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

. BACKGROUND OF THE INVENTION

Field of the invention

The present invention relates to a developer
for developing aﬁlélectrostatic image, that ie uecd
for converting an electrostatic letent image to e
visible image in image forming processes siuch as
electrophotography, elactrostatic record;ng and
electrostatic printing. It also relates-to an limage
forming method, an electrophotographic apperatus, an
apparatue unit and a faceimile gpparatus that mﬁke use
of the developer.

More particulerly, the present invention
relates to a developer fpr_developiﬁg an electrostalic
image, that 1s used in eleciropnotographic processes
comprising e charging step of'bringing a charging
member to which a voltage has been externally applied.
into contact with an electrostatic image bearing
memher to effect eloectrostatic charging, and a
developing step of developing an electrostatic image
by using a developer: and an image forming method, an

elegtrophotographic appearatus, an apparatus unit and a



facsimile apparatus that make use of the developer.

Related Background Art

Corona dischargers are hitherto known as
charging means in glactrophotographic apparatus and so
forth. The corona dischargers, however, have the
probiems that a high voltage musf.be applied thereto
and ozone is produced in a large quantity.

It is recently studied to use.no corona
discharger and use a contact charging means. Stated
specifically, this is e means iﬁ which a voltage is
epplied to a conductive roller serving as a charging
member, end then the roller is brought into contact
with a photosensitive member which is a member being
charged, s¢ that the sufface of the photosensitive
member is electrostatically charged to a given
potential. Use of such & 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, Jgﬁanese Patent Publication No.
50-13661 proposes to use e roller comprising a mandrel
covered with & dielectric material such as nylon or
polyurethane rubber so that a photosensitive sheet can
be electrostatically charged at & low voltage.

The roller comprising a mandrel covered with

nylon, however, has no elasticity such as rubber, and



hance the reller can not be kept in sufficient contact
with the member béing charged, so that faulty charging
tends to occur. On the other hﬁnd. covering the
mandrel with polyurethane rubber may cause exudation
of a softening agené with which the polyurethane
rubber is impregnated, and has involved the pfoblem
that, when a photosensitive meﬁber is used as thé
member being charged, the roller tends to stick to the
photosensitive member at the former‘s portion coming
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 contﬁct
causes unfocused images. Once the softening agenf in
the rubber material of the roller has exuded and stuck
to the surface of the photosensitive member, the
photosensitive member comes to have a low resistivity
to cause smeared images (i.et; a2 leak of charges of an
electrostatic imege, on the surface of the
photosensitive member) aend, in an extreme instance, it
becomes impossible to use the apparatus or the toner
remaining on the surface of the photosensitive member
sticks to the roller surface tb céﬁse a filming
phenomenon. In the event that the toner has stuck to
the roller surface in a large quantity, the roller
surface turns insulative, resulting in a loss of the

charging ebility of the roller and a non-uniform



charge on thé surface of the photoscnaitive menmber, to
adversely affect images.

This is due to the fact thet the charging
member (the roller) strongly press the developer
against the surface of the photosensitive member and
henca the remaining developer sticks to the charging
member or the surface of the member being charged and
also the surface of the charging member and the
gsurface of the momber being charged tend to be damoged
or-scraped.

In the contact charging means, a direct

current or a direct curront overlaid with an

alternating current is applied tu the charging member.
ln such an instance, abnormai charge or flying
movement of the rcmaining developer particularly
having & small particle diemeter and a light-weight is
repeated in tha surrounding area of the part at which
the charging member and a photosensitive drum come
into contect each other. Hence. this area is in such
a state that the remeining developer is electro-
statically attracted to, or embedded in, the surface
of the charging member or photosensitive drum. This
is guite different from the cage where & noncontact
charging means éémprised of the conventional corona

discharger is used.

Meanwhile, in recent years, copiers, laser
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printors, etc. which are small-sized, inexpensive and
of person&l use have come into use. In these sqall-
sized machines, a cart?idge system in which a
photosensitive_neuher; a developing device and a
cleaning device are assembled into a unit is used from
the standpoint of making them free from maintenance,
ond it is desired to use as the developer & one-
component magnetic developer since the structure of a
developing assembly can be simplified.

In order to form & visible imege with a good
image quality in the method making use of such a cone-
component megnetic developer..the developer must have
e high fluidity and a uniform chargeability. For this
purpose. a ftine inorganic powder has been hitherto
added and mixed to a toncr powder. It has been
proposed to use as the fine inorganic powder a fine
gilica powder having baaen subjected to hydrophobic
treatment, ac dicoclosed in Japenese Patent
Applications Laid-open No. 46-5782, No. 48-47345, No.
48-47346, etc. For axample, a treated fine silico
powder ie used which is obtained by réaCting a fine
silica powder with an organic silicon compound such as
dimethyldichliorosilane to substitutc silanol groups on
the particle surfaces of the fine silica powder with
organic groups so that the powder is made hydrophobic.

Tha developer having such a fine inorganic



powder, however, tends to cause scratches particularly
on the contact charging mcmber ond photosensitive
menber and to cause melt adhesion or filming of the
toner to the contact charging membeyr and .
photoeeneiti§e member, iﬁ an image forming step at
which the developer is pressed against the
photosengitive member by contact cherging. 1In an
extreme instance, faulty images tend to be Focmed.
With regérd to addition of fine resin
perticles to a developer, Japanese Patent Applicaction
Laid- open No. 6§0-186854 proposes Lo udd to a
developer, spherical or substantiglly spherical
polymer particles emaller than toner particles.

A developer prepared in the same manner as

disclosed therein has baan examined toc réveal that the

deveioper ies less effective for preventing the melt
adhesion of toner onto the photosensitive member and,
in the spparstus making use of contact charging, the
contect charging device is contaminated to tend to
cuuse charge non-uniformity. |

Japanesa Patent Application Laid-open No. 1-
121861 proposes a developer prepared by adding fane
organic particles to toner particles'containing an
ionically cross-1linked vinyl polymer as & binder
resin. It is noted therein that this daveloper may

prerferably comprise spherical fine organic particles.



AS methods ot tixing a toner image, e contact
heating method ae typificd by a heat roller fixing
melhod is cummonly used, and there is a demand for a
toner capable of haing fixed et 2 low temperatufe s$0
that'power consunption oan be decreased. For this
réuson,.it is proposed to incorporate a resin with a
low-molecular component snd & high-molecular component
so that thc low-temperature fixing performance and
anti-offset properties can be improved.

When, however, a developor containing the
binder resin in which thg low-molecular component has
been increased for the purpose of low-tamperature
€ixing ie¢ ueed in an image forming opparatus having a
contact charging device or a contact transfer means,
the following problems teﬁd'to arise.

Precence of & large quantity of the low
molecular component in a binder resin brings about so
good a grindability of t;ner'particles that the toner
particles tond to be broken to give ultrafine
particlies because 0f shear produced during preparation
and iq & developing device, and the ultrefine
particles slip through ® cleaning member and adhere to
the contact charging member or contagct transfer means
to tend to cause faulty éharging or faulty transfer in
en environment of low temperature and low humidity,

end cause the melt adhesion of toner to the surface of



the photosensitive mcmber in an environment of high
temperature and high humidity.

The ultrafine particles produced as @& result
of break of toner particles have the same chargeabiity
as the toner particles, end hence inhibit the cherging
of toner particles to cause a lowering of image
density.

In the contact heating method, it is required .
for the toner to be surely sbftengd and firxced at the
he;ting temperature, and 81s0 reéuired to prevent
occurrence of what is called the offset phenomenon,
which ie a phenomenon in which part of softened toner
adhers to a heating member and the adhered toner is
trangferred to s transfer.;heet to contaminatse an
image. In order to better prevent this offset
phenomenon, 1t is known to incorporate toner particles
with @ polyolefin such as a low-molecular poiyethylene
or polypropylene, as disclosed in Japanese Patent
Applications Laid-open No. 49-6523 and No. 50-27546.

' Japanese Patent Application Laid-open No. 1-
11376 proposes a developer comprising wax-containing
toner parficles mixed with fine resin particles
smaller than the toner partiocles. It is noted therein
that this developer may preréfably comprise spherical
fine organic particlas.

When ,however, such a developer comprising the



toner containing & polvolefin is used in en image
forming apparatus having the contact charging device,
the following problems tend to arise.

The polyolefin hes So poor a compatibility
with the binder resin in ts; toner particles that a
pelyolefin having a larger disperse diametler tends to
come 10 be a free polyolefin when toner is pulverized.
Thus, the free polyolefin with s higher rcgsistence,
having been developed utl un imege portion or non—image
portion;.is tranéferred from an electrostatic image
bearing mcmber to o contact charging member to
increase surface resistance, tending to cause faulty _
charging. |

The free polyolefin has & high resistence and
is negatively chargeable with respect to iron powder,
and hence it makes fogging more serious because of the
faulty charging in the case of e negatively chargeable
developer and causes a poor fluidity in the case of a
positively chargeable developer, tending to bring
about blank areas in images &nd a norn—uniformity in
image density.

In the meantime, in recent years, with wide
spread of image forming epparatus such as
electrophotographic copying machines, their uses have
becomo wider in a great veriety, and demands for their

image quality have become severer. Ia the copying of



images as in usual documente and books, it is sought
to reproduce images in a very t;ne and rfaithful state
without causing any crushed line images or broken line
images even in the copying of finc characters. 1In
particular, in an iunstance in which a letent image
formed on a photogsensitive member provided in the
image forming apparatus is a line image with a lige
width of 100 um or less, the fine-line reproduction is
commonly poor and no satisfactory sharpness of the
line image has been achieved. Recenlly, in an image
forning apparatué éuch as an electrophotographic

- printer making use of digital imege esignale, a latent
image is formed of the assemblage'AI dote having a
given potentiel, and its soxi& portion, half-tanae
portion and light portion are expressed according to
changes in dot density. There, however, is & problem
that in the state where the.toner particles are not
feithfully applied o the dots and Aence the toner
particlegs are out of place from the dots. no gradation
of the toner imgge can be obtained corresponding with
the ratio of dot density at a black area to that of a
white are of the digital image. In the case when the
resolution is improved by meking dot eize smaller, in
order to improve image guality, it becOmes more
difficult to achieve the reproduction of a lastent

image formed of minute dots, tending to give an imege



having @ poor resolution and gradation and also
lacking sharpness.

For the purpose of improving image quélify,
several developers have baen hitherte proposed.

Japanese Petent Applications Laid-open No. 1-
112253 ;nd No. 2—284158 propase a tgoner with a small
particle diameter ha;ing o specific particle size
distribution. The smaller particle diameter a toner
has, the more uniform)ly charged the toner particle
curfaoco must be made. Hence, in order to achieve
both a stable cnéfée quantity and a superior fluidity.
it is prefarred to add as a charge control agent a dye
or a dérivetive of the dye that can give a proper
charge quantity with its use in a small amount.

On the other hand, the smaller'éarticle
diemeter a toner has, the more tends to be prqduced a
free charge control agent in the step of itg
pulverization and the more tende to causc the
inhibition of fluldily ur the contamination of members
due to 2 developer. 1In particulér. the charge non-
uniformity tends to occur when e member coming into
contact with & phOLose&sitive member has been
contaminated.

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

fine acryvlic resin particles snd toner particles
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containing.a charge control agent. It is noted
therein that this developar may preferably comprise
spherical fine organic particles.

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

Since the charge control agent of a dye type
is soft and viscous.. the charge contrnl agent may be
roloaced from toner particles and tronaferred to the
contact charging member, cesulting in sn increase in
surface resistance, which tends to cause faulty
charging or faulty transfer.

Since the released charge control agent has &
high chargeability, it may inhibit the toner particles
from being electrostaticelly charged and at the same
time make their fluidity poor. tending to cause blank

aregs in images and an uneven image density.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a developer for developing an electrostatic
image, that has solved the above problems involved in
the prior art, and an image forming method, en

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

Another objecf of the present inventipn is to
provide a developer for- developing an electréstatic
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-
unifo:mity even whéﬁ-copies are taken on a large
number of sheets, in an imege forming method having
the step of contact charging.

A further cobject of the present invention is
to provide a developer for developing an electrostatic
image, having e high fluidity and also & uniform
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 also a good anti-offset when heat roller fixing is
carried out.

A still fur&her cbject of the present
invention is to provide a developer for developing an
electrostatic image, that can achieve a high iméée
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 develoﬁer.

A still further object of the present
invention is'to provide e developgr for developing an
electrostatic image, that can be free from
‘contamination of a contact charging member when a
developing system in which an electrostatic image
bearing member is electros¥atiqally charged using e
contact charging mémﬁer is used, and hence is free
from occurrence of faulty charging because of no
increase in surface resistance; and an image forming
method, an electrophotographic apparatus, an apparatus
unit and a faéeimile apparatus which make use of such
a developer. |

A still 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 neither 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 apparafus which make use of such
a developer. |

A still further object of the present

invention is to provide a developer for developing an
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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
bearing member is electrostatically charged using a
contact charging member is used, and hence does not
tend to cause faluty charging in an environment of low
temperature and low humnidity and not tend to cause
melt adhesion of toner to the surface of a
electroéfatic imagé'ﬁearing member in an environment
of high temperature and high humidity; 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
electrostatic image, that does not tend to give
formation of ultrafine particles, and hence does not
inhibit charging of toner perticles and can yield
stable image density; and en image forming method, an
electrophotographic epparatus, an_apparatus 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
electrostatic image, that mey cause no faulty charging

even when a developing system in which an electro-
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static inmage bearing member is electrostatically
charged using a contact charging member is used, and
prevents 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 an image forming method, an
electrophotographic apparatus, an apparatus unit and a
facsimile apparatué ﬁhich make use of such a
developer.

The pfesent invention provides a developer for
developing an electrostatic image, comprising a toner,
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 to which & 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 torm a toner image: said developer
co;prising s toner, fine resin .particles with o
gurface shape sphericity ¥ of from 0.90 to 0.50, and
fine inorganic psrt%clesi and

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

The present invention also provides an
electrophotoorapﬁié apparatus comprising:

an electrostatic image bearing member;

a coutact charging member to which a voltage
is externally sgpplied. which electrostatically charges
said electrostatic image bearing nember-uhile being
brought into contact with 4irt:

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

a8 developing means for developing the
electrostatic imege thus formed; said developing means
comprising a developer carrying member and a developer
container that holds therein a developer; said
developer comprising a toner, fine resin particles
with a surface shape sphericity ¥ of from 0.90 (o
0.80, and fine inorganic particles: and

8 transfer means for transferring the toner

image formed on said electrostatic image bearing
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nember to e transfer mediunm.

The present invention still also provides an
apparatus unit comprising;

an electrostatic image bearing memberé

a contact charging member to which a voltage
is externally mpplied, which.electrostgtically charges
said electrostatic image baaring memher while beiﬁg
brought into contect with it; end

a8 developing means for developing an
olectrostatic image thus formed; said developing means
comprlsing a developer carrying member and s developer
coﬁtainer that holds therein & developer; said
developer comprising a toner, finc resin particles
with a8 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
said electrostatic image bearing member, and said unit
forming a single unit detachably provided iﬁ the body
of an electrophotographic apparatus.

The preecnt invention further provides @
facsimile apparatus comprising an electrophofographic
apparatus and a receiver means for receiving image
information from a remote terminal;

said electrophotographic spparatus comprising;

an electrostatic image bearing Member:



& contact charging mcmber to which a voltage
ia externally.applied, which electrostatically cherges
said electrostatic image bearing member while being
brought into contaoct with it;

an electrostatic image forminc.means for
forming an electrostatic image on the charged
electrostatic image bearing menmber;

a developing means for developing the
electroetatic i;a;e thus formed, said developing means
comprising e developer carrying member end a developer
container that holds therein a dcveloper; said
developer comprising & toner, fine resin particles
with a surface shape sphericity ¥ of from o.so.to
0.50, and fine inorganic particles; and

& transfer means for transferring the toner
image formed gn ssid electrostatic image bearing

member to e transfer medium.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schemetic illustration of an

example of the esppearance of fine resig particles used

in the present invention.

Fig. 2 is a schematic illustration of the
appearance of & fine resin particle having a surface
shape sphericity ¥ of ebout 1.- |

Figse. 3 and 4 are schomatic illustration of
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roller-ghaped contact charging devices..

Fig. 5 is a schematic illustration of a blade-
shaped contact charging device.

Fig. 6 ie @ echematic illustration of an
example of Lhe apparatus for carr?ing out the image
forming mathod of the present invention.

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

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

Fig. 9 shows a GPC chromatogran.

Fig. 10 is & schematic illustrafion of an
apparsf#g for measuring the quantity of
triboelectricit&.af a powder sample.

Fig. 11 is a schematic illustration of a
molder for tableting e powder material.

Fig. 12 illustrates a checker pattern.

DESCRIPTION OF PREFERRED EMBODIMENTS

In the following, the reason why the fine
resin particles are effective against the melt
adhesion of toner to the electrostatic image bearing

mémber such as & photosensitive member can'be

considared as follows:

The causes of the melt adhesion of toner to-
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the photoseneitive menbér is for one thing the
scratches produced when the surface of the
photosensitive member is rubbed by a contact charging
member to which fine inorgauic powder has been
adhered. In order to prevent the scratches froﬁ being
produced, it is preferred to remove Lhe free, fine
inorganic powder from the part at which the contact
charging member and the photosensitive member come
into'cohtact. This cen be cunseqguently effective for
preventing the melt adhesion of toner to the
photosengitive momber. Tyo €ine resin particles wizxh
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 extent as
diagremmatically shown in Fig. 1, as compared with
particles with the §hape of true spheres, uand hence
they haeve the aciion of adsorbing to the surface &
great number of particles of the fine inorganic pouwder
present in 8 free stete.

Spherical polymer particles obteined by
emulsion polymerization or scep-free polymerization
éach have, as diagrammatically shown in Fig. 2, very
little irregular surface. and hence the surface shape
sphericity ¥ of the polymer particle is more than

0.80. In general, its surface shape sphericity v i1s

about 1.
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Fine resin particles obtained from a bulk
resin by mechanicel pulverization or by pulverization
using & jet streaz have surfaces whose rupture crosg-
sections assuma a graeat number of minute
irregularitics, and hence the surface shape sphericity-
¥ of the fine resin particle is less than 0.50. 1In
gaeneral, the surfece shepe ephcricity ¥ of the fine
resin particle is approximately from 0.3 to 0.4.

. it is presumed that, in the image forming
epparatus having a oontect charging member, the fine
resin particles having slipped through a cleaning
blade are adsorbed to the contact charging member, and
thercafter the fine resin particles present on the
surface of the contact charging member adsord the
frae, fine inorganic powder slipping through the
clganing blade, 8o that the surface of the
photosensitive member can be prevented from beiny
damaged. Here, if the fine resin partvicles slipping
through the cleaning blade are in a very large
quantity, the free, fine inorgenic powder becomes
small in quantity and hence 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 formed on the contact charging
- menmber and hence this can be one of the causes of

faulty charging of the photosensitive member. The
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tike resin particles used in the present invention
each have an irreguler surface to a certain extent &8s
diagrammatically sﬁoup in Fig. 1, and hence they can
be appropriately conérolléd in the quantity of the
particlas slipping through the cleaning blade,
compared with particles with the shape of truo
épheres. so that the faulty charging of the
photosengitive member can be prevented from occurring.
If the surface shape sphericity ¥ of the fine
resin particles is more than 0.90, the faulty charging
of the photosensitive rember may come to occur when
' cobles are taken on a large numbcr of sheets (e.g..
10,000 sheetc or more). If the surface shape
sphericily ¥ 1s less than (.50, the finc resin
particlas may have a great number of irregularities on
their ourfeces to tend t0 increase moisture absorption
and lower development performance of the developer in
an environment of high temperature and high humidity.
Moreover, the protruded portions on the surfaces of
fiue resin particles tend to be broken oft on the
occasion of their mixing with toner particles or in
the course of development, so that a large number of
frégments of the fine resin particles may become
present in the developer to tend to adversely affect

the development,

The fine resin perticles used in the present
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invention may preferably have 8 primary average
perticle diameter of from 6.03 to 1.0 pm. It is more
prefersble to use those of from 0.03 t0 0.8 unm.
Particles with a primary average paerticle diameter
larger then 1.0 um have so small a specific surtace
grea that they cen not be suited for adsorption of the
free, fine inorganic powdar and can give only a saszll
effect of preventing the melt adhesion of toner to the
photosensitive member. On the other hand, those with
a primary aversge particle diameter smaller than 0.03
nm may make the triboelectricity of the developer
excessively high to tend to cause &8 lowering of
density because of charge-up.

The fine resin particles may have a specific

6 13

resistance of from 10° to 10 Q-cm, which can be

praferebly used. Use of thoSe haviho a water-specific
registance lower than 106 Q-cm tends to cause a
lowering of the charge quantity of the devéloper,
cnnséquantly tending to bring sbovt a lowering of
image density. Use aof fine resin'ﬁarticles having a
specific resistance higher than 1013 Q.cn tends to
cause a lowering of the fluidity of the developer, and
tends to give an image with much fogging.

The fine resin particles may preferably have a
triboelectric charge quantity of nol more than +50

Hc/g in the case of positive charging, and not more
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than 200 pc/g as the gbsolute value in the case of
nebative charging. They may more preferably huve a
triboelectric charge quantity in the range of from +30
uec/g to -100 ne/y. 1If thg triboelectric charge'.
quantity of the fine rosin pgrticles is highef,than
+50 pc/g, the triboeleclricity of the devaloper tends
to becume unstable, and fogging tends to occur when
copias.are taken on e large number of sheers. If the
triboelectric churge quantity of the fine resin
particles is smaller than -200 pc/g, the fluidity
tends to become poor and density uneveness tends to
occur on the image.

The fine resin perticlés should be used in an
axount 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 hvdrophopic fine silica powder may
preferably be used in an.é$§unt of from 0.1 part by
weight to 3.0 parts by weight based 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 fine resin particles in an amount
more than 1.0 part by weight tends to cause a8 lowering

of image density. On the other hand, use thereof in

an amount of lass than 0.01 ﬁart by weight can pe less
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effective against the melt adhesion of toner to the
photosensitive mcmber. Use Of the fine resin
particles in the sane snount as. or in a larger amount
than. that of the fine inorganic powder tends tTO make
tho fluidity of the developer poor and slso tonds to
cause fogginq.

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

Surface ares (mzlg) messured essuming
fine resin particles as true spheres

¥
BET specific surface area (nzlg) actually
measured on fine resin particles

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

About 0.3 g of fine resin particles are
woighed and put in e cell, and daseration is cerried
out at a temperature of 40°C and a degree of vacuum of
1.0 ¥ 1673 mnHg for at léast 1 hour. Thereafter,
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 measured assuming the fine
resin particles as true spheres can be determined, for.

example. in the following way: From perticles in an



electron microscope photograph (x10,000)} of the fine
rasin pa#ticles, 100 fine resin particle images are
collected at r@ndom, and their wmajor axes are
neasured. A value obtained by averaging tLhe measured
major axes is regarded as 2 diameter (L) weasured
assuming the fine resin particles as ture spheres. On.
the basis of the diameter (2), @ redius 7 (i.e., 1/2
2). is determined and a surface area (4x72) of the fine
resin particles ;s further determined. Then & volume
(4/3:731 of the fine resin particles is further
obtained. The weight of the fine resin perticles is
determined from a density of the fine resin particles
and the volume thus obtained. The surface area (mzlg)
measured assuming tha fine resin particles as true
spheres ie¢ determined from the Surface area previously
obtained &nd the weight thus obtained.

The triboelectric wvalue of the fine resin
particles used in the present invention can be
meesured by the following method: 0.2 g of the fine
resin particles having been left for 12 hours or more
in_an environment of 23.5°C and 60 % RH and 20.0 g of
carrier iron powder whose particles are not coated
with resin, heving a main particie size at 200 te 300
mecshos (e.g., EFV200/300, available frem Nihon Teppun
K.K.) are precisely weighed in the above environment,

which are then thoroughly mixed in a wide mouthed
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bottle with a stopper, made of polyethylene and having
a volume of about S0 ¢C (the bottle is upward and
downward shaken in hand gbout 125 times for 50
seconds).

Next, a8 shown in Fig. 10, about 2.0 g of the
mixture is put in @ measuring container 32 made of a
motal at the bottom of which is provided & screen 33
of- 400 meshes, épd.then the container is covered with
3 plate 34 made of o metal. The total weight of the
measuring Coutainer 32 in this stete is weighed ond is
expressed hy “1 (g). Next, in a suction device (made
- of an insulating material at 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 valve 36 is operated to control the pressure
indicated by a vacuum indicator 35 to be 250 mmHg. 1In
this state, suction is carried out for S5 minutes to
remove the fine resin particles by suction. The
potential indicated by @ potentiometer 39 at this tinme
is expressed by V (volt). The numeral 38 denotes a
capacitor, whose capacitance is expressSed by C (uF).
The total weight of the measuring container after
completion of the suction 3s also weighed and is

expressed by W, (g). The quentity (uc/s/g) of

triboelectricity of this fine resin particles is

calculated as shown h7 the rbia-"'
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CxV

W, _ 9,

Quantity of triboelectricity =

The specific resistance (volume specifié
resistivity) referred to in the preseat invention can
be measurad, f;r example, in the following way: Using
an apparatus shown in Fig. 11, the sample is molded
into a tablet. First, about 0.3 g of a sample 40 is
put in a teblet molding chamber 41. Next, a3 push bar
42 is inserted to the tablet molding chamber, and the
sample is éreséed by means of an o0il pressure puhp 45
at 250 kg/cn2 for % minutes. Thus, a pellet-shaped
tablet of about 13 mm §n diameter and about 2 to 3 mm
in heiﬁht is mclded. In the drewing, reference
nuneral 46 denotes a pressure gauge.

The tablat thus obtained is optionally coated
with a conduéting agent on its both sides, and the
resistivity under application of a voltage of 1,000 V
is measvred in an environment of a temperature of
23.5°C and & humidity of 6S % RH, using, for example,
16008A RESISTIVITY CELL, availeble from Hewlett Pakard

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

Yokogawe llewlett Pakard Co. A specific resistance o
is determined from the following calculation.
P(Q-cm) = R(Q) x S{om>)/2(cm)
wherein S is a sectional area of the sample,

and 0 is a height of the sample.
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The fine resin particles can be prepared
by emulsion polymerization orf Spray drying.

They may preferably be fine resin particles with a
glass trensition point of 80°C or above, Drepéred by
subjecting cumponents used in binder resine for toner,
such as styrene, acrylic acid, metylmethacrylate,
butyl acrylate and 2-ethylhexyl acrylate, to
copolvmerization accerding to emulsion pelymerization.
Such fine resin particles can have a good effect.

The fine resin particles may be those cross-
linked with 8 cross~linking agent such as
divinylbenzene, end also their surfaces may be treated
with a metal,-a nmetal oxida, a pigment,'a dye or a
surface active agent to make adjustment of speciftic

resistence and triboelectric charge quantity.

The fine resin particles used iﬁ the present
inventi&n may particularly preferably be comprised of
a2 block or -random copolymer of a styrene type,
containing 51 X by weight or more of styrene'monomers.
Such styrene type fine resin particles are usually in
the triboelectric series Spproximate to Styrene-
acrylate rasins or polyester resins used in binder
resine of developers, so that they can be less
mutually electrifiad with respect to toner Particles

and their fluidity does nort tend to become poor.

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

If the etyrene monomers cuntained in the fine
resin particles are less than S1 % by weight, the
developer mgy come to have strong agglomerating |
properties and poor fiuiditv, tending to cause blank
ar;as in images and image density non-uniformity.

In the preparation methods such as emulsion
polymerization, the styrehe type fine resin particles
ha;a a tendency that the value ¥ becomes smeller with.
an inorease in the content of styrene monomers.

The styrene type fine resin particles with a
surface shape sphericity ¢ of f£rom 0,90 Lo 0.50 accordihg
to the present invention can be obtained by controlling
monomer composition, compositional ratios of monomers
and polymerization conditions.

The fine inorganic powder used in the present
invention can give good results when its particles
have e specific surfece area of from 70 to 300 mzlg as
weasured by the BET method, utilizing to nitrogen
adsorption. The fine inorganic powder shnuld be used
in an amoﬁnt 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 weight, based on 100 parts by weight of
the toner.

The fine inorganic powder nay preferably be

those having been subjectea to_hydrophobic treatment
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Thoy may porticularly preferably be negatively
chargeable, hydrophobic fine silica powder.

The fine inorganic powder used in the present
invention may have a triboelectric charge quantity of
from ~100 ne/g to -300 pe/g, which can be preferally
usad. Powder with s triboelectiric charge quantity
less than =100 uc/g mey lower the triboelectric charge
quantity of the doveloper itself, .tending t0 bring
about a lowering-of humidzti chagacteristics. Use of
powder with a triboelactric charée quantity more than
' =300 pec/g may promote the developer carrying nember
memory, So that the developer carrying member tends to
be affected by the doterioration of the fine inorganic
powder, tending to have difficulties in durability.
Powder finer than 300 nzlg in specific surface area
ne‘y give less effect cf its addition to the developer,
and powder coarser than 70 mzlg may give a larger
probability that it is present as a free mutter,
tending to cause black dots due Tto locallizafion of
tye fine inorganic powder or agglomerated matters.

The triboelectrie value of the fine inorganic
powder can be measured by the following method: 0.2 g.

of the fine inorganic powder having been lert

overnight in an environment OI a temperature of 23.5-C

and @& humidity 60 % R{ and 9.8 g of carrier iron
powder whose particles are not coated With resin
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having & main particle size at 200 to 300 meshes
(e.g., EFV200/300, available from ﬁihon Teppun K.K.)
are precisely weigheéd in the above environment, which
are than thoroughly mixed in a wide-mouthed bottle
with a stopper, made of polyethylene and having 3
volume of about 50 cc (the bottle is upward end
downward shakea in hand sbout 50 times for about 20
seconds).

Next, the triboelectric charge quentity of Lhe
fine inérganic powder ma&y be nmeasured in the same way
as in the measurement of the triboelectric charge
quentity of the fine resin particles as previously
described.

QOf the fine inorganic powder used in the
present invention, particularly preferred are what is
called dry silica. or dry silica called fumed silica,
produced by vapor phease oxidation of & silicon halide,
and.what is called wet s8ilica produced from water
glass or the like, both of which can be used. In
perticuler, the dry silica is preferred, which has
less silanol groups present on the surfeces and the
insides of the silica fine powder particles and may
produce no residues in the manufacture, such as Na.0O

- 2

and 503

Tn the dry silice, other metal halide as

exemplificd by aluminum chloride or titanium chlorige
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may be used together with the silicon halide in the
manufacturing process so that a composite fine powder
of silica uigh other metal oxide can be obtainad. 1In
the present invention. the fine inorganic powder
includes such a powder.

The fine inorganic powder may prafearably have
u particle diameter ranging from 0.001 to 2 R as the
primary everage particle diemeter. It is particularly
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 prasent
" invention may preferably he hydrophobic.

Th9 powder can be made hyarophobic using
conventionally known hydrophobic treatments and
methods. As tha hydrophobic treatments, it is
preoferable to use silicon compounds having
organosiloxane units, such as silicone o0il or silicone
varnish.

The silicone Cil used in tha treatment of the
fine lnorganic powder used in the present invention

can he exemplified by a compound represented by the

formula:
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R R R
R'-(-;i-o-) -(-éi-b-) -éi-k'

| o ol

R! R R
wherein R rcp;esenta:an alkyl group having 1 to 3
carbon atoms; R' represents a silicone cil modifying
group such as an alkyl group, & halogen-mudified alkyl
group, a phenyl group or a modified phenyl group; and
R" represents an glkyl group or slkoxyl group having 1
to- 3 carbon aton;. -For exanple, the cumpound may
include dimethylsilicone oil, alkyl-modified silicone
0il, e-mgthylstyrene-modified silicone o0il,
chlorophenylsilicone vil, fluorine-~moditied silicone
oil. Examples of the silicone oil are by no mcans.
limited to these. |

The above silidone 0il may preferably be those

having a viscosity of from 50 to 1,000 cSt at a
tomperature of 25°C. Silicone 01l with a viscosity
less than 50 ¢St may be partially evaporated as a
result of the application of heat, tending to cause a
deterioration of charge characterigtics. Those with a
viscosity more than 1,000 cSt may become difficult to

handle in the trcatment. As methoas for the silicone

©il treatment, any known tachniques can be used. For

example, they include a method in which fine silica
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powdes and silicone o0il esre mixed using a mixer; a
method in which silicone oil is sprayed into fine
cilice powder by Lhe use of a sprayer, and a method in
which silicone oil is dissoclved in a sclvent and then
fine silica powder is mixed in the sSolution. Examples
of the Lreutment method are by no means limited to
these. .

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

For example, it mey include KR-251 and KP-112,
available from Shin-Etsu Silicone Co., Ltd. Examples
are by no means limited L0 these.

As methods for the silicone varnish treataent,
the ssﬁe known techniques es in the silicone ¢il
treatment can be used. The treated fine silica powder
as described above (hereinafter "treated silica") can
be effective when it is edded in an amount of from 0.1
psrt by welight to 1.6 parts by weight bascd on 100
parts by weight of the toner. It can provide an.
excellent otability when added in an amount of from
0.3 part 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 its

addition. and additjon 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 preferabla.

Part of the silicon compound having an
organosiloxane unit, which has treated the particie
surfaces of the fine 1no:§anic powder is transferred
oﬁto the elaectrogtatic image beariag member, and is
effoctive for making easier the cleaning of powder
such as free polyolefin.

To detormine the hydrophobicity (ilhe degree to
which powder has been made hydrophobic) of the fine

inorganic powder in the present invention, a value
mogeured by the following method may be used. Of
course, other method for measurement can élso be used
while making reference to the method for measurement
according to the present invention.

In a 200 ml sepsratory funnel with a stopper,
100 ml of ion-exchanged water and 0.1 g of & sample
are put, followed by shakinq.tor 10 minutes using o
shakér (a tumbler shaker mixer, T2C type) under
conditions of 80 rpm. After the shaking, the mixture
is left L0 stand for 10 minutes. After the inorganic
powder layer and the aqueous layer have been
separated, the lower layer, the.aQﬁeous layer, is
collected in a quantity of 20 to 30 m1, which is then

Put in 3 10 mm ccll to meaSure its transmittance using

light with a wavelength ot 500 nm, on the basis of
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th;L of a blank, ion-exchanged water in which no fipe
silica powder is contained. The value of the
transmittance is regarded as the hydrophobicity of the
fine inorganic powder.

In the present invention, thé hydrophobic fine
inorganic powder may preferably have a hydrophobicity
of not less than 60 X, and more preferably not less
thon 00 %. A hydrophoblicity less than 60 % mskes it
d1fricult to obtain images with & high quality level
because of adsorption of watexr to Lhe fine inorganic
powder in an environment of high humidity.

. The developer Qay preferably contain Lhe fine
regin perticles having @& surface shape sphericity ¥ of
from 0.90 t0 0.50 and an average particle diometer of
from 0.03 to 1.0 pm and the hydrophobic fine inorganic
powder; said hydruphobic fine inorganit& powder being
contained in a larger quantity than the fine resin
powder.

The toner according to the present invention
should have an average bérticle diameter of from 3.5
to 20 pm, preferably from 3.5 to 14 pm, and more
preferably from 4 to 8 im, ms weight averaye particle
diameter. and from 2.8 to 18 punm, preferably from 2.8
to 13 um, and more preferably from 3 to 7 um, as

number average particle diameter.

In particular,a toner having a weight average
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oarticie digmeter (D,) of from 4 .to 80 um is preferred
bocause of its excellent fine-line reproduction and
resolution.

Particle size distribution of the toner cen be
measured by'various methods. Ln‘the.present
invention, it is measured using a Coulter counter.

A Coulter counter Type TA-II (manutacturad by
Coulter Electronics, Inc.) is used as a measuring
device.. An integfgce {manufactured by Nikkaki Kk.k.)
that outpuls uumber distribution and volume
diétribution and g personal computer CX-1
{manufactured by Cenon Inc.) are connected. As an
electrolytic solution. en aqueous 1 % NaCl solution is
prepared vusing firgst—-grade eodium chloride.
Measurement is carried out by adding as a dispersant
0.1 ml To 5 ml of a surface active agent, preferably
an alkylbenzone sulfonate, to 100 ml to 150 ml ot the
above aqueous electrolytic solution, and further
adding 2 mg to 20 mg {as the number of particles,
sbout 30,000 to about 300,000 particles) of a sample
to be measured. The electrolytic solution in which
the sample hae boen suspended is sub;'je(.:ted to
dispersion for about 1 minute to sbout 3 minutes in an
ultrasonic dispersion machine. The particle size
distribution of particles with a size of from 2 tg 49

H is measured by means ot the above Coulter counter
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Type TA-TI, using an aperture of 100 4 as 1ts
aperture. Then the value according to the present
invention is determined.

The toner used in the developer of the present
invention, when it has a negative triboselectricity,
may prefersbly contain es 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 é;glkylsalicylic acid metal conmplex
salt or & naphthoic acid metal complex salt, a dye
such g8 a8 mQnoazo dye, and a monoazo dye derivative
. euch a3 a metal complex salt of a monoazo dye.

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

Formula (1)

(A r—N = N—AﬂO
N\
X | Y
N /
M
AN
Yy ¢t X’
s N\ ®
Acr N=N—A|.)A

wherein M represents e coordination central metal,

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

coordination number of 6; Ar represents an aryl group
1]

including a phenyl group and a naphthyl group, which

may have a substitutent, which subsatituent may include
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a nltro group, a halogen atem, a carboxyl group, an
anilide group and an alkyl group or alkoxyl group
having 1 to 18 carbon atoms: X, X', Y and Y' eaéﬁ
represent -0-, -CO-, -NH- or -NR-, where R repreaenés
an alkyi group having 1 to.i curbon atoms: and AQ
represents & hydrogen ion, a sodium ion, & potassium
ion, an ammonium ion or an aliphatic ammoniunm ion. _
Examples of the complex salt are shown below.

Complex (1)-1

/ @ \e.
(O~ N=N <O
o 0
Ne.”
7/ &\
0 0
(O N=N
L @ 0w

Complex (I1)-2

’ T(:)
Cl
@-M S
0 1 (o]
Cr
R
0 T\o
N=N
G @l i©
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Complex (I)}-6
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As for a positive charge conkrol egent., it is
possible to use, for example, a Nigrosine dye and a
derivative thoreof. |

The charge control agent may preferably be
contained in gn amount of frén 0.1 part by weight (O §
parts by weight, and particulerly preferably trom 0.2
parl by weight t0o 3 parts by weight based on 100 parts
by weight of the binder ;esih for the toner. Use of
the cherge control agent in an excessively large
amount may make poor the fluidity of the toner,
tending to cause fogging. On the other hand. use
theréof in an excessively small gmount may meke it
difficult to obtain a sufficient charge quantity.

As a preferred embodiment of the developer for
developing an electrostatic image accordiuyg to the

present invention, it may include a developer for
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developing sn electrostatic image, comprising i) a
toner containing & charge control agent and having e
weight average particle diamater (D4) of from 4 to 8
pm, ii) styrenc type fine organic particles having a
smAller average particle dismeter tpan said toner and
having é surface shape sphericity f of from 0.90 0
0.50 and iii) fine inorganic particles having a
smaller average particle diemeter than said fine
organic powder.

The binder resin for thé'toner according to
the present invention may include homopolymers of
styrene or derivatives Lhereof such as polystyrene and
polyvinyltoluene: styrene copolymers such as a
styrene/propylene copolymer, a styrene/vinyviltoluene
copolymer, & styrene/vinylnaphthalene copolymer, a
st&renelmethyi écrylata copolymer, & styrene/ethyl
acrylate copolymer, a styrene/butyl acrylate
copolymer, & styrene/octyl acrylate copolymer, a
styrene/dimethylaminocthyl acrylate copolymer, a.
styrene/methyl methacry;ate copolymer, a styrcne/ethyl
methacrylate copolymer..a styrene/butyl methacrylate
copolymer, a styrcne/dimethylaminoethyl methacrylatc
copolymer, a styrene/methyl vinyl ether copolymer, a
styrene/ethy; vinyl ether copolymer, a styrene/methyl
vinyl ketone copolymes, a styrene/butadienc‘copolymer'

& styrene/isOprene copolymer, a styrene/maleic acid



copolymer and & sty?enelmaleate copolymer; polymethyl
methacrylata, polybutyl methacrvlafo, polyvinyl
acctate, poiyethylene, pelypropylene, polyvinyl
butyral, polyacrylic acid resin. rosin, modified
resin, terpene resin, phonol resin, aliphatic or
alicyclic hydrocarbon resins, aromatic petroleun
resins. paraffin wax. and carnaubae wax. These may be
used alone or in the form of o mixture.

The tonef in the preéent invention, may
preferabiy contain a binder resin conteining not less
than 15 % of a comperdt with a molecular weight of
not more than 5,000 in molecular weight distribution
as measured by gel permeatiocn chromatography (GPC).

The content of tné component with a moleculsr
weﬁght of not more than 5,000 in the binder resin is a.
numerical value calculeted by determining area
proportion of that component in a chromatogram showing
molecular weight distribution in the measurement Dy
GPCT Using the chromatogrem showing molecular weight
distribution in the measurement by GPC, as shown in
Fig. 9, the ares of the whole peak indicating the
molecular weight distribution is determined and also
the area of the region corresponding to the component
with & molecular weight of not more than 5,000 is

determined. On the basis of the two areas, the

content of the component with a molecular weight of
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not more than 5,000 in the binder ;esin ise calculated.

1¢ the component with & molecular weight of
not less than 5,000 is less than 15 &, fixing
performance tends become poor in heat fixing devices
of a relatively low pressure as in émall-sized
machines as typified by desk top LDPs,

The coumponent with a molecular weight of not
more than 5,000 may more preferably be in an amount Of
less than 35 %.

The component with a molecular weight ¢f not
more than §,000 tends to exhibit mqlecular welight
d;pendence of glass transition peoint (Tg) and hance
the Tg of the toner, measured over a long period o©f
time, is presumed to tend to beCome a little low.
Thus, 1f the amount of this component is more than 35
%. a thermal bohavior not higher than the Tg usually
meesured may come Lo be exhibited to tend to cause the

melt adhesion or filming.

This component cen perticularly improve the

grindability of toners. lt, howaver, its content is

more than 35 %, the grindability may become more than
is necessary in the manufacture of toners having a
weight average particle diameter of from 4 to 8 um,
resultang in an incrcese in the formation of ultrafine

poseder, which makes Classitication efficiency poor

Mureover. the ultrafine powder having been not
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completely classified may gredually increase in its
content with repetition of the supply of the toner,
and may adhere to a toner triboslectricity-providing
member such es a deveioping sleeéve because of
electrostatic force to impede trihnelectric charging
of the toner, tonding to cause a poor developmentl
performance such as 8 low image density and togging.

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

Columns ere stabilized in a heat chamber of
40°C. To the coluans kept at this temperature, THF
{tetrahydrofuran) as a aclvent is flowed at a flow
rate of 1 ml per minute, and 10 ul of 3 THF semple
solution is injected thereinto to make measurement.
In measuring the molecular weight of the sample, the
mqlecular weight distribution ascribed to the sanple
is qalculated from the reletionship belween the
logarithmic value &nd count number of a calibration
curve prepared using several kinds of monodisperse
polystyrene standard samples. As the standsrd
polystyrene samples used for the preparation of the

Calibration curve, it is suiteble 10 use, for example

samples with molecular welights of approximately from

2 1
10" to 10", which are asvailable from TosO Co., Ltd. or
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Showa Denko K.K.., and to use at least sbout 10
standerd polystyrone gemplee. An Rl (refractive
index) detector is ugSed a&s a detector. Columns should
be used in combination of @ plurality of commercially
evailable polystyrene'gel columns. For exampie, Lhey
may preferably comprisé a combination ot Shodex GPC KF-
801, 802, 803, BO4, BO5, 806, 807 and 800P, aveileble
from Showa Denko K.K.; or a combinalLion of TSKgel
GIOOOH(HXL). GZOOOﬂ(HXLJ. GBODOH(HXL), G4000H(RXL).
GSOOOH(HXL). GSOpOH(HxL), G?OOOH(HxL) and Tsxguagd—
colunn, availeble from Toso Co., Ltd.

The sample is prepared in the following way:
A pample ie 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 sample
become free of coalescence]l, 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 sample ig passed through a sample
treating filter {pore size: 0.45 to 0.5 um: for
exanmple, Maighoridisk H 25 5, available from Toso Co..
Ltd., or Ekikurodisk 25CR, available from German
Science Japan Ltd. can be used), and

the resulting

sample is used as the sample f(or GPC. Concentration

of the sample 1s so controlled as to give a resin

component of from 0.5 to 5§ mg/ml.
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The developer of the present invention may
preferably comprise i) & toner containing the binder
resin containing not less than 15 % of g component
with a molecular weight of not more thaon 5,000 in
molecular weight distribution 88 measured by GPC. ii)
styrene type tine organic powder having a smaller
avorage particle diameter thon said toner and iii)
fine inorgenic particles having a smaller average
particle diameter than said fine organic particles;
the surface shepe sphericity ¥ of seld styrene Type
fine organic powder being in the range of from 0.90 to
0.50.

The developer of the present invention may
preferably be a one-component magnetic daveloper
compriging & magnetic toner containing o magnetic
material in the toner pactiicle. In this instance., the
magnetic material serves alsa as a colorant. The
magnetic material contoined in the magnetic toner may
include iron oxides such as maegnetite. hematite agnd
ferrite: and metals such as iron, ccbalt and nickel,
or’' alloys of eny of these metals with a metal or
metals such as aluminum, cobalt, copper, lead,
magnesium, tin, zingc, antimony, beryllium, bismuth,
cadmium, calcium, mangenese, selenium, titanium,

tungsten and/or vanedium, and mixtures of any of

these.



—50—

The magnetic matcrial should preferably be &
magnetic meteriel lhaving u BET surface specific area
of from 1 to 20 mzlq, and partjcularly preferably from
2.5 to 12 azlg. as genoured by the nitrogen adsorptilion
melhod. It may also preferably be a magnetic powder
heving & Mohs hardness of from 5 to 2. Thie magnetie
powder should be contained in an amount of frum 10 to
10 % by weight based on the toner weight.

' Any of these magnetic materials may preferably.
be those having an averege particle diameter of from
0.1 to 2 unm, and more preferably from 0.1 to 0.5 um,
and should beo contained in the toncr in an emount of
from 20 to 200 parts by weight based on 100 parts by
weight of the rgsin component, gnd particularly
preferably from 40 to 150 parts by weight based on 100
parts by weight of the resin component.

The magnetic material may preferably be those
having a coercive force ﬁHc) of from 20 to 150 QOe, a
saturation megnetization (aé) of trom 50 to 200 emu/g
end 8 residual magnetization (¢r) of from 2 to 20
cmui/g.

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

The pigments may include, for example. carbon
black, aniline black. acetylene black., Naphthol

Yellow, Hansa Yellow, Rhodaminc Lake, alizarin Lake,



- 51 -

red irom oxide, Phthalocyanine Blue and Indanthrgne
Blue. Any &f these may be used in an amount large
enough to maintain the optical density of fixed
images. The pigmeant may preferably be used in an
emount of from 0.1 part by weight to 20 parta by
weight, and more preferably from 1 ﬁart by weight to
10 parts by weight. based an 100 parts by weight of
the resin. The dyes may also be used for the same
purpose. They may include, -for example, azo dyes,
anthraquinone dyes, xanthene dyes and methine dyos.
Tge dye may preferably be used in an amount of from
0.1 part by weight to 20 parts by weight. and more
preferably 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 @ wax in the toner partiocle.

The wax may include, for example, polyolefin
waxes, solid paraffin wax., micro wax, rice wax, amide
wa#es, fatty acid waxes, fatty acid metal salt waxes,
partially seponilied fatty acid ester waxes, silicone
wax, higher alconols, and carnauba wax. The wax may
preferably be contained in an amount of from 0.5 part
by weight to 20 parts by weight, and more preferably
from 1 part by weight to 12 parts by weight, based on

100 parts by weight of the binder resin for the toner.

Wax in en excessively large content may result



in an increase in free wax, making it impossible to
prevenf the probleﬁs of laulty cleaning, contamination
of fixing roliers, a lowering of éeveloping
performance, etc., even in the developer containing
the styrene type fine resin particles of the present
invention. 0On the other hand, wax in an excessively
emall content moy result in a lowering of fixing
performance and anti-ofrset. The wax may pretérably
hgve 8 broa& molecular weight distribution. From the
viewpoint of improving cleening performance of OPC
photoseﬁsitive mémbers. it may preterably be nat less
than 5§, and more preferably from 5 to 10, in weight
average molecular weight/number averasge molecular
weight (Mw/Mn).

In the present invention, polyolefin waxes are
pasticularly preferred. Of these, polypropylene wax
and polyvethylene wax gre preferred. Use of such wex
enables achievement of better fixihg performance,
cleaning performance and deﬁeloping performance.

As the oclefin monomers constituting the
polyclefin waxes, it is possible to use, for example,
elhylene, propylene, butene-1, pentene-1, hexene-1,
heptene-1, octene-1, nonsonse-1 and deqene-l, or isomers
of any of these, having unsaturated bonds at different
positions, end also olefin 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 fqllowing way.

Measurment conditions:

A. Apparatus: Waters Associates GPC-150C
B. Colunmn: Shodex A-80M
C. Solvent: o-Dichlorobenzene (0.1 wt/vol % ionol

added), 135°C, 1.0 ml/min
D. Preparation of sample:
Concentration: 0.1 wt/vol %
Solubility: Entirely soluble when used at
high temperatures.

Filtration: None

E.. Pour: 400 ul
F. Detector: RI (differential refractometer) 32 x
50 %

G. Molecular weight calibration:

On the basis of monodisperse polystyrene

molecular weight.

The developer of the present invention may
preferahly comprise i) a toner containing e wax with a
weight average molecular weight/number average
molecular weight (Mw/Mn) of not less than 5, ii)

styrene type fine orgenic particles having a smaller
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average particle diameter than said toner, and iii)
fine inorganic particles having a smaller average
particle diameter than said styrene type tine'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 a 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
adverseiy 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 tolobtain the
toner; and a method in which given materials are mixed
in monomers that constitute the binder resin, to form
an emulsified suspension, followed by polymerizafion
to obtain the toner.

The developer of fhe 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 Hcnochel mixer.

A contact charging process that can be
préferebly used in the present invention will be
specificallf described below.

Fig. 3 schematicelly illustrates the
congtitution of an examplg of thc contact charging
device or assembly. Reference numeral 1 denotes &
photosensitive drum whicgh is a chargeable member
ccrving as the electrostatic image bearing member, &md
is comprised of a conductive substrate comprising a
drun substrate la made of aluminum, on the external
surfece of which an organic photoconductor (QOPC) 1b
serving as a photosensitive layer is formed. The
" photosensitive drum is roteted at a given speed in the
direction of an errow. In this example, the
photosensitive drum 1 is 30 mm in outer diameter.
Reference numeral 2 denotes e charglng rouvller which is
8 charging member brought into contect with the
photosensitive drum 1 gt & given pressure, and is
comprised of e metal mandrel 2a, a8 conductive rubber
layer 2b provided thereon, and further provided on ite
external surface a surface layer 2¢, a release film.
The conduclive rubber layer may preferably have a

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

to § mm. Thc surfece layer in this example comprises

a release film. It is 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 an
excessively large resistivity may give no
electrostatic charges dn the photoéensitive drum 1 and
on the other hand a release film Qith an excessively
small resistivity may cause an excessively large '
voltage applied to the photosensitive drum 1 to tend
to damage the drum or produce pinrholes, and hence the
release film should have an appropriate resistivity.
The release film should have a volume resistivity of

from 10°

to 1014 2-cm. Here, the release film may
préfefably have a thickness of not more than 30 pm.
The lower limit of the thigkness of the film may be
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
um.

In this example, the charging roller 2 has an
outer diameter of 12 mm; The conductive rubber layer
2b, having a thickness of 3.5 mm, is composed of an
ethylene-propylene-diene terpolymer (EPDM), and the
surface layer 2c is formed of a nylon resin in a
thickness of 10 pum. The charging roller 2 is made.to
have & hardness of 54.?' (ASKER-C). Letter symbol E

denotes a power source that applies a'voltage to the
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charging roller 2. 1t supplies a given voltage to the’
mendrel 2a (diameter: S mm) Of the charging roller 2.
In Fig. 3, the letter symbol E indicates a DC voltage.
It may preferably be a direct curreut overlaid with an
AC voltage as shown in Fig. 4. .

Praferable conditions used here for contact
charging process are shown below.
Contact pressure: S to 500 g/cm
AC voltage: 0.5 to 5 KVpp
AC frequency: 50 to 3,000 Hz
DC voltage: =200 to -900 V

Fig. 5 schematically 1llustrates the
constitution of another example of the contact
ocharging member according to the present invention.
The members common 1o those in the device shown in
Figs. 3 and 4 have the same reference number, aond
repetitive description thereon is émitted.

in this example. a contact charging member 3
ie blade-chaped, which is brought into contact with
the pholosensitive drum 1 in the normal direction
under a given pressure. This blade 3 ie comprised of
a holding metal member 3a to which = voltage is
apﬁlied, a8 conductive rubber 3b supported by the
mamber 33, and a surface leye; 3c serving as the
relesse film, provided et the part coming into contact-

witlh the photosensitive drum 1. The surface layer 3¢
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is formed of nylon in a thickness ot 10 um. According
to this example, difficulties such ee eticking of the
blade to the photosensitive drum do not occur, and the
seme operation and effect as in the previous examples
can be achieved.

In the examples described above, the roller-
shaped or blade-shaped member is used as thc charging
member. Without limitation thereto, the present
invention can also be carried out using a member with
a ﬁiffeéent shepe. '

In the sbove examples, the charging member is

constituted of a conductive rubber layer and a release

film. Its constitution is by no meens limited to itx.

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

As the material for the relcase film, PVDT
(polyvinylidene fluoride) and PVDC (polyvinylidene
chloride) may 2l1so be used in place of the nylon
resin. As for the photosensitive member, amorphious
silicon, selenium, Zn0O, etc. 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 when other material is
used, if the softening agent in the conductive rubber
layer adheres to the photosensitive member even in a
small quantity. Hence, it can be more effective to
provide such an insulative coating on lhle vuter side
of the conductive rubber layer.

The present invention ie particulorly
effective for an image forming &pparatus comprising an
electrostatic image bearing member (a photosensitive
drum) whose surface is formed of an organic compound.
This is because, in the case when an organic compound
forms & surface layer, the binder resin containing the
toner tends to adhere to the surface layer and hence
the melt adhesion of toner tends to occur at the
contact point particularly when the same materials ere
used.

Surface materiasls for the the electrostatic
image bearing member according toc the present
invention may include silicone resin, vinylidene
Cchioride, ethylene-vinyl chloride, styrene-
acrylonitrile, etyrene methyl methecrylate, styrene,
polyelhylene terephthalate., and polycarbonate. The
materials are by no ﬁeans limited to theece, and other
monomers or their copolymers or bleads with any of the

exemplified resins can also be used.



The present invention 1s particularly
ettective for sn image forming apparatus comprising an
electrostatic image pearing member with a diameler of
50 mm or less. This is because, in the case of drums
with a small diameter, pressure tondg to be locallized
at the contact part because of a large curvature even
under the same linear pressura.

The same phenomenon is considered to occur in
belt type photosensitive nembers, and the present
invention is particularly effective for an image
forming apparatus wherein the Curvature redius at the
transfer portion is 25 am or less.

The developer for developing'nn clectroatatic
image according to the present ilnvention can be
preferably used particularly in & heat roller fixing
eystem. A heat roller fixing device is usually
comprised of a heat roller, a pressure roller provided
opposingly thereto, and e heat sou?ce built in the
heating roller. A cleaning roller is optionally
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 pressure
roller while keeping the temperature of the heating
roller to & given temperature by means of the haat

source, whereby the toner image is brought into direct
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contact with the neating roller se that the toner
image can be fixcd by heat ond pressure to the
iransfer medium. The heating roller may preferably be
made of a fluorine type material or a silicone type
material, which can remarkably improve the durability
of the heating roller because of the cooperative
action of the material and the developer of the
presenl lavention.

The image forming-methcd and electro-
photographic apparatus of the present invenlion will

be described below with reference to Fig. 6.
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The surface of a photosensitive member 501
serving es the electrostatic image bearing member is
negatively charged by the operation of a contact
charging essembly 502, the coantact charging means
previously described. having a voltage spplying means
616, ond o digitel letent image is formed by image
scanning through exposure 505 using a laser beam. The
latent image thus formed is reversely developed ucing
a negatively chargeable one-component meagnetic
developer 510 held in e developing assembly 508
equipped with a doveloping sleeve 504 in which a
magnetic blade S11 and a magnet are provided. In the
developing z2o0ne, an AC bias, a pulse bias and/or a DC
bies is/are applied between a conductive substrate of
the photosensitive drum 501 and the developing sleeve
504 through a bias applying means 512. A transfer
paper P is fed end delivered (o a transfer zone, where
the transter paper P is eiecfrostatica]ly charged from
ite back surface (the surface opposite to the
photosensitive drum) through a trensfer means 503. so
that the developed imege (toner image) on the surface
of thé photosensitive drum is electrostatically
transferred lo the transfer paper P. The transfer
paper P separatad from the photosensitive drum 501 is
subjected 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 aasembly 500
having a cleaning blade (or a cleaning roller). After
the cleaning, the regidual charges on the
photozensitive drum 501 is eliminated by erase
exposure S06 if necessary. and thus the procedure
agein starting from the charging step using the
contact charging essembly 502 is fepeated. The erase
exposure may be omitted when an AC bias is spplied to
the contact charging assembly 502.

The electrostaetic image bearing member {the
photosensitive drum) compéises a photogeneitive layer
and a conductive substrate as previously described,
and is rotated in the direction ot an arrow. Tn the
doeveloping zone, the develcoping sleeve 504, a non
magnetic cylinder, which is the developer carrving
member, is roteted soc as to move in the same direction
ac the direction in which the electrostatiC image
bearing member is rotated. In the inside of the non-
magnetic cylindrical sleeve 504, a multi-polar
permanent magnet (magnet rvll) serving as a magnetic
field generating means is provided in an unrotatable
state. The one-component insulating magnerié Loner

510 held in the developing sssembly 509 1s coated on



the surface of the non-magnetic cylindrical sleeve
504, end, for example, minus triboelectric cherges are
imparted to the developer because of the friction
bet#een the surface of the sleeve 504 and the the
developer. A doctor bladé 511 made of irom is
disposed opposingly to one of the magnetic pole
positions of the multi-polar permanent magnet, in
proximity (with a space of trom S0 um tn 500 um) to
the surface of the cylinder. Thus, the thickness of a
toner layer can 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 electrosiaztic
imege hearing member 501 and §evelopér carrying memher
504 in the developing zone can be formed in a non-
contact state. The rGtational speed of this developer
carrying member 504 is regulated so that the
peripheral epeed of the sleeve can be substentially
equel Or clcse to Lhe speed of the peripheral speed of
the electrostatic image besaring member. 2As the
nmegnetic doctor blede 511, e permanent magnel may be
used in place of iron to form an opposing magnetic
role. Tn the developing zone, the AC bias or pulse
biaes may be epplied through the bias ﬁeans S512. across
the developer carrying member 504 and the surfaco of
the electrostatic image béaring member 5Q1. This AC

bies may heve a frequency of from 200 to 4,000 Hz. and



e Vpp of from $00 to 3.000 v.

When the toner particles are moved in the
developing zone, the toner particles are moved iq the
side of an electrostatic image by the electrostatic
force of the eleotrostatic image bearing member
surfacé and the action of the AC bias or pulse bias.

Tn place of the magnetic doctor blede 511, an
elastic blade formed of an elastic meterial such ms
silicone rubber may be used so that the layer
thicknese of the developer layer ocan be controlled by
pressure and the developer can'be thereby coated on
the developer carrying member.

The cleaning step may be simullaneously
carried out in the charging étep. developing step or
trancfor stop.

The electrophotographic apparatus may be
constituted ot a combination of plural components
integrally joined as one apparatusc unit from among the
constituents such as Lhe #bove electirostatic image
pearing member, devaloping masns and cleaning means so
that the unit can be freely mounted on or detached
from the body of the apparetus. For example, at lesst
ong of the contact charging means, developing means
and cleaning means may be integrally supported
together with the electrostatie image bearing member

to form one unit that can be freely mounted on ur
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detlached from the body of the apparatus, and the unit
can be freaealy mounted or deteched using a guide means
such as a rail provided in the body of the apparatus..

In the case when fhe electrophotographic
appafatus of the present invention is used as a
printer of a facsimile machine, optical image exposing
light S05 serves as exposing light used for the
printing of received data. Fig. 8 illuatrates an
example thereof in the form uf a block diagram.

A controllier 611 controls an image reading
part 610 and a printer 619. The whole of the
countroller 611 is controlled by CPU 617. Image data
outputted from the image reading pert is sent to the
other facsimilc station through a transmitting circuit
613. Data received from the other station is sent to
a8 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 from a circuit 615 (image
information from & remote terminal connected rhfough
the circuit) is demodulated in the receiving circuit
612, and then successively slored in an image memory
616 after the image information is decaded by the CPU
617. Then, when images for at least one page have

been stored in the memucy 616, the image recording tor



that page 1s carried out. The CPU 617 reads out the
image information for one page from thc memory 616 and
sends the coded luwage iunformaetion for one page to the

printer controller 618. The printer controller 618,

'having received the imoage information for one page

from the GCPU 617, controls the printer 619 so that the
image information for one page is recorded.

The CPU 617 receives image information for
next page in the-course of the recording by the
printer 619.

Fundamental constitution and characteristic
features nf the present invention are es described
above. In the following, the present invention will
be specifically described by giving Examples. It
should be noted that the working embodimente of thc
present invention are by no means limited by these.
In the tollowing examples, "part{s)" refars to
"part{e} by weight". '

Preparation of toners:

Preparation Example 1

Styrene/n-butyl methacrylate/divinylbenzeun= copolymer

(copolymerization ratio:70:29:1; Mw: 280,000)

100 parts

Fine magnetic powder (BET value: 7.5 mzlg)

100 parts

Negative charge control egent {excmplery complex (I)-3)

0.5 parrt
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The sbove matérials were melt-kneaded using a
twin-screw extruder heated te 140°C. After cooled,
thc kneeded product wes crushed using e hammer mill ¢o
give coarse particles, which were then finely
puvlverized uging 8 jet mill. The reéulting finely
pulverized product was subjected to air classificetlon
to give a classified magnetic powder (magnetic toner |
1)-with a weight average particle diameter (D‘) of 6.8
um (number average particle diameter:5.2 um) (Tg:
60°C). The magnetic toner obfained had negative
triboelectric chargeability and alce had electrical
insulating properties. |

Preparation Exanple 2

A classified magnetic powder (magnetic toner
2) having the same average particle diameter as that
in Preparation Example 1 was obtained in the same
manner as in Preparation Example 1 except that as the
charge control agent the exeﬁnlarv complex (I1)-3 was
replaced with exemplary complex (I)-2.

Preparation Example 3

A Classitied magnetic powder (magnetic toner
3) having the same average particle diameter as that
in Prepacallon Example 1 was obtained in the same
manner as in Preparation Examplé 1 excapt that as the

charge control agent the exemplary complex (I)-3 was .
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replaced with exémplary complex (I) €.

Preparation Example 4

A classified magnotic powder (magnetic toner
4) having the same average particle diameter as that
in Preparation Example 1 was obtaiped in fhe same
manner as in Proparation Example 1 oxcept that no
negative charge cofnitruvl agént was used.

Preparation Example §

A claseifiéd magnetio powder (magnetic toner
5) with a weight average particlé diameter of 12.5 um,
having tha same average particle diameter as that in
Preparation Example 1 was obtained in the same manner
as in Preparation Example 1 except that the fine
magnetic powder wae uesed in an emount of 60 parts.

Examples 1 Lo 5 & Comparative Examples 1 to §

Fine resin particles and hydrophobic fine
cilica powder ac chown in thc following Tables 1 and
2, respectlively, were gdded to 100 parts of the above
magnetic toners in the combination as shown in Table
3, and mixed using o Henschel mixer to give e~
cdmponent magnetic develdpers.

Next, these respective one-component mognetic
deyelopers thus prepared were each lbaded in the
electrophotographic apparatus as shown in Fig. € (a
modified machine of LBP-811, manufactured by"Canon

Inc.) heving a contact charging 8ssemb1y and e



cleaning blade nAdo of polyurethane. While applying a
DC voltege (-700 V) and an AC voitage (500 Hz, 2.000
Vpp) to the contact charging assembly, practical copy
tests to form toner imageg continuously on Ad4-size
paper at a printing speed of 16 sheets/min according
to the reversal development system were carricd out in
an environment of low Lemperature and low humidity
(15°C, 10 % RH), and priﬁt-our images were evaluated.
At the some time, the state of the surface of the
chargihg member {(roller type} was examined.

The photosencsitive member ueed was an OPC
-photosensitive member comprising @ drum substrate on
the external surface of which a photosensitive layer
comprised of a charge generation layer and a charge
transport layer (comprising'e charge transporting
compound dispersgd in polycarbonate resin),‘and the
photosensitive member had a surface with sbrasion
characteristics of 2.5 x 1072 cm® as ahrasion wear
measured using a Tabor's abrasion resistance tester.

As previously described, the charging roller 2
has a diameter of 12 mm, the mandrel has a dismcter of
5 mm, the conductive rubber layer 2b has z thickness
of abdut 3.5 mm, and the release film formed of
methoxymathylated nylon has a thickness of 20 Brm. The
roller was brought into pressure contact with the OPC

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

In the image forming epparatus, the (oner
layer on the sleeve was made to have a thickness of
130 pm, and the gap where the sleevc and the OPC
photosensitive member become closest was set to be 300
um. lmage reproduction tests were carried out while
applying & DC bies {-500 V) and an AC bias (1,800 Hz,
1,?00 Vpp) to the developing sleeve.

Tables 1 and 2 show physicel propecrties of the
fine resin particles (A) end those of the fine silica
powder (B). respectively. Table 3 shows the
composition of each developer and the results of
evaluation. As the charging device, the blade type
charging assembhly as shown in-Fig. 4 was used in
Eremple S, and the roller type as shown in Fig. 4 wés
used in Examples I to 4 end Comparativa Examples 1 to
5.

Charge non-uniformity due to the contamination
of the charging member was evsluated by observing
lateral line images of about 100 H in line intervals
and about 100 M in line width.

Dot reproduction was evaluated by cbserving
with a microscope the reproduction of images formed,
after 10,000 sheet running. by devalaoping a checker

pattern gs shown in Fig. 12, comprised of sqguares each

one side of which was 100 uar 6 50 um.
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Table 1

Fing rasin perticles A

Number
Sur av.
face par—
Fine . shape ticle Volume Charge
resin spher- dia- resis- quan- .Composition and
part- icity meter ¢ivity tity ‘monomer unit
icles v (um}  (Q-cm) (ne/g) (we.%)
A-1 0.8 0.5 3«10l -10 SU/MMA/BA
153/35/12)
A-2 0.66 0.6 3x10}% .28 St/MMA/BMA
(65/20/15)
A-3 0.78  0.05 6x10°  -28 St/MMA/2EHA
(60/20/20)
A-4*  0.95 0.5 sx1013  +s0 MMA
A-6+  0.98 0.6 103% -0 MMA/BA (85/15)

* Comparative Example
St: Styrene

MMA: Methyl methacrylate,
BA: Butyl scrylatc

DMA. Butyl methacrylate

2EHA: 2-Ethylhexyl acrylate
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Table 2

Fine silica powder B

BET
Sur- Number
face av. dia-~ .
Fine spe- meter of Charge
sllica citic oprimary guan- Treatment agent

powder area particles tity

(n/g)  (mm) (ne/g)
B-.1 200 0.012 -175 Hexamethyldisilazane
o +dimethylsilicone oil
B~2 300 0.008 -240 Dimethylsilicone oil

B-3 200 0.012 30 Gontrol




Table 3
Results of Evalustion

Charge non-
uniform-.ty due to

contam‘nation Jot Image
Image dergity of contact repro- den~
Atter charging member duction sity
Fine Fine 3Cx €Cx 100x 30% 60x 100k x= x= noauni-
Toner resin silica Ini- 1CC 16C 100 100 100 100 19 823 form-
particles powder tial sk, sh. sh. sh. sh. 82, M r_ ity
Example:
1 1 A-1 0.2 B~-1 0.8 1.4 1.4 1.4 1.4 A(Mo! A[No) A(NoD) A A A
2 2 A-1 0.2 B-1 0.8 1.4 1.4 1.4 .4 A{No: A{No) A{(ND2) A A A
3 3 A-1 0.2 B-1 0.8 1.4 1.4 1.4 2.4 A{Noi A(No) A{(ND) A A A
4 1 A-2 0.15 B-2 0.5 1.2 1.35 1.4 b 3 AiNol . A(No) A(Nd) A A A
5 1 A-3 0.05 B-1 1.2 1.4 1.4 1.4 i.4 Ao} 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
1 5 A-1 0.2 B-1 €.2 1.4 1.4 1.35 1.3 A{No) A(No) A(No) A B A
Comparative Example:
1 1 None B-2 C.tf 1.1 1.2 2.2 1.3 A(No) A(N2>) C(*2) A A A
2 i A-4 0.2 B~-2 1.2 1.2 1.2 1.3 1.4 A(No) A(Nd) C(*3) A A c
3 3 aA-5 0.2 B-3 C.& 1.2 1.2 1.1 1.0 A{No) C(*1) - A Cc

*1: Dccurred on 5,000 sheets
*2: Dzcurred on 8,000 sheets
23: Dzcurred on 9,000 sheets
Remarks:
(1) Amounts of the fine resin partic.es and fine silica powder added are indicated as
. parts by weight based on 100 parts by welght of the toner.
{2) Evaluation of dot reproduction (reproduction of 100 black dots):
A: Two or less dots lacked, B: Three or more dots lacked.

VL -
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Preparation Example €

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

100 parts
Fine magnetic powder (BET wvalue: 7.5 nzlg)

80 parts
Negative charge control agent: 3,5-~di-tert-
bu&ylselicylic acid chromium complex 2 parts
Low-molecular ueﬁgﬁt polypropylene (Mw/Mn = $.8)
| 8 parts
The above materials were melt kneaded using a
twin-screw extruder heated to 140°C. Atter cooled,
the kneaded product was crushed usin? a.hammer mill to
give coarsc particlesa, which were then finely
pulverized using a jet mill. The resulting finely
pulverized product was subjected to air claasification
to give a classified megnetic powder (magnetic toner
6) with a weight avaergge particle diameter (D4) of 7.8
rm (number everege perticle diemeter:6.1 um) (Tg:
60°GC).

Preparation Example 7

A classified magnetic powder (magnetic toner
1) having the same average particle diameter as that
in Prepararion Example 6 wae obtained in the same
manner es in Preparation Example 6 except that a

polypropylene of Mw/Mn = 6.5 was used as tho low-



molecular woight polypropylene.

Preggralion'sxamgle 8

A glassified magnetic powder (magnetic toﬁer
8) having the same average particle diameter as that
in Preparation Example 6 ﬁas obtained in the same
manner as in Preparation Example 6 except that the low-
molecular weight polypropylene was replaced with a
blend of a low-mnlecular weight polyethylene and a low-
molecular wcight.pélypropylene {Mw/Mn = B.2).

‘Preparation Example 9

A classified magnetic powder (magnetic toner
~9) having the same average perticle diameter as that
in Preparation Example 6 was_obtained iﬁ the same
manner &6 in Preparation Example € except that no low-
molecular weight polypropylene was used.

Examples 8 to 12 & Comparative Examples 4 to 7

Fine resin particles and hydrophobic fine
silica powder as shown in the above Tahles 1 and 2,
respactively, were sdded to the above magnetic toners
in the combination as shown in Table 4, and mixed
using a Henschel mixer to give developers.

Using the respective developers thus obtained,
images were reproduced and evaluated.in the same.

manner as in Example 1 or 5. Results cbtained are

shown in Table 4.



Table 4

Results of Evaluation

Charge non-uniformity

due tc contamination Image
Fina Fine cf ccntact charging deneity Contact
Toner resin gilica Image memker (after 10,000 Anti- non-uni-~ ¢harging
particles ponder density sheet running) offset formity nember
Example: .
8 6 A-1 0.2 8-1 0.8 1.4 A (Not cccur) A A Roller
9 7 A-1 0,2 B-1 0.8 1.4 A (Not occur) A A Roller
1
10 8 A-1 0.2 B~-1 0.8 1.4 A (Not occur) ' A A Rollex e
=
1: 6 A-2 0.15 B-2 0.5 1.3 A (Not occur) A A Roller .
il ] ] 4-3 0.05 B-1 1.2 1.4 A (Not occur) A A Blade
Conparative Examp_.e: Occui on
4 € None B~2 0.5 1.0 C (/ 6,000 sheets) A A Ro..er
L] 6 A-4 0.2 B-2 1.2 1.3 C (" 8,000 sheets) A C Ro..er
6 8 A-£ 0.2 B~3 0.8 1.4 C (" 4,000 sheets) A c Roller
7 9 A-4 0.2 B-i 0.8 1.3 C (" 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.




Preparation of taoner particles:

Preparation Example 10

Copolymer 1 100 parts
Fine magnetic powder (BET value: 7.§5 nz/g)

80 perts
Negative charge control agent: 3,68-di-tert-
butylsalicylic acid chromium complex 2 parts

The gbove materials were melt~kneaded using a
twin~-scraw axfrﬁ&e§ heated te 140°C. After cooled,
the kneaded product was crushed using a hammer will to
give coarse particles, which were then finely
pulverized using a jot mill. The resulting finely
pulverized product was SubjeCted to air classification
to give a classitied magnatic powder (magnetic toner
10} with a weight average particle diameter (D4) of
7.8 um (number average particle diameter:6.1 um) (Tg:
60°C).

Preparation Lxample 11 (o 13

Classified magnetic powders (magnetic toners
11 te 13) having the same average particle diameter &s
that in Preparation Example 10 were obtained in the-
seme manner as in Preparation Example 10 excapt that
the copolymer T wes replsced with copolymer Il to IV,
respectively.

Table S shows the compagjition of each

copolymer. Tg, and weight fraction of the region with
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a molecular weight of not more than S,000 in the
measurement by GPC after the toners haove been formed.
Table 5

Composition of copolymer

Magnetic Copoly- Weight
tonar mer Composition Tg fraction (%)%
10 I St/DA/MD 60°C 18.5
{275/715/10)
11 - I St/BA/BMA/MB 59°C 25.4
(70/10715/5)
12 I1I St/2EHA/MB 60°C 20.1
(G8/25/7)

13 Iv St/BA (80/20) 61°C 10.3

* Weight frection of region with malecular weight of
& 5,000 in the measurament by GPC after toner
formation

St: Styrene

BA: Butyl acrylate

BMA: Butyl methacrylate

2EHA: 2-Ethylhexyl acrylate

MR: Monobutyl maleate

Cxamples 13-17 & Comparative Examplas 8-11

Fine resin particles and hydrophobic fine

silica powder as shown in thc above Tables 1 and 2z,



respectively, were added to the above magnetic toners
in the combination as shown in Table 6, and mixed
using a Henschel mixer to giva developers.

Using the respective developers thus obliined,
images were reproduced aﬁd evaluated in the same
manner as in Example 1 or 8. Results obtained are
shown in Teble 6.

) Similar tests were also carried out in an
environment of h;gh temperatﬁre apd high humidity
{(32.5°C, 85 % RH). Printl-ouL images were evaluated,
and the state of the surface of the charging member
was exgmincd.

Charge non-uniformity due to the contaminatign
of the charging member was'examined on latcral line
images of about 100 p in intervals and about 100 u in
line width (in an environment of low temperature and
low bumidity).

Melt adhesion of toner to the surface of the
photosensitive member was evaluated on the basis of
the number of white dots in solid black imamges.
(Since It lLends to occur in an environment of high
température angd high humidity, tests were carried out
in a environment of high temperature andg high

humidity.)

Criterions for the evalustion are s shown

below.



Melt adhesion of toner to the photoscnsitive member
surface:

A: No melt adhesion at all.

AB: Melt adhesion giving 1 to 2 white dols in an

A4 so0lid black image.

R: Melt adhesion giving 3 to 10 white dots in en

Ad s0lid black image.

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

‘Fixing performance was evaluated in the
fallawing way: In an enviromment of normal temperature
and normal humidity (23.5°C, 60 ¥ RH), =& power source
was switched on atter the evaluatinn magchine became
accustomed to that environment. Immediately after
walit-up, lmteral line patterns of 200 M in line width
(width: 200 u: iﬁrerva]s: 200 um) were printed (on A4
paper set lengthwise). A printea image on Lhe first
sheet was used for the evalustion of fixing
paerformance. For the evaluation of fixing
performance, the image w&s rubbed to and fro rive
tiﬁes with Silbon paper uﬁder 3 lead of 100 g, and
image come-off was examined on the basis of the
average of image density fall rates (2).

in the evaluarjon; bond paper with a surface
smoothnees of 10 (sec) or less was used. Cr1£erinns

of the evalualion are as shown belaw.
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Fixing performance:
A: Good (density fall rate: less than 10 %)

A little poor. but tolerable for practical use

B:
(density fall rate: not less than 10 % and
less than 20 %)

C: Untolerable for practical use (density fall

rate: not lese than 20 %).



Table 6
Results of Evaluation

Charge non- *x3 . Image
uniformity Melt ad- den-
in low temp. hesicn Pix- sity
low humidity of tcner irg non-
Fine Fine snvironment {after per- uni- Contac*
Toner resin silica fmage (10,000 sh. 10,000 fcrnm—- form- charging
particles povider density running) : running) snce nity nenber
Example:
13 10 A-1 0.2 B~1 0.8 1.4 A(Not occur) AB A A Roller
14 13 A-1 0.2 B-1 0.8 1.4 A(N>t occur) AB A A Roller
15 12 A-1 @.2 B~ 0.8 1.3 A(Not ocecur) AB A A Roller
16 1C A-2 0.15 B-2 0.5 1.3 A(Not occur) A A Roller
17 10 A-3 0,05 8-1 1.2 1.4 A{Not occur) B A Blade
Comparative Example: Occur on
8 10 None B-2 0.5 1.2 C(/ 10,000 sh.) c A A Roller
9 10 A-4 0.2 B~2 1.2 1.4 c(" 17,000 sh.) B B c Roller
10 12 A-5 0.2 E-3 0.8 1.0 o(" 5,000 sh.) AB A C Roller
11 13 A-4 0.2 B-1 0.8 1.4 cC(" 7,000 sh.) AB c A Roller

*1: In 8 2nvirooment of high tenperature and high humidity.
Amounts of the fine resin particles and fine silica powder added are indicated as
parts by weight based on 10C parts by weight of the toner.

€8 -
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Preperation Exemple 14

styrene/n-butyl acrvlate copolymer (copolymerization
ratio: 8:2; Mw: 270,000}
- 100 parts
Fine magnetic powder (BET value: 8.5 mzlg) 60 parts
Negatch charge control agent {a monoazo.uye chiromium
complex) 0.6 part
Low-molecular weight polypropylene (Mw: 6,000)
3 parts
The above materials wera melt-kneadaed using a
twin-gscrew extrudef heatcd to 140°C. After cooled,
the kneaded product was Crushed using & hammer mill to
give céarse.particles. which werg then finely
pulverized using e jet mill. The resulting fimely
pulverized product was subjected to air classification
to give a classified magnetic powder (mognetic toner
14) with a volume =mverage particle diameter of 12 um
(Tg: 80°C). |

Preparation Exemple 15

Styrene/2-eilllylhexyl ecrylate/maleic acid n-hutyl half

ester copolymer {(copolymerization ratio: 7:2:1: Mw:

200,000) 100 parzts

Fide magnetic powder (BET vaiue: 7.5 m2/g) 60 parts
Negative charge contrel agent (a solicylic acid

chromium complex) 2 parts



Low-mplecular weight polypropylene (Mw: 6,000)
3 parts
The above materials vere trested in the same
manner a8 in Exanple 14 .to give a classified magneilic
powder (m&gnetic toner 15) (Tg: 55°C]). |

Examplas 18-22 & Comparative Examples 12-14

Fine resin particles as showst in Lhe following
Table 7 and fine silica powders as shown in Tahla 2
previously set o&t.and the above classified magnetic
toners were mixed uasing « Henschel mixer in the
combination as shé#n—in Table 8, tro give one—component
magnetic devclopers hoving the toner to which the fige
resin particles and fine silice powder had been
extarnally added.

Next, these respectiQé one-component magnetic
developers thus prepared were each lnaded in the image
forming apperatus as shown in Fig. G-(a modified
machine of LBP-811, manufactured by Canon 1lnc.) having
a contact charging assemhly. While applying a DC
voltage and an AC voltage (500 liz, 2,000 Vpp),
practiical copy tests 10 form toner images continuocusly
on A4-size paper Bt a printing speed of 16 sheets/min
according to the reversal develogment system were
cerried out in an environment of nnrmal temperature
and normal humidity (25°C, 60 % RH), and print-out

images were evaluated. AL the same time, the state of
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the surfaces of the charging member (roller type) and

QOPC photosensitive drum was examined.

Table 7 shows physicel properties of the fine

resin particles (A). Table 8 shows the compositinn nf

each developer and the results of evaluation.

Fogging:
. A

B:

C:

Criterions for the evaluation are shown below.

Almost no fogging.
Fogging occurs, but tolerable for practical
use.

Untolereble for practical use.

Melt adhesion of toner o OPC photosensitive member:

A:

" AD.

Ne melt adhesion at all.

Melt adhesion giviﬁg 1 to 3 white dots in an
A4 solid black image.

Melt adhesion giving 3 to 10 white dots i an
A4 s0lid black image.

Melt adhasian giéing'IO or more white dots in

an A4 solid bleck image.

Charge noan-ungiformity:

A:

B:

No charge non-uniformity at all.

Charg non-uniformity & little occurs., but
tolerable tor practical use.

Charge non-uniformity clearly occCurs.

Untolerable for practical use.



Fine Resin Partiéles (A)
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Table 7

i Spe- “Tribo- Monomer
Sphe Par cific élec- composi-
ric- ticle resist- tric- tion of
ity size ance ity 2 Tg fine resin
¥ (um)  (RQ-om) {(uc/g) (°C) particles
A-6 0.88 0.5 2x10%  -40 110 se/mmaszEMA
(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
(80/5/15)
A-9  0.75 0.9 6x1012 -5 105 St/Mma
(55/45)
A-10 0.80 0.05 exi0i! 200 38  St/MMA/2EHA
(70/10/20}
A-11% 1.00 0.3 2x10%% 490 95  MMA/BA
(90/10)
A-12* 0.97 1.2 1x10?*  -30 102 se/mma
(20/80)

* Comparative Example




Results of Evajuation
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Table 8

Fine
Mag- Fine resin inorgenic :
netic particles-A powder-B (1) Fogg- (2) (3)
Toner Type Amt. ITIype Amt. ing
Exampla:
18 14 A-86 g.1 B1 0.9 A A A 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 1§ A-S 0.8 B-2 1.2 a A A 1.35
22 1% A-10 0.02 B-2 0.4 A a A 1.4
Comgarative Example:
12 14 A-11 0.1 B-1 0.5 A Cc C 1.4
13 15 A 12 0.5 B-2 0.8 C o ¢ 1.35
14 15 - - B-3 0.5 c A A 0.9

{1):

{2):

{3):

Meltr adhesion of tonec to photosensitive member

after 12.000 sheets running

Charge non-uniformity {after 12,000 sheels

runaing)

image density



As heving been described above, use of the
ap;cific fine resin pariicles iun Combination with the
rine inorganic powder such ags hydrophobic fine silica
powder ie.affective for removing the free fine
inorganic powder to protect the surface of the
photosansitive member. and hance the developer of the
present invention can give a toner image that is free
from toner contamination or fogging and has a high
quality.

A developer for developing an elcctrostatic
image has a toner, fine resin particles with a surface
shapa sphericity ¥ of from 0.90 to 0.50, and fine

inorganic particles.
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We claim: )

1. An electrophotographic apparatus comprising:

an electrostatic image bearing member;

a contact charging member to which a voltage is
externally applied, which electrostatically charges
said electrostatic image bearing member while
being brought into contact with it; -

an electrostatic image forming means for forming an
electrostatic image on the charged electrostatic
image bearing member; .

a developing means for developing the electrostatic
image thus formed; said developing means com-
prising a developer carrying member and a devel-
oper container that holds therein a developer; said
developer comprising a toner, fine resin particles
with a surface shape sphericity ¥ of from 0.90 to
0.50, and fine inorganic particles; and

a transfer means for transferring the toner image
formed on said electrostatic image bearing member
to a transfer medium.

2. The electrophotographic apparatus according to
claim 1, wherein said electrostatic image bearing mem-
ber has an OPC photosensitive layer.

3. The electrophotographic apparatus according to
claim 1, wherein said contact charging member is con-
nected with a voltage applying means for applying a
direct current voltage.

4. The electrophotographic apparatus according to
claim 1, wherein said contact charging member is con-

nected with a voltage applying means for applying an
alternating current voltage. '

S. The electrophotographic apparatus according to
claim 1, wherein said contact charging member is con-
nected with a voltage applying means for applying 2
direct current voltage overlaid with an alternating
current voltage.

6. The electrophotographic apparatus according to
claim 1, wherein said contact charging member is roll-
er-shaped. _

7. The electrophotographic apparatus according to

claim 6, wherein said contact charging member has a
release film surface layer.

8. The electrophotographic apparatus according to
claim 1, wherein said contact charging member is blade-
shaped.

9. The electrophotographic apparatus according to
claim 1, wherein said electrostatic image bearing mem-
ber is provided with a cleaning means for cleaning a
toner remaining after transfer.
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10. The electrophotographic apparatus according to
claim 9, wherein said cleaning means is provided with a
cleaning blade.

11. The electrophotographic apparatus according to
claim 1, wherein said fine resin particles have an aver-
age particle diameter smaller than the average particle
diameter of said toner and larger than the average parti-
cle diameter of said fine inorganic powder.

12. The electrophotographic apparatus according to
claim 1, wherein said fine resin particles have a primary
average particle diameter of from 0.03 u to 1.0 p.

13. The electrophotographic apparatus according to
claim 1, wherein said fine resin particles have a primary
average particle diameter of from 0.05 pto 0.8 p.

14. The electrophotographic apparatus according to
claim 1, wherein said fine resin particles have a tribo-
ele;:tric charge quantity of from -200 uc/g to +50
HC/g.

15. The electrophotographic apparatus according to

claim 1, wherein said fine resin particles have a triboelectric
charge quantity of from -100 uc/g to +30 uc/g.

16. The electrophotographic apparatus according to
claim 1, wherein said fine resin particles have a specific
resistance from 10¢ Q-cm to 1013 Q.cm.,

17. The electrophotographic apparatus according to
claim 1, wherein said fine resin particles comprise a
styrene resin.

18. The electrophotographic apparatus according to
claim 1, wherein said fine resin particles have not less
than 51% by weight of styrene monomer units.

19. The electrophotographic apparatus according to
claim 1, wherein said fine resin particles have a glass
transition point of 80° C. or above. _

20. The electrophotographic apparatus according to
claim 1, wherein said toner has a weight average parti-
cle diameter of from 3.5 pm to 20 um, said fine resin
particles have a primary average particle diameter of

from 0.03 p to 1.0 u, and said fine inorganic powder has
a primary average particle diameter of from 0.002 p to
0.2 p; the primary average particle diameter of said fine
inorganic powder being smaller than the primary aver-
age particle diameter of said fine resin particles.

21. The electrophotographic apparatus according to
claim 20, wherein said toner has a weight average
particle diameter of from 3.5 um to 14 pum.

22. The electrophotographic apparatus according to
claim 20, wherein said toner has a weight average parti-
cle diameter of from 4 pm to 8 pm.
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23. The electrophotographic apparatus according to
claim 22, wherein said toner comprises toner particles
containing a charge control agent.

24. The electrophotographic apparatus according to
claim 1, wherein said toner comprises toner particles
containing a negative charge control agent represented
by the following Formula (I):

) Formula ()

\AT N=N—"-Ar JA®

wherein M represents Cr, Co, Ni, Mn or Fe having the
coordination number of 6; Ar represents an aryl group
which is substituted or unsubstituted; X, X', Y and Y’
are the same or different and each represent —O—,
—CO—, —NH—or —NR—, where R represents an
alkyl group having 1 to 4 carbon atoms; and A repre-
sents a hydrogen ion, a sodium ion, a potassium ion, an
ammonium ion or an aliphatic ammonium ion.

25. The electrophotographic apparatus according to
claim 1, wherein said toner comprises toner particles
containing a wax having a ratio (Mw/Mn) of weight
average molecular weight (Mw) to number average
molecular weight (Mn) of not less than S.

26. The electrophotographic apparatus according to
claim 1, wherein said toner comprises toner particles
having a binder resin containing not less than 15% of a

- component with a molecular weight of not more than
5,000 in a GPC chromatogram.

27. The electrophotographic apparatus according to
claim 1, wherein said toner comprises toner particles
having a binder resin containing from 15% to 35% of a
component with a molecular weight of not more than

- 5,000 in a GPC chromatogram.

28. The electrophotographic apparatus according to
claim 27, wherein said toner comprises toner particles
having a binder resin comprising a styrene polymer, a
styrene copolymer, or a mixture of these.

29. The electrophotographic apparatus according to
claim 1, wherein said toner comprises magnetic toner
particles. "

30. The electrophotograpluc apparatus according to

claim 1, wherein said toner comprises insulating mag-

netic toner particles having a negative triboelectric
chargeability.
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31. An apparatus unit comprising:

an electrostatic image bearing member;

a contact charging member to which a voltage is
externally applied, which electrostatically charges
said electrostatic image bearing member while
being brought into contact with it; and

a developing means for developing an clectrostatic
image thus formed; said developing means com-
prising a developer carrying member and a dcve}-
oper container that holds therein a developer; said
developer comprising a toner, 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
means being held as one unit together with said
electrostatic image bearing member, and said unit
forming a single unit detachably provided in the
body of an electrophotographic apparatus.

32. The apparatus unit according to claim 31, wherein
said electrostatic image bearing member has an OPC
photosensitive layer.

33. The apparatus unit according to claim 31, wherein
said contact charging member is roller-shaped.

34. The apparatus unit according to claim 33, wherein
said contact charging member has a release film surface
layer. ' , _

3S. The apparatus unit according to claim 31, wherein
said contact charging member is blade-shaped.

36. The apparatus unit according to claim 31, wherein
said electrostatic image bearing member is provided
with a cleaning means for cleaning a toner remaining on
its surface.

37. The apparatus unit according to claim 36, wherein
said cleaning means has a cleaning blade.

38. The apparatus unit according to claim 31, wherein
said fine resin particles have an average particle diame-
ter smaller than the average particle diameter of said
toner and larger than the average particle diameter of
said fine inorganic powder.

. 39. The apparatus unit according to claim 31, wherein
said fine resin particles have a primary average particle
diameter of from 0.03 u to 1.0 p. .

40. The apparatus unit according to claim 31, wherein
said fine resin particles have a primary average particle
diameter of from 0.05 p to 0.8 p. '

41. The apparatus unit according to claim 31, wherein
said fine resin particles have a triboelectric charge quan-
tity of from —200 uc/g to +50 uc/g. _

42. The apparatus unit according to claim 31, wherein
said fine resin particles have a triboelectric charge quan-
tity of from — 100 pc/g to +30 uc/g.
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43. The apparatus unit according to claim 31, wherein
said fine resin particles have a specific resistance of from
106 Q-cm to 10!3 Q-cm.

44, The apparatus unit according to claim 31, wherein
said fine resin particles comprise a styrene resin.

45. The apparatus unit according to claim 31, wherein
said fine resin particles have not less than 51% by
weight of styrene monomer units.

46. The apparatus unit according to claim 31, wherein
said fine resin particles have a glass transition point of
80° C. or above. .

47. The apparatus unit according to claim 31, wherein
said toner has a weight average particle diameter of
from 3.5 um to 20 um, said fine resin particles have a
primary average particle diameter of from 0.03 u to 1.0
M, and said fine inorganic powder has a primary average
particle diameter of from 0.002 u to 0.2 y; the primary
average particle diameter of said fine inorganic powder
being smaller than the primary average particle diame-
ter of said fine resin particles. '

48. The apparatus unit according to claim 47, wherein
said toner has a weight average particle diameter of
from 3.5 pm to 14um.

49. The apparatus unit according to claim 47, wherein
said toner has a weight average particle diameter of
from 4 pm to 8 um,

50. The apparatus unit according to claim 49, wherein
said toner comprises toner particles containing a charge
control agent.

S1. The apparatus unit according to claim 49, wherein
said toner comprises toner particles containing a nega-
tive charge control agent represented by the following
Formula (I): '

Formuls (T):

( Ar———N=N—ar }°

N\

X Y
N/
M
AN\
Y X

\Ar——N=N——Ar JA8

wherein M represents Cr, Co, Ni, Mn or Fe having the
coordination number of 6; Ar represents an aryl group
which is substituted or unsubstituted; X, X', Y and Y’
are the same or different and each represent —O—,
~—CQO—, —NH—or —NR—, where R represents an
alkyl group having 1 to 4 carbon atoms; and A@ repre-
sents a hydrogen ion, a sodium ion, a potassium ion, an
ammonium jon or an aliphatic ammonium ion.
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52. The apparatus unit according to claim 31, wherein
said toner comprises toner particles containing a wax
having a ratio (Mw/Mn) of weight average molecular
weight (Mw) to number average molecular weight
(Mn) of not less than S.

53. The apparatus unit according to claim 31, wherein
said toner comprises toner particles having a binder
resin containing not less than 15% of a component with
a molecular weight of not more than 5,000 in a GPC
chromatogram.

54. The apparatus unit according to claim 31, wherein
said toner comprises toner particles having a binder
~ resin containing from 15% to 35% of a component with
a molecular weight of not more than 5,000 in a GPC
chromatogram. :

55. The apparatus unit according to claim 54, wherein
said toner comprises toner particles having a binder
resin comprising a styrene polymer, a styrene copoly-
mer, or a mixture of these.

56. The apparatus unit according to claim 31, wherein
said toner comprises magnetic toner particles.

57. The apparatus unit according to claim 31, wherein
said toner comprises insulating magnetic toner particles
having a negative triboelectric chargeability.

58. A facsimile apparatus comprising an electropho-
tographic apparatus and a receiver means for receiving
image information from a remote terminal;

said electrophotographic apparatus comprising:

an electrostatic image bearing member;

a contact charging member to which a voltage is
externally applied, which electrostatically charges
said electrostatic image bearing member while
being brought into contact with it;

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

a developing means for developing the electrostatic
image thus formed; said developing means com-

prising a developer carrying member and a devel-
oper container that holds therein a developer; said
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developer comprising a toner, fine resin particles
with a surface shape sphericity  of from 0.90 to
0.50, and fine inorganic particles; and
a transfer means for transferring the toner image
formed on said electrostatic image bearing member
to a transfer medium.
59. The facsimile apparatus according to claim S8,
wherein said electrostatic image bearing member has an
OPC photosensitive layer.
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60. The facsimile apparatus according to claim S8,
wherein said contact charging member is connected
with a voltage applying means for applying a direct
current voitage. '

61. The facsimile apparatus according to claim $8,
wherein said contact charging member is connected
with a voltage applying means for applying an alternat-
ing current voltage.

62. The facsimile apparatus according to claim 58,
wherein said contact charging member is connected
with a voltage applying means for applying a direct
current voltage overlaid with an alternating current
voltage.

63. The facsimile apparatus according to claim S8,
wherein said contact charging member is roller-shaped.

64. The facsimile apparatus according to claim 63,
wherein said contact charging member has a release
film surface layer.

65. The facsimile apparatus according to claim 58,
wherein said contact charging member is blade-shaped.

66. The facsimile apparatus according to claim §8,
wherein said electrostatic image bearing member is
provided with a cleaning means for cleaning a toner
remaining after transfer.

67. The facsimile apparatus according to claim 66,
wherein said cleaning means is provided with a cleaning
blade.

68. The facsimile apparatus according to claim 58,

wherein said fine resin particles have an average parti- -

cle diameter smaller than the average particle diameter
of said toner and larger than the average particle diame-
ter of said fine inorganic powder.

69. The facsimile apparatus according to claim 58,
wherein said fine resin particles have a primary average
particle diameter of from 0.03 p to 1.0 p.

70. The facsimile apparatus according to claim 58,
wherein said fine resin particles have a primary average
particle diameter of from 0.05 u to 0.8 p. :

71. The facsimile apparatus according to claim §8,
wherein said fine resin particles have a triboelectric
charge quantity of from —200 pc/g to +50 pc/g.

72. The facsimile apparatus according to claim 58,
wherein said fine resin particles have a triboelectric
charge quantity of from - 100 uc/g to +30 pc/g.

73. The facsimile apparatus according to claim 58,
wherein said fine resin particles have a specific resis-
tance of from 10° Q.cm to 1013 Q.cm.

74. The facsimile apparatus according to claim 58,

threin said fine resin particles comprise a styrene
resin.
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75. The facsimile apparatus according to claim §8,
wherein said fine resin particles have not less than 51%
by weight of styrene monomer units.
76. The facsimile apparatus according to claim 58,
wherein said fine resin particles have a glass transition
" point of 80°C or above. -

77. The facsimile apparatus according to claim 58,
wherein said toner has a weight average particle diame-

ter of from 3.5 um to 20 um, said fine resin particles
have a primary average particle diameter of from 0.03 p
to 1.0 u, and said fine inorganic powder has a primary
average particle diameter of from 0.002 u to 0.2 u; the
primary average particle diameter of said fine inorganic
powder being smaller than the primary average particle
diameter of said fine resin particles.

78. The facsimile apparatus according to claim 77,
wherein said toner has a weight average particle diame-
ter of from 3.5 pm to 14 pm.

79. The facsimile apparatus according to claim 77,
wherein said toner has a weight average particle diame-
ter of from 4 pm to 8 pm.

80. The facsimile apparatus according to claim 79,
wherein said toner comprises toner particles containing
a charge control agent.

81. The facsimile apparatus according to claim 58,
wherein said toner comprises toner particles containing
a negative charge control agent represented by the
following Formula (I):

Formula (I)
fAr-\—N=N——Ar \©

X Y
\'/
M

\Ar——N=N—aAr Jp®

wherein M represents Cr, Co, Ni, Mn or Fe having the
coordination number of 6; Ar represents an aryl group



Ry I
which is substituted or unsubstituted; X, X', Y and Y’
are the same or different and each represent —O—,
—CO—, —NH—or —NR—, where R represents an
alkyl group having 1 to 4 carbon atoms; and A repre-
sents a hydrogen ion, a sodium ion, a potassium ion, an
ammonium ion or an aliphatic ammonium ion.

82. The facsimile apparatus according to claim 58,
- Wherein said toner comprises toner particles containing

a wax having a ratio (Mw/Mn) of weight average mo-

lecular weight (Mw) to number average molecular

weight (Mn) of not less than §.

83. The facsimile apparatus according to claim 58,

wherein said toner comprises toner particles having a
binder resin containing not less than 15% of a compo-
nent with a molecular weight of not more than 5,000 in

a GPC chromatogram.

84. The facsimile apparatus according to claim $§8,
wherein said toner comprises toner particles having a
binder resin containing from 15% to 35% of a compo-
nent with a molecular weight of not more than 5,000 in
a GPC chromatogram.

85. The facsimile apparatus according to claun 84,
wherein said toner compnss toner particles having a
binder resin comprising a styrene polymer, a styrene
copolymer, or a mixture of these.

86. The facsimile apparatus according to claim 58,
wherein said toner comprises magnetic toner particles.

87. The facsimile apparatus according to claim 58,
wherein said toner comprises insulating magnetic toner
particles having a negative triboelectric chargeability.



