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©  Fluorocarbon  lubricated  printer  toner  particles. 

@  A  method  of  coating  toner  particles  with  a 
fluoropolymer  is  described  that  comprises  the  steps 
of:  mixing  polar  toner  particles  with  a  mixture  of  a 
fluorocarbon  oil  and  a  perfluoro-alkane  non-polar  sol- 
vent;  heating  the  mixture  to  an  elevated  temperature 
in  an  evacuated  container  having  an  outlet,  the  tem- 

perature  being  less  than  the  melting  temperature  of 
the  toner  particles;  and  agitating  the  mixture  during 
the  heating  step  to  cause  a  coating  of  the  particles 
with  the  fluorocarbon  oil  while  the  heating  causes 
volatilization  of  the  solvent. 
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Field  Of  The  Invention 

This  invention  relates  to  electrophotography 
and,  more  particularly,  to  electrophotographic 
toners  that  are  subjected  to  high  wear  environ- 
ments. 

BACKGROUND  OF  THE  INVENTION 

In  electrophotography,  an  electrostatic  charge 
image  is  formed  on  a  dielectric  surface,  particularly 
the  surface  of  a  photoconductive  drum.  Develop- 
ment  of  this  image  is  commonly  achieved  by  con- 
tacting  it  with  a  two  component  developer  compris- 
ing  a  mixture  of  toner  particles  and  magnetically 
attractable  particles  known  as  carriers.  The  carrier 
particles  serve  as  sites  against  which  the  nonmag- 
netic  toner  particles  can  impinge  and  acquire  a 
charge  that  is  opposite  to  that  of  the  electrostatic 
image.  During  contact  between  the  electrostatic 
image  and  the  combined  carrier/toner,  the  toner 
particles  are  stripped  from  the  carrier  particles  by 
the  relatively  strong  electrostatic  forces  associated 
with  the  charge  image. 

Prior  art  developer  materials,  especially  those 
employed  in  automatic  copying  machines,  have 
experienced  carrier  filming  problems  due  to  the 
recycling  of  the  carrier  particles  over  many  cycles. 
Such  recycling  produces  many  collisions  between 
the  carrier  particles  themselves  and  between  the 
carrier  particles  and  various  parts  of  the  copier. 
The  attendant  mechanical  friction  causes  some 
toner  material  to  form  a  physically  adherent  film  on 
the  surfaces  of  the  carrier  particles.  To  alleviate 
such  carrier  filming  problems,  the  prior  art  has 
suggested  the  coating  of  carrier  particles  with 
fluoropolymers  such  as  poly  tetrafluoroethylene. 
Such  coated  particles  are  taught  in  U.S.  Patents 
3,922,382  to  Kukla  et  al.;  3,947,271  to  Munzel  et 
al.;  4,546,060  to  Miskins  et  al.  and  4,263,389  to 
Ciccarelli.  In  each  of  the  aforementioned  referen- 
ces,  it  is  noted  that  the  fluoropolymer  coating  in- 
creases  the  abrasion  resistance  of  the  carrier  par- 
ticles. 

The  use  of  automated  character  readers  to 
examine  printed  documents  is  seeing  wider  use. 
Many  such  readers  pass  a  scanner  over  the  text  of 
a  document,  the  scanner  being  in  direct  contact 
with  the  surface  of  the  document  and  exerting  an 
abrasive  force  on  the  printed  characters.  If  a  docu- 
ment  is  subjected  to  more  than  one  scan,  it  often 
occurs  that  the  friction  between  the  scanner  and 
the  document  surface  causes  substantial  damage 
to  the  printed  characters. 

The  prior  art  has  employed  encapsulated  toner 
compositions  in  pressure  fixing  environments.  For 
instance,  in  U.S  Patent  5,023,159  to  Ong  et  al., 
encapsulation  of  toner  particles  is  taught  by  inter- 

facial  polymerization  between  a  core  polymer  resin, 
an  organo  silicon  compound,  a  colorant,  and  shell- 
forming  monomers.  Ong  et  al.  indicate  that  good 
image  density  was  achieved  and  that  image  smear 

5  and  image  ghosting  was  avoided.  The  procedures 
employed  by  Ong  et  al.  to  accomplish  encapsula- 
tion  of  their  toner  particles  involve  a  number  of 
steps  and  require  long  heating  durations. 

Accordingly,  it  is  an  object  of  this  invention  to 
io  provide  an  improved  toner  composition  that  exhib- 

its  increased  wear  resistance. 
It  is  another  object  of  this  invention  to  provide 

an  improved  toner  that  incorporates  a  lubricating 
coating. 

75  It  is  yet  another  object  of  this  invention  to 
provide  a  simple  method  for  applying  a  lubricating 
coating  to  toner  particles. 

It  is  still  another  object  of  this  invention  to 
improve  the  lubricity  and  wear  resistance  of  printed 

20  characters. 
It  is  a  further  object  of  this  invention  to  improve 

the  flow  characteristics  of  a  toner  in  an  elec- 
trophotographic  printer. 

25  SUMMARY  OF  THE  INVENTION 

A  method  of  coating  toner  particles  with  a 
fluoropolymer  is  described  that  comprises  the 
steps  of:  mixing  polar  toner  particles  with  a  mixture 

30  of  a  fluorocarbon  oil  and  a  perfluoro-alkane  non- 
polar  solvent;  heating  the  mixture  to  an  elevated 
temperature  in  an  evacuated  container,  the  tem- 
perature  being  less  than  the  melting  temperature  of 
the  toner  particles;  and  agitating  the  mixture  during 

35  the  heating  step  to  cause  a  coating  of  the  particles 
with  the  fluorocarbon  oil  while  the  heating  causes 
volatilization  of  the  solvent. 

DESCRIPTION  OF  THE  DRAWINGS 
40 

The  Fig.  illustrates  apparatus  for  carrying  out 
the  method  of  the  invention. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
45 

Toner  particles  are  coated  with  a  fluorocarbon 
lubricant,  preferably  a  perfluoro  poly  propoxy- 
methoxy  oil.  Such  an  oil  is  marketed  by  the 
Ausimont  Company,  44  Whippany  Road,  Morris- 

50  town,  New  Jersey  07962.  The  trade  name  for  their 
fluorocarbon  oil  is  Fomblin  Y  and  it  is  a  per- 
fluoronated  poly  ether.  Fomblin  Y  has  a  low  surface 
tension  and,  therefore,  creates  a  very  thin  coating 
on  the  toner  particles.  Furthermore,  the  fluorocar- 

55  bon  oil  exhibits  a  low  vapor  pressure,  is  a  good 
lubricant  and  is  a  liquid  that  can  be  easily  applied 
to  toner  particles. 
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The  process  further  employs  a  solvent  for  the 
fluorocarbon  oil.  The  chosen  solvent  must  not  at- 
tack  the  toner  particles,  and  must  exhibit  a  low 
boiling  point.  A  preferred  solvent  is  perfluoro  al- 
kane,  a  non-polar  solvent  that  does  not  attack  polar 
surfaces  of  toner  particles  and  is  a  good  solvent  for 
fluorocarbon  oils.  The  3M  Company,  Commercial 
Chemicals  Division,  223-6S-04  3M  Center,  Saint 
Paul,  Minnesota  55144-1000  markets  a  perfluoro 
alkane  solvent  called  "Fluorinert"  which  was  em- 
ployed  in  the  development  of  the  invention.  The 
preferred  solvent  is  Fluorinert  (FC-72)  which  is  a 
C8  perfluoro  alkane. 

The  mechanism  used  to  carry  out  the  invention 
was  a  "Rotavapor"  system  such  as  is  shown  in  the 
Fig.  A  mixture  of  toner  particles,  fluorocarbon  lubri- 
cant  and  a  perfluoro  alkane  solvent  was  emplaced 
in  a  flask  10  that  was  attached  to  a  vacuum/drive 
system  12.  Flask  10  was  immersed  in  a  heating 
bath  14  that  enabled  an  elevation  of  the  tempera- 
ture  of  the  mixture  contained  in  flask  10.  The 
elevated  temperature  is  sufficiently  high  to  enhance 
volatilization  of  the  solvent,  but  must  not  exceed 
the  melting  temperature  of  the  toner  particles. 

Flask  10  is  rotated  by  drive  system  12  while 
simultaneously,  a  vacuum  is  applied  to  flask  10. 
During  operation,  the  elevated  temperature  of  flask 
10  causes  volatilization  of  the  perfluoro  alkane  sol- 
vent,  which  solvent  enters  the  cooling  system  16 
via  tube  18.  Within  cooling  system  16,  the  solvent 
condenses  and  precipitates  into  receiving  flask  20. 

EXAMPLE 

A  magnetic  ink  character  recognition  (MICR) 
toner,  e.g.  a  MICR  toner  that  is  a  styrene-based 
monocomponent-type  toner,  obtained  from  the 
Canon  Corporation,  Japan  was  coated  with  per- 
fluoro  poly  propoxy-methoxy  oil  (Fomblin  Y).  The 
coating  was  accomplished  by  adding  either  15  or 
300  micro  liters  of  Fomblin  Y  to  200  mL  of  per- 
fluoro  alkane  solvent  (3M  FC72).  One  hundred 
grams  of  the  monocomponent  toner  was  added  to 
a  500  mL  round  bottom  flask  10  (see  Fig.).  A 
mixture  of  the  solvent  and  fluorocarbon  lubricant 
was  added  to  the  flask.  Contents  of  the  flask  were 
mixed  and  agitated  by  causing  rotation  of  flask  10, 
after  it  was  attached  to  a  Bucki  Rotavapor.  A  vacu- 
um  was  applied  to  the  flask  while  it  was  being 
rotated  (insert  level  of  vacuum).  The  flask's  con- 
tents  were  temperature  regulated  to  38°  C  by 
immersion  in  a  heated  bath  14.  After  the  solvent 
was  stripped  from  the  toner,  it  was  found  that 
fluorocarbon  oil  coated  the  toner  particles.  The 
toner  was  loaded  into  a  printer  cartridge,  when  dry, 
and  printing  was  accomplished  in  the  normal  fash- 
ion. 

The  fluorocarbon  oil  was  found  to  be  stable 
and  nonvolatile.  The  toner  operated  successfully  in 
the  printer  and  the  perfluoro  alkane  solvent  used 
did  not  degrade  the  toner.  The  print  quality  was 

5  equal  to  noncoated  toner  particles. 
It  should  be  understood  that  the  foregoing  de- 

scription  is  only  illustrative  of  the  invention.  Various 
alternatives  and  modifications  can  be  devised  by 
those  skilled  in  the  art  without  departing  from  the 

io  invention.  Accordingly,  the  present  invention  is  in- 
tended  to  embrace  all  such  alternatives,  modifica- 
tions  and  variances  which  fall  within  the  scope  of 
the  appended  claims. 

15  Claims 

1.  A  method  of  coating  toner  particles  with  a 
fluoro  polymer,  the  method  comprising  the 
steps  of: 

20  a)  combining  toner  particles  with  a  mixture 
of  a  fluorocarbon  oil  and  a  perfluoro  alkane 
solvent; 
b)  heating  the  mixture  combination  of  step 
(a)  to  an  elevated  temperature  in  an  evacu- 

25  ated  environment,  said  temperature  being 
less  than  a  melting  temperature  of  said 
toner  particles;  and 
c)  agitating  said  mixture  during  said  heating 
step  to  cause  a  coating  of  said  toner  par- 

30  tides  with  said  fluorocarbon  oil,  while  said 
heating  causes  volatilization  of  said  per- 
fluoro  alkane  solvent. 

2.  The  method  as  recited  in  claim  1  wherein  said 
35  perfluoro  alkane  solvent  is  non-polar. 

3.  The  method  as  recited  in  claim  1  wherein  said 
fluorocarbon  oil  is  perfluoro  poly  propoxy- 
methoxy  oil. 

40 
4.  The  method  as  recited  in  claim  1  wherein  said 

combination  recited  in  step  a,  comprises  a 
ratio  of  fluorocarbon  oil  to  solvent  within  a 
range  of  15  micro  liters  of  said  oil  per  200  mL 

45  of  said  solvent,  to  300  micro  liters  of  oil  to  200 
mL  of  said  solvent,  all  per  100  grams  of  toner 
particles. 

5.  The  method  as  recited  in  claim  1  wherein  said 
50  toner  is  a  magnetic  ink  character  recognition 

toner. 

6.  The  method  as  recited  in  claim  1  wherein  said 
perfluoro  alkane  solvent  is  C8  perfluoro  alkane. 

55 
7.  A  toner  particle  having  a  fluorocarbon  oil  coat- 

ing. 

3 
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The  toner  particle  of  claim  7  wherein  said 
fluorocarbon  oil  is  perfluoro  poly  propoxy- 
methoxy  oil. 
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