
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number  :  0  6 8 4   61  3  A 2  

EUROPEAN  PATENT  A P P L I C A T I O N  

©  Application  number  :  95303674.6 

(22)  Date  of  filing  :  30.05.95 

©  int.  ci.6  :  H01B  1/12,  G03G  15 /08  

(30)  Priority  :  27.05.94  JP  138186/94 
18.07.94  JP  187745/94 
26.07.94  JP  174567/94 
08.08.94  JP  206011/94 
08.08.94  JP  206009/94 

(43)  Date  of  publication  of  application  : 
29.11.95  Bulletin  95/48 

@  Designated  Contracting  States  : 
DE  FR  GB 

©  Applicant  :  Bridgestone  Corporation 
No.  10-1  Kyobashi  1-Chome 
Chuo-Ku 
Tokyo  (JP) 

©  Inventor  :  Nakajima,  Tadashi 
10-8,  Daita  2-chome 
Setagaya-ku,  Tokyo  (JP) 
Inventor  :  Masuda,  Yoshitomo 
5-28,  Shinmeidai  3-chome 
Hamura-shi,  Tokyo  (JP) 

74 

Inventor  :  Takagi,  Kouji 
3-3-6-305,  Ogawahigashimachi 
Kodaira-shi,  Tokyo  (JP) 
Inventor  :  Kawagoe,  Takahiro 
1302-57,  Aobadai 
Tokorozawa-shi,  Saitama-ken  (JP) 
Inventor  :  Sawa,  Eiji 
34-2-912,  Fujisawa 
Fujisawa-shi,  Kanagawa-ken  (JP) 
Inventor  :  Fukuda,  Hiroya 
1765-30,  Totsuka-cho, 
Totsuka-ku 
Yokohama-shi,  Kanagawa-ken  (JP) 
Inventor  :  Miyamoto,  Taro 
3-5-5-610,  Ogawahigashimachi 
Kodaira-shi,  Tokyo  (JP) 
Inventor  :  Kaneda,  Hiroshi 
3-21-7,  Ogawanishi-cho 
Kodaira-shi,  Tokyo  (JP) 

Representative  :  Stoner,  Gerard  Patrick  et  al 
MEWBURN  ELLIS 
York  House 
23  Kingsway 
London  WC2B  6HP  (GB) 

CM 
<  
CO 
S  

00 
CO 

©  Semiconductive  polymer  member,  method  for  making  the  same,  and  device  comprising  the  member. 

©  A  semiconductive  polymer  member  is  pro- 
vided  which  comprises  a  semiconductive 
polymer  composition,  a  polymer  matrix  and  a 
conductive  agent  so  that  the  member  has  an 
electric  resistance  ranging  from  1  x  105  XI  cm  to 
1  x  1010  XI  cm  when  measured  under  conditions 
of  a  temperature  of  from  15  to  32.5°C,  a  relative 
humidity  of  from  10  to  85%  and  a  measuring 
potential  of  from  10  to  5000  V  and  has  a 
positional  variation  in  the  electric  resistance  of 
not  larger  than  ±20%.  In  addition,  the  electric 
resistance  determined  under  conditions  of  a 
temperature  of  15°C  and  a  relative  humidity  of 
10%  is  not  larger  than  50  times  an  electric 
resistance  determined  under  conditions  of  a 
temperature  of  32.5°C  and  a  relative  humidity  of 
85%.  When  the  semiconductive  polymer  mem- 
ber  is  in  the  form  of  a  roller,  such  a  roller  is 
suitable  for  use  in  electrophotography  espe- 
cially  when  it  is  employed  in  combination  with  a 
power  supply  for  transfer  devices,  or  a  constant 
current  or  voltage  power  supply. 

LU 

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



1 EP  0  684  613  A2 2 

This  invention  relates  to  a  semiconductive  poly- 
mer  member  which  is  useful  in  image-forming  devic- 
es.  The  invention  also  relates  to  a  method  for  making 
such  a  member  as  mentioned  above  and  to  an  image- 
forming  device  comprising  the  same. 

Description  of  the  Related  Art 

In  the  recent  progress  of  electronic  techniques, 
there  is  an  increasing  demand  for  antistatic  techni- 
ques  for  packaging  materials  and  impact  absorbing 
materials  which  are  used  to  protect  electronic  parts 
therewith.  Further,  the  recent  progress  of  electropho- 
tographic  techniques  also  results  in  an  increasing  de- 
mand  for  semiconductive  members  used  in  electro- 
photographic  processes.  Especially,  attention  has 
been  drawn  to  elastic  rollers  which  are  utilized  such 
as  in  developing  and/or  transferring  processes.  The 
semiconductive  members  used  in  this  field  should 
have  not  only  a  predetermined  level  of  electric  resis- 
tance,  but  also  reduced  positional  variations  in  the 
electric  resistance,  a  reduced  degree  of  applied  vol- 
tage  dependence  of  the  electric  resistance,  a  reduced 
width  of  variations  in  electric  resistance  occurring  be- 
tween  low  temperature  and  low  humidity  conditions 
and  high  temperature  and  high  humidity  conditions, 
and  a  reduced  width  of  variations  in  electric  resis- 
tance  on  continuous  application  of  an  electric  current. 

The  semiconductive  members  which  have  been 
hitherto  used  in  such  fields  as  set  out  hereinabove  in- 
clude  polymer  members  wherein  powdery  or  whisker 
particles  of  metals  or  metal  oxides  are  formulated  in 
polymer  materials  or  matrices  such  as  polymeric  elas- 
tomers  or  polymeric  foams.  Alternatively,  fillers  such 
as  carbon  black  are  incorporated  in  such  materials,  so 
that  the  resistance  of  the  member  is  appropriately 
controlled.  However,  this  type  of  polymer  material  has 
the  problems  that  the  electric  resistance  suffers  great 
positional  variations,  i.e.  it  greatly  varies  depending 
on  the  position  being  measured,  and  that  the  electric 
resistance  greatly  depends  on  the  measuring  voltage. 

Moreover,  polymer  members  whose  resistance  is 
controlled  at  a  predetermined  level  are  known  where- 
in  polymer  materials  such  as  polymeric  elastomers 
and  polymeric  foams  are  formulated  with  conductive 
additives  and/or  antistatic  agents  such  as  hydrophilic 
polyethers  or  polyesters.  Such  conductive  additives 
include,  for  example,  inorganic  ionic  substances  such 
as  lithium  perchlorate,  sodium  perchlorate  and  cal- 
cium  perchlorate  and/or  organic  ionic  substances  in- 
cluding  cationic  surface  active  agents  such  as  laur- 
yltrimethylammonium  chloride,  stearyltrimethylam- 
monium  chloride,  octadecyltrimethylammonium 
chloride,  dodecyltrimethylammonium  chloride,  hexa- 
decyltrimethylammonium  chloride,  modified  aliphatic 
group/dimethylethylammonium  ethosulfate  and  the 
like,  amphoteric  surface  active  agents  such  as  lauryl 
betaine,  stearyl  betaine,  dimethylalkyllauryl  betaine 

and  the  like,  and  quaternary  ammonium  salts  such  as 
tetraethylammonium  perchlorate,  tetrabutylammoni- 
um  perchlorate,  tetrabutylammonium  borofluoride 
and  the  like.  This  type  of  polymeric  member  has  the 

5  problem  that  the  width  of  variations  in  electric  resis- 
tance  is  great  when  the  resistance  is  determined  both 
under  low  temperature  and  low  humidity  conditions 
and  under  high  temperature  and  high  humidity  condi- 
tions. 

10  The  polymer  member  should  have  a  low  hard- 
ness  in  order  to  obtain  high-quality  images.  The  low 
hardness  requirement  of  the  polymer  member  is  usu- 
ally  achieved  according  to  several  methods.  Such 
methods  include,  for  example,  a  method  wherein 

15  foams  are  incorporated  in  the  member  to  provide  a 
foamed  body,  a  method  wherein  the  amount  of  carbon 
black  used  as  a  reinforcing  material  is  reduced  or  a 
member  is  altered  as  having  a  low  grade  of  reinforce- 
ment,  and  a  method  wherein  plasticizers  such  as  oils 

20  are  added.  However,  disadvantages  are  involved  in 
the  method  for  making  the  foamed  body,  the  use  of  a 
reinforcing  material  in  reduced  amounts  or  the  alter- 
ation  in  type  of  a  reinforcing  material  in  that  the  resul- 
tant  member  lowers  in  breaking  force.  This  type  of 

25  member  is  ordinarily  used  in  a  condition  where  it  is  ap- 
plied  with  a  load  of  not  less  than  500  g.  Accordingly, 
when  the  breaking  force  is  lower  than  2.2  kgf/cm2,  the 
member  will  become  broken  in  a  long-term  use.  Es- 
pecially,  when  the  tensile  of  breakage  is  below  2 

30  kgf/cm2,  a  frequency  of  breakage  undesirably  in- 
creases. 

The  general  aim  herein  is  to  provide  new  and  use- 
ful  conductive  polymeric  materials,  members  made 
from  them  and  methods  of  preparing  them. 

35  It  is  one  preferred  aspect  herein  to  provide  a  sem- 
iconductive  polymer  member  which  overcomes  the 
drawbacks  of  the  prior  art  counterparts  and  can  stand 
use  under  conditions  as  required  for  this  type  of  con- 
ductive  polymer  member. 

40  It  is  another  preferred  aspect  herein  to  provide  a 
method  for  making  the  member  of  the  type  mentioned 
above. 

It  is  another  preferred  aspect  herein  to  provide  a 
device  which  is  adapted  for  use  in  charging,  transfer- 

45  ring  and/or  developing  operations  as  comprising  a 
semiconductive  polymer  member. 

It  is  another  preferred  aspect  herein  to  provide  a 
roller  for  use  in  electrophotography  which  comprises 
a  semiconductive  polymer  member  whereby  the  prior 

so  art  disadvantages  involved  in  ordinarily  employed 
rollers  in  the  field  of  electrophotography  can  be  over- 
come. 

We  have  made  intensive  studies  and,  as  a  result, 
found  that  when  an  electron  acceptor  capable  of  form- 

55  ing  a  charge  transfer  complex  is  added  to  polymer 
materials  or  matrices,  such  as  polymeric  elastomers 
or  polymeric  foams,  typical  of  which  are  polyur- 
ethanes,  a  useful  semiconductive  polymer  member  is 
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obtained  from  the  polymer  material  in  which  the  ac- 
ceptor  is  included.  It  may  for  example  show  a  volume 
electrical  resistance  which  ranges  from  1  x  105  Q-cm 
to  1  x  1010  Q-cm  when  measured  under  conditions  of 
a  temperature  of  from  15  to  32.5°C,  a  relative  humid- 
ity  of  from  10  to  85%  and  a  measuring  potential  of 
from  1  0  to  5000  V.  The  polymer  member  may  have 
low  positional  variation  in  the  electric  resistance 
and/or  low  width  of  variations  in  the  electric  resis- 
tance  as  determined  under  low  temperature  and  low 
humidity  conditions  and  under  high  temperature  and 
high  humidity  conditions. 

Thus,  according  to  a  first  embodiment  of  the  in- 
vention,  there  is  provided  a  semiconductive  polymer 
member  which  is  made  of  a  semiconductive  polymer 
composition  which  comprises  a  polymer  matrix  and 
preferably  further  at  least  one  member  selected  from 
the  group  consisting  of  electron  acceptors  capable  of 
forming  charge  transfer  complexes  and  charge  trans- 
fer  complexes,  and  which  has  an  electric  resistance 
ranging  from  1  x  105  Q-cm  to  1  x  1010  Q-cm  when 
measured  under  conditions  of  a  temperature  of  from 
15  to  32.5°C,  a  relative  humidity  of  from  10  to  85% 
and  a  measuring  potential  of  from  10  to  5000  V  and 
has  a  positional  variation  in  the  electric  resistance  of 
not  larger  than  +20%,  and  wherein  an  electric  resis- 
tance  determined  under  conditions  of  a  temperature 
of  15°C  and  a  relative  humidity  of  10%  is  not  larger 
than  50  times  an  electric  resistance  determined  un- 
der  conditions  of  a  temperature  of  32.5°C  and  a  rela- 
tive  humidity  of  85%. 

We  have  also  found  that  in  the  fabrication  of  a 
semiconductive  polymer  member  made  of  a  polymer 
material  obtained  by  reaction  between  a  polyol  com- 
ponent  and  an  isocyanate  component  and  shaping 
the  polymer  material  in  a  given  form,  an  electron  ac- 
ceptor  capable  of  forming  a  charge  transfer  complex 
is  added  to  the  isocyanate  component  as  a  conduc- 
tivity-imparting  agent  to  obtain  a  semi-conductive 
polymer  composition  which  has  such  an  electric  resis- 
tance  that  a  volume  resistance  ranges  from  1  x  1  05  Q 
■cm  to  1  x  1010  Q  cm  when  determined  under  condi- 
tions  of  a  temperature  of  15  to  32.5°C  and  a  relative 
humidity  of  10  to  85%  at  a  measuring  potential  of  10 
to  5000  V.  In  addition,  the  semiconductive  polymer 
member  has  a  reduced  positional  variation  in  the 
electric  resistance  and  a  reduced  width  of  variations 
in  the  electric  resistance  as  determined  under  low 
temperature  and  low  humidity  conditions  and  under 
high  temperature  and  high  humidity  conditions. 

Accordingly,  according  to  a  second  embodiment 
of  the  invention,  there  is  provided  a  method  for  pre- 
paring  a  semiconductive  polymer  member  which 
comprises  providing  a  polyurethane-preparing  com- 
position  containing  a  polyol  component,  an  isocyan- 
ate  component  and  a  conductivity-imparting  agent 
and  reacting  the  polyol  component  and  the  isocyan- 
ate  component,  characterized  in  that  the  conductivity- 

imparting  agent  consists  of  an  electron  acceptor  ca- 
pable  of  forming  a  charge  transfer  complex  and  that 
the  electron  acceptor  is  added  by  dissolution  in  the 
isocyanate  component. 

5  In  the  above  method,  when  the  polyol  is  used  in 
the  form  of  a  prepolymer  and  the  polyurethane-pre- 
paring  composition  is  foamed  according  to  a  mechan- 
ical  frothing  method,  the  semiconductive  polymer  can 
be  effective  prepared. 

10  Thus,  according  to  a  third  embodiment  of  the  in- 
vention,  there  is  also  provided  a  method  for  preparing 
a  semiconductive  polymer  member  which  comprises 
providing  a  polyurethane-preparing  composition  con- 
taining  a  polyol  component,  an  isocyanate  compo- 

15  nent  and  a  conductivity-imparting  agent  and  reacting 
the  polyol  component  and  the  isocyanate  component, 
wherein  the  conductivity-imparting  agent  consists  of 
an  electron  acceptor  capable  of  forming  a  charge 
transfer  complex,  the  polyol  is  prepolymerized,  and 

20  the  composition  is  foamed  according  a  mechanical 
frothing  method  and  is  subjected  to  the  reaction. 

It  has  also  been  found  that  where  the  semicon- 
ductive  polymer  member  of  the  invention  is  applied  to 
a  charging,  transferring  and/or  developing  device,  a 

25  power  supply  used  for  this  purpose  is  effectively  one 
which  is  able  to  detect  environmental  conditions 
and/or  a  load  resistance  and  control  power  condi- 
tions.  Such  a  power  source  includes,  for  example,  a 
power  source  for  transfer  devices,  a  constant  current 

30  power  supply  or  a  constant  voltage  power  supply. 
According  to  a  fourth  embodiment  of  the  inven- 

tion,  there  is  provided  a  transfer  device  which  com- 
prises  means  including  a  semiconductive  member 
which  is  made  of  a  semiconductive  polymer  compo- 

35  sition  comprising  a  polymer  matrix  and  an  electron 
acceptor  capable  of  forming  a  charge  transfer  com- 
plex  and/or  a  charge  transfer  complex  and  to  which  a 
bias  voltage  is  applicable,  and  a  power  supply  for 
transfer  devices  associated  with  the  means  to  detect 

40  environmental  conditions  and/or  a  load  resistance  of 
the  means  thereby  appropriately  controlling  power 
supply  conditions  applied  to  the  means. 

According  to  a  fifth  embodiment  of  the  invention, 
there  is  provided  a  device  which  comprises  means  in- 

45  eluding  a  semiconductive  member  which  is  made  of 
a  semiconductive  polymer  composition  comprising  a 
polymer  matrix  andan  electron  acceptor  capable  of 
forming  a  charge  transfer  complex  and/or  a  charge 
transfer  complex  and  to  which  a  bias  voltage  is  appli- 

50  cable,  and  a  constant  current  power  supply  associat- 
ed  with  the  means. 

According  to  a  sixth  embodiment  of  the  invention, 
there  is  provided  a  device  which  comprises  means  in- 
cluding  a  semiconductive  member  which  is  made  of 

55  a  semiconductive  polymer  composition  comprising  a 
polymer  matrix  and  an  electron  acceptor  capable  of 
forming  a  charge  transfer  complex  and/or  a  charge 
transfer  complex  and  to  which  a  bias  voltage  is  appli- 
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cable,  and  a  constant  voltage  power  supply  associat- 
ed  with  the  means. 

Other  objects,  features  and  advantages  of  the  in- 
vention  will  become  apparent  from  the  following  de- 
scription. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  schematic  side  view  of  a  roller  compris- 
ing  a  semiconductive  polymer  member  according 
to  the  invention;  and 
Fig.  2  is  a  schematic  view  showing  an  image- 
forming  device  having  charging,  transferring  and 
developing  rollers  embodying  the  invention. 

PREFERRED  AND  OPTIONAL  FEATURES; 
FURTHER  EXPLANATIONS 

A  semiconductive  polymer  member  is  made  of  a 
polymer  material  to  which  a  conductivity-imparting 
agent  is  added.  The  member  has  such  an  electric  re- 
sistance  that  its  volume  resistance  ranges  from  1  x 
105  Q-cm  to  1  x  1010  Q-cm  when  determined  under 
conditions  of  a  temperature  of  15  to  32.5°C  and  a  rel- 
ative  humidity  of  10  to  85%  at  a  measuring  potential 
of  10  to  5000  V.  The  positional  variation  in  the  electric 
resistance  is  within  +20%,  preferably  within  +10%  and 
the  electric  resistance  under  low  temperature  and  low 
humidity  conditions  of  15°C  and  10%  is  not  higher 
than  50  times,  preferably  not  higher  than  40  times, 
that  determined  under  high  temperature  and  high  hu- 
midity  conditions  of  32.5°C  and  85%. 

Examples  of  the  polymer  material  include  resins 
such  as  polyethylene,  polypropylene,  polyurethane 
and  the  like,  natural  rubber,  and  synthetic  rubbers 
such  as  butadiene  rubber,  styrene-butadiene  rubber, 
isoprene  rubber,  EPDM  (ethylene-  propylene-  dieno- 
methylene  rubber),  NBR(nitril-butadiene  rubber)  and 
the  like.  The  foams  of  these  resins  and  rubbers  may 
also  be  used.  Especially,  polymeric  foams  or  elasto- 
mers  are  preferred  in  the  practice  of  the  invention,  of 
which  urethane  foams  or  elastomers  are  more  prefer- 
red. 

Where  polymeric  foams  are  obtained,  the  foam- 
ing  method  is  not  critical.  Preferably,  there  are  used 
a  method  wherein  foaming  agents  are  employed  for 
rubber  members  and  a  method  wherein  foaming 
agents  are  used  or  foams  are  incorporated  by  mech- 
anical  agitation  especially  for  urethane  members.  The 
method  using  the  mechanical  agitation  is  called  a 
mechanical  frothing  method.  The  method  for  making 
rubber  members  is  not  critical.  Preferably,  a  rubber 
material  is  mixed  with  conductive  materials  (i.e,  con- 
ductivity-imparting  agents),  crosslinking  agents  such 
as  sulfur,  peroxides  and  the  like,  reinforcing  agents 
such  as  carbon  black,  antioxidants,  crosslinking  reac- 
tion  promoters  and  the  like,  followed  by  thermal  cur- 
ing.  The  method  for  making  a  urethane  member  is  not 

critical  as  well.  It  is  preferred  to  mix  chain  propagating 
agents  and  curing  agents  with  the  above-mentioned 
conductivity-imparting  agents,  reinforcing  agents 
such  as  carbon  black,  catalysts  for  crosslinkage  and 

5  the  like,  followed  by  thermal  curing.  Examples  of  the 
propagating  agent  include  polyether  polyols,  polyest- 
er  polyols,  polybutadiene  polyols,  polyisoprene  poly- 
ols,  polyols  obtained  by  addition  polymerization  be- 
tween  glycerine  and  polyethylene  oxide  or  polypropy- 

10  lene  oxide,  ethylene  glycol,  propanediol,  butanediol 
and  the  like.  Examples  of  the  curing  agent  include  tol- 
ylene  diisocyanate  (TDI),  liquid  MDI  compounds  such 
as  diphenyl  methane  diisocyanate  (MDI),  crude  diphe- 
nylmethane  diisocyanate  (crude  MDI),  urethoneimine 

15  -  modified  phenylmethane  diisocyanate  and  the  like, 
and  isophorone  diisocyanate.  The  ratio  by  equiva- 
lence  between  the  isocyanate  component  and  the 
polyol  component  is  in  the  range  of  0.8:1  to  1  .5:1  ,  pre- 
ferably  1:1  to  1.2:1. 

20  When  the  curing  agent  used  for  the  urethane 
foams  is  not  tolylene  diisocyanate,  but  a  liquid  MDI 
compound  such  as  crude  diphenylmethane  diiso- 
cyanate  (crude  MDI),  urethaneimine-modified  diphe- 
nylmethane  diisocyanate,  carbodiimide-modified  di- 

25  phenylmethane  diisocyanate,  urethone-modified  di- 
phenylmethane  diisocyanate  and/or  hydrogenated 
products  thereof,  a  stain  resistance  against  photo- 
sensitive  materials  can  significantly  lower.  Of  these 
liquid  MDI  compounds,  the  crude  diphenylmethane 

30  diisocyanate  (crude  MDI)  is  preferred  in  view  of  the 
stain  resistance  against  photosensitive  material. 
More  preferably,  the  crude  MDI  should  have  at  least 
three  functional  groups. 

For  the  fabrication  of  urethane  members,  it  is  pre- 
35  ferred  to  use  a  mold  having  a  given  dimension.  By 

this,  a  smooth  surface  layer  (so-called  self  skin  and/or 
integral  skin)  is  formed. 

The  term  "self  skin"  means  a  very  thin  film  formed 
in  the  following  manner:  when  a  material  is  poured 

40  into  a  mold  made  of  a  metal  or  other  material  and  is 
set  therein,  a  very  thin  film  is  invariably  formed  at  por- 
tions  contacting  the  mold. 

Accordingly,  the  skin  is  usually  very  thin  and  has, 
at  most,  a  thickness  of  1  to  800  urn.  The  skin  has  sub- 

45  stantially  the  same  physical  properties  such  as  a  den- 
sity,  strength  and  the  like,  as  the  inside  material. 

With  the  foam  materials  in  which  foams  are  incor- 
porated  mechanically,  the  reaction  is  substantially 
completed  in  the  mold.  Accordingly,  this  skin  differs 

so  from  a  so-called  integral  skin  foam  which  is  formed  by 
use  of  a  specific  type  of  integral  foaming  formulation 
in  the  preparation  of  urethanes  or  by  controlling  mold- 
ing  conditions,  under  which  while  a  urethane  reaction 
is  caused  to  occur,  the  density  or  the  number  of  cells 

55  are  continuously  changed  between  the  inside  foams 
and  the  foams  in  or  on  the  surfaces,  thereby  changing 
physical  properties  therebetween.  Usually,  the  self 
skin  foam  is  lower  in  hardness  than  the  integral-skin 
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foam.  The  thus  fabricated  urethane  member  of  the  in- 
vention  having  a  self-skin  layer  have  the  following 
physical  properties. 

Resistance  (both  inside  and  surface  side): 
1  x  105  to  1  x  1010Qcm 
Average  cell  size  (both  inside  and  surface 

side): 
3  to  300  urn 
Density  (both  inside  and  surface  side): 
0.3  to  0.8  g/cm3 

If  necessary,  the  member  may  be  fabricated  as 
having  an  integral-skin  foam  structure  or  pattern.  In 
this  case,  the  physical  properties  at  the  inside  and 
surface  sides  may  be  controlled  within  the  following 
ranges,  respectively. 

Density:  0.3  to  0.8  g/cm3  for  inside  foam  and 
0.6  to  1  .1  g/cm3  for  surface  foam 

Skin  thickness:  0.3  mm  to  3  mm  as  a  surface 
foam 

Average  cell  size:  200  to  300  urn  for  inside 
foam  and  1  to  1  00  urn  for  surface  foam 

A  semiconductive  polymer  member  is  made  of  a 
polymer  matrix  to  which  a  conductivity-imparting 
agent  is  added.  In  the  practice  of  the  invention,  the 
conductivity-imparting  agent  is  favorably  an  electron 
acceptor  capable  of  forming  a  charge  transfer  com- 
plex.  By  the  addition  of  the  electron  acceptor,  the  ob- 
jects  of  the  invention  can  be  achieved. 

The  electron  acceptors  capable  of  forming 
charge  transfer  complexes  include  tetracyanoethy- 
lene,  tetracyanoquinodimethane,  benzoquinone, 
chloroanil,  anthraquinone,  anthracene,  dichlorodi- 
cyanobenzoquinone,  ferrocene,  phthalocyanine  and 
the  like.  For  the  purpose  of  improving  the  miscibility 
with  polymer  materials,  derivatives  of  these  com- 
pounds  are  preferably  used.  The  compounds  or  der- 
ivatives  may  be  used  singly  or  in  combination.  Of 
these,  tetracyanoquinodimethane  or  tetracyanoethy- 
lene  is  preferred.  The  electron  acceptor  may  be  used 
in  the  form  of  complexes  with  electron  donors  such  as 
tetrathiafluvalene,  lithium  and  the  like. 

The  electron  acceptor  is  preferably  added  to  the 
polymer  matrix  in  an  amount  of  0.001  to  20  parts  by 
weight,  preferably  from  0.01  to  1  part  by  weight,  per 
1  00  parts  by  weight  of  the  matrix. 

Aside  from  the  electron  acceptor,  there  may  be 
added  other  types  of  additives  inappropriate 
amounts. 

Examples  of  such  additives  include  known  con- 
ductive  fillers  such  as  carbon  black,  metallic  pow- 
ders,  metal  oxides  and  the  like,  ionic  conductive 
agents  including  inorganic  substances  such  as  li- 
thium  perchlorate  and  organic  ionic  substances  such 
as  quaternary  ammonium  salts,  cationic  surface  ac- 
tive  agents,  anionic  surface  active  agents,  ampholyt- 
ic  surface  active  agents  such  as  various  types  of  be- 
taines,  and  nonionic  antistatic  agents  such  as  hydro- 
philic  polyethers  and  polyesters.  With  the  urethane 

member,  it  is  preferred  that  the  polyol  component  is 
preliminarily  prepolymerized  with  isocyanates. 

In  view  of  solubility,  the  electron  acceptors  capa- 
ble  of  forming  charge  transfer  complexes  cannot  be 

5  added  to  polyols,  but  is  preferably  added  after  disso- 
lution  in  isocyanate  components  including  tolylene 
diisocyanate  (TDI),  liquid  MDI's  such  as  diphenylme- 
thane  diisocyanate  (MDI),  crude  diphenylmethane 
diisocyanate  (crude  MDI),  urethoneimine  -  modified 

10  diphenylmethane  diisocyanate  and  the  like,  and  iso- 
phorone  diisocyanate. 

Preferable  carbon  black  includes  Ketjen  black, 
acetylene  black,  oil  furnace  black,  thermal  carbon, 
channel  black  or  the  like.  More  preferably,  carbon 

15  black  should  have  a  DBP  absorption  of  not  less  than 
40  ml/100  g  and  a  surface  area  of  not  less  than  10 
m2/g  when  measured  according  to  a  nitrogen  absorp- 
tion  technique  and  a  content  of  volatile  matters  of  not 
higher  than  10%  when  heated  at  970°C  for  7  minutes. 

20  This  is  considered  for  the  reason  that  when  carbon 
black  having  such  oil  absorption  and  surface  area  as 
defined  above  is  formulated,  matters  to  be  bled  from 
the  polymer  matrix  are  effectively  absorbed  in  the 
carbon  black  present  therein,  not  permitting  the  mat- 

25  ters  to  be  bled  to  the  surface  of  the  member.  When 
carbon  black  having  a  volatile  matter  content  exceed- 
ing  the  above  range,  the  matter  bled  from  carbon 
black  itself  migrates  toward  the  surface  of  the  mem- 
ber. 

30  The  inorganic  salts  preferably  include  perchlor- 
ates,  hydrochlorides,  hydroborof  luorides  and  sulfates 
of  alkali  metals  and/or  alkaline  earth  metals  such  as 
lithium,  sodium,  potassium,  calcium  and  the  like. 

Examples  of  the  quaternary  ammonium  salts  in- 
35  elude  perchlorates,  hydrochlorides,  hydroborofluor- 

ides,  sulfates  and  ethosulfates  of  quaternary  ammo- 
niums  such  as  lauryltrimethylammonium,  stearyltri- 
methylammonium,  dodecyltrimethylammonium,  hex- 
adecylammonium,  modified  aliphatic  dimethylethy- 

40  lammonium,  tetraethylammonium,  tetrabutyl-ammo- 
nium  and  the  like.  The  electron  acceptors  capable  of 
forming  charge  transfer  complexes  are  not  critical  in 
type  and  preferably  include  tetracyanoethylene 
and/or  derivatives  thereof,  tetracyanoquinodime- 

45  thane  and/or  derivatives  thereof,  benzoquinone 
and/or  derivatives  thereof,  anthraquinone  and/or  der- 
ivatives  thereof,  anthracene  and/or  derivatives  there- 
of,  dichlorodicyanobenzoquinone  and/or  deriva-tives 
thereof,  ferrocene  and/or  derivatives  thereof,  and 

so  phthalocyanine  and/or  derivatives  thereof. 
Semiconductive  polymer  members  proposed 

here  are  found  to  exhibit  stable  variations  of  electric 
resistance  against  a  voltage  being  applied.  Prefer- 
ably,  the  variation  should  be  not  greater  than  two 

55  times,  more  preferably  not  greaterthan  1  .2  times,  the 
lowest  electric  resistance  within  a  certain  voltage  be- 
ing  applied.  More  particularly,  polymer  members 
which  are  imparted  with  electric  conductivity  by  addi- 
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tion  of  fillers  such  as  carbon  black,  metallic  powders, 
metal  oxides  and  the  like  undergo  a  great  variation  in 
electric  resistance  in  relation  to  the  variation  in  ap- 
plied  voltage.  For  instance,  when  the  applied  voltage 
is  at  10  V,  the  electric  resistance  reaches  a  level  as 
high  as  five  times  the  electric  resistance  determined 
at  an  applied  voltage  of  5000  V.  A  semiconductive 
polymer  member  as  proposed  here  may  have  a  de- 
pendence  of  the  electric  resistance  on  a  measuring 
voltage  that  the  electric  resistance  measured  at  1  0  V 
is  not  greater  than  two  times  the  electric  resistance 
measured  at  5000  V.  This  is  very  beneficial  when  the 
semiconductive  polymer  member  is  applied  to  image- 
forming  devices  used,  for  example,  in  electrophotog- 
raphy  particularly  in  the  form  of  rollers  of  transfer  de- 
vices  and  developing  devices. 

The  semiconductive  polymer  member  of  the  in- 
vention  should  preferably  comprise,  as  a  polymer  ma- 
trix,  a  polyurethane  foam  which  has  a  breaking 
strength  of  not  lower  than  2  kgf/cm2,  preferably  not 
lower  than  2.2  kgf/cm2,  and  an  Ascar  hardness  of  not 
larger  than  50°  ,  preferably  not  larger  than  42°.  This 
polyurethane  foam  is  preferably  formed  from  a  prepo- 
lymerized  polyol  wherein  the  foaming  is  effected  ac- 
cording  to  a  mechanical  frothing  method. 

Semiconductive  polymer  members  as  proposed 
herein  are  found  to  be  effective  as  packing  members 
having  an  antistatic  function,  impact  absorbing  mem- 
bers  having  an  antistatic  function,  and  semiconduc- 
tive  members  to  be  used  in  electrophotographic  proc- 
esses,  e.g.  elastic  rollers  for  charging,  developing  and 
transferring  devices. 

As  stated  hereinbefore,  the  present  invention  pro- 
vides  a  charging,  transferring  or  developing  device 
which  comprises  a  charging,  transferring  or  develop- 
ing  member  comprising  a  semiconductive  member 
which  is  made  of  a  polymer  matrix  and  an  electron  ac- 
ceptor  capable  of  forming  a  charge  transfer  complex 
and/or  a  charge  transfer  complex  and  which  is  appli- 
cable  with  a  bias  voltage,  and  a  power  supply  for 
transfer  devices  for  detecting  environmental  condi- 
tions  and/or  a  load  resistance  to  appropriately  control 
power-supplying  conditions. 

In  the  above  device,  the  power  supply  may  be  a 
constant  current  power  supply  or  a  constant  voltage 
power  supply  for  the  reasons  as  will  be  described 
hereinafter. 

The  charging,  transferring  and  developing  mem- 
bers  used,  respectively,  in  charging,  transferring  and 
developing  devices  of  the  invention  make  use  of  the 
semiconductive  polymer  member  set  out  hereinbe- 
fore  and  are  not  critical  in  shape.  Usually,  these  mem- 
bers  are  in  the  form  of  a  roller  having  a  metal  core  or 
shaft  at  a  central  portion  thereof.  This  is  particularly 
shown  in  Fig.  1  .  In  the  figure,  a  roller  R  includes  a  met- 
al  core  10  positioned  at  a  central  portion  thereof  and 
a  semiconductive  polymer  member  12  to  cover  a  nec- 
essary  portion  of  the  core  10  therewith. 

The  manner  of  shaping  the  roller  is  not  critical. 
Usual  practice  is  to  use  a  method  wherein  grind  stone 
is  used  for  polishing  or  a  method  which  makes  use  of 
a  mold  for  an  intended  shape  of  roller  thereby  obtain- 

5  ing  a  self-skin-bearing  foam  or  elastomer  roller. 
From  the  standpoint  of  environmental  stability, 

noise  prevention  and  image  improvement,  the  charg- 
ing,  transferring  or  developing  member  may  further 
comprise,  on  the  semiconductive  polymer  member 

10  12,  at  least  one  conductive,  semiconductive  or  insu- 
lating  film  layer  14  as  is  particularly  shown  in  Fig.  1 
wherein  only  one  additional  layer  is  depicted.  The  lay- 
er  14  is  preferably  made  of  nylons  (polyamides).  More 
preferably,  an  interpolyamide  or  interpolymer-type 

15  nylon  having  not  less  than  15  wt%  of  nylon  12  is  em- 
ployed,  by  which  charging  and  environmental  stability 
is  improved.  The  interpolyamide  should  preferably 
have  a  melting  point  not  higher  than  120°C,  more  pre- 
ferably  70  to  120°C  and  most  preferably  90  to  110°C. 

20  The  film  layer  is  not  critical  with  respect  to  volume  re- 
sistivity.  Preferably,  the  volume  resistivity  is  in  the 
range  of  from  106  to  1013Q-cm.  In  order  to  control  the 
volume  resistivity,  at  least  one  of  carbon  black  and 
metal  oxides  such  as  tin  oxide,  titanium  oxide  and  the 

25  like  may  be  added  in  the  form  of  particles. 
Moreover,  it  is  preferred  that  the  film  layer  is 

formed  of  a  urethane-modified  acrylic  resin  contain- 
ing  from  5  to  70  wt%  of  an  acrylic  resin  component. 
The  acrylic  resin  component  should  preferably  have 

30  a  glass  transition  temperature  of  from  room  temper- 
ature  to  80°C.  The  film  layer  is  not  critical  with  respect 
to  volume  resistivity.  The  volume  resistivity  is  prefer- 
ably  in  the  range  of  f  rami  06  to  1  013  Q-cm.  In  this  case, 
the  volume  resistivity  can  be  appropriately  controlled 

35  by  adding  at  least  one  of  carbon  black  and  metal  ox- 
ides  such  as  tin  oxide,  titanium  oxide  and  the  like  in 
the  form  of  particles.  It  is  also  preferred  to  add  from 
1  to  50  wt%  of  a  silicone  component  to  the  urethane- 
modified  acrylic  resin. 

40  If  particles  having  a  size  of  35  to  1  00  urn  are  pro- 
vided  in  the  vicinity  of  the  surface  of  a  body  to  be 
charged,  for  example,  in  an  electrophotographic  sys- 
tem,  thereby  reducing  noises  of  the  system.  The  par- 
ticles  used  are  not  critical  and  may  be  either  insulat- 

45  ing  or  conductive  in  nature.  Insulating  particles  may 
be  each  covered  with  a  conductive  film  or  elastic  ma- 
terial.  The  particles  are  not  critical  in  amount  and  are 
preferably  used  in  an  amount  of  3  to  50  parts  by 
weight  per  100  parts  by  weight  of  a  polymer  capable 

so  of  forming  the  film  or  elastic  material. 
An  electrophotographic  system,  as  used  above, 

which  comprises  charging,  transferring  and  develop- 
ing  rollers  to  be  used  in  connection  with  a  power  sup- 
ply  set  out  hereinbefore  is  briefly  described  with  ref- 

55  erence  to  Fig.  2.  Fig.  2  shows  an  electrophotographic 
system  E.  The  system  E  includes  a  photosensitive 
drum  1  ,  a  charging  roller  2,  a  developing  roller  3  and 
a  transfer  roller  4  each  in  contact  or  association  with 

6 



11 EP  0  684  613  A2 12 

the  photosensitive  drum  1  as  shown.  The  rollers  2,  3 
and  4  are,  respectively,  connected  to  one  power  sup- 
ply  or  individual  power  supplies  (not  shown),  thereby 
making  charging,  transferring  and  developing  devic- 
es  of  the  invention.  In  operation,  the  drum  1  is  uni-  5 
formly  charged  with  the  roller  2  and  a  latent  image- 
wise  pattern  is  formed  on  the  drum  1  by  means  of  a 
laser  beam  6,  followed  by  development  by  means  of 
the  developing  roller  3  in  a  toner  box  7.  The  resultant 
visible  image  is  transferred  to  a  transfer  sheet  5  with  10 
the  aid  of  the  roller  4. 

The  charging,  transferring  and  developing  devic- 
es  proposed  here  undergo  a  reduced  variation  be- 
tween  the  electric  resistances  determined  under  high 
temperature  and  high  humidity  conditions  and  under  15 
low  temperature  and  low  humidity  conditions  when 
compared  with  existing  devices  comprising  a  hitherto 
employed  member  which  is  imparted  with  semicon- 
ductivity  by  addition  of  inorganic  ionic  conductive 
agents.  However,  the  variation  attained  by  the  devic-  20 
es  of  the  invention  is  not  suppressed  to  an  extent  as 
attained  by  devices  which  are  made  using  a  member 
which  is  imparted  with  semiconductivity  by  addition  of 
carbon  black  or  metal  oxide  particles.  Accordingly, 
the  charging,  transferring  and  developing  devices  25 
proposed  here  preferably  include  a  power  supply  ca- 
pable  of  detecting  environmental  conditions  (includ- 
ing  temperature  and  humidity)  and/or  a  load  resis- 
tance  to  control  power  supply  conditions.  More  partic- 
ularly,  where  the  load  resistance  is  great  and/or  under  30 
environmental  conditions  such  as  of  low  temperature 
and  low  humidity  where  the  load  resistance  becomes 
great,  it  is  preferred  that  a  power  supply  is  so  control- 
led  that  the  voltage  becomes  high.  On  the  contrary, 
with  a  small  load  resistance  and/or  under  environ-  35 
mental  conditions  such  as  of  high  temperature  and 
high  humidity  where  the  load  resistance  becomes 
small,  it  is  preferred  to  control  a  power  supply  thereby 
suppressing  a  voltage  to  a  low  level.  For  instance,  the 
voltage  is  controlled  within  such  a  range  that  the  vol-  40 
tage  of  the  power  supply  under  low  temperature  and 
low  humidity  conditions  and/or  at  a  great  load  resis- 
tance  is  2  to  100  times,  preferably  5  to  30  times,  as 
great  as  the  voltage  under  high  temperature  and  high 
humidity  conditions  and/or  at  a  small  load  resistance.  45 

Another  type  of  power  supply  which  is  adapted 
for  use  in  the  charging,  transferring  and  developing 
devices  of  the  invention  may  be  a  constant  current 
power  supply.  According  to  our  investigations,  good- 
quality  images  can  be  obtained  when  a  constant  cur-  50 
rent  is  applied  to  the  devices  of  the  invention  irrespec- 
tive  of  a  load  resistance  and/or  environmental  condi- 
tions.  Presumably,  this  is  because  the  quantity  of 
charge  depends  greatly  on  the  current  for  the  charg- 
ing  device.  For  the  transferring  and  developing  devic-  55 
es,  the  amount  of  a  transferred  toner  necessary  for 
the  development  and  transfer  is  considered  to  de- 
pend  on  the  current. 

Moreover,  the  charging,  transferring  and  devel- 
oping  devices  proposed  here  are  found  to  have  low 
variation  between  the  electric  resistances  under  high 
temperature  and  high  humidity  conditions  and  under 
low  temperature  and  low  humidity  conditions  than 
corresponding  devices  using  a  member  imparted  with 
semiconductivity  by  use  of  hitherto  employed  inor- 
ganic  ionic  conductive  agents.  Accordingly,  a  con- 
stant  voltage  power  supply  may  also  be  used  as  a 
power  supply  for  these  devices.  The  voltage  applica- 
ble  for  this  purpose  is  in  the  range  of  not  higher  than 
10  kV,  preferably  not  higher  than  4  kV. 

For  the  transfer  devices  of  the  invention,  a  power 
supply  is  preferably  one  which  is  able  to  apply  a  vol- 
tage  of  reversed  polarity  capable  of  compensating  not 
smaller  than  60%,  preferably  not  smaller  than  80%,  of 
a  cumulative  ampere  or  cumulative  amount  of  current 
at  the  time  of  transfer  operations  at  least  for  a  given 
period  of  time  during  non-transfer  cycles.  More  par- 
ticularly,  when  the  semiconductive  member  used  in 
the  device  of  the  invention  is  continuously  applied 
with  a  current,  an  electron  acceptor  capable  of  form- 
ing  a  charge  transfer  complex  and  serving  as  a  con- 
ductive  carrier  suffers  polarization,  resulting  in  a 
gradual  increase  of  electric  resistance.  Thus,  it  is  pre- 
ferred  to  apply  a  de-polarization  voltage  to  the  mem- 
ber  thereby  suppressing  the  resistance  from  increas- 
ing. 

Since  the  power  supply  or  supplies  for  the  charg- 
ing,  transferring  and  developing  devices  of  the  inven- 
tion  are  assumed  to  be  a  DC  power  supply,  it  is  pre- 
ferred  to  superpose  AC  currents  of  a  sine  wave,  a  saw 
tooth  wave  or  a  square  wave  on  the  power  supply.  It 
is  also  preferred  to  use  an  artificial  DC  power  supply 
using  high  frequency  pulses  as  a  substitute  for  the 
DC  power  supply. 

The  current  capacity  of  the  power  supply  for  the 
charging  device  of  the  invention  is  preferably  within  a 
range  of  not  higher  than  5  mA,  more  preferably  not 
higher  than  1  mA.  The  power  capacities  of  the  trans- 
ferring  and  developing  devices  of  the  invention  prefer- 
ably  include  a  voltage  of  not  higher  than  5000  V,  more 
preferably  not  higher  than  2000V  and  a  current  of  not 
higherthan  1  mA,  more  preferably  not  higherthan  500 
nA. 

The  present  invention  is  more  particularly  descri- 
bed  by  way  of  examples,  which  should  not  be  con- 
strued  as  limiting  the  invention  thereto.  Comparative 
examples  are  also  described.  In  the  examples  and 
comparative  examples,  the  term  "humidity"  means 
"relative  humidity". 

Example  1 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  6.56 
parts  by  weight  of  1  ,4-butanediol,  22  parts  by  weight 
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of  tolylene  diisocyanate,  2  parts  by  weight  of  silicone 
surface  active  agent,  0.01  part  by  weight  of  dibutyltin 
dilaurate,  and  0.01  part  by  weight  of  tetracyanoethy- 
lene  were  mixed  by  means  of  a  hand-operated  mixer. 
The  resultant  mixture  was  poured  into  a  5.5  mm  thick 
flat  mold  and  cured  at  60  for  12  hours  to  obtain  a  ur- 
ethane  foam  sheet. 

The  urethane  foam  sheet  was  subjected  to  meas- 
urement  of  electric  resistance  wherein  four  circular 
electrodes  each  with  an  area  of  1  9.6  cm2  were,  re- 
spectively,  placed  on  four  points  of  the  sheet  and  a 
power  supply,  61  0C  of  Trek,  Inc.,  was  used.  The  tem- 
perature  and  humidity  at  the  measurement  were,  re- 
spectively,  1  5°C  and  1  0%.  The  electric  resistance,  as 
an  average  of  the  four  measurements,  was  1.4  x  109 
Q  for  an  applied  voltage  of  1  000  V  and  1  .3  x  1  09  Q  for 
an  applied  voltage  of  4000  V.  The  positional  variation 
of  the  electric  resistance  was  within  +5%  of  the  aver- 
age.  When  the  measuring  temperature  and  humidity 
were,  respectively,  32.5°C  and  85%,  the  electric  re- 
sistance  at  an  applied  voltage  of  1  000  V  was  5.7  x  1  07 
Q  as  the  average  of  the  four  measurements. 

Comparative  Example  1 

The  general  procedure  of  Example  1  was  repeat- 
ed  except  that  0.04  parts  by  weight  of  a  diethylene 
glycol  monomethyl  ester  solution  of  33%  sodium  per- 
chlorate  (NaCI04,  molecular  weight  of  122.5)  was 
used  in  place  of  0.01  part  by  weight  of  tetracyanoethy- 
lene  used  as  the  conductive  agent.  When  the  temper- 
ature  and  humidity  were,  respectively,  15°C  and 
10%,  the  electric  resistance,  as  an  average  of  four 
measurements,  was  2.9  x  1  08  Qfor  an  applied  voltage 
of  1  000  V  and  2.7  x  1  08  Q  for  a  voltage  of  4000  V.  The 
positional  variation  of  the  electric  resistance  was 
within  a  range  of  +5%  relative  to  the  average  value. 
In  addition,  when  the  measuring  temperature  and  hu- 
midity  were,  respectively,  32.5°C  and  85%,  the  elec- 
tric  resistance,  as  an  average  of  four  measurements, 
was  4.6  x  1  06  Q  for  an  applied  voltage  of  1  000  V.  The 
comparison  with  the  example  reveals  that  the  ur- 
ethane  foam  of  this  comparative  example  exhibits  a 
great  variation  in  the  electric  resistance  occurring  be- 
tween  low  temperature  and  low  humidity  conditions 
and  high  temperature  and  high  humidity  conditions. 

Example  2 

The  general  procedure  of  Example  1  was  repeat- 
ed  except  that  0.01  6  parts  by  weight  of  tetracyanoqui- 
nodimethane  was  used  in  place  of0.01  part  by  weight 
of  tetracyanoethylene  used  as  the  conductive  agent. 
When  the  measuring  temperature  and  humidity  were, 
respectively,  15°C  and  10%,  the  electric  resistance, 
as  an  average  of  four  measurements,  was  1.9  x  108 
Q  for  an  applied  voltage  of  1  000  V  and  1  .9  x  1  08  Q  for 
a  voltage  of  4000  V.  The  positional  variation  of  the 

electric  resistance  was  within  a  range  of  +5%  relative 
to  the  average  value.  In  addition,  when  the  measuring 
temperature  and  humidity  were,  respectively,  32.5°C 
and  85%,  the  electric  resistance,  as  average  of  four 

5  measurements,  was  1  .5  x  107  Qfor  an  applied  voltage 
of  1000  V. 

Comparative  Example  2 

10  The  general  procedure  of  Example  1  was  repeat- 
ed  except  that  1  .5  parts  by  weight  of  acetylene  black 
was  used  in  place  of  0.01  part  of  tetracyanoethylene 
used  as  the  conductive  agent.  When  the  measuring 
temperature  and  humidity  were,  respectively,  15  and 

15  10%,  the  electric  resistance,  as  an  average  of  four 
measurements,  was  2.9  x  108  Qfor  an  applied  voltage 
of  1  000  V  and  7.8  x  1  07  Q  for  a  voltage  of  4000  V.  The 
positional  variation  of  the  electric  resistance  was 
within  a  range  of  +50%  or  over  relative  to  the  average 

20  value.  In  addition,  when  the  measuring  temperature 
and  humidity  were,  respectively,  32.5°Cand  85%,  the 
electric  resistance,  as  an  average  of  four  measure- 
ments,  was  3.0  x  1  08  Q  for  an  applied  voltage  of  1  000 
V.  Thus,  it  was  found  that  the  urethane  foam  of  this 

25  comparative  example  had  a  great  variation  in  the 
electric  resistance  between  the  applied  voltages  of 
1000  V  and  4000  V. 

Example  3 
30 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  6.56 
parts  by  weight  of  1  ,4-butanediol,  22  parts  by  weight 

35  of  tolylene  diisocyanate,  2  parts  by  weight  of  silicone 
surface  active  agent,  0.01  part  by  weight  of  dibutyltin 
dilaurate,  and  0.01  part  by  weight  of  tetracyanoethy- 
lene  were  mixed  by  means  of  a  hand-operated  mixer. 
The  resultant  mixture  was  used  to  cover  a  metallic 

40  shaft  having  a  diameter  of  6  mm  and  cured  to  make 
a  urethane  foam  transfer  roller  having  a  diameter  of 
16.5  mm  and  a  length  of  21  5  mm. 

This  transfer  roller  was  set  in  an  image-forming 
device  of  the  type  as  shown  in  Fig.  2  wherein  the  roller 

45  was  used  as  a  transfer  roller  4.  Using  a  1  .3  con- 
stant  current  power  supply  for  transfer  operations, 
grey  scale,  black  solid  and  white  solid  images  were, 
respectively,  printed  under  conditions  of  a  tempera- 
ture  of  1  5°C  and  a  humidity  of  1  0%,  thereby  obtaining 

so  images  of  good  quality.  Moreover,  printing  of  grey 
scale,  black  solid  and  white  solid  images  under  con- 
ditions  of  a  temperature  of  32.5°C  and  a  humidity  of 
85%  resulted  in  good-quality  images. 

It  will  be  noted  that  in  Fig.  2  as  illustrated  herein- 
55  before,  an  electrophotographic  device  E  includes  a 

photosensitive  material  or  drum  1  ,  and  a  charging  roll- 
er  2,  a  developing  roller  3  and  a  transfer  roller  4  pro- 
vided  in  contact  or  association  with  the  photosensi- 
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tive  material  1.  Indicated  by  5  is  a  transfer  material 
such  as  ordinary  paper,  by  6  is  a  laser  beam  for  im- 
agewise  irradiation  of  the  photosensitive  material  1 
therewith,  and  by  7  is  a  toner  box. 

Comparative  Example  3 

The  general  procedure  of  Example  3  was  repeat- 
ed  except  that  0.04  parts  by  weight  of  a  diethylene 
glycol  monomethyl  ester  solution  of  33%  sodium  per- 
chlorate  (NaCI04,  molecular  weight  of  122.5)  was 
used  in  place  of  0.01  part  by  weight  of  tetracyanoethy- 
lene  used  as  the  conductive  agent.  Grey  scale,  black 
solid  and  white  solid  images  were,  respectively,  print- 
ed  under  conditions  of  a  temperature  of  15°C  and  a 
humidity  of  10%,  thereby  obtaining  images  of  good 
quality.  However,  when  grey  scale,  black  solid  and 
white  solid  images  were,respectively,  printed  under 
conditions  of  a  temperature  of  32.5°C  and  a  humidity 
of  85%,  the  resultant  black  solid  image  was  not  sat- 
isfactory  with  respect  to  blackness. 

Example  4 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  6.56 
parts  by  weight  of  1  ,4-butanediol,  22  parts  by  weight 
of  tolylene  diisocyanate,  0.01  part  by  weight  of  dibu- 
tyltin  dilaurate,  and  0.01  part  by  weight  of  tetracyano- 
ethylene  were  mixed  in  vacuum  by  means  of  a  labo- 
ratory  mixer.  The  resultant  mixture  was  used  to  cover 
a  metallic  shaft  having  a  diameter  of  6  mm  and  cured 
to  make  a  urethane  elastomer  developing  roller  hav- 
ing  a  diameter  of  20  mm  and  a  length  of  222  mm. 

This  developing  roller  was  set  in  an  image-form- 
ing  device  of  the  type  as  shown  in  Fig.  2.  In  the  same 
manner  as  in  Example  3,  grey  scale,  black  solid  and 
white  solid  images  were,  respectively,  printed  under 
conditions  of  a  temperature  of  15°Cand  a  humidity  of 
1  0%,  thereby  obtaining  images  of  good  quality.  More- 
over,  printing  of  grey  scale,  black  solid  and  white  solid 
images  under  conditions  of  a  temperature  of  32.5°C 
and  a  humidity  of  85%  resulted  in  good-quality  im- 
ages. 

As  will  be  apparent  from  the  above,  the  semicon- 
ductive  polymer  members  of  our  proposals  had  a  re- 
duced  positional  variation  in  the  electric  resistance 
and  suffers  a  reduced  width  of  variation  in  the  electric 
resistance  when  continuously  applied  with  a  current. 
Thus,  when  the  member  is  utilized  as  rollers  for  de- 
velopment  and  transfer  in  electrophotographic  proc- 
esses,  good-quality  images  can  be  obtained. 

Example  5  and  Comparative  Example  4 

The  transfer  rollers  obtained  in  Example  3  and 
Comparative  Example  3,  respectively,  were  set  in  a 

charging  device  of  an  electrophotographic  device  as 
shown  in  Fig.  2  for  use  as  a  charging  roller.  Under  con- 
ditions  of  a  temperature  of  15°C  and  a  humidity  of 
10%,  grey  scale,  black  solid  and  white  solid  images 

5  were  printed,  with  good-quality  images.  When  grey 
scale,  black  solid  and  white  solid  images  were,  re- 
spectively,  printed  under  conditions  of  a  temperature 
of  32.5°C  and  a  humidity  of  85%  by  use  of  the  charg- 
ing  device  having  the  charging  roller  of  the  example, 

10  the  resultant  images  were  good  in  quality.  However, 
with  the  device  for  comparison,  printing  of  grey  scale, 
black  solid  and  white  solid  images  under  condition  of 
a  temperature  of  32.5°C  and  a  humidity  of  85%  result- 
ed  in  a  black  solid  image  which  was  not  satisfactory 

15  with  respect  to  blackness. 

Example  6 

100  parts  by  weight  of  a  polyether  polyol  obtained 
20  by  addition  of  propylene  oxide  and  ethylene  oxide  to 

glycerine  and  having  a  molecular  weight  of  5000,  6.03 
parts  by  weight  of  tolylene  diisocyanate,  2  parts  by 
weight  of  a  silicone  surface  active  agent,  0.035  parts 
by  weight  of  dibutyltin  dilaurate,  and  0.03  parts  by 

25  weight  of  tetracyanoethylene  were  mixed  by  means  of 
a  hand-operated  mixer.  The  resultant  mixture  was 
used  to  cover  a  metallic  shaft  having  a  diameter  of  6 
mm  and  cured  to  make  a  self  skinbearing  urethane 
foam  developing  roller  having  a  diameter  of  16.5  mm 

30  and  a  length  of  215  mm.  Then,  a  film  layer  made  of  a 
mixture  of  an  acryl  modified  urethane  resin  (having  40 
wt%  of  an  acrylic  resin  component)  and  20  parts  by 
weight  of  carbon  black  (2400B  of  Mitsubishi  Kasei 
Corporation)  was  further  formed  on  the  urethane 

35  foam  layer,  therby  making  a  charging  roller. 
This  charging  roller  was  set  in  an  electrophoto- 

graphic  device  as  shown  in  Fig.  2.  When  grey  scale, 
black  solid  and  white  solid  images  were,respectively, 
printed  undre  conditions  of  a  temperature  of  1  5°C  and 

40  a  humidity  of  10%,  the  resultant  images  were  good  in 
quality.  Moreover,  printing  of  grey  scale,  black  solid 
and  white  solid  images  under  conditions  of  a  temper- 
ature  of  32.5°C  and  a  humidity  of  85%  resulted  in 
good-quality  images. 

45 
Example  7 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 

so  glycerine  and  having  a  molecular  weight  of  5000,  6.56 
parts  by  weight  of  1  ,4-butanediol,  22  parts  by  weight 
of  tolylene  diisocyanate  in  which  0.03  parts  by  weight 
of  tetracyanoquinodimethane  had  been  preliminarily 
dissolved,  2  parts  by  weight  of  a  silicone  surface  ac- 

55  tive  agent,  and  0.01  part  by  weight  of  dibutyltin  dila- 
urate  were  mixed  by  means  of  a  mixer.  The  resultant 
mixture  was  poured  into  a  flat  mold  having  a  thick- 
ness  of  5.5  mm  and  cured  at  60°C  for  1  2  hours  to  ob- 
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tain  a  urethane  foam  sheet. 
Using  circular  electrodes  each  having  an  area  of 

1  9.6  cm2,  the  electric  resistance  of  the  urethane  foam 
was  measured  at  four  points  thereof.  The  measuring 
temperature  and  humidity  were,  respectively,  15°C 
and  10%.  The  electric  resistance,  as  an  average  of 
four  measurements,  was  1.4  x  109  Q  for  an  applied 
voltage  of  1  000  V  and  1  .3  x  1  09  Q  for  a  voltage  of  4000 
V.  The  positional  variation  of  the  electric  resistance 
was  within  a  range  of  +5%  relative  to  the  average  val- 
ue.  In  addition,  when  the  measuring  temperature  and 
humidity  were,  respectively,  32.5°C  and  85%,  the 
electric  resistance,  as  an  average  of  four  measure- 
ments,  was  5.7  x  1  07  Q  for  an  applied  voltage  of  1  000 
V. 

Comparative  Example  5 

The  general  procedure  of  Example  7  was  repeat- 
ed  except  that  tetracyanoquinodimethane  was  pre- 
liminarily  dissolved  in  1  ,4-butanediol,  but  was  found 
to  be  sparingly  soluble  in  1  ,4-butanediol,  under  which 
a  urethane  foam  sheet  was  made. 

Using  circular  electrodes  each  having  an  area  of 
19.6  cm2,  the  urethane  foam  sheet  was  subjected  to 
measurement  of  an  electric  resistance  at  four  points 
of  the  foam.  The  electric  resistance,  as  an  average  of 
four  measurements,  was  1  x  1011  Qfor  an  applied  vol- 
tage  of  1000  V. 

Example  8 

114  parts  by  weight  of  a  polyether  prepolymer  ob- 
tained  by  pre-polymerization  of  1  00  parts  by  weight  of 
a  polyether  polyol  obtained  by  addition  of  propylene 
oxide  and  ethylene  oxide  to  glycerine  and  having  a 
molecular  weight  of  5000  with  14  parts  by  weight  of 
tolylene  diisocyanate,  6.56  parts  by  weight  of  1  ,4-bu- 
tanediol,  8  parts  by  weight  of  tolylene  diisocyanate  in 
which  0.03  parts  by  weight  of  tetracyanoquinodime- 
thane  had  been  preliminarily  dissolved,  2  parts  by 
weight  of  a  silicone  surface  active  agent,  and  0.01 
part  by  weight  of  dibutyltin  dilaurate  were  mixed  by 
means  of  a  mixer.  The  resultant  mixture  was  poured 
into  a  flat  mold  having  a  thickness  of  5.5  mm  and 
cured  at  60°C  for  12  hours  to  obtain  a  urethane  foam 
sheet. 

Using  circular  electrodes  each  having  an  area  of 
1  9.6  cm2,  the  electric  resistance  of  the  urethane  foam 
was  measured  at  four  points  thereof.  The  measuring 
temperature  and  humidity  were,  respectively,  15  and 
10%.  The  electric  resistance,  as  an  average  of  four 
measurements,  was  1  .4  x  109  Qfor  an  applied  voltage 
of  1  000  V  and  1  .3  x  1  09  Q  for  a  voltage  of  4000  V.  The 
positional  variation  of  the  electric  resistance  was 
within  a  range  of  +5%  relative  to  the  average  value. 
In  addition,  when  the  measuring  temperature  and  hu- 
midity  were,  respectively,  32.5  and  85%,  the  electric 

resistance,  as  an  average  of  four  measurements,  was 
5.7  x  1  07  Q  for  an  applied  voltage  of  1  000  V. 

Example  9 
5 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  9.15 
parts  by  weight  of  crude  diphenylmethane  diisocyan- 

10  ate  (crude  MDI)  in  which  0.03  parts  by  weight  of  0.03 
parts  by  weight  of  tetracyanoquinodimethane  had 
been  preliminarily  dissolved,  2  parts  by  weight  of  a 
silicone  surface  active  agent,  and  0.01  part  by  weight 
of  dibutyltin  dilaurate  were  mixed  by  means  of  a  mix- 

is  er.  The  resultant  mixture  was  poured  into  a  flat  mold 
having  a  thickness  of  5.5  mm  and  cured  at  60°C  for 
12  hours  to  obtain  a  urethane  foam  sheet. 

Using  circular  electrodes  each  having  an  area  of 
1  9.6  cm2,  the  electric  resistance  of  the  urethane  foam 

20  was  measured  at  four  points  thereof.  The  measuring 
temperature  and  humidity  were,  respectively,  15  and 
10%.  The  electric  resistance,  as  an  average  of  four 
measurements,  was  1  .4  x  109  Qfor  an  applied  voltage 
of  1  000  V  and  1  .3  x  1  09  Q  for  a  voltage  of  4000  V.  The 

25  positional  variation  of  the  electric  resistance  was 
within  a  range  of  +5%  relative  to  the  average  value. 
In  addition,  when  the  measuring  temperature  and  hu- 
midity  were,  respectively,  32.5°C  and  85%,  the  elec- 
tric  resistance,  as  an  average  of  four  measurements, 

30  was  5.7  x  107  Q  for  an  applied  voltage  of  1000  V. 

Example  10 

The  mixture  of  such  a  formulation  as  used  in  Ex- 
35  ample  7  was  used  to  cover  a  metallic  shaft  having  a 

diameter  of  6  mm  to  make  a  urethane  foam  transfer 
roller  having  a  diameter  of  16.5  mm  and  a  length  of 
215  mm. 

This  transfer  roller  was  set  in  an  image-forming 
40  device  as  shown  in  Fig.  2.  When  grey  scale,  black  sol- 

id  and  white  solid  images  were,  respectively,  printed 
by  use  of  a  1.3  constant  current  transfer  power 
supply  under  conditions  of  a  temperature  of  1  5°C  and 
a  humidity  of  10%,  good-quality  images  were  ob- 

45  tained.  Further,  printing  of  grey  scale,  black  solid  and 
white  solid  images  under  conditions  of  a  temperature 
of  32.5°C  and  a  humidity  of  85%  resulted  in  good- 
quality  images. 

so  Example  11 

The  mixture  of  such  a  formulation  as  used  in  Ex- 
ample  7  was  mixed  in  vacuum  by  means  of  a  labora- 
tory  mixer  and  was  used  to  cover  a  metallic  shaft  hav- 

55  ing  a  diameter  of  6  mm  having  the  mixture,  thereby 
making  a  urethane  elastomer  developing  roller  having 
a  diameter  of  20  mm  and  a  length  of  222  mm. 

This  developing  roller  was  set  in  an  image-form- 

10 
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ing  device  as  shown  in  Fig.  2.  When  grey  scale,  black 
solid  and  white  solid  images  were,  respectively,  print- 
ed  under  conditions  of  a  temperature  of  15°C  and  a 
humidity  of  1  0%,  good-quality  images  were  obtained. 
Further,  printing  of  grey  scale,  black  solid  and  white 
solid  images  under  conditions  of  a  temperature  of 
32.5°C  and  a  humidity  of  85%  resulted  in  good-quality 
images. 

Example  12 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  9.2 
parts  by  weight  of  crude  diphenylmethane  diisocyan- 
ate,  4  parts  by  weight  of  a  silicone  surface  active 
agent,  0.035  parts  by  weight  of  dibutyltin  dilaurate 
and  0.01  part  by  weight  of  tetracyanoquinodimethane 
were  mixed  by  means  of  a  hand-operated  mixer.  The 
resultant  mixture  was  applied  to  a  metallic  shaft  hav- 
ing  a  diameter  of  6  mm  to  make  a  urethane  foam 
transfer  roller  having  a  diameter  of  16.5  mm  and  a 
length  of  225  mm. 

This  transfer  roller  was  set  in  an  electrophoto- 
graphic  device  as  shown  in  Fig.  2.  When  grey  scale, 
black  solid  and  white  solid  images  were,  respectively, 
printed  at  room  temperature  and  normal  humidity, 
good-quality  images  were  obtained.  Further,  the  roll- 
er  was  kept  in  contact  with  a  photosensitive  material 
under  conditions  of  a  temperature  of  50  and  a  humid- 
ity  of  85%  over  5  days,  after  which  the  surface  of  the 
photosensitive  material  was  visually  observed.  As  a 
result,  it  was  found  that  the  surface  was  not  observed 
as  being  stained  or  contaminated  such  as  in  the  form 
of  a  cloud.  In  this  condition,  grey  scale,  black  sol  id  and 
white  solid  images  were,  respectively,  printed,  there- 
by  obtaining  good-quality  images. 

Example  13 

The  general  procedure  of  Example  12  was  re- 
peated  using  0.2  parts  by  weight  of  tetrabutylammo- 
nium  borofluoride  was  used  in  place  of  0.01  part  by 
weight  of  tetracyanoquinodimethane,  thereby  making 
a  transfer  rollerfor  evaluation.  As  a  result,  no  contam- 
ination  of  the  photosensitive  material  took  place. 

Example  14 

100  parts  by  weight  of  polyisoprene  polyol  having 
a  OH  equivalent  of  47.1,  12.7  parts  by  weight  of  crude 
diphenylmethane  diisocyanate,  1  part  by  weight  of  a 
silicone  surface  active  agent,  0.001  part  by  weight  of 
dibutyltin  dilaurate  and  8  parts  by  weight  of  oil  fur- 
nace  black  which  had  a  surface  area  of  85  m2/g,  a 
DBP  absorption  of  1  1  0  ml/1  00  g  and  a  volatile  content 
of  1.3%  were  mixed  by  means  of  a  hand-operated 
mixer,  followed  by  making  a  transfer  roller  in  the  same 

manner  as  in  Example  12  for  evaluation.  As  a  result, 
it  was  found  that  no  contamination  of  the  photosensi- 
tive  material  was  observed  as  in  Example  12. 

5  Example  15 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  6.56 

10  parts  by  weight  of  1  ,4-butanediol,  22  parts  by  weight 
of  tolylene  diisocyanate,  2  parts  by  weight  of  a  sili- 
cone  surface  active  agent,  0.01  part  by  weight  of  di- 
butyltin  dilaurate  and  0.03  parts  by  weight  of  tetra- 
cyanoquinodimethane  were  mixed  by  means  of  a  mix- 

is  er.  The  resultant  mixture  was  applied  to  a  metallic 
shaft  with  a  diameter  of  6  mm  thereabout  to  make  a 
urethane  foam  charging  roller  having  a  diameter  of 
16.5  mm  and  a  length  of  215  mm  and  having  a  self 
skin  thereon. 

20  The  charging  roller  was  placed  on  a  2  mm  thick 
copper  sheet.  While  pressing  the  roller  against  the 
copper  sheet  at  opposite  ends  thereof  under  a  load  of 
500  g,  the  electric  resistance  between  the  metallic 
shaft  core  and  the  copper  sheet  was  measured  four 

25  times  such  that  the  roller  was  rotated  by  90°  for  each 
time.  The  measuring  temperature  and  humidity  were, 
respectively,  15°C  and  10%.  The  electric  resistance 
which  was  an  average  of  the  four  measurements  was 
4.1  x  108  Q  for  an  applied  voltage  of  1000  V  and  3.9 

30  x  1  08  Q  for  a  voltage  of  4000  V.  The  positional  varia- 
tion  of  the  electric  resistance  was  within  +5%  relative 
to  the  average  value.  Under  measuring  conditions  of 
a  temperature  of  32.5°C  and  a  humidity  of  85%,  the 
electric  resistance,  as  an  average  of  four  measure- 

35  ments,  was  3.2  x  1  07  Q  for  an  applied  voltage  of  1  000 
V. 

This  charging  roller  was  set  in  an  image-forming 
device  as  shown  in  Fig.  2.  The  power  supply  connect- 
ed  to  the  charging  roller  2  in  Fig.  2  was  so  set  that  the 

40  voltage  was  -1  700  V  under  conditions  of  a  tempera- 
ture  of  15°C  and  a  humidity  of  1  0%  and  -140  V  under 
conditions  of  a  temperature  of  32.5°C  and  a  humidity 
of  85%.  Grey  scale,  black  sol  id  and  white  solid  images 
were,  respectively,  printed  under  conditions  of  a  tem- 

45  perature  of  15°C  and  a  humidity  of  10%,  thereby  ob- 
taining  good-quality  images.  Printing  of  grey  scale, 
black  solid  and  white  solid  images  under  conditions  of 
a  temperature  of  32.5°C  and  a  humidity  of  85%  re- 
sults  in  good-quality  images. 

50 
Comparative  Example  6 

The  general  procedure  of  Example  15  was  re- 
peated  except  that  0.04  parts  by  weight  of  a  diethy- 

55  lene  glycol  monomethyl  ester  solution  of  33%  of  so- 
dium  perchlorate  (NaCI04,  molecular  weight  of  122.5) 
was  used  in  place  of  0.03  parts  by  weight  of  tetracya- 
noquinodimethane  formulated  as  the  conductive 
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agent.  The  resistance,  as  an  average  of  four  meas- 
urements,  was  9.5  x  108  Q  for  an  applied  voltage  of 
1  000  V  and  9.5  x  1  08  Q  for  a  voltage  of  4000  V.  The 
positional  variation  of  the  electric  resistance  was 
within  +5%  relative  to  the  average  value.  Under 
measuring  conditions  of  a  temperature  of  32.5°C  and 
a  humidity  of  85%,  the  electric  resistance,  as  an  aver- 
age  of  four  measurements,  was  2.5  x  1  06  Q  for  an  ap- 
plied  voltage  of  1000  V.  The  comparison  with  the  re- 
sults  of  the  example  reveals  that  the  urethane  foam 
of  this  comparative  example  exhibited  a  greater  vari- 
ation  in  the  electric  resistance  occurring  between  low 
temperature  and  low  humidity  conditions  and  high 
temperature  and  high  humidity  conditions. 

In  the  same  manner  as  in  Example  1  5,  grey  scale, 
black  solid  and  white  solid  images  were,  respectively, 
printed,  with  the  result  that  good-quality  images  were 
obtained  both  under  conditions  of  a  temperature  of 
32.5°C  and  a  humidity  of  85%  and  under  conditions 
of  a  temperature  of  15°C  and  a  humidity  of  10%. 

Example  16 

The  general  procedure  of  Example  15  was  re- 
peated  except  that  a  -4.5  constant  current  power 
supply  (voltage  capacity  of  2  kV)  was  used  in  place 
of  the  power  supply  of  Example  15.  Good-quality  im- 
ages  were  obtained  both  under  conditions  of  a  tem- 
perature  of  32.5  and  a  humidity  of  85%  and  under 
conditions  of  a  temperature  of  15°Cand  a  humidity  of 
10%. 

Comparative  Example  7 

The  general  procedure  of  Example  15  was  re- 
peated  except  that  1  .5  parts  by  weight  of  acetylene 
black  was  used  in  place  of  0.03  parts  by  weight  of  tet- 
racyanoquinodimethane  formulated  as  the  conduc- 
tive  agent.  Under  measuring  conditions  of  a  temper- 
ature  of  15  and  a  humidity  of  10%,  the  electric  resis- 
tance,  as  an  average  of  four  measurements,  was  1.3 
x  1  08  Q  for  an  applied  voltage  of  1  000  V  and  3.5  x  1  07 
Q  for  a  voltage  of  4000  V.  The  positional  variation  of 
the  electric  resistance  was  within  +50%  or  over  rela- 
tive  to  the  average  value.  Under  measuring  condi- 
tions  of  a  temperature  of  32.5°C  and  a  humidity  of 
85%.  the  electric  resistance,  as  an  average  of  four 
measurements,  was  4.5  x  1  08  Qfor  an  applied  voltage 
of  1000  V. 

When  grey  scale,  black  solid  and  white  solid  im- 
ages  were,  respectively,  printed  under  conditions  of  a 
temperature  of  15°C  and  a  humidity  of  10%,  a  good 
image  was  not  obtained  for  the  grey  scale.  This  is  con- 
sidered  for  the  reason  that  the  positional  variation 
was  great. 

Comparative  Example  8 

The  general  procedure  of  Comparative  Example 
6  was  repeated  using  a  -4.5  Â  constant  current  pow- 

5  er  supply  (voltage  capacity  of  2  kV)  in  place  of  the 
power  supply  used  in  Comparative  Example  6.  Good- 
quality  images  could  not  be  obtained  under  condi- 
tions  of  a  temperature  of  1  5°C  and  a  humidity  of  1  0%. 
This  is  considered  for  the  reason  that  the  voltage  of 

10  the  power  supply  was  not  sufficient  to  generate  a  cur- 
rent  of  -4.5  nA. 

Example  17 

15  The  same  charging  roller  as  in  Example  15  was 
set  in  a  device  shown  in  Fig.  2.  The  charging  roller  2 
connected  to  a  power  supply  was  so  set  as  to  be  at  a 
constant  voltage  of  -1500  V.  When  grey  scale,  black 
solid  and  white  solid  images  were,  respectively,  print- 

20  ed  under  conditions  of  a  temperature  of  15°C  and  a 
humidity  of  10%,  images  of  good  quality  could  be  ob- 
tained.  Moreover,  printing  of  grey  scale,  black  solid 
and  white  solid  images  under  conditions  of  a  temper- 
ature  of  32.5°C  and  a  humidity  of  85%  resulted  in 

25  good-quality  images. 

Comparative  Examples  9,  10 

The  same  charging  rollers  as  in  Comparative  Ex- 
30  amples  6  and  7  were,  respectively,  used  and  tested 

in  the  same  manner  as  in  Example  17.  When  grey 
scale,  black  solid  and  white  solid  images  were,  re- 
spectively,  printed  using  the  roller  of  Comparative  Ex- 
ample  6,  good-quality  images  could  not  be  obtained 

35  either  under  conditions  of  a  temperature  of  32.5°C 
and  a  humidity  of  85%  or  under  conditions  of  a  tem- 
perature  of  15°C  and  a  humidity  of  10%. 

When  grey  scale,  black  solid  and  white  solid  im- 
ages  were,  respectively,  printed  using  the  roller  of 

40  Comparative  Example  7  under  conditions  of  a  tem- 
perature  of  25.5°C  and  a  humidity  of  58%,  good  re- 
sults  were  not  obtained  with  respect  to  the  grey  scale 
image.  This  is  considered  forthe  reason  that  the  posi- 
tional  variation  in  the  resistance  was  great. 

45 
Example  18 

The  charging  roller  of  Example  15  was  provided 
as  a  transfer  roller  and  assembled  in  the  image-form- 

50  ing  device  of  Fig.  2.  The  power  supply  connected  to 
the  transfer  roller  4  was  so  set  that  its  potential  was 
at  +310  V  under  conditions  of  a  temperature  of  15°C 
and  a  humidity  of  10%  and  at  +25  V  under  conditions 
of  a  temperature  of  32.5°C  and  a  humidity  of  85%. 

55  When  grey  scale,  black  solid  and  white  solid  images 
were,  respectively,  printed  under  conditions  of  a  tem- 
perature  of  15°Cand  a  humidity  of  10%,  good-quality 
images  were  obtained.  Moreover,  when  grey  scale, 
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black  solid  and  white  solid  images  were,  respectively, 
printed  under  conditions  of  a  temperature  of  32.5°C 
and  a  humidity  of  85%,  good-quality  images  were 
also  obtained. 

Comparative  Example  11 

The  charging  roller  of  Comparative  Example  7 
were  used  as  a  transfer  roller,  followed  by  printing 
grey  scale,  black  solid  and  white  solid  images  in  the 
same  manner  as  in  Example  18  thereby  obtaining 
good-quality  images  both  under  conditions  of  a  tem- 
perature  of  32.5°C  and  a  humidity  of  85%  and  under 
conditions  of  a  temperature  of  15°Cand  a  humidity  of 
10%. 

Example  19 

The  general  procedure  of  Example  18  was  re- 
peated  using  a  1.3  constant  current  power  supply 
(voltage  capacity  of  500  V).  Under  conditions  of  a 
temperature  of  32.5°C  and  a  humidity  of  85%  and  un- 
der  conditions  of  a  temperature  of  15°Cand  a  humid- 
ity  of  10%,  good-quality  images  were  obtained. 

Comparative  Example  12 

The  charging  roller  of  Comparative  Example  8 
was  used  as  a  transfer  roller,  followed  by  printing  grey 
scale,  black  solid  and  white  solid  images  in  the  same 
manner  as  in  Example  18  under  conditions  of  a  tem- 
perature  of  15°C  and  a  humidity  of  10%.  As  a  result, 
it  was  found  that  good  images  could  not  be  obtained 
with  respect  to  the  grey  scale.  This  is  considered  for 
the  reason  that  the  positional  variation  in  the  resis- 
tance  was  great. 

Example  20 

The  general  procedure  of  Example  18  was  re- 
peated  except  that  during  non-transfer  cycles,  the 
transfer  roller  was  applied  with  a  transfer  current  at  a 
voltage,  which  was  reverse  in  polarity  to  the  transfer 
voltage  and  which  was  as  high  as  5.5  times  the  trans- 
fer  voltage,  for  a  time  of  1/6  of  the  time  of  applying  a 
transfer  current.  As  a  result,  it  was  found  that  good  im- 
ages  were  obtained  both  under  conditions  of  a  tem- 
perature  of  32.5°C  and  a  humidity  of  85%  and  under 
conditions  of  a  temperature  of  15°Cand  a  humidity  of 
10%. 

Under  the  conditions  as  set  out  above,  5000  A4- 
size  sheets  were  used  to  print  each  of  grey  scale, 
black  solid  and  white  solid  images  under  conditions  of 
a  temperature  of  32.5°C  and  a  humidity  of  85%  and 
under  conditions  of  a  temperature  of  15°C  and  a  hu- 
midity  of  10%.  Good-quality  images  were  obtained 
after  printing  of  5000  sheets  for  each  case. 

Comparative  Example  13 

The  general  procedure  of  Comparative  Example 
11  were  repeated  except  that  a  1.3  Â  constant  cur- 

5  rent  power  supply  (voltage  capacity  of  500  V)  was 
used  in  place  of  the  power  supply  of  Comparative  Ex- 
ample  11.  Good  images  could  not  be  obtained  under 
conditions  of  a  temperature  of  1  5°C  and  a  humidity  of 
10%.  This  is  considered  for  the  reason  that  a  power 

10  supply  potential  was  not  sufficient  to  generate  a  cur- 
rent  of  1.3  nA. 

Example  21 

15  100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  6.56 
parts  by  weight  of  1  ,4-butanediol,  22  parts  by  weight 
of  tolylene  diisocyanate,  0.01  part  by  weight  of  dibu- 

20  tyltin  dilaurate  and  0.01  part  by  weight  of  tetracyano- 
ethylene  were  mixed  in  vacuum  by  means  of  a  mixer. 
The  resultant  mixture  was  applied  to  a  metallic  shaft 
with  a  diameter  of  6  mm  thereabout  to  make  a  ur- 
ethane  elastomer  developing  roller  having  a  diameter 

25  of  20  mm  and  a  length  of  222  mm. 
Then,  the  developing  roller  was  set  in  the  image- 

forming  device  of  Fig.  2.  The  power  supply  connected 
to  the  developing  roller  3  was  so  set  that  its  potential 
was  at  -500  V  under  conditions  of  a  temperature  of 

30  1  5°C  and  a  humidity  of  1  0%  and  at  -50  V  under  con- 
ditions  of  a  temperature  of  32.5°C  and  a  humidity  of 
85%.  When  grey  scale,  black  solid  and  white  solid  im- 
ages  were,  respectively,  printed  under  conditions  of 
a  temperature  of  15  and  a  humidity  of  10%,  good- 

35  quality  images  were  obtained.  Moreover,  printing  of 
grey  scale,  black  solid  and  white  solid  images  under 
conditions  of  a  temperature  of  32.5°C  and  a  humidity 
of  85%  resulted  in  good-quality  images. 

40  Example  22 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  6.56 

45  parts  by  weight  of  1  ,4-butanediol,  22  parts  by  weight 
of  tolylene  diisocyanate,  2  parts  by  weight  of  a  sili- 
cone  surface  active  agent,  0.01  part  by  weight  of  di- 
butyltin  dilaurate  and  0.03  parts  by  weight  of  tetra- 
cyanoquinodimethane  were  mixed  by  means  of  a  mix- 

so  er.  The  resultant  mixture  was  applied  to  a  metallic 
shaft  with  a  diameter  of  6  mm  thereabout  to  make  a 
urethane  foam  transfer  roller  having  a  diameter  of 
16.5  mm  and  a  length  of  215  mm  and  having  a  self 
skin  thereon. 

55  The  transfer  roller  was  set  in  the  device  of  Fig.  2. 
The  power  supply  connected  to  the  transfer  roller  4 
was  set  at  a  constant  voltage  of  +200  V.  When  grey 
scale,  black  solid  and  white  solid  images  were,  re- 
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spectively,  printed  under  conditions  of  a  temperature 
of  15°C  and  a  humidity  of  10%,  good-quality  images 
were  obtained.  Moreover,  when  grey  scale,  black  sol- 
id  and  white  solid  images  were,  respectively,  printed 
under  conditions  of  a  temperature  of  32.5°C  and  a  hu- 
midity  of  85%,  good-quality  images  were  also  ob- 
tained. 

Comparative  Example  14 

The  charging  roller  of  Comparative  Example  6 
was  used  as  a  transfer  roller.  When  grey  scale,  black 
solid  and  white  solid  images  were,  respectively,  print- 
ed  under  conditions  of  a  temperature  of  25°C  and  a 
humidity  of  58%  in  the  same  manner  as  in  Example 
15,  good  images  were  obtained.  However,  good- 
quality  images  could  not  be  obtained  under  condi- 
tions  of  a  temperature  of  15  and  a  humidity  of  10%. 

Comparative  Example  15 

The  charging  roller  of  Comparative  Example  7 
was  used  as  a  transfer  roller.  When  grey  scale,  black 
solid  and  white  solid  images  were,  respectively,  print- 
ed  under  conditions  of  a  temperature  of  25°C  and  a 
humidity  of  25%  in  the  same  manner  as  in  Example 
1  5,  good  images  were  not  obtained  with  respect  to  the 
grey  scale.  This  is  considered  for  the  reason  that  the 
positional  variation  in  the  resistance  was  great. 

Example  23 

The  general  procedure  of  Example  15  were  re- 
peated  except  that  a  voltage  of  -1100  V  was  applied 
at  the  time  of  non-transfer  cycles  for  a  time  of  1/6  of 
the  time  during  which  a  transfer  current  was  applied. 
Good-quality  images  could  be  obtained  both  under 
conditions  of  a  temperature  of  32.5°C  and  a  humidity 
of  85%  and  under  conditions  of  a  temperature  of  15 
and  a  humidity  of  10%. 

Under  those  conditions  set  out  above,  5000  A4- 
size  sheets  were  used  to  print  each  of  grey  scale, 
black  solid  and  white  solid  images.  By  this,  good  im- 
ages  were  obtained  after  printing  of  5000  sheets  both 
under  conditions  of  a  temperature  of  32.5°C  and  a  hu- 
midity  of  85%  and  under  conditions  of  a  temperature 
of  15°C  and  a  humidity  of  10%. 

Example  24 

The  developing  roller  of  Example  21  was  set  in 
the  image-forming  device  of  Fig.  2.  The  power  supply 
connected  to  the  developing  roller  3  was  set  at  a  con- 
stant  voltage  of  -400  V.  When  grey  scale,  black  solid 
and  white  solid  images  were  printed  under  conditions 
of  a  temperature  of  15°C  and  a  humidity  of  10%, 
good-quality  images  were  obtained.  Moreover,  when 
grey  scale,  black  solid  and  white  solid  images  were 

printed  under  conditions  of  a  temperature  of  32.5°C 
and  a  humidity  of  85%,  good-quality  images  were 
also  obtained. 

5  Example  25 

The  general  procedure  of  Example  24  was  re- 
peated  except  that  a  voltage  of  +1200  V  was  applied 
at  the  time  of  non-developing  cycles  (i.e.  intervals  be- 

10  tween  paperfeeds)  fora  time  of  1/3  of  the  developing 
time.  Good-quality  printed  images  were  obtained 
both  under  conditions  of  a  temperature  of  32.5°C  and 
a  humidity  of  85%  and  under  condition  of  a  tempera- 
ture  of  15°C  and  a  humidity  of  10%. 

15  Under  those  conditions  set  out  above,  grey  scale, 
black  solid  and  white  solid  images  were  printed  each 
on  5000  A4-size  sheets,  with  the  result  that  good- 
quality  images  were  formed  after  printing  of  5000 
sheets  both  under  conditions  of  a  temperature  of 

20  32.5°C  and  a  humidity  of  85%  and  under  conditions 
of  a  temperature  of  15°C  and  a  humidity  of  10%. 

Example  26 

25  50  parts  by  weight  of  polyisoprene  polyol  having 
an  content  of  OH  groups  of  0.84  meq/g  and  a  molec- 
ular  weight  of  2850,  50  parts  by  weight  of  polytetra- 
methylene  glycol  having  an  OH  equivalent  of  55.1  and 
a  molecular  weight  of  2000,  15.75  parts  by  weight  of 

30  crude  diphenylmethane  diisocyanate  (crude  MDI) 
having  an  NCO  content  of  31.7%,  0.1  part  by  weight 
of  FT  carbon,  0.001  part  by  weight  of  dibutyltin  dilau- 
rate,  and  2  parts  by  weight  of  a  solution  of  0.1  part  by 
weight  of  dichlorodicyanobenzoquinone  in  diethylene 

35  glycol  monomethyl  ether  were  mixed  by  means  of  a 
mixer.  The  resultant  mixture  was  applied  to  a  metallic 
shaft  having  a  diameter  of  6  mm  thereby  covering  the 
shaft  therewith  to  obtain  a  urethane  elastomer  devel- 
oping  roller  having  a  diameter  of  20  mm  and  a  length 

40  of  222  mm. 
The  developing  roller  was  set  in  the  image-form- 

ing  device  of  Fig.  2.  The  power  supply  connected  to 
the  developing  roller  3  was  set  at  a  constant  voltage 
of  -400V.  Printing  of  grey  scale,  black  solid  and  white 

45  solid  images  under  conditions  of  a  temperature  of 
1  5°C  and  a  humidity  of  1  0%  ensured  good-quality  im- 
ages.  Moreover,  printing  of  grey  scale,  black  sol  id  and 
white  solid  images  under  conditions  of  a  temperature 
of  32.5°C  and  a  humidity  of  85%  also  ensured  good- 

50  quality  images. 

Example  27 

100  parts  by  weight  of  polyether  prepolymer  ob- 
55  tained  by  prepolymerization  between  polyether  polyol 

obtained  by  addition  of  propylene  oxide  and  ethylene 
oxide  to  glycerine  and  having  a  molecular  weight  of 
5000  and  tolylene  diisocyanate,  6.55  parts  by  weight 
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of  1  ,4-butanediol,  2  parts  by  weight  of  a  silicone  sur- 
face  active  agent,  0.01  part  by  weight  of  dibutyltin  di- 
laurate,  and  0.015  parts  by  weight  of  modified  ali- 
phatic  group/dimethylethylammonium  ethosulfate 
were  mixed  and  mechanically  foamed  by  means  of  a 
mixer.  The  resultant  mixture  was  formed  about  a  met- 
allic  shaft  with  a  diameter  of  6  mm  to  obtain  a  ur- 
ethane  foam  transfer  roller  having  a  diameter  of  16.5 
mm  and  a  length  of  215  mm.  The  transfer  roller  had 
a  hardness  of  39°. 

Thereafter,  the  transfer  roller  was  set  in  the  im- 
age-forming  device  of  Fig.  2.  The  resistance  meas- 
ured  under  conditions  of  a  temperature  of  22°C  and 
a  humidity  of  55%  was  1  x  108  Q  for  1000  V.  When 
grey  scale,  black  solid  and  white  solid  images  were 
printed  using  a  1.3  constant  current  transfer  power 
supply,  good-quality  images  were  obtained.  There- 
after,  the  metallic  shaft  was  removed  from  the  trans- 
fer  roller  to  provide  a  4  mm  thick  ring-shaped  test 
piece,  followed  by  subjecting  to  a  tensile  test,  reveal- 
ing  that  the  tensile  of  breakage  was  2.8  kgf/cm2. 

Comparative  Example  16 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  6.03 
parts  by  weight  of  tolylene  diisocyanate,  2  parts  by 
weight  of  a  silicone  surface  active  agent,  0.03  parts  by 
weight  of  dibutyltin  dilaurate  and  0.015  parts  by  weight 
of  modified  aliphatic  group/dimethylethylammonium 
ethosulfate  were  mixed  and  mechanically  foamed  by 
means  of  a  mixer.  The  resultant  mixture  was  applied 
to  a  metallic  shaft  with  a  diameter  of  6  mm  to  provide 
a  urethane  foam  transfer  roller  having  a  diameter  of 
16.5  mm  and  a  length  of  215  mm.  The  transfer  roller 
had  a  hardness  of  35°  . 

Thereafter,  the  transfer  roller  was  set  in  the  im- 
age-forming  device  of  Fig.  2,  followed  by  measure- 
ment  of  a  resistance  under  conditions  of  a  tempera- 
ture  of  22  and  a  humidity  of  55%,  revealing  that  the 
resistance  was  1  x  108  Q  for  an  applied  voltage  of 
1000  V.  When  grey  scale,  black  solid  and  white  solid 
images  were  printed  using  a  1.3  Â  constant  current 
transfer  power  supply,  good-quality  images  were  ob- 
tained.  Subsequently,  the  metal  lie  shaft  was  removed 
from  the  transfer  roller  to  provide  a  4  mm  thick  ring- 
shaped  test  piece,  followed  by  subjecting  to  a  tensile 
test,  revealing  that  the  tensile  of  breakage  was  0.5 
kgf/cm2. 

Comparative  Example  17 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 
glycerine  and  having  a  molecular  weight  of  5000,  9.15 
parts  by  weight  of  crude  diphenylmethane  diisocyan- 
ate,  2  parts  by  weight  of  a  silicone  surface  active 

agent,  0.003  parts  by  weight  of  dibutyltin  dilaurate 
and  0.015  parts  by  weight  of  modified  aliphatic 
group/dimethylethylammonium  ethosulfate  were 
mixed  and  mechanically  foamed  by  means  of  a  mixer. 

5  The  resultant  mixture  was  applied  to  a  metallic  shaft 
with  a  diameter  of  6  mm  to  provide  a  urethane  foam 
transfer  roller  having  a  diameter  of  16.5  mm  and  a 
length  of  215  mm.  The  transfer  roller  had  a  hardness 
of  37°  . 

10  Thereafter,  the  transfer  roller  was  set  in  the  im- 
age-forming  device  of  Fig.  2,  followed  by  measure- 
ment  of  a  resistance  under  conditions  of  a  tempera- 
ture  of  22°C  and  a  humidity  of  55%,  revealing  that  the 
resistance  was  1  x  108  Q  for  an  applied  voltage  of 

15  1  000  V.  When  grey  scale,  black  solid  and  white  solid 
images  were  printed  using  a  1.3  Â  constant  current 
transfer  power  supply,  good-quality  images  were  ob- 
tained.  Subsequently,  the  metallic  shaft  was  removed 
from  the  transfer  roller  to  provide  a  4  mm  thick  ring- 

20  shaped  test  piece,  followed  by  subjecting  to  a  tensile 
test,  revealing  that  the  tensile  of  breakage  was  0.2 
kgf/cm2. 

Comparative  Example  18 
25 

100  parts  by  weight  of  a  polyether  prepolymer  ob- 
tained  by  pre-polymerization  of  polyether  polyol, 
which  was  obtained  by  addition  of  propylene  oxide 
and  ethylene  oxide  to  glycerine  and  having  a  molec- 

30  ular  weight  of  5000,  with  tolylene  diisocyanate,  6.1 
parts  by  weight  of  1,4-butanediol,  0.5  parts  by  weight 
of  distilled  water,  0.01  part  by  weight  of  dibutyltin  di- 
laurate,  0.03  parts  by  weight  of  triethylenediamine, 
and  0.015  parts  by  weight  of  modified  aliphatic 

35  group/dimethylethylammonium  ethosulfate  were 
mixed  by  means  of  a  mixer.  The  resultant  mixture  was 
applied  to  a  metallic  shaft  with  a  diameter  of  6  mm  to 
provide  a  urethane  foam  transfer  roller  having  a  diam- 
eter  of  16.5  mm  and  a  length  of  215  mm.  The  transfer 

40  roller  had  a  hardness  of  36°  . 
Thereafter,  the  transfer  roller  was  set  in  the  im- 

age-forming  device  of  Fig.  2,  followed  by  measure- 
ment  of  a  resistance  under  conditions  of  a  tempera- 
ture  of  22°C  and  a  humidity  of  55%,  revealing  that  the 

45  resistance  was  1  x  108  Q  for  an  applied  voltage  of 
1000  V.  When  grey  scale,  black  solid  and  white  solid 
images  were  printed  using  a  1.3  Â  constant  current 
transfer  power  supply,  good-quality  images  were  ob- 
tained.  Subsequently,  the  metallic  shaft  was  removed 

so  from  the  transfer  roller  to  provide  a  4  mm  thick  ring- 
shaped  test  piece,  followed  by  subjecting  to  a  tensile 
test,  revealing  that  the  tensile  of  breakage  was  0.8 
kgf/cm2. 

55  Comparative  Example  19 

100  parts  by  weight  of  a  polyether  polyol  obtained 
by  addition  of  propylene  oxide  and  ethylene  oxide  to 

15 
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glycerine  and  having  a  molecular  weight  of  5000,  15.5 
parts  by  weight  of  tolylene  diisocyanate,  6.55  parts  by 
weight  of  1,4-butanediol,  2  parts  by  weight  of  a  sili- 
cone  surface  active  agent,  0.01  part  by  weight  of  di- 
butyltin  dilaurate  and  0.015  parts  by  weight  of  modi- 
fied  aliphatic  group/dimethylethylammonium  ethosul- 
fate  were  mixed  and  mechanically  foamed  by  means 
of  a  mixer.  The  resultant  mixture  was  applied  to  a  met- 
allic  shaft  with  a  diameter  of  6  mm  to  provide  a  ur- 
ethane  foam  transfer  roller  having  a  diameter  of  16.5 
mm  and  a  length  of  215  mm.  The  transfer  roller  had 
a  hardness  of  42°  . 

Thereafter,  the  transfer  roller  was  set  in  the  im- 
age-forming  device  of  Fig.  2,  followed  by  measure- 
ment  of  a  resistance  under  conditions  of  a  tempera- 
ture  of  22°C  and  a  humidity  of  55%,  revealing  that  the 
resistance  was  1  x  108  Q  for  an  applied  voltage  of 
1000  V.  When  grey  scale,  black  solid  and  white  solid 
images  were  printed  using  a  1.3  constant  current 
transfer  power  supply,  good-quality  images  were  ob- 
tained.  Subsequently,  the  metal  lie  shaft  was  removed 
from  the  transfer  roller  to  provide  a  4  mm  thick  ring- 
shaped  test  piece,  followed  by  subjecting  to  a  tensile 
test,  revealing  that  the  tensile  of  breakage  was  1.7 
kgf/cm2. 

Example  28 

100  parts  by  weight  of  a  polyether  prepolymer  ob- 
tained  by  pre-polymerization  of  polyether  polyol, 
which  was  obtained  by  addition  of  propylene  oxide 
and  ethylene  oxide  to  glycerine  and  having  a  molec- 
ular  weight  of  5000,  with  tolylene  diisocyanate,  6.55 
parts  by  weight  of  1,4-butanediol,  2  parts  by  weight 
of  a  silicone  surface  active  agent,  0.01  part  by  weight 
of  dibutyltin  dilaurate,  and  0.015  parts  by  weight  of 
modified  aliphatic  group/dimethylethylammonium 
ethosulfate  were  mixed  and  mechanically  foamed  by 
means  of  a  mixer.  The  resultant  mixture  was  applied 
to  a  metallic  shaft  with  a  diameter  of  6  mm  to  provide 
a  self  skin-bearing  urethane  foam  developing  roller 
having  a  diameter  of  20  mm  and  a  length  of  222  mm. 
The  developing  roller  had  a  hardness  of  41°  . 

Thereafter,  the  developing  roller  was  set  in  the 
image-forming  device  of  Fig.  2,  followed  by  measure- 
ment  of  a  resistance  under  conditions  of  a  tempera- 
ture  of  22  and  a  humidity  of  55%,  revealing  that  the 
resistance  was  1  x  108  Q  for  an  applied  voltage  of 
1000  V.  When  grey  scale,  black  solid  and  white  solid 
images  were  printed  using  a  1.3  Â  constant  current 
power  supply  for  development,  good-quality  images 
were  obtained.  Subsequently,  the  metallic  shaft  was 
removed  from  the  developing  roller  to  provide  a  4  mm 
thick  ring-shaped  test  piece,  followed  by  subjecting  to 
a  tensile  test,  revealing  that  the  tensile  of  breakage 
was  3.0  kgf/cm2. 

Example  29 

The  transfer  roller  of  Example  27  was  set  in  the 
image-forming  device  of  Fig.  2  as  a  charging  roller, 

5  followed  by  measurement  of  a  resistance  under  con- 
ditions  of  a  temperature  of  22°C  and  a  humidity  of 
55%,  revealing  that  the  resistance  was  1  x  108  Q  for 
an  applied  voltage  of  1000  V.  When  grey  scale,  black 
solid  and  white  solid  images  were  printed  using  a  con- 

10  stant  voltage  power  supply  of  -1700  V  as  a  charging 
power  supply,  good-quality  images  were  obtained. 
Subsequently,  the  metallic  shaft  was  removed  from 
the  charging  roller  to  provide  a  4  mm  thick  ring- 
shaped  test  piece,  followed  by  subjecting  to  a  tensile 

15  test,  revealing  that  the  tensile  of  breakage  was  2.9 
kgf/cm2. 

Comparative  Example  20 

20  The  transfer  roller  of  Comparative  Example  16 
was  used  as  a  charging  roller,  followed  by  printing 
grey  scale,  black  solid  and  white  solid  images  using 
a  constant  voltage  power  supply  of  -1700  V  as  a 
charging  power  supply,  thereby  obtaining  good  -  qual- 

25  ity  images.  The  metallic  shaft  was  removed  from  the 
charging  roller  to  obtain  a  4  mm  thick  ring-shaped  test 
piece,  followed  by  subjecting  to  a  tensile  test,  with  the 
result  that  the  tensile  of  breakage  was  0.6  kgf/cm2. 

30  Comparative  Example  21 

The  transfer  roller  of  Comparative  Example  17 
was  used  as  a  charging  roller,  followed  by  printing 
grey  scale,  black  solid  and  white  solid  images  using 

35  a  constant  voltage  power  supply  of  -1700  V  as  a 
charging  power  supply,  thereby  obtaining  good  -  qual- 
ity  images.  The  metallic  shaft  was  removed  from  the 
charging  roller  to  obtain  a  4  mm  thick  ring-shaped  test 
piece,  followed  by  subjecting  to  a  tensile  test,  with  the 

40  result  that  the  tensile  of  breakage  was  0.2  kgf/cm2. 

Comparative  Example  22 

The  transfer  roller  of  Comparative  Example  18 
45  was  used  as  a  charging  roller,  followed  by  printing 

grey  scale,  black  solid  and  white  solid  images  using 
a  constant  voltage  power  supply  of  -1700  V  as  a 
charging  power  supply,  thereby  obtaining  good  -  qual- 
ity  images.  The  metallic  shaft  was  removed  from  the 

so  charging  roller  to  obtain  a  4  mm  thick  ring-shaped  test 
piece,  followed  by  subjecting  to  a  tensile  test,  with  the 
result  that  the  tensile  of  breakage  was  0.8  kgf/cm2. 

Comparative  Example  23 
55 

The  transfer  roller  of  Comparative  Example  19 
was  used  as  a  charging  roller,  followed  by  printing 
grey  scale,  black  solid  and  white  solid  images  using 

16 
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a  constant  voltage  power  supply  of  -1700  V  as  a 
charging  power  supply,  thereby  obtaining  good  -  qual- 
ity  images.  The  metallic  shaft  was  removed  from  the 
charging  roller  to  obtain  a  4  mm  thick  ring-shaped  test 
piece,  followed  by  subjecting  to  a  tensile  test,  with  the 
result  that  the  tensile  of  breakage  was  1.8  kgf/cm2. 

It  will  be  appreciated  in  the  light  of  the  above  that 
further  aspects  put  forward  herein  are: 

the  conductive  polymer  material  in  which  a 
charge-transfer  complex  or  an  electron  acceptor  ca- 
pable  of  forming  a  charge-transfer  complex  functions 
as  a  conductivity-imparting  agent; 

the  use  of  such  conductivity-imparting  agents 
for  any  one  or  more  of  the  following  purposes:- 

-  reducing  variation  of  the  resistance  of  the  re- 
sulting  polymer  article  from  one  position  to  an- 
other 

-  reducing  voltage-dependence  of  the  resis- 
tance 

-  reducing  resistance  variations  with  change  of 
temperature  and/or  humidity. 

Claims 

1.  A  semiconductive  polymer  member  which  is 
made  of  a  semiconductive  polymer  composition 
which  comprises  a  polymer  matrix  and  which  has 
an  electric  resistance  ranging  from  1  x  105  Q  cm 
to  1  x  1010  Q  cm  when  measured  under  condi- 
tions  of  a  temperature  of  from  15  to  32.5°C,  a  rel- 
ative  humidity  of  from  10  to  85%  and  a  measuring 
potential  of  from  10  to  5000  V  and  has  a  position- 
al  variation  in  the  electric  resistance  of  not  larger 
than  0%,  and  wherein  an  electric  resistance  de- 
termined  under  conditions  of  a  temperature  of 
15°C  and  a  relative  humidity  of  10%  is  not  larger 
than  50  times  an  electric  resistance  determined 
under  conditions  of  a  temperature  of  32.5°C  and 
a  relative  humidity  of  85%. 

2.  A  semiconductive  polymer  member  according  to 
Claim  1  ,  wherein  said  polymer  matrix  consists  of 
a  urethane  foam  or  urethane  elastomer. 

3.  A  semiconductive  polymer  member  according  to 
Claim  2,  wherein  said  polymer  matrix  consists  of 
a  polyurethane  cured  with  liquid  diphenylme- 
thane  diisocyanate. 

4.  A  semiconductive  polymer  member  according  to 
Claim  3,  wherein  said  liquid  diphenylmethane  dii- 
socyanate  consists  of  crude  diphenylmethane 
diisocyanate  and/or  urethaneimine-modified  di- 
phenylmethane  diisocyanate. 

5.  A  semiconductor  polymer  member  according  to 
Claim  2,  which  further  comprises  at  least  one 

member  selected  from  the  group  consisting  of 
electron  acceptors  capable  of  forming  charge 
transfer  complexes  and  charge  transfer  com- 
plexes. 

5 
6.  A  semiconductive  polymer  member  according  to 

Claim  5,  further  comprising  a  quaternary  ammo- 
nium  salt. 

10  7.  A  semiconductive  polymer  member  according  to 
Claim  5,  further  comprising  carbon  black. 

8.  A  semiconductive  polymer  member  according  to 
Claim  5,  wherein  said  at  least  one  member  is  an 

15  electron  acceptor  which  consists  of  tetracyano- 
quinodimethane  or  tetracyanoethylene. 

9.  A  semiconductive  polymer  member  according  to 
Claim  5,  wherein  said  at  least  one  member  is  a 

20  charge  transfer  complex  which  consists  of  tetra- 
thiafluvalene/tetracyanoquinodimethane,  butyl  i- 
soquinoline/tetracyanoquinodimethane  and/or  li- 
thium/tetracyanoquinodimethane. 

25  10.  A  semiconductive  polymer  member  according  to 
Claim  5,  wherein  said  at  least  one  member  is 
present  in  an  amount  of  from  0.001  to  20  parts  by 
weight  per  100  parts  by  weight  of  said  polymer 
matrix. 

30 
11.  A  semiconductive  polymer  member  according  to 

Claim  1  ,  wherein  said  member  has  an  electric  re- 
sistance  at  a  measuring  voltage  of  1  0  V  which  is 
not  larger  than  two  times  an  electric  resistance  at 

35  a  measuring  voltage  of  5000  V. 

12.  A  semiconductive  polymer  member  according  to 
Claim  1,  wherein  said  member  has  a  tensile  of 
breakage  of  not  smaller  than  2  kgf/cm2,  and  an 

40  Ascar  C  hardness  of  50°  or  less. 

13.  A  semiconductive  polymer  member  according  to 
Claim  1  ,  wherein  said  member  is  used  as  an  elas- 
tic  roller  for  electrophotography. 

45 
14.  A  semiconductive  polymer  member  according  to 

Claim  1  ,  wherein  said  member  is  a  charging  roller. 

15.  A  semiconductive  polymer  member  according  to 
so  Claim  1  ,  wherein  said  member  is  a  transfer  roller. 

16.  A  semiconductive  polymer  member  according  to 
Claim  1,  wherein  said  member  is  a  developing 
roller. 

55 
17.  A  method  for  fabricating  a  semiconductive  poly- 

mer  member  which  comprises  providing  a  polyur- 
ethane-preparing  composition  containing  a  poly- 

17 
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ol  component,  an  isocyanate  component  and  a 
conductivity-imparting  agent  and  reacting  said 
polyol  component  and  said  isocyanate  compo- 
nent,  wherein  the  conductivity-imparting  agent 
consists  of  an  electron  acceptor  capable  of  form- 
ing  a  charge  transfer  complex  and  the  electron 
acceptor  is  added  after  dissolution  in  the  isocyan- 
ate  component. 

18.  A  method  according  to  Claim  17,  wherein  said 
electron  acceptor  is  a  member  selected  from  tet- 
racyanoquinodimethane  and  tetracyanoethy- 
lene. 

19.  A  method  according  to  Claim  17,  wherein  said 
electron  acceptor  is  present  in  an  amount  of  from 
0.001  to  20  parts  by  weight  per  100  parts  by 
weight  of  the  resultant  polymer  component. 

20.  Amethod  according  to  Claim  17,  further  compris- 
ing  shaping  and  curing  the  composition  to  provide 
an  elastic  roller  for  electrophotography. 

21.  A  method  for  fabricating  a  semiconductive  poly- 
mer  member  which  comprises  providing  a  polyur- 
ethane-preparing  composition  containing  a  poly- 
ol  component,  an  isocyanate  component  and  a 
conductivity-imparting  agent  and  reacting  the 
polyol  component  and  the  isocyanate  compo- 
nent,  wherein  the  conductivity-imparting  agent 
consists  of  an  electron  acceptor  capable  of  form- 
ing  a  charge  transfer  complex,  the  polyol  is  pre- 
polymerized,  and  the  composition  is  foamed  ac- 
cording  a  mechanical  frothing  method  and  is  sub- 
jected  to  the  reaction. 

22.  A  method  according  to  Claim  21,  wherein  said 
member  has  an  electric  resistance  at  a  measur- 
ing  voltage  of  10  V  which  is  not  larger  than  two 
times  an  electric  resistance  at  a  measuring  vol- 
tage  of  5000  V. 

23.  A  method  according  to  Claim  21,  wherein  said 
electron  acceptor  consists  of  tetracyanoquinodi- 
methane  or  tetracyanoethylene  and  the  charge 
transfer  complex  consists  of  tetrathiafluvalene/ 
tetracyanoquinodimethane,  butylisoquinoline/tet- 
racyanoquinodimethane  and/or  lithium/tetracya- 
noquinodimethane. 

24.  A  method  according  to  Claim  21,  wherein  said 
member  comprises  a  roll  core  and  a  layer  formed  on 
said  roll  core  and  made  of  said  polyurethane  -  pre- 
paring  composition  whereby  said  member  is  used 
as  an  elastic  roller  for  electrophotography. 

25.  A  device  which  comprises  means  including  a 
semiconductive  member  which  is  made  of  a 

semi-conductive  polymer  composition  compris- 
ing  a  polymer  matrix  and  an  electron  acceptor  ca- 
pable  of  forming  a  charge  transfer  complex 
and/or  a  charge  transfer  complex  and  to  which  a 

5  bias  voltage  is  applicable,  and  a  power  supply  for 
transfer  devices  associated  with  the  means  to  de- 
tect  environmental  conditions  and/or  a  load  resis- 
tance  of  the  means  thereby  appropriately  control- 
ling  power  supply  conditions  applied  to  the 

10  means. 

26.  A  device  which  comprises  means  including  a 
semiconductive  member  which  is  made  of  a 
semi-conductive  polymer  composition  compris- 

15  ing  a  polymer  matrix  and  an  electron  acceptor  ca- 
pable  of  forming  a  charge  transfer  complex 
and/or  a  charge  transfer  complex  and  to  which  a 
bias  voltage  is  applicable,  and  a  constant  current 
power  supply  associated  with  the  means. 

20 
27.  A  device  according  to  Claim  26,  wherein  said 

means  is  a  transfer  roller  for  electrophotography 
and  said  transfer  roller  is  applied  from  said  power 
supply  with  a  voltage  of  reverse  polarity  capable 

25  of  compensating  a  cumulative  amount  of  current 
of  not  less  than  60%  of  a  cumulative  amount  of 
current  generated  during  the  course  of  transfer  at 
least  for  a  given  time  at  the  time  of  non-transfer 
cycles. 

30 
28.  A  device  which  comprises  means  including  a 

semiconductive  member  which  is  made  of  a 
semi-conductive  polymer  composition  compris- 
ing  a  polymer  matrix  and  an  electron  acceptor  ca- 

35  pable  of  forming  a  charge  transfer  complex 
and/or  a  charge  transfer  complex  and  to  which  a 
bias  voltage  is  applicable,  and  a  constant  voltage 
power  supply  associated  with  the  means. 

40  29.  A  device  according  to  any  of  Claims  25  to  28, 
wherein  said  member  is  a  charging  member  in  the 
form  of  a  roller. 

30.  A  device  according  to  any  of  Claims  25  to  28, 
45  wherein  said  member  is  a  transfer  member  in  the 

form  of  a  roller. 

31.  A  device  according  to  any  of  Claims  25  to  28, 
wherein  said  member  is  a  developing  member  in 

so  the  form  of  a  roller. 

18 
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