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Description 

Field  of  the  Invention 

The  invention  is  in  the  field  of  thermally  assisted 
toner  transfer  procedures. 

Description  of  the  Prior  Art 

In  electrostatic  copying,  an  electrostatic  latent 
image  is  formed  on  an  element.  That  image  can  be 
developed  into  a  visible  image  by  the  application  of 
toner  powder  thereover.  The  resulting  toned  image  is 
then  transferred  from  the  element  to  a  receiver  to 
which  the  transferred  toned  image  is  fixed,  usually  by 
heat  fusion.  The  transfer  of  the  toned  image  to  the  re- 
ceiver  has  usually  heretofore  been  accomplished 
electrostatically,  using  an  electrostatic  bias  applied 
between  the  receiver  and  the  element. 

In  order  to  produce  copies  of  very  high  resolution, 
it  is  necessary  to  use  toner  particles  that  have  a  very 
small  particle  size,  that  is,  less  than  about  8  microme- 
ters. 

Electrostatic  transfer  of  such  very  small  toner 
particles,  particularly  of  those  having  a  particle  size 
less  than  about  6  micrometers,  is  difficult  to  accom- 
plish  because,  the  forces  of  adhesion  holding  the  par- 
ticles  to  the  photoconductorare  greater  than  the  elec- 
trostatic  transfer  forces  that  can  be  applied.  More- 
over,  Coulombic  repulsion  between  the  particles 
tends  to  scatter  such  particles  causing  loss  in  trans- 
ferred  image  resolution  and  increase  in  grain  and 
mottle.  To  avoid  these  problems  a  non-electrostatic 
transfer  process  must  be  used  with  toned  images  of 
such  particles. 

One  suitable  such  transfer  process  is  provided  by 
the  teaching  of  U.S.  Patent  No.  4,927,727,  entitled 
"Thermally  Assisted  Transfer  of  Small  Electrostato- 
graphic  Toner  Particles",  wherein  a  thermally  assist- 
ed  transfer  procedure  is  utilized.  A  receiver  is  heated, 
so  that,  in  the  transfer  nip  the  temperature  typically 
is  in  the  range  of  about  60  to  about  90°  C,  and  is  con- 
tacted  against  the  toned  image  formed  on  the  ele- 
ment.  The  heated  receiver  sinters  the  toner  particles, 
causing  them  to  stick  to  each  other  and  to  the  receiv- 
er,  thereby  effecting  a  transfer  of  the  toned  image 
from  the  element  to  the  receiver.  The  element  and  the 
receiver  are  separated,  while  still  hot.  Subsequently, 
the  transferred  toned  image  is  fused  to  the  receiver. 
This  process  is  sometimes  called  the  thermally  as- 
sisted  transfer  process.  This  process  is  useful,  but 
suffers  from  the  disadvantage  that,  while  scattering 
is  avoided,  some  toner  particles  may  not  transfer 
from  the  element.  Moreover,  it  is  frequently  neces- 
sary  to  add  a  release  agent  to  the  photoconductor. 
The  use  of  a  release  agent  can  be  avoided  if  a  receiv- 
er  bearing  a  thermoplastic  resin  is  used.  However, 
this  restricts  the  types  of  receivers  that  can  be  used. 

Another  suitable  transfer  process  is  provided  by 
the  teaching  of  EP-A-0  354  530,  which  discloses  the 
non-electrostatic  transfer  of  toner  particles  onto  a 
pretreated  receiver  having  a  polymer  layer  and  a  re- 

5  lease  agent. 
However,  so  far  as  now  known,  no  thermally  as- 

sisted  transfer  process  is  known  by  which  a  high  re- 
solution  toner  powder  image  comprised  of  very  small 
toner  particles  can  be  transferred  from  an  element  to 

10  a  receiver  that  is  treated  at  the  time  of  copying  with 
a  preliminary  coating  produced  from  toner  particles. 

Summary  of  the  Invention 

15  This  invention  is  directed  to  a  process  for  produc- 
ing  a  thermally  assisted  transferred  toned  image  of 
small  toner  particles  upon  a  receiver. 

In  one  embodiment,  the.  present  invention  is  di- 
rected  to  a  transfer  method  of  producing  a  receiver  by 

20  first  developing  from  approximately  one  to  approxi- 
mately  three  monolayers  of  a  nonmarking  (clear  or 
uncolored)  toner  onto  a  member.  The  member  need 
not  be  a  photoconductor.  Development  can  be  ac- 
complished  by  any  suitable  manner  including  corona 

25  charging  the  memberand  electrostatically  depositing 
clear  toner  onto  it,  pouring  the  correct  amount  of  toner 
onto  it,  etc.  Preferable  would  be  the  use  of  a  member 
which  consists  of  or  contains  an  electrically  conduc- 
tive  element.  This  element  is  grounded.  If  desired  a 

30  release  agent  can  be  used  with  the  member.  Toner  is 
deposited  onto  the  member  using  a  biased  magnetic 
development  brush.  The  bias  is  set  so  that,  prefer- 
ably,  the  member  is  coated  with  at  least  one,  but  fewer 
than  three,  monolayers  of  nonmarking  toner  partic- 

35  les.  The  size  of  the  particles  is  not  critical  but  should 
have  a  median  volume  weighted  diameter  less  than 
12  micrometers  but  greater  than  approximately  4  mi- 
crometers.  The  size  can  be  adjusted  to  allow  good 
transfer  to  the  receiver.  The  nonmarking  toner  is 

40  transferred  to  the  receiver  (preferably  paper)  using 
any  suitable  technology.  It  is  preferable  to  use  ther- 
mal  assisted  transfer,  especially  if  the  nonmarking 
particles  are  less  than  approximately  8  micrometers 
in  diameter.  The  role  of  the  nonmarking  particles  in 

45  this  instance  is  to  serve  as  a  thermoplastic  layer  so 
as  to  augment  the  thermally  assisted  transfer  of  the 
marking  particles.  While  the  receiver  can  be  used 
without  further  treatment,  it  is  preferable  to  enhance 
the  attachment  of  the  nonmarking  toner  particles  pri- 

50  or  to  the  transfer  of  the  imaging  particles  by  fusing, 
ferrotyping,  or  any  other  appropriate  means.  The  role 
of  the  nonmarking  particles  is  to  create  a  surface  in 
which  the  imaging  particles  can  partially  embed.  To 
create  color  images,  appropriate  separations  can  be 

55  transferred,  in  register,  sequentially  to  the  receiver. 
Alternatively,  color  separations  can  be  developed  in 
register,  followed  by  the  single  transfer  of  the  entire 
image  to  the  nonmarking  toner  bearing  receiver.  Sub- 
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sequent  fixing  can  be  done  in  any  suitable  manner.  If 
desired  a  release  agent  can  be  used  on  the  photocon- 
ductor  to  enhance  transfer  and  the  subsequent  re- 
lease  of  the  receiver,  preferably  while  still  hot,  from 
the  photoconductor.  To  ensure  good  transfer  and  re- 
lease,  it  is  preferable  that  the  layer  of  nonimaged  to- 
ner  have  a  surface  energy  between  approximately  35 
and  45  dynes/cm.  The  key  features  of  this  technology 
are: 

A  layer  of  noni  maging  toner,  which  is  greater  than 
approxi  mately  one  monolayer  but  not  greater  than  ap- 
proximately  three  monolayers,  is  developed  onto  a 
member.  The  nonmarking  toner  is  then  transferred  to 
the  receiver  and,  preferably,  fixed  to  the  receiver.  The 
imaging  toner  is  then  transferred  to  the  receiver  using 
thermal  assisted  transfer.  This  requires  that  the  toner 
partially  embed  into  the  layer  created  by  the  non- 
marking  particles  and  that  the  receiver  be  subse- 
quently  separable  from  the  photoconductor.  Subse- 
quently,  the  image  is  permanently  fixed  to  the  receiv- 
er.  Typical  voltages  needed  to  get  good  coverage  of 
the  clear  toner  are  in  the  range  of  1  00  to  400  volts,  de- 
pending  on  toner  charge. 

In  another  embodiment  of  the  present  invention 
a  direct  method  of  producing  a  receiver  for  thermal 
assisted  transfer  is  utilized.  This  technology  is  similar 
to  that  described  above  except  that  the  nonmarking 
toner  particles  are  directly  deposited  onto  the  receiv- 
er.  While  any  appropriate  method  of  deposition  would 
do,  the  preferred  mode  is  to  use  a  magnetic  brush, 
appropriately  biased,  to  develop  a  layer  of  nonmark- 
ing  toner  on  the  receiver.  To  ensure  proper  develop- 
ment  it  is  important  that  a  grounded  electrically  con- 
ductive  layer  be  behind  the  receiver  during  the  devel- 
opment.  While  this  can  be  done  by  appropriately  coat- 
ing  the  back  of  the  receiver,  it  is  preferable  to  have  a 
metal  plate  behind  the  receiver.  This  process  has  the 
advantage  over  the  transfer  method  process  of  not  re- 
quiring  the  transfer  of  the  nonmarking  toner,  thereby 
simplifying  the  process  and  the  necessary  equip- 
ment,  and  can,  conceivably,  operate  at  a  higher  proc- 
ess  speed.  However,  the  physical  properties  of  the  re- 
ceiver  result  in  the  laydown  of  the  nonmarking  toner 
particles  being  distinctly  less  uniform  that  with  the 
transfer  method.  Moreover,  the  nonuniformities  of 
the  receiver  require  that  substantially  higher  voltages 
be  used  (typically  200  -  500  volts)  in  order  to  have 
adequate  coverage  It  is  also  important  that,  in  this 
process,  the  non-marking  image  be  permanently 
fixed  to  the  receiver  prior  to  the  transfer  of  the  mark- 
ing  particles.  While  any  mode  of  fixation  will  suffice, 
the  preferred  method  is  ferrotyping. 

The  present  invention  also  provides  a  new  and 
improved  class  of  imaged  receivers  that  have  heat 
fused  on  one  surface  thereof  a  continuous  coating  of 
nonmarking  toner  particles  and  an  overcoated  heat 
fused  image  comprised  of  imaging  or  marking  toner 
particles. 

The  present  invention  provides  techniques  for 
electrographically  producing  high  quality  black  and 
white  copies  or  full  color  copies  on  graphic  arts  paper 

5  or  other  commercially  available  receiver  sheets. 
The  present  invention  is  advantageous  as  it  per- 

mits  the  transfer  of  images  to  be  made  with  toner 
powders  having  median  volume  weighted  diameters 
of  less  than  about  8  micrometers.  It  also  permits  the 

10  user  to  select  a  wide  range  of  receivers  whi  le  preserv- 
ing  the  look  and  "feel"  of  the  receiver. 

The  present  invention  extends  the  technology  of 
the  so  called  thermally  assisted  contact  transfer  proc- 
ess  so  that  this  process  can  be  used  with  receivers, 

15  such  as  various  kinds  of  paper,  plastic  sheets,  and 
the  like,  which  do  not  need  to  be  specially  prepared, 
as  by  the  application  of  a  polymer  coating  thereto,  be- 
fore  being  used  as  a  substrate  upon  which  a  high  re- 
solution  image  comprised  of  small  sized  toner  partic- 

20  les  is  formed.  This  eliminates  the  need  for  release 
agents  on  the  photoconductor  and  permits  the  use  of 
rougher  receivers. 

Description  of  the  Preferred  Embodiment 
25 

The  term  "particle  size",  as  used  herein,  or  the 
term  "size",  or  "sized"  as  employed  herein  in  refer- 
ence  to  the  term  "particles",  means  the  mean  volume 
weighted  diameter  as  measured  by  conventional  di- 

30  ameter  measuring  devices,  such  as  a  Coulter  Multis- 
izer,  sold  by  Coulter,  Inc.  Mean  volume  weighted  di- 
ameter  is  the  sum  of  the  mass  of  each  particle  times 
the  diameter  of  a  spherical  particle  of  equal  mass  and 
density,  divided  by  total  particle  mass. 

35  The  term  "glass  transition  temperature"  or  "Tg" 
as  used  herein  means  the  temperature  at  which  an 
amorphous  material  changes  from  a  glassy  state  to  a 
liquid  state.  This  temperature  (Tg)  can  be  measured 
by  differential  thermal  analysis  as  disclosed  in  N.  F. 

40  Mott  and  E.A.  Davis,  "Electronic  Processes  in  Non- 
Crystalline  Materials,"  Oxford  Press  (1971). 

The  term  "melting  temperature"  or  "Tm"  as  used 
herein  means  the  temperature  at  which  a  crystalline 
material  changes  from  a  solid  state  to  a  liquid  state. 

45  This  temperature  (Tm)  can  be  measured  by  differen- 
tial  thermal  analysis  as  disclosed  above. 

The  term  "surface  tension"  or  "surface  energy" 
as  used  herein  means  the  energy  needed  to  create  a 
unit  area  of  surface  from  the  bulk  of  a  given  material. 

so  Surface  tension  or  surface  energy  can  be  measured 
by  the  contact  angle  procedure  disclosed  in  Rev. 
Mod.  Phys.  57,  827-863  (1985). 

The  term  "element"  as  used  herein  refers  to  any 
of  the  known  electrographic  elements  including  pho- 

55  toconductor  elements,  graphic  elements,  dielectric 
recording  elements,  and  like  electrographic  ele- 
ments.  Examples  of  such  elements  can  be  found  in, 
for  instance,  U.S.  Patent  Nos.  4,175,960  and 
3,615,414. 
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The  term  "receiver"  as  used  herein  refers  to  a 
substrate  upon  which  a  toner  powder  image  is  trans- 
ferred  and  subsequently  heat  fused  or  otherwise  per- 
manently  fixed.  Examples  of  suitable  substrates  in- 
clude  paper,  plastic  film,  such  as  films  of  polyethy- 
lene  terephthalate,  polycarbonate,  or  the  like,  which 
are  preferably  transparent  and  therefore  useful  in 
making  transparencies,  and  the  like.  The  substrate 
must  not  melt,  soften,  or  lose  mechanical  integrity 
during  transfer,  sintering,  or  fixing  of  toner  particles 
as  taught  herein.  Preferred  substrates  do  not  readily 
absorb  the  thermoplastic  polymer  matrix  nonmarking 
of  the  toner  particles  when  the  particles  are  being 
heat  fused,  so  that  the  polymer  tends  to  stay  on  the 
surface  portions  of  a  substrate  and  to  form  a  good 
bond  thereto.  However,  the  image  bearing  toner  may 
migrate  into  the  clear  toner  layer.  Substrates  having 
a  smooth  surface  will  tend  to  result  in  a  betterquality 
heat  fused  image.  Paper  substrates  preferably  have 
an  average  surface  roughness  which  is  less  than 
about  1  0(j.  m,  as  measured  using  a  Surtronic-3  Pro- 
filometer  manufactured  by  Rank  Taylor  Hobson.  Pa- 
per  is  a  presently  preferred  support.  In  general,  a 
flexible  receiver  is  particularly  desirable. 

The  term  "locations  of  contact"  as  used  herein  in 
relation  to  toner  particles  employed  in  the  practice  of 
this  invention  and  to  surfaces  contacted  thereby  re- 
fers  to  localized  regions  on  individual  toner  particle 
surfaces  which  are  in  contact  either  with  one  another, 
or  with  the  surface  upon  which  such  a  particle  is  de- 
posited. 

The  term  "sinters"  or  "sintering"  as  used  herein  in 
relation  to  toner  particles  employed  in  the  practice  of 
this  invention  refers  to  bonding  or  fusion  that  is  ther- 
mally  achieved  at  locations  of  contact  existing  either 
between  adjacent  toner  particles  or  between  toner 
particles  and  an  adjacent  surface.  The  term  "sinter" 
and  equivalent  forms  is  distinguished  for  present  pur- 
poses  from  a  term  such  as  "melts",  "melting",  "melt", 
"melt  fusion"  or  "heat  fusion."  In  heat  fusion,  in  re- 
sponse  to  sufficient  applied  thermal  energy,  toner 
particles  tend  to  lose  their  discrete  individual  identi- 
ties  to  melt,  and  to  blend  together  into  a  mass,  as 
when  a  toner  powder  is  heat  fused  and  thereby  bond- 
ed  or  fixed  to  a  receiver. 

The  clear  toner  particles  employed  in  the  practice 
of  this  invention  have  a  particle  size  in  the  range  of 
about  3  to  about  12  micrometers,  and  preferably  in  the 
range  of  about  5  to  9  micrometers.  Such  a  particle 
size  range  is  approximately  commensurate  with,  for 
example,  the  roughness  of  preferred  paper  sub- 
strates  used  as  receivers  in  the  practice  of  the  inven- 
tion,  thereby  enhancing  efficient  transferability  of  the 
toner  particles  to  the  receivers.  Smaller  sized  toner 
particles  are  difficult  to  deposit  or  transfer  while  larg- 
er  toner  particles  create  a  thick  thermoplastic  poly- 
meric  layer  on  the  eceiver  which  may  present  difficul- 
ties  in  transferring  an  image,  adversely  affecting  im- 

age  quality  or  significantly  altering  the  look  or  feel  of 
the  receiver. 

The  clear  toner  particles  are  comprised  of  a  ther- 
5  moplastic  polymer  which  preferably  has  a  glass  tran- 

sition  temperature  in  the  range  of  about  40  to  about 
80°  C,  although  thermoplastic  polymers  which  have 
somewhat  higher  and  lower  Tgs  can  be  employed,  if 
desired.  Preferably  such  a  thermoplastic  polymer  has 

10  a  melting  temperature  (Tm)  which  is  in  the  range  of 
about  80  to  about  120°  C  although  polymers  with 
somewhat  higher  or  lower  melting  temperatures  can 
be  used.  Preferably,  such  a  thermoplastic  polymer 
also  has  a  surface  tension  in  the  range  of  about  35  to 

15  about  45  dynes  per  centimeter,  although  thermoplas- 
tic  polymers  can  have  a  somewhat  higher  or  lower 
surface  energy,  if  desired.  Preferably  a  given  group 
of  such  particles  used  in  the  practice  of  this  invention 
has  a  narrow  particle  size  distribution.  For  example, 

20  a  size  (standard)  deviation  in  the  range  of  about  +  3 
micrometers  from  a  mean  particle  size  is  presently 
preferred,  although  somewhat  larger  and  smaller 
such  deviations  can  be  employed,  if  desired. 

The  nonmarking  toner  particles  preferably  utilize 
25  a  polymer  which  is  substantially  transparent  to  visible 

light.  Such  particles  preferably  contain  substantially 
no  colorant  (i.e.,  a  dye  or  pigment).  However,  if  de- 
sired,  a  colorant  may  be  incorporated  into  a  group  of 
particles  whose  color  matches,  or  approximates,  the 

30  color  of  a  particular  receiver  with  which  the  nonmark- 
ing  particles  are  to  be  used. 

The  marking  toner  particles  employed  in  the 
practice  of  the  invention  have  a  particle  size  in  the 
range  of  about  3  to  about  8  micrometers  and  are  com- 

35  prised  of  a  thermoplastic  polymer  which,  like  the  non- 
marking  toner  particles,  has  a  Tg  in  the  range  of  about 
40°  to  about  80°  C.  The  marking  particles  can  have 
somewhat  larger  and  smaller  particle  sizes  and  Tgs, 
if  desired.  Preferably  such  a  thermoplastic  polymer 

40  hasamelting  point  or  temperature  (Tm)  which  is  in  the 
range  of  about  80  to  about  120°  C,  although  polymers 
with  somewhat  higher  or  lower  melting  temperatures 
can  be  used.  The  particle  size  distribution  is  prefer- 
ably  comparable  to  the  distribution  above  indicated 

45  for  the  nonmarking  particles. 
The  marking  toner  particles  preferably  are  com- 

pounded  with  a  colorant  having  the  appropriate  color 
for  a  desired  toned  image.  Black  is  a  preferred  color. 
Multi-colored  toned  images  can  be  transferred  in  ac- 

50  cordance  with  this  invention.  If  multi-colored  toned 
images  are  contemplated,  then  the  marking  toner 
particles  need  to  be  compounded  with  appropriate 
colorants.  Conventional  colorants  are  employed. 

The  marking  toner  particles  likewise  preferably 
55  contain  a  charge  agent  incorporated  thereinto.  On  a 

100  weight  percent  basis,  preferred  marking  toner 
particles  comprise  about  0.05  to  about  5  weight  per- 
cent  of  charge  agent,  about  5  to  about  20  weight  per- 
cent  of  colorant,  and  the  balance  thermoplastic  poly- 

4 
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mer.  Conventional  charge  agents  can  be  used. 
Both  the  nonmarking  and  the  marking  toner  par- 

ticles  can  be  comprised  of  polymers  such  as,  for  ex- 
ample,  amorphous  polyesters,  styrene  butylacrylate 
copolymers,  polystyrene,  polyesteramides,  and  the 
like. 

In  both  toner  particles  the  polymer  employed 
more  preferably  has  a  glass  transition  temperature  or 
Tg  in  the  range  of  about  55  to  70°  C.  Preferably  such 
toner  particles  also  have  relatively  high  caking  tem- 
peratures,  for  example,  higher  than  about  55°  C,  so 
that  the  toner  powders  can  be  stored  for  relatively 
long  periods  of  time  at  relatively  high  temperatures 
with  little  or  no  individual  particle  agglomeration  or 
clumping. 

In  the  practice  of  the  process  of  this  invention, 
one  first  uniformly  deposits  upon  a  substrate  a  coat- 
ing  which  is  comprised  of  nonmarking  toner  particles, 
as  above  characterized.  The  coating  is  preferably 
fixed  to  the  receiver  substrate  by  such  processes  as 
fusing,  ferrotyping,  etc.  in  the  indirect  transfer  meth- 
od  while  it  must  be  fixed  in  the  direct  transfer  method. 

In  general,  a  uniform  coating  of  toner  particles 
should  cover  substantially  the  entire  surface  of  the  re- 
ceiver.  The  coating  thickness  should  range  from  ap- 
proximately  a  monolayer  of  the  toner  particles  up  to 
a  thickness  of  about  3  monolayers  of  the  toner  par- 
ticles,  although  lesser  or  greater  thicknesses  may  be 
used  if  desired. 

In  one  embodiment,  a  receiver  is  produced  by 
first  developing  from  about  one  to  about  three  mono- 
layers  of  a  nonmarking  (clear  or  uncolored)  toner  onto 
a  member,  preferably  containing  an  electrically  con- 
ductive  element.  Development  can  be  accomplished 
by  any  suitable  manner  including  corona  charging  the 
member  and  electrostatically  depositing  clear  toner 
onto  it,  pouring  the  correct  amount  of  toner  onto  it,  etc. 
If  desired  a  release  agent  can  be  used  with  the  mem- 
ber.  Toner  is  deposited  onto  the  member  using  a 
biased  magnetic  development  brush.  The  size  of  the 
particles  is  not  critical  but  should  have  a  median  vol- 
ume  weighted  diameter  less  than  12  micrometers  but 
greater  than  approximately  4  micrometers.  The  size 
can  be  adjusted  to  allow  good  transfer  to  the  receiver. 
The  nonmarking  toner  is  transferred  to  the  receiver 
(preferably  paper)  by  conventional  means  such  as 
thermal  assisted  transfer,  especially  if  the  nonmark- 
ing  particles  are  less  than  approximately  8  microme- 
ters  in  diameter.  While  the  receiver  can  be  used  with- 
out  further  treatment,  it  is  preferable  to  enhance  the 
attachment  of  the  nonmarking  toner  particles  prior  to 
the  transfer  of  the  imaging  particles  by  fusing,  ferro- 
typing,  or  any  other  appropriate  means  to  create  a 
surface  in  which  the  imaging  particles  can  partially 
embed.  To  create  color  images,  appropriate  separa- 
tions  can  be  transferred,  in  register,  sequentially  to 
the  receiver.  Alternatively,  color  separations  can  be 
developed  in  register,  followed  by  the  single  transfer 

of  the  entire  image  to  the  nonmarking  toner  bearing 
receiver.  Subsequent  fixing  can  be  done  in  any  suit- 
able  manner.  If  desired  a  release  agent  can  be  used 

5  on  the  photoconductor  to  enhance  transfer  and  the 
subsequent  release  of  the  receiver,  preferably  while 
still  hot,  from  the  photoconductor.  To  ensure  good 
transfer  and  release,  it  is  preferable  that  the  layer  of 
nonimaged  toner  have  a  surface  energy  between  ap- 

10  proximately  35  and  45  dynes/cm. 
In  another  embodiment  of  the  present  invention 

a  direct  method  of  producing  a  receiver  for  thermal 
assisted  transfer  is  utilized.  This  method  is  similar  to 
that  described  above  except  that  the  nonmarking  to- 

rs  ner  particles  are  directly  deposited  onto  the  receiver. 
While  any  appropriate  method  of  deposition  is  suit- 
able,  the  preferred  mode  is  to  use  a  magnetic  brush, 
appropriately  biased,  to  develop  a  layer  of  nonmark- 
ing  toner  on  the  receiver.  To  ensure  proper  develop- 

20  ment  it  is  important  that  a  grounded  electrically  con- 
ductive  layer  be  behind  the  receiver  during  the  devel- 
opment.  While  this  can  be  done  by  appropriately 
coating  the  back  of  the  receiver,  it  is  preferable  to 
have  a  metal  plate  behind  the  receiver.  In  this  embodi- 

25  ment,  the  nonmarking  toner  attachment  must  be  en- 
hanced  by  fusing,  ferrotyping,  etc. 

The  term  "release  agent"  as  used  herein  refers  to 
a  substance  which,  when  present  at  the  time  when 
two  surfaces  are  contacted  together  particularly  at 

30  elevated  temperature,  either  prevents  bonding  or 
sticking  from  occurring  between  such  surfaces  or,  if 
bonding  does  occur,  causes  a  bond  of  such  a  low 
strength  to  result  that  the  two  surfaces  can  subse- 
quently  be  separated  without  leaving  any  substantial 

35  fragments  of  one  surface  embedded  in  or  adhering  to 
the  other.  Preferred  release  agents  for  use  in  the 
present  invention  have  a  low  surface  energy  which  is 
preferably  less  than  about  40  dynes/centimeter.  Are- 
lease  agent  should  not  be  chemically  reactive  with  a 

40  polymer  or  developer  employed  in  the  practice  of  this 
invention  or  otherwise  affect  the  development  proc- 
ess.  Examples  of  suitable  release  agents  for  use  in 
this  invention  include  nonpolar  compounds,  such  as 
hydrophobic  metal  salts  of  organic  fatty  acids,  as  for 

45  instance,  zinc  stearate,  nickel  stearate,  zinc  palmi- 
tate,  and  the  like;  polysiloxanes  including  siloxane 
copolymers,  such  as  poly[4,4'-isopropylidene- 
diphenylene-co-block-poly(dimethylsiloxanediol)  se- 
bacate];  and  the  like;  fluorinated  hydrocarbons;  per- 

50  fluorinated  polyolefins;  semi-crystalline  polymers, 
such  as  certain  polyethylenes,  polypropylenes,  and 
the  like.  Polysiloxane  release  agents  are  presently 
preferred. 

The  process  steps  of  this  invention  are  suitable 
55  for  a  continuous  process,  such  as  in  a  document 

copying  machine,  or  the  like. 
A  receiver  that  has  been  produced  in  accordance 

with  the  process  of  this  invention  has  on  one  surface 
thereof  a  continuous  fixed  coating  of  clear  toner  par- 

5 
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tides  that  has  been  overcoated  with  a  heatfused  ton- 
ed  image  of  marking  toner  particles. 

The  invention  is  illustrated  by  the  following  exam- 
ples. 

Example  1: 

A  black  and  white  image  consisting  of  both  con- 
tinuous  tone  and  alpha-numeric  regions  is  developed 
on  the  imagable  surface  of  an  organic  photoconduc- 
tor  using  a  styrene  butylacrylate  based  toner  with  a 
median  volume  weighted  diameter  of  approximately 
4.5  micrometers.  The  image  is  transferred  to  a  graph- 
ic  arts  paper  known  as  "Lustra  Offset  Enamel"  toner 
available  commercially  from  Warren  Co.  Transfer 
was  accomplished  by  passage  through  the  nip  region 
of  a  pair  of  compression  rollers.  The  roller  contacting 
the  toned  image  was  heated  to  a  temperature  of  90° 
C.  while  the  other  was  at  ambient  temperature.  The 
passage  speed  was  2.5  cm/sec  (1  in./sec).  Air  pres- 
sure  to  the  cylinders  compressing  the  rollers  together 
was  2.8  kg/cm2  (40  psig).  Only  approximately  1/3  of 
the  imaging  toner  transferred  from  the  photoconduc- 
tor  to  the  paper,  resulting  in  image  quality  that  was 
commercially  unacceptable. 

Example  2 

The  procedure  of  Example  1  was  repeated  except 
that  prior  to  its  being  used  for  transfer,  the  Lustra  Off- 
set  Enamel  paper  was  coated  with  approximately  a 
monolayer  of  clear,  polyester  toner  having  a  median 
volume  weighted  diameter  of  approximately  5  micro- 
meters.  The  clear  toner  was  so  coated  onto  such  pa- 
per  by  first  developing  the  toner  layer  on  a  film  of 
polyethylene  terephthalate  (Estar™  available  from 
Eastman  Kodak  Co.)  having  a  chrome  cermet  layer. 
The  cermet  was  grou  nded  whi  le  the  development  sta- 
tion  potential  was  set  at  1  00  VDC.  The  clear  tonerwas 
then  transferred  to  the  paper  with  the  air  pressure  to 
the  cylinders  compressing  the  rollers  at  2.8  kg/cm2 
(40  psig)  and  a  paper  preheat  temperature  of  about 
90°  C  applied  for  a  time  of  approximately  0.07  sec. 
The  clear  toner  was  heat  fused  after  separation  from 
the  cermet  surface  at  a  temperature  of  about  60°  C 
and  a  air  pressure  of  about  2.8  kg/cm2  (40  psig)  ap- 
plied  for  0.2  sec.  against  a  piece  of  Kapton-H.  The 
steps  described  in  Example  1  were  then  repeated  ex- 
cept  that  the  treated  paper  was  used  as  the  receiver. 
Transfer  was  very  good.  Overall  transfer  efficiency 
was  approximately  98%.  Image  quality  was  good. 

Example  3 

The  procedure  used  in  this  example  was  similar 
to  Example  1  except  that  a  graphic  arts  paper  sold  by 
Champion  Paper  Co.  under  the  name  "Kromekote" 
was  used  as  the  receiver.  Results  were  similar  to 

those  obtained  in  Example  1.  Transfer  efficiency  was 
only  about  1/3,  resulting  in  image  degradation. 

5  Example  4 

The  procedure  used  in  this  example  was  similar 
to  that  described  in  Example  2  except  that  Kromekote 
paper  was  used  instead  of  the  Lustra  Offset  Enamel. 

10  Transfer  efficiency  was  high  (approximately  98%). 
Resulting  image  quality  was  good. 

Example  5 

15  A  color  image  was  made  using  the  techniques  de- 
scribed  herein.  Clear  toner  was  deposited  and  fixed 
on  a  piece  of  Kromekote  paper  in  the  manner  descri- 
bed  in  Example  2.  Cyan,  magenta,  and  yellow  sepa- 
rations  were  then  developed  on  separate  pieces  of  or- 

20  ganic  photoconductor  with  approximately  3.5  micro- 
meters  diameter  toner  particles  and  sequentially 
transferred  to  the  treated  papers,  in  register,  using  a 
preheat  temperature  of  about  90°  C,  an  air  pressure 
driving  the  compression  rollers  of  about  2.8  kg/cm2 

25  (40  psig)  and  an  application  time  of  about  0.07  sec. 
The  image  was  subsequently  fixed  by  the  procedure 
of  Example  2.  Each  separation  transferred  with  an  ef- 
ficiency  greater  than  99%.  Image  quality  was  good. 

30 
Claims 

1.  A  process  for  producing  a  thermally  assisted 
transferred  toned  image  comprising  the  steps  of: 

35  (a)  depositing  upon  a  member  a  uniform  coat- 
ing  comprised  of  nonmarking  toner  particles; 
(b)  transferring  said  coating  to  a  receiver; 
(c)  contacting  the  coated  receiver  against  the 
surface  of  an  element  which  has  thereon  a 

40  transferrable  toned  image  comprised  of  dis- 
crete  marking  toner  particles  while  heating 
said  receiver  to  a  temperature  sufficient  to 
fuse  said  discrete  marking  toner  particles  to 
each  other  at  points  of  contact  between  said 

45  particles  and  to  said  coating,  but  insufficient 
to  cause  said  contacting  discrete  particles  to 
flow  into  a  single  mass;  and 
(d)  separating  said  receiver  from  said  ele- 
ment. 

50 
2.  The  process  of  claim  1  wherein  said  receiver  is 

subjected  to  temperatures  sufficient  to  heat  fuse 
said  nonmarking  toner  particles. 

55  3.  The  process  of  claim  1  wherein  steps  (a)  and  (b) 
are  carried  out  by  electrostatically  depositing  a 
uniform  coating  of  said  nonmarking  toner  partic- 
les  upon  a  member,  and  then  contacting  said 
coating  with  said  receiver  while  heating  said  re- 

6 
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ceiver  to  a  temperature  sufficient  to  fuse  said 
nonmarking  toner  particles  to  each  other  at 
points  of  contact  between  said  particles  and  to 
said  receiver,  but  insufficient  to  cause  said  con- 
tacting  particles  to  flow  into  a  single  mass,  there- 
by  transferring  said  coating  from  said  member  to 
said  receiver. 

4.  The  process  of  claim  3  wherein  said  member  is  a 
photoconductor  element. 

5.  The  process  of  claim  3  wherein  said  member 
comprises  a  support  layer  and  an  electrically 
conductive  layer  bonded  thereto. 

6.  The  process  of  claim  3  wherein  said  member  is 
preliminarily  coated  with  a  release  agent. 

7.  The  process  of  claim  3  wherein  said  nonmarking 
toner  particles  are  admixed  with  a  release  agent. 

8.  The  process  of  claim  7  wherein  said  release 
agent  is  a  polysiloxane. 

9.  The  process  of  claim  1  wherein  the  coating  that 
is  comprised  of  said  nonmarking  toner  particles 
has  a  thickness  in  the  range  of  about  one  to  about 
three  monolayers  of  said  nonmarking  toner  par- 
ticles. 

10.  The  process  of  claim  1  wherein  said  receiver 
comprises  paper. 

11.  A  process  for  producing  a  thermally  assisted 
transferred  toned  image  comprising  the  steps  of: 

(a)  depositing  upon  a  receiver  a  uniform  coat- 
ing  comprised  of  nonmarking  toner  particles; 
(b)  fixing  said  coating; 
(c)  contacting  the  coated  receiver  against  the 
surface  of  an  element  which  has  thereon  a 
transferrable  toned  image  comprised  of 
marking  toner  particles  while  heating  said  re- 
ceiver  to  a  temperature  which  sinters  said 
marking  toner  particles  at  their  locations  of 
contact  to  said  coating  and  to  each  other;  and 
(d)  separating  said  receiver  from  said  ele- 
ment. 

12.  The  process  of  claim  11  wherein  said  receiver  is 
subjected  to  temperatures  sufficient  to  heat  fuse 
said  nonmarking  toner  particles. 

13.  The  process  of  claim  11  wherein  said  receiver 
comprises  a  support  layer  and  an  electrically 
conductive  layer  bonded  thereto. 

14.  The  process  of  claim  11  wherein  said  nonmarking 
toner  particles  are  admixed  with  a  release  agent. 

15.  The  process  of  claim  14  wherein  said  release 
agent  is  a  polysiloxane. 

5 
Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  mit  Hilfe  von 
Warme  ubertragenen  Tonerbildes  mit  den  Stu- 

10  fen: 
(a)  Abscheidung  einer  gleichformigen  Be- 
schichtung  mit  nicht-markierenden  Tonerteil- 
chen  auf  einem  Korper; 
(b)  Ubertragung  der  Beschichtung  auf  ein 

15  Empfangsmaterial; 
(c)  Kontaktieren  des  beschichteten  Emp- 
fangsmaterials  mit  der  Oberflache  eines  Ele- 
mentes,  auf  dem  sich  ein  ubertragbares  Ton- 
erbild  mit  diskreten  markierenden  Tonerteil- 

20  chen  befindet,  unter  Erhitzen  des  Empfangs- 
materials  auf  eine  Temperatur,  die  ausreicht, 
urn  die  diskreten  markierenden  Tonerteilchen 
miteinander  an  Punkten  des  Kontaktes  zwi- 
schen  den  Teilchen  und  der  Beschichtung  zu- 

25  sammenzuschmelzen,  die  jedoch  nicht  dazu 
ausreicht,  dali  die  sich  in  Kontakt  miteinander 
befindenden  diskreten  Teilchen  zu  einer  ein- 
zelnen  Masse  zusammenflielien;  und 
(d)  Trennung  des  Empfangsmaterials  von 

30  dem  Element. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  das  Emp- 
fangsmaterial  einer  Temperatur  ausgesetzt  wird, 
die  ausreicht,  urn  die  nicht-markierenden  Toner- 

35  teilchen  durch  Warme  zusammenzuschmelzen. 

3.  Verfahren  nach  Anspruch  1,  bei  dem  die  Stufen 
(a)  und  (b)  durch  elektrostatische  Abscheidung 
einer  gleichformigen  Beschichtung  der  nicht- 

40  markierenden  Tonerteilchen  auf  einem  Korper 
durchgefuhrt  werden,  worauf  die  Beschichtung 
mit  dem  Empfangsmaterial  in  Kontakt  gebracht 
wird,  wahrend  das  Empfangsmaterial  auf  eine 
Temperatur  erhitzt  wird,  die  ausreicht,  urn  die 

45  nicht-markierenden  Tonerteilchen  miteinander 
an  Punkten  des  Kontaktes  zwischen  den  Teilchen 
und  dem  Empfangsmaterial  Zusammenzuschmel- 
zen,  die  jedoch  nicht  ausreicht,  dali  die  sich  beruh- 
renden  Teilchen  zu  einer  einzelnen  Masse  zusam- 

50  menflielien,  unter  Ubertragung  der  Beschichtung 
von  dem  Korper  auf  das  Empfangsmaterial. 

4.  Verfahren  nach  Anspruch  3,  bei  dem  der  Korper 
ein  Photoleiterelement  ist. 

55 
5.  Verfahren  nach  Anspruch  3,  bei  dem  der  Korper 

eine  Tragerschicht  und  eine  elektrisch  leitfahige 
Schicht,  die  mit  der  Tragerschicht  verbunden  ist, 
umfalit. 

7 
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6.  Verfahren  nach  Anspruch  3,  bei  dem  der  Korper 
vorbereitend  mit  einem  Trennmittel  beschichtet- 
worden  ist. 

5 
7.  Verfahren  nach  Anspruch  3,  bei  dem  die  nicht- 

markierenden  Tonerteilchen  mit  einem  Trennmit- 
tel  vermischt  sind. 

8.  Verfahren  nach  Anspruch  7,  bei  dem  das  10 
Trennmittel  ein  Polysiloxan  ist. 

9.  Verfahren  nach  Anspruch  1,  bei  dem  die  Be- 
schichtung  aus  den  nicht-markierenden  Toner- 
teilchen  eine  Dicke  im  Bereich  von  etwa  einer  bis  15 
etwa  drei  Monoschichten  der  nicht-markierenden 
Tonerteilchen  hat. 

10.  Verfahren  nach  Anspruch  1,  bei  dem  das  Emp- 
fangsmaterial  Papier  umfalit.  20 

11.  Verfahren  zur  Herstellung  eines  mit  Hilfe  von 
Warme  ubertragenen  Tonerbildes  mit  den  Stu- 
fen: 

(a)  Abscheidung  einer  gleichformigen  Be-  25 
schichtung  mit  nichtmarkierenden  Tonerteil- 
chen  auf  einem  Empfangsmaterial; 
(b)  Fixierung  der  Beschichtung; 
(c)  Kontaktierung  des  beschichteten  Emp- 
fangsmaterials  mit  der  Oberflache  eines  Ele-  30 
mentes,  auf  der  sich  ein  ubertragbares  Toner- 
bild  mit  markierenden  Tonerteilchen  befindet, 
wobei  das  Empfangsmaterial  auf  eine  Tempe- 
ratur  erhitzt  wird,  welche  die  markierenden 
Tonerteilchen  an  ihren  Kontaktstellen  mit  der  35 
Beschichtung  und  miteinander  zum  sintern 
bringt;  und 
(d)  Trennung  des  Empfangsmaterials  von 
dem  Element. 

40 
12.  Verfahren  nach  Anspruch  11,  bei  dem  das  Emp- 

fangsmaterial  einer  Temperatur  ausgesetzt  wird, 
die  ausreicht,  urn  die  nicht-markierenden  Toner- 
teilchen  durch  Warme  zusammenzuschmelzen. 

45 
13.  Verfahren  nach  Anspruch  11,  bei  dem  das  Emp- 

fangsmaterial  eine  Tragerschicht  aufweist  und  ei- 
ne  elektrisch  leitfahige  Schicht,  die  mit  der  Tra- 
gerschicht  verbunden  ist. 

50 
14.  Verfahren  nach  Anspruch  11,  bei  dem  die  nicht- 

markierenden  Tonerteilchen  mit  einem  Trennmit- 
tel  vermischt  sind. 

15.  Verfahren  nach  Anspruch  14,  bei  dem  das  55 
Trennmittel  ein  Polysiloxan  ist. 

Revendications 

1.  Procede  pour  produire  une  image  de  poudre  de 
toner  transfere  parlachaleurcomprenantles  eta- 
pes  suivantes  : 

a)  on  dispose  sur  un  organe  une  couche  uni- 
forme  de  particules  de  toner  non-marquan- 
tes  ; 
b)  on  transfere  cette  couche  sur  un  recep- 
teur  ; 
c)  on  met  en  contact  le  recepteur  recouvert  de 
la  couche  avec  la  surface  d'un  element  recou- 
vert  d'une  image  de  poudre  de  toner  transfe- 
rable  formee  de  particules  de  toner  marquan- 
tes  discretes  tout  en  chauffant  le  recepteur  a 
une  temperature  suff  isante  pourfaire  adherer 
par  fusion  les  particules  de  toner  marquantes 
discretes  a  leurs  points  de  contact  entre  elles 
et  avec  la  couche,  mais  insuff  isante  pour  que 
les  particules  discretes  en  contact  ne  se  fon- 
dent  en  masse  unique  ;  et 
d)  on  separe  le  recepteur  de  I'element. 

2.  Procede  selon  la  revendication  1  dans  lequel  le 
recepteur  est  soumis  a  des  temperatures  suffi- 
santes  pourfaire  fondre  par  Taction  de  la  chaleur 
les  particules  de  toner  non-marquantes. 

3.  Procede  selon  la  revendication  1  dans  lequel  les 
etapes  (a)  et  (b)  sont  realisees  par  depot  elec- 
trostatique  d'une  couche  uniforme  de  particules 
de  toner  non-marquantes  sur  un  organe,  et  par 
contact  de  la  couche  avec  le  recepteur  tout  en 
chauffant  le  recepteur  a  une  temperature  suff  i- 
sante  pourfaire  adherer  par  fusion  les  particules 
de  toner  non-marquantes  a  leurs  points  de 
contact  entre  elles  et  avec  la  couche,  mais  insuf- 
f  isante  pour  que  les  particules  en  contact  ne  se 
fondent  en  masse  unique,  ce  qui  permet  le  trans- 
fert  de  la  couche  de  I'organe  sur  I'element  recep- 
teur. 

4.  Procede  selon  la  revendication  3  dans  lequel  I'or- 
gane  est  un  element  photoconducteur. 

5.  Procede  selon  la  revendication  3  dans  lequel  I'or- 
gane  contient  une  couche  support  a  laquelle 
adhere  une  couche  conductrice  vis-a-vis  de 
I'electricite. 

6.  Procede  selon  la  revendication  3  dans  lequel  I'or- 
gane  est  recouvert  tout  d'abord  d'un  agent  facili- 
tant  la  separation. 

7.  Procede  selon  la  revendication  3  dans  lequel  les 
particules  de  toner  non-marquantes  sont  melan- 
gees  a  un  agent  facilitant  la  separation. 
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8.  Procede  selon  la  revendication  7  dans  lequel 
I'agent  facilitant  la  separation  est  un  polysiloxa- 
ne. 

5 
9.  Procede  selon  la  revendication  1  dans  lequel  la 

couche  qui  est  constitue  de  particules  de  toner 
non-marquantes  a  une  epaisseur  comprise  entre 
une  et  trois  monocouches  de  ces  particules  de 
toner  non-marquantes.  10 

10.  Procede  selon  la  revendication  1  dans  lequel  le 
recepteur  est  du  papier. 

11.  Procede  pour  produire  une  image  de  poudre  de  15 
toner  transferee  par  la  chaleur  comprenant  les 
etapes  suivantes  : 

(a)  on  dispose  sur  un  recepteur  une  couche 
uniforme  de  particules  de  toner  non-mar- 
quantes,  20 
(b)  on  fixe  cette  couche, 
(c)  on  met  en  contact  le  recepteur  recouvert 
avec  la  surface  d'un  element  recouvert  d'une 
image  de  poudre  de  toner  transferable  for- 
mee  de  particules  de  toner  marquantes  tout  25 
en  chauffant  le  recepteur  a  une  temperature 
suff  isante  pour  fritter  les  particules  de  toner 
marquantes  a  leurs  points  de  contact  entre  el- 
les  et  avec  la  couche  ;  et 
(c)  on  separe  le  recepteur  de  I'element.  30 

12.  Procede  selon  la  revendication  11  dans  lequel  le 
recepteur  est  soumis  a  une  temperature  suff  isan- 
te  pour  faire  fondre  par  action  de  la  chaleur  les 
particules  de  toner  non-marquantes.  35 

13.  Procede  selon  la  revendication  11  dans  lequel  le 
recepteur  comprend  une  couche  support  sur  la- 
quelle  adhere  une  couche  conductrice. 

40 
14.  Procede  selon  la  revendication  11  dans  lequel  les 

particules  de  toner  non-marquantes  sont  melan- 
gees  avec  un  agent  facilitant  la  separation. 

15.  Procede  selon  la  revendication  14  dans  lequel  45 
I'agent  facilitant  la  separation  est  le  polysiloxane. 

50 

55 
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