.

10

15

20

25

W

_ :3; '
gt
-1- 'Cﬁgwkg

MAGNETIC PARTICLES FOR CHARGING MEANS,
AND ELECTROPHOTOGRAPHIC APPARATUS, PROCESS CARTRIDGE
| AND IMAGE FORMING METHOD INCLUDING SAME-

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to magnetic
paf;icles for Charging means for charging an
electrophotogiaphic photoéensitive member, and an
electrophotogréphic apparatus, a process cartridge and
an image forming.methbd usihg the charging means.

Hitherto, a large number of electrophoto-

graphic processes have been known. In these

'processes,'an electrostatic latent image is formed on

a photosensitive member comprising a photoconductive
material by charging means and imagewise exposure
means, then the létent image is developed and
visualized with a toner, and_the.resultant toner image
is, éfter transferred onto é transfef-receiving
material, such as paper, as desired, fixed by heating,
pressing, heating and pressing, etc., to obtain a copy
or a print. The residual toner remaining on the
photosensitive member withduf being transferred is
removed in a cleaning step. The above steps aré
reéeated.' | | | |

In recent years, various organic

-photoconductife substances have been developed as a

photoconductive substance for electrophotographic
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photosensitive member, and accordingly a function
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- separation-type photosensitive member including a

lamination of a charge geheration layer and a charge

transport layer is commercialized and loaded on

copying apparatus, pfinters, facsimile apparatus, etc.

In such electrophotographic apparatus, corona
dieoharge means have been conventionaliy used as
charging means, but are accompanied with diffioulties,
such as occurtence of a large amount of ozone and a
filter for removing'the'ozone, resulting in a size
lenlargement and an increase in running cost of the
apparatus.

| As a technical solution of such difficulties,
aichafging method for minimizing the occurrence of
ozone has been developed, wherein a charging means,

such as a roller on a blade is abutted to the

photosensitive member surface to form a narrow gap in

' the_proximity of the contact portion where a discharge

appearing to follow the Paschen's law occurs. Among

these, it is prefefred to use a roller charging system'

using a charging roller as a chargiog means in view of

the charging stability.

The charging is effected by discharge from
the charging member to a charge—rece1v1ng member, so
-that the charging is started_by-applicationlof a
.voltage exceeding a certain threshold. For example,

in case of abutting a charging roller against a

" THIS SHEET HAS BEEN |
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photosensitive member having a ca. 25 pm-thick

photosensitive layer comprising an organic
photoconductor, the surface potential of the
photosensitive member is startéd to increase'by
application of a voltage of ca. 640 volts or above and.
thereafter incroaSed linearly propOrtional toﬂan
appiied electric field at a slope of 1. Hereinafter,
the threshold,voltage'is defined as a.charge
initiation voltage Vth. In other words, in order to
obtain a'éurface potential Vd on the photosensitive
member, a iarger DC.voltage of Vd + Vth has to be
applied to the charging roller. Further, the _
résistivity of the chaiging roller can vary
corresponding to a change in environmental conditions,
so that it has been difficult to control the potential
of the photosensitive membér at a desired value.

For this reason, in order to accomplish a
further uniform charging, it has been propoéed to use
a DC + AC charging system of applying to a charging
rollexr a voitage obtained by superposing an AC voltage

having a peak-to-peak voltage of at least 2 x Vth on a

' DC voltage corresponding to a desired Vd as disclosed

in Japanese Laid-Open Patent Application (JP-A) 63-
149669. This aims at taking advantage of a potential
smoothening effect of the AC voltage, and the
potential of the charge-receiving member is converged

to a central value Vd of the AC voltage, which is less



-4~

affected by a change in éxternal conditions.
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In the charging method (contact.or pro#imity_
chafging methqd) based on aiéharging mechénism
utiliéing a'discharge from the chargihg member to the
photosensitive member or charge-receiving membér, it
is still neéessary to apply a charging voltage ih

excéés of a required surface potential of the

photosensitive member. Furthef, as a result of

application of the AC electric field, new problems
have'occurred,_such as the occurrence of vibration of
the charging ﬁember and the photosensitive member and .
Ia noise accombanying the vibration (hereinaftq;
referred to as "Aclcharging noise™) and accelerated
deterioratioh of the photosensitive-membef surface due
to the dischafge. | |

- On the other hand, there has been known an
image.forming.method wherein a photosensitive member
having an électroconductive protective film is charged
by,using eléctroconductive fine particles as disclosed
in JP-A 61-57958. The JP reference contains a
description to the effect that a photosensitive member
having'a semiconductive profective film having a
resisti#ity of 107 - 1013 ohm.cm can be charged
uniformly, without irfegularities and without causing
charge-injection into the photosensitive léyer bf
using electroconductive parficles having a resistivity

of at most 1010 ohm.cm, whereby good image
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reproduction can be accomplished. According to this

- method, it is possible to prevent occurrence of

vibration and noise which have beeh problems in the AC
charging, but thé charging efficiency is low.
Further, as the tfansfer'residual toner on the
photdsepsitive member is scraped by the conductive
péfiicles as the'charging member, the toner is
attaéhed to the charging member, whereby the charging
performance is liable to be changed.
Further, it has been desired ﬁo chargé'a
phétosensitive member by direct injection of charge.
So-called injection charging method of

injecting a charge to a trap level at the surface of a

 photosensitive member by applying a voltage to a

contact charging member, such as a charging roller, a
charging fibér brush, or a charging magnetic brush has
been reported in, e.g., Japan Hardcopy 92 Ahnual Paper
Collection P. 287, "Contact Charging Performance by
Using Elecfroconductive Roller"” (in Japanese).
According to the method, a photosensitive member which
is insulating in the dark is'subjected to injection
cﬁarging by a low-resistivity charging member

supplied with a voltage, so that the method
essehtially requires that the charging member has a
sufficiently low resistivity and an.
electroconductivity—imparting-substance (such as

conductive filler) is sufficiently exposed to the
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surface. Accordingly, the above paper describes that

the charging member'preferahly comprises an aluminum
foil or an ion-conductive charging member having a
sufficiently low resistivity in a high-humidity

environment. According to our study, a charging

‘member capable of effecting a sufficient charge

injection to a photosensitive member may have a

resistivity of at most 1x103 ohm.cm, above which a

difference begins to occur between the applied voltage

and the charge potential, so that the Stability of

charge potential is liable to be impaired.

However, when such a charging member having a

low resistivity is actually used, an excessively large
leahage current is liable to flow into scars or
pinholes formed at the photosensitive member surface,.
several difficulties are caused, such as insufficient
charging in the neighborhood, enlargement of the
pinholes and conduction breakdown of the charging
member. |

" In order to prevent these problems, it is
necessary to provide a resistivity cn the order of at
least 1xid4 ohm.cm to the charging member. At this
level of resistivity, however, the charge injection
performance into the-nhotosensitive'member'is lowered,
so that the effective charging cannot be performed.
This is ahcontradiction.

Accordingly, it has been desired to solve the

aal
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above-mentioned probleﬁs‘in a contact-type charging
device or an image forming method'using such a
charging device. More specifically, it has been

desired to satisfy in combination a good charging

: performancé by chafge injection which cannot have been

accomplished without using a low-resistivity charging
member and prevention of pinhole leékaée on the
charge~receiving member.whiCh cannot have been
accompliéhed by hsing such a low-resistivity charging
member. |

' Further, in an image forming'metﬁod using a
charging member contacting a charge—receiving.member,
the charging member is liable fo.be soiled (by toner
melt-sticking) to cause a chérgihg failure leading to
image defects and is thus liable to cause a problem in
successive image fbrming berformance. Also in the
method of directly injecting charge ihto a charge-
receiving meﬁber, it is an urgent problem to be solved
for allowing image formation on a large number of
sheets to prevent the soiiing of the charging member

causing charging failure.

SUMMARY OF.THE'INVENTION

An object of the present invention is to

provide magnetic particles for charging means, less

liable to be soiled and capablé of'retaining a good

‘charging performance for a long period.
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Anothei object of the present invention is to
provide magnetic'particle for charging means, capable.
of showing a good injection charging performance.

Accofding to the p:esent invention, there is
provided magnetic particles for charging means
disposed in coﬁtact-with'an.electrophotographic
phé%osensitive member for charging the
electrdphotographic photosensitive member.based on a
voltage applied fhereto, comprising_a,fefrite
component represented by the following formula (1):

(Fe,03)x(A)y(B)y (1),

wherein A denotes at least one metal oxide component

selected from the group consisting of Li»O0, MnO and
MgO, B denotes at least one metal oxide component
different from A; X, Y and Z denote numbers

represénting mol ratios and satisfying the folloWing

conditions: 0.2 < X < 0.95, 0.01 < ¥ < 0.5, X+Y < 1,
and 0 £ Z<0.79.

According to another aspect of the present
invention, there is prbvided an electrophotographic

apparatus, comprising: an electrophotographic

: photbsensitive member, and charging'means, imagewise

exposure means and developing means disposed iﬂ this

order opposite to the.photosensitive member, wherein
said charging means includes a charging

member comprising the above-mentioned magnetic

particles and disposed contactable to the
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photosensitive member so as to charge the
photosensitive member based on a voltage received
thereby.

According to a further aspect of the present

invention, there is provided a process cartridge,

comprising: an electrophqtographic photosensitive
meﬁbér, charging means, and, at least one member
selected from developing means and cleanihg means
disposed, wherein _ |
said_charging means includes a charging.

mémber compriéing the ahove-mentioned.magnefic
particles and disposed contactable tb the
phbtosensitive member so as to charge the
photésensitivé member baéed on é'voltage received
thereby, and |

| said'électrophotographic photosenéitive
member, chargihg means and af léast one member

selected from developing means and cleaning means are

integrally supported to form a cartridge which is

detachably mountable to an elecfrophotographic
apparatus main body. ' |
| - According to a still fuither aspect of the
present in?ention, there is provided an image forming
method, comprising thé steps of:

| charging an electrophotographic‘.
photosensitive member by applying a voltage to a

charging member comprising the above-mentioned
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magnetic particles and di_siposed in contact with the
phbtosensitive member, |

imagewise exposing the charged photosensitive
member to form an electrostatic image on fhe
éhotosensitive member, and
developing the electrostatic image.
These and other objects, features and

advahtages of the present invention will become more

 apparent upon a consideration of the following

5description of the preferred embodiments'of the

present invention takén in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF_THE.DRAWINGS
| . Figure 1 is a schematic illustration of an
embodiment of the image forming appafatus according to
the present invenfion.
Figure 2 is a schematic illustration of an

apparatus for measuring the volume resistivity of

magnetic particles suitably used in the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a schematic illustration of an
embodiment of the image forming apparatus according to
the present invention.

Referring to Figure 1, an electrophotographic

e
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printer_as an emquiment of the image forming
apperatus includes an elecrrophotegraphic
photesensitive member (photosensitive drum) rotating:
in the direction of an arrow, and further includee_a
charging mehber 2, imagewise exposure means 3,
developing means 4, trahsfer means and cleening means
17Idisposed in this order opposite to the
photosensitive member i so as to surround the
photosensitive member 1.

As will be described in more detail, in a
preferred embodiment the photosens1tive member 1 has.
a charge-injection layer as a surface layer.

The charging member 2 comprises magnetic
particles 2a which are formed into magnetic brush or
ears erected under the action of a magnetic field
exerted by a magnet roller 2c enclosed within a non-
magnetlc sleeve 2b and is supplied with a voltage from
a power supply 21

More spec1ficelly, in the'present invention,
the magnetic particles are erected_in the form of ears
on the sleeve 2b to form as a whole a magnetic brush

2a, which is caused to contact and charge the

_photosensitive member 1 based on a voltage supplied to

the charging member 2. Accordingly, the magnetic
particles are required to have relatively strong

magnetic properties.' However, when such magnetic

'particles are used as they are, the resultant magnet

# =
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" brush is not readily provided with a volume

resistivity in a preferred range for the chérging
member, so that the volume resistivity thereof may be
adjusted through reduction and compositiconal
modification;

Thé ferrité component constituting the
magﬁetic pérticles acqording to the présent invention
has a modified composition from the above viewpoint
répresented by the formula (1):

(Fey03)x(A)y(B)g (1),
wherein A denotes at ieast one metal oxide comppneﬁt
selected from the group consisting of Li;O, MnO and
MgO, B denotes at leasf'one metal oxide component
different_frbm A; X, Y and Z denote numbers |
representing mol ratios and satisfyihg the following
conditions: 0.2 < X < 0.95, 0.01 <Y < 0.5, X+¥ ¢ 1,
and 0 £ Z < 0.79.

From the above viewpoint, it is preferred
B comprises at least
one metal oxide componeht selected from the_group
consisting of Naj0, K;O, Cao; SrO0, Al,03, SiO5 and
31203. it is'fufther preferred that the metal oxide
component B is an oxide of.an alkali metai or an
alkaline earth metal ﬁroviding a rather stable'cation.
That is, it is preferred to use at least_ohe metal
oxide component selected from the gioup consisting-of

Naj0, K50, CaO and SrO. The reason therefor has not
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been fully clarified as yet but may be considered as
follows. That is, in order to provide a ferrite in a
spinel structure, it is important for a metal cation

to have a proper ionic radius. For this reaSOn, it is

. assumed that a ferrite including an oxide of Na, K, Ca

or Sr in a solid solution form provides magnetic

'pafticles showing good performances.

In the present invention, if X, Y and Z do

‘not satisfy the conditions of 0.2 < X < 0.95, 0.01 < Y

< 0.5 and X+Y < 1, it becomes difficult to control the
resistivity of the maghetic particles. From the
productivify through sinfering of the magnetic
particles, Y > Z is further preferred. _

The éharging member (magnetic brush)
constituted by the magnetic particlgs according to the
present invention may preferably have a resistance of

1x104 -'1x1011 ohm. If the resistance is below 1x104

- ohm, a pinhole is liable occur in the photosensitive

member. Above ixlo11 ohm. is liable to hinder
effective charging. In order to control the

resistance within the above described range, the

~ magnetic particles according to the present invention

may preferably have a volume resistivity in the range
of 1x10% - 1x1011 ohm.cn.

Particularly, in the'case.bf usiﬁg the
magnetic particles to constitute a chargiﬁg member

(magnetic brush) 2 for injection charging of a
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satisfy, in combination, a function of satisfactorily

injecting charge 1nto the charge 1nJection layer of
preventing the photosensitive member 1 and a function
of conduction breakdown of the charging member and the
photosensitive member caused by concentration of a
charging current at defects, such as pinholes formed
in the photosensitive member. Accordingly, the
charging member may preferably haie,a resistance of
1x10% - 1x10% ohm, particularly 1x10% - 1x107 ohm.
Below 1x104.ohﬁ,_the pinhole leakage is liable to
occur. Above 1x109 ohm, a satisfactory charging is
liable to be hindered. In order to provide a
resistance in the above-mentioned range to the

charging member 2, the magnetic particles constituting

the charging member should have a volume resistivity

in the raﬁge of 104 -109 ohm.cm, preferably 10% - 107
ohm.cm.

Further, in the case'of contact cﬁarging
other than the injection charging,'the charging member .
may preferably have a resistance of 1x_106 - 1x1011 ohm
and correspondingly, the magnetic particles may
preferably have.a volume resistivity of 1x!106 - lxlol;
ohm.cm. | |

In the present iavention, for the ourpose'of

controlling the volume resistivity, etc., it is

- sometimes preferred to surface-coat the magnetic
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particles with a resinous layer containing
electroconductive particles, such aé electroconductive
metal oxide particles or carbon black, or a layer of
an inorganic such as an electroconductive or
semicbhductive metal oxide at a coating rate of, e.g.,
0.5 - 20 wt. % of the magnetic particles.

— Incldentally, the volume resistivity values
of magnet1c partlcles described herein are based on
values measured in the following manner.

A cell A as shown in Figure 2 is used. Into
the cell A pévihg a sectional area S (=2 cm?) and held
in a guide ring 16 via an inSulating material"ll;
magnetic’particles 15 are piaced, an@ a principal
eléctrodé 9 and an uppér electrode 10 are disposed to
sandwich the magnetié particlés 15 in a thickness d

(=1 mm), under a load of 10 kg. Under this state, a

voltage of 100 volts supplied from a constant voltage

20

25

supply 14 and measured bf a volt meter 13 is applied,
and a current passing through the sample magnetic
pérticles 15 is measured by an ammeter li in an
environment of 23 C° and 65 %.

| The magnetic particles according to the
pteéent invention may preferably have an average
particle size and a mode particle size (peak particle
size) both in the range of 5 - 100 ﬁm from the
viewpoint of preventing deterioration in charging

performance due to soiling of the particle surface.
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Such a relatively small particle'size is effective for

increasing the specific surfade-area of the magnetic
particles, providing a magnetic brush having.a high
density and promoting displacement.of the magnetic
5 .perticles, thereby providing a stable charging
peiformance even if fhe surface is partially soiled.
) More specifically, in case of using a
' charging_magnetic brusn eomnosed of magnetie
particles, e.g., iron powder, ferrite powder or powder
10 of an iron oxide_such as magnetite, as a charging
nember, it is_possible to adjust the_resistance of the
charging member in the range ef 1x104 -.lxlog;phm.cm
but melf-sticking of toner onto the energing member is
liabie to occur, e.g., due to scraping of residual |
15 toner remaining on the photosensitive member without
- being cleaned after a successive image formation. In
contrast thereto, if magnetic particles of a minute
particle size are used, the adverse effect of.toner_
"~ melt-sticking (epent toner) can be alleviated due to
50 an increase in specific surface area and an increase
in specific surface area and an increase in density of
the nagnetic brush, but this leads to an inferier_
flowability of the magnetic particles and a difficulty
of displacement of maénetic particles, so that it is
25 not desirabie a long'peribd use of the magnetic

particles.- For this reason, in the present invention,

it is preferred to use magnetic particles of a
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specific metal oxide composition having'a good
dharging performénce and having a relatively small
particle size of 5 ~ 100 um so as to retain a stabie
charging performance. An'average particle.size of 10
- 50 pm is further preferred. In other'words, the

volume resistivity of magnetic particles as a whole is

retained within the above-described range and the
ferrite having the specific metal oxide composition is

used so as to avoid a deterioration in charging

performance even when the toner melt-sticking occurs

on the magnetic particles.

| If the average particle size of the magnetic
particles is below 5 pm, the attachment of magnetic
brush onto the photosenSitiQe member is liable to
occur and, above‘lOOIpm, it is liable that an increase
in denéity'of erected ears of magnetic brush on the
sleeve becomes difficult, thus tending to provide an
inferior performance of charging the photosensitive
member.

Incidentally, the average particle size may
be determined as an'éverage of maximhh a#ial lengths
in horizontal direction of 100 éarticles.selected at
random by obserﬁafion through an optical microscopé or
a scanning electron microscope. | |

Further, the mode (peak) particle size in
parficle size distribution may'be_deterﬁined through:

measureménf by using a laSer diffraciion-type
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particle size distribution meter (“HEROS" available
from Nippon Denshi K.K.) in a range of 0.05 - 200 um
divided into 32 frections on a logarithmic scale.

Further, the magnetic particles according to
the present invention may preferably ﬁave a saturation
magnetizaticn cg of at least 40 Am2/kg (emu/g) as
meaeured under an external.magnetic field of 487.9
kA/m.(SOOO.oersted) so as to form a magnetic brush
capable of showing a good charging.perfcrmance. The
hagnetic-properties are based on.values meanred by.
using a Qib:atioh-type magnetometer ("VSM-38-15",
available from Toei Kogyo K.K.).

In the present invention, the ferrite
component conStituting the magnetic particles
according to the.present'invention can contain
preferably at most 3 wt..% thereof of another metal
component in the form of a hydroxide, oxide, sulfide
or_aliphatic acid compound. Accordingly, X+Y < 1 in
the_formula (1) of the ferrite component means the
case where the feriite component contains-such another

optional component in an amount of preferably up to 3 '

- wt. %.

_ A_preferred embodiment of the.photosensitive
member will now be described, whereéin the following
layers may be ihcluded preferably in'an_order
appearing hereinafter.

An electroconductive support is generally
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used, which may comprise a metgl, such as alumiﬁum or
stainless steel, a plastic coated with a layer of
alumihum alloy or indlum oxide-tin oxide alloy, paper
or a plastic sheet impregnated with electrocénductive
particles, or a plastic comprising an
electroconductive polymer in a shape'qf a.cylinder or
a éheet.

On the electrocohductive suppoft; it ié

- possible to dispose an undercoating layer for the

purp@se of providing an improved adhesion apd
applicability.of the photosensitive layer, protection
of the support,léoveragé of defects on the support, an
lmprpved charge ihjection from the support, and
protection of the photosénsitive layer from electriéal
breakage. The undercoatihg 1ayer may comprise
polyvinyl aléohol, poly-N-vinylimidazole, polyethyléne
oxide, ethyl cellulose, methyl cellulose,
nitrocellulose, ethylene~acrylic acid copolymer,
polyviﬁyl butyral, phenolic resin, casein, polyamide,
copolYmér nylon, glue,'gelatin, polyurethane, or

aluminum oxide. The thickness may ordinarily be ca.

0.1 - 3 pm.

A charge generation_layer'may comprise a
charge generation substance, examples of which may

include: organic substances, such as azo pigments,

phthalocyanine pigments, indigo pigments, perylene

~pigments, polycyclic quinone pigments, pyrylium salts,
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thiopyrilium salts, and triphenylmethane dyes; and
inorganic substances, such as selenium and amorphous
silicon, in the form of a dispersion in a film of an

appropriate binder resin or a vapor deposition film

"thereof. The binder resin maf be.selected from a wide

'variety of resins, examples of which may include

poiycarbonate resin, polyester resin, polyvinyl '

butyral resin, polystyrene resin, acrylic resin,

methacrylic resin,'phenolic resin, silicone resin,
spoxy resin, and vinyl acetate resin. The binder
resin may be contained in an amoﬁnt of at most 80 wt;
%, preferably O - 40 wt. %, of the charge gensration
layer.” The charge géneration layer msy préfsrably
have a thickness of at most 5 pnm, preferably 0.05 - 2
pm.

A charge transport layer hés a fuhction of
receiving charge carriers from the charge generation
layer and transporting the carriers under ah electric
field.. The charge transport layer may be formed by

dissolving a charge transporting substance optionally

together with a binder resin in an appropriate solvent

to form a coating liquid and applying the coating
liquid. The thickness may ordinarily be 0.5 - 40

pﬁ. Examples of the charge transporting substance may
include: polycyclic aroﬁatiq compounds having ih then
main chain or side chain a structure such as

biphenylene, anthracene, pyrene or phenanthrene;
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nitrogen-containing cyclic compounds; such as indole,
carbazole, oxadiazole, and pyrazoline; hydrazones,
styryl compounds, selenium, selenium-tellurium,
amorphous éilicon and cadmium sulfide.

Examples of the binder resin for dissolving

or dipérsing therein the charge transporting substance

maj include: resins, sﬁch as pbiycarbonate resin,

polyester resin, polystyrene resin, acrylic resins,

and polyamidé reéihs: and organic_photocdnductive

polymers, such as poly-N-vinylcarbozole.and polyvinyl-

anthragene.' | |
- In Case where the magnetic particles _

according to the preSent invention are used for

o injeétion charging, it is preferred to use a

photosensitive member having a charge-injection layer
as a layer moét distant from the support, i.e., a
surface layer. The charge—injection layer may
preferably have a volume resistivity of 12108 ohm.cm -
1 x 1013 ohm.cm so as to have'a sufficient
chargeability and avoid image flow. It is
particularly preferred to have a volume resistivity of
1 x 1010 ohm.cm - 1x101° ohm.cm, in order to avoid the
image flow, further preferably 1x1012 - 1x1013 ohm.cm
iﬁ view of environmenfal change. Below 1x108 ohm.cm,
charge carrier is npt retained along the surface in a
high?humidify environment, thus being liable to cause

image flow. Abqve 1x1015 ohm.cm, charge cannot be
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sufficiently injected from the charging member and |
retained, thus being liable to causs a charging
failure. By_dispasing a functional layer at the
photosensitive'member;Surface, charge injected from
the charging member is retained therein, and further
the change is allowed to flow to the support of the
phdtosensitive member at the time of light exposure to
reduce the rasidual.potential. 'Further, by using the
charging member and ths'phatosensitite member
according to the present inVéhtion, the chargs
initiation voltage Vth can be lowered and the
photosensitive member charge potential can be _
converged to a value which is almost 90 % or above the
applied voltage to the charging member.

For example, under ordinary charging

condition (e.g., under application of a DC voltagé of

'100 - 2000 volts and a process speed of at most 1000

mm/min), it has bécome possible to effect an injéction
charging such that the photosensitive member having a
sharge-injectioh layer is charged to a potential which
is at least 80 3%, preferably at least 90 %, of a
voltage applied to the charging hember. This is a
substantially larger value than, e.g., ca. 30 %, i.e.,
a potential of ca. 200 volts in_resﬁonse to an applied
DC voltage of 700 volts, in the case of COaventional |
contact charging based on discﬁarging.

The volume resistivity values of the charge
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injection layer described herein are based on valués
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measured in the following manner used for measuring

_the volume resistivity of a surface layer—forming

material. That is, a charge injection layer is formed

on a conductive film'(Au)—deposited PET film and

subjected to méasurement of 'a volume resistivity by

using a volume resistivity measurement apparatus
("4140B pAMATER", available from Hewlett-Packard Co;)
under applicatioh of_é voltage of 100 volts in an
environment of 23 C°_énd 65 %RH. |

The -charge injection layver may be formed as
an inorganic layef, such as a metal vépor-depQSition
layer, -or a resin layer containing electroconducfive
particles dispersed thereih. Such an inorganic layer
may be formed by vapor deposition, énd a conduétive
particles-dispersed resin layer may be formed by'an
appropriate coating method, such as dippiﬁg, Spraying,_
roller coating or beam coating. Further, the charge
injectioh layer can aléo be formed with a mixture or
copolymer of an insulating binder resin and a light-

transmissive resin having a high ion-conductivity, or

. a photoconductive resin having a medium resistivity

alone. In order to constitute the conductive
particle-dispersed resin layer, the electrpconductive
particles may preferably be added in an amount of 2 -
190 wt. % of the binder resin. Below 2 wt. %, a

desired volume resistivity cannot be readily obtained
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and, above 190 wt. %, the charge injection 1ayer is

caused to have a lower film strength and is therefore

liable to be worn out by scraping, thus resulting in a.

short life of the photosensitive member.

| The charge injection layer may comprise a
binder resin, examples of_which may include;
pqi;ester, polycarbonate,-acrjlicfresin, epoxy resin,
phenolic resin, and curing agents'of these resins..

These may be_used singly or in combination of two or

more species. Further, in case of dispersing a large

'amount of electroconductivé particles, it is preferred

to use a reactive monomer or reactive oligomer. with
electroconductive particles dispersed therein and,

after application thereof onto the photosensitive

-mémber surface, cure the applied resin under exposure

to light or heat. Furfher, in case where the

phbtosensitive layer comprises amorphous silicon, it

is preferred to dispose a charge injection layer

comprising SiC. -

The electroconductive particles dispersed in
the binder resin of the charge injection layer may for
example comprise a metal or a metal oxide. It is
preferrgd to use ultra-fine particles of zinc oxide,

titanium oxide, tin oxide, antimony oxide, indium

‘oxide, bismuth oxide, tin oxide-coatéd titanium oxide,

tin;coated indium oxide, antimony-coated tin oxide,

and zirconium oxide. These may be used singly or in

H
A
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‘combination of two or more species. In the case of

.'diSPersing particles in the charge injection layer,

the particlee are required to have a particle_size'
which is smaller than the wavelength of light incident
thereto, so as to avoid scettering of the incident
light width the dispersed particles. Accordingly, the

electroconductive particles, and other particles, if

any, dispersed'in the protective layer may preferably

have a particle size of at most 0.5 pm.

| The charge injection layer may preferably
furrher contain lubricant particles, so that a contact
(charging) nin betweén the photosensitive member and
the charging menber at the time of charging becomes
enlarged thereby due to e lowered friction |
therebetween,'thns providing an improved charging
performance. The lubricant powder may preferably
comprise a fluorineQCOntaining resin, silicone resin

or polyolefin resin having a low critical surface

tension. Polytetrafluoroethylene (PTFE) resin is

further preferred. In this instance, the 1ubricant
powder may be added in 2 - 50 wt. %, preferably 5 - 40
wt; %, of the binder resin. Below 2 wt. %, the
lubricant is insufficient, so that the improvement in
charging performance is insufficient. Above Sd.ﬁt. %,
the image resolution and the sensitively of the
photosensitive member are remarkably lowered.

The charge injection layer may preferably
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have a thickness of 0.1 - 10 pm, particularly 1 - 7

pm.

Hereinbelow, some Production Examples are
presented for illustrating structure and materials of
member used.

[Toner'Prdduction Exémple] 
'-St?rene/butyl methacryiate copolymer 100 wt.part(s)
(copolymeriiatiﬁn wt. raiio = 80/20) |

Magnetite | _ . 100 "
Metal-containing azo pigment 2 "
Low-molecular weight polypropylene 3

The above ingredients were blended in a

Henschel mixer and melt-kneaded through an extruded

-set at 130 Oc. After being cooled, the melt-kneaded

product was coarsely_crushed by a cutting mill, finely
pulverized by a jet mill using a jet stfeam and

pneumaticaa}y_classified to obtain black powder

'(maghetic'toner particles) having a weight-average

particle size of 7 pm. To 100 wt. parts of the black

powder, 1.2 wt. parts of silica hydrophobized (i.e.,
hydrophobicity-imparted) with silicone'oil, and the

resultant mixture was blended by a Henschel mixer to

- obtain a magnetic tomner.

[Photosensitive member Production Example 1]
An OPC-type negatively chargeable
photosensitive member was prepared by disposing thé

following 5 layers about a 30 mm-dia. aluminum
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cylinder. ‘

A first layer was a ca. 20 pm—thidk
electrocondugtive'partic;e—diSpersed resin layer
(electroconductive layer) for smoothening defects on
the aluminum cylinder and preventing occurrénce of
moire due to reflection of exposure laser light.

) A second layei was a positive charge
injection;preventing layer (undercoating layér) for
ﬁrevgntihg positive ¢harge ihjection from the aluminum

support from diminishing negative chargé provided td

-the photosensitive member surface and formed as a ca.

1 pm-thick layer with a medium level resistivity of

ca. 10° ohm.cm. with 6-66-610-12-nylon and

methoxymethylated nylon,

A third layer was a ca. 0.3 um—thick charge
generatioh layer comprising a disazo-pigment dispersed
in a resin and functional to generate positive and |
negative charge pairs when exposed to laser light.

A fourth layer was a ca. 25 um-thick charge-
transport layer comprising hydrazone dispersed in

polycarbonate resin so as to form a p-type'

- semiconductor. Aécordingly, a hegative chafge formed

on the photosensitive member surface could not move

through this layer so that positive charge generated
in the charge generation layer alone was transported
to the photosensitive member surface.

A fifth layer was a charge injection layer,
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which comprised 100 wt. parts of a photocurable

‘acrylic reSin, 160 wt. parts of ca. 0.03 pm—dia. Sn0,

particles provided with a lower resistivity in an
oxygen-short or'-ladking form, 30 wt. parts of 0.25
pm-dia. tetrafluoroethylene resin particles for

providing an increased contact time, and 1.2 wt. $ of

a dispersant.

The cha:ge injection layer was formed in a
thickness of ca. 3 pm by spray coating of a liquid
containing the abofe materials. |

As a result, fhe'volume resistivity of the
ﬁhotosensitive meﬁber surface layer was lowered to
5x1012. ohm.cm in contrast with 5x101° ohm.cm in case
of the charge transport layer alone. |
[Photosensitive member Production Example 2]

.-A photOsénsitive member was prepared in the
same manner és in Production Example'l except that the
fifth layer was formed withoﬁt using any of the
tetrafluoroefhylene resin particles and the
dispersant. | |

" As a result, the volume resistivity of the

. photosensitive member surface layer was lowered to

- 2x1012 ohm.cm.

[Photosensitive member Production Example 3]
A photosensitive member was prepared in the
same manner as in Production Example'l.except that the

fifth layer was formed by dispersing 300 wt. parts of
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the ca. 0.03 pm-dia. SnO, particles in 100 wt; parts
of'photocurable acrylic_resin.

The volume resistivity of the surface layer

‘was 4x107 ohm.cm.

[Photosensitive member.Production Example 4]

A photosensitive ﬁeﬁber was'prepared in the
saﬁ; manner as in Production Example 1 except for
omitting the'fifth layer. _

[Magnetic particle Production Example 1]

_ Magnetic_particles comprising Mn-Sr ferrite
partiqles (X ; 0.7, Y = 0.26 and Z = 0.00, A: MnO, B:
Sr0 in the formula (1)) having ah.average particle
size of 20 um and'a volume resistivity adjusted to
4x106 ohm.ém by'reduction in a hydrogen atmosphere,
were used as a cﬁarging member. _

More specifically, for production of the
ferrite particles, the réspective metal oxide starting
materials were wéighed énd blended, and the blended
powder was calcinéd at ca. 900 °C, followed by
pﬁlverization, fo provide ferrite'particles having én
average particle size of ca. 2.0 um (as measured by
the air permeation method). Then, the pul&erized

powder was mnixed with an aqueous solution of PVA

" (polyvinyl alcohol) containing PVA in an amount of 0.5

- 5.0 wt. $ to form size-enlarged particles. The
enlarged particles were then calcined at 1100 - 1300

Oc, disintegrated and classified into magnetic
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ﬁarticle having é desired particle éize.
[Magnetic particle Production Examﬁle 2] -

Magnetic particles for charging member
comprising MnQNa ferrite particles_(x = 0.7, ¥ = b.22,
Z = 0;08, A: MnO, B: Nay0 in formula (1)) having an

average.particle size of 30 pm and a volume

-reéistivity of 3x10° ohm.cm were prepared in a similar

manner as in Production Example 1 except for changing

the metal oxide starting materials.

‘[Magnetic particle Production Example 3]

_ ‘ Mégnetic pafticles for charging member
comprising Mn-K ferrite particles (X = 0.7, Y = 0.24,
Z = 0.06, A: Mno; B:“Kéo in formula (1)) having an
average particle size of 40 pm and a volume
resisﬁivity of 3x106.ohﬁ.cm were_preparéd in a similar
manner as in Production Example 1 except for changing
the métal oxide starting maferials.
[Magnetic particle Product1on Example 4]

Magnetlc partlcles for charging member

comprising Mn-Mg ferrite particles (X = 0.7, Y = 0.3,

‘7 = 0, A: MnO and MgO in formula (1)) having an

average particle size of 60 pm and a volume
resistivity_of 9x105 ohm.cm were prepared in a similar

manner as in Production Example 1 except for changing

- the metal oxide starting materials.

[Magnetic particle'Production Example 5]

Magnetic partic;es for charging member
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comprising Mn—Li-Bi'ferrite'particles (X = 0;7, Y =
0.28, Z = 0.02;.A: MnO and Li;O, B: Bi;03 in formula
(1)) haying an'average particle sizé of 55 ﬁm and a
volume resistivity of'5x105 ohm.cm were prepared in a
similar ménner as in Production Examble,l except for
changing the metal oxiae starting métérials.
[Mé;nétic partiqle-Production Example 6]

Magnetic particles for charging member

~ comprising Mn-Ca ferrite particles (X = 0.7, Y = 0.25,

Z = 0.05, A: MnO, B: CaO in formula (1)) having an
average particlé size of 40 Bam and a volume

résistivity of 6x106 ohm.cm were pfepared in a similar

manner as in Production Example 1 except for changing

the metal oxide starting materials.
[Magnetic particle Production Example 7]

| Magnetic particles for chafégﬁg mémber
compfising Ba ferrite partiéles (X =0.7, Y = 0, Z =
0.3, B: BaO in formula (1)) having an average particle
size of 60 um-and a volume resistivity of 5x109 ohm.ém
were prepéred in a similar manner as in Production
Example 1 except for changing the metai oxide stéfting

materials.

'[Magnetic-particle Production Examplé 8]

Magnetic particles for charging member
comprising magnetite particles (X = 0.7, Y =0, 2 =
0.3, B: Fe,03 in formula (1)) having an average

particle size of 60 pm and a volume resistivity of
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4x103 ohm.cm were: prepared in a similar manner as in

Production Example 1 except for changing the metal

~oxide starting materials.

[Magnetic particle Production Example 9]
Magnetic_particlés for charging member

comprising'Mn-Ca ferritezﬁarticles having an average

paf;icle size of 40 pm and_a volume resistiﬁity'of

2x108 ohm.cm were prepared in a similar manner as in

- Production Example 6 except for omitting the hydrogen

reduction treatment.

.[Magnetié particle Production Example 10]

1 wt. part of straight silicone resin and_
0.050 wt. part of electroconductive carbon black were
dissolved or diSbersed”in 16 wt. parts of xylene and

the mixture was subjected to 2 hours of dispersion in

. a paint'shaker. The coating 1ayer provided a surface

layer showing a volume resistivity of 8x10% ohm.cm as
measured in a similar as the measurement for a charge
injection layer described above. |

' Then, the coating liquid was used for coating
200 wt. parts of the hfdrogen—ieduced Mn-Sr ferrite
particles prepared in_ProduCtion Exémple 1 by uSing a
fluidized bed-type coating apparatus "SPIRACOATER",
mfd. by Okada Seisakusho K.K. dried and further heated
at 120.°C_to provide coated magﬁetic particles showing
a volume resistivity of 7x106 ohﬁQCm. |

All the magnetic particles prepared in the
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above froduotion Exanples respectively showed a |
saturation.magnetization oi.of at least 45 Aﬁz/kg
(emu/g) under an external magnetic field of 487.9 kA/m
(5000 oersted). |

[{Example 1]}

" A photosensitive member and a contact

" charging member as descried above may.be'ﬁsed for

charging in principle as follows.' According to the
present invention, a charging member having a medium
ievel of resistance is used to inject charge to the
surface of a photosensitive member having a medium
level surface resistivity. In this embodiment, a
charge is not injected to a trap potential level of
the photosensitive member but is injected to chatge
the electroconductive particles in the charge
injeetion layer to'charge the photosensitive member as
a whole. |

| More specifically, a charge is stored in a
minﬁte capacitor fuoctionaliy formed by a charge |

trahsport layer functioning as a dielectric layer, and

_'an aluminum support and a layer of electroconductive

particles in the:charge injection layer functioning as
two electrode plates.' In this.instance, the
eleotroconductive particles are electricaily
independent from each other, and each constitute a

minute floating electrode. As a result, the



10

.15

20

- 25

This Sheet Has Been Re

i . e

photosensitive hember'surfage appears to be
macroscobically uniformly charged, but aétualiy-an
endrmous number of charged electroconductive particles
cover the_phbtosensitive member surface. Therefore,
when imageﬁiSe exposure is performed by laser
scanning, an electrostatic latent imégé can be
reféined ﬁecause individual electroconductive
particles are electrically independent. _
In a specifié Example, an,eléct;ophotbgraphic
printer as shown in Figﬁre 1 was constituted by using.

a photosensitivé member 1 prepared by Photosensitive

" member Production Example 1 and a charging.member 2

.inciuding magnetic particles 2a'prepafed in Magnetic

particle Production Example 1 and used for successive
image formation at a process speed of 24 mm/sec in an
environment of 23 °C and 65 %RH.

More spécifically,_the charging member 2'
comprised magnetic éarticles 2a prepared in Magnetic
particle Production Example 1, which wére caused.to

form a magnetic brush with erécted ears on a non-

magnetic sleeve 2b formed under a magnetic field given

by a magnet roller 2c enclosed within the sleeve 2b.
The magnetic particles 2a were applied in an inifial
thickness of ca. 1 mm so fo_form a magnetic brush
forming a contact nip in a width of ca. 5 ﬁm with the
photosensitize meﬁber 1. The mégnetic particle-

holding sleeve 2b was initially disposed with a gap of
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ca. 500 pm from the photosensitive member 1. The
magnetic roller Zc was held immovably within the
sleeve 2b, and the sleeve surface was caused to move
at a speed two times the peripheral speed and in a

reverse direction with the rotation of the

: photosens1t1ve member 1, so as to cause a uniform

'contact between the photosensitive member 1 and the

magnetic brush 2a.

Incidentally, in case where no difference in
peripheral speed is provided between the magnetic
brush and the photosens1tive member, the magnetic
brush is liable to fail to retain an appropriate nip;
thus resulting in chargingifailure, at the time of
circumferentiel or aXial deviation pushing the

magnetic brush away, since the magnetic brush per se

lacks a physical'restoration force. . For this reason,

it is preferred that the magnetic brush is always

‘pushed against the photosensitive member with its

fresh surface. Accordingly, in this Example, the

' magnetic brush—holding sleeve 2b was rotated at a

speed two time that of and in a reverse direction with

the photosensitive member 1.

The image formation was performed in the

- following manner.'

. The charging member 2 supplied with a bC

voltage of -700 volts was caused to contact the

photosensitive member 1 with its magnetic brush 2a
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while rotating relative to the photosensitive member

1, thereby surface-charging the photosensitive member

1. Then, at an exposure position, the charged

-phofosensitive member 1 was exposed to imagewise

' scanning laser light 3 from a laser diode'subjected to

intensity'médulation baseq.on given image signals with
the aid of a polygonal mirror, thereby forming an
electrostatic latent image on the photosensitive
membef 1._ |
Then, the electrostatic latent image fbrmed

on the photosensitive member 1 was subjected to
reversal development with a magnetic one¥c0mpgnent
insulating toner produced in Toner Production E#ample
above applied on a noh—magnetic sleeve 4 of 16 mm in |
diameter enclosing a magnet therein. The'sleeve 4 was
disposed to have a fixed gap of 300 ﬁm from the
photosensitive member at fhe developing position and
rbtated at an equal peripheral $peed. The sleeve 4
was.supplied with a DC bias voltage of -500 volts
superposed with a rectangular AC voltage with a peakQ
to-peék voltége of'1600 volts and a frequency of 1800
Hz, sq.as to effect a jumping development between the
sleeve and the §hoto$ensitive member.

| The thus deéeloped toner image was then
transferred to plain paper 6_by using a transfer
roller 5 having a medium résistance of 5x108 ohm and

supplied with a DC voltage of +2000 volts.
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The plain paéér sheet 6 carrying the
transferred toner image was then'passed between.hot‘
fixing roiiers 8 fo fix thé_toner iﬁage onto the paper
sheet, and the sheet cartying the fixed image was
discharged out of the épparatus. Residual toner not
transferred to the baper 6 and rémaining on the
phb;osensitive mgmber'1 was then'scraped off the
photosensitive member surfacé by a'cleaning blaae 7,
and.the cléaned photosensitive member surface was
prepared for a Subsequent cycle of image formation.

Furthermore, in the present invention, plural
members among the abo#e—mentioned photosensitive
member'l, charging member Z,Ideveloping means
including the sleeve.4,and cleaning means 7 can be
integrally supported to form a process'cart:idge,
which is detachably mountable to a main body of an
eleétrophotog;aphic apparatus, such as a copying
machine, a laser beam printer and a facsimile
apparatus.' For example, at least one of the charging

means 2, developing means 4 and cleaning means 7 can

be integrally supported with the photosensitive member

1 to form a cartridge, which can be attached to and
released from an épparatus main body with_the aid of a
guide means, such as.alguide'rail provided in the
apparatus main body. |

incidentally,.it is to be understand that the

above-mentioned structure and process conditions have
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been set forth as a mere example and can be quifiéd
within the scope of fhe.present invention.

| In this pérticula: Example, as a result of
iﬁage formafion by using a printer of the above-
described structure, the photosensitive member 1
initially héviﬁg a surface potential of 0 volt was.
ché&ged up to -680 volts by once paésing through the
cqntéct nip with the magnetic brush under application
of a DC voltége of -700 volts to the sleeve 2b, thus
showing ‘a good charging perfbrhance. At this fime;
even when pinholes occﬁrred on the.photosensitive
ﬁember, the current leakage did not occur. Further,
the attachment of magnetic particles constituting the
magnetic brush 2a did not occur, whereby good solid
black and solid white images could bé obtained.
Further, even after 1000 sheets.of successive image
formation,-the charging performance was similar to

that in the initial stage, whereby good solid black

‘and solid white images could be obtained. The image

evaluation was peffofmed with eyes.

Further, in the reversai development, the
transfer charging'polarity is opposite tb the surface
potentjal pblarity on the photosensitive member, so
that the potential history on the photosensitive |
member affects.the charging performance in a
Subsequent cycle. In order to evaluate the

phenomenon, in this Example, an Ad-size longitudinal
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original image including a solid black image (having a

- -39~

low potential as an absolute value) in a width of ca.
94 mm (corresponding to one peripheral 1ength of the
30 mm. d1a. photosensxtive member) and also a
subsequent solid white 1mage (having a high potent1al
as an absolute value) to evaluate a fog in the solid

white image (evaluation of charging ghost); In the

‘charging Qhost evaluation, a solid white image

following a solid black image according to the
reversal development scheme is liable to be
accompanied with fog due to an insufficient increase
in potential for providing the solid white image,
unleSS'the charging mehber eihibits a good charging
performance.' In this_Example, however, no fog was
observed during the successive reproductions of the
above-mentioned original image including the solid
black and solid white images.

[Example 2]

. Image formation and évaluation were performed'
in the same-ménner as in Example 1 except that the
magnetlc particles prepared in Magnetic part1cle
Production Example 2 were used. As a result of 1000
sheets'of succéSsive image formation, the charging
performance was similgr to that in the initial stage,
whereby good solid black and solid white images could
be obtained.

[Example 3] .
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Image formation'and evaluation were performed
in the same manner as in Example 1 except that the

magnetic particles prepared in Magnetic particle

Production Example 3 were used. As a result of_lOOO

- sheets of successive image formation, the charging

performance was similar to that in the initial stage,
whéréby good solid black and solid white images could
be obtained.

[Examples 4 and.S]

Image formation-and_evaluation were performed
in the same manner aé in Example 1 except that the
magnetic particles érepared in Magnetic particle
Production Examplés 4 and 5, respectively, and the
phétosensitive member prepared in Photosensitive
member - Production Example 2 were used. As a result of
1000 sheets of successive image formation, good solid
black and solid white images could be obtained, while

the solid'white images were accompanied with slight

- fog at a level of practically no problem due to a

slight charging insufficiency caused by a decrease in
céntact nip in the charging ghost-evaluation.
[Example'G] ” |

Image formation and evaluation were.performed
in the same manner és in Example i excépt for using |
the magnetic particles prepared in Magnetic particle
Production Example 6. As é result, the perfofﬁanées

were good at thé initial stage but, after 1000 sheets
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of successive image formation, solid white images were

accompanied with slight fog at a level of practically

no problem in the charging ghost evaluation due_to
slight charging insufficiency;
[Example 7]

Image formaticn and evaluation were performed
in the same manner as in Example 1 except for us1ng
the magnetic particles prepared in Magnetic particle
Production Example 9 and the photosen51t1ve member
prepared in Photosens1t1ve member Production Example 4
and changing the applied voltage to -1250 volts,

whereby good solid black and solid white images could

be formed from'the initial stage up to 1000 sheets of

successive image formation.

[Exampie 8] |

Image formation and evaluation mere performed
in the same manner as in Example 1 except_that.the
magnetic_particles prepared in Magnetic particle
Production Examplello were used. ‘As a result of 1000
sheets of successive image formation; the charging
performance was similar to that in the initial stage,
whereby good solid black and solid white images could
be obtained. _ | |
[Comparative Example'l]

Image formation and evaluation were performed
in the same manner as in Example 1 except that

magnetic'particles prepared in Magnetic particle
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'Prqduction.Example 7 were used. As a result, from the

initial stage, poor imagés occurred (solid white
images were accompanied with fog) due to charging
failure.

[Comparative Example 2]

Image formation and evaluation were performed
in;;he same manner as in Example 1 e#cépt that
magnetic paftiqlés“prepared in Magnetic pa:ticle
Production Exaﬁple'S were used. As a result, from the
initial stage, solid white images were accompanied

with black spgts caused by partial charging failure

. due to pinhole 1éakage.

[Comparative Example_B].

Image fqrmation-and evaluation were performed
in thé.same manner as in Example 1 except that the
photosensitive member prepared in Photosensitive
member Production Example 3 wés used. As a result,
from the initial stage, solid white images were'
éccompanied with bléck spots caused by partial

charging failure due to pinhole leakage.

g
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WHAT IS CLAIMED IS:.
1. Magnetic particles for charging means disposed

in contact with an electrophotegraphic photosensitive

member for charging the electrophotographic

photosensitive member based on a voltage applied
thereto, comprising a ferrite component represented by
the‘following formula (1):

(Fe503)x(A)y(B)g | _ (1),
wherein A denotes et-least one metal oxide compoﬁent'
selected from-the group consisting of Li,O0, MnO and
MgO, B denotes at least one metal oxide component
different from A} X, Y and Z denote numbers -
representing mol ratios and satisfying the following

conditions: 0.2 < X < 0.95, 0.01 < Y < 0 5, X+Y £ 1,

and 0 ¢ Z < 0.79.

2. Magnetic particles according to Claim 1,

wherein A is MnO.

3.. Magnetic particles according to Claim 1,
wherein B denotes at least one metal oxide component
selected from the group cons1st1ng of Na,O, KZO Cao,
Sro, A1203, 810, and Bi,03.

4. Magnetic particles according to Claim 3,

wherein B denotes at least one metal oxide component

selected from the groﬁp consisting of Na,O, K5»0, CaO

Sheet Has Been Reﬂlaced
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and SrO.

5. Magnetic particles according to Claim 4,

wherein Y and Z satisfy Y > Z.

6. Magnetic pafticles according to Claim 1,

whérein'the_magnetic particles have an average

particle size of 5 - 100 pm;

7. Magnetic particles according to Claim 1 or 5,
wherein the photosensitive member has a surface layer

comprising a charge injection layer.

8. Magnetic particles according to Claim 7,
wherein the magnetic particles have a volume

resistivity of 1x10% - 1x10% ohm.cm.

9. Magnetic particles according to Claim 7,
wherein the charge injection layer has a volume .

resistivity of 1x108 - 1x1015 ohm.cm.

10. An electrophotographic apparatus, comprising:
an electrophotbgraphic phbtosensitive member, and |
charging means, imagewise exposure means and
developing meansfdisposed in this order opﬁosite to
the phofosénsitive member, wherein

said charging means includes a charging

This Sheet Has Been Replaced
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member comprising.maghetic particles and disposed
contactable to the photosensitive member so as to
charge the photosensitive member based on a voltage
received thereby, and |

the maghetic particies comprise a ferrite
component répresented by the following formula (1):

~ (Fe303)x(RA)y(B)z N ¢

wherein A denotes at least one metal oxide-component.
selected from the group consisting of Lij0, MnO and
MgO, B dehotes at_least one metal oxide component
different from A; X;.Y and Z denote numbe:s
representing mol rafios and satisfying the following
conditions: 0.2 < X < 0.95, 0.01 < Y < 0.5, x+Y'< 1,
and 0 € Z < 0.79.

11. An apparatus according to Claim 10, wherein

b

is MnO.

fo

12.. An aﬁparatus_according to Ciaim 10, wherein
denofes at least one metal oxide component_seleCted
from the group consisting_of Na;0, K,0, CaO, Sro0,
A1,03, SiO, and Bij03. |

13. An apparatus according to Claim 12, wherein

j

 denotes at least one metal oxide component selected

frdm the group consisting of Na;0, K50, CaO and SroO.
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"14. An apparatus according to Claim 13, wherein Y

and Z satisfy Y > Z.

15. An épparatus according to Claim 10, wherein
5 the magnetic particles have an average particle size

of 5 - 100 pm.

16. An apparatus according to Claim 10 or 14,
wherein the photosensitive member has a surface layer

10. comprising a charge injection layer.

17. An apparatus according to Claim 16, wherein
the magnetic particles have a volume resistivity of

1x10% - 1x10°% ohm.cm.

15
18. An apparatus according to Claim 16, wherein
the charge injection layer has a volume resistivity of
1x108 - 1x1019 ohm.cm.
20 _ 19. A pfocess cartridge, comprising:.an

electrophotographic photosensitivé membef, and
charging means and at léast one member selected from
fdevéloping means and cleaning means, wherein
'séid charging means includes a charging
25 member comprising magnetic particles and disposed.

contactable to_the photosensitive member soO és to

charge the photosénsitive member based on a voltage
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received thereby, and

the magnetlc particles comprise a ferrite
component represented by the follow1ng formula (1)°

(Fez03)x(A)y(B)z W,

wherein A denotes at least one metal'oxide component
selected from the group consisting of LijO, MnO and
Mgd; B denotes at least one metal.oxide component
different from A; X, Y and Z denote numbers
representing mol ratios and satisfying the following
conditions: 0.2 < X < 0.95, 0.01 < Y < 0.5, X+Y g 1,
and 0 < Z <-0.79; and

said electrophotographic photosensitive
member, charging means and at least one member
selected from developing neans_and cleaning means are
integrally'supported to form a cartridge which is.
detachably mountable to an electrophotographic

apparatus main body.

20. .A process cartridge according to Claim 19,

wherein A is MnO.

21. A process cartridge according to Claim 19,
wherein B denotes at leest one metal oxide component
selected from the group consisting of Naj0, K30, Cao,
Sr0, Al,03, SiO, and Bij03.

22. A process cartridge according to Claim 21,

heet Has Been RTlaced

Hll\l\\ I



.
-

10

15

20

25

L

-48- REPLAGED

THIS SHEET HAS BEEN |

-

whérein'g dendtes at least one metal oxide component'

selected from the'group consisting of Naj0, K;O0, Ca0

‘and SrO.

".23. A process cartridge aécording to Claim 22,
wherein Y and Z satisfy Y > Z.
24. A process cartridge according to Claim 19,
wherein the magnetic particles have an average

particle'size of 5 - 100 num.

25. A process cartridge according to Claim 19 or

23, wherein the photosensitive member has é surface

layer comprisihg a charge injection layer.

26. A process cartridge according to Claim 25,

~ wherein the magnetic particles have a volume

resistivity of 1x104 - 1x109 obm.cm.

27. A process cartridge according to Claim 25,

wherein the charge injection layer has a volume

. resistivity of 1x10% - 1x10!5 ohm.cm.

28. An image forming method, comprising the steps
of:
charging an electrophotographic

photosensitive member by applying a voltage to a
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charging member compr1S1ng magnetic particles and
disposed in contact with the photosens1tive member,
imagewise exp031ng the charged photosenS1t1ve
member to form an electrostatic imaQe'on the
photosensitive member} and
" developing the electrostatic image, wherein.
the magnetic particles comprise a ferrite
component represented by the following formula (1):
(Feg03)x(A)y(B)gz o . (1),

wherein A denotes at least one metal oxide component

-selected from the group consisting of Li,O0, MnO and

MgO, B denotes at least one metal oxide component
different from A; X, Y and Z.denote_numbers
representing mol ratios and satisfying the folloﬁing
conditions: 0.2 < X < 0.95, 0.01 < Y < 0.5, X+Y ¢ 1,

and 0 < Z < 0.79.
29. A method according to Claim 28, wherein A is
30. A method according to Claim 28, wherein B
denotes at least one metal oxide component selected
from the group consisting of Na;0, K0, CaO, SrO,

A1,03, 8i0, and Bi03.

31. A method according to Claim 30, wherein B

‘denotes at least one metal ox1de component selected
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from the group consisting of Na,0, K50, Cao and SroO.

32. A method according to Claim 31, wherein Y and

Z satisfy Y > A.

33. A method according to Claim 28, wherein the

magnetic particleé have an average particle size of 5

- 100 um.

'34. A method according to Claim 28 or 32, wherein
the photosensitive member has a surface layer

cdmprising a charge injection layer. - -

35. A method according to Claim 34, wherein the
magnetic particles have a volume resistivity of 1x104

- 1x109 ohm.cm.

36. A method according to_Claim 34, wherein the

charge injection layer has a volume resistivity of

lxiO8 - 1x1013 ohm.cm.
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