
EP 0 410 482 b1 Description FIELD OF THE INVENTION AND RELATED ART 5
The present Invention relates to an Image forming apparatus according to
electrophotography. More particularly, the present invention relates to an
image forming apparatus Including a charging means for charging a member to
be charged by causing a charging member supplied with a voltage from an
external supply to contact the member to be charged and to a developer
suitably used in the image forming apparatus. Hitherto, a corona discharger
has been used as a charging means in electrophotographic apparatus. The l0
corona discharger involves a problem that it requires application of a high
voltage to generate a large amount of ozone. Recently, it has been studied
to use a contact charging means instead of a corona discharger. More spe-
cifically, it has been proposed to cause a conductive roller as a charging
means to contact a member to be charged such as a photosensitive member
while applying a voltage to the conductive roller thereby to charge is  the
member to be charged to a prescribed surface potential. By using such a
contact charging means, it be- comes possible to use a lowervoltage than by
a corona dischargertherebyto decrease the generation ofozone. For example,
Japanese Patent Publication JP-B Sho 50-13661 discloses the use of a roller
comprising a core metal coated with a dielectric of nylon or polyurethane
rubber to charge a photosensitive paper by appli- cation of a low voltage.
20     In the above embodiment, however, the roller comprising a core metal
coated with nylon lacks a resilience like that of rubber so that It can
fail to maintain a sufficient contact with the member to be charged, thus
pro- viding an insufficient charge. On the other hand, in a roller
comprising a core metal coated with polyurethane rubber, a softening agent
impregnating the rubber gradually exudes out so that, if the member to be
charged is a photosensitive member, the charging member is liable
tosticktothe photosensitive memberat the abutting 25  part when the
photosensitive member is stopped orthe photosensitive member is liable to
cause fading of im- ages atthe abutting part. Further, if the softening
agent in the rubbermaterial constituting the charging member exudes outto
stickto the photosensitive membersurface, the photosensitive member is
caused to have a lower resistivity to cause image flow and even becomes
inoperable or causes sticking of a residual toner on the pho- tosensitive
member onto the surface of the charging member, thus leading to filming. If
a large amount of toner so  sticks to the surface of the charging member,
the surface of the charging member locally loses its chargeability to
charge the photosensitive member surface ununiformly, thus adversely
affecting the resultant toner images. This is because the residual toner is
strongly pushed by the charging member against the photosensitive mem- ber
surface, so that the residual toner Is liable to stick to the surfaces of
the charging member and the photo- sensitive member to mar or scratch the
photosensitive member surface. 35     In a contact charging apparatus, the
charging member is supplied with a DC voltage or a DC voltage su- perposed
with an AC voltage. In this instance, in the region or therearound of
contact between the charging member and the photosensitive drum, there
frequently occur abnormal charging and repetitive flying of resid- ual
toner particles having a small diameter and a small weight. Accordingly,
the residual toner is liable to be electrostatically adsorbed by or
embedded in the surfaces of the charging member and photosensitive drum. 40
This is very different from a case where a non-contact charging means is
used as in a conventional corona discharger. On the other hand, there have
beEn used small-sized and inexpensive copying machines for personal use and
laser beam printers in recent years. In these small-sized apparatus, It is
desirable to use a cartridge inte- grally including a photosensitive
member, a developing means, a cleaning means, etc, so as to provide a main-
45  tenance-free system. It is also desirable to use a single-component,
dry, magnetic developer so as to simplify the structure of the developing
means. The processes using magnetic toners may for example include: the
magne-dry process using an electro- conductive toner disclosed In U.S.
Patent No. 3,909,258, a process utilizing dielectric polarization of toner
par- tiCLes; a process utilizing charge transfer by agitation with a toner,
developing processes wherein toner particles 50  are caused to jump onto
latent images as disclosed In JP-A 54-42141 and JP-A 55-18656. 



In order to form visible images of good image quality in such processes
using a dry magnetic developer, the developer is required to have a high
fluidity and a uniform chargeability, so that it has been conventionally
practiced to add sillicic acid fine powder to toner particles. Silicic acid
fine powder (i.e., silica powder) per se is hydrophilic, so that a
developer containing the silica added thereto agglomerates due to moisture
in the air 55  to lower its fluidity or even lower its chargeability due to
moisture absorption by the silica. For this reason, it has been proposed to
use hydrophobicity-imparted silica powder by JP-A46-5782, JP-A48-47345,
JP-A 48- 47346. More specifically, there has been used hydrophobic silica
obtained, e.g., by reacting silica powderwith an organic silicon compound,
such as dimethyidichlorosilane, to substitute an organic group for silanol
groups 2    EP0410482B1 on the surfaces of the silica particles. In a
magnetic toner, the magnetictoner perse shows an abrasivefunction. In an
Image forming step where- in a developer is pressed against a
photosensitive member having a low surface-hardness such as an organic
photoconductor (OPC) member, if the developer comprises a mixture of a
magnetic toner and Inorganic fine 5   powder, several difficulties are
liable to be encountered, such as white dropout in developed images due to
scraping of the surfaces of both the pressing memberand the photosensitive
member, damages ofthe pressing member and photosensitive member, and
soiling or contamination of the photosensitive member, such as melt-
sticking and filming of the toner. It has been proposed to add polymer
particles smaller than toner particles by JP-A60-186854. When we 10
prepared a developeraccording to such teaching, the resultant developerwas
not effective against toner stick- ing but was liable to cause charge
irregularity in a contact charging apparatus. On the other hand, in
accordance with remarkable increases in capacity of host computers, a laser
beam printer showing a high printing speed has been required. Further, an
Image forming apparatus free from ozone generation Is desired in respect of
an office environmental condition. 15     In contact charging, an increased
voltage and an increased AC frequency are required so as to stably charge
the photosensitive member in accordance with a process speed, which also
promotes sticking of the developer onto the photosensitive member. In
recent years, severer requirements have been imposed on image qualities,
and it is required to visualize even an extremely fine latent image
faithfully without resolving failure such as solidification or
discontinuity. 20  Accordingly, there is a trend to use a smaller particle
size of toner. For example, JP-A Hei 1-112253 has pro- posed a developer
having a volume-average particle size of 4 - 9 microns. A decrease in
particle size of toner Is generally accompanied with an increase in
specific surface area thereof, so that such a toner is liable to soil or
contaminate the pressing member and photosensitive member and also requires
alargeramountof inorganic fine powder so as to ensure a sufficientfluidity
in compensation 25  for the increase in agglomeration characteristic. As a
result, there Is atendencyto promote image defects, such as white dropout
due to abrasion of the pressing member and photosensitive member, and
sticking and filming of toner due to damages of the pressing member and
photosensitive member. In EP-A-0 280 542 an example of an image-forming
apparatus using a contact-charging means is dis- closed. 30     In D-A-3
508 379 an image-forming method is disclosed using a developer comprising
magnetic toner par- ticles having a volume average particle size of 5-20
[err]m and non-magnetic Inorganic powder, e.g. hydrophobic silicon
particles. In EP-A-0 395 026 (a state of the art according to Article 54
(3) EPC), a magnetic developer for developing an electrostatic latent Image
is disclosed, including hydrophobic silicon fine powderand an insulating
magnetic 35  toner comprising at least a binder resin and a magnetic
material comprising spherical magnetic particles; wherein 0.16 to 1.6
weight parts of the hydrophobic silicon fine powder Is mixed with hundred
weight parts of 



the insulating magnetic toner; the developer contains 17-60 % by number of
magnetic toner particles having a particle size of 5 microns or smaller,
5-50 % by number of magnetic toner particles having a particle size of
6.35-10.08 microns and 2.0 % by volume or less magnetic toner particles
having a particle size of 12.7 microns 40  or larger. However, in non of
the above-mentioned documents a solution of the above-mentioned problems is
given. SUMMARY OF THE INVENTION 45      An objectofthe presentinvention is
to provide an Imageforming apparatus which isfreefromtonersticking or only
accompanied with suppressed toner sticking, if any. An object of the
present invention Is to provide an Image forming apparatus which provides
toner images which show a high density and are free from fog. An object of
the present invention Is to provide an image forming apparatus which hardly
contaminate a 50  contact charging apparatus. An object of the present
Invention is to provide an image forming apparatus wherein charge
irregularities onto a photosensitive member by a contact charging means are
suppressed. An object of the present invention is to provide a practical
image forming apparatus Including a contact charging means, a developing
means and a developer for effecting development. 55      According to the
present invention, there is provided an image forming apparatus,
comprising: a member to be charged for carrying an electrostatic image, a
contact-charging means for charging the member to be  charged in contact
with the member to be charged, and 3    EP0410482B1 a developing means for
developing the electrostatic image carried on the member to be charged,
where- In the developing means Includes a developer for developing the
electrostatic image, said developer compris- ing a toner and hydrophobic
inorganic fine powder and said toner having a volume-average partIcle size
of 4 - 8 microns, and such a particle size distribution that 5   It
includes 17 - 60% by number of toner particles of 5 microns or smaller, 5 -
50% by number of toner particles of 6.35 to 10.08 microns and 2.0 volume %
or less of toner particles of 12.7 microns or larger. According to a
further aspect of the present invention, there is provided an apparatus
unit for use in an electrophotographic apparatus comprising said image
forming apparatus wherein said apparatus unit comprises at least one of
said contact-charging means and developing 10 means is supported integrally
together with said member to be charged to form the apparatus unit, which
can be connected to or released from an apparatus body constituting the
electrophotographic apparatus, as de- sired. According to another aspect of
the present Invention, there Is provided a facsimile apparatus, comprising:
an electrophotographic apparatus and a receiving means for receiving image
data from a remote terminal, 15  wherein said electrophotographic apparatus
comprises said image forming apparatus. These and other objects, features
and advantages of the present invention will become more apparent upon a
consideration of the following description of the preferred embodiments of
the present invention taken in conjunction with the accompanying drawings.
20   BRIEF DESCRIPTION OF THE DRAWINGS Figures 1 and 4 illustrate a
contact-charging roller used in the image forming apparatus in the present
in- vention. Figure 2 is an Illustration of a contact-charging blade as
another embodiment of the contact-charging 25  means. Figure 3 is an
illustration of an instrument for measuring triboelectric charges. 



Figure 5 Is a schematic Illustration of an embodiment of the image forming
apparatus according to the present invention. Figure 6 is a block diagram
showing a system constituting a facsimile apparatus. 30      Figure 7 is an
illustration of a checker pattern for evaluating reproducibility of minute
dots. DETAILED DESCRIPTION OF THE INVENTION The toner contained in the
developer used in the present invention has a volume-average particle size
of 35  4 - 8 microns, particularly 6 - 8 microns, so as to provide a
developer having a good resolution and causing little fog. The developer
containing the magnetic toner mayfurtherpreferably have a BET specific
surface area of 1.8 - 3.5 m[err]/g, a loose apparent density (or aerated
bulk density) of 0.4 - 0.52 g/cm[err] and a true density of 1.45 - 1.8
g/cm[err] so as to provide a good resolution and cause little fog. A
developer having a BET specific surface area of 1.8 - 3.5 m[err]/g as
measured by nitrogen adsorption 40  shows an excellent performance from an
early stage of operation, an excellent developer utilization efficiency and
also a toner sticking-prevention effect onto the photosensitive member. The
developerof the present invention may preferably have a true density of
1.45- 1.8 g/cm[err]. In this range, the developer provides an appropriate
application amount onto a latent image to provide a faithful, high-density
image without thickening or thinning relative to the latent image. A true
density of below 1.45 is liable to cause 45  contamination in the apparatus
due to scattering of the developer, toner-sticking onto the photosensitive
mem- ber and increased fog. The developer of the present invention may have
a loose apparent density of 0.4 - 0.52 g/cm[err], which is
characteristically small compared with the magnitude of the true density.
The porosity calculated from the true density and the loose apparent
density according to the following equation may preferably be 62 - 75 %. 50
Porosity ([err]a) = [(true density) - (apparent density)]/[true densityl x
100 (%) The developer may preferably have a packed apparent density of 0.8
- 1.0 which may provide a porosity (sp) of 40 - 50%. The developer
satisfying the above properties does not cause plugging in the developing
apparatus but may ensure a smooth supply to the developing zone, so that
images showing a stable density can be always 55 formed without white
dropout. Further, the toner does not cause leakage, scattering or
denaturation even after a large number of printing tests but can prevent
toner-sticking onto the photosensitive member. The BET specific surface
area of the magnetic developer may be measured according to the BET one-
point method by using a specific surface area meter (Autosorb 1, available
from QUANTACHROME Co.). 4    EP0410482B1 The loose apparent density (or
aerated bulk density) and packed apparent (or bulk) density referred to
herein are based on the values measured by using Powder Test and the
accompanying vessel (available from Hosokawa Micron K.K.) and according to
the handling manual for the Powder Tester. The true density referred to
herein Is based on values measured according to the following method which
5   may be an accurate and convenient method for fine powder. Astainless
steel cylinder having an innerdiameterof 10 mm and a length of about 50 cm,
a disk (A) having an outer diameter of about 10 mm and a height of 5 mm,
and a piston (B) having an outer diameter of about 10 mm and a length of
about 8 cm which can be inserted into the cylinder in a close fitting, are
provided. The disk (A) Is placed at the bottom of the cylinder, about I g
of a sample powder is placed thereon, and the piston 10  (B) is gently
pushed against the sample. Then, a pressure of 400 kg/cm[err] is applied to
the piston by an oil press. After compression for 5 minutes, the compressed
sample is taken out and weighed (Wg), and the diameter (D cm) and height (L
cm) of the compressed sample are measured by a micrometer caliper, whereby
the true density is calculated according to the following equation: True
density (g/cm[err]) = W[[err](D/2)[err]xL] 



15      The magnetic toner used in the image forming apparatus of the
present invention has a volume-average particle size of 4 - 8 microns,
particularly, 6 - 8 microns, and such a particle size distribution
including 17 - 60 % by number of magnetic toner particles of 5 microns or
smaller,5 - 50 % by number of magnetic toner particles of 6.35 - 10.08
microns and 2.0 volume % or less of magnetic toner particles of 12.7
microns or larger and preferably further satisfies the following equations:
20                                      NV = -0.05N + k, wherein N denotes
the contents in % by number of the magnetic toner particles of 5 microns or
smaller, V de- notes the content in % by volume of the magnetic toner
particles of 5 microns or smaller, k is a positive number of 4.6 - 6.7, and
N is a positive number of 17 - 60. If the volume-average particle size of
the magnetic toner is below 4 microns, the toner coverage on a trans- 25
fer paperbecomes small to result in a low image densityfora usage having a
large image area such as a graphic image. This may be attributable to the
same reason why the image density of an inner i mage portion becomes lower
than that at the contour or edge portion of the image as will be described
hereinafter. Further, a volume- average particle size of below 4 microns is
liable to result in toner-sticking onto the photosensitive member. If the
volume-average particle size of the magnetic toner is above 8 microns, the
resolution is lowered to 30  cause a lower image quality in a successive
copying. If the content of magnetic toner particles of 5 microns or smaller
is below 17 % by number, the amount of magnetic toner particles effective
for a high image quality and particularly, as the printing out is
continued, the amount of the effective magnetic toner particle component is
decreased to cause a fluctuation in magnetic toner particle size
distribution and gradually deteriorates the image quality. If the content
is above 60 % by number, mutual agglomeration of the magnetic toner
particles 35  is liable to occur to produce toner lumps having a larger
size than the proper size, thus leading to difficulties, such as rough
image quality, a low resolution, a large difference in density between the
contour and interior of an image to provide a somewhat hollow image, and
also toner-sticking onto the photosensitive member. The content of the
particles in the range of 6.35 - 10.08 microns is 5 - 50 % by number,
particularly 8 - 40 % by number. Above 50 % by number, the image quality
becomes worse, and excess oftonercoverage is liable 40  to occur, thus
resulting in a poor reproducibility of thin lines and an increased toner
consumption. Below 5 % by number, itis difficultto obtain a high image
density. The contents of the magnetic toner particlesof 5 microns or
smaller in terms of % by number (N %) and % by volume (V %) may preferably
satisfy the relationship of N/V= -0.05N + k, Wherein k represents a
positive number satisfying 4.6 [err] k [err] 6.7. The numberk may
preferably satisfy 4.6 [err] k [err] 6.2, more preferably 4.6 [err] k [err]
5.7. Further, as described above, the percentage N satisfies 45  17 [err] N
[err] 60, preferably 25 [err] N [err] 50, more preferably 30 [err] N [err]
60. If k< 4.6, magnetictoner particles of 5.0 microns or below are
insufficient, and the resultant Image density, resolution and sharpness
decrease. When fine toner particles in a magnetic toner, which have
conventionally been considered useless, are presentin an appropriate
amount, theyare effective for achieving closest packing of toner in
development and contribute to the formation of a uniform image free of
coarsening. Particularly, 50  these particles fill thin-line portions and
contour portions of an image, thereby to visually improve the sharp- ness
thereof. If k < 4.6 in the above formula, such component becomes
insufficient in the particle size distrib- ution, and the above-mentioned
characteristics become poor. Further, in viewof the production process, a
large amount offine powdermust be removed by classification in order to
satisfy the condition of k < 4.. Such a process is however disadvantageous
in yield and toner costs. 55   On the other hand, if k > 6.7, an excess of
fine powder is present, whereby the resultant image density Is liable to
decrease in successive print-out. The reason for such a phenomenon may be
considered that an excess of fine magnetic toner particles having an excess
amount of charge are triboelectrically attached to a developing sleeve and
prevent normal toner particles from being carried on the developing sleeve
and being supplied with 5    EP 0 410 482 B1 



charge. In the magnetic toner of the present Invention, the amount of
magnetic toner particles having a particle size of 12.7 microns or larger
is 2.0 % by volume or smaller, preferably 1.0 % by volume or smaller, more
pre- ferably 0.5 % by volume or smaller. If the above amount is larger than
2.0 % by volume, these particles are 5   liable to impair thin-line
reproducibility. The particle size distribution of a toner Is measured by
means of a Coultercounter in the present invention, while it may be
measured in various manners. Coulter counter Model TA-II (available from
Coulter Electronics Inc.) is used as an instrument for meas- urement, to
which an Interface (available from Nikkaki K.K.) for providing a
number-basis distribution, and a 10  volume-basis distribution and a
personal computer CX-1 (available from Canon KK.) are connected. For
measurement, a 1%-NaCl aqueous solution as an electrolytic solution is
prepared by using a reagent- grade sodium chloride. Into 100 to 150 ml of
the electrolytic solution, 0.1 to 5 ml of a surfactant, preferably an
alkylbenzenesulfonic acid salt, is added as a dispersant, and 2 to 20 mg of
a sample is added thereto. The resultant dispersion of the sample in the
electrolytic liquid is subjected to a dispersion treatment for about 1 - 15
3 minutes by means of an ultrasonic disperser, and then subjected to
measurement of particle size distribution in the range of 2 - 40 microns by
using the above-mentioned Coulter counter Model TA-II with a 100 micron-
aperture to obtain a volume-basis distribution and a number-basis
distribution. From the results of the volume- basis distribution and
number-basis distribution, parameters characterizing the magnetic toner of
the present invention may be obtained. 20      The toner contained in the
developer used according to the present invention may generally comprise a
binder resin and a magnetic material or a colorant. The binderfor use in
constituting the toner may be a known binder resin for toners. Examples
thereof may include: polystyrene; homopolymers of styrene derivatives, such
as poly-p-chlorostyrene, and polyvinylto- luene; styrene copolymers, such
as styrene-propylene copolymer, styrene-vinyitoluene copolymer, styrene- 25
vinylnaphthalene copolymer, styrene-methyl styrene-ethyl acrylate
copolymer, styrene-butyl acrylate copoly- mer, styrene-octyl acrylate
copolymer, styrene-dimethylaminoethyl acrylate copolymer, styrene-methyl
me- thacrylate copolymer, styrene-ethyl methacrylate copolymer,
styrene-butyl methacrylate copolymer, styrene- dimethylaminoethyl
methacrylate copolymer, styrene-vinyl methyl ether copolymer, styrene-vinyl
ethyl ether copolymer, styrene-vinyl methyl ketone copolymer,
styrene-butadiene copolymer, styrene-isoprene copoly- 30   mer,
styrene-maleic acid copolymer, styrene-maleic acid ester copolymer;
polymethyl methacrylate, polybutyl methacrylate, polyvinyl acetate,
polyethylene, polypropylene, polyvinyl butyral, polyacrylic acid resin,
rosin, modified rosin, terpene resin, phenolic resin, aliphatic or allcydic
hydrocarbon resin, aromatic petroleum resin, paraffin wax, and carnauba
wax. These resins may be used singly or in mixture. The colorant which may
be contained in the toner may be a pigment ordye, inclusive of carbon black
and 35  copper phthalocyanine, conventionally used. Magnetic particles
contained in the magnetic toneraccording to the present invention may
comprise a ma- terial which may be magnetized in a magnetic field. Examples
thereof may include: powder of ferromagnetic metal, such as iron, cobalt or
nickel; or alloys or compounds, such as iron-based alloys, nickel-based
alloys, magnetite, [err] and ferrites. 40 The magnetic particles may
preferably have a BET specific surface area as measured by nitrogen adsorp-
tion of 1 - 20 m[err]/g, particularly 2.5 - 12 m[err]/g and Mohs hardness
of 5 - 7. The magnetic particles may be con- tained in a 10 - 70 % by
weight of the toner. The magnetic toner may further preferably have a bulk
density of 0.35 g/cm[err] or higher. By satisfying the above properties,
the developer used in the image forming apparatus according to the 45
present invention hardly causes toner sticking onto the surface of the
contact-charging member or photosen- sitive drum even when some developer
remains on the photosensitive drum after the cleaning step. For this
reason, the developer used in the image forming apparatus according to the
present invention may be extremely fit for the charging step used in the
present invention, thus allowing the charging step to fully exhibit its
performances to provide always good Images. 



50      We consider that the developer used In the image forming apparatus
according to the present invention exhibits the above effects because
magnetic particles are uniformly dispersed in the magnetic toner consti-
tuting the developer. If the uniform dispersion is not realized, a portion
of the toner rich In magnetic material is caused to have a higher
surface-exposure rate of the magnetic material and a lower elasticity
because of a corresponding decrease of the binder resin, whereby a strong
rubbing is caused between the surfaces of 55  the contact-charging member
and the photosensitive member at the abutting parts between these members
due to mechanical pressure or electrical pressing force acting under DC or
AC electric field through voltage application to the charging member, thus
being liable to cause damage or abrasion. On the other hand, a portion of
the toner rich In binder resin is caused to have a higher visco-elasticity
due to a decrease in proportion of 6    EP0410482B1 the magnetic material,
so that spot or filmy sticking onto the surfaces of the charging member and
the photo- sensitive drum is liable to occur. The bulk density of the
magnetic material may be understood to be an indirect measure of the
agglomer- ation of the magnetic particles. if the bulk density of the
magnetic material is below 0.35 g/cm[err], much agglom- 5   erate is
present in the magnetic material so that It is difficult toaccomplish
asufficient dispersibility in the binder resin. Thus, the magnetic material
is liable to be localized to give scratches or abrasion at the surfaces of
the contact charging member and the photosensitive member. Further, the
sticking of the developer is liable to be caused at the abutting parts
between these members. In order to accomplish good dispersion of the
magnetic material In the developer, It Is preferred touse a magnetic
material having a bulkdensityof 0.35g/cm[err] or higher, 10  particularly
0.5 g/cm[err] or higher. Herein, the bulk density of a magnetic material
refers to a value measured according to JIS (Japanese Industrial Standards)
K-5101. The magnetic material contained in the developer used in the image
forming apparatus according to the present invention may preferably have a
coercive force of 7960A/m (100 oersted Oe)) or below, more preferably 15
6368 A/m (80 oersted (Oe)) or below, under a magnetic field of 796-10[err]
A/m (1 0000 oersted (Oe)). The coercive force of magnetic particles are
generally controlled by their crystalline magnetic anisotropy and shape
aniso- tropy and may be understood as an indirect measure of theirsurface
shape. If a magnetic material has a larger crystallinity, the magnetic
material is caused to have a larger coercive force and the particles
thereof are caused to have sharp surface edges. If such magnetic particles
having sharp surface edges are used in the 20 present invention, they are
liable to cause not only scratches or abrasion on the surfaces of the
contact-charg- ing member and the photosensitive drum but also sticking of
the developer due to embedding at the abutting part between the members.
Accordingly, it is preferred to lower the coercive force of the-magnetic
particles so as to provide smoothly curved surfaces. It is to be noted
however that the coercive force can be lowered to below 7960 A/m (100 Oe)
also when the magnetic particles are agglomerated, so that a bulk density
of 0.35 25  g/cm[err] or below is preferred also in this case. Further, the
magnetic material used In the magnetic toner used according to the present
invention may preferably have a remanence ([err]) of 10 emu/g or below,
more preferably 7 emu/g or below, after application of a magneticfield of
796-10[err] A/m (10000 Oe). If the magnetic material has a remanence
exceeding 10 emu/g, the particles thereof are liable to cause a larger
degree of magnetic agglomeration and be present as agglom- 30  erates in
the magnetic material. Such localization of the magnetic material is liable
to promote the sticking of the developer onto the surfaces of the
contact-charging member and the photosensitive member. Thus, a re- manenace
exceeding 10 emu/g is not preferred. The magnetic properties of magnetic
materials referred to herein are values measured by a tester (*VSMP- 1")
available from Toel Kogyo K.K. 35      The magnetic material used in the
present invention may preferably be one obtained through a wet process 



using ferrus sulfate as a starting material and may preferably comprise
magnetite or ferrite containing 0.1 - 10 wt. % of a divalent metal such as
manganese or zinc. The magnetic material may preferably be one which has
been subjected to disintegration or milling as de- sired. Examples of means
for disintegrating the magnetic material may include a mechanical
pulverizer equip- 40  ped with a high-speed rotor for disintegrating a
powdery material and a pressure disperser equipped with a weight roller for
disintegrating or milling a powdery material. In case where a mechanical
pulverizer is used for disintegrating agglomerates of magnetic particles,
an excessive impact force by the rotor is liable to be applied even to
primary particles of the magnetic particles so that even the primary
particles are liable to be broken to yield fine powder of the magnetic
particles. Ac- 45  cordingly, in the case where a magnetic material
disintegrated by a mechanical pulverizer is used as a starting material of
the toner, if such fine powder of the magnetic particles is contained in a
large amount, the magnetic particle fine powder Is likely to be exposed at
the developer surface at a higher percentage to enhance the abrasive
function of the developer, thus being deviated from the expected
performance. To the contrary, it is preferred to use a pressure disperser
equipped with a weight roller, such as a fret 50  mill, in view of the
efficiency of disintegrating agglomerates of the magnetic particles and
suppressed formation of fine powdery magnetic particles. The toner used in
the present invention may preferably be negatively chargeable and may
contain a charge control agent, as desired, examples of which may include:
metal complexes or salts of monoazo dyes, salicylic acid, alkylsallcylic
acid, dialkylsalicylic acid, and naphthoic acid. The magnetic toner may
preferably have a 55  volume resistivity of 1010 ohm.cm or higher,
particularly 10[err] ohm.cm or higher in respects of triboelectric char-
geability and electrostatic transfer characteristic. The volume resistivity
referred to herein may be defined as a value obtained by molding a toner
sample under a pressure of 100 kg/Cm[err], applying an electric field of
100 V/cm and measuring a currentvalue ata time one minute after the
commencement of the application, whereby 7    EP 0 410 482 B1 the volume
resitivity Is calculated based on the measured current value. The
toner-binder resin constituting the developer used according to the present
invention may particularly preferably be one containing 3 - 20 wt. parts of
polymerized units of a monomer having a carboxyic group or an acid
anhydride group derived therefrom per 100 wt. parts of the binder resin and
having an acid value of 5   1-70. The binder resin having an acid group may
comprise various resins and may preferably be one containing a
tetrahydrofuran (THF)-soluble content which has a weight-average molecular
weight/number-average mo- lecular weight ratio of 5 or larger (Mw/Mn [err]
5) and also has a peak In the molecular weight range of from 2000 to below
15000, preferably 2000 - 10000 and a peak or shoulder in the molecular
weight range of 15000 - 10  100,000 based on the molecular weight
distribution by gel-permeation chromatography (GPC) of the THF-solu- ble
content. This is because the THF-insoluble content principally affects the
anti-offset characteristic and anti- winding characteristic, a component
having a molecular weight of below 15,000, particularly 10,000 or below,
principally affects the blocking, sticking onto the photosensitive member
and filming, and a component having a molecular weight of 10,000 or above,
particularly 15,000 or above, principally affects the fixing
characteristic. 15      The binder resin (copolymer) having an acid group
of carboxyl or its anhydride may be contained in either one or both of the
above-mentioned two molecular weight regions. The GPC (gel permeation
chromatography) measurement and identification of molecular weight corre-
sponding to the peaks andlor shoulders may be performed under the following
conditions. A column Is stabilized In a heat chamber at 40 [err]c,
tetrahydrofuran (THF) solvent is caused to flow through 20  the column at
that temperature at a rate of 1 m/min., and 50 - 200 [err]l of a sample
resin solution in THF at a concentration of 0.05 - 0.6 wt. % is Injected.
The Identification of sample molecular weight and Its molecular 



weight distribution is performed based on a calibration curve obtained by
using several monodisperse poly- styrenedisperse samples and having a
logarithmic scale of molecular weight versus count number. The stan- dard
polystyrene samples for preparation of a calibration curve may be those
having molecular weights of, 25  e.g., 6x10[err],2.1x10[err], 4x10[err],
1.75x10[err], 1xl0[err], 1.1x10[err], 3.9x105, 8.6x10[err], 2x10[err] and
4A8x10[err] available from, e.g., Pressure Chemical Co. orToyo Soda Kogyo
K.K. It is appropriate to use at least 10 standard polystyrene samples. The
detector may be an RI (refractive index) detector. For accurate measurement
of molecular weights in the range of 10[err]- 4x10[err], it is appropriate
to constitute the column as a combination of several commercially available
polystyrene gel columns. A preferred example 30  thereof may be a
combination of [err]-styragel 500, 10[err], 10[err] and 10[err] available
from Waters Co.; a combination of Shodex KF-80M, 802, 803, 804 and 805, ora
combination of TSK gel G1OO0H, G2000H, G2500H, G3000H, G4000H, G5000H,
G6000H, G7000H and GMH available from Toyo Soda K.K. The content of a
component having a molecular weight of 10,000 or below in the binder resin
is measured by cutting out a chromatogram of the corresponding molecular
weight portion and calculating a ratio of the 35  weight thereof with that
of the chromatogram covering the molecularweight range of 10,000 or higher,
to derive the weight % thereof in the whole binder resin. Examples of the
polymerizable monomer having an acid group which may be used in the present
invention may Include; [err]-unsaturated carboxylic acids, such as acrylic
acid and methacrylic acid; [err]-unsaturated di- carboxylic acids and half
esters thereof, such as maleic acid, butyl maleate, octyl maleate, fumaric
acid and 40  butyl fumarate; and alkenyldicarboxylic acids or half esters
thereof, such as n-butenylsuccinic acid, n-octenyl- succinic acid, butyl
n-butenylsuccinate, n-butenylmalonic acid and n-butenyladipic acid. In this
case, it is preferred that the content of the polymerizable monomer unit in
the whole binder resin may preferably be in a proportion of 3 - 30 wt. %,
and the binder resin as a whole has an acid value of 1-70, further
preferably 5 - 50. 45      The acid values referred to herein are based on
values measured as follows according to JIS K-0670. 2 - 10 g of a sample
resin is weighed In a 200 - 300 ml-Erlenmeyer flask, and about 50 ml of a
solvent mixture of ethanol/benzene (= 1/2) to dissolve the resin. If the
solubility is insufficient, a small amount of acet- one may be added. The
solution is titrated with a N/10-caustic potassium solution in ethanol,
which has been standardized in advance, in the presence of a
phenolphthalein indicator, whereby the acid value (mgKOH/g) 50  of the
sample resin is calculated from the consumed amount of the caustic
potassium solution according to the following equation (3): Acid value =
Amount of KOH solution (ml) x N x 56.1/sample weight (3) wherein N denotes
the number of factor for the N/10 KOH. Examples of the comonomer for
providing the binder resin having an acid group through copolymerization 55
with the polymerizable monomer having an acid group may include: styrene;
styrene derivatives, such as o- methyistyrene, m-methylstyrene,
p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4-
dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene,
p-tert-butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene,
p-n-decylstyrene, and p-n-dodecylstyrene; ethylenically unsaturated 8    EP
0 410 482 B1 monoolefins, such as ethylene, propylene, butylene, and
isobutylene; unsaturated polyenes, such as buta- diene; vinyl halides, such
as vinyl chloride, vinylidene chloride, vinyl bromide, and vinyl fluoride;
vinyl esters, such as vinyl acetate, vinyl propionate, and vinyl benzoate;
a-methylene-aliphatic monocarboxylic acid esters, such as methyl
methacrylate, ethyl methacrylate, propyl methacrylate, n-butyl
methacrylate, isobutyl metha- 5   crylate, n-octyl methacrylate, dodecyl
methacrylate, 2-ethylhexyl methacrylate, stearyl methacrylate, phenyl
methacrylate, dimethylaminoethyl methacrylate, and diethylaminoethyl
methacrylate; acrylic acid esters, such as methyl acrylate, ethyl acrylate,
n-butyl acrylate, Isobutyl acrylate, propyl acrylate, n-octyl acrylate,
dodecyl 



acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl acrylate,
and phenyl acrylate; vinyl ethers, such as vinyl methyl ether, vinyl ethyl
ether, and vinyl Isobutyl ether; vinyl ketones, such as vinyl methyl
ketone, vinyl 10  hexyl ketone, and methyl Isopropenyl ketone; N-vinyl
compounds, such as N-vinylpyrrole, N-vinylcarbazole, N-vinylindole, and
N-vinylpyrrolidone; and derivatives acrylic acid and methacrylic acid, such
as acrylonitrile, methacrylonitrile and acrylamide. These vinyl monomers
may be used singly or In mixture of two or more species in combination with
the above-mentioned monomer having an acid group. 15     Among the above, a
monomer combination providing a styrene copolymer or a
styrene-(meth)acrylate co- polymer is particularly preferred. A
crosslinking monomer, e.g., one having at least two polymerizable double
bonds, may also be used. Thus, the vinyl copolymer used in the present
invention may preferably be a crosslinked polymer with a crosslinking
monomer as follows: 20      Aromatic divinyl compounds, such as
divinylbenzene and divinylnaphthalene; diacrylate compounds con- nected
with an alkyl chain, such as ethylene glycol diacrylate, 1 ,3-butylene
glycol diacrylate, 1 ,4-butanedlol diacrylate, 1,5-pentanediol diacrylate,
1,6-hexanediol diacrylate, and neopentyl glycol diacrylate, and com- pounds
obtained by substituting methacrylate groups for the acrylate groups for
the acrylate groups In the above compounds; diacrylate compounds connected
with an alkyl chain including an ether bond, such as di- 25  ethylene
glycol diacrylate, triethylene glycol diacrylate, tetraethylene glycol
diacrylate, polyethylene glycol #400 diacrylate, polyethylene glycol #600
diacrylate, dipropylene glycol diacrylate and compounds obtained by
substituting methacrylate groups in the above compounds; diacrylate
compounds connected with a chain including an aromatic group and an ether
bond, such as polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl)propane-
diacrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)propanediacrylate,
and compounds obtained by sub- 30  stituting methacrylate groups for the
acrylate groups in the above compounds; and polyester-type diacrylate
compounds, such as one known by a trade name of MANDA (available from Nihon
Kayaku K.K). Polyfunctional crosslinking agents, such as pentaerythritol
triacrylate, trimethylethane triacrylate, tetra- methylolmethane
tetracrylate, oligoester acrylate, and compounds obtained by substituting
methacrylate groups for the acrylate groups in the above compounds;
triallyl cyanurate and triallyl trimellitate. 35      These crosslinking
agents may preferably be used in a proportion of about 0.01 - 5 wt. parts,
particularly about 0.03 - 3 wt. parts, per 100 wt. parts of the other
monomer components. Among the above-mentioned crosslinking monomers,
aromatic divinyl compounds (particularly, divinyl- benzene) and diacrylate
compounds connected with a chain including an aromatic group and an ether
bond may suitably be used in a toner resin in view of fixing characteristic
and anti-offset characteristic. 40      The binder resin according to the
present Invention may suitably be prepared through a process for syn-
thesizing two or more polymers or copolymers. Forexample, afirstpolymer
orcopolymersoluble in THF and also in a polymerizable monomer is dissolved
in such a polymeozable monomer, and the monomer is polymerized to form a
second polymer or copolymer, thus providing a resin composition comprising
a uniform mixture of the first polymer or copolymer and the sec- 45  ond
polymer or copolymer. The first polymer or copolymer may preferably be
formed through solution polymerization or ionic poly- merization. The
second polymer or copolymer providing a THF-insoluble content may
preferably be prepared through suspension polymerization or bulk
polymerization of a monomer dissolving the first polymer or copo- lymer in
the presence of a crosslinking monomer. It is preferred that the first
polymer or copolymer is used in 50  a proportion of 10 - 120 wt. parts,
particularly 20 - 100 wt. parts, per 100 wt. partsof the polymerizable
monomer giving the second polymer or copolymer. The solvent used in the
solution polymerization may be xylene, toluene, cumene, acid cellosolve,
isopropyl alcohol, benzene, etc. In case of a styrene monomer, xylene,
toluene orcumene may be preferred. The solvent may be selected depending on
the product polymer. Further, an initiator, such as di-tert-butyl peroxide,
tert- 55 butyl peroxybenzoate, benzoyl peroxide,
2,2'-azobisisobutyronitrile, 2,2'-azobis(2,4-dimethylvaleronitrile), etc.,
may be used in a proportion of 0.1 wt. part or more, preferably 0.4 - 15
wt. parts, per 100 wt. parts of the 



monomer. The reaction temperature may vary depending on the solvent,
initiator, monomers, etc., to be used but may suitably be in the range of
70 - 180 [err]C. In the solution polymerization, the monomer may be used in
9    EP 0 410 482 B1 an amount of 30 - 400 wt. parts per 100 wt. parts of
the solvent. Further, the binder resin used in the present Invention may
preferably contain 10 - 70 wt. % of a THF (tet- rahydrofuran)-insoluble
content. If the THF-insoluble content is below 10 wt. %, the resultant
toner is liable to stick to the contact-charging member. If the
THF-insoluble content exceeds 70 wt %, the toner per se is caused 5   to
have too large a rigidityso that the surface of the latent image-bearing
memberorthe contact-charging mem- ber is liable to be damaged to possibly
increase the tendency of toner-sticking Herein, the THF-insoluble content
refers to a polymer component (substantially a crosslinked polymer com-
ponent) which Is insoluble In solvent THF (tetrahydrofuran) in the resin
composition (binder resin) constituting a toner, and it may be used as a
parameter for indicating the degree of crosslinking of the resin
composition 10  containing a crosslinked component. It isto be noted
howeverthat a polymerhaving a lowdegree of crosslinking can be soluble in
THF. For example, a crosslinked polymer obtained through solution
polymerization can be THF-soluble even if It has been obtained In the
presence of a relatively large amountof crosslinking agentsuch as
divinylbenzene. The THF-insoluble content may be defined as a value
obtained in the following manner. 0.5 - 1.0 g of a tonersample is weighed
(W[err]) and placed in a cylindrical filterpaper (e.g., No. 86R available
15  from Toyo Roshi K.K.) and then subjected to extraction with 100 to 200
ml of solvent extraction by using a Soxhlets extractorfor6 hours. The
soluble content extracted with thesolventTHF is recovered by evaporation
and dried for several hours at 100 [err]C under vacuum to measure a weight
(W[err]) of the THF-soluble content. On the other hand, the weight (W[err])
of the components, such as the magnetic material and/or pigment other than
the resin component in the toner Is separately measured. Then, the
THF-insoluble content is given by the 20  following equation: THF -
insoluble content (%) = [W[err] x 100 The developer used In the image
forming apparatus according to the present invention contains a hydro-
phobic inorganic fine powder as an additive, which may preferably be a
hydrophobic metal oxide fine powder, further preferably hydrophobic silicic
acid (silica) fine powder. 25      Among the above-mentioned inorganic
powders, those having a specific surface area as measured by the BET method
with nitrogen adsorption of 70 - 300 m[err]/g, provide a good result In the
present invention, a hydrophobic silica fine powder may preferably be used
in an amount of 0.1 - 3.0 wt. parts, more preferably 0.2 - 2.0 wt. parts
further more preferably 0.6 - 1.6 wt. parts, with respect to 100 wt. parts
of the toner. It is preferred to use negatively chargeable hydrophobic
silica fine powder for a negatively chargeable to- 30  ner. The hydrophobic
silica fine powder may preferably be one having a triboelectric charge of
-100 [err]C/g to - 300 [err]C/g. When the silica fine powder having a
triboelectric charge below -100 [err]C/g is used, It tends to de- crease
the triboelectric charge of the developer per se, whereby humidity
characteristic becomes poor. When silica fine powder having a triboelectric
charge of above -300 [err]C/g Is used, it tends to promote a so-called
"memory phenomenon" on a developer-carrying member and the developer may
easily be affected by dete- 35  rioration of the silica, whereby durability
characteristic may be impaired. When the silica is too fine so that its BET
specific surface area is above 300 m[err]/g, the addition thereof produces
little effect. When the silica is too coarse so that its BET specific
surface area Is below 70 m[err]/g, the probability of free powder presence
is in- creased, whereby the dispersion thereof in the toner Is liable to be
ununiform. In such a case, black spots due to silica agglomerates are
liable to occur. 40      The hydrophobicity-imparting treatment may be
effected by using a known agent and a known method. The
hydrophobicity-imparting agentmayforexample be a silane coupling agent, or
a silicon oil orsiliconevarn- ish. A silicone oil or silicone varnish may
be preferred to a silane coupling agent in respects of hydrophobicity 



and lubricity. The silicone oil or silicone varnish preferably used in the
present invention may be those represented by 45  the following formula: R
R [err] wherein R: a [err] alkyl group, R: a silicone oil-modifying group,
such as alkyl, halogen-modified alkyl, phe- nyl, and modified-phenyl, R: a
[err] alkyl or alkoxy group. 55      Specific examples thereof may include:
dimethylsilicone oil, alkyl-modifled silicone oil, [err]-methylstyrene-
modified silicone oil, chlorophenyl-silicone oil, and fluoro-modified
silicone oil. The above silicone oil may pre- ferably have a viscosity at25
[err]C of about 50 -1000 centi-stokes. Asilicon oil having too lowa
molecular weight can generate a volatile matter under heating, while one
having too high a molecular weight has too high a vis- 10    EP 0 410 482
B1 cosity leading to a difficulty in handling. In order to treat the silica
fine powder with silicone oil, there may be used a method wherein silica
fine powder treated with a silane coupling agent is directly mixed with a
silicone oil by means of a mixer such as Henschel mixer, a method wherein a
silicone oil Is sprayed on silica as a base material; or a method wherein 5
a silicone oil is dissolved or dispersed in an appropriate solvent, the
resultant liquid is mixed with silica as a base material, and then the
solvent is removed to form a hydrophobic silica. It is further preferred to
treat the inorganic fine powder first with a silicone oil or silicone
varnish. When the inorganicfine powder is treated onlywith a silicone oil,
a large amount of silicone oil is required, so that the fine powder can
agglomerate to provide a developer with a poor fluidity and the treatment
with a 10 silicone oil must be carefully performed. However, if the fine
powder is first treated with a siane coupling agent and then with a
silicone oil, the fine powder is provided with a good moisture resistance
while preventing ag- glomeration of the powder and thus the treatment
effect with a silicone oil can be sufficiently exhibited. The silane
coupling agent used in the present invention may be hexamethyidisilazane
orthose represented by the formula: [err], wherein R: an alkoxy group or
chlorine atom, m: an integer of 1 - 3, Y: alkyl group, 15  vinyl group,
glycidoxy group, methacryl group or other hydrocarbon groups, and n: an
Integer of 3 - 1. Specific examples thereof may Include:
dimethyldichiorosilane, trimethyichlorosilane, allyldimethylchlorosilane,
allyl- phenyldichlorosilane, benzyldimethylchlorosilane,
vinyitriethoxysilane, y-methaceryloxypropyltrimethoxysi- lane,
vinyltriacetoxysilane, divinylchiorosilane, and dimethylvinylchlorosilane.
The treatment of the fine powder with a silane coupling agent may be
performed in a dry process wherein 20  the fine powder is agitated to form
a cloud with which a vaporized or sprayed silane coupling agent is reacted,
or in a wet process wherein the fine powder is dispersed in a solvent
intowhich a silane coupling agent is added dropwised to be reacted with the
fine powder. The silicone oil or silicone varnish may be used in an amount
1- 35 wt. parts, preferably 2 - 30 wt. parts, to treat 100 wt. parts of the
inorganic fine powder. If the amount of the silicone oil or silicone
varnish is too 25  small, It is possible that the moisture resistance is
not improved to fail to provide high quality copy Images. If the silicon
oil or silicone varnish is too much, the inorganic fine powder is liable to
agglomerate and even result in free silicone oil or silicone varnish, thus
leading to failure in improving the fluidity of the developer. An
amino-modified silicone oil or varnish may also be used to treat the
inorganic fine powder. Examples thereof may include those represented by
the following formula (I).: 30 [err] wherein [err] and [err] respectively
denote hydrogen, alkyl group, aryl group or alkoxy group; R2 denotes
alkylene group or phenylene group; R3 denotes a nitrogen-containing
heterocyclic group; and [err] and [err] respectively 



denote hydrogen, alkyl group or aryl group. R2 can be omitted. The
above-mentioned alkyl group, aryl group, 45  alkylene group or phenylene
group can have an amino-substituent and can have a substituent, such as
halo- gen, within an extent not adversely affecting the chargeability. In
the above formula, m Is a number of 1 or larger, n and I are respectively 0
or a positive number with a proviso that n+l is a positive number of 1 or
larger. Among the compounds represented by the above formula, those having
one or two nitrogen atoms in side chains are most preferred. so      Many
of nitrogen-containing unsaturated heterocyclic rings have been known
Including the following ex- amples. [err]    EP 0 410 482 B1 [err] Further,
examples of nitrogen-containing saturated heterocyclic rings may include
the following : [err] 15     It is preferred to use 5-membered or
6-membered heterocyclic group while other groups can also be used in
addition to those derived from the above-enumerated heterocyclic rings.
Derivatives from the above-mentioned silicone compounds can also be used
Inclusive of those including a substituent, such as hydrocarbon group,
halogen group and a known other group, such as vinyl group, mer- capto
group, methacryl group, glycidoxy group, and ureldo group. 20     It is
preferred that the silicone oil used in the present Invention has a
nitrogen atom equivalent of 10,000 or below, further preferably 300 - 2000.
Herein, the nitrogen atom equivalent refers to an equivalent (g. equiv.)
per nitrogen atom which is obtained by dividing the molecular weight of a
silicone oil by the numberof nitrogen atoms in one molecule of the silicone
oil. The nitrogen atom equivalent can also be used for a single species of
silicone oil or a mixture of two or more species of silicone oil. 25
The treatment with a silicone oil may be effected according to a known
technique. For example, the fine powder may be mixed with a mixer, an
amino-modified silicone oil is sprayed into the fine powder by means of a
sprayer, or the fine powder is mixed with a solution of an amino-modified
silicone oil, followed by removal of the solvent by evaporation. The fine
powder can also be treated with an amino-modified silicone varnish which
has been obtained 30  from a silicone oil such as, methylsilicone varnish,
phenylmethylsilicone varnish. Methylsilicone varnish is par- ticularly
preferred. Methylsilicone varnish Is a polymer comprising a [err] unit, a
[err] unit and an [err] unit as shown below, and more specifically, is a
tridimensional polymer containing a large proportion of the [err] unit. 35
[err]    EP 0 410 482 B1 [err] 10      The above-mentioned silicone varnish
may be converted into an amino-modified silicone varnish by re- placing a
part of the methyl group or phenyl group in the [err] unit, [err] unit and
[err] unit with an amino group- containing group. Examples of the amino
group-containing group may include those represented by the fol- lowing
structural formulas: [err] 20 25 



The treatment of the fine powder with the silicone varnish may be effected
in a known manner similarly as the treatment with the silicone oil. 100 wt.
parts of the inorganic fine powder may be treated with 3 - 50 wt. parts,
preferably 5 - 40 wt. parts, of the solid content of the amino-modified
silicone oil or amino-modified silicone varnish. Below 3 wt. parts, 30  the
surfaces of the inorganic fine powder cannot be sufficiently covered thus
resulting in little improvement in anti-moisture characteristic. Above 50
wt. parts, the inorganic fine powder is liable to cause agglomeration to
result in insufficient dispersion in the toner. The triboelectric charge of
silica fine powder may be measured in the following manner. 0.2 g of silica
fine powder which has been left to stand overnight in an environment of
23.5 [err]C and relative 35  humidity of 60 % RH, and 9.8 g of carrier Iron
powder not coated with a resin having a mode particle size of 200 to 300
mesh (e.g. EFV 200/300, produced by Nippon Teppun K.K.) are mixed
thoroughly In an aluminum pot having a volume of about 50 cm[err] (50 cc)
in the same environment as mentioned above (by shaking the pot in hands
vertically about 50 times for about 20 sec). Then, about 0.5g of the shaken
mixture is charged in a metal container 32 for measurement provided with 40
400-mesh screen 33 at the bottom as shown in Figure 3 and covered with a
metal lid 34. The total weight of the container 32 is weighed and denoted
by W[err](g). Then, an aspirator 31 composed of an insulating material at
least with respect to a part contacting the container 32 is operated, and
the silica in the container is removed by suction throug  a suction port 37
sufficiently while controlling the pressure at a vacuum gauge 35 at 33330
Pa (250 mmHg) by adjusting an aspiration control valve 36. The reading at
this time of a potential meter 39 45  connected to the container by the
medium of a capacitor having a capacitance C ([err]F) is denoted by V
(volts.). The total weight of the container after the aspiration is
measured and denoted by W[err](g) Then, the triboelectric charge ([err]C/g)
of the silica is calculated as: CxV/(W[err]). The fine silica powder used
in the present invention can be either the so-called dry process silica" or
"fumed silica" which can be obtained byoxidation of gaseous silicon halide,
orthe so-called "wet process silica" 50  which can be produced from water
glass, etc. Among these, the dry process silica is preferred to the wet
proc- ess silica because the amount of the silanol group present on the
surfaces or in interior of the particles is small and It is free from
production residue such as [err] The dry process silica referred to herein
can include a complex fine powder of silica and another metal oxide as
obtained by using another metal halide, such as aluminum chloride or
titanium chloride together with 55   a silicon halide. The silica powder
may preferably have an average primary particle size in the range of 0.001
- 2 microns, particularly 0.002 - 0.2 micron. In the present invention, the
hydrophobicity of the silica fine powder may be measured in the following
13    EP0410482B1 manner, while another method can be applied with
reference to the following method. A sample in an amount of 0.1 9 Is placed
in a 200 ml-separating funnel equipped with a sealing stopper, and 100 ml
of ion-exchanged water is added thereto. The mixture is shaken for 10 min.
by a Turbula Shaker Mixer model T2C at a rate of 90 r.p.m. The separating
funnel is then allowed to stand still for 10 min. so that 5   a silica
powder layer and an aqueous layer are separated from each other, and 20 -
30 ml of the content is withdrawn from the bottom. A portion of the water
is taken in a 10 mm-cell and the transmittance of the thus withdrawn water
is measured by a colorimeter (wavelength: 500 nm) in comparison with
ion-exchanged water as a blank containing no silica fine powder. The
transmittance of the water sample is denoted as the hydro- phobility of the
silica. 10      The hydrophobic silica used In the present Invention should
preferably have a hydrophobicity of 60 % or higher, particularly 90 % or
higher. If the hydrophobicity is below 60 %, high-quality images cannot be
attained 



because of moisture absorption by the silica fine powder under a
high-humidity condition. To the developer used in the Image forming
apparatus according to the present invention, it is possible to further
incorporate other additives within an extent not giving III effects, which
may for example include a fixing 15  aid, such as low-molecular weight
polyethylene, and a metal oxide such as tin oxide as a
chargeability-impart- ing agent. The toner used in the present invention
may be prepared by a method in which toner constituents are kneaded well in
a hot kneading means, such as a kneader or extruder, mechanically crushed
and classified; a method wherein a binder resin solution containing other
components dispersed therein is spray-dried; a poly- 20  merizatlon method
wherein prescribed ingredients are dispersed in a monomer constituting a
binder resin and the mixture Is emulsified, followed by polymerization of
the monomer to provide a polymer, etc. Hereinbelow, a contact-charging step
applicable to the developer and the image forming method according to the
present invention will be explained more specifically. Figure 1 Is a
schematic Illustration of a contact-charging apparatus as an embodiment of
the invention. 25  The apparatus includes a photosensitive drum 1 as a
member to be charged which comprises an aluminum drum substrate la and an
OPC (organic photoconductor) layer 1 b coating the outer surface of the
drum la and rotates at a prescribed speed in a direction of an arrow. In
this embodiment, the photosensitive drum 1 has an outerdiameter of 30 mm.
The apparatus further includes a charging roller2 as a charging means which
contacts the photosensitive drum 1 at a prescribed pressure. The charging
roller 2 comprises a metal core 2a, 30  an electroconductive rubber roller
2b and a surface layer 2c having a releasable film. The electroconductive
rubber layer 2b may suitably have a thickness of 0.5 - 10 mm, preferably 1
- 10 mm. The surface layer com- prising a film with a releasability is
preferred in respect of compatibility with the developer and the image
form- ing method according to the present invention. lf the releasablefilm
has too high a resistivity, the photosensitive drum cannot be charged but,
If the resistivity is too small, an excessively large voltage is applied to
the pho- 35  tosensitive drum, so that it is preferred forthe releasable
film to have an appropriate resistivityvalue, preferably avolume
resistivity of 10[err]ohm.m. The releasable film may preferably have a film
thickness of 30 microns or below, particularly 10 - 30 microns. The lower
limit in thickness of the releasable film may be determined so as not to
cause peeling or tearing and may be about 5 microns. In this embodiment,
the charging roller 2 has an outer diameter of 12 mm and includes an about
3.5 mm- 40  thick electroconductive rubber layer 2b of
ethylene-propylene-diene terpolymer and 10 micron-thick surface layer 2c of
a nylon resin (more specifically, methoxymethylated nylon). The charging
roller 2 has a hardness of 54.5 degrees (ASKER-C). A prescribed voltage is
supplied to the core metal 2a (diameter = 5 mm) of the charging roller 2
from a power supply E. Figure 1 shows that a DC voltage is supplied from E
but a DC voltage superposed with an AC voltage as shown in Figure 4 is
rather preferred. 45     It is preferred to disperse electroconductive fine
powder such as carbon in the electroconductive rubber layer or/and the
releasable film so as to adjust the resistivity. Preferred process
conditions in this embodiment may be as follows. Abutting pressure: 5 - 500
g/cm AC voltage: 0.5 - 5 kVpp 50        AC frequency: 50 - 3000 Hz DC
voltage (absolute value): 200 to 900 V. Figure 2 is an illustration of a
contact-charging means according to another embodiment of the present
invention, wherein like reference numeralsare used to denote like memberas
used in Figure 1, the explanation of which is omitted here. 55      A
contact-charging member 3 in this embodiment is In the form of a blade
abutted at a prescribed pressure against a photosensitive member 1 in a
forward direction as shown. The blade 3 comprises a metal support 3a to
which a voltage Is supplied and on which an electroconductive rubber piece
3b is supported. Further, the portion abutting or contacting a
photosensitive drum is provided with a surface layer 3c comprising a re- 14



EP 0 410 482 B1 leasable film. In a specific embodiment, the surface layer
3c comprised 10 micron-thick nylon. According to this embodiment, a
difficulty such as sticking between the blade and the photosensitive member
is not en- countered to show a similar performance as in the previous
embodiment. In the above-embodiment, charging members in the form of a
roller and a blade have been explained, but 5   the shape is not restricted
as such and other shapes can also be used. In the above embodiments, the
charging member comprises an electroconductive rubber layer and a re-
leasable film but this Is not necessary. Further, it is preferred to insert
a high resistance layer for preventing leakage, such as a hydrin rubber
layer having a good environmental stability between the conductive rubber
layer and the releasable film surface layer. 10     It Is possible to use a
releasable film of polyvinylidene fluoride (PVDF) or polyvinylidene
chloride (PVDC) instead of nylon resin. The photosensitive member may also
comprise amorphous silicon, selenium, ZnO, etc., in addition to an OPC
photosensitive member. Particularly, in the case of using a photosensitive
member of amorphous silicon, Image flow becomes noticeable when even a
small amount of a softening agent from the conductive layer attaches to the
photosensitive member compared with a case of using another photosensitive
15  member, the coating of the conductive rubber layer with an Insulating
film becomes remarkably effective. In the cleaning step according to the
present invention, the photosensitive drum after toner Image transfer is
wiped by a cleaning member such as a cleaning blade or roller for removal
of the transfer residue toner or other contaminants thereon to be cleaned
and repetitively subjected to image formation. The cleaning blade or roller
may preferably comprise polyurethane or silicone resin. 20      Such a
cleaning step can also be effected simultaneously as the charging step,
developing step or transfer step. The present invention is particularly
effective when applied to an image forming apparatus equipped with a latent
image-bearing member (a member to be charged) which is surfaced with an
organic compound. In case where the surface layer Is formed of an organic
compound, a binder resin In the toner and the surface 25  layer are likely
to adhere to each other and toner sticking is liable to occur at the
contacting point especially when similar materials are used. The surfacing
material for the latent image bearing member used in the present invention
may comprise, e.g., silicone resins, vinylidene chloride resins,
ethylene-vinyl chloride resin, styrene-acrylonitrile resin, styr-
ene-methyl methacrylate resin, styrene resins, polyethylene terephthalate
resins and polycarbonate resins, but 30  can comprise another material,
such as copolymers of or with other monomers, copolymers between above
enumerated components and polymer blends without being restricted to the
above. Among these, polycarbon- ate resins are particularly preferred. The
present invention is particularly effective when applied to an image
forming apparatus using a latent image-bearing member having a diameter of
50 mm or smaller. In such a small-sized drum, an identical linear 35
pressure can produce a concentration of stress at the abutting point
because of a large curvature. Asimilar phenomenon may be encountered also
in case of a belt photosensitive member, and accordingly the present
invention is also effective to an image forming apparatus using a
photosensitive member having a radius of curvature of 25 mm or smaller at
the transfer zone. Referring to Figure 5, the image forming method and
image forming apparatus according to the present 40  invention are
explained. A photosensitive member 501 surface is negatively charged by a
contact charger 502 connected to a vol- tage application means 515,
subjected to image-scanning with laser light 505 to form a digital latent
image, and the resultant latent image is reversely developed with a
negatively chargeable monocomponent magnetic developer 510 in a developing
vessel 509 equipped with a magnetic blade 511 and a developing sleeve 504
45  containing a magnet therein. In the developing zone, an alternating
bias, pulse bias and/or DC bias is applied between the conductive substrate
of the photosensitive drum 501 and the developing sleeve 504 by a bias 



voltage application means. When a transfer paper P is conveyed to a
transfer zone, the paper is charged from the back side (opposite side with
respect to the photosensitive drum), whereby the developed image (toner
image) on the photosensitive drum is electrostatically transferred to the
transfer paper P. Then, the transfer 50  paper P is separated from the
photosensitive drum 501 and subjected to fixation by means of a hot
pressing roller fixer 507 for fixing the toner image on the transfer paper
P Residual monocomponent developer remaining on the photosensitive drum
after the transfer step Is re- moved by a cleaner 508 having a cleaning
blade. The photosensitive drum 501 after the cleaning is subjected to
erase-exposure for discharge and then subjected to a repeating cycle
commencing from the charging step 55  by the charger 502. The electrostatic
image-bearing member (photosensitive drum) comprises a photosensitive layer
and a conductive substrate and rotates in the direction of the arrow. The
developing sleeve 504 comprising a non- magnetic cylinder as a
toner-carrying member rotates so as to move in the same direction as the
electrostatic 15    EP 0 410 482 B1 image holding member surface at the
developing zone. Inside the non-magnetic cylinder sleeve 504, a multi- pole
permanent magnet (magnet roll) as a magnetic field generating means is
disposed so as not to rotate. The monocomponent Insulating magnetic
developer 510 stirred by a stirrer 513 in the developing vessel 509 is
applied onto the non-magnetic cylinder sleeve 504 and the toner particles
are provided with, e.g., a negative 5   triboelectric charge due to
friction between the sleeve 504 surface and the toner particles. Further,
the mag- netic doctor blade 511 of iron is disposed adjacent to the
cylinder surface (with a spacing of 50 - 500 microns) and opposite to one
magnetic pole of the multi-pole permanent magnet, wherebythe thickness of
the developer layer is regulated at a thin and uniform thickness (30 - 300
microns) which is thinner than the spacing between the electrostatic image
bearing member 501 and the toner carrying member 504 so that the developer
layer 10  does not contact the image bearing member 501. The revolution
speed of the toner carrying member 504 is so adjusted that the
circumferential velocity of the sleeve 504 is substantially equal to or
close to that of the electrostatic image bearing member 501. It is possible
to constitute the magnetic doctor blade 511 with a per- manent magnet
instead of iron so as to form a counter magnetic pole. In the developing
zone, an AC bias or a pulsed bias may be applied between the toner carrying
member 504 and the electrostatic image bearing 15  surface by the biasing
means 512. The AC bias may comprise f = 200 - 4000 Hz and Vpp = 500 - 3000
V. In the developing zone, the toner particles are transferred to the
electrostatic image under the action of an electrostatic force exerted by
the electrostatic image bearing surface and the AC bias or pulsed bias. It
is also possible to use an elastic blade of an elastic material, such as
silicone rubber, Instead of the mag- netic Iron blade, so as to apply the
developer onto the developer carrying member and regulate the developer 20
layer thickness by a pressing force exerted by the elastic blade. In the
electrophotographic apparatus, plural members inclusive of some of the
above-mentioned members such as the photosensitive member, developing means
and cleaning means can be integrally combined to form an apparatus unit so
that the unit can be connected to or released from the apparatus body. For
example, at least one of the charging means, developing means and cleaning
means can be integrally combined with the 25  photosensitive member to form
a single unit so that it can be attached to or released from the apparatus
body by means of a guide means such as a guide rail provided to the body.
In a case where the image forming apparatus according to the present
invention is used as a printer for facsimile, the laser light 505 may be
replaced by exposure light image for printing received data. Figure 6 is a
block diagram for illustrating such an embodiment. 30      Referring to
Figure 6, a controller 611 controls an image reader (or image reading unit)
610 and a printer 619. The entirety of the controller611 is regulated bya
CPU 617. Data readfrom the image reader 610 istrans- mitted through a
transmitter circuit 613 to a remote terminal such as another facsimile
machine. On the other 



hand, data received from a remote terminal Is transmitted through a
receiver circuit 612 to a printer 619. An image memory 616 stores
prescribed image data. Aprintercontroller618 controls the printer 61 9.
Atelephone 35  handset 614 is connected to the receiver circuit 612 and the
transmitter circuit 613. More specifically, an image received from a line
(orcircuit) 615 (i.e., Image data received a remote terminal connected by
the line) is demodulated by means of the receiver circuit 612, decoded by
the CPU 617, and se- quentially stored in the image memory 616. When Image
data corresponding to at least one page is stored in the image memory 616,
image recording or output is effected with respect to the corresponding
page. The 40  CPU 617 reads image data corresponding to one page from the
image memory 616, and transmits the decoded data corresponding to one page
to the printer controller 618. When the printer controller 618 receives the
image data corresponding to one page from the CPU 617, the printer
controller 618 controls the printer 619 so that image data recording
corresponding to the page is effected. During the recording by the printer
619, the CPU 617 receives another image data corresponding to the next
page. 45     Thus, receiving and recording of an image may be effected. The
present invention will be explained in more detail with reference to
Examples, by which the present invention Is not limited at all. In the
formulations appearing in the Examples, parts are parts by weight.
Synthesis Example 1 50 200 parts of cumene was charged in a reaction vessel
and heated to a reflux temperature. Further, into the vessel, 85 parts of
styrene monomer, 15 parts of acrylic acid monomer and 8.5 parts of
di-tert-butyl per- oxide were added. The solution polymerization was
completed under refluxing of the cumene (146 - 156 [err]C), followed
bydistilling-off of the cumene by raising the temperature. The
resultantstyrene-acrylicacid copolymer 55  was soluble in THF and showed
parameters: Mw (weight-average molecularweight) = 3,500, Mw/Mn (weight-
average molecular weight/number-average molecular weight) = 2.52, the
molecular weight at the main peak in the GPC chart = 3,000, and Tg (glass
transition point) = 56 [err]C. 30 parts of the above copolymerwas dissolved
in the following monomermixturetoform a mixture solution. 16    EP 0 410
482 B1 [Monomer mixture] Styrene monomer
50 parts 5 n-Butyl acrylate monomer                               17 parts
Acrylic acid monomer                                    3 parts 10
Divinylbenzene                                     0.26  part Benzoyl
peroxide                                        1 part
tert-Butylperoxy-2-ethylhexanoate   0.7 part 15 To the above mixture
solution was added 170 parts of water containing 0.1 part of incompletely
saponified polyvinyl alcohol to form a liquid suspension. The suspension
was added to a nitrogen-aerated reaction vessel containing 15 parts of
water and subjected to 6 hours of suspension polymerization at 70 - 95
[err]C. Afterthe reaction, the product was recovered by filtration,
de-watered and dried to form a copolymercom- 20 position. In the
composition, styrene-acrylic acid copolymer and styrene-n-butyl acrylate
copolymer were uni- formly mixed. The THF-soluble content of the resin
composition was subjected to measurement of molecular weight distribution
by GPC to provide peaks at molecular weights of about 3500 and about 31000
in the GPC chart, Mn (number-average molecularweight) = 5100, Mw= 115000,
Mw/Mn = 22.5 and a content of molecular weight being 10000 or below of 27
wt. %. The resin showed a Tg of 59 [err], and the content of molecular
weight 25   being 1000 or below isolated by GPC showed a glass transition
point [err] of 57 [err]C. 



The resin composition showed an acid value of 22.0. Synthesis Example 2 30
The following monomer mixture was subjected to solution polymerization in
200 parts of cumene at a cu- mene reflux temperature. [Monomer mixture] 35
Styrene monomer                                              90 parts
n-Butyl maleate  (half ester)  monomer                       10 parts
di-tert-Butyl peroxide                                    . 8.5 parts After
the reaction, cumene was removed by heating. The resultant styrene-n-butyl
acrylate copolymer showed parameters: Mw = 6,900, Mw/Mn = 2.36, a main peak
molecular-weight = 7200 and Tg = 64 [err]C. 30 parts of the above
styrene-n-butyl maleate (half ester) copolymer was dissolved in the
following mono- 45   mer mixture and subjected to polymerization in the
same manner as in Synthesis Example 1 to form a resin composition
comprising styrene-n-butyl maleate (half ester) copolymer and
styrene-n-butyl acrylate-n-butyl maleate (half ester) copolymer. The resin
composition showed an acid value of 20.6. 50 55 17    EP0410482B1 [Monomer
mixture] Styrene                                             45 parts
n-Butyl acrylate                                    20 parts n-Butyl
maleate  (half ester)                         5 parts Divinylbenzene
0.25 part 10 Benzoyl peroxide                                 0.65 part
tert-Butylperoxide-ethylhexanoate   0.85 part 15 Synthesis Example 3 200
parts of cumene was charged in a reaction vessel and heated to a reflux
temperature. Into the vessel, a mixture of 78 parts of styrene, 15 parts of
n-butyl acrylate, 7 parts of n-butyl maleate (half ester), 0.3 part 20  of
divinylbenzene and 1.0 part of di-tert-butyl peroxide was added dropwise in
4 hours under reflux of the cu- mene, followed by 4 hours of polymerization
and removal of the solvent by ordinary distillation under reduced pressure
to obtain a copolymer. The polymer showed: Mw = 25x104, Mw/Mn  11.0, Tg =60
[err]C, and an acid value of 19.5. 25   Reference Synthesis Example 1 A
copolymer was obtained in the same manner as in Synthesis Example 3 except
that 82 parts of styrene and 18 parts of n-butyl acrylatewere used and
n-butyl maleate (half ester) wasomitted. The copolymershowed an acid value
of 0.4. 30 Synthesis Example 4 A copolymer was obtained in the same manner
as in Synthesis Example 3 except that the amount of the styrene was changed
to 82 parts and the amount of the n-butylmaleate (half ester) was changed
to 3 parts. 35  The copolymer showed an acid value of 7.3. Synthesis
Example 5 A copolymer was obtained in the same manner as In Synthesi
Example 3 except that the amount of the 40  styrene was changed to 70 parts
and the amount of the n-butylmaleate (half ester) was changed to 15 parts. 



The copolymer showed an acid value of 48. Synthesis Example 6 45      200
parts of cumene was charged In a reaction vessel and heated to a reflux
temperature. Further, a mix- ture of 100 parts of styrene monomerand 7.8
parts of benzoyl peroxide was added dropwise thereto in 4 hours under
reflux of the cumene. Further, the solution polymerization was completed
under reflux of the cumene (146 - 156 [err]C), followed by removal of the
cumene. The resultant polystyrene was soluble in THF, showed a main peak at
a molecular weight of 3,900 on the GPC chromatogram and showed a Tg of 58
[err]C. 50      30 parts of the above polystyrene was dissolved in the
following monomer mixture to form a mixture sol- ution. 55    EP0410482B1
[Monomer mixture] Styrene                                     50 parts
n-Butyl acrylate                            20 parts Divinylbenzene
0.26 part 10                 Benzoyl peroxide
1.7 parts To the above mixture solution was added 170 parts of
watercontaining 0.1 partof incompletelysaponified polyvinyl alcohol to form
a liquid suspension. The suspension was added to a nitrogen-aerated
reaction vessel containing 15. parts of water and subjected to 6 hours of
suspension polymerization at 70 - 95 [err]C. After the 15  reaction, the
productwas recovered by filtration, de-watered and dried to obtain a
composition comprising poly- styrene and styrene-n-butyl acrylate
copolymer. The composition was a uniform mixture of a THF-soluble con- tent
and a THF-insoluble content and was also a uniform mixture of polystyrene
and styrene-n-butyl acrylate copolymer. The resin composition was recovered
as a powder fraction of 24 mesh-pass and 60 mesh-on. About 0.5 g of the
powder was accurately weighed and placed in a cylindrical filter paper with
a diameter of 28 mm 20  and a length of 100 mm (No. 86R, available from
Toyo Roshi K.K.), and 200 ml of THF was refluxed at a rate of one time per
about 4 min. to measure the THF-insoluble content as a portion remaining on
the filter paper. The resin composition showed a THF-insoluble content of
32 wt %. The THF-soluble content was subjected to measurement of molecular
weight distribution, whereby the resultant GPC chart showed peaks at
molecular weights of about 4,500 and about 45,000 and a content of
molecular weight being 10,000 or below of 28 wt. 25   %. The resin further
showed a Tg of 60 [err]C. The parameters relating to the molecular weight
of resins and resin compositions were measured in the following manner.
Shodex KF-80M (available from Showa Denko KK.) was used as a GPC column and
incorporated in a heat chamber held at4O [err]C of a GPC measurement
apparatus ("150C ALC/GPC", available from Waters Co.). 30  The GPC
measurement was effected by injecting 200 ul of a sample (a THF-soluble
concentration of about 0.1 wt. %) into the column at a THF flow rate of 1
ml/min. and by using an RI (refractive index) detector. The calibration
curve for molecular weight measurement was prepared by using THF solutions
of 10 monodisperse polystyrene standard samples having molecular weights of
0.5x103, 2.35x103, 10.2x10[err], 35x10[err], 110x103, 200x10[err],
470x10[err],1200x103, 2700x10[err] and 8420x103 (available from Waters
Co.). 35 Synthesis Example 7 A production method similar to that in
Synthesis Example 6 was effected except for adjusting the poly- merization
temperature to obtain a uniform mixture of polystyrene and styrene-n-butyl
acrylate copolymer, 40  which showed a THF-insoluble content of 12 wt. %, a
Tg of 56 [err]C and included a THF-soluble content showing peaks at
molecularweights of about2,200 and about 19,000 and a molecularweight
portion of 10,000 or below of 43 wt. %. 



Synthesis Example 8 45 150 parts of cumene was charged in a reaction vessel
and heated to a reflux temperature, and the following mixture was added
dropwise thereto in 4 hours under reflux of the cumene. (Monomer mixture)
50 Styrene                                98 parts n-Butyl methacrylate
2 parts 55 di-tert-Butyl peroxide                4.2 parts Further, the
polymerization was completed under reflux of cumene (146 - 156 [err]C),
followed by removal of 19    EP 0 410 482 B1 the cumene. The resultant
styrene-n-butyl methacrylate copolymer showed a main peak at molecular
weight of 6,000 and a Tg of 64 [err]C. 35 parts of the above
styrene-n-butyl methacrylate copolymer was dissolved in the following
monomer mixture to form a mixture solution. 5 (Monomer mixture) Styrene
35 parts n-Butyl acrylate                            25 parts
Divinylbenzene                            0.25 part Benzoyl peroxide
1.5   part To the above mixture solution was added 170 parts of water
containing 0.1 partof incompletelysaponified polyvinyl alcohol to form a
liquid suspension. The suspension was added to a nitrogen-aerated reaction
vessel containing 15. parts of water and subjected to 6 hours of suspension
polymerization at 70 - 95 [err]C. After the 20  reaction, the product was
recovered by filtration, de-watered and dried to obtain a composition
comprising a uniform mixture of styrene-n-butyl methacrylate copolymer and
styrene-n-butyl acrylate copolymer. The resin composition showed a
THF-insoluble content of 60 wt. %, and included a THF-soluble content
showing peaks at molecular weights of about 6300 and about 8Ox1O[err] on
the GPC chart and a portion of mo- lecular weight being 10,000 or below of
17 wt. %. The resin showed a Tg of 55 [err]C. 25 Reference Synthesis
Example 2 A production method similar to that in Synthesis Example 7 was
effected except that the polymerization temperature was adjusted to obtain
a resin composition, which showed a THF-insoluble content of 6 wt. %, 30
and included a THF-soluble content showing peaks at molecular weights of
about 1800 and 1.5x10[err] on the GPC chart and a portion of molecular
weight being 10,000 or below of 56 wt %. The resin showed a Tg of 49
[err]C. Reference Synthesis Example 3 35 30 parts of the polystyrene
prepared in Synthesis Example 6 was dissolved in the following monomer mix-
ture to form a mixture solution. (Monomer mixture) 40 Styrene
55 parts In-Butyl methaerylate                      1 5 



Divinylbenzene                          0.13 t-Butyl peroxyhexanoate
1.0 50      The above mixture solution was subjected to suspension
polymerization similarly as in Synthesis Example 6 to obtain a composition
comprising polystyrene and styrene-n-butyl methacrylate copolymer. The
resin composition showed a THF-insoluble content of 76 wt. %, and included
a THF-soluble content showing peaks at molecular weights of about
1.Ox1O[err] and  about 16x10[err] on the GPC chart and a portion of
molecular weight being 10,000 or below of 7 wt. %. The resin showed a Tg of
60 [err]C. 55 20    EP0410482B1 Production Example 1 Resin composition of
Synthesis Example  1                                           100  parts
Magnetic fine powder 10            (BET value  = 8.6  m[err]/g)
100 parts Negatively chargeable control agent (chromium complex of 15
monoazo  dye)                                         1.1  part
Low-molecular weight poly- 20                propylene  (Mw          6000)
3 parts The above components were melt-kneaded by means of a twin-screw
extruder heated up to 140 [err]C, and the kneaded product, aftercooling,
wascoarsely crushed by means of a hammermill, and then finely pulverized 25
by means ofa jetmill. The finely pulverized productwas classified by means
of a wind-force classifierto obtain a classified powder product. Ultra-fine
powder and coarse power were simultaneously and precisely removed from the
classified powder by means of a multi-division classifier utilizing a
Coanda effect (Elbow Jet Classifier available from Nittetsu Kogyo K.K.),
thereby to obtain a negatively chargeable magnetic toner (I) (Tg  57
[err]C) having a volume-average particle size of 6.4 microns. 30 Production
Example 2 Resin composition of Synthesis Example 2
100 parts Magnetic fine powder (BET value = 8.6 m[err]/g)
110 parts Negatively chargeable control agent (chromium complex of 45
monoazo  dye)                                         1.1  parts
Low-molecular weight poly- propylene (Mw = 6000)
3 parts Negativelychargeable magnetictoners (II) and (III) having
differentaverage particle sizes as show In Table 1 appearing hereinafter
were prepared from the above ingredients otherwise In a similar manner as
In Pro- duction Example 1. 55 21    



EP0410482B1 Production Example 3 Resin composition of Synthesis 5 Example 3
100 parts Magnetic fine powder 10               (BET value  = 8.6 m[err]/g)
80  parts Negatively chargeable control agent (chromium complex of 15
monoazo dye)                                         1.1  parts
Low-molecular weight poly- propylene (Mw = 6000)
3 parts 20 A negatively chargeable magnetic toner(IV) was prepared from the
above ingredients otherwise in a sim- ilar manner as in Production Example
1. 25   Production Examples 4 and 5 Negatively chargeable magnetic toners
(V) and (VI) were prepared by using the resin compositions of Syn- thesis
Examples 4 and 5 in place of the resin composition of Synthesis Example 3
otherwise in a similar manner as in Production Example 1. 30 Reference
Production Example 1 Resin composition of Reference Synthesis Example 1
100 parts Magnetic fine powder (BET value  = 7.7  m[err]/g)
90  parts Negatively chargeable control agent (chromium complex of 45
salicylic acid)                                       1.1 parts
Low-molecular weight poly- 50               propylene  (Mw  =  6000)
3 parts A negatively chargeable magnetic toner(VII) (Tg = 55 [err]C) was
prepared from the above ingredients other- wise in a similar manner as in
Production Example. 55       The particle size distributions of the
above-obtained toners (I) - (VII) are shown in the following Table 1. 22
EP0410482B1 [err] 5 10 15                                [err] 40 45
Examples I - 6 and Comparative Examples 1 - 3 The above-prepared magnetic
toners were blended with silica fine powders shown in Table 2 below by 50
means of a Henschel mixer to prepare developers. Then, each of the thus
prepared developers was charged in an image forming apparatus (LBP-811,
mfd. 



by Canon K.K.) having a cleaning blade of polyurethane and remodeled to be
equipped with a contact charging device as shown in Figure 1. A DC voltage
(-700 V) and an AC voltage (300 Hz, 1500 Vpp) were applied to the contact
charging device, and a successive image formation test was performed at a
printing rate of 8 sheets 55  (A4) per minute in a reversal development
mode under normal temperature - normal humidity conditions (25 [err]C, 60
%RH), high temperature - high humidity conditions (30 [err]C, 90 %RH) and
low temperature - low humidity conditions (15 [err]C, 10 %RH),
respectively, whereby printed Images were evaluated. At the same time, the
ap- pearances of the surfaces of the charging member (roller-type) and
lamination-type OPC photosensitive drum 23    EP 0 410 482 B1 were observed
for evaluation. The photosensitive drum used was one having a surface
abrasion characteristic in terms of an abrasion decrease of 2.5x1 0[err]
cm[err] by a Taber abraser. As described above, the charging roller 2 had a
diameter of 12 mm and comprised a 5 mm-dia. core metal 5   2a coated with
an approx. 3.5 mm-thick electroconductive rubber layer 2b and further with
a 20 micron-thick releasable film 2c of methoxymethylated nylon. The
charging roller 2 was pressed against the OPC photosen- sitive member 1 so
as to exert a total pressure of 1.2 kg (inear pressure of 55 g/cm). The
outline of the image forming apparatus is illustrated In Figure 5. In the
apparatus, a toner layer was formed in a thickness of 130 microns on the
sleeve 504, and the sleeve 504 was disposed at a minimum spacing 10  of 300
microns from the OPC photosensitive drum 501 and the image formation test
was performed under application of a DC bias of -500 V and an AC bias of
1800 Hz and 1600 Vpp to the sleeve. The results of the image forming test
are summarized in Table 4 below. In Table 4, the Image density rep- resents
an average of values measured at 5 points In a 5 mm x 5 mm solid black
square image. The minute dot reproducibility represents the reproducibility
of a checker pattern as shown In Figure 7 including 100 unit 15  square
dots each having one side X measuring 80 microns or 50 microns as shown In
Figure 7, whereby the reproducibility was evaluated by observation through
a microscope while noticing the clarity (presence or ab- sence of defects)
and scattering to the non-image parts. The toner sticking onto the OPC
photosensitive mem- ber was evaluated by observing the resultant toner
images and the surface state of the OPC photosensitive member after 6,000
sheets of image formation. 20      Table 2 below summarizes the properties
of the hydrophobic silica, Table 3 summarizes the properties of the
developers, and Table 4 summarizes the compositions and evaluation results
of the developers. The eval- uation standards are shown below. Fog 25 o:
Substantially no. A:   Observed but practically acceptable. x:
Practically unacceptable. 30  Toner sticking onto photosensitive member o:
No sticking at all. o[err]:  1 - 3 white voids in A4 size solid black Image
attributable to toner sticking. A:   4 - 10 white voids in A4 size solid
black image. 35  x:   More than 10 white voids in A4 size solid black
image. Dot reproducibility o:   Less than 2 defects.. 40  o[err]:  3 - 5
defects. [err]:   6 - 10 defects. x:   11 or more defects. 



45 50 55 24    EP 0 410 482 B1 [err] 10    EP0410482B1 [err]    EP0 410
482B1 [err] 40 Reference Example 2 Resin composition of Reference Synthesis
Example 2                                 100 parts Magnetic material 50
(average particle size = 0.2 micron)       60 parts Monoazo-type dye
2 parts Low-molecular weight poly- propylene
3 parts 27    EP 0 410 482 B1 The above components were melt-kneaded by
means of a roller mill heated to 150 [err]C, and the kneaded product, after
cooling, was coarsely crushed by means of a hammer mill, and then finely
pulverized by means of a jet mill. The finely pulverized product was
classified by means of a wind-force classifier to obtain a neg- atively
chargeable magnetic toner having a volume-average particle size of 12.3
microns. Then, 100 parts of 5   the thus-prepared magnetic toner was
dry-blended with 0.5 part of hydrophobic colloidal silica fine powder to
obtain a developer. The developer was charged in an Image forming apparatus
("FC-5", mfd. by Canon; having a 30 mm-dia. OPC lamination type
negativelychargeable photosensitive member) remodeled soas to be suitable
for reversal development and electrostatic transfer and to be equipped with
a contact-charging device as shown in Figure 10  1 which was abutted to the
OPC photosensitive drum at a pressure of 50 g/cm and supplied with a
voltage comprising a DC component (-600 volts) and an AC component (2000
Vpp, 150 Hz), whereby an image for- mation test was performed under
application of DC - 600 volts and an AC current of 170 [err]A so as to
charge the photosensitive member to -600 volts. No particular problem was
observed in the normal environment or the low temperature - low humidity
en- 15  vironment, but Image defects of white voids attributable to
toner-sticking onto the photosensitive member and 



the charging roller appeared after 1700 sheets in the high temperature -
high humidity environment. Reference Example 3 20     A toner having an
average particle size of 12A microns was prepared according to the same
prescription and production method as in Reference Example 2 except that
the resin composition was replaced by one of Reference Synthesis Example 3.
The thus-obtained toner was charged In the remodeled image forming
apparatus used in Reference Ex- ample 2 and subjected to a similar image
formation test as in Reference Example 2, whereby image defects 25
attributable to charging failure due to damages on the charging roller and
the photosensitive member appeared after 1900 sheets under the low
temperature - low humidity conditions. Claims 30 1. An image forming
apparatus, comprising: a member to be charged for carrying an electrostatic
image, a contact-charging means in contact with the member to be charged
for charging the member to be charged, and 35           a developing means
for developing the electrostatic image carried on the member to be charged,
wherein the developing means includes a developerfor developing the
electrostatic image, characterized in that said developer comprises a toner
and hydrophobic inorganic fine powder, and said toner has a volume-average
particle size of 4- 8 microns, and such a particle size distribution 40
thatitincludes 17-60 % bynumberoftonerparticlesof5 micronsorsmaller, 5-50 %
by numberoftoner particles of 6.35 - 10.08 microns and 2.0 volume % or less
of toner particles of 12.7 microns or larger. 2. The apparatus according to
Claim 1, wherein said member to be charged comprises a photosensitive
member. 45 3. The apparatus according to Claim 1, wherein said member to be
charged comprises a lamination-type organic photoconductor photosensitive
member. 4. The apparatus according to Claim 1, wherein said contact
charging means is abutted to the member to be charged at a pressure of 5 -
500 g/cm. 5. The apparatus according to Claim 1, wherein said hydrophobic
inorganic fine powder comprises hydro- phobic metal oxide fine powder. 6.
The apparatus according to Claim 1, wherein said hydrophobic inorganic fine
powder comprises hydro- 55      phobic silica fine powder. 7. The apparatus
according to Claim 1, wherein said hydrophobic inorganic fine powder
comprises hydro- phobic silica fine powder which has been treated with
silicone oil or silicone varnish. 28    The above components were
melt-kneaded by means of a roller mill heated to 150 [err]C, and the
kneaded product, after cooling, was coarsely crushed by means of a hammer
mill, and then finely pulverized by means of a jet mill. The finely
pulverized product was classified by means of a wind-force classifier to
obtain a neg- atively chargeable magnetic toner having a volume-average
particle size of 12.3 microns. Then, 100 parts of 5   the thus-prepared
magnetic toner was dry-blended with 0.5 part of hydrophobic colloidal
silica fine powder to obtain a developer. The developer was charged in an
image forming apparatus (FC-5", mfd  by Canon; having a 30 mm-dia. OPC
lamination type negatively chargeable photosensitive member) remodeled so
as to be suitable forreversal development and electrostatic transfer and to
be equipped with a contact-charging device as shown in Figure 10   1 which
was abutted to the OPC photosensitive drum at a pressure of 50 g/cm and
supplied with a voltage 



comprising a DC component (-600 volts) and an AC component (2000 Vpp, 150
Hz), whereby an image for- mation test was performed under application of
DC - 600 volts and an AC current of 170 [err]A so as to charge the
photosensitive member to -600 volts. No particular problem was observed in
the normal environment or the low temperature - low humidity en- 15
vironment, but Image defects of white voids attributable to toner-sticking
onto the photosensitive member and the charging roller appeared after 1700
sheets in the high temperature - high humidity environment. Reference
Example 3 20      A toner having an average particle size of 12.4 microns
was prepared according to the same prescription and production method as in
Reference Example 2 except that the resin composition was replaced by one
of Reference Synthesis Example 3. The thus-obtained toner was charged in
the remodeled Image forming apparatus used in Reference Ex- ample 2 and
subjected to a similar image formation test as in Reference Example 2,
whereby image defects 25  attributable to charging failure due to damages
on the charging roller and the photosensitive member appeared after 1900
sheets under the low temperature - low humidity conditions. Claims 30 1. An
image forming apparatus, comprising: a member to be charged for carrying an
electrostatic image, a contact-charging means in contact with the member to
be charged for charging the member to be charged, and 35            a
developing means for developing the electrostatic Image carried on the
member to be charged, wherein the developing means includes a developer for
developing the electrostatic image, characterized in that said developer
comprises a toner and hydrophobic inorganic fine powder, and said toner has
a volume-average particle size of 4 -8 microns, and such a particle size
distribution 40      that it includes 17- 60 % by number of toner particles
of 5 microns or smaller, 5 - 50 % by number of toner particles of 6.35 -
10.08 microns and 2.0 volume % or less of toner particles of 12.7 microns
or larger. 2.  The apparatus according to Claim 1, wherein said member to
be charged comprises a photosensitive member. 45 3. The apparatus according
to Claim 1, wherein said member to be charged comprises a lamination-type
organic photoconductor photosensitive member. 4. The apparatus according to
Claim 1, wherein said contact charging means is abutted to the member to be
charged at a pressure of 5  -  500 g/cm. 5. The apparatus according to
Claim 1, wherein said hydrophobic inorganic fine powder comprises hydro-
phobic metal oxide fine powder. 6. The apparatus according to Claim 1,
wherein said hydrophobic inorganic fine powder comprises hydro- 55
phobic silica fine powder 7. The apparatus according to Claim 1, wherein
said hydrophobic inorganic fine powder comprises hydro- phobic silica fine
powder which has been treated with silicone oil or silicone varnish. 28
EP 0 410 482 B1 8. The apparatus according to Claim 1, wherein said
hydrophobic inorganic fine powder comprises hydro- phobic silica fine
powder which has been treated with amino-modified silicone oil or
amino-modified sil- icone varnish. 5   9. The apparatus according to Claim
1, wherein said member to be charged comprises a lamination-type 



organic photoconductor photosensitive member, said contact-charging means
is in the form of a roller hav- ing an electroconductive rubber layer and a
releasable coating, said toner comprises negatively charge- able magnetic
toner particles, and said hydrophobic inorganic fine powder comprises
hydrophobic silica fine powder treated with silicone oil or silicone
varnish. 10 10. The apparatus according to Claim 1, wherein said member to
be charged comprises a lamination-type organic photoconductor
photosensitive member, said contact-charging means is In the form of a
roller hav- ing an electroconductive rubber layer and a releasable coating,
said toner comprises positively chargeable magnetic toner particles, and
said hydrophobic inorganic fine powder comprises hydrophobic silica fine 15
powder treated with amino-modified silicone oil or amino-modified silicone
varnish. 11. The apparatus according to Claim 1, wherein said
contact-charging means is equipped with a voltage ap- plication means for
applying an AC voltage or/and a DC voltage. 12. The apparatus according to
Claim 1, wherein said contact-charging means comprises a voltage applica-
20  tion means for applying an AC voltage of 0.5 - 5 kVpp and 50 - 300 Hz
and a DC voltage (absolute value) of 200 - 900 V. 13. The apparatus
according to Claim 1, wherein said developing means comprises a developing
sleeve for carrying the developer. 25 14. The apparatus according to Claim
1, wherein said member to be charged comprises a lamination-type organic
photoconductor photosensitive member and is equipped with a cleaning means.
15. The apparatus according to Claim 14, wherein said cleaning means
comprises a cleaning blade. 30 16. The apparatus according to Claim 9,
wherein said electroconductive rubber layer has a thickness of 0.1 - 10 mm,
and said releasable coating has a thickness of 5 - 30 microns. 17. The
apparatus according to Claim 16, wherein said electroconductive
rubberlayercomprises an ethylene- 35      propylene-diene terpolymer, and
said releasable coating comprises a nylon resin. 18. The apparatus
according to Claim 9, wherein said lamination-type organic photoconductor
photosensitive member is surfaced with a material selected from the group
consisting of silicone resins, vinylidene chlor- ide resins, ethylene-vinyl
chloride resin, styreneacrylonitrile resin, styrene-methyl methacrylate
resin, styrene resins, polyethylene terephthalate resins and polycarbonate
resins. 40 19. The apparatus according to Claim 9, wherein said
lamination-type organic photoconductor photosensitive member is surfaced
with polycarbonate. 20 The apparatus according to Claim 1, wherein said
toner comprises a binder resin composition which con- 45      tains 10 - 70
wt. % of a (THF)-tetrahydrofuran insoluble content and the remainder of a
THF-soluble con- tent including a componentwith a molecularweightof 10000or
belowon agel permeation chromatography chromatogram of the THF-soluble
content constituting 10 - 50 wt. % of the binder resin. 21. The apparatus
according to Claim 20, wherein said binder resin composition comprises a
vinyl polymer 50      or copolymer. 22. The apparatus according to Claim
20, wherein said binder resin composition comprises a styrene polymer or
copolymer. 23. The apparatus according to Claim 1, wherein said toner
comprises magnetic toner particles and the mag- netic toner particles
contain a magnetic material having a bulk density of 0.35 g/cm[err]. 24.
The apparatus according to Claim 1, wherein said toner comprises magnetic
toner particles and the mag- 29    netic toner particles contain a magnetic
material having a bulk density of 0.5 g/cm[err] 



25. The apparatus according to Claim 1, wherein said developer comprises a
magnetic toner having a volume-average particle size of 4 - 8 microns 5
and hydrophobic inorganic fine powder treated with silicone oil or silicone
varnish, 100 wt. parts ofthe developer contains 0.2 - 2.0 wt. parts of the
hydrophobic inorganic fine powder, and the magnetic toner contains a binder
resin which comprises 3 - 20 wt. parts of polymerized units of a monomer
having an acid groupformed of a carboxyl group or its anhydride per 100wt.
parts of the binder resin and has an acid value of 1 - 70, and 10
the developer has a BET specific surface area of 1.8 - 3.5 m[err]/g, a
loose apparent density of 0.4 - 0.52 g/cm3, and a true density of 1.45 -
1.8 g/cm[err]. 26. The apparatus according to Claim 25, wherein 0.6 - 1.6
wt. parts of the hydrophobic inorganicfine powder is contained in 100 wt.
parts of the developer. 15  27. The apparatus according to Claim 1, wherein
said hydrophobic Inorganic fine powder has a hydrophobicity of 60%
orhigher. 28. The apparatus according to Claim 1, wherein said hydrophobic
inorganic fine powder has a hydrophobicity of 90 % or higher. 20 29. The
apparatus according to Claim 1, wherein 0.1 - 3.0 wt. parts of the
hydrophobic inorganic fine powder is contained with respect to 100 wt.
parts of the toner. 30. The apparatus according to Claim 1, wherein 0.2 -
2.0 wt. parts of the hydrophobic inorganic fine powder 25      is contained
with respect to 100 wt. parts of the toner. 31. The apparatus according to
Claim 1, wherein said hydrophobic inorganic fine powder has been treated
with a silane coupling agent, and then with a silicone oil,
silicone-varnish, amino-modified silicone oil or amino-modified silicone
varnish. 30 32. The apparatus according to Claim 1, wherein said toner
satisfies the following equation: N/V =-0.5N +k wherein N denotes the
contents in % by number of the magnetic toner particles of 5 microns or
smaller, V denotes the content in % by volume of the magnetic toner
particles of 5 microns orsmaller, k is a positive number of 4.6 - 6.7, and
N is a positive number of 17 - 60. 33. An image forming apparatus according
to any one of claims 1-32 being configured as an apparatus unit for use in
an electrophotographic apparatus, whereby said apparatus unit can be
connected to or released from said electrophotographic apparatus. 40  34.
Afacsimile apparatus, comprising: an electrophotographic apparatus and a
receiving means for receiving image data from a remote terminal, wherein
said electrophotographic apparatus comprises an image forming apparatus
according to any of the preceding claims. 45   Patentansprflche 1.
Bildgebungsvorrichtung, umfassend: eln zu ladendes Teil zum Tragen eines
elektrostatischen Bildes, eine mit dem zu ladenden Teil in Kontakt
befindliche Kontaktladungs-Einrichtung zum Laden des zu ladenden Teils,
eine Entwickiungseinrichtung zum Entwickeln des auf dem zu ladenden Tell
getragenen, elektro- statischen Bildes, wobei di Entwicklungseinrichtung
einen Entwidder zum Entwickeln des elektrostati- schen Bildes einschlilet,
dadurch gekennzelchnet, daB der Entwicider einen Toner und emn hydrophobes,
anorganisches Feinpulver umfal~t, und der Toner eine volumengemittelte
Teilchengr6Ele von 4 - 8 gim und eine solche Teilchengralenver- teilung
aufwelst, dab er 17 - 60 Zahlen-% Tonerteilchen von 5 pm oder kieiner, 5 -
50 Zahlen-% Toner- tbilchen von 6,35 - 10,08 lm und 2,0 Volumen-% oder
weniger Tonerteilchen von 12,7 lam oder grOBer 30  
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II 11111   II111111111 I111 einschlieSt.
*c   L  M   S* 2. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, da6l
das zu ladende Tell ein photoempfindliches Tell umfait. 5 3. Vorrichtung
nach Anspruch 1, dadurch gekennzeichnet, da6 das zu ladende Tell ein
photoempfindliches Tell vom Laminler-Typ mit organischem Photoleiter
umfait. 4. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dall die
Kontaktladungs-Einrichtung an das zu 1 20   ladende Tell be! elnem Druck
von 5 - 500 g/cm angelegt ist. 5. Vorrichtung nach Anspruch 1, dadurch
gekennzelchnet, da6 das hydrophobe, anorganische Feinpulver hydrophobes
Metalloxyd-Feinpulver umfal~t. S. Vorrichtung nach Anspruch 1, dadurch
gekennzeichnet, da6 das hydrophobe, anorganische Feinpulver 15
hydrophobes Silbicumdioxyd-Feinpulver umfaEt 7. Vorrichtung nach Anspruch
1, dadurch gekennzeichnet, daB das hydrophobe, anorganische Feinpulver
hydrophobes Siliciumdioxyd-Feinpulver umfaat, welches mit Sillkonoi oder
Silikonlack behandelt worden ist. 20 8. Vorrichtung nach Anspruch 1,
dadurch gekennzeichnet, da6 das hydrophobe, anorganische Feinpulver
hydrophobes Siliciumdloxyd-Feinpulver umfa~t, welches mit
amin-modifiziertem Silikondl oder amin- modiflziertem Silikonlack behandelt
worden let. 25  9- Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB
dars zu ladende Tell ein photoempfindliches Tell vom Laminier-Typ mit
organischem Photoleiter umfalt, wobei die Kontaidadungs-Einrichtung in der
Form eines Rollers vorliegt, der eine elketrisch leitfahige Gummischicht
und elnen freigebenden Oberzug aufweist, der Toner negativ aufladbare,
magnetische Tonertelichen umfal~t, und das hydrophobe, anor- ganische
Feinpulver hydrophobes Siliciumdioxyd-Feinpulver umfait, welches mit
Silikondl oder Silikon- lack behandelt worden ist. 10. Vorrichtung nach
Anspruch 1, dadurch gekenrnzeichnet, dal das zu ladende Tell ein
photoempfindliches Teil vom Laminier-Typ mit organischem Photoleiter
umfa~t, wobei die Kontakiadungs-Einrichtung in der Form eines Rollers
vorliegt, der eine elektrisch leitfahige Gummischicht und elnen
freigebenden Oberzug aufweist, der Toner positiv aufladbare, magnetische
Tonerteilchen umfa~t, und des hydrophobe, anorga- 35      - nische
Feinpulver hydrophobes Siliciumdioxyd-Feinpulver umfagt, welches mit
amin-modifiziertem Sill- konol oder aminmodifiziertem Silikonlack behandelt
worden ist. 11. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB
die Kontakladungs-Einrichtung mit einer Spannungsanlege-Einrichtung zum
Anlegen elner Wechselspannung und/oder einer Gleichapannung ausgestattet
ist. 12. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, da6 die
Kontakladungs-Einrichtung eine Span- nungsanlegq-Einrdchtung zum Anlegen
elner Wechselepannung von 0,5 - 5 kVpp und einer Gleichspan- nung
(Absolutwert) von 200 - 900 V umfalt 45 13. Vorrichtung nach Anspruch 1,
dadurch gekennzeichnet, da6 die Entwicklungseinrichtung eine Entwick-
lungstrommel zum Tragen des Entwicklers umfagt 14. Vorrichtung nach
Anspruch 1, dadurch gekennzeichnet, da6 das z ladende Tell ein
photoempfindliches 50      Tell vom Lraminier-Typ mit organbschen
Photoleiteruumfait und mitelner Reinigungseinrichtung ausgestat- tet ist.
15. Vorrichtung nach Anspruch 14, dadurch gekennzeichnet, da6 die
Relnigungseinrichtung eine Reinigungs- 



Idinge umfaSt. 5S  16. Vorrichtung nach Anspruch 9, dadurch gekennzelchnet,
dat die elektrisch leitende Gummischicht eine Dicke von 0,1 - 10 mm
aufwebt, und der frelgebendel Oberzug eine Dicke von 5 - 30 pm aufweist. 31
EP 0 410 482 Si|||||||||||||||| *  C   L  M   S 17. Vorrichtung nach
Anspruch 16, dadurch gekennzeichnet, daBl die elektrisch leltende
Gummischicht ein Ethylen/PropylenlDienTerpolymer umfaM% und derfreigebende
Oberzug sin Nylonharz umfaBt 18. Vorrichtung nach Anspruch 9, dadurch
gekennzeichnet, daIB das photoempfindliche Tell vom Laminier- 5       Typ
mit organischem Photoleiter mit einem Material oberflachenbedeckt Ist,
welches aus der aus Silikon- harzen, Vinylidenchlorldharzen, Ethylen/
Vinylchlorid-Harz, Styrol/Acrylonitrilharz, Styroll Methylmetha-
crylat-Harz, Styrolharzen, Polyethylenl Terephthalat-Harzen und
Polycarbonatharzen bestehenden Gruppe ausgewAhlt ist 10  19. Vorrichtung
nach Anspruch 9, dadurch gekennzeichnet, daB das photoempflndliche Tell wom
Laminler- Typ mit organischem Photoleibtr mit Polycarbonat
oberflachenbedeckt ist. 20. Vorrichtung nach Anspruch 1, dadurch
gekennzeichnet, daBS der Toner eine Bindemittelharz-Zusammen- setzung
umnfailt, welche 10 - 70 Gew.-% sines Tetrahydrofuran (THF)-unl8slichen
Inhalts und als verblei- bendem Rest einen THF-l5slichen Inhalt, der eine
Komponente mit elnem Molekulargewicht von 10000 15      oderwenigerauf
einem Gelpermeationschromatographle-ChromatogrammdesTHF-loslichen Inhalts
ein- schlieBt, welche 10 - 50 Gew.-% des Bindemittelharzes bildet, enthalt.
21. Vorrichtung nachAnspruch 20, dadurch gekennzeichnet, daB die
Bindemitelharz-Zusammensetzung ein Vinyl-Polymer oder -Copolymer umfaBt. 20
22. Vorrichtung nach Anspruch 20, dadurch gekennzeichnet, daB die
Bindemittelharz-Zusammensetzung ein Styrol-Polymer oder -Copolymer umfaBt.
23. Vorrichtung nach Anspruch 1, dadurch gekennzelchnet, daB der Toner
magnetische Tonertelichen um- 25      faBt, und die magnetischen
Tonertellchen ein magnetisches Material miteinerSchOttdichte von 0,35g/cm3
enthalt. 24. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB der
Toner magnetische Tonerteilchen um- faBt, und die magnetischen
Tonertbilchen ein magnetisches Material mit einer Schattdichte von 0,5
glcm' 30      enthalt. 25. Vorrichtung nach Anspruch 1, dadurch
gekennzeichnet, daB der Entwickler einen magnetischen Toner mit elner
volumengemittelten TeilchengroBe von 4 - 8 Iam und hydrophobes,
anorganisches Feinpulver, welches mit Silikonol odor Silikonlack
behandeltworden 36      !st, umfaBt, 100 Gewichtsteile des Entwicklers 0,2
- 2,0 Gewichtsteile des hydrophoben, anorganischen Fein- pulvers enthilt,
und der magnetische Toner eln Bindemittelharz enthfilt, welches 3 - 20
Gewichtsteile po- lymerisierte Einheiten eines Monomers mit elner aus elner
Carboxylgruppe oder deren Anhydrid gebilde- ten Siuregruppe pro 100
Gewichtsteilen des Bindemitelharzes umfai~t und einen Siuregrad von I - 70
V   40  besitzt, und der Entwickler eine BET-spezifische Oberflache von 1,8
- 3,5 m21g, eine locker. scheinbare Dichte von 0,4 - 0,52 g/cm3 und eine
tatsachliche Dichte von 1,45 - 1,8 g/cm3 aufweist. 26. Vorrichtung nach
Anspruch 25, dadurch gekennzeichnet, daB 0,6 - 1,6 Gewichtsteile des
hydrophoben, 45      anorganischen Feinpulvers in 100 Gewichtsteilen des
Entwicklers enthalten sind. 27. Vorrichtung nach Anspruch 1, dadurch
gekennzeichnet, daB das hydrophobe, anorganische Feinpulver eine
Hydrophobizitfit von 60 % oder h8her aufweist. 



28. Vorrichtung nach Anspruch 1, dadurch gekennzelchnet, daB das
hydrophobe, anorganische Feinpulver 50      elne Hydrophobizitit von 90 %
oder hoher aufweist. 29. Vorrichtung nach Anspruch 1, dadurch
gekennzeichnet, daB 0,1 - 3,0 Gewichtsteile des hydrophoben, anorganischen
Feinpulvers, bezogen auf 100 Gewichtsteile an Toner, enthalten sind. 55
30. Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, daB 0,2 - 2,0
Gewichtsteile des hydrophoben, anorganischen Feinpulvers, bezogen auf 100
Gewichtsteile an Toner, enthalten sind. 31. Vorrichtung nach Anspruch 1,
dadurch gekennzelchnet, daB das hydrophobe, anorganische Feinpulver 32    *
L  M   S mit elnem Sllanvernetzungsmittel und dann mit elnem Silokonol,
einem Silikonlack, elnem amin- modifizierten Silokonol oder einem
amin-modifizierten Silikonlack behandelt worden ist. 32. Vorrichtung nach
Anspruch 1, dadurch gekennzeichnet, daR der Toner der folgenden Gleichung
genflgt 5                                      N/V = - 0,5 N.+ K wobel N
die Gehalte der magnetischen Tonerteilchen von 5 ;LM oder Ideiner in
Zahlen-% bedeutet, V der Gehaltdermagnetischen Tonerteilchen von 5 pim
oderkloiner in Volumen-% bedeutet, k eine positive Zahl von 4,6 - 6,7 ist
und N eine positive Zahl von 17 - 60 lst. 33. Bildgebungsvorrichtung nach
einem derAnsprOche I bis 32, welche als eine Vorrichtungseinheit zur Ver-
wendung in einer elektrophotographischen Vorrichtung ausgestaltet ist,
wobei die Vorrichtungseinheit an die elektrophotographische Vorrichtung
angebracht oder davon entfernt werden kann. 34. Facsimile-Vorrichtung,
unfassend: eine eitmrophotographische Vorrichtung und eine Empfangseinrich-
tung zum Enpfangen von Bliddaten von elner entfornten Datonstation, wobel
die dlektrophotographische Vorrichtung eine Bildgebungsvorrichtung gemrfig
elnem der vorangehenden Anspruche umfalst Revendicatlons ___          1.
Appareil de formation d'images, comprenant: un organs destin6 A etre charge
pour porter une image electrostatique, un moyen de charge par contect se
trouvant au contact do l'organe devant etre charge pour effec- tuer la
charge de cot organe, et 25           un moyen de developpement servant A
developper l'image electrostatique porte sur l'organe de- vantetre charg6,
le moyen de d6veloppement comprenantun developpateurservant a
d6velopperl'image 6lectrostatique, caracterise en ce que Ie developpateur
on question comprend un toner et une poudre inorganique hydrophobe en fines
particules et le toner en question a une moyenne en volume des diametres de
particules de 4 A 8 micrometres, -     et une distribution des diametres de
particules qui comprend un pourcentage numerique de 17 A 60 % de particules
de toner de 5 micrometres ou moins, 5 A 50 % de particules de toner de 8,35
a 10,08 mi- crometres et un pourcentage en volume de 2,0 % au moins de
particules de toner de diametre egal ou superieur A 12,7 micrometres. s 2.
Appareil suivant la revendication 1, dans lequel l'organe devant etre
charge comprend un organe photo- sensible. 3. Appareil suivant la
revendication 1, dans lequel !'organe devant Wtre charge comprend un organe
photo- ; 0 -sensible photoconducteur organique du type A stratification.
}40.                                                         .. 4. Appareil
suivantlarevendication 1,danslequel le moyendecharge parcontactvienten
butdesurl'organe devant etre charge A une pression de 5 A 500 g/cm. 5.
Appareil suivant la revendication 1, dans lequel la poudre inorganique
hydrophobe en fines particules 45      comprend une poudre d'oxyde
metallique hydrophobe en fines particules. 



6. Appareil suivant la revendication 1, dans lequel la poudre inorganique
hydrophobe en fines particules comprend de la silico hydrophobe en poudre
en fines particules. 50  7. Appareil suivant la revendication 1, dans
loquel la poudre inorganique hydrophobe en fines particules comprend de la
silica hydrophobe en poudre en fines particules qui a ete trait6e avec une
huile de silicone ou un vernis de silicone. 8. Appareil suivant la
revendication 1, dans lequel la poudre inorganique hydrophobe en fines
particules comprond de la silice hydrophobe en poudre fine qui a ete
trait6e avec une huile de silicone modifi6e par une amine ou un vernis de
silicone modifle par une amine. 9. Appareil suivant la revendication 1,
dans lequel l'organe devant tre charge comprend un organe photo- 33    EP 0
410 482 i31|||||||||||||||||| ,-                           ,   *
~~~~~~~~~~~~C -L  M   S* sensible photoconducteur organique du type A
stratification, le mayen de charge par contact revet la for- me d'un
rouleau portant une couche de caoutchouc conduisant l'electricit6 et un
revetement detachable, le toner comprend un toner en particules magnetiques
pouvant etre charge negativement et la poudre Inorganique hydrophobe en
fines particules comprend de la silice hydrophobe en poudre en fines parti-
c       cules traitee avec une hulle de silicone ou un vernis de silicone.
10. Appareil suivant la revendication 1, dans lequel l'organe devant Atre
charge comprend un organs photo- sensible photoconducteur organique du type
A stratification, le moyen de charge par contact revit la for- me d'un
rouleau portant une couche de caoutchouc conduisant l'electricite et un
revetement detachable, 10     le toner comprend un toner en particules
magnetiques pouvant etre charge positivement et la poudre inor- ganique
hydrophobe en fines particules comprend de la silice hydrophobe en poudre
en fines particules trait6e avec une huile de silicone modifi!e par une
aminesou un vernis de silicone modifi par une amine. 11. Appareil suivant
la revendication 1, dans lequel Is moyen de charge par contact est equipe
d'un moyen 15      d'application de tension qui sert A appliquer une
tension de courant alternatif et/ou une tension de courant continu; 12.
Appareil suivantla revendlcation 1, dans lequel le moyen de charge
parcontactcomprend un moyen d'ap- plication d'une tension servant A
appliquer une tension de courant alternatif de 0,5 A 5 kVpp et de 50- 300
Hz et une tension continue (valeur absolue) de 200 - 900 V. 20 13. Appareil
suivant la revendication 1, dans loquel le moyen de developpement comprend
un manchon ser- vant A porter le developpateur. 14. Apparell suivant la
revendication 1, dans lequel l'organe devant Utre charge comprend un organe
photo- 25      sensible photoconducteur organique du type A stratification
et est equipe d'un moyen de nettoyage. 15. Appareil suivant Ia
revendication 14, dans lequel le moyen de nettoyage comprend une lame de
nettoya- go. 30  16. Appareil suivant la revendication 9, dans lequel la
couche de caoutchouc conduisant lelectricite a une epaisseur de 0,1 a 10 mm
et le revetement detachable a une epaisseur de 5 A 30 micrometres. 17.
Appareil suivant la revendication 16, dans loquel la couche de caoutchouc
conduisant l'electricit6 comprend un terpolymere 6thyline-propyline-diene
et le revetement detachable comprend une resine du *35     type Nylon. 18.
Appareil suivant la revendication 9. dans lequel l'organe photosensible
photoconducteur organique du type A stratification est revOtu on surface
d'une matiere cholsie dans le groupe comprenant des resines de silicone,
des resines de chlorure de vinylidbne, des resines ethylenechlorure de
vinyli, des r6sines styrene-acrylonitfile des resines styrene-m6thacrylato
de m6thyledes resines de styrene, des r6sines de polyt6rephtalate
d'ethyline et des r6sines de polycarbonate. 



19. Appareil sulvant la revendication 9, dans lequel l'organe photosensible
photoconductbur organique du type A stratification est revbtu en surface
d'un polycarbonate. 45  20. Appareil suivant la revendication 1, dans
lequel le toner comprend une composition de rMsine servant de Jiant qui
contient 10 t 70 % en poids d'une matlbre insoluble dans le
tetrahydrofuranne (THF) et le reste form6 de matlere soluble dans le THF
comprenant un composant ayant un poids moleculaire egal ou in- ferleura
10000 surun chromatogramme dechromatographie parperm6ation surgel deola
matiere soluble -dans le THF constituant 10 A 50 % en poids de la resine
servant de liant. 50 21. Appareil suivant la revendication 20, dans lequel
la composition de resine servant de liant comprend un polymere ou un
copolymere vinylique. 22. Apparell sulvant la revendicatbon 20, dans loquel
la composition de rMsine servant de liant comprend un 55      polymere ou
copolymere de styrbne. 23. Appareil suivant la revendication 1, dans lequel
le tonercomprend des particules magnetiques et les par- ticules magnetiques
du toner contiennent une matiAre magnetique ayantune masse volumique
apparente 34    de 0,35 gIm3.                E
*   c I     M   S  * 24. Appareil suivant la revendicaton 1, dans lequel le
tonercomprend des particules magnetiques et les par- ticules magn6tiques du
toner contiennent une matire magn6tique ayantune masse volumique apparente
c       de 0,5 g/hm3. 25. Appareil suivant la revendication 1, dans lequel
le d6veloppateur comprend un tonermagn6tique ayant une moyenne en volume
des diametres de particules de 4 A 8 micrometres et une poudre inorganique
hydrophobe en fines particules traitee avec 10      une hulle de silicone
ou un vernis de silicone, 100 parties en polds du deveooppateur contiennent
0,2-2,0 parties en poids de la poudre inorga- nique hydrophobe en fines
particulos et le toner magn6tique contlent, comme liant, une resine qui
comprend 3 A 20 parties en poids de motifs polymeris6s d'un monomere
portant un groups acide forme d'un group. carboxyle ou de son anhydride
pour 100 parties en poids de la resine servant de liant et a 15      un
Indie d'acide de I A 70, et le d6veloppateur a une surface sp6cifique BET
de 1,8 - 3,5 m2Ig, une masse volumique apparente sans tassement de 0,4 a
0,52 g/cm3 et une masse volumique reelle de 1,45 a 1,8 g/em3. 26. Appareil
suivant la revendication 25, dans lequel la poudre inorganique hydrophobe
en fines particules 20    - est contenue en proportions de 0,6 A 1,6 partie
en poids dans 100 parties en polds du developpateur. 27. Appareil suivant
la revendication 1, dans lequel la poudre inorganique hydrophobe en fines
particules a un degre hydrophobe 6gal ou sup6rieur A 60 %. 28. Appareil
suivant la revendication 1, dans loquel la poudre inorganique hydrophobe en
fines particules a 25      un degrd hydrophobe egal ou sup6rieur A 90 %.
29. Appareil suivant la revendication 1, dans lequel la poudre inorganique
hydrophobe en fines particules est presente en proportions de 0,1 A 3,0
parties en poids par rapport a 100 parties en poids du toner. 30  30.
Appareil suivant la revendication 1, dans lequel la poudre inorganique
hydrophobe en fines particules est pr~sente en proportions de 0,2 a 2,0
parties en poids par rapport a 100 parties en poids du toner. 31. Appareil
suivant la revendicatlon 1, dans lequel la poudre inorganique hydrophobe en
fines particules a 6t6 traitee avec un agent de couplage du type d'un
silane, puis avec une hulle de silicone, un vernis de silicone, une huile
de silicone modifi6e par une amine ou un vernis de silicone modife par une
amine. 32. Appareil suivant la revendication 1, dans lequel le toner vefifi
l'equation suivante: NIV   -0,5N + k, dans laquelle N designe la teneur, en
pourcentage numefique, des particules magnetiques de toner de 



diametre 6gal ou inferieur A 5 micrometres, V designe la teneur, en pour
cent en volume, des particules magnetiques de toner de diametre egal ou
inferleur A 5 micrometres, k est un nombre entier positif de 4,6 a 6,7, et
N est un nombre positif de 17 A 60. 33. Appareil de formation d'images
suivant l'une quelconque des revendications 1 A 32, concu comme unite
destin6s A etre utillee dans un appareil electrophotographique, cette unite
btant connectee a I'appareil -4lctrophotographique en question ou 6tant
d6connect6e de cet apparell. 34. Appareil telecopieur, comprenant: un
appareil electrophotographique et un moyen recepteur servant A recevoir des
donnees d'image d'un terminal eloigne, cot appareil electrophotographique
comprenant un apparell de formation d'images suivant l'une quelconque des
revendications precedentes. 50 56 35    


