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-1- NAGNETIQ;EART}CLES FOR CHARG NG MEANS, AND ELECTROPHOTOGRAPHI C
APPARATLIS, PROCESS CARTRI DGE AND | MAGE FORM NG METHOD | NCLUDI NG SAME 5

Fl EED - THE | NVENTI ON AND RELATED ART The present ‘i nventfbn relates to
nagnetlc particles for charging nmeans for chargingg E{@?ectrophotographlc
phot osensitive menmber, and an el ectrophot ographic aratus, a process
cartridge and 10 an i nmage form ng nethod uging the c cgg I ng nmeans.
Hitherto, a l|arge nunber of electrophoto- graphic pr s8es have been
known. In these processes, an electrostatic latent image is fornmed on a
phot osensi tive member conprising a phot oconductive 15 material by charging
means and i magew se expHYAGNETICaRARTICLES FOR mmmgmms devel oped and
visualized with a toner, and the resultant toner is, after

transferred ont oANDt E&E§EBQPH@@@GR£R§I%MHA@ATU§JCW %m‘%‘%l red,
f h :
| xed by heating, AND IMAGE FORMING METHOD INCLUDING SAME

5 FIELD OF THE INVENTION AND RELATED ART |
The present invention relates to magnetic
paf;icles for Charging means for charging an
electrophotogiaphic photosensitive member, and an
elsctrophotogrsphic apparatus, a process cartridge and
 10 an image forming.methsd usihg the charging means.
| Hitherto, a large number of elecfrophoto—
graphic processes haﬁs been known. In these _
'processes,'an electrosfatic latent image is formed on
a photosensitive member comprising a photoconductive
15 material by charging means and imagewise exposure
means, then the lstent image is developed and
visualized with a toner, and_the.resultant toner image
is, sfter transferred onto s transfef-receiving
material, such as paper, as desired, fixed by heating,
.20 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.' | | | |
25 . In recent years, various organic
-phstoconductife substances have been developed as a

photoconductive substance for electrophotographic



20 pressing, heating and pressing, etc., to obtain a copy or a prlnt The
resi duaj toner remaining on the photosen3|t|ve menber witha P

transférred ise5RusHs BnRefilcaani Ng step. The above

In recent years, I ¢ phot oconductive substj ﬁ%%
devel oped as a substance for electrop
phot osensi tive ordingly a #@rction separatLon type

phot osensitive menber including a lam nation of a charge generation |ayer
and a charge transport |ayer is comercialized and | oaded. on 5 copying
apparatus, printers, facsimle g@garatus etc. In such electrophotographlc
appar atus, cor orhotiPSengigiveen ﬁ&veaﬂéeﬁcgﬁﬁﬂéﬁﬁlﬁhélI?“YEH%? S

- separation-type photosensitive member including a

lamination of a charge generation layer and a charge
trensport layer is comnercialized and loaded on
-3 copying apparatus, pfinters, facsimile apparatus, etc.
In such electrophotographic apperatus, corona
diecharge means have been conventionaliy used as
charging meens, but are accompanied with difficulties,
.such'as occurtence of a large amount of ozone and a
10 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
15i 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 tne Paschen's law occurs. .Among
20 these, it is prefefred to use a roller charging system'
using a chatging roller as a charging means in view of
the charging stability.
The charging is effected by discharge from
the charging member to a charge—rece1v1ng member, so
25 -that the charging is started_by-application of a
.voltage exceeding a certain tnreshold. For example,

in case of abutting a charging roller against a



chargi ng neans, .but are acconpanied with difficulties, such as occurrence
of a | arge anount of ozone and a 10 filter for renoving the ozone, _
resalting in a size enlargenent and an increase in running cost of the
apparatus. As a technical solution of such difficulties, a charging nethod
for mnimzing the occurrence of 15 ozone has been devel oped, wherein a
chargi ng neans, such as a roller ora bladesi.s abutted to the photosensitive
menber surface to forma narrow gap in the proximty of the contact portion
where a discharge appearing to follow the Paschen's |aw occurs. Anpng 20
these, it is preferred to use a roller charging systemusing a charging
roll er as a chapbohgsensntive membesi hilvdnghar giang 25t spi-thiigk The char gi ng
is effected by discharge fromthe chargi ng nenber to a char ge-recei ving
menber, so 25 pPhatospasikivg Agyer somprdgipg aFplorganien of a vol tage

exceedlng a certain threshold. For exanple,
photoconductor, the surface potential of the

photosensitive member is startéd to increase by
5 application of a voltage of ca. 640 volts or above and.
thereafter iﬁcraaaed 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
" 10 obtain a'aurface 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,
15 so that it has been difficult to control the potential
of the photosensitive membar 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
20 roller a voitage obtained by superposing an AC voltage
having a péak-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
25 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



F i

I'n"case of abutting a charging roller against a - 3- photosen5|t|ve
menber .having a ca. 25 pmthi ¢k photosensitive |ayer conprising an organi c
photoconductor the surface potential of the photosensitive nmenber is
started to increase by 5 application of a voltage of ca. 640 volts or
above and thereafter increased linearly proportional to an applied electric
field at a slope of 1. Hereinafter, the thaeshold voltage is defined as a
charge initiation voltage Vth. In other words, in order to 10 obtain a
surface potential Vd on the photosensitive nenber, a | arger DC vol tage of
Vd + Vth has to be applied to the charging roller. Further, the resistivity
of the charglngafﬁettedchm aacpangereapen&engaﬂocenén&ng@sln envi ronment al

condi ti ons,
: In the charging method (contact or prox;mity_

chafging methqd) based on a.charging mechénism
utiliéing a'discharge from the chargihg member to the
5 photosensitive member or charge-receiving membér, it
is still neéessary to apply a charging voltage ih
excééé of é required surface potential of the
_photosensitive member. Furthef, as a result of
application of the AC electric field, new problems
10 have occurred, such as the occurrence of vibration of
the charglng member and the photosensitlve member and .
a noise accompany1ng the vibration (hereinafter
referred to as "AC charglng noise™) and accelerated
deterioratioh of the photosensitive-membef surface due
1§ to fhe 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
20 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
25 charge-injection into the photosensitive léyer bf
using electroconductive parficles having a resistivity

of at most 1010 ohm.cm, whereby good image



15 so that it has been difficult to control the potential of the

phot osemsitive nenber at a desired value. For this reason, in order to
acconplish a further uniformcharging, it has been proposed to use a DC +
AC chargi ng system of applying to a charging 20 roller a voltage. obtained
by superposing an AC vol tage having a peak-to-peak voltage of at least 2 x
Vth on a DC vol tage corresponding to a des+3ed Vd as disclosed in Japanese
Lai d- Open Patent Application (JP-A) 63- 149669. This ains at taking

advant age of a potential 25 snoothening effect of the AC voltage, and the
potential of the charge-receiving nmenber is converged to a central value Vd
of the AC vol t ageePrgfiugtion |can be acgcomplished. hyAecerding to ERi&rnal

conditions. In the chargjng nethod (contact or‘groxin1t¥
_ - 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.

5 Further, as the tfansfer'residual toner on the
photdsensitive member is scraped by the conductive
pafiicles as the'charging member, the toner is
attaéhed to the charging member, whereby the charging
performance is liable to be changed.

10  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

15 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).

20 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

25 sufficiently low resistivity and an.
electroconductivity—imparting-substance (such as

conductive filler) is sufficiently exposed to the



char gi ng nmet hod) based on a charging nechanismutilizing a discharge from
t he chargi ng menber to the 5 photosensitive nenber or charge-receiving
menber, it is still necessary to apply a charging voltage in excess of a
required surface potential of the photosensitive nenber. Further, as a
result of application of the AC electric field, new problenms 10 have
occurred, such as the occurrence of vibratiéen of the chargi-ng. nenber and
t he photosensitive nenber and a noi se€ acconpanyi ng the vibration
(hereinafter referred to as "AC chargi ng noise") and accel erated

deterioration of the photosensitive nmenber surface due 15 to.the discharge.
On the ot her haf¥rfggere RESOFEIRIYowThen abRYS PAREF AeSARINGS Whakin a

Char god by usi ngPE! EDEF BIBNABBRRRS ARt AFARIY: ICERTR 6% AP SRPMAT \ p. o
O o 1ne 1B11eb%" 80" T oWt Vi il oy mehddd® vl 4 P2 2
sufficiently low resistivity in a high—humidity_

5 envirenment. According to our Study, a charging
'member'capable of effecting a sufficient charge
injecfion 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

10 and the charge potential, so that the Etability of
charge potential is liable to be impaired. |

However, wheh'such a charging member having a

low resistivity is actuelly used, an excessirely large
leakage current is liable to flow into scars or

15 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. |

20 " In order to prevent these problems, it is
necessary to provide a resistivity en the order pf at
least 1xid4 ohm.cm to the charging member. At this
level of resistivity, however, the chérge injection
performance into the-ﬁhotosensitive'member'is lowered,

25 so that the effective eharging cannot be performed.

This is a-contradiction.

Accordingly, it has been desired to solve the



havi ng a sem conductive protective filmhaving a resistivity of [err]
ohm cm ean be charged uniformy, without irregularities and w thout causing
25 tharge-injection into the photosensitive |ayer by using

el ectroconductive particles having a resistivity of at nbost [err] ohmcm
wher eby good i mage -5- reproduction can be acconplished. According to
this method, it is possible to prevent occugrence of vibration and noise

whi ch have been problens in the AC charging;, but the charging efficiency is
low. 5 Further, as the transfer residual toner on the photosensitive nenber -
I's scraped by the conductive particles as the charging nenber, the toner is
attached to tfmaaﬁmvgﬁm@ntmmﬁmm pirbiol eny iheacbengaog-ﬁgpéochangengs Ilable

to be changed.

device or an image forming method using such a
charging device. Mbre_specifically, it has been
desired to satisfy in combinafion a good charging

5 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

- 10 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

15 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

20 sheets to prevent the soiiing of the charging member

causing charging failure.

SUMMARY OF THE INVENTION
An.dbject of the presept'invention is to
25 provide magnetic particles for charging means, léss
liable to be soiied and capablé of'retaining a good

‘charging performance for a long period.



10 Further, it has been desired to charge a photosensitive nenber
by direet injection of charge. So-called injection charging nethod of
injecting a charge to a trap level at the surface of a photosensitive
menber by applying a voltage to a 15 contact chargi ng nenber, such as a
charging roller, a charging fiber brush, or a charging magnetic brush has
been reported in, e.g., Japan Hardcopy 92 Agnual Paper Collection P. 287,
"Contact Charging Performance by ‘Using El ectroconductive Roller" (in
Japanese). 20 According to the nethod, a photosensitive nenber which is
insulating in the dark is subjected to i'njection charging by a

| ow-resi stivity. chargi ng Anotther xljrdcedofi the cpresenteinventhan Laetoet hod
essentially requires that the charging nenber has a 25 sufficientIX | ow
resistivity and REPEIdR (RagRAiR IRIFEICIQpERT | ARASYHRY Mneang s eapakle.

conducti ve filleﬁg S syfficiently_eﬁgosed to the,
of showing a good ‘injection charging performance.

According to the p:esent invention, there is
5 provided magnetic particles for charging means
disposed in coﬁtact-with'an.electrophotographic
pheiosensitive member for charging the
electrephotographic photosensitive member.based on a
voltage applied fhereto, comprising_a,fefrite
.10 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 fromithe group consisting of Li»O0, MnO and
MgO, B denotee at least one metal oxide component
15 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+¥ g 1,
and 0 £ Z<0.79. |
According to another aspect of the present
20 invention, fhere is_previded an electrophotographic'
apparatus, comprisingi an electrophotographic
. photosensitive member, and charging means, imagewise
exposure means and developing means disposed iﬂ this
order opposite to the.photosensitive member, wherein
25 said charging means incluees a charging
| member comprising the above-mentioned magnetic

particles and disposed contactable to the



-6- surface. Accordingly, the above paper describes that the charging
menber preferably conprises an alumnumfoil or an ion-conductive charging
menber having a sufficiently lowresistivity in a high-humdity 5 :
environment. According to our study, -a chargi ng nenber capabl e of

ef fecting a sufficient charge injection to a photosensitive nenber nay have
a resistivity of at nost [err] ohmcm abov®-which a difference begins to
occur between the applied voltage 10 and the charge potential, so that the
stability of charge potential is liable to be inpaired. However, when such
a charging nenber having a low resistivity is actually used, an excessively
| arge | eakage cphekpsensitiye nember 5o asotacgharge the pinhol es forned

at the photosensitive nenper surface, several diffigculties are caqused, such
as insu?ficient photosenég%ive member based on a voi%age recegveg

thereby. _
According to a further aspect of fhe present
5 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 |
10 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
15 thereby, and |
| said'électrophotographic photosenéitive
member, chargihg means and af léast one member
selected from developing means and cleaning means aré
integrally_supported to form a cartridge which is |
20 detachably mountable to an elecﬁrophotographic
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:
25 - | charging an electrophotographic‘.
| photosensitive member by applying a voltage to a

charging member comprising the above-mentioned



chargi'ng in the neighborhood, enlargenent of the pinholes and conduction

br eakdown of the charging nmenber. 20 | In order to prevent these
probl.ems, it is necessary to provide a resistivity on the order of at |east
[err] ohmcmto the charging nenber. At this level of resistivity, however,
t he charge injection performance into the photosensitive nenber is | owered,
25 so that the effective charging cannot _Rg.perforned. This is a
contradiction. Accordingly, it has been desired to solve the -7-
above-nentioned problens in a contact-type charging device or an inmage
form ng nethod using such a charging device. Mre specifically, it has been
desired to satimagnehicophrtities andgoddspbsed ip contact with the

phbtosensitive member,
imagewise exposing the charged photosensitive
member to form an electrostatic image on fhe
5  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
10 description of the preferred embodiments'of the
present invenfion takén in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF_THE'DRAWINGS
15 | . 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
20 'magnetic particles suitably used in the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

Referring to Figure 1, an electrophotographic



5'perfornance by charge injection which cannot have been acconpli shed
W thout:using a lowresistivity chargi ng menber and prevention of pinhole
| eakage on the charge-receiving nenber which cannot have been acconplished
by using such a lowresistivity charging 10 nenber. Further, in an inmage
form ng nethod using a chargi ng nenber contacting a charge-receiving
menber, the charging nenber is liable to hgjsoiled (by toner nelt-sticking)
to cause a charging failure leading to 15 inage defects and is thus |iable
to cause a problemin successive image formng performance. Also in the
met hod of directly injecting charge into a charge- receiving nmenber, it is
an urgent probl pmihtebeasobhuecdmbodimehtwoligthengeaber farmdngon a | ar ge
nunber of 20 sheets to prevent the soiling of the chargi ng nmenber causing
chargi ng fa|IurepPsUNWnRchslmﬂEslNHEHIEGNrABhébpseanﬁcthe present -
I nvention is to
photosensitive member (photosensitive drum) rotatlng
in the direction of an arrow, and further includes a
5 charging member 2, imagewise exposure means 3,
developing means 4, trahsfer means and cleaning means
17 disposed in this order opposite to the
photosensitive member 1 so as to surround the
photosensitive member 1.
10 As w111 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
15 ears erected under the action of a magnetic field
exerted by a magnet roller 2c enclosed within a non-
magnetic sleeve 2b and is supplied with a voltege from
a power supply 21.
More specifically, in the'present invention,
20 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
25 particles are required to have relatively strong

magnetic properties.' However, when such magnetic

'particles are used as they are, the resultant magnet



25 provide magnetic particles for charging neans, less liable to be soiled
and capabl e of retaining a good charging performance for a |ong period. - -
-8-* Anot her object of the present invention is to provide magnetic partlcle
for chargi ng neans, capable of show ng a good injection charging
performance. According to the present invention, there is 5 provided
magnetic particles for charging neans di spgged in contact with an

el ectrophot ogr aphi ¢ phot osensitive nmenber for charging the

el ect rophot ographi ¢ photosensitive nenber based on a voltage applied
thereto, conprising a ferrite 10 conponent represented by the follow ng
formula (1): [ebrhshhasemwréemths paiovided wdirth reetwallume de conponent

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

5 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):

10 (F3203)X(A)Y(B)z (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 |

.15 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

“that the-metal oxide component B comprises at Ieast

20 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.

25 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



sel ect'ed fromthe group consisting of [err] MO and MO, B denotes at | east
one netal oxide conponent 15 different fromA, X Y and Z denote nunbers
representing nol ratios and satisfying the follow ng conditions: 0.2 < X <
0.95, 0.01 <Y <O0.5 X+Y [err] 1, and O [err] Z < '0.79. According to

anot her aspect of the present 20 invention, there is provided an

el ect rophot ogr aphi ¢ appar atus, conprising:~83r el ect rophot ogr aphi c

phot osensi tive nenber, and chargi ng neans, inagew se exposure nmeans and -
devel opi ng neans di sposed in this order opposite to the phot osensi tive

nmenber, wherein_ 25 saj d. char ns |ncludes a, char nmenber
conprising the AfSR-TRLY SHAF? g 3{%%‘6 J2aY, ke F ‘i % %ct abl e’
to the = -9- '

follows. That is, in order to provide a_ferrlte in.a
spinel structure, it is important for a metal cation
to have a proper ionic radius. For this reaSOn, it ié
5  assumed that a ferrite including an oxide of Na, K, Ca
or Sr in a solid solution form provides magnetic
'paféiclés shdwing gbod performances.
In the present iﬁventioﬁ, if X, Y and Z do
~not satisfy the conditions of 0.2 < X < 0.95, 0.01 < Y:

10 < 0.5 and X+Y < 1, it becomes aifficult 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)

15 constituted by the magnetic particlgs according to the
present invention may preferably have a resistance of
1x104 -'1x1011 ohm. If the resistance is below ix104

. ohm, a pinhble is liable occur in the photosensitive
member. Abofe 1x1011 ohm. is liable to hinder

20 efféctive charging. In order to control the
resistance w1thin the above described range, "the

_ magnetlc part1cles accordlng to the present invention
may preferably have a volume resistivity in the range
of 1x10% - 1x1011 ohm.cn.

25 o Particularly, in the'case.bf usiﬁg the

magnetic particles to constitute a chargiﬁg member

(magnetic brush) 2 for injection charging of a



_photosensitiye menber so as to charge the photosensitive nmenber based on a
vol tage recei ved-thereby According to a-further aspect of the present 5
i nvention, there is provided a process cartridge, copprising._.an

eIectrophotogrdmhsmmﬂmmmaﬁamﬂmkave menber, chargi ng SHRES S
one menber sel ec oping means and cl eani fig ngé%gpgAg§%§E§@
wherein 10 gi ng neans _jpcl udes a g

conprising the above-nentioned magnetic particles and dlsposed cont act abl e

to the photosensitive nmenber so as to charge the photosensitive nenber
based on a voltage received 15 thereby, and said el ectrophot ographic '
phot osensi t i vephetbsensditaivei membeand ,artthesicharging menberh@ hag ¢ ed from
devel opi ng nmeans and cl eaning neans are integrally supported to forma
cartridge mhlcbatisfy, in combination, a function of satisfactorily

10

15

20

25

injecting charge 1nto the charge 1n3ection 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 ease'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 heve.a volume resistivity of 1x!106 - lxlol;
ohm.cm. | |

In the present iﬁvention, for the burpose'of

controlling the volume resistivity, etc., it is

- sometimes preferred to surface-coat the magnetic



20 det achably nountable to an el ect rophot ographi c apparatus nain body.

Accordiing to a stirT further aspect of the present invention, there is

promided'anl
charging an e
to a charglng
particles and

hconprising the steps_of . 25
c phot osensi tive menber
T@ mﬂﬁ |ng the above-nenti oned ¥T§%%@gﬂﬂg@§c’3}é@k

ntact wth theishot osensi li-ve—reab R eY se -

exposi ng the charged phot osensitive menber to form an electrostatlc I mage
on the 5 photosensitive nenber, and developlng t he electrostatlc i mage.
These and ot her objects, features and

10

15

20

25

partlcles with a resinous layer conta1n1ng
electroconductive particles, such as 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

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 pm from the
viewpoint of preventing deterioration in charging

performance due to soiling of the particle surface.



advant ages of the present invention will becone nore apparent upon a
consideration of -the follow ng 10 description of the preferred enbodi nents
of the present invention taken in conjunction with the acconpanyi ng

dr awi ngs. Tﬁf@ﬁﬁ}ggﬁgﬁmgmk&hICF THE DRAW NGS 15 o Figure 1 is _a
schematic | an enbodi nent of the image forrpngﬂgH@ppmgtE;@N .
accordi ng J mﬂﬂmﬂ i nvention. Fi gurejg- is a schemati CHE'P'LH@TEbat | on|jof
an appar at g the volune resistivity of 2 5

suitably used in the present invention. DESCRI PTION OF THE PREFERRED
EMBODI MENTS Figure 1 is a schematic illustration of an 25 -enbodi ment of the
i mage . form ng awdhaauireaeeﬁirdlmgsinalllhpamtd.sﬂlet simecrits effekdfisre ifar to

Figure 1, an el ectrophotographic.
increasing the specific surface area of the magnetic
particles, providing a magnetic brush having a high
density and promoting displacement of the magnetic
5 .particles, thereby providing a stable charging
performance even if the surface is partially soiled.
) More specifically, in case of using a
' charging_magnetic brusn composed of magnetic
particles, e.g., iron powder, ferrite powder or powder
10 of an iron oxide_such as magnetite, as a charging
member, it is possible to adjust the resistance of'the
charging member in the range of 1x104 - 1x109 ohm.cm
but melt -sticking of toner onto the charging member is
liable 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 (spent toner) can be alleviated due to
20 .an increase in specific surface area and an increase
in specific surface area and an increase in density of
the magnetic brush, but this leads to an inferior_
flowability of the magnetic particles and a diificulty
of displacement of magnetic particles, so that it is
25 not desirabie a long'period use of the magnetic

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

it is preferred to use magnetic particles of a



printer as an enbodi nent of the image form ng apparatus includes an

el ect rophot ogr.aphi ¢ phot osensitive nenber (photosensitive drum rotating in
the direction of an arrow, and further includes a 5 charging nenber 2,

| magewi se exposure nmeans 3, devel opi ng nmeans 4, transfer neans and cl eaning
neans 17 di sposed in this order opposite to the photosensitive nmenber 1 -so
as to surround the photosensitive nmenber 1.0 - As will be
described in nore detail, in a preferred e#bodinent; t he phot osensitive
menber 1 has a charge-injection |ayer .as a surface |ayer. The charging
menber 2 conprises nmagnetic particles 2a which are forned into magnetic
brush or 15 ear speici®i®y metdY dxidendonpogiftivmagneing & igdall exerted by a

magnet roller 2c enclosed within a non- magnetic sleeve 2b and i's supplied
with a voltage fochemging performance 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
5 - 50 pm is further preferred. In other'words, the
volume resistivity of magnetic particles as a whole is
ref;ined within the ébove—described range and the
ferrite having the séecific mefal oxide composition is
used so as to avoid é deterioratibn in charging

10 performance even when the tonér melt-sticking occurs

on the-hagnetic'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

15 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.

20 ' 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. | |

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

measureménf by using a laSer diffraciion-type



a power supply 21. Mre specifically, in the present invention, 20 the
magneti.c particles are erected in the formof ears on the sleeve 2b to form
as+ g whole a magnetic brush 2a, which is caused to contact and charge the
photosensitive member 1 based on a voltage supplied to the charging nenber
2. Accordingly, the magnetic 25 particles are required to have relatively
strong magnetic properties. However, when-38eh nmagnetic particles are used
as they are, the resultant magnet -12- brush is not readily provided
with a volune resistivity in a preferred range for the charging nenber, so
that the volume resistivity thereof nmay be adjusted through reducalon and
Conp05|t|ona| Spanuicleasnge distribution meter ( 'HEROS" , "avail
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
5 the present invention may preferably have a saturation
magnetizatibn cg of at least 40 Am2/kg (emu/g) as
measured 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.perfermance. The
10 magnetic-properties are based on values measured by
using a vib:atioh-type magnetometer ("VSM-38-15",
available from Toei Kogyo K.K.).
In the present invention, the ferrite
component conStituting the magnetic particles
15 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
20 case where the feriite component contains-such another
optional component in an amount of preferably up to 3 '
A preferred embodiment of the photosensitive
member will now be described, wherein the following
25 layers may be included preferably in an order

appearing hereinafter.

An electroconductive support is generally



The ferrite conmponent constituting the nagnetic particles according to the
present- invention has a nodified conposition-fromthe above vi ewpoint
represented by the formula (1): 10 [err] . (D),
wherein A denotes at | east one netal oxide conmponent selected fromthe
group consisting of [err] MiO and MJO B denotes at | east one netal oxide
conponent -di fferent fromA;, X Y and Z deneig-nunbers 15 representing nol
rati os and satisfying the following conditions: 0.2 < X < 0.95, 0.01 <Y K<
0.5, X+Y [err] 1, and O [err] Z < 0.79. Fromthe above viewpoint, it is
preferred that the netal oxide conponent B conprises at |east 20 one netal
oxi de conmponent usgdctwhii¢h onay heompoise carmetal ngsweh[ agrplumbnu@r or [err]
and [err]. It is further preferred that the netal oxide conponent B is an
oxi de of an al ka¥tairiess ostepl al & PlastigrepakedaVibhodi 4p¥8TaCfat her

stabl e cati on. :
aluminum alloy or indium oxide-tin oxide alloy, paper

or a plastic sheet impregnated with electroconductive
5 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 dispbse an undercoating layer for the
10 purp@se of providing an improved adhésion 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
15 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,
20 copolYmér nylon, glue,'gelatin, polyurethane, or
aluminum bxide. The thickness may ordinarily be ca.
0.1 - 3 pm.
A charge generation_layer'may comprise a
chdarge generation suﬂstanée,'examples of which may
25 1include: organic substances, such as ézo éigments,
.phthalocyanihe pigments, indigo pigments, perylene

~pigments, polycyclic quinone pigments, pyrylium salts,



25 That is, it is preferred to use at | east one netal oxi de conponent

sel ected fromthe group consisting of [err] CaO and SrO  The reason

t heref or has not -13- 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 inportant for a netal cation to have a proper ionic radius. For this
reason, it is 5 assumed that a ferrite inglgwuing an oxide of Na, K, Ca or
Sr in a solid solution form provides magnetic particles show ng 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 10 < 0.5 and X+Y [err] 1, it

becones diffi culghiopyrdntiun salds,esirad itripheryXnethanmealyes paandcl| es.
From the productivity through sintering of the magnetic.
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
5 "thereof. The binder reSih may be selected from a wide
‘variety of resins, examples of which may include
poI;carbonate resin, polyester resin, polyvinyl_'
_ butyral resin, polystyrene resin, acrylic resin,
methacrylic resin,'phenolic resin, silicone resin,
10 epoxy 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 generation
layer.” The charge generation layer may preferably
have a thickness of at most 5 pnm, preferably 0.05 - 2
15 am.

A charge transport layer has 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

20 dissolving a charge transporting substance optionally
together with a binder resin in an appropriate solvent
tc 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

25 include: polycyclic aroﬁatic compounds having ih then

main chain or side chain a structure such as

biphenylene, anthracene, pyrene or phenanthrene;



parti-cles, Y > Z is further preferred. The charging nenber (magnetic brush)
15 constituted by the magnetic particles according to the present

i nvention may preferably have a resistance of [err] ohm If the
resistance is below [err] ohm a pinhole is liable occur in the
phot osensitive nmenber. Above [err] ohmis liable to hinder 20 effectlve

charging. In order to control the resistange-within the above descri bed
range, the nmagnetic particles according to'the present invention nmay
preferably have a volune resistivity in the range of [err] ohmcm 25
Particularly, in the case of using the magnetic particles to constitute a
char gi ng menberni teqgen+contathing €velinj compoundrar §RRY 8s and°1914

carbazole, oxadiazole, and pyrazoline; hydrazones,
styryl compounds, selenium, selenium-tellurium,
amorphous eilicon and cadmium sulfide.
5 N Examples of the binder resin for dissolving
| or dipersiﬁg therein the charge transporting Substance
maj-include: resins, sﬁch as peiycarbonate resin,
polyester resin, polystyrene resin, acrylic resins,
and polyamide res1ns, and organic photoconductlve
10 polYmers, such as poly-N-vinylcarbozole and polyvinyl-
anthraeene.' | |
- In ease where the magnetic particles _
according to the present invehtion are used for
o injeetion charging, it is breferred to use a
15 photosensitive member having a charge-injection layer
| as a layer moet 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
20 chargeability and avoid image flow. It is
particularly preferred to have a volume resistivity of
1 x 1010 ohm.cm - 1x1013 ohm.cm, ie order to avoid the
image flow, further preferably 1x1012 - 1x1013 ohm.cm
iﬁ view of environmenfal change. Below 1x108 ohm.cm,
25 charge carrier is npt retained along the surface in a
high?humidify environment, thus being liable to cause

image flow. Abeve 1x1015 ohm.cm, charge cannot be



photosensitive menmber 1, the chargihg menber 2 has to satisfy, in
combi nation, a function of satisfactorily injecting charge into the charge
injgction ldyer of the photosensitive menber 1 and a function of preventing
5 conducti on breakdown of the chargi ng nenber and the photosensitive
nmenber caused by concentration of a charging current at defects, such as
p[nholes fornmed in the photosensitive nenbern. Accordingly, the charging
menber may preferably have a resistance of 10 [err] ohm particularly
[err] ohm Below [err] ohm the pinhole |eakage is |iable to occur. Above
[err] ohm a satisfactory charging is lLiable to be hindered. In order to
provi de a resi skaf¢ecilently ahgectsanfirone dheargmrgingmetibeshang ng nember
2, the magnetic particles constituting the charging nenmber should have a
vol une resi sti virepained)e thmsybeding dhablehrhac gauseefeechidnging r] ohm cm
' failure. By_disposing a functional layer at the |
photosensitive'member_Surface, charge injected from
5 the charging member is retained therein, and further
the change is allowed to flow to the support of the
photosensitive member at the time of light exposure to
reduce the residuél.potential. 'Further, by using the
charging member and the photosensitive member
10 according to the present inVéntion, the charge
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.
15 ' 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 phothensitive member having a
20 charge-injectioh layer is charged to a potential which
is at least 80 %, 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 response to an applied
25 DC voltage of 700 volts, in the case of conventional

contact charging based on discharging.

The volume resistivity values of the charge



e

Further, in the case of contact charging 20 other than the injection.
charging, the chargi ng nenber nmay preferably have a resistance of [err]
ohm.and correspondingly, the magnetic particles may preferably have a -

vol ume resi sti Vi tjpi&heet BisBeerdeplaeeth 25 _ In tF 3,
for ‘the purpose of he vol ume resistivity, HEET H4S BEEN 1 -
sonet i mes pref.erre!i‘!lwmw at the ma@aetic . - e

resi nous | ayer con roconductive particles, such as ==t
el ectroconductive netal oxide particles or carbon black, or a layer of an

i norgani ¢ such as an electroconductive or 5 sem conductive netal oxide at a
coating rate of indegtion 3ayerodesciribefl hexeingars dasad ion swlues

measured in the following manner used_for measuring
_the volume resistivity of a surface layer—forming
material.'.That is; a charge injectibn'layer is formed
5 on a bonductive film'(Au)—deposited PET film and
subjected to méasurement of ‘a volume resiS£i§ity by
usi;g a volume resistivity measurementlapparatus
("4140B pAMATER", available from Hewlett-Packard Co;)
under applicatioh of_é voltage of 100 volts in an
10 environment of 23 Cf_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
15' 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
20 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
25 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



Incidentally, the volune resistivity values of magnetic particles described
herei n. are based on values neasured in the follow ng manner. 10 A
celll A as shown in Figure 2 is used. |Into the cell A having a sectional
area S (=2 [err]) and held in a guide ring 16 via an insulating materi al
1, magnetic particles 15 are placed, and a principal electrode 9 and an

upper el ectrode 10 are di sposed to 15 sang{agh the magnetic particles 15 in'
a thickness d (=1. nm), under a load of 10 kg. Under this state, a voltage
of 100 volts supplied froma constant voltage supply 14 and neasured by a
volt meter 13 is applied, and a current passing through the sanple nagnetic
20 particles 15%A®, NEn6ve cIoOwel R/MEhe!chdrgs pnjectionnbaperofis(err] and .-
65 % The magnetic particles according to the present invention nay - '
preferably havecasédectoghaparai towesi ZElmngtrength andtis| therefofpeak
particle 25 size) both in the range of 5 - 100 [err] fromthe

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

short life of the photosensitive member.

5 The charge injection layer may comprise a

binder resin, examples of_which may include;

peiyester, polycarbonate,-acrylicfresin, epoxy resin,

phenolic resin, and curing agents'of these resins.

These may be_used singly or in combination of two or

10 _ more species. Further, in case of dispersing a large
'amountiof electroconductive particles, it is preferred
to use a reactive monomer or reactive oligomer. with
electroconductive particles dispersed therein and,
after application thereof onto the photosensitive

15 -member surface, cure the applied resiﬂ 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. -

20 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
preferred to use ultra-fine particles of zinc oxide,
titanium oxide, tin oxide, antimony oxide, indium

25 oxide, bismuth oxide, tin oxide-coated titanium oxide,

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

and zirconium oxide. These may be used singly or in



vi ewpoi nt of preventing deterioration in charging perfornmance due to
soiling of the particle surface. 16- Such a relatively small particle
size is effective for increasing the specific surface area of the nagnetjc

particles, providi nthigShesadBeecRaplacedn having a hi gh { T n
di spl acenent of the icles, thereby pro |§H§ésép @Kﬁ%EEN .
char gi ng performance rface1251xut|a||y Fhrﬁ :

specifically, in case of using a charging nagnetic brush conposed of
magnetic particles, e.g., iron powder, ferrite powder or powder 10 of an

I ron oxi de such as nmagnetite, as a charging nenber, it is possib

adj ust the resicombinatdon iof mamgnmeﬁﬁihe e O‘Faf%r?? ohm but

nel t-sticking of ‘toner, onto -the char
g dispersing particles fhr¥he éﬁ%rge injection layer,

the particles are required to have a part1c1e_s1ze
which is smaller than the wavelength of light incident
5 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. | o
10 ~ 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 |
15 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. Polyretrafluoroethylene (PT?E) resin is
20 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. %,
25 +the image resolution and the sensitively of the
photosensitive member are remarkably lowered.

The charge injection layer may preferably



| i abl-e to occur, é.gf, due: to scraping of residual 15 toner remaining on
t he phot osensitive_nenber w thout being cleaned after a successive inmage
forpmtion. In contrast thereto, if magnetic particles of a mnute particle

si ze are used, ThisSheachie Bes Repiicegt of toner nelt-sti gHi Tt Ylican
be alleviated d S || THIS SH T rias BEEN
I ncrease in spedi rea and an +B6+ease | densﬁFVLépEPhn

e

magneti ¢ brush, but this to an inferior flowabr Tty of the nagnetic
parti-cles and a difficulty of displacenent of magnetic particles, so that
it is 25 not desirable a long period use of the magnetic particles. For
this reason, irhave drebieknesscpfiOnl ft193“&7ePéFgéﬁuiérggelnagﬁetic
particles of a*mm -17- specific netal oxide conposition having a good

Hereinbelow, some Production Examples are
presented for illustrating structure and materials of
5 member used.
[Toner'Prdduction Exémple] 

Styrene/butyl methacryiate copolymer 100 wt.part(s)

(copolymerization wt. ratio = 80/20)

Magnetite | _ . 100 "
10 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, fhe melt-kneaded
15 product was coarsely_crﬁshed by a cutting mill, finely
pulverized by a jet mill using a jet stfeam and
pneumaticaa}y_classified to dbtain black powder
'(maghetic toner particles)_having a weight—averagg
-particle size of 7 ym. To 100 wt. parts of the black
20 powder, 1.2 wt. parts of silica hydrophobized (i.e.,
- hydrophobicity-imparted) with silicone'oil, and the
resultant mixture was blended by a Henschel mixgr to
- obtain a magnetic tomner. _
| [Photoseﬁsitive membe¥ Production Example 1]
25 - An OPC-type negatively chargeable
photosensitive member was prepared by disposing thé

following 5 layers about a 30 mm-dia. aluminum



charging performance and having a relatively small particle size of 5 - 100
pmso as to retain a stable charging perfornance. An average particle size
of *10 5 - 50 pmis further preferred. 1In other words, the volune
resistivity -of magnetic particles as a whole is retained within the
above-descri bed range and the ferrite having the specific nmetal oxide
conposition is used so as -to avoid a deterigation in charging 10
performance even when the toner nelt-sticking occurs on the nagnetic
particles. If the average particle size of the magnetic: particles is bel ow
5 pm- the attachnent of magnetic brush onto the photosensitive nenber is
liable to 15 occeylimderabove 100 [err], it is liable that an increase in

density of erected ears of magnetic brush on the sleeve pbeconmes difficult,
thus tending to provi de af fHFSEi bpYREr FaEnanca-oR0cHBr§higkt he

phot osensitive nmepber. 20 L Inglgentallg, t he average garticle Si ze
may electrocondugtlve part;c_e—dlsp rsed resin layer

(electroconductive layer) for smoothening defects on

5 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

10 - 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,

15 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-

20- transport layer comprising hydrazone dispersed in
polycarbonate resin so as to form a p-type'
'semiconductor.. Aécordingly, a hegative chafge formed
on the photosensifive membér surface could not move
lthrough this layer sd‘thét positive charge Qenerated

25 in the charge generation layer alone was transported

to the photosensitive member surface.

A fifth layer was a charge injection layer,



be deternined as an average of maxi mum axial |engths in horizontal
direction of 100 particles selected at random by observation through an

opti-cal microscope or a scanning electron mcroscope. 25 Furt her
the node (peak) particle size in particle size distribution may be
determ ned through nmeasurenent by using a |aser diffraction-type -18--

particle size distribution neter ("HEROCS' -28ail able from Ni ppon Denshi
K.K.) in a range of 0.05.- 200 pmdivided into 32 fractions on a

| ogarithm c scale. Further, the magnetic particles according to 5 the
present invention _may preferabléghave a. saturation gnetlzatlon,[err] of

at |east 40 [er WhicBncogpriseded 0 o -uRddtsa Pt @ §c field of

487.9 kAIm (5000 98h36"Pesi®,*160° Wt Bt PUF L ‘bSJ“pm-ala. Snoy

particles pro&idéd with a lower resistivity in an_
oxygen-short or'-ladking form, 30 wt. parts of 0.25
5 pm-dia. tetrafluoroethylené resin particlés 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
10 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 5x1015 ohm.cm in case
of the charge transport layer alone.
15 [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

20 dispersant. | |
" As a result, the volume resistivity of the
. photosensitive member surface léjer was lowered to.
- 2x1012 ohm.cm.
[Photosensitive member Production Example 3]
25 A photosensitive member was pfepared in the
éame manner as in Production Example'l.except that the

fifth layer was formed by dispersing 300 wt. parts of



capabl e of showi ng a good chargi ng performance. The 10 magnetic properties
are based on val ues nmeasured by using a vibration-type nmagnetoneter
("VSM 3S-15", available from Toei Kogyo K. K. ). In the present invention,
the ferrite conponent constituting the magnetic particles 15 according to
the present .invention can contain preferably at nost 3 wt. % thereof of
anot her metal conponent in the formof a hygyoxide, oxide, sulfide or
allphatlc acid conmpound. Accordingly, X+Y <1 in the fornula (1) of the
ferrite component nmeans the 20 case where the ferrite conponent contains
such anot her optional conponent in an amount of preferably up to 3 wt. % A
preferred embodithenicaQl 0LI03 pACAITANSBHOy partnitdesviin 100y we. deacts bed,
wherein the following 25 layers may be Included preferably in an order
appearing her ei off phototurabdel raxmyidie tresims.upport i s generally
The volume resistivity of the surface layer
‘was 4x107 ohm.cm.
5 [Photosensitive member Production Example 4]
A photosensitive member was'prepared in the
saﬁe manner as in Production Example 1 except for
omitting the fifth layer. _
[Magnetic particle Production Example'll
10 _ Magnetic particles comprising Mn-Sr ferrite
particles (X = 0.7, Y = 0.26 and Z = 0.00, A: MnO, B:
Sr0 in the formula (1)) having an.average particle
size of 20 um and'a volume resistivity adjusted to
4x106 ohm.cm by'reduction in a hydrogen atmosphere,
15 were used as a charging member. _
More specifically, for production of the
ferrite particles, the réspective metal oxide starting
materials were weighed and blended, and the blended
powder was calcined at ca. 900 °C, followed by .
20 puiverization, to provide ferrite'particles having an
average particle size of ca. 2.0 um (as measured by
the air permeation method). Then, the pulverized
powder was mixed with an aqueous solution of PVA
" (polyvinyl alcohol) containing PVA in an amount of 0.5
25 - 5.0 wt. % to form size-enlarged particles. The
enlarged particles were then calcined at 1100 - 1300

Oc, disintegrated and classified into magnetic



-19- -used, which may conprise a nmetal, such as al um num or stainless steel,
a plastic coated with a layer -of alum num alloy or indiumoxide-tin oxide
all oy, paper or a plastic sheet inpregnated wth el ectroconductive 5
particles, or a plastic conprising an el ectroconductive polymer in a shape
of a cylinder or a sheet. On the el ectroconductive support, it is possible
to di spose an undercoating layer for the 1§gpurpose of providing an

i nproved adhesi on .and applicability of the photosensitive |ayer, protection
of the support, coverage of defects on the support, an inproved charge
injection fromthe support, and protection of the photosen5|t|ve Iayer from
electrical 15 hpyapkigbe H&mamgdardesireg payt;chayscaeprlse

[Magnetic particle Production Example 2] -
Magnetic particles for charging member
comprising MnQNa ferrite particles_(x = 0.7, Y = 0.22,
5 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 metai oxide starting materials.
10 [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
15 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 Prodﬁctipn Example 4]
_ﬁagnefic'particles for charging member
20 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 pﬁ and a volume
resistivity;of 9x105 ohm.cm were prepared in a similar
manner as in Production Example 1 except for changing
25 the metal oxide starting materials. |
[Magnetic particle'Production Examplé 5]

Magnetic partic;es for charging member



pol yvt nyl al cohol, poly-N-vinylimndazole, polyethyl ene oxide, ethyl

cel lul ose, nethyl cellulose, nitrocellul ose, ethylene-acrylic acid '~
copol ymer,  pol yvinyl butyral, phenolic resin, casein, polyamde, 20

copol ymer nylon, glue, gelatin, polyurethane, or alum num oxide. The

t hi ckness may .ordinarily be ca. 0.1 - 3 pm A charge generation |ayer may
conpri se a charge generation substance, exaﬂ?Ies of which may 25 incl ude:
organi ¢ substances, such as azo pignents, hal ocyani ne pignents, indigo
pi gments, perylene pignents, polycyclic quinone pignents, pyryliumsalts,
-20- thiopyriliumsalts, and triphenyl net hane dyes; and inorganic '

ngzéfgfgﬁ Iﬁugh%llHf%%ﬁg%uﬂhapﬂ-ﬂﬂnfﬂﬁﬁﬁﬁeSbéfﬁ@&lesn(khg 607n19f;a
0.28, Z = 0.02, A: MnO and Lij;O0, B: Bijz03 in formula
(1)) haylng an average particle szze-of 55 um and a
volume resistivity of'5x105 ohm.cm were prepared in a
5 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 ferfite particles (X = 067;.Y = 0.25,
10 Z = 0.05, A: Mﬁo, 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 éroduction Example 1 except for changing
the metal oxide starting materiéls.
15 [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
20 - were prepéred in a similar manner as in Production
Example 1 except for changing the metai oxide stéfting
materials. i
'[Magnetic-particle Production Examplé 81
Magnetic particles for éharging member
25 comprising magnetite particles (X = 0.7, Y =0, Z =
0.3, B: Fe,03 in formula (1)) having an average

particle size of 60 pm and a volume resistivity of



‘appropriate binder resin.or a vapor deposition film5 thereof. The binder
resin may be selected froma w de variety of resins, exanples of which may
i ncl.ude pol ycarbonate resin, polyester resin, polyvinyl butyral resin,

pol ystyrene .resin, acrylic resi-n, nethacrylic resin, phenolic resin, _
silicone resin, 10 epoxy resin, and vinyl acetate resin. The binder resin
may be contained in an anount of at nost 832s. % . preferably 0 - 40 wt. %
of t-he charge generation |ayer.- The charge generation | ayer may preferably
have a thickness of at nost 5 [err], preferably 0.05 - 2 15 [err]. A _
charge transport |ager has a function of receiving charge carriers fromthe
char ge gener at i %103y ohmagih Wexes prepargd Ha eamimidan mpanem ag darric
field. The charge transport | ayer may be formed by 20 dissolving _a charge

transporting suB¥PIRCEiom: EXaEple doSxaept fom chianging thesimetad an

appropri ate so!ggg%et%tggkqhg %%@gﬁyiféf““d and applying the coating

[Magnetic particle Production Example 9]

5 ' Magnetic_particlés for charging member
comprising'Mn-Ca ferritezﬁarticles having an average
paf;icle size of 40 pm and_a volume resistiﬁity'of
inoa ohm.cm were prepared in a similar manner as in_

- Production Example 6 e#cept for oﬁitting the hydrogen
10 reduction treatment.
.tMagnetié particle Production Example 10]
1 wt. part of straight silicone resin and_
0.050 wt. part of electroconductive ca:bon black were
dissolved or diSbersed”in 16 wt. parts of xylene and

15 the mixture was.subjected to 2 houfs-of dispersion in

. a paint'shaker. The coating 1ayer provided a surface
1ayér showing a volume resistivity of 8x10% ohm.cm as
measured in a similar as the measurement for a charge
injection layer described above. |

20 | 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

25 at 120.°C_to provide coated magﬁetic particles showing
a volume resistivity of 7x106 ohﬁQCm. |

All the magnetic particles prepared in the



liquid. The thickness may ordinarily be 0.5 - 40 [err]. Exanples of the
charge-transporting substance may 25 include: polycyclic aromatic conpounds
havi-ng in-then main chain or side chain a structure such as bi phenyl ene,
ant hracene, pyrene or phenanthrene; - -21- nitrogen-containing cyclic
conpounds, such as indole, carbazol e, oxadiazole, and pyrazoline;
hydrazones, styryl conpounds, selenium set33xtumtellurium anorphous _
silicon and cadm um sul fide. 5 - Exanpl es of the binder resin for
di ssol ving or dipersing therein the charge transporting substance may .

i nclude: resins, such as @Pcharbonate resin, polyester resin, polystyrene

resin, acrylic ﬁ?ﬂWﬁLPﬁﬂﬂIQiﬂ%RuﬁﬁﬁyﬂkﬂﬁrﬁﬁsQﬂﬁFtNE%Mi%h?WEﬂoéonductive 10
pol YIErS,. SUCh a8 Rk én MiareX 2080 6n A §P' Y {¥dst 45 Am2/xg

(emu/g) under aﬁ external magnetic field of 487.9 kA/m

(5000 oersted).

[Example 1]
: A photosensitive membet and a contact
' charging member as descried above may.be'ﬁsed for

charging in principle as follows.' According to the

10 present invention, a charging member having a medium.

| -1eve1 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

15 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

20 minﬁte capacitor fuoctionaliy formed by a charge |

trahsport layer fonotioning as a dielectric layer, and
_'an aluminum supoort and a layer of eiectroconductive

particles in the:charge injection layer functioning as
two electrode plates.' In this.instance, the

25 eleotroconductive particles are electricaily
independent from each other, and each constitute a

minute floating electrode. As a result, the



anthracene. In case where the magnetic particles according to the present
inventd on are used for injection charging, it is preferred to use a 15
‘phot osensi ti ve nenber having a charge-injection |layer as a |ayer nost

di stant fromthe This mserrHasBéen Replacy SUr face layer. The charge-injecti on

| ayer may prefera I me resistivity of [err]ifqQr g

ohmcmso as to h t 20 charggghbility and asgﬁ% ﬁgg%

is particularly prere e a volune resistivity
ferr] ohmcm in order to avoid the imge flow, further preferably [err]

ohnrcnrin view of environnental change. Below [err] ohmcm 25 charge

carrier is not pRbtosensitovg hémberr sacface appegirshtwi Bety environment,

thus being liable to cause inmage flow. Above [err] ohmcm charge cannot be
macroscopically uniformly charged, but actually an

enormous number of charged electroconductive particles
cover the_phbtosensitive member surface. Therefore,
| 5 when imageﬁiSe exposure is performed by laser
scanning, an electrostatic latent imége can be
refeined 5ecause individual electroconductive
particles are electrically independent. _
In a specific Example, an electrophotographlc
10 printer as shown in Figure 1 was constituted by using
a photosensitivé member 1 prepared by fhotosensitive
" member Production Example 1 and a charging.member 2
.inciuding magnetic particles 2a'prepafed in Magnetic
particle Production Example 1 and used for successive
.15 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
20 form a magnetic brush with erécted earé 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
25 forming a contact nip in a width of ca. 5 ﬁm with the
photosensitize meﬁber 1. The megnetic particle-

holding sleeve 2b was initially disposed with a gap of



-22--sufficiently injected fromthe charging menber and retained, thus
~being iable to cause a charging failure. By disposing a functional layer
at the photosensitive nenber surface, charge injected from5 the charging
menber is retained therein, and further the change is allowed to flow to
the support of the photosensitive nenber at the time of |ight exposure to
reduce the residual potential. Further, by3ssing the charging menber and
t-he photosensitive nenber 10 according to the present invention, the charge
initiation voltage Vth can be | owered and the photosensitive nenber charge
potential can be converged to a value which is alnost 90 % or above the
appl i ed vol tagecao 606 @mafgomgtienphotosensitive membar deanmite under
ordi nary chargi ng condition (e.g., under application of a DC.voltage of 100
- 2000 vol ts ancagngtdcegoldgsedcowas hﬁ%{ imgmyably within the
' éleeve 2b, and the sleeve surface was caused to move
at a speed two times the peripheral speed and in a
5 reverse direction with the rotation of the |
- photosensitive member 1, so as to cause a uhifbrm
' contact between the photosensitive member 1 and the -
magnetic brush 2a.
Incidentally, in case where no difference in
10 peripheral speed is pfovided between the magnetic
brush and the photosensitive member, the magnetic
brush is liable to fail to retain an appropriate nip,
thus resulfing in charginglfailure, at the time of
circumferentiél or axial deviation pushing the
15 magnetic brush away, since the magnetié brush per se
lacks a physicallrestoration 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
20 ' 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.'
" 25 . The chafging member 2 supplied with a DC
voltage of -700 volts was caused to contact the

photosensitive member 1 with its magnetic brush 2a



mmmn), it has becone possible to .effect an injection charging such that
t he photosensitive nenber having a 20 charge-injection layer is charged to
a poetential which is at least 80 % preferably at |east 90 % of a voltage
applied to the charging nenber. This is a substantially |arger val ue than,
e.g., ca. 30 % i.e., a potential of ca. 200 volts in response to an
applied 25 DC voltage of 700 volts, in the-3&se of conventional contact
chargi ng based on discharging. The volune resistivity values of the charge
-23- injection |layer described herein are based on val ues neasured in the
followi ng manner used for neasuring the vol ume re5|st|V|tz of a surface

| ayer - forning rrmh;rlieﬂrouaraxng srelaa*émg@|m%&h@w$% ivermembers on a

conductive f|In1(Au) émm|ted PET film and
1, by surface-charging the photosensitive member

1. Then, at an exposure position, the charged
-phofosensitive membér-l was exposed to imagewise
5 scanning laser light 3 from a léser diode'subjecfed to
intensity'médulation baseq.on given image signals with
thé'aid of a polygonal mirror, therebj forming an
electrostatic latent image on the photosensitive
membef 1._ |
'10 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
15 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 $peed. The sleeve 4
was.supplied with a DC bias voltage of -500 volts
20 superposed with a rectangular AC voltage with a peakQ
to-peék voltége of'1600 volts and a frequency of 1800
Hz, sq.as to effect a jumping develépment befween the
sleeve and the §hoto$ensitive member.
| The thus deéeloped toner image was then
) 25 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.



subj ected to neasurenent of a volune resistivity by using a vol une
resistivity neasurenent apparatus ("4140B pAMATER', available from
HewWl-ett- Packard Co.) under application of a voltage of 100 volts in an 10
envi ronnent -of [err] and 65 %RH. The charge injection |layer may be forned
as an inorganic |layer, such 'as a netal vapor-deposition |ayer, or a resin
|-ayer containing electroconductive particl-&d-di spersed therein. Such an

i norganic layer 15 may be forned by vapor deposition, and a conductive
particl es-di spersed resin | ayer may be fornmed by an appropriate coating

met hod, such as di pping, spraying, roller coating or beam.coating. .Further,
the charge injection | aydhecRiaipspaper; gheet § QREF¥HNG Fhe or 20 |
copol yner of an insul ating binder resin and . a Ii-ht-e%L nsm ssive resin

having a hi gh i $%2R§F@IZER topeTinage, sias fheh Bafsadketvwean Pt nedi um

1S5St ULy R S kO A i Wont e o il e o
' sheet, and the sheet cartying the fixed image was |

5 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

10 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

15 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

20 means 2, developing means 4 and cleaning meéhs 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

25 apparatus main body. |

incidentally,.it is to be understand that the

above-mentioned structure and process conditions have



25 particles nmay preferably be added in an ampunt of 2 - 190 wt. %of the
bi nder. resin. Below 2 wt. % a desired volume resistivity cannot be readily
obtained - -24- and, above 190 wt. % the charge injection layer is caused
to have a lower filmstrength and is therefore liable to be worn out by
scraping, thus resulting in a short life-of the photosensitive nmenmber. 5
The charge injection layer may conprise aJggwler resin, exanples of which
may include; polyester, polycarbonate, acrylic resin, epoxy resin, phenolic
resin, and curing agents of these resins. These may be used singly or in
conbi nation of two or 10 nore.species. Further, in case of dis er5|ng a
| ar ge anpunt of beler teetc duititt iase Ppaere | eaxmmpke |@4)r<aarerhecm®1
reactlve nononer or reactive oligonmer with

w1th1n the scope of the present 1nvent10n.

In this partlcular Example, as a result of
image formation by using a printer of the above-

.,5 described structure, the photosens1t1ve member 1
1n1t1a11y hav1ng a surface potentlal of 0 volt was
charged up to -680 volts by once pass1ng through the
ccntect nip with the magnetic brush under application
of a DC voltege of -700 volts to the sleeve 2b, thus

10 showing ‘a good charging performance. At this time,
even when pinholes occurred on the photosensitive
member, the current leakage did not occur. Further,
the attachment of magnetic particles constituting the
magnetic brush 2a did not occur, whereby good solid

15 black and solid white images could be 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

20 evaluation was performed with eyes.

Further, in the reversal development, the
transfer charging'pclarity is opposite to the surface
potential polarity on the photosensitive member, SO
that the potential history on the photosensitive

25 member affects the charging performance in a

Subsequent cycle. In order to evaluate the

phenomenon, in this Example, an Ad-size longitudinal



el ectroconductive ‘particles dispersed therein and, after application
t hereof onto the photosensitive 15 nenber surface, cure_the appli ed resin
under exposure to light or heat. Further, in case where/the v S

| ayer conprises W&%B&ikﬁni, it is preferred to d JHOS &

I njection |ayer The el ect rige
particles dlspers
for exanpl e conpri

Eﬂ resin of-3ighe charge injection
or a netal oxide. It.is preferred to use
ultra-fine particles of zinc oxide, titaniumoxide, tin oxide, antinony
oxi de, indium 25 oxide, bisnuth oxide, tin oxide-coated titani um oxide,
tin-coated indi omigindd, imegemingludingd a isoldd dd ackh dmage: dilawingide.
These may be used singly or in - 25-

low potential as an absolute value) in a width of ca.

94 mm (corresponding to one peripheral 1ength of the
30 mm. dia. photosensxtive member) and also a

5 subsequent solid white 1mage (having a high potential
as an absolute value) to evaluate a fog in the solid
white image (evaluation of charging ghost). In the
'charging ghost evaluation, a solid white image
following a solid black image according to the

10 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 meuber eshibits a good charging
performance.' In this_Example, however, no fog was

15 observed during the successive reproductions of the
above-mentioned original image including the solid
black and solid white images.
[Example 2]

. Image formation and evaluation were performed'

20 in the same-manner as in Example 1 except that the
magnetic particles prepared in Magnetic particle
Production Example 2 were used. As a result of 1000
sheets'of succeSSive image formation, the charging
performance was similar to that in the initial stage,

25 whereby good solid black and solid white images could
be obtained.

[Example 3] .



conmbi‘nation of two or nore species. In the case of dispersing particles ’in
the charge injection layer, the particles are required to have a particle
si‘ze which is smaller than the wavel ength of light incident 5 thereto, s®
as to avoid scattering of the incident Iight width the dispersed particles.
Accordingly, the electroconductive particles, and other particles, if any,
di spersed in the protective. |layer. may prefe @bly have a particle size of at
nost 0.5 [err]. 10 The charge injécCtion |ayer may preferably
further contain lubricant particles, so that a contact (charging) nip

bet ween the photosensitive nenber and the chargi ng nenber at the tine of

char gi ng becones enl ar gedrhiigs CEyria€idR andouphtHatibht Wekelderformed
t her ebet ween, thus providing an inproved charging performance. The

| ubri cant powderinByhd'smé abadn6P @S| S8 Bxahplei DleegoBpEi thag taei n,
silicone resin or polyolefin resin having a.low critical surface tension.
Polytetrafluoroemﬁmhsnﬁc(ﬁﬁificleslprepared in Magnetlc particle
Production Example 3 were used. As a result of 1000
5 -'§heets 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 5]

10 . 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

15 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'aqcompanied with slight '

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

20 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 |

25 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



20 furt.her. preferred. In this instance, the lubricant powder may be a

in 2 ~ 50wt .

% preferably 5 - 40 wt. % of the binder resin. Bel ow

% the lubricant is insufficient, so that the inprovenent in chargi'ng
performance is insufficient. Above 50 wt. % 25 the image resol ution
the sensitivity of the photosensitive nmenber are remarkably | owered. The
charge injection |layer may preferably =~ =26~ have a thickness of 0.1
[err], particularly .1 - 7 [err]. Hereinbel ow, sone Production Exanples are

presented for

illustrating structure and materials of- 5 nenber used.

dded
2 W.

and
- 10

[ Toner

Production Exanpl e] Styrene/butyl nethacrylate copolyner 100 wt. part(s)
of successive image formation, solid white images were

10

15

20

25

accompanied with slight fog at a level of practically
no problem in the charging ghost evaluation due_to
slight charging insufficiency;

[Example 7]

Image formation 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 photpsen51t1ve member_
prepared in Phctcsensitive 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 nere 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



(copol ynerization w. ratio = 80/20) Magnetite

100 10 Met al - cont ai ni ng azo pi gnent _ 2 Low nol ecul ar wei ght
pol ypr opyl ene 3 The above ingredients were blended in a Henschel

m xer and nelt-kneaded through an extruder set at [err]. After being

cool ed, the nelt-kneaded 15 product was coarsely crushed by a cutting
mll, finely pulverized by a jet ml|| usinga-jet streamand pneumatically
classified to obtain black powder (magnetic toner particles) having a

wei ght - average particle size of 7 pm To 100 wt. parts of the black 20
powder, 1.2 wt. parts of silica hydrophobized (i.e., : o :
hydr ophobi ci t y- ikpaductkioniExample chrrexe |usedd tA® 3 cresubtu fromutkewas
bl ended by a Henschel m xer to obtain a -magnetic toner._ [Photosensitive
member Product i dritibdfp|gtage ppoor images pCeyrred pes t¥R&¥9 chargeabl e

Photosensitive member. Was OreRalsd Ded $PSS £65] "Sue to charging
failure. |
5 [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 |

10 initial stage, solid white images were accompanied
with blaék spdts caused by parfial cﬁarging failure
. due to pinhole 1éakage.
[Comparative Example_B].
Image fqrmation-and evaluation were performed
15 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 black spots caused by partial

20 charging failure due to pinhole leakage.

- 25



s s,

following 5 layers about a 30 mmdia. al um num -27- -cylinder. A first

| ayer -was a -ca. 20 pmthick electroconductive particle-dispersed resin

| ay.er (eLee%rocoﬁdUETTVe |'ayer) for snoothening defects on 5 the al um num
cylinder am “ﬂt ﬂ“urrence of noire due to reflection of exposure
| aser | |gh mmum““ W was a positive charge inj ectlon preventing

| ayer (undencoatlng Yayer)* for preventing ppsitive charg

the al um num 10 support from di mi ni shing negative charg D WIS\SHB?@E HAS B
phot osensi tive nenber surface and forned as a ca. 1 pmtfpick I%yE#AQﬁ?h a
medi um | evel resistivity of ca. [err] ohmcm wth 6-66-6F9=12-nyfon and

met hoxymet hyl at QHATY I8 CLAIMED IS:.

1. Magnetic particles for charging means disposed

in contact with an electrophotegraphic photoseneitive
.membef for charging the electrophotographic

5 photosensitive member besed 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'

10 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 g 1,

15 and 0 ¢ Z < 0.79.

2. Magnetic particles according to Claim 1,

wherein A is MnO.

20 ' 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.

25 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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15 - A third layer was a.ca. 0.3 [err]-thick charge generation
layer -conprising a disazo pignent dispersed in a resin and functional to
generate positi "m arge pairs when exposed to laser 1ight. A
fourth | ayer vvagmﬂlﬂ"nllmm ﬂt‘“tk charge- 20 transport | ayer COITDrngiﬂ
hydr azone di sperstd % ntpolychrbonate resin so as to Ot¥P8 AS BEEN
sem conductor. Accordingly, a negative chagge forned QPEERE ke§9n5|t|
menber surface could not nove through this layer so t
generated 25 in the charge generation |ayer alone was transported to the
phot osensitive nenber surface. A fifth layer was a charge injection |ayer,

-28- whi ch conpahaegdr®00 W . parts of a photocurable acrylic resin, 160 wt.
parts of ca. 0.03 [err] SnQ2 ' o

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;

10 . 7. Magnetic particles according to Claim 1l or 5,

wherein the photosensitive member has a surface layer

comprising a charge injection layer.

8. Magnetic particles according to Claim 7,
15 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 .

20 resistivity of 1x10® - 1x1015 ohm.cm.

10. An electrophotographic apparatus, comprising:
an electrophotbgraphic phbtosensitive member, and |
charging means, imagewise exposure means and

25 developing meansfdisposed in this order opﬁosite to
the phofosénsitive member, wherein

said charging means includes a charging

his Sheet Has Been Replace
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r resistivity in an oxygen-short or -1lacking

partlcles _

for of 0.25 5 J[err] tetrafluoroethylene resin particles
for prOV|d Hi || Hﬂtﬁ "contact time, and 1.2 wt. % of a dispersant The
char ge |nJ L formed in a thickness of ca. 3pFestl-hby. S|

coating of a I|qU|d 10 containing the above materi al s.
vol unme resistivity of the photosensitive negggr surface
to [err] ohmcmin contrast with [err]

o
% msaw_dsfm
ayer VISP ey

transport |ayer alone. 15 [Photosensitive nenber Production Exanple
phot osensi tive nmenber was prepared in the same manner as:in Production
Exanpl e 1 exceptmdnifér tdempi{sing ayegneesc i paresicheshana asspgsedy of the

tetrafl uoroethylene resin particles and the 20 dispersant.

the vol ume resi stontagtatble hbeo the photosensitive member so as to

10

15

20

- 25

charge the photosensitive member based on a voltage
received thereby, and |

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

(Fey03)x(A)y(B)g - (1),

4§‘§%EN

ohmcmin case of tﬁ“ﬁharge ~ e

2] A

As a result,

wherein A denotes at least one metal oxide component

selected from the group consisting of Lij;O0, MnO and
MgO, B dehotes at_least one metal oxide component
different from A; X;.Y and Z denote numbers
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

is MnO.

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

 denotes at least one metal oxide component selected

frdm the group consisting of Na;0, K50, CaO and SroO.

b

fo

j
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~photosensi tive nmenber surface | ayer was |owered to [err] ohmcm
[ Phot esensitive anple 3] 25 A phot osensi tive

menber -was prepariﬂm&ngﬂ“ﬂm ner as in Production_Ex .
that the fifth la ) lmmndispersing 300 wt. r 29
ca. 0.03 [err] pandrel ' ~t . parts of photocura I-Itel-ﬁ%%ﬁ Jggg@sﬂzénm

The volune resistivity of the surface | ayeggwas [err] olum-em

[ Phot osensi tive nmenber Production Exanple 4? A photosensitive nenber was
prepared in the sane nmanner as in Production Exanple 1 except for omtting
the fifth l'ayer. [Magnetic particle Production Exanple 1]

: "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 so as to

charge the photosénsitive member based on a voltage

This Sheet Has Been Replaced
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10 - Magnetic particles conprising Mh-Sr ferrite particles (X =

0.7, Y =0.26and—Z2=0.00;

o N

average particl
4x106 ohmcmb
chargi ng nmenb

N@reLspEC|#|ca y, for production of

particles, the respectlve met al oxide startgpg nmaterid|s WBWE?-“

‘bl ended, and the bl ended powder was cal cined at ca. |
to provide ferrite particles having an average particle size

pul veri zati on,

of ca. 2.0 pm (as neasured by the air perneation nethod). Then, the
pul veri zed pomderemetveﬂxbﬂemebh,aandqueous sol ution.of PVA (pol yvinyl
al cohol) containing PVAin an amount of 0.5 25 - 5.0 w. %to form
si ze-enl arged particles. thhemeﬂnatgédPEEF%PéﬁﬁsCREP€1Fﬁeﬁ g&FEFﬁ@d at

- 1300 [err],

10

15

20

25

disintegrated and classified into ma

component represented by the follogggg %ormula (1):

(Fep03)x(R)y(B)z O
wherein A denotes at least one metal'oxide domponemt
selected from tme greup consisting of LijO, MnO and
Mga; B denotes at least one metal.oxide component
different from A; X, Y and Z denote mumbers
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 electrophotdgraphic photosensitive

member, charging means and at least one member
selected from developlng means ‘and cleaning means are
1ntegra11y ‘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
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-30-~ particle having a desired particle size. [Magnetic particle Production.
BmmﬂeZ]hbmmuﬁﬁmﬁdeSﬂﬁT_hwgnmrmMmrcmmnsnm Mh-Na ferrite .

particles (X = 0. Wﬁ = 0.08, A MO B: [err] in formula (1))
havi ng an aver ageum m“ H 30 [err] and a vol T
p

[err ohm cm were ared IWI & stmlar manner as in Hf
except for changing the netal OXIde startig@- nmateriallp
particle Production Exanple 3] Magnetic particles f orlbeks e

conprising Mh-K ferrite particles (X =0.7, Y =10.24, Z = 0 06 A NhO B:
[err] in formula (1)) having an average partlcle size of 40 pmand a vol une

15 resistivitywhdrdin /B ddnotoes Vet el gastp oneal meltal soxidarcomporents in
Producti on Exanple 1 except. for changing

selected from the group consisting of Naj0, K30, CaO

‘and SrO.

5 ".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

10 particle'size of 5 - 100 pm.

25. A process cartridge according to Ciaiﬁ 19 or
- 23, wherein the photosensitive member has a surface
layer comprisihg a charge injection layer.
15 |
26. A process cartridge according to Claim 25,
.~ wherein the magnetic particles have a volume

resistivity of 1x104 - 1x109 obm.cm.

20 27. A process cartridge according to Claim 25,
wherein the chérge.injection layer has a volume

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

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

photosensitive member by applying a voltage to a

Sheet Has Been Replaced
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the netal oxid arting natergﬁ“ [Nhgnétic particle Production Exanple

4] Magnetic part “ m& g nmenber 20 conprising Mh-M ferrite
particles (X = O“ \“ﬂ““ | 0, A MiOand MO in formula (1)) having
an average particle §i 72 of

60 pm and a vol ume resistivi tyH%fS,_[uggTrg ﬁnth

were prepared in a simlar manner as in Production Exanpl CF
changing 25 the netal oxide starting nmaterdgal s. [ Magne “QFLP”
Production Exanple 5] Magnetic particles for charging nenber - 31-
conprising Mi-Li-Bi ferrite particles (X =0.7, Y =0.28, Z =:0.02, A MO
and [err] B: [err] in fornula (1)) having an average particle size of 55 pm
and a vol ure re&hskgdm@ynmhmkarcpmﬂnnsmngmmagqﬁﬁﬂﬂunﬁrﬁ#F%?s and

disposed in contact with the photosensitive member,

imagewise exp031ng the charged photosenS1t1ve
member to form an electrostatic imaQe'on the

5 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),

10 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

5 conditions: 0.2 < X < 0.95, 0.01 < Y < 0.5, X+¥ g 1,

and 0 < Z < 0.79.

29. A method according to Claim 28, wherein A is

MnO.
20
30. A method according to Claim 28, wherein B
denotes at least one metal oxide component selected
from the group consisting of Naj0, K,0, CaO, SrO0,
A1,03, 8i05 and Bizoé._ | -
25

31. A method according to Claim 30, wherein B

‘denotes at least one metal ox1de component selected

Sheet Has Been Reflaced .
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5 similar mannér as in Production Exanple 1 except for changing the netal
oxi de.starting "Huﬂ c particle Production Exanple 6] Magnetic
paraticl es for cmlmuﬂlm Emmrprl sing Mh-Ca ferrite particles (X = 0.7,
0.25, 10 Z =*0.95" A" MAO,*B: CaO in formula (1)) having an_ave :

partlcle size of 40 pmand a volune resistivity of [err] @
prepared - in a simlar nmanner ‘as in Product$®n Exanple 1 e
the metal oxide starting materials. 15 [Magnetic particl i Producties
Exanpl e 7] Magnetic particles for charging nmenber conprising Ba ferrite
particles (X =0.7, Y =10, Z = 0.3, B: BaOin formula (1)) havin

average parti clfrom ZchefgBoug e¢¢1}81b§1'@1@9v@f U220 esKa@r v¢? gnd| §gp]'ohm cm [

20 were prepared in a simlar manner as in Production Exanple 1 except for

changing the metal oxide starting materials. [Magnetic particle Production
Exanple 8]

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

Z satisfy Y > A.

5 .
33. A method according to Claim 28, wherein the
magnetic particleé have an average particle size of 5
10 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
15 magnetic particles have a volume resistivity of 1x104

- 1x109 ohm.cm.

36. A method according to_Claim 34, wherein the
éharge injection layer has a volume resistivity of

20 1x108 - 1x1015 ohm.cm.

25
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Magnétic particles for charging nmenber 25 conprising magnetite particles .
(X=07, Y=0, Z2=0.3, B: [err] in formula (1)) having an average
particle size of 60-pmand a volune resistivity of =  -32- [err] ohmcm
were prepared in a simlar manner as in Production Exanpl
changing the netal oxide starting materials. [Magnetic p
Exanple 9] 5 Magnetic particles bgr char gi ng- ny
Mh-Ca ferrite particles having an average paiticle size
volune resistivity of [err] ohmcmwere prepared in a simlar manner as In
Producti on Exanple 6 except for omtting the hydrogen 10 reduction

treatment. [MaopgErRaRS’ bECrBE"HIGRELEBRERXAT! € 10]

Magnetic particles for charging means

disposed in contact with an electrophotographic
photosensitive member for charging the
5 elecfrophotographic photosensitive member based on a
voltage applied theretd are provided as particles of a
fef;ite éomponent répresented by fhe following formula
(Fez03)x(RA)y(B)z. | (),

10 whereih g denotes at least one metél oxide component
selected from the group consisting of Li,O, MnO and
MgO, B denotes at least one metal oxide component
different from A; X, Y and Z denote nuﬁbers_
representing ﬁol ratios and satisfying the following

15 conditions: 0.2 < X < 0.95, 0.01 < Y < 0.5, X+¥Y ¢ i,

rand 0 £ Z < 0.79._ The magnetic particles show an
excellent charging pérformance, particularly in
injection charging, without causing a difficulty, such
as soiling or pinholé leakage of the photosensifive

20 member.

. LT
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1 wt~ part of straight silicone resin and 0.050 wt. part of

el ect rroconducti ve carbon bl ack were dissolved or dispersed in 16 w. parts
of xylene and 15 the m xture was subjected to 2 hours of dispersion.in a
pai-nt -shaker. The coating | ayer provided a surface Iayer, ing a volune
resistivity of [err] ohmcmas neasured in a simlar as t
a charge injection llayer descri bed above. 20 T
|l iquid was used for coating 200 w. parts of the hydrogen=t
ferrite particles prepared in Production Exanple 1 by using a f1ui di zed
bed-type coating apparatus "SPlI RACOATER', nfd. by Okada Sei sakusho K K
dried and further heated 25 at [err] to provide coated magnetic particles
showi ng a volune.resistivity of [err] ohm-cm Al the magnetic particles
prepared in the :

This Sheet Has Been R
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above’Productlon Exanples respectlvely showed a saturation nmagnetization
[err] of at least 45 [err] (emu/g) under an external magnetic field of
487:9 kA/.m (5000 oersted). 5 [Exanple 1] A photosensitive nenber and a
contact chargi ng menber as descried above nmay be used for char[frrg=
principle as follows. According to the 10 present invention,

menber having a nedium |l evel of resistance is used to inject ,hargeﬁEﬁLaﬂéSBEEN
surface of a photosensitive nenber having a nmediumlevel surface == e
resistivity. In this enbodinent, a charge is not injected to a trap TS

potential | evel of 15.the photosen5|t|ve menber but is injected to charge
the el ectroconductive particles in the charge injection |ayer to charge the
phot osensitive nmenber as a whole. Mre specifically, a charge is stored in
a ' '

19
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20 N1nute capaci tor functionally formed by a charge transport |ayer
funtti-éni.ngas a dielectric. | ayer, and an al um num support and a |ayer of
-el ectroconductive particles in the charge injectio .

two electrode plates. In this instance, the 25 elec
are electrically independent from each other, and
floating electrode. As a result, the - 34- photo

nunber of charged el ect roconduct i ve particles cover t he photosen3|t|ve
menber surface. Therefore, 5 when inaggw se exposure is perfornmed by |aser
scanning, an electrostatic |atent inmage can be retai ned because individual
el ect roconducti ve

21
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partlcles are electrically |ndependent In a specific Exanple, an
’electrophotographlc 10 - printer as shown in Figure 1 was constltuted by
usi ng a photosensitive nenber 1 prepared by Phot osensi W
Production Exanple 1 and a charging member 2 includin MEE&%QEET
2a prepared in Magnetic particle Production Exanple 1 and

successive 15 inmage formation-at a process speed of HDﬁﬁisec 0 - |
environment of [err] and 65 %H Mre specifically, thectharging nmenmber 2
conprised magnetic particles 2a prepared in Magnetic partlcle Pr adu F
Exampl e 1, which were caused to 20 forma magnetic brusp=at{

on a non- nmagnetic sleeve 2b forned undér a magnetic fi
magnet roller 2c enclosed within the sleeve 2b. The magng E
were applied in an initial thickness of ca. 1 nmso as to orn1a magneti c
brush 25 formng a contact nip in a wdth of ca. 5 mmwth the

-phot osensitize nenber 1. The nagnetic particle-

L .
_
o
16 "
\\
l I 7/’“ 13 - i
A _‘11__ - ;- o m?g CVj -i-/
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hol'di ng" sl eeve 2b was initially disposed with a gap of -35- ca. 500

[err] ‘f#om t hes phot osensitive menber 1. The magnetic roll e

. o P S

|nananydwnth|n the sl eeve 2b, and the sl eeve surface was dﬁi&ﬁpﬁMFWB§gEEr

at a speed two tinmes the peripheral speed and in a 5 reveflse diyec
SN,

with the rotation of the photosensitive nenber 1, so as tolichais

contact between the photosenS|tLve nenber 1_and t he magnet i=<cbrush Za.
I nci dental ly, MAEA ,f;gu ¥ H AP ”‘._.u geripheral speed is
provi ded bet weeANRFIECERNE AL, ARL MrSensitive nenber, the
magnetic brush CAEIEIREE L mot 25 - appr opr|a e nip, t hus

resulting in chA§§EB§_EaQEuE§r_Eﬁ_EEQ§EBEE of circunferential or axial

devi ati on pushing the

-v

Magnotic particles for charging means
disposed in contact with an electrophotographic
photosensitive member for charging the
electrophotographic photosensitive member based on a
voltage applied thereto are prov1ded as particles of a
ferr1te component represented by the following formula
{1): |

(Fey03)x(A)y(B)gy (1),
wherein A denotes at least one metal oxide component
selected from the group consisting of Li,O, MnO and
MgO, B denotes at least one metal oxide component
different from A; X, Y and Z denote numbers
repreéenting 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. The magnetic particles show an
excellent charging performance, particularly in
injection charging, without causing a difficulty, such
as soiling or pinhole leakage of the photosensitive

menber.

Figure 1



15" magnetic brush away, since the nagnetic brush per se |acks a physical
restoration force. For this reason, it is preferred that t
i's almays pushed agai nst the photosen5|t|ve nmenber with its|
Accordingly, in this Exanple, the 20 magnetic brush- holdln
rotated at a speed two tine that of and in a reverse direct
phot osensitive nmenber 1. The image formtizxan was perforned ol'Tow ng
manner. 25 The charging nenber 2 supplied with a DC vol tage of
-700 volts was caused to contact the photosensitive nmenber 1 with its
magneti c brush 2a -36- while rotating relative to the photosensitive
menber 1, therphyptosehadtivieamgmbe rt, hanth@aadsing e arefirertion

separation-type photosensitive member including a
lamination of a charge generation layer and a charge
transport layer is commercialized and loaded on
5 copying apparatus, printers, facsimile apparatus, etc.
In such electrophotographic apparatus, corona
diséharge means have been conventionally used as
charging means, but are accompanied with difficulties,
such as occurrence of a large amount of ozone and a
10 filter for removing the ozone, resulting in a size
enlargement and an incréase in running cost of the
apparatus.
As a technical solution of such difficulties,
a charging method for minimizing the occurrence of
15 ozone has been developed, wherein a charging means,
such as a roller ora blade is abutted to the
photosensitive member surface to form a narrow gap in
the proximity of tﬁe contact portion where a discharge
appearing to follow.the Paschen's law occurs. ' Among
20 these, it is preferred to use a roller charging system
using a charging roller as a charging means in view of
the charging stabiiity.

The charging is effected by discharge from
the charging member té a charge-receiving member, so
:25 thaﬁ the chagging is started by applicatiﬁn_of a

voltage exceeding a certain threshold. For example,

in case of abutting a charging roller against a



1.. Then, at an exposure position, the charged photosensitive nenber 1 was
exposed to imagewi se 5 scanning laser light 3 froma | ag gdi-g hj ed
to intensity nodul ation based on given image signals Wt} ree iehMEiT SHEET
pol ygonal mrror, thereby formng an electrostatic |atenf inmaggn0On the
phot osensitive nmenber 1. 10 Then, the el ectros amﬁ@;“é&guv,' ge
formed on the photosensitive nenber 1 was, subjected to reversat—develher
wi th a magneti c one-conponent insulatinth'her produced in Toner Production
Exanpl e above applied on a non-magnetic sleeve 4 of 16 mmin 15 dianeter
encl osing a magnet therein. The sleeve 4 was di sposed to have a fixed gap

of 300 1] Thad i MAe Hiaid o MR cibled g dRUADEPI A0S | 00 And

rotated at an“equal Tperi spee eeve 4 was supplied wth a DC

biras vol tage lagsAHy Vold TobiRDREPOSLddhdth o [GF SOEHL Mty Oy L age
wi th a peak- to-peaK voltage of 1600 volts and a frequency of 1800

injecting charge into the charge injection layer of

the photosensitive member 1 and a function of
preventing oo :

S 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 have a resistance of

10 1x10% - 1x10% obm, particularly 1x10% - 1x107 ohm.
Below 1x104 ohm, 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 thé

15 charging member 2, the magnetic particles constituting
the chargiﬁg member should have a volume resistivity
in the range of 104 -109 ohm.cm, preferably 104 - 107
ohm.cm.

Further, in the case of contact charging

20 other than the injection charging, the charging member
may preferably have a resistance of lxlo6 - 1x101! onm
and correspondingly, the magnetic particles may
preferably have a volume :esistivity of 1x108% - 1x10ll
ohm.cm. | |

25 ' In the present invention, for the purpose of
controlling the volume reéistivity, ete., it is

sometimes preferred to surface-coat the magnetic



Hz, so .as to effect a junping devel opment between the sleeve and the
photosensrtlve menber. The thus devel oped toner imge was then 25

transferred to plain paper 6 by using a transfer roller %Eg [ TIY o TTe o6t
resi stance of [err] ohm and supplied with a DC vol tage [p “+gé1 &ﬁymﬁﬁEET

-37- The plain paper sheet 6 carrying the transferred tjp R g hef
passed between hot fixing rollers 8 to fixdhe toner i 3m0!3§1ﬁmgiggger

sheet, and the sheet carrying the fixed i madge was 5 di scharged out of the
apparatus Resi dual toner not transferred to the paper 6 and remnai ning on

t he photosensitive nenber 1 was.then scraped off the photosensitive nenber

surface by a clgaipgelll 3en’a 2edikbusegud iiosenegti ve nenber

surface was

electroconductive particles, such as electroconductive
metal oxide particles or carbon black, or a layer of
an inorganic such as an electroconductive or

5 semiconductive metal oxide at'a coating rate of, e.g.,
0.5 - 20 wt. % of the ﬁagnetic particles.

Incidentally, the volume resistivity values

of magnetic particles described herein are based on
values measured in the following manner.

10 A cell A as shown in Figure 2 is used. Into
the cell A having a sectional area S (=2 cm? ) and held
in a guide ring 16 via an insulating material 11,
magnetic partidles 15 are placed, and a principal
electrode 9 and an upper electrode 10 are disposed to

15 sandwich the magnetic particles 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
supply 14 and measured by a volt meter 13 is applied,
and a current passing through the sample magnetic

20 particles 15 is measured by an ammeter 12 in an
environment of 23 .°C and 65 %.
| The magnetic particles according to the
present invention may preferably have an average
particle size and a mode particlé size (peak parficle

25 size) both in fhe range of 5 - 100 pm from the
viewpoint of preventing deterioration ih charging

performance due to soiling of the particle surface.




10, prepared fora subsequent cycle of inmage formation. Furthernore, in the
ptesent invention, plural nenbers anmpng the above-nentioned_photosensitive

member 1, charging menber 2, devel opi ng nmeans i ncl udi ng th%i§Lﬁ8¥@EﬁT§ﬂEﬁT

cl eaning means 7 can be 15 integrally supported to formjla
cartridge, which is detachably nountable to a main body ﬁ
el ect rophot ogr aphi ¢ apparatus, such as a oyi ng machi ne

f D% ifJUNW .....

printer and a facsinile apparatus. For exanple, at |east one of the
charging 20 neans 2, devel oping neans 4 and cl eaning neans 7 can be
integrally supported with the photosensitive menber 1 to forma cartridge,
whi ch can be aghaghgdLaatideny Saaqd PN ADAAILS PO 1OLN the

aid of a guide neans, such as & guide rail provided in the 25 apparatus

mei n body. |nciidenbabling ithe Spetite JInisRinhidtot Nen@hRygngBNé | oned

structure and process conditions have

10

15

20

25

particles, providing a magnetic brush having a high
density and promoting displacement of the magnetic
particles, thereby providing a stable charging
performance even if the surface is partially soiled.
More specifically, in case of using a
charging magnetic brush composed of magnetic
particles, e.g., iron powder, ferrite powder or powder
of an iron oxide sﬁch as magnetite, as a charging
member, it is possible to adjust the resistance of the
charging member in the range of 1x104 - 12109422&_
but melt-sticking of toner onto the charging member is
liable to occur, e.g., due to scraping of residual
toner remaining on the photosensitive member without
being cleaned after a successive image formation. 1In
contrast thereto, if magnetic particles of a minute
particle size are used, the adverse effect of toner
melt-sticking (spent toner) can be alleviated due to
an increase
in specific surface area and an increase in density of
the magnetic brush, but this leads to an inferior
flowability of the magnetic particles and a difficulty
of displacement of maénetic partiqles, so that it is
not desirable a long period use of the magnetic
particles. For this reason, inzthe present invention,

it is preferred to use magnetic particles of a




-38- been set forth as a nere exanple and can be nodified within the scope
of the present invention. In this particular Exanple, as a result of image
formation by using a printer of the above- 5 described structure, the
phot osensitive nenber 1 initially having a surface poteptl3 »

charged up to -680 volts by once passing through the cglfﬁf' IS T $HERTe

magneti ¢ brush under application of a DC_wg{tage of -7 ol t

sl eeve 2b, thus 10 showi ng a good chargi ng performanc
even when pinhol es occurred on the photosensitive nenber, the current

| eakage did not occur. Further, the attachnent of nmagnetic particles
constituting tHejRREith Qaydss Qedtdibtd He riiGii faraisi £y goocabwdsd 15
bl ack and solid white i mages could be obtained. Further, even after 1000
sheets of succeassisnredrdge the following manner used for measuring

the volume resistivity of a surface layer-forming
material. That is, a charge injection layer is formed

5 on a conductive film (Au)-deposited PET £film and
subjected to measuremenf of a volume resistivity by
using a volume resistivity measurement apparatus
("4140B pAMATER", available from Hewlett-Packard Co.)
under application of a voltage of 100 volts in an

10 environment of 23 °C and 65 %RH.

The charge injection layer may be formed as
an inorganic 1ayei, such as a metal vapor-depgsition
layer, or a resin layer containing electroconductive
particles dispersed therein. 'Such an inorganic layer

15 may be formed by vapor deposition, and a conductive
particles-dispersed resin layer may be formed by an
appropriate coating method, such as dipping, spraying,
roller coating or beam coating. Further, the charge
injection layer can also be.formed with a mixture or

20 copolymer of an insulating binder resin and ‘a light-
transmissive resin having a high ion-conductivity, or
a photoconductive resin having a2 medium resistivity
alone. 1In order to constitute the conductive
particle-dispersed'reéin layer, the electroconductive

25 barticles 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



formation, the charging performance was simlar to that in the initia

stage, whereby good solid black and solid white images could be obtai ned.
The inmage 20 eval uation was performed with eyes. Further R Te—TFovesSal
devel opnment, the transfer charging polarity is opposite tjjo FEEAQEMEHGSHEET
potential polarity on the photosensitive nenber, so that tB&,prT nii al

hi story on the photosensitive 25 nenber g4ects the chatging™ éiﬁ&MhﬁB&en
in a subsequent cycle. |In order to evaluate the phenonenon, Iin Thrs—=
Exanpl e, an A4-size | ongitudinal REPLACEMENT SHEET -39- original inmage
i ncluding a solid black image (having a | ow potential as an absol ute val ue)
in a wdth of combisatidr of asyppralt mprte speciss i phbn athée ecgsd of t he

Ty =

dispersing particles in the charge injection layer,
the particles are required to have a particle size
which is smaller than the wavelength of light incident

5 +thereto, so as to avoid scattering 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 pafticle size of at most 0.5 pm.

10 The charge injection layer may preferably
further contain lubricant particles, so that a contact
(charging) nip between the photosensitive member and
the charging member at the time of charging becomes
enlarged thereby due to a lowered friction

15 therebetween, thus providing an improved charging
performance. The lubricant powder may preferably
comprise a fluorine-containing resin, silicone resin
or polyplefin resin having a low critical surface
tension. Polytetrafluoroethylene (PTFE) resin is

20 further preferred. In this instance, the lubricant
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 50 wt. %,

25 the image resolution and the sensitivity of the

photosensitive member are remarkably lowered.

The charge injection layer may preferably



30 nn1d|a phot osensitive nmenber) and al so as subsequent solid white inmage
(haV|ng a high potential as an absolute value) was used £ ..te a fog

in the solid white image (eval uation of chargi ng ghost)
ghost evaluation, a solid white inmage following a solid blac
according to the 10 reversal devel opment schene is |iablpatd

..........

acconpanied with fog due to an |nsuff|C|eE _increase i n=petentia T

providing the solid white inage, unless the charging nmenber exhibits a good
charging performance. In this Exanple, however, no fog was 15 observed
during the successive reproductions of the above-nentioned original inmge

i ncludi ng the gatédabtagkkaagdsseaki d.vhi-t @0 pAgepadteaidm™ 2]l -1emge
formati on and eval uation were perfornmed 20 in the same manner as in
Exanpl e 1 excepih.that the nmagnetic particles prepared in Magnetic particle

Production Exanple 2 were used. As a result of 1000
Hereinbelow, some Production Examples are
presented for illustrating structure and materials of
5 member used.
[Toner Production Example]
-Styrene/butyl methacrylate copolymer 100 wt.part(s)
(copolymerization wt. ratio = 80/20)

Magnetite 100 "

10 Metal-containing azo pigment 2 "
Low-molecular ﬁeight polypropylene 3 "

The above ingredients were blended in a
Henschel mixer and melt-kneaded through an extruder -
set at 130 °C. After being cooled, the melt-kneaded
15 product was coarsely crushed by a cutting mill, finely
pulverized by a jet mill using a jet stream and
pneumatically classified to obtain black powder
(magnetic toner particles) having a weight-average
particle size of 7 um. To 100 wt. parts of the black
20 powder, 1.2 wt. parts of silica hydrophobized (i.e.,
hydrophobicity-imparted) with silicone o0il, and the
resultant mixture was blended by a Henschel mixer to
obtain a magnetic toner.
[Photosensitive member Production Example 1]
25 An OPC-type negatively chargeable
" photosensitive member was prepared by disposing the

following S layers about a 30 mm-dia. aluminum



sheets of successive inmage formation

t he chargi ng performance was simlar

to that in the initial stage, 25 whereby good solid and solid white

i mges could be obtained. [Exanple 3] -40- | mage f oreedi @ienaber
eval uation were performed in the same manner as in Exgnpl e;

the magnetic particles prepared in Magnetic particle [Prog 3@
were used. As a result of 1000 5 sheets successi ve=t

xcep? Ehat
............ dlR4agp! e

3

t he

chargi ng performance was sinilar to that i™h the initial stage, whereby good

solid black and solid white images coul d be obtai ned.
| mmge formati on and eval uati on were perforned

10

15

20

25

photosensitive member surface appears to be
macroscopically uniformly charged, but actually an
enormoﬁs number of charged electroconductive particles
cover the photosensitive member surface. Therefore,
when imagewise exposure is performed by laser
scanning, an electrostatic latent image can be
retained because individual electroconductive
particles are electrically independent.

In a specific Example, an electrophotographic
printer as shown in Figure 1 was constituted by using
a photosensitive member 1 prepared by Photosensitive
member Production Example 1 and a charging member 2
including magnetic particles 2a prepared 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 specifically, the charging member 2
comprised magnetic particles 2a prepared in Magnetic
particlé Production Example 1, which were caused to
form a magnetic brush with erected 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 initia;
thickness of ca. 1 mm go as to form a magnetic brush
forming a contact nip in a width of ca. 5 mm with the

photosensitize member 1. The magnetic particle-

holding sleeve 2b was initially disposed with. a gap of

[ Exanpl es 4 and 5] 10



in the same, manner as in Exanple 1 except that the magnetic particles
prepared I n Magnetic particle Production Exanples 4 and 5, respectively,
and the photosensitive nenber prepared in Photosensit i{Ve—To—FreroeT
Production Exanple 2 were used. As a result of 1000 s e@FELéﬁEM58§§§§EVe
"image formation, good solid black and solid white inmages chBQg?pgg*’aJn d,
while the solid white images were acconpar gﬂjvmth sllgﬁﬂefo - -evel || of
practically no problemdue to a 20 slight charging i nsSuffTcrency caa by
a decrease in contact nip in the chargi ng ghost eval uation. [Exanple 6]

| mage formation and eval uation were performed in the same manner as in
Exanple 1 excepjy fg%arisuf&&g@ idddBgnel iso1na tH1d@s Diepar gsavindbgnetic
particle Production Exanple 6. As a result, the performances were good at
the initial stagw Roterdfiar éHNthﬂhsﬁrnte value) in a width of ca.

94 mm (corresponding to one peripheral length of the
30 mm.dia. photosensitive member) and also a

5 subsequent solid white image (having a high potential
as an absolute wvalue) was used to evaluate a fog in the solid
white image (evaluation of charging ghost). In the
cherging ghost evaluation, a solid white image
following a solid black image according to the

10 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 member exhibits a good charging
performance. 1In this Example, however, no fog was

15 observed during the successive reproductions of the
above-mentiened original image including the solid
biack and solid white images.
[Example 2]

Image formation and evaluation were performed

20 in the same manner as in Example 1 except that the
magnetic particles prepered in Magnetic particle
'Production Example 2 were used. As a result of 1000
sheets of successive image formation, the charging
performance was similar to that in the initial stage,

25 whereby good solid black and solid white images could
be obtained.

(Example 3]



-

ey | )10 e i e i

eval uation due* o¢s| Fght csnargl ng insufficigncy. @zeL4 LAGEMENTESHEET |
formati on and eval uation were perforned4n +H n Exanple 1
except for using the magnetic particles prepared i n Maghéetec..p rJHN:Im .....

Production Exanpl e 9wamd trize quaatpIensi tive nenber 10
Phot osensi ti ve nenber Production Exanple 4 and changi ng the applied .voltage
to -1250 volts, whereby gdodiagsetic pagtkelasdfsoldhdroing aeanmdds diopbdede

formed fromthe initi e .u 10 heet s, of successive i e
formation. 15 [Exarrplailé1 %{’gﬁﬁggiﬁgra_r?ag?%%rgﬁ}c’ioteo\%?%jﬁ Bﬁo'lf/ﬁestgé‘s%gforned in
t he same nanner as innE‘m_ﬂéﬁl(B.)lfei((lma'&'girky’altthﬁI"ﬁectrophotographic

photosensitive member based on a voltage applied

thereto, CHARACTERIZED IN THAT

5 the photosengitive member has a surface layer

comprising a charge injection layer having a volume
resistivity of 1=10% - 1x;015 ghm.cm., and

the magnetic particles (2a) comprises a ferrite

component representad by the following formula (1):
(FEZOS)X(A)Y(B)Z (1},

wherein 3 denotes at least one metal oxide component

10

selaected from the group consisting of Li50., MnO and
MgO., B denotes at lesast one metal oxiﬁe component
.dirfarent from A; X, Y and Z denote numbers
representing mol ratios and satisfying the following.
s conditions: 0.2 < X < 0.95, 0.01 < ¥ < 0.5, X+Y ¢ 1,

and 0 £ 2 < 0.79,
2. Magnetic particles according to Claim 1,

wherein A is MnO.

20 3. Magnetic particles according to Claim 1,
wherein B denotes at least one metal oxide component
selected from the group consisting of Na,0, K50, Cao0,

Sr0, Al;03, Si0, and Bi,03.

25 4. Magnetic particles according to Claim 3,
wherein B denotes at least one metal oxide component:

selected from the group consisting of Na,0, K50, Ca0

This Sheet Has Been Reﬂlaced
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n&gnéiLc particles prepared in Magnetic particle Production Exanple 10 were
used. As a result of 1000 20 sheetS'of successive image formtion, the
charglng performance was simlar in the initial ond
solid black and soIrTL umm'm ouI d be obtai ned. [|iCo a&ag% MesT i
1] 25 "ﬂﬁfﬁ“ﬁ eval uation were p rbgﬁned awa

manner as in Exanple 1 &xcept! tHat *magnetic particl es prepared T'H NHGE

particle -42- Production Exanple 7 were uséd- As a result, fromthe

initial stage, poor images occurred (solid white inmages pat

with fog) due to charging failure. 5 [Conparative Exanple ZTHiSS EET HAS BEEN
and SroO. REPLACED

1

5. Magnetic particles according to Claim 4,

wherein Y and Z satisfy ¥ > Z.

wn

6. Magnetic particles according to Claim 1,
wherein the magnetic particles have an average
particle size of 5 - 100 um.

J.. Magnetic particles according to Claim 1 or 5,

15 wherein the magnetic particles have a volume

resistivity of 1x10% - 1x10° ohm.cm.

8. An electrophotographic apparatus, compriéing:
an alectrophotographic photosensitive member L&l. and
charging meansg (2), imagewise exposure means and
developing means Lﬁl disposed in this order opposite to
the photosensitive member, wherein

said charging means includes a charging
member comprising magnetic particles {2a) and disposed
contactable to the photosengitive member so as to
charge the photasensitive member based on a voltage

received thereby, CHARACTERIZED IN THAT

the photosensitive member has a surface layer

comprising a charge injection laver having a volume

rasistivity of 1x103 - 1x10l5 ghm.cm., and

This Sheet Has Been Replaced
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used. As a ré , REPOACERe

sol i d re* acconpani ed wit =Spots cau
charging faiure due to pinhol e | eakage.
formati on and eval uation were perfornmed 15 in the sane .
Exanpl e 1 except that the photosensitive menbet5Sprepared Phot osensi tive
menber Production Exanple 3 was used. As a result, fromthe initial stage,
solid white images were acconmpanied with bl ack spots caused tg_\é‘gartial 20
charging failure due to pinholtB®|2egeggic pagticles comprise a ferrite

component represented by the following formula (1}):

Irr_age':Wation wer e performed—i """"\
Exanpl except : netic particl 'sT‘qu&mmEé‘dHnﬁ%B 0
Product i \‘ L&“‘ ul t

o AR

(Feg05)g(A)y(B)g (1),
.wherein A denotes at least one metal oxide component
selected from the group coasisting of Li;0, 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
Eonditions: 0.2 < X < 0.95, 0.01 <Y < 0.5 X+Y¥ g 1,

and 0 g z < 0.79.
10

15

fis

9. An apparatus according to Claim 8 , wherein

is MnoO.

10. An apparatus according to Claim 8 , wherein

I

20 denotes at least one metal oxide component selected
from the group éonsisting of Na;0, K;0, CaO, SrO,
A1203, 3102 and 31203.

ito

11. An apparatus according to Claim 10, wherein

25 denotes at least one metal oxide component selected

from the group consisting of Na50, K50, Ca0 and SrO.

This Sheet Has Been Reﬂlaced
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43- mHAT IS netlc particles for charging neans (2) di sposed
in contact wi Ew Il mﬂm ﬂuographl c photosensitive menber

chargi ng the i ¢ photosensitive nenber Ao%@l' -yghggg
appl i ed thereto, CHARACTERI ZED I N THAT 5 thi PHOLBEENSI t1ve

menber has a surface |layer conprising a charge injecti
vol unme resistivity of [err] ohmcm, and the magnetlclpﬁ?t?

conprises a ferrite conponent represenltpéj_ by the follo ormula (1) 10 .

[err] (1), wherein A denotes at |east one rrﬁtahssoga‘@@f HAS BEEN
conponent selected fromthe group consisting of [err], MO !nd [epf:]:;__A(;ED

denot es at Ieastlgne rret al oxide conponent different fromA =

denot e numbers r®Ffese |?‘F§parﬁ?lt“FaPF6%r%H’(¥ £9t FLAR gt HBSF R Funi ng 15

and Z satisfy Y > Z.

23. . An apparatus according to Claim 8 , wherein

the magnetic particies have an average particle size

of 5 - 100 pm.

Jki- An apparatus according to Claim 8 or 12 wherein
the magnetic particles have a volume resistivity of

1x104 - 1x102 ohm:cm.

15. A process cartridge, comprising: an
electrophotographic photasensitive member iil. and charging
means (2) and at least one member selected from developing.
means Eﬁ) and cieaﬁing means (17), wherein

said charging means includes a charging _
member comprising magnetic particles and disposed
contactahle to the-photos;nsitive member so as to
charge the pnotosensitive membar based on a voltagae

received thereby; and said electrophotagraphic

photosensitive member., charging means and at least one

.

member salected from developing means and cleaning

is Sheet Has Been Reilaced
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ondidti—crn*r—crz<x<095 0.01 <Y <0.5 Xt+tYJerr] 1&51310&“] z

[err] m m particles accordﬁ Mg IRgleemrerein A is MO
lmmm‘ul m‘ Ft i cles according f§o''C ;éh‘—g% Acmerel

_ east one: net al o%i d& cbnponent sel ected fHamthe T

.[err] CaQ, SrQ A1203,
according to Claim3, wherein B denotes at

sel ected fromthe group consisting of [err] CAD - 4

H

Om L he—graui-carms MENQSHEHmi
[err] and [err]. 25 : Eﬁe. particles
| east one i)%l  JENd88Rone

Magnetic particles according to Claim4, wherein Y and Z satisfy Y > Z. 6.
Magnetic particles according to Caima1l,

10

15

20

25

geans are inteqrally supported to form a cartridge
which is detachably mountablie ta an electrophotographic

agpar=ztus main body, CHARACTERIZED IN THAT

the photosensitive member has a surface layer

comprising a charge injection layer having a volume

resistivity of 1x10% - 1x101° ohm.cm;, and

the magnetic particles comprise a ferrite

component represented by the follohing formula (1):
(Fey03)g(A)y(B)g (1),

wharein A .denotes at least one metal oxide component
éelected from the group consisting of Li,0, MnO and
MgO, B denotas at 1easf one matal oxide component
different from A: X, Y and 2 denBte numbers
representing mol ratios and satisfying the following
conditions: 0.2 < X < 0.95, 0.01 < ¥ < 0.5, X+Y £1,

and 0 £ Z < 0.79:

16. A process cartridge according to Claim 15

wherein A is MnO.

17. A précess cartridge according to Claim 353

wherein B denotes at least one metal oxide component
selected from the group consisting of Naj0, K0, CaO0,

Sro, A1203, SiOz and 31203.

18. A process cartridge according to Claim 17

/:

ect Has Been Replaced
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V\,herel n the magnetic particles hzn/e an average particle 5|ze of 5 - 100 pm

7. _Magnetic particles accordluﬂ or 5 15 wherg s ﬁL%W%HEET

partlcles have jmm !I I! 1 ty of [err] ohmcm 8. An
el ectrophot ogra

rrpr|3| ng: an el ectrophot ogf d3
phot osensi ti ve: nmenber Ja@egxégosu JUN m -----

and charging neans (2), imagew sg_xpOSLE

and devel opi ng neans (4) dlsposed in this order opposite to the

phot osensi tive menber, wherein said chargipggeans incl u & ] ng
menber conprising magnetic particles (2a) and di sposed ¢ lnt %‘%% BFEN
phot osensitive nmenber so as to charge the Photosensitivel 8E8Pon a

vol tage recei ved thereby, CHARACTERI ZED | N THAT the photosensitive nenber
has a surface | ayeWhesadn iBidggohes il de2ph) Md M2t a9t £PPRE™E Vol une

reSIStIVIty of [ersLlegggg(prm @Hg group consisting of Naj;0, K50, Cal

and SroO.

A process cartridge according to Claim 18

L2,

wherein Y and Z satisfy Y > Z.

20. A process cartridge according to Claimléi,
wherein the magnetic barticles have an average

particle size of 5 - 100 pm. _

21. A process cartridge according tb Claim 15 or 19
wherein the magnetic particles have a volume

resistivity of 1x104 - lxlo9 chm.cm.

22. An image forming method, comprising the steéé

of: ; .
charging an electroéhotographic}m

photosensitive member_ill'by applying a voltage to a
charging member comprising magnetic particles (2a) and
dispagsed in contact with the'photosensitive member,

_ imagewise expoging the charged photosensitive
member to form an electrostatic image an the
photosénsitive member, and

daveloping the electrostatic image.

This Sheet Has Been Replaced
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-45-F the~ﬁﬁgﬂErTE—5§FfrEr_ﬂ—conprlse a ferrite co “‘”‘E‘fﬁ]. pt-et-by—the
fol | oW ng (“‘mm‘] ﬁ] wherein A deng &k ;

conponent \ { ‘a group consi sti iy ‘ ==t

denotes at' +teast ‘ond netal oxide conponent \\di 3 A BaeYe.ahdhszh.. ¥

denot e nunbers representing nol ratios and satlsfylng the fc
conditions; 0.2 < x < 0.95 0.01 <Y «40:5, X+Y <1, and 0 [err] z < 0.79.

10 15 9. An app%ﬂkﬂ&% gﬁdﬁpgﬁ.@ Caim8 , wherein Ais MO 10. An
apparatus accord ; ein B
the photosensitive member has a surface layes

e injection layer having a volume

resistivity of 1x103 - 1x10'5 onm.cm., and

the magnetic particles comprise a ferrite

compoﬁent represanted by the followin§ formula (ll:
(Fez04)x(A)y(B)g (1).

wherein A denotes at least one metal oxide component
selected from the group coansisting of Li,;0, MnO and
MgQ, B denotes at least one metal oxide component |
different from A; X. Y and % denote numbers
representing mol ratios and satisfying the following
conditions: 0.2 < X < 0.95, 0.0l < ¥ < 0.5, X+Y g 1,

and 0 g Z < 0.79.

23. A method according to Claim 22, wherein A is
MnO.

24. A method according to Claim 22, wherein B

denotes at least one metal oxide component selected
from the group consisting of Nay0, K50, Ca0, Sr0,
Al,03, SiO5; and BizO05.

25. A method according to Claim 24, wherein B

denotes at least one metal oxide component selected

from the group consisting of Nazo, K50, Ca0 and SrO.

——— o  +

_————_——'—_’_’-"-‘_
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20 ‘denotes at |east one metal oxide conponent sel ected fromthe group

consi sting of err [err] and [errf_A D Ardi ng to
Cl aim 10, erein B 25 de li‘\es at | east one r‘retTQPs %ﬁ: %ﬁkg% nr‘..'-‘ YN,

fromthe groumm)m!“ [err] CaO and Sr:Q - &80 . "HEET
appar at us ac 11, whereix@-Y and Z satisfy v > ﬁé
appar at us accdrdf ng to d al m 8 , wherein the nagnetic par‘t Deiees} V.JUMHQQ?.

aver age particle size of 5 - 100 [err]. 14, An apparatl}
Claim8 or 12 wherein the magnetic particles have a volune resistivity of

[err] ohmem 15.5¢ A BrRcess GRELELEUS + £ RTREhS ST willtein ¥ and

Z satisfy Y > Z.

27. A method according to Claim 22, wherein the
magnetic particles have an average particle size of S

- 100 pm.

28. A method according to Claim 22 OR 26, wherein the magnetic
e G

particles have a volume resistivity of 1x10‘ - 1x10q ohm.cm.

29. A method according to Claim 22 OR 26, wherein the charge

- . e sos 3 [
injection layer has a volume resistivity of 1x10 - 1x10§ohm.cm.

30. Magnetic particles according to Slaim 1 or 5, wherein the

gharge injection laver contins a resin and electroconductive
particles dispersed therein.

31. An electrophotographic apparatus according to Claim 8 or
-

12, wherein the charge injection layer contains a resin and
electroconductive particles dispersed therein.

32, A process' cartridge according to Claim 15 or 19, wherein

the charge injection layer contains a resin and electroconductive

particles dispersed therein.

33. An image forming method according to Claim 22 or 26

wherein the charge injection layer contains a resin and

electroconduétivé'bafticles dispersed therein.

Sheet Has Been Re laced

o




el ectrephot ogr aphi ¢ phot osensitive menber (1), and charging neans (2) and
at | east ane neans sel ected from devel opi ng means (4) _and cl eani ng means

(175 wherei uu means i ncludes a chargi ng|{nEng T
magnetic palﬂl“ﬂ' “Hﬂﬂ"ﬂlmﬂllsposed contactable to thg

menber so -as *to®chhrgt thhe "phot osensitive nmenber base
recei ved thereby; and said el ectrophog®gsaphic photo .
chargi ng neans and at | east one neans sel ected from devel opi Ng NEans—&are
cl eani ng -47- W 24 e fearl |y supported to forma cartri dge Whl ch
I s detachably nmountable to an electrophotographlc apparatus mai n body,
CHARACTERI ZED | N THAT tiheMpihmitasepsitiicves ferbehargasg anesne f (B0edisppspd 5

conprising a charge injection | ayer having.,a, vo
Al 9 9 in éontact withyan electr!%hotograpgyc photosensitive

member (1) for charging the electrophotographic
photosensitive member based on a voltage applied
thezeto, CHARACTERIZED IN THAT
5 the photosansitive member has a surface layer
comprising a charge injection Layer having'a volume
resistivity of 1x108 - 1x10ls ohm.cm., and
the magnetic particles (2a) comprises a ferrite
component represented by the following formula (1):
(Fe,03)x{A)y(B) g (1),

wherein A denctes at least one metal oxide component

10

selected from the group consisting of LipO0, MnO and
MgO. B denotes at least one metal oxiﬁe component
.different from A; X, Y and Z denote numbers -
representing mol ratios and satisfying the following
1 conditions: 0.2 < X < 0.95, 0.01 < ¥ < 0.5, Y £ 1,

and 0 £ Z < 0.79.
2. Magnetic particles according to Claim 1,

wherein A is MnO.

20 3. Magnetic particles according to Claim 1,
wherein B denotes at least one metal oxide component
selected from the group consisting of Naj0, K,O0, cao,
Sr0, Al;03, Si0; and Bij0;. .

25 4. Magnetic particles according to Claim 3,
wherein B denotes at least one metal oxide component

selected from the group consisting of Na,O, K50, Cao




resistivity of [err] ohm-em-——and the magnetic particles conprise a
ferrite conponent rei ﬁM@ y the following fornmula (1): [err] wher ei n

Adehot es at Ie de conponent 10 sel ected f
consi sting of: denotes at | east one net :
di fferent fromA X Y and Z denote nunbers representing rml
satisfying the following conditions: 0.2 < X < 0.95, 0.0 D@TeYitﬂ)-
1, 15 and 0 < Z < 0.79: 16. A process cart 44 dge accoraing-to 2o
20 wherein Ais MO 17. A process cartridge according to C ai m )
wherein B denotes at | east one netal oxide conmponent selected fromthe
group consisting of [eand sx¥33a0, 25 SrO,  J[err] and [err] 18. A process
cartridge according to Claim 17,

5. Magnetic particles according to Claim 4,

wherein ¥ and Z satisfy Y > Z.

6. Magnetic particles according to Claim 1,

whérein the magnetic particles have an average

partlcle size of 5 - 100 pm.

7. Magnetlc particles accordlng'maCIalm Tor 5,
15 wherein the magnetic particles have a volume

resistivity of 1x104 - 1x109 ohm.cm.

mg;w.An electrophotographic apparatué, comprfsing:

an alectrophotographic photaosansitive mamber (1), and
charging means (2), imagewise exposure means and
developing means (4) disposed in this order opposite to
the photosensitive member, wherein

said charging means includes a charging
member comprising magnetic particles {2a) and dispased
contactahle to the photoéensitive membar so as fo
charge the photosensitive member based on a voltage
received theraby, CHARACTERIZED IN THAT

the photosensitive member has a surface layer
conmprising a charge injection layer having a volume

rasistivity of 1::108 - lxlo15 ochm.cm., and

.



-48- wherein B dEﬁBTes\aL\L%g%L&gae nmet al oxide conponent selected fromthe
group consi sting SrO. 19. A procefs=ecs dge accordlng
to-Claim 18 vvhere;[WIEm iwsfy Y > 2Z 20. Apr ‘\""

~according to Caim1l magnetic particles have
particle size of 5 - 100 "esr]|¥¥21. . A process ca

k priaod cpﬂ;w
Claim15 or 19 wherein the nagnetic particles nge a vbeHerLeSL .yjf of

[err] ohmcm 22. An image forning method, conprising the steps ofF==
chargi ng an el ectrophot ogr aphi c photosensitive menber (1) by applying a
voltage to a the magnetic particles comprise a ferrite

component represented by the following formula (1}):
(Fey043)x(A)y(B)g . : (1),
.wherein A denotes at least one metal oxide conponent
selected from the group consisting of Li,0, MnO and
MgO, B denotes at least one metal oxide component
different from Af X, Y and Z dencote numbers
representing mol ratios and satisfying the following
conditions: 0.2 < X < 0.95, 0.01 < ¥ < 0.5, X+Y g 1,

and 0 £ z < 0.79.
10

15
9. An apparétus according to Claim 8 , wherein A

is MnO.

10. An apparatus acéording to Claim 8 , wherein B
20 denotes at least one metal oxide component selected
l f}om the group consisting of Na,0, K50, CaO, SrO,
Al,03, SiO,; and BijOs3.

11. An apparatus according to Claim 10, wherein B
25 denotes at least one metal oxide component selected

from the group consisting of Na;0, K50, CaO and. SrO.



char ging nenbé?~56ﬁﬁTT§rng*ﬁﬁgﬂeLic particles (2a) and disposed in contact
with the photo ] heg; | MAJEW Se exposi ng the charged
phot osensi t'i ijmmm"mm@t el ectrostatic inmage h sensitive.

nmenber, and devél ofi n§ the e rostatic imge, ,
THAT the photosensitive nmenber has a surf ace |aye YT SHEEZ, je
I njection |layer having a volune resistivyity of [er i
magnetic particles conprise a ferrite c8Rponent rep L Dy
following formula (1): [err] wherein A denotes at |east one neta
conmponent sel ected fromthe group consisting of [err] and

12. . An apparatus according to Claim 11, wherein Y

and Z satisfy Y > Z.

13. , An apparatus according to Claim 8 , wherein
the magnetic particles have an average particle size

of 5 - 100 pm.

14. An apparatus according to Claim 8 or 12 wherein
the magnetic particles have a volume resistivity of

1x10% - 1x10° ohm:cn.

15. A process cartridge, comprising: an
electrophotographic photosensitive member (1), and charging
means (2) and at least one means selected from developing
means (4) and cleaning means (17), wherein

said charging means includes a charging

membher comprising magnetic particles(2a) and disposed

contactahle to the photosensitive member so as to
charge the photosensitive member f:a.sed on a voltage
received therehy; and said electrophotoagraphic
phaotosengitive member, charging means and at lsast one

means selectad from developing means and cleaning




[err] B denotes at | i de conmponent different fromA X Y
and Z denote nunbers !ﬂ'E tvﬁﬂ rati os and sati Fb : ng
conditions: 0.2 < X <* < 0.5, X+Y < 1, fland” QACEMENTGHER, 713.

A met hod according to Caim 22, wher ein_gis MO 24 ng& accor dj/ng
to Claim22, wherein B denotes at |east one met al ox 199 eclf ed
fromthe group conS|st|ng of [err] CaQ SrQO [err] and [err ) -
-met hod according to Caim24, wherein B denotes at | east one net al oxi de

conponent sel ect ewafip cHAet hotegral by COWEPEEsthgooformay FasHéAghd Sr O 26. A

met hod according th::.ch. is @e%écm%ge&&n¥a§m 1% §§tél%fc¥r%h%tggraphlc

apparatus main body, CHARACTERIZED IN THAT

the photosensitive member has a surface layer
5 comprising a charge injecfion layer héving a volume
resistivity of 1x108 - 1x1015 obm.cm., and
the magnetic particles comprise a ferrite
component represented by the following formula (1):
{Feqy04)g(A)y(B)g (1),

wherein A .denotes at least one metal oxide component

10 selected from the group consisting of Li,;0, MnO and
MgO, B denotes at least one matal oxide component
different from A: X, Y and 2 denbte numbers
representing mol ratios and satisfying the following
conditions: 0.2 < X < 0.95, 0.01 < ¥ < 0.5, X+Y ¢ 1,

15

and 0 £ 2 < 0.79:

16. A process cartridge according to Claim 15,
20 wherein A is MnO.
17. A process carfridge according to Claim 15,
wherein B denotes at least one metal oxide component
selected from the group consisting of Na,0, K30, Cao,

25 S§x0, A1203, SiOz and 31203.

18. A process cartridge according to Claim 17



27. A nethod according to Claim22, wherein the nagnetic particles have an
aver age parti | = O [err]. 28. A net hog=according to Caim

22°0or 26, where| ‘ yc particles have a vol unp gEgiSLIVT ty—o

[err] ohm_cgmruli“ﬂ“ﬂ E“gﬂﬁim“ho Magneti c particl esfjaccot di g Fm 1
or 5, wherein' e s nj*ection layer contins a regspaal ;

el ectroconductive particles dispersed thergi“ﬁ; 31. An--el-6 ST 1Y r.aphi c
apparatus according to Claim8 or 12, wherern t Ty
contains a resin and el ectroconductive particles dispersed therein. 32. A
process cartridge according to Caim15 or 19, wherein the charge injection
| ayer contai ns a r ediereandB elacttescandiesstyvenpanatiadl esidée spapeoednt her ei n.
33. An i mage form.ng nethod according to Clajm22 or 26 whereipn the
charge injection | BRHCEEAL STM. The, BEFYP SAGSEFERT QfoNBRlt i’?ﬂé)'pg?‘si cles

di spersed therein. jn4 sro.

19. A process cartridge according to Claim 18

wherein Y and Z sagisfy Y > Z.

20. A process cartridge according to Claimis,
wherein the magnetic particles have an average

particle size of 5 ~ 100 pm.

21. a process cartridge according to Claim 15 or 19
wherein the magnetic particles have a volume

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

22. An imaée fofming method, comprising the steps

of: .

char§in§ an electrophotographic
photosensitive member (1) by applying a voltage ta a
charging member comprising magnetic particlaes (2a) and
dispasead in contact with the.photosensitive member,

imagewise exposing the charged photosensitive
mgmber to form an alectrostatic image on the
photosensitive member, and

developing the electrostatic image.
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-51- 34. Magnetic particles according to C aim 30, \/\herel n the charge

i njection IMﬂmulﬂjulﬁu"ﬁll br| cant particles. 35. AT e ectrophatogr a

appar at us m 31, wherein the charge ijj AGEMEMTES HE
_accppdi t 0

32, wherein the charge injection |ayer-4gantains | ubr i. Jﬂ’fjgar-t--. 3

An i mage forni ng nethod accordi nggﬂo Claim 33, wherein the Fo—=13}

, layer contains | ub?%ﬁ? ’f)%?rEtul

cont ai ns | ubri‘caft

Particles. 36. A process cartridp

the photosensitive member has a surface laver
comprising a charge injection layer having a volune
resistivity of 1x108 - 1x1015 chm.cm., and

the magnetic particles coﬁprise a farrite
companent represented by the followiné formula (11:

(Fez03)x(A)y(B)g (1).

wherein A denotes at least one metal oxide component
selected from the group camnsisting of Li,0, Mno and
MgO, B denotes at least one metal oxide component
different from A; X, Y and 7 denote numbers
repregenting mol ratios and satisfying the following
conditions: 0.2 < X ¢ 0.95, 0.01 < ¥ < 0,5, X+Y < 1,
and 0 £ 2 < 0.79.

23. A method according to Claim 22, wherein A is

MnoO.

24. A method according to Claim 22, wherein B
denotes at least one metal oxide component selected
from the group consisting of Na;0, K50, Ca0O, SrO,
Al,03, Si0, and Bizos.

25, A method according to Claim 24, wherein B

denotes at least one metal oxide component selected

from the group consisting of Naj0, K;0, Ca0O and SrO.




-

I

L LI

REPLACEMENT SHEET

Date IDDEC’.Q7

26. A method according to Claim 25 wherein Y and

Z satisfy Y > Z.

27. A method gccording to Claim 22', wherein the
magnetic particles have an -average particle size of 5

- 100 pm.

28. A method according to Claim 22 or 26, wherein the magnetic

particles have a volume resistivity of 1x10 - 1x10 ohm.cm.

29. cancel
30. Magnetic particles according to Claim 1 or 5, wherein the

charge injection layer contins a resin and electroconductive

particles dispersed therein.

31. An electrophotographic apparatus according to Claim 8 or
12, wherein the charge injection layer contains a resin and

electroconductive particles dispersed therein.

32. A process cartridge according to Claim 15 or 192, ‘wherein
the charge injection layer contains a resin and electroconductive

particles dispersed therein.

33. An image forming method according to Claim 22 or 26,
wherein the c¢harge injection layer contains a resin and

electroconductive particles dispersed therein.
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34. Magmetic particles according to Claim 30,
wherain the charge injection layer contains lubricant
particles. . .

35. An eslectrophotographic apparatus according to
Claim 31, wherein the charge injection layer contains
lubricant parficles.

36. A process cartridge according te Claim 32,
wherein the charge injection layer contains lubricant
particles.

37. An image forming method according to Claim
33, wherein the charge injection layer contains
lubricant particles.
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