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@  Contact  brush  charging. 

CI  

@o  A  contact  brush  charging  device  (11)  for  charging  an  in- 
sulating  layer,  especially  the  photoreceptor  (13)  in  a  xero- 
graphic  repdocution  apparatus,  comprises  a  plurality  of 
resiliently,  flexible  thin  fibers  (31)  which  have  an  electrical 
resistivity  in  the  range  from  102  to  106  ohms-cm  and  which 
are  substantially  resistivity  stable  to  changes  in  relative  humid- 
ity  and  temperature  over  the  normal  operating  range  and  age- 
ing.  In  a  preferred  embodiment  the  fibers  are  arranged  in  a  uni- 
form  distribution  along  the  length  of  the  brush  and  comprise 
partially  carbonized  polyacrylonitrile  fibers  which  have  an  elec- 
trical  resistivity  in  the  range  from  103  to  105  ohms-cm  and 
which  are  substantially  homogeneous  in  composition. 



The  present  invention  relates  to  a  contact   charging  brush  and  to  a  

method  of  charging  an  insulating  layer  with  such  a  brush. 

In  an  e lec t ros ta tographic   reproducing  apparatus  commonly  used 

today,  a  photoconductive  insulating  member  is  charged  to  a  nega t ive  

potential,   t he rea f t e r   exposed  to  a  light  image  of  an  original  document  t o  

be  reproduced.  The  exposure  discharges  the  photoconductive  insula t ing  

surface  in  exposed  or  background  areas  and  creates  an  e lec t ros ta t ic   l a t e n t  

image  on  the  member  which  corresponds  to  the  image  areas  con t a ined  

within  the  original  document.  Subsequently,  the  e lec t ros ta t ic   latent  image  

on  the  photoconductive  insulating  surface  is  made  visible  by  developing  t h e  

image  with  a  developing  powder  referred  to  in  the  art  as  toner.  Dur ing  

development  the  toner  particles  are  a t t r ac ted   from  the  carrier  particles  by 

the  charge  pat tern  of  the  image  areas  on  the  photoconductive  insula t ing  

area  to  form  a  powder  image  on  the  photoconductive  area.  This  image  may  
be  subsequently  t ransferred  to  a  support  surface  such  as  copy  paper  t o  

which  it  may  be  permanently  affixed  by  heating  or  by  the  application  of  

pressure.  Following  t ransfer   of  the  toner  image  to  the  support  surface  t h e  

photoconductive  insulating  surface  may  be  discharged  and  cleaned  of 

residual  toner  to  prepare  for  the  next  imaging  cycle .  

In  such  e lec t ros ta tographic   apparatus  in  use  today  various  types  

of  charging  device  have  been  used  to  charge  the  photoconductive  insula t ing 

layer.  In  commercial   use,  for  example,  are  various  types  of  co rona  

generating  devices  to  which  a  high  voltage  of  5,000  to  8,000  volts  may  be 

applied  to  the  corotron  device  thereby  producing  a  corona  spray  which 

imparts  e lec t ros ta t ic   charge  to  the  surface  of  the  photoreceptor .   In 

addition,  the  corona  spray  generates  ozone  and  other  species  which  have  to  

be  collected  or  neutralized.  Alternatively,   the  photoconductive  insula t ing 

layer  may  be  charged  with  a  brush  charging  device  which  is  brought  into 

contact  with  the  photoconductive  insulating  layer  and  to  which  a  p o t e n t i a l  

of  the  order  of  1,200  volts  is  applied  during  the  charging  process.  This 

provides  a  constant  voltage  charging  process  wherein,  for  example,  if  a 

thousand  volts  is  applied  to  the  brush  the  insulating  layer  maybe  charged  to  

800  volts.  This  is  in  contrast  to  the  corona  generating  devices  which  a r e  

based  on  a  constant  current  process  and  therefore  have  large  f luctation  in 



the  potential  eventually  developed  on  a  conductive  insulating  layer.  In 

brush  charging  there  is  a  dramatic  reduction  in  ozone  generation  compared  

to  corona  charging  despite  the  fact  that  there  may  be  a  small  amount  of 

corona.  Brush  charging  is  100%  efficient  in  terms  of  the  current  going  t o  

the  photoreceptor   whereas  corotron  charging  is  only  about  10%  efficient  in 

terms  of  the  current  going  to  the  photoreceptor .   Generally,  contact   brush 

charging  has  the  advantage  of  being  relatively  insensitive  to  process  speed 

or  photoconductive  insulating  layer  electr ical   history  within  normal  

operating  range.  In  other  words,  in  contact   brush  charging  devices  if  in  one 

cycle  the  photoreceptor   is  charged  and  subsequently  discharged  by 

exposure  to  the  light  and  shadow  pat tern  to  provide  varying  po ten t i a l  

levels,  upon  subsequent  charging  with  a  contact  brush  charging  for  making 

subsequent  copies  the  photoreceptor   will  be  recharged  only  to  the  init ial  

uniform  po ten t i a l .  

While  contact  brush  charging  provides  these  advantages,  it  also 

suffers  from  serious  deficiencies  in  that  the  individual  brush  fibers  a re  

typically  made  from  electrically  conductive  materials  which  may  upon 
contact  with  imperfect   areas  of  the  insulating  surface  result  in  shorting  of 

portions  of  the  insulating  surface  giving  rise  to  deletions  in  the  ou tpu t  

copy.  In  the  commercial   manufacture  of  photoreceptors   (photoconduct ive  

insulating  layers)  it  is  very  difficult  to  produce  a  whole  layer  whether  it  be 

a  drum  or  belt  wherein  the  dielectric  strength  of  the  layer  is  p rec i se ly  

uniform  throughout  the  entire  layer.  It  often  happens  as  a  result  of  a 

manufacturing  defect,   or  contamination,   or  other  matters   that  are  not 

fully  understood,  that  certain  imperfections  exist  in  these  pho to recep to r s .  

In  particular,   they  may  have  areas  of  relatively  low  dielectr ic  s t r e n g t h  

which  may  be  visible  or  invisible  to  the  unaided  eye.  These  defects  usually 

are  within  the  photoreceptor   layer  and  randomly  distributed  throughout  t he  

layer.  When  such  photoreceptors   are  used  in  commercial   embod imen t s  

with  contact  charging  apparatus  employing  conductive  fibers  the  f ibers  

contact  the  photoreceptor   and  in  those  areas  of  imperfect ion  in  the  

photoreceptor   a  path  where  high  current  densities  can  flow  produces  

electrical   shorting  to  the  conductive  backing  on  the  photoreceptor   layer .  

This  shorting  can  produce  localized  heating,  melting,  and  oxidation  of  t he  

polymeric  materials  followed  by  out  gassing  of  vaporized  polymeric  causing 



devasta t ing  irreversible  damage.  The  result  is  a  mechanical  flaw  in  t h e  

photoreceptor   which  is  either  a  crater  or  a  hole  in  the  photoreceptor   layer .  

While  initially  this  flaw  may  have  been  an  invisible  defect,  it  now  becomes  

visible  appearing  as  a  hole  of  1  to  2  mm  in  the  photoreceptor   surface.  This  

"pinhole"  shows  up  as  a  copy  quality  defect  since  it  can  act  as  a  mechan ica l  

toner  trap  during  the  development  cycle  and  can  develop  out  as  a  b lack  

spot.  It  can  also  appear  as  an  undeveloped  area,  as  a  result  of  th is  

part icular  small  portion  no  longer  behaving  as  a  photoconductive  insula t ing 

layer .  

Photoreceptors   exhibiting  this  "pinhole"  effect  can  be  in  a  v a r i e t y  

of  different  configurations  including  plates,  drums,  flexible  belts  and  t h e  

like.  Typical  photoreceptors   include  one  or  more  photoconductive  l ayers  

on  a  supporting  substrate.   The  supporting  substrate  may  be  conductive  or  

it  may  be  coated  with  a  conductive  layer  over  which  pho toconduc t ive  

layers  may  be  coated.  Alternat ively,   the  mul t i l aye red  

e lec t rophotoconduct ive   imaging  photoreceptor   may  comprise  at  least  two  

electr ical ly  operative  layers,  a  photogenerat ing  or  charge  generating  l aye r  

and  a  charge  transport   layer  which  are  typically  applied  to  the  conduc t ive  

layer.  For  further  details  of  such  a  layer,  a t tent ion  is  directed  to  U.S. 

Patent  4,265,990.  In  all  these  varying  s t ructures   several  of  the  layers  may 
be  applied  through  vacuum  deposition  techniques  for  very  thin  layers .  

During  the  several  fabrication  processes  one  or  more  of  the  layers  may  be 

exposed  to  contaminat ion  by  foreign  matter   (dust)  or  experience  o t h e r  

process  deviations.  Small  imperfect ions  give  rise  to  "pinhole"  effects  with 

which  the  present  invention  is  concerned .  

Typical  of  devices  wherein  conductive,  thin  carbon  fibers  may  be 

used  in  a  brush  form  as  a  charging  or  transfer  device  are  those  described  in 

Japanese  Patent  Applications  53-102630  and  53-102631.  Both  t he se  

applications  disclose  conductive  materials  such  as  carbon  fibers  or  s ta in less  

steel  fibers  having  a  resistivity  somewhere  in  the  range  from  10-5  to  10-3 

ohms-cm.  

US-A-2,774,921  (to  Walkup)  describes  a  brush  charging  appa ra tus  
for  e lec t ros ta t ica l ly   charging  an  insulating  imaging  surface  for  

e lectrophotography.   Walkup  recognized  that  if  a  highly  conductive  f iber  

were  to  come  in  contact  with  a  hole  or  weak  spot  in  the  insulating  su r face  



it  would  act  to  short  circuit  the  current  and  that  it  would  be  pa r t i cu la r ly  

objectionable  in  the  case  of  printing  plates  for  electrical   printing.  In 

addition  to  recognizing  that  the  pliable  element  should  not  be  too 

electr ically  conductive,  he  also  recognized  that  it  must  not  be  too  r e s i s t an t  

to  electric  current  flow  and  described  materials  having  surface  r e s i s t ances  

in  the  range  of  10,000  ohms  to  100,000  megaohms.  Walkup  excluded 

materials  such  as  copper,  silver,  and  other  common  metals.  Examples  he 

discloses  at  column  3,  lines  22 -  28  include  paper,  cloth,  certain  vega tab le  

fibers,  glass  cloth  which  had  been  rendered  slightly  conductive  by 

metalizing  or  coating  with  hygroscopic  salts  such  as  glycerin  or  various 

sal ts .  

We  have  now  found  that  the  materials  suggested  by  Walkup  a r e  

deficient  in  that  they  are  all  moisture  sensitive  materials  having  e l e c t r i c a l  

resist ivit ies  that  vary  with  relative  humidity  and  t empera ture   over  t ime .  

Thus,  while  any one  of  the  materials  described  as  suitable  by  Walkup  may 
be  adequate  at  a  particular  point  in  time  under  certain  conditions,  over  

continued  use  the  material  being  sensitive  to  the  presence  of  mois ture  

causes  unpredictabil i ty  in  its  operation.  In  other  words,  with  increased  

water  content  a  reduction  in  the  resistivity  would  take  place  to  the  point  

where  the  fiber  would  once  again  act  as  conductor  and  electr ically  shor t  

the  photoreceptor .   US-A-4,336,565  (Murray  e t  

al)  describes  a  brush  charging  apparatus  wherein  the  brush  is  comprised  of 

electr ical ly  conductive  carbon  fiber  filaments  to  which  a  potential  may  be 

applied  and  which  may  be  used  to  contact  charge  an  electrically  insulat ing 

sur faces .  

According  to  the  present  invention  there  is  provided  a  c o n t a c t  

brush  charging  device  and  a  method  for  charging  an  insulating  surface  using 

such  a  device.  The  brush  charging  device  comprises  a  plurality  of 

resiliently,  flexible,  thin  fibers  arranged  in  a  brush  like  configuration  wi th  

the  fibers  being  held  by  a  support  means  so  that  the  distal  ends  of  t he  

fibers  may  contact  the  insulating  layer.  Further  the  fibers  have  an 

electr ical   resistivity  in  the  range  from  about  102  ohms-cm  to  about  10  6 

ohms-cm  and  are  substantially  resistivity  stable  to  changes  in  r e l a t ive  

humidity  and  t empera ture   over  the  normal  operating  range  and  ageing. 

The  invention  thus  provides  a  contact  brush  charging  device  



wherein  the  individual  fibers  themselves  are  self  limiting  in  terms  of  

current  flow.  Because  the  e lectr ical   resistivity  of  the  individual  fibers  is 

maintained  within  relatively  narrow  limits,  the  "pinhole"  effect  d iscussed 

above  may  be  avoided,  and  also  adequate  current  may  be  provided  to  t h e  

photoconductor   insulating  layer  for  necessary  charging.  Thus,  when  an 

insulating  surface  to  be  charged  is  contacted  by  a  contact   brush  cha rge  

device  in  accordance  with  the  invention  the  individual  fibers  do  not  shor t  

out  or  otherwise  interfere  with  the  e lectr ical   properties  of  the  insula t ing  

surface  as  a  result  of  imperfect ions  therein.  Also,  because  the  fibers  a r e  

resiliently  flexible  they  are  mechanically  non-destruct ive  to  the  insula t ing  

layer .  

In  a  specific  embodiment  of  the  present  invention,  the  fibers  a r e  

partially  carbonized  polyacrylonitr i le  fibers  which  are  un i formly  

distributed  along  the  length  of  the  brush  and  have  an  electr ical   r e s i s t iv i ty  

of  from  about  103  ohms-cm  to  about  105  ohms-cm.  Preferably,   the  f ibers  

are  substantially  homogeneous  in  composition,  are  generally  circular  in 

cross  section  and  from  about  8  to  10  microns  in  diameter .   The  fibers  a r e  

arranged  in  the  brush  to  have  a  fiber  fill  density  of  from  about  5  x  104  to  4 

x  106  fibers  per  square  inch. 

Embodiments  of  the  invention  will  now  be  described,  by  way  of 

example,  with  reference  to  the  accompanying  drawings,  in  which:-  

Figure  1  is  a  schematic  representa t ion  in  cross  section  of  an 

automatic   e lec t ros ta tographic   reproducing  machine  with  the  contact   brush 

charging  device  of  the  present  invention.  

Figure  2  is  an  isometric  view  of  an  embodiment  of  a  charg ing  

brush  of  the  present  invention.  

Figure  3  is  a  graphical  representa t ion  of  the  D.C.  r e s i s t iv i ty  

dependence  upon  process  t empera tu re   for  preferred  fibers  for  the  charg ing  

brush  of  the  present  invention.  

Figure  4  is  an  isometric  view  of  an  a l ternat ive  embodiment  of  a 

charging  brush  of  the  present  invention.  

Referring  now  to  Figure  1,  there  is  shown  by  way  of  example  an 

automatic   xerographic  reproducing  machine  10  which  includes  the  c o n t a c t  

brush  charging  device  of  the  present  invention.  The  reproducing  machine  

10  depicted  in  Figure  1  illustrates  the  various  components  utilized  t he re in  



for  producing  copies  from  an  original  document.  Although  the  charg ing  

device  of  the  present  invention  is  particularly  well  adapted  for  use in  an 

automatic   xerographic  reproducing  machine  10,  it  should  become  evident  

from  the  following  description  that  it  is  equally  well  suited  for  use  in  a 

wide  variety  of  processing  systems  including  other  e l e c t r o s t a t o g r a p h i c  

systems  and  it  is  not  necessarily  limited  in  the  application  to  the  pa r t i cu l a r  

embodiments  shown  here in .  

The  reproducing  machine  10,  i l lustrated  in  Figure  1  employs  an 

image  recording  drum-like  member  12,  the  outer  periphery  of  which  is 

coated  with  a  suitable  photoconductive  material  13.  The  drum  12  is 

suitably  journaled  for  rotation  within  a  machine  frame  (not  shown)  by 

means  of  shaft  14  and  rotates  in  the  direction  indicated  by  arrow  15  t o  

bring  the  image-bearing  surface  13  thereon  past  a  plurality  of  xerographic  

processing  stations.  Suitable  drive  means  (not  shown)  are  provided  to  

power  and  coordinate  the  motion  of  the  various  cooperating  machine  

components  whereby  a  faithful  reproduction  of  the  original  input  scene  

information  is  recorded  upon  a  sheet  of  final  support  material  16  such  as 

paper  or  the  like. 

Initially,  the  drum  12  moves  the  photoconductive  surface  13 

through  a  charging  station  17  comprising  a  contact  charging  brush  11  where  

an  e lec t ros ta t ic   charge  is  placed  uniformly  over  the  photoconduc t ive  

surface  13  in  known  manner  preparatory  to  imaging.  Thereaf ter ,   the  drum 

12  rotates  to  exposure  station  18  where  the  charged  photoconduc t ive  

surface  13  is  exposed  to  a  light  image  of  the  original  input  scene  

information  whereby  the  charge  is  selectively  dissipated  in  the  light 

exposed  regions  to  record  the  original  input  scene  in  the  form  of  an 

e lec t ros ta t ic   latent  image.  After  exposure,  drum  12  rotates  the  

e lec t ros ta t ic   latent  image  recorded  on  the  photoconductive  surface  13  to  

development  station  19  wherein  a  conventional  developer  mix  is  applied  to  

the  photoconductive  surface  13  of  the  drum  12  rendering  the  latent  image 

visible.  Typically  a  suitable  development  station  could  include  a  magnet ic  

brush  development  system  utilizing  a  magnetizable  developer  mix  having 

coarse  ferromagnet ic   carrier  granules  and  toner  colorant  par t ic les .  

Sheets  16  of  the  final  support  material  are  supported  in  a  s t ack  

arrangement   on  an  elevating  stack  support  tray  20.  With  the  stack  at  i ts 



elevated  position  a  sheet  separator  feed  belt  21  feeds  individual  shee t s  

therefrom  to  the  registrat ion  pinch  rolls  22.  The  sheet  is  then  fo rwarded  

to  the  transfer  station  23  in  proper  registrat ion  with  the  image  on  t h e  

drum.  The  developed  image  on  the  photoconductive  surface  13  is  brought  

into  contact   with  the  sheet  16  of  final  support  material   within  the  t r a n s f e r  

station  23  and  the  toner  image  is  t ransferred  from  the  pho toconduc t ive  

surface  13  to  the  contact ing  side  of  the  final  support  sheet  16.  Fol lowing 

transfer   of  the  image  the  final  support  material   which  may  be  paper ,  

plastic,  etc.,  as  desired  is  t ransported  through  detack  station  where  d e t a c k  

corotron  27  uniformly  charges  the  support  material   to  separate  it  from  t h e  

drum  12. 

After  the  toner  image  has  been  t ransferred  to  the  sheet  of  f ina l  

support  material   16  the  sheet  with  the  image  thereon  is  advanced  to  a  

suitable  fuser  24  which  coalesces  the  t ransferred  powder  image  t h e r e t o .  

After  the  fusing  process  the  sheet  16  is  advanced  to  a  suitable  ou tpu t  

device  such  as  tray  25. 

Although  a  preponderance  of  toner  powder  is  t ransferred  to  t h e  

final  support  material   16,  invariably  some  residual  toner  remains  on  t h e  

photoconductive  surface  13  after  the  t ransfer   of  the  toner  powder  image  to  

the  final  support  material.   Following  t ransfer   of  the  toner  image  to  t h e  

final  support  material,   the  residual  charge  remaining  on  the  drum  is 

reduced  by  the  corona  generated  from  the  pre-clean  corotron  28  accord ing  

to  the  present  invention.  Thereaf ter   the  residual  toner  particles  r ema in ing  

on  the  photoconductor   surface  13  after  t ransfer   of  the  tomer  image  may  be 

removed  by  cleaner  26. 

Normally,  when  the  copier  is  operated  in  a  conventional  mode,  t he  

original  document  to  be  reproduced  is  placed  image  side  down  upon  a 

horizontal  t ransparent   viewing  platen  30  which  transports  the  original  pas t  

an  optical  arrangement   here  illustrated  as  Selfoc  lens  18.  The  speed  of  t he  

moving  platen  and  the  speed  of  the  photoconductive  belt  are  synchronized 

to  provide  a  faithful  reproduction  of  the  original  documen t .  

It  is  believed  that  the  foregoing  general  description  is  su f f i c i en t  

for  the  purposes  of  the  present  application  to  i l lustrate  the  genera l  

operation  of  an  automatic   xerographic  copier  which  can  embody  the  device  

of  the  present  invention.  



In  Figure  2  the  contact  brush  charging  device  11  is  i l lus t ra ted  

wherein  a  plurality  of  resiliently  flexible thin  fibers  31  are  wrapped  around 

a support  rod  32.  Individual  fibers  which  are  uniformly  distributed  along 

the  length  of  the  brush  are  retained  in  position  on  the  rod  by  a  U- shaped  
conductive  exterior  shield  34  which  includes  a  pair  of  pierced  tabs  36  at  i ts  

ends  to  provide  means  for  mounting  and  connecting  the  device  to  an 
electr ical   circuit.  The  brush  may  be  used  in  a  stationary  position  or  if 

desired,  may  be  oscillated  in  a  direction  transverse  to  the  direction  of  

movement  of  the  photoconductive  insulating  layer  with  which  it  is  in 

contact.   In  addition,  to  insure  charge  uniformity,  more  than  one  brush  may 
be  used  in  a  parallel  array  of  brushes.  While  Figure  2  i l lustrates  t he  

contact   charging  brush  in  the  form  of  a  planar  bristle  brush,  it  will  be 

understood  that  the  device  and  method  of  the  present  invention  may 
incorporate  a  brush  in  a  roller  configuration  as  i l lustrated  in  Figure  4.  In 

such  a  configuration  individual  fibers  31  are  mounted  on  or  woven  or 
knitted  into  a  conductive  resilient  base  38  which  is  then  wrapped  around  a  
conductive  roller  40  connected  to  an  electr ical   power  supply.  Such  a  

rotary  brush  maximizes  charge  un i formi ty .  

We  have  found  that  if  contact  brush  charging  devices  are  made 

from  fibers  having  D.C.  electr ical   resisitivity  of  from  about  102  ohms-cm 

to  about  106  ohms-cm  and  are  substantially  resistivity  stable  in  terms  of 

changes  in  relative  humidity  and  t empera ture   that  the  pinhole  effect  and 

associated  copy  quality  defect  described  above  can  be  subs tan t ia l ly  
eliminated.  With  fiber  materials  having  a  resistivity  less  than  102  ohms-  

cm  the  amount  of  power  dissipated  at  the  point  of  the  imperfection  goes  up 
giving  rise  to  an  increase  in  the  pin  hole  effect  and  associated  copy  qual i ty  
defect.  With  resistivities  greater   than  106  ohms-cm  and  applied  vol tages  
of  about  1200  volts  there  will  be  insufficient  current  flowing  to  t he  

photoreceptor   to  perfect  adequate  charging  of  the  photoreceptor   to  be 

used  in  the  imaging  process.  We  have  also  found  that  the  preferred  ba lance  

between  electrical   resisitivity  and  conductivity  within  this  range  is  in  t he  

small  resistivity  range  of  from  about  103  ohms-cm  to  about  105  ohms-cm.  

Fibers  having  resistivities  less  than  about  105  ohms-cm  are  the  most  s tab le  

in  terms  of  ongoing  growth  in  resistivity.  At  this  point  it  should  be  no ted  

that  all  resistive  fibers  tend  to  grow  slightly  in  resistivity  with  aging. 



Fibers  having  resistivit ies  greater   than  103  ohm-cm  have  bet ter   c u r r e n t  

surge  limiting  capabilit ies  and  therefore  are  less  likely  to  cause  pinholing. 

While  materials  exhibiting  the  general  and  preferred  electr ical   r e s i s t iv i t i e s  

have  existed  in  the  prior  art,  it  is  noted  that  those  materials  were  

generally  of  the  nature  described  in  US-A-2  774  921  and  not  r e s i s t iv i ty  

stable  with  respect  to  changes  in  relative  humidity.  In  this  context  wha t  

we  mean  by  substantially  resistivity  stable  is  less  than  an  order  of  

magnitude  change  in  resistivity  based  on  changes  in  t empera ture   and 

relative  humidity  over  normal  operating  range  and  ageing.  Accordingly  we 

are  talking  about  a  stability  generally  in  the  range  of  60°F  to  90°F  and  10 

to  80%  relative  humidity.  In  addition,  many  of  the  materials  previously  

available  such  as  stainless  steel,  brass  and  aluminized  fiber  glass  do  no t  

have  other  desirable  physical  charac te r i s t ics   in  that  they  were  too  hard  o r  

brittle,  thereby  causing  damage  to  the  photoreceptor   when  they  came  in 

contact  with  it.  Fur thermore   some  materials  having  the  neces sa ry  

properties  have  previously  been  made  by  a  sophist icated  m a n u f a c t u r i n g  

techniques  such  as  by  doping  and  loading  with  pigments  all  of  which  leads  

to  a  mechanical  degradation  in  the  mechanical  properties  of  the  ma te r i a l s .  

Fibers  of  the  present  charging  brush  are  resiliently  flexible  in  t h a t  

if  they  are  deflected  by  a  sheet  passing  their  location  they  spring  back  into 

their  original  position  after  the  trailing  edge  of  the  sheet  has  passed.  

Furthermore,   if  the  fibers  are  compressed  for  an  extended  period  of  t i m e  

they  will  return  to  their  original  orientation  when  the  compression  is 

removed.  They  are  preferably  relatively  non-britt le  or  soft  in  order  to  

reduce  any  possible  physical  deter iora t ion  of  the  photoreceptor .   Typical ly  

the  fibers  have  an  elongation  of  the  tensile  stress  of  from  about  1.2%  to  

about  3%  of  their  initial  length  before  they  fracture.   In  addition,  t he  

resistive  fibers  of  the  present  invention  are  generally  circular  in  cross 

section  having  a  diameter   of  from  about  5  microns  to  about  50  microns  and 

preferably  from  about  8  microns  to  about  10  microns  which  provides  t h e m  

with  a  reduced  tendency  to  fracture  or  break.  

Any  suitable  material  may  be  used  for  the  individual  fibers  in  t he  

contact  brush  charging  device  of  the  present  invention  as  long  as  the  f ibers  

exhibit  or  possess  the  above  described  properties.   Typically  the  fibers  a re  

carbonaceous  or  have  a  carbonaceous  core.  A  preferred  fiber  that  may  be 



used  in  a  contact   charging  brush  of  the  present  invention  are  those  carbon  

fibers  that  are  obtained  from  the  low  heat  t r ea tment   t e m p e r a t u r e  

processing  to  yield  partial  carbonization  of  the  polyacrylonitri le  (PAN) 

precursor  fibers.  It  has  been  found  for  such  fibers  that  by  ca re fu l ly  

controlling  the  t empera ture   of  carbonization  within  certain  limits  t h a t  

precise  electrical   resistivities  for  the  carbonized  carbon  fibers  may  be 

obtained.  In  this  regard  at tent ion  is  directed  to  Figure  3  which  shows  a  

graph  of  resistivity  and  its  dependence  on  process  t empera ture   for  t h e  

carbonization  process.  The  polyacrylonitri le  precursor  fibers  a r e  

commercial ly  produced  by  the  Stackpole  Company,  Celanese  Corpora t ion  

and  others  in  yarn  bundles  of  1,000  fi laments  to  180,000  filaments.  The 

yarn  bundles  are  partially  carbonized  in  a  two  stage  process  involving 

stabilizing  the  pan  fibers  at  t empera tures   of  the  order  of  3000C  in  an 

oxygen  atmosphere  to  produce  preox-stabil ized  PAN  followed  by 

carbonization  at  elevated  t empera tures   in  an  inert  (nitrogen)  a tmosphere .  

The  D.C.  electr ical   resistivity  of  the  resulting  fibers  is  controlled  by  t h e  

selection  of  the  t empera ture   of  carbonization.  For  example,  as  i l lus t ra ted  

in  Figure  3  carbon  fibers  having  an  electrical   resistivity  of  from  about  102 

to  about  106  ohms-cm  are  obtained  if  the  carbonization  t empera ture   is 

controlled  in  the  range  of  from  about  500oC  to  7500C.  Fibers  resu l t ing  

from  such  a  process  are  stable  to  changes  in  t empera ture   and  r e l a t i ve  

humidity  in  that  the  electr ical   resistivity  does  not  change  with  r e l a t i ve  

humidity.  This  is  in  sharp  contrast  with  materials  described  in  US-A-2  774 

921  above  referred  to  above  wherein  electrical   resistivity  could  change  

many  orders  of  magnitude  with  changes  in  relative  humidity.  F u r t h e r m o r e ,  

the  fibers  are  produced  or  made  without  the  use  of  fillers,  p las t ic izers ,  

waxes  or  other  agents  that  can  leach  out  of  the  body  of  the  fiber  and 

subsequently  lead  to  contamination  of  the  photoreceptor .   As  a  result  the  

fiber  produced  is  substantially  homogenous  in  composition  and  is  r e l a t ive ly  

pure  in  the  sense  that  no  additives  including  unbound  species  are  p resen t .  

Furthermore,   all  the  nitrogen  and  oxygen  left  in  the  fiber  are  bound  in 

some  form  to  the  carbon  or  each  other  as  part  of  the  residual  po lymer  

chain.  

The  stable  nature  of  the  electrical   resistivity  with  regard  to  

tempera ture   and  relative  humidity  is  in  contrast  to  most  polymeric  f ibers  



wherein  the  conductivity  is  obtained  by  adding  carbon  black  and  o the r  

additives  which  are  physically  admixed  in  one  form  or  another.  In  the  use 

of  such  fibers  it  typically  happens  that  the  carbon  black  or  other  addi t ives  

may  end  up  becoming  deposited  on  the  p h o t o r e c e p t o r .  

The  fibers  present  fibers  are  capable  of  being  packed  very  t igh t ly  

to  provide  a  high  fiber  fill  density  (the  number  of  free  fiber  ends  per  uni t  

area).  Typically  the  contact  brush  charging  devices  of  the  p resen t  

invention  have  fiber  fill  densities  of  from  about  5  x  104  to  4  x  106  f ibers  

per  square  inch.  These  fibers  lend  themselves  to  weaving  and  can  

therefore  be  woven  into  a  fabric  if  desired.  In  operation,  each  individual 

fiber  acts  as  a  charging  element  without  mechanically  eroding  or  o the rwise  

defacing  the  photoreceptor   area.  Accordingly,  the  contact  charging  brush 

according  to  the  present  invention  posesses  great  functional  l ife.  

The  preferred  carbon  fibers  used  in  the  practice  of  the  p r e sen t  

invention  are  commercial ly  available  from  Celanese  as  CELECT  675.  They  

are  made  by  a  variety  of  processes  which  are  taught  generally  in  t h e  

l i terature.   For  further  reference  to  the  processes  that  may  be  employed  in 

making  these  carbonized  fibers  at tent ion  is  directed  to  the  fol lowing 

sources  in  the  l i terature.   "Carbon  Fiber  Production  at  Low  T e m p e r a t u r e s  

from  Polyacryonitr i le",   D.  E.  Cagliostro,  Textile  Research  Journal ,  

October  1980,  pages  632 -  638;  "Description  of  the  Carbonization  P rocess  

of  Polyacrylonitr i le   Fibers  in  Terms  of  Electrical   Character is t ics : ,   L. 

Brehmer  et  al,  Plaste  und  Kautschuk,  1980,  Vol.  27,  No. 6,  pages  309 -  313. 

"Electrical  Resistance  of  Carbon  Fibers",  D.  B.  Fischbach  et  al.,  

Depar tment   of  Mining,  Metallurgical  and  Ceramic  Engineering.  FB-10, 

University  of  Washington,  Seattle,  Washington,  pages  191,  192. 

Figure  3  represents  the  variation  in  resistivity  with  p rocess  

tempera ture   as  the  log  of  resistivity  versus  process  t empera ture .   F rom 

this  representa t ion  it  is  clear  that  precision  control  of  the  resistivity  may  
be  obtained  by  controlling  the  t empera ture   of  carbonization.  F u r t h e r m o r e  

as  pointed  out  preferred  fibers  employed  in  the  practice  of  the  p r e sen t  

invention  are  stable  in  that  their  resistivity  does  not  change  with  r e l a t i v e  

humidity  or  t empera ture ,   they  are  highly  flexible,  fine  in  diameter,   exhibi t  

substantially  no  compression  set  and  an  elongation  of  only  1.2  to  3%. 

The  following  chart  indicates  contact  brush  charging  p e r f o r m a n c e  



for  several  fibers  having  different  D.C.  electr ical   resistivities.  In  e ach  

instance  a  brush  having  a  fiber  fill  density  of  about  40,000  fibers  per  inch 

and  the  same  geometric  dimension  was  constructed.   The  conduc t ive  

graphite  and  stainless  steel  fibers  were  made  according  to  the  mandre l  

winding  technique  of  US-A-4,330,349  (Swift  et  al)  wherein  a  strip  of  double 

backed  foam  adhesive  tape  was  placed  on  the  mandrel,  the  fibers  wound 

around  the  mandrel  followed  by  a l ternate   double  backed  foam  adhesive 

tape  and  additional  fiber  windings  until  a  brush  having  four  fiber  winding 

layers  was  obtained.  Aluminum  strips  were  then  placed  on  the  outs ide  

tapes  to  enclose  and  laminate  the  brush  and  provide  electrical   contact   to  

the  fibers.  The  ends  of  the  brushes  were  tr immed  to  a  projecting  length  of 

about  one  half  inch  with  a  guillotine  cutter.   Then  the  back  side  of  t h e  

brush  was  coated  with  conductive  silver  paint  to  assure  electr ical   c o n t a c t  

to  all  fibers  and  seal  the  fibers  into  the  brush. 

The  Stackpole  fibers  mentioned  in  the  chart  below  were  supplied 

as  four  inch  wide  tows  of  40,000  per  inch.  These  tows  were  manual ly  

layered  using  strips  of  double  backed  foam  tape,  then  aluminum  stips  were  

used  to  enclose  the  laminate  and  form  the  brush  root  or  handle  as  well  as 

the  electrical   contact  to  the  fibers.  The  tows  projected  perhaps  an  inch  or 

so  from  the  aluminum  and  were  tr immed  to  a  projecting  length  of  typ ica l ly  

one  half  inch  with  a  guillotine  c u t t e r .  

The  four  inch  long  brushes  with  a  free  fiber  length  of  one  hal f  

inch  were  then  individually  tested  by  being  mounted  over  a  rotating  drum 

bearing  a  photoconductive  surface  such  as  that  described  in  US-A- 

4,265,990  and  in  contact  with  this  surface.  In  one  revolution  of  the  drum, 

the  voltage  applied  to  the  brush  was  ramped  from  zero  to  -1500  volts,  to  

deposit  a  linearly  increasing  charge  density  on  the  photoreceptor   which  was 

measured  as  the  drum  rotated  under  an  e lec t rometer .   The  slope  of  the  V 

(photoreceptor)  vs.  V  (applied)  line  is  a  measure  of  charging  ability.  For  

the  brushes  of  the  invention,  this  slope  is  very  nearly  unity,  i.e.,  t he  

photoreceptor   surface  potential  tracks  the  applied  voltage  independent  of 

other  process  variations  such  as  speed,  hence  the  term  "constant  vo l tage  

charging".  When  the  resistivity  of  carbon  fiber  is  too  high,  the  slope  of  this 

charging  curve  is  much  less  than  unity  so  that  V  (photoreceptor)  is 

increasingly  less  than  V  (applied).  This  means  that  V  (applied)  must 



increase  to  achieve  the  same  result  as  with  a  more  conductive  brush  and 

thereby  some  of  the  advantage  of  brush  charging  is  lost.  When  the  f ibers  

are  too  conductive,  pinhole  damage  occurs  in  the  photoreceptor   during  t h e  

act  of  charging  and  the  size  and  number  of  such  pinholes  will  increase  as 

the  conductivity  of  the  fibers  increases.  The  performance  is  s u m m a r i z e d  

in  the  following  c h a r t .  

The  conventional  conductive  graphite  fibers  referred  to  above  a r e  

available  from  Hercules,  Celanese  and  Union  Carbide  were  Celion  6000  ca rbon  

fibers,  Celanese,  Chatam,  New  Jersey;  Thornel  50  and  300  (PAN)  ca rbon  

fibers,  Union  Carbide,  Chicago,  Illinois;  Magnamite  AS4  PAN  based  g raph i te  

fiber  Hercules,  Wilmington,  Delaware.  The  stainless  steel  fiber  is  avai lable  

from  Schlegel  Corporation,  Rochester,   New  York.  Panex  30  is  available  f rom 

Stackpole  Fibers  Company,  Lowell,  Massachusetts.   Fibers  1-6  are  PAN  f ibers  

made  by  Stackpole  and  carbonized  at  the  tempera ture   indicated  made  for  

Xerox  Corpora t ion .  

As  may  be  observed  from  the  table  the  pinhole  effect  was  observed 

with  the  conductive  fibers  (the  conventional  conductive  graphite,  s ta in less  

steel  and  Panex  30).  Stackpole  numbers  1,  2,  3  were  too  insulating  to  provide 



reliable  uniform  charging.  Stackpole  numbers  4,  5  and  6  which  exhib i ted  

resistivity  from  1.8  x  103  to  4.0  x  106  charged  the  photoreceptor   wi th  

acceptable  charging  being  obtained  from  Stackpole  fibers  numbered  5  and  6. 

Thus  a  contact  brush  charging  device  together  with  a  method  fo r  

charging  a  photoreceptor   has  been  provided  in  accordance  with  the  p resen t  

invention  wherein  commercial ly  produceable  long  life  materials  can  be 

selected  which  are  compatible  with  the  photoreceptor   surface  and  do  not  

produce  the  "pin  hole  effect"  referred  to  above.  Furthermore  t h e  

resistivity  of  the  brush  charging  device  can  be  controlled  according  to  t h e  

carbonization  temperature .   The  brushes  so  produced  are  soft  being  non- 

destructive  to  the  photoreceptor   in  a  mechanical  sense.  Furthermore  any 

shorting  out  of  individual  fibers  will  not  adversely  effect  the  charg ing  

performance  of  the  brush  in  that  the  fibers  are  self  limited  in  terms  of 

current  flow  since  the  current  flow  in  a  single  fiber  during  shorting  will  go 
to  ground  on  the  photoreceptor   without  decreasing  the  voltage  in  the  en t i r e  

brush  because  of  the  high  resistivity  of  each  individual  fiber.  F u r t h e r m o r e  

the  preferred  fibers  according  to  the  present  invention  do  not  deposi t  

anything  on  the  photoreceptor   in  terms  of  wear,  debris,  and  do  not  ab rade  

the  pho to recep to r .  

While  the  invention  has  been  described  in  detail  with  speci f ic  

reference  to  contact  brush  charging  device  for  use  in  e l e c t r o s t a t o g r a p h i c  

reproducing  apparatus  it  will  be  understood  that  a  brush  charging  device  

may  have  application  in  many  different  fields.  They  may,  for  example,  be 

used  as  static  eliminator  brushes  or  biased  and  unbiased  p h o t o r e c e p t o r  

devices.  Furthermore  while  the  invention  has  been  exemplified  with 

specific  reference  to  the  preferred  partially  carbonized  polyacryloni t r i le  

fibers,  it  should  be  understood  that  it  has  application  with  any  fibers  having 

the  specified  electrical   properties.  It  will  be  appreciated  that  various 

modifications  may  be  made  from  the  specific  details  described  here in  

without  departing  from  the  scope  of  the  invention  specified  in  the  

appended  claims.  



1.  A  contact  brush  charging  device  for  charging  an  insulating  l aye r  

comprising  a  plurality  of  thin  fibers  arranged  in  a  brush  like  conf igura t ion ,  

said  fibers  being  supported  by  a  support  means  so  that  the  distal  ends  of  

the  fibers  may  contact  the  insulating  layer  and  having  an  e l e c t r i c a l  

resistivity  in  the  range  from  about  102  ohms-cm  to  about  106  ohms-cm 

charac ter ized   in  that  said  fibers  are  resiliently  flexible  and  a r e  

substantially  resistivity  stable  to  changes  in  relative  humidity  and 

t empera tu re   over  the  normal  operating  range  and  ageing. 

2.  The  device  of  Claim  1,  wherein  said  fibers  have  an  e l e c t r i c a l  

resistivity  in  the  range  from  about  103  ohms-em  to  about  105  ohms-cm.  

3.  The  device  of  claim  1  or  claim  2,  wherein  said  plurality  of  fibers  a r e  

arranged  in  a  uniform  distribution  along  the  length  of  the  brush. 

4.  The  device  of  any  preceding  claim,  wherein  said  fibers  a r e  

substantially  homogenous  in  composi t ion .  

5.  The  device  of  any  preceding  claim,  wherein  said  fibers  a r e  

partially  carbonized  polyacrylonitri le  f ibers .  

6.  The  device  of  any  preceding  claim,  wherein  said  fibers  a r e  

generally  circular  in  cross  section  and  have  a  diameter   in  the  range  f rom 

about  5  microns  to  about  50  microns,  and  preferably  from  about  8  microns 

to  about  10  microns.  

7.  The  device  of  any  preceding  claim,  wherein  said  fibers  a r e  

arranged  in  said  brush  to  have  a  fiber  fill  density  of  from  about  5  x  104  to  4 

x  106  fibers  per  square  inch. 



8.  The  device  of  any  preceding  claim,  wherein  said  fibers  are  arranged  in 

a  rotary  brush  configuration  around  a  cylindrical  conductive  s leeve.  

9.  A  method  of  charging  an  insulating  layer  comprising  contacting  t he  

surface  with  the  contact  brush  charging  device  claimed  in  any  p reced ing  

claim,  and  applying  to  said  charging  device  an  electrical   po ten t ia l .  

10.  The  method  of  claim  9,  wherein  the  insulating  layer  is  contacted  by  a t  

least  two  contact  brush  charging  devices  claimed  in  any  of  claims  1  to  8,  said 

charging  devices  being  arranged  in  mutually  parallel  re la t ionship .  
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