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@)  Corona  generating  device. 
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(57)  A  corona  generating  device  (10)  of  the  type 
having  a  conductive  shield  (18)  partially  sur- 
rounding  a  corona  discharge  electrode  (12)  is 
provided  with  heating  element  (40).  The  heating 
element  (40)  raises  the  surface  temperature  of 
the  conductive  shield  (18)  to  reduce  or  elimi- 
nate  the  adsorption  of  corona  effluents  and 
thereby  minimize  or  prevent  copy  quality  de- 
fects. 
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The  present  invention  relates  generally  to  electro- 
statographic  printing  and,  in  particular,  to  corona  gen- 
erating  devices. 

Electrostatographic  reproducing  apparatus  com- 
monly  used  today  typically  include  a  photoconductive 
member  which  may  be  electrostatically  charged  and 
thereafter  exposed  to  a  light  image  of  an  original 
document  for  reproduction  thereof.  Exposure  of  the 
photoconductive  member  discharges  the  surface 
thereof  in  background  areas  to  create  an  electrostatic 
latent  image  on  the  photoconductive  member  corre- 
sponding  to  the  image  areas  contained  within  the 
original  document.  Thereafter,  the  electrostatic  latent 
image  on  the  photoconductive  member  is  made  visi- 
ble  by  developing  the  image  with  a  developing  mate- 
rial.  During  development,  carrier  granules  transport 
toner  particles  to  the  surface  of  the  photoconductive 
member  and  the  toner  particles  are  attracted  from  the 
carrier  particles  by  the  charge  pattern  of  the  image 
areas  on  the  photoconductive  member,  forming  a 
powder  image  on  the  surface  of  the  photoconductive 
member.  This  powder  image  may  be  subsequently 
transferred  to  a  support  surface,  such  as  copy  paper, 
to  which  the  image  may  be  permanently  affixed  by 
various  methods.  Following  transfer  of  the  powder  im- 
age  to  the  support  surface,  the  photoconductive 
member  may  be  discharged  and  cleaned  of  residual 
toner  to  prepare  the  surface  thereof  for  the  next  im- 
aging  cycle. 

Various  types  of  charging  devices  have  been 
used  to  charge  or  precharge  a  photoconductive  mem- 
ber.  In  commercial  use,  for  example,  various  types  of 
corona  generating  devices  exist,  wherein  a  high  vol- 
tage  of  5,000  to  10,000  volts  may  be  applied  across 
an  electrode  to  produce  a  corona  spray  which  imparts 
electrostatic  charge  to  the  surface  of  the  photocon- 
ductive  member. 

One  particular  corona  generating  device  includes 
a  single  corona  wire  strung  between  insulating  end 
blocks  mounted  on  either  end  of  a  channel  or  shield. 
Another  device,  frequently  used  to  provide  more  uni- 
form  charging  and  to  prevent  overcharging,  includes 
two  or  more  corona  generating  electrodes  with  a  con- 
trol  grid  or  screen  having  a  plurality  of  parallel  wires 
or  apertures  in  a  plate  positioned  between  the  corona 
generating  electrodes  and  the  photoconductive  mem- 
ber.  A  potential  having  the  same  polarity  as  that  ap- 
plied  to  the  corona  generating  electrodes  but  having 
a  much  smaller  voltage  magnitude,  usually  on  the  or- 
der  of  a  few  hundred  volts,  is  applied  to  the  control 
grid  to  suppress  the  electric  field  between  the  control 
grid  and  the  corona  electrodes,  markedly  reducing 
the  ion  current  flow  to  the  photoconductive  member. 

Yet  another  type  of  corona  charging  device  is  de- 
scribed  in  US-A-4,086,650  to  Davis  et  al.  That  patent 
describes  a  corona  discharge  electrode  which  is  coat- 
ed  with  a  relatively  thick  dielectric  material  such  as 
glass  for  substantially  preventing  the  flow  of  conduc- 

tion  current  therethrough.  In  this  device,  the  delivery 
of  charge  to  the  photoconductive  surface  is  accom- 
plished  by  a  displacement  current  or  by  capacitive 
coupling  through  the  dielectric  material.  The  flow  of 

5  charge  to  the  surface  to  be  charged  is  regulated  by 
means  of  a  DC  bias  applied  to  the  shield  of  the  corona 
generating  device  In  operation,  an  AC  potential  of  ap- 
proximately  5,000  to  7,000  volts  at  a  frequency  of 
about  4KHz  applied  to  the  coated  electrode  produces 

10  an  actual  corona  generating  current  of  approximately 
1  to  2  milliamps.  This  device  has  the  advantage  of 
providing  a  uniform  charge  to  the  photoconductive 
member  using  a  relatively  low  maintenance  charging 
device.  This  type  of  device  is  also  highly  insensitive 

15  to  contamination  by  dirt  and  therefore  does  not  re- 
quire  repetitive  cleaning. 

The  corona  generating  electrode  disclosed  in  the 
patent  to  Davis  et  al.  is  a  coated  wire  supported  be- 
tween  insulating  end  blocks  wherein  the  device  has 

20  a  conductive  auxiliary  DC  electrode  positioned  oppo- 
site  to  the  imaging  surface  on  which  the  charge  is  to 
be  placed.  In  otherconventional  corona  discharge  de- 
vices,  the  conductive  corona  electrode  may  also  be  in 
the  form  of  a  pin  array  or  may  simply  comprise  an 

25  elongated  wire  supported  between  a  pair  of  end 
blocks.  Typically,  the  electrode  is  partially  surround- 
ed  by  a  conductive  shield  which  is  usually  electrically 
grounded.  The  surface  to  be  charged  is  spaced  from 
the  electrode  opposite  the  shield  and  is  mounted  on 

30  a  conductive  substrate. 
In  addition  to  providing  a  charge  on  certain  types 

of  photoreceptors,  it  is  often  desirable  to  provide  a 
precharge  to  certain  types  of  photoreceptors,  such  as 
a  selenium  alloy  based  image  receptor,  prior  to  pro- 

35  viding  a  second  charge  thereto.  Precharging  is  used 
to  neutralize  any  charge  remaining  on  the  photore- 
ceptor  after  transfer  of  the  developed  toner  image  to 
the  copy  sheet  and  to  clean  the  photoreceptor  in 
preparation  for  the  next  copying  cycle.  Typically,  such 

40  a  precharge  corona  generator  operates  at  an  AC  po- 
tential  of  between  4,500  and  6,000  volts  rms  at  400 
to  600  Hz.  A  conventional  corona  discharge  device  of 
this  type  is  shown  generally  in  US-A-2,836,725  in 
which  a  conductive  corona  electrode  in  the  form  of  an 

45  elongated  wire  is  connected  to  a  corona  generating 
AC  voltage  source. 

Certain  difficulties  have  been  observed  when  us- 
ing  corona  generating  charge  devices.  A  primary 
problem  exists  in  that  various  nitrogen  oxide  species 

so  are  produced  by  the  corona.  These  nitrogen  oxide 
species  are  adsorbed  by  solid  surfaces  In  particular, 
it  has  been  observed  that  these  oxide  species  are  ad- 
sorbed  by  the  conductive  shield  as  well  as  the  hous- 
ing  and  other  components  proximate  to  the  corona 

55  generating  device.  This  adsorption  of  nitrogen  oxide 
species  occurs  despite  the  fact  that,  during  operation, 
the  corona  generating  device  may  be  provided  with  a 
directed  airflow  for  removing  the  nitrogen  oxide  spe- 
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cies  as  well  as  for  controlling  ozone  emissions.  In  fact, 
during  the  process  of  collecting  ozone  the  air  flow 
may  exacerbate  problems  by  carrying  the  nitrogen 
oxide  species  to  an  affected  area  of  the  charging  de- 
vice  or  even  to  some  other  machine  part. 

It  has  been  found  that  adsorption  can  be  a  phys- 
ically  reversible  process  such  that  adsorbed  nitrogen 
oxide  species  are  gradually  desorbed  after  such  ex- 
posure  when  a  machine  is  turned  off  for  an  extended 
period  of  idleness.  It  should  be  understood  that,  while 
the  adsorbed  and  desorbed  species  are  both  nitroge- 
nous,  they  may  not  necessarily  be  the  same,  i.e., 
there  may  be  conversion  of  N02  to  HN03.  When  the 
operation  of  the  machine  is  resumed,  a  copy  quality 
defect,  commonly  called  a  parking  deletion,  is  ob- 
served  wherein  a  line  or  band  image  deletion  or  lower 
density  image  is  formed  across  the  width  of  the  pho- 
toreceptor  at  that  portion  which  is  at  rest  opposite  the 
corona  generating  device  during  the  period  of  idle- 
ness.  It  is  believed  that  the  nitrogen  oxide  species  in 
some  way  interact  with  the  surface  of  the  photorecep- 
tor  to  increase  the  lateral  conductivity  thereof,  so  that 
the  photoreceptor  cannot  retain  a  charge  according  to 
the  image  configuration.  This  phenomenon  basically 
causes  narrow  line  or  solid  area  images  to  blur  or  to 
wash  out,  so  as  not  to  be  developed  as  a  toner  image. 

Parking  deletion  defects  have  been  observed 
with  conventional  selenium  photoreceptors  which 
generally  comprise  a  conductive  drum  substrate  hav- 
ing  a  thin  layer  of  selenium  or  an  alloy  thereof  depos- 
ited  on  the  substrate  surface  to  provide  the  imaging 
surface.  The  parking  deletion  problem  has  also  been 
observed  to  occur  with  other  photoreceptor  configur- 
ations  such  as  plates,  flexible  belts,  and  the  like,  as 
well  as  with  other  photoreceptor  materials  which  may 
include  one  or  more  photoconductive  layers  on  a  sup- 
porting  substrate.  The  supporting  substrate  may  be 
conductive  or  may  be  coated  with  a  conductive  layer 
over  which  photoconductive  layers  may  be  coated.  Al- 
ternatively,  the  multilayered  electroconductive  imag- 
ing  photoreceptor  may  comprise  at  least  two  electri- 
cally  operative  layers,  a  photogenerating  layer  or  a 
charge  generating  layer  and  a  charge  transport  layer 
which  are  typically  applied  to  the  conductive  layer. 
For  further  details  of  such  a  layer,  attention  is  directed 
to  US-A-4,265,990.  In  these  varying  structures  sev- 
eral  of  the  layers  may  be  applied  through  various 
known  deposition  techniques  for  creating  very  thin 
layers. 

Exposure  of  the  photoreceptor  to  the  desorbing 
nitrogen  oxide  species  during  extended  periods  of 
idleness  tends  to  increase  the  severity  of  the  line  de- 
fect  or  solid  area  deletions.  While  the  mechanism  is 
not  fully  understood,  it  has  been  observed  that  even 
after  a  relatively  short  period  of  machine  operation, 
such  as  15  minutes,  coupled  with  a  period  of  idleness 
of,  say,  several  hours,  a  mild  line  defect  and  concur- 
rent  image  deletion  may  be  realized.  During  the  initial 

stage  of  exposure  of  the  photoreceptor  to  the  desorb- 
ing  nitrogen  oxide  species,  the  reaction  between  the 
photoreceptor  and  the  nitrogen  oxide  species  is  pure- 
ly  at  the  surface.  Thus,  it  is  possible  to  rejuvenate  the 

5  photoreceptor  by  washing  or  abrasively  cleaning  the 
surface  with  alcohol  or  other  solvent.  However,  after 
a  prolonged  period  of  time  the  reaction  tends  to  pen- 
etrate  the  surface  layer  of  the  photoconductive  mem- 
ber  such  that  the  defect  cannot  be  resolved  simply  by 

10  washing  with  a  solvent.  As  indicated  above,  the  de- 
fect  is  reversible  to  some  degree  by  a  rest  period. 
However,  the  period  involved  may  be  on  the  order  of 
several  days  which  may  be  objectionable  to  an  oper- 
ator. 

15  It  has  been  found  that  the  material  from  which  the 
corona  generating  device,  and  in  particularthe  shield, 
is  fabricated  or  coated  may  have  a  significant  effect 
on  the  severity  of  parking  deletions.  Attempts  to  solve 
that  problem  by  plating  the  shield  have  met  with  lim- 

20  ited  success  in  that  the  plating  often  combines  with 
the  nitrogen  oxide  species  to  form  a  nitrate  based  del- 
iquescent  salt,  which  after  continued  use  may  be- 
come  moist  with  water  from  the  air.  The  salt  buildup 
will  eventually  accumulate  sufficient  water  such  that 

25  droplets  may  form  and  drop  off  onto  the  photorecep- 
tor.  Furthermore,  the  nickel  nitrate  salts  are  crystal- 
line  and  loosely  bonded  rather  than  a  cohesive  dur- 
able  film.  Another  attempt  to  solve  a  similar  difficulty 
in  a  negative  charging  AC  device  involves  coating  the 

30  shield  and  subsequently  plating  it  with  gold.  Gold  plat- 
ing  is  theorized  to  provide  a  relatively  inert  surface 
which  will  not  adsorb  the  nitrogen  oxide  species  or  will 
not  permit  conversion  to  a  damaging  form.  However, 
as  a  result  of  the  expense  of  gold,  the  gold  is  plated 

35  in  a  very  thin  layer  and  consequently  the  layer  is  dis- 
continuous  having  numerous  pores  in  the  layer.  The 
thin  porous  layer  of  gold  permits  the  substrate  under- 
neath  the  gold  to  corrode,  forming  nitrates  in  the 
same  manner  as  with  an  unplated  device,  generating 

40  similar  difficulties  which  result  in  limited  useful  life. 
In  other  attempts  to  eliminate  the  deletion  prob- 

lem  associated  with  corona  charging,  considerable 
work  has  been  done  to  reduce  the  adsorption  of  ni- 
trogen  oxides  species  by  applying  electrodag  coat- 

45  ings  to  component  surfaces.  Such  coatings  typically 
include  a  reactive  metal  base  such  as  nickel,  lead, 
copper,  zinc  or  mixtures  thereof.  These  reactive  metal 
base  materials  tend  to  absorb  nitrogen  oxide  species 
or  form  harmless  compounds  therewith.  While  the 

so  coatings  described  above  are  capable,  to  varying  de- 
grees,  of  performing  satisfactorily  in  certain  applica- 
tions,  difficulties  still  exist.  Most  generally,  the  coat- 
ings  effective  in  neutralizing  corona  effects  have 
been  the  alkali  metal  silicate,  particularly  potassium 

55  silicate  with  graphite  suspended  in  aqueous  media, 
as  described  in  US-A-4,585,322,  and  aluminum  hy- 
droxide  also  with  suspended  graphite,  as  described  in 
US-A-4,646,196.  However,  parking  deletions  have 
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continued  to  be  a  problem  due  to  the  failure  of  the  ma- 
terials  to  continue  to  absorb  or  form  harmless  com- 
pounds  with  the  nitrogen  oxide  species  overtime. 

Accordingly,  it  is  desirable  to  provide  an  improved 
and  economical  corona  generating  device  for  depos- 
iting  a  charge  on  an  imaging  surface  wherein  damag- 
ing  nitrogen  oxide  species,  generated  by  the  corona 
generating  process,  adsorbed  by  components  there- 
of,  and  desorbed  when  the  device  is  inactivated,  are 
neutralized. 

US-A-3,845,307  discloses  an  arrangement  for 
connecting  an  exposed  corona  electrode  to  both  a 
conventional  high  potential  for  generating  a  corona 
and  a  high  current,  low  potential  to  bend  the  corona 
wire,  making  the  electrode  self-luminously  incandes- 
cent. 

US-A-4,920,266  also  addresses  the  problem  of 
parking  deletions  caused  by  adsorption  and  desorp- 
tion  of  nitrogen  oxide  species  and  provides  a  corona 
generating  device  having  elements  coated  with  a  sub- 
stantially  continuous  thin  film  of  aluminum  hydroxide 
containing  graphite  and  powdered  nickel.  No  heating 
of  the  elements  is  disclosed. 

JP-02-251464  discloses  an  ion  current  control 
electrode  substrate  characterized  in  that  a  heating  re- 
sistor  is  provided  on  the  substrate  body  with  a  control 
electrode  confronting  the  heating  resistor  through  an 
insulating  body. 

JP-03-288174-A  discloses  an  image  forming  de- 
vice  including  electrostatic  charging  means  in  the 
form  of  a  charging  roller  having  a  heating  means  for 
stabilizing  the  electrostatic  charging  process  by  elim- 
inating  environmental  conditions. 

Popular  Science  Magazine,  in  June  1991  in  an  ar- 
ticle  entitled  "Electric  Paint",  disclosed  the  introduc- 
tion  to  market  of  an  exothermic  paint  which  radiates 
heat  when  current  is  passed  through  it,  manufactured 
by  Rustol  Chemical  Company  of  Tokyo,  Japan. 

An  object  of  the  present  invention  is  to  strive  to 
provide  the  improved  an  economical  generating  de- 
vice  desired  above. 

Accordingly,  the  present  invention  provides  a  cor- 
ona  generating  device  and  electrostatographic  print- 
ing  apparatus  as  defined  in  the  appended  claims. 

In  accordance  with  one  aspect  of  the  present  in- 
vention  there  is  provided  a  corona  generating  device, 
including  a  corona  discharge  electrode,  a  conductive 
shield  member  defining  an  open-ended  chamber  hav- 
ing  the  corona  discharge  electrode  disposed  therein, 
and  means  for  heating  the  conductive  shield  to  raise 
the  temperature  thereof. 

In  accordance  with  another  aspect  of  the  present 
invention,  an  electrostatographic  printing  apparatus  is 
provided  with  an  improved  corona  generating  device 
for  depositing  a  charge  on  an  imaging  surface  where- 
in  the  corona  generating  device  includes  a  corona  dis- 
charge  electrode,  a  conductive  shield  member  defin- 
ing  an  open-ended  chamber  having  the  corona  dis- 

charge  electrode  disposed  therein,  and  means  for 
heating  the  conductive  shield  to  raise  the  tempera- 
ture  thereof. 

The  present  invention  will  be  described  further, 
5  by  way  of  example,  with  reference  to  the  accompany- 

ing  drawings,  in  which:- 
Figure  1  is  an  isometric  view  of  an  exemplary  cor- 
ona  discharge  device  according  to  the  present  in- 
vention; 

10  Figure  2  is  an  enlarged  cross-sectional  view 
showing  a  preferred  embodiment  of  a  heated 
shield  corona  discharge  device  according  to  the 
present  invention;  and 
Figure  3  is  an  enlarged  cross-sectional  view 

15  showing  another  preferred  embodiment  of  a 
heated  shield  corona  discharge  device  according 
to  the  present  invention. 
Referring  initially  to  Figure  1,  an  exemplary  em- 

bodiment  of  the  present  invention  is  shown,  including 
20  a  corona  generating  device  10  having  a  corona  dis- 

charge  electrode  12.  Forthe  purposes  of  the  present 
description,  the  corona  discharge  electrode  12  is  in 
the  form  of  a  singular  elongated  conductive  wire.  It 
will  be  understood,  however,  that  the  electrode  12 

25  may  take  the  form  of  dual  conductive  wires,  a  pin  ar- 
ray,  a  wire  having  a  relatively  thick  coating  of  dielec- 
tric  material  or  any  other  configuration  as  may  be 
known  in  the  art.  As  such,  the  Figures  and  description 
of  the  present  invention,  as  provided  herein,  are  pro- 

30  vided  forthe  purpose  of  illustrating  an  exemplary  em- 
bodiment  of  the  present  invention  and  are  not  intend- 
ed  to  limit  the  same. 

Corona  discharge  electrode  12  is  supported  be- 
tween  insulating  end  block  assemblies  14  and  16, 

35  partially  surrounded  by  a  conductive  shield  member 
18  forming  a  channel  for  increasing  the  ion  density 
available  for  conduction.  The  corona  discharge  elec- 
trode  12  is  fastened  at  one  end  to  port  20  in  the  end 
block  assembly  14  and  at  the  other  end  to  port  22  of 

40  end  block  assembly  16.  Acorona  potential  generating 
source  24  is  coupled  to  the  corona  discharge  elec- 
trode  12  through  lead  26.  The  diameter  of  the  wire  12 
is  not  critical  and  may  vary  typically  between  12.7  urn 
-  381  urn  (0.5  -  15  mils)  and  is  preferably  about  229 

45  urn  (9  mils).  Forthe  purposes  of  the  illustrated  exem- 
plary  embodiment,  the  corona  discharge  wire  12  may 
be  made  of  any  conventional  conductive  filament  ma- 
terial  such  as  stainless  steel,  gold,  aluminum,  copper, 
tungsten,  platinum,  or  the  like. 

so  Operation  of  the  corona  generating  device  1  0  for 
depositing  a  specific  net  charge  on  an  imaging  sur- 
face  is  preferably  accomplished  by  applying  AC  vol- 
tage  in  the  range  from  4  KV  to  7  KV  across  the  corona 
discharge  electrode  12  at  a  frequency  between  1  KHz 

55  and  1  0  KHz.  However,  the  frequency  of  the  AC  source 
24  may  be  varied  widely  in  the  range  from  60  Hz  com- 
mercial  source  to  several  megahertz.  A  typical  con- 
ventional  corona  discharge  device  of  this  type  is 

4 
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shown  generally  in  US-A-2,836,725,  issued  to  Vyver- 
berg,  wherein  a  conductive  corona  electrode  in  the 
form  of  an  elongated  wire  is  connected  to  a  corona 
generating  AC  voltage.  The  contents  of  that  patent 
are  hereby  incorporated  in  its  entirety  into  the  present 
patent  application. 

In  accordance  with  the  present  invention,  shield 
member  18  is  advantageously  provided  with  a  heat- 
ing  means  for  raising  the  surface  temperature  of  the 
shield.  It  has  been  found  that  modest  increases  in 
surface  temperature  of  the  shield  18  during  operation 
of  the  corona  generating  device  10  will  eliminate  ad- 
sorption  of  the  corona  effluents  on  the  surface  of  the 
shield  18  and,  therefore,  eliminate  photoreceptor 
parking  deletions  caused  by  desorption  of  the  corona 
effluents.  Further,  heating  the  corona  generating  de- 
vice  shield  18  increases  the  mass  transport  of  con- 
taminants  away  from  the  photoreceptor.  An  increase 
of  10°C  along  the  shield  18  surface  raises  the  vapor 
pressure  of  the  contaminants  by  as  much  as  100 
times,  thereby  increasing  the  removal  of  contami- 
nants  from  the  area  of  the  shield  18. 

Referring  now  to  Figure  2,  a  preferred  embodi- 
ment  of  the  heated  shield  corona  generating  device  of 
the  present  invention  is  shown  wherein  the  shield  18 
is  coated  along  at  least  one  surface  thereof  with  a 
substantially  continuous  coating  40  of  exothermic 
paint,  as  for  example  MRX-001  from  Rustol  Chemical 
Corporation  of  Tokyo,  Japan.  While  such  a  composi- 
tion  is  capable  of  performing  satisfactorily,  it  will  be 
understood  by  those  of  skill  in  the  art  that  alternative 
embodiments  may  be  utilized  in  orderto  generate  sig- 
nificant  heat  along  the  surface  of  the  shield  18.  For 
example,  a  resistive  element  may  be  located  adjacent 
to  the  shield  18  or  may  be  embedded  into  the  surface 
of  the  shield  18  to  apply  heat  thereto. 

The  substantially  continuous  coating  of  exo- 
thermic  paint  may  be  formed  on  the  surface  of  shield 
1  8  by  applying  an  organic  solution  or  dispersion  as  a 
thin  film  thereto.  The  material  could  also  be  dispersed 
in  a  polymer  binder  to  provide  sufficient  continuous 
coating.  Typically  the  thin  film  can  be  formed  by  ap- 
plying  the  coating  solution  or  dispersion  through 
spraying,  including  electrostatic  spraying,  or  brushing 
as  with  a  paint  or  by  dip  coating.  Upon  drying,  which 
may  be  effected  at  ambient  and  elevated  tempera- 
tures,  the  film  provides  a  coherent  coating  with  a 
strong  adhesive  bonding  to  the  surface  of  the  shield 
18.  The  exothermic  coating  or  dispersion  is  applied  in 
a  thickness  that  will  not  hinder  the  operation  of  the 
corona  generating  device.  Typically,  the  exothermic 
paint  is  applied  in  a  thickness  which  provides  a  coat- 
ing  thickness  of  between  (7.62  urn  to  25.4  ^m)  0.3  to 
about  1.0  mils  as  a  substantially  uniform  continuous 
layer  absent  of  pores.  The  paint  film  may  be  applied 
in  a  singular  layer  or  in  multiple  layers,  as  desired. 

It  is  noted  that  in  order  to  retain  a  conductive 
shield  18  which  is  maintained  at  ground  potential,  as 

may  be  required  for  appropriate  operation  of  the  cor- 
ona  generating  device  10,  an  insulative  layer  may  be 
required  between  the  conductive  shield  18  and  the 
exothermic  paint  layer.  As  such,  the  following  exem- 

5  plary  embodiments  as  illustrated  in  Figures  2  and  3 
are  provided. 

Referring  again  to  Figure  2,  the  conductive  shield 
18  is  coated  along  its  exterior  surface  with  a  first  in- 
sulating  layer  42.  The  insulating  layer  42  may  be  for- 

10  mulated  from  various  materials  which  may  include 
any  suitable  insulating  material  applied  to  the  conduc- 
tive  shield  1  8  by  any  suitable  means,  as  for  example, 
a  Mylar  strip  which  is  adhesively  applied  to  the  con- 
ductive  shield  1  8.  Another  suitable  approach  might  in- 

15  elude  the  lamination  of  a  polymeric  insulation  layer  on 
conductive  shield  1  8.  In  a  preferred  approach,  a  layer 
of  insulation  paint,  such  as,  for  example  MRX-003 
from  Rustol  Chemical  Company,  may  be  applied  to 
provide  enhanced  heat  transfer.  Alternatively,  layer 

20  42  may  be  substituted  with  an  infrared  emitting  mate- 
rial,  such  as,  for  example,  MRX-002,  also  available 
from  Rustol  Chemical  Company.  A  coating  of  exo- 
thermic  paint  40  is  then  applied  to  the  insulating  layer 
42  for  providing  means  to  heat  the  conductive  shield 

25  18.  The  exothermic  paint  layer  is  further  coupled  to 
a  variable  DC  source  30  and  a  ground  electrode  32 
which  allows  current  to  flow  through  the  exothermic 
paint  to  generate  significant  heat  on  the  surface  of 
the  shield  18.  The  DC  source  30  may  be  coupled  to 

30  the  heating  means  via  a  switch  34  which  may  be  re- 
placed  by  a  thermocouple  switch  36,  as  depicted  in 
Figure  3,  selectively  applying  current  to  the  heating 
means.  For  example,  when  a  detected  temperature  is 
greater  than  a  reference  value,  thermocoupled 

35  switch  36  may  be  opened  to  prevent  current  flow 
through  the  heating  element  and  provide  protection 
against  exposure  of  machine  parts  to  excessive  heat. 

In  an  alternative  embodiment,  as  shown  in  Figure 
3,  the  interior  surface  of  the  conductive  shield  18  can 

40  be  coated  with  an  insulating  layer  which  is  provided 
with  a  coating  of  the  exothermic  paint.  In  this  embodi- 
ment,  a  second  insulating  layer  42  (or  alternatively,  a 
layer  of  infrared  emitting  paint  as  discussed  above)  is 
applied  to  the  exothermic  paint  to  facilitate  heattrans- 

45  fer  and  then  covered  by  a  metallic  film  or  foil  44,  as 
shown,  thereby  preventing  direct  exposure  of  the 
exothermic  paint  layer  to  the  corona  generated  by 
electrode  12  while  maintaining  the  electrostatic  integ- 
rity  of  the  corona  generating  device. 

so  In  recapitulation,  it  is  evident  that  the  corona  gen- 
erating  device  of  the  present  invention  comprises  a 
heated  conductive  shield  in  the  form  of  a  conductive 
shield  having  a  layer  of  exothermic  paint.  The  exo- 
thermic  paint  layer  is  coupled  to  a  power  source  for 

55  generating  current  therethrough  to  generate  heat  for 
raising  the  surface  temperature  of  the  conductive 
shield.  Heating  the  conductive  shield  increases  mass 
transport  of  contaminants  by  raising  the  vapor  pres- 

5 
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sure  of  the  contaminants,  thereby  increasing  the  re- 
moval  of  contaminants  from  the  area  surrounding  the 
corona  discharge  electrode. 

While  the  invention  has  been  described  with  ref- 
erence  to  the  specific  embodiments,  it  will  be  appa- 
rent  to  those  skilled  in  the  art  that  many  alternatives, 
modifications,  and  variations  may  be  made  thereto.  It 
is  intended  that  the  present  disclosure  embrace  such 
modifications  and  alternatives  as  may  fall  within  the 
scope  of  the  appended  claims. 

Claims 

1.  A  corona  generating  device  (10),  including 
a  corona  discharge  electrode  (12); 
a  conductive  shield  member  (18)  defining 

an  open-ended  chamber  having  the  corona  dis- 
charge  electrode  (12)  disposed  therein;  and 

heating  means  (30,34,40)  for  heating  the 
conductive  shield  member  (18)  to  raise  the  tem- 
perature  thereof. 

2.  A  corona  generating  device  as  claimed  in  claim  1  , 
wherein  said  heating  means  (30,34,40)  includes: 

a  heating  element  (40)  contiguous  with 
said  conductive  shield  member  (18);  and 

an  electrical  current  source  (30)  coupled 
to  said  heating  element  (40)  for  providing  electri- 
cal  current  thereto 

thickness  ranging  from  about  7.62  to  25.4 
(about  0.3  to  about  1.0  mils). 

9.  A  corona  generating  device  as  claimed  in  claim  7 
5  or  claim  8,  further  including  a  layer  of  insulating 

material  (42)  interposed  between  said  shield 
member  (18)  and  said  layer  of  exothermic  paint 
(40). 

10  10.  A  corona  generating  device  as  claimed  in  claim  7, 
including: 

a  first  insulative  layer  (42)  disposed  on  the 
interior  surface  of  said  shield  member  (18); 

a  layer  of  exothermic  paint  (40)  disposed 
15  on  said  first  mentioned  insulating  layer  (42); 

a  second  insulating  layer  (42)  disposed  on 
said  layer  of  exothermic  paint  (40);  and 

a  metallic  film  layer  (44)  disposed  on  said 
second  insulating  layer  (42)  in  the  proximity  of 

20  said  corona  discharge  electrode  (12). 

11.  An  electrostatographic  printing  apparatus  includ- 
ing  a  corona  generating  device  for  depositing  a 
charge  on  an  imaging  surface,  the  corona  gener- 

25  ating  device  being  as  claimed  in  any  one  of  claims 
1  to  10. 

30 

3.  A  corona  generating  device  as  claimed  in  claim  2, 
wherein  said  heating  means  (30,34,40)  includes 
switch  means  (34,36)  coupled  to  said  current 
source  (30)  to  selectively  provide  electrical  cur-  35 
rent  to  said  heating  element  (40). 

4.  A  corona  generating  device  as  claimed  in  claim  3, 
wherein  said  switch  means  (34,36)  includes  a 
thermostatically  controlled  switch  (36).  40 

5.  A  corona  generating  device  as  claimed  in  claim  1  , 
wherein  said  heating  means  (30,34,40)  includes 
a  resistive  element  (40)  disposed  on  a  surface  of 
the  shield  member  (18).  45 

6.  A  corona  generating  device  as  claimed  in  claim  5, 
wherein  said  resistive  element  is  embedded  into 
a  surface  of  the  shield  member  (18). 

50 
7.  A  corona  generating  device  as  claimed  in  claim  1  , 

wherein  said  heating  means  (30,34,40)  includes 
a  substantially  continuous  layer  of  exothermic 
paint  (40)  disposed  on  the  surface  of  the  conduc- 
tive  shield  member  (18).  55 

8.  A  corona  generating  device  as  claimed  in  claim  7, 
wherein  said  layer  of  exothermic  paint  has  a 

6 
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