
EP 0 387 815 B1 Description FIELD OF THE INVENTION AND RELATED ART 5
The present invention relates to a charging member, particularly to a
charging member for electrophotog- raphy to be used for transferring,
charging for a photosensitive member, conveying, paper-feeding, etc.; and
to an electrophotographic apparatus using such a charging member. Hitherto,
charging members for electrophotography have frequently posed some problems
with respect to their electric resistance. 10      For example, in
electrophotographic printers such as compact laser-beam printers which have
recently been used widely, they mostly use an organic photoconductor
(hereinafter, referred to as "OPC") as a photo- sensitive member and use a
reversal development system wherein an image-exposed portion of the photo-
sensitive member is developed. Further, as the transfer device constituting
this type of printer, a contact-type roller transfer device or belt 15
transfer device is used, since it has various advantages such that it may
miniaturize the device, can conduct a transferoperation under the
application of a low voltage, and provides a small amount of a corona
discharge product such as ozone, and good stability In conveyance of a
transfer material (or transfer-receiving material) such as paper. In such a
contact-type transfer device, in orderto well transfera toner image from an
image-bearing mem- 20  bertoa transfermaterial having an extremely high
resistance such as paperwhich has been leftstanding under a low-humidity
condition, and a sheet for a transparency comprising a polyester film, it
is necessary to use a strong electric field for transfer. When such a
strong electric field is directly applied to the image-bearing member, an
excessive current is passed therethrough, whereby the image-bearing member
is damaged. Such a phenomenon becomes 25  marked when a paper of a small
size is passed through the transfer device. In order to solve these
problems, it is necessary for a transfer charging member to have a
resistivity in a semiconductive region. Similarly, in a case where a
contact-type charging device uses an electroconductive charging member for
primary charging of a photosensitive member, there are posed known problems
such that the life of the pho- tosensitive member is shortened because of a
strong electric current passing therethrough; and when a pin- 30  hole is
present on the photosensitive member, it causes a discharge phenomenon to
cause an image defect. Accordingly, In order to solve the above-mentioned
problem, the primary charging member is Intended to have an electric
resistance (or resistivity) in the semiconducting region, thereby to limit
the electric current flowing into the photosensitive member, in the same
manner as in the case of the above-mentioned transfer charging member. 35
As the conventional method for obtaining a material having a resistivity in
the semiconductive region, In the prior art, an electroconductive filler
such as electroconductive carbon, graphite and metal powder has been
dispersed In an elastomeric or elastic material such as rubberorresin
matrix, thereby to regulate the resistivity. However, as known in the prior
art, the resistivity is abruptly changed in the semiconductive region
depending on the addition amount of the electroconductive filler, and
therefore the filler loss due to the scattering of the 40
electroconductive filler to the outside which can occur at the time of
mixing of the filler, or a slight difference in the degree of dispersion is
liable to appear as a change in the electric resistivity. Accordingly, such
a method is poor in reproducibility, and has a problem with respect to
stability in mass production. Further, there has been proposed a method
wherein a plasticizer, a low-molecularweight liquid rubber, or a surfactant
is added to the material constituting a charging member, whereby the
resistivity may be stabilized 45  in the semiconductive region. However,
when such an additive is used, the plasticizer, low-molecular weight liquid
rubber, or surfactant is liable to exude to the surface of the charging
member, and then migrates to a photosensitive member disposed in contact
therewith to contaminate the photosensitive member. As a result, there is
posed a problem such that image failure is caused bysuch contamination.
Further, when the plasticizer, low-molecular weight liquid rubber, or
surfactant exudes to the surface of the charging member, the adhesive- 50
ness of the charging member is remarkably increased, whereby the charging
member adsorbs toner particles 



and paper dust to deteriorate its function. Further, Japanese Laid-Open
Patent Application (JP-A, KOKAI) No. 156858/1988 discloses a dispersion
comprising a silicone rubber and a pulverized product of crosslinked
silicone rubber containing carbon black. In such a case, however, there Is
posed a problem such that the production cost becomes high. 55      JP-A-63
170 673 discloses a charging member comprising an elastomeric material and
a metal oxide con- tained therein and US-A-3 521 126 discloses the use of
metal oxides in a ceramic material. 2    EP 0 387 815 B1 SUMMARY OF THE
INVENTION An object of the present invention is, in view of the
above-mentioned problems, to provide a charging mem- ber which is stable In
a semiconductive region, is excellent In mass-productivity, and is capable
of reducing 5   the production cost. Another object of the present
invention is to provide an electrophotographic apparatus which is capable
of providing copied images of good quality, even after successive copying
of a large number of sheets. According to the present invention, there is
provided a charging member comprising an elastomeric mem- ber comprising an
elastomeric material and an oxide contained therein, whereby said oxide is
a solid solution 10  compound of oxides of at least two different metals,
wherein said double oxide has an electroconductivity that Is larger than
that of either metal oxide when not in solution. The present invention also
provides an electrophotographic apparatus according to claim 10. The
present invention further provides a facsimile apparatus according to claim
13. The charging member according to the present invention comprising an
elastomeric (or elastic) material 15  and a double oxide contained therein
is capable of being reproducibly produced, and is stable in the semicon-
ductive region wherein the conventional charging member is not stable.
Further, when a reinforcing agent and/or softener (or softening agent) is
added to the elastomeric material, a desired resistivity in the semicon-
ductive region may stably be obtained, and further a reinforcing property
and/or a softness may be imparted to the elastomeric material. In a case
where such an agent is used in the charging member, it may provide a 20
sufficient nip width in combination with a photosensitive member disposed
in contact with the charging mem- ber, whereby a good charging
characteristic Is obtained. These and other objects, features and
advantages of the present invention will become more apparent upon a
consideration of the following description of the preferred embodiments of
the present Invention taken in conjunction with the accompanying drawings.
25 BRIEF DESCRIPTION OF THE DRAWINGS Figures 1A and 1B are schematic
sectional views showing cross sections of an embodiment of the charging
member according to the present invention in lateral and longitudinal
directions with respect to the axis 30      direction of the charging
member, respectively; Figure 2 is a schematic sectional view showing an
electrophotographic apparatus used in Examples ap- pearing hereinafter;
Figure 3 is a block diagram showing a facsimile machine using the
electrophotographic apparatus accord- ing to the present invention as a
printer; 35      Figure 4 is a graph showing a relationship between the
addition amount of an additive and the resistance of a charging member; and
Figure 5 Is a schematic perspective view for illustrating a method of
measuring the resistivity of a roller- form charging member. 40  DETAILED
DESCRIPTION OF THE INVENTION The double oxide used in the present invention
refers to a compound of higher order (i.e., a compound 



formed by an intermolecular bond) comprising at least two species of
oxides, i.e., a metal oxide wherein at least two species of metals are
co-present. The double oxide may be produced, e.g., by dispersing one or
more 45  kind of different species of metal ions in a crystal lattice of
another metal oxide, and baking or calcining the resultant product in a
reducing atmosphere. For example, a double oxide comprising zinc oxide and
aluminum oxide is prepared by treating zinc oxide and an aluminum salt in
an aqueous ammonium salt solution, dehy- drating the resultant product and
then baking it In an atmosphere of hydrogen, as described in Japanese
Patent Publication (JP-B, KOKOKU) No. 41171/1987. 50     Accordingly, the
above-mentioned double oxide is different from a simple metal oxide.
Specific examples of such a double oxide may Include: solid solution
compounds comprising zinc oxide (ZnO) and aluminum oxide (err); solid
solution compounds comprising tin oxide (err) and antimony oxide (err)
solid solution com- pounds comprising indium oxide (err) and tin oxide
(SnO2); solid solution compounds comprising zinc oxide (ZnO) and titanium
oxide (err); solid solution compounds comprising magnesium oxide (MgO) and
aluminum 55  oxide (err); solid solution compounds comprising iron oxide
(FeO) and titanium oxide (err); etc. Such a double oxide may be
characterized in that the respective metals contained therein have similar
atomic radii and constitute a substitutional solid solution, and their
valences are different, whereby the double oxide provides an
electroconductivity which cannot be provided by each metal oxide alone. 3
EP 0 387 815 B1 The above-mentioned double oxide may preferably have a
specific resistance (orresistivity) of 101 ohm.cm to[err]ohm.cm, which is
higher than that of electroconductive carbon black, reinforcing carbon
black,[err] ru- thenium oxide, etc. (i.e.,[err] ohm.cm to[err]ohm.cm); and
is lower than that of zinc oxide, aluminum oxide, antimony oxide, indium
oxide, tri-iron tetroxide, tin oxide, etc. (i.e.,[err] ohm.cm or higher). 5
When the filler comprising a double oxide according to the present
invention which has a specific resis- tance of 101 to 103 ohm.cm is used, a
stable semiconducting property is provided by using an addition amount
which causes substantially no problem in physical properties, whereby the
resultant semiconducting material is excellent in reproducibility and
stability in mass-production. On the other hand, in the case of the
conventional filler to be dispersed in a dispersion medium such as 10
polymer, when the filler has a specific resistance of below [err] ohm.cm,
the addition amount thereof provides a region wherein the resistance is
abruptly changed, whereby the resultant dispersion is poor In
reproducibility and stability in mass-production, as described hereinabove.
Further, in a case where the conventional filler has a specific resistance
of above [err] ohm.cm, a consid- erably large addition amount thereof is
required in order to obtain a semiconducting property, whereby the dis- 15
persing operation becomes difficult. Even if such a large amount of the
filler is dispersed in a dispersion me- dium, the physical property of the
resultant dispersion becomes considerably poor and cannot reach a practi-
cally acceptable level. In such a case, the hardness of the resultant
dispersion becomes considerably high so that It cannot provide a sufficient
and stable contact state In combination with a photosensitive member, etc.
Among the above-mentioned double oxides,[err] is particularly preferred
from some reasons such 20  that the filler comprising such a double oxide
may provide a specific resistance of [err] ohm.cm which is nearest to an
Ideal value in view of resistance stability in the semiconductive region;
It may easily be dis- persed in a polymer dispersion medium such as resin
and rubber, and the resultant dispersion Is excellent in moldability; It
may be produced at a low cost; an appropriate resistance value may obtained
by changing the doping amount of Al (err); etc. 25      The double oxide
content in an elastomeric composition may preferably be 5 - 40 wt. %, more
preferably 10 - 30 wt. %, based on the total weight of the elastomeric
composition (inclusive of the double oxide per se). In an embodiment
wherein the charging member also has a function of conveying a transfer
material such as paper, as in the case of a roller-type (or roller-form)
charging member for transfer, the material per se con- 



stituting the charging member is required to have a mechanical strength
such as wear resistance. In such a 30  case, a reinforcing agent may
preferably be used in combination with the above-mentioned double oxide. As
the reinforcing agent, reinforcing carbon such as carbon black, silica,
etc., may appropriately be used. In the case of carbon black, according to
my investigation, it has been found that an excellent reinforcing prop-
erty and a stable resistance may be obtained at a specific resistance of 10
ohm.cm or higher of the carbon black, and an addition amount of 0.1 - 20
wt. %, more preferably 1 - 15 wt. % based on the total weight of the 35
composition (inclusive of the reinforcing agent perse). When the specific
resistance is lower than 10[err] ohm.cm, the conducting ability is too
great and potential unevenness Is liable to occur even in a small addition
amount of the carbon black. When the addition amount exceeds 20 wt. %, the
resistance of the resultant dispersion Is liable to depend on the carbon
black rather than the double oxide, whereby the addition of the double
oxide becomes less meaningful. 40     In the present invention, the carbon
black may be those usable for general Industry. Specific examples thereof
may include those referred to as: ISAF (Intermediate Super Abrasion
Furnace), SAF (Super Abrasion Furnace), HAF (High-Abrasion Furnace Black),
FEF (Fast Extrusion Furnace), SRF (Semi-Reinforcing Fur- nace), FT (Fine
Thermal), EPC (Easy Processing Channel), MPC (Medium Processing Channel),
etc. In the case of a roller-type charging member for transfer or primary
charging, the charging member may 45  provide good charging ortransfer
characteristic free of unevenness, when the charging member retains a suf-
ficient contact area with a photosensitive member under pressure.
Accordingly, when the charging member is used for such a purpose, it may
preferably have a particularly low hardness. In such a case, a process oil
such as insulating oil may preferably be used. As a result of my
investigation of various insulating oils, it has been found that a low
hardness, an excellent reinforcing property and a stable 50  resistance may
be obtained at a specific resistance thereof of [err] ohm.cm or higher, and
an addition amount of 5 - 20 wt. %, more preferably 8 -1 6 wt. %, based on
the total weight of the composition (inclusive of the oil perse). In a case
where an insulating oil having a specific resistance of below 1012 ohm.cm
is used, when the oil migrates to a photosensitive member, the potential on
the photosensitive member is changed only in the portion to which the oil
has migrated, thereby to impair the resultant copied image or to invite
toner agglom- 55   eration on the photosensitive member. When the addition
amount exceeds 20 wt. %, the exudation of the oil to the charging member
surface becomes marked to contaminate the photosensitive member, and the
attach- ment of toner particles and paper dust also becomes marked, whereby
the function of the charging member is liable to be deteriorated. 4    EP 0
387 815 B1 Preferred examples of such an insulating oil may include
paraffin oils and mineral oils. Specific examples of the elastomeric (or
elastic) material used in the present invention may include: rub- bers such
as EPDM (ethylene-propylene-diene terpolymer), polybutadiene, natural
rubbers, polylsoprene, SBR (styrene-butadiene rubber), CR (chloroprene
rubber), NBR (nitrile-butadiene rubber), silicone rubber, ur- 5   ethane
rubber, and epichlorohydrin rubber, thermoplastic elastomers Including RB
(butadiene rubber), poly- styrene-type such as SBS
(styrene-butadiene-styrene elastomer), polyolefine-type, polyester-type,
polyur- ethane-type and polyvinyl chloride; and polymer materials such as
polyurethane, polystyrene, polyethylene, polypropylene, polyvinyl chloride,
acrylic resins, styrene-vinyl acetate copolymers, and
butadiene-acrylonitrile copolymers. 10      The elastomeric material may be
used in the form of either a foam (or foamed material) or a solid rubber.
Further, another filler may be added to the elastomeric material as
desired. Specific examples thereof may include: calcium carbonate, various
clays, talc, or blends of these; and silica-type fillers such as hydrous
silicic acid, anhydrous silicic acid, and salts of these. In the present
Invention, a foaming agent (or blowing agent) may be used. Specific
examples thereof may 



15  include: ADCA (azodicarbonamide), DPT
(di-nitrosopentamethylenetetramine), OBSH (4,4'-oxybis(benzene-
sulfonylhydrazide), TSH (p-toluenesulfonylhydrazide), AIBN
(azobisisobutyronitrile), etc. When a blend of ADCA and OBSH is used, a
foam of tight vulcanization (i.e., foam having a high degree of
crosslinking) may be obtained. In the case of a polymer such as certain
type of urethane rubber and silicone rubber which is capable of 20
changing the strength or softness of the material by regulating the polymer
structure thereof of the polymer per se, It is sufficient to add a double
oxide alone to the polymer. When such a polymer is used, hardness and
strength requisite for practical use may be attained even without using
reinforcing filler such as carbon black or softener. In the present
invention, the specific resistance of powder such as double oxide may be
measured at a 25  load of 100 kg/cm2 undera condition of 25[err]and 60 %RH
according toa general method of measuring powder resistance. More
specifically, the specific resistance may for example be measured in the
following manner. Thus, powder to be measured is sandwiched between two
circular plate electrodes, a voltage is applied therebetween, and the
magnitude of the current passing between the electrodes is measured. The
resistance of the powder may be determined on the basis of the thus
measured current magnitude. so      The shape or form of the charging
member according to the present invention may for example be a roller, a
blade, etc., and may appropriately be selected corresponding to the
specification and/or form of an electro- photographic apparatus using it.
Figures 1A and I B show a basic structure of a roller-form charging member
1 according to the present invention. In such an embodiment, the charging
member 1 comprises a cylindrical electroconductive substrate 35  2; and an
elastomeric (or elastic) layer 3 formed thereon. The elastomeric layer 3
comprises an elastomeric (or elastic) material and a double oxide contained
therein. In an embodiment wherein the charging member has a blade form,
such a charging member may comprise an electroconductive substrate in the
form of a plate, and an elastomeric layer formed thereon containing a
double oxide. The electroconductive substrate 2 may comprise a metal
ormetal alloy such as iron, copper and stainless 40  steel; or an
electroconductive resin, etc. When a photosensitive member is charged by
using the charging member according to the present inven- tion, a voltage
may for example be externally applied to the charging member disposed in
contact with the pho- tosensitive member, whereby the photosensitive member
is charged. In a system wherein a photosensitive member is charged by means
of a charging memberdisposed in con- 45  tact therewith, the photosensitive
member may be charged by means of the charging member supplied with a
voltage presumably because discharge is effected through a slight gap or
clearance between the photosensi- tive member and charging member, i.e., a
narrow wedge-like space outside the contact portion between the
photosensitive member and charging member. The charging member Is caused to
contact the photosensitive member in order to provide such a minute
clearance. In other words, the above-mentioned minute clearance 50  may be
retained by causing the charging member to contact the photosensitive
member. The charging member according to the present invention may be used
for transfer, primary charging and discharging (or charge-removing). In
addition, the charging member may be used for conveying, e.g., as a pa-
per-feeding roller, etc. In the prior art, there has been encountered a
problem such that a portion of a transfer material contacting a conveying
roller is charged by friction between the conveying roller and the transfer
ma- 55  terial, and charging unevenness occurs in the transfer material per
se, thereby to cause unevenness in the resultant image. The above-mentioned
material according to the present Invention may be used as a means for
solving such a problem. The photosensitive member to be used In combination
with the charging member according to the present 5    EP 0 387 815 B1 



invention may Include various photosensitive members comprising an OPC
(organic photoconductor), a-Si, (amorphous silicon), Se, ZnO, etc.
Particularly, when the charging member according to the present Invention
is used in combination with an OPC photosensitive member which is
susceptible to deterioration with respect to mechanical strength and
chemical stability, the charging member may remarkably exhibit its
characteristic. 5      The charging member according to the present
invention may be used for electrophotographic apparatus including ordinary
copying machines, and apparatus relating to electrophotography such as
laser-beam prin- ters, LED printers and electrophotographic plate-making
system. Figure 2 is a schematic sectional view showing an
electrophotographic apparatus wherein the charging member according to the
present invention is used as a charging member for transfer operation. 10
Referring to Figure 2, the electrophotographic apparatus In such an
embodiment may comprise: a cylin- drical photosensitive member4, and around
the peripheral surface of the photosensitive member4, a charging roller 5
as a primary charger, an image exposure means (not shown) for providing a
laser light beam 6 to form a latent image on the photosensitive member 4, a
developing device 7 for developing the latent image with a toner or
developer (not shown) to form a toner Image T on the photosensitive member
4, a transfer charging 15  roller 1 for transferring the toner Image T from
the photosensitive member 4 onto a transfer-receiving material (or transfer
material) P such as paper, and a cleaner 8 for removing a residual toner In
Figure 2, the above- mentioned charging roller 5, image exposure means for
providing the light beam 6, developing device 7, trans- fer charging roller
1, and cleaner 8 are disposed in this order along the peripheral surface of
the photosensitive member 4 with respect to the moving direction of the
photosensitive member 4. 20     In the electrophotographic apparatus as
shown in Figure 4, the photosensitive member 4, which has been sensitized
to near infrared rays, Is uniformly charged negatively by a contact
charging method by means of the charging roller 5, and then raster-scanned
by the laser light 6 which has been modulated according to an image signal
so as to selectively decrease the potential of an Image portion of the
photosensitive member 4, whereby an electrostatic latent Image is formed on
the photosensitive member4. The thus formed latent image 25  is developed
or visualized with a negatively chargeable toner contained In the
developing device 7, thereby to form the toner image T on the
photosensitive member 4. Thereafter, the toner image T is transferred from
the photosensitive member 4 onto the transfer material P by means of the
roller-form transfer charging member 1 to which a positive voltage Is
applied. The transfer material P to which the toner image T has been
transferred is then conveyed to a fixing device (not shown) so 30  that the
toner image T Is permanently fixed to the transfer material P. The residual
toner which remains on the photosensitive member 4 without transferring to
the transfer ma- terial P at the time of the transferoperation is removed
by means of the cleaner 8. Such an electrophotographic process may be
repeated In the same manner as described above. In the present invention, a
plurality of elements or components of an electrophotographic apparatus
such 35  as the above-mentioned photosensitive member, developing means and
cleaning means may be unitedly as- sembled into a device unit, and the
device unit may be detachably disposed in the apparatus body. For example,
a photosensitive member 4 and a cleaner 8 may be unitedly assembled in a
device unit, and such a device unit is detachably disposed in the apparatus
body by the medium of a guiding means such as rail of the ap- paratus body.
In such an embodiment, a charger and/or a developing means may further be
assembled in the 40 above-mentioned device unit. In a case where an
electrophotographic apparatus is used as a copying machine or printer, the
above- mentioned Image exposure may be conducted by reading an original
image per se, or reflection light or trans- mission light based thereon,
and converting the resultant Information into a signal; and scanning a
laser beam, or driving a light-emitting diode array or a liquid crystal
shutter array corresponding to the thus obtained signal. 45     In a case
where an electrophotographic apparatus Is used as a printer for facsimile,
the above-mentioned image exposure corresponds to that for printing
received data. Figure 3 shows such an embodiment by using a block diagram.
Referring to Figure 3, a controller 11 controls an image reader (or Image
reading unit) 10 and a printer 19. The entirety of the controller 11 is
regulated by a CPU 17. Read data from the image reader 10 is transmitted 



50  through a transmitter circuit 13 to another terminal such as facsimile.
On the other hand, data received from anotherterminal such as facsimile Is
transmitted through a receiver circuit 12toa printer 19. An image memory 16
stores prescribed Image data. A printer controller 18 controls the printer
19. In Figure 3, reference numeral 14 denotes a telephone system. More
specifically, an image received from a line (or circuit) 15 (i.e., Image
information received a remote 55  terminal connected by the line) is
demodulated by means of the receiver circuit 12, decoded by the CPU 17, and
sequentially stored in the image memory 16. When image data corresponding
to atleast one page is stored in the Image memory 16, image recording is
effected with respect to the corresponding page. The CPU 17 reads image
data corresponding to one page from the image memory 16, and transmits the
decoded data cor- 6    EP 0 387 815 B1 responding to one page to the
printer controller 18. When the printer controller 18 receives the image
data corresponding to one page from the CPU 17, the printer controller 18
controls the printer 19 so that image data recording corresponding to the
page is effected. During the recording by the printer 19, the CPU 17 re-
ceives another image data corresponding to the next page. 5      Thus,
receiving and recording of an Image may be effected by means of the
apparatus shown in Figure 3 in the above-mentioned manner. The present
Invention will be explained in more detail with reference to examples.
Example 1 10 A formulation comprising: 100 wt. parts (hereinafter, simply
referred to as "part(s)") of an EPDM (trade name: EPT 4045, mfd. by Mitsui
Sekiyu Kagaku) as a polymerdispersion medium, 10 parts of zinc white (Zinc
White No. 1, mfd. by Tokyo Kasei), 2 parts of stearic acid, 2 parts of an
accelerator "M" (trade name: Nocceler M, mfd. by Ouchi-Shinko Kagaku), 1
part of an accelerator "BZ" (trade name: Nocceler BZ, mfd. by Ouchi-Shin-
15    ko Kagaku), 2 parts of sulfur, 5 parts of a foaming agent (trade
name: Cellmic C, mfd. by Sankyo Kasei), 5 parts of a foaming aid (trade
name: Cellton NP, mfd. by Sankyo Kasei); and a reinforcing agent, an
insulating oil and anotheradditive as shown in thefollowing Table 1 each in
an amount asshown in Table 1 was uniformly dispersed and kneaded by means
of a twin-roller device at normal (or room) temperature. The resultant
rubbery kneaded product was wound about a metal core of iron having a
diameter of 6 mm 20  and a length of 250 mm, ontowhich a synthetic
rubber-type primer had been applied, and the resultant product was charged
into a mold, and preformed at 40[err] and 100 kgf[err] The resultant
product was vulcanized by steam vulcanization (160[err] 30 min) and then
subjected to abrasion machining, whereby five species of roller- form
charging members A to E were prepared. The resultant charging member had an
outside diameter of 16 mm and the rubber layer thereof had a length of 230
mm. 25      The resistance of the charging member was measured by disposing
the charging member on an aluminum plate, applying a load of 500 g to each
end of the charging member (total lead: 1 kg), and measuring the re-
sistance between the metal core of the charging member and the aluminum
plate under a condition of 23[err] and 50 % RH. 30 35 40 45 50 55 7  
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the thus obtained resistance of each charging member and the addition
amount of each filler. As apparent from Figure 4, in a predetermined
semiconductive region, when a double oxide of [err] was added to the
composition, variations in the resistance corresponding to changes in the
addition amount 55   were little, and a desired stable resistance value
could arbitrarily be obtained. Further, a stable resistance value could
arbitrarily be obtained by changing the ratio between the addition amount
of the reinforcing carbon and that of the insulating oil. Further, a
reproducibility test for the resistance value was conducted with respect to
the respective com- 8    EP 0 387 815 B1 positions. In case ofthe
electroconductive carbon (Ketjen BlackEC),the resistance variedfrom [err]
ohm. (i.e., in a range corresponding to three figures), when a resistance
of [err] ohm. was intended by using the carbon in an amount of 12 phr
(parts per 100 parts of the total weight of the composition Including the
ad- ditive such as the carbon per se). 5      On the other hand, in the
case of the[err]double oxide, the resistance varied in the range of from
(intended value) x 1.125 to (intended value) x 0.876, i.e., in a range
corresponding to 1/4 of the intended value. It was found that such
variations were substantially within measurement tolerance. Further, with
respect to the charging member E, a resistance value in a desired
semiconductive region could not be obtained, even when the addition amount
of[err]was changed in the usual range thereof. 10 Example 2 A roller-form
charging member No. 1 was prepared in the same manner as in Example 1
except for using a formulation comprising: 100 parts of an EPDM (trade
name: EPT 4045, mfd. by Mitsui Sekiyu Kagaku), 10 15  parts of zinc white
(Zinc White No. 1), 2 parts of stearic acid, 100 parts of [err] 2 parts of
an accelerator "M" (trade name: Nocceler M, mfd. by Ouchi-Shinko Kagaku), 1
part of an accelerator "BZ" (trade name: Noc- celer BZ, mfd. by
Ouchi-Shinko Kagaku), 2 parts of sulfur, 5 parts of a foaming agent (trade
name: Cellmic C, mfd. by Sankyo Kasei), 5 parts of a foaming aid (trade
name: Cellton NP, mfd. by Sankyo Kasei); and 45 parts of HAF carbon as a
reinforcing agent, and 60 parts of paraffin oil as an insulating oil. 



20      Separately, a roller-form charging member No. 2 was prepared in the
same manner as in the case of the charging member No. 1 described above
except that 50 parts of the HAF carbon and 65 parts of the paraffin oil
were used. Further, a roller-form charging member No.3 was prepared in the
same manneras in the case of the charg- ing member No. 1 described above
except that 45 parts of the HAF carbon and 55 parts of the paraffin oil 25
were used. Separately, a composition comprising 150 parts of [err]100 parts
of a silicone rubber (trade name: KE 520, mfd. by Shinetsu Kagaku), 2 parts
of a silicone crosslinking agent (trade name: C8 mfd. by Shinetsu Kagaku),
and 1.5 parts of AIBN was subjected to primary vulcanization (25[err] 20
min), and further subjected to secondary vulcanization (200[err] 4 hours).
Then the resultant composition was formed into a roller-form 30  charging
member No. 4. Separately, a roller-form charging member No. 5 was prepared
in the sane manner as in the case of the charging member No. 3 described
above except that 70 parts of [err] was used. Further, a roller-form
charging member No.6 was prepared in the same manneras in the case of the
charg- ing memberA described herein above except that 20 parts of HAF
carbon, 70 parts of paraffin oil and 20 parts 35  of Ketjen Black EC were
used. Further, a roller-form charging member No.7 was prepared in the same
manner as in the case of the charg- ing member E described herein above
except that 100 parts of [err] was used. Hardnesses and electric
resistances of the thus prepared charging member Nos. 1 - 7 are shown in
Table 2 appearing hereinafter. 40      Each of the charging member Nos. 1 -
7 was assembled in an electrophotographic apparatus (laser-beam printer) as
shown in Figure 2 as a charging member for transfer operation, and
subjected to image formation evaluation. The image formation was conducted
under the following conditions: Photosensitive member OPC drum (diameter =
40 mm) 45        Dark part potential (err): -600 V Light part potential
(VL): -100 V Toner one-component insulating magnetic toner Development:
Reversal development Transfer material: copy paper (weight: 64 [err] 50
Paper feed speed: 40 mm/sec. The OPC photosensitive member 4 used herein
was one prepared in the following manner. There was provided a substrate of
an aluminum cylinder having a wall thickness of 0.5 mm, a diameter of 40 mm
and a length of 260 mm. A coating liquid obtained by dissolving 4 parts of
a copolymer nylon (trade name: CM-8000, mfd. by Toray KK.) and 4 wt. parts
of a nylon-8 (trade name: Luckamide 5003, mfd. by Dal- 55  nihon Ink KK.)
in 50 parts of methanol and 50 parts of n-butanol was applied onto the
substrate by dip coating to form a 0.6 micron-thick polyamide undercoat (or
primer) layer. Next, 10 parts of a disazo pigment represented by the
following structural formula as a charge-generating substance, and 10 parts
of a polyvinyl butyral resin (S-LEC Bm2, mid. by Sekisul Kagaku K.K.) as a
binder 9    EP 0 387 815 B1 resin were dispersed in 120 parts of
cyclohexanone by means of a sand mill for 10 hours. [err]
HO [err] 10 To the resultant dispersion, 30 parts of methyl ethyl ketone
was added, and then the dispersion was applied 



onto the undercoat layer to form a 0.15 micron-thick charge generation
layer. Then, 10 parts of a hydrazone compound represented by the following
structural formula as a charge- transporting substance, and 10 parts of a
polycarbonate-Z resin (weight-average molecular weight of[err] is   mfd. by
Mitsubishi Gas Kagaku K.K.) as a binder resin were dissolved in 80 parts of
monochlorobenzene. [err] 20
[err] C2H5 25      The resultant coating liquid was applied onto the
above-mentioned charge generation layer to form a 18 micron-thick charge
transport layer, whereby an OPC drum) was prepared. The charging roller 5
used herein comprised a metal core and an electroconductive rubber layer
disposed thereon, which comprised an electroconductive polyurethane rubber
having a resistance of[err] ohm. The re- sistance used herein was a
resistance offrom the metal core to the roller surface, with respectto a
rollersurface 30  area of 1 cm2. The charging roller 5 was constantly
caused to contact the OPC drum 4 under a predetermined pressure (e.g., a
line pressure of 0.01 - 0.2 kg/cm), and uniformly charged the
photosensitive member when supplied with a predetermined voltage. While a
charging roller was used as a charging means in this instance, a con-
ventional corona charger could also be used. 35 40 45 50 55 10    EP 0 387
815 B1 co      -    I 1  XA 0  0 15                   In      co
Ot NN     (i 1 0                    _.   _   X 4'xtoX   {   d 20   Example
3 Id~~~~~~ M  00 30 (4         XN (.4~ ~ ~~~~~~~~~~~4 4       A   nop M~~~
50   Example 3 A formulation comprising: 100 parts of CR rubber (trade
name; WM-1, mfd. by Showa Neoprene K.K), 4 parts of MgO (trade name: Kyowa
Mag 150), 9 parts of Ketjen Black EC, 30 parts of Circo Ught R.P.O. (mfd.
by Nihon San Sekiyu), 20 parts of a rubber softener (trade name:
Neofactice-N, mfd. by Tenma Sabu Kako), 55   2 parts of paraffin wax (mfd.
by Mobil Oil), 2 parts of a dehydrating agent (trade name: CML#21 mfd. by
Omi Kagaku), 5 parts of ZnO (No. 1), 1.6 parts of an accelerator (trade
name: 22S, mfd. by Kawaguchi Kogyo), 2 parts of an accelerator BUR, 8 parts
of Cellmic C (Sankyo Kasei), and 4 parts of Cellton NP (Sankyo Kasei) was
uniformly dispersed and kneaded by means of a twin-roller device. 11 



EP 0 387 815 B1 The resultant rubbery kneaded product was wound about a
metal core of iron having a diameter of 6 mm and a length of 250 mm, onto
which a primer had been applied, charged into a mold, and preformed at
40[err] and 100 kgf/[err] The resultant product was vulcanized by steam
vulcanization (150[err] 30 min) and then sub- jected to abrasion machining,
whereby an undercoat elastomeric layer was formed on the metal core. The
re- 5   sultant product had an outside diameter of 11 mm and the rubber
layer thereof had a length of 240 mm. Separately, a formulation comprising:
100 parts of an EPDM rubber (trade name: EPT 4045, mfd. by Mitsui Sekiyu
Kagaku), 100 parts of zinc white (Zinc White No. 1), 2 parts of stearic
acid, 2 parts of an accelerator "M", 1 part of an accelerator "BZ", 2 parts
of sulfur, 60 parts of a paraffin oil, 45 parts of HAF carbon and 100 parts
of [err]was uniformly dispersed and kneaded by means of a twin-roller
device. 10      The resultant rubbery kneaded product was wound aboutthe
above-mentioned CR sponge roller by means of a crosshead extruder and
preformed. The resultant product was again vulcanized by steam
vulcanization (160[err] 30 min) and then subjected to abrasion machining,
whereby a roller-form charging member was pre- pared. The resultant
charging member had an outside diameter of 12 mm and the rubber layer
thereof had a length of 230 mm. 15      The resistance of the thus prepared
roller was measured according to a method as shown in Figure 5. More
specifically, an aluminum foil 21 having a width of 10 mm was wound about
the base layer 20 of the charging member, and a DC voltage of I KV was
applied between the metal core and the aluminum foil 2) by means of a power
supply 22. The resistance between the metal core and the aluminum foil 21
was measured by measuring the current passing therethrough. As a result,
the resistance was 4x[err] ohm.cm undera condition 20  of 25[err] and 60
%RH. The above-mentioned roller was assembled as a charging roller 5 in an
electrophotographic apparatus as shown in Figure 2, and the roller No. 1
obtained in Example 2 was used as the transfer roller 1. By using such an
apparatus, image formation evaluation was conducted in the same manner as
in Example 2 except that an AC voltage having a frequency of 150 Hz and an
AC peak-to-peak voltage of 2 KV, and a DC 25  voltage of 700 V were applied
to the charging roller 5. As a result, a high image quality which was the
same as that In the initial stage was obtained even after successive
copying of 100,000 sheets. Further, a pin-hole having a diameter of 0.5 mm
was formed on the OPC drum (photosensitive member), and image formation
evaluation was conducted In the same manner as described above under
respective con- ditions of 15[err]- 10%RH, 25[err]-60%RH, and 32.5C- 85%RH.
Undereachofthethreespeciesof condition, 30  the surface layer or undercoat
elastomeric layer of the charging member did not cause conducting
breakdown, and the charging member provided a charging potential sufficient
for charging. Claims 35 1. A charging member (1), comprising an elastomeric
member comprising an elastomeric material and an oxide contained therein,
characterized In that said oxide is a solid solution compound of oxides of
at least two different metals, wherein said dou- 40      ble oxide has an
electroconductivity that is larger than that of either metal oxide when not
in solution. 2. A charging member according to Claim 1, which comprises an
electroconductive substrate (2) and the elastomeric member (3) disposed
thereon. 45  3. A charging member according to Claim 1, wherein the double
oxide comprises at least one species se- lected from the group consisting
of: solid solution compounds comprising zinc oxide and aluminum oxide;
solid solution compounds comprising tin oxide and antimony oxide, and solid
solution compounds com- prising indium oxide and tin oxide. 4  A charging
member according to Claim 1, wherein the elastomeric member contains 5 - 40
wt.% of the 



double oxide based on the weight of the elastomeric member. 5. A charging
member according to Claim 1, wherein the elastomeric member further
contains a reinforcing agent. 55   6. A charging member according to Claim
5, wherein the reinforcing agent comprises carbon black. 7. A charging
member according to Claim 1, wherein the elastomeric member further
contains an insulating oil. 12    EP 0 387 815 B1 The resultant rubbery
kneaded product was wound about a metal core of iron having a diameter of 6
mm and a length of 250 mm, onto which a primer had been applied, charged
into a mold, and preformed at 40[ERR] and 100 kgf[err]. The resultant
product was vulcanized by steam vulcanization (150[err] 30 min) and then
sub- jected to abrasion machining, whereby an undercoat elastomeric layer
was formed on the metal core. The re- 5   sultant product had an outside
diameter of 11 mm and the rubber layer thereof had a length of 240 mm.
Separately, a formulation comprising: 100 parts of an EPDM rubber (trade
name: EPT 4045, mfd. by Mitsui Sekiyu Kagaku), 100 parts of zinc white
(Zinc White No. 1), 2 parts of stearic acid, 2 parts of an accelerator "M",
1 part of an accelerator "BZ", 2 parts of sulfur, 60 parts of a paraffin
oil, 45 parts of HAF carbon and 100 parts of[err] was uniformly dispersed
and kneaded by means of a twin-roller device. 10     The resultant rubbery
kneaded product was wound about the above-mentioned CR sponge roller by
means of a crosshead extruder and preformed. The resultant product was
again vulcanized by steam vulcanization (160[err] 30 min) and then
subjected to abrasion machining, whereby a roller-form charging member was
pre- pared. The resultant charging member had an outside diameter of 12 mm
and the rubber layer thereof had a length of 230 mm. 15     The resistance
of the thus prepared roller was measured according to a method as shown in
Figure 5. More specifically, an aluminum foil 21 having a width of 10 mm
was wound about the base layer 20 of the charging member, and a DC voltage
of 1 KV was applied between the metal core and the aluminum foil 2) by
means of a power supply 22. The resistance between the metal core and the
aluminum foil 21 was measured by measuring the current passing
therethrough. As a result, the resistance was 4x1 07 ohm.cm under a
condition 20  of 25[err] and 60 %RH. The above-mentioned roller was
assembled as a charging roller 5 In an electrophotographic apparatus as
shown in Figure 2, and the roller No. 1 obtained in Example 2 was used as
the transfer roller 1. By using such an apparatus, imageformation
evaluation was conducted in thesame manneras in Example 2 except that an AC
voltage having a frequency of 150 Hz and an AC peak-to-peak voltage of 2
KV, and a DC 25  voltage of 700 V were applied to the charging roller 5. As
a result, a high image quality which was the same as that in the Initial
stage was obtained even after successive copying of 100,000 sheets.
Further, a pin-hole having a diameter of 0.5 mm was formed on the OPC drum
(photosensitive member), and image formation evaluation was conducted in
the same manner as described above under respective con- ditions of
15[err]- 10 %RH, 25[err] - 60 %RH, and 32.5 [err] 85 %RH. Undereach of the
three species of condition, 30  the surface layer orundercoat elastomeric
layer of the charging member did not cause conducting breakdown, and the
charging member provided a charging potential sufficient for charging.
Claims 35 1. A charging member (1), comprising an elastomeric member
comprising an elastomeric material and an oxide contained therein,
characterized In that said oxide is a solid solution compound of oxides of
at least two different metals, wherein said dou- 40      ble oxide has an
electroconductivity that is larger than that of either metal oxide when not
in solution. 



2. A charging member according to Claim 1, which comprises an
electroconductive substrate (2) and the elastomeric member (3) disposed
thereon. 45  3. A charging member according to Claim 1, wherein the double
oxide comprises at least one species se- lected from the group consisting
of: solid solution compounds comprising zinc oxide and aluminum oxide;
solid solution compounds comprising tin oxide and antimony oxide, and solid
solution compounds com- prising indium oxide and tin oxide. 4. A charging
member according to Claim 1, wherein the elastomeric member contains 5 - 40
wt.% of the double oxide based on the weight of the elastomeric member. 5.
A charging member according to Claim 1, wherein the elastomeric member
further contains a reinforcing agent. 55  6. A charging member according to
Claim 5, wherein the reinforcing agent comprises carbon black. 7. A
charging member according to Claim 1, wherein the elastomeric member
further contains an insulating oil. 12 [err] *  C  L  M  s  *    EP 0 387
815 B1 8. A charging member according to Claim 1, wherein the elastomeric
member contains the double oxide, 0.1 - 20 wt.% of carbon black and 5 - 20
wt.% of an insulating oil, based on the weight of the elastomeric member. 5
9. A charging member according to Claim 8, wherein the double oxide
comprises a solid solution compound comprising zinc oxide and aluminum
oxide. 10. An electrophotographic apparatus comprising an
electrophotographic photosensitive member (4) and a charging member (1)
according to Claim 1, 3,8 or 9 being disposed in contact with the surface
of the pho- tosensitive member. 11. An apparatus according to Claim 10,
wherein the charging member is disposed in a position such that a toner
image (T) to be formed on the photosensitive member surface is transferred
to a transfer material (P) by means of the charging member (1). 15 12. An
apparatus according to Claim 10, wherein the charging member (1) is
disposed in a position such that the photosensitive member (4) is uniformly
charged by means of the charging member. 13. Afacsimile apparatus
comprising an electrophotographic apparatus and receiving means (10, 11)
for re- ceiving image information from a remote terminal; said
electrophotographic apparatus comprising an 20      electrophotographic
photosensitive member (4) and a charging member (1) according to Claim 1 or
3 be- ing disposed in contact with the surface of the photosensitive
member. Patentanspruche 25 1. Aufladeelement (1), mit einem elastomeriachen
Element, mit einem elastomerischen Material und elnem darin enthaltenen
Oxid, dadurch gekennzelchnet, daf- des Oxid eine Festl5sungsverbindung aus
Oxiden von zumindestzwei unterschiedlichen Metallen ist, wo- 30      bei
das Doppeloxid eine Stromleitfihigkeit aufwest, die groler als die von
beiden Metalloxiden ist, wenn diese nicht in Losung sind. 2. Aufladeelement
nach Anspruch 1, welches ein stromleitendes Substrat (2) und das darauf
angeordnete elastomerische Element (3) aufwelst. 35 3. Aufladeelment nach
Anspruch 1, wobei das Doppeloxid zumindest eine Art aufweist, die aus elner
Gruppe 



ausgewihit worden ist, die aus folgendem besteht: Festl8sungsverbindungen,
mit Zinkoxid und Alumini- umoxid; Festlosungsverbindungen, mit Zinnoxid und
Antimonoxid und Festlosungsverbindungen mit In- diumoxid und Zinnoxid. 4.
Aufladeelement nach Anspruch 1, wobei das elastomerische Element 5 bis 40
Gew.-% des Doppeloxids basierend auf dem Gewicht des elastomerischen
Elements enthAlt. 5. Aufiadeelement nach Anspruch 1, wobel das
elastomeriache Element ferner ein Verstarkungsmittel ent- halt. 46 6.
Aufladeelement nach Anspruch 5, wobei das Verstirkungsmittel
Kohlenstoffschwsrze aufweist. 7. Aufladeelement nach Anspruch 1, wobel des
elastomersche Element ferner ein Isolier8l enthfilt. 50  8. Aufladeelement
nach Anspruch 1, wobei das elastomerische Element des Doppeloxid enthAlt,
0,1 bis 20 Gew.-% Karbonschwirze und 5 bis 20 Gew.-% Isolierdl basierend
auf dem Gewicht des elastomerischen Elements enthilt. 9. Aufladeelment nach
Anspruch 8, wobel das Doppeloxid eine Festl8sungaverbindung mitZinkoxid und
Alu- 55      miniumoxid aufwebst 10. Elektrophotographisches Get, mit einem
elektrophotographischen lichtempfindlichen Element (4) und einem
Aufladeelement (1) nach Anspruch 1, 3, 8 oder 9, das In Berfhrung mit der
Oberfliche des licht- 13 C 11111111111111111    EP 0 387 815 B1
empfindlichen Elements angeordnet ist. 11. Vorrichtung nach Anspruch 10,
wobel das Aufladeolement In elner Position angeordnet ist, so daB sin auf
der lichtbmpfindlichen ElementoberflAche zu bildendes Tonerbild (T) mittels
dem Aufladeelement (1) 5       auf sin Transfermaterial (P) transferiert
wird. 12. Gerat nach Anspruch 10, wobei das Aufladeelement (1) in einer
derartigen Position angeordnet let, dal das lichtempfindliche Element (4)
mittels dem Aufladeelement gleichma~ig aufgeladen wird. 10  13.
Faxrmile-Gerit, miteinem leiktrophotographischen Gerat und einer
Empfangseinrichtung (10, 11) firden Empfang von Bildinformationenvon elnem
entfernten Anschlul; wobei das eiektrophotographische Gerat sin
elektrophotographisches lichtempfindliches Element (4) und ein
Aufladeelement (1) gemaS Anspruch I oder 3 aufweist, das sich mit der
OberflAche des lichtempfindlichen Elements in Beruhrung befindet. 5
Revendicatlons 1. Element de charge (1) comportant un 6lement 6lastom6rique
comprenant une matire 6lastomnerique qul contient un oxyde, 2D
caracterse en ce quo sedit oxyde ost un compos6 en solution solide d'oxydes
d'au molns deux metaux differents, ledit oxyde double ayant une
electroconductivit6 qui est sup6rieure a cello de chaque oxyde de m6tal
lorsqu'il n'est pas en solution. 2. El6ment de charge selon la
revendication 1, qui comport. un substrat 6iectroconducteur (2) et
I'6l6ment 6lastomerique (3) dispose sur lul. 3. Eldment de charge selon la
revendication 1, dans lequel l'oxyde double comprend au moins un type
choisi dans Is groupe constitu6 do: composes en solution solide comprenant
de l'oxyde de zinc, de l'oxyde d'alu- minium; compos6s en solution solids
comprenant de l'oxyde d'etain et de 'oxyde d'antimoine, et compo- 30
s6s en solution solido comprenant de 'oxyde d'indium et de 'oxyde d'6tain.
4. El6ment do charge solon la revendication 1, dans loquel
l'elementelastom6rique contient 5-40 % en poids de l'oxyde double sur la
base du poids de l'el6ment elastomnrique. 35  5. El6ment de charge selon la
revendication 1, dans lequel l'6l6ment 6lastom6rique contient en outre un 



agent renforcant. 6. Element de charge solon la revendication 5, dans
lequel l'agent renforcant comprend du noir de carbons. 7. Element de charge
solon la revendlcation 1, dans loquel Il'dIment elastomdrique contbent en
outre une huile isolante. 8. Element de charge selon la revendication 1,
dans loquel l'616ment 6lastomerique contient un oxyde dou- ble, 0,1 A 20 %
en poids de noirde carbons et 5 A 20 % en poids d'une hulle Isolant, surla
bass du poids de l'6eiment 6lastomr6ique. 45 9. El6ment de charge slon la
revendicatlon 8, dans lequd l'oxyde double comprend un compose on solution
solide comprenant de l'oxyde de zinc et de l'oxyde d'aluminium. 10.
Appareil 6lectrophotographique comportant un element photosensible
6lectrophotographique (4) et un 50     delment de charge (1) solon la
revendbcation 1, 3, 8 ou 9, dIspos6 en contact avec la surface de l'IMment
photosensible. 11. Appareil solon la revendication 10, dans lequel
l'6elment de charge est dispose6 dons une position tolle qu'une image en
toner (T) devant etre formee sur la surface de l'element photosensible est
reportee sur so      un milieu (P) de report au moyon de I'element de
charge (1). 12. Appareil solon la revendication 10, dans lequol l'eiementde
charge (1) sat dIsposA dans une position toile quo l'element photosensible
(4) est charge unifonm6ment au moyen de l'element de charge. 14 I IOIIDI
11101 Dillil 1 III    EP 0 387 815 B1 13. Appareil det6lhcopie comportantun
appareil hlectrophotographiqueotdeo moyensder6ception (10,11) destines A
recevoir une information d'lmage provenant d'un terminal dloign6 ; ledit
apparell 6lectropho- tographique comportant un 61ment photosensible
6lectrophotographique (4) et un el6ment de charge (1) solon la
revendication 1 ou 3, dispose en contact avec la surface de I'hlment
photosensible. c 10 16 20 26 30 36 40 46 50 55 15 *   C   L   M   S   *    


