
(19) 

Europaisches  Patentamt 

European  Patent  Office  ©  Publication  number:  0  0 1 0   3 7 5  

Office  europeen  des  brevets  A1 

EUROPEAN  PATENT  APPLICATION 

(g>  Application  number:  79302077.7  (ST)  Int.  CI.3:  G  03  G  1 5 / 1 6  

_   G  03  G  9 / 1 0  
(22)  Date  of  filing:  02.10.79 

Priority:  02.10.78  US  947914 
02.10.78  US  948200 
02.10.78  US  947786 

(«)  Date  of  publication  of  application: 
30.04.80  Bulletin  80/9 

(84)  Designated  Contracting  States: 
DE  FR  GB 

@  Applicant:  XEROX  CORPORATION 
Xerox  Square 
Rochester  New  York  14644(US) 

(72)  Inventor:  Wilson,  Charles  D. 
42  Carriage  Court 
Pittsford,  New  York  14534(US) 

(72)  Inventor:  Stokes,  David  R. 
691  East  Bluff  Drive 
Penn  Yan,  New  York  14527(US) 

(72)  Inventor:  Kane,  Thomas  J. 
190  Orchard  Creek  Lane 
Rochester,  New  York  14612(US) 

(72)  Inventor:  Meagher,  Thomas 
41  Anytrell  Drive 
Webster,  New  York  14580(US) 

(52)  Representative:  Prior,  Nicholas  J  et  al, 
RANK  XEROX  LIMITED  Patent  Dept.  Westbourne  House 
14-16  Westbourne  Grove 
London  W2  5RH(GB) 

in  
IN 
M  

o  
r -  
O  

O  

Q. 
Ul 

(5)  Electrostatographic  processing  system. 

An  electrostatographic  processing  system  for  obtaining 
enhanced  copy  quality  in  which  transferto  a  support  material 
is  effected  by  a  corona  generator (48)  having  an  electrode  (81) 
and  the  developer  mixture  includes  toner  particles  having  a 
particle  size  distribution  with  a  median  diameter  by volume  of 
about  12  microns  with  not  more  than  8%,  preferably  1  to  5% 
by  volume  of  the  particles  having  a  diameter  greater  than  20 
microns  and  not  more  than  20%,  preferably  0.5  to  13.5%,  by 
number  of the  particles  having  a  diameter less than  5  microns. 
For  best  results the  ratio  of toner content to carrier is such  that 
there  is  a  solid  area  reflection  optical  density  of fixed  images 
of  about  1.3.  Further  improvement  in  copy  quality  is  achieved 
by  also  including  a  bias  transfer  roll (40)  at the  transfer  station 
and  by  utilizing  a  fuser  having  a  pressure  roll in  contact  with  a 
conformable  heated  fuser  roll. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  an  e l e c t r o s t a t o g r a p h i c   p r o c e s s i n g  
s y s t e m   for  p roduc ing   high  q u a l i t y   e l e c t r o s t a t i c a l l y   developed  images  

by  the  t r a n s f e r   of  these   images  to  suppor t   m a t e r i a l ,   such  as  s h e e t s  
of  p l a i n   p a p e r .  

In  a  convent ional   form  of  e l e c t r o s t a t o g r a p h i c   processing,   such  as  

xerography,   a  xerographic   plate  comprising  a  layer  of  photosens i t ive   insu l -  

ating  mate r ia l   affixed  to  a  conductive  backing  is  used  to  support   e l e c t r o -  

s ta t ic   l a t en t   images.  In  the  xerographic  process,  the  photosens i t ive   s u r f a c e  

.  is  e l e c t r o s t a t i c a l l y   charged,  and  the  charged  surface  is  then  exposed  to  a  

light  p a t t e r n   of  the  image  being  reproduced  to  thereby  discharge  the  s u r -  

face  in  the  areas  where  light  strikes  the  sur face .   The  undischarged  a r e a s  

of  the  surface   thus  form  an  e l ec t ros t a t i c   charge  p a t t e r n   (an  e l e c t r o s t a t i c  

l a t en t   image)  conforming  to  the  original  pa t te rn .   The  l a t e n t   image  is  t h e n  

developed  by  contac t ing   it  with  developing  mater ia l   having  a  finely  d iv ided 

e l e c t r o s t a t i c a l l y   a t t r a c t ab l e   powder  r e fe r red   to  as  " toner" .   Toner  is  he ld  

on  the  image  areas  by  the  e l ec t ros ta t i c   charge  on  the  surface .   Where  t h e  

charge  is  g rea te r ,   a  grea ter   amount  of  toner  is  deposi ted.   Thus,  a  toner  i m a g e  

is  produced  in  conformity  with  a  light  image  of  the  copy  being  r e p r o d u c e d .  

General ly,   the  developed  image  is  then  t r ans fe r red   to  a  suitable  s u p p o r t  .  

ma te r i a l   (e.g.  paper),   and  the  image  is  affixed  the re to   to  form  a  p e r m a n e n t  

record  of  the  original  d o c u m e n t  

The  developing  mater ia l   normally  comprises  r e la t ive ly   large  c a r r i e r  

beads,  which  may  be  insulatively  coated  metal,  and  the.  re la t ively   s m a l l e r  

dry  ink  par t ic le   toner.  Due  to  the  t r iboe lec t r i c   re la t ionships   be tween   t h e  

two,  the  smaller   toner  particles  a t t ach   themselves   to  the  carr ier   in  g r e a t  

numbers.   As  the  developing  mater ia l   is  brought  into  con t ac t   with  the  p h o t o -  

r ecep to r   surface,   e l ec t ros ta t i c   charges  on  the  p h o t o r e c e p t o r   tends  to  s e p a r a t e  

the  toner  par t ic les   from  the  carrier  and  deposit  the  same  onto  the  p h o t o -  

r ecep to r   in  accordance   with  the  l a t en t   image  charge  pa t te rn .   The  c a r r i e r ,  

some  of  which  may  be  depleted  of  toner  or  partially  depleted,   is  r e t u r n e d  

to  a  developer  sump  for  replenishing  with  toner  p a r t i c l e s .  

In the  pract ice   of  xerography,  the  support  ma te r ia l   is  caused  to  move  



in  synchronized   contac t   with  the  photosens i t ive   sur face   during  the  t r a n s f e r  

operat ion,   and  an  e lec t r ica l   potent ial   opposi te   from  the  polarity  of  the  t o n e r  

is  applied  to  the  side  of  the  paper  r emote   from  the  photosensi t ive  s u r f a c e  

to  e l e c t r o s t a t i c a l l y   a t t r a c t   the  toner  image  from  the  surface  to  the  p a p e r .  

Some  modern  high  speed  duplicat ing  machines   utilize  a  single  t r a n s f e r  

-  device  such  as  an  e lec t r i ca l ly   biased  t r ans f e r   roll  to  e f fec t   the  image  t r a n s -  

fer.  Although  a  biased  t rans fe r   roll  system  pe r fo rming   as  the  sole  t r a n s f e r  

device  e f fec t s   good  to  excel lent   copy  quali ty,   ce r t a in   copy  quality  d e f i c i e n -  

cies  may  be  p r e s e n t . . T h e   most  notable  of  these  is  the  difficulty  of  t r a n s -  

fe r r ing   very  small   sizes  of  toner  par t ic les ,   say  on  the  order  of  3  to  10  m i c r o n  

d i a m e t e r   sizes.  This  inabili ty  is  apparen t   because   of  the  geometry  of a  r o l l e r  

type  e l e c t r o s t a t i c   t r ans fe r   device.  As  the  su r face   of  the  roller  a p p r o a c h e s  

the  nip  at  which  t ransfer   of  toner  pa r t i c les   occur,   there   is  a  tendency  f o r  

vol tage  breakdown  if  the  t ransfer   po ten t ia l   is  too  high.  Lowering  of  t h e  

t r ans fe r   voltage  to  avoid  voltage  breakdown,   will  l imit   the  size  of  t o n e r  

par t ic les   which  can  be  made  to  adhere  to  suppor t   m a t e r i a l .  

The  toner  par t ic les   con templa t ed   for  the  purpose  of  this  i n v e n t i o n  

must  be  re la ted   to  a  specific  a r r a n g e m e n t   of  image  t ransfer   devices  u t i l i z e d  

during  the  xerographic   processing  step  of  t r ans fe r r ing .   The  present   i n v e n t i o n  

c o n t e m p l a t e s   a  t r ans fe r   system  which  includes  a  t r ans fe r   corona  g e n e r a t i n g  

dev i ce .   The  p r i o r   a r t   t eaches   an  e l e c t r o s t a t o g r a p h i c   p r o c e s s i n g  

system  h a v i n g  d e v e l o p e r   mixture   of  f i n e l y - d i v i d e d   toner  p a r t i c l e s  

e l e c t r o s t a t i c a l l y   c l i n g i n g   to  the  s u r f a c e   of  c a r r i e r   p a r t i c l e s ;   a  
corona  device   for  un i fo rmly   cha rg ing   the  p h o t o s e n s i t i v e   s u r f a c e   p r i o r  
to  p r o d u b t i o n   of  an  e l e c t r o s t a t i c   l a t e n t   image;  a  development  a p p a r a t u s  
for  d e v e l o p i n g   the  l a t e n t   image;  a  t r a n s f e r   s t a t i o n   whereat   s u p p o r t  
m a t e r i a l   is  p laced   i n t o   c o n t a c t   with  the  p h o t o s e n s i t i v e   s u r f a c e   b e a r i n g  
a  developed  image  fo r   r e c e i v i n g   the  same,  s a i d   t r a n s f e r   s t a t i o n   h a v i n g  

'  a   corona  g e n e r a t i n g   means  having  an  e l e c t r o d e   adapted  to  spray  i o n s  

upon  the  a d j a c e n t   s ide  of  the  suppor t   m a t e r i a l   for  e f f e c t i n g   t r a n s f e r  
of  toner   p a r t i c l e s   from  the  developed  image  to  the  suppor t   m a t e r i a l .  

The  p r e s e n t   i n v e n t i o n   is  c h a r a c t e r i z e d   in  that   the  t o n e r  

p a r t i c l e s   have  a  p a r t i c l e   s ize   d i s t r i b u t i o n   with  a  median  d i a m e t e r  

by  volume  of  about  12.0  microns ,   with  not  more  than  8%  by  vo lume 

having  a  d i ame te r   g r e a t e r   than  20  microns   and  not  more  than  20%  by 
number  having  a  d i ame te r   l e s s   than  5  m i c r o n s .   By  p rov id ing   a  d e v e l o p e r  



mixture   i n c l u d i n g   toner   p a r t i c l e s   s ized  as  de sc r i bed   above  in  c o n j u n c -  

t i on   with  e l e c t r o s t a t o g r a p h i c   appa ra tus   in  which  the  t r a n s f e r   d e v i c e  

is  a  corona  g e n e r a t i n g   dev ice ,   i t   has  been  found  tha t   u n e x p e c t e d l y  

high  q u a l i t y   images  are  ob t a ined   on  the  suppor t   m a t e r i a l   with  good  

toner   t r a n s f e r .   S t i l l   b e t t e r   r e s u l t s   are  achieved  i f   the  c o u r s e  

p a r t i c l e   c o n t e n t   is  l i m i t e d   to  1  to  5%  and  the  f ine   p a r t i c l e   c o n t e n t  

i s   l i m i t e d   to  0.5  to  13.5%. 

I t   has  a l so   been  found  tha t   c o n t r a r y   to  the  c u r r e n t   p r a c t i c e ,  

even  b e t t e r   r e s u l t s   are  ach ieved   i f   the  r a t i o   of  toner   c o n t e n t   t o  

c a r r i e r   is  such  tha t   t he re   is  a  so l id   area  r e f l e c t i o n   o p t i c a l   d e n s i t y  

of  f ixed   images  on  the  suppor t   m a t e r i a l   of  about  1 . 3 .  

To  enhance  toner   t r a n s f e r   e s p e c i a l l y   in  a reas   of  the  t r a n s f e r  

m a t e r i a l   where in   the  corona  g e n e r a t i n g   device  is  not  a p p l i e d ,   o r  

is  unable   to  e f f e c t   e f f i c i e n t   t r a n s f e r ,   t he re   is  a c c o r d i n g   to  a  

p r e f e r r e d   f e a t u r e   of  the  i n v e n t i o n   combined  t h e r e w i t h   an  e l e c t r i c a l l y  

b i a sed   t r a n s f e r   r o l l e r .   The  e l e c t r i c a l   b i a se s   on  e a c h  

of  these  t r ans fe r   devices  and  the  form  in  which  they  take  are  e f f e c t i v e l y  

re la ted   to  the  sizes  of  toner   par t ic les   on  either  side  of  the  size  d i s t r i b u t i o n  

range.  The  t r ans fe r   device  in  the  form  of  a  corona  genera t ing   device  a n d  

. the  e lec t r ica l   po ten t ia l   impressed  thereon  is  suitable  to  e f fec t   t r ans f e r   o f  

the  smal les t   toner   pa r t i c les   say  down  to  approximate ly   3  microns  in  d i a m e t e r .  

A  corona  genera t ing   device  of  the  type  con templa ted   has  one  or  more  e l e c -  

trode  wires  which  when  energized  with  the  suitable  potent ia l   sprays  ions  

on  the  back  side  of  the  sheet   of  paper  during  the  t r ans fe r   step.  It  is  to  b e  

understood  that   a  corona  genera t ing   device  of  this  type  is  also  capable   o f  

e f fec t ing   the  t rans fe r   of  la rger   toner  part icles  including  the  sizes  d i sc losed  

herein.  The  bias  t r ans fe r   roller  and  the  e lec t r ica l   po ten t ia l   impressed   t h e r e -  

on  acting  in  unison  with  the  corona  generat ing  device  e n h a n c e s  t r a n s f e r  

eff ic iency  and  is  able  to  e f fec t   t ransfer   of  more  of  the  l a rger   toner  p a r t i c l e s  

say  from  10  microns  to  somewhat   larger  sizes.  In  addition,  the  biased  r o l l e r  

will  e f fec t   toner  t ransfer   in  s i tuat ions  wherein  the  corona  genera t ing   dev ice  

is  unable  to  effect   t r ans fe r   or  complete   t ransfer   such  for  example  at  t h e  

leading  edge  of  each  copy  s h e e t .  

As  will  be  described  here inaf te r ,   the  average  size  of  the  d i a m e t e r s  

of  the  toner  par t ic les   is  shifted  downwardly  by  the  c lass i f ica t ion   of  t o n e r  

part icles   wherein  a  large  pe rcen tage   of  the  larger  toner  par t ic les   are  r e m o v e d .  

The  resu l tan t   mixture  provides  a  larger  percen tage   of  smal ler   par t ic les   and  



a  s m a l l e r   ave rage   d i ame te r   s i z e .   In  e f f e c t ,   t h e r e   is  a  f i n e r   t o n e r  

d i s t r i b u t i o n   and  the  t r a n s f e r   of  t h i s   d i s t r i b u t i o n   with  high  t r a n s f e r  

e f f i c i e n c y   is  a ccompl i shed   by  the  above  d i s c l o s e d   a r r angemen t   o f  

. t r a n s f e r   d e v i c e s .  

From  the  f o r e g o i n g   i t   w i l l   be  a p p r e c i a t e d   t h a t   a c c o r d i n g   t o  

t h i s   p r e f e r r e d   f e a t u r e   the  p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   the  i n t e g r a t e d  

a c t i o n   of  c e r t a i n   p a r a m e t e r s   of  toner   p a r t i c l e s   with  the  u t i l i z a t i o n  

of  two  forms  of  t r a n s f e r   dev ices   having  v a r i o u s   e l e c t r i c a l   b i a s e s  

and  p o t e n t i a l s   u t i l i z e d   to  e f f e c t   the  t r a n s f e r   of  both  s m a l l  a n d  

l a r g e r   d i a m e t e r   toner   p a r t i c l e s   t he r eby   p r o v i d i n g   an  e f f i c i e n t   p r o c e s s i n g  

system  for  improving  the  q u a l i t y   of  c o p y .  

I t   is  known  to  use  both  a  b i a sed   t r a n s f e r   r o l l e r   and  a  c o r o n a  

g e n e r a t i n g   dev ice   but  not  to  c o r r e l a t e   t h e i r   use  with  the  s ize   o f  

t one r   p a r t i c l e s   and  any  of  the  p r o c e s s i n g   s t eps   u t i l i z e d   in  e l e c t r o -  

s t a t o g r a p h i c   p r o c e s s i n g .   In  the  US  P a t e n t   No  4027960,  t he re   is  a  

s p e c i f i c   d i s c l o s u r e   of  a  dual  t r a n s f e r   system  a n d  c i r c u i t r y   t h e r e f o r e .  

However,  the  dev ices   in  t h i s   system  are   mainly  d i r e c t e d   to  m i n i m i z i n g  

v a r i o u s   copy  q u a l i t y   d e f i c i e n c i e s   d i s c l o s e d   in  t h a t   p a t e n t   and  a r e  

not  c o r r e l a t e d   to  the  p a r a m e t e r s   of  the  components  of  d e v e l o p i n g  

m a t e r i a l .  

Accord ing   to  a  f u r t h e r   p r e f e r r e d   f e a t u r e   of  the  i n v e n t i o n ,  

the  system  i n c l u d e s   an  image  f i x i n g   s t a t i o n   compr i s i ng   a  f u s i n g  

a p p a r a t u s   having  a  p r e s s u r e   r o l l e r   in  c o n t a c t   with  hea ted   f u s e r   r o l l e r  

to  form  a  nip  th rough   which  the  suppor t   m a t e r i a l   is  t r a n s p o r t e d ,  

sa id   f u s e r   r o l l e r  h a v i n g   an  ou te r   l a y e r   made  from  m a t e r i a l   b e i n g  

confo rmab le   wi th   toner   he igh t   c o n f i g u r a t i o n   and  sa id   p r e s s u r e   r o l l e r  

being  de fo rmab le   at  the  nip  dur ing  fu s ing   c o n t a c t   with  sa id   f u s e r  

r o l l e r .   By  t h i s   means  copies   can  be  o b t a i n e d   which  are  even  f u r t h e r  

improved  and  have  l i t t l e   or  no  q u a l i t y   d e f e c t s   such  as  b lu r ,   h o l l o w  

c h a r a c t e r s   or  o the r   causes   of  image  d e g r a d a t i o n .  

For  a  b e t t e r   u n d e r s t a n d i n g   of  the  i n v e n t i o n ,   an  embodiment  

w i l l   now  be  d e s c r i b e d   by  way  of  example  with  r e f e r e n c e   to  the  accompany ing  

drawings , .   in  w h i c h : -  



Fig.  1  is  a  schemat ic   view  of  an  e l ec t ros ta t i c   type  reproduction  m a -  

chine  embodying  the  principles  of  the  present  invent ion;  

Fig.  2  is  a  f ragmentary ,   enlarged  view  of  the  t ransfer   station  of  t h e  

machine  shown  in  Fig.  1  and  associated  circuitry,  and  

Fig.  3  is  a  cross  section  of  the  toner  fixing  apparatus  utilized  in  t h e  

present   invent ion .  

The  processing  system  for  the  present   invention  envisions  the  use  of  

developer  mater ia l   within  what  is  disclosed  and  claimed  in  the  U.S.  P a t e n t  

No.  3,969,251,  the  disclosure  of  which  is  hereby  incorporated  by  r e f e r e n c e .  

Specifically,  the  present   processing  system  contempla tes   the  use  of  t o n e r  

having  a  part icle   size  in  the  range  of  about  5  microns  to  about  20  mic rons ,  

and  coated  fer r i te   carr ier   materials,   having  a  volume  average  part icle  d i -  

amete r   of  about  100  microns.  It  has  been  found  that  the  developer  m a t e r i a l s  

of  this  c lass i f icat ion  when  used  in  the  present   invention  provide  very  i m p r o v e d  

results  over  conventional   developer  materials .   Bet ter   than  expected  r e s u l t s  

were  obtained  when  the  toner  materials   had  a  part icle   size  d is t r ibut ion_with  

a  median  d iameter   by  volume  of  about  12.0  microns  against  the  larger  m e d i a n  

in  conventional  use,  that  the  coarse  content   by  volume  not  more  than  a  r a n g e  
of  0-8.0  percent   g rea te r   than  about  20  microns,  and  that  the  fine  c o n t e n t  

by  number  not  more  than  about  20.0  percent   less  than  5  microns.  Still  b e t t e r  

results  were  achieved  with  the  coarse  content   at  a  percent   range  of  1.0  t o  

5.0  and  a  fine  content   with  a  percent  range  of  0.5  to  13.5. 

For  a  general   understanding  of  an  e l ec t ros ta t i c   reproduction  m a c h i n e  

in  which  the  present   invention  may  be  incorporated,   re ference   is  made  t o  

Fig.  1.  As  in  all  e l ec t ros t a t i c   reproduct ion  machines  of  the  type  i l l u s t r a t e d ,  

a  light  image  of  an  original  is  projected  onto  the  photosensit ive  surface  o f  

a  xerographic  plate  to  form  an  e lec t ros ta t i c   la tent   image  thereon.  T h e r e -  

after,   the  l a ten t   image  is  developed  with  an  oppositely  charged  deve lop ing  

mater ia l   comprising  carrier  beads  and  toner  par t ic les   t r iboelect r ica l ly   a d -  ;  

hering  thereto   to  form  a  xerographic  powder  image  corresponding  to  t h e  

la tent   image  on  the  photsensit ive  surface.   The  powder  image  is  then  e l e c -  

t ros ta t ica l ly   t r ans fe r red   to  a  t ransfer   member  such  as  a  sheet   of  paper  t o  

which  it  may  be  fixed  by  a  fusing  device  whereby  the  toner  image  is  c a u s e d  

permanent ly   to  adhere  to  the  t ransfer   m e m b e r .  

In  the  i l lus t ra ted  machine  10,  an  original  12  to  be  copied  is  placed  upon  
a  t r ansparen t   support  platen  14  fixedly  arranged  in  an  i l lumination  a s sembly  



indicated  generally  by  the  r e fe rence   numeral   16.  While  upon  the  platen,  t h e  

i l lumination  assembly  flashes  light  rays  upon  the  original,  thereby  p r o d u c i n g  

image  rays  corresponding  to  the  in format ional   areas  on  the  original.  T h e  

image  rays  are  pro jec ted   by  means  of  an  optical  system  18  to  an  e x p o s u r e  
station  20  for  exposing  the  surface  of  a  moving  xerographic  plate  in  the  f o r m  

of  a  flexible  photoconduc t ive   belt  or  pho to recep to r   22.  In  moving  in  t h e  

direct ion  indicated  by  the  arrow,  prior  to  reaching  the  exposure  s tat ion  20, 

that  portion  of  the  belt  being  exposed  would  have  been  uniformly  c h a r g e d  

to  approximate ly   +800  to  +950  volts  by  a  corona  genera t ing   device  24  l o c a t e d  .  

at  a  belt  run  extending  between  the  belt  supporting  rollers  26  and  28.  T h e  

exposure  s tat ion  extends  be tween   the  roller  28  and  a  third  roller  30. 

The  exposure  of  the  photosens i t ive   surface  of  the  belt  to  the  l i g h t  

image  discharges  the  surface  in  the  areas  struck  by  light  whereby  an  e l e c -  

t ros ta t i c   l a ten t   image  remains  on  the  belt  in  image  configurat ion  c o r r e s p o n d -  

ing  to  the  light  image  projected  from  the  original  on  the  support  p l a t e n .  

As  the  belt  continues  its  movement ,   the  la tent   image  passes  around  the  r o l l e r  

30  and  through  a  developing  s ta t ion  32  where  a  developing  apparatus  i n d i c a t e d  

generally  by  the  r e fe rence   numeral   34  is  positioned.  The  deve loping  

apparatus  34  p referab ly   comprises  a  plurality  of  magnet ic   brushes  35  which  

carry  developing  mate r ia l   to  the  surface  of  the  upwardly  moving  belt  22. 

As  the  developing  mater ia l   is  applied  to  the  belt,  toner  par t ic les   in  the  d e -  

velopment   mater ia l   are  e l e c t ro s t a t i c a l l y   a t t r a c t e d   to  the  charged  p h o t o s e n -  

sitive  surface   to  form  a  powder  image  (an  e l ec t ros ta t i c   developed  i m a g e ) .  

The  brushes  35  for  the  appara tus   34  are  e lectr ical ly   connected  to  a  d.c.  p o w e r  

supply  36  by  way  of  a  bus  bar  37  to  be  e lectr ical ly   biased  in  accordance   w i t h  

the  e lec t r ica l   field  needed  between  the  brushes and  the  pho to recep to r   22. 

A  variable  res i s tance   device  38  is  connected   to  the  circuit   to  permit   v a r i a -  

tion  in  the  magnet ic   brush  biasing  in  accordance   with  the  par t icular   t o n e r /  

carr ier   e l e c t r o s t a t i c   cha rac t e r i s t i c s   and  the  e l ec t ro s t a t i c   charge  of  t h e  

la tent   image  being  developed.  The  apparatus  34  is  e lec t r ica l ly   i n s u l a t e d  

from  the  remaining  s t ruc tu re   of  the  machine  so  that  the  e lec t r ica l ly   con- 

ductive  carr ier   par t ic les   do  not  short  out,  or  cause  e lec t r i ca l   shorts  r e l a t i v e  

to  the  m a c h i n e .  

The  developed  e l e c t r o s t a t i c   image  is  t ranspor ted   by  the  belt  22  t o  

a  t ransfer   s tat ion  39  where  a  sheet   of  paper  is  moved  at  a  speed  in  s y n c h r o n -  

ism  with  the  moving  belt  in  order  to  e f fec t   t ransfer   of  the  developed  i m a g e .  



Located  adjacent   the  t ransfer   station  39  is  an  electr ically  biased  t r a n s f e r  

roller  40  which  is  rota tably  arranged  on  the  frame  of  the  machine  to  r e c e i v e  

individual  sheets  from  a  sheet  conveyor  41  of  a  t ransport   mechanism  g e n -  

erally  indicated  by  the  re ference   numeral  42  and  to  guide  each  sheet   to  t h e  

t ransfer   s tat ion  39. 

The  sheet  t ransport   mechanism  42  t ransports   sheets  of  paper  s e r i a t i m  

from  a  paper  supply  system  indicated  generally  by  the  re fe rence   n u m e r a l  

44  to  the  developed  image  on  the  belt  as  the  same  is  carried  around  the  r o l l e r  

26. 

At  the  t ranspor t   station  39,  the  main  t ransfer   device  48 in  the  f o r m  

of  a  corona  generat ing  device  having  one  or  more  corona  emit t ing  wires  is 

posit ioned  to  spray  ions  on  the  back  side  of  a  sheet  of  paper  as  the  l a t t e r  

is  moved  or  fed  between  the  photoreceptor   belt  22  and  the  device  48.  T h e  

t rans fe r   roller  40  is  supplied  with  electr ical   potential   from  a  suitable  d .c .  

source  having  a  polarity  opposite  of  the  toner  particles  being  t r a n s f e r r e d .  

Transfer   of  toner   par t ic les   by  the  roller  40  is  effected  as  the  roller  c o m e s  

in  contac t   with  the  side  of  a  sheet  of  paper  opposite  that  to  which  the  d e -  

veloped  image  is  to  be  t ransfer red .   The  corona  emit t ing  wire  for  the  dev ice  

48  is  e lec t r ica l ly   biased  by  means  of  a  supply  circuit  with  suff ic ient   v o l t a g e  

to  effect   ion  spray  upon  the  adjacent   side  of  each  sheet  of  paper  pass ing  

t he rebenea th   so  that  the  developed  image  on  the  belt  may  be  e l e c t r o s t a t i c -  

ally  a t t r a c t e d   to  its  adjacent  side  of  the  sheet  of  paper  as  the  l a t t e r   is  b rough t  
into  contact   t h e r e w i t h .  

A s   a  sheet  emerges  from  the  transfer  station  39,  a  charge  is  depos i t ed  

on  the  leading  edge  thereof  by  a  detack  corona  generat ing  device  52  to  l e s sen  

the  e l ec t ros t a t i c   a t t rac t ion   between  the  belt  22  and  the  sheet  so  that  t h e  

la t te r   can  be  removed  by  a  vacuum  stripping  and  t ransport   mechanism  54. 

With  only  the  leading  edge  being  so  charged  for  stripping  purposes,  t h e r e  

is  less  charge  being  applied  to  the  sheet  by  this  detack  device  so  toner  dis= - 

turbance  is  el iminated.   The  sheet  is  thereaf te r   re ta ined  on  the  unde r s ide  

of  the  vacuum  stripping  t ranspor t   mechanism  54  for  movement   into  a  f u s e r  

assembly  indicated  generally  by  the  reference  numeral  56  wherein  the  powder  

image  on  the  sheet  is  permanent ly   affixed  thereon.  After  fusing,  the  f in i shed  

copy  is  discharged  at  a  suitable  point  for  collection.  The  toner  p a r t i c l e s  

remaining  as  residue  on  the  belt  22  are  carried  by  the  belt  to  a  ro ta t ing  brush 

cleaning  apparatus  58.  The  cleaning  apparatus  58  cooperates   with  a  co rona  



discharge  device  60  for  neutral iz ing  charges  remaining  on  the  u n t r a n s f e r r e d  

toner  part icles  before  being  removed  by  the  rotat ing  brush  58. 

The  fusing  apparatus   56  envisioned  in  this  invention  is  of  the  hot,  s o f t  

roller  type  comprising  a  lower  heated  roller  68  having  a  Quartz  lamp  69  s u p -  

ported  along  the  axis  thereof,   and  an  upper  pressure  rollei  70.  The  l a m p  

69  serves  as  a  source  of  thermal   energy  for  the  fusing  apparatus.   As  shown  

in  Fig.  3,  the  hea ted   roller  68  includes  a  metal l ic   core  90,  which  su r rounds  

the  lamp  69.  The  outer  surface  of  the  core  90  is  coated  with  an  "abhes ive"  

or  offset t ing  mate r ia l   91,  preferably   a  f luo roe las tomer   based  on  the  c o p o l y m e r  
of  vinylidene  f luoride  and  hexaf luoropropylene.   A  prefer red   example  of  t h i s  

coating  mater ia l   is  Vi ton  mater ia l   ( t rademark   of  the  E.I.  DuPont  Corp)  a n d  

at  a  thickness  in  the  range  of  7-10  mils.  For  additional  information  r e g a r d i n g  

the  use  of  V i ton  a s   a  fuser  roller  mater ia l ,   r e fe rence   is  made  of  the  d e s c r i p -  

tion  in  the  publ icat ion  "Product  Licensing  Index,  Research   Disclosures",  J u l y  

1972,  pages  72,  73.  A  suitable  offset   prevent ing  oil,  such  as  silicone  oil,  m a y  
be  applied  to  the  fuser  roller  surface  during  fusing  ope ra t i on .  

The  pressure  roller  70  includes  a  metal l ic   core  92  having  a  thick  o r -  

ganic  rubber  outer  layer  93.  The  layer  93  may  be  of  the  material   known  as  

EPDM  under  the  t r adename   EPCAR  346  of  the  B.F.  Goodrich  Corp.  and  hav ing  

an  outer  thin  s leeve  94  of  PFA  T e f l o n  m a t e r i a l ,   a  t r ademark   of  the  E.I.  D u -  

Pont  Corp.  For  addit ional   informat ion  of  these  mater ia ls   for  a  pressure  r o l -  

ler,  r e fe rence   is  made  to  U.S.  Patent   No.  4,083,092  which  discloses  a  p r e s s u r e  
roller  envisioned  for  use  in  the  present   invention.  When  in  operative  c o n t a c t ,  

the  rollers  68,  70  are  held  against   one  another   under  p re s su re .  

The  mate r ia l s   91  and  93  are  of  such  a  hardness  as  to  produce  a  r e l a -  

tively  large  de formed   nip  area  95  having  a  width  approximate ly   1/5  the  d i -  

ameter   of  the  rollers.   As  shown  in  Fig.  3,  the  pressure  is  such  as  to  d e f o r m  

the  rubber  in  the  pressure  roller.  The  coating  91  is  suff icient ly  thick  a n d  

yet  conformable   as  to  conform  to  the  pile  heights  of  toner  i m a g e s - t o - b e - f u s e d  

whether  the  piles  comprise  large  toner  par t ic les   or  small  toner  part icles   as  

envisioned  in  the  present   invention.  In  conventional   fuser  roller  c o a t i n g s  

made  for  example  from  Tef lon ,   the  hardness  of  the  coating  prevents   a d e q u a t e  

conformabi l i ty   to  the  various  heights  of  toner  piles  in  images  and  also  t o  

the  variat ions  of  toner  sizes.  When  images - to -be - fused   comprise  v a r i a t i o n s  

of  pile  heights,  general ly  only  the  higher  piles  come  in  contac t   with  the  f u s e r  

roller  surface  leaving  much  of  the  lower  heights  out  of  contact   with  the  f u s e r  



roller.  This  results  in  high  graininess  of  fused  images  and,  for  olid  a r e a  

coverage,   glossiness  with  or  without  the  a ccompan imen t   of  images  which 

can  be  smeared  by  touching .  

The  combination  of  the  deformabi l i ty   of  the  pressure  roller 70  a long 

with  the  conformabi l i ty   of  the  fuser  roller  68  with  the  developing  mix tu re  .  

to  be  discussed  below  has  produced  very  high  quality  output  copies  not  a v a i l -  

able  with  the  separa te   uses  of  these  f e a t u r e s .  

It  has  been  found  that  relat ively  small  toner  par t ic les ,   or  fine  t o n e r  

in  a  developer  mixture  tend  to  effect   high  quality,  line  copy.  However,  t h i s  

phenomenon  is  accompanied  by  the  production  of  what  is  known  as  "hollow 

charac te rs" ,   that  is,  some  toner  part icles  may  occasional ly  be  depleted  f r o m  

the  cent ra l   regions  of  various  let ters .   It  is  very  impor t an t   then  to  d e t e r m i n e  

d iamete r   size  of  such  toner  part icles  and  to  ocntrol  the  distribution  of  t h e s e  

small  size  p a r t i c l e s .  

It  has  also  been  found  that  the  use  of  too  large  a  d iameter   for  t o o  

many  toner   part icles ,   in  other  words,  coarse  content ,   will  be  incapable  o f  

producing  quality  resolution  as  images  will  appear  blurred.  Resolution  m a y  
be  enhanced  by  controlling  the  course  content   so  that   a  very  narrow  p e r c e n t  

range  by  volume  for  part icle  size  distr ibution  over  20  microns  diameter   i s  

left  in  the  developer  m ix tu re .  

For  the  hot  roller  fusing  apparatus  described  for  the  present  inven t ion ,  

it  has  been  found  that  higher  quality  for  line  copy  is  available  when  the  t o n e r  

par t ic les   have  a  size  in  the  range  of  about  5  microns  to  about  20  mic rons  

with  the  median  size  by  volume  of  about  12.0  microns,  that   the  coarse  c o n t e n t  

by  volume  not  more  than  about  5.0  percent   g rea te r   than  about  20  mic rons ,  

and  that   the  fine  content  by  number  not  less  than  about  13.5  percent   l e s s  

than  5  microns.  Such  a  fusing  apparatus  may  have  its  lower  heater  r o l l e r  

68  coated  with  T e f l o n  m a t e r i a l   ( t rademark  of  the  E.I.  DuPont  Corp.)  as  t h e  

outer  layer  thereby  providing  a  relat ively  hard  surface   for  the  fusing  func t ion .  

In  Fig.  2,  the  image  t ransfer   a r r angemen t   and  circuitry  is  i l l u s t r a t e d  

along  with  the  detack  device  52.  As  shown,  the  biased  roller  40  is  e l e c t r i -  

cally  connected  to  the  high  voltage,  positive  d.c.  power  supply  80  which 

is  adapted  to  apply  1-5  kv  potential   to  the  roller  for  providing  app rox ima te ly  

+25,qA  of  current   for  the  transfer  function  by  this  roller.  The  corona  e m i t t i n g  

t r ans fe r   device  48  has  its  coronode  wire  81  connec ted   to  the  high  vo l t age ,  

positive  d.c.  source  82  to  having  impressed  thereon  a  potent ial   of  4-8  kv 



at  +90µA.  The  foregoing  polarities  are  util ized  since  it  is  assumed  that  t h e  

toner  par t ic les   have  a  negative  e l ec t ros t a t i c   charge  and  the  p h o t o r e c e p t o r  
22  would  have  been  charged  with  a  positive  charge  by  the  corona  e m i t t i n g  
device  24.  It  will  be  understood  that  these  polari t ies  may  be  reversed  and  

coord ina ted   in  the  usual  manner  in  the  event  the  toner  part icles  have  a  posi -  
tive  charge  and  the  l a ten t   e l ec t ros ta t i c   image  is  of  negat ive  po la r i ty .  

The  device  48  includes  a  shield  83  made  of  a  suitable  non-conduc t ing  

ma te r i a l   and  a  plurality  of  thin  guide  e lements   84  which  are  mounted  a c ros s  
the  open  end  of  the  device  48.  The  shield  surrounds  the  coronode  wire  81 

almost   complete ly   except  for  one  side  which  faces  the  photoreceptor   b e l t  

22.  The  e lements   84  are  made  from  suitable  conductive  material   and  s e r v e  

to  p reven t   the  leading  edge  of  each  sheet   of  paper  from  entering  the  c a v i t y  

of  the  shield  a f t e r   being  t ranspor ted   through  the  nip  between  the  roller  40 

and  the  roller  26  with  belt  22  and  brought  under  the  device  48. 

The  shield  83  is  e lec t r ica l ly   connected  by  way  of  r e s i s t o r / c a p a c i t o r .  

device  85  to  the  return  side  of  the  power  supply  82.  Similarly,  the  e l e m e n t s  

84  are  e l ec t r i ca l ly   connected  to  the  supply  82  by  way  of  a  resistor  86,  and  

is  impressed   with  a  potent ial   approximate ly   +1.0  k.v.d.c.  The  e lements   84, 

by  being  e lec t r ica l ly   biased,  e l iminates  the  charges  being  built  up  on  t h e  

e l emen t s   during  machine  use.  Build  up  of  such  charges  tend  to  create   u n -  

evenness   of  the  t ransfer   charge  placed  upon  the  pho torecep tor   22  by  t h e  

t r ans fe r   corona  generat ing  device  48.  By  virtue  of  the  above-descr ibed  c i r -  

cuit  for  the  e lements   84,  the  l a t te r   become  self-biasing  during  o p e r a t i o n .  

In  the  art   of  e l ec t ros t a t i c   printing,  as  in  the  art  of  photography,  t h e  

q u a n t i t a t i v e   measure   of  processing  is  "density".  In  the  case  of  the  f o r m e r  

however,   use  of  " re f lec t ion   density"  as  the  measure   is  more  relevant   s i nce  

the  object   of  m e a s u r e m e n t   is  an  opaque  reproduct ion   or  copy.  As  is  we l l  

known  in  the  reproduct ion   field,  re f lec t ion   density  is  de f ined  as  

D =log10  I1/I2  wherein  ; 

I1 is  the  measuring  incident  beam  directed  upon  the  test   surface  of  an  opaque  

copy  while  12  is  the  re f lec ted   beam  from  the  test  surface.   For  a  x e r o g r a p h i c  

copy,  that   is,  a  fixed  toner  image  upon  support  mater ia l   such  as  paper,  r e -  

f lect ion  density  is  a  measure  of  the  quanti ty  of  the  fixed  tone  on  a  s u r f a c e  

viewed  by  r e f l ec t ed   l i gh t .  

In  convent ional   xerographic  machines,   density  is  usually  con t ro l l ed  

by  the  var iance   of  various  pa ramete r s   associa ted  with  the  development   m a -  



terials  and  the  e lect r ical   biases  utilized  in  xerographic  processing.  More  

par t icular ly ,   the  relationship  of  toner  particles  to  their  supporting  c a r r i e r  

beads  has  been  the  area  which  allows  the  most  effect ive  means  for  dens i ty  

variat ion  or  control.  This  relationship  may  directly  involve  the  toner  p a r t i c l e  

sizes  and  distribution  in  a  developer  m ix tu re .  

The  t r iboelec t r ic   relationships  between  toner  part icles  and  c a r r i e r  

beads  is  also  a  factor   in  conventional  xerography.  Of  the  many  poss ible  

variat ions  which  may  be  chosen  and  employed,  care  must  be  taken  to  avoid  

or  minimize  any  de ter iora t ion   of  other  quality  factors  which  may  be  i m p a c t e d  

by  one  or  more  choices.  The  effect   of  an  impact  on  one  aspect  of  qua l i t y  

may  be  more  damaging  than  the  gain  on  another  aspect  resulting  from  a  

choice  of  pa rameters .   In  any  event,  the  controllable  pa ramete r s   of  deve lop -  

ment  mater ials   in  conventional  xerography  and  the  amount   of  toner  p r e s e n t  

in  a  mixture  have  been  such  that  a  resulting  density  of  approximately   1.0 

has  become  the  norm  for  high  quality  copying.  

Generally,  the  amount  of  toner  in  a  developing  mixture  is  p r e d e t e r m i n -  

ed  in  accordance   with  the  capabili ty  of  the  reproduction  machine  in  p roduc ing  

copies  of  acceptable   quality.  Beyond  this  point,  the  adding  of  add i t iona l  

toner  is  not  conventional  since  known  factors  which  adversely  affects   q u a l -  

ity,  such  as  an  increase  in  background,  smearing,  etc.  will  appea r .  

With  use  in  the  present   invention,  however,  it  has  been  found  t h a t  

the  adding  of  more  toner  part icles   to  a  mixture  of  developing  materials   hav ing  

the  part icle   size  and  distribution  discussed  above  produced  a  still  h ighe r  

quality  of  copy  printing  not  envisioned  by  conventional  use  and  e x p e r i m e n -  

tation.  As  s tated  above,  merely  adding  toner  particles  to  standard  deve lop ing  

mixtures  beyond  preset  amounts  determined  by  empirical   data  will  i n c r ea se  

the  number  of  background  particles,   a  prospect  which  seriously  lessons  q u a l -  

ity.  An  excess  of  toner  part icles  also  increases  the  presence  of  toner  p a r -  
ticles  in  the  adjacent   a tmosphere   which,  in  turn,  may  eventually  result  in 

quality  deg rada t i on .  

Additional  toner  part icles  are  utilized  in  the  mixture  described  above  

in  amounts  which  will  result  in  a  solid  area  density  of  approximately   1.3  f o r  

copy  printing.  It  has  been  found  by  extensive  testing,  that   this  addi t iona l  

toner  to  the  mixture  did  not  impact  other  aspects  of  quality,  and  that  t h e  

ach ievement   of  a  density  of  approximate ly   1.3  produced  copy  printing  of  sol id 

areas  with  quality  far  superior  to  the  quality  of  copy  printing  exhibiting  a  



d e n s i t y   of  1.0.  I t   has  also  been  found  tha t   the  t r a n s f e r   e f f i c i e n c y  

for  so l i d   area   coverage  i n c r e a s e d   s i g n i f i c a n t l y ,   a p p r o x i m a t e l y   20%, 

than  what  was  a c h i e v a b l e   with  bias  r o l l   t r a n s f e r   only  and  with  t h e  

c o n v e n t i o n a l   t one r   con t en t   in  c o n v e n t i o n a l   deve loper   m i x t u r e s .  

From  the  f o r e g o i n g   i t   w i l l   be  apparen t   t h a t  t h e r e   is  d i s c l o s e d  

a  toner   p a r t i c l e   s ize   d i s t r i b u t i o n   in  c o n j u n c t i o n   with  a  t r a n s f e r  

system  having  i n c r e a s e d   t r a n s f e r   e f f i c i e n c y   of  20%  tha t   p rov ides   g r e a t l y  

improved  l i n e   copy  c h a r a c t e r i s t i c s   (minimizes  b lur   and  hollow  c h a r a c t e r )  

and,  in  c o n j u n c t i o n   with  h igher   output   dens i ty   (1.3)   y i e l d s   e x c e p t i o n a l  

s o l i d   area   q u a l i t y .  

I t   w i l l   a lso   be  a p p r e c i a t e d   tha t   very  high  q u a l i t y   copies   o f  

o r i g i n a l   may  be  ach ieved   from  e l e c t r o s t a t o g r p a h i c   r e p r o d u c t i o n   mach ine s  

employing  a  system  of  va r ious   f e a t u r e s   and  a s p e c t s   i n c l u d i n g   the  u s e  

of  a  dual  t r a n s f e r   a r rangement   of  the  type  d e s c r i b e d ,   a  s p e c i f i c   t o n e r  

p a r t i c l e   s ize   and  d i s t r i b u t i o n   and  sof t   r o l l   fus ing   wherein   a  p r e s s u r e  
r o l l e r   is  made  deformable   r e l a t i v e   to  a  fuser   r o l l e r   and  the  l a t t e r  

i s  made  conformable   to  toner   p i l e   c o n f i g u r a t i o n .  



1.  An  e l e c t r o s t a t o g r a p h i c   p rocess ing   system  having  d e v e l o p e r  

mixture   of  f i n e l y - d i v i d e d   toner  p a r t i c l e s   e l e c t r o s t a t i c a l l y   c l i n g i n g  

.  to  the  su r f ace   of  c a r r i e r   p a r t i c l e s ;   a . corona   device  (24)  for  u n i f o r m l y  

charg ing   the  p h o t o s e n s i t i v e   sur face   p r io r   to  p roduc t ion   of  an  e l e c t r o -  

s t a t i c   l a t e n t   image;  a  development  appara tus   (34)  for  d e v e l o p i n g  
the  l a t e n t   image;  a  t r a n s f e r   s t a t i o n   (39)  whereat  suppor t   m a t e r i a l  

is  placed  i n to   con t ac t   with  the  p h o t o s e n s i t i v e   su r face   (22)  b e a r i n g  

a  developed  image  for  r e c e i v i n g   the  same,  said  t r a n s f e r   s t a t i o n   h a v i n g  

a  corona  g e n e r a t i n g   means  having  an  e l e c t r o d e   (81)  adapted  to  s p r a y  
ions  upon  the  a d j a c e n t   side  of  the  support   m a t e r i a l   for  e f f e c t i n g  
t r a n s f e r   of  toner   p a r t i c l e s   from  the  developed  image  to  the  s u p p o r t  

m a t e r i a l ,   c h a r a c t e r i z e d   in  that   the  toner  p a r t i c l e s   have  a  p a r t i c l e  
s ize   d i s t r i b u t i o n   with  a  median  diameter   by  volume  of  about  1 2 . 0  

microns ,   with  not  more  than  8%  by  volume  having  a  d iamete r   g r e a t e r  
than  20  microns  and  not  more  than  20%  by  number  having  a  d i a m e t e r  

l e s s   than  5  m i c r o n s .  

2.  A  system  accord ing   to  Claim  1  in  which  the  r a t i o   of  t o n e r  

con ten t   to  c a r r i e r   is  such  that   there   is  a  so l id   area  r e f l e c t i o n  

o p t i c a l   d e n s i t y   of  f ixed  images  on  the  support   m a t e r i a l   of  a b o u t  

1 . 3 .  

3.  A  system  accord ing   to  Claim  1  or  2  in  which  1  to  5%  by  volume 

of  the  p a r t i c l e s   have  a  diameter   g r e a t e r   than  20  microns  and  0 . 5  

to  13.5%  by  number  of  the  p a r t i c l e s   have  a  d iameter   l ess   than  5  m i c r o n s .  

4.  A  system  accord ing   to  Claim  1  or  2  in  which  the  t r a n s f e r   s t a t i o n  

also  has  an  e l e c t r i c a l l y   biased  r o l l e r   (40)  a r ranged  for  c o n t a c t i n g  

the  ad j acen t   side  of  the  support   m a t e r i a l   as  the  same  passes   t h r o u g h  

the  t r a n s f e r   s t a t i o n   for  e f f e c t i n g   the  t r a n s f e r   of  toner   p a r t i c l e s  

from  the  developed  image  to  the  support   m a t e r i a l .  



5.  A  system  a c c o r d i n g   to  any  p r eced ing   Claim  i n c l u d i n g   an  image 

f i x i n g   s t a t i o n   (56)  compr i s ing   a  fus ing   a p p a r a t u s   having  a  p r e s s u r e  

r o l l e r   (70)  in  c o n t a c t   with  heated  f u s e r   r o l l e r   (68)  to  form  a  n i p  

through  which  the  suppor t   m a t e r i a l   is  t r a n s p o r t e d ,   said  fu se r   r o l l e r  

(68)  having  an  ou te r   l aye r   (91)  made  from  m a t e r i a l   being  c o n f o r m a b l e  

with  toner  he igh t   c o n f i g u r a t i o n   and  said  p r e s s u r e   r o l l e r   (70)  b e i n g  

deformable   at  the  nip  dur ing   fus ing   c o n t a c t   with  said  fuse r   r o l l e r .  

6.  A  system  a c c o r d i n g   to  Claim  5  in  which  said  fuser   r o l l e r   (68)  

has  a  sur face   c o a t i n g   made  from  a  f l u o r o e l a s t o m e r   based  on  the  copo lymer  

of  v i n y l i d e n e   f l u o r i d e   and  h e x a f l u o r o p r o x y l e n e .  

7.  A  system  a c c o r d i n g   to  Claim 5  or  6  in  which  said  nip  has  a  

width  a p p r o x i m a t e l y  4   to  1/6  the  d iamete r   of  one  of  the  r o l l e r s .  
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