
(19) 

Office  europeen  des  brevets 

Europaisches  Patentamt 

European  Patent  Office 

(11) E P   0  8 9 8   2 0 6   A 2  

(12) EUROPEAN  PATENT  A P P L I C A T I O N  

(43) Date  of  publication: 
24.02.1999  Bulletin  1999/08 

(51)  IntCI.6:  G03G  9 / 1 1 3  

(21) Application  number:  98202689.0 

(22) Date  of  filing:  08.08.1998 

(84) Designated  Contracting  States: 
AT  BE  CH  CY  DE  DK  ES  Fl  FR  GB  GR  IE  IT  LI  LU 
MCNLPTSE 
Designated  Extension  States: 
AL  LT  LV  MK  RO  SI 

(72)  Inventors: 
•  Voets,  Raphael 

2640  Mortsel  (BE) 
•  Tavernier,  Serge, 

c/o  Agfa-Gevaert  N.V. 
2640  Mortsel  (BE) 

•  Delen,  Gerrit, 
c/o  Agfa-Gevaert  N.V. 
2640  Mortsel  (BE) 

•  Bellinghausen,  Rainer 
29699  Bomlitz  (DE) 

(30) Priority:  20.08.1997  EP  97202551 

(71) Applicant:  AGFA-GEVAERT  N.V. 
2640  Mortsel  (BE) 

(54)  A  method  for  coating  carrier  particles  for  use  in  electrostatic  developers 

(57)  A  method  for  coating  carrier  particles  for  use  in 
electrostatic  developers  is  provided  comprising  the 
steps  of  : 

bringing  the  carrier  particles  to  be  coated  in  a  ves- 
sel  equipped  with  means  for  agitating  the  carrier 
particles,  so  that  the  carrier  particles  occupy  less 
than  85  %  by  volume  of  the  vessel,  and  the  agita- 
tion  of  the  carrier  particles  is  described  by  a  Froude 
number  between  0.2  and  20, 
adding  a  solution  containing  between  6  and  60  % 
by  weight  with  respect  to  the  total  volume  of  the 
solution  of  chemical  compounds  for  coating  the  car- 
rier  particles  in  a  solvent  with  a  boiling  point  of  A  °C 
to  the  vessel  at  such  a  rate  that,  at  any  time,  the  sol- 
vent  is  present  in  an  amount  lower  than  1  .25  1  0"4  ml 
per  cm2  of  surface  of  the  carrier  particles  to  be 
coated  , 
keeping  the  carrier  particles  in  the  vessel  at  a  tem- 
perature  of  at  most  (A  +  1  0)  °C,  and 
continuously  evacuating  the  solvent. 
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Description 

FIELD  OF  THE  INVENTION 

[0001  ]  This  invention  relates  to  a  method  for  coating  s 
carrier  particles.  It  relates  especially  to  a  method  for 
coating  carrier  particles  to  be  used  as  carrier  particles  in 
multi-component  developers  for  electrostatic  imaging 
with  magnetic  brush  development  as  well  in  cascade 
development.  The  invention  is  also  very  suitable  to  pre-  to 
pare  coated  glass  beats  for  chromatographic  purposes. 

BACKGROUND  OF  THE  INVENTION 

[0002]  There  are  several  methods  for  coating  solid  15 
with  one  of  more  chemical  substances.  The  carrier  par- 
ticles  can  be  added  to  a  fluidised  bed  and  the  coating 
solution  of  a  chemical  substance  in  a  solvent  is  then 
added  to  the  fluidised  bed  and  the  solvent  evaporated. 
This  method  gives  good  coating  results,  but  the  amount  20 
of  air  needed  to  form  the  fluidised  bed  is  such  that  the 
evaporated  solvent  (which  in  most  cases  is  an  organic 
solvent)  contaminates  a  large  volume  of  air,  which  can 
not  without  further  treatment  be  vented  in  the  open 
atmosphere.  Therefore  the  installations  for  fluidised  bed  25 
coating  are  quite  large  and  expensive.  Moreover,  in  a 
fluidised  bed  the  carrier  particles  are  strongly  agitated 
and  many  collisions  occur  which  damage  the  coating 
around  the  carrier  particles. 
[0003]  In  an  other  method,  the  carrier  particles  are  30 
mixed  (dispersed)  in  a  solution  of  the  chemical  com- 
pound  or  compounds  that  are  to  be  applied  on  the  sur- 
face  of  the  carrier  particles  and  the  particles  are  the 
spray-dried.  Again  this  method  gives  good  coating 
results,  but  the  installation  needed  for  spray  drying  is  35 
expensive. 
[0004]  In  several  documents  it  is  disclosed  to  bring  a 
solution  of  coating  compounds  in  a  low  temperature 
boiling  solvent  in  contact  with  the  carrier  particles  to  be 
coated  in  a  vessel  while  mechanically  stirring  and  to  40 
evaporate  the  solvent  afterwards  or  simultaneously. 
Documents  disclosing  such  methods  are,  e.g.,  US-A-3 
507  686,  US-A-3  947  271  ,  US-A-5  102  769,  US-A-5  340 
677  and  GB-A-2  014  876. 
[0005]  When  coating  carrier  particles  for  use  in  elec-  45 
trostatic  imaging  the  coating  has  to  very  homogenous 
over  the  surface  of  the  particles  to  be  coated.  In  elec- 
trostatographic  imaging  the  carrier  particles  are  mixed 
with  toner  particles  (and  with  other  ingredients)  to  form 
a  developer.  When  the  developer  is  to  be  used  in  mag-  so 
netic  brush  development,  the  carrier  particles  are  mag- 
netic,  when  the  developer  is  used  in  cascade 
development,  the  carrier  particles  can  be  coated  glass 
beads.  In  any  case  the  rubbing  of  the  carrier  particles 
and  the  toner  particles  induce  a  tribo-electric  charge  in  55 
the  toner  particles  and  the  nature  of  the  coating  on  the 
carrier  particles  determines,  together  with  the  toner 
ingredients,  the  polarity  of  the  charge  on  the  tone  parti- 

cles  as  well  as  the  amount  of  the  charge.  When  the 
coating  of  the  surface  of  the  carrier  particles  is  not  even 
and  has  interruptions,  then  problems  in  charging  the 
toner  particles  can  occur.  Thus  in  coating  carrier  parti- 
cles  it  is  of  utmost  important  to  have  an  even,  closed 
coating  on  the  surface  of  the  particles.  In  the  prior  art 
methods,  frequently  some  of  the  particles  adhere,  dur- 
ing  the  process  to  the  wall  of  container  of  the  fluidised 
bed  or  spray  drying  apparatus,  and  these  particles  are 
only  coated  from  1  side. 
[0006]  Very  homogenous  coating  of  particles  are  not 
only  desirable  for  carrier  particles  to  be  used  in  an  elec- 
trostatic  developer,  but  also  for  other  particles,  e.g.,  par- 
ticles  that  are  used  in  absorption  chromatography. 
[0007]  Thus  it  is  still  desirable  to  have  a  simple,  inex- 
pensive,  environmentally  sound  method  for  coating  par- 
ticles  with  an  homogenous  surface  layer. 

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

[0008]  It  is  an  object  of  the  present  invention  to  pro- 
vide  a  method  for  coating  carrier  particles  with  chemical 
substances  that  is  simple,  fast  and  reliable  and  that 
makes  it  possible  to  apply  a  thin  homogenous  layer, 
without  interruptions,  on  the  surface  of  the  particles  . 
[0009]  It  is  a  further  object  of  the  invention  to  provide 
a  method  for  coating  carrier  particles  in  an  environmen- 
tal  sound  way  wherein  low  amounts  of  organic  solvent 
are  used. 
[001  0]  It  is  still  an  other  object  of  the  invention  to  pro- 
vide  a  method  for  coating  carrier  particles  wherein  only 
a  low  volume  of  air  is  be  contaminated  by  organic  sol- 
vents  and  wherein  said  contaminated  air  is  easily  puri- 
fied. 
[0011]  Further  objects  and  advantages  of  the  inven- 
tion  will  become  clear  from  the  detailed  description 
hereinafter. 
[001  2]  The  objects  of  the  invention  are  realised  by  pro- 
viding  a  method  for  coating  carrier  particles,  having  a 
volume  average  diameter  between  20  and  200  urn,  for 
use  in  electrostatic  developers,  comprising  the  steps  of  : 

bringing  said  carrier  particles  to  be  coated  in  a  ves- 
sel  equipped  with  means  for  agitating  said  carrier 
particles  ,  so  that  said  carrier  particles  occupy  less 
than  85  %  by  volume  of  said  vessel,  and  the  agita- 
tion  of  the  carrier  particles  is  described  by  a  Froude 
number  between  0.2  and  20, 
adding  a  solution  containing  between  6  and  60  % 
by  weight  with  respect  to  the  total  volume  of  said 
solution  of  chemical  compounds  for  coating  said 
carrier  particles  in  a  solvent  with  a  boiling  point  of  A 
°C  to  said  vessel  at  such  a  rate  that,  at  any  time, 
said  solvent  is  present  in  an  amount  lower  than  1  .25 
10"4  ml  per  cm2  of  surface  of  said  carrier  particles 
to  be  coated  , 
keeping  said  carrier  particles  in  said  vessel  at  a 
temperature  of  at  most  (A  +  1  0)  °C,  and 
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continuously  evacuating  said  solvent. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

[001  3]  It  was  found  that  it  was  possible  to  form  a  loose  s 
bed  of  carrier  particles  by  mechanical  means  instead  of 
by  an  air  flow  as  in  a  fluidised  bed  or  spray  coater.  This 
loose  bed  of  carrier  particles  can  be  formed  in  several 
ways.  In  a  first  embodiment,  the  particles  to  be  coated 
are  brought  in  a  stationary  vessel  equipped  with  a  10 
mechanical  stirrer,  in  a  second  embodiment,  no  stirrer  is 
present  in  the  vessel,  but  the  vessel  is  vibrated  by 
vibrating  means,  e.g.  the  vessel  is  mounted  on  a  vibrat- 
ing  table.  In  a  further  useful  embodiment  of  a  vessel  for 
implementing  the  method  of  this  invention,  the  vessel  is  is 
a  tube,  capped  on  both  ends  and  after  filling  the  tube 
with  carrier  particles  to  be  coated,  the  tube  is  agitated, 
e.g.,  by  rolling  the  tube  parallel  to  its  cylindrical  axis.  A 
vessel  for  implementing  the  method  of  this  invention, 
can  be  of  any  type  and  the  stirring  of  the  carrier  particles  20 
in  the  vessel  can  proceed  by  any  means,  e.g.,  by  inter- 
nal  stirrers  of  any  type,  by  external  vibrating  of  the  ves- 
sel  or  by  rolling  the  vessel,  as  long  as  in  the  vessel  the 
mechanical  agitation  of  the  carrier  particles  is  described 
by  a  Froude  number  between  0.2  and  20,  preferably  25 
between  0.5  and  8,  both  limits  included.  When  the 
Froude  number  was  out  side  of  these  limits  the  carrier 
particles  tend  to  aggregate  or  the  agitation  is  too  heavy, 
so  that  damaging  of  the  carrier  particles  and  the  coating 
can  be  introduced.  30 
The  Froude  number  is  a  description  of  a  specific  ratio  of 
inertia  versus  gravity  forces,  both  forces  being  of  impor- 
tance  in  the  description  of  agitation,  as  is  discussed  in 
the  publication  entitled  KENZAHLEN  UND  AHNLI- 
CHKEITSGESETZE  IM  INGENIEURWESEN,  by  J.  35 
Stichlmair,  p  33,  published  by  Altos-Verlag  Doris  Stichl- 
mair  Essen  1990.  The  Froude  number  can  be  calcu- 
lated  as  a  dimensionless  number  using  the  formula: 

F  =  v2/(gJ)  40 

wherein  v  represents  the  velocity  of  mixing,  e.g.  circum- 
ferential  speed  of  outer  portion  of  mixing  blade  in  m/sec, 
g  is  gravitational  constant  (9.81  m/sec2),  and  i  is  a  typi- 
cal  dimension  of  the  mixing  set-up  expressed  in  m,  e.g.  45 
radius  of  mixing  blade. 
[0014]  In  a  preferred  embodiment  of  this  invention,  the 
vessel  for  implementing  the  method  of  this  invention  is 
equipped  with  a  stirrer  of  which  the  blades  are  essen- 
tially  perpendicular  (i.e.  a  deviation  of  10  degrees  is  so 
acceptable)  to  the  bottom  of  the  vessel.  It  was  possible 
in  such  a  device  to  mix  enough  air  with  the  carrier  parti- 
cles  to  form  a  loose  bed  of  particles.  It  was  found  that  an 
adequate  loose  bed  of  particles  could  be  produced 
when  the  carrier  particles  occupied  at  most  85  %  by  vol-  55 
ume  of  the  vessel.  It  is  preferred  to  rotate  the  stirrer  at 
such  a  velocity  that  within  the  vessel  the  mechanical 
agitation  of  the  particles  is  described  by  a  Froude 

number  between  0.2  and  20,  preferably  between  0.5 
and  8,  both  limits  included.  Although  any  vessel  and 
stirrer  in  a  configuration  described  above  can  be  used, 
it  is  highly  preferred  that  the  vessel  is  basically  cylindri- 
cal  and  that  walls  of  the  cylinder  are  placed  in  a  basi- 
cally  horizontal  plane  and  that  the  shaft  of  the  stirrer  is 
mounted  essentially  parallel  to  the  walls  of  the  cylinder 
and  the  blades  perpendicular  to  these  walls.  A  very  use- 
ful  type  of  mixing  apparatus  to  form  a  loose  bed  of  par- 
ticles  in  the  method  according  to  this  invention  is  a 
ploughshare  mixer.  Such  a  mixer  is,  e.g.,  commercially 
available  from  Gebriider  Lodige  Maschinenbau  GmbH, 
D33050  Paderborn,  Germany.  In  such  a  mixer  the 
blades  on  the  shaft  of  the  stirrer  have  the  shape  of  a 
ploughshare.  Another  interesting  embodiment  is  the 
use  of  a  vessel,  mounted  on  a  vibrating  stage,  as  sold 
by  Fritsch  GmbH,  Industriestrasse  8,  Idar-Oberstein,  W- 
Germany 
[001  5]  When  in  a  mechanically  agitated  vessel  device 
as  described  above,  a  solution  of  a  coating  compound 
containing  between  6  and  60  %  by  weight  with  respect 
to  the  total  volume  of  said  solution  in  a  solvent,  prefera- 
bly  between  1  5  and  40  %  by  weight  with  respect  to  the 
total  volume  of  said  solution  is  added  at  such  a  rate  that 
at  any  time  of  the  coating  process  in  the  method  of  this 
invention  for  every  cm2  of  the  surface  of  all  particles 
present  in  the  vessel  at  most  1  .25  1  0"4  ml  of  solvent  is 
present  in  the  vessel  a  good  coating  of  the  particles 
could  be  assured.  Preferably  the  rate  of  addition  of  the 
solution  containing  the  coating  compound  is  such  that 
for  every  cm2  of  the  surface  of  all  particles  present  in  the 
vessel  at  most  0.6  10"4  ml  of  solvent  is  present  in  the 
vessel.  When  the  surface  of  the  particles  is  calculated 
from  the  average  volume  diameter  of  the  particles, 
(measured  by  sieve  analysis)  assuming  the  particles 
are  a  spherical,  this  amount  boils  down  to  particles  hav- 
ing  a  layer  of  solvent  that  is  at  most  about  1  urn  thick.  By 
keeping  the  amount  of  solvent  low  the  coating  com- 
pounds,  once  adhered  to  the  particles  are  almost  imme- 
diately  dry  and  no  or  very  low  adherence  of  the  particles 
to  each  other  due  to  possible  adhesive  forces  of  the 
coating  compounds  occurs.  The  addition  of  the  solution 
in  the  method  of  this  invention  can  proceed  by  any 
means  for  rate-controlled  injection  of  fluids  known  in  the 
art.  In  can  be  single  or  multiple  injection,  multiple  injec- 
tion  (i.e.  injection  over  several  nozzles)  is  preferred  in 
the  method  of  this  invention  since  it  gives  even  better 
homogeneity  of  the  coating  on  the  particles. 
In  the  method  of  the  invention,  the  temperature  of  the 
loose  bed  of  particles  (i.e.  the  temperature  of  the  parti- 
cles  in  the  vessel)  is  held  at  a  temperature  that  is  at 
most  10  °C  higher  than  the  boiling  point  of  the  solvent 
that  is  used  in  the  solution  containing  the  coating  com- 
pound.  Thus  when  the  boiling  point  of  the  solvent  is  A 
°C,  then  the  temperature  of  the  loose  bed  (i.e.  the  parti- 
cles  in  the  vessel)  is  kept  at  a  temperature  that  is  at 
most  (A  +  1  0)  °C,  preferably  the  temperature  in  the  ves- 
sel  is  at  most  (A  +  5)  °C.  When  a  mixture  of  solvents  is 
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used,  the  temperature  of  the  loose  bed  of  particles  is 
held  at  a  temperature  that  is  at  most  10  °C  higher,  pref- 
erably  at  most  5  °C  higher,  than  the  boiling  point  of  the 
solvent  with  the  lowest  boiling  point.  In  this  invention  the 
boiling  point  means  the  boiling  point  at  the  atmospheric 
pressure  at  which  the  coating  is  carried  out.  When  the 
method  of  this  invention  is  carried  out  at  normal  atmos- 
pheric  pressure-,  the  boiling  point  to  be  considered  is 
the  boiling  point  at  normal  atmospheric  pressure,  when 
the  coating  proceeds  at  lowered  pressure,  then  the  boil- 
ing  point  to  be  considered  is  the  boiling  point  at  that  low- 
ered  pressure. 
[0016]  The  solvent  is  continuously  evaporated.  The 
apparatus  is  preferably  a  closed  system,  and  the  sol- 
vent  is  evaporated  from  the  agitated  vessel,  and  is 
recovered  by  trapping  the  solvent  in  a  cooler. 
[001  7]  The  method  according  to  the  present  invention, 
works  very  well  when  the  particles  to  be  coated  have  an 
average  weight,  Wavg,  calculated  by  multiplying  the  spe- 
cific  gravity  of  the  particles  -  expressed  in  Kg/m3  -  with 
the  average  volume  of  the  particle  calculated  from  the 
average  volume  diameter  -  expressed  in  m  -  of  the  par- 
ticle  while  considering  the  particles  as  a  sphere)  such 
that  1  10"11  Kg  <  Wavg  <  5  10"8  Kg.  The  method  of  this 
invention  is  especially  well  suited  for  coating  particles 
with  an  average  weight  Wavg  such  that  1  10"10  Kg  < 
Wavg<1  10"8Kg. 
[0018]  After  coating  the  coated  particles  can  be  post- 
treated  in  the  vessel  and  the  temperature,  stirring 
speed,  etc.  can  be  adjusted  to  assure  a  good  post-treat- 
ment.  Such  a  post-treatment  can,  e.g.,  be  desirable  to 
evacuate  traces  of  solvent,  of  moisture,  etc.  The  post- 
treatment  can  also  be  desirable  to  harden  the  coating. 
The  post-treatment  can  proceed  inside  the  vessel 
wherein  the  coating  by  the  method  of  this  invention  has 
been  carried  out,  as  well  as  outside  the  vessel,  if  so 
desired,  in  a  rolling  drum,  an  oven  etc.  During  post- 
treatment,  the  coated  particles  can  be  agitated  as  well 
as  not. 
[001  9]  The  method  of  this  invention  is  very  well  suited 
to  produce  particles  with  a  layered  coating.  The  method 
of  this  invention,  makes  it  possible  to  coat  particles  with 
a  very  thin,  homogeneous  layer  of  chemical  compounds 
and  thus  the  application  of  several  such  layers  by  this 
method  poses  little  or  no  problems.  It  is,  e.g.,  possible  to 
coat  particles  in  a  method  according  to  this  invention 
with  a  primer  layer  designed  to  help  the  adherence  of 
the  functional  layer  to  the  particles.  This  primer  layer 
can  then,  if  desired  receive  a  post-treatment  as 
described  above,  and  then  the  particles  with  the  primer 
layer  are  further  coated  with  a  functional  layer  in  a 
method  according  to  this  invention.  Then,  if  desired,  the 
particles  with  primer  layer  and  functional  layer  can 
receive  a  post-treatment  as  described  above.  An  then  it 
is  possible  to  overcoat,  in  the  method  of  this  invention, 
the  functional  layer  on  the  particles  with  a  protective 
layer.  When  coating  multiple  layers,  the  solvent  of  the 
various  compositions,  the  reaction  temperatures,  the 

Froude  numbers  are  adjusted,  within  the  limits 
described  in  this  document,  to  have  the  desired  coating 
thickness,  strength,  etc.. 
[0020]  The  method  according  to  the  present  invention 

5  is  also  very  suited  to  coat  particles  for  use  in  chroma- 
tography. 
[0021]  Carrier  particles  coated  in  a  method  of  the 
present  invention  can  be  used  to  prepare  multi  -compo- 
nent  developers  for  use  in  electrostatographic  methods 

10  were  an  electrostatic  latent  image  has  to  be  developed, 
e.g.,  ionography,  electrophotography  as  well  as  in  elec- 
trostatographic  methods  were  toner  particles  are 
directly  image-wise  applied  to  a  final  image  receiving 
substrate  as  in  Direct  Electrostatic  Printing,  described  in 

15  e.g.  EP-A-675  417. 
[0022]  When  the  developer  is  used  ,e.g.  in  cascade 
development,  the  carrier  particles  can  be  glass  particles 
that  have  been  coated  in  the  method  according  to  this 
invention,  when  the  developer  is  used  in  magnetic  brush 

20  development,  the  carrier  particles  contain  magnetic 
material  or  are  magnetic  particles.  The  method  of  this 
invention  can  be  used  to  coat  composite  carriers  (car- 
rier  wherein  a  magnetic  pigment  is  incorporated  in  a 
matrix,  this  matrix  being  e.g.  a  resin,  glass,  etc..)  as 

25  well  as  carriers  composed  of  pure  magnetic  material. 
As  magnetic  material  as  well  metal,  metaloxides,  as  any 
magnetisable  material  can  be  used,  the  metal  and  metal 
derivatives  of  metals  typically  selected  from  the  group  of 
Ca,  Cr,  Mn,  Fe,  Co,  Ni,  Cu,  and  Zn. 

30  [0023]  The  method  according  to  the  present  invention 
can  be  used  for  any  type  of  coating,  it  can  be  used  to 
coat  polymers  on  the  particles,  e.g.,  addition  polymers 
comprising  styrene  moieties,  acrylic  moieties,  etc., 
addition  polymers,  e.g.,  polyesters,  polyamides,  polyim- 

35  ides  etc.,  polymers  comprising  fluor  containing  moie- 
ties,  silicon  containing  polymers,  etc.  The  method  can 
as  well  be  used  to  coat  particles  with  mixtures  of  poly- 
mers.  The  method  of  this  invention  can  also  be  used  to 
coat  reactive  mixtures  on  the  particles,  e.g.,  silicone  pol- 

40  ymers  together  with  functional  organosilanes  as  dis- 
closed  in  US-A-4  977  054.  The  method  of  this  invention 
is  very  well  suited  for  coating  particles  with  a  solution  of 
chemical  compounds  that  are  selected  from  the  group 
consisting  of  a  monomeric,  polyfunctional  organosilane, 

45  a  product  of  the  hydrolysis  of  a  monomeric,  polyfunc- 
tional  organosilane,  a  reaction  product  of  a  monomeric, 
polyfunctional  organosilane  and  a  organosilane  con- 
taining  an  hetero-atom  and  a  reaction  product  of  a  mon- 
omeric,  polyfunctional  organosilane  and  an  alkoxide. 

so  These  compounds  have  been  disclosed  as  carrier  coat- 
ing  in  the  German  Application  19721626.9  of  May  23, 
1997,  titled  coated  particles,  that  is  incorporated  by  ref- 
erence. 

A  small  laboratory  equipment  is  described,  comprising 
a  2  I  three-neck  glass  vessel,  equipped  with  a  mechan- 
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ical  stirrer,  a  condenser  and  a  n  injection  system  for  the 
coating  solution.  The  vessel  is  filled  with  1  kg  of  ferrite 
powder,  with  a  specific  gravity  of  5  g/cm3  and  a  volume 
average  particle  size,  determined  by  sieve  analysis  of 
50  urn,  thus  giving  a  Wavg-value  of  3.3  10"10  Kg.  100  ml 
of  coating  solution  containing  10  g  of  a  styrene/acrylic 
copolymer  in  methylenechloride  is  added  drop-wise 
over  60  minutes.  The  product  temperature  (the  temper- 
ature  of  the  particles)  is  set  at  45  °C,  and  a  small  under- 
pressure  is  used  to  remove  evaporated  solvent.  The 
particles  are  stirred  at  300  rpm.  The  radius  of  the  stir- 
ring  blade  being  5  cm.  This  set-up  is  characterised  by  a 
Froude  number  equal  to  5.  After  addition  of  the  coating 
solution,  the  temperature  is  risen  to  75  °C  for  2  hours  to 
remove  all  solvent  and  harden  the  coating.  Visual 
inspection  by  microscope  reveals  high  quality  of  the 
coating.  An  electrophotographic  developer  was  pre- 
pared  by  admixing  5%  of  toner.  Good  performance  was 
observed  in  a  copying  device. 

Claims 

1  .  A  method  for  coating  carrier  particles,  having  a  vol- 
ume  average  diameter  between  20  and  200  urn,  for 
use  in  electrostatic  developers,  comprising  the 
steps  of  : 

bringing  said  carrier  particles  to  be  coated  in  a 
vessel  equipped  with  means  for  agitating  said 
carrier  particles  ,  so  that  said  carrier  particles 
occupy  less  than  85  %  by  volume  of  said  ves- 
sel,  and  the  agitation  of  the  carrier  particles  is 
described  by  a  Froude  number  between  0.2 
and  20, 
adding  a  solution  containing  between  6  and  60 
%  by  weight  with  respect  to  the  total  volume  of 
said  solution  of  chemical  compounds  for  coat- 
ing  said  carrier  particles  in  a  solvent  with  a  boil- 
ing  point  of  A  °C  to  said  vessel  at  such  a  rate 
that,  at  any  time,  said  solvent  is  present  in  an 
amount  lower  than  1  .25  10"4  ml  per  cm2  of  sur- 
face  of  said  carrier  particles  to  be  coated  , 
keeping  said  carrier  particles  in  said  vessel  at  a 
temperature  of  at  most  (A  +  10)  °C,  and 
continuously  evacuating  said  solvent. 

2.  A  method  according  to  claim  1,  wherein  said 
Froude  number  is  between  0.5  and  8  both  limits 
included. 

3.  A  Method  according  to  claim  1  or  2,  wherein  said 
solution  contains  between  1  5  and  40  %  by  weight 
with  respect  to  the  total  volume  of  said  solution  of 
chemical  compounds  for  coating  said  particles. 

4.  A  method  according  to  any  of  claims  1  to  3,  wherein 
said  solution  is  added  to  said  vessel  at  a  rate  that, 
at  any  time,  said  solvent  is  present  in  an  amount 

lower  than  0.6  10"4  ml  per  cm2  of  surface  of  said 
particles  to  be  coated. 

5.  A  method  according  to  any  of  claims  1  to  4,  wherein 
5  said  carrier  particles  have  an  average  weight  Wavg 

such  that  1  .  10"11  Kg  <  Wavg  <  5  10"8  Kg. 

6.  A  method  according  to  any  of  claims  1  to  4,  wherein 
said  carrier  particles  have  an  average  weight  Wavg 

w  such  that  1  1  0"1  0  Kg  <  Wavg  <  1  1  0"8  Kg. 

7.  A  method  according  to  any  of  claims  1  to  6,  wherein 
said  vessel  with  a  mechanical  mixer  is  a  plough- 
share  mixer. 

15 
8.  A  method  according  to  any  of  claims  1  to  7,  wherein 

said  chemical  compounds  are  selected  from  the 
group  consisting  of  (a  monomeric,  polyfunctional 
organosilane,  an  hydrolysis  product  of  a  mono- 

20  meric,  polyfunctional  organosilane,  a  reaction  prod- 
uct  of  a  monomeric,  polyfunctional  organosilane 
and  a  organosilane  containing  an  heteroatom  and  a 
reaction  product  of  a  monomeric,  polyfunctional 
organosilane  and  an  alkoxide. 

25 
9.  A  method  according  to  any  of  the  preceding  claims 

wherein  said  carrier  particles  comprise  magnetic 
material. 

5 
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