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©  A  method  of  making  coated  carrier  particles  for  electrostatographic  developer  mixtures;  coated  carrier  particles  made 
thereby;  developer  mixtures  comprising  the  coated  particles,  and  an  imaging  process  employing  the  developer 
mixtures. 

Electrostatographic  carrier  particles  possessing  all  the 
desirable  characteristics  for  development  of  negatively 
charged  photoreceptor  surfaces  are  provided  by  coating  car- 
rier  cores  with  polyvinylidene  fluoride.  After  coating,  the  car- 
rier  particles  are  thermally  treated  as  to  provide  them  with 
lower  negative  triboelectric  charging  values  compared  with 
untreated  carrier  particles. 



This  invention  is  concerned  with  carrier  part icles  for 

e l ec t ro s t a tog raph ic   t o n e r .  

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

pho toconduc t ive   mate r ia l s   by  e l e c t r o s t a t i c   methods  such  as  described,  f o r  

example,   in  U.S.  Pa ten ts   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 e c t r o s t a t i c   la tent   charged  image  on  an  

insulating  e l e c t r o p h o t o g r a p h i c   e l e m e n t , a n d   rendering  the  la tent   image  v is ib le  

by  bringing  the  charged  surface  of  the  p h o t o c o n d u c t i v e  

e lement   into  con tac t   with  a  deve lope r .mix tu re .   As  described  in  U.S. 

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

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

re fe r red   to  in  the  art  as  toner,  the  toner  being  generally  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  to  

the  e l e c t r o s t a t i c   la tent   image.  Subsequent ly,   the  toner  image  can  be 

t r ans fe r red   to  a  support  surface   such  as  paper  and  this  t ransfer red   image  c a n  

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   p a r t i c l e s  

to  the  la tent   image  including  cascade  development ,   touchdown  and  m a g n e t i c  

blush  as  i l lus t ra ted   in  U.S.  Pa ten t s   2,618,552;  2,895,847  and  3,245,823.  One  o f  

the  most  widely  used  methods  is  cascade  development ,   wherein  the  d e v e l o p e r  

mater ia l ,   comprising  r e l a t i v e l y - l a r g e   carr ier   part icles  having  f i ne ly -d iv ided  

toner  par t ic les   e l e c t r o s t a t i c a l l y   clinging  to  t h e m ,  

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

bearieg  surface.   Magnetic  brush  deve lopment   is  also  known, and  involves  t he  

use  of  a  developer   mater ia l   comprising  toner  and  magnetic   carrier  p a r t i c l e s  

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

magnet  causes  a l ignment   of  the  magnet ic   carriers  in  a  brush-like  c o n f i g u r a -  

tion.  Subsequently,  this  brush  is  brought  into  contact  with  the  e l e c t r o s t a t i c  

la tent   i nage -bea r ing   surface  causing  the  toner  particles  to  be  a t t r a c t e d   f r o m  

the  brush  to  the  e l e c t r o s t a t i c   la tent   image  by  e l ec t ros ta t i c   a t t rac t ion ,   as  more  



spec i f ica l ly   disclosed  in  U.S.  Pa t en t   2 ,874,063.  

Car r i e r   mater ia l s   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  descr ibed  in  many  patents   including,  for  example ,   U.S.  P a t e n t  

3,590,000.  The  type  of  ca r r ie r   ma te r 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   d e s i r e d ,  

the  type  of  p h o t o c o n d u c t i v e   mate r ia l   employed  and  the  like.  G e n e r a l l y ,  

however ,   the  m a t e r i a l s   used  as  carr ier   sur faces   or  car r ie r   par t ic les   or  t h e  

c o a t i n g   thereon   should  have  a  t r i b o e l e c t r i c   value  c o m m e n s u r a t e   with  t he  

t r i b o e l e c t r i c   value  of  the  toner  in  order  to  gene ra te   e l e c t r o s t a t i c   adhesion  o f  

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

to  cause  flaking  of  the  sur face   or  par t ic le   break-up  under  the  forces  e x e r t e d  

on  the  ca r r i e r   during  r e c y c l e a s   such  causes  undes i rable   e f fec t s   and  could,  f o r  

example ,   be  t r a n s f e r r e d   to  the  copy  surface   thereby  reducing  the  quality  o f  

the  final  i m a g e .  

There  have  been  r ecen t   effor ts   to  develop  carr iers   and  p a r t i c u l a r l y  

coat ings  for  ca r r ie r   pa r t i c l e s   in  order  to  obtain  be t t e r   deve lopmen t   quality  and  

a l so ' to   obtain  a  ma te r i a l   that   can  be  recyc led   and  does  not  cause  any  a d v e r s e  

e f f ec t s   to  the  p h o t o c o n d u c t o r .   Some  of  the  coat ings  commerc ia l ly   u t i l i z e d  

d e t e r i o r a t e   rapidly  especial ly   when  employed  in  a  cont inuous  process  w h e r e b y  

the  entire  coa t ing   may  sepa ra te   from  the  carr ier   core  in  the  form  of  chips  or 

flakes  as  a  resul t   of  poor ly-adher ing   coated  mate r ia l   and  fail  upon  impact   and  

abras ive   con t ac t   with  machine  parts  and  other  ca r r r ie r   par t ic les .   Such  c a r r i e r  

par t ic les   genera l ly   cannot   b e ' r e c l a i m e d   and  reused  and  usually  provide  poor  

print  quali ty  results .   Fur ther ,   the  t r iboe lec t r i c   values  of  some  carr ier   c o a t i n g s  

have  been  found  to  f l uc tua t e   when  changes  in  r e la t ive   humidi ty  occur  and  t hus  

these  ca r r ie rs   are  not  desi rable   for  use  in  e l e c t r o s t a t o g r a p h i c   sys t ems  as   t h e y  

can  adverse ly   a f f e c t   the  quali ty  of  the  developed  i m a g e .  

In  addition,   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   r eproduc t ion   s y s t e m s  

in  order  to  develop  a  l a t en t   image  comprised  of  negat ive   e l e c t r o s t a t i c   c h a r g e s ,  

an  e l e c t r o s t a t i c   car r ie r   and  toner  powder  combina t ion   must  be  se lec ted   in 

which  the  toner  is  t r i b o e l e c t r i c a l l y   charged  posi t ively  relat ive  to  the  g r a n u l a r  

carr ier .   Likewise,   in  order  to  develop  a  la tent   image  comprised  of  pos i t i ve  

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 l e c t r o s c o p i c   toner  powder  and  carr ier   mixture  must  be  se lec ted   in  which  t he  

toner  is  t r i b o e l e c t r i c a l l y   charged  negat ively  re la t ive  to  the  carr ier .   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 c e p -  

tor,  it  is  highly  desirable  to  develop  the  la tent   image  with  a  p o s i t i v e l y - c h a r g e d  

e l ec t roscop ic   powder  and  a  nega t ive ly -cha rged   carr ier   m a t e r i a l .  

Fur ther ,   for  a  given  t one r - ca r r i e r   pair,  the  magnitude  of  the  

t r i boe lec t r i c   charge  is  impor tan t   in  that,  if  the  charge  is  too  low,  t h e  

developed  copy  will  be  c h a r a c t e r i z e d   by  high  print  density  but  resolut ion  will 

be  poor  and  background  areas  will  be  overdeveloped.   By  the  same  token,  if  t h e  

t r i boe lec t r i c   charge  is  too  high,  background  areas  will  not  contain  u n w a n t e d  

deposits  and  resolut ion  will  be  good,  but  the  developed  image  print  density  will  

be  too  low.  There fore ,   for  a  t o n e r - c a r r i e r   pair  to  be  s a t i s f ac to ry ,   the  c a r r i e r  

mater ia l   must  be  one  wherein  its  coating  has  a  high  res is tance  to  abrasion  and  

good  adhesion  proper t ies ,   it  must  be  capable  of  t r iboe lec t r i ca l ly   charging  t he  

toner  to  the  desired  polar i ty ,   and  charge  the  toner  to  a  level  within  a  range  o f  

t r i boe l ec t r i c   values  whereby  developed  copies  of  high  quality  are  ob t a ined .  

The  deve lopment   of  e l e c t r o s t a t o g r a p h i c   coated  carr ier   m a t e r i a l s  

has  been  to  a  main  ex ten t   on  a  trial  and  error  basis.  Since  certain  des i r ab le  

funct ional   c h a r a c t e r i s t i c s   of  carrier   materials   having  coatings  are  known,  it 

has  been  somewhat   possible  to  select  coating  mater ia ls   for  the  purpose  o f  

de termining   their  po ten t ia l   usefulness  as  carr ier   coatings.  However,  it  has  no t  

been  possible  to  reliably  predic t   whether  any  par t icular   coating  mater ia l   is 

viable  or  possesses  any  advan tage   over  another   coating  mater ia l   for  use  as  an  

e l e c t r o s t a t o g r a p h i c   carr ier   coating.  The  only  e f fec t ive   means  of  d e t e r m i n i n g  

whether   any  coating  m a t e r i a l   will  satisfy  the  funct ional   cha rac t e r i s t i c s   of  a  

carrier   mater ia l   is  to  actual ly  prepare  carrier  part icles  with  the  c o a t i n g  

mate r ia l   and  evaluate   the  product.   Thus,  even  if  a  coating  mater ia l   is  a 

member   of  a  broad  class  of  generally  desirable  mater ia ls ,   it  may  be  that  t h e  

par t icular   coating  ma te r i a l   is  difficult  or  impossible  to  coat  by  normal  m e a n s  

or  requires  a  compl ica ted   or  expensive  preparat ion  p rocess .  

One  such  class  of  generally  desirable  carrier  coating  materials   is 

the  class  of  f luoropolymers   as  disclosed  in  U S  Patent  No  3 798  167.  

In  said  patent,   carr ier   par t ic le   cores  are  coated  with  a  subs t an t i a l l y - in so lub le  

f luoropolymer  or  a  mixture  of  a  f luoropolymer  and  a  modifying  resin  in  which 

the  f luoropolymer  is  essent ial ly  insoluble.  As  the  f luoropolymer  therein,  t h a t  

is,  p o l y t e t r a f l u o r o e t h y l e n e   or  a  copolymer  thereof, is  substant ial ly  insoluble,  it 

is  applied  to  the  carr ier   cores  by  first  preparing  a  suspension  or  dispersion  o f  



the  coat ing  ma te r i a l .   After  coat ing  the  car r ie r   cores,  the  coating  mate r ia l   is 

heated  to  a   t e m p e r a t u r e   suf f ic ien t ly   high,  that   is,  about  400°  C.,  so  that  t h e  

coating  will  be  cured  and  fused  as  to  adhere  to  the  cores.  As  will  b e  

a p p r e c i a t e d ,   such  a  coating  p rocedure   is  mul t i - s tep ,   t ime-consuming   and  m o r e  

expensive  than  s tandard  coating  processes   such  as  dipping  or  spray-drying  a  

coat ing   solution.  Further ,   a f te r   t r e a t m e n t   at  the  t e m p e r a t u r e   required  to  fuse  

the  f l uo ropo lymer   coating  to  the  ca r r i e r   cores,  it  is  found  that  the  c a r r i e r  

pa r t i c l e s   possess  s t ronger   and  more  nega t ive   t r i b o e l e c t r i c   charging  c h a r a c t e r -  

istics  than  the  un t rea ted   coated  pa r t i c l es .   Also,  inasmuch  as  it  would  be  

des i rable   to  provide  a  carr ier   pa r t i c l e   coated  with  a  f luoropolymer ,   b u t  

s imul t aneous ly   provide  such  a  coa ted   car r ie r   par t ic le   by  a  s ingle-s tep   c o a t i n g  

opera t ion ,   such  a  need  ex i s t s .  

The  present   invention  is  in tended  to  provide  a  coated  c a r r i e r  

ma te r i a l   m a n u f a c t u r i n g   technique  and  product   by  a  s ingle-s tep   c o a t i n g  

o p e r a t i o n .  

The  present  invention  provides  coated  carrier   core  part icles  as 

claimed  in  the  appended  c la ims.  

The  solution  of  polyvinyl idene  fluoride  may  c o m p r i s e  

ec)polymers  of  polyvinylidene  f luoride,   or  polyblends  of  polyvinyl idene  f l uo r ide  

and  another   coat ing  mater ia l .   The  other  coat ing  mater ia l   is  p re fe rab ly   one  

which  possesses  strong  adhesive  p roper t i e s   with  respect   to  metal l ic   c a r r i e r  

core  pa r t i c l e s   and  is  selected  from  soluble  acrylics  such  as  s tyrene  and  a lky l  

ac ry la tes   and  m e t h a c r y l a t e s ,   for  example ,   copolymers  of  s tyrene  and  m e t h y l  

m e t h a c r y l a t e ,   t e rpo lymers   of  s tyrene ,   methyl   m e t h a c r y l a t e   and  an  o r g a n o -  

silane;  methyl   m e t h a c r y l a t e   and  m e t h a c r y l i c   acid  copolymers,   s tyrene  and  

m e t h a c r y l i c   acid  copolymers;   p o l y m e t h a c r y l o n i t r i l e   and  copolymers  t h e r e o f ;  

ac ry lon i t r i l e   copolymers   such  as  those  conta in ing  vinylidene  chloride;  po lyv iny l  

c h l o r i d e - m a l e a t e   copolymers;   copolymers   containing  me thac ry l i c   acid  and  

salts  thereof ;   polysulfones;  po lyca rbona t e s ;   polyesters   such  as  p o l y c a p r o l a c -  

tone,  p o l y h e x a m e t h y l e n e   t e r e p h t h a l a t e ;   polyamides  such  as  Trogamid  (trademark)  T 

( p o l y - 2 , 2 , 4 - t r i m e t h y l h e x a m e t h y l e n e   t e r e p h t h a l a m i d e   available  from  D y n a m i t  

Nobel  of  America) ;   and  other  polyamides   such  as  Amidel(trademark)  (a transparent 

Nylon  ( t rademark)   available  from  Union  Carbide  Corp.,  New  York,  N.Y.) .  

Any  sui table   ra t io  o f   polyvinyl idene  fluoride  may  be  employed  w i th  

respec t   to  the  ratio  of  the  second  polymer   in  the  polyblends  for  t he  



e l e c t r o s t a t o g r a p h i c   carr ier   coatings  of  this  invention.  Typical  ratios  of  t h e  

polyvinylidene  fluoride  to  the  second  polymer  include  from  5  parts  to  

95  parts  by  weight  of  the  polyvinylidene  fluoride  to  from  95  to  

5  parts  by  weight  of  the  second  polymer.   However,  it  is  p re fe r red   to  

employ  from  20  parts  to  80  parts  of  the  polyvinylidene  fluoride  to  

from  80  parts  of  the  second  polymer ,   all  parts  given  being  by  we igh t ,  

because  coated  carr ier   part icles   possessing  more  sa t i s fac to ry   physical  and 

e l e c t r o s t a t o g r a p h i c   proper t ies   are  o b t a i n e d .  

In  the  p repara t ion   of  the  car r ie r   mater ia ls   of  this  invention,  t h e  

coating  solution  is  applied  to  t he -ca r r i e r   core  par t ic les   to  provide  them  with  a 

thin,  subs tan t ia l ly   continuous  coating  of  polyvinylidene  fluoride.  To  improve  

adhesion  of  the  polyvinylidene  fluoride  coating  to  the  carrier  core  part icles ,   it  

is  p re fe r red   that  the  coating  ma te r i a l   comprise  a  copolymer  or  polyblend  o f  

polyvinylidene  fluoride.  In  addition,  mul t i - l ayer   coatings  may  be  e m p l o y e d  

such  as  coating  a  primer  mate r ia l   on  the  carr ier   core  part icles   and  t hen  

applying  the  polyvinyl idene  fluoride  coating.   The  polyvinylidene  f l uo r ide  

coating  is  applied  to  the  carr ier   core  par t ic les   by  dissolving  the  c o a t i n g  

mate r ia l   in  a  suitable  solvent  such  as  methyl   ethyl  ketone  and  dipping,  

tumbling  or  spraying  the  core  par t ic les   with  the  coating  solution.  P r e f e r a b l y ,  

a  fluidized  bed  coating  process  is  employed  as  typically  a  more  un i fo rm 

coating  is  provided  to  the  carr ier   core  par t ic les .   In  such  a  coating  process,  t h e  

core  par t ic les   are  suspended  and  c i rcu la ted   in  an  upwardly  flowing  stream  of  

heated  air  so  that  the  par t ic les   are  sprayed  by  the  coating  mater ia l   in  a  f i r s t  

zone.  Then,  in  a  second  zone,  fhe  par t ic les   sett le  through  an  air  stream  o f  

lower  air  veloci ty   where  the  solvent  evapora tes   to  form  a  thin  solid  coating  on 

the  par t ic les .   Successive  layers  of  coating  on  the  particles  are  obtained  by 

r ec i r cu la t ing   them  through  the  first  and  second  zones  of  the  fluid  bed  c o a t i n g  

a p p a r a t u s .  

Any  suitable  coating  weight  or  thickness  of  polyvinylidene  f luor ide ,  

copolymer  or  polyblend  thereof,   may  be  employed  to  coat  the  carrier  c o r e  

par t ic les .   However,  a  coating  having  a  thickness  at  least  suff icient   to  form  a  

subs tan t ia l ly   continuous  film  on  the  core  part icles   is  preferred  because  t h e  

carr ier   coating  will  then  possess  suff ic ient   thickness  to  resist  abrasion  and 

minimize  pinholes  which  may  adversely  a f fec t   the  t r iboelect r ic   propert ies   o f  

the  coated  carr ier   part icles ,   and  also  in  order  that  the  desired  t r i b o e l e c t r i c  

e f fec t   to  the  carr ier   is  obtained  and  to  maintain  a  sufficient   negative  c h a r g e  



on  the  car r ie r ,   the  toner  being  charged  positively  in  such  an  embodiment   so  a s  

to  allow  deve lopmen t   of  n e g a t i v e l y - c h a r g e d   images  to  occur.  Generally,   f o r  

cascade  and  magne t ic   brush  deve lopmen t ,   the  carr ier   coating  may  c o m p r i s e  

from  0.05  microns  to  3.0  microns  in  thickness  on  the  c a r r i e r  

par t ic le .   P re fe rab ly ,   the  coat ing  should  comprise  from  0.2  microns  t o  

0.7  microns  in  thickness  on  the  carr ier   par t ic le   because  m a x i m u m  

coat ing  durabi l i ty ,   toner  impac t ion   res i s tance ,   and  copy  quali ty  are  a c h i e v e d .  

To  achieve  fur ther   var ia t ion   in  the  p roper t i e s   of  the  final  coated  p r o d u c t ,  

other  addi t ives   such  as  p l a s t i c i ze r s ,   r eac t ive   or  non - r eac t ive   resins,  dyes ,  

p igments ,   conduct ive   fillers  such  as  carbon  black,  wet t ing   agents   and  m i x t u r e s  

t he reo f   may  be  mixed  with  the  coating  mater ia l .   In  addition,  where  t h e  

carr ier   core  is  a  m a g n e t i z a b l e   ma te r i a l ,   it  is  possible  to  provide  c a r r i e r  

par t ic les   having  magne t i c   p r o p e r t i e s .  

Following  appl ica t ion   of  the  coating  to  the  car r ie r   par t ic les   of  t h i s  

invent ion,   it  has  been  found  that ,   when  the  carr ier   par t ic les   are  mixed  with  a  

c o n v e n t i o n a l   toner  m a t e r i a l ,   such  as  one  compris ing  a  s t y r e n e / n - b u t y l  

m e t h a c r y l a t e   copolymer   and  carbon  black,  the  t r i boe l ec t r i c   charge  g e n e r a t e d  

on  the  car r ie r   par t ic les   is  in  the  range  of  be tween   -35  to  -60  

m i c r o c o u l o m b s   per  gram  of  toner  par t ic les .   Since  such  a  t r i b o e l e c t r i c   c h a r g e  

is  too  high  to  provide  s a t i s f a c t o r y   developed  image  print  density  with  c o n -  

vent ional   toner  mate r ia l s ,   it  has  been  found  that  thermal   t r e a t m e n t   of  t h e  

coated  car r ie r   par t ic les   at  a  t e m p e r a t u r e   of  up  to  about  2000  C  p r o v i d e s  

coated  carr ier   par t ic les   which  gene ra te   much  lower  negat ive   t r i b o e l e c t r i c  

charging  values.  That  is,  the  t he rma l   t r ea t ed   coated  carr ier   pa r t i c les   of  t h i s  

invent ion  unexpec ted ly   obtain  t r i boe l ec t r i c   charging  values  in  the  range  o f  

be tween   -11  to  -24  mic rocou lombs   per  gram  of  toner   ma te r i a l   a f t e r  

having  been  t r ea t ed   at  the  a f o r e m e n t i o n e d   t e m p e r a t u r e   range  for  b e t w e e n  

30  minutes  and  up  t o   60  minutes.  It  was  found  that  t h e  

t r i b o e l e c t r i c   charging  values  of  the  thus  h e a t - t r e a t e d   coated  carr ier   p a r t i c l e s  

are  exce l l en t   to  provide  developed  copies  having  high  image  print  density,   h igh  

resolut ion  and  low  background.   In  addition,  the  t r iboe lec t r i c   charging  va lues  

of  the  car r ie r   par t ic les   remain  s table  over  extended  periods  of  mi l l ing.  

Fur ther ,   the  magni tude  of  the  change  in  the  t r i b o e l e c t r i c   charging  values  o f  

the  t h u s - t r e a t e d   coated  car r ie r   par t ic les   of  this  invention  being  on  the  order  o f  

40  to  70%  is  unexpec ted   in  view  of  the  prior  art.  Although  there  is  s u b s t a n t i a l  

c o m m e r c i a l   i n t e res t   in  f luo ropo lymer   coated  carr ier   par t ic les ,   no  method  o f  



accompl ishing  this  degree  of  control   of  t r i b o e l e c t r i c   charging  values  of  such  

coated  carr ier   part icles   was  previously  known.  In  addition,  it  was  also  found  

that  powder  coatings  and  dispersion  coatings  of  polyvinylidene  f luor ide  

normally  require  a  higher  t e m p e r a t u r e   t r e a t m e n t ,   that  is,  of  at  least  225°  C,  t o  

fuse  the  polymer  and  form  a  cont inuous   film  on  metal l ic   carrier  co re s .  

Otherwise ,   the  polymer  has  poor  adhesion  and  does  not  yield  a  useful  c a r r i e r  

par t ic le   coating.   The  same  is  true  of  p o l y t e t r a f l u o r o e t h y l e n e   coatings  which  

require  a  fusion  t e m p e r a t u r e   of  about  400° C.  Thus,  the  thermal   t r e a t m e n t  

conditions  employed  in  modifying  the  t r i b o e l e c t r i c   charging  values  of  so lu t ion  

coated  polyvinylidene  fluoride  carr ier   par t ic les   are  much  less  s t r ingent .   In 

addition,  the  e f fec t   on  the  t r i b o e l e c t r i c   charging  values  of  the  coated  c a r r i e r  

par t ic les   of  this  invention  appears  to  be  independent   of  the  second  p o l y m e r  

mate r ia l   or  primer  used  ei ther  as  a  mul t i - l ayer   or  polyblend  since  they  have  

markedly  d i f fe ren t   t r i boe l ec t r i c   charging  p r o p e r t i e s .  

Any  sui table  well-known  coated  or  uncoated  carr ier   mater ia l   m a y  
be  employed  as  the  core  or  subs t ra te   for  the  carr ier   par t ic les   of  this  i nven t ion .  

Typical  car r ie r   core  mater ia ls   are  methyl   m e t h a c r y l a t e ,   glass,  silicon  d ioxide ,  

f l intshot,   f e r r o m a g n e t i c   mater ia ls   such  as  iron,  steel,  ferr i te ,   nickel,  and  

mixtures   thereof .   An  u l t imate   coated  carr ier   par t ic le   having  an  a v e r a g e  
d i ame te r   in  the  range  subs tan t ia l ly   30  microns  to  subs tant ia l ly   1,000  microns  is 

p re fe r red   because  the  carr ier   par t ic le   then  possesses  suff ic ient   density  and  

inert ia  to  avoid  adherence   to  the  e l e c t r o s t a t i c   images  during  the  d e v e l o p m e n t  

process.  Adherence  of  carr ier   par t ic les   to  an  e l e c t r o s t a t o g r a p h i c   drum  is 

undesirable  because  of  the  fo rmat ion   of  deep  sc ra tches   on  the  drum  s u r f a c e  

during  the  image  t rans fe r   and  drum  cleaning  steps,  par t icular ly   where  c l ean ing  

is  accompl i shed   by  a  web  cleaner   such  as  the  web  disclosed  in  U  5  Patent  No. 

3  186  838. 

Any  suitable  p igmented  or  dyed  toner  mater ia l   may  be  employed  

with  the  carr ier   par t ic les   of  this  invention.   Typical  toner  mater ials   are  gum 

copal,  gum  sandarac,   resin,  cumarone - indene   resin,  asphaltum,  g i lsoni te ,  

pheno l fo rmaldehyde   resins,  resin  -modif ied  phenol formaldehyde   resins,  m e t h -  

acrylic  resins,  polystyrene  resins,  epoxy  resins,  polyester   resins,  po lye thy lene  

resins,  vinyl  chloride  resins,  and  copolymers   or  mixtures  thereof.   The 

par t icu lar   toner  mater ia l   to  be  employed  depends  upon  the  separat ion  of  t h e  

toner  par t ic les   from  the  carrier  par t ic les   in  the  t r iboe lec t r i c   series.  Among 

the  patents   describing  toner  composit ions  are  U.S.  Patents  Nos.  2  659  670,  



2  753  308,  2  788  288  and  3 070  342  and  U.S.  Reissue  25  136.  These  toners  

general ly  have  an  average  particle  d iamete r  in   the  range  substant ia l ly   5  to  30 

m i c r o n s .  
Any  sui table   pigment   or  dye  may  be  employed  as  the  colorant   f o r  

the  toner  pa r t i c l e s .   Colorants   for  toners  are  well  known  and  are,  for  e x a m p l e ,  

carbon  black,  nigrosine  dye,  aniline  blue,  Caleo  Oil  Blue,  chrome  ye l low,  

u l t r a m a r i n e   blue,  Quinoline  Yellow,  methylene   blue  chloride,  Monastral   Blue,  

Malachi te   Green  Oxalate ,   lampblack,   Rose  Bengal,  Monast ra l   Red,  Sudan  Black  

BN,  and  mix tu res   thereof .   The  p igment   or  dye  should  be  p resen t   in  the  t o n e r  

in  a  s u f f i c i e n t   quan t i ty   to  render  it  highly  colored  so  that   it  will  form  a  c l e a r l y  

visible  image  on  a  recording  m e m b e r .  

Any  sui table   convent ional   toner  concen t r a t i on   may  be  e m p l o y e d  

with  the  ca r r i e r   par t ic les   of  this  invention.   Typical  toner  c o n c e n t r a t i o n s   are  1 

part  toner   with  10  to  200  parts  by  weight  of  c a r r i e r .  

Any  sui table   well-known  e l e c t r o p h o t o s e n s i t i v e   mate r ia l   may  b e  

employed  as  the  p h o t o r e c e p t o r   with  the  carr ier   par t ic les   of  this  i nven t ion .  

Well-known  pho toconduc t ive   mater ia ls   are  vi t reous  selenium,  organic  or 

inorganic  p h o t o c o n d u c t o r s   embedded  in  a  non -pho toconduc t ive   matr ix ,   o rgan i c  

or  inorganic   p h o t o c o n d u c t o r s   embedded  in  a  pho toconduc t i ve   matrix,   or  t he  

like.  R e p r e s e n t a t i v e   pa ten ts   in  which  pho toconduc t ive   ma te r i a l s   are  d i sc losed  

include  U.S.  Paten.ts2  803  542,  2  970  906,  3  121 006,  3  121 007  and  3  151 982.  

In  the  :following  examples,   the  re la t ive  t r i b o e l e c t r i c   values  g e n e r a -  

ted  by  c o n t a c t   of  carr ier   par t ic les   with  toner  par t ic les   are  measured   by  m e a n s  

of  a  Fa r aday   cage.  This  device  comprises   a  s ta inless   s teel   cylinder  having  a  

d i a m e t e r   of  about   1 inch  and  a  length  of  about  1  inch.  A  screen  is  posit ioned  a t  

each  end  of  the  cylinder;  the  screen  openings  are  of  such  a  size  as  to  p e r m i t  

the  toner  pa r t i c les   to  pass  through  the  openings  but  p reven t   the  c a r r i e r  

par t ic les   from  making  such  passage.  The  Faraday  cage  is  weighed,  c h a r g e d  

with  about  0.5  gram  of  the  carr ier   part icles   and  toner  par t ic les ,   r ewe ighed ,  

and  c o n n e c t e d   to  the  input  of  a  coulomb  meter .   Dry  compressed   air  is  t h e n  

blown  through  the  cylinder  to  drive  all  the  toner  par t ic les   from  the  c a r r i e r  

par t ic les .   As  the  e l e c t r o s t a t i c a l l y   charged  toner  par t ic les   leave  the  F a r a d a y  

cage,  the  o p p o s i t e l y - c h a r g e d   carr ier   part icles  cause  an  equal  amount  o f  



e lec t ron ic   charge  to  flow  from  the  cage,   through  the  coulomb  meter,   to 

ground.  The  coulomb  meter  measures   this  charge  which  is  then  taken  to  be  t h e  

charge  on  the  toner  which  was  removed.   Next,  the  cylinder  is  reweighed  to  

de t e rmine   the  weight  of  the  toner  removed.   The  resulting  data  are  used  to  

ca lcu la te   the  toner  concen t ra t ion   and  the  average   charge- to-mass   ratio  of  t h e  

toner.  Since  the  t r iboe lec t r i c   m e a s u r e m e n t s   are  relative,   the  m e a s u r e m e n t s  

should  for  compara t ive   purposes  be  conducted   under  s u b s t a n t i a l l y - i d e n t i c a l  

condit ions.   Other  suitable  toners  may  be  subs t i tu t ed   for  the  toner  c o m p o s i t i o n  

used  in  the  e x a m p l e s .  

The  following  examples,   o ther   than  the  control  example,  f u r t h e r  

i l lus t ra te   and  compare  methods  of  p repar ing   and  utilizing  the  carrier  p a r t i c l e s  

of  the  present   invention  in  e l e c t r o s t a t o g r a p h i c   applications.   Parts  and 

p e r c e n t a g e s   are  by  weight  unless  o therwise   i n d i c a t e d .  

EXAMPLE  I 

A  developer  mixture  was  prepared   by  applying  to  steel  c a r r i e r  

par t ic les   having  an  average  d i ame te r   of  100  microns  a  primer  m a t e r i a l  

compris ing  a  polyvinyl  c h l o r i d e - m a l e a t e   copolymer   commercia l ly   available  as 

Exon  470  from  Firestone  Plastics  Company,   Pot ts town,   Pa.  The  p r i m e r  

ma te r i a l   was  dissolved  to  about  5.0%  solids  by  weight  in  methyl  ethyl  k e t o n e  

and  applied  to  the  carrier   cores  in  a  f luidized  bed  coating  apparatus  w h e r e i n  

the  bed  t e m p e r a t u r e   was  l imited  to  be tween   about  40° C  and  50° C.  The 

pr imer   solution  is  applied  to  provide  a  net  coa t ing 'we igh t ,   by  weight  of  solids,  

of  about  0.3%  to  the  carr ier   c o r e s .  

The  primed  carrier   par t ic les   were  then  overcoated  with  a  c o a t i n g  

solution  comprising  polyvinylidene  f luoride,   commerc ia l ly   available  as  Kynar  

201  from  Pennwalt   Corp.,  Phi ladelphia,   Pa.  The  coating  solution  was  p r e p a r e d  

with  methyl   ethyl  ketone  and  applied  to  the  carr ier   part icles  in  the  a f o r e -  

ment ioned  coating  appara tus   main ta ined   at  a  t e m p e r a t u r e   of  between  a b o u t  

40°  C  and  50°  C  to  provide  a  net  coating  weight,  by  weight  of  solids,  of  a b o u t  

0.3%  polyvinylidene  fluoride  to  the  primed  car r ie r   p a r t i c l e s .  

The  coated  carr ier   par t ic les   are  cooled  to  room  t empera tu re   and 

screened  to  remove  agglomera ted   par t ic les .   About  100  parts  of  the  s c r e e n e d  

ca r r ie r   par t ic les   are  mixed  with  about  1  part  of  f inely-divided  toner  p a r t i c l e s  

t o   form  a  developer  mixture.  The  composi t ion   of  the  toner  part icles  c o m p r i s e s  

a  s t y rene -n -bu ty l   me thac ry l a t e   copolymer   and  carbon  black.  The  r e s u l t a n t  

developer   mixture  was  roll-mill   mixed  for  various  times  and  samples  t a k e n  



t h e r e f r o m   a f te r   0.5  and  2.0  hours  for  m e a s u r e m e n t   of  the  t r i b o e l e c t r i c  

charge  g e n e r a t e d   on  the  carr ier   par t ic les   as  previously  indica ted .   The  

t r i b o e l e c t r i c   values  were  found  to  be  about  -37  and  -60  mic rocou lombs   p e r  

gram  of  toner   pa r t i c les ,   r e s p e c t i v e l y .  

A  fresh  sample   of  the  coa ted   car r ie r   par t ic les   was  then  placed  in 

an  air  c i r cu la t ing   oven  at  about  200° C  for  about  1  hour.  Due  to  the  h e a t - u p  

time  for  the  glass  t rays  and  the  car r ie r   par t ic les ,   the  ac tual   t r e a t m e n t   t ime  is 

about  45  minutes .   After   cooling  in  air  and  sc reen ing   for  aggl o  m e r   a t e s ,  
100  parts  of  the  t r e a t e d   car r ie r   par t ic les   were  mixed  with  1  part   of  t h e  

toner  par t ic les   as  above.  The  r esu l t an t   developer   mixture  was  roll-mill   m i x e d  

and  samples  taken  t h e r e f r o m   af ter   0.5  and  2.0  hours  for  m e a s u r e m e n t   o f  

the  t r i b o e l e c t r i c   charge  gene ra t ed   on  the  c a r r i e r   par t ic les   as  p r e v i o u s l y  

indicated.   The  t r i b o e l e c t r i c   values  were  found  to  be  -12  and  -12 

mic rocou lombs   per  gram  of  toner  par t ic les ,   r e s p e c t i v e l y .  

Fur ther ,   upon  examina t ion   of  the  car r ie r   par t ic les ,   it  was  f o u n d  

that  carr ier   coat ing  adhesion  is  exce l l en t   and  toner  impact ion  on  the  c a r r i e r  

coating  is  i n s i g n i f i c a n t .  

EXAMPLE  II 

A  developer   mixture   was  p repared   by  applying  to  s tee l   c a r r i e r  

par t ic les   as  in  Example   I  a  primer  m a t e r i a l   compris ing  an  acrylic  p r i m e r ,  

commerc i a l l y   avai lable   as  BFG  1104  from  B.  F.  Goodrich  Company,   Akron ,  

Ohio.  The  pr imer   m a t e r i a l   was  di luted  with  methyl   ethyl  ketone  to  a b o u t  

26.0%  solids  by  weight  and  applied  to  the  car r ie r   cores  in  a   f luidized  bed  

coating  appara tus   wherein   the  bed  t e m p e r a t u r e   was  l imited  to  be tween   a b o u t  

40° C  and  50° C.  The  pr imer   solution  was  applied  to  provide  a  net  c o a t i n g  

weight,  by  weight  of  solids,  of  about  0.3%  to  the  car r ie r   c o r e s .  

The  pr imed  car r ie r   par t ic les   were  then  ove rcoa t ed   with  a  c o a t i n g  

solution  compr is ing   polyvinyl idene  f luor ide-The  coat ing  solution  was  p r e p a r e d  

with  methyl   ethyl  ketone  and  applied  to  the  car r ie r   par t ic les   in  the  a f o r e -  

ment ioned  coat ing  appa ra tus   ma in ta ined   at  a  t e m p e r a t u r e   of  be tween  a b o u t  

40°  C  and  50°  C  to  provide  a  net  coat ing  weight,  by  weight  of  solids,  of  a b o u t  

0.6%  polyvinyl idene  f luoride  to  the  pr imed  car r ie r   p a r t i c l e s .  

After   sc reening   to  remove  any  agg lomera t e s ,   about  100  parts  of  t h e  

coated  ca r r i e r   pa r t i c les   were  mixed  with  about  1  part   of  the  toner  par t ic les   o f  

Example  I.  The  r e su l t an t   developer   mixture  was  roll-mill   mixed  for  v a r i o u s  



t imes  and  samples  taken  t he re f rom  after  0.5  and  2.0  hours  for  

m e a s u r e m e n t   of  the  t r i boe lec t r i c   charge  genera ted   on  the  carr ier   par t ic les   as  

previously  indicated.   The  t r i b o e l e c t r i c   values  were  found  to  be  -29  

and  -36  microcoulombs   per  gram  of  toner  par t ic les ,   r e s p e c t i v e l y .  

A  fresh  sample  of  the  coated  carr ier   par t ic les   was  then  placed  in 

an  air  c i rcu la t ing   oven  at  about  200° C  for  about  1  hour.  Due  to  the  h e a t - u p  

time  for  the  glass  trays  and  the  car r ie r   par t ic les ,   the  ac tual   t r e a t m e n t   time  is 

about  45  minutes.   After  cooling  in  air  and  screening  for  agg lomera tes ,   a b o u t  

100  parts  of  the  t rea ted   ca r r ie r   par t ic les   were  mixed  with  about  1  part  of  t h e  

toner  par t ic les   of  Example  I.  The  resu l tan t   developer  mixture  was  ro l l -mi l l  

mixed  and  samples  taken  t he r e f rom  af ter   0.5  and  2.0  hours  for  

m e a s u r e m e n t   of  the  t r i boe l ec t r i c   charge  genera ted   on  the  carr ier   part icles   as  

previously  indicated.   The  t r i b o e l e c t r i c   values  were  found  to  be  -16 

and  -20  microcoulombs   per  gram  of  toner  par t ic les ,   r e s p e c t i v e l y .  

Further ,   upon  examina t ion   of  the  carr ier   par t ic les ,   it  was  found 

that  carr ier   coating  adhesion  is  excel lent   and  toner  impact ion  on  the  c a r r i e r  

coat ing  is  i n s ign i f i can t .  

EXAMPLE  III 

A  developer  mixture  was  prepared  by  applying  to  steel  c a r r i e r  

par t ic les   as  in  Example  I  a  coating  composit ion  comprising  a  blend  of  a  po ly -  

vinyl  c h l o r i d e - m a l e a t e   copolymer   mixed  with  polyvinylidene  fluoride.  The  coa t ing  

composi t ion  was  dissolved  in  methyl   ethyl  ketone  and  blended  as  to  provide  a  

net  coating  weight,  by  weight  of  solids,  of  the  polyvinyl  c h l o r i d e - m a l e a t e  

copolymer   and  of  the  polyvinylidene  fluoride,  of  0.5%  and  0.3%,  r e s p e c t i v e l y .  

After  appl icat ion  of  the  polyblend  coating  composit ion  in  a 

f luidized  bed  coating  appara tus   wherein  the  bed  t e m p e r a t u r e   was  limited  t o  

be tween   40° C  and  50° C,  about  100  parts  of  the  dry  coated  carr ier   p a r t i c l e s  

were  mixed  with  about  1  part  of  the  toner  part icles  of  Example  I.  The 

r e su l t an t   developer  mixture  was  roll-mill   mixed  and  samples  taken  t h e r e f r o m  

af ter   0.5  and  2.0  hours  for  measuremen t   of  the  t r iboe lec t r i c   c h a r g e  

gene ra t ed   on  the  carr ier   par t ic les   as  previously  indicated.   The  t r i b o e l e c t r i c  

values  were  found  to  be  -33  and  -55  microcoulombs  per  gram  of  t o n e r  

par t ic les   r e s p e c t i v e l y .  

A  fresh  sample  of  the  coated  carrier  part icles   was  then  placed  in 



an  air  c i r cu la t ing   oven  at  about  200°  C  for  about  I  hour.  Due  to  the  h e a t u p  

time  for  the  glass  trays  and  the  carr ier   pa r t i c l e s ,   the  actual   t r e a t m e n t   time  is 

about  45  minutes .   After   cooling  in  air  and  screening   for  agg lomera te s ,   a b o u t  

100  par ts   of  the  t r ea t ed   carr ier   par t ic les   were  mixed  with  about  1  part  of  t h e  

toner  pa r t i c l e s   of  Example  L  The  r e s u l t a n t   deve loper   mixture  was  r o l l - m i l l  

mixed  and  samples  taken  t h e r e f r o m   a f t e r   a b o u t   0.5  and  2.0  hours  f o r  

m e a s u r e m e n t   of  the  t r i b o e l e c t r i c   charge  g e n e r a t e d   on  the  carr ier   par t ic les   a s  

previously   indica ted .   The  t r i b o e l e c t r i c   values  were  found  to  be  -10 

and  -9  m ic rocou lombs   per  gram  of  toner   pa r t i c l es ,   r e s p e c t i v e l y .  

Fur ther ,   upon  examina t ion   of  the  car r ie r   par t ic les ,   it  was  found  

that  car r ie r   coat ing  adhesion  is  exce l len t   and  toner  impact ion  on  the  c a r r i e r  

coat ing  is  i n s i g n i f i c a n t .  

EXAMPLE  IV 

A  developer   mixture  was  p repa red   by  applying  to  s teel   c a r r i e r  

pa r t i c l e s   as  in  Example  I  a  coating  composi t ion   compris ing  a  blend  of  a  p o l y -  

vinyl  c h l o r i d e - m a l e a t e   copolymer   mixed  with  polyvinylidene  fluoride.  The  coa t i ng  

compos i t ion   was  dissolved  in  methyl   ethyl  ketone  and  blended  as  to  provide  a  

net  coat ing  weight,  by  weight  of  solids,  of  the  polyvinyl  c h l o r i d e - m a l e a t e  

copo lymer   and  of  the  polyvinylidene  f luoride,   of  0.4%  and  0.4%,  r e s p e c t i v e l y .  

After   appl icat ion  of  the  polyblend  coat ing  composi t ion  in  a  

f luidized  bed  coating  appara tus   wherein  the  bed  t e m p e r a t u r e   was  l imited  t o  

be tween   40°  C  and  50°  C,  about  100  parts   of  the  dry  coated  car r ie r   p a r t i c l e s  

were  mixed  with  about  I  part  of  the  toner   par t ic les   of  Example  I.  The  

r e s u l t a n t   developer   mixture  was  rol l-mil l   mixed  and  samples  taken  t h e r e f r o m  

af te r   about  0.5  and  2.0  hours  for  m e a s u r e m e n t   of  the  t r i boe l ec t r i c   c h a r g e  

g e n e r a t e d   on  the  carr ier   par t ic les   as  previously  indicated.   The  t r i b o e l e c t r i c  

values  were  found  to  be  -52  and  -55  mic rocou lombs   per  gram  of  t o n e r  

pa r t i c l es ,   r e s p e c t i v e l y .  

A  fresh  sample  of  the  coated  ca r r i e r   par t ic les   was  then  placed  in 

an  air  c i rcu la t ing   oven  at  about  200°  C  for  about  I  hour.  Due  to  the  h e a t - u p  

time  for  the  glass  trays  and  the  carr ier   pa r t i c les ,   the  ac tual   t r e a t m e n t   t ime  is 

about  45  minutes .   After  cooling  in  air  and  screening   for  agg lomera te s ,   a b o u t  

100  par ts   of  the  t r ea ted   car r ie r   par t ic les   were  mixed  with  about  1  part   of  t h e  

toner  pa r t i c les   of  Example  I.  The  r e su l t an t   developer   mixture  was  r o l l - m i l l  



mixed  and  samples  taken  the re f rom  af ter   about  0.5  and  2.0  hours  for  

measu remen t   of  the  t r iboe lec t r i c   charge  genera ted   on  the  carrier   par t ic les   as 

previously  indicated.   The  t r i b o e l e c t r i c   values  were  found  to  be  -16 

and  -19  microcoulombs   per  gram  of  toner  par t ic les ,   r e s p e c t i v e l y .  

Fur ther ,   upon  examina t ion   of  the  carr ier   par t ic les ,   it  was  found 

that   carr ier   coating  adhesion  is  excel lent   and  toner  impact ion  in  the  c a r r i e r  

coating  is  i n s i g n i f i c a n t .  

EXAMPLE  V  

A·  developer   mixture  was  prepared   by  applying  to  steel  c a r r i e r  

par t ic les   as  in  Example  I  a  coating  composi t ion  comprising  a  blend  of  a  po ly -  

vinyl  c h l o r i d e - m a l e a t e   copolymer  mixed  with  polyvinylidene  fluoride.  The  coa t ing  

composit ion  was  dissolved  in  methyl   ethyl  ketone  and  blended  as  to  provide  a  

net  coating  weight,  by  weight  of  solids,  of  the  polyvinyl  c h l o r i d e - m a l e a t e  

copolymer   and  of  the  polyvinylidene  fluoride,  of  0.2%  and  0.6%,  r e s p e c t i v e l y .  

After   appl icat ion  of  the  polyblend  coating  composit ion  in  a 

fluidized  bed  coating  apparatus   wherein  the  bed  t empera tu re   was  l imited  to  

between  40°  C  and  50°  C,  about  100  parts  of  the  dry  coated  carr ier   p a r t i c l e s  

were  mixed  with  about  1  part  of  the  toner  part icles  of  Example  I.  The 

resul tan t   developer  mixture  was  roll-mill   mixed  and  samples  taken  t h e r e f r o m  

after   about  0.5  and  2.0  hours  for  measu remen t   of  the  t r iboe lec t r i c   c h a r g e  

gene ra t ed   on  the  carr ier   part icles   as  previously  indicated.  The  t r i b o e l e c t r i c  

values  were  found  to  be  about  -33  and  -47  microcoulombs  per  gram  of  t o n e r  

par t ic les ,   r e s p e c t i v e l y .  

A  fresh  sample  of  the  coated  carr ier   part icles  was  then  placed  in 

an  air  c i rcula t ing   oven  at  about  200° C  for  about  I  hour.  Due  to  the  h e a t - u p  

time  for  the  glass  trays  and  the  carr ier   par t ic les ,   the  actual   t r e a t m e n t   time  is 

about  45  minutes.   After  cooling  in  air  and  screening  for  agglomera tes ,   abou t  

100  parts  of  the  t r ea ted   carr ier   par t ic les   were  mixed  with  about  I  part  of  t h e  

toner  part icles   of  Example  I.  The  resul tant   developer  mixture  was  ro l l -mi l l  

mixed  and  samples  taken  theref rom  af ter   about  0.5  and  2.0  hours  for  

measu remen t   of  the  t r i boe lec t r i c   charge  genera ted   on  the  carrier   part icles  as  

previously  indicated.   The  t r iboe lec t r i c   values  were  found  to  be  about  -21 

and  -23  microcoulombs  per  gram  of  toner  part icles ,   r e s p e c t i v e l y .  

Further,   upon  examinat ion  of  the  carrier  part icles,   it  was  found 



that   ca r r i e r   coat ing  adhesion  is  excel lent   and  toner  impac t ion   on  the  c a r r i e r  

coa t ing   is  i n s i g n i f i c a n t .  

In  summary ,   it  has  been  shown  that   the  adhesion  proper t ies   o f  

e l e c t r o s t a t o g r a p h i c   carr ier   par t ic les   coated  with  polyvinyl idene  fluoride  m a y  

be  subs t an t i a l ly   improved  by  employing  a  pr iming  m a t e r i a l   in  mul t i - layer   or 

polyblend  fashion.  Fur the r ,   the  t r i b o e l e c t r i c   p roper t i e s   of  po lyv iny l idene  

f luoride  coated   ca r r i e r   par t ic les   may  be  modif ied  by  a  modest   p o s t - t r e a t m e n t  

step  as  to  lower  the  unaccep tab ly   high  range  of  t r i b o e l e c t r i c   values  o b t a i n e d  

t h e r e w i t h   of  from  be tween   -35  to  -60  mic rocou lombs   per  gram  of  t o n e r  

m a t e r i a l   to  a  lower  and  s a t i s f a c t o r y   range  of  be tween   -11  and  - 2 4  

m i c r o c o u l o m b s   per  gram  of  toner  ma te r i a l   as  to  provide  maximum  copy 

quali ty.   In  addit ion,   the  polyvinylidene  f luoride  coat ings  may  be  applied  as  a  

solution  compared   to  a  solid  par t ic le   fusion  p rocedure   for  other  f l u o r o p o l y m e r s  

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   and  copolymers   t h e r e o f .  



1.  A  method  of  making  a  coated  carrier  particle  for  e l e c t r o s t a t o g r a p h i c  

developer  mixtures,   including  the  steps  of: 

choosing  a  core  having  an  average  size  between  30  and  1000  mic rons ,  

cha rac te r i sed   by 

contac t ing   the  core  wi th   a  solution  of  polyvinylidene  fluoride  in  a 

suitable  so lven t ;  

evaporat ing  the  solvent  to  form  an  integral  thin  film  of  polyvinyl idene 

fluoride,  and  

thermal ly   t reat ing  the  coated  core  by  heating  it  up  to  200°C  for 

between  30  and  60  minu te s .  

2.  A  method  as  claimed  in  claim  1,  cha rac te r i sed   in  that  the  core  is  c o a t e d  

in  a  fluidised  bed,  with  the  core  being  suspended  in  an  upward  stream  of 

heated  air  while  it  is  sprayed  with  the  so lu t ion .  

3.  A  method  as  claimed  in  claim  1  or  2,  cha rac te r i sed   in  that  the  solut ion 

comprises  a  copolymer  of  polyvinylidene  f luo r ide .  

4.  A  method  as  claimed  in  claim  1  or  2,  cha rac te r i sed   in  that  said  coat ing  

solution  includes  a  second  coating  mater ia l   which  possesses  strong  adhesive 

propert ies   wi th-respect   to  the  co r e .  

5.  A  method  as  claimed  in  claim  4,  charac te r i sed   in  that  said  second 

coating  mater ia l   is  styrene,  alkyl  acrylate ,   alkyl  me thac ry la t e ,   o rganos i lane ,  

or  polyvinyl  c h l o r i d e - m a l e a t e .  

6.  A  method  as  claimed  in  claim  4  or  5,  charac te r i sed   in  that  said 

polyvinylidene  fluoride  is  present  in  an  amount  of  from  5  to  95  parts  by 

weight  with  respect   to  said  second  coating  m a t e r i a l .  

7.  A  method  as  claimed  in  any  preceding  claim,  charac te r i sed   in  that  the 

thickness  of  said  thin  film  on  said  core  is  between  0.05  and  3.0  mic rons .  



8.  A  method  as  claimed  in  any  preceding  claim,  cha rac t e r i s ed   in  that  said 

core  comprises   a  f e r romagne t i c   mater ia l   of  iron,  steel,  ferr i te ,   nickel,  or  

mix tu tes   t h e r e o f .  

9.  A  coated  carrier   part ic le   cha r ac t e r i s ed   by  being  made  by  the  m e t h o d  

claimed  in  any  preceding  c l a i m .  

10.  An  e l e c t r o s t a t o g r a p h i c   developer  mixture  comprising  f ine ly -d iv ided  

toner  par t ic les   e l ec t ro s t a t i c a l l y   clinging  to  the  surface  of  carrier  par t ic les   a s  

claimed  in  claim  9. 

11.  An  e l e c t r o s t a t o g r a p h i c   developer  mixture  as  claimed  in  claim  10, 

c h a r a c t e r i s e d   in  that   said  toner  par t ic les   comprise  a  s t y r e n e / n - b u t y l  

m e t h a c r y l a t e   copolymer  and  carbon  b lack .  

12.  An  e l e c t r o s t a t o g r a p h i c   imaging  process  comprising  the  steps  o f  

providing  an  e l e c t r o s t a t o g r a p h i c   imaging  member   having  a  recording  s u r f a c e ,  

forming  a  nega t ive ly -cha rged   e l e c t r o s t a t i c   la tent   image  on  said  r e c o r d i n g  

surface ,   c h a r a c t e r i s e d   by  con tac t ing   said  e l e c t r o s t a t i c   la tent   image  with  a  

developer  mixture  as  claimed  in  claim  10  or  11,  whereby  at  least  a  portion  of 

said  f inely-divided  toner  composi t ion  is  a t t r a c t e d   to  and  deposited  on  sa id  

recording  surface  in  conformance   with  said  e l e c t r o s t a t i c   latent  i m a g e .  
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