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Daveloper for Developing Electrostatic Image,
Image Forming Method, Electrophotographic
Apparatus, Apparatus Unit, and Facsimile

Appaeratus

BACKGRUUND OF THE INVENTION

Field of the invention

The present invention relates to a developer
for developing aﬁ-électrostatic image, that ie uecd
for converting an electrostatic letent image to u
visible image in image forming processes such as '
electrophotography, electrostatic recording and
electrostatic printing. It also relutes to an image
forming method, an electropho;ographic apparatus, an
apparatus unit and a faceimilc epporatus that make use
of the developer.

More partiecularly, the present invention
relates to a developer for developing an electruslalic
image, that is used in electrophotographic processes
comprising & charging step of bringing e charging
nember to which a voltage hes been externally applied.
into contact with an electrostatic image bearing
mamber to effect eloctrostatic charging, and a
developing step of developing an electrostatic image
by using a developer: and an image forming method, an

alectrophotographic apparatus, en apparatus unit and a
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facsimile apparatus that make use of the developer.

Related Background Art

Corona dischargers are hitherto known as

charging means in electrophotographic apparatus and so

forth. The corona dischargers, however, have the
problems that & high voltage must be applied thereto
and ozone is produced in a large quantity.

It is recentiy studied to use no corona
discharger and use a contact charging means. Stated
specifically, this.ié e means in which a voltage js
epplied to a conductive roller serving as a charging
member, and then the roller is brought into contact
with a photosensitive member which is a member being
charged, sé that the surfece of the photosensitive
member is electrostatically charged to a given
potential. Use of such a contact charging means makes
it possible to apply a lower voltage than the use of
the corona dischargers and to decrease the generation
of ozone.

For example, Jgpanese Patent Publication No.
50-13661 proposes to use a roller comprising a mandrel
covered with a dielectric material such as nylon or
polvurethane rubber so that a photosensitive sheet can
be_electrosfatically charged at a low voltage.

The roller comprising a mandrel covered with

nylon, however, has no elasticity such as rubber, and
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hence the roller can not be kept in sufficient contact
with the member being charged, so that faulty charging
tends to occur. On the other hand, covefing the |
mandrel with polyurethane rubber may cause exudation
of a softening agent with which the polyurethane
rubber is impregnated, and has involved the problem
that, when a photosensitive member is used as the
member being charged, the roller tends to stick to the
photosensitive member at the former's portion coming
10 into contact with éhé latter when the photosensitive
member is stopped, or that the region corresponding to
the part where the both had been stickingly in contéct
causes unfocused images. Once the softening agent in.
the rubber material of the roller has exuded and stuck
15 to the surface of the photosensitive member, the
photosensitive member comes to have a low resistivity
to cause smeared images (i.et; a leak of charges of an
electrostatic image, on the surface of the
photosensitive member) and, in an extreme instance, it
20 becomes impossible to use the apparatus or the toner
remaining on the surface ¢f the photosensitive member
sticks to the roller surfece to cause a filming
phenomenon. In the event that the toner has stuck to
the roller surface in a large quantity, the roller

25

surface turns insulative, resulting in a loss of the

charging ability of the roller and a non—uniform
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charge on tho surface of the photoscnsitive member, to
adversely aeffect images.

This is due to the fact that the charging
member (the roller) strongly press the developer
against the surface 0f the photosensitive member and
henca the remaining developer sticks to the charging
member or the surface of the member being charyed and
alsc the surface of the charging member and the

surface of the member being charged tend to be damoged

or scraped,

In the contact cherging means, a direct
current or a direct current overlaid with an
alternating current is applied tu the charging member.
in such an instance, abnormal charge or flying
movement of thc rcmaining developer particularly
having a small particle diemeter and & light-weight is
repeatad in the surrounding area of the part at which
the chorging member and a photosensitive drum come
into contact each other. Hence, this area is in such
a state that the remaining developer is electro-
etatically attracted to, or embedded in, the surface
of the charging member or photosensitive drum. This
is quite differoent from the cagce where a noncontact
charging means éémprised of Llhe conventional corona

discharger is used.

Meanwhile, in recent ycars, copiers, laser
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printers, eotc. which arc cmall-gsized, inexpensive and
of personal use buve come into use. In these small-
sized machines, a cartridge system in which a
photoecneitivc momber, a developing device and a
cleaning device are assembled into a unit is used from
the atandpoint of making them free from maintenance,
and it io desired to use as the developer & one-
component magnetic developer since the structure of a
developing assembly can be simplified.

In order to form a visible image with a ygood
image quality in the method making use of such a one-
component magnetic developer, the devcloper must have
e high fluidity and a uniform chargeability. For this
purpose, a tine inorganic powder has heen hitherto
added and mixed to a toncr powdor. It has been
ﬁroposed Lo use ay the fine inorganic powder a fine
gilica powder having been subjected to hydrophobic
treatment, ac dicoclogsed in Jepenese Patent
Applicutions Lald-open No. 46-5782, No. 48-47345, No.
48-47346, etc. For eaxample, a treated fine eilico
powder ic uccd which is obtained by reactling a fine
silica powder with an organic silicon compound such as
dimethyldichlorosilane to substitute silanol groups on
the particle surfaces of the fine silica powder with
organic groups so that the powder is made hydrophobic.

The developer having cuch a fine inorgauic
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powder, however, tends to cause scratches particularly
on the contact charging member ond photosensitive
member and to cause melt adhesion or filming of the
toner to the contact charging memher and
photogengitive member, in an image forming step at
which the developer is pressed against the
photosangitive member by contact charging. 1In an
cxtreme inatance, feulty_images tend to be furmed.

Hith regéu-a t0 addition of fine resin
particles to a developsr, Japanese Patent Application
Leid- open No. 60-186854 proposes (o add to &
developer, spherical or substantially spherical
polymer particles emaller than toner particles.

A developer prepared in the same manner as
disclosed therein has been examined to reveal that the
devcloper io less effective for preventing the melt
adhesion of toner onto the photosensitive member and,
in tha apparatus malking use of contact charging, the
contact charging device is contaminated to tend to
cguse charge non-uniformity. .

Japanese Patent Applicstion Laid-open No. 1~
121861 proposes a developer prepured by adding fine
organic particles to toner parfic1e§ containing an
ionically cross-linked vinyl polymer as & bLinder
resin. It is noled therein that this developer may

preferably comprise spherical fine organic particles.
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ASs methods of tixing a toner image, & contact
heoating ﬁethod ac typificd by a heat roller fixing
methad is cummonly used, and there is a demand for a
toner capable of being fixed at a low temperature [-7.)
that powcr conoumption can be decreased. TFor this
reason, it is proposed to incorporate & resin with a
low-molecular component and a high-molecular component
o0 thaot the low-temperature fixing performance and
anti-offset properties can be improved.

When, however, a daeveloper containing the
binder resin in which the low-molecular cumpuuent has
been increased for the purpoée of low-temparature
fining ie ueed in an image forming apparatus having a
contact charging device or & contact transfer means,
the following problems tehd to ariege.

Preecnce of a lorge quantity of the low
moleculyr coumponent in a binder resin brings about so
good a grindahility of toner particles that tho toner
particles tond to be broken to give ultrafine
particles because of shear produced during preparation
and in & developing device, and the ultrafine
particles slip through & cleaning member and adhere to
the contact charging member or contact transfer means
to tend to cause faulty charging or faulty trausfer in
an environment of luw lemperature and low humidity,

and cause the melt adhesion of taner to the surface of
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the photoecneitivc mcmber in an environment of high
Llemperature and high humidity.

The ultrafine particles produced as a result
of breok of toner particles have the same chargeabiity

as the toner particles, end hence inhibit the charging

of tonar particles to cause a lowering of imagae

density.

In the contact heating method, it is required
for tha tonor to be surely softened and fixed at the
he;ting temperature, and &lsc required to prevent
occurrence of what is called the offset phenomenon,
which ie a phenomenon in which part of softened toner
adhers to a heating menber and the adhered toner is
tranaferred ta e transfer sheet to contaminate an
image. In order to better prevent this offset
phenomenon, it 1s known to incorporate toner particles
with a polyolefin such as a low-molecular polyethylene
or polypropylene, as disclosed in Japanese Patent
Applications Laid-open No. 49-6523 and No. S50~27546.

Japanese Patent Application Laid-opcn No. 1-
11376 proposes a developel comprising wax-contalining
toner particles mixed with fine res%n particles
smaller than the toncr partiocles. It is noted therein
that this developer muy preferablvy comprise spherical

fine organic particles.

When ,howewvecr, cuch a developer comprising the
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toner containing & polvolefin is used in an image
forming apparatus having the contact charging device,
the following problems tend to arise.

The polyolefin has so poor a compatibility
with the binder resin in the toner particles that a
polyolefin having a larger disperse diameter Lends to
come t0 be a free polyolefin when toner is pulverized.
Thus, the fraee polyolefin with a higher registonce,
having been developed ul un image porticon or non—-image
portion, is tranaferrad from an electrostatic imege
bearing mcmber to o contact charging member to
increase surface resistance, tending to cause feulty
charging.

The free polyolefin has e high resistance and
is negatively chargeable with respect to iron powder.
and hence it makes fogging more serious becaueo of the
faulty ohorging in the case of & negatively chargeabie
developer and causes a poor fluidity in the case of a
positively chargeable daveloper, tending to bring
about blank areas in images and s pon-uniformity in
image density.

In the mean_timc, in recent yeers, with wide
spread of image furming apparatus such as
electrophotographic copying machines, their uses have
become wider in a grcat voriety, and demands fur their

image quality have become severer. 1Ia the copying of
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images as in ueuel documcntc and booka, it is sought
to reproduce images iu a very fine and faithful state
without causing any crushed line images ar broken line
images even in the copying of finc choracters. 1In
particular, in un instance in which a latent image
formed an a photnsensitive member provided in the
imaoge forming apparatus is a line image with a line
width of 100 um or less, the fine-line reproduction is
commonly poor and no satisfaectory sharpness of the
line image has been achieved. Recently, in an image
forming apparatus such as an electrophotographic
printer making use of digital image signale, a latent
image is formed of the essemblage of dots having a
given potential, and its solid portion., half-tone
portion and light portion are_expreeeed according to
changes in dot density. There, however, is a problem
that in the state where the. toner particles are not
faithfully applicd to the dots and hence the toner
particles ure out of place from the dots, no gradation
of the taner image can be cbtained corresponding with
the ratio of dot density at a black area to that of a
while are of the digital image. In the case when the
resolution is improved by meking dot eizc smaller, in
order to improve image quality, il becomes more
difficult to achieve the reproduction of a latent

image formed of minute dots, tending to give an image
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having a poor resclution and gradation and also
lacking sharpness.
For the purpose of improving image quality,
several developers have boon hitherto proposed.
Japanese Patent Applications Laid-open No. 1-

112253 and No. 2-2B4158 propnse a taner with a smell

perticle diameter having o specific particle size

digtribution. The smaller particle diameter a toner
has, the more uniformly charged the toner particle
csurfaoco must be made. Hence, in order to achieve
both a stahle chéfée quantity and a superior tiuidity.
it ie preferred to add as a charge control agent a dye
or a derivative of the dye that can give a prapes
charge quantity with its use in a small amount.

On the other hand, the smaller barticle
diameter a toner has, the more tends t¢ be produced a
free charge control ageat in the step of its
pulverizastion and the more tende to causc the
inhibition of fluldily or the contamination of members
due to & developer. In particular, the charge non-
uniformity tends to occur when o member coming into
contact with & photaseﬁsitive member has been
contaminated.

Japanecc Patent Application Laid-open No. 1-
113762 proposes a developer comprising a mixture of

fine acrylic resin particles and toner particles
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containing a churge control agent. It is noted
tharain that this developer may preferably comprise
opheriocal fine organic particles.

When, however, such a developer containing a
dye or a derivative of the dye as @ charge control
agent is used in the image forming apparatus having
the contact charging device, the tollowing problems
tend to arise.

Since the charge control agent of a dye type
is soft and viscous. the charge control agent may be
releaced from toner particlee and tranaferred to the
contact charging member, sésulting in an increase in
surface resistance, which tends to cause faulty
charging or faulty transfer.

Since the released charge control agent has a
high chargeahility, it may inhibit the toner particlee
from bcing eleotrostatically charged and at the same
time make their fluidity poor., tending to cause blank

areas in images and an uneveon image'deneity.

SUMMARY OF THE INVENTION

An object of the preecnt invention is to
provide a developer for developing an electrostatic

image, that has sclved the above problems involved in

the prior art, and an image forming method, un

electrophotographic apparatus, an apparatus unit and a
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facsimile apparatus which make use of such a
developer.

Another object of the present invention is to
provide a developer for developing an electrostatic
image, that does not cause, or not tend to cause, the
melt adhesion of toner to a photosensitive member.

Still another object of the present invention
is to provide a developer for developing an
electrostatic image, that does not cause no charge non-
uniformity even whén.copies are taken on a large
number of sheets, in an image forming method having
the step of contact charging.

A further object of the present invention is
to provide a developer for developing an electrostatic
image, having e high fluidity and also & unifornm
chargeability.

A still further object of the present
invention is to provide a developer for developing an
electrostatic image, having a good fixing performance
and alsc a good anti-offset when heat roller fixing is
carried out.

A still further object of the present
invention is to provide a developer for developing an
electrostatic image., that can achieve a high image
density and may cause no fogging and no filming onto a

photosensitive member, and an image forming
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method, an electrophotographic apparatus, an apparatus
unit and a facsimile apparatus which make use of such
a developer.

A stil] further object of the present
invention is to provide e deve;oper for developing an

electrostatic image, that can be free from

‘contaminetion of a coatact charging member when a

developing system in which an electrostatic image
bearing member is electrostatically charged using a
contact charging mémﬁer is used, and hence is free
from occurrence of faulty charging because of no
increase in surface resistence; and an image forming
method, an electrophotographic apparatus, an apparatus
unit and alfaésimile apparatus which make use of such
a developer.

A s8till further object of the present
invention is to provide a developer for developing an
electrostatic image, that can achieve good charging of
toner particles, can well maintain fluidity and may
cause nejither blank area in images by poor development
nor image density non-uniformity: and an image forming
method, an electrophotographic apparatus, an apparatus
unit and a facsimile apparatus which make use of such
a developer.

A still further object of the present

invention is to provide a developer for developing an

Sheet Has Been Replaced

>



rs

-~
» an

1 electrostatic image, that does not tend to give
formation of ultrafine particles, does not tend to
cause adhesion of such ultrafilne particles even when
a developing system in which an electrostatic image

5 bearing member is electrostaetically charged using a
contact cﬁarging member is used, and hence does not
tend to cause faluty charging in an environment of low
temperature and low humidity and not tend to cause
melt adhesion of toner to the surface of a

10 electrostatic image bearing member in an environment
of high temperature and high humidityj and an image
forming method, an electrophotographic apparatus, an
apparatus unit and a facsimile apparatus which make
use of sucﬁ a developer.
15 A still further object of the present
invention is to provide a develcper for developing an
electrostatic image, that does not tend to give
formation of ultrafine particles, and hence does not
inhibit charging of toner particles and can yield
20 stable image density; and en image forming method, an
electrophotographic apparetus, an gpparatus unit and a
facsimile apparatus using such a developer.

A still further object of the present
invention is to provide a developer for developing an
25

electrostatic image, that mey cause no faulty charging

even when a developing system in which an electro-—-
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static image bearing member is electrostaticelly
charged using a contact charging member is used, and
prévents fogging from becoming more serious because of
faulty charging in the case of a negatively chargeable

developer and does not bring about the blank areas in

- images and non-uniformity in image density caused by

poor fluidity, in the case of a positively chargeable
developer; and and én image forming method, an
electrophotographic apparatus, an apparatus unit and a
facsimile apparatué which make use of such a
developer.

The present invention provides a developer for
developing an electrostatic image, comprising a tongr,
fine resin-particles with a surface shape sphericity ¥
of from 0.90 to 0.50, and fine inorganic particles.

The present invention also provides a method
of forming an image by a process comprising the steps
of;

bringing a charging member t¢ which a voltage
has been externally applied, into contact with an
electrostatic image bearing member to effect
electrostatic charging;

forming an electrostatic image on the charged
electrostatic image bearing member;

developing the electrostatic imgge formed on

said electrostatic image bearing member, using a
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developer to form a toner image: said devalapar
co;priaing a toner, fine reein particlec with o
surfuce shupe sphiericity ¥ of from 0.30 to 0.50, and
fine inorganic particles; and

tranaferring the toner image formed on said
electrostatic image bearing member to a transfer
medium to form a transferred image.

The present inventicn alsc provides en
electrophotoqraphic apparatus comprising:

an o¢lectrostatic image bearing mcmber;

a contact charging member to which a voltage
is extarnally applied, which slectrostatically charges
said electrostatic image bearing nembe:.«hile being
brought into contact with it:

an glectrogtatic image forming means for
forming an electrostatic imege on the churged
electrostatic image bearing member:

a developing means for developing the
electrostatic imege Lhusy formed; saild developing means
comprising a developer carrying member and a developer
container that holds therein a developer; said
developer comprising a toner, tine resin particles
with a surface shape sphericity ¥ of from 0.90 (o
0.§0, and fine inorganic particles: and

d transfer means for transferring thc toner

image formed on said electrostatic image bearing
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menber t¢ a transfer medium.

The presoent invention still also preovides an
apparatus unit comprising;

an electrostatic image bearing member:

a contact charging member to which a voltage
iy externully upplied, which.electrostuticelly charges
aaid alectrostatic image hearing member while baing
brought into contect with it; end

a developing means for developing an
oloctrostatic image thus formed; said developing means
comprlising a developer carrying member and u developer
cohtainer that holds therein a developeaer: said
dcvclopér comprieing a toner, finc rcain particles
with & surface shape sphericity ¥ of from 0.90 to
0.50, and fine inorganic particles;

said contact charging member and said
developing means being held as one unit together with
caid electrostatic image bearing momber, and said unit
forming a single unit detachably provided in the body
of an electrophotographic apparatus.

The preecnt invention further provides u
facsimile appuratus comprising an electrophotographic
apparatus and a receiver means for recceiving image
information from a remote terminul:

suid electrophotographic apparatus comprising;

an elactrostatic image bearing meuber:
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& contact charging mcmber to which & voultage
ig externally epplied, which electrostatically chargeé
gsaid electrostatic image bearing member while being
brought into contaot with it;

an electrostatic image forming means for
forming an electrogtatic image on the charged
electrostatic image beariny member;

& developing means for developing the
elactroetatic i;a;e thus formed, said developing means
copprising a developer carrving member and a developer
container that holds therein a dcveloper; said |
developer comprising & toner, fine resin particles
with a surface shape sphericity ¥ of from 0.90 to
0.80, and fine {norganic particles; and

& transfer means for transferring the toner
image formed on said electrostatic image bearing

nomber to a transfer medium.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 iy a schematic illustration of an

example of the appearance of fine resin particles used

in the present inventiou.
Fig. 2 18 a schematic illuetration Of the

appearance of a fine resin particle having a surfacce

shape sphericity ¥ of abour 1.

Figs. 3 and 4 are schematic illustration of
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roller-shaped contact charging devices.

Fig. & is a schematic illustrution of a blade-

shaped contact charging device.

Fig. 6 ie a schematio illustration of an
example of lhe upparatus for carrying out the image
forming mathod of the present invention.

Fig. 7?7 is a schematic illustiruation of an
example of the apparatus unit of the present
invention. .

Fig. 8 is & block diagram to illustrate the
tacsimile spparatus of the present invention.

Fig. 9 shows a GPC chromatogrum.

Fig. 10 is a schematic illusfrefion of an
apparafv; for meaguring the quantity of
triboelectricity of a powder sample.

Fig. 11 is a schematic illustration of a
molder for tablcting @ powder material.

Fig. 12 illustrates a checker pattern.

DESCRIPTION OF PREFERRED EMBODIMENTS

In the following., the reason why the fine
resin particles are cffective against the melt
adhesion of toner to the electrostatie image beering

mgmber such as a photosensitive member can be

considered as follows:

The causes uf the melt adhesion of toner to
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the photocensitive member is fur oue thing the

scratches produced when the surface of the
photosensitive member is rubbed by a contact charging
member to which fine inorganic powder has been
adhered. In order to prevent the scratchee from being
produced, it ic preferred to remove ithe free, rine
inorganic puwder from the part at which the contact
charging member and the photoeencitive member come
jnto contact. This can be cunsequently effective for
preventing the melt adhesion of toner to the
photosengitive momber. Thc fine resin particles with
a surface shape sphericity ¥ of from 0.90 to 0.50,
used in the present invention each have an uneven or
irregular surface to a certain e¢xtent as
diagrummatically shown in Fig. 1, as compared with
particles with the ghape of true spheres, uand hence
they have the action of adsorbing to the surface e
great number of particles of the fine inorganic powder
present in a frceo state.

Spherical polymer particles obtained by
emulsion polymerization or sosp-free polymerization

each have, ao diagraumatically shown in Fig. 2, very

little irregular surface, and hence the surface shape

sphericity ¥ of the polymer purticle is more than
0.90. In general, its surface shape sphericity ¥ is
about 1.
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Fine resin particles obtained from a bulk
resin by mechanical pulverization or by pulverization
using a jet stream have surfaces whose rupture crosg-
sections assume a great number of minute
irregularitico, end hence the surface shape sphericity-
¥ of Lhe fine resin particie is less than 0.50. 1In
general, the surfece shape ephcricity ¥ of the fige
resin perticle is approximately from 0.3 to 0.4.

_ 1t is presumed that, in the image forming
10 apparatus having a contact charging mewber, the fine
resin particles having slipped through a cleaning
blade ara adsorbed to the contact charging member, and
thercafter the fine resin particles present on the
surface of the contact charging member adsorb the
1s free, fine inorganic powder elipping through the
cl;aning blade, wu that the surtface of the
photosensitive memher cen be prevcnted from being
damaged. Herc, if the fine resin particles slipping
through the cleaning blade are in a very large
20 quantity, the free, fine inorgenic powder becomes
small in quantity and Lence the melt adhesion of toner
to the photosensitive member can be more effectively
prevented, but on the other hand a thick layer of the
fine resin particles is tormed on the contact charging

. member and hence this can be 6ne ©f{ the causes of

faulty charging of the phutosensitive member. The
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fine resin purticles used in the present invention
each have an irreguler surface to a certain extent &8s
diagrammatically shown in Fig. 1, and hente they can
be appropriately controlled in the quantity of the
particlas slipping through the clesniug blade,
compared with perticles with the shape of true
spheres, so that the faulty charging of the
photoseneitivc member can be prevented fron oaccurring.

If the surface ahape sphericity ¥ of the fine
reain particles is more than 0.90, the faulty charging
of the photosensitive member may come to occur when
cobies are taken on a large numbcr of sheets (e.g.,
10,000 sheetc or more). If the surface shape
sphericiLy ¥ is less than 0.50, the finc resin
particlas may have a great number of irregularities on
their osurfaces to tend to increase moisture abcorption
and lower development performance of the developer in
en environment of high temperature and high humidity.
Moreover, the proutruded portions on the surfaces of
fine resin particles tend to be bruken oft on the

occasion of their mixing with toner particles or in

the course of development, so that a large number of

[ragments of the fine resin particles may become
preasent in the developer to tend to adversely affect
the development,

The fine rcain particles used in the pregent
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invention may preferably have a# primary average
particle diameter of from 6.03 to 1.0 pym. 1t is more
prefaersble to uese those of frowm 0.05 to 0.8 um.
Particles with & primary average particle diometer
larger than 1.0 um have so enali a specific surtace
araa that thecy can not be suited for adsorption of the
free, fine inorganic powder and can givce only a sm&ll
eftect of prevon;ipg the melt adhesion of toner to the
photosensitive member. On the other hand, those with
8 primary average particle diamcter smaller than 0.03
nm may make the triboelectrivity of the developer
excessively high to tend ta cause & lowering of

density because of charge-up.

The fine regsin particles may have a specific

resistance of from 106 to 1013 Qd-cm, which can be

praferably veed. Use of thuse having a water-specific

6

reslstance lower than 10 Q-.cm tends to cause

lowering of the charge quantity of the develaper,

congequently tending (o bring shout e lowering of

image density. Use of fine resin particles having s

specific resistance higher than 1013 Q.cm tends to
cause & lowering of the fluidity of the developer, and

tends Lo give an image with much fogging.

The fine resin particles may preferably have a

triboclectric charge quantity of not more than +50

Hc/g in the case of pogitive charging, and not more
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than 200 pc/g ss the absolute value in the case of
ueﬁative charging. They may morce preferably have a
triboelectric charge quantity in the range of from +30
ne/g to -100 uc/g. If the trihoelectric charge
quantity of the fine resin particles is higher than
+50 pc/g, the triboelectricity of the developer tends
to become unstable, and fogging tende to occur when
copies Qre taken on a large number of sheets, If the
triboelectric chiurge quantity of the fine resgin
particles is smaller than -200 pc/g, the fluidity
tende to become poor and deusity uneveness tends to
occur on the image.

The fine rcoin perticles should be used in an
omount of from 0.01 to 1.0 part by weight, and
preferably from 0.03 to 0.57 parts by weight based on
100 parts by weight of the toner. The fine inorganic
powder such as hydrophohic fine silica powder may
preferably he used in an.amount of from 0.1 part by
weight to 3.0 parts by weight hased on 100 parts by
weight of the toner. "The fine inorgauic powder may
preferably be used in a larger amount than the fine
resin particles.

Use of the finc resin particles in an amout
more than 1.0 part by weight tends to cause¢ @ lowering

of image density. Un the other haud, use thereof in

an amount of less than 0.01 purt by weight can be less
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erfecﬁive against the melt adhegion of toner tu the
photogsensitive member. Use uf the fine resin
particles in the same amount as, or in a larger amount
than, that of the fine inorganic powder tends to make
the fluidity of the developer poor and also tende to
cause fogginq.

The surfacc shape sphericity ¢ of the fine
resin particles is defined as follows:

sSurface ares (mzlg) measurcd assuming
% = fine resin particles as true spheres

BET specific surfaco area (azlg) actually
measured on fine resin particles

.The BET specific surface ares can be aoctually
measured, when, for example, a specific surfuce area
moter AUTOSORB-1, available from Quantachrome Co. ig
used, by the method as exemplified below.

About 0.3 g of fine resin paurticles are
woighed and put in u cell, and deaeration ie carried
out at a temperature of 40°C and a degree of vacuum of
1.0 % 1073 mnnHg for at least 1 hour. Thereaftor,
nitrogen ges is adsorbed on the particles in the state
they are cooled using liquid nitrogen. and the value
is obtained by the multipoint method.

The surface area meoasured assuming the fine
resin particles as true spheres can be determined, for

exampla, in the folluwing way: From particles in an
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electron microscope photograph (x10,000) of the fine
resin pa;ticlee, 100 fine resin particle images are
collected at rundom, and their major axes arc
mneasured. A value obtained by oaveraging il measured
major exes ios regerded as u diameter (U] measured
assuming the fine resin particles as ture spheres. On
the basie of the diameter (£), e radius 7 (i.e., 1/2
0). is determined and 8 surface area (4xr2) of the fine
resin particles is further determined. Then & volunme
(4/3:13) of the fine resin particles is further
obtained. The weight of the fine resin particles is
detarmined from a density of the fine resin particles
and the volume thus obtained. The surface area (mzlg)
measured assuming the fine resin particles as true
spheres ie determined from the surface area previously
obtained and the weight thus ohtained.

The triboelectric value of the fine resin
particles used in the present invention cen be
measured by the tollowing metﬁod: 0.2 g of the fine
resin particles having been left for 12 hours or more
in.an environment 0f 23.5°C and 60 % RH end 20.0 ¢ of
carriler iron powder whoee particles are not coated
with resin, having a main particle size at 200 to 300
meehos (e.g., EFVZ00/300, available from Nihon Teppun
K.K.) are precisely weighed in the above environment

which are then thorouglhly mixed in a wide mou thed
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bhottle with @ stopper, madc of polyethylene and having
a volume of about 50 ¢¢ (the bottle 1is upward and
downward shaken in hand about 125 times for 50
seconds).

Next, ay shown in Fig. 10, sbout 2.0 g of the
mixture is put in @ measuring container 32 made of a
metal at the bottom of which is provided a screen 33
of- 400 meshes, apq.then the container is covered with
A plate 34 made of a metal. The (utal weight of the
measuring coutainer 32 in this state ig¢ weighed ond is
expressed bhy Hl {g). Next, in o suction device (made
of en insulating material ut least at the part coming
into contact with the measuring container 32), air is
sucked from a suction opening 37 and an air-flow
control velve 36 iy operated to control the prescure
iudicated by a vacuum indicator 35 to be 250 mmHg. In
thig gtate, euction is carried out for 5 minutes to
remove the fine resin particles by suction. The
potential indicated by a potentiometer 39 at this tipe
is exprecsed by V (volt). The numeral 28 denotes o
capacitor, whose capacitance i9 expressed by C (uF).
The total weight of the measuring container after

completion of the suction is also wcighed und is

expressed by wz (g). The quantitly (uc/g} of

triboelectricity of this fine resin particles iy

calculated as shown hr the rbas_"-
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Quantity of triboelectriciiLy =

The epcoific resistance (volume sSpecific
resistivity) referred to in the present invention can
be measurad, for example, in the followiny way: Using
an apparatus shown iun Fig. 11. the sample is molded
into a tablet. First, about 0.3 g of a sample 40 is
put in a tablet molding chamber 41. Next., a push bar
42 is iuserted tc.> fhe tablet malding chamber, and the
sample is éressed by meane of an oil pressure pump 45
at 250 kg/cn2 for 5 minutes. Thus, a pellet-shaped
tabler of about 13 mm §n diameter and about 2 to 3 mm
in height is molded. 1In the drawiny, reference
numeral 46 denutes a pressure gauge.

The tablet thus obtained is optionally coated
with & conducting agent oun its both sides, and the
resistivity under application of a voltege of 1,000 V
is measvred in an cnvironment of a temperatire of
23.5°C sad 8 humidity of 65 % RH, using, for example,
160088 RESISTIVITY CELL; avai;able from Hewlett Pakard

Co.. or 4329A HIGH RESISTANCE METER. available from

Yokogaws Hewlett Pakard Co. A specific resistance o
is determined from the following calculation.
2
P{QL-cm) = R(D) x S{cm”)/Q{cm)

wherein S is a sectional area or the sample,

and 0 is a hcight of the sample.
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¢he tine rasin particles can be proparcd
by emulsion polymerization or spray drying.

They wmay preferably ha fine resin particles with a
glass transition point of 80°C ur above, prepared by
subjecting cumponents used in hinder resine for toner,
such as styrene, acrylic acid, metylmethacrylate,
butyl acrylate and 2-e¢thylhexyl acrylate, to
copolymerization according to emuleion polymerizatiun.
Such fino resin particles can have u good effect.

The fine resin particles may be those croos-
linked with a cross-linking agent such as
divinylbenzene, end also their surfaces may be treated
with u metal, a metal oxida, a pigment,'é dye or a
surfaca sctive agent to make adjustment of specific
resistance end triboelectric charge quantity.

the fine resin particlcs used in tbe present
inventién moy perticularly prefersbly be comprised of
a block or -random copolymer of a styrenc type,
containing 51 X by weight or move of styrene monomers.
Such etyrene type f(ine resin particles are usually in.
the triboelectric series approximate to Styrene-
acrylate resins or polyester resins used in binder
resine of develoupers, so that they can be less

mutually electrified with respect to toner particles

-and their fluidity does not tend to become poor.

Thus, etyrene resins are preferred as the binder resin
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of the toner.

If the styrene monomers coutained in the fine
resin particles are less than §1 % by weight, the
developar may come to have strong agglomerating

properties end poor fluidity, tending to cause blank

ureas in images and image density non-uniformity.

In the preporation methods such as emulsion
polymerization, the styrene type fine resin particles
ha;e a tendency that the wvalue ¥ becomes smaller with
en inorease in the content of styrene monomers.

The styrene type fine resin particles with a
surface shape sphericity ¢ of from 0,90 Lv 0.50 accordihg
to the present invention can be obtained by controlling
nonomer composition, compositional ratios of monomers
and polymerization conditionus.

The fine inorganic powder used in the present
invention cen give good reaults when ils particles
have a specific surfuce area of from 70 to 300 mzlg as
weusured by the BET method, utilizing to nitrogen
adsorption. Tho fine inorgauic powder should be used
in en emount of from 0.1 part by weight to 3.0 parts
by weight, and preferably from 0.2 part by weight to
2.0 parts by wcight, Lased on 100 parts by wecight of
the toner.

The fine inorganic powder may preferably be

thase having been subjected to hydrophobic treatment .
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They may porticularly preferablv be negatively
chargeable, hydrophobic fine silica powdor,

The fine inorganic powder used in the present
inyention may have a triboelectric charge quantity of
from -~100 nc/g té ~300 pe/g, which can be preferably
usad. Powder with o triboelectric charge quantity
less than -100 uc/g may lower the triboelectric charge
quantity of the developer itself, tending to bring
abéut a lowering-of humidity characteristics.' Use of

powder with a trihoelectric charge quantity more than

" =300 pc/g moy promote the developer carrying member

memory, 80 that the developer carrying member tends to
be affacted by the deterioration of the fine inorganic
powder, tending to have difficulties in durability.
Powder figner than 300 mzlg in specific surface area
na§ give leecs cffect of its addition to the developer,
and powdesr coarser than Y0 mzlg may give g larger
probability that it 4s present as a free mutter,
tending to cause black douts due to locallization of
the fine inorganic powder or agglomcrated matlers.

The triboelectric value uf the rine inorganic
powder con be measured by the following method: Q.2 Q

of the fine inorganic powder having been lert

overnight in an cnvironment 0T a8 temperature of 23.5°C
and a humidity 60 % KH and 9.8 g of cerrvier iron

powdesr whose particles arc not cuated with resin
. r
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huving a main particle size at 200 to 300 meshes
(e.g., EFV200/300, available from Nihon Teppun K.K.)

are precvisely weightd in the above environment, which

.are then thoroughly mixed in a wide-mouthed bottle

with a stopper, made of polyethylene and having a
volume Of about 50 cc (the bottle is upward and
downward shaken in hand ebout $0 times for about 20
seconds).

Next, the triboelectric charge quentity of the
fine inorgenic powdser may bLe measured in the same way
as in the measuremant of the triboelectric charge
quantity of the fino resin particles as previously
described.

.Of the fine inorgenic powder used in Lhe
present inventién, particuluarly preferred are what is
called drv silica. or dry silica called fumed silica,
prnduced by vapor phase oxidation of a silicon halide,
and.what is called wet silica produced from watcer
glass or the like, both of which can be used. In
particulsr, the dry silica iy preferred, which has
lecas silancl groups present on the eurfeces and the
insides ot the silica fine powder particles and may
produce no residues in the manufacture, such as Na-o
and 9032

In the dry silice, other metal halide as

exemplified by aluminum chloride or titanium chloride
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may be used together with the silicon halide in the

ﬁanutacturinq process so that a composite fine powder

of silica with other metal oxide can be obtained. 1In
the present invention, the fine inorganic powder
includes such a powder.

The fine inorganic powder may prefarably have
u particle diemeter renging from 0.001 to 2 i as the
primary average particle diemeter. It is particulariy
preferred to use.fine silica powder having a primary
average particle diameter ranging from 0.002 to 0.2 u.

The fine inorganic powder used in the present
invention may preterably be hydrophobic.

The powder can be made hydrophoubic using
conventionally known hydrophobic treatments and
methods. As the hydrophobic treatments, it is
preferable to ugse silicon compounds having
organusiloxane units, such as silicone oil or silicone
varnish.

The silicone 0il used in the treatment of the
fine inurganic powder used in the present invention

can ba exemplified by a compound represented by the

formulsa:
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R! R R
wherein R rcpresents an alkyl group having 1 to 3
carbon atoms; R' represents a silicone oil modifying
group such as an alkyl group, e halogen~-mudified alkyl
group, & phenyl yroup or a modified phenyl group; and
R" represents an alkyl group or alkoxyl group having 1

to- 3 carbon atoms. For example, the compound may

include dJdimethylsilicone o0il, alkyl-modified silicone

0il, a-mathylstyrene-modified gilicone o0il,
chlorophenylsilicone vil, fluorine-moditied silicone
oil. Exemples of the silicone o0il are by no mcans.
limitod .to theoe,

The above silicone vil may preferably bé those
heving a viacosity of from 50 to 1,000 ¢St at a
tonmperature of 25°C. Silicone 01l with A viscosity
less than §0 ¢St may be partially evaporated as a
result of the application of heat, tending to cause a
deterioration of churge characteristics. Those with &

viscosity more than 1,000 ¢St may become difficult to

handle in the trcatment. As methods for the eilicone

oil trestment, any known tachniques cen be used. For

example, they include a method in which fine silica
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powder und silicone 0il are mixed using a mixer; a
method in which siliconc 04l is sprayed into fine
silica powder by the use of a sprayer, and a method in
which silicone oil is dissolved in a colvent and then
fino silica powder is mixed in the solution. Examplesg
of the (reatment method are by no wmeans limited to
thease.

As for the silicone varnish used for the
treatment of the _fine silica powder used in the
present invention, any known materials cun be used.

For example, it may include KR-251 and KP-112,
availabhle from Shin-Etsu Silicone Co., Ltd. Examples
are by no means limited ¢ these.

As methods for the silicone varnich treatment,
the saﬁe known techniques as in the silicone 0il
treatment can be used. The treated fine silica powder
as described ahove (hereinafter "treated silica") can
be effaectivc when it is aedded in an amount of from 0.1

part by weight to 1.6 parts by weight bascd on 100

parts by weight of the toncr. It can provide an

excellent otability when added in an amount of from

0.3 pert by weight to 1.6 parte by weight based on 100

parts by weight of the toner. 1ts addition in an

amount less than 0.1 part by weight based on 100 parts

by weight of the toner may give less effect of ite

addition. and addition in an amount more than 1.6
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parts by weight tends to cause problems in development
anh fixing, which are thus not preferable.

Part ot the silicon compound having en
organosiloxane unit, which has treated the particle
surfaces of the fine inorganic powder is transferred
onto the electrostatic image bearing member, and is
offoctive for making easier the cleaning of powder
such as free polyolefin.

To determine thce hydroephobicity {llie degree To
wuavit pUwWUEL LuS LDeen mhaae nydrophobic) of the fine

inorganic powder in the preseat invention, a value
moggurcd by the following methud may be used. Of
course, other method for measurement can aleo bc used
while making reference to the method for meusurement

15  according to the present invention.

In & 200 ml1 separatory funnel with a stopper,
100 ml of ion—-exchanged water and 0.1 g of & sample
are put, followed by shaking tor 100 minutes using a

shaker (a tumbler shaker mixer, T2C type) under

20 conditions of 90 rpm. Afler the shaking. the mixture

is left Ly stand for 10 minutes. After the luurganic

powder iayer and the aqueous layer have been

separated, the lower layer, the agueoue layer, is

collected in 8 quantity of 20 to 30 ml, which is then
?5 .
put in a 10 mm cell to measure its transmittance using

light with a wavelength of 500 nm, on the basis ot
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that of a blank, ion-exchanged water in which no fine

gilica powder is contained. The value of the

transmittance is regarded as the hydraphobicity of the

fine inorganic powder,

In the present inventiou, the hydrophobic fine

inorganic powder mav preferably have & hydrophobicity

ot not lese than 60 ¥, and morc preferably not less

than 90 %. A hydrophoblcity less than 60 % makes it

difticult to obtain images with a high quality level

becauso of adcorption of water to Lhe fine inorganic

powder iun un environment of high humidity.

The developer may preferaobly contain the fine
resin particles having a surface shape sphericity ¥ of
from 0.90 to 0.50 and an average particle diometer of

from 0.03 to 1.0 um and the hydrophobic fine inorganic

powder; said hydruphoblc fine inorganic powder being

contained in a larger quantity than the fine resin

powder.

The touner according to the present invention

should have an average particle diameler of from 3.5

to 20 pm, preferably from 3.5 to 14 pm, and more

preferably from 4 to & pm, gs weight average particle

diemeter, and from 2.8 to 18 pm, preterahly from

to 13 um, end more preferably from 3 to 7 Hm, as

number average particle diamecter.

In particular, a tuner having a weight average

2.8
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particle diameter (Dd) of from 4 to 8 um iy preferred
bocausc of its excellenl fine-line reproduction and
resolution.

Particle eizc distribution of the toner cen be
measured by various methods. 1in the prasent
invention, it is measured using‘a Goulter counter.

A Coﬁlter counter Type TA-1] (manutactured by
Coulter Electronics, Inc.) is used as a measuring
device. Aan integf§cc (manufactured by Nikkaki k.k.)
that outputls number distribution and volume
di;tribution and 8 personal computer CcX-1
{(manufacturced by Cenon Inc.) are cvonnected. As an
electrolytic solution., an aqueous 1 X NaCl solution is
Drepared-using first-grade sodium chloride.
Measurement is carried out by adding as a dispersant
0.1 ml to § ml ot a surface active agent, preferably
Aan alkylbenzene sulfonate, to 100 ml to 150 m)l ot the
above aguecus electrolytic solutian, and further
édding Z mg to 20 mg {as the number of particles,
about 30,000 to about 300,000 particles)} of a sample
to be weusured. The electrolytic solution in which
the sample has beon euspended is subjected to

dispereion for aboul 1 minute to about 3 minutes in an

ultrasonic dispersion machine. The particle size

distribution of particles with a size of from 2 tg 40

# is meacured by means ot the above Coulter counter
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Type TA-T1, using an apcrture of 100 H as 1ts
aperture. Then the value according to the pieeent
invention 1is determined.

The toner used in the developer of the present
invention, when it has & negative triboelectricity,
may prefarably contain ee a charge control agent an
organic acid metal complex salt such as a salicylic
acid metal complex salt, an alkylsalicylic ecid metal
complex ealt, o §;g1kylsalicylic acid metral complex
salt or u naphthoic acid metal complex salt, a dye
guch as a monocazo dye, and e moncozo dye derivative
euch 03 a metal complex sult of a monoazo dye.

The negative charge control agent oomprising a
dye compound may include azo type melal complex salts
represented by the following Formula (7).

Formula ({)

(Ar—N = N—Aﬂo
\\ /
X | Y
AN
M
7\
Yy 1t X’
/ \. ®
Ac N = N“ALIA

wherein M represents a coordiustion central metal,

including Cr, Co, Ni, Mn and Fe having the

coordination numbher of 6: Ar répresents an aryl group
,

which

may have a substitutent, which substituent may inrlude
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@ nlilro group, a halogen atom, a carboxyl group, an
anilide group and an alkyl group or alkokyl group
having 1 to 18 carbou atoms;: X, X', Y and Y' each
represent -0-, —CO-, -NH- or -NR-, whcre R representls
an alkyl group having 1 to 4 carbun atoms: and Ae
represents a hydrogen ion, a sodium ion, a potassium
ion, an ammonium ion or on aliphatic emmuvnium ion.

Examples of the complex salt are shown below.

]

Cr

o’ \ o |
(O N=N -5(%
< N¥,

Complex (1)-1

Complex (I)-2

O

u@
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1 Complex (I)-3
r @ \ e
0 \, Y
> \Co/'
s
O \\o
8‘ N=N -@—No.
\ ) ©®
10 Complex (T)-4
4 LN 6
ey
O S
\Fc/
7 &\
15 S 0
@ w-n -
\ .-

20 _ f

‘ H,(t?—fc.n.) ,

CH,) ©
QT N-v
"
/\o\ o
o ~NT s
Cr
/
0 \\0
25 N~-N <O
\ CcH; CH:J }‘G)
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Complex (I}-6

As for a positive charge control agent, it is
pussible to use, for example, a Nigrosine dye and a
derivative thereof.

The clhiurge control agent may preferably be
contained in an amount of from 0.1 part by weight v §
parte by weight, and particularly preferably from 0.2
parl by weight to 3 parts by weight based on 100 parts
by weight of the binder resin for the toner. Use of
the chorge control agent in an eéxcessively large
amount may make poor the fluidity of the toner,
tending to cause fogging. On the other nand, use

thercof in an excessively small amount may make it

difficult to obtain a sufficient charge quantity.

As a preferred enbodiment of the developer for
developing an electrostatic image a@ccording to the

bresent invention, it may include gz developer for
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developing an electrostatic image, comprising i) a -
toner containing a charge controi agent and having a
welght average particle diameter (Dd’ of from 4 tOo 8
pm, ii) styrenc type fine orgauic particles having a
smgller uverage particle diameter than said toner and
having a surface shape ephcricity ¥ of frum 0.80 to
0.50 and iii) fine inurganic particles having a
smaller average particle diemeter than said fine
organic powder.

The binder resin for the toner accofding to
the preasent inventibn may include homopolymers of
styrene or derivatives Lhereof such as polystyrene and
polyvinyltoluene: styrene copolymers such as &
styreone/propylenc copolymer, a styreue/vinyvitoluene
copolymer, & styrene/vinylnaphthalene copolymer, a
styrene/methyl acrylate copolymcr, a styrene/ethyl
scrylate copolymer, a styrene/butyl acrylate
copolymer, a styrene/octyi acrylate copolymer, a
styrena/dimethylaminocthyl acrylate copolymer., a
styrcne/methyl meithacrylate copolymer, a styrcne/ethyl
metpacrylate copolymer, a styrenc/butyl methacrylate
copolymer, a styrcene/dimethylaminoethyd methacrylatc
copolymer, a styrene/methyl vinyl ether copolymer, a

styreng/ethyl vinyl ether copolymer, a styrene/methyl

_vinv! ketone copolymer, a styrene/butadienc copolymer

a etyrene/isoprene copolymer, a styrene/malelc acid
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copolymer and & slyreune/maleate copolymer: poiymethyl
methacrylate, polybutyl methacrylate, polyvinyl
acctato, polyethylene, polypropylene, pulyvinyl
butyral, polyacrylic acid resin, rosin, mndified
rogin, terpene resin, phonol resin, aliphatic or
alicyclic hydrocarbon resins, arumatic petroleum
resins., paraffin wax, and carnanha wax. These may be
used alone or in the form of a mixture.

The toner in the present invention. may
praferably contain a binder resin conteining not less
than 16 % of a compogeﬂt‘with a mylecular weight of
not more than 5,000 in molecular weight distribution
&s moasured by gel pcrmeation chromatography (GPC).

The coutent of the component with & molecular
weight of not more than 5,000 in the binder resin is a.
numerical valuec calculeted by determluing area
prouportion of that component in a chromatogram showing
molecular weight distribution in the measurement by
GPC. Using the chromatogrem showing molecular weight
distribution in the measurement by GPC, as shown in
Fig. 9, the ares of the whole peak iudicating the
molecular weight distribution is determined and alsc
the area ot the ragion correcponding to the component
with & molecular weight of not more than 5,000 ig

determined. On the basis of the two areas, Lhe

content of the component with a molecular weight of
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not more than 5,000 in the binder resin ie calculated.

If the component with a molecular weight ot
not less thaa $,000 is less than 15 &, fixing
performance tcnds become poor in heat fixing devices
of a relatively low pressure as in small-sized
machines as typified by deck top LBPs,

The cumponent with a molecular weight of not
more than 5,000 may mors preferably be in en amount of
less than 35 %.

The component with a molecular woight of not
more than 5,000 tends to exhibit moleculur weight
dependence of gylass transition point (Tg) and hence
the Tg of the toner, measured over a long period of
time, ie presumed to tend to become'a little low.
Thug, if the amount ot this component ic more than 35
%. a thermal boehavior not higher than the Tg usuaily
moasured may come to be exhibited to tend to cause the

melt adhesion or filming.

This component cen particularly improve the

grindebility of toners. 1it. however, ite content is

more than 35 %, the grindability may become more than

i2 necessary in the manufacture of toners having a

weight average particle diameter of from 4 to § um
resultang in an incrcase in the formation of ultrafine
powder, which makes classitication efficiency poor

Mureover., the ultrafine powder having been not
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completely clossified may gradually increase in its
content with repetition of the supply of the toner,
and may adhare to a toner triboelectricity-providing
member such as a developing sleeve because of
electrostatic force to impede trihoelectric charging
of the toner, tending to caugse @ poor development
performance such as s low image density and fogging.

In the present invention, the molecular weight
dietribution on the chromatogram obtained by GPC (gel
permeation chromatography) are measured under the
following conditions.

Columns are stabilized in a heat chamber of
40°C. To the columns kept at this temperature, THF
(tetrahydrofuran) ao a solvent is flowed ut a flow
rate of 1 ml per minute, and 10 ul of a THF sample
solution is injected thereinto to make measurement.
In mcasuring the molecular weight of the sample, the
molecular weight distribution ascribed to the sanmple
is celculated from thc relationship between the
logarithmic value aud count number of a calibration
curve prepared using several kinds of monodisperse
polystyrene ctondard samples. As the standard
polystyrene samples used for the preparation of the
calibration curve, it ies suiteble tu use, for example,
samples with molecular weights of approximately from
10% to 107, whicn ere available from Tosu Co., Ltd. or
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Showa Denko K.K.. and to use at least ahout 10
standard polystyrona eamples. An RI (refractive

index) detector is used us a detector. Columns should
be used in combination aof a plurality of commorcially
available polyctyrcne gel columns. For example, Lhey
muy preferably comprise & combination ot Shodex GPC KF-
f01, 802, 803, 804, 805, 806, 807 and 800P, available
from Showa Denko K.K.; or a combiunatlion of TSKgel

G1°°°H‘Hxn" GZOOOH(Hxn), G3000H(Hx G400CH (R

L)’ x.) e
GSO00H (Hy, ), GEQOOH(Hy, ), G7000H(H,, ) end TSKguard-
colunn, available from Toso Co., Ltd.

The sample ir prepared in the following way:
A eample is put in THF, which is left to stand for
several hours, followed by thorough shaking so that
the semple is well mixed with THF (until the semple
becoome free of coalescence), which is further left to
stand for 12 hours or more. Here, the sample is so
made as to be loft in THF for 24 hours or more.
Thereafter, the sawple iy passed through a sample
treating filter (pore size: 0.45 to 0.5 um; for
example, Maichoridisk H 25 5, availuble from Toso Co.,
Ltd., or Ekikurodisk 25CKR, availahle from Gorman
Science Japan Ltd. can be used), and the resulling
sample is ueed as the sample for GPC. toncentration
of the sample is s0 controlled as to give o resin

component of from 0.5 to 5§ mg/ml.
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The developer of the preecent invcention may
preferably comprise i) & tuner cvontaining the binder
resin containing not less than 15 % of a component
with a molecular weight of not more thon 5,000 in
molecular weight distributlou us measured by GPC, ii)
styrene type fine organic powder having a smaller
avorage particle diamctcr thon said toner and iii)
fine inorgunic particles having a smaller average
particle diameter than said fine organic particles;
the esurface ehapg ;phericity ¥ of sald styrene type
fine organic powder being in the range of from .90 to
0.50.

The developer of the present invention may
preferably be a one-component magnetic devalanper
c0nprieing a magneétic toner containing o magnetic
material in the toner pacticle. In this instance., the
magnetic material serves alsn as a colorant. The
magnetic material contecined in the megnetic toner may
include iruu uxides such as magnetite, hematite and
territe: and metals such as iron, cobalt and nickel,
or’ alloyc of any of these metals'ufth @ metal or
metals such as aluminum, cobalt, copper, lead,
magnesium, tin, zinc, antimony, beryllium, bismuth,
cadmium, calcium, mangenese, seleuium, titanium,

tungstleu dand/or vanadium, and mixtures of any of

these.
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The magnetic matcrial ohould preferably be &
magnetic material having e BET surface specific area

of from 1 to 20 m>/g, and particularly preferably from

2

2.6 to 12 m“/g, ae mcaourcd by the nitrogen adsorptiova

method. It may also preferably be a magnetic powder
having a Mohs hardness of from § to 7. Thie magnectio
powder should be contained in an amount of from 10 to
70 % by weight based on the toner weight.

. Any of those magnetic matericlo may preferably.
be those having an averege particle diameter of from
0.1 to 2 um, an& more prefersbly from 0.1 to 0.5 um,
and should be contained in the toner in an amocunt of
from 20 to 200 parts by weight based on 100 parts by
weight of the resin component, and particularly
prefersbly from 40 to 150 parts by weight based on 100
parts by weight of the resin component.

The magnetic materisl may preferably bc those
héving a coercive force (Hc) of frowm 20 to 150 Oe, a
saturation megnetization (s) ot trom 50 to 200 emu/g
and a residual magnetization {or) of from 2 to 20
cmu/g.

The colorant usable in the toner may include
Aany suitable pigments or dyes.

The pigmentls may include, for example. carhon
black, aniline black, acetylene black, Naphthol

Yellow, Hansa Yellow, Rhodaminc Laeke, alizarin Luke,
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sed lroﬁ oxide, Phthalocvanine Blue and Indanthrene
Blue. Any of these may be used in an amount large
cnough to maintain the optical densitly of fixed
images. The pigment may Dreferably be used in an
amount of from 0.1 part by weight to 20 porta by
weight, and more preferably {rom 1 part by weight 10
10 parts by weight. based an 100 parts by weight of
the regin. The dycc may also be used for the same
purpose. They may include, for example, azo dyes,
anthraquinone dyes, xanthene dyes and methine dyes.
The dye may prcferably be used in en amount of from
0.1 purt by weight to 20 parts by weight, and more
prafargbly from 0.3 part by weight to 10 parte by
weight, based on 100 parts by weight of the resin.

. The toner used in the present invention may
preferably contain a wax in the toner partiocle.

The wax may include, for exuample, polvolefin
waxes, solid paratrtin wax, micro wax, rice wax, amide
waées, fatty acid waxes, fatty ecid metal salt waxes,
partially seponified fatty acild ester waxes, silicone
wax, higher alcohols, and carnauba wax. The wax may
preferably be containcd in en amount of frum 0.5 part
by weight to 20 parts by weight, and more praferably
from 1 part by weight to 12 parts by weight, based on
100 parts by weight of the binder 1esiu for the toner.

Wax in &n excessively large content may result
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in an increage in free wax, making it impossible to
prevent the problems of faulty cleaning, contamination
of fixing rollers, a lowaring of developing
porformance, etc., cven in the developer containing
the styreae iype fine resin particles of the present
invention. On the other hand, wax in an excessively
emall contcnt moy zredult in & lowering of fixing
performance and anti-offset. The wax may preferably
have a8 broad molecular weight distribution. From the
viewpoint of improving cleaning pecformunce of OPC
photosensitive members, it may preferably be nat less
than 5, and more preferably from 5§ to 10, in weight
average molecular weight/number averuge molecular
weight (Mw/Mn}.

"In the prescnt invention, polyolefin waxes are
particulurly preferred. Of these, polypropylene wax
and polyethylene wéx are preferred: Use of such wax
enablcc achicvement of better fixing perfluormance,
cleaning performance and developing performance.

As the oclefin monomers conetituting the
polyolefin waxes, it is possible to use, for example,
elhylene, propylene, butene-1, pentene-1, hexene-1,
heptena-1, actene-1, nonene-1 and deccene-1, or isomers

of any of these, having unsalurated bonds at dirterent

. pusitions, end also oletin monomers having branched

chains comprising an alkyl group, such as
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3-methyl—-l-butene, 3-methyl-2-pentene and 3-propyl-5-

methyl~2-hexene.

The molecular weight distribution of the wax

according to the present invention can be measured,

for example, in the following way.

Measurment conditions:

A.

B.

C.

F.

Apparatus: Waters Associates GPC-150C

Column: Shodex A-80M

Solvent: o-Dichlorobenzene (0.1 wt/vol % ionol
- added), 135°C, 1.0 ml/min

Preparation of sample:

Concentration: 0.1 wt/vol %
Solubility: Entirely soluble when used at
high temperatures.

Filtration: None

. Pour: 400 nl
Detector: RI (differential refractometer) 32 %
50 %

Molecular weight calibration:
On the basis of monodisperse polystyrene
molecular weight.

The developer of the present invention may

preferably comprise i) a toner containing a wax with a

weight average molecular weight/number average

molecular weight {(Mw/Mn) of not less than 5, ii)

styrene type fine organic particles having a smaller
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average particle diameter than said toner, and iii)
fine inorganic particles having a smaller average
particle diaﬁeter than said styrene type fine organic
particles; the surface shape sphericity ¥ of said
styrene type fine organic powder being in the range of
from 0.90 to 0.50.

To the developer of the present invention,
other additives as exemplified by & lubricant such as
Teflon or zinc stearate or, as a conductivity-
proviéing agent, a metal oxide such as tin oxide may
be added so long as the developer is substantially not
adversely affected.

Methods for the preparation of the toner may
include a method in which component materials are well
kneaded using a heat kneader such as a heat roll, a
kneader or an extruder, followed by pulverization and
classification to obtain the toner; a method in which
other materials are dispersed in a binder resin
solution, followed by spray drying to obtain the
toner; and a method in which given materials are mixed
in monomers that constitute the binder resin, to form
aen emulsified suspension, followed by polymerizafion
to obtain the toner.

The developer of the present invention can be
prepared by dry-mixing the toner, the organic fine

resin particles and the fine inorganic powder by means
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of @ mixing machine such ae Henschel mixer.

A contact charging process that can be
prhferab]y used in the present invention will be
gpecifically described below.

Fig. 3 schematically illustrates the
constitution of an example of thc contact charging
device or assembly. Reference numergal 1 denotes &
photosensitive drum which is a chargeable member
ocrving as the electrostetic image bearing membesr, and
is comprised of a conductive substrate comprising a
drun substrate 1la mado of aluminum, on the external
surfece of which an oryunic photoconducfor {OPCG) 1b
serving as a photasensitive layer is formed. The
photosensitive drum is roteted at & given speed in the
direction of an arrow. In this exanmple, the
photosensitive drum 1 is 30 mm in outer diameter.
Reference numeral 2 denotes a cherging ruller which 1s
& charging member brought into contact with the
photosensitive drum 1 et @ given pressure, and is
comprised of e metal mandrel 28, 8 conductive rubber
layer 2b provided thereon, and further provided on ite
external surface a esurfoce layer 2¢, a release film.
The conduclive rubber layer may preterably have =

thickness of from 0.5 to 10 mm, and prefcrably from 1

to 5§ mm. The surface layer in this example comprises

e release film. It 1is preferred to provide this
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release film so that the developer and image forming
m;¥hod according to the present invention may match
each other. However, a release film with en
exceesively large resistivity may give no
electrostatic charges on the photoéensitive drum 1 and
on the other hand a release film with an excessively
small resistivity may cause an excessively large
voltage applied to the photosensitive drum 1 to tend
to damage the drum or produce pinholes, and hence the
10 release film should have an appropriate resistivity.
The release film should have a volume resistivity of

from 10° to 1014

Q.cm. Here, the release film may

préfeéably have a thickness of not more than 30 num.

The lower iimit of the thickness of the film may be
15 smaller so long as no peel or turn-up may occur, and
can be considered to be about 5 um. Preferably the
release film should have a thickness of from 10 to 30
nm.

In this example, the charging roller 2 hes an

20 cuter diemeter of 12 mm. The conductive rubber layer
2b, having & thickness of 3.5 mm, is composed of an
ethylene-propylene-diene terpolymer (EPDM), and the
surface layer 2c is formed of & nylon resin in a
thickness of 10 um. The charging roller 2 is made to
25  have a hardness of 54.5° (ASKER-C). Letter symbol E

denotes & power source that applies a voltage to the

e i T
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charging-rollcr 2. 1t supplies a given voltage to the
nundrel 2a {(diameter: 5 mm) ©f the charging rollier 2.
In Fig. 3, the letter symbol E indicates a DC voltage.
It may preferably be e direct curreut o?erlaid with an
AC voltage as shown in Fig. 4.

Preoferable conditionc uccd here for contact
charyging process asre shown below.
Contact pressure: S to 500 g/cm
AC voltage: 0.5 to 5 KVpp
AC freQquency: 50 to 3,000 Hz
DC voltage: =200 to =900 V

- Fig. § schematically illustrates the

conatitution of another example of the contact
oharging member according to the present invention.
The members common t¢ those in the device shown in
Figs. 3 and 4 have tho same reference numbcr, and
repetitive description therecon s umitted.

in this example, a contact charging member 3
is blade-cheped, which ic brought inte contact with
the pliolusensitive drum 1 in the normal direction
under a given pressure. This blade 3 ie comprised of
a holding metal member 3a to which a voltage is
apblied, & conductive rubber 3b supported by the
mambar 2w, and a surface layer 3c serving as the
rcleoase film, provided et Lhe purt coming into contact

wilh (lie photosensitive drum 1. The surface layer 3¢

i
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iy formed of nylon in & thickness ot 10U um. According
to this example, difficulties such ae sticking of the

blade to the photosensitive drum Jdu not occur, and the

‘seme operation end eftect as in the previous examples

can be achieved.

In the examples described above, the roller-
shaped or blade~shaped member is used aes tho cha?ging
member. Without llmitation thereto, the present
invention can also be carried out using a member with
a differcnt ohape.

In the above examples, the charging memhar is

constituted of e conductive rubber layer and a release

film. Its constitution is by nu meens limited to it.

For example. in some instances. a high-resistance
layer (e@.g., a hydrin rubber laycr with -less
environmental variations) may preferably be formed
between the conductive rubber layer and the releace
film surface layer so that leakage to the
photosensitive member can be prevented.

As the meterial for the relcase film, PVDF
(pplyvinylidene fluoride) and PVDC (polyvinylidene
chloride) may also be used in place of the nylon
resin. As for the photoccnsitive member, awurphous
silicon, selenium, 2u0, etrc. can also be used. In the
case when amorphous silicon is used in the

photosensitive member, emcared images may seriously
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occur. compared with the case whaen other material is
used, if the eoftcniﬁg agent in the conductive rubber
layer adheres to the photosensitive member even in a
rmall quentity. Hence, it can be moie offective to
provide such an insulative coating on the ovuter side
of the conductive rubber lavyer.

The present invention is particulorly
effective for an_;wage forming apparatus comprising an
electrostatic image bearing member (a2 photosensitive
drumr) whooc surface is formed of an organic coumpound.
Thiy is because, in the case when an organic compound
forms a surface layer, the binder resin containing the
toner ténds to adhere to the surface layer and hence
the melt adhesion of toner tends to oﬁcur at the
contact point particularly when the camc moterials are
used.

Surface materials for the the electrostatic
image bearing member according to the present
inventlion wmay include silicone resin, vinylidege
chloride, ethylene-vinyl chloride, styrene-
acrylonitrile, styrene methyl methacrylute, styrene,
pelyethylene terephthaiste, and polycarbonata. The
materials are hy nn means limited to theec, and other
monomerc or their copolymers or bleads with any of the

exemplified resins can also be used.

This Sheet Has Been Replaced




W

10

18

20

23

- 59a -~

The present invention is particularly
ettective for an image forming epparatus comprising an
clcotrogtatic image bearing member with a diametler of
50 mm or less. This is because. in the case of drums
with a small diemeter, pressure tonds to be locallized
at the contact part beceuse¢ of a large curvature even
under the same linear pressura.

The eame phenomcnon is conaidered to occur in
belt type photosensitive members., and the present
invention is particularly effoctivé-for an image
forming apparatus wherein the curvature redius at the
trensfer portion is Z% mm or less.

The developer for developing an clectroatatic
image according Lo the present invention can be
preferably used particularly in a heat roller fixing
eyetem. A hcat roller fixing device is usually
comprised of a heat roller, a pressure roller provided
opposingly thereto, and a heat source built in the
heating roller. A cleaning roller is uptionally
provided opposingly to the heating roller. .In the
fixing of the developer, a transfer medium with a
toner imege having been transferred thereto is passed
through between the heating roller and the prcasure
roller while kecping the temperature of the heating
roller to & given temperature by means of the heat

source, whereby the tonar image is brought into direct
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contact with the heating roller so that the toner
image can bc fixed by hcat and pressure to the
transfer medium. The heating roller may n:eterablv be
made of a fluarine type material or a silicone type
material, which can remarkably improve the durability
of the heating roller because ot the cooperative
action of the material and the devcloper of the
preseul invention.

The image forming method and electro-
photographic apparatus of the present inveution will

be described below with reference to Fig. 6.

This Sheet HasB

e T




10

18

20

25

The surface of a photosensitive member 501
serving as the electrostatic image bearing member is
negatively charged by tho operation of a coatact
charging assembly 502, the coniaut charging means
previously described, having a voltage applying means
6§16, ond o digitel latent image is formed by image
scanning through exposure $05 using a laser beam. The
latent image thus formed is reversely developed uecing
a negatively chargeable one-component magnelic
developer 510 held in e developing assembly 509
equipped with a doveloping sleeve $04 in which o
magnetiq blade 511 aud.a magnetl are proyided. In the
developing 2one, an AC hias, a pulse bias and/or a2 DC
bias is/are applied between a conductive substrate of
the photosensitive drum 501 and the developing sleeve
5§04 through e bias applying means $12. A transfer
paper P is fed and delivered Lo a trunsfer zone, where
the transfer paper P is electronstatically charged from
ite back surface (thc surfocc opposite to the
pholosensitive drum} through a transfer means 503, so
that the developed imAage (toner image) on the surface
of the photoccnoitive drum is electrostatically
transferred Lo the transfer paper F. The transfar
paper P separated from the photosensitive drum 501 is
gubjected to fixing using a heal~pressure roller

fixing unit (thermal platen) 507 so that the toner
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image on the transfer paper P can be fixed.

The one-component magnetic toner remaining on
the photosensitive drum 501 after the transfer step is
removed by the operation of a clcaning assembly 508
having a cleaning blude (or & cleaning roller). After
the cleaning, the residual charges on the
photosensitive drum 501 is eliminated by erase
exposure $06 if peqessarv. and thus the procedure
again starting from the chérging step using thec
contact charging essembly 502 is repeuted. The erase
exposure may be omitted when an AC bias ig spplied to
the contact charging asccmbly 502.

' The electrostatic image bearing member (the
photosensitive drum) comprises a photoseneitive layer
and a conductive substrate as previously described,
and is rotated in the direction of an arrow. TIn the
doveloping zone, the developing clccve 504, a non
magaeliv vyliuder, which is the developer carrying
memhar, is rotated so as to move in the same dircction
ac the direction in which the electrustalic image
bearing member 1s rotated. In the inside of the non-
magnatic cylindrical sleeve 504, a multi-polar
permanent magnet (magnet roll) serving as a magnetic
field generating means is provided in an unrotatable
state. The one-componcnt insulating magnetic toner

$10 held in the develouping assemblv 509 1s coated on
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the surface of the non-megnetic cyliandricol sleeve
604, end, for example, minug triboelectric charges are
imparted to the develaper hecause of the friction
bct#ccn the surfece of the sleeve 504 and tﬁe the
developer. A doctor blade 511 made ot iron is
disposed opposingly to one of the mégnetic polc
positions of the multi-polar permsnenti magnet, in
proximity {with a space 0t trom S0 um tn S00 um) to
the gurfgsce of the cylinder. Thugs, the thickness of a
Loner luyer cun be controlled to be small (from 30 um
to 300 pm) and uniform so that a toner layer smaller
in thickness than the gap between the electrustatic
image béarina nember 501 and developer carrying membear
504 in the developing zone can be formed in a non-
contact state. The rotalional speed of this developer
carrying member 504 is ragulated sa that the
poripheral epeed of the clceve can be substentially
equal or cluse Lo the speed of the peripheral speed oOf
the elactrostatic image bearing member. As the
magnetic doctor blade 511, e permanent magnetl may be
used in place of iron to form an opposing magnetic
pola. Tn the developing zone, the AC bias or pulse
bias may be epplied through the bius means 512, across
the developer carrying member 504 and the surface of
the electrostatic image bearing member 501. This AC

biaos may heve a frequeacy uf from 200 to 4,000 Hz. and
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a Vpp of from 500 to 3,000 V.

When the toner particlcs are moved in the
develupiny zoue, the toner particles are moved to the
side of an electrostatic image hy the electrostatic
force of the clcotrostatic image bearing member
surface and the action of the AC bias or pulse bias.

Tn plece of the magnetic doctor blade §11, an
elastic blade formed of an elastic meterlal such as
silicone rubber ﬁéy be used so that the layer
thickneee of the developer layer ocan be controlled by
pressure und the developer can be therebyv coated on
the devaloper carrying member.

'The cleaning step may be simulténeuusly
carried out in the charging step., developing step or
transfer step.

The electrophotographic apparutus may be
constituted ot a combination of plural components
intogrally joined sg one apparatus unit from among the
constituents such as Lhe above electrostatic image
bearing member, daveloping means and cleaning meane so
that the unit con be freely mounted on or delached
from the body of the apparatus. For example, at least
one of the contact cherging means, dcveloping means
and cleaning means may be integrslly supported
together with the electrostatic image bearing member

to form ona unit that can be freecly mounted on ur
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detached from the body of the apparatus, and the unit
can be freely mounted or detached using a guide means
euch ac a rail provided in the body of the apparatus..

In the case when fhe electrophotographic
apparatus of the present invention is used as a
printer of a facsimile machine, optical imuye exposing
light 0% serves as exposing light used for the
printing of received data. Fig. 8 illuatrates an
example thereof in the form of a block diagram.

A controller 611 controls an imgge reading
part 610 and a printer 619. The whole of the
controller 611 is controlled by CPU 617. Image data
outputted from the image reading part is sent to the
other faccimilc otation through a transmitting circuit
613. Data received from the other station is sent to
a printer 619 through a receiving circuit 612. Given
image date are stored in an image memory 616. A
printer controller 618 controls the printer 619. The
numeral 614 denotes a telephone.

An image received firom a circuit 615 (image
information from a remote terminal connected through
the circuit} is demodulated im the recceiving circuit
612, end then successively slured in an image memory
616 arter the image intormation is decoded by the CPU
617. Then, when imagee for at least one page have

been stored in the mewmoury 616, the image recording tor
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that page is carried out. The CPU 617 reads out the
image information for one page from thc memory 616 and
sends the coded luwmage information for one page to the
printer controller 618. The printar controller 618,
having received the image information for one page
from the GPU 617, controls the printer 619 so that the
image information for one page is recorded.

The CPU 617 receives image informution for
next page in the'course of the recording by the
pr}ntcr 619.

Fundamental constitution and characteristic
featuras of the present invention are as described
above. In the following, the present invention will
be specifically described by giving Examples. 1t
should be noted that the working embodimente of thc
present invention are by no means limited by these.

In the following examples, "part(s)" refars to
"part{e) by weight®.

Preparalivu of toners:

Praparation Fxample 1

Styrenc/n-butyl methacrylate/divinylbeuzene copolymer
(copolymerization ratio:?70:29:1;: Mw: 280,000)

100 parts

Finc magnctic powder (DET value: 7.5 mzlg)

100 parte

Negative charge control agent {excmplory complex (I)-3)

0.5 part
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The ebove materlals were mell-kneaded using a
twin-screw extruder heated to 140°'fC. After cooled,
the kncoded product was crushed using e hammer mill to
give coarse particles, which were then finely
pulverized using a jet mill. The resulting finely
pulverized product was subjected to air classification
to give a classified magnetic powder (magnetic toner
1)-w1th a weight average particle diamcter (Dd) of 6.8
#m (number average particle diameler:5.2 um) (Ty:
60°C). The magnetic toner obtained had nagative
triboelectric chargeability and alco had clectrical
insuluting properties.

Preparation Exanmple 2

A classified magnetic powder (magnetic toner
2) having the same average particle dismeter as that
in Preparation Examnplae 1 was obtained in the eamc
manner as in Preparation Exemple 1 excepl Lhat as the
charge control agent the exemplary complex (I)-3 was
replaced with exemplary complex (I)-2.

Preparatioa Example 3

A classitied magnetic powder (magnetic toner
3) having the game averagc particle diameter as that
in Prepacallon Example 1 was obtained in the same
manner as in Preparation Example 1 except that ac thc

chargc control sgent the exemplary complex {(I)-3 was
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replaced with cxcmplary complex (I) 6.

Preparation Example 4

A classified magnotic powder (magnctic toner
4} having the same aversge particle diameter as that
in Preparation Example 1 was obtained in the same
manner &§ in Preparation Example 1 cxcept that no
negative charge cunlrul mgent was used.

Preparation Example &

A claesifiéd magnetic powder (magnetic toner
$5) withh & weight average particle diameter of 12.Y% um,
having tha same average particle digmeter as that in
Preparation Exemple 1 was obtained in the seawe mauver

as in Preperation Example 1 except that the fine

'magnetic powder wags ueced in an omount of 60 parts.

Examples 1 tu 5 & Comparative Exaemples 1 to §

Fine resin particles and hydrophobic fine
silica powder ac chown in thc following Tebles 1 and
2, respeclively, were added to 100 parts of the above
magnetic tonars in tha combination as shown in Table
3, snd mixced uwoing a Hensachel mixer to give vue~
compouent maynetic developers.

Next, these respective ocne-component magnetic
devclopers thus prepared were each luaded in the
electirophotographic apparatus as shown in Fig. 6 (a
modified machine of LBP-811, manufactured by Canon

Inc.) having a contact chacygiuy assembly and e
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cleaning blade made of polyurethanc. While epplying a
DC voltege (-700 V) and an AC voltage (500 Hz, 2.000
Vpp) to the contact charging assembly, practical copy
tests to form toner images continuously on Ad-size
paper at a printing speed of 16 sheets/min according
to the reversal developmont system were carricd out in
an environment of low lemperature and low humidity
(15°C, 10 %¥ RH), and print-out images were evaluated.
At thc some time, the state of the surface of the
charging member (roller type) was examined.

The photosonsitive member uecd wac an OPC
photosensitive member comprising a drum substrate on
the_extérnal surface of which a photogsensitive layer
compriced of a charge generation layer and a charge
transport layer (comprising a charge transporting
compound dispersed in pnlycarhonate resin), and the
photosenaitive member had & surface with abrasion
characteristics of 2.5 x 10" 2 cm°> as abrasion wear
measured using a Taber's gbraeion rcsistance tester.

As previously described, the charging roller 2
has & diameter of 12 mm, the mandrel has a diamcter of
5 mm, the conduotive rubber layer 2b has a thickness
of about 3.5 mm, and the release tilm formed of
methoxymethylated nylon has a thickncss of 20 um. The
roller was brought into pressure contact with the OPC

photosensilive member at a total pressure of 1.2 kg
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(linear pressure: 55 g/ecm).

In the image forming spparatus, the (ovner
layer on the sleeve was made to have a thickness of
130 pm, and the gap whore the elccve and the OPC
photosensitive member becume closest was set 10 be 300
um. Llmage reproduction tests were carri@d out while
applying a DC bios (-500 V) and an AC bias (1,800 Hz,
1,§oo Vpp) to the developing sleeve.

Tebles 1 and 2 show physical properties of the
fine resin perticles (A) end (huse uf the fine silica
powder (B}, respectively. Tablé 3 shows the
composition of each developer and the results of
evaluation. As the ¢usrying device, the plade type
charging assemhly as shown in Fig. 4 was used in
Erxromple 5, and the roller type as shown iu Fiyg. 4 was
used in Examples 1 to 4 and Comparative Examples 1 to
. :

Charge non-uniformity due to the contamination
of the charging memhar was evaluated by observing
lateral line images of about 100 ¢ in line intervals
and ebout 100 p in line width.

Dot reproduction was evaluated by observing
with @ microscope the reproductiou vf images rormed.

afier 10,000 sheetr running., by develaoping a checker

pattern as shown in Fig. 12, comprised of squares each

one side of which was 100 uwm ur S0 un.
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Table 1

Fine resin particles A

Number
Sur av.
_ face par-

Fine shape ticle Volume Charge

resin spher~- dia- resis~ quan- Composition and

part- icity meter tivity tity monomer unit

icles P {um} {Q-cm) {ne/g) {(wt.%)

A-1 0.86 0.5 3x10% -390 SU/MMA/BA
(53/35/12)

A-2 0.60 0.6 3x10'% 26  st/MMA/BMA
(65/20/15)

A-3 0.78  0.05 6x10% 28 St/MMA/2EHA
(60/20/20)

A-4*  0.99 0.5 sxi0ld  +s0 MMA

A-5+  0.0¢ 0.6  x10%%  -20 MMA/BA (85/15)

* Comparative Example
St: Styrene

MMﬁ: Methyl methacrylare,
BA: Butyl acrylatc

BMA. Butyl melhacrylate

ZEHA: Z¢-Ethylhexyl acrylate
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Table 2

Fino silica powder B

BET

Sur- Number

face av. dia-
Fine spe- meter of Charge
silica citic primary quan-— Treatment agent
powder urua particles tity

(m2/9) (1im) (nc/g)
B-1 200 0.012 -175 Hexamethyldisilazane

T +dimethylesilicone oil
B~-2 300 0.008 -240 Dimethylsilicone oil
B-3 200 0.012 -30 Control
cet Has Been Replaced
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Table 3 -
Results of Evalustion
Charge non-
uniform:ty due to
contamination Jdot Image
Image dengity of contact repro- den~
Afterxr charging member duction sity
Fine Fine 3Cx €Cx 100x 30x 60x 100k == x= noauni-
Toner resin silica Ini-~ 1cCC 16C 100 100 100 100 129 59 form-
particles powder tial sk, sh, sh. sh, sh. 81, u r ity
Example:
1 i A-1 0.2 B~-1 0.8 1.4 1.4 1.4 1.4 A(No!: A([No) A(No) A a A
2 2 A-1 0.2 B~1 0.8 1.4 1.4 1.4 Z.4 A{flo} A{No)} A{ND) A A A
3 3 aA~1 0.2 B~-1 0.8 1.4 1.4 1.4 2.4 AiNo} A(No) A{Nd>) A A A
4 1 a-2 0.15 B~-2 0.5 1.3 1.38 1.4 .4 AlNoi A(No) A{No) A A A
5 1 A-3 0.05 B-1 1.2 1.4 1.4 1.4 i.4 A!Nol A(No) A(No) A A A
6 4 a-1 0.2 B-1 1.5 1.4 1.3 1.2 1.1 A{No}) A(No) A(No) A A A
7 5 A-1 0.2 B-1 ¢€¢.3 1.4 1.4 1.35 1.3 A(No) A{No) A(No) A B A
Comparative Example:
1 1 None Bp-2 C.£f 1.1 1.2 .2 1.3 A(No) A(N>) C(*2) A A A
2 i A-4 0.2 B-2 1.2 1.2 1.2 1.3 1.4 A{Ne) A(N2) C(*3) A A c
3 3 A-5 0.2 B~-3 ¢.&§ 1.2 1.2 1.1 1.0 A{No) o©(*1) - A A c
*1: Dccurred on 5,000 sheets
*2: Dcocurred on 8,000 sheets
*3: Decurred on 9,000 sheets
Remarks:
(1) Amounts of the fine resin partic.es and Zine silica powder added are indicated as

parts by wejght based on 100 parte by welght of the
(2) Evaluation of dot reproduction (reproduction of 100
~hree or more Adots

A: Two or less dots lacked, B:

toner.

black dots):

lacksd.
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Preparation Example 6

Styrene/n-butyl methacrylate/divinylbenzena copolymer
{(copolymerization ratio: 70:29:1; Mw: 280,000)

100 parts
¥ine magnetic powder (BET value: 7.5 m2/g)

80 parts
Negative charge control agent: 3,5-di-tert-
bukylsalicylic acid chromium complex 2 parts
Low -molecular weight polypsropylene (Mw/Mn = 5.8)
8 parts
The above matcriocls were melt kneaded using &
Lwiu-scfew extruder heated to 140°C. After cooled,
the kneaded product was crushed using a‘hammer mill to
give coargc particles, which were then finely
pulverized using a jet mill. The resulting finely
pulverized product was subjected to air classification
to give a classiflliled muygnetic powder (magnetic toner
6) with a weight avaerage particle diameter (Dd) of 7.8
um {(number avcroge particle diameter:6.1 um) (Tg:
60°C}).

Preparation Example 7

A classified magnetic powder (magnetic toner
7) having the same average particle diameter gas that
in Prepararion Example 6 wae obtained in the same

manncr 09 in Preparation Example 6 except that a

polyprupylene of Mw/Mn 6.5 was used as the low-
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molgcular weight polypropylene.

Preparulion Example 8

A classified magnetic powder {magnetic toﬁer
8) having the same average parlicle diameter as that
in Preparation Example 6 was obhtained in the same
mannér as in Preparation Example 6 except that the low-—
molecular weighit polypropylene was replaced with a
blend of a low-mnlecular weight polyethylene and a low-
molccular wcight.pélypropylene {Mw/Mn = B8.2).

Preparation Example 9

A classified magnetic powder (magnetic toner
9) having the same average particle diameter as that
in Prepération gxample 6 was obtained iﬁ the same
manner ac in Preparation Example 6 except that no low-
molecular weight polypropylene was used.

Fxamplas 8 ta 12 & Comparative Examples 4 to 7

Fine resin particles and hydrophobic fine
silica powder as shown in the above Tables 1 and 2,
respectively, were added to the abovc magnetic toners
in the combination as shown in Tuble 4, and mixed
using a Henschel mixer to give develaopers.

Using the rcepcctive developers thus ovbLtuined,
images were reproduced und evaluated in the same
manner as in Example 1 or 5. Results obtaincd are

shown in Table 4.
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Table 4
Reaults ¢f Eveluation

Charge non-uniformity

due tc contanination Image
2k $+1-3 Fine cf ccntact charging density contast
Toner resin silica Image memkber (after 10,000 Anti- non-uni- sharging
particles powder density sheet rurring) __offset formity  memdar
axample: .
8 6 A-1 0.2 3~1 0.8 1.4 A (Not cccur) A A Roller
9 7 A-1 0.2 B-1 2.8 1.4 A (Not occur) A A Roller
10 8 A-1 0.2 B-1 9.8 1.4 A (Not occur) A A Roller
12 6 A-2 0.158 B-2 0.5 1.3 A (Not occur) A A Roller
L2 6 4-3 0.05 B~1 1.2 1.4 A {Not occur) A A Blade
Comparative Exampl.e: . Qccur on
4 € None B~-2 0.5 1.9 C {(/ 6,000 sheets) A A Ro..er
£ 6 A~4 Q.2 B-2 1.2 1.3 c (" 8,000 sheets) A c Ro’ler
6 8 A-E (.2 B-3 0.8 1.4 3 (" 4,000 sheets) A c Roller
? 9 A-4 €.z B-1 0.8 1.3 2 (" 8,000 sheets) c C

Roller

Amounts of the fine resin particles and fine silica powder added are indicated as
parts by weight based on 100 parts by weight of the toner.

-—9’_—
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Preparation of tonar particles:

Prcparation Example 10

Copolymer 1 100 parts
Fine magnetic powder (BET value: 7.5 m%/g)
80 parts

Negative cherge control agent: 3,5-di-tert-
butylealicylic aecid chromium complex 2 perts

The ubove materials were melt-kneeded using a
twin~scraw extrn&ef heated to 140°'C. After cooled,
the kncaded product was crushed using a hammer will to
give coarse particles, which were then tinely
pulverized using a jet mill. The resulting finely
pulverized product was subjected to air classification
to give a classitied magnetic powder (magnetic toner
10) with a wecight average particle diametes (D4) of
7.8 um {(number average particle diameter:6.1 um) (Tg:
60°C).

Preperetion Example 11 (o 13

Clessified magnetic powders (wagnetic toners
11 to 13) having the same aversge particle diameter as
that in Preparation Example 10 were obtaiped in the'
Seme manner as iu Preparation Example 10 except that
the copolymer 1 was repleced with copolymer II to IV,
respectivoly.

Table 5 shows the compnsition of each

copolymer. Tg., and weight fraction of the reyion with
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a molecular weight orf not more than 5,000 in the
meoasurement by GPC after the toners have been formed.
Table §

Composition of copalymer

Magnetic Copoly- HWeight
tonear mer Composition Tg fraction (%)*

10 1 St/BA/MD 60°C 18.5

(15%/15/10)

i1 II St/BA/BMA/MB §9°C 25.4
{20/10/15/%)

12 111 St/2EHA/MB 60°C 20.1
(68/25/7)

13 Iv St/BA (BUL/20) 61°C 0.3

Weight fraction of region with molecular weight of
& 5,000 in the measurement by GPC after toner
formation

St: Siyreue

BA: Butyl anrylate

BMA: Butyl methacrylate

2EHA: 2-Ethylhexyl acrylate

MR- Monocbutyl nmaleate

Exarples 13-17 & Comparative Examples 8-11

Fine resin particles and hydrophobic fine

silica powder as shown in thc above Tables 1 and 2,
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respectivaly, were added to the sbove magnetic tonera
in the combination as sh§wn in Table 6, and mixed
using & Henschel mixer to give developers.

Ucing the respective developers thus oblaiued,
images were reproduced and evaluated in the same
manner as in Example 1 or §. Results obtained are
shown in Teble 6.

Similar tests were also carried out in an
environment of h;gh tomperature and high humidity
(32.5°C, 65 % RH). Prinl-uul jimayes were evaluartred,
and the state of the surface of the charging member
wae examincd.

ICharge non-uniformity due to the contaminatian
of the charging member was examined on lateral line
images of about 100 p In intervals and about 100 n in
line width (in an environment of low temperature and
low bumidity).

Melt adhesion of toner to the surrface of the
photosensitive member was evaluated on the bagie of
the number of whitc dots in solid black imaywes.
(Since il tends to occur in an environment of high
temparature and high humidity, tests were carried oul
in a cnvironment of high temperature and hign
humidity.)

Criterions for the evaluetion ace as shown

below.
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Melt adhesion of toner to the photoscnsitive member
surface:

A: No melt adhesion at all.

AB: Mclt adhegsion giving 1 to 3 white dots in au

A4 solid black image.

B: Melt adhesion giving 3 to 10 whitc dots in an

A4 solid black image.

C: Melt adhesion giving 10 or more white dots in
an A4 eoiia black image.

Fixing performance was evaluated in the
following way: In an enviromment of normal tempcrature
and normal humidity (23.5°C, 60 % RH), ua power source
was switched on atter the evaluation machine became
accuctomed to that cnvironment. Immediately after
wait-up, luteral line patterns of 200 u in iine width
(width: 2Q0 u; intervals: 200 um) were printed (on A4
papcr oct lengthwise). A printed image va Lhe first
sheet was used for the evaluation of fixing
parformance. For the evaluation of fixing
performance, the image was rubbed 1o and fro five
times with Silbon paper undar a load of 100 g, and
image come-off was cxamincd on the basis of the
average of image deusity fall rates ().

in the evalnation, bond paper with a surface

smoothnece of 10 {szec) or less wds used. (riterions

of the evaludtion are as shown belaw.
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Fixing performance:

A:

Cood (density fall rate: less than 10 %)

A little poor, but tolerable for practical use
{density fall rate: not lese than 10 % and
less than 20 %)

Untolerabie for practical use (density fall

rate: not leee than 20 %).
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Table 6
Results of Evaluation
Charge non— *] Image
uniformity Melt ad- den~
in lown temp. hesicn Pix- sity
1ow humidity of tener ing non-
Fine Fine environment {after per- uni- Contac:*:
“oner resin silica fnage {10,000 sh. 10,000 form- form~ charging
partic.es powder density ruaning) running) ance mity nenber
Example: .
23 0 A~1 0.2 g-1 0.8 1.4 A(No>t sscur) AB A A Ro.ler
14 11 A-1 0.2 B-1 0.8 1.4 A{N>t oczcur) AB A A Ro_’er
15 1z p-1 Q.2 B-: 0.8 1.4 A(Not oczsur) AB A A Ro.ler
1¢ 1C A-2 ¢.15 B-2 0.5 1.3 A(Not ocsur) A A A Roller
17 1¢ A-3 C(C.C& B~-1 2.2 1.4 A(Not occur) B A Blade
Ccnparative Example: Occur on
8 10 None B-2 0.5 1.2 c{/ 10,009 sh.) o] A A Roller
9 10 A-4 0.2 B-2z 1.2 .4 c(" 17,000 sh.) B B C Roller
10 12 A~5 0.2 £~ 0.8 2.0 c(* 5,000 sh.) AB A C Rcller
11 13 A-4 0.2 B-1 0.8 1.4  C(“ 17,000 sh.) AB c A Rcller

*1: In & onvironment of hicgr tenperature and high humidity.
Amounts o9f the fine resin perticles and fine silica powder added are indicated as

sarts by weight based on 1CC perts by weight of the toner.

_Zg_
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Preperation Exemple 14

sStyrene/n-butyl acrylate copolymer (copolymarization
ratio: 8:2; Mw: 270,000)
100 parts
Fine magnetic powder (BET value: 8.5 m2/g) 60 parts
Negative ocharge control egent (a moncazo dye chromium
comp lex} 0.6 part
T.ow~molecular weight polypropylene (Mw: 6,000)
3 parts
The above materials were melt-kneaded using a
twin-screw extruder heated to 140°C. After cooled,
the kneaded product was crushed using & hammer mill to
give coérse particles, which were then finely
pulvcrizced uoing e jet mill. The resulting fiuely
pulverized product was subjected to air classificatian
to give a classified magnetic powder (mognetic toner
14) with a volume averaye particle diameter of 12 um
{(Tg: 60°C).

Preparation Example 15

Styrene/2-elhylhexyl aecrylate/maleic acid n-butyl half
ester copolymer (copalymerization ratio: 7:2:1; Mw:

200,000) 100 parzts

Fine maynetic powder (BET value: 7.6 mzlg) 60 partg
Negative charge control agent (a salicylic acid

chromium complex) 2 parts
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Low—-malacular weight polypropylene (Mw: 6,000)
3 parts
The above materials were traated in the same
manner ag8 in Examplc 14 to give a clasaified magnel ic
powder (mugnetic toner 15) (Tq: §5°C).

Examples 18-22 & Comparative Examplce 12-14

Fine resin particles as shown in the following
Table 7 and fine silica powders as shown in Tahle 2
previously set o;t.and the above clacsificd magnetic
toners were mixed uasing # Henschel mixer in the
combination as shdwn—in Tabhle 8, ta give one-componont
magnetic developers having the toner to which the fine
resin particles and fine silica powder had been
extarnally added.

Next, these respective one-cumponeut magnetic
developers thus prepared were each lnaded in the image
forming gpparatue ac chown in Fig. 6 (& modified
machine of LBP-81I, manufactured by Canon lnc.) having
a8 contact charging assemhly. While applying a DC
voltage and an AC voltage {500 Iz, 2,000 Vpp),
practical copy tests 1o form toner images continuously
on A4-size paper at a printing speed of 16 sheets/min
according to the reversal development system were
carried out in an environment of nnrmal temperaturec
and normal humidity (25°C, 60 % RH), and prial-out

imagee wcre evalusted. At the same time, the state of
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the surfaces of the charging member (roller type) and
OPC photosensitive drum was examined.

. Table 17 cﬁowa physical properties of e fine
resin particles (A). Table 8 shows the composition of
each developer and the results of evaluation.

Criterions for the e¢valuulion are shown below.
Fogging:
A: Almost no fogging.
B: Fogging ;ééurs, but tolerable for practical
use.
C: Untolersble for practical use.
Melt adhesion of toner to OPC photosensitive membear:
A: No melt adhesion at all.
"AB. Melt adhesion giviny 1 to 3 white dots in an
A4 solid black image.
B: Melt adheceion giving 2 to 10 white dots iu an

A4 solid black image.

<

Melt adhesiaon giving 10 or more white dots in
an A1 ecolid black image.
Charge non-uniformity:
A: No charge non-uniformity at all.
B: Charg non-unifurmily a little occurs, bhut
tolerable tor practical use.
C- Charge non-uniformity clearly wvccurs.

Untolerable for practicel use.
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Table 7

Fine Resin Particles (A)

Spe- Tribo- Monomer
Sphe Tar cific elec~ compogi-
ric- ticle resist- tric- tion of
ity size ance ity Tg fine resin
¥ {um) {(Q-cm) {pe/g)  (°C)  particles
A-6 0.88 0.5 2x10° <40 110  St/MMA/2EHA
(70/20/10)
a-7 0.65 0.6 3x107  -20 101  St/MMA/BMA
(75/15/10)
a-8 0.52 0.5 sx10®  -60 90  St/MMA/2EHA
(80/6/15)
A-9  0.75 0.9 sx10'2 -5 105 St/MmMa
(56/45)
A-10 0.80 0.05  exioi! 200 98  Su/MMA/2EHA
(70/1.0/20}
A-11% 1.00 0.3 2x10%% 490 95  MMA/BA
(90/10)
A-12% 0.97 1.2 1x10%¢ <30 102 st/mMa
(20/80)
* Compearatlive Exumple
This Sheet Has Been Replaced
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Table 8

Results of Evaluation

Fine
Mag-  Fine resin inorgenic
netic particles-A pawder-R {1} Fogg- (2) (3)

Touer Type Amt. Type Amt. ing
Example:
i8 14 A-6 0.1 B 1 0.5 A A a4 1.4
19 14 A-7 -0.05 B-1 0.5 A A A 1.4
20 14 A-8 0.2 B-2 0.6 A A A 1.4
21 15 A-9 0.9 B-2 1.2 A A A 1.35
22 1% A-10 0.0Z2 B-2 0.4 A A A 1.4

Comparalive Exumple:

12 14 A-11 0.1 B-1 0.5 A c cC 1.s
13 is A 12 0.5 B-2 0.8 c c C 1.35
14 15 - - B-3 0.5 C A A 0.9

{(1): Melt adhesion of tuner (v photosensitive member

after 12,000 sheets running

(2): Cﬁarge non-uniformity {after 12,000 sheels

{3):

running)

image density .
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As having boen described above, use of the
ap;cific fine resin pearticles in combination with the
fine inorganic powder such as hydrophobic fine silica
pbwdor iec effective for rcmoving the free fine
ino;ganiu puwder to protect the surface of the
photosansitive member, and hence the developer of thc
present invention can give & toner image llinl is free
from toner contamination or fogging and has a high

quality.

A developer for developing an electrostatic

dimaye has a toner, fine resin particles with a surtace

shapa spharicity ¥ of from 0.90 to 0.50, and fine

inorganic particles.
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CLAIMS:

1. A developer for developing an electrostatic
image, comprising a toner, finc rcsin particles with a
surface shape sphericitly ¥ of from 0.90 to 0.5%0., and

fine inorganic particles.

2. The develuper according to claim 1, wherein
said fine rasin particles have an average particle
diometer smaller than the average purticle diameter of
said toner and larger than the average particle

diametor of said finc inorgonic powder.

3. The developer accarding to claim 1, whercin
said fine reein particles have a primary averaye

particle diameter of from 0.03 & to 1.0 u.

4. The developer according tu claim 1, wherein
suid fine resin particles have a primary average

particle diameter of from 0.05 B to 0.8 u.

§. 'The develaper according to claim 1, wherein
said fine resin particles have a lribuelectric charge

quantity of f(roum -200 Hc/g to +50 pa/g.

6. The developer accoucrding to claim 1, wherein

said fine resiun particles have a triboelectric charge
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quantity of from =100 nc/g to +30 uc/g.

7. The develaper according to claim 1, wherein
said fince recin porticles have a specific resistauce

6 Q-cm to 1013 Q-cn.

of from 10
8. The developer accourding to claim ), wherein

said tine resin particles comprise a styrene resin.

9. The developer according to claim 1, wherein
said fine resin particles have not less than 51 % by

weight of otyrcenc monomer units.

10. The developer according to claim 1, wherein
said fine resin particles have a yluss transition

point of 80°C or above.

11. The developer according to claim 1. wherein
said toner has a weight average particle diometer of
from 3.5 pm to 20 um, said fine resin particles have a

prisary average particle diameter of from 0.03 u to

3.0 u, end said fine inorganic powdcr has a primary

averggce particle dieameter of from 0.002 &1 to 0.2 u:
the primary average particle diameter of said fine
inorganic powder being emaller than the primary

average particle diameler of sald fine resin particles,
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12, The developer according to claim 11, wherein
said toner has a weight everage particlc diameter of

from 3.5 um (o 14 um.
13. Thc devcloper according to claim 11,

wherein sazd toner has a weight average partlcle
d1amefer of from 4 pm to 8 pm.

14. The developer according to clsim 13,
wherein said toner comprises toner particlee
containing a charge control ageat.

16. The decveloper according to claim 1, wherein
said toner comprises toner particles containing a
nagative charge control agent represented by the
following Formula (I).

Formula (1)

©
(Ar—N — N—AT)
. y
X ¢+ Y’
Ml
SN\
Y 1t X°
/ N\ ©
{ r—N = N—A r/ A

wherein M represents Cr, (o, Ni, Mn or Fe having the

coordination number of 6. Ar represeutls an aryl group

which may have a substituent: X, X', Y and Y! may be

the same or differeat and each repregsent O , -CO-,
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~NH- or ~-NR=-, where R represents an alkyl group having
1 to 4 carbon atoms; and Ao represents a hydrouyen ion,
a sodium ion. & potassium ion, an ammonium ian or an

aliphatic ammonium ion.

16. The devalopar acrording to claim 1., wherein
caid toncr comprises toner particles containing a wax
having a ratio (Mw/Mn) of weight average molecular
waight (Mw) fo number average molecular weight (Mn) of

not less than 5.

17. The developer according to claim 1, wherein
Suid toner bomprises toner particles having a binder
raesin containing not less than 1§ ¥ of a component
with a molecular weight of not more than 5,000 in a

GPC chromatogram.,

18. The developer according o claim 1, wherein
salid toner comprises toner particles having a hinder
resin containing from 15 % to 35 % of a component with

e molecular weight of nut more than $,000 in a GPG

chromatogram.

19. The developer accorading to claim 1, wheroin

said toner comprises magnetic toner particles.
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20. The developer according to claim 1, wherein
caid toncr comprioscs insulating megnetic toner
purticles having a negative triboelectric

chargaahility.

21. The developer according to claim 18.
wherein said toner comprises toner particlecs having a
binder resin cowprising & stlyrene polymer, a styrene

copolymer. or a mixture of these.

22. A method of forming an image by 8 process
comprising the steps of;

bringing & chargiag member tu which a voitage
has been externally applied. into contant with an
electroctatic imagce becaring member to effect
electrosta;ic charging;

forming an electrastatic image on the charged
clcctrostatic image bearing member,

developing the electrostatic image farmed on
said elentrostatic image bearing member, using a
devecloper to form a toner image; said developer
comprising a toner. fine resin particles with a
surface shape sphericity ¢ of from 0.90 (yu 0.50, and
fine inorganic purvicles: and

transterring the taner image formed on said
electrostatic image bcaring member to &

a transfer
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medium to form a transforred image.

23. The image forming methnd according to claim
22, wherein caid clcctrostatic image bearing member
has an OPC photosensitive member and is negatively
charged hy means of a charging member; an
elgctroetatic image having a negative cliarye is formed
on said electrostatic image bearing member: and said
electrostatic imsge ie revercely developed by the

tonter huving & negative triboelectric charge.

'24. The image forming method according to claim
22, wherein @ direct current voltage is applied to

said charging mambor.

25. The image torming method according to claim
22, whorein an alternating current wvoltage is epplied

to said charging member.

26. Thc imoge forming method accourding to claim
22, wherein a direct current voltage overlaid with an
alternating current voltage ie applied to said

charging member.

27. The image forming mcthod according (u claim

22, whercin said electrostalic image bearing member is
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cleaned by a cleaning blade after the transfer step.

28. The image forming method according to c¢laim
27, wherein part of the fine resin particlcs contained
in the developer is gol cleaned by said cleaning blade
put transterred to the charging memhar, so that said
fine recein particlce adherce to the surface of said

charging member.’

29, The image forming method accvordiung to claim
22. wherein said charging member is brought into
contact with said electrostatic image bearing member -~
at a contact pressure of from 5 g/om Lo 500 g/cm, and
from -200 Vv to -900 V of direct current voltage and
from 0.5 kVpp to 5 kVpp of altcrnating current voltage

are applied to szid charging member.

30. Thc image forming method accocrding to claim
29, wherein sald slternating current valtage has an

alternating current frequency of from 50 Hz to 3,000

H=.

31. Tho image forming method according to claim

22, wherein said_charging member is roller-shaped. has

4 release film surtace layer. and electrogtatically

charges the electrostatic image beering member while
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becing rototed.

32. The image forming method according to claim
22, wherein the electrostatic image is developed by

the developer according to any one of claims 2 to 21.

33. An electrophotographic apparatus
comprigsing:
an electrostatic image bearing member;
10 a contact charging member to which a voltage is
externally applied, which electrostatically charges
said electrostatic image bearing wember while being

brought into contact with 1t:

an olactrostatic image forming meanz for forming
" an electlrostigtic image on the charged electrostatic
image bearing memher:
o developing means for developing the
electrostatic image thus formed: said develnping means
comprising » developer carrying member and a developer
20 container that holds therein a Jdeveloper:; said
developer comprising a toner. fine resin particles
with » surface shape sphericity ¥ of from 0.90 to
0.580, and fine inorganic particles; and

a transfer means for transferring the toner

image formed on said clcgtrostatic image beering

member to a transfer medium.
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34. The electrophotographic upparatus according
to claim 33, wherein said electrostatic image bearing

member has an OPC photocensitive layer. .

35. The elactrophotographic apparatus according
to claim 23, wherein said contact charging member is

connected with a voltage applying means tor applying a

direct current voltage.

36. The electrophotographic apparatus according
to claim 33, wherein said contact charging member is
connected with a vollage applying means for applying

an alternating current voltage.

37. The electrophotographic apparatus according
to claim 33, wherein said contact charging member is
cohnected with a voltege applying means for applying &
direct current voltage overlaid with an alternating

current voltage.

38. The electraphatagraphic apparatus according
ta claim 33, whercin said contact éhargiug member is

roller-shaped.

39. The electrophotographic apparatus according

to claim 33, wherein said contact charging member is
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blade-shaped.

40. The electrophotographic apparatus according
to claim 38, wharein said contact charging member has

a releaszse film surface layer.

41. The electrophotographic apparatus according
to claim 33, wherein said electrostatic image bearing
member is provided with a cleaning means tor cleaning

a tonor remaining after transfer.

42. The electrophotographic apparatus according
to cloim 41, wherein said cleaning means is provided

with a cleaning blade.

43. The electrophotographic appacatlus according
to claim 33, wherein said developer container holds

the developer according to any one of claima 2 to 21.

44. An apparatus unit comprising;

an sloectrostatic image bearing member,

a contact charyging member Yo which a voltage is

externally applied, which electrostatically chargés

said electrostatic image bearing member while being

brought into contact with it: and

a developing means for developing an
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electroustatlic imayge thus formed; said developing means
comprising a developar carrying wmember and a developer
contginer that holdc thercin ¢ developer; said
developer cumprising u touer, fine resin particles
with a surface shape sphericity ¥ of from 0.90 to
0.50, and fine inorganic particles;

said contact ¢charging means and said developing
me;ns being held-as one unit together with said
electrostatic image bearing member, and said unit
torming 28 singie unit detachebly provided in the boady

of an electrophotographic apparatus.

45, The apparatu¢ unit according to claim 44,
wherein said electrostatic image bearing member has an

OPC photosensitive laver.

46. The apparatus unit acvcording w claim 44,

wherein said contact charging member is roller-shaped.

47. The apperatus unit according to claim 44,

wherein saild contact charging member is blade-shaped.

48. The upparatus unit according ta claim 46,
wherein said contact cherging member has e release

£film surfacc layer.
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49Y. The apparatus unit according to claim 44§,
wherein said electrostatic imagc becoaring member is
provided wilth a ¢leaning means for cleaning a toner

remaining on its surface.

§0. The apparatus unit according to claim 49,

wharein said cleaning means has a cleaning blade.

S1. The apparatus unit according to claim 44,
wherein gaid developer containcr holds the develcper

accordiuyg tuv zuay one of ¢laims 2 to 21.

62. A focsimile apparatus comprising an
electrophotographic apparatus and a receiver means for
raceiving image information from a remote terminsl;

said electrophotographic spparatus comprising;

an electrostatic image bearing member:

a contsct charging member to which a voltage is
externally applied, which eleclrostatically charges
said electrostatic image hearing member while being
brought into contact with it:

an e¢lectrostatic image forming means for forming
an electrostatic image on the charged clectrostatic
image bearing mcmber;

a developing means for developing the

electrostatic image thus formed; said developing means
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comprising a developer carrying memher and a developer
container that holds therein a dcvcloper; seid
developer comprising & (ouer, [iune resin particles
with a surface shape sphericity ¥ af fraom 0.90 to
0.50, and finc inorgonic particles; and

a transfer means for transferring the toner
image formed on said electrostatic image bearing

member to a transfer medium.

63. The faceimile apparatus according to claim
52, wherein said eleclroustatic image bearing member

has an OPC photosensitive layer.

54. The facsimile apparatus according to claim
52, wherein raid contact charging member is connected
with a voltage epplying means for epplyiny a direct

current voltage.

$5. The facsimile apparatus according to claim .
S52. wherein said contact charging member is connected
with a voltage applying meana for applyinyg au

alternating current voltage.

86. The focsimile épparatus according to claim

52, whevein suid contact charging memher is connected
with a voltage applying means for applying & direct
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current voltage overlaid with an alterneting current

voltage.

57. The facsimile apparatus according tc claim
§2, wherein seid contact charging mewber is roller-

shaped.

68. The f(acsimile apparatus according to claim
4. wherein said contact charging member {g blade-

shaped.

§9. The facsimile apparatus according to claim
57, wherein said contact charging member has a release

£film surface layer.

60. The facsimile apparatlus according to claim
52, wherein said electrostatic imagea bearing member is
provided with a cleaning mcans for cleaning a toner

remaining afler transfer.

61. Thec facsimile appaeratus accurding 1o claim

60, whereiu said cleaning means is provided with a

cleaning blade.

62. The facsimile apparatus according to claim

52. wherein said developer containcer holds the

devcloper according lu auy one of claims 2 to 21.
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