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Image  forming  device. 

which  the  moving  member  on  the  side  not  in  contact 
with  the  unfixed  image  is  a  moving  member  having 
an  elastic  material  layer  and  a  resin  surface  layer. 
Further,  the  present  invention  has  the  surface  of  the 
moving  member  of  the  fixing  means  on  the  side  not 
in  contact  with  the  unfixed  image  which  is  better 
mold  releasability  with  that  of  the  moving  member  of 
the  transfer  means. 

©  The  image  forming  device  of  the  present  inven- 
tion  relates  to  an  image  forming  device  having  a 
moving  member  which  moves  while  pressing  a  re- 
cording  material  against  an  image  carrying  member 
as  the  means  of  transferring  the  image  on  the  image 
carrying  member  to  the  recording  material.  Further, 
the  image  forming  device  has  a  pair  of  moving 
members  for  fixing  the  image  by  conveying  the 
recording  material  sandwiched  therebetween,  of 
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IMAGE  FORMING  DEVICE 

BACKGROUND  OF  THE  INVENTION device  and  therefore  can  transfer  and  convey  a 
diversity  of  recording  materials  from  thin  paper  to 
envelope,  having  further  the  advantage  of  little  gen- 
eration  of  ozone,  and  further  excellent  in  conveying 

5  force  of  the  recording  material.  As  still  another 
advantage,  there  is  little  poor  or  fault  image  gen- 
erated  during  transfer.  For  this  reason,  it  is  effec- 
tive  for  a  compact  electrophotographic  printer,  etc. 

However,  in  the  image  forming  device  having 
10  the  transfer  roller  4  and  the  heating  roller  fixing 

device  14  of  the  prior  art  as  described  above,  the 
following  problems  have  been  found  out. 

(1)  The  toner  on  the  image  carrying  member, 
the  paper  powder  generated  from  the  recording 

75  material,  etc.  are  conveyed  attached  through  the 
transfer  roller  4  onto  the  back  surface  of  the  re- 
cording  material  to  be  attached  onto  the  pressuriz- 
ing  roller  16,  whereby  mold  releasability  of  the 
pressurizing  roller  is  lowered.  For  this  reason,  the 

20  pressurizing  roller  16  in  the  heating  roller  fixing 
device  14  is  contaminated,  and  as  the  progress  of 
contamination,  such  phenomena  as  luster  irregular- 
ity  of  the  fixed  image,  back  contamination  of  the 
recording  material,  winding  of  the  recording  ma- 

25  terial  around  the  pressurizing  roller,  etc.  are  gen- 
erated. 

Accordingly,  the  life  of  the  pressurizing  roller 
becomes  shorter,  and  as  compared  with  durability 
of  about  100,000  sheets  when  using  a  corona 

30  transfer  device,  durability  life  is  shortened  to  about 
30,000  sheets  on  account  of  pressurizing  roller 
contamination. 

(2)  The  transfer  roller  4  forms  a  roller  pair  with 
the  photosensitive  drum  2  which  is  an  image  carry- 

35  ing  member  and  conveys  the  recording  material.  At 
this  time,  since  its  circumferential  speed  is  not 
exactly  the  same  as  that  of  the  roller  pair  within  the 
fixing  device,  a  stress  is  applied  on  the  recording 
material  between  the  transfer  roller  4  and  the  fixing 

40  device  14.  Due  to  the  influence  by  the  stress, 
wrinkle  of  the  recording  material  is  liable  to  be 
generated  when  passing  through  the  fixing  device. 
The  phenomenon  is  liable  to  be  generated  particu- 
larly  in  thin  paper  or  envelope. 

45  Whereas,  concerning  the  above  phenomenon 
(1),  it  can  be  solved  by  making  cleaning  of  the 
transfer  roller  4  complete,  but  provision  of  a  clean- 
ing  member  on  the  transfer  roller  4  will  make  the 
device  more  complicated,  and  also  poses  a  prob- 

50  lem  in  disposal  of  the  toner  cleaned  off. 
Further,  for  the  transfer  roller  4,  an  elastic 

material  is  employed  for  forming  a  nip  between  it 
and  the  photosensitive  drum  2.  At  this  time,  if  the 
nip  is  not  formed  under  a  low  pressure,  the  so 
called  void  or  hollow  character  phenomenon  will  be 

Field  of  the  Invention 

This  invention  relates  to  an  image  forming  de- 
vice  such  as  electrophotographic  device  or  electro- 
static  recording  device,  etc.,  typically  copying  ma- 
chine,  laser  beam  printer,  etc.,  particularly  to  an 
image  forming  device  equipped  with  a  transfer 
means  having  a  moving  member  which  moves 
while  pressing  a  recording  means  against  an  image 
carrying  or  bearing  member  as  the  means  for 
transferring  the  image  on  the  image  carrying  mem- 
ber  onto  the  recording  material,  namely  the  so 
called  contact  type  transfer  means. 

Related  Background  Art 

The  image  forming  device  of  the  prior  art  by 
use  of  the  transfer  means  of  the  contact  type  is 
described  by  referring  to  a  laser  beam  printer  as 
shown  in  Fig.  1. 

The  unfixed  toner  image  formed  on  the  pho- 
tosensitive  drum  by  the  primary  charger  8,  the 
laser  beam  scanner  1,  the  developing  device  3 
arranged  respectively  around  the  photosensitive 
drum  2  as  the  image  carrying  member  is  trans- 
ferred  by  the  transfer  roller  4  pressure  contacted 
with  the  photosensitive  drum  2  onto  the  recording 
material  5.  The  residual  toner  after  transfer  is  re- 
covered  from  the  photosensitive  drum  2  by  the 
cleaning  device  7.  On  the  other  hand,  the  toner 
image  transferred  onto  the  recording  material  is 
fixed  by  the  fixing  device  14. 

Fig.  2  is  an  enlarged  sectional  view  of  the 
fixing  device  14. 

The  fixing  device  14  has  a  pair  of  rollers  ar- 
ranged  in  pressure  contact  with  each  other,  and 
fixing  is  carried  out  by  heating  the  rollers  by  means 
of  a  heating  means.  The  fixing  roller  15  has  a 
constitution  having  a  fluorine  resin  layer  provided 
on  the  outer  surface  of  a  hollow  aluminum  core 
metal,  and  a  halogen  heater  1  1  is  arranged  therein. 
The  member  17  functions  as  both  silicone  oil  coat- 
ing  and  cleaning  comprises  the  cleaning  member 
17A  comprising  a  heat-resistant  felt  impregnated 
with  a  silicone  oil  and  the  holder  17B  supporting 
this,  which  is  pressed  against  the  fixing  roller  15. 
The  pressurizing  roller  16  has  the  elastic  layer  16A 
of,  for  example,  the  low  temperature  vulcanization 
type  silicone  rubber  (LTV)  around  the  core  metal 
16B. 

The  contact  transfer  device  as  represented  by 
the  transfer  roller  4,  which  can  perform  transfer  at 
lower  voltage  as  compared  with  corona  transfer 
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device  of  the  image  forming  device  shown  in 
Fig.  1; 
Fig.  3  is  a  schematic  sectional  view  of  the  image 
forming  device  of  an  embodiment  of  the  present 

5  invention; 
Fig.  4  is  a  schematic  sectional  view  showing  the 
fixing  device  of  the  embodiment  in  Fig.  3; 
Fig.  5  is  a  schematic  sectional  view  showing  the 
fixing  device  of  another  embodiment  of  the 

w  present  invention; 
Fig.  6  is  a  schematic  sectional  view  showing  still 
another  embodiment  of  the  present  invention; 
Fig.  7  is  a  schematic  sectional  view  showing  still 
another  embodiment  of  the  present  invention; 

75  Fig.  8  is  a  schematic  sectional  illustration  for 
explanation  of  the  preparation  method  of  the 
pressurizing  roller  in  Fig.  7; 
Fig.  9,  Fig.  10,  Fig.  11  and  Fig.  12  are  sche- 
matic  sectional  views  showing  the  embodiments 

20  of  the  fixing  devices  applied  with  off-set  preven- 
tion  measures  of  toner  of  the  present  invention. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENTS 

25  Fig.  3  shows  an  image  forming  device  of  an 
embodiment  of  the  present  invention.  Description 
of  those  common  with  the  members  shown  in  Fig. 
1  is  omitted  with  attachment  of  the  same  symbols. 

First,  in  this  embodiment,  the  rotatory  member 
30  4  (hereinafter  called  "transfer  roller")  for  transfer  as 

the  moving  member  which  moves  while  pressing  a 
recording  member  against  the  image  carrying 
member  has  an  elastic  material  layer  such  as  a 
rubber  (e.g.,  EPDM,  urethane,  silicone,  NBR,  etc.) 

35  or  a  foamed  sponge  around  its  shaft  core  metal, 
and  the  resistance  value  of  the  elastic  material 
layer  is  controlled  by  dispersing  a  filler  such  as 
carbon  black,  metallic  powder,  etc.  or  a  metal  oxide 
such  as  tin  oxide,  titanium  oxide,  zinc  oxide,  etc. 

40  As  to  driving  of  the  roller,  for  example,  the 
method  of  transmitting  driving  to  the  transfer  roller 
by  providing  a  driving  gear  on  a  photosensitive 
drum  2  as  the  image  carrying  member  is  used. 
The  transfer  roller  4  has  a  hardness  of  15  to  40 

45  degrees  (ASKERC),  a  resistance  value  of  10G  to 
109n,  with  the  circumferential  speed  being  driven 
at  a  speed  more  rapid  by  1  to  5%  relative  to  the 
photosensitive  drum  2,  whereby  a  good  transfer 
image  without  void  or  hollow  character,  defective 

so  transfer,  etc.  and  also  without  poor  or  fault  image 
can  be  obtained. 

In  the  present  embodiment,  particularly  a  trans- 
fer  roller  obtained  by  polishing  the  surface  with  an 
EPDM  sponge  with  a  hardness  of  30  degrees 

55  (ASKERC)  and  a  resistance  value  of  108Q  to  an 
outer  diameter  of  18  mm  was  used  and  it  was 
driven  at  a  circumferential  speed  more  rapid  by 
3%  than  the  photosensitive  drum  2.  of  the  above- 

generated,  which  is  the  phenomenon  in  which  the 
central  portion  of  the  character  is  not  transferred. 
Therefore,  a  rubber  of  low  hardness  or  a  foamed 
sponge,  etc.  is  used  for  the  transfer  roller  4.  For 
this  reason,  the  surface  roughness  of  the  transfer 
roller  4  is  rough  and  also  its  coefficient  of  friction  is 
high,  thus  also  posing  a  problem  that  the  toner  can 
be  cleaned  with  difficulty. 

On  the  other  hand,  concerning  the  phenom- 
enon  (2),  wrinkles  can  be  improved  by  making 
lower  the  pressing  force  of  the  transfer  roller  4 
against  the  photosensitive  drum  2  and  rotating  said 
roller  subject  to  the  photosensitive  roller,  but  on  the 
contrary,  by  the  shock  when  the  recording  material 
rashed  into  the  fixing  instrument  or  the  shock  when 
it  has  passed  out  of  the  feeding  paper,  the  resist 
roller,  poor  or  fault  image  is  generated.  Concerning 
this  problem,  it  can  be  also  solved  by  taking  good 
distance  between  transfer  and  fixing  to  form  a  loop 
of  the  recording  material,  but  it  is  difficult  to  take 
such  space  in  a  compact  printer,  etc. 

Thus,  in  an  image  forming  device  by  use  of  the 
contact  type  transfer  device  such  as  transfer  roller 
as  the  transfer  means,  it  has  been  difficult  to  effect 
fixing  with  excellent  conveyability,  durability. 

SUMMARY  OF  THE  INVENTION 

The  present  invention  has  been  accomplished 
in  view  of  the  problems  as  described  above,  and 
has  an  object  to  provide  an  image  forming  device 
which  can  obtain  images  without  image  irregularity 
and  with  good  fixability. 

Another  object  of  the  present  invention  is  to 
provide  an  image  forming  device  which  can  pre- 
vent  such  phenomena  as  contamination  of  the  re- 
cording  material,  winding  of  the  recording  material, 
etc. 

Still  another  object  of  the  present  invention  is 
to  provide  an  image  forming  device  which  can 
perform  stably  conveying  of  the  recording  material 
irrespective  of  the  kind  of  the  recording  material 
without  generation  of  wrinkle,  etc.  on  the  recording 
material. 

Still  another  object  of  the  present  invention  is 
to  provide  an  image  forming  device  which  can 
improve  the  durability  life  of  the  fixing  device  and 
can  correspond  to  speed-up  of  image  formation. 

Other  objects  than  those  mentioned  above  and 
the  specific  features  of  the  present  invention  will 
become  more  apparent  by  reading  the  following 
detailed  description  by  referring  to  the  accompany- 
ing  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
Fig.  1  is  a  schematic  sectional  view  of  the  image 
forming  device  of  the  prior  art; 
Fig.  2  is  a  schematic  sectional  view  of  the  fixing 
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mentioned  numerical  values,  hardness  is  that  after 
molded  into  the  roller,  the  resistance  value  is  a 
value  of  the  resistance  between  the  core  metal  and 
the  electrode  determined  by  application  of  a  volt- 
age  of  1  KV  when  an  electrode  with  a  width  of  10 
mm  was  wound  around  the  peripheral  surface  of 
the  transfer  roller  4,  and  the  circumferential  speed 
determined  from  the  angular  speed  and  the  outer 
diameter  of  the  transfer  roller  4.  The  distance  be- 
tween  the  nip  formed  between  the  transfer  roller 
and  the  photosensitive  drum  and  the  roller  pair  for 
fixing  as  described  below  is  shorter  than  the  re- 
cording  material  length  with  the  maximum  size 
(with  respect  to  the  conveying  direction  of  the 
recording  material). 

Next,  an  embodiment  of  the  fixing  device  in  the 
present  invention  is  shown  in  Fig.  4. 

The  fixing  device  6  in  Fig.  3  has  a  pair  of 
rotatory  members  as  a  pair  of  moving  members  for 
conveying  a  recording  material  sandwiched  there- 
between,  and  paired  rotatory  member  is  constituted 
of  the  fixing  roller  9  and  the  pressurizing  roller  10. 

The  fixing  roller  9  has  a  hollow  structure,  hav- 
ing  a  fluorine  resin  layer  9A  which  was  obtained  by 
applying  a  primer  around  an  aluminum  core  metal 
9B  with  a  reverse  crown  shape  having  an  outer 
diameter  at  the  central  portion  smaller  than  the 
edge  portion,  and  then  applying  PFA  dispersion 
coating,  followed  by  sintering.  Within  the  fixing 
roller  core  metal  9B  is  provided  a  halogen  heater 
1  1  for  heating. 

The  fixing  roller  9  is  detected  of  its  surface 
temperature  by  a  temperature  detecting  device  (not 
shown),  and  current  passage  to  the  heater  11  is 
controlled  so  that  the  detection  temperature  may 
be  constant. 

For  the  pressurizing  roller  10  not  in  contact 
with  the  unfixed  side,  an  HTV  or  LTV  silicone 
rubber  layer  10B  is  provided  around  the  shaft-like 
core  metal  10C,  and  further  a  tube  10A  of  a 
tetrafluoroethylene-perfluoroalkyl  vinyl  ether 
copolymer  (PFA)  coated  as  the  upper  layer  there- 
on.  The  pressure  roller  10  at  this  time  is  made  to 
have  a  crown  shape  with  the  diameter  at  the  cen- 
tral  portion  being  made  larger  as  compared  with 
the  edge  portion.  The  PFA  tube  has  excellent  non- 
tackiness  as  a  matter  of  course  as  well  as  abrasion 
resistance,  and  therefore  during  usage  over  a  long 
term,  it  can  be  a  surface  layer  which  can  maintain 
non-tackiness. 

The  present  inventors  have  conducted  durabil- 
ity  tests  by  use  of  a  pressurizing  roller  with  an 
outer  diameter  of  20  mm  having  a  PFA  tube  coated 
on  an  LTV  silicone  rubber  (JISA  15  degrees)  with  a 
thickness  of  5  mm  in  the  image  recording  device 
shown  in  Fig.  3,  without  providing  neither  a  mold 
release  agent  coating  mechanism  nor  a  cleaning 
mechanism. 

As  the  result,  even  after  paper  passage  of 
300,000  sheets,  there  was  little  contamination  of 
the  pressurizing  roller  10  observed  and  yet  such 
contamination  is  not  under  the  state  secured,  but 

5  merely  to  the  extent  that  it  can  be  fallen  off  by 
rubbing  lightly  with  a  finger.  Also,  when  a  thin 
paper  (basis  weight  52  g/m2)  or  an  envelope  was 
passed  under  high  temperature  and  high  humidity 
(32.5°  C,  80%),  no  wrinkle  was  generated,  and  the 

w  image  obtained  was  also  good. 
On  the  other  hand,  when  a  comparative  experi- 

ment  was  conducted  by  use  of  a  pressurizing  roller 
with  an  outer  diameter  of  20  mm  having  only  an 
LTV  silicone  rubber  with  a  hardness  of  25  degrees 

75  (JISA)  coated  to  a  thickness  of  5  mm  on  the  core 
metal,  the  pressurizing  roller  was  contaminated 
after  paper  passage  of  30,000  sheets,  whereby 
winding  of  the  paper  around  the  pressurizing  roller 
was  generated.  Also,  wrinkles  of  thin  paper  and 

20  envelope  having  absorbed  moisture  were  observed 
under  high  temperature  and  high  humidity. 

The  reason  for  such  difference  may  be  consid- 
ered  as  follows. 

Concerning  for  pressurizing  roller  contamina- 
25  tion,  since  the  transfer  roller  4  is  constantly  in 

contact  with  the  photosensitive  drum  2,  fog  or 
background  toner,  reversal  fog  toner  on  the  pho- 
tosensitive  drum  2  is  attached  on  the  transfer  roller 
4.  However,  in  the  present  embodiment,  since  the 

30  transfer  roller  4  is  applied  with  a  bias  of  the  same 
polarity  as  the  toner  (namely  the  biase  of  the 
opposite  polarity  to  the  bias  during  transfer)  during 
pre-rotation  and  post-rotation  before  and  after  the 
transfer  step,  the  toner  attached  on  the  transfer 

35  roller  4  is  reversely  transferred  onto  the  photosen- 
sitive  drum  2.  Thus,  contamination  of  the  transfer 
roller  4  can  be  removed  by  making  the  bias  voltage 
to  have  the  opposite  polarity  without  any  practical 
problem  without  provision  of  any  special  cleaning 

40  means. 
As  the  result,  back  contamination  of  the  record- 

ing  material  can  be  prevented  to  the  extent  which 
cannot  be  observed  with  eyes,  but  practically  the 
toner  on  the  transfer  roller  4  cannot  be  cleaned  to 

45  100%,  but  slightly  the  toner  is  attached  on  the 
back  surface  of  the  recording  material  to  be  carried 
to  the  pressurizing  roller  10.  For  this  reason,  when 
the  pressure  roller  has  tackiness,  even  little,  con- 
tamination  will  be  generated  by  the  toner.  Particu- 

50  larly,  when  the  pressurizing  roller  surface  has 
poorer  mold  releasability  than  the  transfer  roller 
surface,  this  phenomenon  is  conspicuous. 

Since  the  transfer  roller  4  is  driven  at  a  circum- 
ferential  speed  more  rapid  than  that  of  the  pho- 

55  tosensitive  drum  2,  a  relative  speed  difference  will 
necessarily  occur  between  the  roller  and  the  re- 
cording  material.  As  the  result,  not  only  the  amount 
of  paper  powder  generated  on  the  recording  ma- 
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characteristics. 
On  the  other  hand,  the  surface  of  the  pressuriz- 

ing  roller  should  be  desirably  formed  of  a  resin 
layer  having  lubricity,  mold  releasability,  and  is 

5  further  demanded  to  have  heat  resistance.  As  the 
resin  layer  which  can  satisfy  such  demands,  there 
can  be  employed  fluorine  resins  such  as  of  poly- 
tetrafluoroethylene,  tetrafluoroethylene-perfluoroal- 
kyl  ether  copolymers,  tetrafluoroethylene-hex- 

w  afluoropropylene  copolymers,  etc.,  silicone  resins 
and  others. 

In  the  image  forming  device  by  use  of  the 
transfer  roller,  the  pressurizing  of  the  materials  as 
described  above,  it  is  preferable  that  the  pressuriz- 

75  ing  roller  may  have  a  hardness  in  the  range  of  from 
30  to  70  degrees  in  terms  of  ASKERC,  and  the 
total  pressure  between  the  fixing  roller  and  the 
pressurizing  roller  be  15  kg  or  lower,  whereby  a 
slippage  can  be  caused  to  occur  effectively  with 

20  ease. 
By  constituting  the  fixing  device  as  described 

above,  the  fixing  device  can  be  made  excellent  in 
durability  over  a  long  term  by  merely  applying  a 
bias  of  the  same  polarity  to  that  of  the  tone  on  the 

25  transfer  roller  without  providing  specially  a  cleaning 
means,  etc.  such  as  the  transfer  roller,  whereby 
contamination  of  the  pressurizing  roller  or  genera- 
tion  of  paper  wrinkle  can  be  also  prevented.  Fur- 
ther,  the  cleaning  means,  the  mold  release  coating 

30  means,  etc.  can  be  also  removed  from  the  fixing 
device,  whereby  further  simplification  of  the  scan- 
ning  device  constitution  can  be  simplified. 

Next,  another  embodiment  of  the  present  in- 
vention  is  described  by  referring  to  Fig.  5. 

35  The  specific  feature  of  the  present  embodiment 
resides  in  that  a  layer  comprising  a  mixture  of  a 
rubber  and  a  fluorine  resin  is  used  for  the  surface 
of  the  pressurizing  roller.  Since  other  conditions 
such  as  the  transfer  roller,  etc.  are  the  same  as  in 

40  the  foregoing  embodiment,  and  their  descriptions 
are  omitted. 

Fig.  5  is  a  sectional  view  showing  the  fixing 
device  in  the  present  embodiment.  In  Fig.  5,  the 
fixing  roller  9  is  made  the  same  as  in  the  embodi- 

45  ment  described  above,  and  the  pressurizing  roller 
12  is  a  layer  having  an  elastic  layer  12C  of  a 
silicone  rubber  or  a  fluorine  rubber  provided  around 
the  core  metal  12D,  with  its  upper  layers  12B  and 
12A  being  layers  of  calcined  coating  materials  hav- 

50  ing  a  mixture  of  a  fluorine  resin  and  a  fluorine 
rubber. 

Thus,  by  coating  a  coating  material  having  a 
mixture  of  a  fluorine  resin  and  a  fluorine  rubber,  a 
fluorine  resin  layer  12A  of  a  thin  layer  can  be 

55  formed  as  the  surface  layer. 
The  mixture  layer  of  the  fluorine  resin  and  the 

fluorine  rubber  is  formed  by,  for  example,  coating 
an  aqueous  coating  material  of  a  fluorine  rubber: 

terial  is  increased,  but  also  attachment  of  toner, 
paper  powder  onto  the  back  surface  of  the  record- 
ing  material  is  promoted. 

On  the  other  hand,  as  for  paper  wrinkle,  since 
the  paper  delivery  speed  is  different  between  the 
transfer  roller  and  the  pair  of  fixing  rollers,  a  stress 
is  applied  on  the  paper  to  generate  wrinkles.  For 
releasing  the  stress,  it  is  desirable  the  paper  be 
slipped  even  to  slight  extent  between  the  transfer 
roller  and  the  photosensitive  drum  or  between  the 
pressurizing  roller  and  the  fixing  roller.  Here,  the 
slip  between  the  transfer  roller  and  the  photosen- 
sitive  drum  will  appear  as  poor  or  fault  image,  and 
therefore  it  is  preferable  to  effect  a  slippage  be- 
tween  the  fixing  roller  and  the  pressurizing  roller. 
Therefore,  lubricity  is  demanded  for  the  fixing  roller 
and  the  pressurizing  roller,  and  particularly  the 
surface  lubricity  of  the  pressurizing  roller  is  impor- 
tant. 

Thus,  in  an  image  forming  device  by  use  of  a 
transfer  roller,  for  prevention  of  paper  wrinkle,  it  is 
very  effective  to  provide  a  material  having  more 
excellent  mold  releasability,  lubricity  than  the  sur- 
face  characteristic  of  the  transfer  roller  for  the 
pressurizing  roller  surface.  By  provision  of  a  PFA 
tube  on  the  pressurizing  roller  surface  as  in  the 
present  embodiment,  the  above  requirements  can 
be  satisfied  to  accomplish  an  image  forming  device 
free  from  pressurizing  roller  contamination  and  pa- 
per  wrinkle. 

Further,  the  characteristics  demanded  for  the 
transfer  roller,  the  pressurizing  roller  and  the  fixing 
device  are  specifically  enumerated  below. 

For  the  relationship  of  the  surface  characteris- 
tics  of  the  pressurizing  roller  and  the  transfer  roller, 
more  excellent  lubricity  is  demanded  for  the  pres- 
surizing  roller.  For  realization  of  this,  the  transfer 
roller  may  have  a  rubber  layer  on  the  surface,  and 
the  pressurizing  roller  a  resin  layer  on  the  surface. 
This  is  because  the  surface  characteristic  of  a 
rubber  layer  has  generally  more  stronger  force  of 
attaching  toner,  paper  powder,  etc.  as  compared 
with  a  resin  layer,  being  also  greater  in  frictional 
force,  whereby  the  recording  material  conveying 
force  is  stronger,  and  also  no  slippage  will  occur. 
Further,  the  above-mentioned  effect  is  further  in- 
creased  by  making  the  rubber  layer  of  the  out- 
ermost  layer  a  polished  surface. 

For  satisfying  the  characteristics  as  described 
above,  a  rubbery  material  such  as  EPDM,  NBR, 
urethane,  silicone,  etc.,  particularly  a  soft  rubbery 
material  with  a  hardness  of  40  degrees  or  less 
(JISA)  may  be  employed  as  the  transfer  roller,  and 
in  this  case,  the  rubber  surface  should  be  desirably 
a  polished  surface,  but  also  a  surface  just  demol- 
ded  can  sufficiently  function.  The  .above-mentioned 
rubber  may  be  also  foamed  to  be  molded  into  a 
sponge  and  the  surface  polished  to  give  sufficient 
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Daiel  Latex  GL  213  (trade  name,  manufactured  by 
Dakin  Kogyo  K.K.)  be  means  of  a  spray  gun,  etc.  to 
about  20  to  30  nm  on  the  rubber  layer  12C,  and 
after  drying,  calcined  at  a  temperature  of  280°  C  or 
higher.  Within  the  mixture  layer,  the  surface  layer 
of  the  fluorine  resin  such  as  12A  is  formed  by 
floating  out  of  the  fluorine  resin  onto  the  surface 
through  Brownian  movement.  The  thickness  of  the 
surface  layer  12A  will  vary  depending  on  the  cal- 
cination  temperature  and  time,  but  when  calcination 
is  carried  at  31  0  °  C  for  about  30  minutes,  the  layer 
thickness  becomes  about  5  /*m,  and  yet  the  flu- 
orine  resin  content  becomes  very  high,  whereby 
the  property  concerning  non-tackiness  becomes 
excellent. 

The  PFA  tube  roller  as  described  in  the  fore- 
going  embodiment  is  ASKERC  52°  in  terms  of  the 
roller  hardness,  while  in  the  present  embodiment, 
the  roller  hardness  of  the  roller  of  the  same  diam- 
eter  is  very  soft  as  ASKER  C  37°  .  Hence,  the 
pressurizing  force  for  obtaining  the  nip  width  suffi- 
cient  for  fixing  may  be  smaller  as  compared  with 
the  PFA  tube  roller,  whereby  there  is  the  advantage 
that  the  latitude  of  wrinkle  of  paper,  envelope,  etc. 
can  be  broadened.  Also,  since  a  satisfactory  nip 
can  be  formed  under  a  low  pressure,  it  becomes 
possible  to  make  the  image  forming  device  higher 
in  speed.  Further,  advantageous  results  are  ob- 
tained  with  respect  to  abrasion  of  the  pressurizing 
roller  surface  layer  by  friction  with  paper  or  fixing 
roller. 

After  coating  of  the  mixture  layer  of  the  fluorine 
resin  and  the  fluorine  rubber  with  a  thickness  of  30 
iim  on  a  silicone  rubber  with  a  rubber  hardness  of 
JISA  15°  and  5  (mm)  thickness  as  the  elastic 
rubber  layer  12C,  the  pressurizing  roller  with  a 
roller  diameter  of  20  mm  heated  at  31  0  °  C  for  30 
minutes  was  used  for  the  fixing  device  of  the 
image  forming  device  by  use  of  a  transfer  roller 
having  no  mold  release  coating  mechanism  and 
cleaning  mechanism  to  carry  out  the  durability  test. 
As  the  result,  up  to  200,000  sheets  of  paper  pas- 
sage,  no  irregularity  was  formed  in  the  grey  image 
and  there  was  also  no  generation  of  paper  wrinkle, 
etc. 

According  to  the  present  embodiment,  by  pro- 
viding  a  mixture  layer  of  a  fluorine  resin  and  a 
fluorine  rubber  on  the  pressurizing  roller  surface,  a 
non-tacky  pressurizing  roller  with  low  roller  hard- 
ness  can  be  obtained,  whereby  it  becomes  suffi- 
ciently  possible  to  correspond  to  speed-up  of  the 
image  forming  device.  In  the  present  embodiment, 
it  is  also  possible  to  control  the  resistance  value  of 
the  pressurizing  roller  by  further  mixing  an  elec- 
troconductive  substance  into  a  mixture  of  a  fluorine 
rubber  and  a  fluorine  resin. 

Fig.  6  is  a  schematic  sectional  view  of  the 
image  forming  device  which  is  another  embodi- 

ment  of  the  present  invention.  The  specific  feature 
of  the  present  embodiment  corresponds  to  higher 
speed-up,  higher  durability  of  the  printer  by  im- 
provement  of  the  transfer  roller  4  and  the  fixing 

5  device  6.  Other  image  forming  portions  of  the 
present  invention  are  the  same  as  in  the  embodi- 
ment  of  Fig.  3  as  described  above,  and  their  de- 
scriptions  are  omitted. 

The  transfer  roller  4  was  formed  by  providing 
io  an  electroconductive  foamed  urethane  sponge  with 

a  resistance  value  of  10s  fl  with  a  thickness  of  5 
mm  on  a  core  metal  made  of  iron  or  SUS  with  an 
outer  diameter  of  6  mm,  and  providing  a  urethane 
rubber  having  a  volume  resistivity  value  of  1010  Qm 

15  with  a  thickness  of  1  mm  thereon  to  obtain  a 
transfer  roller  with  an  outer  diameter  of  20  mm. 
The  transfer  roller  at  this  time  had  a  roller  hardness 
of  35  degrees  in  terms  of  ASKERC  and  a  resis- 
tance  value  of  109  Q. 

20  By  employing  such  constitution,  in  spite  of  low 
roller  hardness,  because  of  having  a  urethan  rubber 
having  the  specific  features  of  excellent  abrasion 
resistance  as  well  as  high  frictional  coefficient  and 
high  strength  as  the  surface  layer,  there  is  no 

25  abrasion,  flaw,  etc.  by  successive  use,  to  give  a 
transfer  roller  having  excellent  conveying  perfor- 
mance. 

Generally  speaking,  soft  rubber  or  foamed 
sponge  has  no  abrasion  resistance,  and  when  used 

30  over  a  long  term,  the  outer  diameter  becomes 
smaller  and,  when  a  transfer  roller  is  driven,  the 
circumferential  speed  becomes  slower  to  lower  the 
conveying  force  or  generate  flaws,  whereby  tone  is 
embedded  there  to  make  cleaning  impossible.  For 

35  this  reason,  the  durability  life  of  the  transfer  roller 
was  about  1  00,000  sheets,  but  the  present  embodi- 
ment  has  a  durability  performance  of  300,000 
sheets  or  more. 

On  the  other  hand,  the  specific  feature  of  the 
40  fixing  device  resides  in  that  the  pressurizing  roller 

life  was  extended  by  providing  further  a  layer  only 
of  a  fluorine  resin  on  the  surface  layer  of  the 
pressurizing  roller  described  in  the  embodiment  in 
Fig.  5. 

45  In  Fig.  6,  around  the  core  metal  13E,  a  silicone 
rubber  or  fluorine  rubber  layer  13D  was  provided 
and  a  mixture  comprising  a  fluorine  rubber  and  a 
fluorine  resin  was  coated  to  about  20  to  30  ^m 
(13C,  13B  layers),  followed  by  drying.  On  the  coat- 

so  ing  was  coated  a  FEP  or  PFA  resin  under  emulsion 
state  to  about  10  /im  (layer  13A),  followed  by 
primary  calcination.  At  this  time,  the  mixture  layer 
of  the  fluorine  resin  and  the  fluorine  rubber  floats 
up  to  the  side  of  the  layer  13A  through  Brownian 

55  movement  of  the  fluorine  resin,  whereby  separation 
occurs  into  the  layer  13B  rich  in  the  fluorine  resin 
and  the  layer  13C  rich  in  the  fluorine  rubber.  The 
layer  13B  is  well  compatible  with  the  fluorine  resin 
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extending  through  the  lengthy  direction  of  the  roller 
shaft.  As  the  surface  layer,  a  tetrafluoroethylene- 
perfluoroalkyl  vinyl  ether  copolymer  (PFA)  tube 
18A  is  coated. 

5  A  specific  feature  of  the  pressurizing  roller  is 
that  hardness  can  be  controlled  more  easily  at 
lower  hardness  as  compared  with  when  employing 
a  silicone  rubber  solid,  because  a  foamed  material 
is  used  for  the  elastic  material  layer. 

io  Next,  the  method  for  preparing  the  elastic  ma- 
terial  as  described  above  is  described. 

Fig.  8  outlines  the  mold  when  molding  the 
elastic  material  of  the  present  embodiment.  At  the 
center  of  the  mold  25,  a  pressurizing  roller  core 

75  metal  24  already  applied  with  primer  coating  is 
mounted,  and  here  a  lid  22  is  to  be  assembled. 

The  lid  22  has  a  core  material  23  for  providing 
thru-holes  mounted.  After  mounting  of  the  lid,  a 
rubbery  material  containing  a  foaming  agent  is 

20  injected  through  a  rubbery  material  inlet  26, 
foamed  and  vulcanized  to  be  molded. 

Here,  the  effect  of  the  pressurizing  roller  by 
use  of  the  above-mentioned  silicone  rubber  foam 
was  ascertained  by  the  experiment.  For  experi- 

25  ment,  the  image  forming  device  shown  in  Fig.  3 
was  used,  and  the  transfer  roller  capable  of  turning 
over  the  polarity  of  bias  as  described  above  was 
used.  For  the  pressurizing  roller,  as  contrasted  to 
the  pressurizing  roller  as  shown  in  Fig.  7,  a  pres- 

30  surizing  roller  having  a  silicone  rubber  layer  having 
no  thru-hole  was  employed  as  control. 

The  pressurizing  roller  has  the  following  speci- 
fications. 

35  (i)  First  pressurizing  roller 

A  foamed  HTV  silicone  rubber  was  used  with  a 
thickness  of  5  mm  for  the  elastic  layer  of  the 
pressurizing  roller.  The  foam  is  provided  with  18 

40  thru-holes  with  a  diameter  of  1  mm  in  the  axial 
direction  (dispersed  uniformly  within  the  circle). 
The  surface  was  coated  with  50  ^m  of  PFA  tube. 
The  roller  has  an  outer  diameter  of  20  mm  and  a 
roller  hardness  of  42°  (ASKER  C). 

45 
(ii)  Second  pressurizing  roller 

For  the  elastic  material  layer,  an  LTV  silicone 
rubber  (JIS  A  20°  )  was  used  with  a  thickness  of  5 

so  mm.  The  surface  layer  was  coated  with  50  ^m  of 
PFA  tube.  The  roller  had  an  outer  diameter  of  20 
mm  and  a  hardness  of  55°  (ASKER  C). 

The  two  kinds  of  pressurizing  rollers  as  men- 
tioned  above  were  evaluated  by  the  image  forming 

55  device  shown  in  Fig.  3.  For  the  fixing  roller  at  this 
time,  one  having  the  structure  of  the  embodiment 
as  described  above  and  an  outer  diameter  of  25 
mm  was  employed. 

13A  and  therefore  adhesion  strength  is  increased. 
Then,  calcination  is  carried  out  again  at  a  higher 
temperature  than  in  the  primary  calcination  to  melt 
the  fluorine  resin  on  the  surface  layer,  thereby 
effecting  complete  adhesion  and  making  the  sur- 
face  smoother. 

In  the  present  embodiment,  since  the  thickness 
of  the  fluorine  resin  layer  becomes  10  m̂  or  more, 
durability  to  contamination  of  the  pressurizing  roller 
will  be  improved  as  compared  with  the  embodi- 
ment  described  in  Fig.  5.  Besides,  as  for  the  roller 
hardness,  it  is  elevated  by  only  about  3°  in  terms 
of  ASKERC  as  compared  with  the  pressurizing 
roller,  a  nip  can  be  formed  under  a  low  pressure, 
whereby  sufficient  fixability  can  be  obtained  even  if 
the  printer  is  acclerated  in  speed  and  there  is  also 
sufficient  effect  for  preventing  generation  of  wrin- 
kles  of  paper,  envelopes. 

According  to  the  experiments  by  the  present 
inventors,  as  the  result  of  evaluation  of  a  pressuriz- 
ing  roller  by  successive  printing  tests  on  printing  of 
300,000  sheets,  which  pressurizing  roller  was  ob- 
tained  by  coating  a  roller,  having  a  diameter  of  20 
mm  and  made  of  a  silicone  rubber  with  a  rubber 
hardness  of  JISA  20°  and  a  thickness  of  5  (mm), 
with  a  mixture  layer  of  a  fluorine  resin  and  a 
fluorine  rubber  to  a  thickness  of  30  ^m  and  further 
with  an  FEP  emulsion  to  10  ^m,  followed  by  pri- 
mary  calcination  at  260  °  C  for  15  minutes  and 
secondary  calcination  at  310°  C  for  30  minutes, 
there  was  slight  contamination  attached  onto  the 
peeled  surface  layer  corresponding,  but  it  was  not 
so  excessive  as  to  disturb  the  image,  and  there 
was  no  change  in  performances  of  the  transfer 
roller  4.  Hence,  as  compared  with  the  embodiment 
shown  in  Fig.  5,  the  life  was  further  elongated  to 
give  a  printer  with  longer  life  and  higher  speed. 

To  give  concrete  numerical  values,  the  transfer 
roller  and  the  fixing  device  can  be  used  without 
exchange  up  to  300,000  sheets,  whereby  there  can 
be  provided  an  image  forming  device  capable  of 
giving  fixability  sufficiently  corresponding  to  higher 
speed-up  to  about  120  mm/sec,  in  terms  of  paper 
delivery  speed. 

Next,  still  another  embodiment  of  the  present 
invention  is  to  be  described. 

This  embodiment  is  intended  to  lower  the  hard- 
ness  of  the  pressurizing  roller  as  described  above 
in  order  to  improve  fixability  and  prevent  the  re- 
cording  material  from  generation  of  wrinkles,  etc. 

In  the  following,  the  specific  constitution  of  the 
pressurizing  roller  is  described  by  referring  to  Fig. 
7.  The  pressurizing  roller  18  has  an  elastic  material 
layer  18B  around  a  shaft-shaped  core  metal  18C 
and  further  a  fluorine  resin  layer  1  8A  coated  there- 
on.  For  the  elastic  material  layer  18B,  a  foamed 
HTV  or  LTV  silicone  rubber  is  used,  and  yet  in  said 
elastic  material  layer  1  8B  exists  a  plurality  of  holes 
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Under  the  conditions  as  mentioned  above,  the 
pressurizing  force  of  the  fixing  roller  and  the  pres- 
surizing  roller  were  gradually  increased,  and  the 
maximum  pressurizing  force  when  no  wrinkle  was 
generated  was  examined.  As  the  result,  in  the 
above-mentioned  second  pressurizing  roller,  0.28 
kgf/cm  was  the  maximum  as  the  line  pressure  at 
the  nip,  while  in  the  above-mentioned  first  pres- 
surizing  roller,  0.35  kgf/cm  was  the  maximum.  In 
other  words,  it  has  been  found  that  the  first  pres- 
surizing  roller  according  to  the  present  embodi- 
ment  has  a  relatively  lower  hardness  even  the 
surface  layer  was  coated  with  the  PFA  tube  and  no 
wrinkle  is  formed  even  when  the  pressurizing  force 
is  made  higher.  Thus,  if  the  pressurizing  force  can 
be  made  higher,  fixability  will  be  improved. 

When  the  two  pressurizing  rollers  as  men- 
tioned  above  were  set  at  the  above  maximum 
pressurizing  forces,  respectively,  for  comparison  of 
fixability  of  gray  images  fixability  was  elevated  by  5 
to  8%  when  the  first  pressurizing  roller  was  em- 
ployed.  Fixability  as  herein  mentioned  is  repre- 
sented  by  the  density  lowering  ratio  when  the  grey 
image  fixed  on  the  recording  was  rubbed  with 
"Silbon  C  (trade  name)"  under  the  state  pressed  at 
a  pressure  of  0.4  g/mm2  for  5  times,  and  can  be 
determined  according  to  the  following  formula: 
Fixability  (%)  =  {(Density  before  rubbing  -  density 
after  rubbing)/density  before  density}  x  1  00. 

As  described  above,  the  elastic  material  layer 
is  provided  with  thru-holes,  where  by  thermal  ex- 
pansion  of  the  foam  with  heat  receiving  during 
fixing  actuation  can  be  absorbed  to  inhibit  the 
change  in  roller  diameter.  However,  for  preventing 
thermal  expansion  of  the  bubbles  within  the  elastic 
material  layer,  the  thru-holes  as  mentioned  above 
are  required,  but  only  holes,  provided  that  they  are 
continuous,  can  release  the  expanded  air  within  the 
bubbles  to  obtain  sufficient  effect. 

Specifically,  by  dispersing  uniformly  crystal 
grains  of  NaCi  in  the  silicone  rubber  containing  the 
foaming  agent,  followed  by  foaming  and  vulcaniza- 
tion,  and  then  dissolving  out  NaCi  within  the  foam 
elastic  material  to  form  voids.  Due  to  those  voids 
extremely  approximate  to  each  other,  they  can 
effectively  function  as  continuous  holes. 

The  phenomenon  of  diameter  change  due  to 
thermal  expansion  does  not  only  change  the  nip, 
thereby  changing  the  fixing  conditions,  but  when 
the  surface  is  applied  with  PFA  tube  coating,  when 
expansion,  shrinkage  are  repeated,  PFA  tube  is 
caused  to  generate  wrinkles  or  generate  peel  off 
from  the  elastic  material  layer. 

However,  by  use  of  the  pressurizing  roller  of 
the  present  embodiment,  no  trouble  due  to  thermal 
expansion  will  be  caused  to  occur  even  with  a 
roller  having  a  fluorine  resin  layer  on  the  surface, 
but  only  advantages  inherently  possessed  by 

sponge  roller  can  be  effectively  utilized. 
As  can  be  understood  from  the  two  experi- 

ments  as  described  above,  according  to  the 
present  embodiment,  since  the  pressurizing  roller 

5  has  holes  through  the  elastic  material  layer,  and 
therefore  the  pressurizing  roller  can  be  made  to 
have  lower  hardness,  and  no  wrinkle  will  be  gen- 
erated  even  when  the  pressurizing  force  is  made 
greater  to  give  good  fixability.  The  pressure  roller 

10  has  a  fluorine  resin  layer  as  the  surface  layer  and 
therefore  it  exhibits  more  excellent  lubricity  than 
the  surface  layer  of  the  transfer  roller,  whereby  the 
stress  of  paper  can  be  released  to  give  rise  to  no 
wrinkle.  Moreover,  since  the  fluorine  resin  surface 

15  layer  of  the  pressurizing  roller  exhibits  more  ex- 
cellent  mold  releasability  than  the  transfer  roller 
surface  layer,  there  is  no  contamination  of  the 
pressurizing  roller  surface,  either. 

Next,  still  another  embodiment  of  the  present 
20  invention  is  described. 

This  embodiment  exhibits  a  specific  embodi- 
ment  in  which  the  pressurizing  roller  is  subjected  to 
electroconductive  treatment  for  prevention  of  off-set 
of  the  toner. 

25  In  the  embodiment  shown  in  Fig.  7,  the  ma- 
terial  of  the  silicone  rubber  foam  which  is  the 
elastic  material  layer  of  the  pressurizing  roller  has 
generally  a  high  volume  resistivity  of  1014  fl'cm, 
and  yet  is  also  coated  on  the  surface  layer  with  an 

30  insulating  PFA  tube.  Hence,  when  the  fixing  ac- 
tuation  is  repeatedly  performed  with  the  constitu- 
tion  as  shown  in  Fig.  3,  if  the  pressurizing  roller  is 
charged  to  minus  through  friction  with  the  record- 
ing  material  or  the  fixing  roller,  because  of  absence 

35  of  the  field  for  escape  of  the  charges,  it  will  be 
gradually  charged  up,  until  its  surface  potential  will 
exhibit  a  very  high  potential  on  the  minus  side  as  - 
3  kV  to  -  5  kV.  At  this  time,  for  example,  in  an 
image  forming  device  by  use  of  a  toner  charged  to 

40  minus,  at  the  pressurizing  roller,  a  force  will  act 
which  repels  the  toner  from  the  recording  material 
toward  the  fixing  roller  side,  whereby  the  phenom- 
enon  of  the  so  called  off-set  is  liable  to  be  caused 
to  occur.  For  solving  this  problem,  charge-up  of  the 

45  pressurizing  roller  is  intended  to  be  prevented  by 
making  the  pressurizing  roller  side  electroconduc- 
tive. 

In  Fig.  9,  the  fixing  roller  9  side  is  made  to 
have  the  same  structure  as  in  the  embodiment 

so  described  above.  On  the  other  hand,  as  to  the 
pressurizing  roller  19,  an  electroconductive  elastic 
material  layer  19B  is  provided  around  the  earthed 
core  metal  19C,  and  further  an  electroconductive 
fluorine  resin  layer  19A  is  covered  thereon.  With 

55  these  constitutions,  the  charges  are  permitted  to 
escape  to  prevent  the  pressurizing  roller  from  be- 
ing  charged  up. 

To  describe  about  the  pressurizing  roller  in 
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Next,  the  embodiment  in  Fig.  10  is  different 
from  that  in  Fig.  9  in  that  the  surface  layer  of  the 
pressurizing  roller  is  made  an  insulating  fluorine 
resin  tube. 

5  As  described  above,  as  a  problem  when  the 
pressurizing  roller  is  made  lower  in  resistance,  if 
the  recording  material  absorbs  moisture  under  high 
temperature  and  high  humidity  conditions,  transfer 
current  flows  out  through  the  pressurizing  roller 

w  from  the  recording  material,  whereby  there  is  the 
possibility  to  cause  defective  transfer  to  occur. 
Hence,  in  the  present  embodiment,  it  is  intended  to 
prevent  flow-out  of  the  transfer  current  by  making 
the  pressurizing  roller  surface  layer  an  insulating 

75  tube. 
In  Fig.  10,  the  fixing  roller  side  is  made  the 

same  as  in  the  embodiment  in  Fig.  7.  As  for  the 
pressurizing  roller  20,  it  has  the  constitution  having 
an  elastic  material  layer  20B  which  is  an  elec- 

20  troconductive  foam  and  has  a  plurality  of  holes  13D 
extending  therethrough  with  respect  to  its  roller 
axis  direction  provided  around  the  earthed  core 
metal  20C  and  an  insulating  fluorine  resin  layer 
20A  on  its  surface  layer.  Here,  the  elastic  material 

25  20B  is  made  the  same  as  one  described  in  the 
embodiment  in  Fig.  9,  and  the  fluorine  layer  on  the 
surface  made  the  same  as  described  in  the  em- 
bodiment  in  Fig.  7. 

In  the  pressurizing  roller  in  the  present  embodi- 
30  ment,  the  charges  obtained  through  friction  be- 

tween  the  fixing  roller  and  the  recording  material 
cannot  be  escaped  directly.  However,  the  electro- 
static  capacity  between  the  core  metal  and  the 
pressurizing  roller  surface  is  greater  by  about  one 

35  order  as  compared  with  the  insulating  elastic  ma- 
terial  layer  as  described  in  the  embodiment  in  Fig. 
7.  Therefore,  even  if  the  same  amount  of  charges 
may  be  received,  the  potential  elevation  of  the 
pressurizing  roller  is  very  small,  and  as  a  practical 

40  problem,  in  view  of  escape  of  charges  into  the  air, 
it  may  be  regarded  that  there  is  substantially  no 
potential  elevation  of  the  pressurizing  roller. 

Next,  the  experiment  conducted  on  the  basis  of 
the  present  embodiment  is  described.  The  fixing 

45  device  is  made  to  have  the  constitution  shown  in 
Fig.  10,  and  the  experiment  was  conducted  by  the 
image  forming  device  with  the  constitution  shown 
in  Fig.  3.  As  for  the  pressurizing  roller  20,  an 
electroconductive  to  be  used  for  the  foam  may  be 

50  one  having  a  volume  resistivity  of  about  105  fl'cm, 
and  the  fluorine  resin  layer  of  the  surface  layer  was 
coated  with  PFA  tube  with  a  thickness  of  50  /im. 
The  thickness  of  the  elastic  layer  was  made  5.0 
mm,  and  the  pressurizing  roller  outer  diameter  20 

55  mm. 
When  the  surface  potential  of  the  pressurizing 

roller  when  performing  practically  paper  passage  of 
the  recording  material  was  measured,  it  was  found 

more  detail,  the  elastic  material  layer  19B  has  a 
plurality  of  holes  19D  extending  through  the  foam 
of  the  same  silicone  rubber  as  described  in  the 
embodiment  in  Fig.  7  over  the  roller  axis  direction. 
However,  for  the  silicone  rubber,  for  example,  one 
which  is  made  lower  in  resistance  by  dispersion  of 
carbon  to  its  volume  resistivity  of  1011  O'cm  or 
lower.  As  for  the  fluorine  resin  layer  19A  of  the 
surface  layer,  it  is  also  subjected  to  electroconduc- 
tive  treatment,  and  for  example,  there  is  employed 
one  which  is  made  to  have  a  volume  resistivity  of 
1012  fl'cm  or  less  with  PFA  tube  made  lower  in 
resistance  by  dispersion  of  carbon. 

When  carbon,  etc.  is  dispersed  for  making  the 
silicone  rubber  lower  in  resistance,  rubber  hard- 
ness  generally  tends  to  be  increased,  and  this 
tendency  becomes  more  marked  as  further  lower 
resistance  is  aimed.  More  specifically,  if  the  vol- 
ume  resistivity  is  made  about  105  Q'cm,  the  rub- 
ber  hardness  will  be  increased  by  about  7°  (JIS  A) 
as  compared  with  the  original  insulating  state.  Such 
excessive  hardness  increase  has  been  practically 
handleable  with  difficulty  from  the  aspects  of  fix- 
ability,  prevention  of  wrinkle  of  the  recording  ma- 
terial. 

However,  if  the  structure  is  that  of  the  pres- 
surizing  as  described  in  the  present  embodiment, 
the  roller  hardness  depends  rather  on  the  foaming 
conditions  than  the  hardness  of  its  own,  and  there- 
fore  it  becomes  to  make  lower  the  resistance  with- 
out  substantially  accompanying  increase  in  roller 
hardness. 

Next,  the  experiment  conducted  on  the  basis  of 
the  device  of  the  present  invention  is  described.  In 
the  image  forming  device  shown  in  Fig.  3,  when 
using  the  fixing  device  in  Fig.  9,  for  the  pressuriz- 
ing  roller,  the  electroconductive  silicone  rubber  with 
a  volume  resistivity  of  about  105  n*cm  was  em- 
ployed  for  the  foam,  while  for  the  electroconductive 
fluorine  resin  layer  of  the  surface  layer,  one  with  a 
volume  resistivity  of  about  1011  n*cm  and  a  thick- 
ness  of  50  /im  was  employed.  The  thickness  of  the 
elastic  material  layer  was  made  5.0  mm,  and  the 
pressurizing  roller  outer  diameter  20  mm.  In  this 
case,  the  roller  hardness  was  45°  (ASKER  C). 

When  the  pressurizing  roller  surface  potential 
during  fixing  actuation  was  measured  by  use  of  the 
pressurizing  roller  comprising  the  constitution  as 
mentioned  above,  it  was  found  to  be  substantially 
0V  to  confirm  that  charge-up  was  cancelled.  Also, 
no  off-set  appeared  by  evaluation  under  the  envi- 
ronment  of  20  °  C,  60%. 

As  described  above,  according  to  the  present 
embodiment,  by  making  the  pressurizing  roller  low- 
er  in  resistance,  in  addition  to  the  same  effects  as 
in  the  embodiment  in  Fig.  7,  charge-up  of  the 
pressurizing  roller  can  be  prevented  to  prevent  off- 
set  of  the  toner. 
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to  be  about  -100v  with  no  higher  change  being 
observed.  From  this  fact,  it  can  be  understood  that 
there  is  sufficient  effect  in  charge-up  of  the  pres- 
sure  roller  by  having  the  above-described  constitu- 
tion.  At  this  time,  in  evaluation  under  normal  tem- 
perature  and  normal  humidity  (20  °C,  60%),  no  off- 
set  image  was  generated. 

Next,  the  embodiment  in  Fig.  11  is  different 
from  the  previous  embodiment  in  applying  a  bias 
on  the  fixing  roller  and  the  pressurizing  roller. 

Concerning  off-set,  to  pay  attention  on  the  rela- 
tionship  with  the  surface  potential  of  the  roller,  in 
the  case  of  the  image  forming  device  by  use  of  a 
toner  charged  to  minus,  by  making  the  fixing  roller 
side  minus  potential  and  the  pressurizing  roller  side 
plus  potential,  an  electrical  field  is  formed  in  the 
direction  of  pressing  the  toner  against  the  record- 
ing  material,  and  therefore  it  is  effected  for  off-set 
prevention. 

Hence,  in  the  present  embodiment,  in  the  fixing 
device  as  described  in  the  embodiment  in  Fig.  10, 
by  applying  a  bias  on  the  fixing  roller  and  the 
pressurizing  roller,  off-set  prevention  can  be  made 
surer. 

In  Fig.  1  1  ,  the  fixing  roller  9  has  a  fluorine  resin 
layer  9A  on  the  surface  of  the  core  metal  9B,  and  a 
minus  bias  application  is  performed  by  a  sliding 
electrode  (not  shown)  by  use  of  a  DC  power  source 
22  as  its  core  metal  9B.  On  the  other  hand,  the 
pressurizing  roller  21  has  a  foam  which  comprises 
an  electroconductive  silicone  rubber  and  has  a 
plurality  of  holes  21  D  extending  therethrough  in  the 
roller  axis  direction  as  the  elastic  layer  21  B,  and 
has  PFA  tube  21  A  as  the  insulating  fluorine  resin 
layer  on  its  surface  layer  provided  around  the  core 
metal  21  C,  and  a  plus  bias  is  applied  through  a 
sliding  electrode  (not  shown)  from  the  DC  power 
source  23. 

In  the  case  of  the  present  embodiment,  be- 
cause  the  elastic  material  layer  of  the  pressurizing 
roller  has  low  resistance,  when  a  bias  is  applied, 
sufficient  potential  difference  can  be  created  be- 
tween  the  pressurizing  roller  surface  and  the  elastic 
material  layer  21  B,  and  therefore  an  electrical  field 
for  attracting  the  toner  charged  to  minus  toward  the 
pressurizing  roller  side  can  be  effectively  obtained. 

When  the  off-set  prevention  effect  by  external 
bias  was  confirmed  by  the  image  forming  device 
shown  in  Fig.  3,  if  there  is  a  potential  difference  of 
about  1  kV  between  the  fixing  roller  core  metal  and 
the  pressurizing  roller  core  metal  (specifically,  - 
500V  on  the  fixing  roller  side,  +  500V  on  the 
pressurizing  roller  side),  no  off-set  phenomenon 
emerged  even  under  severe  conditions  under  low 
humidity  environment  (10%). 

Next,  the  embodiment  in  Fig.  12  is  different 
from  the  embodiment  in  Fig.  1  1  in  that  an  electrical 
field  in  a  desired  direction  is  formed  between  the 

fixing  roller  and  the  pressurizing  roller  by  use  of  a 
diode  without  use  of  external  bias. 

In  Fig.  12,  the  fixing  roller  and  the  pressurizing 
roller  were  made  the  same  as  those  described  in 

5  the  embodiment  in  Fig.  11,  and  to  the  fixing  roller 
metal  core  9B  was  connected  the  diode  24  so  that 
the  fixing  roller  was  on  the  minus  side,  while  to  the 
pressurizing  roller  metal  core  21  was  connected 
the  diode  25  so  that  the  pressurizing  roller  was  on 

w  the  plus  side. 
As  for  the  function  of  the  diode  used  here,  it  is 

influenced  by  mutual  frictions  between  the  fixing 
roller,  the  pressurizing  roller,  the  recording  ma- 
terial,  the  toner,  etc.  and  the  charges  possessed  by 

75  the  respective  members,  and  the  charges  will 
move  between  the  respective  core  metals  of  the 
fixing  roller  and  the  pressurizing  roller.  In  that  case, 
due  the  presence  of  the  diode  between  the  ground, 
minus  charges  are  selectively  accumulated,  and 

20  also  plus  charges  selectively  accumulated  on  the 
pressurizing  roller  side,  whereby  the  fixing  roller 
side  is  shifted  to  the  minus  potential  and  the  pres- 
surizing  roller  side  to  the  plus  potential. 

Next,  the  experiment  conducted  on  the  basis  of 
25  the  present  embodiment  is  described.  In  the  fixing 

roller  9,  a  fluorine  resin  layer  30  pm  is  provided  on 
the  core  metal  9B.  The  pressurizing  roller  21  has 
on  the  core  metal  21  C  an  elastic  material  layer  21  B 
with  a  thickness  5.0  mm  having  a  plurality  of  holes 

30  13D  extending  therethrough  in  the  roller  axis  direc- 
tion  obtained  by  foaming  of  an  HTV  silicone  rubber 
with  a  volume  resistivity  of  about  105  fl'cm,  and  an 
insulating  PFA  tube  21  A  of  50  iim  coated  on  the 
surface  layer  with  the  roller  diameter  being  made 

35  20  mm.  For  the  diodes  connected  electrically  to 
the  respective  core  metals,  in  view  of  the  charges 
given  to  the  respective  rollers,  those  with  about  2 
kV  as  the  reverse  dielectric  strength  and  electro- 
static  capacities  of  some  pF  levels  were  employed. 

40  In  the  constitution  as  described  above,  paper 
passage  of  the  recording  material  with  the  constitu- 
tion  shown  in  Fig.  3,  whereby  the  fixing  roller 
surface  potential  became  about  -700V,  the  surface 
potential  of  the  pressurizing  roller  about  +400V, 

45  and  the  potential  difference  from  the  upper  and 
lower  rollers  about  1  .1  kV.  Practically  for  the  off-set 
image,  it  did  not  appear  also  under  low  humidity 
environment  (10%). 

Thus,  according  to  the  embodiment  in  Fig.  12, 
so  in  the  fixing  device  by  use  of  an  elastic  material 

layer  of  the  pressurizing  roller  which  has  been 
made  lower  in  resistance,  by  connecting  the  diodes 
to  the  respective  core  metals  of  the  fixing  roller  and 
the  pressurizing  roller,  a  desired  electrical  field  can 

55  be  generated  between  the  fixing  roller  and  the 
pressurizing  roller  to  prevent  the  off-set  phenom- 
enon. 

In  the  above-described  embodiments,  descrip- 

10 
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image  by  conveying  the  recording  material 
sandwiched  therebetween,  the  moving  member 
of  the  pair  of  moving  members  which  is  not  in 
contact  with  the  unfixed  image  having  an  elas- 
tic  material  layer  and  a  resin  surface  layer: 

wherein  the  mold  releasability  of  the  sur- 
face  of  the  moving  members  of  said  fixing 
means  is  better  than  that  of  the  surface  of  the 
moving  member  of  said  transfer  means. 

2.  An  image  forming  device  according  to  Claim  1  , 
wherein  said  resin  surface  layer  is  a  fluorine 
resin  layer. 

3.  An  image  forming  device  according  to  Claim  1  , 
wherein  said  elastic  material  layer  is  a  rubbery 
layer. 

4.  An  image  forming  device  according  to  Claim  2 
wherein  said  elastic  material  layer  is  a  rubbery 
layer. 

tion  has  been  made  about  the  toner  charged  to 
minus,  but  the  above-mentioned  bias  voltage,  di- 
ode,  etc.  may  be  set  to  the  opposite  polarity  in  the 
case  of  an  image  forming  device  by  use  of  a  toner 
charged  to  plus.  5 

Application  of  the  above-mentioned  bias  or  the 
diode  may  not  be  connected  to  the  both  rollers,  but 
may  also  be  done  to  only  the  pressurizing  roller 
side  or  the  fixing  roller  side. 

Whereas,  in  the  embodiments  of  the  respective  10 
fixing  devices  of  transfer  devices  as  described 
above,  description  has  been  made  as  the  rotary 
members,  but  they  can  be  also  applied  to  belt 
shapes,  etc. 

As  the  fixing  device  of  the  present  embodi-  75 
ment,  one  having  a  pair  of  rotatory  members  has 
been  shown,  but  the  present  invention  is  not  limited 
thereto,  but  it  is  also  of  course  applicable  to  the 
fixing  device  as  described  in  USSN  444,802. 

As  described  above,  according  to  the  present  20 
invention,  stable  conveyability  can  be  obtained 
without  causing  such  problems  as  image  irregular- 
ity,  winding  of  the  recording  material  around  the 
pressurizing  roller,  etc.,  and  also  forming  no  paper 
wrinkle  for  various  recording  materials  from  thin  25 
paper  to  envelope,  and  therefore  correspondence 
to  higher  speed-up  of  the  image  forming  device  is 
sufficiently  possible. 

The  image  forming  device  of  the  present  inven- 
tion  relates  to  an  image  forming  device  having  a  30 
moving  member  which  moves  while  pressing  a 
recording  material  against  an  image  carrying  mem- 
ber  as  the  means  of  transferring  the  image  on  the 
image  carrying  member  to  the  recording  material. 
Further,  the  image  forming  device  has  a  pair  of  35 
moving  members  for  fixing  the  image  by  conveying 
the  recording  material  sandwiched  therebetween,  of 
which  the  moving  member  on  the  side  not  in 
contact  with  the  unfixed  image  is  a  moving  mem- 
ber  having  an  elastic  material  layer  and  a  resin  40 
surface  layer.  Further,  the  present  invention  has  the 
surface  of  the  moving  member  of  the  fixing  means 
on  the  side  not  in  contact  with  the  unfixed  image 
which  is  better  mold  releasability  with  that  of  the 
moving  member  of  the  transfer  means.  45 

Claims 

1.  An  image  forming  device.  comprising: 
a  movable  image  carrying  member;  50 
means  for  transferring  the  image  on  said 

image  carrying  member,  said  transfer  means 
having  a  moving  member  which  moves  a  re- 
cording  material  while  pressing  it  against  said 
image  carrying  member;  and  55 

means  for  fixing  the  image  onto  the  re- 
cording  material,  said  fixing  means  having  a 
pair  of  moving  members  for  fixing  an  unfixed 

5.  An  image  forming  device  according  to  Claim  3, 
wherein  said  rubbery  layer  is  a  silicone  rubber 

25  layer. 

6.  An  image  forming  device  according  to  Claim  4, 
wherein  said  rubbery  layer  is  a  silicone  rubber 
layer. 

30 
7.  An  image  forming  device  according  to  Claim  2, 

wherein  said  fluorine  resin  layer  is  a  surface 
layer  obtained  by  coating  a  mixture  of  a  flu- 
orine  resin  and  a  fluorine  rubber  on  said  elastic 

35  layer  followed  by  calcination. 

8.  An  image  forming  device  according  to  Claim  2, 
wherein  said  resin  surface  layer  is  a  fluorine 
resin  tube  layer. 

40 
9.  An  image  forming  device  according  to  Claim  2, 

wherein  said  fluorine  resin  layer  is  a  surface 
layer  obtained  by  coating  a  fluorine  resin  on 
the  layer,  which  is  obtained  by  coating  a  mix- 

45  ture  of  a  fluorine  resin  and  a  fluorine  rubber  on 
said  elastic  layer  followed  by  calcination. 

10.  An  image  forming  device  according  to  Claim  5, 
wherein  said  rubbery  layer  is  a  foamed  ma- 
terial  layer. 50 

11.  An  image  forming  device  according  to  Claim  6, 
wherein  said  rubbery  layer  is  a  foamed  ma- 
terial  layer. 

12.  An  image  forming  device  according  to  Claim 
10,  wherein  said  resin  surface  layer  is  a  flu- 
orine  resin  tube  layer. 

11 
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13.  An  image  forming  device  according  to  Claim 
11,  wherein  said  resin  surface  layer  is  a  flu- 
orine  resin  tube  layer. 

14.  An  image  forming  device  according  to  Claim  1, 
wherein  said  elastic  material  layer  is  subjected 
to  electroconductive  treatment. 

15.  An  image  forming  device  according  to  Claim 
14,  wherein  said  elastic  material  layer  has  a 
volume  resistivity  value  of  1011  B'cm  or  less. 

16.  An  image  forming  device  according  to  Claim 
14,  wherein  said  resin  surface  layer  is  sub- 
jected  to  electroconductive  treatment. 

17.  An  image  forming  device  according  to  Claim 
16,  wherein  said  resin  surface  layer  has  a 
volume  resistivity  value  of  1012  fl'cm. 

18.  An  image  forming  device  according  to  Claim 
14,  wherein  said  elastic  material  is  a  silicone 
rubber  layer. 

19.  An  image  forming  device  according  to  Claim 
18,  wherein  said  resin  surface  layer  is  a  flu- 
orine  resin  layer. 

20.  An  image  forming  device  according  to  Claim 
19,  wherein  said  rubber  layer  is  a  foamed 
material  layer. 

21.  An  image  forming  device  according  to  Claim 
16,  wherein  said  resin  surface  layer  is  a  flu- 
orine  resin  layer. 

22.  An  image  forming  device  according  to  Claim 
14,  wherein  the  moving  member  on  the  side 
not  in  contact  with  said  unfixed  image  has  a 
core  material  earthed  beneath  said  elastic  ma- 
terial  layer. 

23.  An  image  forming  device  according  to  Claim 
14,  wherein  the  moving  member  on  the  side 
not  in  contact  with  said  unfixed  image  has  a 
core  material  earthed  beneath  said  elastic  ma- 
terial  layer. 

24.  An  image  forming  device  according  to  Claim 
16,  wherein  the  moving  member  on  the  side 
not  in  contact  with  said  unfixed  image  has  a 
core  material  earthed  beneath  said  elastic  ma- 
terial  layer. 

25.  An  image  forming  device  according  to  Claim  2, 
wherein  the  moving  member  on  the  side  in 
contact  with  the  unfixed  image  of  said  pair  of 
moving  members  has  a  fluorine  resin  surface 

layer. 

26.  An  image  forming  device  according  to  Claim  1  , 
wherein  the  moving  member  on  the  side  not  in 

5  contact  with  said  unfixed  image  is  a  rotary 
member. 

27.  An  image  forming  device  according  to  Claim 
26,  wherein  said  fixing  means  is  a  heating 

w  fixing  means. 

28.  An  image  forming  device  according  to  Claim  1  , 
wherein  the  moving  member  of  said  transfer 
means  is  a  rotary  member  having  elasticity. 

29.  An  image  forming  device  according  to  Claim 
28,  wherein  said  rotary  means  has  a  foamed 
sponge  rubber  layer  on  the  core  material,  and 
the  rubber  layer  constitutes  the  surface  layer. 

30.  An  image  forming  device  according  to  Claim 
28,  wherein  said  moving  member  is  applied 
with  a  predetermined  voltage. 

31.  An  image  forming  device  according  to  Claim 
29,  wherein  said  moving  member  is  applied 
with  a  predetermined  voltage. 

32.  An  image  forming  device  according  to  Claim 
30,  wherein  said  moving  member  is  applied 
with  a  voltage  of  the  opposite  polarity  during 
non-transfer  to  that  during  transfer. 

33.  An  image  forming  device  according  to  Claim 
31,  wherein  said  moving  member  is  applied 
with  a  voltage  of  the  opposite  polarity  during 
non-transfer  to  that  during  transfer. 

34.  An  image  forming  device  according  to  Claim 
28,  wherein  said  rotary  member  has  a  foamed 
sponge  rubber  layer  on  the  core  material,  and 
has  a  surface  rubber  layer  thereon. 

35.  An  image  forming  device  according  to  Claim  1, 
wherein  the  distance  between  said  image 
transfer  position  and  said  image  fixing  position 
is  shorter  than  the  length  of  the  recording 
material  with  the  maximum  size  to  be  used. 

36.  An  image  forming  device  according  to  Claim  1  , 
wherein  the  lubricity  of  the  surface  of  the  mov- 
ing  members  of  said  fixing  means  is  better 
than  that  of  the  surface  of  the  moving  member 
of  said  transfer  means. 

37.  An  image  forming  device  according  to  Claim 
14,  wherein  a  bias  is  applied  on  one  of  the  pair 
of  moving  members  of  said  fixing  means. 
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38.  An  image  forming  device  according  to  Claim 
14,  wherein  a  diode  is  connected  in  a  pre- 
determined  direction  to  one  of  the  pair  of  mov- 
ing  members  of  said  fixing  means. 
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