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Description 

FIELD  OF  THE  INVENTION 

5  This  invention  relates  to  a  developer,  and  more  specifically  to  a  non-magnetic  one-component  developer  suitable 
for  use  in  developing  electrostatic  latent  images  formed  on  a  photosensitive  or  dielectric  member  by  an  electrophoto- 
graphic  apparatus  or  electrostatic  recording  apparatus. 

BACKGROUND  OF  THE  INVENTION 
10 

A  mixture  composed  of  colored  fine  particles,  which  comprises  at  least  a  binder  resin  and  a  colorant,  and  more 
fine  colloidal  silica  or  the  like,  which  is  added  as  aflowability-impartingagent  independently  of  the  colored  fine  particles, 
will  hereinafter  be  called  a  "toner".  Two-component  developers  composed  of  a  toner  and  a  carrier  are  used  widely 
owing  to  good  quality  in  images  developed  thereby. 

is  On  the  contrary,  the  two-component  developers  however  involve  the  following  common  defects.  Namely, 

(1)  a  toner  is  triboelectrically  charged  by  mutual  friction  between  the  toner  and  a  carrier.  However,  when  a  two- 
component  developer  is  used  for  a  long  period  of  time,  the  surface  of  the  carrier  is  contaminated  with  the  toner, 
so  that  it  is  impossible  to  apply  sufficient  triboelectric  charge  to  the  toner; 

20  (2)  the  toner  and  carrier  must  be  controlled  at  a  mixing  ratio  within  a  fixed  range.  However,  when  the  developer  is 
used  for  a  long  period  of  time,  the  mixing  ratio  is  changed  outside  the  fixed  range;  and 
(3)  the  surface  of  a  photosensitive  member  is  mechanically  damaged  by  iron  powder  the  surface  of  which  is  oxidized 
or  glass  beads,  which  are  both  generally  used  as  carriers. 

25  Therefore,  in  recent  years,  various  developing  processes  making  use  of  a  magnetic  one-component  developer, 
which  is  free  of  any  carrier  and  contains  magnetic  powder  in  a  toner,  have  been  proposed  (for  example,  U.S.  Patent 
Nos.  3,909,258  and  4,121,931). 

However,  these  known  processes  are  also  accompanied  by  the  following  defects.  Namely, 

30  (1)  since  the  magnetic  one-component  developer  contains  a  large  amount  of  magnetic  powder  which  is  low  in 
electrical  resistance,  it  is  difficult  to  electrostatically  transfer  an  image  developed  on  an  electrostatic  latent  image 
to  a  support  material  such  as  plain  paper.  In  particular,  sufficient  performance  in  transferring  cannot  be  attained 
under  a  high-humidity  atmosphere; 
(2)  it  is  difficult  to  produce  color  developers  because  the  magnetic  one-component  developer  contains  a  large 

35  amount  of  the  magnetic  powder  of  a  black  color;  and 
(3)  since  the  magnetic  one-component  developer  contains  a  large  amount  of  the  magnetic  powder,  its  fixing  ca- 
pability  is  lowered  as  compared  to  the  two-component  developer.  As  a  result,  the  temperature  and  pressure  of  a 
fixing  device  must  be  raised,  resulting  in  increased  running  cost. 

40  In  more  recent  years,  the  spotlight  of  attention  has  been  focused  on  developing  processes  making  use  of  a  one- 
component  developer  free  of  any  magnetic  powder  and  high  in  electrical  resistance.  As  their  developing  processes, 
may  be  mentioned  those  based  on  the  touchdown  or  impression  development  which  is  described  in,  for  example,  U. 
S.  Patent  No.  2,895,847  or  3,  1  52,01  2,  or  Japanese  Patent  Publication  No.  9475/1  966,  2877/1  970  or  3624/1  979.  These 
processes  use,  as  a  non-magnetic  one-component  developer,  a  toner  obtained  by  taking  a  carrier  out  of  a  conventional 

45  two-component  developer. 
Even  in  this  case,  it  is  however  impossible  to  avoid  the  occurrence  of  various  problems  incidental  to  the  non- 

magnetic  one-component  developer  as  described  below. 
The  first  problem  is  an  adhering  phenomenon  of  the  developer  to  a  photosensitive  member  and/or  the  like.  In  the 

conventional  two-component  developers,  a  large  amount  of  a  carrier  such  as  iron  powder  or  glass  beads  is  mixed  in 
so  addition  to  a  toner.  Therefore,  if  the  toner  temporally  adheres  onto  a  development  roll,  development  blade  and/or 

photosensitive  member,  this  offers  no  problem  because  they  are  polished  by  the  carrier. 
However,  since  only  colloidal  silica  having  a  particle  size  as  small  as  10-20  mu.  is  independently  added  as  a  flow- 

ability-imparting  agent  in  the  toner  as  the  conventional  non-magnetic  one-component  developer,  this  developer  has 
little  polishing  effect.  Accordingly,  when  the  developer  is  used  for  a  long  period  of  time,  the  toner  often  adheres  onto 

55  the  development  roll,  development  blade  and/or  photosensitive  member,  thereby  forming  a  film  of  the  developer. 
The  formation  of  such  a  developer  film  makes  it  impossible  for  the  developer  to  be  charged  to  come  into  full  contact 

with  the  development  roll  or  development  blade,  resulting  in  insufficient  charge  of  the  developer  and  hence  deteriorated 
quality  of  the  developed  image.  In  addition,  the  adhesion  of  the  developer  to  the  photosensitive  member  has  offered 

2 
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a  problem  that  it  appears  as  black  scumming. 
In  more  recent  years,  it  has  therefore  been  proposed  to  independently  add  a  fine  inorganic  powder  having  a  particle 

size  as  great  as  0.1-10  urn  (or  a  specific  surface  area  as  large  as  0.2-30  m2/g),  thereby  enhancing  the  polishing  effect 
(for  example,  Japanese  Patent  Application  Laid-Open  Nos.  32060/1  985,  1  36752/1  985,  1  83664/1  986  and  88554/1  989). 

5  However,  sufficient  flowability  cannot  be  imparted  by  only  the  fine  powders  being  used  in  Japanese  Patent  Appli- 
cation  Laid-Open  Nos.  1  36752/1  985  and  1  83664/1  986  and  it  is  hence  indispensable  to  use  the  conventional  flowability- 
imparting  agent  such  as  colloidal  silica  in  combination  as  described  in  Japanese  Patent  Application  Laid-Open  Nos. 
32060/1985  and  88554/1989,  resulting  in  the  following  unavoidable  problem. 

The  second  problem  is  that  such  developers  cannot  be  used  in  a  recycling  system. 
10  Namely,  an  image  formed  by  a  developer  after  development  of  an  electrostatic  latent  image  on  the  surface  of  a 

photosensitive  member  is  transferred  to  a  support  material  such  as  paper.  The  whole  developer  used  in  the  develop- 
ment  on  the  photosensitive  member  is  not  completely  transferred  and  20-40  wt.%  of  the  developer  generally  remains 
on  the  photosensitive  member.  In  a  copying  machine  or  printer  making  use  of  the  conventional  non-magnetic  one- 
component  developer,  the  untransferred  developer  remaining  on  the  photosensitive  member  has  been  scraped  off  by 

is  a  cleaning  blade  or  the  like  and  collected  together  to  thrown  away  into  a  waste  developer  container. 
That  reason  is  that  when  the  developer  is  used  in  a  recycling  system,  it  passes  repeatedly  through  the  image- 

forming  process  and  hence  incurs  mechanical  external  force,  whereby  the  flowability-imparting  agent  (colloidal  silica) 
to  exist  on  the  surfaces  of  the  developer  particles  is  embedded  in  the  developer  particles  and/or  caused  to  fall  off. 

As  a  result,  its  flowability  is  excellent  in  the  beginning,  but  is  deteriorated  as  it  is  used  for  a  long  period  of  time  in 
20  the  recycling  system,  so  that  it  is  impossible  to  apply  the  developer  onto  a  development  roll  to  a  constant  thickness, 

resulting  in  uneven  image  quality.  In  addition,  its  charge  level  is  changed  and  fog  is  also  produced. 
Moreover,  when  the  untransferred  developer  on  the  photosensitive  member  is  fed  by  a  screw  or  the  like  to  use  it 

in  the  recycling  system,  the  developer  is  compressed  to  get  clogged,  adheres  to  various  parts  and/or  agglomerates. 
It  has  therefore  been  difficult  to  use  it  in  long-term  continuous  operation. 

25  The  recycle  for  reuse  of  a  developer  is  economical  in  itself  because  the  20-40  wt.%  portion  of  the  developer,  which 
has  been  scrapped  to  date,  can  be  reused  and  no  waste  developer  container  is  required,  and  is  also  desirable  for 
making  apparatus  such  as  copying  machines  and  printers  small  in  size. 

JP-A-01  138568  discloses  a  non-magnetic  toner  composition  in  which  a  colourant  dispersed  in  a  resin  binder  is 
mixed  with  fine  inorganic  particles  that  have  been  surface-treated  with  a  polysiloxane  having  an  ammonium  salt  as  a 

30  functional  group.  The  surface-treated  particles  that  are  exemplified  have  average  particle  sizes  of  0.012  urn  and  0.007 
urn. 

JP-A-59231  550  discloses  an  insulating  non-magnetic  toner  composition  obtained  by  treating  a  fine  silica  powder 
formed  by  vapour  phase  oxidation  of  a  silicon  halide  compound  with  a  silane  coupling  agent,  and  then  treating  with  a 
silicone  oil.  The  silica  powder  exemplified  has  an  average  particle  size  as  small  as  0.012  urn. 

35  JP-A-59231  552  discloses  an  insulating  non-magnetic  toner  obtained  by  treating  fine  silica  powder  formed  by  va- 
pour  phase  oxidation  of  a  silicon  halide  compound  with  a  silane  coupling  agent,  and  then  subjecting  the  powder  to  a 
hydrophobing  treatment  so  as  to  attain  30-80°  hydrophobicity. 

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 
40 

It  is  an  object  of  this  invention  is  to  provide  a  non-magnetic  one-component  developer,  which  can  overcome  the 
above-mentioned  problems  involved  in  the  prior  art,  has  sufficient  charging  characteristic,  flowability  and  environmental 
stability  as  a  developer  suitable  for  use  in  a  contact  or  non-contact  development  system,  and  is  high  in  image  quality 
level  such  that  high  image  density  can  be  obtained  and  the  production  of  fog  occurs  little. 

45  Another  object  of  this  invention  is  to  provide  a  non-magnetic  one-component  developer  free  from  formation  of  a 
film  caused  by  adhesion  of  the  developer  to  a  development  roll,  development  blade  and/or  photosensitive  member 
and  lowering  of  image  quality  even  when  the  developer  is  used  for  a  long  period  of  time. 

A  further  object  of  this  invention  is  to  provide  a  non-magnetic  one-component  developer  free  from  lowering  of  its 
flowability  and  changing  of  image  quality. 

so  According  to  the  present  invention,  there  is  thus  provided  a  non-magnetic  one-component  developer  suitable  for 
use  in  a  development  system  in  which  a  development  blade  for  controlling  the  layer  thickness  of  the  developer  is 
arranged  so  as  to  bring  it  into  contact  under  pressure  with  the  surface  of  a  development  roll,  the  developer  is  evenly 
applied  to  the  surface  of  the  development  roll  and  the  development  roll  is  brought  into  direct  contact  with  an  electrostatic 
latent  image  on  a  photosensitive  member  or  caused  to  face  in  a  non-contact  relation  with  the  latent  image,  thereby 

55  developing  the  latent  image,  the  developer  comprising  100  parts  by  weight  of  colored  fine  particles,  which  comprise  a 
binder  resin  and  a  colorant,  and  0.3-10  parts  by  weight  of  at  treated  inorganic  powder  as  obtained  either  (I)  by  subjecting 
a  fine  inorganic  powder  having  an  average  particle  size  of  0.3-10  urn  and  a  heating  loss  (under  drying  conditions  of 
150°C  and  1  hour)  of  at  most  1  wt.%  to  a  hydrophobicity-imparting  treatment  with  a  silicone  oil,  or  (II)  by  subjecting  a 
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fine  inorganic  powder  having  an  average  particle  size  of  0.3-10  urn  to  a  two-step  hydrophobicity-imparting  treatment, 
first  with  a  silane  coupling  agent  or  a  silazane,  and  then  with  a  silicone  oil,  wherein  the  heating  loss  (under  drying 
conditions  of  150°C  and  1  hour)  of  the  treated  inorganic  powder  is  at  most  1  wt.%; 

the  charge  level  of  the  treated  inorganic  powder  is  -50  to  -150  u.C/g  as  determined  in  accordance  with  the  blow- 
5  off  method  (this  charge  level  will  hereinafter  be  called  the  "blow-off  charge  level");  and  the  degree  of  hydrophobicity 

of  the  treated  inorganic  powder  is  5  -  50. 
The  developer  according  to  this  invention  may  be  used  in  copying  machines  and  printers  of  various  systems,  but 

may  preferably  be  used  in  a  recycling  system  in  which  an  untransferred  developer  remaining  on  a  photosensitive 
member  is  scraped  by  a  cleaning  blade  or  the  like  to  recover  it  and  the  thus-recovered  developer  is  then  returned  to 

10  a  developing  region  (for  example,  a  developer  container). 
As  the  fine  inorganic  powder,  may  be  used  various  kinds  of  powders.  In  particular,  silicon  dioxide,  aluminum  silicate, 

magnesium  silicate  or  alumina  is  preferred. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
15 

FIG.  1  is  a  schematic  cross-sectional  view  illustrating  one  embodiment  of  developing  apparatus  and  methods  to 
which  a  non-magnetic  one-component  developer  according  to  this  invention  can  be  applied. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
20 

Features  of  the  present  invention  will  hereinafter  be  described  in  detail. 

(Fine  inorganic  powder) 

25  The  fine  inorganic  powder  useful  in  the  practice  of  this  invention  has  a  particle  size  in  the  range  of  0.3-10  urn, 
preferably  0.3-5  urn  Any  particle  sizes  greater  than  1  0  urn  will  result  in  a  developer  by  which  a  photosensitive  member 
and  the  like  are  damaged  and  which  has  lowered  flowability,  whereby  image  quality  is  deteriorated. 

The  proportion  of  the  fine  inorganic  powder  (I)  and/or  (II)  imparted  with  hydrophobicity  falls  within  a  range  of  0.3-10 
parts  by  weight,  preferably  0.5-5.0  parts  by  weight  per  1  00  parts  by  weight  of  the  fine  colored  particles  comprising  the 

30  binder  resin  and  colorant.  Any  proportions  lower  than  0.3  part  by  weight  will  result  in  a  developer  having  little  polishing 
effect.  On  the  other  hand,  any  proportions  higher  than  10  parts  by  weight  will  result  in  a  developer  having  lowered 
flowability,  whereby  image  quality  is  deteriorated. 

As  the  material  of  the  fine  inorganic  powder  used  in  this  invention,  silicon  dioxide,  aluminum  silicate,  magnesium 
silicate  or  alumina  is  preferred  from  the  viewpoint  of  polishing  effect. 

35  Regarding  the  fine  inorganic  powder  (I)  imparted  with  hydrophobicity,  a  fine  inorganic  powder  having  a  heating 
loss  of  at  most  1  wt.%,  preferably  at  most  0.5  wt.%  as  determined  under  drying  conditions  of  150°C  and  1  hour  is  used 
as  a  raw  material.  If  the  heating  loss  is  greater  than  1  wt.%,  the  subsequent  hydrophobicity-imparting  treatment  cannot 
be  conducted  successfully,  whereby  the  flowability  of  a  resulting  developer  cannot  be  enhanced.  If  the  heating  loss 
(under  drying  conditions  of  150°C  and  1  hour)  of  the  fine  inorganic  powder  before  the  hydrophobicity-imparting  treat- 

40  ment  is  high,  it  is  therefore  important  to  control  it  to  at  most  1  wt.%  by  subjecting  the  powder  to  a  heat  treatment  or  the 
like  in  advance. 

(Hydrophobicity-imparting  treatment) 

45  In  this  invention,  the  treated  inorganic  powders  (I)  and  (II)  are  each  used  in  order  to  enhance  the  flowability  of  a 
resulting  developer.  Both  inorganic  powders  thus  hydrophobicity-imparted  may  be  used  in  combination. 

Regarding  the  fine  inorganic  powder  (II)  imparted  with  hydrophobicity,  a  fine  inorganic  powder  is  subjected  to  the 
hydrophobicity-imparting  treatment  with  a  silane  coupling  agent  or  a  silazane  compound  in  advance  to  control  its  heat- 
ing  loss  to  at  most  1  wt.%,  and  preferably  at  most  0.5  wt.%  as  determined  under  drying  conditions  of  150°C  and  1 

so  hour,  and  then  subjected  further  to  the  hydrophobicity-imparting  treatment  with  a  silicone  oil. 
The  silane  coupling  agent  useful  in  the  practice  of  this  invention  may  include,  for  example,  the  following  compound: 

(1)  Vinyl-containing  compounds: 

55  
H2C=CHSiC€3 

4 
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H2C=CHSi(OC2H5)3 

M2U=UMUM2blU€3 

H2C=CHCH2Si(CH3)C€2 

H2C=CHCH2Si(CH3)2C€ 

H2C=CHCH2Si(OC2H5)3 

H2C=CHSi(OC2H4OCH3)3 

(H2C=CHCH2)2SiC€2 

(H2C=CH)2Si(OC2H5)2 

(H2C=CH)2SiOC2H5 

H 2 C = C H - ( ^ Q ^ - C H 2 C H 2 S i   (OCH3  )  3 

[Z)  ijiyciaoxy-containing  compounds: 

CH2-CHCH2OCH2CH2CH2Si  (OCH3)  3 

^H2-CHCH2OCH2CH2CH2SlCH3  (OC2H5)  2 

O 

:H2-CHCH2OCH2CH2CH2Si (CH3)2OC2H5 

O 

< ^ > C H 2 C H 2 S i ( O C H 3 , 3  

3)  Mercapto-containing  compounds: 
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HSCH2CH2CH2Si(OCH3)3 

HSCH2CH2CH2Si(OC2H5)3 

(4)  Methacrylic-containing  compounds: 

CH-, 

(H3C)  2C=C-COOCH2CH2CH2SiC/2 

CH3 

H2C=C-COOCH2CH2CH2Si  (OCH3  )  3 
CH3 

(H3C)  2C=C-COOCH2CH2CH2Si(OCH3)  3 
CH3 

H2  C=C-COOCH2  CH2N+C£" 

CH3  CH2CH2CH2Si(OCH3)  3 

The  alkoxy  groups  of  the  above-exemplified  silane  coupling  agents  may  be  replaced  by  chlorine  atoms. 
The  silazane  compound  useful  in  the  practice  of  this  invention  may  include,  for  example,  the  following  compound: 

CHo  H  CHo 
I  I  I 

CH->  -  Si  -  N  -  Si  -  CH-, 

CH3  CH3 

In  addition  to  the  above  compound,  hexamethylcyclotrisilazane,  octamethylcyclotetrasilazane  and  the  like  may  be 
mentioned. 

These  silane  coupling  agents  and  silazane  compounds  may  be  used  either  singly  or  in  combination. 
The  silane  coupling  agent  or  silazane  compound  is  used  as  is  or  by  diluting  with  an  organic  solvent.  In  general, 

the  amount  of  the  silane  coupling  agent  or  silazane  compound  to  be  used  is  preferably  0.1-10  parts  by  weight  per  1  00 
parts  by  weight  of  the  fine  inorganic  powder. 

The  first-step  hydrophobicity-imparting  treatment  is  conducted  by  first  adding  the  silane  coupling  agent  or  silazane 
compound  itself  or  its  dilute  solution  with  an  organic  solvent  to  the  fine  inorganic  powder,  mixing  the  resultant  mixture 
by  a  mixer  such  as  a  Henschel  mixer  and  then,  after  removing  the  solvent  from  the  mixture  by  air  drying  when  the 
solvent  is  used,  hardening  the  silane  coupling  agent  or  silazane  compound  under  heating  or  by  other  means. 

In  the  first-step  hydrophobicity-imparting  treatment  making  use  of  the  silane  coupling  agent  or  silazane  compound, 
a  mixed  solvent  of  an  organic  solvent  and  water  is  used  as  a  diluent  in  some  cases  in  order  to  control  reactivity.  For 
this  reason,  the  treated  fine  inorganic  powder  still  contains  absorbed  water  unless  the  drying  after  treatment  is  complete. 
This  adversely  affects  the  hardening  in  the  second-step  hydrophobicity-imparting  treatment  with  the  silicone  oil,  result- 
ing  in  a  developer  having  insufficient  flowability.  Therefore,  it  is  important  to  control  the  heating  loss  of  the  fine  inorganic 
powder  after  completion  of  the  first-step  hydrophobicity-imparting  treatment  to  at  most  1  wt.%,  and  preferably  at  most 
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0.5  wt.%  as  determined  under  drying  conditions  of  150°C  and  1  hour. 
The  silicone  oil  is  used  as  is  or  by  diluting  with  an  organic  solvent.  In  general,  the  amount  of  the  silicone  oil  to  be 

used  is  about  0.1-10  parts  by  weight  based  on  100  parts  by  weight  of  the  fine  inorganic  powder. 
The  hydrophobicity-imparting  treatment  is  conducted  by  adding  the  silicone  oil  itself  or  its  dilute  solution  with  an 

5  organic  solvent  to  the  fine  inorganic  powder  or  that  subjected  to  the  first-step  hydrophobicity-imparting  treatment  with 
the  silane  coupling  agent  or  silazane  compound,  mixing  the  resultant  mixture  by  a  mixer  such  as  a  Henschel  mixer 
and  then,  after  removing  the  solvent  from  the  mixture  by  air  drying  when  the  solvent  is  used,  hardening  the  silicone  oil 
or  making  the  fine  inorganic  powder  wetted  with  the  silicone  oil  by  either  heating  the  mixture  or  using  a  hardening 
catalyst  under  temperature  conditions  of  from  room  temperature  to  300°C  for  several  minutes  to  several  days. 

10  As  exemplary  silicone  oils  usable  in  this  invention,  may  be  mentioned  various  kinds  of  silicone  oils  such  as  a 
dimethyl  silicone  oil,  methylphenyl  silicone  oil,  methyl  hydrogen  silicone  oil,  silanol-modified  silicone  oil,  alkyl-modified 
silicone  oil,  amino-modified  silicone  oil,  e  poxy-modified  silicone  oil  and  fluorosilicone  oil  and  silicone-polyether  copol- 
ymers.  Of  these,  the  dimethyl  silicone  oil,  methyl  hydrogen  silicone  oil  and  silanol-modified  silicone  oil  are  particularly 
preferred  in  view  of  easiness  of  treatment,  water-repellent  performance,  etc. 

is  The  dimethyl  silicone  oil  has  a  viscosity  of  10-2,000  cSt  and  is  used  as  is  or  by  diluting  with  an  organic  solvent. 
The  dimethyl  silicone  oil  is  added  in  a  proportion  of  0.1-10  parts  by  weight  based  on  100  parts  by  weight  of  the  fine 
inorganic  powder  and  the  resultant  mixture  is  mixed  by  a  Henschel  mixer  or  the  like.  Thereafter,  when  the  organic 
solvent  is  used,  it  is  removed  from  the  mixture  by  air  drying.  The  mixture  was  heated  at  100-300°C  for  10  minutes  to 
10  hours  to  harden  the  silicone  oil  or  make  the  fine  inorganic  powder  wetted  with  the  same,  thereby  imparting  hydro- 

20  phobicity  to  the  fine  inorganic  powder. 
The  methyl  hydrogen  silicone  oil  is  used  as  is  or  by  diluting  with  an  organic  solvent.  The  methyl  hydrogen  silicone 

011  is  added  in  a  proportion  of  0.1-10  parts  by  weight  based  on  100  parts  by  weight  of  the  fine  inorganic  powder  and 
the  resultant  mixture  is  mixed  by  a  Henschel  mixer.  Thereafter,  when  the  organic  solvent  is  used,  it  is  removed  from 
the  mixture  by  air  drying.  The  mixture  was  then  heated  at  1  00-200°C  for  0.5-5  hours  to  harden  the  silicone  oil  or  make 

25  the  fine  inorganic  powder  wetted  with  the  same.  Alternatively,  a  catalyst  such  as  zinc  octylate,  tin  octylate  or  dibutyltin 
dilaurate  is  added  in  a  proportion  of  0.1-5  parts  by  weight  based  on  the  100  parts  by  weight  of  the  methyl  hydrogen 
silicone  oil  and,  after  removing  the  solvent  from  the  mixture  by  air  drying  when  the  solvent  is  used,  the  hydrophobicity- 
imparting  treatment  is  performed  at  a  temperature  from  room  temperature  to  200°C  for  0.5-24  hours. 

In  the  case  of  the  silanol-modified  silicone  oil,  2-10  parts  by  weight  of  the  methyl  hydrogen  silicone  oil  or  alkoxy- 
30  modified  silicone  oil  as  a  crosslinking  agent  and  0.5-5  parts  by  weight  of  zinc  octylate,  tin  octylate  or  dibutyltin  dilaurate 

as  a  catalyst  are  mixed  with  100  parts  by  weight  of  the  silanol-modified  silicone  oil.  The  resultant  mixture  is  diluted  with 
an  organic  solvent.  The  dilute  solution  is  mixed  with  the  fine  inorganic  powder  in  such  a  manner  that  the  silanol-modified 
silicone  oil  is  contained  in  a  proportion  of  0.5-2  parts  by  weight  per  100  parts  by  weight  of  the  fine  inorganic  powder. 
After  the  resulting  mixture  is  air-dried,  the  silanol-modified  silicone  oil  is  hardened  at  a  temperature  from  room  temper- 

35  ature  to  200°C  for  0.5-24  hours  or  the  fine  inorganic  powder  is  wetted  with  the  silicone  oil. 
The  blow-off  charge  level  of  the  fine  inorganic  powder  (I)  or  (II)  imparted  with  the  hydrophobicity  according  to  this 

invention  falls  within  the  range  of  -50  to  -150  u.C/g.  Any  blow-off  charge  levels  greater  than  -50  u.C/g  will  be  too  insuf- 
ficient  not  to  lower  the  image  density.  Any  blow-off  charge  levels  smaller  than  -150  u.C/g  will  often  produce  fog. 

The  degree  of  hydrophobicity  (according  to  the  methanol  wettability  method)  of  the  fine  inorganic  powder  (I)  or  (II) 
40  imparted  with  the  hydrophobicity  falls  within  the  range  of  5-50.  If  the  degree  of  hydrophobicity  should  be  less  than  5, 

the  flowability  of  a  resulting  developer  will  be  lowered,  and  the  deterioration  of  image  density  and  the  production  of  fog 
will  occur  under  high  humidity.  On  the  other  hand,  if  the  degree  of  hydrophobicity  should  exceed  50,  the  polishing  effect 
of  the  fine  inorganic  powder  will  become  lowered,  and  the  deterioration  of  image  density  and  the  production  of  fog  and 
scumming  caused  by  adhesion  of  a  resulting  developer  to  a  photosensitive  body  will  occur  in  a  durability  test. 

45 
(Binder  resin,  colorant  and  others) 

As  the  binder  resin  for  the  developer  usable  in  this  invention,  may  be  mentioned  various  kinds  of  resins,  which 
have  been  widely  used  in  developers  for  electrophotography  or  printers  to  date,  for  example,  polymers  of  styrene  and 

so  substituted  styrenes,  such  as  polystyrene,  poly-p-chlorostyrene  and  polyvinyltoluene;  styrene  copolymers  such  as 
styrene-p-chlorostyrene  copolymers,  styrene-propylene  copolymers,  styrene-vinyltoluene  copolymers,  styrene-vinyl- 
naphthalene  copolymers,  styrene-methyl  acrylate  copolymers,  styrene-ethyl  acrylate  copolymers,  styrene-butyl  acr- 
ylate  copolymer,  styrene-octyl  acrylate  copolymers,  styrene-methyl  methacrylate  copolymers,  styrene-ethyl  methacr- 
ylate  copolymers,  styrene-butyl  methacrylate  copolymers,  styrene-methyl  a-chloromethacrylate,  styrene-acrylonitrile 

55  copolymers,  styrene-vinyl  methyl  ether  copolymers,  styrene-vinyl  ethyl  ether  copolymers,  styrene-vinyl  methyl  ketone 
copolymers,  styrene-butadiene  copolymers,  styrene-isoprene  copolymers,  styrene-acrylonitrile-indene  copolymers, 
styrene-maleic  acid  copolymers  and  styrene-maleic  ester  copolymers;  polymethyl  methacrylate;  polyvinyl  chloride; 
polyvinyl  acetate;  polyethylene;  polypropylene;  polyesters;  polyurethanes;  polyamides;  epoxy  resins;  polyvinyl  butyral; 

7 
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polyacrylic  acid  resins;  rosin;  modified  rosins;  terpene  resins;  phenol  resins;  aliphatic  or  alicyclic  hydrocarbon  resins; 
aromatic  petroleum  resins;  chlorinated  paraffins;  and  paraffin  wax.  These  resins  may  be  used  either  singly  or  in  com- 
bination. 

As  the  charge  control  agents  usable  in  the  developer,  may  be  mentioned  conventionally  known  agents  such  as 
5  oxidized  starch,  metallized  dyes,  metal  complexes  of  salicylic  acid,  nigrosine  dyes,  triphenylmethane  dyes,  rhodamine 

dyes  and  phthalocyanine  dyes. 
As  the  colorants  usable  in  the  developer,  may  be  mentioned  conventionally  known  colorants  such  as  carbon  black, 

dyes  and  pigments. 

10  (Recycle  and  reuse  of  untransferred  developer) 

An  untransferred  developer  remaining  on  a  photosensitive  member  after  development  by  a  developing  apparatus 
used  in  a  copying  machine  or  a  printer  is  preferably  used  in  a  recycling  manner  in  which  the  untransferred  developer 
is  scraped  by  a  cleaning  blade  or  the  like  to  recover  it  and  the  thus-recovered  developer  is  fed  back  by  a  screw  or  the 

is  like  to  an  original  developer  container  (a  developing  region)  to  reuse  it. 

(Developing  method) 

The  non-magnetic  one-component  developer  according  to  this  invention  is  suitable  for  use  in  a  development  system 
20  in  which  a  development  blade  for  controlling  the  layer  thickness  of  the  developer  is  arranged  so  as  to  bring  it  into 

contact  under  pressure  with  the  surface  of  a  development  roll,  the  developer  is  evenly  applied  to  the  surface  of  the 
development  roll  and  the  development  roll  is  brought  into  direct  contact  with  an  electrostatic  latent  image  on  a  photo- 
sensitive  member  or  caused  to  face  in  a  non-contact  relation  with  the  latent  image,  thereby  developing  the  latent  image. 

A  developing  apparatus  and  method  in  which  the  developer  according  to  this  invention  can  be  used  will  hereinafter 
25  be  described  with  reference  to  FIG.  1  . 

As  illustrated  in  FIG.  1  ,  a  developer  4  contained  in  a  developer  container  5  is  moved  between  a  development  roll 
2  and  a  development  blade  3  by  a  stirring  rod  6  to  forcedly  form  a  thin  layer  of  the  developer  on  the  development  roll 
2  and  at  the  same  time,  the  thin  layer  of  the  developer  4  is  electrically  charged. 

A  photosensitive  member  1  is  electrically  charged  by  a  charger  wire  9  in  advance,  to  which  a  photo-signal  or  photo- 
30  image  10  is  exposed,  thereby  forming  an  electrostatic  latent  image  on  the  photosensitive  member  1.  The  developer 

on  the  development  roll  2  is  brought  into  contact  with  the  latent  image  to  develop  it.  The  thus-developed  image  on  the 
photosensitive  member  1  is  then  transferred  to  a  support  member  13  such  as  paper  using  a  charger  wire  11  for  transfer. 
The  support  member  13  is  then  caused  to  pass  through  between  heating  rolls  12  to  fix  the  image  to  the  support  member 
13. 

35  At  this  time,  an  untransferred  developer  remaining  on  the  photosensitive  member  1  is  scraped  by  a  cleaning  blade 
7  and  returned  by  a  screw  8  to  the  developer  container  5,  thereby  recycling  it  for  reuse. 

According  to  this  invention,  there  is  provided  a  non-magnetic  one-component  developer,  which  has  sufficient  charg- 
ing  characteristic,  flowability  and  environmental  stability  as  a  developer  suitable  for  use  in  a  contact  or  non-contact 
development  system  and  is  high  in  image  quality  level  such  that  high  image  density  can  be  obtained  and  the  production 

40  of  fog  occurs  little. 
The  non-magnetic  one-component  developer  according  to  the  present  invention  is  free  from  formation  of  a  film 

caused  by  adhesion  of  the  developer  to  a  development  roll,  development  blade  and/or  photosensitive  member  and 
from  changing  of  image  quality  even  when  it  is  used  in  a  recycling  system,  and  has  a  variety  of  excellent  properties. 

The  present  invention  will  hereinafter  be  described  specifically  by  the  following  examples  and  comparative  exam- 
45  pies.  However,  this  invention  is  not  intended  to  be  limited  to  these  examples  only. 

Incidentally,  the  evaluation  as  to  physical  properties  of  the  developers  according  to  this  invention  was  conducted 
by  the  following  methods. 

<Flowability> 
50 

The  flowability  of  each  developer  was  evaluated  by  measuring  it  by  a  powder  tester  manufactured  by  Hosokawa 
Micron  Corporation.  Namely,  a  fixed  weight  of  the  developer  was  weighed  out  to  put  it  on  a  sieve  of  60  mesh.  The 
sieve  was  shaken  at  a  predetermined  amplitude  for  a  fixed  period  of  time.  The  weight  of  the  toner  passed  through  the 
sieve  is  expressed  as  its  flowability  in  terms  of  weight  per  minute. 

55 
<Blow-off  charge  level> 

The  charge  level  of  a  fine  inorganic  powder  imparted  with  hydrophobicity  was  measured  in  the  following  manner. 

8 
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Namely,  59.7  g  of  a  carrier,  "TEFV  150/250"  (product  of  Powdertec  K.K.)  and  0.3  g  of  the  fine  inorganic  powder  were 
weighed  to  place  them  into  an  SUS-made  pot.  After  rotating  the  pot  for  30  minutes,  the  powder  was  blown  off  under 
a  nitrogen  gas  pressure  of  1  kg/cm2  in  a  blow-off  meter  manufactured  by  Toshiba  Chemical  Corporation. 

5  <Degree  of  Hydrophobicity> 

A  stirrer  rod  of  a  stirrer  was  placed  in  a  100-ml  beaker,  in  which  50  ml  of  distilled  water  was  poured.  A  fine  inorganic 
powder  to  be  determined  was  weighed  by  0.2  g  and  softly  floated  on  the  surface  of  the  water.  The  beaker  was  placed 
on  the  stirrer  and  the  stirrer  rod  was  moved  to  stir  the  water  gently. 

10  A  burette  was  charged  with  methanol  and  placed  in  the  beaker  in  such  a  manner  that  the  tip  of  the  burette  lies 
under  the  surface  of  the  water,  followed  by  dropwise  addition  of  methanol.  The  amount  of  methanol  added  dropwise 
was  read  out  at  the  time  the  fine  inorganic  powder  on  the  surface  of  the  water  began  to  sink  to  calculate  the  volume 
percentage  of  methanol  in  the  beaker.  This  value  was  taken  as  the  degree  of  hydrophobicity. 

is  <lmage  properties> 

As  a  durability  test,  copying  was  conducted  20,000  times  with  each  developer  sample  by  the  developing  apparatus 
illustrated  in  FIG.  1  to  visually  observe  the  image  density  and  production  of  fog  as  to  each  copy,  the  formation  of  a  film 
caused  by  adhesion  of  the  developer  onto  a  photosensitive  member,  etc.,  thereby  evaluating  its  image  properties. 

20  The  evaluation  of  the  image  density  (ID)  was  performed  by  measuring  a  black  solid  area  by  a  "Macbeth"  reflection 
densitometer. 

Incidentally,  the  developer  was  used  in  a  recycling  manner. 
As  an  environmental  test,  copying  was  conducted  under  circumstances  of  high  temperature  and  high  humidity,  i. 

e.,  30°C  and  80%  RH,  and  low  temperature  and  low  humidity,  i.e.,  10°C  and  20%  RH  to  evaluate  an  image  copied  in 
25  the  same  way  as  described  above. 

The  image  properties  in  each  test  were  evaluated  in  accordance  with  the  following  3  ranks: 

O:  Image  is  stable  and  good; 
A:  Image  density  is  somewhat  low  or  production  of  fog  is  slightly  observed;  and 

30  X:  Image  density  is  low,  production  of  fog  is  observed,  uneven  portions  occurs  on  the  image  or  a  film  of  the  developer 
adheres  to  the  photosensitive  member. 

Example  1  : 

35  After  mixing  1  00  parts  by  weight  of  a  styrene-butyl  acrylate  copolymer  as  a  binder  resin,  8  parts  by  weight  of  carbon 
black  as  a  colorant,  4  parts  by  weight  of  a  low-molecular  weight  polypropylene  and  2  parts  by  weight  of  a  metallized 
dye  by  a  Henschel  mixer,  the  resultant  mixture  was  intimately  kneaded  by  kneading  rolls  of  150°C.  After  the  mixture 
thus  kneaded  was  then  cooled  and  ground  by  a  granulator,  the  resultant  coarse  particles  were  ground  by  an  air-jet 
grinder  to  5-20  urn  and  particles  having  a  particle  size  of  1  2  urn  were  collected  by  a  classifier,  thereby  preparing  colored 

40  fine  particles. 
A  fine  inorganic  powder  imparted  with  hydrophobicity  was  prepared  by  adding  1  part  by  weight  of  a  dimethyl  silicone 

oil  to  100  parts  by  weight  of  silicon  dioxide,  mixing  the  resultant  mixture  by  a  Henschel  mixer  and  then  heating  the 
mixture  at  250°C  for  2  hours  to  harden  the  silicone  oil  or  make  the  silicon  dioxide  wetted  with  the  silicone  oil. 

Two  parts  by  weight  of  the  fine  inorganic  powder  thus  imparted  with  the  hydrophobicity  were  added  to  100  parts 
45  by  weight  of  the  colored  fine  particles.  The  resultant  mixture  was  blended  by  a  Henschel  mixer  to  obtain  a  non-magnetic 

one-component  developer. 
The  particle  size  of  the  silicon  dioxide  used  was  2.5  urn  and  its  heating  loss  (150°C  and  1  hour)  was  0.3  wt.%. 
The  flowability  of  the  developer  thus  obtained  was  as  high  as  65  and  was  hence  sufficient.  As  a  durability  test, 

copying  was  conducted  20,000  times  by  the  developing  apparatus  illustrated  in  FIG.  1  .  The  images  of  the  copies  were 
so  stable  from  the  beginning  and  their  quality  was  not  changed  even  when  the  copying  had  been  conducted  twenty  thou- 

sand  times. 
Furthermore,  the  image  density  was  changed  only  a  little  and  was  good  even  under  both  conditions  of  humidity 

as  low  as  20%  RH  at  10°C  and  humidity  as  high  as  80%  RH  at  30°C. 

55  Comparative  Example  1  : 

The  same  silicon  dioxide  as  that  used  in  Example  1  was  left  to  stand  under  high  humidity  and  then  its  heating  loss 
(1  50°C,  1  hour)  was  determined.  As  a  result,  it  was  found  to  be  1.6  wt.%.  A  non-magnetic  one-component  developer 

9 
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was  obtained  in  the  same  manner  as  in  Example  1  except  that  this  fine  inorganic  powder  was  used. 
The  flowability  of  the  developer  thus  obtained  was  as  low  as  25  and  was  hence  insufficient.  Further,  the  durability 

test  was  conducted.  As  a  result,  it  was  found  that  the  image  density  was  low  from  the  beginning  and  the  production  of 
fog  was  also  observed.  The  copying  of  twenty  thousand  sheets  revealed  that  uneven  portions  appeared  on  the  images, 

5  and  hence  the  developer  was  unfit  for  service. 

Examples  2-3: 

Developers  were  separately  obtained  in  substantially  the  same  manner  as  in  Example  1  except  that  other  kinds 
10  of  silicone  oils  were  used  in  place  of  the  silicone  oil  used  in  Example  1  as  shown  in  Table  1  to  conduct  the  hydrophobicity- 

imparting  treatment  of  the  fine  inorganic  powder,  and  they  were  evaluated  similarly. 
A  methyl  hydrogen  silicone  oil  and  a  mixture  of  5  parts  by  weight  of  the  same  methyl  hydrogen  silicone  oil,  100 

parts  by  weight  of  a  silanol-modified  silicone  oil  and  1  .0  part  by  weight  of  dibutyltin  dilaurate  were  used  in  Example  2 
and  Example  3,  respectively. 

is  As  a  result  of  the  evaluation,  it  was  found  that  both  developers  had  high  flowability  and  images  obtained  therefrom 
were  stable  and  good  in  quality  as  with  Example  1  . 

The  results  are  shown  in  Table  1  . 

Comparative  Example  2: 
20 

A  non-magnetic  one-component  developer  was  obtained  in  the  same  manner  as  in  Example  1  except  that  silicon 
dioxide  having  a  particle  size  as  small  as  0.016  urn  was  used  as  a  fine  inorganic  powder. 

The  flowability  of  the  developer  thus  obtained  was  as  high  as  75  and  was  hence  sufficient.  In  the  durability  test, 
the  developer  involved  no  problem  in  the  beginning.  However,  black  stripes  appeared  on  copies  as  the  number  of 

25  copies  increased.  The  inspection  of  the  surface  of  the  photosensitive  body  revealed  that  a  film  caused  by  the  adhesion 
of  the  developer  was  formed  thereon. 

The  results  are  shown  in  Table  1  . 

Comparative  Example  3: 
30 

A  non-magnetic  one-component  developer  was  obtained  in  the  same  manner  as  in  Example  1  except  that  silicon 
dioxide  having  a  particle  size  as  great  as  15  urn  was  used  as  a  fine  inorganic  powder. 

The  flowability  of  the  developer  thus  obtained  was  as  low  as  20  and  was  hence  insufficient.  The  durability  test 
revealed  that  the  image  density  was  low  from  the  beginning  and  the  production  of  fog  was  also  observed.  As  a  result 

35  of  the  copying  of  twenty  thousand  sheets,  uneven  portions  were  recognized  on  the  images.  The  developer  was  hence 
unfit  for  service. 

The  results  are  shown  in  Table  1  . 

Examples  4-5: 
40 

Developers  were  separately  obtained  in  the  same  manner  as  in  Example  1  except  that  aluminum  silicate  and 
magnesium  silicate  were  used,  as  fine  inorganic  powders,  in  Example  4  and  Example  5,  respectively,  as  shown  in 
Table  1  ,  and  a  methyl  hydrogen  silicone  oil  was  used  as  a  silicone  oil,  and  they  were  evaluated  similarly. 

As  a  result,  it  was  found  that  both  developers  thus  obtained  had  high  flowability  and  images  obtained  therefrom 
45  were  stable  and  good  in  quality.  By  the  way,  the  production  of  fog  was  somewhat  observed  in  Example  4,  but  the 

developer  was  still  practicable  without  problems. 
The  results  are  shown  in  Table  1  . 

Comparative  Example  4: 
50 

A  developer  was  obtained  in  the  same  manner  as  in  Example  1  except  that  the  fine  inorganic  powder  which  had 
been  obtained  in  Example  1  and  imparted  with  the  hydrophobicity  was  used  in  an  amount  of  0.1  part  by  weight,  and 
it  was  evaluated  similarly.  As  a  result,  it  was  found  that  the  developer  thus  obtained  was  low  in  image  density,  the 
production  of  fog  was  observed  and  black  stripes  appeared  on  copies  as  the  number  of  copies  increased.  Closer 

55  inspection  revealed  that  a  film  of  the  developer  was  formed  on  the  surface  of  the  photosensitive  member. 
The  results  are  shown  in  Table  1  . 

10 



EP  0  438  245  B1 

Comparative  Example  5: 

A  developer  was  obtained  in  the  same  manner  as  in  Example  1  except  that  the  fine  inorganic  powder  which  had 
been  obtained  in  Example  1  and  imparted  with  the  hydrophobicity  was  used  in  an  amount  of  15  parts  by  weight,  and 

5  it  was  evaluated  similarly.  As  a  result,  it  was  found  that  the  flowability  of  the  developer  thus  obtained  was  low  and  the 
image  density  was  also  low.  Fog  and  uneven  areas  on  image  appeared  as  the  number  of  copies  increased.  The  de- 
veloper  was  hence  unfit  for  service. 

The  results  are  shown  in  Table  1  . 

10  Comparative  Example  6: 

A  developer  was  obtained  in  the  same  manner  as  in  Example  1  except  that  the  fine  inorganic  powder  used  in 
Example  1  was  used  as  is  without  subjecting  it  to  the  hydrophobicity-imparting  treatment,  and  it  was  evaluates  similarly. 

The  flowability  of  the  developer  thus  obtained  was  as  low  as  23.  The  durability  test  revealed  that  the  image  density 
is  was  low  from  the  beginning  and  also  the  production  of  fog  was  often  observed.  Fog  and  uneven  areas  on  image  became 

heavier  as  the  number  of  copies  increased.  The  developer  was  hence  unfit  for  service. 
Moreover,  under  high  temperature  and  humidity  conditions,  the  image  density  became  lower  and  fog  also  became 

still  heavier  from  the  beginning  of  the  copying. 
The  results  are  shown  in  Table  1  . 

11 
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Example  6: 

Colored  fine  particles  were  prepared  in  the  same  manner  as  in  Example  1  . 
To  100  parts  by  weight  of  aluminum  silicate  as  a  fine  inorganic  powder,  was  added  1  part  by  weight  of  hexameth- 

5  yldisilazane.  The  resultant  mixture  was  blended  by  a  Henschel  mixer.  After  heating  the  mixture  at  150°C  for  1  hour,  1 
part  by  weight  of  a  methyl  hydrogen  silicone  oil  was  added  and  the  resultant  mixture  was  blended  by  the  Henschel 
mixer.  Thereafter,  the  mixture  was  heated  further  at  150°C  for  1  hour  to  harden  the  silicone  oil  or  make  the  fine  inorganic 
powder  wetted  with  the  same,  thereby  imparting  hydrophobicity  to  the  fine  inorganic  powder. 

Two  parts  by  weight  of  the  fine  inorganic  powder  thus  imparted  with  the  hydrophobicity  were  added  to  100  parts 
10  by  weight  of  the  colored  fine  particles.  The  resultant  mixture  was  blended  by  a  Henschel  mixer  to  obtain  a  non-magnetic 

one-component  developer. 
The  particle  size  of  the  aluminum  silicate  used  was  1  .4  urn.  The  flowability  of  the  developer  thus  obtained  was  as 

high  as  65  and  was  hence  sufficient. 
As  a  durability  test,  copying  was  conducted  20,000  times  by  the  developing  apparatus  illustrated  in  FIG.  1  to 

is  evaluate  the  images  of  copies.  It  was  found  that  the  image  density  was  high  from  the  beginning,  no  production  of  fog 
was  observed  and  the  images  of  the  copies  were  stable  in  quality  to  the  twenty  thousandth  copy. 

In  addition,  the  developer  was  evaluated  under  both  conditions  of  high  temperature  and  humidity  and  low  temper- 
ature  and  humidity.  In  each  test,  good  results  were  obtained  as  with  the  durability  test. 

The  results  are  shown  in  Table  2. 
20 

Examples  7-9: 

Developer  were  separately  obtained  in  the  same  manner  as  in  Example  6  except  that  various  kinds  of  silane 
coupling  agents  were  used  in  place  of  hexamethyldisilazane  used  in  Example  6  to  conduct  the  hydrophobicity-imparting 

25  treatment,  and  they  were  evaluated  similarly. 
One  part  by  weight  of  y-chloropropyltrimethoxysilane,  0.5  part  by  weight  of  vinyltriethoxysilane  and  0.5  part  by 

weight  of  y-mercaptopropyltrimethoxysilane  were  used  in  Example  7,  Example  8  and  Example  9,  respectively.  Inciden- 
tally,  aluminum  silicate  having  a  particle  size  of  0.8  urn  was  used  instead  of  that  in  Example  6. 

The  results  are  shown  in  Table  2. 
30  The  evaluation  revealed  that  all  the  developers  had  high  flowability  and  images  obtained  therefrom  were  stable 

and  good  in  quality. 

Examples  10-11  : 

35  Developer  were  separately  obtained  in  the  same  manner  as  in  Example  6  except  that  other  kinds  of  silicone  oils 
were  used  in  place  of  the  silicone  oil  used  in  Example  6  to  conduct  the  hydrophobicity-imparting  treatment,  and  they 
were  evaluated  similarly. 

A  dimethyl  silicone  oil  and  a  mixture  of  5  parts  by  weight  of  a  methyl  hydrogen  silicone  oil,  100  parts  by  weight  of 
a  silanol-modified  silicone  oil  and  1.0  part  by  weight  of  dibutyltin  dilaurate  were  used  in  Example  10  and  Example  11, 

40  respectively. 
As  with  Example  6,  both  developers  had  high  flowability  and  images  obtained  therefrom  were  stable  and  good  in 

quality. 
The  results  are  shown  in  Table  2. 

45  Examples  12-13: 

As  shown  in  Table  2,  silicon  dioxide  and  magnesium  silicate  were  used,  as  fine  inorganic  powders,  in  Example  12 
and  Example  13,  respectively.  Beside,  in  both  examples,  each  1.0  part  by  weight  of  hexamethyldisilazane,  and  0.5 
part  by  weight  (Example  1  2)  or  1  .0  part  by  weight  (Example  1  3)  of  a  methyl  hydrogen  silicone  oil  as  a  silicone  oil  were 

so  used. 
As  with  Example  6,  both  developers  had  high  flowability  and  images  obtained  therefrom  were  stable  and  good  in 

quality. 
The  results  are  shown  in  Table  2. 

55 
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Comparative  Example  7: 

The  hydrophobicity-imparting  treatment  was  performed  in  the  same  manner  as  in  Example  6  except  that  the  treat- 
ment  was  conducted  with  the  hexamethyldisilazane  alone. 

5  The  developer  thus  obtained  was  low  in  flowability.  The  durability  test  revealed  that  the  initial  image  density  was 
low  and  also  the  production  of  fog  was  often  observed,  and  hence  the  developer  had  image  properties  unfit  for  service. 

The  results  are  shown  in  Table  3. 

Comparative  Example  8: 
10 

Silicon  dioxide  having  a  particle  size  of  0.016  urn  was  used  as  a  fine  inorganic  powder.  The  inorganic  powder  was 
subjected  to  the  two-step  hydrophobicity-imparting  treatment  with  hexamethyldisilazane  and  a  methyl  hydrogen  sili- 
cone  oil.  The  thus-treated  powder  was  mixed  with  the  same  colored  fine  particles  as  those  used  in  Example  6,  thereby 
obtaining  a  developer. 

is  As  shown  in  Table  3,  the  initial  image  density  was  good.  However,  the  image  density  became  lowered,  the  pro- 
duction  of  fog  increased,  and  black  stripes  also  appeared  on  copies  as  the  number  of  copies  increased.  The  inspection 
of  the  photosensitive  member  revealed  that  the  developer  adhered  thereon  to  form  a  film  of  the  developer. 

The  results  are  shown  in  Table  3. 

20  Comparative  Example  9: 

A  developer  was  obtained  in  the  same  manner  as  in  Example  6  except  that  silicon  dioxide  having  a  particle  size 
as  great  as  15  urn  was  used  as  a  fine  inorganic  powder. 

The  developer  thus  obtained  was  low  in  flowability  and  its  image  quality  was  such  that  the  image  density  was  low, 
25  fog  was  often  produced  and  hence  it  was  unfit  for  service. 

The  results  are  shown  in  Table  3. 

Comparative  Example  10: 

30  A  developer  was  obtained  in  the  same  manner  as  in  Example  6  except  that  the  amount  of  the  fine  inorganic  powder 
used  in  Example  6  and  imparted  with  hydrophobicity  was  changed  from  2  parts  by  weight  to  0.1  part  by  weight. 

The  developer  thus  obtained  had  high  flowability.  However,  in  the  durability  test,  the  initial  image  properties  was 
good,  but  black  stripes  appeared  on  copies  as  the  number  of  copies  increased.  Closer  inspection  revealed  that  the 
developer  adhered  on  the  surface  of  the  photosensitive  member  to  form  a  film  of  the  developer. 

35  The  results  are  shown  in  Table  3. 

Comparative  Example  11: 

A  developer  was  obtained  in  the  same  manner  as  in  Example  6  except  that  the  amount  of  the  fine  inorganic  powder 
40  used  in  Example  6  and  imparted  with  hydrophobicity  was  changed  from  2  parts  by  weight  to  15  parts  by  weight. 

The  developer  thus  obtained  had  low  flowability.  The  durability  test  revealed  that  the  initial  image  density  was  low, 
fog  was  often  produced  and  the  developer  hence  had  image  properties  unfit  for  service. 

The  results  are  shown  in  Table  3. 

45  Comparative  Example  12: 

A  developer  was  obtained  in  the  same  manner  as  in  Example  6  except  that  a  fine  inorganic  powder,  which  was 
same  as  that  used  in  Example  6,  but  not  treated  and  had  a  degree  of  hydrophobicity  of  0,  was  used. 

The  developer  thus  obtained  was  such  that  the  initial  image  density  was  somewhat  low,  and  the  image  density 
so  became  lower  and  the  production  of  fog  also  increased  as  the  number  of  copies  increased. 

The  results  are  shown  in  Table  3. 

Comparative  Example  13: 

55  The  charge  level  of  colloidal  silica  widely  used  as  a  flowability-imparting  agent  in  general  was  measured.  As  a 
result,  it  showed  a  very  small  value  as  -560  u.C/g.  With  1  00  parts  by  weight  of  the  same  colored  fine  particles  as  those 
used  in  Example  1  ,  was  mixed  0.5  part  by  weight  of  this  colloidal  silica  to  obtain  a  developer.  The  thus-obtained  de- 
veloper  was  evaluated  similarly.  Its  image  density  was  too  high  from  the  beginning  and  fog  was  often  produced.  The 

17 
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fog  became  heavier  and  the  number  of  black  stripes  on  copies  also  increased  as  the  number  of  copies  increased.  The 
inspection  of  the  surface  of  the  photosensitive  member  revealed  that  the  developer  adhered  thereon  to  form  a  film  of 
the  developer. 

The  results  are  shown  in  Table  3. 

18 
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Claims 

1  .  A  non-magnetic  one-component  developer  comprising: 

5  100  parts  by  weight  of  coloured  fine  particles  which  comprise  a  binder  resin  and  a  colourant;  and 
0.3-1  0  parts  by  weight  of  a  treated  inorganic  powder  as  obtained  either  (I)  by  subjecting  an  inorganic  powder 
having  an  average  particle  size  of  0.3-10  urn  and  a  heating  loss  (under  drying  conditions  of  150°C  and  1  hour) 
of  at  most  1  wt%  to  a  hydrophobicity-imparting  treatment  with  a  silicone  oil  or  (II)  by  subjecting  an  inorganic 
powder  having  an  average  particle  size  of  0.3-10  urn  to  a  two-step  hydrophobicity-imparting  treatment,  first 

10  with  a  silane  coupling  agent  or  a  silazane,  and  then  with  a  silicone  oil,  wherein  the  heating  loss  (under  drying 
conditions  of  150°C  and  1  hour)  of  the  treated  inorganic  powder  is  at  most  1  wt%;  the  blow-off  charge  level 
of  the  treated  inorganic  powder  is  -50  to  -150  u.C/g;  and  the  degree  of  hydrophobicity  of  the  treated  inorganic 
powder  is  5-50. 

is  2.  A  developer  as  claimed  in  claim  1  ,  wherein  the  inorganic  powder  is  selected  from  silicon  dioxide,  aluminium  silicate, 
magnesium  silicate  and  alumina. 

3.  A  development  system  in  which  a  development  blade  (3)  for  controlling  the  layer  thickness  of  a  developer  (4)  is 
arranged  so  as  to  bring  it  into  contact  under  pressure  with  the  surface  of  a  development  roll  (2),  the  developer  is 

20  evenly  applied  to  the  surface  of  the  development  roll  and  the  development  roll  is  brought  into  direct  contact  with 
an  electrostatic  latent  image  on  a  photosensitive  member  (1)  or  caused  to  face  in  a  non-contact  relation  with  the 
latent  image,  thereby  developing  the  latent  image,  wherein  the  developer  is  as  claimed  in  any  preceding  claim. 

4.  A  system  as  claimed  in  claim  3,  wherein  untransferred  developer  remaining  on  the  photosensitive  member  after 
25  development  is  recovered  and  recycled. 

Patentanspruche 

30  1.  Nicht-magnetischer  Einkomponenten-Entwickler,  umfassend: 

100  Gewichtsteile  gefarbte  Feinteilchen,  die  ein  Bindemittel-Harz  und  ein  Farbemittel  umfassen,  und 
0,3-10  Gewichtsteile  eines  behandelten  anorganischen  Pulvers,  das  entweder  (I)  dadurch,  dal3  man  ein  an- 
organisches  Pulver  mit  einer  mittleren  TeilchengroBe  von  0,3-10  urn  und  einem  Erhitzungsverlust  (unter  Trock- 

35  nungsbedingungen  von  150°C  und  1  Stunde)  von  hochstens  1  Gew.-%  einer  Hydrophobie-verleihenden  Be- 
handlung  mit  einem  Siliconol  unterzieht,  oder  (II)  dadurch,  dal3  man  ein  anorganisches  Pulver  mit  einer  mitt- 
leren  TeilchengroBe  von  0,3-10  urn  einer  zweistufigen  Hydrophobie-verleihenden  Behandlung,  zuerst  mit  ei- 
nem  Silan-Kupplungsmittel  oder  einem  Silazan  und  dann  mit  einem  Siliconol,  unterzieht,  erhalten  wird,  worin 
der  Erhitzungsverlust  des  behandelten  anorganischen  Pulvers  (unter  Trocknungsbedingungen  von  1  50°C  und 

40  1  Stunde)  des  behandelten  anorganischen  Pulvers  hochstens  1  Gew-%  betragt;  das  Wegblas-Ladungsniveau 
des  behandelten  anorganischen  Pulvers  -50  bis  -1  50  u.C/g  betragt;  und  der  Hydrophobiegrad  des  behandelten 
anorganischen  Pulvers  5-50  betragt. 

2.  Entwickler  nach  Anspruch  1  ,  worin  das  anorganische  Pulver  aus  Siliciumdioxid,  Aluminiumsilicat,  Magnesiumsilicat 
45  und  Aluminiumoxid  ausgewahlt  ist. 

3.  Entwicklungssystem,  in  welchem  eine  Entwicklungsrakel  (3)  zur  Regulierung  der  Schichtdicke  eines  Entwicklers 
(4)  so  angebracht  wird,  dal3  sie  unter  Druck  mit  der  Oberflache  einer  Entwicklungswalze  (2)  in  Beriihrung  gebracht 
wird,  der  Entwickler  gleichmaBig  auf  die  Oberflache  der  Entwicklungswalze  aufgebracht  wird  und  die  Entwick- 

50  lungswalze  in  direkten  Kontakt  mit  einem  latenten  elektrostatischen  Bild  auf  einem  lichtempfindlichen  Element  (1) 
gebracht  wird  oder  veranlaBt  wird,  dem  latenten  Bild  beriihrungsfrei  gegeniiberzuliegen,  wodurch  das  latente  Bild 
entwickelt  wird,  worin  der  Entwickler  wie  in  irgendeinem  vorhergehenden  Anspruch  beansprucht  ist. 

4.  System  nach  Anspruch  3,  worin  nach  der  Entwicklung  auf  dem  lichtempfindlichen  Element  verbleibender,  nicht- 
55  ubertragener  Entwickler  zuriickgewonnen  und  recyclisiert  wird. 
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Revendications 

1.  Developpateur  non  magnetique  a  un  composant  comprenant  : 

5  100  parties  en  masse  de  particules  fines  colorees  comprenant  une  resine  liante  et  un  colorant  ;  et 
0,3  a  10  parties  en  masse  d'une  poudre  minerale  traitee  obtenue  (I)  en  soumettant  une  poudre  minerale  ayant 
des  particules  d'une  dimension  moyenne  de  0,3  a  10  urn  et  une  perte  au  chauffage  (dans  des  conditions  de 
sechage  de  150°C  et  une  heure)  d'au  plus  1  %  en  masse  a  un  traitement,  par  une  huile  de  silicone,  la  rendant 
hydrophobe,  ou  (II)  en  soumettant  une  poudre  minerale  ayant  des  particules  d'une  dimension  moyenne  de 

10  0,3  a  10  urn  a  un  traitement  en  deux  etapes  la  rendant  hydrophobe,  d'abord  par  un  agent  de  couplage  a  base 
de  silane  ou  un  silazane,  puis  par  une  huile  de  silicone,  la  perte  par  chauffage  (dans  des  conditions  de  sechage 
de  150°C  et  une  heure)  de  la  poudre  minerale  traitee  etant  au  plus  de  1  %  en  masse  ;  le  niveau  de  charge 
de  la  poudre  minerale  traitee,  determine  par  soufflage,  etant  compris  entre  -50  et  -1  50  u.C/g,  et  le  degre  d'hy- 
drophobie  de  la  poudre  minerale  traitee  etant  de  5  a  50. 

15 
2.  Developpateur  selon  la  revendication  1,  dans  lequel  la  poudre  minerale  est  choisie  parmi  le  dioxyde  de  silicium, 

le  silicate  d'aluminium,  le  silicate  de  magnesium  et  I'alumine. 

3.  Systeme  de  developpement  dans  lequel  une  lame  de  developpement  (3)  servant  a  controler  I'epaisseur  de  la 
20  couche  d'un  developpateur  (4)  est  disposee  de  telle  sorte  qu'elle  entre  en  contact  avec  la  surface  d'un  rouleau  de 

developpement  (2)  sous  pression,  le  developpateur  est  applique  regulierement  a  la  surface  du  rouleau  de  deve- 
loppement  et  le  rouleau  de  developpement  est  mis  en  contact  direct  avec  une  image  electrostatique  latente  sur 
un  element  photosensible  (1  )  ou  est  mis  en  face  de  I'image  latente  sans  contact  direct,  avec  ainsi  developpement 
de  I'image  latente,  le  developpateur  etant  tel  que  dans  une  quelconque  des  revendications  qui  precedent. 

25 
4.  Systeme  selon  la  revendication  3,  dans  lequel  le  developpateur  non  transfere  restant  sur  I'element  photosensible 

apres  developpement  est  recupere  et  recycle. 
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