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Description 

FIELD  OF  THE  INVENTION  AND  RELATED  ART 

5  The  present  invention  relates  to  an  image  forming  method,  and  a  recording  material  and  an  image 
forming  apparatus  used  therefor. 

As  peripheral  equipment  for  recording  used  in  conjunction  with  a  computer,  etc.,  there  has  been  known 
various  printers  utilizing  various  recording  systems,  such  as  laser  beam  printer,  ink-jet  printer,  thermal 
transfer  printer,  wire  dot  printer  and  daisy-wheel  printer. 

io  With  respect  to  such  recording  system,  our  research  group  has  proposed  a  recording  method  wherein  a 
pattern  of  adhesiveness  is  chemically  imparted  to  a  specific  ink  and  recording  is  effected  by  utilizing  the 
resultant  difference  between  the  adhesiveness  and  non-adhesiveness  in  the  ink  (Japanese  Patent  Applica- 
tion  No.  175191/1986,  corresponding  to  U.S.  Patent  Application  Serial  No.  075,045). 

This  recording  method  comprises: 
75  providing  a  fluid  ink  which  is  capable  of  forming  a  fluid  layer,  substantially  non-adhesive  and  capable  of 

being  imparted  with  an  adhesiveness  on  application  of  an  energy, 
forming  a  layer  of  the  fluid  ink  on  an  ink-carrying  member, 
applying  a  pattern  of  the  energy  corresponding  to  a  given  image  signal  to  the  ink  layer  to  form  an 

adhesive  pattern  of  the  ink,  and 
20  transferring  the  adhesive  pattern  of  the  ink  to  a  transfer-receiving  medium  to  form  thereon  an  ink 

pattern  corresponding  to  the  energy  pattern  applied. 
However,  the  above-mentioned  recording  method  is  not  necessarily  suitable  for  printing  for  mass- 

producing  printed  matter,  in  view  of  the  printing  cost,  etc. 
On  the  other  hand,  as  the  technique  suitable  for  the  mass-production  printing,  there  have  been  known 

25  various  printing  processes  such  as  planographic  printing,  letterpress  printing,  and  gravure  printing.  However, 
in  these  conventional  printing  process,  the  production  of  a  printing  plate  requires  complicated  steps  and  the 
patterning  of  an  ink  requires  dampening  water,  whereby  the  handling  thereof  is  considerably  troublesome. 
Further,  because  the  adhesion  property  of  the  ink  is  easily  affected  by  temperature  or  humidity,  the  above- 
mentioned  printing  processes  are  lacking  in  environmental  stability.  Accordingly,  it  is  difficult  to  apply  the 

30  conventional  printing  processes  to  the  peripheral  recording  equipment  used  in  conjunction  with  a  computer, 
etc. 

Our  research  group  has  also  proposed  some  printing  processes  including  one  using  a  solid  ink  (EP-A- 
314  189),  and  one  wherein  an  ink  is  supplied  to  a  printing  plate  by  changing  the  pH  value  in  the  ink  (EP-A- 
322  816). 

35 
SUMMARY  OF  THE  INVENTION 

A  principal  object  of  the  present  invention  is,  in  view  of  the  above-mentioned  problems,  to  provide  an 
image  forming  method  which  is  easy  to  be  handled,  does  not  require  much  maintenance,  and  is  excellent  in 

40  environmental  stability,  and  a  recording  material  and  an  image  forming  apparatus  used  therefor. 
According  to  the  present  invention,  there  is  provided  an  image  forming  method  comprising  the  steps  as 

claimed  in  claim  1  . 
The  present  invention  further  provides  a  recording  material  as  claimed  in  claim  3. 
The  present  invention  also  provides  an  image  forming  apparatus  as  claimed  in  claim  5. 

45  These  and  other  objects,  features  and  advantages  of  the  present  invention  will  become  more  apparent 
upon  a  consideration  of  the  following  description  of  the  preferred  embodiments  of  the  present  invention 
taken  in  conjunction  with  the  accompanying  drawings,  wherein  like  reference  numerals  denote  like  parts. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
50 

Figure  1  is  a  schematic  side  sectional  view  of  an  apparatus  for  practicing  the  image  forming  method 
according  to  the  present  invention; 
Figure  2  is  a  schematic  perspective  showing  an  embodiment  of  the  printing  plate  usable  in  the  apparatus 
according  to  the  present  invention;  and 

55  Figures  3  and  4  are  respectively  a  schematic  side  sectional  view  of  another  apparatus  for  practicing  the 
image  forming  method  according  to  the  present  invention. 
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DETAILED  DESCRIPTION  OF  THE  INVENTION 

In  the  image-forming  method  according  to  the  present  invention,  there  is  utilized  a  property  of  an  ink 
such  that  when  a  voltage  is  applied  thereto  by  means  of  a  pair  of  electrodes,  an  ink  having  adhesiveness  is 

5  caused  to  have  non-adhesiveness  to  the  electrode. 
In  the  present  invention,  based  on  such  property,  an  image  is  formed  by  using  a  printing  plate  as  one 

of  the  above-mentioned  pair  of  electrodes. 
Hereinbelow,  the  present  invention  is  described  with  reference  to  accompanying  drawings. 
Referring  to  Figure  1,  an  ink-carrying  roller  1  is  a  cylindrical  member  rotating  in  the  arrow  A  direction. 

io  The  roller  1  may  preferably  comprise  an  electroconductive  material  such  as  aluminum,  copper  and  stainless 
steel.  Onto  the  cylindrical  ink-carrying  surface  of  the  roller  1,  an  ink  2  as  a  recording  material  is  supplied  by 
means  of  a  coating  roller  9  rotating  in  the  arrow  E  direction  to  be  formed  into  a  layer  having  a  uniform 
thickness. 

The  cylindrical  ink-carrying  surface  of  the  roller  1  may  be  composed  of  any  material,  as  far  as  it  is 
is  possible  to  form  a  desired  layer  of  the  ink  2  when  it  is  rotated  in  the  arrow  A  direction.  More  specifically, 

the  roller  surface  may  preferably  be  composed  of  a  conductive  material  such  as  metal  including  stainless 
steel.  The  ink-carrying  roller  1  is  connected  to  one  of  the  terminals  of  the  DC  power  supply  103. 

The  surface  composed  of  such  a  material  of  the  ink-carrying  roller  1  can  be  smooth  but  may  preferably 
be  a  roughened  one  to  an  appropriate  extent  (e.g.,  a  roughness  of  the  order  of  1S  according  to  JIS  B  0601) 

20  so  as  to  enhance  the  conveying  and  carrying  characteristics. 
In  contact  with  the  ink  layer  2  disposed  on  the  ink-carrying  roller  1  ,  a  printing  plate  4  wound  about  a 

plate  roller  3  is  disposed.  The  printing  plate  4  may  for  example  comprise  a  substrate  4a  comprising  an 
electroconductive  material  such  as  metal,  and  a  desired  pattern  4b  disposed  thereon  comprising  an 
insulating  material,  as  shown  in  Figure  2. 

25  Referring  to  Figure  2,  the  material  constituting  substrate  4a  may  include:  metals  such  as  aluminum, 
copper,  stainless  steel,  platinum,  gold,  chromium,  nickel,  phosphor  bronze,  and  carbon;  electroconductive 
polymers;  and  dispersions  obtained  by  dispersing  metal  filler,  etc.,  in  various  polymers.  The  material 
constituting  the  pattern  4b  may  include:  materials  for  thermal  transfer  recording  mainly  comprising  waxes  or 
resins,  electrophotographic  toners;  natural  or  synthetic  polymers  such  as  vinyl  polymer.  In  a  case  where  a 

30  solid  recorded  image  (i.e.,  a  recorded  image  which  is  entirely  filled  with  an  ink)  is  formed,  a  printing  plate  4 
without  a  pattern  4b  may  be  used. 

Referring  again  to  Figure  1,  when  a  voltage  is  applied  between  such  printing  plate  4  and  the  ink- 
carrying  roller  1  by  means  of  the  power  supply  103,  the  adhesiveness  of  a  portion  of  the  ink  2  contacting 
the  electroconductive  portion  of  the  printing  plate  4  is  changed,  and  the  ink  2  is  caused  to  selectively  or 

35  patternwise  adhere  to  the  printing  plate  3  corresponding  to  the  resultant  difference  in  the  above-mentioned 
adhesiveness,  thereby  to  form  an  ink  pattern  thereon. 

The  voltage  applied  from  the  power  supply  103  may  practically  be  a  DC  voltage  of  3  -  100  V,  more 
preferably  5  -  80  V.  When  an  AC  bias  voltage  preferably  of  10  -  100  V  in  the  form  of  a  high  frequency 
preferably  of  10  Hz  -  100  KHz  is  further  applied,  the  image  quality  may  be  higher  in  sharpness. 

40  Incidentally,  while  the  printing  plate  4  side  is  an  anode  and  the  ink-carrying  roller  1  side  is  a  cathode  in 
Figure  1  ,  but  the  printing  plate  4  side  may  be  an  anode  and  the  ink-carrying  roller  1  side  may  be  a  cathode 
depending  on  the  property  or  state  of  an  ink  used  in  combination  therewith. 

In  the  present  invention,  it  is  preferred  that  the  voltage  from  the  power  supply  103  is  applied  between 
the  rotation  axes  of  the  plate  roller  3  and  the  ink-carrying  roller  1  . 

45  The  thickness  of  the  layer  of  the  ink  2  formed  on  the  ink-carrying  roller  1  can  vary  depending  on 
various  factors  including  the  gap  between  the  ink-carrying  roller  1  and  the  coating  roller  9,  the  fluidity  or 
viscosity  of  the  ink  2,  the  surface  material  and  roughness  thereof  of  the  ink-carrying  roller  1,  and  the 
rotational  speed  of  the  roller  1,  but  may  preferably  be  0.001  -  100  mm  as  measured  at  an  ink  transfer 
position  where  the  roller  1  is  disposed  opposite  to  the  pattern  plate  4  on  the  plate  roller  3. 

50  If  the  layer  thickness  of  the  ink  2  is  below  0.001  mm,  it  is  difficult  to  form  a  uniform  ink  layer  on  the  ink- 
carrying  roller  1.  On  the  other  hand,  if  the  ink  layer  thickness  exceeds  100  mm,  it  becomes  difficult  to 
convey  the  ink  2  while  keeping  a  uniform  peripheral  speed  of  the  surface  portion  on  the  side  contacting  the 
printing  plate  4  having  the  electroconductive  pattern,  and  further  it  becomes  difficult  to  pass  a  current 
between  the  pattern  plate  4  and  the  ink-carrying  roller  1  . 

55  The  thus  formed  ink  pattern  on  the  printing  plate  4  is  then  transferred  to  a  blanket  cylinder  5,  as  an 
intermediate  transfer  medium,  which  rotates  in  the  arrow  C  direction  while  contacting  the  printing  plate  4 
under  pressure.  Further,  the  ink  pattern  disposed  on  the  blanket  cylinder  5  is  transferred  to  a  recording 
medium  (or  a  medium  to  be  recorded)  7  such  as  a  sheet  of  paper,  cloth  or  metal,  passing  between  the 
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blanket  cylinder  5  and  an  impression  cylinder  6,  as  a  pressure-applying  means,  which  rotates  in  the  arrow 
D  direction  while  contacting  the  blanket  cylinder  5,  whereby  an  image  8  corresponding  to  the  above- 
mentioned  ink  pattern  is  formed  on  the  recording  medium  7. 

It  is  also  possible  that  the  ink  pattern  formed  on  the  printing  plate  4  is  directly  transferred  to  the 
5  recording  medium  7  in  some  cases  without  providing  the  blanket  cylinder  5  as  an  intermediate  transfer 

medium.  However,  when  the  blanket  cylinder  5  is  provided,  the  printing  plate  4  may  be  prevented  from 
wearing  or  deteriorating  on  the  basis  of  the  material  constituting  the  blanket  cylinder  5,  and  an  image  8 
having  the  same  pattern  as  that  of  the  printing  plate  4  may  be  obtained  on  the  recording  medium  7. 

Figure  3  shows  another  embodiment  of  the  present  invention.  In  the  embodiment  as  shown  in  Figure  3, 
io  the  printing  plate  4  comprises  a  printed  substrate  comprising  a  metal  plate  and  a  pattern  of  an  insulating 

photoresist  4c  disposed  thereon.  In  such  embodiment,  an  ink  adheres  to  a  portion  of  the  metal  plate  without 
the  photoresist,  and  the  ink  selectively  attached  to  the  printing  plate  4  in  this  manner  is  then  transferred  to  a 
recording  paper  7  thereby  to  form  a  recorded  image  8  thereon.  Using  an  ink  initially  having  an  adhesive- 
ness,  the  ink  adheres  to  a  portion  of  the  photoresist  to  form  an  ink  pattern. 

is  Figure  4  shows  another  embodiment  of  the  present  invention.  In  this  embodiment,  the  printing  plate  4 
comprises  an  electroconductive  substrate  and  a  photoconductor  (or  photoconductive  material)  disposed 
thereon.  More  specifically,  in  such  printing  plate  4,  the  photoconductor  is  patternwise  irradiated  with  light  to 
form  a  portion  4d  having  persistent  conductivity. 

Preferred  examples  of  such  photoconductor  may  include:  gelatin-silver  halide,  a  sheel  coated  with  zinc 
20  oxide,  selenium,  amorphous  silicon,  organic  photoconductors,  etc.  Incidentally,  the  persistent  conductivity  of 

a  photoconductor  is  specifically  explained  in  the  Chapter  IV  of  "Electrophotography"  (1965)  written  by  R.  M 
Schaffert  (published  by  Forcal  Press  Limited). 

In  addition,  the  printing  plate  can  be  one  comprising  an  electroconductive  substrate  and  an  insulating 
film  disposed  thereon  wherein  a  conductivity  pattern  has  been  formed  by  electrical  discharge  destruction;  or 

25  one  comprising  an  electroconductive  substrate  and  a  photographic  image  disposed  thereon  having  a 
conductive  pattern  of  silver  obtained  by  deposition  of  silver  particles. 

In  the  embodiments  as  shown  in  Figures  1  ,  3  and  4,  the  printing  plate  4  is  wound  around  the  cylindrical 
plate  roller  3,  but  it  is  also  possible  that  the  printing  plate  4  in  the  form  of  a  flat  plate  is  used  as  such  as  an 
electrode,  an  ink  applied  onto  the  printing  plate  4  is  sandwiched  between  the  plate  4  and  an  opposite 

30  electrode,  and  a  voltage  is  applied  to  the  ink  in  such  state,  whereby  an  ink  pattern  is  formed  on  the  printing 
plate  4. 

As  described  hereinabove,  in  the  image-forming  method  according  to  the  present  invention,  a  specific 
ink  is  supplied  to  a  portion  between  an  electrode  (printing  plate)  having  a  desired  pattern  and  an  opposite 
electrode,  and  a  DC  voltage  is  applied  between  the  above-mentioned  pair  of  electrodes,  thereby  to  change 

35  the  adhesiveness  of  the  ink  corresponding  to  the  pattern  of  the  above-mentioned  electrode. 
The  ink  has  an  adhesiveness  under  no  voltage  application,  and  the  ink  loses  its  adhesiveness  when  a 

voltage  is  applied  thereto.  In  this  case,  the  ink  adheres  to  the  insulating  portion  of  a  printing  plate  to  form  a 
desired  ink  pattern,  which  is  then  transferred  to  a  transfer-receiving  medium  such  as  a  recording  medium  or 
an  intermediate  transfer  medium  to  form  thereon  a  desired  image. 

40  Hereinbelow,  there  will  be  described  an  ink  to  be  used  in  the  image-forming  method  according  to  the 
present  invention. 

Whether  the  ink  is  initially  caused  to  have  an  adhesiveness  as  described  above  may  easily  be 
controlled  by  regulating  the  composition  or  proportion  of  materials  constituting  the  ink,  or  kinds  of  these 
materials. 

45  On  the  other  hand,  there  may  be  utilized  some  embodiments  as  follows,  with  respect  to  mechanisms 
wherein  an  adhesive  ink  is  converted  into  a  non-adhesive  state  or  a  non-adhesive  ink  is  converted  into  an 
adhesive  state  under  the  application  of  a  voltage. 

(1)  An  embodiment  wherein  the  adhesiveness  of  an  ink  is  changed  on  the  basis  of  Coulomb  force  under 
voltage  application. 

50  In  such  embodiment,  an  ink  basically  comprising  inorganic  or  organic  fine  particles  and  a  liquid 
dispersion  medium  is  used,  and  a  difference  in  chargeability  of  the  fine  particles  is  utilized. 

More  specifically,  in  a  case  where  an  ink  is  prepared  so  that  it  initially  has  an  adhesiveness  and 
negatively  chargeable  fine  particles  (i.e.,  those  capable  of  being  easily  charged  negatively)  are  contained 
in  the  ink,  the  ink  on  the  cathode  side  becomes  non-adhesive  to  the  cathode  when  a  voltage  is  applied  to 

55  the  ink.  In  a  case  where  an  ink  is  prepared  so  that  it  initially  has  an  adhesiveness  and  positively 
chargeable  fine  particles  (i.e.,  those  capable  of  being  easily  charged  positively)  are  contained  in  the  ink, 
the  ink  on  the  anode  side  becomes  non-adhesive  to  the  anode  when  a  voltage  is  applied  to  the  ink. 

5 
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(2)  An  embodiment  wherein  an  ink  is  subjected  to  electrolysis  to  generate  a  gas  on  the  basis  of  electric 
conduction  due  to  voltage  application,  whereby  the  adhesiveness  of  the  ink  is  changed. 

In  such  embodiment,  an  ink  is  prepared  so  that  it  initially  has  an  adhesiveness,  and  the  ink  is  caused 
to  generate  a  gas  in  the  neighborhood  of  one  electrode  under  voltage  application,  whereby  the  ink 

5  becomes  non-adhesive  to  the  electrode  due  to  the  gas. 
In  order  to  cause  the  ink  to  generate  a  gas  due  to  electrolysis,  a  solvent  such  as  water,  alcohol  and 

glycol;  or  a  solvent  containing  an  electrolyte  such  as  sodium  chloride  and  potassium  chloride  dissolved 
therein,  is  contained  in  the  ink.  The  electric  resistance  of  the  ink  may  preferably  be  as  low  as  possible. 
More  specifically,  the  volume  resistivity  of  the  ink  may  preferably  be  105  ohm.cm  or  below,  more 

io  preferably  10+  ohm.cm  or  below.  If  the  volume  resistivity  exceeds  105  ohm.cm,  the  quantity  of  electric 
conduction  becomes  too  small,  or  a  high  voltage  is  required  in  order  to  prevent  a  decrease  in  the 
quantity  of  electric  conduction. 
(3)  An  embodiment  wherein  a  crosslinked  structure  of  an  ink  or  the  dissociative  state  of  an  electrolyte 
contained  therein  is  changed  by  an  electrochemical  reaction  on  the  basis  of  electric  conduction  due  to 

is  voltage  application,  whereby  the  adhesiveness  of  the  ink  is  changed. 
In  such  embodiment,  the  ink  may  be  prepared  so  that  it  initially  has  an  adhesiveness,  and  becomes 

non-adhesive  by  converting  it  from  a  sol-like  state  to  a  gel-like  state. 
It  is  considered  that  the  mechanism  of  the  image-forming  method  according  to  the  present  invention  is 

any  one  of  the  above-mentioned  three  mechanisms  (1),  (2)  and  (3).  It  is  possible  that  the  mechanism  of  the 
20  image-forming  method  is  a  combination  of  two  or  more  of  the  above-mentioned  three  mechanisms. 

Incidentally,  when  there  is  used  an  ink  which  is  converted  from  an  adhesive  state  to  a  non-adhesive 
state  under  voltage  application,  with  respect  to  a  portion  of  an  ink  layer  not  supplied  with  a  voltage,  almost 
the  whole  ink  layer  along  the  thickness  direction  is  transferred  to  a  printing  plate  (hereinafter  such  transfer 
of  an  ink  is  referred  to  as  "bulk  transfer"). 

25  Hereinbelow,  there  is  described  an  ink  wherein  the  adhesiveness  is  changed  by  the  above-mentioned 
mechanism  (1)  and  (2). 

The  ink  used  in  the  present  invention  with  substantially  no  adhesiveness  under  voltage  application  is 
advantageous  in  view  of  image  density  because  such  ink  may  easily  provide  a  uniform  image  density. 

If  the  ink  according  to  the  present  invention  is  a  liquid  having  a  low  viscosity  such  as  water  and  alcohol, 
30  the  cohesive  force  is  weak,  whereby  it  is  difficult  to  obtain  a  suitable  adhesiveness. 

More  specifically,  the  ink  according  to  the  present  invention  may  preferably  satisfy  at  least  one  of  the 
following  properties. 

(1)  Adhesiveness 
35 

A  sample  ink  (reflection  density:  1  .0  or  larger)  is  caused  to  adhere  to  a  stainless  steel  plate  of  1  cm  x  1 
cm  in  size  coated  with  platinum  plating  which  is  vertically  disposed,  so  that  a  2  mm-thick  ink  layer  is 
formed  on  the  stainless  steel  plate,  and  is  left  standing  as  it  is  for  5  sec.  in  an  environment  of  a  temperature 
of  25  °C  and  a  moisture  of  60  %.  Then,  the  height  of  the  ink  layer  is  measured.  Through  the  measurement, 

40  the  ink  according  to  the  present  invention  may  preferably  be  held  on  the  stainless  steel  plate  substantially. 
More  specifically,  the  above-mentioned  height  of  the  ink  layer  may  preferably  be  50  %  or  more,  more 
preferably  80  %  or  more,  based  on  the  original  height  thereof. 

(2)  Adhesiveness  under  no  voltage  application 
45 

A  2  mm-thick  layer  of  a  sample  ink  is  sandwiched  between  two  stainless  steel  plates  each  of  1  cm  x  1 
cm  in  size  coated  with  platinum  plating  which  are  vertically  disposed,  and  the  stainless  steel  plates  are 
separated  from  each  other  at  a  peeling  speed  of  5  cm/sec  under  no  voltage  application.  Then,  the  areas  of 
both  plates  covered  with  the  ink  are  respectively  measured.  Through  the  measurement,  in  the  ink  according 

50  to  the  present  invention,  the  respective  plates  may  preferably  show  substantially  the  same  adhesion  amount 
of  the  ink.  More  specifically,  each  plate  may  preferably  show  an  area  proportion  of  0.7  -  1  .0,  in  terms  of  the 
proportion  of  the  area  measured  above  to  the  area  of  the  plate  which  has  originally  been  covered  with  the 
above-mentioned  2  mm-thick  ink  layer. 

The  ink  according  to  the  present  invention  of  which  adhesiveness  is  changed  by  the  above-mentioned 
55  mechanism  (1)  and  (2)  basically  comprises  inorganic  or  organic  fine  particles  and  a  liquid  dispersion 

medium.  The  fine  particles  contained  in  the  ink  improve  the  cutting  of  the  ink  and  enhance  the  image 
resolution  provided  thereby.  The  ink  material  according  to  the  present  invention  is  an  amorphous  solid  in 
the  form  of  a  colloid  sol  and  is  a  non-Newtonian  fluid  with  respect  to  its  fluidity. 
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When  the  ink  adhesiveness  is  changed  due  to  Coulomb  force,  charged  or  chargeable  fine  particles  may 
be  used  as  the  entirety  or  a  part  of  the  above-mentioned  fine  particles  and  are  mixed  or  kneaded  in  a  liquid 
dispersion  medium  as  described  hereinafter,  e.g.,  by  means  of  a  homogenizer,  a  colloid  mill  or  an  ultrasonic 
dispersing  means,  whereby  charged  particles  are  obtained. 

5  The  "charged  particle"  used  herein  refers  to  a  particle  which  has  a  charge  prior  to  the  kneading.  The 
"chargeable  particle"  refers  to  a  particle  which  can  easily  be  charged  by  triboelectrification. 

Examples  of  the  particles  to  be  supplied  with  a  positive  charge  may  include:  particles  of  a  metal  such 
as  Au,  Ag  and  Cu;  particles  of  a  sulfide  such  as  zinc  sulfide  ZnS,  antimony  sulfide  Sb2S3,  potassium  sulfide 
K2S,  calcium  sulfide  CaS,  germanium  sulfide  GeS,  cobalt  sulfide  CoS,  tin  sulfide  SnS,  iron  sulfide  FeS, 

io  copper  sulfide  CU2S,  manganese  sulfide  MuS,  and  molybdenum  sulfide  M02S3;  particles  of  a  silicic  acid  or 
salt  thereof  such  as  orthosilicic  acid  FUSiCU,  metasilicic  acid  H2Si2  05,  mesortisilicic  acid  hUSi3  03, 
mesotetrasilicic  acid  HUSkOn;  polyamide  resin  particles;  polyamide-imide  resin  particles;  etc. 

Examples  of  the  particles  to  be  supplied  with  a  negative  charge  may  include:  iron  hydroxide  particles, 
aluminum  hydroxide  particles,  fluorinated  mica  particles,  polyethylene  particles,  montmorillonite  particles, 

15  fluorine-containing  resin  particles,  etc. 
Further,  polymer  particles  containing  various  charge-controlling  agents  used  as  electrophotographic 

toners  (positively  chargeable  or  negatively  chargeable)  may  be  used  for  such  purpose. 
The  above-mentioned  fine  particles  may  generally  have  an  average  particle  size  of  100  urn  or  smaller, 

preferably  0.1  -  20  urn,  more  preferably  0.1  -  10  urn.  The  fine  particles  may  generally  be  contained  ink  in 
20  an  amount  of  1  wt.  part  or  more,  preferably  3  -  90  wt.  parts,  more  preferably  5  -  60  wt.  parts,  per  100  wt. 

parts  of  the  ink. 
Examples  of  the  liquid  dispersion  medium  used  in  the  present  invention  may  include:  ethylene  glycol, 

propylene  glycol,  diethylene  glycol,  triethylene  glycol,  tetraethylene  glycol,  polyethylene  glycol  (weight- 
average  molecular  weight:  about  100  -  1,000),  ethylene  glycol  monomethyl  ether,  ethylene  glycol  monoethyl 

25  ether,  ethylene  glycol  monobutyl  ether,  methyl  carbitol,  ethyl  carbitol,  butyl  carbitol,  ethyl  carbitol  acetate, 
diethyl  carbitol,  triethylene  glycol  monomethyl  ether,  triethylene  glycol  monoethyl  ether,  propylene  glycol 
monomethyl  ether,  glycerin,  triethanolamine,  formamide  dimethylformamide,  dimethylsulfoxide  N-methyl-2- 
pyrrolidone,  1  ,3-dimethylimidazolidinone,  N-methylacetamide,  ethylene  carbonate,  acetamide,  succinonitrile, 
dimethylsulfoxide,  sulfolane,  furfuryl  alcohol,  N,N-dimethylformamide,  2-ethoxyethanol,  hexamethyl- 

30  phosphoric  amide,  2-nitropropane,  nitroethane,  7-butyrolactone,  propylene  carbonate  1  ,2,6-hexanetriol, 
dipropylene  glycol,  hexylene  glycol,  etc.  These  compounds  may  be  used  singly  or  as  a  mixture  of  two  or 
more  species  as  desired.  The  liquid  dispersion  medium  may  preferably  be  contained  in  an  amount  of  40  - 
95  wt.  parts,  more  preferably  60  -  85  wt.  parts,  per  100  wt.  parts  of  the  ink. 

In  a  preferred  embodiment  of  the  present  invention,  in  order  to  control  the  viscosity  of  the  ink,  a 
35  polymer  soluble  in  the  above-mentioned  liquid  dispersion  medium  may  be  contained  in  an  amount  of  1  -  90 

wt.  parts,  more  preferably  1  -  50  wt.  parts,  particularly  preferably  1  -  20  wt.  parts,  per  100  wt.  parts  of  the 
ink  material. 

Examples  of  such  polymer  include:  plant  polymers,  such  as  guar  gum,  locust  bean  gum,  gum  arabic, 
tragacanth,  carrageenah,  pectin,  mannan,  and  starch;  microorganism  polymers,  such  as  xanthane  gum, 

40  dextrin,  succinoglucan,  and  curdran;  animal  polymers,  such  as  gelatin,  casein,  albumin,  and  collagen; 
cellulose  polymers  such  as  methyl  cellulose,  ethyl  cellulose,  and  hydroxyethyl  cellulose;  starch  polymers, 
such  as  soluble  starch,  carboxymethyl  starch,  and  methyl  starch;  alginic  acid  polymers,  such  as  propylene 
glycol  alginate,  and  alginic  acid  salts;  other  semisynthetic  polymers,  such  as  derivatives  of  polysaccharides; 
vinyl  polymers,  such  as  polyvinyl  alcohol,  polyvinylpyrolidone,  polyvinyl  methyl  ether,  carboxyvinyl  polymer, 

45  and  sodium  polyacrylate;  and  other  synthetic  polymers,  such  as  polyethylene  glycol,  ethylene  oxide- 
propylene  oxide  block  copolymer;  alkyd  resin,  phenolic  resin,  epoxy  resin,  aminoalkyd  resin,  polyester 
resin,  polyurethane  resin,  acrylic  resin,  polyamide  resin,  polyamide-imide  resin,  polyester-imide  resin,  and 
silicone  resin;  etc.  These  polymers  may  be  used  singly  or  in  mixture  of  two  or  more  species,  as  desired. 
Further,  there  can  also  be  used  grease  such  as  silicone  grease,  and  liquid  polymer  such  as  polybutene. 

50  In  a  case  where  the  adhesiveness  of  the  ink  is  changed  by  the  generation  of  a  gas  due  to  electrolysis, 
the  liquid  dispersion  medium  may  preferably  comprise:  water,  an  alcohol  such  as  methanol  and  ethanol;  a 
solvent  having  a  hydroxyl  group  such  as  glycerin,  ethylene  glycol  and  propylene  glycol;  or  a  solvent 
wherein  an  electrolyte  such  as  sodium  chloride  and  potassium  chloride  is  dissolved.  The  contents  of  the 
liquid  dispersion  medium  and  fine  particles  are  the  same  as  described  above. 

55  Particularly,  water  or  an  aqueous  solvent  may  preferably  be  used  as  the  liquid  dispersion  medium, 
because  hydrogen  is  liable  to  be  generated  at  the  cathode  side.  When  water  and  another  liquid  dispersion 
medium  are  mixed,  the  water  content  may  preferably  be  1  wt.  part  or  more,  more  preferably  5  -  99  wt. 
parts,  per  100  wt.  parts  of  the  ink. 
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In  the  case  of  the  ink  capable  of  generating  a  gas  due  to  electrolysis,  the  fine  particles  contained  in  the 
ink  may  preferably  be,  e.g.,  silica,  carbon  fluoride,  titanium  oxide  or  carbon  black,  in  addition  to  those  as 
described  hereinabove. 

In  a  preferred  embodiment  of  the  present  invention,  in  view  of  the  viscoelastic  characteristic  of  the  ink, 
5  the  entirety  or  a  part  of  the  fine  particles  comprise  swelling  particles  (i.e.,  particles  capable  of  being 

swelled)  which  are  capable  of  retaining  the  above-mentioned  liquid  dispersion  medium  therein. 
Examples  of  such  swelling  may  include:  fluorinated  mica  such  as  Na-montmorillonite,  Ca-montmoril- 

lonite,  3-octahedral  synthetic  smectites,  Na-hectorite,  Li-hectorite,  Na-taeniolite,  Na-tetrasilicic  mica  and  Li- 
taeniolite;  synthetic  mica  silica,  etc. 

io  The  above-mentioned  fluorinated  mica  may  be  represented  by  the  following  general  formula  (1). 

W1-ia(X,Y)2.5-3(Z+Oio)F2  (1), 

wherein  W  denotes  Na  or  Li;  X  and  Y  respectively  denote  an  ion  having  a  coordination  number  of  6,  such 
is  as  Mg2+,  Fe2+,  Ni2,  Mu2+,  Al3+,  and  Li+;  Z  denotes  a  positive  ion  having  a  coordination  number  of  4  such  as 

Al3+,  Si++,  Ge++,  Fe3+,  B3+  or  a  combination  of  these  including,  e.g.,  (Al3+/Si++). 
The  swelling  particles,  in  its  dry  state,  may  preferably  have  an  average  particle  size  of  0.1  -  20  urn, 

more  preferably  0.8-15  urn,  particularly  preferably  0.8  -  8  urn.  The  content  of  the  swelling  particles  can  be 
the  same  as  described  above  with  respect  to  the  fine  particles,  but  may  more  preferably  be  8  -  60  wt.  parts 

20  per  100  wt.  parts  of  the  ink.  It  is  also  preferred  to  use  swelling  particles  having  a  charge  on  their  surfaces. 
The  ink  according  to  the  present  invention  may  contain  as  desired,  a  colorant  comprising  a  dye  or 

pigment  generally  used  in  the  field  of  printing  or  recording,  such  as  carbon  black.  When  the  ink  contains  a 
colorant,  the  colorant  content  may  preferably  be  0.1  -  40  wt.  parts,  more  preferably  1  -  20  wt.  parts,  per  100 
wt.  parts  of  the  ink.  Instead  of  or  in  combination  with  the  colorant,  a  color-forming  compound  capable  of 

25  generating  a  color  under  voltage  application  can  be  contained  in  the  ink.  The  ink  may  further  contain  an 
electrolyte  capable  of  providing  electroconductivity  to  the  ink,  a  thickening  agent  (or  viscosity  improver),  a 
viscosity-reducing  agent,  or  a  surfactant.  It  is  also  possible  to  cause  the  above-mentioned  fine  particles  per 
se  to  function  as  a  colorant. 

In  order  to  the  ink  according  to  the  present  invention,  a  liquid  dispersion  medium  and  fine  particles  as 
30  mentioned  above  may  for  example  be  mixed  in  an  ordinary  manner. 

Next,  there  is  described  an  ink  of  which  adhesiveness  is  changed  by  the  above-mentioned  mechanism 
(3). 

The  ink  used  in  the  present  invention  may  comprise  a  crosslinked  substance  (inclusive  of  polyelec- 
trolyte)  impregnated  with  a  liquid  dispersion  medium. 

35  Herein,  the  "crosslinked  substance"  refers  to  a  single  substance  which  per  se  can  assume  a 
crosslinked  structure,  or  a  mixture  of  a  substance  capable  of  assuming  a  crosslinked  structure  with  the  aid 
of  an  additive  such  as  a  crosslinking  agent  for  providing  an  inorganic  ion  such  as  berate  ion,  and  the 
additive.  Further,  the  term  "crosslinked  structure"  refers  to  a  three-dimensional  structure  having  a  crosslin- 
kage  or  crosslinking  bond.  The  crosslinkage  may  be  composed  of  any  one  or  more  of  covalent  bond,  ionic 

40  bond,  hydrogen  bond  and  van  der  Waal's  bond. 
In  the  ink  used  in  the  present  invention,  the  crosslinked  structure  is  only  required  to  be  such  that  a 

desired  degree  of  liquid  dispersion  medium-retaining  property  is  given  thereby.  More  specifically,  the 
crosslinked  structure  may  be  any  one  of  a  network,  a  honeycomb,  a  helix,  etc.,  or  may  be  an  irregular  one. 

The  liquid  dispersion  medium  in  the  ink  used  in  the  present  invention  may  be  any  inorganic  or  organic 
45  liquid  medium  which  is  liquid  at  room  temperature.  The  liquid  medium  should  preferably  have  a  relatively 

low  volatility,  e.g.,  one  equal  to  or  even  lower  than  that  of  water. 
In  case  where  a  hydrophilic  dispersion  medium  such  as  water  and  an  aqueous  medium  is  used  as  the 

liquid  dispersion  medium,  the  crosslinked  substance  may  preferably  be  composed  of  or  from  a  natural  or 
synthetic  hydrophilic  high  polymer  or  macromolecular  substance. 

50  Examples  of  such  polymer  include:  plant  polymers,  such  as  guar  gum,  locust  bean  gum,  gum  arabic, 
tragacanth,  carrageenah,  pectin,  mannan,  and  starch;  microorganism  polymers,  such  as  xanthane  gum, 
dextrin,  succinoglucan,  and  curdran;  animal  polymers,  such  as  gelatin,  casein,  albumin,  and  collagen; 
cellulose  polymers  such  as  methyl  cellulose,  ethyl  cellulose,  and  hydroxyethyl  cellulose;  starch  polymers, 
such  as  soluble  starch,  carboxymethyl  starch,  and  methyl  starch;  alginic  acid  polymers,  such  as  propylene 

55  glycol  alginate,  and  alginic  acid  salts;  other  semisynthetic  polymers,  such  as  derivatives  of  polysaccharides; 
vinyl  polymers,  such  as  polyvinyl  alcohol,  polyvinylpyrolidone,  polyvinyl  methyl  ether,  carboxyvinyl  polymer, 
and  sodium  polyacrylate;  and  other  synthetic  polymers,  such  as  polyethylene  glycol,  ethylene  oxide- 
propylene  oxide  block  copolymer.  These  polymers  may  be  used  singly  or  in  mixture  of  two  or  more 
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species,  as  desired. 
The  hydrophilic  polymer  may  preferably  be  used  in  a  proportion  of  0.2  -  50  wt.  parts,  particularly  0.5  - 

30  wt.  parts,  with  respect  to  100  wt.  parts  of  the  liquid  dispersion  medium. 
In  the  ink  used  in  the  present  invention,  a  polyelectrolyte  may  preferably  be  used  as  the  above- 

5  mentioned  crosslinked  substance.  The  "polyelectrolyte"  used  herein  refers  to  a  polymer  or  macromolecular 
substance  having  a  dissociative  group  in  the  polymer  chain  (i.e.,  main  chain  or  side  chain)  thereof. 

Examples  of  the  polyelectrolyte  capable  of  providing  a  poly  ion  when  dissociated  in  water  may  include, 
e.g.,  natural  polymers  such  as  alginic  acid  and  gelatin;  and  synthetic  polymers  obtained  by  introducing  a 
dissociative  group  into  ordinary  polymers,  such  as  polystyrenesulfonic  acid  and  polyacrylic  acid.  Among 

io  these  polyelectrolytes,  an  amphoteric  polyelectrolytes  capable  of  being  dissociated  as  either  an  acid  or  a 
base,  such  as  a  protein  may  preferably  be  used,  in  order  to  obtain  a  desired  change  in  the  ink 
adhesiveness  based  on  electric  conduction. 

On  the  other  hand,  when  oil  such  as  mineral  oil  or  an  organic  solvent  such  as  toluene  is  used  as  the 
liquid  dispersion  medium,  the  crosslinked  substance  may  be  composed  of  or  from  one  or  a  mixture  of  two 

is  or  more  compounds  selected  from  metallic  soaps  inclusive  or  metal  stearates,  such  as  aluminum  stearate, 
magnesium  stearate,  and  zinc  stearate,  and,  similar  metal  salts  of  other  fatty  acids,  such  as  palmitic  acid, 
myristic  acid,  and  lauric  acid;  or  organic  substances  such  as  hydroxypropyl  cellulose  derivative,  diben- 
zylidene-D-sorbitol,  sucrose  fatty  acid  esters,  and  dextrin  fatty  acid  esters.  These  crosslinked  substances 
may  be  used  in  the  same  manner  as  the  above-mentioned  hydrophilic  polymers. 

20  When  the  hydrophilic  polymer,  polyelectrolyte  or  metallic  soap,  etc.,  is  used,  the  layer-forming  property 
and  liquid  dispersion  medium  -  retaining  ability  of  the  resultant  ink  vary  to  some  extent  depending  on  the 
formulation  of  these  components  or  combination  thereof  with  a  liquid  dispersion  medium.  It  is  somewhat 
difficult  to  determine  the  formulation  or  composition  of  these  components  in  a  single  way.  In  the  present 
invention,  it  is  preferred  to  increase  the  amount  of  a  solvent  contained  in  the  ink,  or  to  reduce  the 

25  crosslinking  degree  of  the  crosslinked  substance. 
The  ink  capable  of  changing  its  adhesiveness  by  the  above-mentioned  mechanism  (3)  essentially 

comprises  a  liquid  dispersion  medium  and  a  crosslinked  substance  (inclusive  of  polyelectrolyte),  as 
described  above,  and  may  further  comprise,  as  desired,  a  colorant  inclusive  of  dye,  pigment  and  colored 
fine  particles,  a  color-forming  compound  capable  of  generating  a  color  under  electric  conduction,  an 

30  electrolyte  providing  an  electroconductivity  or  to  the  ink,  or  another  additive  such  as  an  antifugal  agent  or  an 
antiseptic. 

The  colorant  or  coloring  agent  may  be  any  of  dyes  and  pigments  generally  used  in  the  field  of  printing 
and  recording,  such  as  carbon  black. 

Further,  in  order  to  enhance  the  rubbing  resistance  of  the  resultant  image,  fine  particles  of  an  inorganic 
35  compound  such  as  colloidal  silica,  titanium  oxide  and  tin  oxide  may  be  added  to  the  ink. 

The  ink  used  in  the  present  invention  may  be  obtained  from  the  above  components,  for  example,  by 
uniformly  mixing  a  liquid  dispersion  medium  such  as  water,  a  crosslinked  substance  such  as  a  hydrophilic 
polymer  and/or  an  polyelectrolyte,  and  also  an  optional  additive  such  as  a  crosslinking  agent,  a  colorant,  an 
electrolyte,  etc.,  under  heating  as  desired,  to  form  a  viscous  solution  or  dispersion,  which  is  then  cooled  to 

40  be  formed  into  a  gel  state. 
Incidentally,  when  colored  particles  such  as  toner  particles  are  used  as  a  colorant,  it  is  preferred  that  a 

crosslinked  substance  and/or  an  polyelectrolyte,  and  a  liquid  dispersion  medium  are  first  mixed  under 
heating  to  form  a  uniform  liquid,  and  then  the  colored  particles  are  added  thereto.  In  this  case,  it  is  further 
preferred  that  the  addition  of  the  particles  is  effected  in  the  neighborhood  of  room  temperature  so  as  to 

45  avoid  the  agglomeration  of  the  particles. 
Further,  there  is  explained  an  embodiment  wherein  a  change  in  the  dissociation  condition  of  a 

polyelectrolyte  based  on  electric  conduction  is  utilized. 
Thus,  in  a  case  where  a  peptide  compound  comprising  at  least  one  amino  acid  is  used  as  the 

polyelectrolyte,  when  the  pH  of  the  ink  is  changed  to  the  basic  side  due  to  the  cathodic  reaction  in  the 
50  neighborhood  of  a  cathode  based  on  electric  conduction  (or  the  addition  of  an  electron  donor),  an  -NH3+ 

group  of  the  amino  acid  is  changed  to  an  -NH2  group.  On  the  other  hand,  when  the  pH  of  the  ink  is 
changed  to  the  acidic  side  due  to  the  anodic  reaction  in  the  neighborhood  of  an  anode  based  on  electric 
conduction  (or  the  addition  of  an  electron  acceptor),  a  -COO-group  of  the  amino  acid  is  changed  to  a 
-COOH  group.  Because  of  such  change  in  the  dissociation  condition  of  the  amino  acid,  there  may  be 

55  caused  a  change  in  the  crosslinked  structure  whereby  a  difference  in  the  ink  adhesiveness  is  provided. 
According  to  our  knowledge,  the  reaction  at  this  time  may  presumably  be  expressed  by  the  following 

formula: 
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10 

HoNRCOOH  H^NRCOO 3  
( 2 )  

a c i d i c   pH  s i d e   a m i n o   a c i d  

(1  ) 
H2NRCOO" 

b a s i c   pH  s i d e  

(1)  :  cathodic  reaction  based  on  electric  conduction 
(2)  :  anodic  reaction  based  on  electric  conduction 

is  As  described  hereinabove,  according  to  the  present  invention,  there  is  provided  an  image-forming 
method  using  an  ink  capable  of  changing  its  adhesiveness  under  electric  conduction,  particularly  an  ink 
capable  of  partially  or  selectively  transferring  to  a  printing  plate.  In  the  image-forming  method  of  the  present 
invention,  because  the  transfer  amount  of  the  ink  is  controlled  by  the  charge  amount  used  for  the  electric 
conduction,  it  is  not  necessary  to  regulate  the  amount  of  an  ink  by  means  of  a  large  number  of  rollers  as  in 

20  the  conventional  printing  machine. 
Hereinbelow,  the  present  invention  will  be  explained  with  reference  to  Examples. 

Example  1 

25  200  g  of  glycerin  and  40  g  of  lithium  taeniolite  (LiMg2Li(SkOio)F2)  having  an  average  particle  size  of 
2.5  urn  were  kneaded  in  a  homogenizer  at  10,000  rpm  for  30  min.,  and  then  200  g  of  water  was  added 
thereto  and  mixed  by  means  of  a  roll  mill  to  prepare  a  gray  colloid  sol  ink  in  the  form  of  an  amorphous 
solid. 

The  thus  obtained  ink  was  applied  on  a  stainless  steel  plate  or  board  of  1  cm  x  1  cm  plated  with 
30  platinum  to  form  an  about  2  mm-thick  ink  layer,  and  another  stainless  steel  plate  planted  with  platinum 

having  the  same  size  as  described  above  was  disposed  on  the  ink  layer.  Then,  these  two  stainless  steel 
plates  were  disposed  vertically.  Under  no  voltage  application,  when  the  spacing  between  these  two  stainless 
steel  plates  was  gradually  increased  to  separate  these  two  stainless  steel  plates  from  each  other,  it  was 
found  that  the  ink  adhered  to  almost  the  whole  areas  of  the  respective  plates. 

35  Then,  a  voltage  of  +30  V  was  applied  between  the  above-mentioned  two  stainless  steel  plates  plated 
with  platinum  sandwiching  the  2  mm-thick  ink  layer,  while  one  of  the  stainless  steel  plate  was  used  as  a 
cathode  (earth)  and  the  another  was  used  as  an  anode.  When  the  spacing  between  these  two  stainless  steel 
plates  was  gradually  increased  to  separate  these  two  stainless  steel  plates  from  each  other,  while  applying 
the  voltage  in  the  above-mentioned  manner,  it  was  found  that  substantially  all  of  the  ink  adhered  to  the 

40  anode  while  substantially  no  ink  adhered  to  the  cathode,  when  these  electrodes  were  observed  with  the 
naked  eye. 

Then,  image  formation  was  effected  by  means  of  a  printing  apparatus  as  shown  in  Figure  1,  wherein  an 
ink-carrying  roller  1  comprising  a  cylindrical  roller  of  30  mm  in  diameter  having  a  surface  stainless  steel 
coated  with  platinum  plating  (surface  roughness:  1S)  and  a  plate  roller  3  comprising  an  iron  cylindrical  roller 

45  of  30  mm  in  diameter  having  a  surface  coated  with  hard  chromium  plating  were  used.  In  this  apparatus,  a 
printing  plate  4  comprising  an  aluminum  plate  which  had  been  subjected  to  patterning  by  using  a  vinyl-type 
resin  was  wound  about  the  plate  roller  3,  and  the  above-mentioned  ink  material  was  disposed  between  the 
ink-carrying  roller  1  and  a  coating  roller  9. 

The  ink-carrying  roller  1  was  rotated  in  the  arrow  A  direction  at  a  peripheral  speed  of  5  mm/sec,  and  the 
50  gap  between  the  ink-carrying  roller  1  and  the  coating  roller  9  comprising  a  cylindrical  roller  having  a  teflon 

rubber  surface  and  rotating  in  the  arrow  E  direction  at  a  peripheral  speed  of  5  mm/sec  was  controlled  so 
that  a  0.2  mm-thick  ink  layer  was  formed  on  the  ink-carrying  roller  1  .  The  plate  roller  3  was  rotated  in  the 
arrow  C  direction  at  a  peripheral  speed  of  5  mm/sec  in  contact  with  the  ink  layer  formed  on  the  ink-carrying 
roller  1  . 

55  When  printing  operation  was  conducted  by  using  such  printing  device,  while  no  voltage  was  applied 
from  a  DC  voltage  supply  103,  a  printed  matter  having  an  imagewise  pattern  was  not  obtained.  On  the  other 
hand,  when  the  printing  operation  was  conducted  while  a  DC  voltage  of  30  V  was  applied  from  the  DC 
voltage  supply  103,  a  large  number  of  printed  matters  having  a  sharp  image  quality  were  obtained.  In  this 
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printing  operation,  the  plate  roller  3  was  used  as  a  cathode  and  the  ink-carrying  roller  1  was  used  as  an 
anode. 

Example  2 
5 

600  g  of  glycerin,  300  g  of  water,  50  g  of  carbon  black  (pigment,  Stering  SR,  mfd.  by  Cabot  Co., 
U.S.A.),  and  100  g  of  polyvinyl  alcohol  (Gohsenol  KP-08,  mfd.  by  Nihon  Gosei  Kagaku  Kogyo  K.K.)  were 
kneaded  at  80  °C  to  dissolve  the  polyvinyl  alcohol,  and  then  100  g  of  lithium  taeniolite  having  an  average 
particle  size  of  2.5  urn  was  added  thereto  and  mixed  by  means  of  a  roll  mill  to  prepare  an  ink  in  the  form  of 

io  an  amorphous  solid. 
When  the  thus  obtained  ink  was  subjected  to  image  formation  in  the  same  manner  as  in  Example  1  , 

similar  results  as  in  Example  1  were  obtained. 

Example  3 

Colloidal  silicate  hydrate  (swelling  fine  particles,  trade  name:  Sumecton,  250  wt.parts 
mfd.  by  Kurimine  Kogyo  K.K.,  average  particle  size:  below  1  urn) 
Carbon  black  (Stering  SR,  mfd.  by  Cabot  Co.,  U.S.A.)  60  wt.parts 
Water  140  wt.parts 
Glycerin  280  wt.parts 

Among  the  above-mentioned  ingredients,  water,  glycerin  and  carbon  black  were  first  mixed  by  means 
25  of  an  attritor  for  4  hours  to  prepare  a  mixture  liquid,  and  then  colloidal  silicate  hydrate  was  mixed  therewith 

by  means  of  a  kneader  to  obtain  an  ink  according  to  the  present  invention. 
When  the  thus  obtained  ink  was  subjected  to  image  formation  by  using  the  same  printing  apparatus  as 

in  Example  1  in  the  same  manner  as  in  Example  1,  similar  results  as  in  Example  1  were  obtained. 
As  described  hereinabove,  according  to  the  present  invention,  there  is  provided  an  image-forming 

30  method  using  a  specific  recording  material  capable  of  changing  its  adhesiveness  depending  on  the  polarity 
of  a  voltage  applied  thereto.  In  the  present  invention,  because  an  image  is  formed  by  utilizing  such 
adhesiveness  change,  the  image-forming  method  is  excellent  in  environmental  stability  and  the  handling 
thereof  is  very  easy. 

Further,  in  the  present  invention,  because  a  printing  plate  having  a  pattern  is  caused  to  selectively 
35  retain  the  recording  material  corresponding  to  the  pattern,  there  may  be  obtained  a  high-quality  image 

substantially  without  distortion. 

Claims 

40  1.  An  image  forming  method  comprising  the  steps  of: 
-  providing  a  recording  material  with  a  characteristic  adhesiveness  that  changes  corresponding  to  a 

polarity  of  a  voltage  applied  thereto,  wherein  said  recording  material  is  adhesive  when  no  voltage 
is  applied  thereto  and  loses  its  adhesiveness  when  a  voltage  of  said  polarity  is  applied  thereto, 

-  positioning  the  recording  material  between  a  pair  of  electrodes,  at  least  one  of  said  electrodes 
45  comprising  an  electroconductive  portion  and  an  insulating  portion  in  the  form  of  a  pattern 

corresponding  to  an  objective  image,  and 
-  applying  a  voltage  between  the  pair  of  electrodes  to  thereby  attach  the  recording  material  to  the 

electrode  having  the  pattern  corresponding  to  said  objective  image. 

50  2.  A  method  according  to  claim  1  , 
which  further  comprises  a  step  of  transferring  the  recording  material  attached  to  the  electrode 
corresponding  to  said  pattern  to  a  transfer-receiving  medium. 

3.  A  recording  material,  comprising: 
55  -  a  liquid  dispersion  medium  and 

-  fine  particles  dispersed  therein,  at  least  a  part  of  said  fine  particles  comprising  charged  or 
chargeable  fine  particles,  said  recording  material  having  a  characteristic  adhesiveness  that 
changes  to  a  polarity  of  a  voltage  applied  thereto,  wherein  said  recording  material  is  adhesive 
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when  no  voltage  is  applied  thereto  and  loses  its  adhesiveness  when  a  voltage  of  said  polarity  is 
applied  thereto. 

4.  A  recording  material,  comprising: 
-  a  liquid  dispersion  medium  and 
-  fine  particles  dispersed  therein,  at  least  a  part  of  said  fine  particles  comprising  fine  particles 

capable  of  swelling  and  having  a  charge  on  the  surface  thereof,  said  recording  material  having  a 
characteristic  adhesiveness  that  changes  to  a  polarity  of  a  voltage  applied  thereto,  wherein  said 
recording  material  is  adhesive  when  no  voltage  is  applied  thereto  and  loses  its  adhesiveness 
when  a  voltage  of  said  polarity  is  applied  thereto. 

5.  An  image  forming  apparatus,  comprising: 
-  a  pair  of  electrodes  at  least  one  of  which  comprises  an  electroconductive  member,  and  a  pattern 

of  insulating  material  disposed  on  said  electroconductive  member, 
-  means  for  supplying  a  recording  material  between  the  pair  of  electrodes, 
-  means  for  applying  a  voltage  between  the  pair  of  electrodes,  and 
-  pressure  application  means  for  transferring  to  a  transfer-receiving  medium  the  recording  material 

attached  to  the  electrode  having  said  pattern  corresponding  to  the  pattern  thereof  under 
application  of  said  voltage. 

6.  An  apparatus  according  to  claim  5, 
which  further  comprises 

-  an  intermediate  transfer  medium  disposed  between  said  pressure  application  means  and  the 
electrode  having  said  pattern. 

Patentanspruche 

1.  Bilderzeugungsverfahren  mit  den  Schritten 
-  Bereitstellen  eines  Aufzeichnungsmaterials  mit  einem  charakteristischen  Haftvermogen,  das  sich 

entsprechend  der  Polaritat  einer  daran  angelegten  Spannung  andert,  wobei  das  Aufzeichnungs- 
material  haftend  ist,  wenn  daran  keine  Spannung  angelegt  ist,  und  sein  Haftvermogen  verliert, 
wenn  eine  Spannung  der  Polaritat  daran  angelegt  wird, 

-  Anordnen  des  Aufzeichnungsmaterials  zwischen  einem  Paar  Elektroden,  wobei  mindestens  eine 
der  Elektroden  einen  elektrisch  leitenden  Abschnitt  und  einen  isolierenden  Abschnitt  in  Form 
eines  dem  beabsichtigten  Bild  entsprechenden  Musters  aufweist,  und 

-  Anlegen  einer  Spannung  zwischen  das  Paar  Elektroden,  urn  dadurch  das  Aufzeichnungsmaterial 
an  die  Elektrode  anzuziehen,  die  das  dem  Bild  entsprechende  Muster  hat. 

2.  Verfahren  nach  Anspruch  1  , 
welches  weiter  einen  Schritt  des  Ubertragens  des  an  der  Elektrode  entsprechend  dem  Muster 
anhaftenden  Materials  auf  ein  Ubertragungsaufnahmemedium  aufweist. 

3.  Aufzeichnungsmaterial  mit 
-  einem  flussigen  Dispersionsmedium  und 
-  darin  dispergierten  feinen  Teilchen,  wobei  mindestens  ein  Teil  der  feinen  Teilchen  geladene  oder 

aufladbare  feine  Teilchen  aufweist  und  das  Aufzeichnungsmaterial  ein  charakteristisches  Haftver- 
mogen  hat,  das  sich  mit  der  Polaritat  einer  daran  angelegten  Spannung  andert,  wobei  das 
Aufzeichnungsmaterial  haftend  ist,  wenn  daran  keine  Spannung  angelegt  ist,  und  sein  Haftvermo- 
gen  verliert,  wenn  eine  Spannung  der  Polaritat  daran  angelegt  wird. 

4.  Aufzeichnungsmaterial  mit 
-  einem  flussigen  Dispersionsmedium  und 
-  darin  dispergierten  feinen  Teilchen,  wobei  mindestens  ein  Teil  der  feinen  Teilchen  quellfahige 

feine  Teilchen  aufweist  und  an  seiner  Oberflache  eine  Ladung  hat  und  das  Aufzeichnungsmaterial 
ein  charakteristisches  Haftvermogen  hat,  das  sich  mit  der  Polaritat  einer  daran  angelegten 
Spannung  andert,  wobei  das  Aufzeichnungsmaterial  haftend  ist,  wenn  daran  keine  Spannung 
angelegt  ist,  und  es  sein  Haftvermogen  verliert,  wenn  eine  Spannung  der  Polaritat  daran  angelegt 
wird. 
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5.  Bilderzeugungsvorrichtung  mit 
-  einem  Paar  Elektroden,  von  denen  mindestens  eine  ein  elektrisch  leitendes  Teil  und  ein  auf  dem 

elektrisch  leitenden  Teil  angeordnetes  Muster  aus  isolierendem  Material  aufweist, 
-  einer  Einrichtung  zum  Zufuhren  eines  Aufzeichnungsmaterials  zwischen  das  Paar  Elektroden, 

5  -  einer  Einrichtung  zum  Anlegen  einer  Spannung  zwischen  dem  Paar  Elektroden  und 
-  einer  Druckanlegevorrichtung  zum  Ubertragen  des  an  der  Elektrode,  die  das  Muster  hat,  anhaften- 

den  Aufzeichnungsmaterials  auf  ein  Ubertragungsaufnahmemedium  entsprechend  dem  Muster 
unter  Anlegen  der  Spannung. 

io  6.  Vorrichtung  nach  Anspruch  5, 
die  weiter  umfaBt 

-  ein  Zwischenubertragungsmedium,  das  zwischen  der  Druckanlegevorrichtung  und  der  das  Muster 
aufweisenden  Elektrode  vorgesehen  ist. 

15  Revendicatlons 

1.  Procede  de  formation  d'images  comprenant  les  etapes  qui  consistent  : 
-  a  utiliser  une  matiere  d'enregistrement  ayant  une  adhesivite  caracteristique  qui  change  en 

correspondance  avec  la  polarite  d'une  tension  qui  lui  est  appliquee,  ladite  matiere  d'enregistre- 
20  ment  etant  adhesive  lorsqu'aucune  tension  ne  lui  est  appliquee  et  perdant  son  adhesivite 

lorsqu'une  tension  de  ladite  polarite  lui  est  appliquee, 
-  a  positionner  la  matiere  d'enregistrement  entre  deux  electrodes,  au  moins  I'une  desdites  electro- 

des  comportant  une  partie  electroconductrice  et  une  partie  isolante  sous  la  forme  d'un  motif 
correspondant  a  une  image-objet,  et 

25  -  a  appliquer  une  tension  entre  les  deux  electrodes  pour  attacher  ainsi  la  matiere  d'enregistrement 
a  I'electrode  ayant  le  motif  correspondant  a  ladite  image-objet. 

2.  Procede  selon  la  revendication  1  , 
qui  comprend  en  outre  une  etape  consistant  a  reporter  la  matiere  d'enregistrement  attachee  a 

30  I'electrode  correspondant  audit  motif  vers  un  support  de  reception  de  report. 

3.  Matiere  d'enregistrement,  comportant  : 
-  un  milieu  liquide  de  dispersion  et 
-  de  fines  particules  dispersees  dans  ce  milieu,  au  moins  une  partie  desdites  fines  particules 

35  comprenant  de  fines  particules  chargees  ou  pouvant  etre  chargees,  ladite  matiere  d'enregistre- 
ment  ayant  une  adhesivite  caracteristique  qui  change  avec  la  polarite  d'une  tension  qui  lui  est 
appliquee,  ladite  matiere  d'enregistrement  etant  adhesive  lorsqu'aucune  tension  ne  lui  est 
appliquee  et  perdant  son  adhesivite  lorsqu'une  tension  de  ladite  polarite  lui  est  appliquee. 

40  4.  Matiere  d'enregistrement,  comportant  : 
-  un  milieu  liquide  de  dispersion  et 
-  de  fines  particules  dispersees  dans  ce  milieu,  au  moins  une  partie  desdites  fines  particules 

comprenant  de  fines  particules  capables  de  gonfler  et  ayant  une  charge  sur  leur  surface,  ladite 
matiere  d'enregistrement  ayant  une  adhesivite  caracteristique  qui  change  avec  la  polarite  d'une 

45  tension  qui  lui  est  appliquee,  ladite  matiere  d'enregistement  etant  adhesive  lorsqu'aucune  tension 
ne  lui  est  appliquee  et  perdant  son  adhesivite  lorsqu'une  tension  de  ladite  polarite  lui  est 
appliquee. 

5.  Appareil  de  formation  d'images,  comportant  : 
50  -  deux  electrodes  dont  au  moins  I'une  comporte  un  element  electroconducteur,  et  un  motif  de 

matiere  isolante  dispose  sur  ledit  element  electroconducteur, 
-  des  moyens  pour  amener  une  matiere  d'enregistrement  entre  les  deux  electrodes, 
-  des  moyens  pour  appliquer  une  tension  entre  les  deux  electrodes,  et 
-  des  moyens  d'application  de  pression  destines  a  reporter  sur  un  support  de  reception  de  report 

55  la  matiere  d'enregistrement  attachee  a  I'electrode  ayant  ledit  motif,  correspondant  a  son  motif 
sous  I'application  de  ladite  tension. 
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6.  Appareil  selon  la  revendication  5, 
qui  comporte  en  outre 

-  un  support  de  report  intermediate  dispose  entre  lesdits  moyens  d'application  de  pression  et 
I'electrode  ayant  ledit  motif. 
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