   mater ia l   as  the  p h o t o r e -  

ceptor,   it  is  highly  desirable  to  develop  the  la tent   image  with  a  pos i t ive ly  

charged  e lec t roscopic   powder  and  a  negat ively   charged  carr ier   material .   Thus, 

there  is  a  continuing  need  for  a  be t te r   e l e c t r o s t a t o g r a p h i c   carr ier   mater ial   and  

an  improved  method  for  its  p r e p a r a t i o n .  

The  p r e s e n t   i n v e n t i o n   is  in tended   to  provide   a  c a r r i e r  

m a n u f a c t u r i n g   t e c h n i q u e   which  r e s u l t s   in  a  p roduct   tha t   overcomes  t h e  

above-no ted   d e f i c i e n c i e s   of  c o n v e n t i o n a l   deve lope r   m a t e r i a l s .  



The  p roces s   of  the  i n v e n t i o n   is  c h a r a c t e r i s e d   by  p r e p a r i n g   a  

f l u i d   mixture   of  i n s u l a t i n g   r e s i n o u s   m a t e r i a l   and  at  l e a s t   one 

e l e c t r i c a l l y   c o n d u c t i v e   agent ,   c o n v e r t i n g   sa id   f l u i d   mix tu re   to  a  s o l i d  

s t a t e ,   comminuting  sa id   mix tu re   in  said  s o l i d   s t a t e   to  dry,  powdered  

p a r t i c l e s ,   a p p l y i n g   sa id   powdered  p a r t i c l e s   to  the  s u r f a c e   of  c a r r i e r  

cores ,   and  h e a t i n g   the  r e s u l t a n t   a g g r e g a t i o n   so  tha t   s a id   powdered  p a r t -  

i c l e s   fuse  to  sa id   c a r r i e r   c o r e s .  

The  r e s u l t a n t   c a r r i e r   beads  have  c o n d u c t i v e  

cha rac t e r i s t i c s ,   great ly   increased  useful  life,  and  subs tan t i a l ly   e l i m i n a t e  

p h o t o r e c e p t o r   short ing  problems.   In  addition,  the  t r i b o e l e c t r i c   values  of  a  

carr ier   mate r ia l   are  a l t e red   without  markedly   changing  the  physical  a n d  

chemical   p roper t ies   of  the  original  carr ier   mater ia l .   Fur ther ,   the  i m p r o v e d  

developer   mater ia l s   may  be  used  in  e l e c t r o s t a t o g r a p h i c   d e v e l o p m e n t  

env i ronments   where  the  p h o t o r e c e p t o r   is  negat ively   c h a r g e d .  

The  foregoing  inventive  f ea tu res   are  accompl i shed ,   g e n e r a l l y  

speaking,  by  providing  coated  carr ier   par t ic les   having  e l ec t r i ca l ly   c o n d u c t i v e  

proper t ies .   More  specif ical ly ,   the  car r ie r   par t ic les   of  this  invention  c o m p r i s e  

a  core  part icle   having  an  average   d i ame te r   of  be tween   3 0  
and  1,000  microns  coated  with  be tween   0.05  and  3.0  p e r c e n t  

by  weight ,   based  on  the  weight  of  the  coated   ca r r ie r   par t ic les ,   of  a  

mixture  of  t he rmop las t i c   insulat ing  resinous  ma te r i a l   and  at  least  one  a g e n t  

possessing  e lec t r i ca l ly   conduct ive   proper t ies .   Genera l ly   speaking,  the  c o a t e d  

carr ier   par t ic les   of  this  invention  are  provided  by  p repar ing   a  fluid  mixture  o f  

t he rmoplas t i c   insulat ing  resinous  mate r ia l   and  at  least   one  e l e c t r i c a l l y  

conduct ive   agent,  applying  said  mixture  in  the  form  of  dry,  powdered  p a r t i c l e s  

having  a  part icle   size  of  be tween  1  and  100  microns  to  t h e  

a f o r e m e n t i o n e d   carr ier   core,  and  then  heat ing  the  r e su l t an t   aggregat ion  to  a  

t e m p e r a t u r e   of  be tween   126°C  and  3450C  for  be tween  15 

and  120  minutes  so  that   the  mixture  of  t he rmop las t i c   i n su l a t i ng  
resinous  mate r ia l   and  e lec t r i ca l ly   conduct ive   agent   fuse  to  the  carr ier   c o r e  

p a r t i c l e .  

In  the  initial  step  of  prepar ing  the  composi t ions   of  this  inven t ion ,  

any  suitable  means  may  be  employed  to  produce  the  conduct ive   m a t e r i a l -  

powdered  resin  mixture.   Thus,  for  example,   an  insulat ing  resinous  mater ia l   is 

h e a t - m e l t e d   or  dissolved  in  a  suitable  solvent   to  bring  the  resinous  mater ia l   t o  

a  fluid  or  tacky  s ta te .   To  the  fluid  or  tacky  resinous  composi t ion   is  added  a  

suitable  amount   of  conduct ive   mater ia l   and  mixed  the rewi th   until  a  un i fo rm 

mixture  is  obtained.   The  r esu l t an t   resinous  compos i t ion   and  c o n d u c t i v e  



mater ia l   mixture  is  then  processed  to  provide  dry,  powdered  par t ic les   having  a  

par t ic le   size  of  be tween  about  1  micron  and  about  100  microns,  p r e f e r a b l y  

between  I  micron  and  about  50  microns.  Some  of  the  means  which  may  be 

employed  to  provide  these  dry,  powdered  r e s in -conduc t ive   mate r ia l   p a r t i c l e s  

include  spray-drying  the  foregoing  fluid  or  tacky  mixture  or  a  d i spers ion  

thereof,   p rec ip i t a t ion   of  a  r es in -conduc t ive   mater ia l   dispersion,   f r e e z e - d r y i n g  

a  r e s in -conduc t ive   mate r ia l   dispersion,  air  or  fluid  a t t r i t i on   of  a  r e s i n -  

conduct ive   mate r ia l   dispersion,  direct  po lymer iza t ion   such  as  emulsion  po ly-  

mer iza t ion   of  conduct ive   mater ia l   in  a  monomer  followed  by  c rushing,  

grinding,  or  milling  and  any  other  suitable  means  to  obtain  the  a f o r e d e s c r i b e d  

p a r t i c l e s .  

Following  p repara t ion   of  the  dry,  powdered  r e s in -conduc t ive   m a -  

terial   par t ic les   described  above,  the  powdered  par t ic les   are  applied  to  t h e  

surface  of  a  carr ier   core  mater ia l   by,  for  example,  d ry-mixing   the  p o w d e r e d  

res in -conduc t ive   mate r ia l   par t ic les   and  the  carr ier   core  mate r ia l   until  t h e  

powdered  par t ic les   adhere  to  the  carr ier   core  mate r ia l   by  mechanica l   i m -  

paction  and/or  e l e c t r o s t a t i c   a t t r ac t ion .   Any  suitable  means  may  be  e m p l o y e d  

for  this  purpose.  Typical  means  for  this  purpose  include  combining  the  c a r r i e r  

core  mater ia l   and  the  powdered  par t ic les   mixture  by  cascade   roll-milling  o r  

tumbling,  mulling,  shaking,  e l e c t r o s t a t i c   powder  cloud  spraying,  employing  a  

fluidized  bed,  e l e c t r o s t a t i c   disc  processing,  and  an  e l e c t r o s t a t i c   c u r t a i n .  

Following  appl icat ion  of  the  coating  mater ia l   powder  par t ic les   to  the  c a r r i e r  

core  mater ia l ,   the  mixture  of  carr ier   mater ia l   and  powdered  par t ic les   is 

heated   to  permit   f low-out  of  the  coating  mater ia l   powder  par t ic les   over  t h e  

surface   of  the  carr ier   core  mater ia l .   After   fusion  of  the  coat ing  part icles   to  

the  car r ie r   core  par t ic les ,   the  coated  carr ier   par t ic les   are  cooled  and  

classified  to  the  desired  part icle  size.  The  resu l tan t   coated   carr ier   p a r t i c l e s  

may  have  a  fused  coat ing  over  be tween  about  15  pe rcen t   and  up  to  about  85 

percen t   of  their  surface  area.  As  will  be  apprec ia ted ,   the  concen t ra t ion   of 

coat ing  mater ia l   powder  par t ic les   as  well  as  the  condit ions  of  the  heating  s t e p  

may  be  se lec ted   as  to  form  a  continuous  film  of  the  coat ing  mater ia l   on  t h e  

surface  of  the  carr ier   core  mater ia l   or  leave  se lec ted   areas  of  it  u n c o a t e d .  

Where  se lec ted   areas  of  the  carr ier   core  mater ia l   remain  uncoated   or  exposed,  

the  car r ie r   mate r ia l   will  possess  more  s trongly  e l ec t r i ca l ly   c o n d u c t i v e  

proper t ies   when  the  core  mater ia l   comprises   a  metal.   Thus,  when  such  

par t ia l ly   coated  carr ier   mater ia ls   are  provided,  these  carr ier   mater ials   m a y  

possess  both  e lec t r ica l ly   insulating  and  e lec t r ica l ly   conduct ive   propert ies .   Due  

to  the  e lec t r ica l ly   conduct ive  proper t ies   of  these  carr ier   mater ia ls ,   the  c a r r i e r  



mater ia ls   provide  desirably  high  t r iboe lec t r i c   charging  values  when  mixed  w i th  

f inely-divided  toner  p a r t i c l e s .  

Fur ther ,   the  dry,  powdered  r e s in -conduc t ive   ma te r i a l   c o m p o s i t i o n s  

and  coat ing  technique  of  this  invention  have  been  found  to  be  e s p e c i a l l y  

e f fec t ive   in  coat ing  porous  carr ier   cores  to  obtain  coa ted   carr ier   p a r t i c l e s  

capable  of  gene ra t ing   high  and  useful  t r iboe lec t r i c   charging  values  to  f i ne ly -  

divided  toner  par t ic les   and  carr ier   par t ic les   and  which  possess  s i g n i f i c a n t l y  

increased  res is t iv i t ies .   In  addition,  when  carr ier   pa r t i c l e s   are  prepared  by  t h e  

powder  coat ing  technique  of  this  invention,  the  ma jo r i t y   of  the  c o a t i n g  

mater ia l   par t ic les   are  fused  to  the  carr ier   surface   and  thereby   reduce  t h e  

number  of  potent ia l   toner   impact ion  sites  on  the  car r ie r   m a t e r i a l .  

Any  sui table  solid  mater ia l   having  an  average   par t ic le   d iamete r   of  

between  about  30  microns  and  about  1,000  microns  may  be  employed  as  t h e  

carr ier   core  in  this  invention.  However,   it  is  p r e f e r r e d   that   the  carr ier   c o r e  

mater ia l   be  se lec ted   so  that  the  coated  core  ma te r i a l   acquire   a  charge  having  

a  polari ty  opposite  to  that   of  the  toner  par t ic les   when  brought  into  c lose  

con tac t   t he rewi th   so  that   the  toner  par t ic les   adhere   to  and  surround  t h e  

car r ie r   par t ic les .   In  employing  the  carr ier   par t ic les   of  this  invention,  it  is  a lso 

p re fe r red   that   the  car r ie r   par t ic les   be  se lec ted   so  that   the  toner  p a r t i c l e s  

acquire  a  positive  charge  and  the  carr ier   pa r t i c l e s   acquire   a  n e g a t i v e  

t r iboe lec t r i c   charge.   Thus,  by  proper  se lect ion  of  the  developer   mater ia ls   in 

accordance   with  their  t r iboe lec t r i c   proper t ies ,   the  polar i t ies   of  their  c h a r g e  

when  mixed  are  such  that   the  e lec t roscopic   toner  pa r t i c l e s   adhere  to  t h e  

surface   of  the  car r ie r   par t ic les   and  also  adhere   to  that   portion  of  t h e  

e l e c t r o s t a t i c   image -bea r ing   surface  having  a  g r ea t e r   a t t r a c t i o n   for  the  t o n e r  

par t ic les   than  the  carr ier   p a r t i c l e s .  

In  acco rdance   with  this  invention,  it  is  p r e f e r r e d   that  the  c a r r i e r  

core  ma te r i a l   comprise   low  density,  porous,  magne t ic   or  m a g n e t i c a l l y -  

a t t r a c t a b l e   metal   par t ic les   having  a  gritty,  oxidized  sur face   and  a  high  s u r f a c e  

area,  i.e.,  a  surface   area  which  is  at  least  about  200  c m 2 / g r a m   and  up  to  abou t  

1300  cmYgram  of  carr ier   mater ia l .   Typical  s a t i s f a c t o r y   car r ie r   core  m a t e r i a l s  

include  iron,  steel,  ferr i te ,   magnet i te ,   nickel  and  mix tures   thereof.   F o r  

u l t imate   use  in  an  e l e c t r o s t a t o g r a p h i c   magnet ic   brush  deve lopmen t   system,  i t  

is  p re fe r red   that  the  carr ier   core  mater ia ls   have  an  average   part icle  size  of  

be tween  about  30  microns  and  about  250  microns.  Exce l l en t   results   have  been  

obtained  when  the  carr ier   core  mater ia ls   comprise  porous,  sponge  iron  or  s t e e l  

grit.  The  car r ie r   core  mater ia ls   are  general ly   produced  by  gas  or  w a t e r  

a tomiza t i on   processes   or  by  reduct ion  of  suitable  sized  ore  to  yield  sponge  



powder  par t ic les .   The  powders  produced  have  a  gr i t ty   sur face ,   are  porous,  and  

have  high  surface  areas.  By  comparison,   convent iona l   ca r r i e r   core  m a t e r i a l s  

usually  have  a  high  density  and  smooth  surface   c h a r a c t e r i s t i c s .  

Any  suitable  t he rmoplas t i c   insulat ing  resinous  mater ia l   which  c a n  

be  rendered   in  powdered  form  may  be  employed  in  this  invention.  Typica l  

insulat ing  coat ing  mater ia ls   include  vinyl  ch lor ide-v inyl   a c e t a t e   copo lymers ,  

s t y r e n e - a c r y l a t e - o r g a n o s i l i c o n   te rpolymers ,   na tura l   resins  such  as  c aou t chouc ,  

carnauba,   colophony,  copal,  dammar,   jalap,  s torax;   t he rmop las t i c   res ins  

including  the  polyolefins  such  as  ch lor ina ted   po lye thy lene ,   c h l o r o s u l f o n a t e d  

polyethylene,   and  copolymers   and  mixtures   thereof ;   polyvinyls  and  polyvinyl-  

idenes  such  as  po lyme thy l - s t y r ene ,   polymethyl   m e t h a c r y l a t e ,   po lyac ry lon i t r i l e ,  

polyvinyl  a ce t a t e ,   polyvinyl  alcohol,  polyvinyl  butyral ,   polyvinyl  ch lor ide ,  

polyvinyl  pyridine,  polyvinyl  carbazole ,   polyvinyl  e thers ,   and  polyvinyl  ke tones ;  

f luorocarbons   such  as  p o l y t e t r a f l u o r o e t h y l e n e ,   polyvinyl  fluoride,  polyvinyl-  

idene  fluoride;  and  po lych lo ro t r i f l uo roe thy lene ;   po lyamides   such  as  p o l y c a p r o -  

lac tam  and  po lyhexamethy lene   adipamide;   po lyes te rs   such  as  po lye thy lene  

t e r e p h t h a l a t e ;   polyure thanes ;   polysulfides,  t h e r m o s e t t i n g   resins  including 

phenolic  resins  such  as  pheno l - fo rmaldehyde ,   pheno l - fu r fu r a l   and  r e so rc ino l  

formaldehyde;   amino  resins  such  as  u r e a - f o r m a l d e h y d e   and  m e l a m i n e - f o r m a l -  

dehyde;  po lyes te r   resins;  and  the  like.  Many  of  the  foregoing  and  other  typ ica l  

carr ier   coat ing  mater ia ls   are  described  by  L.E.  Walkup  in  U.S.  Patent   No. 

2,618,551;  B.B.  Jacknow  et  al in  U.S.  Pa ten t   No.  3,526,433;  and  R.J.  H a g e n b a c h  

et  al  in  U.S.  Pa ten t   Nos.  3,533,835  and  3,658,500.  The  prefer red   powdered  

coat ing  mater ia l s   of  this  invention  are  se lec ted   from  f luor ina ted   e thy lene ,  

f luor ina ted   propylene  and  copolymers,   mixtures,   combina t ions   or  de r i va t i ve s  

thereof   such  as  f luor inated   e thy lene -p ropy lene   c o m m e r c i a l l y   available  f r o m  

E.I.  Dupont  Co.,  Wilmington,  Delaware,   under  the  t r a d e n a m e   FEP;  t r i ch lo ro -  

f luoroe thy lene ,   per f luoroalkoxy  t e t r a f l u o r o e t h y l e n e ,   polyvinylidene  f luor ide  

and  the  zinc  and  sodium  salts  of  ionomer  resins  such  as  those  con ta in ing  

carboxyl  groups  which  are  ionically  bonded  by  par t ia l   neu t ra l i za t ion   wi th  

strong  bases  such  as  sodium  hydroxide  and  zinc  hydroxide  to  create   ionic 

crosslinks  in  the  in t e rmolecu la r   s t ruc tu re   thereof   and  the  like.  O t h e r  

p re fe r red   powdered  coating  mater ia ls   are  polyethylene,   polypropylene,   s t y r e n e  

and  s tyrene  copolymers   or  terpolymers,   epoxy  resins,  po lycarbona tes ,   polysul-  

fones,  polyphenylene  oxide,  silicones,  vinyl  chloride  and  vinyl  ch lor ide  

copolymers ,   ha logena ted   resins  including  homopolymers ,   copolymers,   and 

t e rpo lymers   thereof.   For  use  of  the  coated  carr ier   par t ic les   in  e l e c t r o s t a t o -  



graphic  deve lopmen t   systems  employing  organic  p h o t o r e c e p t o r s ,   it  is  p r e f e r r e d  

that   the  resinous  coat ing  mater ia l   be  of  the  type  capable  of  providing  n e g a t i v e  

t r i boe l ec t r i c   charging  values  to  the  car r ie r   pa r t i c les   wherein  the  t o n e r  

par t ic les   obtain  a  posit ive  t r iboe lec t r i c   charge  for  a t t r a c t i o n   of  the  t o n e r  

par t ic les   to  a  negat ive ly   charged  pho toconduc t ive   s u r f a c e .  

Any  sui table  organic  or  inorganic  e l ec t r i ca l ly   conduct ive   m a t e r i a l  

may  be  employed  in  this  invention.  Typical  e l ec t r i ca l l y   conduct ive   m a t e r i a l s  

include  metals,   metal   oxides,  sulfides,  halides,  carbon,  graphi te ,   p h t h a l o c y a n -  

ines,  charge  t rans fe r   complexes,   qua te rna ry   ammonium  compounds,   and  o t h e r  

conduct ive   mater ia l s   such  as  those  descr ibed  in  U.S.  Pa t en t   No.  3 ,533,835.  

Any  sui table  c o n c e n t r a t i o n   of  conduct ive   mate r ia l   in  the  car r ie r   coating  m a y  
be  employed.   Typically,  a  loading  of  be tween   about  3%  to  about  75%  by  

weight,  based  on  the  weight  of  the  car r ie r   coat ing  composi t ion,   i.e.  t h e  

powdered  par t ic les ,   provides  adequa te   e l ec t r i ca l   conduc t iv i ty   to  the  c a r r i e r  

par t ic les .   Coat ing  composi t ions   having  a  volume  res i s t iv i ty   of  less  than  abou t  
1010  ohm-cm  at  23° C  are  considered  conduct ive .   Some  of  the  f a c t o r s  

a f f ec t ing   the  quant i ty   of  conduct ive   mate r ia l   to  be  employed  in  the  c o a t i n g  

composi t ions   include:  the  separa t ion   in  the  t r i boe l ec t r i c   series  between  t h e  

toner  par t ic les   and  the  carr ier   mater ia l ;   the  average   d i ame te r   of  the  c a r r i e r  

par t ic le ;   and  the  conduct iv i ty   of  the  conduct ive  m a t e r i a l .  

Any  suitable  f inely-divided  toner  mate r ia l   may  be  employed  w i t h  

the  carr ier   mater ia ls   of  this  invention.  Typical  toner   mater ia l s   include,  f o r  

example,   gum  copal,  gum  sandarac,   rosin,  asphal tum,   p h e n o l - f o r m a l d e h y d e  

resins,  ros in-modi f ied   pheno l - fo rma ldehyde   resins,  m e t h a c r y l a t e   resins,  po ly -  

s tyrene  resins,  po ly s ty r ene -bu t ad i ene   resins,  po lyes te r   resins,  p o l y e t h y l e n e  

resins,  epoxy  resins  and  copolymers   and  mixtures   thereof .   The  par t icular   t ype  
of  toner  mate r ia l   to  be  used  depends  to  some  ex ten t   upon  the  separa t ion  of  t h e  

toner  par t ic les   from  the  coated  carr ier   par t ic les   in  the  t r iboe lec t r i c   se r ies .  

Pa ten t s   describing  typical  e lec t roscopic   toner  compos i t ions   include  U.S. 

2,659,670;  3,079,342;  Reissue  25,136  and  2,788,288.  General ly,   the  t o n e r  

mater ia ls   have  an  average  part icle  d i ame te r   of  be tween   about  5  and  15 

microns.  P re fe r red   toner  resins  include  those  conta in ing  a  high  content   of  

s tyrene  because  they  genera te   high  t r iboe lec t r i c   charging  values  and  a  g r e a t e r  

degree  of  image  defini t ion  is  achieved  when  employed  with  the  c a r r i e r  

mater ia ls   of  this  invention.  General ly  speaking,  s a t i s f ac to ry   results  a r e  
obtained  when  about  1  part  by  weight  toner  is  used  with  about  10  to  200  p a r t s  



by  weight  of  conduct ive   powder  coated  carr ier   m a t e r i a l .  

Any  sui table  pigment   or  dye  may  be  employed  as  the  colorant   fo r  

the  toner  par t ic les .   Toner  colorants   are  well  known  and  include,  for  example ,  

carbon  black,  nigrosine  dye,  aniline  blue,  Calco  Oil  Blue,  chrome  yel low, 

u l t r amar ine   blue,  duPont  Oil  Red,  Quinoline  Yellow,  me thy lene   blue  chlor ide ,  

ph tha locyan ine   blue,  Malachi te   Green  Oxalate ,   lamp  black,  iron  oxide,  Rose  

Bengal  and  mixtures   thereof.   The  pigment  and/or   dye  should  be  present   in  t h e  

toner  in  a  quant i ty   suf f ic ien t   to  render  it  highly  colored  so  that   it  will  form  a  

clearly  visible  image  on  a  recording  member .   Thus,  for  example,  w h e r e  

convent ional   xerographic   copies  of  typed  documents   are  desired,  the  toner  m a y  

comprise  a  black  pigment  such  as  carbon  black  or  a  black  dye  such  as  A m a p l a s t  

Black  dye,  available  from  National  Aniline  Products ,   Inc..  Preferably,   t he  

p igment   is  employed  in  an  amount  from  about  3  pe rcen t   to  about  20  percent   by  

weight,  based  on  the  total  weight  of  the  colored  toner.  If  the  toner  c o l o r a n t  

employed  is  a  dye,  subs tant ia l ly   smaller   quant i t i es   of  co lorant   may  be  used.  

The  developer   composi t ions   of  the  ins tant   invention  may  be 

employed  to  develop  e l ec t ro s t a t i c   l a ten t   images  on  any  sui table  e l e c t r o s t a t i c  

la ten t   image-bea r ing   surface  including  convent ional   pho toconduc t ive   su r f aces .  

Well  known  pho toconduc t ive   mater ia ls   include  vitreous  selenium,  organic  o r  

inorganic  pho toconduc to r s   embedded  in  a  non -pho toconduc t i ve   matrix,  o rgan ic  

or  inorganic  pho toconduc to r s   embedded  in  a  pho toconduc t ive   matrix,  or  t h e  

like.  R e p r e s e n t a t i v e   patents   in  which  pho toconduc t ive   mater ia l s   are  d isc losed 

include  U.S.  Pa ten t   No.  2,803,542  to  Ullrich;  U.S.  Pa t en t   No.  2,970,906  to  

Bixby;  U.S.  Pa ten t   No.  3,121,006  to  Middleton;  U.S.  Pa t en t   No.  3,121,007  to  

Middleton;  and  U.S.  Pa ten t   No.  3,151,982  to  Co r r s i n .  

In  the  following  examples,   the  re la t ive   t r i boe l ec t r i c   values  g e n e r -  
ated  by  contac t   of  carr ier   par t ic les   with  toner  pa r t i c les   is  measured  by  m e a n s  
of  a  Faraday   Cage.  The  device  comprises  a  steel  cylinder  having  a  d iameter   of 

about  25  mm  and  a  length  of  about  25  mm.  A  400-mesh  screen  is  pos i t ioned  

at  each  end  of  the  cylinder.  The  cylinder  is  weighed,  charged  with  about  0.5 

gram  mixture  of  carr ier   and  toner  par t ic les   and  connec ted   to  ground  through  a 

capac i to r   and  an  e l e c t r o m e t e r   connected  in  parallel .   Dry  compressed  air  is 

then  blown  through  the  steel  cylinder  to  drive  all  the  toner  from  the  c a r r i e r .  

The  charge  on  the  capac i tor   is  then  read  on  the  e l e c t r o m e t e r .   Next,  t h e  

chamber   is  reweighed  to  de termine   the  weight  loss.  The  resul t ing  data  is  u sed  

to  ca lcu la te   the  toner  concen t ra t ion   and  the  charge  in  microcoulombs  p e r  



gram  of  toner.  Since  the  t r i boe lec t r i c   m e a s u r e m e n t s   are  re lat ive,   t h e  

m e a s u r e m e n t s   should,  for  compara t ive   purposes,  be  conduc ted   under  s u b s t a n -  

tially  ident ical   cond i t i ons .  

The  following  examples   fur ther   define,  describe  and  c o m p a r e  

methods  of  prepar ing  the  carr ier   mater ia ls   of  the  present   invention  and  o f  

uti l izing  them  to  develop  e l e c t r o s t a t i c   l a t en t   images.  Parts   and  p e r c e n t a g e s  

are  by  weight  unless  otherwise  i n d i c a t e d .  

Example  I 

A  control  carr ier   mate r ia l   is  p repared   compris ing  about  97  parts  of  

sponge  iron  carr ier   cores  (available  from  Hoeganaes   Corpora t ion ,   R i v e r t o n ,  

New  Jersey,  under  the  t r adename   ANCOR  EH  80/150)  having  an  a v e r a g e  

par t ic le   d iamete r   of  about  150  microns.  A  coat ing  composi t ion   c o m p r i s i n g  

about  10  percent   solids  of  polyvinyl  chloride  and  t r i f l u o r o c h l o r o e t h y l e n e  

prepared  from  a  mate r ia l   commerc ia l ly   available  as  FPC  461  from  F i r e s t o n e  

Plastics  Company,  Pot t s town,   PA.,  dissolved  in  methyl  ethyl  ketone  is  app l i ed  

to  the  carr ier   cores  as  to  provide  them  with  a  coat ing  weight  of  about  3 

percent .   The  coating  composi t ion  is  applied  to  the  carr ier   cores  via  so lu t ion  

coating  employing  a  vibratub  (available  from  Vibraslide,  Inc.,  Binghamton,   New 

York).  

About  97  parts  by  weight  of  the  coated  carr ier   par t ic les   are  m ixed  

with  about  3  parts  by  weight  of  toner  pa r t i c les   having  an  average  d iamete r   of 

about  12  microns.  The  composi t ion  of  the  toner  par t ic les   comprises   about  87 

parts  of  a  65/35  s t y r ene -n -bu ty l   m e t h a c r y l a t e   copolymer,   about  10  parts  o f  

carbon  black  and  about  3  parts  of  nigrosine  SSB.  The  mixture  of  c a r r i e r  

par t ic les   and  toner  par t ic les   is  employed  in  a  magnet ic   brush  d e v e l o p m e n t  

test ing  f ixture  equipped  with  a  p h o t o r e c e p t o r   charged  to  a  negat ive  po la r i ty .  

The  test ing  f ixture  is  set  as  to  provide  a  solid  area  density  of  about  1.3  t o  

developed  e l ec t ro s t a t i c   l a ten t   images.  It  is  found  that   this  developer   m i x t u r e  

is  unsa t i s fac to ry   in  t h a t   the  t r iboe lec t r i c   charge  gene ra t ed   on  the  t o n e r  

mater ia l   is  about  14  microcoulombs  per  gram  of  toner,  and  the  i m a g e  

background  density  is  about  0.04  which  is  considerably   above  the  a c c e p t a b l e  

level  of  0.01.  The  e lec t r i ca l   res i s t iv i ty   of  the  developer   is  about  3.8  x  1 0  

o h m - c m s .  

Example  II 

A  carr ier   mater ia l   is  p repared   compris ing  about  99  parts  of  sponge  
iron  carr ier   cores  as  in  Example  I.  The  carr ier   cores  are  mixed  for  about  10 



minutes  with  about  1.0  part   of  powdered  polyvinyl  chloride  and  t r i f l u o r o c h l o r o -  

ethylene  prepared  from  a  mater ia l   commerc ia l ly   available  as  FPC  461  f r o m  

Fires tone  Plastics  Company,  Pot t s town,   Pa..  The  powdered  coating  mater ia l   is 

a t t r i t ed   to  an  average  part icle   d iamete r   of  less  than  about  44  microns.  The  

dry  mixture  is  placed  in  a  muffle  furnace  and  heated   to  a  m a x i m u m  

t e m p e r a t u r e   of  1770C  cooled  to  room  t e m p e r a t u r e   over  a  total  p r o c e s s  
time  of  about  75  m inu t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   par t ic les   is  m ixed  

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  mixture  o f  

carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  a n  

e l e c t r o s t a t i c   l a ten t   image.  It  is  found  that  this  developer   mixture  is 

unsa t i s f ac to ry   in  that  the  t r iboe lec t r i c   charge  genera ted   on  the  toner  m a t e r i a l  

is  about  16  microcoulombs  per  gram  of  toner,  the  developed  image  b a c k g r o u n d  

density  is  about  0.03,  and  the  image  quality  is  unaccep tab le .   The  e l e c t r i c a l  

res is t iv i ty   of  the  developer   is  about  1.5  x  1 0   o h m - c m s .  

Example  III 

A  carr ier   mater ia l   is  prepared  in  the  following  manner.   About  50 

grams  of  polyvinylidene  fluoride  and  t e t r a f l u o r o e t h y l e n e   copolymer  c o m m e r -  

cially  available  as  Kynar  7201  from  Pennwalt   Corporat ion,   King  of  Prussia,  Pa .  

is  placed  in  a  heating  vessel  and  brought  to  a  fluid  s tate.   About  3  grams  o f  

carbon  black  commerc ia l ly   available  as  K e t j e n b l a c k  -   EC  from  A r m a k  

Corporat ion,   Chicago,  Illinois  is  added  to  the  fluid  resin  composit ion  and  

st i rred  therewi th   until  a  subs tant ia l ly   uniform  mixture  is  obtained.  The  

mixture  is  then  cooled  and  allowed  to  solidify  into  a  solid  mass.  The  solid  m a s s  

is  then  conver ted   to  dry,  powdered  par t ic les   having  an  average  particle  size  o f  

less  than  about  44  microns  by  cryogenic  grinding  using  liquid  nitrogen  to  cool  

the  p igmented   polymer  composi t ion  and  steel  shot  having  a  d iameter   of  a b o u t  

1/8  inch  as  a  grinding  a id .  

About  99  parts  of  the  sponge  iron  carr ier   cores  described  in 

Example  I  is  mixed  for  about  10  minutes  with  about  1  part  of  the  a f o r e d e s c r i b e d  

dry,  powdered  par t ic les   whereby  the  powdered  coat ing  composi t ion  e l e c t r o -  

s ta t ica l ly   adheres  to  the  carr ier   cores.  The  dry  mixture  is  placed  in  a  muf f l e  

furnace  and  heated  to  a  maximum  t e m p e r a t u r e   of  about  127°C  and  then  coo led  

to  room  t e m p e r a t u r e   over  a  total  process  time  of  about  15  m inu t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   par t ic les   is  mixed  

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  m i x t u r e  



of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  an  

e l e c t r o s t a t i c   l a ten t   image.  It  is  found  that   this  developer   mixture  is 

s a t i s f ac to ry   in  that   the  t r iboe lec t r i c   charge  gene ra t ed   on  the  toner  mater ial   is 

higher  than  that  obtained  with  the  developer   mixture  of  Example  II,  be ing  

about  25  microcoulombs   per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  density  is  only  about  .008,  and  the  image  quality  is  excellent.   The  

e lec t r i ca l   res i s t iv i ty   of  the  developer  is  about  7.8  x  109  ohm-cms .  

Example  N  

A  car r ie r   mate r ia l   is  p repared   in  the  following  manner.  About  50 

grams  of  polyvinylidene  fluoride  commerc ia l ly   avai lable  as  Kynar  461  f rom 

Pennwalt   Corpora t ion ,   King  of  Prussia,  Pa.  is  placed  in  a  heating  vessel  and  

brought  to  a  fluid  s ta te .   About  5  grams  of  the  carbon  black  of  Example  III  is 

added  to  the  fluid  resin  composi t ion  and  st irred  the rewi th   until  a  s u b s t a n t i a l l y  

uniform  mixture  is  obtained.  The  mixture  is  then  cooled  and  allowed  t o  

solidify  into  a  solid  mass.  The  solid  mass  is  then  conver ted   to  dry,  p o w d e r e d  

par t ic les   having  an  average   part icle   size  of  less  than  about  44  microns  by  

cryogenic  grinding  as  in  Example  III. 

About  98.5  parts  of  the  sponge  iron  car r ie r   cores  described  in 

Example  I  is  mixed  for  about  10  minutes  with  about  1.5  parts  of  t h e  

a fo redesc r ibed   dry,  powdered  par t ic les   whereby  the  powdered  coating  c o m -  

position  e l e c t r o s t a t i c a l l y   adheres  to  the  carr ier   cores.  The  dry  mixture  is 

placed  in  a  muffle  furnace   and  heated  to  a  maximum  t e m p e r a t u r e   of  a b o u t  

2880C  and  then  cooled  to  room  t e m p e r a t u r e   over  a  total  process  time  of  a b o u t  

90  m i n u t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   par t ic les   is  mixed 

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  m i x t u r e  

of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  an  

e l e c t r o s t a t i c   l a ten t   image.  It  is  found  that   this  developer   mixture  is 

s a t i s f ac to ry   in  that  the  t r iboe lec t r ic   charge  genera ted   on  the  toner  material   is 

higher  than  that  obtained  with  the  developer   mixture  of  Example  II,  being 

about  28  microcoulombs  per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  is  only  about  .006,  and  the  image  quality  is  excellent .   The 

e lec t r ica l   res is t iv i ty   of  the  developer  is  about  5.4  x  109  ohm-cms .  

Example  V 

A  carr ier   mater ia l   is  prepared  in  the  following  m a n n e r .   About  10 

grams  of  polyvinylidene  fluoride  commerc ia l ly   available  as  Kynar  301  f rom 



Pennwal t   Corpora t ion ,   King  of  Prussia,  Pa.  is  placed  in  a  polyethylene  j a r  

conta in ing  about  2  grams  of  carbon  black  and  about  250  ml  of  p ropy lene  

ca rbona te   solvent.   The  mixture  is  placed  on  a  Red  Devil  paint  shaker  to  

disperse  the  pigment.   Steel  shot, 3.2mm  diameter,  is  p resent   in  the  mixture  as  a  

milling  aid.  After   about  10  minutes  of  mixing,  the  mixture  is  sieved  to  r e m o v e  

the  steel  shot  and  the  dispersion  is  put  into  a  beaker  and  heated  with  s t i r r i n g  

to  about  85° C  to  dissolve  the  resin.  The  t e m p e r a t u r e   is  mainta ined  for  abou t  

15  minutes  a f ter   which  the  dispersion  is  added  to  500  ml  of  methanol  w i t h  

ag i ta t ion   at  the  rate  of  about  50  ml/min. .   Fine  sized  polyvinylidene  f luor ide  

coa ted   carbon  black  par t ic les   are  obtained  of  about  3  to  10  microns  a f t e r  

f i l t ra t ion   and  washing  with  w a t e r .  

About  98.5  parts  of  the  sponge  iron  car r ie r   cores  described  in 

Example  I  is  mixed  for  about  10  minutes  with  about  1.5  parts  of  t h e  

a fo redesc r ibed   dry,  powdered  par t ic les   whereby  the  powdered  coating  c o m -  

position  e l e c t r o s t a t i c a l l y   adheres  to  the  carr ier   cores.  The  dry  mixture  is 

placed  in  a  muffle  furnace  and  heated  to  a  maximum  t e m p e r a t u r e   of  a b o u t  
277°C  and  then  cooled  to  room  t e m p e r a t u r e   over  a  total  process  time  of  a b o u t  

60  m i n u t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   part icles  is  mixed  

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  m i x t u r e  

of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  an  

e l e c t r o s t a t i c   l a ten t   image.  It  is  found  that  this  developer   mixture  is 

s a t i s f ac to ry   in  that  the  t r iboe lec t r i c   charge  genera ted   on  the  toner  material   is 

higher  than  that  obtained  with  the  developer   mixture  of  Example  II,  be ing  

about  26  microcoulombs  per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  density  is  only  about  .007,  and  the  image  quality  is  excellent.   The 

e lec t r i ca l   res is t iv i ty   of  the  developer   is  about  1.3  x  109  ohm-cms .  

Example  VI 

A  carr ier   mater ia l   is  p repared   in  the  following  manner.  About  50 

grams  of  polyvinyl  chloride  and  t r i f l u o r o c h l o r o e t h y l e n e   commerc ia l ly   ava i lab le  

as  FPC  461  from  Fires tone  Plastics  Company,  Po t t s town,   Pa.  is  dissolved  in 

about  300  mls  of  methyl  ethyl  ketone.   About  4  grams  of  carbon  black  as  in 

Example  III  is  added  to  the  fluid  resin  composi t ion  and  s t i r red  therewith  until  a  

subs tant ia l ly   uniform  mixture  is  obtained.  The  mixture  is  then  spray-dried  to  

powdered  part icles  having  an  average  par t ic le   size  of  about  5  to  8  microns .  

About  98.0  parts  of  the  sponge  iron  car r ie r   cores  described  in 



Example  I  are  mixed  for  about  10  minutes  with  about  2.0  parts  of  t h e  

a fo redesc r ibed   dry,  powdered  par t ic les   whereby  the  powdered  coating  c o m -  

position  e l e c t r o s t a t i c a l l y   adheres  to  the  carr ier   cores.  The  dry  mixture  is 

placed  in  a  muffle  furnace  and  heated  to  a  maximum  t e m p e r a t u r e   of  a b o u t  

177°C  and  then  cooled  to  room  t e m p e r a t u r e   over  a  total  process  time  of  a b o u t  

60  m inu t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   par t ic les   is  m i x e d  

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  m i x t u r e  

of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  a n  

e l ec t ro s t a t i c   la tent   image.  It  is  found  that   this  developer   mixture  is  

sa t i s fac to ry   in  that  the  t r iboe lec t r i c   charge  genera ted   on  the  toner  mater ia l   i s  .  

higher  than  that  obtained  with  the  developer   mixture  of  Example  II,  be ing  

about  19  microcoulombs  per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  density  is  only  about  .007,  and  the  image  quality  is  excellent .   T h e  

e lec t r ica l   res is t iv i ty   of  the  developer   is  about  8.7  x  109  ohm-cms .  

Example  VII 

A  carr ier   mater ia l   is  prepared  in  the  following  manner.   About  50 

grams  of  polyvinylidene  fluoride  and  t e t r a f l u o r o e t h y l e n e   copolymer  c o m m e r -  

c ia l ly  avai lable   as  Kynar  7201  from  Pennwalt   Corporat ion,   King  of  Prussia,  Pa .  

is  placed  in  a  heating  vessel  and  brought  to  a  fluid  s ta te .   About  3  grams  o f  

phthalocyanine   is  added  to  the  fluid  resin  composi t ion  and  s t i r red  t h e r e w i t h  

until  a  substant ia l ly   uniform  mixture  is  obtained.  The  mixture  is  then  coo led  

and  allowed  to  solidify  into  a  solid  mass.  The  solid  mass  is  then  conver ted  to  

dry,  powdered  par t ic les   having  an  average  part icle  size  of  less  than  about  44 

microns  by  cryogenic  grinding  as  in  Example  Ill. 

About  99  parts  of  the  sponge  iron  carr ier   cores  described  in 

Example  I  is  mixed  for  about  10  minutes  with  about  1  part  of  the  a f o r e d e s c r i b e d  

dry,  powdered  par t ic les   whereby  the  powdered  coating  composi t ion  e l e c t r o -  

s ta t ica l ly   adheres  to  the  carr ier   cores.  The  dry  mixture  is  placed  in  a  m u f f l e  

furnace  and  heated  to  a  maximum  t e m p e r a t u r e   of  about  1270C  and  then  coo led  

to  room  t e m p e r a t u r e   over  a  total  process  time  of  about  15  m i n u t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   par t ic les   is  mixed  

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  m i x t u r e  

of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  a n  
e l ec t ros t a t i c   la tent   image.  It  is  found  that  this  developer   mixture  is 

sa t i s fac tory   in  that  the  t r iboe lec t r ic   charge  genera ted   on  the  toner  mater ial   is 



higher  than  that   obtained  with  the  developer   mixture  of  Example  II,  be ing  

about  23  microcoulombs  per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  density  is  only  about  .006,  and  the  image  quality  is  excellent.   The 

e lec t r i ca l   res i s t iv i ty   of  the  developer  is  about  9.2  x  109  ohm-cms .  

Example  VIII 

A  car r ie r   mater ia l   is  prepared  in  the  following  manner.   About  50 

grams  of  polyvinylidene  fluoride  commerc ia l ly   available  as  Kynar  201  f rom 

Pennwalt   Corporat ion,   King  of  Prussia,  Pa.  is  placed  in  a  heating  vessel  and  

brought  to  a  fluid  state.   About  10  grams  of  aluminum  commerc ia l ly   ava i lab le  

as  MD-796  from  Alcan  Metal  Powders,  Inc.,  of  Elizabeth,   New  Jersey  having 

an  average  part icle   size  of  less  than  about  45  microns  is  added  to  the  f luid 

resin  composi t ion  and  st irred  therewith   until  a  subs tan t ia l ly   uniform  mixture  is 

obtained.   The  mixture  is  then  cooled  and  allowed  to  solidify  into  a  solid  mass .  

The  solid  mass  is  then  conver ted  to  dry,  powdered  par t ic les   having  an  a v e r a g e  
part icle   size  of  less  than  about  50  microns  by  cryogenic  grinding  as  in  Example  

III. 

About  98  parts  of  the  sponge  iron  car r ie r   cores  described  in 

Example  I  is  mixed  for  about  10  minutes  with  about  2  parts  of  t h e  

a fo redesc r ibed   dry,  powdered  par t ic les   whereby  the  powdered  coating  c o m -  

position  e l e c t r o s t a t i c a l l y   adheres  to  the  carr ier   cores.  The  dry  mixture  is 

placed  in  a  muffle  furnace  and  heated  to  a  maximum  t e m p e r a t u r e   of  abou t  

2320C  and  then  cooled  to  room  t e m p e r a t u r e   over  a  total  process  time  of  abou t  

70  m i n u t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   par t ic les   is  mixed  

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  m ix tu r e  

of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  an 

e l e c t r o s t a t i c   l a ten t   image.  It  is  found  that  this  developer   mixture  is 

s a t i s f ac to ry   in  that  the  t r iboe lec t r ic   charge  genera ted   on  the  toner  material   is 

higher  than  that  obtained  with  the  developer   mixture  of  Example  II,  being 
about  32  microcoulombs  per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  density  is  sa t i s fac tory   and  the  image  quality  is  e x c e l l e n t .  

Example  IX 

A  carr ier   mater ia l   is  prepared  in  the  following  manner.  About  50 

grams  of  polyvinylidene  fluoride  commerc ia l ly   available  as  Kynar  201  f rom 

Pennwalt   Corporat ion,   King  of  Prussia,  Pa.  is  placed  in  a  heat ing  vessel  and  

brought  to  a  fluid  state.   About  10  grams.  of   carbon  black  c o m m e r c i a l l y  



available  as  Vulcan  XC-72  from  Cabot  Corpora t ion ,   Boston,  Mass.  is  added  t o  

the  fluid  resin  composit ion  and  st irred  t he rewi th   until  a  subs tan t ia l ly   un i fo rm 

mixture  is  obtained.  The  mixture  is  then  cooled  and  allowed  to  solidify  into  a  

solid  mass.  The  solid  mass  is  then  conver ted   to  dry,  powdered  part icles   hav ing  

an  average  part icle  size  of  less  than  about  44  microns  by  cryogenic  grinding  as  

in  Example  III. 

About  98  parts  of  the  sponge  iron  car r ie r   cores  described  in 

Example  I  is  mixed  for  about  10  minutes  with  about  2  parts  of  t h e  

a fo redesc r ibed   dry,  powdered  par t ic les   whereby  the  powdered  coating  c o m -  

position  e l ec t ro s t a t i c a l l y   adheres  to  the  car r ie r   cores.  The  dry  mixture  is 

placed  in  a  muffle  furnace  and  heated  to  a  maximum  t e m p e r a t u r e   of  a b o u t  

2320c  and  then  cooled  to  room  t e m p e r a t u r e   over  a  total  process   time  of  a b o u t  

70  m i n u t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   par t ic les   is  m ixed  

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  m i x t u r e  

of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  an  

e l ec t ro s t a t i c   l a ten t   image.  It  is  found  that   this  developer   mixture  is 

s a t i s f ac to ry   in  that  the  t r iboe lec t r ic   charge  genera ted   on  the  toner  material   is 

higher  than  that  obtained  with  the  developer   mixture  of  Example  II,  be ing  

about  16  microcoulombs  per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  density  is  sa t i s fac to ry   and  the  image  quality  is  e x c e l l e n t  

Example  X 

A  carr ier   mater ial   is  prepared  in  the  following  manner.  About  50 

grams  of  vinyl  chlor ide/vinyl   a c e t a t e / m a l e i c   acid  t e rpo lymer   c o m m e r c i a l l y  

available  as  Vinylite  VYNS  from  Union  Carbide  Corpora t ion ,   New  York,  New 

York  is  placed  in  a  heating  vessel  and  brought  to  a  fluid  s ta te .   About  8  g r a m s  
of  carbon  black  as  in  Example  IX  is  added  to  the  fluid  resin  composit ion  and  

st irred  therewi th   until  a  subs tant ia l ly   uniform  mixture   is  obtained.  The  

mixture  is  then  cooled  and  allowed  to  solidify  into  a  solid  mass.  The  solid  mass  

is  then  conver ted  to  dry,  powdered  par t ic les   having  an  average   particle  size  o f  

less  than  about  44  microns  by  cryogenic  grinding  as  in  Example  III. 

About  97.5  parts  of  the  sponge  iron  carr ier   cores  described  in 

Example  I  is  mixed  for  about  10  minutes  with  about  2.5  parts  of  t h e  

a fo redesc r ibed   dry,  powdered  par t ic les   whereby  the  powdered  coating  c o m -  

position  e l e c t ro s t a t i c a l l y   adheres  to  the  carr ier   cores.  The  dry  mixture  is 

placed  in  a  muffle  furnace  and  heated  to  a  maximum  t e m p e r a t u r e   of  a b o u t  



1350C  and  then  cooled  to  room  t e m p e r a t u r e   over  a  total  process  time  of  a b o u t  

30  m inu t e s .  

About  97  parts   by  weight  of  the  coated  carr ier   part icles  is  mixed  

with  about  3  parts  by  weight  of  toner  pa r t i c les   as  in  Example  I.  The  m i x t u r e  

of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  a n  

e l ec t ro s t a t i c   l a ten t   image.  It  is  found  that   this  developer   mixture  is 

sa t i s fac to ry   in  that   the  t r i boe l ec t r i c   charge  genera ted   on  the  toner  mater ial   is 

higher  than  that   obta ined  with  the  developer   mixture  of  Example  II,  be ing  

about  18  microcoulombs   per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  density  is  s a t i s f ac to ry   and  the  image  quality  is  excellent.   The  

e lec t r ica l   res is t iv i ty   of  the  developer   is  about  7.6  x  109  ohm-cms .  

Example  XI 

A  car r ie r   mater ia l   is  p repared   in  the  following  manner.  About  50 

grams  of  polyvinyl  chloride  and  t r i f l u o r o c h l o r o e t h y l e n e   commerc ia l ly   ava i l ab le  

as  FPC  461  from  F i res tone   Plast ics  Company,  Po t t s town,   Pa.  is  dissolved  in 

about  300  mls  of  methyl   ethyl  ketone.   About  4  grams  of  cetyl  pyr idinium 

chloride  available  from  Hexcel  Corpora t ion ,   Lodi,  New  Jersey  is  added  to  t h e  

fluid  resin  composi t ion  and  s t i r red  the rewi th   until  a  substant ia l ly   un i fo rm 

mixture  is  obtained.  The  mixture  is  then  spray-dr ied   to  powdered  p a r t i c l e s  

having  an  average  part icle   size  of  about  5  to  8  m ic rons .  

About  98  parts  of  the  sponge  iron  carr ier   cores  described  in 

Example  I  is  mixed  for  about  10  minutes   with  about  2  parts  of  t h e  

a fo redesc r ibed   dry,  powdered  par t ic les   whereby  the  powdered  coating  c o m -  

position  e l e c t r o s t a t i c a l l y   adheres  to  the  car r ie r   cores.  The  dry  mixture  is 

placed  in  a  muffle  furnace  and  heated  to  a  maximum  t e m p e r a t u r e   of  a b o u t  
1350C  and  then  cooled  to  room  t e m p e r a t u r e   over  a  total  process  time  of  abou t  

30  m inu t e s .  

About  97  parts  by  weight  of  the  coated  carr ier   part icles   is  mixed  

with  about  3  parts  by  weight  of  toner  par t ic les   as  in  Example  I.  The  m i x t u r e  

of  carr ier   and  toner  par t ic les   is  employed  as  in  Example  I  to  develop  an  

e l e c t r o s t a t i c   la tent   image.  It  is  found  that   this  developer   mixture  is 

sa t i s fac to ry   in  that  the  t r iboe lec t r i c   charge  genera ted   on  the  toner  material   is 

higher  than  that  obtained  with  the  developer   mixture  of  Example  II,  be ing  

about  18  microcoulombs  per  gram  of  toner  mater ia l .   The  developed  i m a g e  

background  density  is  sa t i s fac to ry   and  the  image  quality  is  e x c e l l e n t .  

Although  specific  mater ia ls   and  condit ions  are  set  forth  in  t he  



foregoing  examples,   these  are  merely  intended  as  i l lus t ra t ions   of  the  p r e s e n t  

invention.   Various  other  suitable  the rmoplas t i c   toner  resin  c o m p o n e n t s ,  

additives,  colorants ,   and  deve lopment   processes  such  as  those  l isted  above  m a y  
be  subs t i tu ted   for  those  in  the  examples  with  similar  results.   Other  m a t e r i a l s  

may  also  be  added  to  the  toner  or  carrier   to  sensit ize,   synergize  or  o t h e r w i s e  

improve  the  fusing  proper t ies   or  other  desirable  proper t ies   of  the  s y s t e m .  



1.  A  p rocess   for  p r e p a r i n g   coated  c a r r i e r   p a r t i c l e s   f o r  

e l e c t r o s t a t o g r a p h i c   deve lope r s   c h a r a c t e r i s e d   by  p r e p a r i n g   a  f l u i d  

mixture   of  i n s u l a t i n g   r e s i n o u s   m a t e r i a l   and  at  l e a s t   one  e l e c t r i c a l l y  

c o n d u c t i v e   agen t ,   c o n v e r t i n g   said  f l u i d   mix tu re   to  a  s o l i d  

s t a t e ,  c o m m i n u t i n g   said  mixture   in  said  s o l i d   s t a t e   to  dry,  powdered 

p a r t i c l e s ,   a p p l y i n g   sa id   powdered  p a r t i c l e s   to  the  s u r f a c e   of  c a r r i e r  

cores ,   and  h e a t i n g   the  r e s u l t a n t   a g g r e g a t i o n   so  tha t   said  powdered 

p a r t i c l e s   fuse  to  said  c a r r i e r   c o r e s .  

2.  A  p rocess   for  p r e p a r i n g   coated  c a r r i e r   p a r t i c l e s   in  a c c o r d a n c e  

with  Claim  1  wherein  the  c a r r i e r   core  p a r t i c l e s   have  an  a v e r a g e  

d iamete r   of  between  30  and  1000  microns ,   the  powdered  p a r t i c l e s   have  a 

p a r t i c l e   s i ze   of  between  1  and  100  microns ,   and  the  powdered  p a r t i c l e s  

comprise  between  0.05  and  3  pe rcen t   by  weight  of  the  coated  c a r r i e r  

p a r t i c l e s ,   and  wherein   the  mixture   is  hea ted   to  a  t e m p e r a t u r e   o f  

between  1260C  and  345°C  for  between  15  and120  m i n u t e s .  

3.  A  p rocess   for  p r e p a r i n g   c a r r i e r   p a r t i c l e s   in  accordance   w i t h  

Claim  1  or  Claim  2  wherein   sa id   f l u i d   mixture   of  r e s i n o u s   m a t e r i a l   and 

e l e c t r i c a l l y   conduc t ive   agent  is  ob t a ined   by  m e l t i n g   sa id   r e s i n o u s  

m a t e r i a l   and  adding  sa id   conduc t ive   agent  t h e r e t o   with  m i x i n g .  

4.  A  p rocess   for  p r e p a r i n g   c a r r i e r   p a r t i c l e s   in  accordance   w i t h  

Claim  3  wherein  said  f l u id   mixture   of  r e s i n o u s   m a t e r i a l   and 

e l e c t r i c a l l y   conduc t ive   agent  is  cooled  to  a  s o l i d   s t a t e   and  p r o c e s s e d  

to  form  dry,  powdered  p a r t i c l e s .  

5.  A  p rocess   for  p r e p a r i n g   c a r r i e r   p a r t i c l e s   in  accordance   with  any  
one  of  Claims  1  to  4  wherein  sa id   powdered  p a r t i c l e s   are  a p p l i e d   to  t h e  

s u r f a c e   of  said  c a r r i e r   cores  by  d ry-mix ing   sa id   powdered  p a r t i c l e s   and 

sa id   c a r r i e r   cores  u n t i l   said  powdered  p a r t i c l e s   adhere   to  said  c a r r i e r  

cores  by  mechanica l   impact ion  and/or   e l e c t r o s t a t i c   a t t r a c t i o n .  



6.  A  p rocess   for  p r e p a r i n g   c a r r i e r   p a r t i c l e s   in  acco rdance   with  any  

one  of  Claims  1  to  5  wherein  sa id   c a r r i e r   p a r t i c l e s   are  p rovided   with  a  

fused  coa t ing   of  said  i n s u l a t i n g   r e s i n o u s   m a t e r i a l   and  s a i d  

e l e c t r i c a l l y   c o n d u c t i v e   agent   over  between  about  15  p e r c e n t   and  a b o u t  

85  p e r c e n t   of  the  su r f ace   a r e a .  

7.  A  p rocess   for  p r e p a r i n g   c a r r i e r   p a r t i c l e s   in  accordance   with  any  

one  of  Claims  1  to  6  wherein   sa id   c a r r i e r   cores   comprise   low  d e n s i t y ,  

porous,   magnet ic   or  m a g n e t i c a l l y - a t t r a c t a b l e   metal   p a r t i c l e s   having  a  

g r i t t y ,   o x i d i s e d   s u r f a c e   and  a  s u r f a c e   area  of  between  200  cm2/gram  and  

1,300  cm2/gram  of  c a r r i e r   m a t e r i a l .  

8.  A  process   for  p r e p a r i n g   c a r r i e r   p a r t i c l e s   in  accordance   with  any  

one  of  Claims  1  to  7  wherein  sa id   c a r r i e r   cores   are  of  i ron ,   s t e e l ,  

f e r r i t e ,   m a g n e t i t e ,   n i c k e l ,   or  mix tures   t h e r e o f .  

9.  A  process   for  p r e p a r i n g   c a r r i e r   p a r t i c l e s   in  acco rdance   with  any 

one  of  Claims  1  to  8  wherein  sa id   i n s u l a t i n g   r e s i n o u s   m a t e r i a l   is  o f  

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

e t h y l e n e p r o p y l e n e ,   t r i c h l o r o f l u o r e t h y l e n e ,   p e r f l u o r o a l k o x y  

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

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

10.  A  p rocess   for  p r e p a r i n g   c a r r i e r   p a r t i c l e s   in  accordance   with  any  

one  of  Claims  1  to  9  wherein  sa id   e l e c t r i c a l l y   c o n d u c t i v e   agent   is  o f  

carbon  or  g r a p h i t e ,   or  a  meta l ,   metal   oxide,   s u l f i d e ,   or  h a l i d e ,   or  a  

p h t h a l o c y a n i n e ,   a  charge  t r a n s f e r   complex,  or  a  q u a t e r n a r y   ammonium 

compound. 
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