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The present invention relates to an image forming apparatus according to electrophotography and a
developer therefor.

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 ussd in the image
forming apparatus.

Hitherto, a corona discharger has been used as a charging means in electrophotographic apparatus.
The 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
specifically, 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 the member to be charged to a prescribed surface potential. By using such a contact charging
means, it becomes possible to use a lower voltage than by a corona discharger thereby to decrease the
generation of ozone.

For exampls, 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
application of a low voltage.

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 bs
charged, thus providing 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 to stick to the
photosensitive member at the abutting part when the photosensitive member is stopped or the photosen-
sitive member is liable to cause fading of images at the abutting part. Further, if the softening agent in the
rubber material constituting the charging membsr exudes out 1o stick to the photosensitive member surfacs,
the photosensitive member is caused fo have a lower resistivity to cause image flow and even becomss
incperable or causes sticking of a residual toner on the photosensitive member onto the surface of the
charging member, thus leading to filming. If a large amount of toner 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 resuitant toner images. This is because the
residual toner is strongly pushed by the charging member against the photosensitive member surface, so
that the residual toner is liable to stick to the surfaces of the charging member and the photosensitive
member to mar or scratch the photosensitive member surface.

In a contact charging apparatus, the charging member is supplied with a DC voltage or a DC voltage
superposed with an AC voitage. in this instance, in the region or thersaround of contact betwsen the
charging member and the photosensitive drum, there frequently occur abnormal charging and repstitive
flying of residual toner particles having a small diameter and a smali weight. Accordingly, the residual toner
is liable to be electrostatically adsorbed by or embedded in the surfaces of the charging member and
photosensitive drum. 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 o use a
cariridge integrally including a photossnsitive member, a developing means, a cleaning means, etc., so as
to provide a maintenance-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 foners may for exampie include: the magne-dry process using an
electro-conductive toner disciosed in U.S. Patent No. 3,909,258, a process utilizing dislectric polarization of
toner particles; a process utilizing charge transfer by agitation with a toner; developing processes whersin
toner particles are caused to jump onto latent images as disclosed in JP-A 54-42141 and JP-A 55-18656;
stc.

In order to form visible images of good imags 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 silicic 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 thersto agglomerates due to
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moisture in the air to lower its fluidity or even lower its chargeability due to moisture absorption by the -




DEVEL::OPER FOR DEVELOPI NG ELECTROSTATIC | MAGES Description FlIELD OF
THE | NVENTI ON AND RELATED ART The present IhrnS@mH@mednedeﬂi(ﬁcs to a

devel oper for devel oping an electrostatic |nage el oper may be
suitably used in an inage forni nEP Q5p20t8 AZ incI H]![lng means for
charging a nenberto be charged by causing a charg| ng pplied with a
vol tage from an external sup to contact the menber to be chargﬁd and to

a devel oﬁ'@? FOUS Za3p3P: '&Eaéd’e?w?m%ed t‘hﬁgé’"‘f’%"?ﬁ' rs%!{?‘iﬂz’“"de' by JRAAPGr87820, g
corona dffst f‘ 4 Jgﬁei‘s"ab"g@f & cYore, speg Yf‘f%r"ljf I rfseq Bydeophabic siigheRFsaphi

%g. powder with an organic silicon co uch as dlmethyldlchl rosilane,” fo
apparatu
) substltute an orgamc group for silanol groups on the surfaces of the s:llca particles.

5 in a magnefic toner, the magnetic toner per se shows an abrasive function. In an image forming step

wherein a developer is pressed against a photosensitive member having a low surface-hardness such as an
organic photoconductor (OPC) member, if the developsr comprises a mixture of a magnetic toner and
inorganic fine 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 member and the photosensitive member,

10 damages of the pressing member and photosensitive member, and soiling or contamination of the
photosensitive member, such as meit-sticking and filming of the toner.

It has been proposed to add polymer particles smaller than toner particles by JP-A 60-186854, etc.
When we prepared a developer according to such teaching, the resultant developer was not effective
against toner sticking but was liable to cause charge irregularity in a contact charging apparatus.

15 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.

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

20 developsr 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. Accordingly, there is a frend to use a smaller pariicle size of toner. For example, JP-A Hei 1-
112253 has proposed a developer having a volume-average particie size of 4 - 9 microns.

25 A dscrease 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 a larger amount of inorganic fine powder so as to ensure a sufficient fluidity in
compsnsation for the increase in agglomeration characteristic. As a rasult, there is a tendency to promote
image defects, such as white dropout due to abrasion of the pressing member and photosensitive member,

30 and sticking and filming of toner due to damages of the pressing member and photosensitive member.

SUMMARY OF THE INVENTION

An objsct of the present invention is to provide an image forming apparatus and a developer for

35 developing electrostatic images which is free from toner sficking or only accompanied with suppressed
toner sticking, if any.

An object of the present invention is to provide an image forming apparatus and a developer providing
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 and a dsveloper which

40 hardly confaminate a contact charging apparatus.

" An object of the present invention is to provide an image forming apparatus wherein charge ir-
regularities onto a photosensitive member by a contact charging means are suppressed.
An object of the present invention is {0 provide a developer which can stably form visible images which
are faithful to latent images, sharp and of high densities.

45 An object of the present invention is to provide a practical image forming apparatus including a contact
charging means and a developing means for sffecting development with the developer by the present
invention.

According to the present invention, there is provided an image forming apparatus, comprising:
a member to be charged for carrying an electrostatic image,

50 a contact-charging means for charging the member to be charged in contact with the member o be

charged, and

a developing means for developing the electrostatic image carried on the member to be charged,
whersin the developing means includes a developer for developing the electrostatic image comprising a
toner and hydrophobic inorganic fine powder.

55 According {0 another aspect of the present invention, there is provided a developsr for developing
electrostatic latent images, comprising:

a magnetic toner having a volume-average particle size of 4 - 8 microns and hydrophobic inorganic fine
powder treated with silicone oil or silicone varnish;
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it can abﬂa.-gte@ api ntain a sufficient contact wt
t hus provi dlaﬂ@v@d’bmg means for developing the slectrostatic image carried on the member to be charged,
wherein the developing means includes a developer for developing the electrostatic image comprising a .
toner and hydrophobic inorganic fine powder;
wherein at least one of said contact-charging means and developing means is supported integrally
15 together with said member to be charged to form a single unit, which can be connected to or released from
an apparatus body as desired.
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, wherein said electrophotographic apparatus comprises:
20 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
a developing means for devsloping the electrostatic image carried on the member to be charged,
wherein the developing means includes a developsr for developing the elsctrostatic image comprising a
25 toner and hydrophobic inorganic fine powder.
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.

30 BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1 and 4 illustrate a contact-charging roller used in the image forming apparatus in the present
invention.
Figure 2 is an illustration of a contact-charging blade as another smbodiment of the contact-charging
35 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.
40 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 of the present invention may preferably have a volume-average
45 particle size of 3 - 20 microns, particularly 4 - 15 microns.

in case where the toner is a magnetic toner, it is preferred that the magnefic toner has a volume-
average particle size of 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 may further preferably
have a BET specific surface area of 1.8 - 3.5 m?g, a loose apparent density (or aerated bulk density) of 0.4

50 - 0.52 g/cm?® and a true density of 1.45 - 1.8 g/cm? so as to provide a good resolution and causs little fog.

A developer having a BET specific surface area of 1.8 - 3.5 m?/g as measured by nitrogen adsorption
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 developer of the present invention may preferably have a true density of 1.45 - 1.8 g/cm?. In this

55 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 contamination in the apparatus due to scattering of the developer, toner-sticking onto the
photosensitive member and increased fog.
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The BET specific surface area of the magnetic developer may be measured according to the BET one-
15 point method by using a specific surface area meter (Autosorb 1, available from QUANTACHROME Co.).
The loose apparent density (or aerated bulk density) and packed apparent (or bulk) density referred to
hersin 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
20 which may be an accurate and convenient method for fine powder.
A stainless steel cylinder having an inner diameter of 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 1 g of a sample powder is placed
25 thereon, and the piston (B) is gently pushed against the sample. Then, a pressurs of 400 kg/cm? is applied
to the piston by an oil press. After compression for 5 minutes, the compressed sample is taken out and
weighed (W g), 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:

30 True density (g/cm3) = W/mx(D/2y°xL}

The magnetic toner used in the present invention may preferably have a volume-average particle size
of 4 - 8 microns, particularly, 6 - 8 microns, and such a particle size distribution including 17 - 80 % by
number of magnetic toner particles of 5 microns or smaller, 5 - 50 % by number of magnstic toner particles

35 of 6.35 - 10.08 microns and 2.0 volume % or less of magnetic toner particles of 12.7 microns or larger and
further satisfying the following equation:

NNV = -0.05N + k,

40 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 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
transfer paper becomes small to result in a low image density for a usage having a large image area such

45 as a graphic image. This may be attributable to the same reason why the image density of an inner image
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

50 to 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 80 % by number, mutual aggiomeration of

55 the magnetic toner particles 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 holiow image, and also toner-sticking
onto the photosensitive member.
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achieving closest packing of toner in development and contribute to the formation of a uniform image free
of coarsening. Particularly, these particles fill thin-line portions and contour portions of an image, thereby to

15 visually improve the sharpness thereof. If k < 4.6 in the above formula, such component becomes
insufficient in the particle size distribution, and the above-mentioned characteristics become poor.

Further, in view of the production process, a large amount of fine powder must be removed by
classification in order to satisfy the condition of k < 4.6. Such a process is however disadvantageous in
yield and toner costs. On the other hand, if k > 8.7, an excess of fine powder is present, whereby the

20 resultant image density is liable to decreass 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 particies from being carried on
the developing sleeve and bsing supplied with charge.

In the magnetic toner of the present invention, the amount of magnetic toner particles having a particle

25 size of 12.7 microns or larger is 2.0 % by volume or smaller, preferably 1.0 % by volume or smaller, more
preferably 0.5 % by volume or smaller. If the above amount is larger than 2.0 % by volume, these particles
are liable to impair thin-line reproducibility.

The particle size distribution of a toner is measured by means of a Coulter counter in the present
invention, while it may be measured in various manners.

30 Coulter counter Model TA-ll {available from Couiter Elecironics Inc.) is used as an instrument for
measurement, to which an interface (available from Nikkaki K.K.) for providing a number-basis distribution,
and a volume-basis distribution and a personal computer CX-1 (available from Canon K.K) are connected.

For measurement, a 1 %-NaCl aqueous solution as an electrolytic solution is prepared by using a
reagent-grade sodium chioride. Into 100 to 150 mi of the electrolytic solution, 0.1 to 5§ ml of a surfactant,

35 preferably an alkylbenzenesulfonic acid salt, is added as a dispersant, and 2 to 20 mg of a sample is added
thereto. The resuitant dispersion of the sample in the electrolytic liquid is subjected to a dispersion
treatment for about t - 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-Il with a 100 micron-aperture to obtain a volume-basis distribution and a number-basis distribu-

40 tion. From the results of the volume-basis distribution and numbsr-basis distribution, paramsters char-
acterizing the magnetic toner of the present invention may be obtained.

The toner contained in the developsr according to the present invention may generaily comprise a
binder resin and a magnetic material or a colorant.

The binder for use in constituting the toner may be a known binder resin for toners. Examples thereof

45 may include: poiystyrene; homopolymers of styrene derivatives, such as poly-p-chlorostyrene, and poly-
vinyltoluens; styrene copolymers, such as styrene-propylene copolymer, styrene-vinyliolusne copolymer,
styrene-vinylnaphthalene copolymer, styrene-methyl styrene-ethyl acrylate copolymer, styrens-butyl ac-
rylate copolymer, styrene-octyl acrylate copolymer, styrene-dimethylaminocethyl acrylate copolymer, sty-
rene-methyl methacrylate copolymer, styrene-ethyl methacrylate copolymer, styrene-butyl methacrylate

s0 copolymer, styrene-dimethylaminoethyl methacrylate copolymer, styrene-vinyl methyl sther copolymer,
styrens-vinyl ethyl ether copolymer, styrene-vinyl methyl ketone copolymer, styrene-butadiene copolymer,
styrene-isoprene copolymer, styrene-malsic acid copolymer, styrene-maleic acid ester copolymer; poly-
methy! methacrylate, polybutyl msthacrylate, polyvinyl acetate, polyethylene, polypropylene, polyvinyi
butyral, polyacrylic acid resin, rosin, modified rosin, terpene resin, phenoclic resin, aliphatic or alicyclic

s5 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 or dye, inclusive of carbon black
and copper phthalocyanine, conventionally used.
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For this reason, the devsloper according to the present mvent:on may be exiremely 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.

15 We consider that the developer according to the present invention exhibits the above effacts because
magnetic particles are uniformly dispersed in the magnetic toner constituting 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 becauss of a corresponding decrease
of the binder resin, whereby a sirong rubbing is caused between the surfaces of the contact-charging

20 member and the photosensitive member at the abutling parts between these members due to machanical
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 fo have a higher visco-elasticity due to a decrease in proportion of the
magnetic material, so that spot or filmy sticking onto the surfaces of the charging member and the

25 photosensitive drum is liable to occur.

The bulk density of the magnetic material may be understood to be an indirect measure of the
agglomeration of the magnetic particles. If the bulk density of the magnetic material is below 0.35 g/cm?,
much agglomerate is present in the magnetic material so that it is difficult to accomplish a sufficient
dispersibility in the binder resin. Thus, the magnetic material is liable to be localized to give scraiches or

30 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 to use a magnetic
material having a bulk density of 0.35 g/cm® or higher, particularly 0.5 g/cm? or higher.

Herein, the bulk density of a magnetic material refers to a value measured according to JIS (Japanese

35 Industrial Standards) K-5101.

The magnetic material contained in the developer according to the present invention may preferably
have a coercive force of 100 cersted (Os) or below, more preferably 80 cersted (Oe) or below, under a
magnetic field of 10000 oersted (Os). The coercive force of magnetic particles are generally controlled by
their crystalline rnagnetic anisotropy and shape anisotropy and may be understood as an indirect measure

40 of their surface 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 present invention, they are liable to cause
not only scraiches or abrasion on the surfaces of the contact-charging member and the photosensitive drum
but also sticking of the developer due to embedding at the abutting part between the members.

45 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 100 Oe also
when the magnstic particles are aggiomerated, so that a bulk density of 0.35 g/cm? or below is preferred
also in this case.

Further, the magnetic material used in the magnetic toner according to the present invention may

50 preferably have a remanence {o,) of 10 emu/g or below, more preferably 7 emu/g or below, after application
of a magnetic field of 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
agglomeratss 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.

§5 Thus, a remanenace exceeding 10 emu/g is not preferred.

The magnefic properiies of magnetic materials referred to herein are values mesasured by a tester
("VSMP-1") available from Toei Kogyo K.K.
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used HestHeen Repla¢eda obt ai ned, e.g., by reacting silica powder with an
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of a magn8Fes Lk erihd- ot siatng materish adiaey Putarablyagomprise magnetite or ferite
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

5 desired. Examples of means for disintegrating the magnetic matsrial may include a mechanical pulverizer
equipped with a high-speed rotor for disintegrating a powdery material and a pressure disperser equipped
with a weight rolter for disintegrating or milling a powdery material.

In case where a mechanical pulverizer is used for disintegrating agglomerates of magnetic particies, an
excessive impact force by the rotor is liable to be applied even to primary particles of the magnetic

70 particles so that even the primary particies are liable to be broken to yield fine powder of the magnetic
particles. Accordingly, 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

15 performance.

To the contrary, it is preferred to use a pressure disperser equipped with a weight roller, such as a fret
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

20 charge control agent, as desired, examples of which may include: metal complexes or saits of monoazo
dyes, salicylic acid, alkylsalicylic acid, dialkylsalicylic acid, and naphthoic acid. The magnetic toner may
preferably have a volume resistivity of 10'° ohm.cm or higher, particularly 102 ohm.cm or higher in
respects of triboelectric chargeability 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?,

25 applying an elsctric field of 100 V/cm and measuring a current value at a time one minute after the
commencement of the appiication, whereby the volume resistivity is calculated based on the measured
current value.

The toner-binder resin constituting the developer according to the present invention may particularly
preferably be one containing 3 - 20 wt. parts of polymerized units of a monomer having a carboxylic group

30 or an acid anhydride group derived therefrom per 100 wt. parts of the binder resin and having an acid value
of 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 molecular weight ratio of 5 or larger (Mw/Mn 2 5) and also has a peak in the molecular” weight

35 range of from 2000 to below 15000, preferably 2000 - 10000 and a peak or shoulder in the molecular weight
range of 15000 - 100,000 based on the molecular weight distribution by gel-permeation chromatography
(GPC) of the THF-soluble 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 bslow
15,000, particutarly 10,000 or below, principally affects the blocking, sticking onto the photosensitive

40 member and filming, and a component having a molecular weight of 10,000 or above, particularly 15,000 or
above, principaily affects the fixing characteristic.

The binder resin (copolymer) having an acid group of carboxyl or its anhydride may be contained in
sither one or both of the above-mentioned two molecular weight regions.

The GPC (gel permeation chromatography) measurement and identification of molecular weight cor-

45 responding to the peaks and/or shoulders may be performed under the following conditions.

A column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (THF) solvent is caused to flow
through the column at that temperature at a rate of 1 mUmin., and 50 - 200 wl 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

50 monodisperse polystyrenedisperse samples and having a logarithmic scale of molecular weight versus
count number. The standard polystyrene samples for 'preparation of a calibration curve may be those
having molecular weights of, e.g., 6x102, 2.1x10%, 4x103, 1.75x10%, .1310*, 1.1x10°, 3.8x105, 8.6x105, 2x10°
and 4.48x10° available from, e.g., Pressure Chemical Co. or Toyo Soda Kogyo K.K. It is approptiate to use
at least 10 standard polystyrene samples. The detector may be an R (refractive index) detector.

55 For accurate measurement of molecular weights in the range of 10° - 4x10%, it is appropriate to
constitute the column as a combination of several commercially available polystyrene gel columns. A
preferred example thereof may be a combination of L-styragsl 500, 103, 10* and 10° available from Waters
Co.; a combination of Shodex KF-80M, 802, 803, 804 and 805, or a combination of TSK gel G1000H,
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The content of a component having a molecular weight of 10,000 or beiow in the binder resin is
measured by cutting out a chromatogram of the corresponding molecular weight portion and calculating a
ratio of the weight thereof with that of the chromatogram covering the molecular weight range of 10,000 or

5 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; a,g8-unsaturated carboxylic acids, such as acrylic acid and methacrylic acid: «,8-
unsaturated dicarboxylic acids and half esters thereof, such as maleic acid, butyl maleats, octyl maleate,
fumaric acid and butyl fumarate; and alkenyidicarboxylic acids or half esters thereof, such as n-butenylsuc-

10 cinic acid, n-octenylsuccinic acid, butyl n-butenylsuccinate, n-butenylmalonic acid and n-butenyladipic acid.

In this cass, 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.

The acid values referred to herein are based on values measured as follows according to JIS K-0670.

15 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
acetons 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) of the sample resin is calculated from the consumed amount of the caustic potassium solution

20 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.
25 Examples of the comonomer for providing the binder resin having an acid group through copolymeriza-
tion with the polymerizable monomer having an acid group may include: styrene; styrene derivatives, such
as o-methylstyrene, m-methylstyrene, p-methylstyrene, p-methoxystyrens, p-phenyistyrene, p-
chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene, p-tert-butylstyrene,
p-n-hexylstyrene, p-n-octylstyrene, p-n-nonylstyrens, p-n-decylstyrene, and p-n-dodecylstyrene; ethylenical-
30 ly unsaturated monoolefins, such as ethylene, propylene, butylens, and isobutylene; unsaturated polyenes,
such as butadiens; 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 methy! methacrylate, ethyl methacrylate, propyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethylhexyl methacryiate,
35 stearyl methacrylate, phenyl methacrylate, dimethyiaminosthyl methacrylate, and disthylaminoethy!
methacrylate; acrylic acid esters, such as methyl acrylate, ethyl acrylate, n-butyl acrylate, isobuty! acrylate,
propyl acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-chiorosthyl
acrylate, and phenyl! acrylate; vinyl ethers, such as vinyl methyl ether, vinyl ethy! ether, and vinyl isobutyl
ether; vinyl ketonss, such as vinyl methyl ketone, viny! hexyl ketone, and methy! isopropenyl ketone; N-
40 vinyl compounds, such as N-vinylpyrrole, N-vinylcarbazole, N-vinylindole, and N-vinylpyrrolidons; 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 spscies in combination with the
above-mentioned monormer having an acid group. .
Among the above, a monomer combination providing a styrene copolymer or a styrene(meth)acrylate
45 copolymer is particularly preferred.
A crosslinking monomer, e.g., one having at least two polymerizable doubie bonds, may also be used.
Thus, the vinyl copolymer used in the pressnt invention may preferably be a crosslinked polymer with a
crosslinking monomer as follows: '
Aromatic divinyl compounds, such as divinylbenzene and divinylnaphthalens; diacrylate compounds
50 connected with an alkyl chain, such as ethylens glycol diacrylate, 1,3-butylene glycol diacrylate, 1,4-
butanedio! diacryiate, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, and neopsntyl glycol diacrylats,
and compounds obtained by substituting methacrylate groups for the acrylats groups for the acrylate
groups in the above compounds; diacrylate compounds connected with an alkyl chain including an ether
bond, such as diethylene glycol diacrylate, triethylene glycol diacrylate, tetraethylene glycol diacrylats,
65 polysthylene glycol #400 diacrylate, polyethylene glycol #600 diacryiate, 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 polyoxysthylens (2)-2,2-bis-
{4-hydroxyphenyl)propanediacrylate, polyoxysthylene(4)-2,2-bis(4-hydroxyphenyl)-propanediacrylate, and
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may suitably be used in a tonsr resin in view of fixing characteristic and anti-offset characteristic.

The binder resin according to the present invention may suitably be prepared through a process for
synthesizing two or more polymers or copolymers.

15 For example, a first polymer or copolymer soluble in THF and also in a polymerizable monomer is
dissolved in such a polymerizable 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 second polymer or copolymer.

The first polymer or copolymer may preferably be formed through solution polymerization or ionic

20 polymerization. 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 copolymer in the presence of a crosslinking monomer. It is preferred that the first polymer or
copolymer is used in a proportion of 10 - 120 wt. parts, particularly 20 - 100 wt. paris, per 100 wi. parts of
the polymerizable monomer giving the second polymer or copolymer.

25 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, tolusne or cumene may be
preferred. The solvent may be selected depending on the product polymer. Further, an initiator, such as di-
tert-butyl peroxide, tert-butyl peroxybenzoate, bensoyl 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,

30 per 100 wt. parts of the monomer. The reaction temperature may vary depending on the solvent, initiator,
monomers, etc., 1o be used but may suitably bs in the range of 70 - 180 °C. In the solution polymerization,
the monomer may be used in 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
{tetrahydrofuran}-insoluble content. If the THF-insoluble content is below 10 wt. %, the resultant toner is

35 liable to stick to the contact-charging member. If the THF-insoluble content exceeds 70 wt. %, the toner per
se is caused to have too large a rigidity so that the surface of the latent image-bearing member or the
contact-charging member is liable to be damaged to possibly increase the tendency of toner-sticking.

Herein, the THF-soluble content refers to a polymer component (substantially a crosslinked polymer
component) which is insoluble in solvent THF (tetrahydrofuran) in the resin composition (binder resin)

40 constituting a toner, and it may be used as a parameter for indicating the degree of crosslinking of the resin
composition containing a crosslinked component. R is to be noted however that a polymer having a low
degree of crosslinking can be soluble in THF. For exampie, a crosslinked polymer obtained through solution
polymerization can be THF-soluble even if it has been obtained in the presence of a relatively large amount
of crosslinking agent such as divinylbenzene. The THF-insoluble content may be defined as a value

45 abtained in the following manner.

0.5 - 1.0 g of a toner sample is weighed (Wi g) and placed in a cylindrical filter paper (6.g., No. 86R
available from Toyo Roshi K.K.) and then subjected to extraction with 100 to 200 ml of solvent extraction by
using a Soxhlet's extractor for 6 hours. The soluble content exiracted with the solvent THF is recovered by
evaporation and dried for several hours at 100 °C under vacuum to measure a weight (Wag) of the THF-

50 soluble content. On the other hand, the weight (Wsg) of the components, such as the magnetic material
and/or pigment, other than the resin component in the foner is separately measured. Then, the THF-
insoluble content is given by the following equation:

THF-insoluble content (%) = [Wi-(Wa2 + W3)/[W;-Ws] x 100
55
The developer according to the present invention contains a hydrophobic inorganic fine powder as an
additive, which may preferably be a hydrophobic metal oxide fine powder, further preferably hydrophobic
silicic acid (silica) fine powder.
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havi ng a vol une-average particle size of 4 - 9 mcrons. A decrease in
particle size of toner is generally acconpanied with an increase in
specific surface area thereof, so that such a toner is liable to soil or
contami nate the pressing nenber gmelsgheriggeensiti ve nenber and al so requires
a larger anount of inorganic fine powler so as to ensure a sufficient
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char act er i Am¢ng theabove-rentianbd inorganisrpowdess, thosechagiaghe ypetilic puriatocre as megmredéfect s,
such as tBETemelnad wity nitrebge adsorptidnrohidl -(A60 aif/g. tphoeidpa gwdirgsgit. Insideesestrirdtention, a
phot oserlyfrephplic pitisifing powderdnaytryefablycpeased i prl amoutf 0bf.1 t 3P et paftsemere persbiges of
the pr es%%'r?goWeﬂm%W't%W@eﬁﬁ%f@g‘érPﬁﬁﬁqu’étWﬁbgr. ~ SUMMARY OF THE | NVENTI O\Il
An obPect BF A9iRred fausg pecalivelyHiarpegple hydrapbobisy sligs e ReweRs Jas B apastivelyahargeable | opi ng
el ectro S‘?’%% &TEG RySro nggscmlﬁadﬁe pawdpr raay prefesahly be one having a tribostectric charge of -100 uC/g
to -300 1.C/g. When the silica fine powder having a triboslectric charge below -100 1.C/g is used, it tends to
decrease the triboslectric charge of the developer per se, whereby humidity characteristic becomes poor.
When silica fine powder having a triboelectric charge of above -300 1.C/g is used, it tends to promote a so-
10 called "memory phenomenon™ on a developer-carrying member and the developer may easily be affected
by deterioration 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 m2/g, the addition thereof produces little sffect. When the
silica is too coarse so that its BET specific surface area is below 70 m2/g, the probability of free powder
presence is increased, whereby the dispersion thereof in the foner is liable to be ununiform. In such a case,
15 black spots due to silica agglomerates are liable to occur.
The hydrophobicity-imparting treatment may be effected by using a known agent and a known method.
The hydrophobicity-imparting agent may for example be a silane coupling agent, or a silicon oil or silicone
varnish. A silicone oil or silicone vamish may be preferred to a silane coupling agent in respects of
hydrophobicity and lubricity.
20 The silicone oil or silicone varnish preferably used in the present invention may be those represented
by the following formuia:

R R
| | * This Sheet Has Reen Replaced
25 ' R"-R,810—5i0 Sior— SiRzR“ I8 BRI 1004 181 1
SO QT
R' R

30 wherein R: a Cy - C; alkyl group, R': a silicone oil-modifying group, such as alkyl, halogen-modified alkyl,
phenyl, and modified-phenyl, R": a Cy - C; alkyl or alkoxy group.

Specific examples thereof may include: dimethylsilicone oil, alkyl-modified silicone oil, a-methylstyrene-
modified silicone oil, chlorophenyl-silicone oil, and fluoro-modified silicone oil. The above silicons oil may
preferably have a viscosity at 26 °C of about 50 - 1000 centi-stokes. A silicon oil having too low a molecular

35 weight can generate a volatile matter under heating, while one having too high a molecular weight has too
high a viscosity 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 0il 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

40 wherein 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 inorganic fine powder is treated only with 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

45 treatment with a silicone oil must be carefully performed. However, if the fine powder is first treated with a
“silane coupling agent and then with a silicone oil, the fine powder is provided with a good moisturs
resistance while preventing agglomeration 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 hexamethyldisilazane or those

50 represented by the formula: R,SiY,, wherein R: an alkoxy group or chlorine atom, m: an integerof 1 -3, Y:
alkyl group, vinyl group, glycidoxy group, methacryl group or other hydrocarbon groups, and n: an integer
of 3 - 1. Specific examples thereof may include:
dimethylidichlorosilane, trimethylchlorosilane, allyldimethyichlorosilane, allylphenyldichiorosilane, benzy-
dimethylchlorosilane, vinyltriethoxysilane, y-methaceryloxypropyltrimethoxysilane,  vinyltriacetoxysilane,

55 divinylichlorosilans, and dimethylvinyichlorosilane.

The treatment of the fine powder with a silane coupling agent may be performed in a dry process
wherein the fine powder is agitated to form a cloud with which a vaporized or sprayed sitane coupling agent
is reacted, or in a wet process wherein the fine powder is dispersed in a solvent into which a silane
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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 (1):

70

1|‘1 Rq &, R, | ?1
. Rs-?i—o §1-0 +—S1-01—15i-0 ?i-Rs
Rg |Ry [m|R, R, Rg
Ry o /“N\ JE
% Ry Rg ceelI),

wherein Ry and Rs respectively denote hydrogen, alkyl group, aryl group or alkoxy group; Rz denotes
alkylene group or phenylene group; Rs denotes a nitrogen-containing heterocyclic group; and Rs and Rs
25 respectively denote hydrogen, alky! group or aryl group. Rz can be omitted. The above-mentioned alky!
group, aryl group, alkylene group or phenylene group can have an amino-substituent and can have a
substituent, such as halogen, within an extent not adversely affecting the chargeability. In the above
formula, m is a number of 1 or larger, n and | are respectively O or a positive number with a proviso that
n+|is a positive number of 1 or larger.
30 Among the compounds represented by the above formula, those having one or two nitrogen atoms in
side chains are most preferred.
Many of nitrogen-containing unsaturated heterocyclic rings have besn known including the following
examples.

q;N ’ m ’ @ ) rs-:N 4 It;;:N '
H

H H
N N N N, N N
o, O G g U

Further, examples of nitrogen-containing saturated heterocyclic rings may inciude the following:

0.9.9.0.¢ ¢

H

35

45

55

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-snumerated heterocyclic rings.
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of nitrogen atoms in one molscule of the silicone 0|I The mtrogen atom equivalent can also be used for a
single species of silicone oil or a mixture of two or more species of silicone oil.
The treatment with a silicone oil may be effected according to a known technique. For example, the fine
10 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 silicons 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
from a silicone oil such as, methylsilicone varnish, phenyimethylsilicone varnish. Methylsilicone varnish is
15 particularly preferred.
Methylsilicone varnish is a polymer comprising a T' unit, a D3' unit and an M3 unit as shown below,
and more specifically, is a tridimensional polymer containing a large proportion of the T3' unit.

20 : ['1'3‘l unit]
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50 The above-mentioned silicone varnish may be converted into an amino-modified silicone varnish by
replacing & part of the methyl group or phenyl group in the T3! unit, D3 unit and M3' upit with an amino
group-containing group. Examples of the amino group-containing group may include those represented by
the following structural formulas:

85 ~CHz2CHz-NH2
-CHz(CHz)2-NH>
“CHz2(CHz)o-NH-(CHz)s-NH, This Sheet Has Been Replaced
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The treatment of the fine powder with the sificone varnish may be effected in a known manner similarty
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.

10 parts, of the solid content of the amino-modified silicone oil or amino-modified silicone varnish. Below 3 wt.
parts, the surfaces of the inorganic fine powder cannot be suificiently 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 foliowing manner.

15 0.2 g of silica fine powder which has been left 10 stand overnight in an environment of 23.5 °C and
relative 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 cc in the same environment as mentioned
above (by shaking the pot in hands vertically about 50 times for about 20 sec).

20 Then, about 0.5 g of the shaken mixture is charged in a metal container 32 for measurement provided
with 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; (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 through a suction port 37 sufficiently while controlling the pressure at a

25 vacuum gauge 35 at 250 mmHg by adjusting an aspiration control valve 36. The reading at this time of a
potential meter 39 connected to the container by the medium of a capacitor having a capacitance C (UF) is
denoted by V (volis.). The total weight of the container after the aspiration is measured and denoted by W:
(9)- Then, the triboelectric charge (1.C/g) of the silica is calculated as: CxV/(W;-Ws).

The fine silica powder used in the present invention can be either the so-called "dry process silica™ or

30 "fumed silica” which can be obtained by oxidation of gaseous silicon halide, or the so-called "wet process
silica” which can be produced from water glass, etc. Among thess, the dry process silica is preferred to the
wet process 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 Naz0, SO32~.

The dry process silica referred to herein can include a complex fine powder of silica and another metal

35 oxide as obtained by using another metal halide, such as aluminum chloride or titanium chloride tegether
with 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

40 manner, while another method can be applied with reference to the following method.

A sample in an amount of 0.1 g 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 stili
for 10 min. so that a silica powder layer and an aqueous layer are separated from each other, and 20 - 30

45 mi of the content is withdrawn from the bottom. A portion of the water is taken in a 10 mm-celi 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 hydrophobility of the silica.

The hydrophobic silica used in the present invention should preferably have a hydrophobicity of 60 %

50 or higher, particularly 80 % or higher. If the hydrophobicity is below 80 %, high-quality images cannot be
attained because of moisture absorption by the silica fine powder under a high-humidity condition.

To the developer according to the present invention, it is possible to further incorporate other additives
within an extent not giving ill effects, which may for example include a fixing aid, such as low-molecular
weight polyethylene, and a metal oxide such as tin oxide as a chargeability-imparting agent.

85 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 thersin is spray-dried; a
polymerization method wherein prescribed ingredients are dispsrsed in a monomer constituting a binder
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resin and the mixture is emulsified, followed by polymerization of the monomer to provide a polymer; etc.

Hereinbelow, a contact-charging step applicable io the developer and the image forming method
according to the present invention wiil be sxplained more specifically.

Figure 1 is a schematic illustration of a contaci-charging apparatus as an embodiment of the invention.
The apparatus includes a photosensitive drum 1 as a member to be charged which comprises an alurninum
drum substrate 1a and an OPC (organic photoconductor) layer 1b coating the outer surface of the drum 1a
and rotates at a prescribed speed in a direction of an arrow. In this embodiment, the photosensitive drum 1
has an outer diameter of 30 mm. The apparatus further includes a charging roller 2 as a charging means
which contacts the photosensitive drum 1 at a prescribed pressure. The charging roller 2 comprises a metal
core 2a, 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 comprising a film with a releasability is preferred in respect of compatibility with the developer
and the image forming method according to the present invention. If the réleasable film 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 photosensitive drum, so that it is preferred for the releasable film to have an
appropriate resistivity valus, preferably a volume resistivity of 10° - 10'* 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 pesling 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-thick electroconductive rubber layer 2b of sthylenepropylene-diene terpolymer and 10 micron-thick
surface layer 2¢ of a nylon resin (more specifically, methoxyrnethylated nylon). The charging rolier 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 voitage is supplied from E
but a DC voltage superposed with an Al voltage as shown in Figure 4 is rather preferred.

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
AC frequency: 50 - 3000 Hz

DC voltage (absolute value): 200 to 900 V.

Figure 2 is an illustration of a contact-charging means accordmg to another embodiment of the present
invention, wherein like reference numerals are used to denote like member as used in Figure 1, the
explanation of which is omitted here.

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
3¢ comprising a releasable film. In 2 specific embodiment, the surface layer 3¢ comprised 10 micron-thick
nylon. According to this embodiment, a difficulty such as sticking between the blade and the photosensitive
member is not encountered 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 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
refeasable 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.

It is possible to use a releasable film of polyvinylidens fluoride (PVDF) or polyvinylidene chloride
(PVDC) instead of nylon resin. The photosensitive member may also comprise amorphous silicon, sslenium,
Zn0, 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 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 rolier for removal of the transfer
residue toner or othsr contaminants therson to be cleaned and repatitively subjected to image formation.
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charact Al 'c&ﬁdr@é’" . g snhcone resins, vinylidene chloride resins, ethylene-vinyl chloride resin, styrene-acrylonitrile
resin, styrene-methyl methacrylate resin, styrene resins, polyethylene terephthalate resins and polycar-
bonate resins, but 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, polycarbonate resins are particularly preferred.

15 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 pressure can produce a concentration of stress at the abutting point because of a large
curvature.

A similar phenomenon may be encountered also in case of a belt photosensitive member, and

20 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
invention are explained.
A photosensitive member 501 surface is negatively charged by a contact charger 502 connected to a

25 voltage application means 515, subjected to image-scanning with laser light 505 to form a digital fatent
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 514 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

30 504 by a bias voltage application means. When a fransfer 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 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.

35 Residual monocomponent developer remaining on the photosensitive drum after the transter step is
removed 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 by the charger 502.

The electrostatic image-bearing member (photosensitive drum) comprises a photosensitive layer and a

40 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 image holding member surface at the developing zone. Inside the non-magnetic cylinder
sleeve 504, a multi-pole permanent magnet (magnet rolf) 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

45 developing vessel 509 is applied onto the non-magnetic cylinder sleeve 504 and the toner particles are

+ provided with, e.g., a negative triboelectric charge due to friction between the slesve 504 surface and the
toner particles. Further, the magnetic 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 muiti-pole permanent
magnet, whereby the thickness of the developer layer is regulated at a thin and uniform thickness (30 - 300

50 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 does not contact the image bearing membsr 501.
The revolution speed of the toner carrying member 504 is so adjusted that the circumferential velocity of
the slesve 504 is substantially equal to or close to that of the electrostatic i image bsearing member 501. It is
possible to constitute the magnetic doctor blade 511 with a permanent magnet instead of iron so as to form

55 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 surface by the biasing means 512. The AC
bias may comprise f = 200 - 4000 Hz and Vpp = 500 - 3000 V. — '

Sheet Has Been Replaced

" i



snmal I conpared with the magnitude of the true density. The porosity _
calculated fromthe true density and the | oose apparent density according
to the follow ng equation may preferably be 62 - 75 % _

Porosity (ea) = [(true density)-Erpappe2EBiA2density)]/[true density] x 100 (%

) The devel oper may preferably have a packed apparent density of 0.8 -
1.0 which rovide a porosity (ep) of 40-50% The devel oper
sati sfyi ng'"t"??ég‘éﬁﬂﬂﬁvé zee opreionsr @articiRs e traoyfertd testbe gictromtpitie) nageuridbrthedatien api ng

appar at (8 CeEHORAlP fxPRrpied by dwlsetipsiatisip 919 bpasing prsfacgcapdihe BC higs oraulesd hiss. t hat

i mages shohisf§e 8033955‘? esea plaptic\plage pf 39 @ aalcmﬁalmﬁwﬂwp ebher, inttéad @f tie opout .
Fur t her maPPFé' ?i'h ed?f’e%s ki GPP'%Q& Slgvelopey ogtg dhe develapercsaryipg BPMiRs ARd repuiatd A even
af t er a df\é? QEL e fﬁlqgﬁcgce exerted by the elastic blade.

rophotograp Cc 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 msans, developing means and cleaning means can be
10 integrally combinad with the 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 smbodiment.
15 Referring to Figure €, a controller 611 controls an image reader (or image reading unit) 610 and a
printer 619. The entirsty of the controller 611 is regulated by a CPU 617. Data read from the image reader
610 is transmitted through a transmitter circuit 613 to a remots terminal such as another facsimile machine.
On the other hand, data received from a remote terminal is transmitted through a recsiver circuit 612 to a
printer 619. An image memory 616 stores prescribed image data. A printer controller 618 controls the
20 printer 619. A telephone handset 614 is connecied to the receiver circuit 612 and the transmitter circuit 613.
More specifically, an image received from a line (or circuit) 615 (i.e., image data received a remote
terminal connected by the line) is demodulated by means of the receiver circuit 812, decoded by the CPU
617, and sequentially stored in the image memory 616. When image data corresponding to at Isast ons
page is stored in the image memory 616, image recording or output is effected with respect to the
25 corresponding page. The 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 coniroller 518. 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
30 next page.
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.

35 Synthesis Example 1

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 parls of acrylic acid monomer and 8.5 parts of di-tert-butyl
peroxide were added. The solution polymerization was completed under refluxing of the cumene (146 - 156

40 °C)followed by distilling-off of the cumene by raising the temperature. The resultant styrene-acrylic acid
copolymer was soluble in THF and showed parameters: Mw (weight-average molecular weight}) = 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 °C.

30 parts of the above copolymer was dissolved in the following monomer mixture to form a mixture

45 solution.

{Monomer mixturs]

Styrene monomer 50 parts Thxs Sheet Has Been Re lace
50 n-Buty! acrylate monomer 17 parts

Acrylic acid monomer 3 parts

Divinylbenzens 0.26 part

Benzoyl psroxide 1 part

tert-Butylperoxy-2-ethylhexanoate 0.7 part

55

To the above mixture solution was added 170 parts of water containing 0.1 part of incompletely
saponified polyvinyl aicohol 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 -

18
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Synthesis Example 2

The following monomer mixture was subjected to solution polymerization in 200 parts of cumene at a
5 cumene reflux temperature.

-

[Monomer mixture]

Styrene monomer 90 parts
20 ' n-Butyl maleate (half ester) monomer 10 paris
di-tert-Butyl peroxide 8.5 paris

Aiter the reaction, cumene was removed by heating. The resultant styrene-n-butyl acrylate copolymer
showsd parameters: Mw = 6,800, Mw/Mn = 2.36, a main peak molecular-weight = 7200 and Tg = 64 °C.

30 parts of the above styrene-n-butyl maleate (half ester) copolymer was dissolved in the following
monomer mixture and subjected to polymerization in the same manner as in Synthesis Example 1 to form a
resin composition comprising styrene-n-butyl maleaie (half ester) copolymer and styrens-n-butyl acrylate-n-
butyl maleate (half ester) copolymer. The resin composition showed an acid value of 20.5.

25

30

[Monomer mixture]

Styrene 45 parts
n-Butyl acrylate 20 parts
25 n-Butyl maleate (half ester) 5 parts
Divinylbenzene 0.25 part
Benzoyl peroxide 0.65 part
tert-Butylperoxide-ethylhexanoate 0.85 part

.Synthesis Exampie 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 maleats (half ester),
45 0.3 part of divinylbenzene and 1.0 part of di-tert-butyl peroxide was added dropwise in 4 hours under reflux
of the cumene, 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 = 25x10*, Mw/Mn = 11.0, Tg =

60 °C, and an acid value of 19.5.

50 Refsrence Synthesis Exampie 1

A copolymer was obtained in the same manner as in Synthesis Example 3 except that 82 parts of
styrena and 18 parts of n-butyl acrylate were used and n-butyl maleate (half ester) was omitted. The
copolymer showed an acid value of 0.4.

55
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Synthesis Example 5

A copolymer was obtained in the same manner as in Synthesis Example 3 except that the amount of
the styrene was changed to 70 parts and the amount of the n-butyimaleate (half ester) was changed to 15
parts. The copolymer showed an acid value of 48.

Synthesis Example 6

200 parts of cumene was charged in a reaction vessel and heated to a reflux temperature. Further, 2
mixture of 100 parts of styrene monomer and 7.8 parts of benzoyl peroxide was added dropwise thersto in
4 hours under reflux of the cumene. Further, the solution polymerization was completed under reflux of the
cumene (146 - 156 °C), followed by removal of the cumens. 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 °C.

30 parts of the above polystyrene was dissoived in the following monomer mixture to form a mixture
solution.

(Monomsr mixture)

Styrene 50 parts
n-Butyl acrylate 20 parts
Divinylbenzene 0.28 part
Benzoyl peroxide 1.7 paris

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 °C. After the reaction, the product was recovered by filtration, de-watered and dried to obtain a
composition comprising polystyrens and styrene-n-butyl acrylate copolymer. The composition was a
uniform mixture of a THF-soluble content and a THF-insoluble content and was also a uniform mixture of
polystyrene and styrene-n-butyl acryiate 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 and a length of 100 mm (No. 86R, available from Toyo
Roshi KK.), and 200 ml of THF was refiuxed 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. %. The resin further showed a Tg
of 60 °C.

The parameters relating fo the molecular weight of resins and resin compositions were measured in the
following manner. :

Shodex KF-80M (available from Showa Denko K.K.) was used as a GPC column and incorporated in a
heat chamber heid at 40 °C of a GPC measurement apparatus ("150C ALC/GPC", available from Waters
Co.). The GPC measurement was effected by injecting 200 ul of a sample (a THF-soluble concentration of
about 0.1 wt. %) info the column at a THF flow rate of 1 mi/min. and by using an RI (refractive index)
detector. The calibration curve for molecular weight measurement was prepared by using THF solutions of
10 moncdisperse polystyrene standard samples having molecular weights of 0.5x10%, 2.35x103, 10.2x109,
35x108, 110x10°, 200x10%, 470x103, 1200x103, 2700x10° and 8420x10° (available from Waters Co.).

Synthesis Example 7

A production method similar fo that in Synthesis Example 6 was effected except for adjusting the
polymerization temperature to obtain a uniform mixture of polystyrene and styrene-n-butyl acrylate

20
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particles of 6.35 - 10.08 mcrons and 2.0 volume %or |ess of magnetic
toner particles of 12.7 mcrons or larger and further satisfying the

fol |l ow ng equati on: EP 0 592 018 A2 N V
= -0.05N + k, wherein N denotes the contents in % by nunber of the
magnetic toner particles of 5 mcrons or snaller V denot es the content in %
by vol ume SemRe Whithyhevedes THrieselubleeantomt &42 wt % a T of B aod ingindadiactHF-skiuis a
posi tive GUATEFNOHING pogks at molpculap waights ok abgut200 tang ebayl HHWP apd almoleculgOwsight | f
t he vol umB2HRASF 300 ghelowof 8 Wi %e of the nagnetic toner is bel ow 4 nicrons,
the toner .coverage on a transfer paper becones small to result in a |ow

i mage dbnSYTNRSE 5MRES age having a |arge i mage area such as a graphic

| Mage. 150 parts of cumene was charged in a reaction vessel and heated to a reflux tempsraturs, and the

following mixture was added dropwise thersto in 4 hours under reflux of the cumene.

10 (Monomer mixture)

Styrene 98 parts
n-Butyl methacrylate 2 parts
di-tert-Butyl peroxide | 4.2 parts

15

Further, the polymerization was completed under reflux of cumene (146 - 158 °C), followed by remaval
of the cumense. The resultant styrene-n-butyl methacrylate copolymer showed a main peak at molecular
weight of 6,000 and a Tg of 64 °C.

35 parts of the above styrene-n-butyl methacrylate copolymer was dissolved in the following monomer

20 mixdure fo form a mixture solution.
(Monomer mixture)
25 Styrene 35 parts
n-Butyl acrylate 25 parts
Divinylbenzene 0.25 part
Benzoyl peroxide 1.5 part
30 To the above mixture solution was added 170 parts of water containing 0.1 part of incompletely

saponified polyvinyt alcohol to form a liquid suspension. The suspension was added to a nifrogen-aerated
reaction vessel containing 15. parts of water and subjected to 8 hours of suspension polymerization at 70 -
95 °C. After the 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
35 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 8.0x10* on the GPC chart and a
portion of molecular weight being 10,000 or below of 17 wt. %. The resin showed a Tg of 55 °C.

40 Referebce 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 showsd a THF-insoluble content of 8 wt. %,
and included a THF-solubie content showing peaks at molecular weights of about 1800 and 1.5x10* on the

45 GPC chart and a portion of molecular weight being 10,000 or bslow of 56 wt. %. The resin showed a Tg of
49 °C,

Reference Synthesis Example 3

50 30 parts of the polystyrene prepared in Synthesis Example 6 was dissolved in the following monomer
mixture to form a mixture solution.
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This ‘may be attributable to the sane reason why the image density of an

I nner i mage portion becones |ower than that at the cont oufs SBdet IB6 BénRedldcedon

of the image as will be described hereinafter. Further, a i
particle size of below 4 mcronsER@592@t8A to result int 1 |

t he photosensitive nenber. I f the vol une-average part

magnetic toner is above 8 mcrons, the resolution is |lowered to cause a
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(Monomer mixture)

Styrene 55 parts
n-Butyl methacrylate 15 "
Divinylbenzene 0.13 "
t-Butyl peroxyhexanoate 1.0 "

The above mixture solution was subjected to suspension polymerization similarly as in Synthesis
Example 6 to obtain a composition comprising polystyrene and styrene-n-buty] methacrylate copolymer.

The resin composition showed a THF-insoluble content of 76 wi. %, and included a THF-soluble
content showing peaks at molecular weights of about 1.0x10* and about 16x10* 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 °C.

Production Example 1

Resin composition of Synthesis Example 1 100 parts
Magnetic fine powder (BET value = 8.6 m?/g) 100 parts
Negatively chargeable control agent (chromium complex of monoazo dye) 1.1 part
Low-molecular weight polypropylene (Mw = 60C0) 3 paris

The above components were melt-kneaded by means of a twin-screw extruder heated up to 140 °C,
and the kneaded product, after cooling, was coarsely crushed by means of a hammer mill, and then finsly
pulverized by means of a jet mill. The finely pulverized product was classified by means of a wind-force
classifier to obfain 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 KK.), thereby to obtain a negatively chargeable
magnetic toner (I) {Tg = 57 °C) having a volume-average particle size of 6.4 microns.

Production Example 2

Resin composition of Synthesis Example 2 100 parts
Magnetic fine powder (BET value = 8.6 m?/g) 110 parts
Negatively chargeable control agent (chromium complex of monoazo dys) 1.1 parts
Low-molecular weight polypropylene (Mw = 6000) 3 paris

Negatively chargeable magnetic toners (il) and (I} having different average particie sizes as show in
Table 1 appearing hereinafter were prepared from the above ingredients otherwise in a similar manner as in
Production Example 1.

Production Example 3

Resin composition of Synthesis Example 3 100 parts
Magnetic fine powder (BET value = 8.6 m?/g) 80 parts
Negatively chargsable control agent (chromium complex of monoazo dye) 1.1 parts
Low-molecular weight polypropylense (Mw = 6000) 3 paris

A negatively chargeable magnetic toner (IV) was prepared from the above ingredients otherwise in a
similar manner as in Production Example 1.
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+4- lower inmage quality in a successive copying. If the content of
magnetic toner particles of 5 microns or smaller is below 17 % by nunber,
t he amount of magnetic toner particles effective for a high inage quality
and particularly, as the printingEBOt582 018 a2t i nued, the anount of the
effective magnetic toner particle conponent is decreased to cause a fluc-

tuation in nagnetic toner particle size distribution and gradually
deterioraﬁ'@g‘ﬁ%ﬂm&jéjqﬂélity. If the content is above

Negatively chargeable magnetic foners (V) and (VI) were prepared by using the resin compositions of
Synthesis Examples 4 and 5 in place of the resin composition of Synthesis Example 3 otherwise in a similar
manner as in Production Example 1.

[}

Reference Production Example 1

1 Resin composition of Reference Synthesis Exarnple 1 100 parts
Magnetic fine powder (BET valus = 7.7 m%g) 90 parts
Negatively chargeabie control agent (chromium complex of salicylic acid) 1.1 parts
Low-molecular weight polypropylene (Mw = 6000) 3 parts

15
A negatively chargeable magnetic toner (VIl) (Tg = 55 °C) was prepared from the above ingredients
otherwise in a similar manner as in Production Example.
The particle size distributions of the above-obtained toners (I) - (VII) are shown in the foliowing Table 1.
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60 %by nunber, nutual aggl oneration of the magnetic tomer pa.t.u.cs S

liable to occur to produce toner |unps having a larger skge el asé ﬁicd
jﬁ e

resolution, a large difference |EPO€592ma/Abetween t he cont
of an inage to provide a sonewhat hollow inmage, and al so t
onto the photosensitive nenber. It is preferred that the content of the

size, thus leading to difficulties, such as rough inage qT ip;

particles in the range of @35 - 10 08 microns is 5 - 50 % by nunber
particularly 8 - 40 % by nynger.| Above 50 % by number, thqg image quality
beconmes worse, and excess df gt ojer coverage is |liable to dccur, thus
resulting in a poor reprodlcgbillity of thin |inesand an ircreasedtoner
consunption. Bel ow 5% by ntnﬂer it is difficult to obtaing a high inmage
density. The contents of th gitnetlc t oner artchesapf m crons or
smaller in ternms of % by nyn® (W%-wﬁw yxlgm V %9 may preferably
satisfy the rel ationship of = 0. U5Ne+r K wherein rgpresents a
p05|t| e nunber satisfying ¥4 QH[err] k [err] 6.7. The nu r k may
preferably satisfy 4.6 [err}jZko[lerr] 6.2, nore preferably] 4.6 [err] k
[err] 5.7. Further, as desdrbeg-abeve—the—pereentage—N—=sptisfies 17 [err]
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s0 Examples 1 - 6 and Comparative Examples 1 - 3

The above-prepared magnetic toners were blended with silica fine powders shown in Table 2 below by

means of a Henschel mixer to prepare developers.
Then, each of the thus prepared developers was charged in an image forming apparatus (LBP-8l1, mid.
55 by Canon KK) having a cleaning blads of polyurethans 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 fo the contact charging device, and a successive image formation test was performed at a printing
rate of 8 shests (A4) per minute in a reversal development mode under normal temperature - normal

24



50, nore preferably 30 [err] N [err] 60. If k < 4.6, magnetic toner
particles of 5.0 mcrons or below are insufficient, and the resultant image
density, reso- lution and sharpness decrease. \Wen fine toner particles in
a magnetic toner, which have convemosgeds a2 been con- sidered useless, are
present in an appropriate amount, they are effective for achieving closest
packing of toner in devel opnent and contribute to the formation of a

uni f or m i g8y sqnditions (250,80 SRt rhigh tePpetatursur| high Ihymiditylvesisionsa(8¢ 10c 8% R dndl lowhi n-

| i ne por t POPRENEHJ Ievo HerBidily groditiand (15 83 18n%Rida caspectivelyr wheysbly cprivtes liradghs/ wempr ove
t he shar pr@léed; Akihe game fime, thecappeagangas of e suifro9scofftes ehalging member (ciertwelesnd
becones |ﬂ§' 'P’i 'é?ee%c ﬁ’hﬁmf%E;cF&W"tﬁee"bﬁ"@é fore@uptionyt i on, and the .
above- r?e t;YEfjsé’Fﬁ was oppohiayipga B‘{Sfé‘?e abrasion Gharagteristic in tems,9f @nvaksesiophe
productlo ﬁ?sgesr i ne powder nust be rempved by

cl assifi crg\t 8; y Zt”ﬁ‘éaé’ﬁﬁﬁ' ‘t‘ilt’dﬁ"‘d'fa"ﬂ comprised a SHE‘h‘l"& ‘PPocess
| s hOWeVe,{“cr ﬁf%%@aye% gffr?n c of h %’?’ P{%kq% erglrgﬂ éggngt;a)lgl i Hfﬂr?éa%%?s%{ﬁaﬁaglef

' %&éﬁ% tive xert pressure df 1 linea pressure g/c
denSI t y i's i c;f?ne e?o@rﬁﬁg 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 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 siesve.

15 The results of the image forming test are summarized in Table 4 below. In Table 4, the image density
represents 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 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

20 (presence or absence of defects) and scattering to the non-image parts. The toner sticking onto the OPC
photosensitive member was evaluated by observing the resultant toner images and the suriace state of the
OPC photosensitive member after 6,000 sheets of image formation.

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 resulis of the developers. The

25 evaluation standards are shown below.

Fog

o Substantially no.
30 A: Observed but practically acceptabie.
X Practically unacceptable.

Toner sticking onto photosensitive member

35 o: No sticking at all.
0A: 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.
x: More than 10 white voids in A4 size solid black image.

40 Dot reproducibility

o: Less than 2 defects.
OA: 3 - 5 defscts.
A: 6 - 10 defects. -

45 X: 11 or more defects.

50
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tn successive print-out. The reason for such a phenonenon nmay be consi dered
that an excess of fine nagnetic toner particles having an excess anount of
charge are triboelectrically attached to a devel oping sl eeve and prevent
normal toner particles from bei rgp 6832 08A20Nn t he devel opi ng sl eeve and
bei ng supplied wth charge. In the magnetic toner of the present

i nvention, the anount of nagnetic toner particles having a particle size of
12.7 mcrons or larger is 2.0 %by volunme or snaller, preferably 1.0 % by
volune or smaller, nore pgreferanfy O.5[% by vptrunme gr snmatjer. If the above

anount is larger than 2. % by vpl une, |these particlles are liable to inpair
thin-1ine reproducibility} The particle s)jze digtributfion of a toner is
measufed by neans of a ul ter cpufiter {in the|j presengt invention, while it
may be neasured in V&FiOUSpﬁBﬂﬂEfsg Coul tr gourter el TA-II
(avail able from Coul ter Hl @ctron Ingd.) is psef§.ag an i nstrunent for
measurenent, to which an | erfaceﬁkavailable fr8m i kkaki K K) for
providing a nunber-basis dgstrlbut 13, ang*a volgne-ba5|s di s-
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tribution and a personal conmputer CX-1 (available from Canon KK.) are

connect ed. For nmeasurenent, a 1 % NaC aqueous solution as an

el ectrolytic solution is prepared by using a reagent-grade sodi um chl ori de.

Into 100 to 150 m of the el ectroleptosg29agai on, 0.1 to 5 m of a

surfactant, preferably an al kyl benze- nesulfonic acid salt, is added as a

di spersant, and 2 to 20 ng of a sanple is added thereto. The resultant

di spersion of the sanple in the electrolytic liquid is subjected to a

di spersion treatnment for apout 1 - 3 mnutes by preans of an ultragonic

di sperser, and then shlfffecfed to neasurenment of particle size dis{ribution

in the range of 2 - 4p fons b usiqg t he above-nenti oned Coul t ¢rcount er

Model TA-11 with a 10p croﬁ-a%rﬂlranto‘abt&n avokune-Rasi sedi s{ri bution
D

and a nunber - basis di {3 Bblt Fon~ Frdmhe<r estil t 5 of t he=vol ume- baisi s

di stribution and nunbgrg bapi s distribution, pa- faneters charactefizing the
magneti c toner of the esent invention nmay be optai ned. The {oner
contai ned in the developer-accordi-hg—t-o—t-he—prespri—-rventor—aytgeneral |y
conprise a binder res

N, angd a magnetic naterial pr a colorant.
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The binderfor use in constituting the toner may be a known bi nder resin for
toners. Exanpl es thereof may include: polystyrene; honopol yners of styrene
derivatives, such as poly-p-chlorostyrene, and pol yvi nyl t olThiefkest Hat Hoco Replaced

copol - ymers, such as styrene- prerg bsa@ag@pol yner, styrene- Vjl] N &lwmm

copol yner, styrene-vinyl napht hal ene copol yner, styrene-nethyji§
acryl ate copol yner, styrene-butyl acrylate copol yner, styrene-oc
acryl ate copol ymer, styrene-di net hyl am noethyl acryl ate copol yner,

styrene-net hyl met hacpytetereepetyrrer—styrere—ethy—rethastyHgte
copol yner, styrene-bufyl fthacryl at e copol yner, ityrene-dlnet'ylan1noethyl
net hacryl ate copol yney, ynene-vinyl nethyl ethern copol yner, dtyrene-vinyl
et hyl ®et her copol yner r¢ne-vinyl methyl ketong copol yner,
st yrene- but adi ene coppl r, styrene-isoprene copdl yner, styrere-naleic
acid copolynmer, styrehe Bl i cdacjd gste¢ coHpoRy mbr polyne t Hyl
net hacryl at e, polybutylm trad?ylgte péﬁyv?nyp acet%le p5lyethy|ene,
polypropylene pol yvip utlyral ; polyacrylic acid resin, rosif, nodified
rosin, t er pene resin, olli c resin, al i phatic or alicyclic hyldr ocar bon
resin, aromatic petro- ]
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45 Production Example 6

Styrene-n-butyl acrylate copolymer (copolymerization weight ratio = 8:2, Mw = 25x10*) | 100 parts
50 Magnetic fine powder (BET value = 8.6 m%g) 60 parts
Negatively chargeable control agent (chromium compiex of monoazo dys) 1 part
Low-molecular weight polypropylene (Mw = 6000) 3 paris

The above components were meli-kneaded by means of a twin-screw extruder heated up to 140 °C,

§5 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 negatively chargeable magnetic toner having a volume-average particle size of 12
microns.
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Production Example 7

Styrene-2-ethylhexyl acrylate copolymer (copolymerization ratio = 8:2, Mw = 20x10*) | 100 parts
Magnetic fine powder (BET value = 8.6 m2/g) 60 parts
Negatively chargeable control agent (salicylic acid-type chromium complex) 1 part
Low-molecular weight polypropylene (Mw = 6000) 3 parts

A magnetic toner was prepared from the above ingredients otherwise in a similar manner as in
Production Example 6.

The above-prepared magnetic toners were blended with colloidal silica fine powdsrs shown in the
following Examples by means of a Henschel mixer to prepare developers containing externally added
colloidal silica fine powder.

Example 7

100 parts of colloidal silica fine powder having a specific surface area of 200 m?/g (Aerosil #200, Nihon
Asrosil KK.)) was treated with 20 paits of hexamethyldisilazane (HMDS) and then with 10 parts of
dimethylsilicone oil ("KF-86 100 CS", mfd. by Shin-etsu Kagaku K.K.) diluted with a solvent, followed by
drying and heating at about 250 °C, to obtain hydrophobic colloidal silica fine powder having a hydrophobic-
ity of 88 %.

0.6 parts of the hydrophobic colloidal silica fine powder was added to 100 parts of the magnetic toner
according to Production Example 6, followed by blending by a Henschel mixer to prepare a developer
comprising a magnetic toner and a hydrophobic colloidal silica fine powder added thersto.

The devselopsr was charged in an image forming apparatus ("LBP-SX", mid. by Canon K.K.) remodeled
to be equipped with a contact-charging device (roller) as shown in Figure 1, which was caused to abut to
the OPC photosensitive drum at a pressure of 50 g/cm and supplied with a voltage comprising a DC
component (-600 voits) and an AC component (2000 Vpp, 150 Hz). Thus, a successive image formation test
of 5000 sheets was performed at a printing rate of 4 sheets (A4) per minute in a reversal development
mode under various sets of environmental conditions including normal temperature - normal humidity (25
°C, 60 %RH), high temperature - high humidity (30 °C, 80 %RH), and low temperature - low humidity (15
°C. 10%RH). The resultant printed images were evaluated and, at the same time, the appsarances of the
surfaces of the contact-charging member (roller-type) ang the OPC photosensitive drum were observed.

As a result, good images free from thick-pale differences in image density were obtained under the
respective conditions. Further, the surfaces of the contact-charging member and the photosensitive drum
were free from damages or abrasion, or occurrence of sticking of residual developer, whereby good
durability or successive image formation characteristic was exhibited.

Example 8

100 parts of colloidal silica fine powder having a specific surface area of 200 m?/g (Aerosil #200, Nihon
Asrosil K.K.) was treated with 10 parts of dimethylsilicone oil ("KF-86 100 CS", mfd. by Shin-stsu Kagaku
KK.) diluted with a solvent, followed by drying and heating at about 250 °C, to obtain hydrophobic colloidal
silica fine powder having a hydrophobicity of 93 %. Then, 0.5 parts of the thus-preparsd hydrophobic
colloidal silica fine powder was added to 100 parts of the magnetic toner according to Production Example
6, followed by blending by a Henschel mixer to prepare a developer.

The developer was subjected to a successive printing test of 3000 sheets under the respective
environmental conditions similarly as in Example 7, whereby there was observed no particular sticking of
developer onto the surface of the developer or the photosensitive drum nor was observed any damage or
abrasion on the surface of the photosensitive drum, thus showing good durability.

Example 9
100 pats of colloidal silica fine powder having a specific surface area of 130 m2/g ("Aerosil #130",
Nihon Aerosil K.K\) was treated with 3 parts of dimethylsilicone oil ("KF-98 100CS") similarly as in Example

7 to prepare hydrophobic colloidal silica fine powder having a hydrophobicity of 92 %. Then, 0.5 part of the
thus prepared hydrophobic silica fine powder was added to and blended with 100 parts of the magnetic
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-5-  .leumresin, paraffin wax, and canmauba wax. These resins may be used

singly or in mxture. The col orant which ¥ Shest Hey Pea) edn the
toner may be a pigment or dye, inclusive of carbofiBilEi aRd d¥oper

pht hal ocyani ne, conventional |y ugpd 582 018 A2Magnet i ' 'c&t (Fglont ai ned in
the magnetic toner according to the present invention nmay conprise a
material which may be magnetized in a nagnetic field. Exanples thereof nmay
i ncl ude: tqevaterdingfto Peductomeyaratie Tbymedans of atHecdehal Mmixer to preparc otmblopeor ni ckel ; or
al | oys or cOapetwidy,was sdiiected to a svrcdsaizeprintiig test ©f 300D cheets-sipaigrtydasdh Exaprple 7,
magnet i t evherptarno]stitkinh ot wejidjakderdlopamnat thef surface tobthe contact chardihgemerehgnertphetosoesitive cl es
may pr ef druabvas obsgwved.a BET specific surface area as neasured by nitrogen

adsor pfi on of
Example 10

100 pats of colloidal silica fine powder having a specific surface area of 300 m2/g ("Aerosil #300",
Nihon Aerosil K.K.) was treated with 30 parts of olefin-modified silicone oil ("KF-415", mfd. by Shin-etsu
10 Kagaku KK) similarlly as in Example 7 to prepare hydrophobic colioidal silica fine powder having a
hydrophobicity of 99 %. Then, 0.5 part of the thus prepared hydrophobic silica fine powder was added to
and blended with 100 parts of the magnetic foner according to Production Example 7 by means of a
Henschel mixer to prepare a developer.
The developsr was subjected to a successive printing test of 3000 sheets similarly as in Example 7
15 except that the contact-charging member was replaced by one of the blade-type shown in Figure 2,
whereby no sticking of residual developer or damage or abrasion on the surface of the contact charging
member or photosensitive drum was observed.

Example 11
20

100 pats of colloidal silica fine powder ("Aerosil #200") was treated with 15 parts of fluorine-modified
silicone oil ("FL-100 450 C/S", Shin-stsu Kagaku K.K.} similarly as in Example 7 to prepare hydrophobic
colloidal silica fine powder having a hydrophobicity of 95 %. Then, 0.8 part of the thus prepared
hydrophobic silica fine powder was added to and blended with 100 parts of the magnetic toner according to

25 Production Example 6 by means of a Henschs! mixer to prepare a developer.

The developer was subjected to a successive printing test of 3000 sheeis under the respective
environmental conditions similarly as in Example 7, whereby there was observed no particular sticking of
developer onto the surface of the developer or the photosensitive drum nor was observed any damage or
abrasion on the surface of the photosensitive drum, thus showing good durability.

30
Example 12

100 pats of colloidal silica fine powder ("Aerosil #200") was treated with 32 paris of a-methylstyrens-
modified silicone oil ("KF-410", Shin-etsu Kagaku K.K.) similarly as in Example 7 to prepare hydrophobic
35 colloidal silica fine powder having a hydrophobicity of 94 %. Then, 0.6 part of the thus prepared
hydrophobic silica fine powder was added to and blended with 100 parts of the magnetic toner according to
Production Example 7 by means of a Hensche! mixer to prepare a developer.
The developer was subjected to a successive printing test of 3000 sheets similarly as in Example 7,
whereby no sticking of residual developer on the surface of the contact charging member or photosensitive
4« drum was observed, but slight contamination with silicone oil was observed on the photosensitive member,
which however did not lead to recognizable image irregularities.

Example 13
45
Styrene-n-butyl acrylate copolymer (copolymerization weight ratio = 8:2, Mw = 25x10*) 100 paris
Magnstic fine powder (BET value = 8,6 m?/g) ' 60 parts
Positively chargeable control agent (nigrosine dye) 4 parts
50 Low-molecular weight polypropylene (Mw = 6000) 3 parts

The above components were melt-kneaded by means of a twin-screw extruder heated up to 140 °C,
and the kneaded product, after cooling, was coarsely crushed by means of 2 hammer mill, and then finely
pulverized by means of a jet mill. The finely pulverized product was classified by means of a wind-force

s5 classifier to obtain a positively chargeable magnetic toner having a volume-average particle size of 12
microns. :

Separately, colloidal silica fine powder (average particle size: 0.16 micron, BET specific surface area:
130 m?/g) was treated with 20 parts of amino-modified silicone oil having an amine value of 700 to obtain a
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1 - 20 nferr]/g, particularly 2.5 - 12 nferr]/g and Mohs' hardness of 5 -
7. The magnet iTeis B R dhe contained in a 10 - 70 % by wei ght of
t he toner. 3 toner may further preferably have a bul k
density of 0.35; | | hi ghegp g 592 018 A& satisfying the above
properties, the devel oper according to the present invention hardly causes
toner sticking onto the surface of the contact-chargi ng nenber or
phot osensi pdsithalyddharbablé cindroghoisic Saltital Aieoacing pewder. TR, 0.5 par oft the thuPtieatea eI | Ve
dr um af t er siltch @inechowelsri wag bisbdep witlh-te abdvb-prepapaustonsy tot dbinte pesttiilyethargeadie rdevelvgert O
t he pr esentoriprisirgrit positivelgelardaebletabar emisd hydrbphobit cotloitidh ellica ladded ithegtost ep used in
t he present Thevdemélopervwastchaigeddn he imapeyfotningainearaus(TCst” apfd thy Ceednl KK )asrhadbled toi t S
per f or men ckestauippadovith deoridchehpring devitei(tegers shown in Figuie1, whiaks iveleqausetl &t abutte the
devel oper rhetogangliivadnemberizhepipystre oh§0 dlom/asd sunplipdeith p Wiitege comerising @ € compasent &
because nu¥fferistand ap AL cpragogent 2PE0 \(pRi 156 Hl yhegrby primsgafioimationtiest wspedermed Péner
constitut iy Avelarmast Beer . If the uniformdispersion is not re- alized,
a portion of At AEsyiarop imagesifree fromdeipris were PRigined pnder the varioys Sets| of candifignsot sormplgher
surface J%Xlgragqﬁ,uge P actr@aldpmpﬂ/e(z ° ﬁ ﬁF@) high temperature - high humidity (32.5 °C, 85 %RH) and

low temperature - low humidity (15 °C; 10 %RH), respectively.

Further, a successive image formation test of about 5000 sheets was performed while supplying the
toner, whereby good images free from defects were obtained under the respective conditions. There was
observed no sticking of developsr onto the surface of the developer or the photosensitive drum after the

15 successive copying test nor was cbserved any damage or abrasion on the surface of the photosensitive
drum.

Example 14

20 A positively chargeable developer was prepared in the same manner as in Example 13 except for using
a positively chargeable hydrophobic colloidal silica fine powder obtained by treating 100 parts of the
starting colioidal silica fine powder used in Example 13 with 4 parts of the amino-modified silicons oil
having an amine value of 700. The developer was subjected to a similar successive image formation test of
3000 sheets as in Example 13.

25 As a result, good images were obtained similarly as in Example 13. There was observed no damage or
abrasion, or sticking of residual developer on the surface of the charging member or the photosensitive
drum after the successive image formation fest.

Example 15
30
A positively chargeable developer was prepared in the same manner as in Example 13 except for using
a positively chargeable hydrophobic collcidal silica fine powder obtained by treating the starting colloidal
silica fine powder with 45 parts of the aminc-modified silicone oil. The developer was subjected to a similar
successive image formation test of 3000 sheets as in Example 13 except that the charging device was
35 replaced by one of the blade-type shown in Figure 2. As a result, there there was observed no damage or
abrasion, or sticking of residual developer on the surface of the charging member or the photosensitive

drum.
Example 16
40
Rssin composition of Synthesis Example 6 100 parts
Magnetic material (average particle size = 0.2 micron) 60 pants
& Monoazo-type dye 2 parts
Low-molecular weight polypropylene 3 parts

The above components were melt-kneaded by means of a roller mill heated to 150 °C, and the kneaded
product, after cooling, was coarsely crushed by means of a hammer mill, and then finely pulverized by
50 means of a jet mill. The finely puiverized product was classified by means of a wind-force classifier to
obtain a negatively chargeable magnetic toner having a volume-average particle size of 11.8 microns. Then,
100 parts of 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-
55 dia. OPC lamination type negatively chargeable photosensitive member) remodeled so as to be suitable for
reversal development and electrostatic transfer and to be equipped with a contact-charging device as shown
in Figure 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), whersby an
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rmaterial and a | ower elasticity because of a correspondi ng decrease of the
bi nder resin, whereby a strong rubbing is caused between the surfaces of
the contact-chargi ng nenber and the photosensitive nenber at the abutting
parts between these nenbers duep 0&92etgvmi cal pressure or electrical
pressing force acting under DC or AC electric field t hrough vol t age
application to the charging menber, thus being |liable to cause damage or
abr asi ori™ag8formation dashwas PREgERed undey aB@'F%f'P'b‘Pf - 80feolts gndican ACi cetrent of 190 whlsTasr esi n
is cause‘ﬂC'Eafﬁeﬁmmasem“ﬁfﬁé‘f’mbqfé‘bé@Va%sc icity due to a decrease in proportion
of the lpﬁé?ﬁ“'& SRt iy 300 shests; o{ dhe igpen fomatian; popy imades wprA Fomsineatly piteined

surf aces "8? CHENG F?ﬂ?’j?"?‘fﬂg Rie9ABIERes 27 dher SeaCp Rbhe Sherairorlioreor theRGpHotesansitius| e t o

" spfgce k d th t terial be understood to
pocur gl ?'m“s’:t Heintatined eri« ; gt‘a‘g?%w%°mﬁwtewpntl AT T A Fhles, | |
the bul Kg g TR 1 ‘ﬁ%& °t°i‘ PN; 10 it} ey S aflyc%f’%fﬂzﬂ": fWﬂ'aclh

I t netlc s difficult to
aocomy 15 ?:5:*;% W‘%@ﬁ?{e b s Eof B ?S%ommu BHE S8 e W phpvoR S oner a2
magnetlc rraterla is liable to be Iocallzed to give scratches or abrasion
at the syehgees of the contact charging nenber and the

A toner having an average particle size of 12.5 microns was prepared similarly as in Example 16.

15 The toner was charged in an image forming apparatus ("FC-5") remodeled to be equipped with a
charging device as shown in Figure 2 and suitable for reversal development and electrostatic transfsr and
was subjected to an image formation test in a similar manner as in Example 16, whereby good results were
obtained under all the sets of environmental conditions up to 3000 sheets.

Further, when the image formation was continued up to 5000 shests, slight image defact attributable to

20 toner-sticking onto the photosensitive member and the charging blade was observed from about 4300
shests under the high temperature - high humidity conditions, but the defect was so slight that it was hardly
recognizable on an image and was judged to be practically of no problem.

Exampie 18
25 :

A toner having an average particle size of 11.8 microns was prepared according to the same
prescription and production method as. in Example 18 except that the resin composition was replaced by
one of Synthesis Example 8.

The thus-obtained toner was charged in the remodeled image forming apparatus used in Example 16
30 and subjected to a similar image formation test as in Example 16, whereby good results were obtained

under all the sets of environmental conditions.

Further, the image formation was continued up to 5000 sheets, whereby slight irregularity attributable to

a surface damage on the charging roller was observed after 4000 sheets under the low temperature - low

humidity conditions but the irregularity was so slight that it was judged to be practically of no problem.
35

Reference Exampie 2

A toner having an average particle size of 12.3 microns was prepared according fo the same

prescription and production method as in Example 18 except that the resin composition was replaced by
40 one of Reference Synthesis Example 2.

The thus-obtained toner was charged in the remodeled image forming apparatus used in Example 16
and subjected to a similar image formation test as in Example 16, whersby no particular problem was
observed in the normal environment or the low temperature - low humidity environment, but image defects
of white voids attributable to toner-sticking onto the photosensitive member and the charging roller

45 appeared after 1700 sheets in the high temperature - high humidity environment.

Referance Example 3

A toner having an average particle size of 12.4 microns was prepared according to the same
50 prescription and production method as in Example 18 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 Example 18
and subjected to a similar image formation test as in Example 18, whereby image defects attributable to
charging failure due to damages on the charging roller and the photosansitive member appsared after 1900

55 sheets under the low temperature - low humidity conditions.
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phot osensitive nmenber. Further, the sticking of the developer is liable to
be caused at the abutting parts between these menbers. hl r—order—to
acconpl i sh good di spersion of the nagnetic material in the d¢ IR
preferred to use a nmgnetic nat &pigés2tagiaag a bul k densi t;iﬁ]g ﬁ‘?ﬁ Bech keplated
g/cnferr] or higher, particularly 0.5 g/cnferr] or higher. lH”Hl”m
the bul k density of a magnetic material refers to a val ue meadtiiechakii iii idi iddl
accor di ng Exp @ (Japanese | ndustri al St andar ds) K-5101. The
magnetic material contained in the devel oper according to the present

i nvention nay preferably have a coer- cive force of 7960 A/m (100 oersted

(Ce)) or beimayHetio Weidiaihdige! talkla¥nsRA §.18\EmI (RO =05 ogkBd o £3)5emak) Deledpansupder

a  naghet§ styleheh-But®beryifle &POlyrdr BofoManBicarehastio(082 Mw IP869e! Cloy BarfsOf Ce

of magnet i lc Nggatively Ghgoalls Eonfie BGInE(EHrdmiaH Bdniplk bBfbnoazbiyd) hei r crystal | pae

magnet i ¢ aniewhslapyr voigtt mlyarpsyisas (MwoEB0@Y and may be under st ood|ass péis

I ndi rect neasure ol tneir Sartace snape. 11 a nagnetic materiar as—a

| ar ger vl yStﬁ\Uai)&'/. thmpoEgl\?s n\%ﬁkn% 428 o iea‘ls c!fsa Ciﬁ‘-léé'eevsj >Etr9derr] \e/ ?eda fo 140 9
Wik e b 5lme st

m

| ar ger coered ¥& kne egrpﬁgu&,rgq S"Iing,%f k&ﬁjé'zz% u . mllloaﬁdq}{een fl%gl?r P

sur face e‘igea'?izedl tfy mdsh ofnaaﬂ{]r(ﬁﬁi.' the Fﬁﬁ&} b etized ﬁ)\ﬂ: q’as's égiﬁed%r:{-egﬁséof a wind-force
classifier to obtain a negatively chargeable magnetic toner having a volume-average particle size of 12
microns.

15 Then, 100 parts of the magnetic toner thus obtained was blended with 0.8 part of hydrophobic colloidal
silica (hydrophobicity: 92 %) to prepare a developsr.

The developer was charged in an image forming apparatus ("LBP-811", by Canon K.K.) remodeled to be
equipped with a contact-charging device (roller) as shown in Figure 1, which was caused to abut {o the OPC
photosensitive drum at a pressure of 50 g/cm and supplied with a voltage comprising a DC component (-

20 600 volts) and an AC component (2000 Vpp, 150 Hz). Thus, a successive image formation test of 5000
sheets was performed at a printing rate of 4 sheets (A3) per minute in a reversal development mode under
various sets of environmental conditions including normal temperature - normal humidity (25 °C, 60 %RH),
high temperature - high humidity (30 °C, 90 %RH), and low temperature - low humidity (15 °C, 10%RH).
The resultant printed images were evaluated and, at the same time, the appearances of the surfaces of the

25 contact-charging member (roller-typs) and the OPC photosensitive drum were cbserved.

As a result, under any set of environmental conditions, the surfaces of the charging member and the
photosensitive member were aimost free from damages or abrasion even after the printing test and further
no sticking of residual toner was observed. The resultant image were good and also excellent in
reproducibility of thin lines.

30

Example 20
25 Magnetic material having a bulk density of 0.87 g/cm® (Hc = 64 Oe, o, = 6.1 emu/g) 60 parts
Styrene-n-butyl acrylate copolymer (copolymerization weight ratio = 8:2, Mw = 18x10*) | 100 parts
Negatively chargeable control agent (salicylic acid-type chromium complex) 3 parts
Low-molecular weight polypropylene (Mw = 6000) 3 parts
40 A devsloper was prepared from the above mixture otherwise in the same manner as in Example 19 and

subjected to a similar successive printing test of 3000 sheets under the various sets of environmental
conditions as in Example 19 except that the contact-charging member was replaced by one of the blade-
type.
As a result, under any set of environmental condifions, the surfaces of the charging member and the
45 photosensitive member were almost free from damages or abrasion even after the printing test and further
no sticking of residual toner was observed. The resultant image were also good.

Exampie 21

50 A developer was prepared in the same manner as in Example 19 except that 60 parts of a magnetic
material having a bulk density of 0.36 gicm?® (Hc = 90 Oe, o, = 9.2 emu/g) and subjected to a similar
successive prinfing test of 3000 sheets under the various sets of environmental conditions as in Example
19,

As a result, under the high temperature - high humidity conditions, several spots of sticking were

s5 recognized on the photosensitive member after the test but no defect was recognized in the imagses. Also
under the other sets of conditions, good images were obtained without irreguiarities.

An image forming apparatus includes a member to be charged for carrying an electrostatic image, a

contact-charging means for charging the member to bs charged in contact with the member to be charged,
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edges are used in the present invention, they are liable to cause not only
scratches or abrasion on the surfaces of the cont act - char gi ng nenber and
t he photosensitive drum but al so sticking of the devel oper due to enbeddi ng
at the abutting part betweenE,;B%Q.‘;rE{g)Es. Accordingly, it is preferred to
| ower the coercive force of the rmagnetic particles so as to provide

snoot hly curved surfaces. It is to be noted however that the coercive force

can beand @weveRging ek lid? Wevelogiid e Neéﬁoétm(}m%zcaﬁ&ﬁ& WO RBmidR & BRBEELd. $n
part i cle@sfopf Encabkd InBINRE &l @lslopBP fok iddeioing tHeKeldd Bt Yna@é cOnpiaing)/aCbsP bdd  OF
bel ow hydrbghoit @ibgériche pbvédar. The hydioPhabid Srdrganic fine powdéd hdl @hly iripidded W& Mditl 6f ,
mat er itizd devslepdr arid ddjosts the glepgehiility offiee deslaper ialit Bisp provehth GiffodIRS QLY toliflarglidd on nmay
pr ef erbatwegn thamemberdp becavarpeiand this[cemtact haging hidamesrinithg pesenbebiossjduaiaswiopsref er abl y
7 enu/sgehas demégeaof the mernbsaig bk icloasded end torder-gtickisgyomist thecmémbel 1 bethargdd. 600 A/ m
(10000 Ce). If the magnetic material has a remanence exceeding 10 enu/g,
t he pdH3img| es thereof are liable to cause a | arger degree of magnetic
aggl onerati on and be present as agglonerates in the magnetic material. Such
| oc¥l itz af E®i§ioBY far idevelepih qlectesiplicieen. coepripingabl e to pronpte the sticking of
t he deve l 0 e(?agemlf: épnﬁrmgvrw \fo%ngté?vqﬁge Pﬁ@c’%ﬂ?ﬁ“ééf 8 microns and hydrophobic inorganic

1

ne powder ireated with silicone oil or silicone varnish;
wherein 100 wt. parts of the developer contains 0.2 - 2.0 wt. paris of the hydrophobic inorganic fine
powder, and
15 the developer has a BET specific surface area of 1.8 - 3.5 m?/g, a loose apparent density of 0.4 -
0.52 g/cm?, and a true density of 1.45 - 1.8 g/cm3,
characterized in that the magnetic toner contains a binder resin which comprises 3 - 20 wt. parts of
polymerized units of a monomer having an acid group formed of a carboxyl group or its anhydride per
100 wt. parts of the binder resin and has an acid value of 1 - 70.
20 :
2. The developer according to Claim 1, wherein 0.6 - 1.6 wt. parts of the hydrophobic inorganic fine
powder is contained in 100 wt. parts of the developer.

3. The developer according to Claim 1, wherein said hydrophobic inorganic fine powder comprises
25 hydrophobic metal oxide fine powder.

4. The developer according to Claim 1, wherein said hydrophobic inorganic fine powder comprises
hydrophobic silica fine powder.

s0 5. The developer according to Claim 1, wherein the binder resin comprises a vinyl copolymer including
polymerized units of the monomer having an acid group, which comprises a vinyl monomer selected
from the group consisting of acrylic acid, methacrylic acid, maleic acid, monobutyl malsats, monooctyl
maleate, maleic anhydride, fumaric acid, monobutyt fumarate, and fumaric anhydride.

35 6. The developer according to claim 1, wherein the binder resin comprises a vinyl copolymer including
polymerized units of the monomer having an acid group, which comprises a vinyl monomer selscted
from the group consisting of n-butenylsuccinic acid, n-octenylsuccinic acid, monobutyl n-butenylsuc-
cinate, n-butenylmalonic acid and n-butenyladipic acid.

40 7. The developer according to Claim 1, wherein the binder resin has an acid value of § - 50.
8. The developer according to Claim 1, wherein the binder resin comprises a styrene copolymer.

9. The developer according to Claim 1, wherein the binder resin comprises a crosslinked styrene
45 copolymer.

10. The developer according to Claim 1, wherein the magnetic toner contains 10 - 70 wt. % thereof of a
magnetic powder having a BET specific surface area of 1 - 20 m?/g.

s0 11, The developer according to Claim 1, wherein the magnetic toner has a volume-average particle size of
4 - 8 microns, and such a particle size distribution that it includes 17 - 60 % by number of magnstic
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.

55 12. The developer according to Claim 11, wherein the magnetic toner has a volume-average particle size of
6 - 8 microns.
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char gi-ng nmenber and the photosensitive nenber. Thus, ar eqdi g
10 enu/g is not preferred. The magnetic properties $i=X °pace
materials referred to herein are val ues neasured by a test SV Eum
avail abl e from Toei Kogyo K K. EPO5%RGI8A2gneti c mat eri al | isndasumiih lagiai
present invention may preferably be one obtained through a wet process
usi ng ferrus sulfate as a starting naterial and may preferably conprise
magnet i t @nghp developing meap fer daveiPring the alectrostatic image gayrist op the eEMpel te fe chierged The uch
as mangari@loprigg meprgcincludes a developer for developing the electrostatic image comprising a toner and

hydrophobic incrganic fine powder. The hydrophobic inorganic fine powder not only improves the fluidity of

the developer and adjusts the chargeability of the developsr but also prevents difficulties due to interaction

s betwesn the member to be charged and the contact charging means in the presence of residual developer,
such as damagss of the member to be charged and toner-sticking onto the member to be charged.

Claims

10 1. A developer for developing an electrostatic image, comprising:
a magnetic toner having a volume-average pariicle size of 4 - 8 microns and hydrophobic inorganic
fine powder treated with silicone oil or silicone varnish;
wherein 100 wt. parts of the developer contains 0.2 - 2.0 wt. parts of the hydrophobic inorganic fine
powder, and
15 the developer has a BET specific surface area of 1.8 - 3.5 m?/g, a loose apparent density of 0.4 -
0.52 g/cm?, and a true density of 1.45 - 1.8 glem?,
characterized in that the magnetic toner contains a binder resin which comprises 3 - 20 wt. parts of
polymerized units of a monomer having an acid group formed of a carboxyl group or its anhydride per
100 wi. parts of the binder resin and has an acid value of 1 - 70.
20 :
2. The developer according to Claim 1, wherein 0.6 - 1.6 wt. parts of the hydrophebic inorganic fine
powder is contained in 100 wt. parts of the developer.

3. The devsloper according to Claim 1, wherein said hydrophobic inorganic fine powder comprises
25 hydrophaobic metal oxide fine powder.

4. The developer according to Claim 1, whersin said hydrophobic inorganic fine powder comprises
hydrophaobic silica fine powder.

30 5. The developer according to Claim 1, wherein the binder resin comprises a vinyl copolymer including
polymerized units of the monomer having an acid group, which comprises a vinyl monomer selected
from the group consisting of acrylic acid, methacrylic acid, maleic acid, monobutyl maleate, monooctyl
maleate, maleic anhydride, fumaric acid, monobutyl fumarate, and fumaric anhydride.

35 6. The developsr according to claim 1, wherein the binder resin comprises a viny! copolymer including
polymerized units of the monomer having an acid group, which comprises a vinyl monomer selected
from the group consisting of n-butenyisuccinic acid, n-octenylsuccinic acid, monobuty! n-butenylsuc-
cinate, n-butenylmalonic acid and n-butenyladipic acid.

40 7. The developer according to Claim 1, wherein the binder resin has an acid valus of 5 - 50.

8. The devsloper according to Claim 1, wherein the binder resin comprises a styrene copolymer.

9. The developer according to Claim 1, wherein the binder resin comprises a crosslinked styrene
45 copolymer.

10. The developser according to Claim 1, wherein the magnetic toner contains 10 - 70 wt. % thereof of a
magnetic powder having a BET specific surface area of 1 - 20 m2/g.

50 11. The developer according to Claim 1, wherein the magnetic toner has a volume-average particle size of
4 - 8 microns, and such a particle size distribution that it includes 17 - 80 % by number of magnetic
toner particles of 5 microns or smaller, 5 - 50 % by number of magnetic toner patticles of 6.35 - 10.08
microns and 2.0 volume % or fess of magnstic toner particles of 12.7 microns or larger.

55 12. The developer according to Claim 11, wherein the magnstic toner has a volume-average particle size of

6 - 8 microns.
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The magnetic material may preferably be one which has been

subjected to disintegration or mlling as desired. Exanples of means for
disintegrating the magnetic material may include a nechanical pulverizer
equi pped with a high- speed rotor Ei,qfsgélos,gﬁhegrati ng a powdery nateri al

a pressure di sperser equi pped W|t a wei ght
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13.

14,

15.

16.

17.

18.

19.

roller for disinte-

The developer according to Claim 1, wherein said hydrophobic inorganic fine powder comprises
hydrophobic silica fine powder which has been treated with amino-modified silicone oil or amino-
modified silicone varnish.

The developer according to Claim 1, wherein the magnetic toner satisfies the following equation:

NV = -0.05N + 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 or smaller,

k is a positive number of 4.6 - 6.7, and N is a positive number of 17 - 60.

The developer according to Claim 1, wherein said hydrophobic inorganic fine powder has a
hydrophobicity of 60 %' or higher.

The developer according to Claim 1, wherein said hydrophobic inorganic fine powder has a
hydrophabicity of 90 % or higher.

The developer according to Claim i, wherein 0.1 - 3.0 wt. parts of the hydrophobic inorganic fine
powder is contained in 100 wt. parts of the developer.

The developer according to Claim 1, wherein 0.2 - 2.0 wt. parts of the hydrophobic inorganic fine
powder is contained in 100 wt. parts of the developer.

The developer according to Claim 1, wherein said hydrophobic inorganic fine powder has been treated
with a silane coupling agent, and then with the silicone oil, silicone-varnish, amino-modified silicone oil
or aming-modified silicons varnish.
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grating or mlling a powdery materi al . I n case wher e a—nechant-eal———
pul verizer is used for disintegrating agglonmerates of nagn%&ﬁ'h%ﬂ&&h%%?émmxd
an excessive inpact force by the rotor is liable to be appl i ggaumigm i
primary particles of the nagnetic [EPds92as a0 that even theD j ﬁ[ll "
particles are liable to be broken to yield fine powder of th Ao
particles. Accordingly, in the case where a magnetic material disintegrated
by a nechani cal pulverizer is used as a starting naterial of the toner, if
such fine powder of the magnetic particles is contained in a |arge anount,
the magnetic particle fine powfler IS Trkely T0O be exposed]at the devel oper
surface at a higher percentageito enhance the abrasive fupction of the

devel oper, thus being deviated|fromthe expected perfornmafce. To the
contrary, it is preferred to ug$e a pressure disperser equipped with a
weight roller, such as a fret gill, in view of the efficig¢ncy of

di si ntegrating aggl oner at es”BA P8, magnetic particles and supgpr essed
formation of fine Q@ryarticles. —_
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The toner used in the present invention may preferably be negatively
chargeabl e and may contain a charge control agent, as desired, exanples of
whi ch may include: netal conplexes or salts of nonoazo dyes, salicylic
acid, alkylsal- icylic acid, dialkgpgpfgooigiag aci d, and napht hoic acid. The
magneti c toner may preferably have a volunme resistivity of 10[err] ohmcm
or higher, particularly 10[err] ohmcm or higher in respects of
triboelectric chargeability and electrostatic transfer characteristic. The
volune resistivity referred to herein may be defined as a val ue obtai ned by
nol ding a toner sanple under a pressure of 100 kg/cnferr], applying an
electric field of 100 VVcm and neasuring a current value at a tine one

m nute after the commencenent of the application, whereby the vol une
resistivity is calcul ated based on the neasured current val ue. The
toner-binder resin constituting the devel oper according to the present
invention is one containing 3 - 20 wt. parts of polynerized units of a
nmonomer having a carboxylic group or an acid anhydride group derived
therefrom per 100 wt. parts of the binder resin and having an acid val ue of
1- 70.
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The binder resin having an acid group nmay conprise various resins and nmay
preferably be one containing a tet- rahydrofuran (THF)-sol ubl e content

whi ch has a wei ght -average nol ecul ar wei ght/ nunber -average nol ecul ar wei ght
ratio of 5 or larger (MVM M [err] SBP QRA%R @IBAR has a peak in the nol ecul ar
wei ght range of from 2000 to bel ow 15000, preferably 2000 - 10000 and a
peak or shoul der in the nol ecul ar weight range of 15000 - 100, 000 based on
t he nol ecul ar wei ght distribution by gel -pernmeati on chromat ography (GPC) of
t he THF-sol uble content. This is because the THF-insol ubl e content
principally affects the anti-offset characteristic and anti-w ndi ng
characteristic, a conponent having a nolecul ar weight of bel ow 15, 000,
particularly 10,000 or below{ principally affects the Ql ocking, sticking
onto the photosensitive nmenb¢r and filmng, and a conpdnent having a

nol ecul ar wei ght of 10,000 of above, particularly 15,000 or above,
principally affects the fixifgg characteristic. The jbi nder resin

(copol yner) having an acid u- L of carboxyl or its anlydride may be

(r:ggit glng.ed in eith é one t he above-nenti oned WoErmI ecul ar wei ght
2 2b '//Q/
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The GPC€ (gel perneation chromat ography) nmeasurenent and identification of
nol ecul.a¢r wei ght correspondi ng to the peaks and/or shoul ders may be
performed under the follow ng conditions. A colum is stabilized in a
heaf® chanber at 40 [err]C, .tetrahydeRD 592018 A2HF) sol vent is caused to flow
t hrough~the colum at that tenperature at a rate of 1 m/mn., and 50 - 200
[err]t~of a sanple resin solution in THF at a concentration of 0.05 - 0.6
Wt . %T&r\m ected. The identification of sanple nolecular weight and its
nmol ecul ar WEI‘g-hL di stribution i ssqgfor med based on a calibration curve

obt ai ned by usimg several nonodigperse pol ystyrenedi sperse sanpl es and

havi ng a Iogarlthmc S wei ght versus count nunber. The
standard pol ystyrene s m&@ETBEAﬁ%r tion of a calibgati rye nmay be
t hose havi ng nol ecul ar % ts of, e.g.} 6x10[gjnl.2.1 Wtf%"g
10[err], 1 .75X10[ err | el lxlo[e,rr] 3. 9x10ferr

8.6x10[err], 2x10[err] and_4. 43x10[erri avai | Abl_e_from g., Pressure
Chem cal Co. of Toyo Soda Kogy¢ K VCONﬂ'R@LEIEIR oprgqée use at |east 10
standard pol ysftyrene sanpl es. The detector (?efractlve I ndex)
det ect or or accur iremenf o I ari wei ght¢ in the range of
10[err] - 4x10ferr], it isE&dfopriale %%ﬁﬁt t he
: I s ! .
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qwquq—s s
colum as a conbination of several connerC|aIIy aw@rlabie~palystyrene cget |
col umhs™™ ;ﬁfg@éggg ;gﬁ%npfe pheweof may be a. cohblnatlon of. [err]- sLyrqgeI
500, &Q[err M?10’]‘_er((jf]2’“"nd 10[°¢r 1] Avai | abl e fnomimater§ Co. .. a.£qnbin { hON |
053%@ agd- 805, or a cqnb4nat|oq of . TSK}gel *GLC A
Hy (2500, ‘CI800k - et GBDO0H,  G6000H, /7000 and_ GVH,Zvail abl € |
from '9 “§6@§ K PRECC - Tﬁ@g@on(ent of‘&-conponent havi ng 4-mol edullze -~ ';
wei ght* o?yﬁO“OOO~ewfbéTomﬁmluihe binder resin| |s measured by cutétng out as
chr orrhtég’ia’m of=ddieTcorr.espandi.ng. ol ecul ar wei.ght'_por t 'oR @nd..c&lléul.at i ngj
aratio of the weight there%““‘

nol ecul ar wei ght range of 10, ﬂtgp&ﬂigﬁegP£Q§A§€$qggsﬁg;aa;fgxfrg??hgpgof
in the whol e binder, g&%d%musog%gggF‘S@Iﬁ& bﬂgc%gfﬁié%ﬂonom havi ng

an acid group which may Fesent rnventron may rnclude; -
[err],[err]-unsaturated carboxylic aC|ds such as acrylic aC|d and
nethacrylic aci d; [err],[err]-unsaturated di carboxylic acids and half
esters ther eofprmiy oraaripivENacos, AR RELA®EPaART octyl nuleate, fumaric
acid and butyl"Tumarate; and al Ke- :

5 The present invention relates to an image

forming apparatus according to electrophotography and a
developer therefor.

‘More particularly, the present invention
relates to an image forming apparatus including a

10 charging means for charging a member to be charged by
causing a charging member sﬁpplied with a voltage from
an external supply toc contact the member to be charged
and to a developer suitably used in the image forming
apparatus.

15 Hitherto, a corona discharger has been used as
a charging means in electrophofographic apparatus. The
corona discharger involves a problem'that it féquires
application of a high voltage to generate a large
amount of ozone.

20 Recently, it has been studied to use a contact
charging means instead of a corona discharger. More
specifically, 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

25 while applying a voltage to the conductive roller
thereby to charge the member to be charged to a

prescribed surface potential. By using such a contact

This Sheet Has Been Replaced This is the replacement sheet
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charging means, it becomes possible to use a lower
voltage than by a corona discharger thereby to decrease
the generation of ozone.

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
application of a low voltage.

In the above embodiment, however, the roller
comprising a core metél 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 providing 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 to stick to the
photosensitive member at the abutting part when the
photosensitive member is stopped or the photosensitive
member is liable to cause fading of images at the
abutting part. Further, if the softening agent in the
rubber material constituting the charging member exudes
out to stick to the photosensitive member surface, 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

This Sheet Has Been Replaced . Thig ig the reniacemant
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nyl di carboxylic acids or half esters thereof, such as n-butenyl succinic
acid, n-octenyl succinic acid, butyl n-butenylsuc- cinate, n-butenyl nmalonic
acid and n-butenyl adi pi ¢ aci d. In this case, it is preferred that the
content of the polynerizable nononmer unit in the whol e binder resin may
preferably be in a proportion of 3-- 30 wt. % and the binder resin as a

whol e has an acid value of 1 - 70, furtier preferably 5 - 50. The acid
values referred to herein are based on val ues neasured as foll ows according
to JIS K-0670. 2 - 10 g of a sanple resin is weighed in a 200 - 300

m - Erl en r fl n m, of | vent m_xtur
enneye thgséﬁoéEégég¥¥§véﬂ%embé% a%tiptgg gurfagg ngLhe

charging member, thus leading to filming. If a large
amount of toner sticks to the surface of the charging
member, the surface of the charging member locally

5 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 pushéd by the charging
member against the photosensitive member surface, so

10 .that the residual toner is liable to stick to the
surfaces of the charging member and the photosensitive
member to mar or scratch the photosensitive member
surface.

In a contact charging apparatus, the charging

15 member is supplied with a DC voltage or a DC voltage
superposed with an AC Goltage. In this instance, in
the region or therearound of contact between the
charging member and the photosensitive drum, there
fregquently occur abnormal charging and repetitive

20 flying of residual 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 chargipg member and
photosensitive drum. This is very different from a

25 case where a non-contact charging means is used as in a

conventional corona discharger.

On the other hand, there have been used small-
This Sheet Has Been Replaced o :
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et hanol / benzene (= 1/2) to dissolve the resin. If the solubility is

i nsufficient, a small anmount of acetone may be added. The solution is
titrated with a N 10-caustic pot assi um sol ution in ethanof Wwhich has been
standardi zed i n advance, in the presence of a phenolphthalermssmdiflasaﬁeswkﬁpmed

whereby the acid value (ngKOH g) of the sanple resinis calc

the consuned anount of the caustic pota§%1un1solut|on accord

foll owi ng equation (3): Acid value =

KCOH solution (m) x N x 56. 1/ sanpl e wei ght (3) wherein N denotes

t he nunber of f r r.the NV 10 KOH. ampl es qQf the conpponer for

providing the B ﬁﬁé ap s?ﬂeﬁ%ﬁ?§&F%nFQRX#P%yWﬁﬁyiﬂ%P %&ﬁ &§p3PY rP?ﬁtlon

with the pol yneri.zabl e noner an aC|d ra may .i.n . styrene;
sgﬁ eam %r-{lfgﬁﬁﬁﬁq ye% S. Ih %hggg

styrene derivafP%e

small-sized apparatus, it is desirable to use a
cartridge integrally including a photosensitive member,

5 a developing means, a‘'cleaning means, etc., so as to
provide a maintenance-free system. It is also
desirable to use a single-component, dry, magnetic
developer so as to simplify the structure of the
developing means.

10 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 particles; a process utilizing charge transfer

15 by agitation with a toner; developing processes wherein
toner parficles are caused to jump onto latent images
as disclosed in JP-A 54-42141 and JP-A 55-18656; etc.

In order to form visible images of good image
quality in such processes using a dry magnetic

20 developer, the developer is required to have a high
fluidity and a uniform chargeability, so that it has
been conventionally practiced tc add silicic acid fine
powder to toner particles. Silicic acid fine powder
(i.e., silica powder) per se is hydrophilic, so that a

25 developer containing the silica added thereto
agglomerates due to moisture in the air to lower its
fluidity or even lower its chargeability due to

| This is the replacement sheet
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m net hyl styrene, p-nethylstyrene, p-nethoxystyrene, p-phenylstyrene,
p- chl orostyrene, 3,4-dichlorostyrene, p-ethyl- styrene ————
2, 4-di met hyl styrene, p-n-butylstyrene p-tert-but neRqBH$ylstyrene,

]
p- n- hexyl styrene, p-n-octylstyrene, p- n-decy| ShigPhepidas =

p- n- dodecyl styrene; ethylenically unsaturated ! ‘ leh as

et hyl ene, propyl ene, butylene, and isolugyl ene; 1IN | yenes, such
as but adi ene; vinyl halides, such as vinyl chloride, vinylidene chloride,
vinyl brom de, and vinyl fluoride; vinyl esters, such as vinyl acetate,

vi nyl propionate, and vinyl benzoate; a-nethylene- aliphatic nonocarboxylic
acid esters, smolisasrerahgbrpeidmchy|the,sickivd. mnFgradhiisareaspnepiF '

nmet hacryl ate, n-butyl nethacrylate, isobutyl nethacrylate, n-octil
met hacryl ate, Hedebeennprapessd @ use hydfophghicidirdmparied sitigpy|

th | ate, phenyl th | at di net hyl am I t I : d
i et yl am noct PoRaRE: RECTRLA, 46-52891 | 2881 B AT AT, Troh s 4iddRy
| ate, ethyl | ate, n-byfyl | at i.sobuyt yl te, I
BTyl ate, nobeFF-aLlore: sPeRbERCHTIRS (Shte. Bx H9Rn AR “acrylate.
t I o 2-Ch I | at d_ phgnyl I 5 1\i-ay|
cthors, suct? abTiERpRoREENst Liencobtafhs, S¥rgls o bt Saledl |
et her? vinyl k%to% &2 wiﬂﬁhaﬁlsoi@mlc @fﬂéo&eé&{{?ouda,nﬂuéﬁe&l

dimethyldichlorosilane, to substitute an organic group

as

for silanocl groups on the surfaces of the silica
particles.

10 In a magnetic toner, the magnetic torer per se
shows an abrasive function. In an image forming step
wherein a developer is pressed against a photosensitive
member having a low sufface-hardness such as an organic
photoconductor (OPC) member, if the developer comprises

15 a mixture of a magnetic toner and inorganic fine
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
member and the photosensitive member, damages of the

20 pressing member and photosensitive member, and soiling
or contamination of the photosensitive member, such as
melt-sticking and f£ilming of the toner.

It has been proposed to add polymer particles
smaller than toner particles by JP-A 60-186854, etc.

25 When we prepared a developer according to such
teaching, the resultant developer was not effective

égainst toner sticking but was liable to cause charge
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t hyl isopropenyl ketone; N-vinyl conpounds, such as

s acrylic acid and nethacrylic acid, such as acrylonitri

N-vi nyl car bazol e, N-vinylindole, and N-vinylpyrrolidone;

| e,

ile and acryl am de. These vi.nyl nonomers nmay be used

oviding a styrene copolynmer or a styrene(neth)acryl ate
articularly preferred. A crosslinking nononer, e.g.,

t_t bl e doubl e bond b d.
rrreBSeltT e g Frehnt e siwa&% erably be

nore species in conbinati.on with the above-
mer having an acid group.—-6- Ampbng the above, a nononer

one
Thus,

ndl. suchoBs S PR AR R e o ene

diacrylate CO”BQHQgﬁaBQanﬁéfgases 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 generatioh is desired in respect of an
office environmental condition.

In contact charging, an increased voltage and
an increased AC frequency are required so as to stably
charge the photosénsitive 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 exfremely fine latent image
faithfully without resolving failure such as
solidification or discontinuity. Accordingly, there is
a trend to use a smaller particle size of toner. For
example, JP-A Hei 1-112253 has proposea 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
pPhotosensitive member and also reqguires a larger amount
of inorganic fine powder so as to ensure a sufficient

fluidity in compensation for the increase in

Trie iz tha resoament
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wi th an al kyl chain, such as ethylene glycol diacrylate, 1, 3-butylene
glycol diacrylate, 1 ,4-butanediol diacrylate, 1,5-pen- tanedi ol

diacrylate, 1 ,6-hexanediol diacrylate, and neopentyl glycol diacrylate,
and conpounds obt ai ned by substituting nmethacrylate groups for the acrylate
groups for the acrylate groups i.n-the above conpounds; diacrylate conpounds
connected with an al kyl chain including-am ether bond, such as diethyl ene
gl ycol diacrylate, triethylene glycol diacrylate, tetraethylene glycol

di acryl ate, polyethyl ene glycol #400 diacryl ate, polyethylene glycol #600
di acryl ate, dipropyl ene glycol diacrylate and conpounds obtai ned by
substituting neRPStPReERelen harastanistdsoye dsorpserudt  dtherg| b 2

Comounds rnSELSiat i A R B
4- hyd h di l,at
éolygx;g?¥5Iggg%%§é§£€? ?é?%g%V%F%?ﬁﬁhéﬂ@ﬁ?EbFEE&ﬁ&BFa@F?PﬁFe?mand com
d bt ai ned ' ' | at
P he above coptSrdsarbiityd Medl oot Bl RO Ran Ok LAERBIRY! o F DrO0PS

one known bysga &ﬁ$?% f gﬁgggé ' I ' ku K K.).
Pol yfuncti onal %:éa(;%gl I nki n‘g dagen S, %%ﬂe:?z%gfﬁggx?r %ﬁ??fg?“?n acryl ate,
trimet hyl et hanepih bt S6drys £ Bre fddyet hyl ol -

SUMMARY OF THE INVENTION

An object of the present invention is to
10 provide an image forming apparatus and a developer for
developing electrostatic iméges which is free from
toner sticking or only accompanied with suppressed
toner sticking, if any.
An object of the present invention is to
15 provide an image forming apparatus and a developer
providing 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 and a developer
20 which hardly contaminate a contact charging apparatus.
An object of the present invention is to
provide an image forming apparatus wherein charge
irregularities onto a photosensitive membef by a
contact charging means are suppressed.
An object of the present invention is to
érovide a developer which can stably form visible

images which are faithful to latent images, sharp and

This is the replacement sheet
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nmet hane tetracryl ate, oligoester acrylate, and conpounds obtai ned by
substituting nethacryl ate groups forthe acrylate groups in the above
conpounds; triallyl cyanurate and triallyl trinellitate. These
crosslinking agents may preferably be used in a proportion of about 0.01 -
5 w. parts, particularly about 0.03 - 3 w. parts, per 100 w. parts of

t he ot her nononer conponents. Anong8the above-nentioned crosslinking
nononers, aronmatic divinyl conpounds (particularly, divinylbenzene) and

di acryl ate conpounds connected with a chain including an aromatic group and

char act eri sti OB dERIRE char act eri stic. o TN

An object of the present invention is to
provide a practical image forming apparatus including a
contact charging means and a developing means for

5 effecting development with the developer by the present
invention.

According to the present invention, there is
provided an image forming apparatus, comprisiné:

a member to be charged for carrying an

10 electrostatic image, | -

a contact-charging means for charging the
member to be charged in contact with the member to be
charged, and

a developing means for developing the

15 electrostatic image carried on the member to be
charged, wherein the developing means includes a
developer fof developing the electrostatic image
comprising a toner and hydrophobic inorganic fine
powder.

20 According to another aspect of the present
invention, there is provided a developer for developing
electrostatic latent images, comprising:

a magnetic toner having a volume-average
particle size of 4 - 8 microns and hydrophobic

25 inorganic fine powder treated with silicone oil or

silicone varnish;

wherein 100 wt. parts of the developer

This Sheet Has Been Replaced
Tris is the roplacement sheet

1) SN T A ~ T
| IIlI |I||" | ||I |I| e
TR
) P ’7 \‘%1 A ‘%-_- s

o
A

Dats:



S

- 8- The binder resin of the devel oper according to the present

I nvention may suitably be prepared through a process

This Sheet Has Been Repla

N [T

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 group

5 formed of a carboxyl group or its anhydride per 100 wt.
parts of the binder resin and has an acid value of 1 -
70, and

the developer has a BET specific surfﬁée area
of 1.8 - 3.5 m2/g, a loose apparent density of 0.4 -

10 0.52 g/cm3, and a true density of 1.45 - 1.8 g/cm3.

According to a further aspect of the present
invention, there is provided an apparatus unit
comprising:

a member to be charged for carrying an

15 electrostatic image,

a contact-chafging means for charging the
member to be charged in contact with the member to be
charged, and

a developing means for developing the

20 electrostatic image carried on the member to be
charged, wherein the developing means includes a
developer for developing the electrostatic image
comprising a toner and hydrophobic inorganic £fine
powder;

25 wherein at least one of said contact-charging
means and developing means is supported integrally
together with said member to be charged to form a

This 16 1@ replacemant sheet
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for synthesizing two or nore polynmers or copol ymers. For exanple, a
first polymer or copolyner soluble in THF and also in a polynerizable
nononer i s dissolved in such apol yneri zabl e nononmer, andthe nononer is
pol ynmeri zedto form a second pol ymer orcopol yner, thus providing a resin
conposition conprising a uniformmxture of the first polyner or copol yner
and the second pol yner or copol - yner._qg- The first polynmer or copol.yner
may preferably be formed through solution polynerization or ionic

pol ynmeri zati on. The second pol yner or copol ynmer providing a THF-insol ubl e

content may preferably be prepared through suspension pol ynerization or

bul k pol yneri z3inigle ahi&,nehbokrcahsbel gomgedisd fio sir pellpamedofrompol yner
in the presence of a crosslinking nmononer. It is preferred that the first
pol ymer or cop® ppparatussbddynas @esioedi on of 10 - 120 wt. parts,
particularly 20 - 100 wt. parts, per 100 wt. parts of the polynerizable
nmononer gi ving the secdagopdingetooaneopeeymspect ofhdheopPresentised in the
sol ution polynerization may be xyl ene, _tol uene, cunene, acid cell osolve,

i sopropyl al cdmyention, there is provided a facsimile apparatus,

5 comprising: an electrophotographic apparatus and a
receiving means for recelving image data from a remote
terminal, wherein said electrophotographic apparatus
comprises:

a member to be charged for carrying an

10 electrostatic image, -

a contact-charging means for charging the
member to be charged in contact with the member to be
charged, and

a developing means for developing the

15 electrostatic image carried on the member to be
charged, wherein the developing means includes a
developer for developing the electrostatic image
comprising a toner and hydrophobic inorganic fine
powder.

20 These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
description (£ the preferred embodiments of the present
invention taken in conjunction witﬁ the accompanying

235 drawings.
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benzene, etc. In case of a styrene nononer, xylene, toluene or cunene may
be preferred. The solvent may be sel ecteed dependi ng on the product polyner.

Further, an initiator, such as di-tert-butyl peroxide, tert=tutyt

per oxybenzoate, ben- zoyl peroxide, 2,2'- aZObISISObUterHItEM$§majhsB%nR laced
2,2' -azobis(2,4- dlnethylvaleronltrlle) etc., may be used in

of 0.1 wt. part or nore, preferably O. 4—1—1-15 Wwt. parts, per i Mm%
of the nonomer. The reaction tenperature may vary dependi ng

initiator, nononers, etc., to be used but nmay suitably be in the range of

70 - 180 [err]C In the solutlon pol yneri zati on, the nononmer may be used in
an amount of 3BRIEE RIRTIC : BDORAWINGS t s of the sol vent.

Further, the binder re5|9 used e present i nvention referably
contain 10 - 70 wt. % of *@U5eE tae‘i a%y’d%"o“s"'f’if’r § °r?§’(§lair§%| é’?‘éﬁﬁggﬂt

t he THF-insqubI conten el o W the res Lpner IS Ilable
to stick to thé&@ ﬁfag?eéhﬁyg X! ﬁ%ﬂ%% °7W qh ﬁble cont ent
exceeds 70 w se is caused to have too large a
r|g|d|tysothatpfkggggr%gggﬁgggéhe | at ent i mage-bearing nenber or the

contact -chargi ng nenberpj gutd P! £ t4h bO ANBI I on of a contact-

charging blade as another embodiment of the contact-

charging means.
| Figure 3 is an illustration of an instrument
for measuring triboelectric charges.

10 Figure 5 is a schematic illustration -of an
embodiment of the image forming apparatus according to
the present invention.

Figure 6 is alblock diagram showing a system
constituting a facsimile apparatus.

15 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 of the
20 present invention may preferably have a volume-average
particle size of 3.- 20 microns, particularly 4 - 15
microns.

In case where the toner is a magnetic toner,'
it is preferred that the magnetic toner has a volume-
average particle size of 4 - 8 microns, particularly 6
- 8 microns, so as to provide a developer having a good

resolution and causing little fog. The developer

‘Thig 15 the s‘Bg:ud"""z"eM sheai
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to possibly increase the tendency of toner-sticking. Herein, the
THF-i nsol ubl e content refers to a polyner conponent (substantially a
crosslinked pol yner component) which is insoluble in solvent THF
(tetrahydrofuran) in the resin conposition (binder resin) constituting a
toner, and it may be used as a paraneter for indicating.the degree of
crosslinking of the resin conposition cdBtaining a crosslinked conmponent.
It is to be noted however that a polyner having a | ow degree of
crosslinking can be soluble in THF For exanple, a crosslinked polyner

obt ai ned t hrough ;sol uti o olynerization can be _THF: sol ubl g ev if it has
been ob- tai né\%"}?ﬁfﬁé"%&é@%ﬂ%@“&ﬁﬁ& Fensr; W@Vyfpﬁgbﬁr a%ﬁﬁ?r *sﬁ’ '

Gt ined as o R SfEd Bheditil SReRaRlCa L Ok T BNeOs Bl 2 PENEN . TR P
toner sanple i | el a LRaa [ ' fAd tera paper
(ore “Ro” Gerodty M- uebbayy (BriaRtabBanltk JoRLEey) 42 GT4 PP
extraction with oG tgy 20 afla @f tealkvashsexy’ aet 1085by 1158 trg/em%@wl et's

extractor for 6 hours. The soluble content extracted with e solvent THF
i's recovereg hys @RpHcHId aAbodl iredolativavandl ch@yeslittle fog.

A developer having a BET specific surface area
of 1.8 - 3.5 m2/g as measured by nitrogen adsorption
shows an excellent performance from an early stage of
operation, an excellent developer utilization

10 efficiency and also a toner sticking-prevenfion effect
onto the photosensitive hember.

The developer of the present invention may
preferably have a true density of 1.45 - 1.8 g/émB. In
this r&nge, the developer provides an appropriate

15 application amount oﬁto 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 contamination in the
apparatus due to scattering of the developer, tonéer-

20 sticking onto the photosensitive member and increased
fog.

The developer of the present invention may
have a loose apparent density of 0.4 - 0.52 g/cm3,
which is characteristically small compared with the

25 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

. Trag o4 i reianem al
This Sheet Has Been Replaced | 1116 15 [ ‘oplacemont sheet
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at 100 [err] C under vacuumto neasure a wei ght (W2g) of the THF sol ubl e
content On the other hand, the weight (WBg) of the conponents, such as the
magneti c material and/or pignment, other than the resin t in the
toner is separately neasured. Then, the THF-Tnsol ubl e content ii gi ven by
Fubl e cont ent

the follow ng equation: This Sheet Hay Bgen;

(% = [Werr]-(Werr]+Werr])]/[Werr]-¥Wiader]] xjIR¥ =l “ § devel oper
according to the present invention contains a hytlg gani ¢ fine
powder as an additive, which nmay preferably be a hydrophobic nmetal oxide
fine powder, furthersgbgierably hydr ophobic silicic acid (silica) fine

powder Anmon&g the’ e-nmenti oned i norganic powders, those having a

specific surface area as neasur.ed t he BET
P Porosity a(iva) = tPitrue ensity)-(apparent

density)]/[true density] x 100 (%)
The developer may preferably have a packed
5 apparent density of 0.8 - 1.0 which may provide a -
porosity (ép) of 40 - 50 %,

The developer satisfying the above properties
does not cause plugging in the developing apparatus bﬁt
may ensure a smooth supply to the developing zone, so

10 that images showing a stable density can be always
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. |

15 | The BET specific surface area of the magnetic
developer may be measured according to the BET one-
point method by using a specifib surface area meter
(Autosorb 1, available from QUANTACHROME Co.).

The loose apparent density (or aerated bulk

20 density) and packed apparent (or bulk) density referred
to herein are based on the values measured bf using
Powder Test and the accompanying vessel (available from
Hosokawa Micron K.K.) and according to the handling
manual for the Powder Tester.

?5 The true density referred to herein is based
on values measureé dccording to the following method

which may be an accurate and convenient method for fine
This is the replacement sheet
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met hod with nitrogen adsorption of 70 - 300 nferr]/g, provide a good result
In the presenL~+n¥enLLgnr_a_hydrophob|c silica fine powder may preferably
be used in an..angun ,1l.- 3.0 wt. parts, nore preferably 0.2 - 2.0 wt.
parts, with ré f ’Pweg parts of the toner. It is preferred to
use negatlvely], 4) A orophoblc silica fine powder for a negatively
chargeabl e ton g1 tMhobi ¢ sil ~d4-fine powder may preferably be one
having a triboelectric charge of -100 [err]C/g to -300 [err]C/g. Wen the
silica fine powder having a triboelectric charge below -100 [err]C g is
used, it tEHT?% 4§ Aecrease the triboelectric charge of the devel oper per
se, whereby mMum dit'y characteristic becones poor. Wen silica fine powder

having a triboe ectrl e Giaialedls RALS c999naBE hivind SaniSfitned L teNds {0

pronote a so-called "nmenory phenonenon’ eve oper-carryl ng nenber and

the devel opergiigietRasidsy 1loe maf boat ad 1%9%% 8k abahit 050 0ém} e Fidi ca,
wher eby durability characteristic may bé 1 npaired. Wen the silicais too

fine so that (a) HREvingres buteruaiametaicafi SbalEVE0 3R awdca the addition
thereof produces little effect. When the silica is too coarse so that its
BET speci f§ c mafidhac @fase mm,sS and awpletonhe(B)/ Bavihg @iobabert ity

diameter of aboﬁt 10 mm and a length of about 8 cm
which can be inserted into the cylinder in a close
fitting, are providgd. The disk (A) is placed.at the
bottom of the cylinder, about 1 g of a sample powder is

10 placed thereon, and the piston (B) is gently pusﬁed
against the sample. Then, a pressure of 400 kg/cm2 is
applied to the piston by an oil press. After
compression for 5 minutes, the compressed sample is
taken out and weighed (W g), and the diameter (D cm)

15 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/cm3) = W/Urx(DIZ)zxL]
The magnetic toner used in the present

20 invention may preferably have 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
smalier, 5 - 50 % by number of magnetic toner particles

25 of 6.35 - 10.08 microns and 2.0 volume % or less of
magnetic toner particles of 12.7 microns or larger and

further satisfying the following equation:

- Thig iz the repiacement sheet
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of free powder presence is increased, whereby the dispersion thereof in the
toner is liable to be ununiform. In such a case, black spots due to silica
aggl onerates are liable to occur

10

15

20

-1§5-

N/Vv = -0.05N + k,
wherein N denotes the contents in % by number of the
magnetié toner particles of 5 microns or smaller, V
denotes 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
nurber of 17 - 60.

If the volume-average particle size of the
magnetic toner is below 4 microns, the toner coverage
on a tfansfer paper becomes small to result in a low
image density for a.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 image
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 cause a lower image quality in a successive
copying. If the content of magnetic toner particles of
5 microﬁs or smaller is below 17 % by number, the
amoun£ of magnetic toner particles effective for a high
image quality and particularly, as the printing ouf is
continued, the amount of the effective magnetic toner

particle component is decreased to cause a fluctuation

This Sheet Has Been Re lace
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The hydrophobicity-inparting treatnent is effected by using a silicon oi
or silicone varnish as a hydrophobicity- inparting agent. A silicone oi
silicone varnish is preferred to a silane coupling agent in respects of

hydr ophobi city and lubricity. However,

in addition.

The silicone oil or silicone varnish used in the present

I nventi on maybe those represented by the‘T%TIomﬁng fornmul a:

10

15

20

25

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 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 membef.

It is preferred that 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 of toner coverage is liable to occur, thus
resulting in a poor reproducibility of thin lines and
an increased toner consumption. Below 5 % by number,
it is difficult to obtain a high image density. The
contents of the magnetic toner particles of 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 < X £ 6.7. The number k may

preferably satisfy 4.6 ¢ k 6.2, more preferably 4.6

lin

k ¢ 5.7. Further, as described above, the percentage

1=

satisfies 17 ¢ N ¢ 60, preferably 25

"

N ¢ 50, more

preferably 30 ¢ N ¢ 60.

|~ This Sheet Has Been Replaced This is the replacement sheet
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[err] wherein R a (err] - (Jerr] alkyl group, R: a silicone
oi | -nmodi fyi ng group, such as al kyl, halogen-nodified al kyl, phenyl, and

nodi fi ed-phenyl, R': a CJerr] - (err] alkyl or alkoxy group. Speci fic
exanpl es thereof may include: dinethylsilicone oil, alkyl-nodified silicone
oil, a-methylstyrene-nodified silicone OL% chl or ophenyl -silicone oil, and
fluoro-nodified silicone oil. The above SiTicone oil nmay preferably have a

10

15

20

If k < 4.6, magnetic toner 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 present in
an appropriate amount, they are effective for achieving
closest packing of toner in development and contribute
to the formation of a uniform image free of coarsening.
Particularly, these particles f£fill thin-line portions
and contour portions of an image, thereby to visually
improve the sharpness thereof. If k < 4.6 in the above
formula, such component becomes insufficient in the
particle Size distribution, and the above-mentioned
characteristics become poor.

Further, in view of the production process, a
large amount of fine powder must be removed by
classification in order to satisfy the condition of k <«
4.6. Such a process is however disadvantageous in
yield and toner costs. On the other hand, if X » 6.7,
an excess of fine powder 1s 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
pParticles 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 charge.
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viscosity at 25[err]C of about 50 -1000 centi-stokes. A silicon oil having
too | ow a nol ecul ar wei ght can generate a volatile matter under heating,
whi | e one having too high a nol ecul ar wei ght has too high a viscosity

|l eading to a difficulty in handling. In order to treat the silica fine
powder with silicone oil, there may be uggd a nethod wherei'n silica fine
powder treated with a silane coupling agent is directly mxed with a
silicone oil by neans of a m xer such as Henschel m xer, a nmethod wherein a
silicone oil is sprayed on silica as a base material; or a nmethod wherein a

silicone oil is dissolved ehednagReEed tBnap SPPERPIPpAdfOl vent, the
resultant liquid is mxed with silica as a base nmaterial, and then the

sol vent is renuwsentdoher ktha amdunphobi magnéti@. toner Igadtidiyd her
preferred to treat the inorganic fine powder first with a silicone oil or
silicone varni slaving a\partipndei adzganfcl2i emporoes ors Yampdredsod,p with a
silicone oil, a large_anount of silicone oil is required, so that the fine
powder can aggltom¥r ¥edumg prosRatler depreéfprably th. & pdyr vidlwimdi oy and t he

treatment with a sillicone oil nmnust
5 smaller, more preferably 0.5 % by volume or smaller.

If the above amount is larger than 2.0 § by volume,
these particles are liable to impair thin-line
reproducibility.
The particle size distribution of a toner is
10 measured by means of a Coulter counter 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
measurement, to which an interface (available from
15 Nikkaki K.K.) for providing a number-basis
distribution, and a volume-basis distribution and a
personal computer CX-1 (available from Canon K.K.) are
connected.
For measurement, a 1 $-NaCl aqueous solution
20 as an electrolytic solution is prepared by using a
reagent-grade sodium chloride. 1Into 100 to 150 ml of
the electrolytic solution, 0.1 to 5 ml of a surfactant,
preferaﬁly an alkylbenzenesulfonic acid salt, is added
as a dispersant, and 2 to 20 mg of a sample is added
S theretor The resultant dispersion of the sample in the
electrolytic liquid is subjected to a dispersion

treatment for about 1 - 3 minutes by means of an
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be carefully perfornmed. However, if the fine powder is first treated with a
silane coupling agent and then with a silicone oil, the fine powder is
provi ded with a good noi sture resistance while preventing aggl onerati on of
the powder and thus the treatnment effect with a silicone oil can be
sufficiently exhibited. The sil ane c?gpling agent used in the present

i nvention may be hexanet hyl di sil azane orf "fhose represented by the fornul a:
Rlerr]SiY[err], wherein R an al koxy group or chlorine atom m aninteger
of 1 - 3, Y: alkyl group, vinyl group, glycidoxy group, nethacryl group or

ot her hydr ocar hgr«<ame aa@§e&se§0 EHBEQ%nOEuﬁ?T%%%eﬁ ?{ﬁfﬁ&édﬁxﬁm es

t hereof may include: dinmethyldichlorosilane, tri orosi | ane,

al I yl di met hyl chdproaritizle. sakeylpBesybdteBhoiRSthéfandeios 2 - 40
zyl di met hyl chl orosi | ane, vinyltriethoxysil ane,

y- met hacer yl oxyyircqayist bymasiagy theaabovél-nghtibasét Coybtérnssurtias -
nyl chl orosi | ane, and vinyl chl orosi | ane. The treatnment of the fine
powder with a Mdéele TRodpl wighageh0Omajchenpapéotumsl to abttkdn @r ocess
wherein the fine powder is agitated to forma cloud with which a vaporized
or sprayed si| ardlusemprisig égéﬁribgtieacaad,aonumhezrbiﬁis
" 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.
10 The toner contained in the developer _according
to the present invention may generally comprise a
binder resin and a magnetic material or a colorant.
The binder for use in constituting the toner
may be a known binder resin for toners. Examples |
" 15 thereof may include: polystyrene; homopolymers éf
styrene derivatives, such as poly-p-chlorostyrene, and
polyvinyltoluene; styrene copolymers, such as styrene-
pPropylene copolymer, styrene-vinyltoluene copolymer,
styrene-vinylnaphthalene copolymer, styrene-methyl
2 styrene-ethyl acrylate copolymer, styrene-butyl
acrylate copolymer, styrene-octyl acrylate copolymer,
styrene-dimethylaminoethyl acrylate copolymer, styrene-
methyl ﬁethacrylate 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

et
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process wherein the fine powder is dispersed in a solvent into which a
silane coupling agent is added dropwi sed to be reacted with the fine
powder . The silicone oil or silicone varnish may be used in an anount 1
- 35 wt. parts, preferably 2 - 30 wt. parts, to treat 100 VhhisSt aﬁhsB@ﬁRé
i norganic fine powder. If the anount of the silicone oil or
varnish is too small, it is possible the20+he noisture resi
i nproved to fail to provide high quality copy imges. If the silicon
silicone varnish is too nuch, the inorganic fine powder is liable to
aggl onerate and even result in free silicone oil or silicone_varnish, thus
| eading to fai methy}nkehpne¢oROIYReY | 15ty Xenefbutadians copetymer, An
am no-nodi fi ed S|I|cone oi | or v%m%ish may al so be ysed to treat the
i nor gani ¢ fi nesS¥RARET %R%ﬁ%?%sc? BT neStyrRnenid &%i8present ed by
the followng fogngme ' styrene-maleic acid ester copolymer;
polymethyl methacrylate, polybutyl methacrylate,
5 polyvinyl acetate, polyethylene, polypropylene,
polyvinyl butyral, polyacrylic acid resin, rosin,
modified rosin, terpene resin, phenolic resin,
aliphatic or alicyclic hydrocarbon resin, aromatic
petroleum resin, paraffin wax, and carnauba wax. These
10 resins may be used singly or in mixture. -
The colorant which may be contained in the
toner may be a pigment or dye, inclusive of carbon
black and copper phthalocyanine, conventionally used.
Magnetic particles contained in the magnetic
15 toner according to the present invention may comprise a
material 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
20 alloys, magnetite, r-Fey,045 and ferrites.
The magnetic particles may preferably have a
BET specific surface area as measured by nitrogen
adsorption of 1 - 20 mZ/g, particularly 2.5 - 12 m2/g
and Mohs' hardness of 5 - 7. The magnetic particles
Mmay be contained in a 10 - 70 % by weight of the toner.

The magnetic toner may further preferably have

2 bulk density of 0.35 g/cm3 or higher.

Thig is the replacement sheet
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By satisfying the above properties, the

-21-

developer according to the presént invention hardly
causes toner sticking onto the surface of the contact-
charging member or photosensitive drum even when some
developer remains on the photosensitive drum after the
‘cleaning step.

For this reason, the developer according to
the present invention may be extremely fit for the.
charging step used in the present invention, thus
allowiné the charging step to fully exhibit its
performances to provide always good images.

We consider that the developer according to
the present invention exhibits the above effects
because magnetic particles are uniformly dispersed in
the magnetic toner constituting 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 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

Thig is the raplaceirant steel

w20 YT
Oste: = 3 HAR 1y



10

15

20

Thls Sheet Has Been R

HIIIIH llIIH HII

rich in binder resin is caused to have a higher visco-

-22-

elasticity due to a decrease in proportion of the
magnetic material, so that spot or filmy sticking onto
the surfaces of the charging member and the
photosensitive drum is liable to occur.

The bulk density of the magnetic material may
pe understood to be an indirect measure of the
agglomeration of the magnetic particles. If the bulk
density of the magnetic material is below 0.35 g/cm3,
much agglomerate is present in the magnetic mq;erial so
that it is difficult to accomplish a sufficient
dispersibility in the binder resin. Thus, thg 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. 1In order to accomplish
good dispersion of the magnetic material in the
developer, it is preferred to use a magnetic material
having a bulk density of 0.35 g/cm3 or higher,
particularly 0.5 g/cm3 or higher.

Herein, the bulk density of a magnetic
materiallrefers to a value measured according to JIS
(Japanese Industrial Standards) K-5101.

The magnetic material contained in the
developer according to the present invention may

Preferably have a coercive force of 100 oersted (Oe) or
Trig is the rapisoement shest
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[err] wherein Rerr] and R err] respectively denote hydrogen, al kyl group,
aryl greup—er—alkoxy—group; R err] denotes al kyl ene group or phenyl ene
group; R['&gkmgggggﬁ“ égitrogen-containing het erocyclic group; and R err]
and Rl err _ ygidenot e hydrogen, al kyl group oraryl group. R err]
can be om Hmm H[E We-nentioned al-kyl group, aryl group, alkylene group
or phenyl en&t ave an ani no-sul¥Sti tuent and can have a
substituent, such as hal ogen, within an extent not adversely affecting the
chargeability. In the above formula, mis a nunber of 1 or larger, n and

posi 11 ve nunbePebPy BfeFptase et otdoteR 168Y, 38 bAEbutbadS D 1\
most prof or rod TASEREY Al o o e (B T Sl G R et o e
rings have beepokpoVor imadhiéh 19 dditifldL\Wr0 eX@FBNLE$- controlled by
their crystalline magnetic anisotropy and shape
5‘ anisotropy and may be understood as an indirect measure
of their surface 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
10 such magnetic particles having sharp surface edges are
used in the present invention, they are liable to cause
not only scratches or abrasion on the surfaces of the
contact-charging member and the photosensifive drum but
also sticking of the developer due to embedding at the
15 abutting part between the members. Accordingly, it is
preferred to lo%er 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 100 Oe also when the magnetic

20 particles are agglomerated, so that a bulk density of
0.35 g/cm3 or below is preferred also in this case.
Further, the magnetic material used in the
magnetic toner according to the present invention may
Preferably have a remanence (0'y) of 10 éhu/g or below,
25

more preferably 7 emu/g or below, after application of
4 magnetic field of 10000 Oe. If the magnetic material

has a remanence exceeding 10 emu/g, the particles

This is ths replacement shest
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thereof are liable to cause a larger degree of magnetic
agglomeration and be present as agglomerates 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
remanenace 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 Toei Kogyo K.K. -

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
zine.

The magnetic material may preferably be one
which has been subjected to disintegration or milling
as desired. Examples of means for disintegrating the
magnetic material may include a mechanical pulverizer
equipped 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 hechanical pulverizer is used
for disintegrating agglomerates of magnetic particles,

an excessive impact force by the rotor is liable to be

This Sheet Has Been Replaced
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[err] Furt her, exanples of nitrogen-containing saturated heterocyclic
rings may include the following: [err]

10
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20

25

~25-

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. Accordingly, 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 mill, in view of the efficiency of
disintegrating agglomerates of the magnetic particles
and suppressed formation of fine powdery magnetic
particles.l

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, alkylsalicylic acid, dialkylsalicylic
acid, and naphthoic acid. The magnetic toner may
preferably have a volume resistivity of 1010 ohm.cm or
higher, particularly-1012 ohm.cm or higher in respects

of triboelectric chargeability and electrostatic
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It is preferred to use 5-nmenbered or 6-nenbered heterocyclic group while
ot her groups can also be used in addition to those derived fromthe
above- enuner at ed heterocyclic rings. Derivatives fromthe :
above-nentioned silicone conpounds can al so be used inclusive of those

I ncluding a sub- stituent, such as hydrocarbon group, hal-ogen group and a
known ot her group, such as vinyl group,-2Zfercapto group, nethacryl group,
gl yci doxy group, and urei do group. It is preferred that the silicone oi
used in the present invention has a nitrogen atom equival ent of 10,000 or

e o U T B M e SO0 Pl LG DI QBED, gy o Vel en

referred to herein may be defined as a value obtained
by molding a toner sample under a pressure of 100
kg/cmz, applying an electric field of 100 V/cm and

5 - measuring a current value at a time one minute after
the commencement of the application, whereby the volume
resistivity is calculated based on the measured current
value.

The toner-binder resin constituting the

10 developer according to the present invention may
particularly preferably be one containing 3 - 20 wt.
parts of polymerized units of a monomer having a
carboxylic group or an acid anhydride group derived
therefrom per 100 wt. parts of the binder resin and

15 having an acid value of 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-

20 average molecular weight ratio of 5 or larger (Mw/Mn >
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
- 100,000 based on the molecular weight distribution by

25 gel-permeation chromatography (GPC) of the THF-soluble
content. This is because the THF-insoluble content

principally affects the anti-offset characteristic and
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whi ch is obtained by dividing the nol ecul ar weight of a silicone oil by the

nunber of nitrogen atons in one nolecule of the silicone oil. The nitrogen
atom equi val ent can al so be used for a -single species of silicone oil or a
m xture of two or nore species of silicone oil. The treatnment with a

silicone oil may be effected according-t& a known techni que. For exanple,
the fine powder may be mxed with a m x€& 7“an am no-nodi fied silicone oi
is sprayed into the fine powder by neans of a sprayer, or the fine powder
is mxed with a solution of an am no-nodified silicone oil, followed by

renoval of trm*éﬁﬂfﬁﬁﬁhdfhde%ﬁﬁtacteristic, 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 -

5 component having a molecular weight of 10,000 or above,
particularly 15,000 or above, principally affects the
fixing characteristic.

The binder resin (copolymer) having an acid
group of carboxyl or its anhydride may be contained in

10 either one or both of the above-mentioned two.molecular
weight regions.

The GPC (gel permeation chromatography)
measurement and identification of molecular weight
corresponding to the peaks and/or shoulders may be

15 performed under the following conditions.

A column is stabilized in a heat chamber at 40
O¢, tetrahydrofuran (THF) solvent is caused to flow
through the column at that temperature at a rate of 1
ml/min., and 50 - 200 Pl of a sample resin solution in

20 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 polystyrenedisperse sampies and having a

25 logarithmic scale of molecular weight versus count‘
number. The standard polystyrene samples for

preparation of a calibration curve may be those having
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- 111 - oration. The fine powder can also be treated with an

am no-nodi fied silicone varnish which has been obtained froma silicone oil
such as, nethylsilicone varnish, phenyl nethylsilicone var ni Jhis Sheet Has Been Replaced

Met hyl silicone varnish is part'CU|ar|y pre- Illl"ull ll‘ll

molecular weights of, e.q., 6x102, 2.1x103, 4x103,

-28-

1.75x10%, .1x10%, 1.1x105, 3.9x105, 8.6x10%, 2x105 and
4.48x10% available from, e.g., Pressure Chemical Co. or
Toyo Soda Kogyo K.K. It is appropriate to use at least

5 10 standard polystyrene samples. The detector may be
an RI (refractive index)} detector.

For accurate measurement of molecular weights
‘in the range of 103 - 4x10%, it is appropriate to
constitute the column as a combination of several

10 commercially available polystyrene gel columns. A
preferred example thereof may be a combination of p-
styragel 500, 103, 104 and 10s available from Waters
Co.; a combination of Shodex Kr-80M, 802, 803, 804 and
805, or a combination of TSK gel G1000H, G2000H,

15 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

20 corresponding molecular weight portion and calculating
a ratio of the weight thereof with that of the
chromatogram covering the molecular weight range of
10,000 or higher, to derive the weight % thereof in the
whole binder resin.

3 Exampléé of the polymerizable monomer having
an acid group which may be used in the present
invention may include; dns-unsaturated carboxylic
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Derr]

[—

- Methylsilicone varnish is a polymer conprising a T[err] unit,
unit and an M31 unit as shown bel ow, and nore specifically,

tridi mensi onal polyner containing a |large proportion of the T31 unit.

~29.

acids, such as acrylic acid and methacrylic acid; «,8-
unsaturated dicarboxylic acids and half esters thereof,
such as maleic acid, butyl maleate, octyl maleate,
fumaric acid and butyl fumarate; and
5‘ alkenyldicarboxylic acids or half esters thereof, such
as n-butenylsuccinic acid, n-octenylsuccinic acid,
butyl n-butenylsuccinate, n-butenylmalonic acid and n-
butenyladipic acid.
In this case, it is preferred that the content
10 of the polymerizable monomef 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.
The acid values referred to herein are based
15 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
20 amount of acetone 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) of the sample resin is
%  calculated from the consumed amount of the caustic

potassium solution according to the following equation

(3):
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Acid value = Amount of KOH solution (ml) x N
x 56.1/sample weight eee (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 with the polymerizable monomer having
an acid group may include: styrene; styrene
derivatives, such as o-methylstyrene, m-methylstyrene,
p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-
chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene,
2,4-dinethylstyrene, p-n-butylstyrene, p-tert-
butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-n-
nonylstyrene, p-n-decylstyrene, and p-n-dodecylstyrene;
ethylenically unsaturated monoolefins, such as
ethylene, propylene, butylene, and isobutylene;
unsaturated polyenes, such as butadiene; vinyl halides,
such as vinyl chloride, vinylidene chloride, vinyl
bromide, and vinyl fluoride; vinyl esters, such as
vinyl acetate, vinyl propionate, and vinyl benzoate;
d-methylene-aliphatic monocarboxylic acid esters, such
as methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl
methacrylate, 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
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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 ﬁekyl 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 aeid, 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.

Among the above, a monomer combination
providing a styrene copolymer or a styrene-
(meth)acrylate copolymer 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:

Aromatic divinyl compounds, such as
divinylbenzene and divinylnaphthalene; diacrylate
compounds connected with an alkyl chain, such as
ethylene glycol diacrylate, 1,3-butylene glycol

diacrylate, 1,4-butanediol diacrylate, 1,5-pentanediol

. . Trus i the raniaocamond 0
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[err] The above-nentioned silicone varnish may be converted into an
am no-nodi fied silicone varnish by replacing a part of the nethyl group or
phenyl group in the T[err] unit, Derr] unit and Merr] unit with an am no
group-cont ai ni ng group. Exanples of the am no group-containing group nay

I ncl ude those represented by the followi ng structural fornulas:

diacrylate, 1,6-hexanediol diacrylate, and neopentyl
glycol diacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups for the acrylate groups in the above compounds;

5 diacrylate compounds connected with an alkyl chain
including an ether bond, such as diethylene glycol
diacrylate, triethylene glycol diacrylate, tetra-
ethylene glycol diacrylate, polyethylene glycol #400
diacrylate, polyethylene glycol #600 diacrylate,

10 dipropylene glycol diacrylate and compounds ohtained 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(Z)-Z,2-bis(4-hydroxyphenyl)propanedi-

15 acrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)—
propanediacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; and polyester-type
diacrylate compounds, such as one known by a trade name

20 of MANDA (available from Nihon Rayaku K.K.).

Polyfunctional crosslinking agents, such as
pentaerythritol triacrylate, trimethylethane
triacrylate, tetramethylolmethane tetracrylate,
oligoester acrylate, and compounds obtained by

25 substituting methacrylate groups for the acrylate
groups in the above compounds; triallyl cyanurate and

triallyl trimellitate.
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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, aromatié divinyl compounds {particularly,
divinylbenzene) 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.

The binder resin according to the present
invention may suitably be prepared through a process
for synthesizing two or more polymers or copolymers.

For example, a first polymer or copolymer

soluble in THF and also in a polymerizable monomer is

‘dissolved in such a polymerizable 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 second polymer or copolymer.

The first polymer or copolymer may preferably
be formed through solution polymerization or icnic
polymerization. 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 copolymer in the presence of a crosslinking
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monomer. It is preferred that the first polymer or

copolymer is used in a proportion of 10 - 120 wt.

parts, particularly 20 - 100 wt, parts, per 100 wt.

parts of the polymerizable monomer giving the second
5 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 or cumene may be

10 preferred. The solvent may be selected depending on
the product polymer. Further, an initiator, such as

- di-tert-butyl peroxide, tert-butyl peroxybenzoate,

benzoyl peroxide, 2,2'-azobisisobutyronitrile, 2,2~
azobis(2,4-dimethylvaleronitrile), etc., may be used in

15 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 ©C. 1In the solution

20 polymeriza&ion, the monomer may be used in 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
(tetrahydrofuran)-insoluble content. If the THF-

25 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. %,
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- 12 - The treatnent of the fine powder with the silicone varnish may
be effected in a known manner simlarly. as the treatnent wwth the silicone
oil. 100 wt. parts of the inorganic fine powder may be treated with 3 -
50 wt. parts, preferably 5 - 40 w. parts, of the solid content of the

am no-nodified silicone oil or am no-nodjfied silicone varnish. Below 3 w.
parts, the surfaces of the inorganic fi7§§'pomder cannot be sufficiently
covered thus resulting in little inprovenment in anti-noisture character-

the toner per se is caused to have too large a rigidity
so that the surface of the latent image-bearing member
or the contact-charging member is liable to be damaged
to possibly increase the tendency of toner-sticking.

5 Herein, the THF-soluble content refers to a
polymer component (substantially a ‘crosslinked polymer
component) which is insoluble in solvent THF
(tetrahydrofuran) in the resin composition {binder
resin) constituting a toner, and it may be used as

10 a parameter for indicating the degree of crosslinking
of the resin composition containing a crosslinked
component. It is to be noted however that a polymer
having a low degree of crosslinking can be soluble in
THF. For example, a crosslinked polymer obtained

15 through solution polymerization can be THF-soluble even
if it has been obtained in the presence of a relatively
large amount of crosslinking agent such as
divinylbenzene. The THF-insoluble content may be
defined as a value obtained in the following manner.

20 0.5 - 1.0 g of a toner sample is weighed (W;9)
and placed in a cylindrical filter paper {(e.g., No. 86R
available fromlToyo Roshi K.XK.) and then subjected to
extraction with 100 to 200 ml of solvent extraction by
using a Soxhlet's extractor for 6 hours. The soluble

5 content extracted with the solvent THF is recovered by
evaporation and dried for several hours at 100 9¢c under

vacuum to measure a weight (W,g) of the THF-soluble
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Istic. Above 50 wt. parts, the inorganic fine powder is liable to cause

aggloneration to result in insufficient dispersion in the toner. The
triboelectric charge of silica fine powder nay be neasured in the foll ow ng
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 humdity of 60 %
RH, and 9.8 g of carrier iron powder netdécoated with a resin having a node
particle size of 200 to 300 nmesh (e.g. EFV 200/300, produced by N-ppon
Teppun K K.) are m xed thoroughly in an al um num pot having a vol une of

about 50 cc in the sane environnent as nentioned above_(by shaking the pot
in hands verti€anFentpofn SEhe i‘%&‘ﬁ’? d’ra“ésoo&hezd’eégg% ?WSQXTﬁgnF’hgbout 0.5 g

f th hak | Xt ' h d i t al t ai 3 t
o1 ovi dedl wi L GEPLHRER:Ser TR 48 P MEGSRS AL B PR’ PR at | ached -

0 o Ay O 0 e Dot OB fghle g8 a1
an insulating Q@£§££@él§lmeasured. Then, the THF-insoluble content

5 is given by the following equation:

THF-insoluble content (%) = [Wy=(Wy+W3) 1/[Wy-W3]1 x 100

The developer according to the present .
invention contains a hydrophobic inorganic fine powder
as an additive, which may preferably be a hydrophobic

10 metal oxide fine powder, further preferably hydrophobic
silicic acid (silica) fine'powder.

Among the above-mentioned inorganic powders,
those having a specific surface area as measured by the
BET method with nitrogen adsorption of 70 - 300 m2/g,

15 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, with respect to 100 wt. parts of
the toner.

20 It is preferred to use negatively chargeable
hydrophobic silica fine powder for a negatively
chargeable toner. The hydrophobic silica fine powder
may preferably be one having a triboelectric charge of
-100 pc/g to -300 Pc/g. When the silica fine powder

-25 having a triboelectric charge.below -100 PC/g is used,
it tends to decrease the triboelectric charge of the

developer per se, whereby humidity characteristic

i
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| east with respect to a part contacting the container 32 is operated, and
the silica in the container is renoved by suction through a suction port 37
sufficiently while controlling the pressure at a vacuum gauge 35 at 33 330
Pa (250 mmHg) by adjusting an aspiration control valve 36. The reading at
this time of a potential meter 39 connected to the container by the nedium
of a capacitor having a capacitance C ({®7L]F) is denoted by V (volts.).
The total weight of the container after the aspiration is nmeasured and
denoted by Werr] (g). Then, the triboelectric charge ([err]C/ g) of the
silicais calculated as: CxV/I(Werr]-Werr]). The fine silica powder
used in the pré&esomesnponri.onWben silica hfine powder NAWAMY &y process
silica" or "funed silica"™ which can be obtained by oxidatio%bof gaseous

silicon halidetrdboelectsicarhangeof ppovess3®) Y tmivsedadthe pro-
duced fromwater glass, etc. Anpng these, the dry process sil,jca is
preferred to tHenfs Yo BTOUStLS; §i %‘%iéﬁ@e ‘F?f@%’fﬂﬂhﬁ“%%% &M &nol group
P o e aeIAEaE: a4 RehBhe ot [ Ul e Byl 111
5 be affected by deterioration 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 mzlg, the addition thereof produces
little effect. When the silica is too coarse so that
10 its BET specifié surface area is below 70 m2/g, the
probability of free powder presence is increased,
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.
15 The hydrophobicity-imparting treatment may be
effected by usiﬂg a known-agent and a known method.
The hydrophobicity-imparting agent may for example be a
silane coupling agent, or a silicon oil or silicone
varnish. A silicone oil or silicone varnish may be
20 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 the following formula:
25 R R

| I
R" -—RZSiO—(?iO-)—n—(-SiO-)Tn— SiR,R"
|

R' R
This Sheet Has Been Replaced

i

This is the raplacement stwe:

PRLLiYiEe ¢ligty o
LilEis) REall [ua id) laEi s
ARE@T 4 an T
_ oob s



- g

The dry process silica referred to herein can include a conplex fine powder
of silica and another netal oxide as obtained by using another netal

hal i de, such as al um num chloride or titaniumchloride together with a
silicon halide. The silica powdernmay preferably havean averagepri mary
particle size in the range of. 0.001 - 2 mcrons, particularly 0.002 - 0.2

m cron. In the present invention, theydiydrophobicity of the silica fine
powder may be neasured in the follow ng manner, while another nethod can be
applied with reference to the foll ow ng net hod. A sanple in an anount
of 0.1 gis placed in a 200 m -separating funnel equipped with a sealing

st opper, and 10@herebh Ronae hanGecalley Brgtsupdde’c taheridieontheidi-xture is
shaken for 10 min. by a Turbula Shaker M xer nodel T2C at a rate of 90
r.p.m The separgdifigifangredups suen a8 |aligd ; haliogeh-spodilfiedr alByki,n. so
that a silica powder |ayer and an aqueous | ayer are separated from each
other, and 20 - PBen¥l,odnd Heodbfiedrtphenyl i Rt avn Gr omGzhalkadt om A
portion of the &g%er is taken in a 10 mmcell and the transmttance of the
t hus wi t hdr awn BFY| €r#®Bsured by a col ori meter

5 Specific examples thereof may include:
dimethylsilicone o0il, alkyl-modified silicone oil,
d-methylstyrene-modified silicone oil, chlorophenyl-
silicone oil, and fluoro-ﬁodified silicone oil. The
above silicone oil may preferably have a viscosity at

10 25 °C of about 50 - 1000 centi-stokes. A silicon oil
having too low a molecular weight can generate a
volatile matter under heating, while one having too
high a molecular weight has too high a viscosity
leading to a difficulty in handling.

15 In order to treat the silica fine powder with
silicone o0il, there may be used a method wherein silica
fine powder treated with a silane coupling agent i;
directly mixed with a silicone o0il by means of a mixer
such as Henséhel mixer; a method wherein a silicone oil

20 is sprayed on silica as a base material- or a method
wherein 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.'

25 It is further preferred to treat the inorganic

fine powder first with a silicone o0il or silicone

varnish.
This Sheet Has Been Replaced  This is ths replacement steet
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(wavel ength: 500 nnm) in conparison with ion-exchanged water as a bl ank
containing no silica fine powder. The trans- mttance of the water sanple
is denoted as the hydrophobility of the.silica. The hydr.ophobic silica
used in the present invention should preferably have a hydr UiEAt HpstBeenHeplaRdq
% or higher, particularly 90 % or higher. If the hydrophobi ci ' ( ,go
% high-quality inmages cannot be attainedqbecause of noi stur gl aneay
the silica fine powder under a high-hum di'ty condition. ai
devel oper according to the present invention, it is possible to further

I ncorporate other additives within an extent not giving ill effects, which
may for exanple include when Xhed iabggatiieh finel powiBLetyl Bfededdnly

pol yet hyl ene, and a netal oxide such as tin oxide as a
chargeabi | i ty-iwith td rgildgene oil, aTharigenamountdofnsibicpneseil ismvention
may be prepared by a nmethod in which toner constituents are kneaded well in
a hot kneadi ng requigeduse &bak ktheafidneopowderuden, aggtomerate [to crushed
and classified; a nethod wherein a binder resin solution containing other
conponent s di spereelfe [ devielioperpwifhdai poora f3uidityi andi the met hod
wherein

he :

treatment with a silicone o0il must be carefully
performed. However, if the fine powder is first
treated with a2 silane coupling agent and then with a
silicone o0il, the fine powder is provided with a good
moisture resistance while preventing agglomeration of

10 the powder and thus the treatment effect with a
silicone o0il can be sufficiently exhibited.

The silane coupling agent used in the present
invention may be hexamethyldisilazane or those
represented by the formula: R,SiY¥,, wherein R: an

15 alkoxy group or chlorine atom, m: an integer of 1 - 3,
¥: alkyl group, vinyl group, glycidoxy group, methacryl
group or other hydrocarbon groups, and n: an integer of
3 - 1. Specific examples thereof may include:
dimethyldichlorosilane, trimethylchlorosilane,

N 20 allyldimethylchlorosilane, allylphenyldichlorosilane,
benzyldimethylchlorosilane, vinyltriethoxysilane,
7-methaceryloxypropyltrimethoxysilane, vinyltri-
acetoxysilane, divinylchlorosilane, and dimethyl-
vinylchlorosilane. '

S The treatment of the fine powder with a silane
coupling agent may be performed in a dry process
wherein the fine powder is agitated to form a cloud
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prescribed ingredients are dispersed in a nononer constltu [ g a bi nder
resin and the mixture is enulsified, followedhghe on of the
nononer to provide a polyner, etc. The d t pr esent
invention is particularly suitable for a cont | ep of an inage
formng nethod. As to the disclosure of the inmge forn1ng met hod and t he
apparatus used therefore. it is particul d referred to the published
pat ent application EP-A-0 410 482 relatln% to the present divisional
application. The corresponding disclosure of EP-A-0 410 482 is

i ncorporated herein by reference. The present invention will be

expl ained in m%ﬁtﬁehﬁibh%t%?&ﬂé@c&tpr&&?é@'ﬁ%arﬁy cHuptinghagphesent
invention is not limted at In the formul ati ons appearing in the
Exanpl es, parts jar eegotéd, byr won ghtwet process wherein the fine powder

is dispersed in a solvent into which a silane coupling
agent is added dropwised to be reacted with the fine
5 powder.
The silicone oll or silicone varnish may be
used in an amount 1 - 35 wt. parts, preferably 2 - 30
wt. parts, tq treat 100 wt. péfts of the inorganic fine
powder. If the amount of the silicone oil or silicone
10 varnish is too small, it is possible that the moisture
resistance is not improved to fail to provide high
quality copy images. If the silicoﬂ oil or silicone
varnish is too much, the inorganic fine powder is
liable to agglomerate and even result in free silicone
18 0il 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

0 following formula (I):

11‘1 R Ry | [my ] T1
Rg-S1-0-18i-01+—-51-0 S§i-0 4+—Si-R
| N
R n LN 1
R l=
& /7 \
Ry Rg ... (1),

Wherein Ry and Ry respectively denote hydrogen, alkyl

9roup, aryl group or alkoxy group; R, denotes alkylene
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- 13 - Synthesis Exanple 1

-41-

group or phenylene group; Rq denotes a nitrogen-
containing heterocyclic group; and Ry and Rg
respectively denote hydrogen, alkyl group or aryl
group. R, can be omitted. The above-mentioned alkyl

5 ‘group, aryl group, alkylene group or phenylene group
can have an amino-substituent and can have a
substituent, such as halogen, within an extent not
adversely affecting the chargeability. In the above
formula, m is a number of 1 or larger, n and 1l are

10 respectively 0 or a posifive 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.

15 Many of nitrogen-containing unsaturated
heterocyclic rings have been known including the

following examples.

=3~ I e e B =
2 H H
. N W]ligiﬂ
N N
UN, Nﬂ:jN, U‘_o—J ,@’D p kN _

Further, examples of nitrogen-containing

% Saturated heterocyclic rings may include the following:

= v GG

H
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200 parts of cunmene was charged in a reaction vessel and heated to a refl ux
tenperature. Further, into the vessel, 85 parts of styrene nononer, 15
parts of acrylic acid nonomer and 8.5 parts of di-tert-butyl peroxide were
added. The sol ution polyneri.zati on was conpl eted under refluxing of the
cunene (146 - 156 [err]C), followed by distilling-off of. the cunene by

rai sing the tenperature. The resultant -42yrene-acrylic acid copol ymer was
soluble in THF and showed paraneters: Mwv (wei ght-average nol ecul ar wei ght)
= 3,500, Mw~ Mh (wei ght-average nol ecul ar wei ght/ nunber -aver- age nol ecul ar
wei ght) = 2.52, the nolecylar wejght at the main ak an the GPC chart =
3,000, and Tg (gl ass t Endis BeiseERe) to yée[érﬂfgsefe %P Parts of the -

o SoR0 | Y bty d HeRerBycl i by GHi 1Y BRASHPE LKL dn 2rogr M
be used in addition to those derived from the above-
enumerated heterocyclic rings.

5 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 vinyi group, mercapto
group, methacryl group, glycidoxy group, and ureido

10 group. -

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
15 equivalent (g. equiv.) per nitrogen atom which is
obtained by dividing the molecular weight of a silicone
0il by the number of nitrogen atoms in one molecule of
the silicone o0il. The nitrogen atom equivalent can
also be used for a single species of silicone o0il or a
20 mixture of two or more species of silicone oil.

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

S Powder by means of a sprayer, or the fine powder is
mixed with a solution of an amino-modified silicone

0il, followed by removal of the solvent by evaporation.
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Styrene nononer
acryl ate nononer
Acrylic acid nmononer

n- But yl

Di vi nyl benzene
Benzoyl

per oxi de

tert-Butyl peroxy-2-ethyl hexanoat e
sol ution was added 170 parts of water containing 0. 1 part of
saponi fi ed pol yvi nyl
was added to a nitrogen-aerated reaction vessel

50 parts

17 parts

3 parts
0. 26 part
1 part

0.7 gyt To the above m xture

i nconpl etely
to forma liquid suspension. The suspension
contai ning 15 parts of

al cohol

wat er and subj ected to 6Theufnefpowdmeramalsa pectreatednwith7gn- 95

[err] C
de-wat ered and

10

15

20

After the reaction,

t he product was recovered by filtration,
aningd-modiHied ssiminersrandiglosidichn has been obtained

from a silicone ©il such as, methylsilicone varnish,

phenylmethylsilicone varnish. Methylsilicone varnish

is particularly preferred.

Methylsilicone varnish is a polymer comprising
a 73! unit! a D31 unit and an M3' unit as shown below,
and more specifically, is a tridimensional polymer
containing a large proportion of the 31 unit.

(31 unit] -

1
0

|
CH4~Si-0-

l
o)
i

[D31 unit]

i
CH4-51-0-

l
o

[M31 unit]

CH3

ity 31-0- T

CHy

Sheet Has Been Replaced

-

The above-mentioned silicone varnish may be
converted into an amino-modified silicone varnish by

replacing a part of the methyl group or phenyl group in

Thiz is the replaccmant asheet
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In the conposition, styrene-acrylic acid copolynmer and styrene-n-butyl

acryl ate copolyner were uniformy m xed. The THF-sol ubl e content of the
resin composition was subjected to neasurenent of nol ecul ar wei ght
distribution by GPC to provide peaks at nol ecul ar wei ghts of about 3500 and
about 31000 in the GPC chart, M (nunber-average nol ecul ar weight) = 5100,
Mv = 115000, MM Mh = 22.5 and a content afggwl ecul ar wei ght bei ng 10000 or
bel ow of 27 wt. % The resin showed a Tg of 59 [err]C, and the content of
nol ecul ar wei ght bei ng 1000 or bel ow i sol ated by GPC showed a gl ass
transition point Tg f 57 The _resi n conposition showed an

aci d val ue of 22tlke TSy, @%xanﬂ-lt‘e and M3 Tdtf piitbwangambnener m xture
was subjected to solution polynerization in 200 parts of cunene at a cunene

group-containing group. Examples of the amino group-
containing group may include those represented by the

following structural formulas:

-CHz { CH2 ) Z-NHZ This Sheet Has Been Replace

T e T
{O)rcay-xm,

10 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.
15 parts, of the solid content of the amino-modified
silicone oil or amino-modified silicone varnish. Below
3 wt. parts, the surfaces of the inorganic fine powder
cannot be sufficiently covered thus resulting in little
improvement in anti-moisture characteristic. Aabove 50
WD 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 °C

and relative humidity of 60 % RH, and 9.8 g of carrier

This is the replacement sheet
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reflux tenperature. : ' [ Monormer m xt ur e]

Styrene nononer 90 parts

n-Butyl maleate (halt ester) nononer 10 parts

di -tert-Butyl peroxide 8.5 parts After the rTg"SS eetHaSB Y
was renoved by heating. The resultant styrene-n-butyl acryla

showed paraneters: Mv = 6,900, MV M = 2,436, a main peak nol

7200 and Tg = 64 [err]C 30 parts of the above styrene-n- butyl naleate
(hal f ester) copolymer was dissolved in the follow ng monomer m xture and
subj ected to polynerization in the same manner as in Synthesis Exanple 1 to
forma resin cobpmsigowier 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 cc in the
5 same environment as mentioned above (by shaking the pot
in hands vertically about 50 times for about 20 sec).
Then, about 0.5 g of the shaken mixture is
charged in a metal container 32 for measurement
| provided with 400-mesh screen 33 at the bottom as shown
10 in Figure 3 and covered with a metal 1id.34. “The total
weight of the container 32 is weighed and denoted by W4
(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
15 container is removed by suction through a suction port
37 sufficiently while controlling the pressure at a
vacuum gauge 35 at 250 mmHg by adjusting an aspiration
control valve 36. The reading at this time of a
potential meter 39 connected to the container by the
20 medium of a capacitor having a capacitance C (pF) is
denoted by V (volts.). The total weight of the
container after the aspiration is measured and denoted
by W, (g). Then, the tribqelectric charge (pc/g) of
the silica is calculated as: CxV/(W{-W,).
5 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 by

Thig ig the replacamond sheet
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conprising styrene-n-butyl naleate (half ester) copol yner and

styrene-n-butyl acrylate-n-butyl maleate (half eBusShgetHas pced The resin
conposi tion showed an acid val ue of 20.6. 11 (K !
[ Monormer m xt ur e] E ;

t

45 parts n-Butyl acrylate

parts 48+ yl mal eate (half ester) 5
parts Di vi nyl benzene 0. 25
part Benzoyl peroxide 0. 65
part

oxidation of gaseous silicon halide, or the so-called
"wet process silica" which can be produced from water
glass, etc. Among these, the dry process silica is
preferred to the wet process silica because the amount

5 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 Na,0, 8032’.

The 4ry process silica referred to herein can

include a complex fine powder of silica and another

10 metal oxide as obtained by using another metal halide,
such as aluminum chloride or titanium chloride together
with a silicon halide.

The silica powder may preferably have an
average primary particle size in the range of 0.001 - 2

15 microns, particularly 0.002 - 0.2 micron.

In the present invention, the hydrophobicity
of the silica fine powder may be measured in the
following manner, while another method can be applied
with reference to the following method.

20 A sample in an amount of 0.1 g 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 a silica powder layer and an

aquecus layer are separated from each other, and 20 -

Yrig 19 the raphicament dhest
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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

5. with ion-exchanged water as a blank containing no
silica fine powder. The transmittance of the water
sample is denoted as the hydrophobility of the silica.

The hydrophobic silica used in the present

invention should preferably have a hydrophobicity of 60

10 % or higher, particularly 90 % or higher. If=£he
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 according to the present

15 invention, it 1is possible to further incorporate other
additives within an extent not giving ill effects,
which may for example include a fixing aid, such as
low-molecular weight polyethylene, and a metal oxide
such as tin oxide as a chargeability-imparting agent.

20 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

2 components dispersed therein is spray-dried; a poly-
merization method wherein prescribed ingredients are

dispersed in a monomer constituting a birder resin and

This Sheet Has Been Replaced Trig g the topincament shes!
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(conti nued) [ Mononmer m xt ur e]
tert-Butyl peroxi de-et hyl hexanoat e 0.85 part Synthesis Exanple 3 200
parts of cunmene was charged in a reaction vessel and heated to a refl ux
tenperature. Into the vessel, a mxture of 78 parts of styrene, 15 parts of
n-butyl acrylate, 7 parts of n-butyl naleate (half ester), 0.3 part of .
di vi nyl benzene and 1.0 part of di-tert-bugyl peroxi de was added dropwi se in
4 hours under reflux of the cunene, followed by 4 hours
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

5 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. The apparatus includes a photosensitive

10 dium 1 as a member to be charged which comprises an
aluminum drum substrate 1a and an OPC (organic
photoconductor) layer 1b coating the outer surface of
the drum 1a and rotates at a prescribed speed in a
direction of an arrow. In this embodiment, the

15 photosensitive drum i has an oute: diameter of 50 mm.
The apparatus further includes a charging roller 2 as a
charging means which contacts the photosensitive drum 1
at a prescribed pressure. The charging roller 2
comprises a metal core 2a, an electroconductive rubber

20 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 comprising a film with a
releasability is preferred in respect of compatibility

5 with the developer and the-iﬁage forming method

according to the present invention. TIf the releasable

film has too high a resistivity, the photosensitive

This Sheet Has Been Replaced Thie 8 the repiacarment shent
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of polymerization and renoval of the solvent by ordinary distillation under
reduced pressure to obtain a copolyner. The pol yner showed: Mwv =
25x10[err], MM M1 = 11.0, Tg = 60 [err]C, and an acid value of 19.5.

Ref erence Synthesis Exanple 1 A copol yner was obtained in the sanme
manner as in Synthesis Exanple 3 except that 82 parts of styrene and 18
parts of n-butyl acrylate were used and Jydhutyl mal eate (half ester) was
omtted. The copol yner showed an acid value of 0.4. Synthesis Exanple 4

drum cannot be charged but, if the resistivity is too
small, an excessively large voltage is applied to the
photosensitive drum, so that it is preferred for the
releasable film to have an appropriate resistivity
5 value, preferably a volume resistivity of 109 - 1014
ohm.m., The releasable £ilm may éreferably have'a f£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
10 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-thick electroconductive rubber layer 2b of ethylene-
propylene-diene terpolymer and 10 micron-thick surface
15 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.
20 Figure 1 shows that a DC voltage is supplied from E but
a DC voltage superposed with an Al voltage as shown in
Figure 4 is rather preferred.-
It is preferred to disperse elecuroconductivé
fine powder such as carbon in the electroconductive
25  rubber layer or/and the releasable film so as to adjust
_ the resistivity.
T
This Sheet Has Been
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A copol yner was obtained in the same manner as in Synthesis Exanple 3
except that the anobunt of the styrene was changed to 82 parts and the
anount of the n-butyl naleate (half ester) was changed to 3 parts. The
copol yner showed an acid value of 7.3. Synthesis Exanple 5 _
copol ynmer was obtained in the sane manner as in Synth cgt a8 HeETRR Ja cept
that the anount of the styrene was changed to 70 parts B (R of
the n-butyl mal eate (half ester) was changed to 15 part 4} ' r
showed an acid value of 48. Synthesis Exanple 6

embodiment may be as follows.
Abutting pressure: 5 - 500 g/cm
AC voltage: 0.5 - 5 kVpp
AC frequency: 50 - 3000 Hz
5 DC voltage (absolute value): 200 to %00 V.

Figure 2 is an illustration of a contact-
charging means according to another embodiment of the
present invention, wherein like reference numerals are
used to denote like member as used in Figure 1, the

10 explanation of which is omitted here. -

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

15 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 a2 releasable film. 1In a specific

20 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 encountered to show a
similar performance as in the previoué embodiment.

3 In the above-embodiment, charging members in
the form of a roller and a blade have been explained,

but the shape is not restricted as such and other
. This iz the repiccement shest
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200 parts of cunmene was charged in a reaction vessel and heated to a refl ux
tenperature. Further, a mxture of 100 parts of styrene nononer and 7.8
parts of benzoyl peroxi de was added dropwi se thereto in 4 hours under
reflux of the cruEBRe:HEBEhREfaced he sol ution pol ymerization was conpl et ed

under reflux of 6 - 156 [err]C), followed by renpoval of the
cunene. The resu !EMEH
a nol ecul ar weig e

ene was soluble in THF, showed a main peak at
t he GPC <ht-omat ogram and showed a Tg of 58

[err] C. 30 parts of the above pol ystyrene was di ssolved in the

foll owi ng nononer m xture to forma m xture sol ution.

(Monormer nixturg; lso b a Styrene :
50 parts shapes can also be used. n-Butyl acrylate 20
parts

In the above embodiments, the charging member
comprises an electroconductive rubber layer and a
releasable film but this is not necessary. Further, it

5 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 fflm 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

15 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 compaped with a case of

20 using another photosensitive 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

Th&isthereﬂacememtsheet
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Di vi nyl benzene 0. 26 part

Benzoyl peroxide 1.7 parts To theabove m xture sol ution was added
170 parts of watercontaining 0.1 part of inconpletely saponified polyvinyl
al cohol to forma liquid suspension. The suspension was added to a
nitrogen-aerated reaction vessel containing 15. .parts of water and
subjected to 6 hours of suspension pol yn®2+zation at 70 - 95[err]C. After
the reaction, the product was recovered by filtration, de-watered and dri-ed
to obtain a conposition conprising polystyrene and styrene-n-butyl acr-

| at I Th L ti | f 1 Xt f THE-.sol ubl
Content and a fHEEPRAGATNI EoRBht GhYSRSURIEFSRA £, dRsin SRSy -

| yst t = by I I ' iti
has T otover cd SEetheRiLfe Ll CkY FODER TR Tilarekabiyf Sce 1RO, T

022, hanne RFSYERRRECLEshebicaRLobguant o nocd 12 oyl ca
avail abl e from Toyo RosBiicK a cleaning step can also be effected

5 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

10 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 layer are }ikely to adhere to each other
and toner sticking is liable to occur at the contacting

15 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-

20 acrylonitrile resin, styrene-methyl methacrylate resin,
styrene resins, polyethylene terephthalate resins and
polycarbonate resins, but can comprise another
material, such as copolymers of or with other monomers,
copolymers between above enumerated components and

5 polymer blends without being restricted to the above.

Among these, polycarbonate resins are particularly

preferred.
This Sheet Has Been Replaced
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K.), and 200 ml of THF was refluxed at a rate of one tine per about 4 mn.
to neasure the THF-insoluble content as_a portion remaini ng on the fitter——
paper. The resin conposition showed a THF- i nsol ubl e cont ent This Sizetibas BLR

I

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

5' jdentical linear pressure can produce a concentration
of stress at the abutting point because of a large
curvature.

A similar phenomenon may be encountered also
in case of a belt photosensitive member, and

10 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

‘ 15 method and image forming apparatus according to the
present invention are explained.

A photosensitive member 501 surface is
negatively charged ﬁy a contact charger 502 connected
to a voltage application means 515, subjected to image-

20 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_S14,Containing a magnet therein. 1In the
developing zone, an alternating bias, pulse bias and/or

DC bias is applied between the conductive substrate of

This i the eplacemant shee!
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- 15 - soluble content was subjected to neasurenent of nol ecul ar wei ght

di stribution,

wei ghts of about 4,500 and about 45,000 and a c
bei ng 10,000 or below of 28 wt. % The resin fur
[err]C. The paraneters relating to the nnlecjl
resin conpositions were neasured in the-$4+1 owi n

wher eby the resultant GPC chart—shoewed—peaks—at—npl ecul ar
' ul.ar wei ght

19 of 60
{oil r esi ns and
' hodex KF-80M

(avail abl e from Showa Denko K K) was used as a GPC col um and i ncor por at ed
in a heat cham ber held at 40 [err]C of a GPC neasurenent apparatus ("150C
ALC/ GPC, available fromWaters Co.). The GPC neas-

10

15

the photosensitive drum 501 and the developing sleeve
504 by a bias voltage applicatioﬁ 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 paper P is separated from
the photosensitive drum 501 and subjected to fixation
by means of a hot pfessing 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
removed by a cleaner 508 having a éleaning blade. The
photosensitive drum 5b1 after the cleaning is subjected
to erase-exposure for discharge and then subjected to a
repeating cycle commencing from the charging step 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 image holding member surface at the
developing zone. 1Inside the non-magnetic cylinder

sSleeve 504, a multi-pole permanent magnet (magnet roll)

This is the replacement sheet
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urenent was effected by injecting 200 ul of a sanmple (a THF-sol uble
concentration of about O T W. % into the colum at a THF flow rate of 1
m/mn. and by usi Rgis 8KetRaEBdeh Réplaeddr act i ve i ndex) detector. The calibration
curve for nol ecul ar | gﬂllm‘_ knent was prepared by using THF sol utions
of 10 nonodi sperse pak 1: ndard sanpl es having nol ec- ul ar weights
of 0.5x10[err], 2.35 . 2X10[ eS8}, 35x10[err], 110x10[err],
200x10[err], 470x10[err], 1200x10[err], 2700x10[err] and 8420x10[err]

(avail able fromWaters Co.). Synthesis Exanple 7 A production nethod

simlar to that in Synthesis le 6 was effecteqd except for adjustin
the pol yneri za®foh T%#ﬂé%%ﬁlﬁi?ﬁﬂ?&ﬁﬂ%ﬁﬁ#i&9Uﬂﬁﬁéﬁ ﬁiéiﬁggs $ P9I tyrege
and styrene-n-butyl acryl.ate ol yner, whi ch,showe THF- _inso] ubl e
content of 12 WP{." 1|3/‘3 2P R %%Pe[ @%%"M“FHSI gﬁgﬂgﬁé‘lﬁlﬁf%ﬁ’ﬁ%ﬂe‘:content
showi ng peaks gL, o0PheeH! oo Wiiel by a stirrer 513 in the

developing vessel 509 is applied onto the non-magnetic

5 cylinder sleeve 504 and the toner particles are
provided with, e.g., a negative triboelectric charge
due to friction between the sleeve 504 surface and the
toner particles. Further, the magnetic doctor blade
511 of iron is disposed adjacent to the cylinder

10 surface (with a spacing of 50 - 500 microns) and
opposite to one magnetic pole of the multi-pole
permanent magnet, whéreby the thickness of the
developer layer is regulated at a thin and uniform
thickness (30 - 300 microns) which is thinner than the

15 spacing between the electrostatic image bearing member
501 and the toner carrying memﬁer 504 so that the
developer layer does not contact the image bearing
member 501. The revolution speed of the toner carrying
member 504 is so adjustéd that the circumferential

20 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 permanent 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 surface by the biasing
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of about 2,200 and about 19,000 and a nol ecul ar wei ght portion of 10,000 or

belowof 43 W. % Synthesis Exanple 8 150 parts of cunene was
char gedrhisiSheat HeB&h Rephceessel and heated to a reflux tenperature, and the

follown Bl K added dropwi se thereto in 4 hours under reflux of the
cunene. ﬂ“mm““ I (Mononer m xture) .
-56-

Styrene

parts

n- Butyl methacryl ate 2 parts

di -tert-Butyl

10.

15

20

peroxide 4.2 parts
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 magnetic iron bladé, so as to apply the
developer onto the developer carrying member and
regulate the developer 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 photosensitive member to form a single unit so
thag it can be attached to or released from the
apparatus body by means of a guide meﬁns 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
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Further, the polynerization was conpl eted under

e

reflux of cumene (146 -

156

[err]C), followed by renoval of the cunene. The resultant styrene-n-butyl
met hacryl ate copol ynmer showed a mai n peak at nol ecul ar wei ght of 6,000 and
r]C 35 parts of the above styrene-n-butyl nethacrylate
di ssolved in the foll ow ng nonomer m xture to forma m xture

a Tg of 64 [er
copol yner was
sol uti on.
Styrene

-57- (Mononer m xture)

35 parts

n-Butyl acrylate 25 parts

Di vi nyl benzene

10

15

0. 25 part
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.

Referring to Figure 6, a controller 611
controls an image reader (or image reading unit) 610
and a printer 619. The entirety of the controller 611
is fegulated by a CPU 617. Data read from the image
reader 610 is transmitted 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. A printer controller 618
controls the printer 619. A telephone handset 614 is
connected to the receiver circuit 612 and the
transmitter circuit 613.

More specifically, an image received from a
line (or circuit) 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 sequentially stored in the image memory
616. When image data corresponding to at least omne
page is stored in the image memory 616, image recording
or output is effected with respect to the corresponding

page. The CPU 617 reads image data corresponding to

one page from the image memory 616, and transmits the

This Sheet Has Been Replaced
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Benzoyl peroxide 1.5 part To the above m xture solution was added
170 parts of water containing 0.1 part of inconpletely saponified polyvinyl
al cohol to forma liquid suspension. The suspension was added to a
nitrogen-aerated reaction vessel containing 15. parts of water and
subjected to 6 hours of suspension polynerization at 70 - 95 [err]C. After
the reaction, the product was recoveredSBy filtration, de-watered and dried
to obtain a conposition conprising a uniformm xture of styrene-n-but yl

met hacryl ate copol ymer and styrene-n-butyl acrylate copol yner. The

2 TH- ool Ubl o SETRIA A kavicR APRRclRor 0 CaraPoRE| Bt LB PEHIRT 6300 and
oot SO0 s O, S 180 SR BTG, O P
receives the image data corresponding to one page from
the CPU 617, the printer controller 618 controls the
5 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.
Thus, receiving and recording of an image may
10 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. 1In the
formulations appearing in the Examples, parts are parts
15 by weight.

Synthesis Example 1

200 parts of cumene was charged in a reacfion
vessel and heated to a reflux temperature. Further,
into the vessel, 85 parts of styrene monomer, 15 parts

20 of acrylic acid monomer and 8.5 parts of di-tert-butyl .
peroxide were added. The solution polymerization was
completed under refluxing of the cumene (146 - 156 °C),
followed by distilling-off of the cumene by raising the
temperature. The resultant styrene-acrylic acid
copolymer was soluble in THF and showed parameters: Mw
(weight-average molecular weight) = 3,500, Mw/Mn

(weight-average molecular weight/number-average
Thiz is the replacement sheet
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Ref erence Synt hesis Exanple 2 A production nethod simlar to that in
Synthesis Exanple 7 was effected except.that the polynerization tenperature
was adh 1u§teecmasmemh@hbed a resin conposition, which showed a THF-i nsol ubl e
cont ent}, nd included a THF- soluble content show ng peaks at

nol ecul about 1800 and 1.5x10[err] on the GPC chart and a
portion O ~-59-

molecular weight) = 2.52, the molecular weight at the
main peak in the GPC chart = 3,000, and Tg (glass
transition point) = 56 °cC.
30 parts of the above copolymer was dissolved
5 in the following monomer mixture to form a mixture
solution,

[Monomer mixture]

Styrene“monomer 50 parts
n-ﬁutyl acrylate monomer 17 parts
10 Acrylic acid monomer 3 parts
Divinylbenzene 0.26 part
Benzoyl peroxide _ 1 part'

tert-Butylperoxy-2-ethylhexanoate 0.7 part
To the above mixture solution was added 170

15 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
X at 70 - 95 °c.

After the reaction, the product was recovered
by filtration, de-watered and dried to form a copolymer
composition. In the composition, styrene-acrylic acid
Copolymer and styrene-n-butyl acrylate copolymer were
uniforﬁly mixed. The THF-soluble content of the resin

' composition was subjected to measurement of molecular

weight distribution by GPC to provide peaks at
: Ting o5 he replacement sheel
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- 16 - nolecular weight being 10,000 or below of 56 w. % The resin
showed a Tg of 49 [err]C. Reference Synthesis Exanple 3

°This Sheet Has Been Replaced

W

molecular weights of about 3500 and about 31000 in the

-60-

GPC chart, Mn (number-average molecular weight) = 5100,
Mw = 115000, Mw/Mn = 22.5 and a content of molecular
weight being 10000 or below of 27 wt. . The resin
5 showed a Tg of 59 ©C, and the content of molecular

weight being 1000 or below isolated by GPC showed a
glass transition point Tgl of 57 °C.

The resin composition showed an acid Qalue of
22.0.

10 Synthesis Example 2 -

The following monomer mixture was subjected to
solution polymerization in 200 parts of cumene at a
cumene reflux temperature.

[Monomer mixture]

15 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 °cC.
30 parts of the above styrene-n-butyl maleate
(half ester) copolymer was dissolved in the following
x monomer 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
. This is the replacement sheet

Date: = 3 MAR 1937
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30 parts of the polystyrene prepared in Synthesis Exanple_6 was dissolved
in the follow ng nononer m xture to forma m xture sol utlon

(Mononer mi xt ur e) erinis Sheet Has Been Replaced
55 parts n- But yI rret hacry ﬁMﬁ”lm "
Di vi nyl benzene 0.13

per oxyhexanoate 1.0 The above m xLgfe sol ution was subje

suspensi on polymerization simlarly as in Synthesis Exanple 6 to obtain a
conposition conprising polystyrene and styrene-n-butyl nethacryl ate
copol yner.

maleate (half ester) copolymer. The resin composition .
showed an acid value of 20.6.

[Monomer mixture]

Styrene 45 parts
5 n-Butyl acrylate 20 parts
n-Butyl maleate (half ester) 5 parts
Divinylbenzene 0.25 part
Benzoyl per;xide 0.65 part

tert-Butylperoxide-ethylhexanoate 0.85 part

10 Synthesis Example 3

200 parts of cumene was charged in a reaction
vessel and heated to a reflux temperature. Intd the
vessel, a mixﬁure of 78 parts of styrene, 15 parts of

' n-butyl acrylate, 7 parts of n-butyl maleate (half

15 ester), 0.3 part of divinylbenzene and 1.0 part of di-
tert-butyl peroxide was added dropwise in 4 hours under
reflux of the cumene, followed by 4 hours of
polymerization and removal of the solvent by ordinary
distillation under reduced pressure to obtain a

20 copolymer. The polymer showed: Mw = 25x10%, Mw/Mn =
11.0, Tg = 60 °C, and an acid value of 19.5.

Reference Synthesis Example 1

A copolymer was obtained in the same manner as

in Synthesis Example 3 except that 82 parts of styrene

5 and 18 parts of n-butyl acrylate were used and n-butyl
maleate (half ester) was omitted. The copolymer showed

an acid value of 0.4,

This 18 the replacement shee!
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The resin conposition showed a THF-insol uble content of 76 wt. % and

I ncl uded a THF-sol ubl e content show ng peaks at noleculrar werghts of about

1. 0x10[ err]

60 [err]C.

Synthesis Exanple 1

and about 16x10[err] on the GPC clihisiShedtHhs Beep REJdcQN Of
nol ecul ar wei ght being 10,000 or bel ow of 7 wt

Producti on Exanple 1
-62400 p

fine powder (BET value = 8.6 nferr]/Q)

Negatively chargeabl e contro

part
3 parts

10

15

it

Fﬂﬂﬁﬂltion of

showed a Tg of

Magneti c
100 parts

agent (chrom um conpl ex of nobnoazo dye)

Iecglaa wei ght pol ypropyl ene (Mv = 6000)

Synthé§¥g- xample

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.

The copolymer showed an acid value of 7.3.

synthesis Example 5

A copolymer was obtained in the same manner as

in Synthesis Example 3 except that the amount of the

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

200 parts of cumene was charged in a reaction

vessel and heated to a reflux temperature.

Further, a

mixture of 100 parts of styrene monomer and 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 ©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 °cC.

30 parts of the above polystyrene was

dissolved in the following monomer mixture to form a

Bixture solution.

{Monomer mixture)

1.

1
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The above components were nelt-kneaded by neans of a tw n-screw extruder
heated up to he kneaded product, after cooling, was

40 [ ef.r
coarsely crus Vs, hanmer m.l1, and then finely pul verized by
means of a jet _ i
of a wnd-forc H

| Ely pul veri zed product was classified by neans
obtain a classified powder product.
Utra-fine powder and coarse power were63+nultaneously and precisely
renoved fromthe classified powder by nmeans of a multi-division, classifier
utilizing a Coanda effect (Elbow Jet Classifier available fromNittetsu
Kogyo K. K ), thereby to obtain a negatively chargeabl e magnetic toner (1)

(Tg = 57[err] C) B&¥regea vol une-average particl 1743 6.4 mcrons.
Producti on Exanple 2

Jlace

n-Butyl acrylate 20 parts
Divinylbenzene 0.26 part
Benzoyl peroxide 1.7 parts

5 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 suspensibn was added to a nitrogen-
aerated reaction vessel containing 15. parts of water
10 and subjected to 6 hours of suspension polymerization
at 70 - 95 ©C. After the reaction, the product was
recovered by filtration, de-watered and dried to obtain
a composition comprising polystyrene and styrene-n-
butyl acrylate copolymer. The composition was a
15 uniform mixture of a THF-soluble content 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
D of the powder was accurately weighed and placed in a
cylindrical filter paper with a diameter of 28 mm 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

This is the repiacement sheet
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Resi n conposition of Synthesis Exanple 2 100 parts

Magnetic fine powler (BET value = 8.6 nferr]/Q) 110, narfc
Negatively chargeabl e control agent (chrom um conpl ex of nu&ga 0:glyey

parts Low ol ecul ar wei ght pol ypropyl ene (Mwv as “mR@h“d
3 parts Negati vely chargeabl e magnetic toners (I11) and ( : mju”m"
different average particle sizes as shag4i-n Table 1 appearin

were prepared fromthe above ingredients otherwise in a simlar manner
in Production Ex- anple 1. Production Exanple 3

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. %.
5 The resin further showed a Tg of 60 °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

10 K.K.) was used as a GPC column and incorporated in a
heat chamber held at 40 ©C of a GPC measurement
apparatus ("150C ALC/GPC", available from Waters Co.).
The GPC measurement was effected by injecting 200 ul of_
a sample (a THF-soluble concentration of about 0.1 wt.

15 %) 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

D of 0.5x103, 2.35x103, 10.2x103, 35x103, 110x103,
200x103, 470x103, 1200x103, 2700x103 and 8420x103
{available from Waters Co.).

Synthesis Example 7

A production method similar to that in
Synthesis Example 6 was effected except for adjusting
the polymerization temperature to obtain a uniform
mixture of polystyrene'and styrene~n-butyl acrylate
This is the raplacement sheet
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Resin conposition of Synthesis Exanple 3 100 parts

Magnetic fine powder (BET value = 8.6 n2/g) - ' - : 80 parts
Negatively chargeabl e control agent (chrom um conpl exof- npnoazo dye) 1.1
parts Low nol ecul ar wei ght pol yp ars eplaged) 0 )

3 parts .. - ,l I ' II_

copolymer, which showed a THF-insoluble content of 12
wt. %, a Tg of 56 ©C and included a THF-soluble content
showing peaks at molecular weights of about 2,200 and
" about 19,000 and a molecular weight portion of 10,000
5 or below of 43 wt. %.

Synthesis Example 8

150 parts of cumene was charged in a reaction
vessel and heated to a reflux.femperature, and the
following mixture was added dropwise thereto in 4 hours

10 under reflux of the cumene. -

{Monomer mixture)

Styrene 98 parts
n-Butyl methacrylate 2 parts
di-tert-Butyl peroxide 4.2 parts

15 Further, the polymerization was compléted

under reflux of cumene (146 - 156 °C), followed by
removal of the cumene. The resultant styrene-n-butyl
methacrylate copolymer showed a main peak at molecular
welight of 6,000 and a Tg of 64 °C.

2 35 parts of the above styrene-n-butyl
methacrylate copolymer was dissolved in the following
monomer mixture to form a mixture solution.

{Monomer mixture)

Styrene 35 parts
5 n-Butyl acrylate 25 parts
Divinylbenzene 0.25 part

Benzoyl peroxide 1.5 part
) raix -3 the ranlacament shest
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- 17 - A negatively chargeabl e magnetic toner (1V) was prepared from
t he above |ngred|ents,theLMLseﬁkn-a simlar nmanner as in Production
Exanpl e 1.

10

15

20

Sheet Has Bcen Replaced

T L .

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 reactlion vessel containing 15. parts of water
and subjected to 6 hours of suspension polymerization
at 70 - 95 ©C. After the 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 copolynmer.

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 8.0x104 on the-GPc chart and a portion of
molecular weight being 10,000 or below of 17 wt. %.

The resin showed a Tg of 55 °C.

Referebce 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. %, and included a THF-soluble content showing
peaks at molecular welghts of about. 1800 and 1.5x104 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 ©c.
This is the replacement sheet




Production Exanples 4 and 5 Negatively chargeabl e nmagnetic toners (V)

and (VI were prepared-by using the resin conpositions of Synthesis

Exanplﬁgsgﬁee@ﬁgg&éed@ Bl.gace of the resin conposition of Synthesis Exanple 3
ﬂ Resi n conposition of Reference

ot herw manner as in Pro- duction Exanple 1. Reference
Pr oduct TEI@E& um 'Tr :
Synt hesi I 100 par<&y- Magnetic fine

powder (BET value = 7.7 nferr]/Q) . 90 parts

Reference Synthesis Example 3

30 parts of the polystyrene prepared in
Synthesis Example 6 was dissolved in the following
monomer mixture to form a mixture solution.

5 {(Monomer mixture)

Styrene o 55 parts
n-Butyl methacrylate 15 "
Divinylbenzene 0.13 "
t-Butyl peroxyhexanoate 1.0 "
10 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-insocluble

15 content of 76 wt. %, and included a THF-soluble content
showing peaks at molecular weights of about 1.0x104 and
about 16x104 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 °cC. |

20 production Example 1

Resin composition of Synthesis

Example 1 100 parts
Magnetic fine powder

(BET value = 8.6 mzlg) 100 parts
Negatively chargeable control

agent (chromium complex of

monoazo - dye) 1.1 part

- Thig is the replacement shest
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Negatively chargeabl e control agent (chrom um conplex of salicylic acid)

1.1 parts Low nol ecul ar wei ght pol ypropyl ene (Mv = 6000)

3 parts A negatively chargeabl e magnetic toner (VIl) (Tg = 55 [err]C
was prepared fromthe above ingredients otherwise in a simlar manner as in
Producti on Exanpl e. The particle size distributions of the

above-obt ai ned toners (1) - (VIlI) are slggan in the follow ng Table 1.

Low-molecular weight poly-

propylene (Mw 6000) 3 parts
The above components were melt-kneaded by
means of a twin-screw extruder heated up to 140 °C, and
5 the kneaded product, after cooling, was coarsely
crushed by means of a hammer mill, and then £inely
pulverized by means of a jet mill. The finely
pulverized product was classified by means of a wind-
force classifier to obtain a classified powder product.
10 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
15 magnetic toner (I) (Tg = 57 °C) having a volume-average

particle size of 6.4 microns.

Production Example 2

Resin composition of Synthesis

Example 2 100 parts
20 Magnetic fine powder
(BET value = 8.6 m2/g) 110 parts

Negatively chargeable control

~agent (chromium complex of

monoazo dye) 1.1 parts
25 Low-molecular weight poly-
propylene (Mw = 6000) 3 parts

Negatively chargeable magnetic toners (II) and
Sheet Has Been Replaced
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(III) having different average particle sizes as show
in Table 1 appearing hereinafter were prepared from the
above ingredients otherwise in a similar manner as in
Production Example 1.

Production Example 3

Resin composition of Synthesis
Example 3 100 parts
Magnetic fine powder
(BET value = 8.6 mzlg) 80 parts
Negatively chargeable control T
agent (chromium complex of
monoazo dye) 1.1 parts
Low-molecular weight poly-:
propylene {Mw = 6000) 3 parts
A negatively chargeable magnetic toner (IV)
was prepared from the above ingredients otherwise in a

similar manner as in Production Example 1.

Production Examples 4 and S

Negatively chargeable magnetic toners (V) and
(VI) were prepared by using the resin compositions of
Synthesis Examples 4 and 5 in place of the resin
composition of Synthesis Example 3 otherwise in a
similar manner as in Productioﬁ Example 1.

Reference Production Example 1

Resin composition of Reference

Synthesis Example 1 100 parts

This is the replacement sheet
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Magnetic fine powder
(BET value = 7.7 mzlg) . 90 parts
Negatively chargeable control
agent (chromium complex of
5 salicylic acid) 1.1 parts
Low-molecular weight poly-
propylene (Mw = 6000) 3 parts
A negatively chargeable magnetic toner (VII)
(Tg = 55 °C) was prepared from the above ingredients
10 otherwise in a similar manner as in Production Example.
The particle size distributions of the above-
obtained toners (I) - (VII) are shown in the following

Table 1.

This Sheet Has Been Replaced
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Examples 1 - 6 and Comparative Examples 1 - 3

The above-prepared magnetic toners were
blended with silica fine powders shown in Table 2 below
by means of a Henschel mixer to prepare developers.

Then, each of the thus prepared developers was
charged in an image forming apparatus (LBP-8II, 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 (A4) per
minute in a reversal development mode under normal
temperature - normal humidity conditions (25 °cC, 60
$RH), high temperature - high humidity conditions (30
Oc, 90 %RH) and low temperature - low humidity |
conditions (15 °C, 10 %RH), respectively, whereby
printed images were evaluated. At the same time, the
appearances of the surfaces of the charging member
(roller-type) and lamination-type OPC photosensitive
drum were observed for evaluation.

The photosensitive drum used was one having a
surface abrasion characteristic in terms of an abrasion
decrease of 2.5x102 cm3 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 2a coated with an approx. 3.5 mm-thick

Th:s Sheet Has Been Replaced This is the replacement sheet
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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 photosensitive member 1 so as to exert a total
pressure of 1.2 kg (linear 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 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 represents 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 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 absence of defects) and scattering
to the non-image parts. The toner sticking onto the
OPC photosensitive member was evaluated by observing

the resultant toner images and the surface state of the

is Sheet Has Been Replaced
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OPC photosensitive member after 6,000 sheets of image
formation.

Table 2 below summarizes the properties of the
hyarophobic silica, Table 3 summarizes the properties
of the developers, and Table 4 summarizes the
compositions and evaluation results of the developers.
The evaluation standards are shown below.

Fog

0: Substantially no.

A: Observed but practically acceptagle.

x: Practically unacceptable.

Toner sticking onto photosensitive member

o: No sticking at all.

OA: 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.

x: More than 10 white voids in A4 size solid

black image. .

Dot reproducibility

o: Less than 2 defects.
oA: 3 - 5 defects.
A 6 - 10 defects.

x: 11 or more defects.

is Sheet Has Been Replaced
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Exanples 1 - 6 and Conparative Exanples 1 -3 ° The above-prepared
magnetic toners were blended with silica fine powlers shown in Table 2

bel ow by neans of a Henschel m xer to prepare devel opers- Then, . each of
the thus prepared devel opers was charged in an i mage .lth%r _ rat us

(LBP-811, nfd. by Canon K K.) having a cleaning bl ade pf and
renodel ed to be equi pped with a contact =gi§argi ng devi CE% ; Fi gure
1 of EP-A-0 410 482 referenced above. A DC voltage (-7 | . 1®

vol tage (300 Hz, 1500 Vpp) were applied to the contact chargi ng device, and
a successive image formation test was performed at a printing rate of 8
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- 19 - sheets (A4) per mnute in a reversal devel opnent node under nor nal
tenperature - nornmal humdity conditions (25 [err]C, 60 9%H), high
tenperature - high humdity conditions (30 [err]C, 90 %RH) and | ow
tenperature - low humdity con- ditions (15 [err]C, 10 %RH), respectively,
whereby printed i nages were evaluated. At the sane tine, the appearances of
the surfaces of the charging nmenber (rollegqtype) and | am nation-type OPC

phot osensitive drum were observed for eval uation. The phot osensitive
drum used was one having a surface abrasion characteristic in terns of an
abr asi on decrease of 2.5x10[err]—enferri—by =aTaber abraser. As

descri bed above, the charging roleh&tﬁ%e@gmmter of 12 mm and

conprised a 5 nmdia core netal 2 [ilian approx. 3.5 mmthick
el ectroconducti ve rubber |ayer 2b %mmﬁl Mﬁr]l lth a 20 micron-thick
rel easabl e !
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film2c of methoxymethylated nylon. The charging roller 2 was pressed

agai nst the OPC photosensitive nenber 1 so as to exert a total pressure of
1.2 kg (linear pressure of 55 g/cn). The outline of the imge form ng
apparatus is illustrated in Figure 5 of EP-A-0 410 482—referenced—above— I n

the apparatus, a.toner layer was formed in a thicknesspfql3QnBLl RARAN

the sl eeve 504, and the sleeve 504 was_fgsposed at a nig% . -’fﬁfl [m 300
est

s of

m crons fromthe OPC photosensitive drum 501 and the i
was per- formed under application of a DC bias of -500 )

1800 Hz and 1600 Vpp to the sleeve. The results of the inmage formng
test are sunmPriodecdtionTBkamplleb@l ow. In Table 4, the inage density '
represents an average of values nmeasured at 5 points in a5 mmx 5 msolid
bl ack square i mag8tyraaennnbebtyloacrybatelucopPlyRSeE r epresents t he -

reproduci bility of a checker pattern as shown in the attached Figure 2

i ncl udi ng 100 unit {cgrat¥mesizakhen veilalhly %eleite X neasuring 80 nicrons
or 50 microns as sho In Figure 2 whereby the repraqdycibility was _
eval uated by obserga5€o Wtﬁr%ﬁﬁﬁoa)nicroscope while ndl B3FFShe clarity

(presence or abseﬂggnggigegfgésgog.grscat-

(BET value = 8.6 m2/qg) | 60 parts
Negatively chargeable control
agent (chromium complex of
monoazo dye) ' 1 part
Low-molecular weight poly- T
propylene (Mw = 6000) 3 parts
The above components were melt-kneaded by
means of a twin-screw extruder heated up to 140 ©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 negatively chargeable
magnetic toner having a volume-average particle size of

12 microns.

Production Example 7

Styrene-2-ethylhexyl acrylate copolymer
(copolymerization ratio = 8:2,
Mw = 20x10%) 100 parts
Magnetic fine powder
(BET value = 8.6 m?/q) 60 parts

Tris i6 the rapiacemoent shes
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tering to the non-image parts. The toner sticking onto the OPC _

phot osensitive nenber was eval uated by observing the resultant toner inages

and the surface state of the OPC photosensitive nmenber after 6. 000 sheets

of image for- mation. Table 2 bel ow summarizes the properties of the

hydr ophobic silica, Table 3 summarizes the propertie H "Eﬁiﬁ@rfﬁérs,
1 Bl e

1
and Table 4 summari zes the conpositionsand evaluatio _ ﬂ”l
Substantially no. [err] Cbserved but practically acceptable.

devel opers. The eval uation stand- ards are shown bel o

Negatively chargeable control

agent (salicylic acid-type chromium

complex) 1 part
Low-molecular weight poly-

propylene (Mw = 6000) 3 parts

A magnetic toner was prepared from the above
ingredients otherwise in a similar manner as in
Production Example §. ”

The above-prepared magnetic toners were
blended with colloidal silica fine powders shown in the
following Examples by means of a Henschel mixer to
prepare developers containing externally added
colloidal silica fine powder.

Example 7

100 parts of colloidal silica fine powder
having a specific surface area of 200 mz/g (Aerosil
#200, Nihon Aerosil K.K.) was treated with 20 parts of
hexamethyldisilazane (HMDS) and then with 10 parts of
dimethylsilicone oil ("KF-96 100 CS", mfd. by Shin-etsu
Ragaku K.K.) diluted with a solvent, followed by drying
and heating at about 250 ©C, to obtain hydrophobic
colloidal silica fine powder having a hydrophobicity of
99 s.

0.6 parts of the hydrophobic colloidal silica
fine powder was added to 100 parts of the magnetic
toner according to Production Example 6, followed by

blending by a Henschel mixer to prepare a developer
' This is the replacement sheet
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x: Practically unacceptable. Toner sticking onto photosensitive nenber

: No errklnn at _all. o[err]: 1 - 3 white voids in A4 size solid black
|nage attrj able to toner sticking. [err] 4 - 10 white voids in A4
size solid .More than 10 white voids in A4 size solid
bl ack i mage i ﬁ C|b|I|ty

i mmm inmali iliu (ul il -80-

comprising a magnetic toner and a hydrophobic colloidal
silica fine powder added thereto.

The developer was charged in an image forming
apparatus ("LBP-SX", mfd. by Canon K.K.) remodeled to
be equipped with a contact-charging device {(roller) as
shown in Figure 1, which was caused to abut to the OPC
photosensitive drum at a pressure of 50 g/cm and
supplied Qith a voltage comprising a DC componeit (-600
volts) and an AC component (2000 Vpp, 150 Hz). Thus, a
successive image formation test pf 5000 sheets was
performed at a printing raté of 4 sheets (A4) per
minute in a reversal development mode under various
sets of environmental conditions including normal
temperature - normal humidity, (25 °C, 60 %RH), high
temperature - high humidity (30 Oc, 90 %RH), and low
temperature - low humidity (15 °C, 10%RH). The
resultant printed images were evaluated and, at the
same time, the appearances of the surfaces of the
contact-charging member (roller-type) and the OPC
photosensitive drum were observed.

As a result, good images free from thick-pale
differences in image density were obtained under the
respective conditions. Further, the surfaces of the
contact-charging member and the photosensitive drum
were free from damages or abrasion, or occurrence of
sticking of residual developer, whereby good durability

or successive image formation characteristic was
 This ia tha repiacement shee!
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Less than 2 defects. o[err]: 3 - 5 defects. [err] 6 -10 defects. x:
nor e defects.

-l This Sheet Has Been Replaced
| 0
exhibited. | el g i RE

Example 8
100 parts of colloidal silica fine powder

having a specific surface area of 200 m2/g {(Aerosil
#200, Nihon Aerosil K.K.) was treated with 10 parts of
dimethylsilicone oil ("Kr-96 100 CS", mfd. by Shin-etsu
Kagaku K.K.) diluted with a solvent, followed by drying
and heating at about 250 °C,'to obtain hydrophobic
colloidal silica fine powder having a hydrophouvicity of
93 %. Then, 0.5 parts of the thus-prepared hydrophobic
colloidal silica fine powder was added to 100 parts of
the magnetic toner according to Production Example 6,
followed by blending by a Henschel mixer to prepare a
developer.

The developer was subjected to a successive
printing test of 3000 sheets under the respective
environmental conditions similarly as in Example 7,
whereby there was observed no particular sticking of
developer onto the surface of the developer or the
photosensitive drum nor was observed any damage or
abrasion on the surface of the photosensitive drum,
thus showing good durability.

Example 9

100 pats of colloidal silica fine powder
having a specific surface area of 130 m2/g ("Aerosil
#130", Nihon Aerosil K.K.) was treated with 3 parts of
dimethylsilicone oil ("KF-96 100CS") similarly as in

Thia ig the repiacemasnt shead
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Example 7 to prepare hydrophobic colloidal silica fine
powder having a hydrophobicity of 92 %. Then, 0.5 part
of the thus prepared hydrophobic silica fine powder was
added to and blended with 100 parts of the magnetic
toner according to Production Example 7 by means of a
Henschel mixer to prepare a. developer.

_ The developer was subjected to a successive
printing test of 3000 sheets similarly as in Example 7,
whereby no sticking of residual developer on the
surface of the contact charging member or !
photosensitive drum was observed.

Example 10

100 pats of colloidal silic& fine powder
having a specific surface area of 300 m2/g ("Aerosil
#300", Nihon 2Aerosil K.K.) was treated with 30 parts of
olefin-modified silicone oil ("KF-415", mfd. by Shin-
étsu Kagaku K.K.) similarly as in Example 7 to prepare
hydrophobic colloidal silica £fine powder having a
"hydrophobicity of 99 %. Then, 0.5 part of the thus
prepared hydrophobic silica fine powder was added to
and blended with 100 parts of the magnetic toner
according to Production Example 7 by means of a
Henschel mixer to prepare a developer.

The developer was subjectea to a successive
printing test of 3000 sheets similarly as in Example 7
except that the contact-charging member was replaced by

one of the blade-type shown in Figure 2, whereby no

This is the replacement sheet
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sticking of residual developer or damage or abrasion on
the surface of the contact charging member or

photosensitive drum was observed.

~ Example 11

100 pats of colloidal silica fine powder
("Aerosil #200") was treated with 15 parts of fluorine-
nodified silicone oil ("FL-100 450 C/S", Shin-etsu
Ragaku K.K.) similarly as in Example 7 to prepare
hydrophobic colloidal silica fine powder having a
hydrophobicity of 95 %. Then, 0.8 part of the thus
prepared hydrophobic silica fine powder was added to
and blended with 100 parts of the magnetic toner
according to Production Example 6 by means of a
Henschel mixer to prepare a developer.

The developer was subjected to a successite
printing test of 3000 sheets under the respective
environmental conditions similarly as in Example 7,
whereby there was observed no particular sticking of
deQeloper onto the surface of the developer or the
photosensitive drum nor was observed any damage or
abrasion on the surface of the photosensitive drum,
thus showing good duraﬁility.

Example 12

100 pats of colloidal silica fine powder
("Rerosil #200") was treated with 32 parts of d-
methylstyrene-modified silicone oil (“KF-410", Shin-
etsu Kagaku K.K.) similarly as in Example 7 to prepare

Thig ia e repiacement shee!

T IR 4
-3 MAR x:*g'.‘j;

Laier



—————— e

This Sheet Has Been Rep

T

hydrophobic colloidal silica fine powder having a
hydrophobicity of 94 &. Then, 0.6 part of the thus
prepared hydrophobic silica fine powder was added to
and blended with 100 parts of the magnetic toner
according to Production Example 7 by means of a
Henschel mixer to prepare a developer.
The developer was subjected to a successive
printing test of 3000 sheets similarlf.as in Example 7,
whereby no sticking of residual developer on the
surface of the contact charging member or -
photosensitive drum was observed, but slight
contamination with silicone oil was observed on the
photosensitive member, which however did not lead to
recognizable image irregularities.
Example 13 |
Styrene-n-butyl acrylate copolymer
(copolymerization weight ratio = 8:2,
Mw = 25x10%) 100 parts
Magnetic fine powder
(BET value = 8.6 mz/g) 60 parts
Positively chargeable control
agent (nigrosine dye) 4 parts
Low-molecular weight poly-
propylene (Mw = 6000) 3 parts
The above components were melt-kneaded by
means of a twin-screw extruder heated up to 140 °C, and

the kneaded product, after cooling, was coarsely

Tris s tha taolacamont sheat
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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 positively chargeable
magnetic toner having a volume-average particle size of
12 micronms. .

Separately, colloidal silica fine powder
(average particle size: 0.16 micron, BET specific
surface area: 130 m2/g) was treated with 20 parts of
amino-modified silicone o0il having an amine value of
700 to obtain a positively chargeable hydrophobic
colloidal silica fine powder. Then, 0.5 part of the
thus treated colloidal silica fine powder was blended
with the above-prepared toner to obtain a positively
chargeable developer comprising a positively chargeable
toner and a hydrophobic colloidal silica added thereto.

The developer was charged in the image forming
apparatus ("FC-5", mfd. by Canon K.K.) remodeled to be
equipped with a contact-charging device.(roller) as
shown in Figure 1, which was caused to abut to the
photosensitive member at a pressure of 50 g/cm and
supplied with a voltage comprising a DC component (-500
volts) and an AC component (2000 Vpp, 150 Hz), whereby
an image formation test was performed in a normal
development mode.

As a result, good images free from defects
were obtained under the various sets of conditions of

This is the repiacemernt sheet
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normal temperature - normal humidity (25 ©C, 60 %$RH),
high temperature - high humidity (32.5 °C, 85 %RH) and
low temperature - low humidity (15 ©C, 10 %RH),
respectively. '

Further, a succéssive image formation test of
about 5060 sheets was performed while supplying the
toner, whereby good images free from defects were
1 obtained under the respective conditions. There was
observed no sticking of developer onto the surface of
the developer or the photosensitive drum afteE-the
successive copying test nof was observed any damage or
abrasion on the surface of the photosensitive drum.
Example 14

A positively chargeable developer'was prepared
in the same manner as in Example 13 except for using a
positively chargeable hydrophobic colloidal silica fine
powdér obtained by treating 100 parts of the starting
colloidal silica fine powder used in Example 13 with 4
parts 6f the amino-mdﬁified silicone oil having an
amine value of 700. The developer was subjected to a
similar successive image formation test of 3000 sheets
as in Example 13.

As a result, good images were obtained-similarly
" as in Example 13. There was observed no damage or
abrasion, or sticking of residual developer on the
surface of the charging member or the photosensitive drum

after the successive image formation test.
This g the raplacement sheet
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Example 15

A positively chargeable developer was prepared
in the same manner as in Example 13 except for using a
positively chargeable hydrophobic colloidal silica fine
powder obtained by treating the starting colloidal
silica fine powder with 45 parts of the amino-modified
silicone o0il. The developer was subjected to a similar
successive image formation test of 3000 sheets as in
Example 13 except that the charging device was replaced
by one of the blade-type shown in Figure 2. ;s a
result, there there was observed no damage or abrasion,
or sticking of residual developer on the surface of the
charging member or the photosehsitive drum.
Example 16
Resin composition of Synthesis
Example 6 ' 100 parts
Magnetic material
(average partiéle size = 0.2 micron) 60 parts
Monoazo-type dye : 2 parts
Low-molecular weight poly-
propylene 3 parts
The above components were melt-kneaded by
means of a roller mill heated to 150 ©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 pulvérized product was

classified by means of a wind-force classifier to
This ig the raniatemant ahest
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obtain a negatively chargeable magnetic toner having a

volume-average particle size of 11.8 microns. Then,
100 parts of 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 imagé forming
apparatus ("FC-5", mfd. by Canon; having a 30 mm-dia.
OPC lamination type negatively chargeabie
photosensitive member) remodeled so as to be suitable
for reversal development and electrostatic transfer and
to be equipped with a contact-charging device as shown
in Figure 1 which was abutted to the OPC photosensitive
drum at a pressure of 50 g/cm and suﬁplied with a
voltage comprising a DC component (-600 volts) and an
AC component (2000 Vpp, 150 Hz), whereby an image
formation test was performed under application of DC -
600 volts and an AC current of 170 pA so as to charge
the photosensitive member to -600 volts.

As a result, even after 3000 sheets of the
image formation, good images were continually obtained
without causing toner-sticking or damages on the
surface of the charging roller or the OPC
photosensitive member surface.

Similar tests were conducted under high
temperature - high humidity conditions of 32.5 °C and 85
$RH and low temperature - low humidity conditions of 15

Oc and 10 %RH, whereby similarly good results were

- This is the replacement sheet

Date: = 3 MAR 1997



—

Pr oducti on Exanple 6 Styrene-n-butyl acrylate copol yner (copol ynerization

wei ght
val ue =

ration

8*2——%%#——25X10Lﬁ_r] 100 parts Magnetic fine powder (BET

8. 6nfer r] /I'QQ SheetHasBeenR 60 parts

10

15

20

LTI —

attained.
Further, even when the image formation was
continued up to 5000 sheets while supplying the toner,

noc problems occurred.

. Example 17

A toner having an average particle size of
12.5 microns was prepared similarly as in Example 16.

The toner was charged in an image forming
apparatus ("FC-5") remodeled to be equipped with a
charging device as shown in Figure 2 and suitable for
reversal development and electrostatic transfer »nd was
subjected to an image formation test in a similar
manner as in Example 16, whereby good results were
obtained under all the sets of environmental conditions
up to 3000 sheets.

Further, when the image formation was
continued up to 5000 sheets, slight image defect
attributable to toner-sticking onto the photosensitive
member and the charging blade was observed from about
4300 sheets under the high temperature - high humidity
conditions, but the defect was so slight that it was
hardly recognizable on'an image and was judged to be
practically of no problem.

Example 18

A toner having an average particle size of
11.6 microns was prepared according to the same
Prescription and production methoq as in Example 16

. This is the roplacerient sheetl
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Negati vely chargeabl e control agent (chrom um conplex of nobnoazo dye)
1 part+—toewnotecutar—wetrght pol ypropyl ene (Mv = 6000) 3 parts The above
CONPONGALS VB lizdkpeaded by nmeans of a tw n-screw extruder heated up to
140[ erry) il paded product, after cooling, was coarsely crushed by
means o ﬂ P II, and then finely §$Iverized by nmeans of a jet mll.
The fin g 8 product was classTiied by neans of a wi nd-force
classifier to obtain a negatively chargeabl e nagnetic toner having a
vol unme- average particle size of 12 mcrons.
except that the resin composition was replaced by one
of Synthesis Example 8.
The thus-obtained toner was charged in the
remodeled image forming apparatus used in Example 16
5 and subjected to a similar image formation test as in
Example 16, whereby good results were obtained under
all the sets of environmental conditions.
Further, the image formation was continued up
to 5000 sheets, whereby slight irregularity
10 attributable to a surface damage on the charging roller
was observed after 4000 sheets under the low
temperature - low humidity conditions but the
irregularity was so slight that it was judged to be

practically of no problem.

15 Reference Example 2

A toner having an average particle size of
12.3 microns was prepared according to the same
prescription and production method as in Example 16
except that the resin composition was replaced by one
of Reference Synthesis Example 2.
The thus-obtained toner was charged in the
remodeled image forming apparatus used in Exampie 16
and subjected to a similar image formation test as in
Example 16, whereby no particular problem was observed
in the normal environment or the low temperature - low
" humidity environment, but image defects of white voids
.attributable to tpner~sticking onto the photosensitive

Thig ia the repiacemant sheed
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member and the charging roller appeared after 1700 sheets
in the high temperature - high humidity environment.

Reference Example 3

A toner having an average particle size of

12.4 microns was prepared according to the same

.prescription and production method as in Example 16

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 Example 16
and subjected to a similar image formation test as in
Example 16, whereby image defects 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.

Example 19

Magnetic material having a bulk

density of 1.10 g/cm3 (Hc = 51 oersted,

Or = 4.5 emu/g) 60 parts
Styrene-n-butyl acrylate copolymer
(copolymerization weight ratio = 8:2,

Mw = 22x104) 100 parts
Negatively chargeable control

agent (chromium complex of

monoazo dye) 1 part
Low-molecular weight poly-

propylene (Mw = 6000) 3 parts

This is-the replacement sheet
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Styrene- 2-et hyl hexyl acryl ate copol yner (copolynerization ratio 8:2, Mv =

20x10[err]) 100 parts Magnetic finepowder (BET value = 8.6
nMerr]/qg) 60 part.s Shicet Has B atively
chargeabl e control agent(salicylic acid-type Chpgai & § 1 part
Low nol ecul ar wei ght pol ypropyl ene (Mv = GOOO)Iﬂ‘” E :

parts A magnetic toner was prepared_from 2] fledi ent s
otherwise in a simlar manner. as in ProtifeTion Exanpl e 6. The .

above- prepared magnetic toners were blended with colloidal silica fine
powders shown in the foll ow ng Ex- anples by neans of a Henschel mxer to

prepare devel opers cont g)gi g E4ARbhIALIFE £ Hd it Yleatdd &7 1 ne powder
Exanple 7

means of a twin-screw extruder heated up to 140 Oc, and
the kneaded product, after qooling, 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 negatively chargeable
magnetic toner having a volume-average particle size of
12 microns. |

10 Then, 100 parts of the magnetic tonef-thus
obtained was blended with 6.6 part of hydrophobic
colloidal silica (hydrophobicity: 92 %) to prepare a
developer.

The developer was charged in an image forming

15 apparatus ("LBP-8II", by Canon K.K.) remodeled to
be equipped with a contact-charging device (roller) as
shown in Figure 1, which was caused to abut to the OPC
photosensitive drum at a pressure of 50 g/cm and
supplied with a voltage comprising a DC component (-600

0 volts) and an AC component (2000 Vpp, 150 Hz). Thus, a
successive image formation test of 5000 sheets was
performed at a printing rate of 4 sheets (A3) per
minute in a reversal development mode under various
sets of environmental conditions including normal

5 temperature - normal humidity (25 °C, 60 %RH), high
temperature - high humidity (30 °C, 90 %RH), and low

temperature - low humidity (15 ©C, 10%RH). The
“This is the repiacement sheet
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100 parts of coftordal—stHea-fine powder having a specific surface area of

200 n2/ g (Aer oSTiis $helPfas B er’iacAtciarosiI K. K) was treated with 20 parts of
hexanet hyl di si |l a : d°then with 10 parts of dinethylsilicone oi
(KF-96 100 Cs" , ﬂHm i ﬂ su Kagaku K. K.) diluted with a sol vent, )
foll owed by dryi |  at about _g8Q [err]C, to obtain hydrophobic
colloidal silica fine powder having a hydrophobicity of 99 % 0.6 parts
of the hydrophobic colloidal silica fine powler was added to 100 parts of

t he magnetic toner according to Production Exanple 6, followed by bl ending
by a Henschel mesmlthatppepatedainagesoperecevplusted andpontetthe t oner and
a hydrophobic colloidal silica fine powder added thereto. The devel oper
was charged i n same tdge,f Shei agpeppanceasof” LtBe- sxtfaodsl obhytl@non K K.)
renodel ed to be equi pped with a contact-charging device (roller) as shown
in Figure 1 of qsnim@-@ersézg mambprydroddesetiype) adnd Ehe tORC OPC

phot osensitive drumat a pressure of 50 g/cnland supplied with a voltage
conprising a E@ﬁgﬁﬁﬁ@ﬁgﬁplve drum were observed.

5 As a result, under any set of environmental
conditions, the surfaces of the chérging member and the
photosensitive member were almost free from damages or
abrasion even after the printing test and further no
sticking of residual toner was observed. The resultant

10 image were good and also excellent in reproducibility
of thin lines.

Example 20
Magnetic material having a bulk
density of 0.67 g/cm3 (Hc = 64 Oe,
15 0} = 6.1 emu/qg) 60 parts
Styrene-n-butyl acrylate copolymer
{copolymerization weight ratio = 8:2,
My = 16x10%) 100 parts
Negatively chargeable control .
20 agent (salicylic acid-type chromium
complex) 3 parts
Low-molecular weight poly-
propylene (Mw = 6000) 3 parts
A developer was prepared from the above
25 mixture otherwise in the same manner as in Example 19
and subjected to a similar successive printing test of

3000 sheets under the various sets of environmental

This ig the raplacement sheet
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(-600 volts) and an AC conponent (2000 Vpp. 150 Hz). Thus, a successive

I mge formation test of 5000 sheets was perforned at a printing rate of 4

sheets (A4) per mnute in a reversal devel opnment node under various sets of

envi - ronmental conditions including normal tenperature - normal humdity

(25C, 60%RH), high tenperature - high humdity (30 [err]C, 90 %H), and | ow

tenperature - [ow hunmidity (15 [err]C, 10%RH). The resultant printed

i mges were eval uated and, at the sane tTT®, the appearances of the

surfaces of the contact-charging nenber (roller-type) and the OPC

phot osensitive drum were observed. As a result, good inages free from
ec

thick-pale diff [ er espective
p @bRREESoh B égﬂﬂﬁet;':?ag@i% O&% éﬁ@ tﬁ%?ag‘{ﬂx% conR&ckesP

conditions. Further, the surfac i ng nenber and the
phot osensi ti ve @huFy9RgenbRBEY 28N Wy E&ﬁ@%io'tneomaa@uw@eqe of

sticking of residual devel oper, whereby good durab| Ity or successive inmage
formation characteristicages exgabt} eéshder any set of environmental
conditions, the surfaces of the charging member and the
5 photosensitive member were almost free from damages or
abrasion even afte¥ the printing test and further no
sticking of residual toner was observed. The resultant
image were also good.
Example 21
10 A developer was prepared in the samé.manner as
in Example 19 except that 60 parts of a magnetic
material having a bulk density of 0.36 g/cm3 (Bc = 90

Oe, 0. = 9.2 emu/g) and subjected to a similar

x
successive printing test of 3000 sheets under the

15 various sets of environmental conditions as in Example
19.

As a result, under the high teﬁperature - high
humidity conditions, several spots of sticking were
recognized on the photosensitiQe member after the test

20 but no defect was recognized in the images. Also under

the other sets of conditions, good images were obtained

without irregularities.

25
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Exampl e 8 100 parts of colloidal silica fine powder having a specific
surface area of 200 nferr]/g (Aerosil #200, N hon Aerosil K K ) was
treated with 10 parts of dinmethylsilicone oil ("KF-96 100 CS", nfd. by
Shin-etsu Kagaku K. K.) diluted with a solvent, followed by drying and
heating at about 250 [err]C, to obtain daydrophobic colloidal silica fine
powder havi ng a hydrophobicity of 93 % Then, 0.5 parts of the

t hus- prepared hydrophobic colloidal silica fine powler was added to 100
parts of the magnetic toner according to Production Exanple 6, followed by
bl endi ng by a Henschel m xer to prepare a devel oper. The devel oper was
subjected to a successive printing test of 3000 sheets under the respective

envi ronment al condi ti ONsprPiiRdR I86ra8 rig) ST tRs 1 ntARRY at kRhBe¥as
observed no particul ar sticking of devel oper onto the surface of the

devel oper or thgoPbotSleeRfdd i ficr darPyiolg Wap lsained iy damres ar
abrasion on the surface of the photo-
contact-charging means for charging the member to be
5 charged in contact with the member to be charged, and a
developing means for developipg the electrostatic image
carried on the member to be charged. The developing
means includes a developer for developing the
electrostatic image compéising a toner and hydrophobic
10  inorganic fine powder. The hydrophobic inorganic fine
powder not only improves the fluidity of the developer
and adjusts'the chargeability of the developer but also
prevents difficulties due to interaction between the
member to be charged and the contact charginglmeans in
15 the presence of residual developer, such as damages of

the member to be charged and toner-sticking onto the

member to be charged.

20
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sensitive drum thus show ng good durability. Exanple 9 100 pats of
colloidal silica fine powder having a specific surface area of 130 nferr]/g
("Aerosil #130", N hon Aerosil K K.) was treated with 3 parts of

di methyl silicone oil ("KF-96 100CS') simlarly as in Exanple 7 to prepare
hydr ophobi c col | oi dal silica fine powdergghavi ng a hydrophobicity of 92 %
Then, 0.5 part of the thus prepared hydrophobic silica fine powder was

added to and bl ended with 100 parts—ef—the nmagnetic toner according to
Production Exanple 7 by neans of g.Henschel m xer to prepare a devel oper.

The devel oper was subjected to a s Y enRepleged ng t est of 3000 sheets
simlarly as in Exanple 7, mherebyTﬂ I" " I': :

1. A developer for developing an electrostatic image,
comprising:

a magnetic toner having a volume-average particle size of
4 - 8 microns and hydrophobic inorganic fine powder treated
with silicone o0il or silicone varnish; )

wherein 100 wt. parts of the developer contains 0.2 - 2.0
wt. parts of the hydrophobic inorganic fine powder, and

the developer has a BET specific surface area of 1.8 -

3.5 mz/g, a loose apparent density of 0.4 - 0.52 g/cm3, and a
true density of 1.45 - 1.8 g/cm3,
characterized in that the magnetic toner contains a binder
resin which comprises 3 - 20 wt. parts of polymerized units of
a monomer having an acid group formed of a carboxyl group or
its anhydride per 100 wt. parts of the binder resin and’ has
an acid value of 1 - 70.

2. The developer according to Claim 1, wherein 0.6 - 1.6
wt. parts of the hydrophobic inorganic fine powder is
contained in 100 wt. parts of the developer.

3. The developer according to Claim 1, wherein saiad
hydrophobic inorganic fine powder comprises hydrophobic metal
oxide fine powder.

4. The developer according to Claim 1, wherein said
hydrophobic inorganic fine powder comprises hydrophobic silica
fine powder.

14,
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5. The developer according to Claim 1, wherein the binder
resin comprises a vinyl copolymer including polymerized units
of the monomer having an acid group, which comprises a vinyl
monomer selected from the group consisting of acrylic acid,
methacrylic acid, maleic acid, monobutyl maleate, monooctyl
maleate, maleic anhydride, fumaric acid, monobutyl fumarate,

and fumaric anhydride.

6. The developer according to claim 1, wherein the binder
resin comprises a vinyl copolymer including polymerized units
of the monomer having an acid group, which comprises a vinyl
monomer selected from the group consisting of n-
butenylsuccinic acid, n-octenylsuccinic acid, monobutyl n-
butenylsuccinate, n-butenylmalonic acid and n-butenyladipic

acid.

7. The developer according to Claim 1, wherein the binder

resin has an acid value of 5 - 50.

8. The developer according to Claim 1, wherein the binder
resin comprises a styrene copolymer.

9. The developer according to Claim 1, wherein the binder
resin comprises a crosslinked styrene copolymer.

10. The developer according to Claim 1, wherein the
magnetic toner contains 10 - 70 wt. % thereof of a magnetic
powder having a BET specific surface area of 1 - 20 mz/g.

11. The developer according to Claim 1, wherein the
magnetic toner has a volume-average particle size of 4 - 8
microns, and such a particle size distribution that it
includes 17 = 60 % by number of magnetic toner particles of 5
microns or smaller, 5 -~ 50 g by number of magnetic toner
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sticking of residual devel oper on the surface of the contact

char gi ng nmenber or photosensitive drum was observed. Exanple 10 100
pats of colloidal silica fine powder having a specific surfEdseShet Ba Boén Reflered

mMerr]/g ("Aerosil #300", N hon Aerosil RK ) was treated w t{j§ !
olefin-nodified silicone oil ("KF-41 S'g nfd. by Shin-etsu K -
ca fine

simlarly as in Exanple 7 to prepare hyd$ophobic col | oi dal si
havi ng a hydrophobicity of 99 % Then, 0.5 part of the thus prepared

powder

hydr ophobic silica fine powder was added to and bl ended with 100 parts of
t he magnet partbadesa@fofddhg- 10.08 microns and 2.0 volume % or lass of

magnetic toner particles of 12.7 microns or larger.

12. The developer according to Claim 11, wherein the
magnetic toner has a volume-average particle size of 6 - 8
microns.

13. The developer according to Claim 1, wherein said
hydrophobic incrganic fine powder comprises hydrophobic silica
fine powder which has been treated with amino-modified
silicone o0il or amino-modified silicone varnish.

14. The developer according to Claim 1, wherein the
magnetic toner satisfies the following eguation:

N/V = -0.05N + X,

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 or
smaller, k is a positive number of 4.6 - 6.7, and N is a
positive number of 17 - 60.

15. The developer according to Claim 1, wherein said
hydrophobic inorganic fine powder has a hydrophobicity of 60 %
or higher. '

16. The developer according to Claim 1, wherein said
hydrophobic inorganic fine powder. has a hydrophobicity of 90 %
or higher.

17. The developer according to Claim 1, wherein 0.1 - 3.0

wt. parts of the hydrophobic inorganic fine powder is
contained in 100 wt. parts of the developer.

N
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to Production Exanple 7 by nmeans of a Henschel mixer to prepare a

devel oper. The devel oper was subjected to a successive printing test of
3000 sheets simlarly as in Exanple 7 except that the contact-charging
menber was replaced by one of the blade-type shown in Figure 2 of EP-A-0
410 482, whereby no sticking of residualggdevel oper or danege or abrasion on
the surface of the contact chargi ng nenbér or photosen- sitive drum was
observed. Exanple 11 100 pats of colloidal silica fine powder
("Aerosil #200") was treated with 15 parts of quorine nodi fied silicone:
oi | ("FL-100 4D®. Grie ., aste u ri npl 7.to
pr epare hydrophob| CO||OIDO ila?§§f§#% 3lngh%§ﬁ§§rop%bb|§%t% -of
95 % Then''0.8 o h qqydmswl@ sifinen foawsiemwdies
was added m@naadned in 100 wt. parts of the developer.

19. The developer according to CIaim 1, whereln said
hydrophobic inorganic fine powder has been treated w1th a
silane coupling agent, and then with the silicone oil,
silicone-varnish, amino-modified silicone o0il or amino-
modified silicone varnish.
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bl ended with 100 parts of the magnetic toner according to Production
Exanpl e 6 by neans of a Henschel m xer to prepare a devel oper. The
devel oper was subjected to a successive printing test of 3000 sheets under
the respective environnental conditions simlarly as in Exanple 7, whereby
there was observed no particular stickipgqgof devel oper onto the surface of
the devel oper or the photosensitive drunlnor was observed any damage or
abrasi on on t hgvaarf FeaMIlict ASPARA s h good
durability. Eraggireot2arIic Iﬂg@g@g?g g?ﬁchvgﬁggF %Cg§¥§ﬂ8¥&@§de
(Aerosil #200") was treated wth 32 parts of a- nethylstyrene nDdlfled
silicone oil ("KF-410", Shin-etsu Kagaku K. K) simlarly as in Exanple 7 to
prepar e hydrophobi c col loidal silica fine

ABSTRACT OF THE DISCLOSURE

An image forming apparatus includes a member

to be charged for carrying an electrostatic image, a
contact-charging means for charging the member to be

5 charged in contact with the member to be charged, and a
developing means for developigg the electrostatic image
carried on the member to be charged. The developing
means includes a developer for developing the
electrostatic image comprising a toner and hydraphobic

10 inorganic fine powder. The hydrophobic inorganic fine
powder not only improves the fluidity of the developer
and adjusts the chargeability of the developer but also
prevents difficulties due to interaction between the
member to be charged and the contact charging means in

15 the presence of residual developer, such as damages of
the member to be charged and toner-sticking onto the

member to be charged.

FIGURE 1
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powder having a hydrophobicity of 94 % Then, 0.6 part of the thus prepared
hydr ophobi ¢ silica fine powder was added to and bl ended with 100 parts of

t he magnetic toner according to Production Exanple 7 by nmeans of a Henschel
m xer to prepare a devel oper. The devel oper was subjected to a
successive printing test of 3000 sheetsysimlarly as in Exanple 7, whereby
no sticking of residual devel oper on the surface of the contact charging
menber or photosensitive drum was observed, but slight contam nation with
silicone oil was observed on the photosensitive nenber, which however did
not | ead to recogni zable inmage-irregularities. Exanple 13
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Styrene-n-butyl acrylate copol yner (copolynerization weight ratio = 8:2, Mwv

= 25x10[err]) 100 parts Magnetic fine powler (BET value = 8.6
nMerr]/qg) 60 parts Positively
chargeabl e control agent (nigrosine dye) 4 parts
Low nol ecul ar wei ght pol ypropyl ene (My 3 6000)

3 parts The above conponents were nelt-kneaded by means of a

tw n-screw extruder heated up to 140 [err]C, and the kneaded product, after
cooling, was coarsely crushed by nmeans of a hammer mll, and then finely
pul verized by neans of a jet mll. The finely pul verized product was

classified by neans of a wind-force classifier to obtain a positively
char geabl e magnetic toner having a vol une-average particle size of 12

m crons. Separately, colloidal silica fine powder (average particle-
size: 0.16 mcron, BET specific surface area: 130 nferr]/g) was treated
with 20 parts of am no-nodified silicone oil having an am ne val ue of 700
to obtain a positively chargeable

—————
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hydr ophobi ¢ colloidal silica fine powder. Then, 0.5 part of the thus
treated colloidal silica fine powder was bl ended with the above-prepared
toner to obtain a positively chargeabl e devel oper conprising a positively
chargeabl e toner and a hydrophobic colloidal silica added thereto. The
devel oper was charged in the inmge fo[n%ng apparatus("FC- 5", nfd. by Canon
K. K.) renodel ed to be equi pped with a coOntact-charging device (roller) as
shown in Figure 1 of EP-A-0 410 482. which was caused to abut to the
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- 25 - photosensitive nenber at a pressure of 50 g/cm and supplied with a
vol tage conprising a DC conponent (-500 volts) and an AC conponent (2000
Vpp, 150 Hz), whereby an imge fornmation test was perforned in a nornmal
devel opnment node. As a result, good inages free fromdefects were

obt ai ned under the various sets of condjtions of nornal tenperature
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- normal humidity (25[err]C 60 %RH), high tenperat-ufe-—-Hhi-gh-Rum i g
(325 [err]C, 85 %RH) and | ow tenperature - | ow;huni-di%ty-+ \“TCP 10“?
‘ORH), respectively. Further, a successive i@a-ejﬁﬁﬁﬁﬁ%ydﬁﬁfes-tbﬁﬂéﬁbéi
5000 sheets was performed while supplying the tonér, her eby: gooditigges! 2
free fromdefects were obtai ned under the respectYVéﬂcondﬁtVUn§?ﬁ¢ﬁeﬁ@?ﬁhgi
observed no sticking of devel oper ontd tha surfac¥ ofitie devetdgero gr.itche:.
phot osensitive dru h Ve L g e or Vi §mwerved any
damage or abrasion e Exeipl 8 14

A posi t purligtics har geabl e devel oper was prepared i-nt-he- sanme--manner-as—in
Exanpl e 13 except for using a positively chargeabl e hydrophobi c col | oi dal
si | i ca EERRORHTHEINYENTIONANDSRRLATED WRBat i ng 100 parts of the starting coll oida
silica fine

The present invention relates to a developer for developing an electrostatic image.

Such a developer may be suitably used in an image forming apparatus including a charging means for charging
a member to be charged by causing a charging membar suppiied with a voltage from an external supply to contact the
mernber 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 corona
discharger involves a probiem 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 specifically,
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 the member to be charged
to a prascribed surface potential. By using such a contact charging means, it becomes possible to use a lower voltags

. than by a corona discharger thereby to decrease the generation of ozone.

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 polyursthane rubber to charge a photosensitive paper by application of a low
voltage.

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 o maintain a sufficient contact with the member to be .charged, thus providing 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 to stick tothe photosensitive membaer at the abutting part when the photosensitive mem-
ber is stopped or the photosensitive member is liable to cause fading of images at the abutting pant. Further, if the
softening agent in the rubber material constituting the charging member exudes out to stick to the photesensitive
member surface, the photosensitive member is caused to have a lower resistivity to cause image flow and even be-
comas inoperable or causes sticking of a residual toner on the photosensitive member onto the surface of the charging
member, thus leading to filming. If a large amount of toner 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 member surface, so that the residual toner is liable to stick to the surfaces of the
charging member and the photosensitive member to mar or scratch the photosensitive member surface.

in a contact charging apparatus, the charging member is supplied with a DC voltage or a DC volitage superposed
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 fiying of residual toner particles having
a small diameter and a smail weight. Accordingly, the residual toner is liable to be electrostatically adsorbed by or
embedded in the surfaces of the charging member and photosensitive drum. This is very differant 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 racent years. in these small-sized apparatus, it is desirable to use a cartridge integrally including
a photosensitive member, a developing means, a cleaning means, etc., so as to provide a maintenance-free system.
itis aiso desirable to use a single-component, dry, magnetic developer sc 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. 3,809,258, a process utilizing dielectric polarization of toner particles; a process
utilizing charge transfer by agitation with a toner; developing processes wharein toner particles are caused to jump
onto latent images as disclosed in JP-A 54-42141 and JP-A 55-186586; etc.

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 silicic acid fine powder to toner particles. Silicic acid fine powder (i.e., silica powder) per se is hydrophilic, so
that a developer centaining the silica added thereto aggiomerates due to moisture in the air to lower its fluidity or even
lower its chargeability due to moisture absorption by the sitica. For this reason, it has been proposed to use hydropho-
bicity-imparted silica’powder by JP-A 46-5782, JP-A 48-47345, JP-A 48-47348, etc. More specifically, there has been
used hydrophobic silica abtained, e.g., by reacting silica powder with an organic silicon compound, such as dimethyl-
dichlorosilane, o substitute an organic group for silanol groups on the surfaces of the silica particles.

in a magnetic toner, the magnetic toner per se shows an abrasive function. In an image forming step wherein a
developer is pressed against a photosensitive member having a low surface-hardness such as an organic photocon-
ductor (OPC) member, if the developer comprises a mixture of a magnetic toner and inorganic fine powder, several




powder used in Exanple 13 with 4parts of the am no-nodified silicone oi
havi hg an ami neval ue of 700. The devel oper was subjected to a sinlar
Successive inmage formation test of 3000 sheets as in Exanple 13. As a
result, good inmages were obtained simlarly as in. Exanple 13. There was
observed no damage or abrasion, or sticking of residual devel operon the
surface of the chargi ng nenber or 2he photosen3|t|ve drum after the
succe55|¥§ |ga f or natlon t est. Exa | e A positively chargeabl e
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©n 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
dasired in respect of an office environmental condition.

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 promotas 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 resciving failure such as solidification or discontinuity. Accordingly,
there is a trend to use a smaller particle size of toner. For example, JP-A Hei 1-112253 has proposed a developer
having a volume-average particle size of 4 - 9 microns.

A decrease in particle size of toner is generally accompanied with an increass in specific surface area thereof, so
that such a toner is liable to soil or contaminate the pressing membar and photosensitive member and also requires
a larger amount of inorganic fine powder so as to ensure a sufficient fluidity in compsnsation for the increase in ag-
glomeration characteristic. As a result, there is a tendency to promote image dsfects, such as white dropout_dus 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,

SUMMARY OF THE INVENTION

An object of the prasent invention is to provide a developer for developing electrostatic images which is free from
toner sticking or only accompanied with suppressed toner sticking, if any.

An object of the present invention is to prowde a developer providing toner images which show a high density and
are free from fog.

An object of the present invention is to provide a developer which hardly contaminate a contact charging apparatus.

An object of the present invention is to provide a developer which can stably form visible images which are faithful
to latent images, sharp and of high densitiss.

According to the present invention, there is provided a developer for developing electrostatic latent images, com-
prising:

& magnetic toner having a volume-average particle size of 4 - 8 um (microns) and hydrophobic inorganic fine
powder treated with silicone oil or silicone vamish:;

wherein 100 wt. parts of the 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. pants of polymerized units of a monomer
having an acid group formed of a carboxyl group or its anhydride per 100 wt. parts of the bindar resin and has an
acid value of 1 - 70, and

the developer has a BET specific surface area of 1.8 - 3.5 m2/g, a loose apparent density of 0.4 - 0.52 g/em3, and
a true density of 1.45 - 1.8 g/cm3,

These and other objects, features and advantages of the present invention will become more apparent upon a
consideration of the following description of the preferrad embodiments of the present invention taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE bRAWiNGS

Figure 1 is an itlustration of an instrument for measuring triboelectric charges.
Figure 2 is an illustration of a checker pattem for evaluating reproducibility of minute dots.

DETAILED DESCRIPTION OF THE INVENTION

The toner contained in the developer of the present invention is a magnetic toner and has a volume-average
particle size of 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 further has a BET specific surface area of 1.8 - 3.5 m2/



of 3000 sheets as in Exanple 13 except that the charging device was

repl aced by one of the blade-type shown in Figure 2 of EP-A-0 410 482. As a
Fesult, there there was observed no damage or abrasion, or sticking of

resi dual devel oper on the surface of the charging nmenber or the

phot osensitive drum Exanple 16 3 Resin

conposi tion of Synthesis Exanple 6~ 100 parts

Magnet i C %@iﬁ&%mn( &X&; ? gacra?e% l!( gansny) of & ? 0.52 g]crn° arﬁ%qreen%ensny oqq 4? 1r J g§0m3 sc as

Monoazo- gﬁﬂmd od rasclution and causa litfle f

Low nol eCUlagbveldfdr BHing B BEVRERR ¥ ::t o%area of 1.8 -35m?/g as mg‘asE}QJ tySiitragen adsorption shows an
excellent performance from an early stage of operation, an excellent devetoper utilization efficiancy and also a toner
sticking-prevention effect onto the photosensitive member.

The developer of the present invention having a true dansity of 1.45 - 1.8 g/cm3 provides an appropriate application
amount onte 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 contamination in the apparatus due to scattering of the developer,
toner-sticking onto the photosensitive member and increased fog.

The develaper of the prasent invention has a loose apparent density of 0.4 - 0.52 g/lcm3, 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 %.

Porosity (ea) = [(true density)-(apparent density)}[true density] x 100 (%)

. The developer may preferably have a packed apparant density of 0.8 - 1.0 which may provide a porosity (ep) of
40 - 50 %.

The developer satisfying the above properties does not cause plugging in the developing apparatus butmay ensure
a smooth supply to the developing zone, so that images showing a stable density can be always formed withoyt white
dropout. Further, the toner does not cause leakage, scattering or denaturation even after a large number of printing
tests but can pravent toner-sticking onto the photosensitive member.

The BET specific surface area of the magnetic developer may be measured according to the BET one-point methed
by using a specific surface area meter (Autosorb 1, available from QUANTACHROME Co.).

The lcose apparent density (or aerated bulk density) and packed apparent (or bulk) density referred 10 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 may be
an accurate and convenient method for fine powder.

A stainless stesl cylinder having an inner diameter of 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 1 g of a sample powder is placed thereon, and the piston (B) is gently pushed against
the sample. Then, a pressure of 400 kg/cm? is applied to the piston by an oil press. After compression for 5 minutes,
the compressed sample is taken out and weighed (W g), 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 equa-
tion:

True density (g/cm’) = W/[mx(D/2)2xL]

The magnetic toner used in the prasent invention hag a volume-average particle size of 4 - 8 microns, particularly,
6 - 8 microns, and preferably has 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 further satisfying the following equation:

N/V = -0.05N + &,

wherein N denotes the contents in % by number of the magnetic toner particles of 5 microns or smaller, V denctes 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 - 80.

If the volume-average particle size of the magnetic toner is below 4 microns, the toner coverage on a transfer
paper becomes small to result in a low image density for a 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 image portion becomes lower than that
at the contour or edge portion of the image as will be described hersinafter. Further, a volume-average pamcle 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 cause a



The above conponents were nelt-kneaded by neans of a roller mll|l heated to
150°[err] C, and the kneaded product, after cooling, was coarsely crushed by
means of a hanmmer mll, and then finely pul verized by nmeans of a jet mll.
The finely pulverized product was classified by nmeans of a wi nd-force
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to oceur, thus resulting in a poor repreducibility of thin lines and an increased toner consumption. Below 5 % by number,

it is difficult to obtain a high image density. The contents of the magnetic toner particles of 5 microns or smaller in terms

of % by number (N %) and % by volume (V %) may preferably satisfy the refationship of NV = -0.05N + k, wherein k

reprasents a pasitive number satisfying 46 = k = 6.7. The number k may prefarably satisfy 4.6 = k = 6.2, more

preferably 4.6 < k 5 5.7. Further, as described above, the percentage N satisfies 17 = N = 60, preferably 25 s N s

50, more preferably 30 = N =< 60.

’ if k < 4.6, magnetic toner particles of 5.0 microns or below are insufficient, and the resultant image density, reso-
lution and sharpness decrease. When fine toner particles in 2 magnetic toner, which have conventionally been con-
sidered useless, are present in an appropriate amount, they are effactive for achieving closest packing of toner in
development and contribute to the formation of a uniform image free of coarsening. Particularly, these particles fill thin-
line partions and contour portions of an image, thereby to visually improve the sharpness thereof. If k < 4.6 in the above
forrula, such component becomes insufficient in the particle size distribution, and the above-mentioned characteristics
become poor. .

Further, in view of the production process, a large amount of fine powder must be removed by classification in
order to satisfy the condition of k < 4.6. Such a process is however disadvantageous in yield and toner costs. 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 phenormenon may be considered that an excess of fine magnetic toner
particles having an excess amount of charge are triboelectrically attached to a developing slesve and pravent normal
toner particles from being carried on the developing sleeve and being supplied with 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 volums or smaller, more preferably 0.5 % by
volume or smaller. If tha above amount is larger than 2.0 % by volume, these particles are liable to impair thin-iine
raproducibility.

The particle size d:stnbutlon of a toner is measured by means of a Coulter counter in the present invention, while
it may be measured in various manners.

Coulter counter Model TA-1| (available frem Coulter Electronics Inc.) is used as an instrument for measurement,
to which an interface (available from Nikkaki K.K.) for providing a number-basis distribution, and a volume-basis dis-
tribution and a psrsonal computer CX-1 (available from Canon K.K.) are connected.

For measurement, a 1 %-NaCl aqueous solution as an elsctrolytic solution is prepared by using a reagent-grade
sodium chioride. into 100 to 150 mi of the electrolytic solution, 0.1 to 5 mi of a surfactant, preferably an alkylbenze-
nssulfonic acid sait, is added as a dispersant, and 2 to 20 mg of a sampis is added thereto. The resultant dispersion
of the sample in the electrolytic liquid is subjected to a dispersion treatment for about 1 - 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 Coutter counter Mode! TA-Il 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, pa-
rameters characterizing the magnetic toner of the present invention may be obtained.

The toner contained in the developer according to the present invention may generally comprise a binder resin
and a magnetic material or a colorant.

The binder for 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-chiorostyrene, and polyvinyltoiuene; styrene copol- -
ymers, such as styrene-propylene copolymer, styrene-vinyltoluene copolymer, styrene-vinyinaphthalene copolymer,
styrene-methyl styrene-ethyl acrylate copolymaer, styrene-butyl acrylate copolymer, styrene-octyl acrylate copolymer,
styrene-dimethyiaminoethyl acryiate copolymer, styrene-methyl methacrylate copolymer, styrene-ethyl methacrylate
copolymer, styrene-butyl methacrylate copolymer, styrene-dimethylaminosthyl methacrylate copolymer, styrene-vinyl
methyl ether copolymer, styrene-vinyl ethyt ether copolymer, styrene-vinyl methyl ketone copolymer, styrene-butadiene
copolymaer, styrene-isoprenea copolymer, styrene-maleic acid copolymaer, styrene-maleic acid ester copolymer; polyme-
thyl methacrylate, polybutyl methacrylate, polyvinyl acetate, polyethylene, polypropylane, polyvinyl butyral; polyacrylic
acid rasin, rosin, modified rosin, terpene rasin, phenolic resin, aliphatic or alicyclic hydrocarbon rasin, aromatic petro-



formed under application of DC - 600 volts and an AC current of 170 pA so
as t'o charge the photosensitive nenber to -600 volts. As a result, even
after 3000 sheets of the inmage formation, good images were continually
obt ai ned wi t hout causing toner-sticking or danages on the surface of the
charging roller or the OPC photosensitive nmenber surface. Simlar tests
wer e conduct ed under high tenperature - high humdity conditions of 32.5
[err]C and 85 %H and | ow t enperature 1_gpw hum dity conditions of 15
[err]C and 10 %RH, whereby simlarly good results were attained

FUrt Ner o, G ol el /kRa dafRGHR whi THURE loQik Mg e G808 Mdgh YARmMBret © 5000 sheets
whi | e supphy/doRintWABn héy8 EontalEl iPhSBhd? By ta@Gldnbr &-dye, inclusive of carbon black and copper
phthalocyanine, conventionally used. .

Magnetic particles contained in the magnetic toner according (o the present invention may comprise a material
which may be magnetized in a magnetic field. Examples thereof may include: powdar of farromagnatic metal, such as
iron, cobalt or nickel; or alloys or compounds, such as iron-based alloys, nickel-based ailoys, magnetite, y-Fe,0, and
ferrites.

The magnetic particles may preferably have a BET specific surface area as measured by nitrogen adsorption of
1 - 20 m?/g, particularly 2.5 - 12 m%/g and Mohs' hardness of 5 - 7. The magnetic particles may be contained in a 10
- 70 % by weight of the toner. :

The magnetic toner may further preferably have a bulk density of 0.35 g/em? or higher.

By satistying the abave properties, tha davsioper according to the present invention hardly causas toner sticking
onto the surface of the contact-charging mermber or photosansitive drum even when"some developer remains on the
photosensitive drum after the cleaning step.

For this reason, the developer according to the present invention may be extremely fit for the charging step used

. inthe present invention, thus allowing the charging step to fully exhibit its parformances to provide always good images.

We consider that the developer according to the present invention exhibits the above affects because magnetic
particles are uniformly dispersed in the magnetic toner constituting the developer. [f the uniform dispersion is not re-
alized, 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 rasin, whereby a strong rubbing is
caused between the surfaces of the contact-charging member and the photosensitive member at the abutting parts.
between these membars 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 viscoelasticity due to a decrease in proportion of
the magnetic material, so that spot or filmy sticking onto the surfaces of the charging member and the photosensitive
drum ig liable to cccur.

The bulk dengity of the magnaetic material may be understood to be an indirect measurs of the agglomeration of
the magnetic particles. If the bulk density of the, magnetic material ig below 0.35 g/em?®, much aggiomerate is present
in the magnetic material so that it is difficult to accomplish a sufficient dispecsibility 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 develcper 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 to use a
magnetic material having a bulk density of 0.35 g/em? or higher, particularly 0.5 g/em3 or higher.

Hersin, the buik density of a magnetic material refers to a value measurad according to JIS (Japanese Industrial
Standards} K-5101.

The magnetic material contained in the developer according to the present invention may preferably have a coer-
cive force of 7360 A/m (100 oersted (Os)) or below, more preferably 8368 A/m {80 oersted (Oe)) or below, under a
magnetic field of 79 800 A/m (10000 oersted (Oe)). The coercive force of magnetic padicles are generally controlled
by their crystalline magnetic anisotropy and shape anisotropy and may be understood as an indirect measure of their
surface shape. If a magnetic material has a larger crystaliinity, the magnetic material is caused to have a larger coercive
force and the particies thereof are caused to have sharp surface edges. If such magnetic particles having sharp surface
edges are used in the present invention, they are liable to cause not only scratches or abrasion on the surfaces of the
contact-charging member and the photosensitive drum but also sticking of the developer due to ermbedding at the
abutting part between the members. Accordingly, it is preferred to lower the coercive force of the magnetic particles
80 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 whan the magnetic particles are agglomerated, so that a bulk density of 0.35 glcm? or below
is preferred aiso in this case.

Further, the magnetic material used in the magnetic toner according to the present invention may preferably have
a remanence (c,) of 10 emu/g or below, mors preferably 7 emu/g or below, after application of a magnetic field of 79
600 A/m (10000 Oe). If the magnetic material has a remanence exceeding 10 emu/g, the particles therecf are liable
to cause a larger degree of magnstic agglomeration and be present as agglomerates 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 remanenace 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 Toei Kogya K.K.

The magnetic material used in the presant invention may praferably be cne obtained through a wet process using

terrus sulfate as a starting material and may praferabiy comprise magnaetite or ferrite containing 0.1 - 10'wt. % of a
divalent metal such as manganese or zinc.
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The magnetic material may preferably be one which has been subjected to disintegration or milling as desirad.
Examples of means for disintegrating the magnstic material may include & mechanical pulverizer equipped with 2 high-
speed rotor for disintegrating a powdery material and a pressure disperser equipped with a weight roller for disinte-
grating or milling a powdery material.

In case whers a mechanical puiverizer is ysed for disintegrating agglomerates of magnetic particles, an excessive
impact force by the rofor is liable to ba applied sven to primary particles of the magnetic particles so that sven the
primary particles are liable to be broken to yield fine powder of the magnaetic particles. Accordingty, 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 surfaca 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 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, alkylsal-

+ jeylic acid, dialkylsalicytic acid, and naphthoic acid. The magnetic toner may preferably have a volume resistivity of

1010 ohm.cm or higher, particularty 1012 ohm.cm or higher in respects of triboelectric chargeability and electrostatic
transfer characteristic. The volume resistivity referred to hersin may be defined as a value obtained by molding a toner
sample under a pressure of 100 kg/cm2, applying an electric fisid of 100 V/cm and measuring a current value at a time
one minute after the commencement of the application, wheraby the volume rasistivity is calculated based on the
measured current valus.

The toner-binder resin constituting the developer according to the present invention is one containing 3 - 20 wt.
parts of polymerized units of a monomer having a carboxylic group or an acid anhydride group derived therefrom per
100 wt. parts of the binder resin and having an acid vaiue of 1- 70,

The binder resin having an acki group may comprise various resins and may preferably bs one containing a tet-
rahydrofuran (THF)-soluble content which has a weight-average molecular weight/number-average molecular weight
ratio of 5 or larger (Mw/Mn = 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 - 100,000 based on the
molecular weight distribution by gel-permeation chromatography (GPC) of the THF-solubis content. This is because
the THF-insoluble content principally affects the anti-offset characteristic and anti-winding characteristic, a component
having a molecular waight of below 15,000, particularly 10,000 or below, principally affacts 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, pnnclpally affects the fixing characteristic.

The binder resin (copolymer) having anracid 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 correspanding to
the peaks and/or shoulders may be performed under the following conditions.

A column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (THF) solvent is caused to flow through the
column at that temperature at a rate of 1 ml/min., and 50 - 200 ! 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 menodisperse polystyrenedisperse samples and
having a logarithmic scale of molecular weight versus count number. The standard polystyrens samples for preparation
of a calibration curve may be those having molecular weights of, e.g., 8x102, 2.1x108, 4x108, 1.75x10%, . 1x10%, 1.1x105,
3.9x108, 8.6x105, 2x10¢ and 4.48x108 available from, e.g., Pressure Chemical Co. or Toyo Soda Kogyo K.K. It is
appropriate to use at least 10 standard polystyrene samples. The detector may be an Rl (refractive index) detector.

For accurate measursment of molecular weights in the range of 102 - 4x108, it is appropriate to constituts the
column as a combination of several commercially available polystyrene gel columns. A prefarred example thereol may
be a combination of u-styragel 500, 103, 104 and 10° available from Waters Co.; a combination of Shodex KF-80M,
802, 803, 804 and 805, or a combination of TSK gel G1000H, G2000H, G2500H, G300QH, G4000H, GS000H, 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 weight thereof
with that of the chromatogram covering the molecular weight range of 10,000 or higher, to derive the weight % thersof
in the whole binder resin.

Examples of the polymerizable monomer having an acid group which may be used in the present invention may
include; a, B-unsaturated carboxylic acids, such as acrylic acid and methacryfic acid; ¢, B-unsaturated dicarboxylic acids
and half esters thereof, such as malsic acid, butyl maleate, octyl maleate, fumaric acid and butyl fumarate; and alke-



A toner having an average particle size of 12.5 mcrons was prepared _
simlarly as in Exanple 16. The toner was charged in an inmage form ng
apparatus ("FC-5") renodel ed to be equi pped with a charging device as shown
in Figure 2 of EP-A-0 410 482 and suitable for reversal devel opnent and
el ectrostatic transfer and was subjected to an inmage formation test in a
simlar manner as in Exanple 16, Wn?reby good results were obtained under
all the sets of environmental condifions up to 3000 sheets. L Furt her,
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It was Ipeafesiibly Sr & ogni zabl e on an i mage and was judged to be practically of
no proble nihe acid values referred to herein are based on values measurad as follows according to JIS K-0670.
2 - 10 g of a sample resin is weighed in a 200 - 300 mi-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 acetone may be added.
The solution is titrated with a N/10-caustic potassium solution in ethanol, which has been standardized in advancs, in
¢ the presencs of a phanolphthalein indicatos, whereby the acid vaiue (mgKOH/g) of the sample resin is calculated from
the consumed amount of the caustic potassium solution according to the foliowing equation (3):

and

Acid value = Amount of KOH solution (mi) 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 with
the polymerizable monomer having an acid group may include: styrens; styrane derivatives, such as o-methyistyrene,
m-methylstyrene, p-methylstyrene, p-methoxystyrene, p-phenyistyrane, p-chiorostyrene, 3,4-dichlorostyrens, p-ethyl-
styrene, 2,4-dimethyistyrene, p-n-butylstyrene, p-tert-butylstyrene, butyistyrene, p-n-hexylstyrens, p-n-octylstyrene, p-
n-decylstyrene, and p-n-dodecylstyrene; ethylenically unsaturated monoolefins, such as ethylene, propylene, butylene,
and isobutylene; unsaturated polyenes, such as butadiene; vinyl halides, such as vinyl chloride, vinylidene chiorids,
vinyt bromide, and viny! fluoride; vinyl esters, such as vinyl acetate, vinyl propionate, and vinyl benzoate; a-methylene-
aliphatic monocarboxylic acid esters, such as methyl methacrylate, sthyl methacrylate, propyl methacrytats, n-butyl
methacrylate, isobutyl methacrylate, n-octy! methacrylate, dodecyl methacrylate, 2-ethythexy! methacrylate, stearyl
methacrylate, phenyl methacrylate, dimethylaminoethyl methacrylate, and diethylaminoethyl methacrylate; acrylic acid
esters, such as methyl acrylate, ethyl acrylate, n-butyl acrylate, iscbutyl acrylate, propyl acrylate, n-octyl acrylate,
dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-chlorosthy! acrylate, and phenyl acrylate; vinyt ethers, such
as vinyl methyl ether, viny! ethyl ether, and vinyi isobutyl ether; vinyl ketones, such as vinyl methy! ketone, vinyl hexy!
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. :

Among the above, a monomer combination providing a styrene copolymer or a styrene{meth)acrylate copolymer
is particularly preferred. .

A crosslinking monomer, 8.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: )

Aromatic divinyl compounds, such as divinylbenzene and divinyinaphthalene; diacrylate compounds connected
with an alkyl chain, such as ethylene glycol diacrylate, 1,3-butylene glycol diacrylate, 1,4-butanediol diacrylats, 1,5-pen-
tanediol diacrylate, 1,6-hexanediol diacrylate, and neopentyl glycol diacrylate, and compounds obtained by substituting
methacrylate groups for the acrylate groups for the acrylate groups in the abovs compounds; diacrylate compounds
connected with an alkyl chain including an ether bond, such as diethylene glycol diacrylate, triethylene giycol diacrylate,
tetraethylens glycol diacrylate, polyathylene 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 poiyoxysthylene (2)-2,2-bis
(4-hydroxyphenyl)propanediacrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-propanediacrylate, and com-
pounds obtained by substituting 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 KK.).

Polyfunctional crosslinking agents, such as pentaerythritol triacrylate, trimethylethane triacrylate, tetramethylol-
methane tetracrylate, oligoestsr acrylate, and compounds obtained by substituting methacrylate groups for the acrylate
groups in the above compounds; triallyl cyanurate and triallyl trimellitate.

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, divinylbenzene)
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-cffset characteristic.



Exanpl e 18 A toner having an average particle size of 11.6 mcrons was
prepared according to the same prescription and production nmethod as in
Exanpl e 16 except that the resin conposition was replaced by one of

Synt hesi s Exanpl e 8. The thus-obtained toner was charged in the

renodel ed i nage form ng apparatus used in Exanple 16 and subjected to a
simlar image formation test as in-E8amrple 16, whereby good results were
obt ai ned under all the sets of environ- nental conditions. Furt her, the
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The first polymer or copolymer may preferably be formed through solution polymerization or ionic polymerization,
The second polymer or copolymer providing a THF-insolubls content may preferably be prepared through suspension
polymarization or bulk polymerization of a monomer dissolving the first polymer or copolymer in the presence of a
crosslinking monomer. It is preferred that the first polymer or copolymer is used in a proportion of 10 - 120 wt. parts,
particularly 20 - 100 wt. parts, per 100 wt. parts of the polymerizable monomer giving the second palymer or copolymer.

The soivent used in the solution polymerization may be xylene, toluene, cumens, acid celiosolve, isopropyl aleohol,
benzene, etc. In case of a styrene monomer, xylene, toluene or cumene may be preferred. The soivent may be selected
depending on the product polymer. Further, an initiator, such as di-tert-butyl peroxide, tert-butyl peroxybenzoate, ben-
zoyl peroxide, 2,2'-azobisisobutyronitrils, 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. pars, 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 °C.
In the solution polymerization, the monomer may be usad in an amount of 30 - 400 wt. parts per 100 wt. parts of the
sclvent.

Further, the binder resin used in the present invention may preferably contain 10 - 70 wt. % of a THF (tetrahydro-
furan)-insoluble content. If the THF-insoluble content is below 10 wt. %, the resultant toner is liable to stick to the
contact-charging mamber. If the THF-insoluble contant exceeds 70 wt. %, the toner per se is caused to have too large
arigidity sothat the surface of the latent image-bearing member or the contact-charging member 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 component)
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 containing a crosslinked
component. It is to be noted however that a polymer having a low degree of crosslinking can be sotuble in THF. For
example, a crosslinked polymer obtained through solution polymerization can be THF-soluble even if it has been ob-
tained in the presence of a relatively large amount of crosslinking agent such as divinylbenzens. The THF-insoluble
content may be defined as a value obtained in the following manner.

0.5 - 1.0 g of a toner sample is weighed (W, g) and placed in a cylindrical filter paper (e.g., No. 86/ available from
Toyo Roshi K.K.) and then subjected to extraction with 100 to 200 ml of solvent extraction by using a Soxhlet's extractor
for 6 hours. The soluble content extracted with the solvent THF is recovered by evaporation and dried for several hours
at 100 °C under vacuum to measure a weight (W) of the THF-scluble content. On the other hand, the weight (W,g)
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 following equation:

THF-insoluble content (%) = [W, (W, +W,)/[W, -W,] x 100

The daveloper according to the present invention contains a hydrophobic inorganic fine powder as an additive,
which may preferably be a hydrophobic metal oxide fine powder, further preferably hydrophobic silicic acid (sifica) fine
powder.

Among the above-mentioned inarganic powders, those having a spacific surface area as measured by the BET
method with nitrogen adsorption of 70 - 300 m/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, with raspect
to 100 wt. parts of the toner.

It is preferred to use negatively chargeable hydrophobic silica fine powder for a negatively chargeable toner. The
hydrophobic silica fine powder may preferably be one having a triboslectric charge of -100 pC/g to -300 uC/g. When
the silica fine powder having a triboelectric charge below -100 uC/g is used, it tends to decrease the triboelsctric charge
of the developer per se, wheraby humidity characteristic becomes poor. When silica fine powder having a triboslsctric
charge of above -300 uC/g is used, it tends to promote a so-called "memory phenomenon® on a dsveloper-carrying
member and the developer may easily be affected by deterioration 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?/g, the addition thereof
produces little effect. When the silica is too coarse so that its BET specific surface area is below 70 m/g, the probability
of free powder presence is increased, wheraby the dispersion thereof in the toner is liable to be ununitorm:. In such a
case, black spots due to silica agglomerates are liable to occur.
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wherein R: a C, - C3 alky! group, R": a silicone oil-modifying group, such as alkyl, halogen-modified alkyl, phenyl, and
modified-phenyl, R". a C, - C4 alky! or alkoxy group.

Specific examples thereof may include: dimethyisilicane cil, alkyl-modified silicone oil, a-methylstyrene-modified

. silicone oil, chlorophenyi-silicone oil, and flucro-modified silicone oil. The above silicone oil may preferably have a
viscosity at 25 °C of about 50 - 1000 centi-stokes. A silicon oil having too low a molecular weight can generate a volatile
matter under heating, while one having too high a molecular weight has too high a viscosity leading to a difficuity in
handling,

In order fo treat the silica fine powder with silicone oil, there may be used a method wherein sifica fine powder
treated with a silane coupling agent is directly mixed with a silicone il by means of a mixer such as Henschel mixer:
a method wherein a silicone oil is sprayed on silica as a base matarial; or a methcd wherein a siticone oil is dissolved
or dispersed in an appropriate solvent, the resultant liguid is mixed with silica as 2 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 inorganic fine powder is treated only with 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 treatmaent with a silicone oil must
be carefully performed. However, if the fine powder is first treated with a silane coupling agent and then with a silicone
oil, the fine powder is provided with a good moisture resistance while preventing agglomeration 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 hexamethyldisilazane or those rapresented by the
formuia: Ry, SiY,, wherein R: an alkoxy group or chiorine atom, m: an integer of 1 - 3, Y- alkyl group, vinyl group,
glycidoxy group, methacry! group or other hydrocarbon groups, and n: an integer of 3 - 1. Specific examples thereof
may include: dimethyidichlorosilane, trimethylchlorosilane, allyldimethylchlorosilane, allyiphenyidichlorosilans, ben-
zyldimethyichlorosilane, vinyltriethoxysilane, y-methaceryloxypropyltrimethoxysilane, vinyitriacetoxysilane, divi-
nyichiorosilane, and vinylchlorosilane. o

The treatment of the fine powder with a silane coupling agent may be performed in a dry process wherein 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 wherain the fine powder is dispersed in a sclvent into which 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 tco 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 daveloper.

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 (1):
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wherein R, and Ry respectively denote hydrogen, alkyl group, aryi group or alkoxy group; R, denctes alkylene group
or phenylene group, R, denotes a nitrogen-containing heteracyclic group; and R, and Rg respactively denota hydrogen,
alkyi group oraryl group. Ry can be omitted. The above-mentioned alkyl group, aryt group, alkylene group or phenylene
group can have an amino-gsubstituent and can have a substituent, such as halogen, within an extent not adversaly
" affecting the chargeability. In the above formula, m is a number of 1 or larger, n and | 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 chaing
are most preferred. -

Many of nitrogen-containing unsaturated heterocyclic rings have been known including the following exampies.
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Further, examples of nitrogen-containing saturated heterocyclic rings may include the following:
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it is preferred to use S-membered or 6-membered hetarocyclic group while other groups can also be used in
addition to those derived from the above-anumsrated heterocyclic rings.

Derivatives from the above-mentioned silicone compounds can aiso be used inclusive of those including a sub-
stitusnt, such as hydrocarbon group, halogen group and a known other group, such as vinyl group, mercapto group,
mathacryl group, glycidoxy group, and ureido group.

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. Herain, 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 number of nitrogen atoms in one molecule
of the silicone oil. The nitrogen atom equivalent can also be usad for a single species of silicone oil or a mixture of two
or mote spacies of silicone oil. '

The treatment with a siiicone cil 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 meanas of a sprayer, o
the fine powder is mixed with a solution of an amino-modified silicone oil, followed by removai of the solvent by evap-
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M cr ons .specifically, is a tridimensional polymer containing a large proportion of the T31 unit.
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The above-mentioned silicone vamish may be converted into an amino-medified silicone varnish by replacing a
part of the methy! group or phenyl group in the T31 unit, D31 unit and M31 unit with an amino group-containing group.
Examples of the amino group-containing group may include those represented by the following structural formulas:

-CH,CH,-NH,
-CH,(CH, )p-NH,
-CH(CHy)p-NH-{CH, )y-NH,

-@-NH 2
©

CH,-NH,



Then,

100 parts of the magnetic toner thus obtained was bl ended with 0.6

part* of hydrophobic colloidal silica

- 12 -

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 powdsr may be treated with 3 - 50 wt, parts, preferably 5 - 40 wi. parts, of the
solid content of the amino-modified silicone ajl or amino-modified silicone vamish. Below 3 wt. parts, the surfaces of
the inorganic fine powder cannot be sufficiently covered thus resulting in little improvement in anti-moisture character-
istic. 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 laft to stand overnight in an environment of 23.5 °C and relative humidity
of 80 % RH, and 8.8 g of carrier iron powder not coated with a resin having a mode particle size of 200 to 300 mesh
(e.9. EFV 200/300, produced by Nippon Teppun K.K.} are mixed thoroughly in an aluminum pot having a volume of
about 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 0.5 g of the shaken mixture is charged in a metal container 32 for measurement provided with
400-mesh screen 33 at the bottom as shown in the attached Figure 1 and covered with a metal lid 34. The total weight

- of the container 32 is weighed and dencted by W, (g). Then, an aspirator 31 composed of an insulating material at

least with respsct to a part contacting the containar 32 is operated, and the silica in the container is removed by suction
through a suction port 37 sufficiently while controlling the pressure at a vacuum gauge 35 at 33 330 Pa (250 mmHg)
by adjusting an aspiration control valve 36. The reading at this time of a potential meter 39 connected to the container
by the medium of a capacitor having a capacitance C (uF) is denoted by V (volts.). The total weight of the container
after the aspiration is measured and denoted by W, (g). Then, the triboelectric charge (C/g) of the silica is calculated
as: CxV/(W,-Wy).

The fine silica powder used in the present invention can be either the so-calted “dry process silica" or *fumed silica*
which can be obtained by oxidation of gaseous silicon halide, or the so-called "wet process silica® which can be pro-
duced from water glass, etc. Among these, the dry procass silica is preferred to the wet process silica because the
amount of the silanol group present on the surfaces or in interior of the particles is small and it is fres from production
residue such as Na;0, SO52-.

The dry process silica referred to herain 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 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 manner,
while another mathed can be applied with reference to the following method.

A sample in an amount of 0.1 g is placed in a 200 ml-separating funnel equipped with a sealing stopper, and 100
mi 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 funnetl is then allowed to stand still for 10 min. so that a silica powder layer and
an aqueous layer are separated from each other, and 20 - 30 mi 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 trans-
mittance of the water sample is dencted as the hydrophobility of the silica.

The hydrophobic silica used in the present invention should preferably have a hydrophobicity of 60 % or higher,
particularly S0 % or higher, if the hydrophobicity is below 80 %, high-quality images cannot be attained because of
moisture absorption by the silica fine powder under a high-humidity condition.

To the daveloper according to the present invention, it is possible to further incorporate other additives within an
extent not giving ill effects, which may for example includae a fixing aid, such as low-molecular weight polyethylene,
and a metal oxide such as tin oxide as a chargeability-imparting 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 polymerization method wherein
prescribed ingredients are dispersed in a monomaer constituting a binder resin and the mixture is emuisified, followed
by polymerization of the monomer to provide a polymer, etc.

The developer of the present invention is particularly suitable for a contact-charging step of an image forming
method. As to the disclosure of the image forming methed and the apparatus used therefore. it is patticuiarly referred
10 the published patent application EP-A-0 410 482 relating to the present divisional application. The gorresponding
disclosure of EP-A-0 410 482 is incorporated herain by referencs.

The present invention will be explained in more detail with refsrence to Examples, by which the present invention
|s not limitsd at all. In the formulations appearing in the Examples, parts are parts by weight.
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paramelers: Mw (weight-average molecular weight) = 3,500, Mw/Mn (weight-average molecular weight/number-aver-

age molacular weight) = 2.52, the molecular weight at the main peak in the GPC chart = 3,000, and Tg (glass transition

oint) = 56 °C.
P :30 parts of the above copolymer was dissolved in the following monomer mixture to form a mixture solution.

[Monomer‘mixmrel

Styrene monomer 50 parts
n-Butyl acrylate monomer 17 parts
Acrylic acid monomer 3 pans
Divinylbenzene 0.26 part
Benzoyi peroxide 1 part
tert-Butylperoxy-2-ethythexancate | 0.7 part

To the above mixture soluticn was added 170 parts of water containing 0.1 part of incompletely saponified polyvinyt
alcohol to form a liquid suspension. The suspsnsion was added to a nitrogen-aerated reaction vessel containing 15
parts of water and subjected to 6 hours of suspension polymerization at 70 - 95 °C.

After the reaction, the product was recovered by filtration, de-watered and dried to form a copolymer composition.
In the composition, styrene-acrylic acid copolymer and styrene-n-butyl acrylate copolymer were uniformly mixed. The
THF-soluble content of the resin composition was subjected to measurement of molecular weight distribution by GPC
to provids peaks at molecular weights of about 3500 and about 31000 in the GPC chart, Mn (number-average molecular
waight) = 5100, Mw = 115000, Mw/Mn = 22.5 and a content of molecular wsight being 100C0 or below of 27 wt. %.
The resin showed a Tg of 59 °C, and the content of molecular weight being 1000 or below isclated by GPC showed a
glass transition point Tg1 of 57 °C.

The resin composition showed an acid value of 22.0.

Synthesis Example 2

The foliowing monomer mixture was subjectad to solution polymerization in 200 parts of cumene at a cumene

reflux temperature.
[Mcnomer mixture]
Styrene monemar 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 = 6,800, Mw/Mn = 2.36, a main peak molecular-weight = 7200 and Tg = 64 °C. :

30 parts of the above styrene-n-butyl maleate (haif ester) copolymer was dissolved in the following monomer
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 styrane-n-butyl acrylate-n-buty! maleate (half ester)
copolymer. The resin composition showed an acid value of 20.6.

[Monomer mixture]

Styrene 45 parts

n-Buty! acrylate 20 parts

n-Butyl maleate (half ester) 5 parts

Divinylbenzene 0.25 part

Benzoyl peroxide 0.65 part -
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Synthesis Example 3

200 parts of cumene was charged in a reaction vessel and heated to a reflux temperature. Into the vessel, a mixiure
of 78 parts of styrene, 15 parts of n-butyl acrylate, 7 parts of n-butyl maleate (half ester), 0.3 part of divinylbenzene
and 1.0 part of di-tert-butyl peroxide was added dropwise in 4 hours under reflux of the cumene, followed by 4 hours
of polymerization and removal of the solvent by ordinary distillation under reduced pressura to obiain a copolymer
The polymer showed: Mw = 25x104, Mw/Mn = 11.0, Tg = 60 °C, and an acid value of 19.5.

Hefarence 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 acrylate were used and n-butyl maleate (haflf ester) was omitted. The copolymer showed an acid value
of 0.4.

Synthesis Example 4

A copolymer was obtained in the same manner as in Synthesis Exampls 3 except that the amount of the styrene
was changed to 82 parts and the amoant of the n-butylmaleate (half ester) was changed to 3 parts. The copolymer
showed an acid value of 7.3

Synthesis Example 5

A copolymer was obtained in the same manner as in Synthesis Example 3 except that the amount of the 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

200 parts of cumene was charged in a reaction vessel and heated to a reflux temperaturs. Further, a mixture of
100 parts of styrene monomer and 7.8 parts of banzoy! peroxide was added dropwise thersto in 4 hours under reflux
of the cumene. Further, the solution polymerization was completed under reflux of the cumene (146 - 156 °C), followsd
by removal of the cumene. The resultant polystyrene was soluble in THF, showed a main peak at a molscular waeight
of 3,800 on the GPC chromatogram and showed a Tg of 58 °C.

30 parts of the above polystyrene was dissolved in the following monomer mixture to form a mixture solution.

{Monomer mixture)

Styrene 50 parts
n-Butyl acrylate 20 parts
Divinylbenzene 0.26 part
Benzoyl peroxide | 1.7 paris

To the above mixture solution was added 170 parts of water containing 0.1 part of incompletsly 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 °C. After the reaction, the product was
recovered by filtration, de-watered and dried to obtain a composition comprising polystyrene and styrene-n-butyl acr-
yiate copolymer. The composition was a uniform mixture of a THF-soluble content 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 and a length of 100 mm (No. 86R, available from Toyo Roshi K.
K.), and 200 mi 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-
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Shodex KF-80M (available from Showa Denko KK.)was usedasa GPC column and incorporated in a heat cham-
ber held at 40 °C of a GPC measurement apparatus ("150C ALC/GPC*, available from Waters Co.). The GPC meas-
urement was effected by injecting 200 ul of 2 sample (a THF-soluble concentration of about 0,1 wt. %) into tha column
ata THF flow rate of 1 mi/min. and by using an Rl (refractive index) dstector. The calibration curve for molecular weight
measurement was prepared by using THF solutions of 10 monodisperse polystyrane standard samples having molec-
ular waights of 0.5x109, 2.35x103, 10.2x103, 35x10%, 110x103, 200x103, 470x103, 1200x108, 2700x103 and 8420%102
(available from Waters Co.).

Synthaesis Example 7

A production method similar to that in Synthesis Example 6 was effected except for adjusting the polymerization

* temperature to obtain a uniform mixture of polystyrene and styrene-n-butyl acrylate copolymer, which showed a THF-

insoluble content of 12 wt. %, a Tg of 56 °C and included a THF-soluble content showing peaks at molecular weights
of about 2,200 and about 18,000 and a molecular weight portion of 10,000 or below of 43 wt. %.

Synthesis Example 8

150 parts of cumene was charged ip 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)

Styrene 08 parts
n-Butyl methacrylate 2 parte
di-tert-Butyl peroxide | 4.2 parts

Further, the polymerization was completed under reflux of cumene (146 - 156 °C), followed by removal of the
cumene. The resultant styrane-n-butyl methacrylate copolymer showed a main peak at molecular weight of 6,000 and
aTgoft4cC.

35 parts of the above styreng-n-butyt methacrylate copolymer was dissolved in the following moenomer mixture to
form a mixture solution.

{(Monomer mixture)

Styrene 35 parts
n-Butyl acrylate 25 parts
Divinyibenzene 0.25 part
Benzoyl peroxide 1.5 part

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 °C. After the 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-buty! acrylate copolymer.

The rasin composition showed a THF-inscluble content of 60 wt. %, and included a THF-soluble content showing
peaks at molecular weights of about 6300 and about 8.0x10% on the GPC chart and a portion of molecular weight being
10,000 or below of 17 wt. %. The resin showed a Tg of 55 °C.

Reference Synthesis Example 2

A production methed similar to that in Synthesis Example 7 was effected except that the polymerization temperature
was adjusted to obtain a rasin composition, which showed a THF-insoluble content of 6 wt. %, and included a THF-
soluble content showing peaks at molecular weights of about 1800 and_1.5x10* on the GPC chart and a portion of



A devel oper was prepared in the sane manner as in Exanple 19 except that 60
parts of a magnetic material having a bulk density of 0.36 g/cnferr] (Hc =

90 Ce, [err] = 9.2 emu/g) and subjected to a simlar successive printing
test of 3000 sheets under the various sets of environnmental conditions as
I n Exanpl e 19. As a result, und & the high tenperature - high humdity

condi tions, several spots of sticking were recognized on the photosensitive
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under the ot sets of conditions, good I nmages re obtai ned w thout
i rregul oHididrdn@SSynthesis Example 3

30 parts of the polystyrene prapared in Sgnthesis Example 6 was dissolved in the following monomer mixture to
form a mixture solution.

(Monomer mixture)

Styrene 85 parts
n-Butyl methacrylate 15
Divinylbenzene 013 *
t-Butyl peroxyhexanoate | 1.0 *

The above mixture solution was subjected to suspension polymarization similarly as in Synthesis Example 6 to
cbtain a compaosition comprising polystyrene and styrene-n-butyl methacrylate copolymer.

The resin composition showed a THF-insoluble content of 76 wi. %, and included a THF-soluble content showing
peaks at molecular weights of about 1.0x10% and about 16x104 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 °C.

Production Example 1

Resin composition of Synthesis Example 1 100 parts
Magnestic fine powder (BET value = 8.6 m2/g) 100 parts
Negatively chargeable control agent (chromium complex of moncazo dys) 1.1 part
Low-molecular weight polypropylene (Mw = 6000) 3 parts

The above components were melt-kneaded by means of a twin-screw extruder heated up to 140 °C, and the
kneaded product, after cocling, was coarsely crushed by means of a hammer mill, and then finely puiverized by means
of a jet mill. The finely puiverized product was classified by means of a wind-force classifier to 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 (Eibow Jet Classifier available from Nittetsu Kogyo K.
K.), thereby to obtain a negativety chargeable magnetic toner (I) (Tg = 57 °C) having a volume-average particle size
of 6.4 microns.

Production Exampie 2

Resin composition of Synthesis Example 2 100 parts
Magnetic fine powder (BET value = 8.6 m2/g) 110 parts
Negatively chargeable control agent (chromium complex of moncazo dye) | 1.1 paris
Low-molecular weight polypropylene (Mw = 6000) 3 parts

Negatively chargeable magnetic toners (I1) and (ill) having different average particle sizes as show in Table 1

appearing hereinafter were prepared from the above ingredients ctherwise in a similar manner as in Production Ex-
ample 1.

Production Example 3

Resin composition of Synthesis Example 3 100 parts
Magnaetic fine powder (BET value = 8.6 m2/g) 80 parts
Negatively chargeable control agent {(chromium compiex of monoazo dye) | 1.1 parts
Low-molecular weight polypropylene (Mw = 6000) Sparts | -
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A negatively chargeable magnetic toner (V) was prepared from the above ingredients otherwise in a similar manner
as in Production Example 1.

Production Examples 4 and 5

Negatively chargeable magnetic toners (V) and (V1) were prepared by uéing the resin compositions of Syntheéis
Examples 4 and § in place of the resin composition of Synthasis Example 3 otherwise in a similar manner as in Pro-
duction Example 1.

Heference Production Example 1

Resin composition of Reference Synthesis Example 1 100 parts
Magnetic fine powder (BET value = 7.7 m2/g) 80 parts
Negatively chargeable control agent {chromium complex of salicylic acid) 1.1 parts
Low-molecular weight polypropylene (Mw = 6000) 3 parts

A negatively chargeable magnetic toner (VI1) (Tg = 55 °C) was prepared from the above ingredients otherwise in
a similar manner as in Preduction Example.
The particle size distributions of the above-obtained toners (1) - (VII) are shown in the following Table 1.



1. A devel oper for developing an electrostatic inage, conprising:

a magnetic toner having a volune-average particle size of 4 - 8 [err]m and
hydr ophobi ¢ i norgani c fi ne powder treated with silicone oil or
silicone varnish; wherein 100 wt. parts of the devel oper contains
0.2 - 2.0 wt. parts of the hydrophobic inorganic fine powder, and

t he devel oper has a BET specific surzlfg'ice area of 1.8 - 3.5 nferr]/g, a

| oose apparent density of 0.4 - 0.52g/cnferr], and a true density
of 1.45 - 1.8 g/cnferr],
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Examples 1 - 6 and Comparative Examples 1 - 3

The above-prapared magnetic toners were blended with silica fine powders shown in Table 2 below by means of
a Henschel mixer to prepare developers.

Then, each of the thus prepared developers was charged in an image forming apparatus (LBP-8l!, mfd. by Canon
K.K.) having a cleaning blade of polyurethane and remadeled to be equipped with a contact charging device as shown
in Figure 1 of EP-A-Q 410 482 referenced above. A DC voltage (-700 V) and an AC voitage (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




characterized in that the magnetic toner contains a binder resin which
conprises 3 - 20 wt. parts of polynerized units of a nonomer having an
acid group fornmed of a carboxyl group or its anhydride per 100 w. parts of
t he bi nder resin and has an acid value of 1 - 70. 2. The devel oper
according to Caim1, wherein 0.6 - 1.6 Wt parts of the hydrophobic
I norganic fine powder is con- ta9ed in 100 wt parts of the devel oper.
3. The devel oper according to Claim1l, wherein said hydrophobic inorganic
fine povdhedts @@ ppimidecn dipehisaipaprient®dd@ Linder nomaKtbrékrafurd }@ofmanntraitity céhaiticha @5
devel opeic, acfH) thigh tprbaat(ek chigmhdmidiytxaditann (38 &0, 60 KfidracpbotemmeaEtunotigeanmdityfcome
powder C@m(p 55°§51ow. mgmq‘y'pln whydrdby printed images were evaluated. At the same time, the appearancas of
the surfaces of the charging member (rollar-type) and lamination-type OPC photosensitive drum were observed for
evaluation. 7
The photosensitive drum used was one having a surface abrasion characteristic in terms of an abrasion dacrease
of 2.5x10-2 cm? by a Taber abraser.
As described above, the charging roller 2 had a diameter of 12 mm and comprisad a § mm-dia. core metal 2a
coated with an approx. 3.5 mm-thick electroconductive rubber layer 2b and further with a 20 micron-thick releasable
film 2¢ of methoxymethylated nylon. The charging roller 2 was pressed against the OPC photosensitive member 1 so
as to exert a total pressure of 1.2 kg (linear pressure of 55 g/cm).
The outline of the image {orming apparatus is illustrated in Figure 5 of EP-A-0 410 482 referenced above. In the
apparatus, a toner layer was formed in a thickness of 130 microns on the sieeve 504, and the sleeve 504 was disposed
at a minimum spacing of 300 microns from the OPC photosensitive drum 501 and the image formation test was per-
formed under application of a DC bias of -500 V and an AC bias of 1800 Hz and 1600 Vpp to the sieeva.
The resuits of the image forming test are summarized in Table 4 below. In Table 4, the image density represents
an average of values measurad at 5 points in a 5 mm x 5 mm solid black square image. The minute dot reproducibility
reprasents the reproducibility of a checker pattem as shown in the aftached Figure 2 including 100 unit square dots
each having one side X measuring 80 microns or 50 microns as shown in Figure 2, whereby the reproducibility was
evaluated by observation through a microscope while noticing the clarity (presence or absence of defacts) and scat-
tering to the non-image parts. The toner sticking onto the OPC photosensitive member was avaluated by observing
the resuitant toner images and the surface state of the OPC photosensitive member after 6,000 sheets of image for-
mation. .
Table 2 bslow summarizes the properties of the hydrophobic silica, Table 3 summarizes the properties of the
developers, and Table 4 sumrarizes the compositions and evaluation results of the developers. The evaluation stand-
ards are shown below.

Eeg

o Substantially no.
A:  Observed but practically accaptable.
x.  Practically unacceptable.

Toner sticking onto photosensitive member

No sticking at alil.

1 - 3 white voids in A4 size solid black image attributable to toner sticking.
4 - 10 white voids in A4 size solid black image.

More than 10 white voids in A4 size solid black image.

?1!>.ng

Dot reproducibility

o Less than 2 defects.
oA: 3 - 5defects.

A 6-10defects.

x: 11 or more defects.



fine powder. 5. The devel oper according to Caim1l, wherein the binder
resi'n conprises a vinyl copolyner including polynerized units of the
monomer having an acid group, which conprises a vinyl nononer selected from
t he group consisting of acrylic acid, nmethacrylic acid, maleic acid,
nonobutyl nal eate, nonooctyl nal eate,_ mal ei c anhydride, fumaric aci d,
nonobutyl fumarate, and fumaric anhyd@@d@. 6. The devel oper according to
claiml1, wherein the binder resin conprises a vinyl copolyner including

pol yneri zed units of the mononer having an acid group. which conprises
a vinyl nononer selected ffomthe} groupfconsi sting of n-but enyl succinic
aci d, n-octenyl succinic acjd, nonpbutyl |n-butgnyl sucti nate
n-but enyl mal oni ¢ acid and h-bute-| . nyladipijc acid
e |8 g
Q
o a L]
1] — —
o -~
g ul 0N
230 3 | =
§ %io o =l
]
Y]
185§ | B
-t -t Q
ope - g 5
wn 43} o= 2
Q
2 ;
- -
= b
%A [~} < ™ g
ﬁ (=) N [+)}
) >
(o} ~
St L |
N
0 i3 3
U e et g
~ o~
LH 9~
g v
-
U’D“ Q o [
L n S n [=] [ [=]
ho o~ ~ - A
83 ] 1 [} {
g
&
3
T 5
gN\ (=] o 8 8
HE & & 5 5
[o4]
2 3 -
'84 0 O a
B | Bg | B8 | &
3143 | 43 | 3
29 | 23 | 23 | &




7. The devel oper according to Claim1, wherein the binder resin has an acid
value of 5 - 50. 8. The devel oper according to Caim1, wherein the binder
resin conprises a styrene copolynmer. 9. The devel oper according to Caim
1, wherein the binder resin conprises a crosslinked styrene copol yner. 10.
The devel oper according to Claim1, wherein the magnetic toner contains 10
- 70 Wt % thereof of a magnetic - 21 powder having a BET specific surface
area of 1 - 20 nferr]/g. 11. The devel oper according to Claim1l, wherein

the magnetic toner has _a vol une-averaqge particle size of 4 - [err]m
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and such a particle size distribution that it includes 17 - 60 % by nunber

of magnetic toner particles of 5 err]m or smaller, 5 - 50 % by nunber
of magnetic toner particles of 6.35 - 10.08 [err]mand 2.0 volune %or |ess
of magnetic toner particles of 12.7 [err]m or |arger and further
satisfying the foll ow ng equation:

NV = -0.05N + Kk, wherein N deB8tes the contents in @6by nurmber of the
magnetic toner particles of 5 [err]Jmor smaller, V denotes the cont ent

in % by volunme of the nagnetic toner partlcles of 5 [err]m or smaller, k

Is a positive nunber q—4—6T+—6—F—and— NS a.lpuarUthllulfr‘ber of 17-
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Production Exampie 6

Styrena-n-butyt acrylate copolymer (copolymerization weight ratio = 8:2, Mw = 25x10%) | 100 parts
Magnetic fine powder (BET value = 8.6 m2/g) 60 parts
Negatively chargeabis control agent (chromium complex of moncazo dye) 1 part
Low-molecular weight polypropylene (Mw = 8000) 3 parts

The above compenents were melt-kneaded by means of a twin-screw extruder heated up to 140 °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 1o cbtain a negatively
chargeable magnstic toner having a volume-avarage particle size of 12 microns.

#2



12. The devel oper according to Caim1ll, wherein the nagnetic toner has a
vol unme- average particle size of 6 - 8 [err]m
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Production Example 7

Styrene-2-ethylhexy! acrylate copolymer (copolymerization ratio = 8:2, Mw = 20x104) | 100 parts
Magnetic fine powder (BET value = 8.6 m2/g) 60 parts
Negatively chargeable control agent (salicylic acid-type chromium complex) 1 part
Low-molecular weight polypropylene (Mw = 6000) 3 parts

A magnetic toner was prepared from the above ingredients otherwise in a similar manner as in Production Example
6.

The above-prapared magnetic toners were blended with colloidal sifica fine powders shown in the following Ex-
amples by means of a Henschel mixer to prepare developers containing externally added colloidal silica fine powder.

Example 7

100 parts of colloidal silica fine powder having a specific surface area of 200 m@/g (Aerosil #200, Nihon Aerosil K.

. K.} was treated with 20 parts of hexamethylidisilazane (HMDS) and then with 10 parts of dimethylsilicone oil ("KF-86
100 CS", mid. by Shin-etsu Kagaku K.K.) diluted with a solvent, foliowed by drying and heating at about 250 °C, to
chtain hydrophobic colloidal silica fine powder having a hydrophabicity of 95 %.

0.6 parts of the hydrophobic colloidal silica fine powder was added to 100 parts of the magnetic toner according
to Production Example 6, followed by blending by a Henschel mixer to prepare a developer comprising a magnetic
toner and a hydrophobic colloidal silica fine powder added thereto.

The developer was charged in an image forming apparatus (*LBP-SX®, mfd. by Canon K.K.) remodeled to be
equipped with a contact-charging device (rcller) as shown in Figure 1 of EP-A-Q 410 482, which was caused to abut
to the OPC photosensitive drum at a pressure of 50 g/cm and supplied with a voltage comprising a DC component
(-800 volts) and an AC component {2000 Vpp, 150 Hz). Thus, a successive image formation test of 5000 sheets was
performed at a printing rate of 4 sheets (A4) per minute in a reversal development mode under various sets of envi-
ronmental conditions including normal temperature - normal humidity {25 °C, 60 %RH), high temperature - high humidity
(30 °C, 90 %RH), and low temperature - low humidity (15 °C, 10%RH). The resultant printed images were evaluated
and, at the same time, the appearances of the surfaces of the contact-charging member (roller-type) and the OPC
photosensitive drum were observed.

As a result, good images free from thick-pale differences in image density were cbtained under the respective
conditions. Further, the surfaces of the comtact-charging member and the photosensitive drum were free from damages
or abrasion, or cccurrence of sticking of residual developer, whereby good durability or successive image formation
characteristic was exhibited.

Example 8

100 parts of colloidal silica fine powder having a specific surface area of 200 m2/g (Aerosil #200, Nihon Aerosil K.
K.) was treated with 10 parts of dimethyisilicone oil (“KF-86 100 CS®, mid. by Shin-etsu Kagaku K.K.) diluted with a
solvent, followed by drying and heating at about 250 °C, to cbtain hydrophaobic colloidal silica fine powder having a
hydrophobicity of 93 %. Then, 0.5 parts of the thus-prepared hydrophobic colloidal silica fine powder was added to
100 parts of the magnetic toner according to Production Example 6, followed by blending by a Henschel mixer to
prepare a deveioper.

The deveioper was subjected to a successive printing test of 3000 sheets under the respective environmental
conditions similarly as in Example 7, whereby there was cbserved no particular sticking of developer onto the surface
of the developer or the photosensitive drum nor was observed any damage or abrasion on the surface of the photo-
sensitive drum, thus showing good durability.

Example 9

100 pats of colloidal silica fine powder having a specific surtace area of 130 m2/g (“Aerosil #130", Nihon Asrosil
K.K.) was treated with 3 parts of dimethylsilicone oil ("KF-86 100CS") similariy as in Example 7 to prepare hydrophobic
colloidai silica fine powder having a hydrophaobicity of 92 %. Then, 0.5 part of the thus prepared hydrophobic silica fine
powder was added to and blended with 100 parts of the magnetic toner according to Production Example 7 by means
of a Henschel mixer to prepare a developer. .

The developer was subjected to a successive printing test of 3000 sheets similarly as in Example 7, whereby no



- 29 - 13. The devel oper according to Caim1l, wherein said hydrophobic
I norgani c fine powder conprises hydrophobic silica fi ne powder which
has been treated with am no-nodified silicone oil or am no-nodified
silicone varnish. 14 The devel oper according to Claim4, wherein said
hydr ophobi c silica fine powder has a hydrophobicity of 60 % or hi gher .
15. The devel oper according to Caim4, wherein said hydrophobic silica

fi ne powder has a hydrophobicity of 28 % or

sticking of residual developer on the surface of the contact charging member or photosensitive drum was cbserved.

Example 10

100 pats of colloidal silica fine powder having a specific surface area of 300 me/g ("Aerosil #300, Nihon Aerosil
R.K.) was treated with 30 parts of olefin-modified silicone oil (*KF-415", mid. by Shin-atsu Kagaku K.K.) similarly as in
Example 7 to prepare hydrophobic colloidal silica fine powder having a hydrophobicity of 99 %. Then, 0.5 part of the
thus prepared hydrophobic silica fine powder was added to and blended with 100 parts of the magnstic toner according
to Production Example 7 by means of a Henschel mixer io propare a devaloper.

The developer was subjected 10 a successive printing test of 3000 sheets similarly as in Exampie 7 except that
the contact-charging member was replaced by one of the blade-type shown in Figure 2 of EP-A-0 410 482, wheraby
no sticking of residual developer or damage or abrasion on the surface of the contact charging member or photosen-
sitive drum was observed.

Exampie 11

100 pats of colloidal silica fine powder (*Aercsil #200") was treated with 15 parts of fluorine-modified silicone oil
("FL-100 450 C/S*, Shin-etsu Kagaku K.K.) similarly as in Example 7 to prepare hydrophobic colloidal silica fine powder
having a hydrophobicity of 95 %. Then, 0.8 part of the thus prepared hydrophobic silica fine powder was added to and
blended with 100 parts of the magnetic toner according to Production Example 8 by means of a Henschel mixer to
prepare a developer.

The developer was subjected to a successive printing test of 3000 sheets under the raspective environmental
conditions similarly as in Example 7, whersby thers was observed no particular sticking of developer onto the surface
of the developer or the photosensitive drum nor was observed any damags or abrasion on the surface of the photo-
sensitive drum, thus showing good durability.

Example 12

100 pats of colloidal silica fine powder ("Aerosil #200") was treated with 32 parts of a-methyistyrene-modified
silicone oil ("KF-410", Shin-etsu Kagaku K.K.) similarly as in Example 7 to prepare hydrophaobic colloidal silica fine
powder having a hydrophobicity of 84 %. Then, 0.6 part of the thus prepared hydrophobic silica fine powder was added
to and blended with 100 parts of the magnetic toner according to Production Example 7 by means of a Henschel mixer
1o prepare a developer. ’

The developer was subjected to a successive printing test of 3000 sheets similarly as in Example 7, whereby no
sticking of residual developer on the surface of the contact charging member or photosensitive drum was observed,
but slight contamination with silicone oil was cbserved on the photosensitive member, which however did not lsad to
recognizable image irregularities.

Exampie 13
Styrene-n-buty! acrylate copolymer (copolymerization weight ratio = 8:2, Mw = 25x104) { 100 parts
Magnetic fine powder (BET value = 8.8 m2/g) 60 parts
Positively chargeable control agent (nigrosine dye) 4 parts
Low-molecular weight polypropylene (Mw = 6000) 3 parts

The above components were meit-kneaded by means of a twin-screw extruder heated up to 140 °C, and the
kneaded product, after cooling, was coarsely crushed by means of a hammaer 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 positively
chargeable magnetic toner having a volume-average particle size of 12 microns.

Separately, colloidal silica fine powder (average particle size: 0.16 micron, BET specific surface area: 130 m2/g)
was treated with 20 parts of amino-modified silicone cil having an amine valua of 700 to obtain a positively chargeable
hydrophobic colloidal silica fine powder. Then, 0.5 part of the thus treated colloidal silica fine powder was blended with
the above-prepared toner to obtain a positively chargeable developer comprising a positively chargeable toner and a
hydrophobic colloidal silica added thereto.

The developer was charged in the image forming apparatus ("FC-5", mfd. by Canon K.K.) remodeled to be equipped
with a contact-charging device (roller) as shown in Figure 1 of EP-A-0 410 482, which was causad to abut to the



hi gher. 16. The devel oper according to Caim1l, wherein said hydrophobic

I norgani c fine powder has been treated with a sil ane coupling agent,
and then with the silicone oil, silicone-varnish, am no-nodified silicone
oil or am no-nodified silicone varni sh.
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photosensitive member at a pressure of S0 g/em and supplied with a voitage comprising a DC compenent (-500 volts)
and an AC component (2000 Vpp, 150 Hz), whersby an image formation test was performed in a normal development
mode. .

As a result, good images free from defects ware obtained under the various sets of conditions of normal temperature
- normal humidity (25 °C, 80 %RH), high temperature - high humidity (32.5 °C, 85 %FAH) and low temperature - low
humidity (15 °C, 10 %RH), respectively.

Further, a successive image formation test of about 5000 shests was performead while supplying the toner, whereby
good images free from defects were obtained under the respective conditions. There was cbserved no sticking of
developer anto the surface of the developer or the photosensitiva drum aftar the successive copying test nor was

_observed any damage or abrasion on the surface of the photosensitive drum.

Example 14

A positively chargeable developer was prepared in the same manner as in Example 13 except for using a positively
chargeable hydrophebic coiloidal silica fine powder cbtained by treating 100 parts of the starting colloidal silica fine
powder used in Example 13 with 4 paris of the amino-modified silicone oil having an amine value of 700. The developer

' was subjectad to a similar successive image formation test of 3000 sheets as in Example 13.

As a result, good images were cbtained similarly as in Example 13. There was cbsarved no damage or abrasion,
or sticking of rasidual developer on the surface of the charging member or the photosensitive drum after the successive
image formation test.

-

Example 15

A positively chargeable developer was prepared in the same manner as in Example 13 except for using a positively
chargeable hydrophobic colloidal silica fine powder cbiained by treating the starting colloidai silica fine powder with
45 parts of the amino-medified silicone cil. The developer was subjected to a similar successive image formation test
of 3000 sheets as in Example 13 except that the charging device was replacad by one of the blade-type shown in
Figurs 2 of EP-A-0 410 482. As a result, there there was obsarved no damage or abrasion, or sticking of residual
developer on the surface of the charging member or the photosensitive drum.

Example 16
Resin composition of Synthesis Example 6 100 parts
Magnetic material (average particle size = 0.2 micron) | 60 parts
Monocazo-type dye ' 2 parts
Low-molecular weight polypropylene 3parts

The above components were meit-kneaded by means of a roller mill heated to 150 °C, and the kneaded product,
after cooling, was coarsely crushed by means of a hammar 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 negatively chargeable magnetic
toner having a volume-average particle size of 11.8 micrens. Then, 100 parts of the thus-prepared magnetic toner was
dryblended with 0.5 part of hydrophobic collcidal silica fine powder to obtain a develcper.

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 for reversal development
and electrostatic transfer and to be equipped with a contact-charging device as shown in Figure 1 of EP-A-0 410 482
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), wheraby an image formation test was per-
formed under application of DC - 600 voits and an AC current of 170 pA so as 10 charge the photosensitive member
to -600 volts. '

As a rasult, even after 3000 sheets of the image formation, good images were continually obtained without causing
toner-sticking or damages on the surface of the charging roller or the OPC photosensitive member surface.

Similar tests were conducted under high temperature - high humidity conditions of 32.5 °C and 85 %RH and low
temperature - low humidity conditions of 15 °C and 10 %RH, whereby similarly good results were attained,

Further, even when the image formation was continued up to 5000 sheets while supplying the toner, no problems
occurred. ‘




Example 17

A toner having an average particle size of 12.5 microns was prepared similarly as in Example 16.

The toner was charged in an image forming apparatus (*FC-5) remodeled to be equippad with a charging device
as shown in Figure 2 of EP-A-0 410 482 and suitable for reversal development and electrostatic transfer and was
subjected to an image formation test in a similar manner as in Example 16, whereby goad results were obtained under
all the sets of environmental conditions up to 3000 sheets.

Further, when the image formation was continued up to 5000 sheets, slight image defect attributable 1o toner-
sticking onto the photosensitive member and the charging blade was observed from about 4300 sheets under the high
temperature - high humidity conditions, but the defect was so slight that it was hardly recognizable on an image and
was judged to be practically of no problem.

Example 18

A toner having an average particle size of 11.6 microns was prepared according to the sams prascription and
production method as in Example 16 excapt that the resin composition was replaced by one of Synthesis Example 8.

The thus-obtained toner was charged in the remodeled image forming apparatus used in Example 16 and subjected
to a similar image formation test as in Example 16, whereby good results were obtained under all the sets of environ-
mental conditions. ) .

Further, the image formation was continued up to 5000 sheets, whereby slight irregularity attributabie to a surface
damage on the charging roller was observed after 4000 sheets under the low temperature - low humidity conditions
but the irreguiarity was so slight that it was judged to be practically of no problem.

Reference Example 2

A toner having an average particle size of 12.3 microns was prepared according to the same prescription and
production method as in Example 16 except that the resin composition was replaced by one of Reference Synthesis
Example 2.

The thus-obtained toner was charged in the remodeled image forming apparatus usedin Example 16 and subjected
to a similar image formation test as in Example 16, whereby no particular problem was observed in the normal envi-
renment or the low temparature - low humidity environment, 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

A toner having an average particle size of 12.4 microns was prepared according to the same prascription and
production method as in Example 18 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 Example 16 and subjected
to a similar image formation test as in Example 16, whereby image defects attributable to charging failure due to
damages on the charging rolier and the photosensitive member appeared aftar 1900 sheets under the low temperature
- low humidity conditions,

Example 19

Magnstic material having a bulk density of 1.10 g/cm3 (Hc = 51 oersted, o, = 4.5 emu/g) 60 parts
Styrene-n-butyl acrylate copolymer (copolymerization weight ratio = 8:2, Mw = 22x10%) 100 parts
Negatively chargeable control agent (chromium complex of moncazo dye) 1 part
Low-molecular weight poilypropylene (Mw = 6000) 3 parts

The above components ware melt-kneaded by means of a twin-screw extruder heated up to 140 °C, and the
kneaded product, after cooling, was coarsely crushed by means of a hammer mill, and then finely pulvarized by means
of a jet mill. The finely pulverized product was classified by means of a wind-force classifier to obtain a negaltively
chargeable magnetic toner having a volume-average particle size of 12 microns. ~-

Then, 100 parts of the magnetic toner thus obtained was blended with 0.6 part of hydrophobic colloidal silica
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{hydrophobicity: 92 %) to prepare a devalioper.

The developer was charged in an image forming apparatus ("LBP-8!I*, by Canon K.K.) remodeled to be equipped
with a contact-charging device (roller) as shawn in Figure 1 of EP-A-0 410 482, which was causad to abut to the OPC
photosensitive drum at a pressure of 50 g/em and supplied with a voltage comprising a DC component (-800 volts)
and an AC component (2000 Vpp, 150 Hz). Thus, a successive image formation tast of 5000 sheets was performed
at a printing rate of 4 sheets (A3) per minuté in a reversal development mode under various sets of environmantal
conditions including normal temperature - normal humidity (25 °C, 60 %RH), high temperaturs - high humidity (30 °C,
80 %RH), and low temperature - low humidity (15 °C, 10%RH). The resultant printed images were svaluated and, at
the same time, the appearances of the surfacas of the contact-charging member (rolier-type) and the OPC photosen-
sitive drum were cbserved.

As a result, under any set of environmental conditions, the surfaces of the charging member and the photosensitive
member were almost free from damages or abrasion even after the printing test and further no sticking of residual
toner was cbserved. The resultant image were good and also excellent in reproducibility of thin lines.

Example 20
Magnetic material having a bulk density of 0.67 g/em? (He = 64 Oe, o, = 6.1 emu/g) €0 parts
Styrene-n-butyl acrylate copolymer (copolymerization weight ratio = 8:2, Mw = 16x10%) | 100 parts
Negatively chargeable control agent (salicylic acid-type chromium complex) 3 parts
Low-molecular weight polypropylene (Mw = 6000) 3 parts

A developer was prepared from the.above mixture otherwise in the same manner as in Example 19 and subjected
to a similar successive printing test of 3000 sheets under the various sets of environmental conditions as in Example
19 except that the contact-charging member was replaced by one of the blade-type.

As a result, under any set of environmental conditions, the surfaces of the charging member and the photosensitive
member wars aimaost free from damages or abrasion aven after the printing tast and further no sticking of residual
toner was observed. The resultant image were also good.

Example 21

Adeveloper was prepared in the same manner as in Example 19 except that 60 parts of a magnetic material having
a bulk density of 0.38 g/em? (He = 80 Oe, o, = 9.2 emuw/g) and subjected to a similar successive printing test of 3000
sheets under the various sets of environmental conditions as in Example 19.

As a result, under the high temperature - high humidity conditions, several spots of sticking were raecognized on
the photosensitive member after the test but no defect was recognized in the images. Also under the other sets of
conditions, good images were cbtained without irragularities. *+
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Claims

10.

1"

12

-

A developer for daveloping an electrostatic image, comprising:

a magnetic tener having a volume-average particle size of 4 - 8 um and hydrophobic inorganic fine powder
treated with silicone ail or silicone varnish;

wherain 100 wi. parts of the develcper contains 0.2 - 2.0 wt. parts of the hydrophobic inorganic fine powder, and
the developer has a BET specific surface area of 1.8 - 3.5 m?/g, a loose apparent density of 0.4 - 0.52 g/cm3,
and a true density of 1.45 - 1.8 g/em?,

characterized in that the magnetic toner contains a binder resin which comprises 3 - 20 wt. parts of polymerized
units of a monomer having an acid group formed of a carbaxyl group or its anhydride per 100 wt. parts of the binder
resin and has an acid value of 1 - 70. :

The developer accordiné to Claim 1, wherein 0.6 - 1.6 wt. parts of the hydrophobic inorganic fine powder is con-
tained in 100 wt. parts of the deveicper.

The developer according to Claim 1, wherein said hydrophobic incrganic fine powder comprisas hydrophobic metal
oxide fine powder.

The developer according to Claim 1, wherein said hydrophobic inorganic fine powdar comprises hydrophobic silica
fine powder.

The developer according to Claim 1, whersin the binder resin comprises a vinyl copolymer including polymaerized
units of the menomer having an acid group, which comprises a vinyl monomer selected from the group consisting
of acrylic acid, methacrylic acid, maleic acid, monobutyl maleate, moncocty! maleate, malsic anhydride, fumaric
acid, monobutyl fumarate, and fumaric anhydride.

The developer according to claim 1, wherein the binder resin comprises a viny! copolymer including polymerized
units of the monomer having an acid group, which comprises a viny! monomer selected from the group cangisting
of n-butenylsuccinic acid, n-octenylsuccinic acid, moncbutyl n-butenyisuccinate, n-butenyimalonic acid and n-bute-
nyladipic acid.

The developer according to Claim 1, wherein the binder resin has an acid value of 5 - 50.

The daveloper according to Claim 1, wherein the binder resin comprises a styrene copolymer.

The developer according to Claim 1, wherein the binder resin comprises a crosslinked ‘styrene copolymer.

The developer according to Claim 1, wherein the magnetic toner centaing 10 - 70 wt. % theraof of a magnetic
powder having a BET specific surface area of 1 - 20 m?/g.

The developer according to Claim 1, wherein the magnetic toner has a volume-average particle size of 4 - 8 um,

and such a particle size distribution that it includes 17 - 60 % by number of magnetic toner particies of 5 um or
smaller, 5 - 50 % by number of magnetic toner particles of 6.35 - 10.08 gmand 2.0 volume % or iess of magnetic

toner particles of 12.7 um or larger and further satisfying the following equation:

N/V = -0.05N + k,

wherein N denotes the contents in % by number of the magnetic toner particles of 5 um or smaller, V denotes the
content in % by volume of the magnetic toner particles of 5 um or smalter, k is a positive number of 4.6 - 6.7, and
N is a positive number of 17 - 80.

The developer according to Claim 11, wherein the magnetic toner has a volume-average particle size of 6 - 8 um.

TR
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13. The devaloper according to Claim 1, wherain said hydrophobic inorganic fine powder comprises hydrophobic silica
fine powder which has been treated with amino-modified silicona oil or amino-modified silicone vamish.

14. The developer according to Claim 4, wharein said hydrophobic gilica fine powder has a hydrophobicity of 60 % or
higher.

15. The developer according to Claim 4, whersin said hydrophobic silica fine powder has a hydrophobicity of 80 % or
higher.

16. The developer according to Claim 1, wherein said hydrophobic inarganic fine powder has been treated with a

silane coupling agent, and then with the silicane ail, silicone-varnish, amino-modified silicone oil or amino-modified
silicone vamish.

T
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DEVELOPER FOR'QEVELOPING ELEGTROSTATIC IMAGES

P

ABSTRACT OF THE DISCLOSURE

An image forming apparatus includes 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 a
developing means for developigg the electrostatic image
carried on the member to be charged. The developing
means includes a §eveloper for developing the
electrostatic image comprising a toner and hydrophobic
inorganic fine powder. The hydrophobic inorganic fine
powder not only improvgs the fluidity of the developer
and adjusts the chargeability of the developer but also
prevents difficulties due to interaction between the
member to bé charged and the contact charging means in
the presence of residual develqper, such as damages of
the member to be charged and toner-sticking onto the

member to be charged.

'FIGURE 1
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@ An image forming apparatus includes 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 a
developing means for developing the slectrostatic image carried on the member to be charged. The developing
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means includes a developer for developing the electrostatic image comprising a toner and hydrophobic
inorganic fine powder. The hydrophobic inorganic fine powder not only improves the fluidity of the developer and
adjusts the chargeability of the developer but also prevents difficulties due to interaction betwesn the member to
be charged and the contact charging means in the presence of residual developer, such as damages of the
member to be charged and toner-sticking onto the member to be charged.
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