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Description 

This  invention  relates  to  offset  lithography.  It  relates  more  specifically  to  improved  lithography  plates  and  method 
and  apparatus  for  imaging  these  plates. 

5  There  are  a  variety  of  known  ways  to  print  hard  copy  in  black  and  white  and  in  color.  The  traditional  techniques 
include  letterpress  printing,  rotogravure  printing  and  offset  printing.  These  conventional  printing  processes  produce 
high  quality  copies.  However,  when  only  a  limited  number  of  copies  are  required,  the  copies  are  relatively  expensive.  In 
the  case  of  letterpress  and  gravure  printing,  the  major  expense  results  from  the  fact  that  the  image  is  cut  or  etched  into 
the  plate  using  expensive  photographic  masking  and  chemical  etching  techniques.  Plates  are  also  required  in  offset 

10  lithography.  However,  the  plates  are  in  the  form  of  mats  or  films  which  are  relatively  inexpensive  to  make.  The  image  is 
present  on  the  plate  or  mat  as  hydrophilic  and  hydrophobic  and  ink-receptive  surface  areas.  In  wet  lithography,  water 
and  then  ink  are  applied  to  the  surface  of  the  plate.  Water  tends  to  adhere  to  the  hydrophilic  or  water-receptive  areas 
of  the  plate  creating  a  thin  film  of  water  there  which  does  not  accept  ink.  The  ink  does  adhere  to  the  hydrophobic  areas 
of  the  plate  and  those  inked  areas,  usually  corresponding  to  the  printed  areas  of  the  original  document,  are  transferred 

15  to  a  relatively  soft  blanket  cylinder  and,  from  there,  to  the  paper  or  other  recording  medium  brought  into  contact  with  the 
surface  of  the  blanket  cylinder  by  an  impression  cylinder. 

Most  conventional  offset  plates  are  also  produced  photographically.  In  a  typical  negative-working,  subtractive  proc- 
ess,  the  original  document  is  photographed  to  produce  a  photographic  negative.  The  negative  is  placed  on  an  aluminum 
plate  having  a  water-receptive  oxide  surface  that  is  coated  with  a  photopolymer.  Upon  being  exposed  to  light  through 

20  the  negative,  the  areas  of  the  coating  that  received  light  (corresponding  to  the  dark  or  printed  areas  of  the  original)  cure 
to  a  durable  oleophilic  or  ink-receptive  state.  The  plate  is  then  subjected  to  a  developing  process  which  removes  the 
noncured  areas  of  the  coating  that  did  not  receive  light  (corresponding  to  the  light  or  background  areas  of  the  original). 
The  resultant  plate  now  carries  a  positive  or  direct  image  of  the  original  document. 

If  a  press  is  to  print  in  more  than  one  color,  a  separate  printing  plate  corresponding  to  each  color  is  required,  each 
25  of  which  is  usually  made  photographically  as  aforesaid.  In  addition  to  preparing  the  appropriate  plates  for  the  different 

colors,  the  plates  must  be  mounted  properly  on  the  print  cylinders  in  the  press  and  the  angular  positions  of  the  cylinders 
coordinated  so  that  the  color  components  printed  by  the  different  cylinders  will  be  in  register  on  the  printed  copies. 

The  development  of  lasers  has  simplified  the  production  of  lithographic  plates  to  some  extent.  Instead  of  applying 
the  original  image  photographically  to  the  photoresist-coated  printing  plate  as  above,  an  original  document  or  picture  is 

30  scanned  line-by-line  by  an  optical  scanner  which  develops  strings  of  picture  signals,  one  for  each  color.  These  signals 
are  then  used  to  control  a  laser  plotter  that  writes  on  and  thus  exposes  the  photoresist  coating  on  the  lithographic  plate 
to  cure  the  coating  in  those  areas  which  receive  lights.  That  plate  is  then  developed  in  the  usual  way  by  removing  the 
unexposed  areas  of  the  coating  to  create  a  direct  image  on  the  plate  for  that  color.  Thus,  it  is  still  necessary  to  chemi- 
cally  etch  each  plate  in  order  to  create  an  image  on  that  plate. 

35  There  have  been  some  attempts  to  use  more  powerful  lasers  to  write  images  on  lithographic  plates.  However,  the 
use  of  such  lasers  for  this  purpose  has  not  been  entirely  satisfactory  because  the  photoresist  coating  on  the  plate  must 
be  compatible  with  the  particular  laser,  which  limits  the  choice  of  coating  materials.  Also,  the  pulsing  frequencies  of 
some  lasers  used  for  this  purpose  are  so  low  that  the  time  required  to  produce  a  halftone  image  on  the  plate  is  unac- 
ceptably  long. 

40  There  have  also  been  some  attempts  to  use  scanning  E-beam  apparatus  to  etch  away  the  surface  coatings  on 
plates  used  for  printing.  However,  such  machines  are  very  expensive.  In  addition,  they  require  the  workpiece,  i.e.  the 
plate,  be  maintained  in  a  complete  vacuum,  making  such  apparatus  impractical  for  day-to-day  use  in  a  printing  facility. 

An  image  has  also  been  applied  to  a  lithographic  plate  by  electro-erosion.  The  type  of  plate  suitable  for  imaging  in 
this  fashion  and  disclosed  in  U.S.  Patent  4,596,733,  has  an  oleophilic  plastic  substrate,  e.g.  Mylar  plastic  film,  having  a 

45  thin  coating  of  aluminum  metal  with  an  overcoating  of  conductive  graphite  which  acts  as  a  lubricant  and  protects  the 
aluminum  coating  against  scratching.  A  stylus  electrode  in  contact  with  the  graphite  surface  coating  is  caused  to  move 
across  the  surface  of  the  plate  and  is  pulsed  in  accordance  with  incoming  picture  signals.  The  resultant  current  flow 
between  the  electrode  and  the  thin  metal  coating  is  by  design  large  enough  to  erode  away  the  thin  metal  coating  and 
the  overlying  conductive  graphite  surface  coating  thereby  exposing  the  underlying  ink-receptive  plastic  substrate  on  the 

so  areas  of  the  plate  corresponding  to  the  printed  portions  of  the  original  document.  This  method  of  making  lithographic 
plates  is  disadvantaged  in  that  the  described  electro-erosion  process  only  works  on  plates  whose  conductive  surface 
coatings  are  very  thin  furthermore  the  stylus  electrode  which  contacts  the  surface  of  the  plate  sometimes  scratches  the 
plate.  This  degrades  the  image  being  written  onto  the  plate  because  the  scratches  constitute  inadvertent  or  unwanted 
image  areas  on  the  plate  which  print  unwanted  marks  on  the  copies. 

55  Finally,  we  are  aware  of  a  press  system,  only  recently  developed,  which  images  a  lithographic  plate  while  the  plate 
is  actually  mounted  on  the  print  cylinder  in  the  press.  The  cylindrical  surface  of  the  plate,  treated  to  render  it  either  ole- 
ophilic  or  hydrophilic,  is  written  on  by  an  ink  jetter  arranged  to  scan  over  the  surface  of  the  plate.  The  ink  jetter  is  con- 
trolled  so  as  to  deposit  on  the  plate  surface  a  thermoplastic  image-forming  resin  or  material  which  has  a  desired  affinity 
for  the  printing  ink  being  used  to  print  the  copies.  For  example,  the  image-forming  material  may  be  attractive  to  the  print- 
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ing  ink  so  that  the  ink  adheres  to  the  plate  in  the  areas  thereof  where  the  image-forming  material  is  present  and  phobic 
to  the  "wash"  used  in  the  press  to  prevent  inking  of  the  background  areas  of  the  image  on  the  plate. 

While  that  prior  system  may  be  satisfactory  for  some  applications,  it  is  not  always  possible  to  provide  thermoplastic 
image-forming  material  that  is  suitable  for  jetting  and  also  has  the  desired  affinity  (philic  or  phobic)  for  all  of  the  inks 

5  commonly  used  for  making  lithographic  copies.  Also,  ink  jet  printers  are  generally  unable  to  produce  small  enough  ink 
dots  to  allow  the  production  of  smooth  continuous  tones  on  the  printed  copies,  i.e.  the  resolution  is  not  high  enough. 

Thus,  although  there  have  been  all  the  aforesaid  efforts  to  improve  different  aspects  of  lithographic  plate  production 
and  offset  printing,  these  efforts  have  not  reached  full  fruition  primarily  because  of  the  limited  number  of  different  plate 
constructions  available  and  the  limited  number  of  different  techniques  for  practically  and  economically  imaging  those 

10  known  plates.  Accordingly,  it  would  be  highly  desirable  if  new  and  different  lithographic  plates  became  available  which 
could  be  imaged  by  writing  apparatus  able  to  respond  to  incoming  digital  data  so  as  to  apply  a  positive  or  negative 
image  directly  to  the  plate  in  such  a  way  as  to  avoid  the  need  of  subsequent  processing  of  the  plate  to  develop  or  fix 
that  image. 

Accordingly,  the  present  invention  aims  to  provide  various  lithographic  plate  constructions  which  can  be  imaged  or 
15  written  on  to  form  a  positive  or  negative  image  therein. 

Another  object  is  to  provide  such  plates  which  can  be  used  in  a  wet  or  dry  press  with  a  variety  of  different  printing 
inks. 

Another  object  is  to  provide  low  cost  lithographic  plates  which  can  be  imaged  electrically. 
A  further  object  is  to  provide  an  improved  method  for  imaging  lithographic  printing  plates. 

20  Another  object  of  the  invention  is  to  provide  a  method  of  imaging  lithographic  plates  which  can  be  practiced  while 
the  plate  is  mounted  in  a  press. 

Still  another  object  of  the  invention  is  to  provide  a  method  for  writing  both  positive  and  negative  on  background 
images  on  lithographic  plates. 

Still  another  object  of  the  invention  is  to  provide  such  a  method  which  can  be  used  to  apply  images  to  a  variety  of 
25  different  kinds  of  lithographic  plates. 

A  further  object  of  the  invention  is  to  provide  a  method  of  producing  on  lithographic  plates  half  tone  images  with 
variable  dot  sizes. 

A  further  object  of  the  invention  is  to  provide  improved  apparatus  for  imaging  lithographic  plates. 
Another  object  of  the  invention  is  to  provide  apparatus  of  this  type  which  applies  the  images  to  the  plates  efficiently 

30  and  with  a  minimum  consumption  of  power. 
Still  another  object  of  the  invention  is  to  provide  such  apparatus  which  lends  itself  to  control  by  incoming  digital  data 

representing  an  original  document  or  picture. 
WO-A-90/02044,  EP-A-0  147  624  and  US-A-3  263  604,  and  also  WO-A-91/08108  and  WO-A-91/04154  (Cited 

under  Art.  54(3)(4)  EPC)  disclose  lithographic  printing  apparatus  of  this  type,  where  ides  are  applied  to  a  lithographic 
35  printing  plate  by  altering  the  plate  surface  characteristics  at  selected  points  or  areas  of  the  plate  using  a  non-contacting 

writing  head  which  scans  over  the  surface  of  the  plate  and  is  controlled  by  incoming  picture  signals  corresponding  to 
the  original  document  or  picture  being  copied.  The  writing  head  utilizes  a  precisely  positioned  high  voltage  spark  dis- 
charge  electrode  to  create  on  the  surface  of  the  plate  an  intense-heat  spark  zone  as  well  as  a  corona  zone  in  a  circular 
region  surrounding  the  spark  zone.  In  response  to  the  incoming  picture  signals  and  ancillary  data  keyed  in  by  the  oper- 

40  ator  such  as  dot  size,  screen  angle,  screen  mesh,  etc.  and  merged  with  the  picture  signals,  high  voltage  pulses  having 
precisely  controlled  voltage  and  current  profiles  are  applied  to  the  electrode  to  produce  precisely  positioned  and  defined 
spark/corona  discharges  to  the  plate  which  etch,  erode  or  otherwise  transform  selected  points  or  areas  of  the  plate  sur- 
face  to  render  them  either  receptive  or  non-receptive  to  the  printing  ink  that  will  be  applied  to  the  plate  to  make  the 
printed  copies. 

45  Lithographic  plates  are  made  ink  receptive  or  oleophilic  initially  by  providing  them  with  surface  areas  consisting  of 
unoxidized  metals  or  plastic  materials  to  which  oil  and  rubber  based  inks  adhere  readily.  On  the  other  hand,  plates  are 
made  water  receptive  or  hydrophilic  initially  in  one  of  three  ways.  One  plate  embodiment  is  provided  with  a  plated  metal 
surface,  e.g.  of  chrome,  whose  topography  or  character  is  such  that  it  is  wetted  by  surface  tension.  A  second  plate  has 
a  surface  consisting  of  a  metal  oxide,  e.g.  aluminum  oxide,  which  hydrates  with  water.  The  third  plate  construction  is 

so  provided  with  a  polar  plastic  surface  which  is  also  roughened  to  render  it  hydrophilic.  As  will  be  seen  later,  certain  ones 
of  these  plate  embodiments  are  suitable  for  wet  printing,  others  are  better  suited  for  dry  printing.  Also,  different  ones  of 
these  plate  constructions  are  preferred  for  direct  writing;  others  are  preferred  for  indirect  or  background  writing. 

The  present  apparatus  can  write  images  on  all  of  these  different  lithographic  plates  having  either  ink  receptive  or 
water  receptive  surfaces.  In  other  words,  if  the  plate  surface  is  hydrophilic  initially,  our  apparatus  will  write  a  positive  or 

55  direct  image  on  the  plate  by  rendering  oleophilic  the  points  or  areas  of  the  plate  surface  corresponding  to  the  printed 
portion  of  the  original  document.  On  the  other  hand,  if  the  plate  surface  is  oleophilic  initially,  the  apparatus  will  apply  a 
background  or  negative  image  to  the  plate  surface  by  rendering  hydrophilic  or  oleophobic  the  points  or  areas  of  that  sur- 
face  corresponding  to  the  background  or  non-printed  portion  of  the  original  document.  Direct  or  positive  writing  is  usu- 
ally  preferred  since  the  amount  of  plate  surface  area  that  has  to  be  written  on  or  converted  is  less  because  most 
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documents  have  less  printed  areas  than  non-printed  areas. 
The  plate  imaging  apparatus  incorporating  our  invention  is  preferably  implemented  as  a  scanner  or  plotter  whose 

writing  head  consists  of  one  or  more  spark  discharge  electrodes.  The  electrode  (or  electrodes)  is  positioned  over  the 
working  surface  of  the  lithographic  plate  and  moved  relative  to  the  plate  so  as  to  collectively  scan  the  plate  surface. 

5  Each  electrode  is  controlled  by  an  incoming  stream  of  picture  signals  which  is  an  electronic  representation  of  an  original 
document  or  picture.  The  signals  can  originate  from  any  suitable  source  such  as  an  optical  scanner,  a  disk  or  tape 
reader,  a  computer,  etc.  These  signals  are  formatted  so  that  the  apparatus'  spark  discharge  electrode  or  electrodes 
write  a  positive  or  negative  image  onto  the  surface  of  the  lithographic  plate  that  corresponds  to  the  original  document. 

If  the  lithographic  plates  being  imaged  by  our  apparatus  are  flat,  then  the  spark  discharge  electrode  or  electrodes 
10  may  be  incorporated  into  a  flat  bed  scanner  or  plotter.  Usually,  however,  such  plates  are  designed  to  be  mounted  to  a 

print  cylinder.  Accordingly,  for  most  applications,  the  spark  discharge  writing  head  is  incorporated  into  a  so-called  drum 
scanner  or  plotter  with  the  lithographic  plate  being  mounted  to  the  cylindrical  surface  of  the  drum.  Actually,  as  we  shall 
see,  our  invention  can  be  practiced  on  a  lithographic  plate  already  mounted  in  a  press  to  apply  an  image  to  that  plate 
in  situ.  In  this  application,  then,  the  print  cylinder  itself  constitutes  the  drum  component  of  the  scanner  or  plotter. 

15  To  achieve  the  requisite  relative  motion  between  the  spark  discharge  writing  head  and  the  cylindrical  plate,  the 
plate  can  be  rotated  about  its  axis  and  the  head  moved  parallel  to  the  rotation  axis  so  that  the  plate  is  scanned  circum- 
ferentially  with  the  image  on  the  plate  "growing"  in  the  axial  direction.  Alternatively,  the  writing  head  can  move  parallel 
to  the  drum  axis  and  after  each  pass  of  the  head,  the  drum  can  be  incremented  angularly  so  that  the  image  on  the  plate 
grows  circumferentially.  In  both  cases,  after  a  complete  scan  by  the  head,  an  image  corresponding  to  the  original  doc- 

20  ument  or  picture  will  have  been  applied  to  the  surface  of  the  printing  plate. 
As  each  electrode  traverses  the  plate,  it  is  supported  on  a  cushion  of  air  so  that  it  is  maintained  at  a  very  small  fixed 

distance  above  the  plate  surface  and  cannot  scratch  that  surface.  In  response  to  the  incoming  picture  signals,  which 
usually  represent  a  half  tone  or  screened  image,  each  electrode  is  pulsed  or  not  pulsed  at  selected  points  in  the  scan 
depending  upon  whether,  according  to  the  incoming  data,  the  electrode  is  to  write  or  not  write  at  these  locations.  Each 

25  time  the  electrode  is  pulsed,  a  high  voltage  spark  discharge  occurs  between  the  electrode  tip  and  the  particular  point 
on  the  plate  opposite  the  tip.  The  heat  from  that  spark  discharge  and  the  accompanying  corona  field  surrounding  the 
spark  etches  or  otherwise  transforms  the  surface  of  the  plate  in  a  controllable  fashion  to  produce  an  image-forming  spot 
or  dot  on  the  plate  surface  which  is  precisely  defined  in  terms  of  shape  and  depth  of  penetration  into  the  plate. 

Preferably  the  tip  of  each  electrode  is  pointed  to  obtain  close  control  over  the  definition  of  the  spot  on  the  plate  that 
30  is  affected  by  the  spark  discharge  from  that  electrode.  Indeed,  the  pulse  duration,  current  or  voltage  controlling  the  dis- 

charge  may  be  varied  to  produce  a  variable  dot  on  the  plate.  Also,  the  polarity  of  the  voltage  applied  to  the  electrode 
may  be  made  positive  or  negative  depending  upon  the  nature  of  the  plate  surface  to  be  affected  by  the  writing,  i.e. 
depending  upon  whether  ions  need  to  be  pulled  from  or  repelled  to  the  surface  of  the  plate  at  each  image  point  in  order 
to  transform  the  surface  at  that  point  to  distinguish  it  imagewise  from  the  remainder  of  the  plate  surface,  e.g.  to  render 

35  it  oleophilic  in  the  case  of  direct  writing  on  a  plate  whose  surface  is  hydrophilic.  In  this  way,  image  spots  can  be  written 
onto  the  plate  surface  that  have  diameters  in  the  order  of  0.127  mm  (0.005  inch)  all  the  way  down  to  0.00254  mm 
(0.0001  inch). 

After  a  complete  scan  of  the  plate,  then,  the  apparatus  will  have  applied  a  complete  screened  image  to  the  plate  in 
the  form  of  a  multiplicity  of  surface  spots  or  dots  which  are  different  in  their  affinity  for  ink  from  the  portions  of  the  plate 

40  surface  not  exposed  to  the  spark  discharges  from  the  scanning  electrode. 
According  to  the  present  invention,  we  provide  a  lithographic  plate  that  is  transformable  so  as  to  change  the  affinity 

of  said  plate  for  ink,  said  plate  being  a  layered  structure  including  an  ink-receptive  substrate,  a  conductive  layer  and  a 
hydrophobic,  ink-repellent  coating,  said  coating  containing  a  dispersion  of  particles  consisting  essentially  of  at  least  one 
compound  whose  conductivity  is  enhanced  by  the  presence  of  an  electric  field,  characterised  in  that  said  compound  is 

45  selected  from: 
metal  nitrides;  metal  phosphides;  metal  antimonides;  metal  bismuthides;  metal  carbides;  metal  silicides  and  elemental 
silicon  or  an  alloy  thereof;  metal  borides;  metal  selenides;  and  metal  tellurides. 

Using  our  method  and  apparatus,  high  quality  images  can  be  applied  to  our  special  lithographic  plates  which  have 
a  variety  of  different  plate  surfaces  suitable  for  either  dry  or  wet  offset  printing.  In  all  cases,  the  image  is  applied  to  the 

so  plate  relatively  quickly  and  efficiently  and  in  a  precisely  controlled  manner  so  that  the  image  on  the  plate  is  an  accurate 
representation  of  the  printing  on  the  original  document.  Actually  using  our  technique,  a  lithographic  plate  can  be  imaged 
while  it  is  mounted  in  its  press  thereby  reducing  set  up  time  considerably.  An  even  greater  reduction  in  set  up  time 
results  if  the  invention  is  practiced  on  plates  mounted  in  a  color  press  because  correct  color  registration  between  the 
plates  on  the  various  print  cylinders  can  be  accomplished  electronically  rather  than  manually  by  controlling  the  timings 

55  of  the  input  data  applied  to  the  electrodes  that  control  the  writing  of  the  images  on  the  corresponding  plates.  As  a  con- 
sequence  of  the  forgoing  combination  of  features,  our  method  and  apparatus  for  applying  images  to  lithographic  plates 
and  the  plates  themselves  should  receive  wide  acceptance  in  the  printing  industry. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

For  a  fuller  understanding  of  the  nature  and  object  of  the  invention,  reference  should  be  had  to  the  following 
detailed  description  taken  in  connection  with  the  accompanying  drawings,  in  which: 

5 
FIG.  1  is  a  diagrammatic  view  of  an  offset  press  incorporating  a  lithographic  printing  plate  made  in  accordance  with 
this  invention; 
FIG.  2  is  an  isometric  view  on  a  larger  scale  showing  in  greater  detail  the  print  cylinder  portion  of  the  FIG.  1  press; 
FIG.  3  is  a  sectional  view  taken  along  line  3-3  of  FIG.  2  on-a  larger  scale  showing  the  writing  head  that  applies  an 

10  image  to  the  surface  of  the  FIG.  2  print  cylinder,  with  the  associated  electrical  components  being  represented  in  a 
block  diagram;  and 
FIG.  4  is  an  enlarged  sectional  view  showing  a  lithographic  plate  incorporating  our  invention. 

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
15 

Refer  first  to  FIG.  1  of  the  drawings  which  shows  a  more  or  less  conventional  offset  press  shown  generally  at  10 
which  can  print  copies  using  lithographic  plates  made  in  accordance  with  this  invention. 

Press  10  includes  a  print  cylinder  or  drum  12  around  which  is  wrapped  a  lithographic  plate  13  whose  opposite  edge 
margins  are  secured  to  the  plate  by  a  conventional  clamping  mechanism  1  2a  incorporated  into  cylinder  1  2.  Cylinder  1  2, 

20  or  more  precisely  the  plate  13  thereon,  contacts  the  surface  of  a  blanket  cylinder  14  which,  in  turn,  rotates  in  contact 
with  a  large  diameter  impression  cylinder  16.  The  paper  sheet  P  to  be  printed  on  is  mounted  to  the  surface  of  cylinder 
1  6  so  that  it  passes  through  the  nip  between  cylinders  1  4  and  1  6  before  being  discharged  to  the  exit  end  of  the  press 
10.  Ink  for  inking  plate  13  is  delivered  by  an  ink  train  22,  the  lowermost  roll  22a  of  which  is  in  rolling  engagement  with 
plate  13  when  press  10  is  printing.  As  is  customary  in  presses  of  this  type,  the  various  cylinders  are  all  geared  together 

25  so  that  they  are  driven  in  unison  by  a  single  drive  motor. 
The  illustrated  press  1  0  is  capable  of  wet  as  well  as  dry  printing.  Accordingly,  it  includes  a  conventional  dampening 

or  water  fountain  assembly  24  which  is  movable  toward  and  away  from  drum  12  in  the  directions  indicated  by  arrow  A 
in  FIG.  1  between  active  and  inactive  positions.  Assembly  24  includes  a  conventional  water  train  shown  generally  at  26 
which  conveys  water  from  a  tray  26a  to  a  roller  26b  which,  when  the  dampening  assembly  is  active,  is  in  rolling  engage- 

30  ment  with  plate  1  3  and  the  intermediate  roller  22b  of  ink  train  22  as  shown  in  phantom  in  FIG.  1  . 
When  press  10  is  operating  in  its  dry  printing  mode,  the  dampening  assembly  24  is  inactive  so  that  roller  26b  is 

retracted  from  roller  22b  and  the  plate  as  shown  in  solid  lines  in  FIG.  1  and  no  water  is  applied  to  the  plate.  The  litho- 
graphic  plate  on  cylinder  12  in  this  case  is  designed  for  such  dry  printing.  See  for  example  plate  138  in  FIG.  4D.  It  has 
a  surface  which  is  oleophobic  or  non-receptive  to  ink  except  in  those  areas  that  have  been  written  on  or  imaged  to  make 

35  them  oleophilic  or  receptive  to  ink.  As  the  cylinder  12  rotates,  the  plate  is  contacted  by  the  ink-  coated  roller  22a  of  ink 
train  22.  The  areas  of  the  plate  surface  that  have  been  written  on  and  thus  made  oleophilic  pick  up  ink  from  roller  22a. 
Those  areas  of  the  plate  surface  not  written  on  receive  no  ink.  Thus,  after  one  revolution  of  cylinder  12,  the  image  writ- 
ten  on  the  plate  will  have  been  inked  or  developed.  That  image  is  then  transferred  to  the  blanket  cylinder  14  and  finally, 
to  the  paper  sheet  P  which  is  pressed  into  contact  with  the  blanket  cylinder. 

40  When  press  10  is  operating  in  its  wet  printing  mode,  the  dampening  assembly  24  is  active  so  that  the  water  roller 
26b  contacts  ink  roller  22b  and  the  surface  of  the  plate  13  as  shown  in  phantom  in  FIG.  1  .  Plate  13,  which  is  described 
in  more  detail  in  connection  with  FIG.  4A,  is  intended  for  wet  printing.  It  has  a  surface  which  is  hydrophilic  except  in  the 
areas  thereof  which  have  been  written  on  to  make  them  oleophilic.  Those  areas,  which  correspond  to  the  printed  areas 
of  the  original  document,  shun  water.  In  this  mode  of  operation,  as  the  cylinder  12  rotates  (clockwise  in  FIG.  1),  water 

45  and  ink  are  presented  to  the  surface  of  plate  13  by  the  rolls  26b  and  22a,  respectively.  The  water  adheres  to  the 
hydrophilic  areas  of  that  surface  corresponding  to  the  background  of  the  original  document  and  those  areas,  being 
coated  with  water,  do  not  pick  up  ink  from  roller  22a.  On  the  other  hand,  the  oleophilic  areas  of  the  plate  surface  which 
have  not  been  wetted  by  roller  26,  pick  up  ink  from  roller  22a,  again  forming  an  inked  image  on  the  surface  of  the  plate. 
As  before,  that  image  is  transferred  via  blanket  roller  14  to  the  paper  sheet  P  on  cylinder  16. 

so  While  the  image  to  be  applied  to  the  lithographic  plate  1  3  can  be  written  onto  the  plate  while  the  plate  is  "off  press", 
our  invention  lends  itself  to  imaging  the  plate  when  the  plate  is  mounted  on  the  print  cylinder  12  and  the  apparatus  for 
accomplishing  this  will  now  be  described  with  reference  to  FIG.  2.  As  shown  in  FIG.  2,  the  print  cylinder  12  is  rotatively 
supported  by  the  press  frame  1  0a  and  rotated  by  a  standard  electric  motor  34  or  other  conventional  means.  The  angu- 
lar  position  of  cylinder  1  2  is  monitored  by  conventional  means  such  as  a  shaft  encoder  36  that  rotates  with  the  motor 

55  armature  and  associated  detector  36a.  If  higher  resolution  is  needed,  the  angular  position  of  the  large  diameter  impres- 
sion  cylinder  16  may  be  monitored  by  a  suitable  magnetic  detector  that  detects  the  teeth  of  the  circumferential  drive 
gear  on  that  cylinder  which  gear  meshes  with  a  similar  gear  on  the  print  cylinder  to  rotate  that  cylinder. 

Also  supported  on  frame  1  0a  adjacent  to  cylinder  1  2  is  a  writing  head  assembly  shown  generally  at  42.  This  assem- 
bly  comprises  a  lead  screw  42a  whose  opposite  ends  are  rotatively  supported  in  the  press  frame  10a,  which  frame  also 

5 



EP  0  501  065  B1 

supports  the  opposite  ends  of  a  guide  bar  42b  spaced  parallel  to  lead  screw  42a.  Mounted  for  movement  along  the  lead 
screw  and  guide  bar  is  a  carriage  44.  When  the  lead  screw  is  rotated  by  a  step  motor  46,  carriage  44  is  moved  axially 
with  respect  to  print  cylinder  12. 

The  cylinder  drive  motor  34  and  step  motor  46  are  operated  in  synchronism  by  a  controller  50  (FIG.  3),  which  also 
5  receives  signals  from  detector  36a,  so  that  as  the  drum  rotates,  the  carriage  44  moves  axially  along  the  drum  with  the 

controller  "knowing"  the  instantaneous  relative  position  of  the  carriage  and  cylinder  at  any  given  moment.  The  control 
circuitry  required  to  accomplish  this  is  already  very  well  known  in  the  scanner  and  plotter  art. 

Refer  now  to  FIG.  3  which  depicts  an  illustrative  embodiment  of  carriage  44.  It  includes  a  block  52  having  a 
threaded  opening  52a  for  threadedly  receiving  the  lead  screw  42a  and  a  second  parallel  opening  52b  for  slidably  receiv- 

10  ing  the  guide  rod  42b.  A  bore  or  recess  54  extends  in  from  the  underside  of  block  52  for  slidably  receiving  a  discoid  writ- 
ing  head  57  made  of  a  suitable  rigid  electrical  insulating  material.  An  axial  passage  57  extends  through  head  56  for 
snugly  receiving  a  wire  electrode  58  whose  diameter  has  been  exaggerated  for  clarity.  The  upper  end  58a  of  the  wire 
electrode  is  received  and  anchored  in  a  socket  62  mounted  to  the  top  of  head  56  and  the  lower  end  58b  of  the  electrode 
58  is  preferably  pointed  as  shown  in  FIG.  3.  Electrode  58  is  made  of  an  electrically  conductive  metal,  such  as  thoriated 

15  tungsten,  capable  of  withstanding  very  high  temperatures.  An  insulated  conductor  64  connects  socket  62  to  a  terminal 
64a  at  the  top  of  block  52.  If  the  carriage  44  has  more  than  one  electrode  58,  similar  connections  are  made  to  those 
electrodes  so  that  a  plurality  of  points  on  the  plate  13  can  be  imaged  simultaneously  by  assembly  42. 

Also  formed  in  head  56  are  a  plurality  of  small  air  passages  66.  These  passages  are  distributed  around  electrode 
58  and  the  upper  ends  of  the  passages  are  connected  by  way  of  flexible  tubes  or  hoses  68  to  a  corresponding  plurality 

20  of  vertical  passages  72.  These  passages  extend  from  the  inner  wall  of  block  bore  54  to  an  air  manifold  74  inside  the 
block  which  has  an  inlet  passage  76  extending  to  the  top  of  the  block.  Passage  76  is  connected  by  a  pipe  78  to  a  source 
of  pressurized  air.  In  the  line  from  the  air  source  is  an  adjustable  valve  82  and  a  flow  restrictor  84.  Also,  a  branch  line 
78a  leading  from  pipe  78  downstream  from  restrictor  84  connects  to  a  pressure  sensor  90  which  produces  an  output 
for  controlling  the  setting  of  valve  82. 

25  When  the  carriage  44  is  positioned  opposite  plate  13  as  shown  in  FIG.  3  and  air  is  supplied  to  its  manifold  74,  the 
air  issues  from  the  lower  ends  of  passages  66  with  sufficient  force  to  support  the  head  above  the  plate  surface.  The 
back  pressure  in  passages  66  and  manifold  74  varies  directly  with  the  spacing  of  head  56  from  the  surface  of  plate  13 
and  this  back  pressure  is  sensed  by  pressure  sensor  90.  The  sensor  controls  valve  82  to  adjust  the  air  flow  to  head  56 
so  that  the  tip  58b  of  the  needle  electrode  58  is  maintained  at  a  precisely  controlled  very  small  spacing,  e.g.  0.00254 

30  mm,  above  the  surface  of  plate  1  3  as  the  carriage  44  scans  along  the  surface  of  the  plate. 
Still  referring  to  FIG.  3,  the  writing  head  56,  and  particularly  the  pulsing  of  its  electrode  58,  is  controlled  by  a  pulse 

circuit  96.  This  circuit  comprises  a  transformer  98  whose  secondary  winding  98a  is  connected  at  one  end  by  way  of  a 
variable  resistor  1  02  to  terminal  64a  which,  as  noted  previously,  is  connected  electrically  to  electrode  58.  The  opposite 
end  of  winding  98a  is  connected  to  electrical  ground.  The  transformer  primary  winding  98b  is  connected  to  a  DC  voltage 

35  source  1  04  that  supplies  a  voltage  in  the  order  of  1  000  volts.  The  transformer  primary  circuit  includes  a  large  capacitor 
1  06  and  a  resistor  1  07  in  series.  The  capacitor  is  maintained  at  full  voltage  by  the  resistor  1  07.  An  electronic  switch  1  08 
is  connected  in  shunt  with  winding  98b  and  the  capacitor.  This  switch  is  controlled  by  switching  signals  received  from 
controller  50. 

When  an  image  is  being  written  on  plate  13,  the  press  10  is  operated  in  a  non-print  or  imaging  mode  with  both  the 
40  ink  and  water  rollers  22a  and  26b  being  disengaged  from  cylinder  12.  The  imaging  of  plate  13  in  press  10  is  controlled 

by  controller  50  which,  as  noted  previously,  also  controls  the  rotation  of  cylinder  1  2  and  the  scanning  of  the  plate  by  car- 
riage  assembly  42.  The  signals  for  imaging  plate  13  are  applied  to  controller  50  by  a  conventional  source  of  picture  sig- 
nals  such  as  a  disk  reader  1  1  4.  The  controller  50  synchronizes  the  image  data  from  disk  reader  1  1  4  with  the  control 
signals  that  control  rotation  of  cylinder  1  2  and  movement  of  carriage  44  so  that  when  the  electrode  58  is  positioned  over 

45  uniformly  spaced  image  points  on  the  plate  13,  switch  108  is  either  closed  or  not  closed  depending  upon  whether  that 
particular  point  is  to  be  written  on  or  not  written  on. 

If  that  point  is  not  to  be  written  on,  i.e.  it  corresponds  to  a  location  in  the  background  of  the  original  document,  the 
electrode  is  not  pulsed  and  proceeds  to  the  next  image  point.  On  the  other  hand,  if  that  point  in  the  plate  does  corre- 
spond  to  a  location  in  the  printed  area  of  the  original  document,  switch  108  is  closed.  The  closing  of  that  switch  dis- 

50  charges  capacitor  1  06  so  that  a  precisely  shaped,  i.e.  squarewave,  high  voltage  pulse,  i.e.  1  000  volts,  of  only  about  one 
microsecond  duration  is  applied  to  transformer  98.  The  transformer  applies  a  stepped  up  pulse  of  about  3000  volts  to 
electrode  58  causing  a  spark  discharge  S  between  the  electrode  tip  58b  and  plate  1  3.  That  sparks  and  the  accompa- 
nying  corona  field  S'  surrounding  the  spark  zone  etches  or  transforms  the  surface  of  the  plate  at  the  point  thereon 
directly  opposite  the  electrode  tip  58b  to  render  that  point  either  receptive  or  non-receptive  to  ink,  depending  upon  the 

55  type  of  surface  on  the  plate. 
The  transformations  that  do  occur  with  our  different  lithographic  plate  constructions  will  be  described  in  more  detail 

later.  Suffice  it  to  say  at  this  point,  that  resistor  102  is  adjusted  for  the  different  plate  embodiments  to  produce  a  spark 
discharge  that  writes  a  clearly  defined  image  spot  on  the  plate  surface  which  is  in  the  order  of  0.127  mm  to  0.0254  mm 
in  diameter.  That  resistor  1  02  may  be  varied  manually  or  automatically  via  controller  50  to  produce  dots  of  variable  size. 
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Dot  size  may  also  be  varied  by  varying  the  voltage  and/or  duration  of  the  pulses  that  produce  the  spark  discharges. 
Means  for  doing  this  are  quite  well  known  in  the  art.  If  the  electrode  has  a  pointed  end  58b  as  shown  and  the  gap 
between  tip  58b  and  the  plate  is  made  very  small,  i.e.  0.0254  mm,  the  spark  discharge  is  focused  so  that  image  spots 
as  small  as  0.00254  mm  or  even  less  can  be  formed  while  keeping  voltage  requirements  to  a  minimum.  The  polarity  of 

5  the  voltage  applied  to  the  electrode  may  be  positive  or  negative  although  preferably,  the  polarity  is  selected  according 
to  whether  ions  need  to  be  pulled  from  or  repelled  to  the  plate  surface  to  effect  the  desired  surface  transformations  on 
the  various  plates  to  be  described. 

As  the  electrode  58  is  scanned  across  the  plate  surface,  it  can  be  pulsed  at  a  maximum  rate  of  about  500,000 
pulses/sec.  However,  a  more  typical  rate  is  25,000  pulses/sec.  Thus,  a  broad  range  of  dot  densities  can  be  achieved, 

10  e.g.  79  dots/  mm  to  2  dots/  mm.  The  dots  can  be  printed  side-by-side  or  they  may  be  made  to  overlap  so  that  substan- 
tially  100%  of  the  surface  area  of  the  plate  can  be  imaged.  Thus,  in  response  to  the  incoming  data,  an  image  corre- 
sponding  to  the  original  document  builds  up  on  the  plate  surface  constituted  by  the  points  or  spots  on  the  plate  surface 
that  have  been  etched  or  transformed  by  the  spark  discharge  S,  as  compared  with  the  areas  of  the  plate  surface  that 
have  not  been  so  affected  by  the  spark  discharge. 

15  In  the  case  of  axial  scanning,  then,  after  one  revolution  of  print  cylinder  1  2,  a  complete  image  will  have  been  applied 
to  plate  13.  The  press  10  can  then  be  operated  in  its  printing  mode  by  moving  the  ink  roller  22a  to  its  inking  position 
shown  in  solid  lines  in  FIG.  1  ,  and,  in  the  case  of  wet  printing,  by  also  shifting  the  water  fountain  roller  26b  to  its  dotted 
line  position  shown  in  FIG.  1  .  As  the  plate  rotates,  ink  will  adhere  only  to  the  image  points  written  onto  the  plate  that 
correspond  to  the  printed  portion  of  the  original  document.  That  ink  image  will  then  be  transferred  in  the  usual  way  via 

20  blanket  cylinder  14  to  the  paper  sheet  P  mounted  to  cylinder  16. 
Forming  the  image  on  the  plate  13  while  the  plate  is  on  the  cylinder  12  provides  a  number  of  advantages,  the  most 

important  of  which  is  the  significant  decrease  in  the  preparation  and  set  up  time,  particularly  if  the  invention  is  incorpo- 
rated  into  a  multi-color  press.  Such  a  press  includes  a  plurality  of  sections  similar  to  press  10  described  herein,  one  for 
each  color  being  printed.  Whereas  normally  the  print  cylinders  in  the  different  press  sections  after  the  first  are  adjusted 

25  axially  and  in  phase  so  that  the  different  color  images  printed  by  the  lithographic  plates  in  the  various  press  sections  will 
appear  in  register  on  the  printed  copies,  it  is  apparent  from  the  foregoing  that,  since  the  images  are  applied  to  the  plates 
13  while  they  are  mounted  in  the  press  sections,  such  print  registration  can  be  accomplished  electronically  in  the 
present  case. 

More  particularly,  in  a  multicolor  press,  incorporating  a  plurality  of  press  sections  similar  to  press  10,  the  controller 
30  50  would  adjust  the  timings  of  the  picture  signals  controlling  the  writing  of  the  images  at  the  second  and  subsequent 

printing  sections  to  write  the  image  on  the  lithographic  plate  1  3  in  each  such  station  with  an  axial  and/or  angular  offset 
that  compensates  for  any  misregistration  with  respect  to  the  image  on  the  first  plate  13  in  the  press.  In  other  words, 
instead  of  achieving  such  registration  by  repositioning  the  print  cylinders  or  plates,  the  registration  errors  are  accounted 
for  when  writing  the  images  on  the  plates.  Thus  once  imaged,  the  plates  will  automatically  print  in  perfect  register  on 

35  paper  sheet  P. 
Refer  now  to  FIG.  4  which  illustrates  a  lithographic  plate  embodiment  capable  of  being  imaged  by  the  apparatus 

depicted  in  FIGS.  1  to  3. 
Reference  numeral  230  denotes  generally  a  plate  comprising  a  heat-resistant,  ink-receptive  substrate  232,  a  thin 

conductive  metal  layer  234,  and  an  ink-repellent  surface  layer  236  containing  image-support  material  238,  as  described 
40  below.  In  operation,  plate  230  is  written  on  or  imaged  by  pulsing  electrode  58  at  each  image  point  I  on  the  surface  of 

the  plate.  Each  such  pulse  creates  a  spark  discharge  between  the  electrode  tip  58b  and  the  point  on  the  plate  directly 
opposite,  destroying  the  portions  of  both  the  ink-repellent  outer  layer  236  and  thin-metal  layer  234  that  lie  in  the  path  of 
the  spark,  thereby  exposing  ink-receptive  substrate  232.  Because  thin-metal  layer  234  is  grounded  and  ink-receptive 
substrate  232  resists  the  effects  of  heat,  only  the  thin-metal  layer  234  and  ink-repellent  surface  236  are  volatized  by  the 

45  spark  discharge. 
Ink-receptive  substrate  232  is  preferably  a  plastic  film.  Suitable  materials  include  polyester  films  such  as  those  mar- 

keted  under  the  tradenames  MYLAR  (E.I.  duPont  de  Nemours)  or  MELINEX  (ICI).  Thin-metal  layer  234  is  preferably 
aluminum  deposited  as  a  layer  from  200  to  500  angstroms  thick.  Other  materials  suitable  for  thin  metal  layer  234  and 
ink-receptive  substrate  232  are  described  below. 

50 
Thin  Metal  Layer  234 

This  layer  234  is  important  to  formation  of  an  image  and  must  be  uniformly  present  in  uniform  imaging  of  the  plate 
is  to  occur.  The  image  carrying  (i.e.  ink  receptive)  areas  of  the  plate  are  created  when  the  spark  discharge  volatizes  a 

55  portion  of  the  thin  metal  layer  234.  The  size  of  the  feature  formed  by  a  spark  discharge  from  electrode  tip  58b  of  a  given 
energy  is  a  function  of  the  amount  of  metal  that  is  volatized.  This  is,  in  turn,  a  function  of  the  amount  of  metal  present 
and  the  energy  required  to  volatize  the  metal  used.  An  important  modifier  is  the  energy  available  from  oxidation  of  the 
volitized  metal  (i.e.  that  can  contribute  to  the  volatizing  process),  an  important  partial  process  present  when  most  met- 
als  are  vaporized  into  a  routine  or  ambient  atmosphere. 

7 
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The  metal  preferred  for  layer  234  Is  aluminum,  which  can  be  applied  by  the  process  of  vacuum  metallization  (most 
commonly  used)  or  sputtering  to  create  a  uniform  layer  30  +/-  10  nm  thick.  Other  suitable  metals  include  chrome,  cop- 
per  and  zinc.  In  general,  any  metal  or  metal  mixture,  including  alloys,  that  can  be  deposited  on  base  coat  176  can  be 
made  to  work,  a  consideration  since  the  sputtering  process  can  then  deposit  mixtures,  alloys,  refractories,  etc.  Also,  the 
thickness  of  the  deposit  is  a  variable  that  can  be  expanded  outside  the  indicated  range.  That  is,  it  is  possible  to  image 
a  plate  through  a  100  nm  layer  of  metal,  and  to  image  layers  less  than  10  nm  thick.  The  use  of  thicker  layers  reduces 
the  size  of  the  image  formed,  which  is  desirable  when  resolution  is  to  be  improved  by  using  smaller  size  images,  points 
or  dots. 

Substrate  232 

The  material  of  substrate  232  should  have  mechanical  strength,  lack  of  extension  (stretch)  and  heat  resistance. 
Polyester  film  meets  all  these  requirements  well  and  is  readily  available.  Dupont's  Mylar  and  ICI's  Melinex  are  two  com- 
mercially  available  films.  Other  films  that  can  be  used  for  substrate  232  are  those  based  on  polyimides  (Dupont's  Kap- 
tron)  and  polycarbonates  (GE's  Lexan).  A  preferred  thickness  is  0.127  mm,  but  thinner  and  thicker  versions  can  be  used 
effectively. 

There  is  no  requirement  for  an  optically  clear  film  or  a  smooth  film  surface  (within  reason).  The  use  of  pigmented 
films  including  films  pigmented  to  the  point  of  opacity  are  feasible  for  the  substrate,  providing  mechanical  properties  are 
not  lost. 

Image-support  material  238  is  most  advantageously  dispersed  in  silicone.  The  silicone  here  is  preferably  a  mixture 
of  two  or  more  components,  one  of  which  will  usually  be  a  linear  silicone  polymer  terminated  at  both  ends  with  func- 
tional  (chemically  reactive)  groups.  Alternatively,  in  place  of  a  linear  difunctional  silicone,  a  copolymer  incorporating 
functionality  into  the  polymer  chain,  or  branched  structures  terminating  with  functional  groups  may  be  used.  It  is  also 
possible  to  combine  linear  difunctonal  polymers  with  copolymers  and/or  branch  polymers.  The  second  component  will 
be  a  multi  functional  monomeric  or  polymeric  component  reactive  with  the  first  component.  Additional  components  and 
types  of  functional  groups  present  will  be  discussed  for  the  coating  chemistries  that  follow. 

a)  Condensation  Cure  Coatings  are  usually  based  on  silanol  (-Si-OH)  terminated  polydimethylsiloxane  polymers 
(most  commonly  linear).  The  silanol  group  will  condense  with  a  number  of  multi  functional  silanes.  Some  of  the 
reactions  are: 

B y p r o d u c t  

I  
°  

A c e t o x y   - S i - O H   +  R C O - S i -   - S i - O - S i -   +  HOCR 

A l k o x y   - S i - O H   +  R O - S i -   - S i - O - S i -   +  HOR 

O x i m e   - S i - O H   +  R 1 R 2 C = N O - S i -   - S i - O - S i -   +  HON-CRjRj  

Catalysts  such  as  tin  salts  or  titanates  can  be  used  to  accelerate  the  reaction.  Use  of  low  molecular  weight 
groups  such  as  CH3-  and  CH3CH2-  for  R-|  and  R2  also  help  the  reaction  rate  yielding  volatile  byproducts  easily 
removed  from  the  coating.  The  silanes  can  be  difunctional,  but  trifunctional  and  tetrafunctional  types  are  preferred. 

Condensation  cure  coatings  can  also  be  based  on  a  moisture  cure  approach.  The  functional  groups  of  the  type 
indicated  above  and  others  are  subject  to  hydrolysis  by  water  to  liberate  a  silanol  functional  silane  which  can  then 
condense  with  the  silanol  groups  of  the  base  polymer.  A  particularly  favored  approach  is  to  use  acetoxy  functional 
silanes,  because  the  byproduct,  acetic  acid,  contributes  to  an  acidic  environment  favorable  for  the  condensation 
reaction.  A  catalyst  can  be  added  to  promote  the  condensation  when  neutral  byproducts  are  produced  by  hydroly- 
sis  of  the  silane. 

Silanol  groups  will  also  react  with  polymethyl  hydrosiloxanes  and  polymethylhydrosiloxane  copolymers  when 
catalyzed  with  a  number  of  metal  salt  catalysts  such  as  dibutyltindiacetate.  The  general  reaction  is: 

F u n c t i o n a l   R e a c t i o n  

G r o u p  

O 

A c e t o x y   - S i - O H   +  R C O - S i -  
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-Si-OH  =  --H-SI-  --(Catalyst)-*-  Si-O-Si-  +  H2 

This  is  a  preferred  reaction  because  of  the  requirement  for  a  catalyst.  The  silanol  terminated  polydimethylsi- 
loxane  polymer  is  blended  with  a  polydimethylsiloxane  second  component  to  produce  a  coating  that  can  be  stored 

5  and  which  is  catalyzed  just  prior  to  use.  Catalyzed,  the  coating  has  a  potlife  of  several  hours  at  ambient  tempera- 
tures,  but  cures  rapidly  at  elevated  temperatures  such  as  149°C  (300°F).  Silanes,  preferably  acyloxy  functional, 
with  an  appropriate  second  functional  group  (carboxy  phoshonated,  and  glycidoxy  are  examples)  can  be  added  to 
increase  coating  adhesion.  A  working  example  follows. 
b)  Addition  Cure  Coatings  are  based  on  the  hydrosilylation  reaction;  the  addition  of  Si-H  to  a  double  bond  catalyzed 

10  by  a  platinum  group  metal  complex.  The  general  reaction  is: 

-Si-H  +  CH2=CH-Si-  --(catalyst)-*-  -Si-CH2CH2-Si- 

15  Coatings  are  usually  formulated  as  a  two  part  system  composed  of  a  vinyl  functional  base  polymer  (or  polymer 
blend)  to  which  a  catalyst  such  as  a  chloroplantinic  acid  complex  has  been  added  along  with  a  reaction  modif  ier(s) 
when  appropriate  (cyclic  vinyl-methylsiloxanes  are  typical  modifiers),  and  a  second  part  that  is  usually  a  polymeth- 
ylhydrosiloxane  polymer  or  copolymer.  The  two  parts  are  combined  just  prior  to  use  to  yield  a  coating  with  a  potlife 
of  several  hours  at  ambient  temperatures  that  will  cure  rapidly  at  elevated  temperatures  (149°C  (300°F),  for  exam- 

20  pie).  Typical  base  polymers  are  linear  vinyldimethyl  terminated  polydimethylsiloxanes  and  dimethysiloxane-vinyl- 
methylsiloxane  copolymers.  A  working  example  follows. 
c)  Radiation  Cure  Coatings  can  be  divided  into  two  approaches.  For  U.V.  curable  coatings,  a  cationic  mechanism 
is  preferred  because  the  cure  is  not  inhibited  by  oxygen  and  can  be  accelerated  by  post  U.V.  exposure  application 
of  heat.  Silicone  polymers  for  this  approach  utilize  cycloaliphatic  epoxy  functional  groups.  For  electron  beam  cura- 

25  ble  coatings,  a  free  radical  cure  mechanism  is  used,  but  requires  a  high  level  of  inerting  to  achieve  an  adequate 
cure.  Silicone  polymers  for  this  approach  utilize  acrylate  functional  groups,  and  can  be  crosslinked  effectively  by 
multifunctional  acrylate  monomers. 

Preferred  base  polymers  discussed  are  based  on  the  coating  approach  to  be  used.  When  a  solvent  based  coating 
30  is  formulated,  preferred  polymers  are  medium  molecular  weight,  difunctional  polydimethylsiloxanes,  or  difunctional 

polydimethyl-siloxane  copolymers  with  dimethylsiloxane  composing  80%  or  more  of  the  total  polymer.  Preferred  molec- 
ular  weights  range  from  70,000  to  150,000.  When  a  100%  solids  coating  is  to  be  applied,  lower  molecular  weights  are 
desirable,  ranging  from  10,000  to  30,000.  Higher  molecular  weight  polymers  can  be  added  to  improve  coating  proper- 
ties,  but  will  comprise  less  than  20%  of  the  total  coating.  When  addition  cure  or  condensation  cure  coatings  are  to  be 

35  formulated,  preferred  second  components  to  react  with  silanol  or  vinyl  functional  groups  are  polymethylhydrosiloxane 
or  a  polymethylhydrosiloxane  copolymer  with  dimethylsiloxane.  If  necessary,  a  primer  coat  (not  depicted  in  Fig.  4)  may 
be  added  between  thin-metal  layer  234  and  surface  layer  236  to  provide  anchoring  between  these  layers. 

The  function  of  image-support  material  238  is  to  promote  straight-line  travel  of  the  spark  as  it  emerges  from  elec- 
trode  tip  58b.  Producing  this  behavior  reliably  has  proven  one  of  the  most  difficult  aspects  of  spark-discharge  plate 

40  design,  because  even  slight  lateral  migration  of  the  spark  path  produces  unacceptably  distorted  images. 
The  path  followed  by  an  emitted  spark  is  not  actually  random,  but  rather  is  determined  by  the  direction  of  the  elec- 

tric  field  existing  between  the  imaging  electrode  and  the  surface  of  the  plate.  This  field  is  created  when  an  imaging  pulse 
is  first  directed  to  the  electrode.  A  spark  forms  only  after  the  medium  between  the  electrode  and  the  plate  surface  has 
ionized  due  to  the  energy  of  the  field,  a  process  which  requires  a  measurable  amount  of  time.  Ionization  of  the  medium 

45  provides  the  conductive  pathway  along  which  the  spark  travels.  Once  the  spark  is  formed,  it  remains  in  existence  for  the 
remaining  duration  of  the  image  pulse.  If  the  plate  surface  is  not  conductive,  it,  too,  must  be  broken  down  by  the  electric 
field,  which  may  result  in  the  passage  of  additional  time  prior  to  spark  formation.  During  the  cumulative  duration  of  these 
delays,  the  electric  field  may  become  distorted  due  to  the  changes  occurring  in  the  medium  and/or  on  the  plate  surface, 
resulting  in  an  irregular  spark  path. 

so  Although  one  might  assume  that  particles  composed  of  a  highly  conductive  material  would  serve  as  a  useful  spark- 
guiding  filler  material,  we  have  found  that  this  is  not  the  case;  we  have  also  found  that  the  distribution  of  such  particles 
does  not  materially  deter  the  spark  from  following  an  apparently  random  path.  In  a  random  dispersion  of  particles,  there 
can  be  no  guarantee  that  the  particle  directly  opposite  the  electrode  tip  will  also  be  closest  (in  terms  of  linear  distance) 
to  the  electrode  tip;  nor  is  distance  always  determinative,  since  a  dense  area  of  particles  can  provide  a  stronger  attrac- 

55  tion  for  the  spark  than  a  single  particle  lying  closer  to  the  electrode  (so  long  as  the  additional  distance  to  the  dense  area 
is  not  too  great).  A  non-random  distribution  of  particles  can  result  in  regions  of  pure  silicone  that  contain  no  particles;  if 
such  a  region  occurs  directly  opposite  the  electrode  when  a  pulse  is  delivered,  the  spark  will  probably  deviate  from  a 
straight-line  path  toward  a  more  conductive  silicone  region. 

We  have  experimented  with  such  conductive  materials  as  graphite,  carbon  black,  and  metal  powders;  these  can  be 
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used  to  pigment  silicone  coatings  to  render  such  coatings  conductive,  and  are  often  cited  in  the  prior  art.  Carbon  blacks 
and  graphites  are  available  as  particles  which  are  sufficiently  small  to  avoid  undesirable  creation  of  a  surface  texture, 
and  can  be  used  to  produce  coatings  that  remain  stable  as  dispersions.  We  have  found,  however,  that  when  a  quantity 
of  one  or  more  of  these  materials  sufficient  to  affect  the  imaging  process  is  introduced  into  an  oleophobic  coating, 

5  reduction  of  oleophobic  character  can  occur,  with  the  consequence  that  unwanted  ink  will  adhere  to  the  non-image  por- 
tions  of  the  plate  during  printing.  Carbon  blacks  and  graphites  can  also  react  adversely  with  some  of  the  catalysts  nor- 
mally  used  for  thermally  cured  silicone  coatings. 

Conductive  metal  powders  typically  are  not  available  in  usefully  small  particle  sizes,  and  tend  to  be  excessively 
dense  and  lacking  in  surface  area  to  permit  formation  of  stable  dispersions.  Although  metal  powders  are  successfully 

10  used  in  a  large  number  of  paints  and  coatings  characterized  by  high  viscosity  and  solids  content,  such  materials  yield 
compositions  that  are  far  too  thick  for  use  as  imageable  plate  coatings. 

Yet  even  if  these  undesirable  characteristics  of  conductive  particles  could  be  overcome,  our  experiments  suggest 
that  such  particles  would  contribute  to  imaging  only  in  a  limited  fashion.  Instead,  we  have  found  that  certain  types  of 
materials,  including  many  semiconductors,  support  accurate  imaging  by  promoting  straight-line  spark  discharge.  These 

15  materials  frequently  have  structures  that  allow  polarization  by  a  strong  electric  field,  and  also  contain  conduction  bands 
of  sufficiently  low  energy  to  be  rendered  accessible  by  polarization;  alternatively,  a  suitable  material  may  respond  to  a 
strong  electric  field  by  populating  available  conduction  bands  to  a  much  greater  extent  than  would  be  obtained  in  the 
absence  of  the  field.  Such  materials  undergo  a  pronounced  increase  in  conductivity,  relative  to  that  of  ground-state  or 
low-voltage  conditions,  when  exposed  to  an  electric  field  of  at  least  1  ,000  volts.  We  herein  refer  to  such  compounds  as 

20  "conditionally  conductive". 
One  group  of  useful  compounds  includes  metal  oxides  whose  crystals  contain  two  or  more  metal  ions  of  different 

oxidation  states  bound  to  the  appropriate  number  of  oxide  ions  to  preserve  electrical  neutrality.  The  metal  ion  species 
may  derive  from  the  same  or  different  metals.  A  second  type  of  compound  comprises  metal  oxide  compounds,  of  the 
same  or  different  oxidation  states,  that  polarize  significantly  in  the  presence  of  a  strong  electric  field.  In  a  third  type  of 

25  compound,  a  metal  atom  or  ion  is  bound  to  a  relatively  electronegative  species  such  as  sulfur,  nitrogen,  arsenic,  phos- 
phorus,  antimony,  bismuth,  carbon,  or  silicon.  We  have  also  identified  a  number  of  conditionally  conductive  compounds 
that  do  not  fall  within  any  of  the  foregoing  categories. 

Without  being  bound  to  any  particular  theory  or  mechanism,  we  believe  that  the  observed  tendency  of  useful 
image-support  compounds  to  promote  straight-line  spark  discharge  is  due  primarily  to  crystal  and  electronic  structure. 

30  Low-energy  electron  migration  pathways  within  the  crystal,  induced  or  enhanced  by  the  strong  electric  field  centered  at 
the  electrode  tip  during  pulsing,  channel  electrons  into  the  underlying  thin-metal  layer.  Due  to  geometric  configuration, 
the  point  on  the  plate  surface  immediately  opposite  the  electrode  tip  will  be  exposed  to  the  electric  field  most  directly. 
Conditionally  conductive  semiconductor  particles  in  the  path  of  this  field  will  tend  to  become  more  conductive  as  a  result 
of  polarization  or  conduction-band  population,  strengthening  the  field  gradient  between  the  electrode  tip  and  the  plate 

35  surface.  This  phenomenon  occurs  prior  to  arcing  of  the  spark.  With  the  altered  crystals  providing  a  current-flow  conduit 
of  lower  resistance  than  that  of  the  unaffected  crystals  and  surrounding  oleophobic  medium,  the  spark  is  encouraged 
to  follow  the  path  of  least  resistance  through  these  particles  to  the  plate,  and  thereby  follow  a  straight-line  path.  Imaging 
accuracy  might  be  further  enhanced  by  localized  heating  of  the  altered  crystals  as  the  spark  begins  to  form,  which  may 
further  increase  their  conductivities. 

40  This  effect  contrasts  markedly  to  that  generated  by  particles  whose  conductivities  are  not  affected  by  an  electric 
field.  Such  particles  do  not  offer  a  preferred  path  for  conduction,  and  straight-line  spark  travel  will  be  promoted  only  at 
those  points  where  the  most  favorable  distribution  of  particles  occurs  opposite  the  electrode  tip.  Using  the  conditionally 
conductive  particles  of  the  present  invention,  we  have  found  that  a  random  distribution  of  particles  assures  the  greatest 
degree  of  gradient  strengthening,  because  distortions  due  to  particle  position  are  statistically  minimized. 

45  For  a  compound  to  exhibit  the  necessary  response  to  a  strong  electric  field,  its  crystalline  form  apparently  must 
possess  a  structure  and  electronic  configuration  that  results  either  in  (i)  susceptibility  to  polarization  by  a  strong  electric 
field,  resulting  in  increased  accessibility  of  available  conduction  bands  through  lowering  of  the  energetic  levels  of  such 
bands,  or  (ii)  increased  population  of  existing  conduction  bands  without  energetic  modification.  It  should  be  noted  that 
polarizability,  in  and  of  itself,  in  no  way  guarantees  that  a  material  will  be  conditionally  conductive,  since  polarization  can 

so  reduce  the  accessibility  of  a  conduction  band  as  well  as  improve  it.  As  we  will  show,  conduction  bands  that  are  entirely 
inaccessible  in  the  absence  of  a  strong  field  ~  rendering  the  compound  a  relatively  poor  conductor  -  can  nonetheless 
serve  to  produce  a  low-energy  pathway  for  electron  migration,  and  produce  good  spark-guiding  properties. 

Polarizability  is  a  characteristic  determined  by  crystal  structure,  and  the  electron  affinities  of  the  various  atoms  and 
ions  therein.  Atoms  and  ions  in  a  polarizable  crystal  shift  position  in  response  to  an  electric  field,  allowing  the  crystal  to 

55  take  on  the  charge  distribution  of  the  field  and  thereby  augment  the  overall  field  gradient.  In  the  context  of  the  present 
invention,  altering  the  symmetry  of  the  crystal  results  in  enhanced  conductivity  and/or  degradation  of  barriers  to  con- 
ductivity. 

The  field-induced  availability  of  conduction  bands  within  the  crystal  can  arise  from  any  of  a  number  of  physical 
attributes: 
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a.  The  crystal  lattice  allows  a  physical  feature,  such  as  a  plane  or  chain  of  ions,  to  extend  across  a  crystal  grain, 
thereby  providing  a  low-energy  pathway  for  electron  migration. 
b.  The  crystal  lattice  contains  metal  and  non-metal  atoms  or  ions  placed  such  that  metal  d  orbital  and  non-metal  p 
(or  7ip)  orbital  overlap  occurs. 

5  c.  The  potential  energy  of  the  crystal  lattice  is  not  appreciably  elevated  by  derealization  of  one  or  more  d-orbital 
electrons  from  the  metal  atom  or  ion  into  a  conduction  band. 
d.  Antiferromagnetic  "pinning"  of  outer-shell  electrons,  which  under  ordinary  conditions  completely  precludes  virtu- 
ally  all  conductivity,  is  overcome  by  field-induced  polarization. 

10  1.  Types  of  Compounds 

Single-Metal  Oxides 

The  following  oxides  of  a  single  metal,  in  which  the  metal  ion  is  present  in  one  or  more  oxidation  states,  promote 
15  imaging  (where  formulae  are  enclosed  in  parenthesis,  the  first  metal  is  in  the  +2  state,  the  second  in  the  +3  state): 

Fe304  (FeFe204) 
Gamma  Fe203 
Co304  (CoCo204) 
Mn304  (MnMn204) 

20  Pb304  (Pb2Pb04,  +2/+4) 
Pb02 
Cr02 
ZnO 
Mn02 

25  Mo02 
Nb02 
SnO 
Sn02 
Cu20 

30  CuO 
TiO 
Ti203 
V203 
V02 

35  W02 
wo3 
ln203 

The  +2/+3  oxidation  state  compounds,  Fe304  and  Co304  are  probably  conductive  due  to  a  rapid  valence  oscillation 
between  the  metal  sites  in  the  crystal  lattice,  which  results  in  the  transfer  of  positive  charge  from  cation  to  cation;  this 

40  effect  is  enhanced  in  the  presence  of  an  electric  field,  resulting  in  the  formation  of  a  low-energy  pathway  for  electron 
migration.  See,  e.g.,  W.  Kingery,  H.  Bowen  and  D.  Uhlmann,  Introduction  to  Ceramics  (1976)  at  899-902. 

Of  the  foregoing  compounds,  Fe304  and  Co304  exert  the  strongest  spark-guiding  effect.  Both  exhibit  symmetric, 
isometric  crystal  structures.  Although  Mn304  might  be  expected  to  exhibit  similar  valence  oscillation  due  to  comparable 
electromotive  characteristics,  we  have  found  that  this  compound  does  not  function  as  well  as  Fe304  and  Co304.  Mn304 

45  is  known  to  have  a  less  symmetrical  tetragonal  crystal  structure.  It  therefore  appears  that  crystal  symmetry  plays  a  sig- 
nificant  part  in  determining  the  relevance  of  valence  oscillation  to  spark-guiding  performance,  presumably  as  a  result  of 
smaller  conformational  strain  in  the  symmetrical  crystal  structures  due  to  valence  oscillation.  Strain  produces  energy 
loss,  resulting  in  less  efficient  conduction  and,  apparently,  less  field  responsiveness. 

We  have  also  found  that  valence  oscillation  contributes  to  spark-guiding  activity  only  where  the  transition  energy 
so  between  the  two  oxidation  states  is  minimal.  For  practical  purposes,  this  seems  to  require  both  ions  to  be  of  the  same 

metal;  otherwise,  the  benefits  of  enhanced  conductivity  are  balanced  or  outweighed  by  the  electromotive  energy 
needed  to  cause  oscillation.  Thus,  we  observed  that  even  isometric  crystal  structures  do  not  result  in  advantageous 
valence  oscillation  in  the  following  mixed-metal  compounds:  Co(Cr,AI)204,  CuCr204:MnO:Mo03  (probably  isometric), 
Fe(Fe,Cr)204:Si02,  ZnFe204,  Zn,Fe(Fe,Cr)204  and  Zn,Mn,Fe(Fe,Mn)204. 

55  By  way  of  comparison,  the  hexagonal  crystal  structure  of  alpha  Fe203  apparently  does  not  place  metal  and  oxygen 
ions  in  positions  that  allow  conductive  pathways  to  develop,  in  contrast  to  the  isometric  structure  of  gamma  Fe203.  The 
former  compound  produces  virtually  no  spark-guiding  effect,  while  the  latter  exhibits  good  performance.  Furthermore, 
although  Cu20,  a  material  with  a  symmetric  isometric  crystal  stucture,  performs  adequately,  better  results  are  obtained 
with  monoclinic  CuO. 

11 
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In  other  compounds  of  this  group,  conduction  bands  arise  from  orbital  overlap.  The  induced  conductivities  of  tita- 
nium,  vanadium,  niobium,  molybdenum,  tungsten,  chromium  and  manganese  compounds  appear  to  derive  primarily 
from  overlap  between  metal  d  orbitals  and  oxygen  p  or  jtp  orbitals,  and  ready  availability  of  easily  dislodged  d-orbital 
electrons.  Although  the  crystal  lattice  must  be  compatible  with  the  electronic  configuration  of  the  metal  ion  after  it  has 

5  surrendered  one  or  more  d-orbital  electrons  to  the  conduction  band,  a  wide  variety  of  crystal  structures  appear  to  satisfy 
this  criterion. 

Thus,  compounds  of  Vanadium(V)  (such  as  V205)  and  those  of  Titanium(IV)  (such  as  Ti02)  do  not  perform  well  due 
to  the  absence  of  available  d-orbital  electrons.  Alpha  Cr203,  which  has  a  hexagonal  crystal  structure,  also  performs 
poorly  due  to  the  incompatibility  of  its  crystal  system  with  d-electron  removal.  Other  compounds  that  we  have  found  not 

10  to  be  useful  include  Ce02,  Gd203,  MnO,  Mo03,  Nb205,  NiO,  Sm203  and  Y203. 
ZnO,  despite  its  hexagonal  crystal  structure,  is  known  from  its  piezoelectric  properties  to  be  polarizable.  The  com- 

pound  exhibits  advantageous  spark-guiding  properties;  this  is  due  to  defects  or  holes  in  its  crystal  lattice  that  are 
caused  by  missing  oxygen  atoms,  and  which  result  in  the  presence  of  zinc  atoms  or  ions  having  a  lower  oxidation  state. 
Because  d-orbital  electrons  are  tightly  bound,  zinc  is  limited  to  a  +2  oxidation  state;  the  presence  of  neutral  zinc,  with 

15  two  easily  dislodged  valence  electrons,  provides  a  source  of  conductivity  within  the  crystal  that  enhances  the  effect  of 
polarization.  In  other  words,  while  polarization  probably  lowers  the  energy  of  conduction  bands  within  the  crystal, 
thereby  rendering  them  more  accessible,  conditional  conductivity  is  significantly  improved  by  the  addition  of  available 
charge  carriers  to  populate  the  conduction  bands. 

In  the  case  of  the  copper  compounds,  conductivity  probably  arises  from  the  presence  of  non-stoichiometric 
20  amounts  of  lower-oxidation-state  copper  within  the  crystal  lattice,  providing  s-orbital  and  d-orbital  electrons  that  can  be 

dislodged  with  relative  ease.  Thus,  the  crystals  of  the  copper(ll)  compounds  may  contain  trace  amounts  of  copper(l)  or 
neutral  copper,  while  defects  in  copper(l)  crystals  can  be  filled  by  neutral  copper  atoms  or  copper(ll)  ions;  in  the  latter 
case,  the  neutral  copper  is  presumably  the  primary  contributor  to  the  observed  conductivity. 

25  Mixed-Metal  Oxides 

The  following  mixed-metal  oxide  compounds  have  also  been  found  useful  as  image-support  materials  (oxidation 
states  are  +2/+3  unless  otherwise  indicated): 

CoCr204 
30  CuCr204 

MnCr204 
NiCr204 
LaCr03  (+3/+3) 
Fe,Mn(Fe,Mn)204 

35  Fe,Mn(Fe,Mn)204:CuO 
Cu(Fe,Cr)204 
CuFe204 
CoFe204 
NiFe204 

40  MgFe204 
MnFe204 

Where  two  metals  are  separated  by  a  comma,  the  crystal  structure  contains  both  metals  in  both  oxidation  states. 
The  usefulness  of  these  compounds  as  image-support  material  probably  arises  from  crystal  defects;  their  conductivities 
are  thus  similar  to  those  of  the  copper  and  zinc  compounds  discussed  above. 

45  Due  to  their  varying  positions  in  the  electrochemical  series,  the  different  metal  ions  in  these  compounds  do  not 
undergo  valence  exchange.  Without  valence  oscillation,  polarization  of  the  isometric  crystal  structures  found  in  most  of 
these  compounds  does  not  guarantee  the  formation  of  accessible  conduction  bands.  Accordingly,  polarization,  while 
necessary  for  conditional  conductivity,  is  not  always  sufficient. 

Indeed,  some  compounds  appear  to  exhibit  good  spark-guiding  characteristics  solely  as  a  result  of  polarization, 
so  without  ever  becoming  conductive.  BaTi03,  CaTi03  and  PbTi03  exhibit  perovskite  crystal  structures,  which  are  known 

for  their  ferroelectric  properties;  perovskites  tend  to  polarize  significantly  in  the  presence  of  a  strong  electric  field.  None- 
theless,  these  compounds  are  ordinarily  non-conductive.  The  ability  of  these  compounds  to  contribute  to  spark-guiding 
therefore  demonstrates  the  degree  to  which  polarization  can  produce  limited  spark-guiding  properties  even  in  the 
absence  of  conductivity.  We  have  also  tested  other  titanium-based  compounds  which  do  not  have  perovskite  structures, 

55  such  as  B\2T\4Ou,  CoTi03,  (Ti,Ni,Sb)02,  (Ti,Ni,Nb)02,  (Ti,Cr,Nb)02,  (Ti,Cr,Sb)02,  (Ti,Mn,Sb)02,  with  decidedly  poor 
results. 

When  susceptibility  to  polarization  is  combined  with  inherent  conductivity,  spark-guiding  performance  increases. 
The  worthwhile  results  obtained  with  Fe304  and  Cr02  probably  derive  from  polarizability  in  combination  with  availability 
of  d-orbital  electrons. 
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Metal  Nitrides 

Metal  nitrides  are  found  both  in  ionic  and  interstitial  crystalline  forms.  The  latter  tend  to  be  electrically  conductive 
and  chemically  inert,  and  therefore  of  interest  as  image-support  pigments.  We  have  found  the  following  compounds  to 
be  useful: 

TiN 
ZrN 
VN 
NbN 
TaN 
Cr2N 
MoN/Mo2N  (mixture) 
MnxN  (where  x  =  2  to  4) 
Fe,<N  (where  x  =  2  to  4) 

Metal  Phosphides 

Many  transition-metal  phosphides  are  electrically  conductive,  stable  and  inert,  and  are  therefore  of  interest  as 
image-support  pigments.  It  must  be  borne  in  mind,  however,  that  many  phophides  are  hydrolytically  unstable,  producing 
highly  toxic  phosphines  upon  exposure  to  moisture.  Accordingly,  appropriate  reaction  and  use  conditions  must  be  main- 
tained. 

The  following  phosphides  were  found  to  encourage  straight-line  spark  discharge: 
CrP 
MnP/Mn2P  (mixture) 
Zn3P2 

Antimonides  and  Bismuthides 

The  following  metal  antimonides  and  bismuthides  were  found  to  enhance  imaging  accuracy: 
Mg3Sb2 
Mg3Bi2 
NiSb 
NiBi 
SnSb 

Carbon  Compounds 

Like  nitrides,  the  carbides  form  both  ionic  and  interstitial  compounds;  the  latter  have  physical  characteristics  similar 
to  the  interstitial  nitrides,  and  are  therefore  of  interest.  As  discussed  above,  elemental  carbon,  while  conductive,  is  not 
conditionally  conductive  and  therefore  does  not  materially  assist  in  the  imaging  process. 

We  have  found  the  following  interstitial  carbide  compounds  useful: 
TiC 
ZrC 
VC 
Nb2C 
NbC 
Ta2C 
TaC 
Cr3C2 
Cr7C3 
Cr26Ce 
Mo2C 
MoC 
W2C 
WC 

Silicon  Compounds 

Silicides  are  also  found  as  ionic  and  interstitial  compounds,  the  latter  of  interest.  Elemental  silicon,  available  as  a 
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stable  solid  and  known  for  its  numerous  semiconductor  applications,  was  also  found  to  enhance  imaging  accuracy. 
The  following  interstitial  silicides  were  found  to  promote  imaging: 

Ti5Si3 
TiSi2 

5  ZrSi2 
V3Si 
VSi2 
NbSi2 
Ta5Si3 

10  TaSi2 
Cr3Si 
CrSi2 
MoSi2 
W5Si3 

15  WSi2 
MnSi2 
FeSi2 
CoSi2 
NiSi2 

20  Al/Si  mixed  phases 
The  final  silicide,  denoted  as  Al/Si  mixed  phases,  denotes  a  mixture  of  crystal  phases  possessing  some  structural 

attributes.  This  type  of  mixed  phase  material  is  sometimes  referred  to  as  an  "alloy"  because  of  the  range  of  constituent 
proportions  that  are  possible. 

25  Boron  Compounds 

Borides,  which  can  be  stoichiometrically  and  structurally  complex,  include  a  number  of  conductive  species  that  pro- 
mote  straight-line  spark  discharge.  Amorphous  elemental  boron  is  also  useful,  but  does  not  perform  as  well  as  elemen- 
tal  silicon. 

30  The  following  compounds  were  found  to  assist  the  imaging  process: 
MgB12 
CaB6 
SrB6 
LaB6 

35  SmB6 
TiB2 
ZrB2 
ZrB12 
VB 

40  VB2 
CrB 
CrB2 
WB 
W2B5 

45  AIB2 
AIB12 

2.  Resistor  Effects 

so  Some  of  the  foregoing  materials,  to  varying  degrees,  tend  to  inhibit  the  ablative  action  of  the  spark  as  it  strikes  the 
plate  surface;  for  reasons  explained  below,  we  refer  to  this  phenomenon  as  the  "resistor  effect".  The  observed  result  is 
production  not  only  of  a  smaller  image  spot  than  would  otherwise  be  expected  for  an  imaging  pulse  having  a  given  out- 
put  profile,  but  also  incomplete  removal  of  the  plate  material  within  the  ablation  boundary. 

For  example,  compounds  such  as  borides  have  high  melting  points  and  resist  thermal  decomposition.  These  com- 
55  pounds  (and,  to  a  lesser  degree,  some  of  the  carbides  and  nitrides)  act  as  natural  resistors,  increasing  in  temperature 

without  disintegration  as  current  passes  through  individual  particles,  and  thereby  dissipating  part  of  the  arc  energy  that 
would  otherwise  be  available  for  volatilization  of  the  coating. 

Accordingly,  when  the  resistance  of  a  susceptible  filler  pigment  dissipates  part  of  the  arc  energythe  result  is  a 
smaller  ablated  area.  Thus,  depending  on  the  image-support  pigment  used  and  its  concentration  within  surface  layer 
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236,  it  may  be  necessary  to  augment  the  peak  voltage  of  the  imaging  pulse  to  obtain  a  surface  feature  of  desired  area. 
Alternatively,  it  may  be  possible  to  lower  the  conductive  capacity  of  the  individual  crystals  by  reducing  their  sizes;  how- 
ever,  obtaining  meaningful  size  reductions  for  many  compounds  that  exhibit  the  resistor  effect  may  be  excessively 
expensive  using  current  production  techniques. 

5  With  other  compounds,  a  second  type  of  resistor  effect  has  been  observed;  however,  instead  of  reducing  the  effi- 
ciency  of  ablation,  this  second  effect  actually  contributes  to  the  imaging  process.  It  involves  the  propensity  of  some  rel- 
atively  fragile  compounds  to  undergo  sharp,  immediate  increases  in  resistivity  upon  exposure  to  significant  heat, 
thereby  ensuring  their  early  destruction  by  the  arc.  We  believe  that  as  the  arc  begins  to  form,  the  pigment  particles  in 
its  path  undergo  rapid  resistive  heating  and  degrade  to  a  non-conductive  form  almost  instantly,  before  the  arc  is 

10  exhausted.  For  the  remainder  of  its  duration,  then,  the  arc  energy  ablates  only  the  surrounding  overlayer  material  236 
and  thin-metal  layer  234,  without  unnecessary  dissipation  of  energy  within  the  pigment.  Whatever  the  precise  mecha- 
nism,  it  appears  clear  that  the  total  energy  necessary  to  degrade  the  pigment  particles  is  ultimately  less  than  that  nec- 
essary  to  ablate  a  comparable  volume  of  overlayer  material. 

A  number  of  inorganic  materials  are  known  to  be  susceptible  to  thermally  induced  changes  in  resistivity.  While  the 
15  current-carrying  capacities  of  semiconductors  generally  increase  upon  exposure  to  heat,  some  materials  exhibit  the 

opposite  effect  above  a  critical  temperature,  undergoing  irreversible  change  to  a  more  highly  resistive  chemical  form. 
One  example  is  Mn02,  which  exhibits  this  latter,  helpful  resistor  effect. 

3.  In-Situ  Properties 
20 

As  stated  above,  the  use  of  metal  powders  and  other  traditional  conductive  pigments  is  not  viewed  as  a  useful 
approach  to  enhancing  imaging  accuracy.  This  conclusion  derives  primarily  from  practical  constraints  that  attend  con- 
struction  of  useful  dry  plates.  Spark  accuracy  is  not  a  concern  when  imaging  plates  that  present  a  bare  metal  surface, 
such  as  those  discussed  above  in  connection  with  FIG.  4. 

25  In  these  cases,  the  strength  of  the  field  gradient  between  the  electrode  and  the  plate  surface  suffices  to  limit  lateral 
migration  of  the  spark,  presumably  due  to  rapid  diminution  of  the  gradient  in  all  directions  deviating  from  dead  normal. 

This  is  not  the  case  in  a  typical  dry-plate  construction,  where  the  silicone  (or  other)  overlayer  plays  an  insulating 
role,  reducing  the  effective  strength  of  the  field  gradient.  Nonetheless,  such  constructions  can  be  made  to  exhibit  behav- 
ior  similar  to  that  of  a  metal-surface  plate  by  dispersion  of  large  amounts  of  conductive  pigment  within  the  silicone  over- 

30  layer.  If  the  pigment  concentration  is  sufficient,  a  significant  degree  of  particle-to-particle  contact  is  achieved,  and  the 
silicone  material  becomes  a  minor  impurity  that  does  not  exert  appreciable  an  insulating  effect. 

Unfortunately,  high  pigment  concentrations  also  degrade  the  ink  repellency  of  the  overlayer,  and  can  also  interfere 
with  spark  ablation  due  to  the  resistor  effect  discussed  above.  Using  ordinary  conductive  pigments,  we  have  found  that 
concentrations  as  high  as  80%  by  weight  of  the  coating  can  be  necessary  to  achieve  acceptable  spark  guiding  effects; 

35  these  proportions  clearly  reduce  ink-release  properties  and  the  size  of  the  image  spot.  The  pigment  concentration 
required  to  produce  particle-to-particle  contact  grows  as  particle  size  is  decreased. 

Our  conditionally  conductive  pigment  materials  dispense  with  the  need  to  use  highly  conductive  coatings  to  pro- 
mote  imaging  accuracy;  this  permits  us  to  reduce  the  pigment  loading  to  levels  below  that  which  would  otherwise  be 
necessary  for  good  spark-guiding  performance  if  conductivity  were  the  only  concern.  On  average,  proportions  in  the 

40  range  of  1  0-20%  by  weight  of  the  coating  have  been  found  to  suffice,  although  our  work  suggests  that  as  little  as  5%  by 
weight  is  sufficient  in  the  case  of  low-density,  highly  effective  fillers,  while  as  much  as  75%  by  weight  can  be  success- 
fully  tolerated  in  the  case  of  high-density  fillers  that  are  less  effective.  The  optimum  amount  of  pigment  will  vary  with  the 
material  chosen,  the  type  of  coating,  its  thickness,  the  method  of  application  and  the  desired  plate  resolution.  However, 
this  amount  is  readily  determined  by  a  practitioner  skilled  in  the  art  with  a  minimum  of  experimentation.  Particle  size 

45  remains  important:  although  particle-to-particle  contact  appears  unnecessary,  the  dispersed  particle  mass  must  still  be 
capable  of  conduction  in  the  aggregate,  and  conductivity  decreases  as  particles  become  more  widely  spaced.  Particle 
sizes  around  1  nm  have  been  used  advantageously. 

A  further  benefit  resulting  from  use  of  metal  compounds  (as  contrasted  with  pure  metals)  as  image-support  mate- 
rials  arises  from  their  typically  lower  densities;  this  characteristic  allows  the  preparation  of  dispersions  of  higher  stability 

so  in  the  environment  of  the  present  invention,  which  contemplates  a  low  viscosity,  low  solids  content  coating  for  surface 
layer  236.  The  following  comparison  of  the  specific  gravities  of  several  metals  and  certain  oxides  thereof  illustrates  this 
feature,  which  also  holds  true  for  many  non-oxide  compounds: 

55 
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Material  Specific 
Gravity 

Co  8.9 

CoO  6.45 

C03O4  6.7 

Cu  8.92 

Cu20  6.0 

CuO  6.4 

Zn  7.14 

ZnO  5.606 

W  19.35 

W02  12.11 

W03  7.16 

When  preparing  particle  dispersions  in  material  such  as  silicone  that  will  subsequently  be  cured  into  a  polymer  net- 
25  work,  it  is  useful  to  recognize  various  process  constraints  that  can  affect  performance  of  the  finished  plate.  For  example, 

particle  agglomeration  may  take  place  if  the  coating  is  not  cured  soon  after  dispersion,  resulting  in  non-uniform  particle 
distribution  and  reduced  imaging  accuracy.  Furthermore,  the  pigment  particles  themselves  act  as  tiny  obstructions 
when  the  coating  is  cured,  interrupting  formation  of  the  polymer  network;  if  particle  concentrations  are  large  relative  to 
the  solids  content  of  the  coating,  sufficient  cross-linking  to  ensure  adequate  coating  strength  may  not  develop. 

30  One  way  of  circumventing  these  concerns  is  to  utilize  pigment  compounds  that  become  integral  constituents  of  the 
polymer  network  as  it  develops.  Aluminum/silicon  mixed-phase  compounds,  for  example,  are  known  to  interact  with  and 
bind  to  silicone  functional  groups;  see,  e.g.,  Japanese  Patent  1  -258308  (published  October  16,  1989).  Silicon  atoms  on 
the  surfaces  of  Al/Si  particles  can  be  hydroxylated  or  hydrogenated,  and  subsequently  bond  to  functional  polyorganosi- 
loxane  groups  during  the  curing  process.  Thus,  using  a  condensation-  or  moisture-cure  mechanism,  a  hydroxylated  sil- 

35  icon  atom  on  the  particle  surface  can  bond  to  a  silanol  functional  group  on  one  of  the  polyorganosiloxane  chains; 
however,  the  surface  contains  other,  as-yet-unbound  hydroxylated  silicon  atoms  that  are  free  to  bond  with  other  polyor- 
ganosiloxane  chains.  Not  only  does  this  process  firmly  anchor  the  particles  within  the  polymer  matrix,  but  also  aug- 
ments  the  extent  of  cross-linking  rather  than  interrupting  it. 

The  Al/Si  particles  can  also  be  used  with  other  types  of  silicone  coating  systems.  The  condensation  reaction  just 
40  discussed  can  be  transformed  into  another  elimination  reaction  having  a  different  leaving  group  by  combining  hydro- 

gen-bearing  and  silanol  polyorganosiloxane  chains  and  a  tin  catalyst.  With  this  type  of  curing  system,  silanol  groups 
remain  on  the  primary  long-chain  polyorganosiloxane  component  (as  well  as  the  Al/Si  particles),  but  the  cross-linking 
component  contains  distributed  hydrogen  (rather  than  silanol)  substituents.  As  the  mixture  is  cured,  silanol  groups  com- 
bine  with  hydrosiloxane  groups  to  form  Si-O-Si  bonds  with  the  release  of  hydrogen,  H2.  The  Al/Si  particles  bond  to  the 

45  cross-linking  component  in  the  same  manner  as  do  the  long-chain  molecules,  thereby  becoming  part  of  the  developing 
matrix.  This  elimination  reaction  occurs  quickly,  and  is  particularly  suitable  for  web-coating  applications. 

As  we  have  noted,  addition-cure  systems  based  on  hydrosilylation  involve  reaction  of  unsaturated  (e.g.,  vinyl)  func- 
tional  groups  with  hydrosiloxane  units.  Even  in  these  addition-cure  systems,  the  silanol-bearing  surfaces  of  the  Al/Si 
particles  still  react  with  the  methylhydrosiloxane  groups  of  the  cross-linking  component  according  to  the  elimination 

so  reaction  discussed  above.  Once  again,  the  Al/Si  particles  become  integrally  associated  with  the  developing  polymer 
matrix. 

Although  the  discussion  has  focused  on  Al/Si  particles,  other  compounds  or  mixtures  capable  of  bonding  with  reac- 
tive  groups  in  surface  layer  236  would  also  be  suitable. 

All  of  the  lithographic  plates  described  above  can  be  imaged  on  press  1  0  or  imaged  off  press  by  means  of  the  spark 
55  discharge  imaging  apparatus  described  above.  The  described  plate  constructions  in  toto  provide  both  direct  and  indi- 

rect  writing  capabilities  and  they  should  suit  the  needs  of  printers  who  wish  to  make  copies  on  both  wet  and  dry  offset 
presses  with  a  variety  of  conventional  inks.  In  all  cases,  no  subsequent  chemical  processing  is  required  to  develop  or 
fix  the  images  on  the  plates.  The  coaction  and  cooperation  of  the  plates  and  the  imaging  apparatus  described  above 
thus  provide,  for  the  first  time,  the  potential  for  a  fully  automated  printing  facility  which  can  print  copies  in  black  and  white 
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or  in  color  in  long  or  short  runs  in  a  minimum  amount  of  time  and  with  a  minimum  amount  of  effort. 

Claims 

1  .  A  lithographic  plate  that  is  transformable  so  as  to  change  the  affinity  of  said  plate  for  ink,  said  plate  being  a  layered 
structure  including  an  ink-receptive  substrate,  a  conductive  layer  and  a  hydrophobic,  ink-repellent  coating,  said 
coating  containing  a  dispersion  of  particles  consisting  essentially  of  at  least  one  compound  whose  conductivity  is 
enhanced  by  the  presence  of  an  electric  field,  wherein  said  compound  is  selected  from: 
metal  nitrides;  metal  phosphides;  metal  antimonides;  metal  bismuthides;  metal  carbides;  metal  silicides  and  ele- 
mental  silicon  or  an  alloy  thereof;  metal  borides;  metal  selenides;  and  metal  tellurides. 

2.  A  plate  according  to  claim  1  wherein  the  compound  is  an  interstitial  carbide,  an  interstitial  nitride,  an  interstitial  sil- 
icide  or  an  interstitial  boride. 

3.  A  plate  according  to  claim  1  wherein  the  boride  is  a  dodecaboride. 

4.  A  plate  according  to  claim  1  wherein  the  compound  is  selected  from 
TiN 
ZrN 
VN 
NbN 
TaN 
Cr2N 
MoN/Mo2N  (mixture) 
MnxN  (where  x  =  2  to  4) 
FexN  (where  x  =  2  to  4). 

5.  A  plate  according  to  claim  1  wherein  the  compound  is  selected  from 
CrP 
MnP/Mn2P  (mixture) 
Zn3P2. 

6.  A  plate  according  to  claim  1  wherein  the  compound  is  selected  from 
Mg3Sb2 
Mg3Bi2 
NiSb 
NiBi 
SnSb. 

7.  A  plate  according  to  claim  1  wherein  the  compound  is  selected  from 
TiC 
ZrC 
VC 
Nb2C 
NbC 
Ta2C 
TaC 
Cr3C2 
Cr7C3 
Cr26Ce 
Mo2C 
MoC 
W2C 
WC 

8.  A  plate  according  to  claim  1  wherein  the  compound  is  selected  from 
Ti5Si3 
TiSi2 
ZrSi2 
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V3Si 
VSi2 
NbSi2 
Ta5Si3 
TaSi2 
Cr3Si 
CrSi2 
MoSi2 
W5Si3 
WSi2 
MnSi2 
FeSi2 
CoSi2 
NiSi2 
Al/Si  mixed  phases. 

9.  A  plate  according  to  claim  1  wherein  the  compound  is  selected  from 
MgB12 
CaB6 
SrB6 
LaB6 
SmB6 
TiB2 
ZrB2 
ZrB12 
VB 
VB2 
CrB 
CrB2 
WB 
W2B5 
AIB2 
AIB12. 

Patentanspruche 

1.  Lithographische  Platte  die  so  verandert  werden  kann,  daB  sich  ihre  Affinitat  fur  die  Tinte  umwandelt,  wobei  die 
Platte  aus  einer  schichtformigen  Struktur  besteht,  welche  ein  tinteaufnahmefahiges  Substrat,  eine  leitfahige 
Schicht  sowie  einen  hydrophoben  die  Tinte  abweisenden  Uberzug  aufweist,  wobei  der  letztgenannte  Uberzug  eine 
Dispersion  von  Partikeln  enthalt,  welche  im  wesentlichen  aus  wenigstens  einer  Verbindung  besteht  deren  Leitfa- 
higkeit  durch  die  Anwesenheit  eines  elektrischen  Feldes  heraufgesetzt  wird,  Platte  fur  welche  die  genannte  Verbin- 
dung  ausgewahlt  wird  unter  Metallnitriden;  Metallphosphiden;  Metallantimoniden;  Metallbismuthiden; 
Metallcarbiden;  Metallsiliciden  sowie  elementarem  Silizium  oder  einer  der  Legierungen  desselben;  Metallboriden; 
Metallseleniden;  und  Metalltelluriden. 

2.  Platte  gemaB  Anspruch  1  ,  bei  welcher  die  Verbindung  ein  interstitielles  Carbid,  ein  interstitielles  Nitrid,  ein  intersti- 
tielles  Silicid  Oder  ein  interstitielles  Borid  ist. 

3.  Platte  gemaB  Anspruch  1  ,  bei  welcher  das  Borid  ein  Dodekaborid  ist. 

4.  Platte  gemaB  Anspruch  1  ,  fur  welche  die  Verbindung  ausgewahlt  wird  unter 
TiN 
ZrN 
VN 
NbN 
TaN 
Cr2N 
MoN/Mo2N  (Gemisch) 
MnxN  (wo  x  =  2  bis  4) 
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FexN  (wo  x  =  2  bis  4). 

5.  Platte  gemaB  Anspruch  1  ,  fur  welche  die  Verbindung  ausgewahlt  wird  unter 
CrP 

5  MnP/Mn2P  (Gemisch) 
Zn3P2. 

6.  Platte  gemaB  Anspruch  1  ,  fur  welche  die  Verbindung  ausgewahlt  wird  unter 
Mg3Sb2 

10  Mg3Bi2 
NiSb 
NiBi 
SnSb. 

15  7.  Platte  gemaB  Anspruch  1  ,  fur  welche  die  Verbindung  ausgewahlt  wird  unter 
TiC 
ZrC 
VC 
Nb2C 

20  NbC 
Ta2C 
TaC 
Cr3C2 
Cr7C3 

25  Cr2eCe 
Mo2C 
MoC 
W2C 
WC. 

30 
8.  Platte  gemaB  Anspruch  1  ,  fur  welche  die  Verbindung  ausgewahlt  wird  unter 

Ti5Si3 
TiSi2 
ZrSi2 

35  V3Si 
VSi2 
NbSi2 
Ta5Si3 
TaSi2 

40  Cr3Si 
CrSi2 
MoSi2 
W5Si3 
WSi2 

45  MnSi2 
FeSi2 
CoSi2 
NiSi2 
Al/Si  gemischte  Phasen. 

50 
9.  Platte  gemaB  Anspruch  1  ,  fur  welche  die  Verbindung  ausgewahlt  wird  unter 

MgB12 
CaB6 
SrB6 

55  LaB6 
SmB6 
TiB2 
ZrB2 
ZrB12 
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VB 
VB2 
CrB 
CrB2 
WB 
W2B5 
AIB2 
AIB12. 

Revendications 

1  .  Plaque  lithographique  qui  peut  etre  transformee  de  maniere  a  changer  son  affinite  pour  I'encre,  ladite  plaque  etant 
constitute  d'une  structure  a  couches  comportant  un  support  recepteur  d'encre,  une  couche  conductrice  et  un  reve- 
tement  hydrophobe  de  repulsion  d'encre,  ce  dernier  contenant  une  dispersion  de  particules  consistant  essentielle- 
ment  en  au  moins  un  compose  dont  la  conductivity  est  rehaussee  par  la  presence  d'un  champ  electrique,  plaque 
dans  laquelle  ledit  compose  est  choisi  parmi  des  nitrures  de  metaux;  phosphures  de  metaux;  antimoniures  de 
metaux;  bismuthiures  de  metaux;  carbures  de  metaux;  siliciures  de  metaux  ainsi  que  le  silicium  elementaire  ou  I'un 
de  ses  alliages;  borures  de  metaux;  seleniures  de  metaux;  et  tellurures  de  metaux. 

2.  Plaque  suivant  revendication  1,  dans  laquelle  le  compose  est  un  carbure  interstitiel,  un  nitrure  interstitiel,  un  sili- 
ciure  interstitiel  ou  un  borure  interstitiel. 

3.  Plaque  suivant  revendication  1  ,  dans  laquelle  le  borure  est  un  dodecaborure. 

4.  Plaque  suivant  revendication  1  ,  dans  laquelle  le  compose  est  choisi  parmi 
TiN 
ZrN 
VN 
NbN 
TaN 
Cr2N 
MoN/Mo2N  (melange) 
MnxN  (ou  x  =  2  a  4) 
FexN  (ou  x  =  2  a  4). 

5.  Plaque  suivant  revendication  1  ,  dans  laquelle  le  compose  est  choisi  parmi 
CrP 
MnP/Mn2P  (melange) 
Zn3P2. 

6.  Plaque  suivant  revendication  1  ,  dans  laquelle  le  compose  est  choisi  parmi 
Mg3Sb2 
Mg3Bi2 
NiSb 
NiBi 
SnSb. 

7.  Plaque  suivant  revendication  1  ,  dans  laquelle  le  compose  est  choisi  parmi 
TiC 
ZrC 
VC 
Nb2C 
NbC 
Ta2C 
TaC 
Cr3C2 
Cr7C3 
Cr2eCe 
Mo2C 
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MoC 
W2C 
WC. 

Plaque  suivant  revendication  1  ,  dans  laquelle  le  compose  est  choisi  parmi 
Ti5Si3 
TiSi2 
ZrSi2 
V3Si 
VSi2 
NbSi2 
Ta5Si3 
TaSi2 
Cr3Si 
CrSi2 
MoSi2 
W5Si3 
WSi2 
MnSi2 
FeSi2 
CoSi2 
NiSi2 
Al/Si  phases  mixtes. 

Plaque  suivant  revendication  1  ,  dans  laquelle  le  compose  est  choisi  parmi 
MgB12 
CaB6 
SrB6 
LaB6 
SmB6 
TiB2 
ZrB2 
ZrB12 
VB 
VB2 
CrB 
CrB2 
WB 
W2B5 
AIB2 
AIB12. 
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