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FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a magnstic toner for visualizing electrostatic images in image forming
methods, such as electrophotography and electrostatic recording, a process cartridge including such a
magnetic toner, and an image forming method using the magnetic toner.

Hitherto, a large number of electrophotographic processes have been known, as disclosed in U.S.
Patent Nos. 2,297,691; 3,666,363; 4,071,361 and others. In these processes, an electric latent image is
formed on a photosensitive member comprising a photoconductive material by various means, then the
latent image is developed and visualized with a toner, and the resultant toner image is, after transferred
onto a transfer material, such as paper, as desired, fixed by heating, pressing, heating and pressing, etc., to
obtain a copy or a print.

Various developing methods for visualizing electrostatic latent images with toner have also been known.
For example, there have been known the magnstic brush method as disclosed in U.S. Patent No. 2,874,063;
the cascade developing method as disclosed in U.S. Patent No. 2,618,552; the powder cloud method as
disclosed in U.S. Patent No. 2,221,776; in addition, the fur brush developing method; and the liquid
developing method. Among these developing methods, those developing methods using a developer
composed mainly of a toner and a carrier such as the magnetic brush method, the cascade process and
the liquid developing method have been widely used commercially. While these methods provide good
images relatively stably, they involve common problems accompanying the use of two-component devel-
opers, such as deterioration of carriers and change in mixing ratio of the toner and carrier.

In order to obviate such problems, various developing methods using a one-component developer
consisting only of a toner, have been proposed. Among these, there are many excsilent developing
methods using developers comprising magnetic toner particles.

U.S. Patent No. 3,909,258 has proposed a developing method using an electroconductive magnetic
toner, wherein an electroconductive magnetic toner is carried on a cylindrical electroconductive sleeve
provided with a magnet inside thereof and is caused to contact an electrostatic image-bearing member
having an electrostatic image to effect development. In this method, as the development zone, an
electroconductive path is formed with magnetic toner particles between the recording member surface and
the sleeve surface and the toner particles are attached to image portions due to a Coulomb's force exerted
between the image portions and the magnetic toner particles to effect development. This method using an
electroconductive magnetic toner is an excellent method which has obviated the problems involved in the
two-component developing methods. However, as the toner is electroconductive, there is involved a
problem that it is difficult to transfer the developed toner image electrostatically from the electrostatic
image-bearing member to a final support member such as plain paper.

As a developing method using a magnetic toner with a high resistivity which can be electrostatically
transferred, a developing method using a dielectric polarization of toner particles is known. Such a method,
however, involves essential problems that the developing speed is slow and a sufficient density of
developed image cannot be obtained.

As another method using a high resistivity magnetic toner, there are known methods wherein magnetic
toner particles are triboelectrically charged through friction betwesn magnetic toner particles or friction
between a friction member such as a sleeve and magnetic toner particles, and then caused to contact an
electrostatic image-bearing member to effect development. However, these methods involve problems that
the triboelectric charge is liable to be insufficient because the number of friction between the magnetic
toner particles and the friction member, and the charged toner particles are liable to agglomerate on the
sleeve because of an enhanced Coulomb's force.

A developing method having eliminated the above described problems has been proposed in U.S.
Patent No. 4,395,476 (corresponding to Japanese Laid-Open Patent Application (JP-A) 55-186586). In this
method (so-called "jumping developing method™), a magnetic toner is applied in a very small thickness on
a sleeve, triboelectrically charged and is brought to an extreme vicinity to an electrostatic image to effect
development. More specifically, in this method, an excellent image is obtained through such factors that a
sufficient triboelectric charge can be obtained because a magnetic toner is applied onto a sleeve in a very
small thickness to increase the opportunity of contact between the sleeve and the magnetic toner; and the
magnetic toner is carried by a magnetic force, and the magnet and the toner are relatively moved to
disintegrate the agglomerate of the magnetic toner particles and cause sufficient friction between the toner
and the sleeve.

However, the insulating toner used in the above-mentioned developing method contains a considerable
amount of fine powdery magnetic material, and a part of the magnetic material is exposed to the surface of
a toner particle, so that the kind of the magnetic material affects the flowability and triboelectric chargeabil-
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image is. akiRbndsldfyl Ard 86 tddpoRture - low humidity environment. Further, in case of a weak adhesion
between the binder resin and the magnetic material constituting magnetic toner particles, the magnetic
material is liable to be lost from the surface of the magnetic toner on repetition of the developing step to

10 result in adverse phenomena, such as a lowering in toner image density.

Further, in case where the magnetic material is ununiformly dispersed in magnetic toner particles, small
magnetic toner particles containing much magnetic material can be accumulated on a developing sleeve to
result in a lowering in image density or a density irregularity called "sleeve ghost” in some cases.

Several proposals have been made regarding magnetic iron oxide contained in a magnetic toner.

15 For example, Japanese Laid-Open Patent Application (JP-A) 62-279352 (corr. to U.S. Patent No.
4,820,603) and JP-A 62-278131 (corr. to U.S. Patent No. 4,975,214) have proposed a magnetic toner
containing magnetic iron oxide containing silicon. Such magnetic iron oxide particles contain silicon
disposed intentionally in the interior of magnetic iron oxide particles. The magnetic toner containing the
magnetic iron oxide particles has left some room for improvement regarding its flowability.

20 Japanese Patent Publication (JP-B) 3-9045 (corr. to EP-A 187434) has proposed to control the shape of
magnetic iron oxide particles to a spherical one by adding a silicic acid salt. The magnetic iron oxide
particles obtained by this method contain silicon in a larger amount in their interior and in a smaller amount
at their surface, so that the improvement in flowability of the magnetic toner is liable to be insufficient.

JP-A 61-34070 has proposed a process for producing friiron tetroxide wherein a hydrosilicic acid sait

25 solution is added during oxidization to triiron tetroxide. The ftriiron tetroxide produced by the process
contains silicon in the vicinity of the surface and the silicon is present in the form of a layer in the vicinity of
the triiron tetroxide surface. As a resuilt, the surface of the triiron tetroxide is week against a mechanical
shock, such as friction.

In order to solve the above-mentioned problems, our research and development group has proposed a

30 magnetic toner containing magnstic iron oxide particles such that the magnetic iron oxide particles contain
silicon thersin and 44 - 84 % of the total silicon is present in the vicinity of the surfaces of the magnetic iron
oxide particles (JP-A 5-72801, corr. to EP-A 5330869).

The magnetic toner containing the magnetic iron oxide particles has shown an improved flowability and
an improved adhesion between the binder resin and the magnetic iron oxide particles. The magnetic toner

35 has resulted in a problem of inferior environmental characteristic, particularly a deterioration in chargeability
when left standing in a high humidity environment, because of the localizaion of Si at the surface and the
porous structure at the surface resulting in an increase in BET specific surface area of the magnetic iron
oxide particles.

Further, JP-A 4-362954 (corr. to EP-A 468525) has disclosed magnetic iron oxide particles containing

40 both silicon and aluminum. JP-A 5-213620 has disclosed magnetic iron oxide particles wherein a siliceous
component is contained and exposed to the surface thereof. However, further improved environmental
characteristics are still desired.

In recent years, diversities of performances are required of image forming apparatus using elec-
trophotography, such as copying machines and laser beam printers, and it has been required to provide

45 resultant toner images showing a high resolution and high image qualities. A toner and a process cartridge
filled with such a toner can be stored in various environment, so that a storage stability is an important
property required of such a toner.

SUMMARY OF THE INVENTION

50
An object of the present invention is to provide a magnetic toner having solved the above-mentioned
problems.
A more specific abject of the present invention is to provide a magnetic toner providing high-density
images and showing excellent developing characteristics.
55 Ancther object of the present invention is to provide a magnstic toner capable of providing fog-free
images and exhibiting stable chargeability even in a long term use.
A further object of the present invention is to provide a magnestic toner showing excellent chargeability
and excellent long-term storage stability even in a high-humidity environment.
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the magnetic iron oxide particles have a silicon content of 0.4 - 2.0 wt. % based on iron, and
the magnetic iron oxide particles have an Fe/Si atomic ratio of 1.2 - 4.0 at the utmost surfaces thereof.
10 Accordmg to another aspect of the present invention, there is provided a process cartridge, comprising
at least a developmg means and a photosensitive member; wherein
said developing means and photosensitive member are integrated into a cartridge disposed detachably
attachable to an apparatus main assembly, and
said developing means includes a magnetic toner as described above.
15 According to still another aspect of the present invention, there is provided an image forming method,
comprising:
forming an electrostatic image on an electrostatic image-bearing member, and
developing the electrostatic image with a magnetic toner as described above held in a developing
means to form a toner image on the electrostatic image-bearing member.
20 These and other objects, features and advantages of the present invention will become more apparent
upon a consideration of the foliowing description of the preferred embodiments of the present invention
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

25
Figure 1 is a schematic illustration of an example of an image forming apparatus suitable for image
formation by using a magnetic toner according to the invention.
Figures 2 and 3 are respectively a schematic illustration of another example of an image forming
apparatus suitable for image formation using a magnetic toner according to the invention.
30 Figure 4 is a schematic illustration of a transfer apparatus.
Figure 5 is a schematic illustration of a charging roller.
Figure 6 is an illustration of a checker pattern for testing the developing performance of a magnetic
toner.
Figure 7 is a view for illustrating an embodiment of the process cartridge according to the invention.
35
DETAILED DESCRIPTION OF THE INVENTION

A toner is required of an increased durability accompanying a higher process speed and an increased
number of successively produced image sheets in an image forming apparatus, such as a printer.

40 We have found it possible to obtain a magnetic toner containing magnetic iron oxide particles exhibiting
excellent physical properties and performances, inclusive of excellent flowability, excellent long-term
storage stability, successive image forming characteristics and uniform dispersibility of the magnetic iron
oxide particles in the magnetic toner particles by controlling the utmost surface state, composition and
structure of the magnetic iron oxide particles.

45 A characteristic feature of the magnetic toner according to the present invention is that it has a weight-
average particle size of at most 13.5 um (preferably 3.5 - 13.5 um, more preferably 4.0 - 11.0 um), has a
pariicle size distribution such that the magnetic toner particles having a particle size of at least 12.7 um
occupy at most 50 wt. % (preferably at most 40 wt. %, more preferably at most 30 wt. %), and contains a
specific silicon-containing magnetic iron oxide.

50 In case of a magnetic toner containing a large amount of relatively coarse particles, such as one having
a weight-average particle size exceeding 13.5 um or one containing more than 50 wt. % of magnetic toner
particles having a particle size of at least 12.7 um, the magnetic toner is caused to show a lower resolution
and is liable to causs fog.

In case where magnetic toner particles having a weight-average particle size of below 3.5 um, the

55 flowability of the magnetic toner is lowered and problems, such as fog or insufficient density, due to
insufficient charge, are liable to be caused, even if the specific magnsetic iron oxide particles are used.
Therefore, the weight-average particle size should preferably be at least 3.5 um.
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Another characteristic feature of the magnetic -toner according to the present invention is that the
magnetic iron oxide particles therein contain silicon (Si) at a content of 0.4 - 2.0 wt. % (preferably 0.5 - 0.9
wt. %) based on the total iron (Fe) content therein, and an Fe/Si atomic ratio of 1.2 - 4.0 at the utmost
surfaces thereof. The Fe/Si atomic ratio at the utmost surfaces of magnetic iron oxide particles may be

5 measured by X-ray photoelectron spectroscopy (XPS).

In case where the silicon content is below 0.4 wt. % or the Fe/Si atomic ratio exceeds 4.0, the
improving effect (particularly in respect of flowability) for the magnetic toner becomes insufficient. In case
where the silicon content is above 2.0 wt. % or the Fe/Si atomic ratio is below 1.2, there result in a
deterioration in environmental characteristic, particularly the chargeability after a long term standing in a

10 high-humidity environment, and also a lower successive image forming characteristic and an inferior
dispersibility of magnetic iron oxide particles in the binder resin.

The amount of silicon at the utmost surfaces of the magnetic iron oxide particles has a correlation with
the flowability and the hygroscopicity of the magnetic iron oxide particles, and remarkably affects the
properties of the magnetic toner containing a magnetic iron oxide particles.

15 In a preferred embodiment of the present invention, the magnetic iron oxide particles may have a
smoothness of 0.3 - 0.8, preferably 0.45 - 0.7, more preferably 0.5 - 0.7. The smoothness has a correlation
with the amount of pores at the surfaces of the magnetic iron oxide particles. A smoothness below 0.3
means the presence of many pores at the surfaces of the magnetic iron oxide particles, thus promoting the
moisture adsorption.

20 In a preferred embodiment of the present invention, the magnetic iron oxide particles may have a bulk
density of at least 0.8 g/cm3, preferably at least 1.0 g/cms3.

In case where the magnetic iron oxide particles have a bulk density below 0.8 g/cm3, the physical
mixability thereof with the other toner ingredients can be adversely affected, thereby resulting in inferior
dispersibility of the magnetic iron oxide particles.

25 In a preferred embodiment of the present invention, the magnetic iron oxide particles may have a BET
specific surface of at most 15.0 m?g, preferably at most 12.0 g/m2. In case where the magnetic iron oxide
have a BET specific surface area exceeding 15.0 m?/g, the magnetic iron oxide particles can have an
increased hygroscopicity so as to adversely affect the moisture-absorptivity and chargeability of the
magnetic toner containing the magnetic iron oxide patrticles.

30 As a result of extensive study, we have found that the hygroscopicity of magnetic iron oxide particles is
related with their surface pores, and the control of the pore volume may be a most important factor. It is
preferred that the magnetic iron oxide particles have a pore volume of 7.0x1073 - 15.0x10™3 ml/g, more
preferably 8.0x10™3 - 12.0x10~3 mi/g, at their surfaces.

If the total surface pore volume is below 7.0x10~3 ml/g, the magnetic iron oxide particles can have a

35 remarkably lower moisture retentivity, so that the toner containing the magnetic iron oxide particles is liable
to cause a charge-up and a lower image density in a low-humidity environment.

If the total surface pore volume exceeds 15.0x10~3 ml/g, the magnetic iron oxide particies are caused
to have an increased hygroscopicity. As a result, the magnetic toner containing the magnetic iron oxide
particles, when left standing in a high-humidity environment, is liable to cause moisture absorption to have a

40 lower chargeability, thus providing a lower image density.

The magnetic iron oxide particles used in the present invention may preferably have a surface pore
distribution such that micro-pores having a pore diameter smaller than 20 A provide a total specific surface
area .which is equal to or smaller than that of meso-pores having a pore diameter of at least 20 A (20 A -
500 A).

45 The surface pore diameter of the magnetic iron oxide particles greatly affects the moisture-absorptivity.
Small pores do not readily cause desorption of adsorbed water. In case where the micro-pores having a
pore diameter smaller than 20 A provide a total (specific) surface area exceeding that of the meso-pores
having a pore diameter of at least 20 A, there are present may adsorption sites from which adsorbed
moisture is not readily desorbed, so that the magnetic toner containing the magnetic iron oxide particles is

s0 liable to cause a lowering in chargeability, particularly when left for a long term in a high-humidity
environment, and the chargeability cannot be readily recovered.

It is further preferred that the magnetic iron oxide particles used in the present invention may preferably
be free from a substantial hysteresis between nitrogen adsorption and desorption isotherms, ie., a
difference in adsorbed gas quantity of at most 4 % between those on the adsorption and desorption

55 isotherms at an arbitrary relative pressure.

The presence of a hysteresis (i.e., a difference in adsorbed gas amount) on the nitrogen adsorption-
desorption isotherms means the presence of ink bottle-shaped pores having a narrow inlet diameter and a
wider interior diameter, so that the adsorbed substance (moisture or nitrogen) is not readily desorbed, and
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devel opmeRy at a temperature of 32.5 °C and a humidity of 85 % RH, the moisture contents providing a difference
therebetween not exceeding 0.6 wt. % (more preferably not exceeding 0.3 wt. %).
If the moisture contents are lower than the above-mentioned ranges, the resuitant magnetic toner is
liable to cause a charge-up particularly in a low-humidity environment. If the moisture contents are above
10 the above-mentioned ranges, the chargeability is liable to be lowered. Further, the difference in moisture
content between the respective environments exceeds 0.6 wt. %, an undesirable change in image forming
characteristic can be caused by a change in environmental conditions.
It is further preferred that the magnetic iron oxide particles used in the present invention have been
treated with aluminum hydroxide in an amount of 0.01 - 2.0 wt. % (more preferably 0.05 - 1.0 wt. %)
15 calculated as aluminum based on the weight of the magnetic iron oxide.
While the reason has not been fully clarified as yet, it has been confirmed that the magnetic iron oxide
particles surface-treated with aluminum oxide provide a magnetic toner having a stabilized chargeability.
However, if the treating amount is below 0.01 wt. % (as aluminum), the effect is scarce but, if the amount
exceeds 2.0 wi. %, the resultant magnetic toner can be adversely affected with respect to environmental
20 characteristics, particularly the chargeability in a high-humidity environment.
It is further preferred that the magnetic iron oxide particles have an Fe/Al atomic ratio of 0.3 - 10.0
(more preferably 0.3 - 5.0, further preferably 0.3 - 2.0) at the utmost surfaces thereof. If the Fe/Al atomic
ratio is below 0.3, the resultant magnetic toner is liable to have inferior environmental characteristics,
particularly chargeability in a high-humidity environment and, if the Fe/Al atomic ratio exceeds 10.0, the
25 charge stabilization effect is scarce.
The magnetic iron oxide particles used in the present invention may preferably have an average particle
size of 0.1 - 0.4 um, more preferably 0.1 - 0.3 um.
Various physical parameters characterizing the present invention may be measured according to the
following methods.

30
(1) Particle size distribution of a magnetic toner
The particle size distribution of a magnetic toner is measured by means of a Coulter counter in the
present invention, while it may be measured in various manners.
35 Coulter counter Model TA-lI (available from Coulter Electronics Inc.) may be used as an instrument for

measurement.

For measurement, a 1 %-NaCl aqueous solution as an electrolytic solution may be prepared by using a
reagent-grade sodium chioride. As a commercially available example, it is possible to use "ISOTON (R)-II"
{available from Coulter Scientific Japan K.K.). Into 100 to 150 ml of the electrolytic solution, 0.1 to § ml of a

40 surfactant, preferably an alkylbenzenesulfonic acid salt, is added as a dispersant, and 2 to 20 mg of a
sample is added thereto. The resultant dispersion of the sample in the electrolytic liquid is subjected to a
dispersion treatment for about 1 - 3 minutes by means of an ultrasonic disperser, and then subjected to
measurement of particle size distribution in the range of 2 - 40 um by using the above-mentioned Coulter
counter Model TA-lIl with a2 100 um-aperture to obtain a volume-basis distribution and a number-basis

45 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. More specifically, the weighi-
basis average particle size Ds may be obtained from the volume-basis distribution while a central value in
each channel is taken as a representative value for each channel. Similarly, it is possible to obtain a
number-average particle size (D1) from the number-basis distribution, an amount of course particles @& 12.7

so um) from the volume-basis distribution, and an amount of fine particles (£ 6.35 um) from the number-basis
distribution.

(2) Fe/Si atomic ratio, Fe/Al atomic ratic

55 The Fe/Si atomic ratio and the Fe/Al atomic ratio at the utmost or very surfaces of magnetic iron oxide
particles referred to herein are based on values measured by XPS (X-ray Photoelectron Spectroscopy). The
conditions are as follows.

Apparatus: "ESCALAB Model 200-X" (available from VG Co.)
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{4) Smoothness
10
The smoothness D of magnetic iron oxide particles may be defined as follows:

Smoothness D = [Surface area (m?g) of magnetic iron oxide calculated from the average particle sizel/-
[Measured BET specific surface area (m2/g) of magnetic iron oxide].

15
(5) BET specific surface area

The BET specific surface area of magnetic iron oxide may be measured by using a full-automatic gas

adsorption tester ("Autosorb 1", mfd. by Yuasa lonix K.K.) and nitrogen as an adsorption gas according to

20 the BET multi-points method. The sample is subjected to evacuation for 10 hours at 50 °C as a pre-
treatment.

(6) Average diameter and Surface area of magnetic iron oxide particles

25 The values referred to herein are based on the following method.

Sample magnestic iron oxide particles are photographed through a transmission electron microscope to
obtain enlarged projection pictures at a magnification of 4x10*. From the pictures, 250 particles are taken at
random and the Martin diameter (a diameter in a fixed direction that divides a projected area into equal
halves) is measured for each particle. The number-average value of Martin diameters of 250 particles is

30 taken as an average particle size (Dav).

For the surface area calculation, the density of sample magnetic iron oxide particles is measured in an
ordinary method, and the surface area of the sample is calculated according to the following equation based
on an assumption that each magnetic iron oxide particle has a shape of sphere having the measured
average particle size (Dav).

35
[Surface area] = 6/[(density) x Dav.]
(7) Pore distribution

40 The adsorption-desorption isotherms, total pore volume, and total specific surface areas of micro-

spheres having a pore diameter below 20 A and meso-pores having a pore diameter of at least 20 A of
magnetic iron oxide particles referred to herein are values measured in the following manner.
A full-automatic gas adsorption tester ("Autosorb 1", mfd. by Yuasa lonix K.K.) is operated by using
nitrogen as an adsorption gas. The measurement is performed by taking 40 points each for the adsorption
45 and desorption within a relative pressure range of 0 - 1.0. The pore diameter distribution is obtained based
on the t-plot method of de Boer, Kelvin formula and B.J.H. method. Each sample is subjected to evacuation
for 10 hours at 50 °C as a pre-freatment.

(8) Moisture content
50
The moisture contents of magnetic iron oxide particles referred to herein are based on values measured
in the following manner. Magnetic iron oxide particles are placed separately in an environment of
temperature 23.5 °C and humidity 65 % R.H. and an environment of temperature 32.5 °C and humidity 85
% R.H. and respectively left standing therein for 3 days. The moisture contents of the magnetic iron oxide
s5 samples are measured by a micro-quantity moisture tester ("Model AQ-6", available from Hiranuma Sangyo
K.K) and an auto-moisture gassifier ("Model SE-24", ditto) and heating each sample at 130 degrees while
passing carrier nitrogen at a rate of 0.2 liter/min.
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10 As desired, the magnetic iron oxide particles can be treated with silane coupling agent, titanate coupling
agent, aminosilanes, organic silicon compounds, etc.

Examples of the silane coupling agent used for surface-treatment of the magnetic iron oxide particles
may include: hexamethyldisilazane, trimethylsilane, trimethylichlorosilane, trimethylethoxysilane, dimethyl-
dichlorisilane, methyltrichlorosilane, allyldimethylchlorosilane, allylphenyldichiorosilane, benzyldimethylch-

15 lorosilane, bromomethyldimethyl-chlorosilane, a-chloroethyltrichlorosilane, g-chloro-ethyltrichlorosilane,
chloromethyldimethylchlorosilane, triorganosilanemercaptan, trimethylsilyl-mercaptan, triorganosilyl acrylate,
vinyldimethyl-acetoxysilane, dimethylethoxysilane, dimethyl-dimethoxysilane, diphenyldiethoxysilane, hex-
amethyldisiloxane, 1,3-divinyltetramethyldisiloxane, and 1,3-diphenyltetramethyldisiloxane.

Examples of the titanate coupling agent may include: isopropoxytitanium triisostearate, isopropox-

20 vytitanium dimethacrylate isostearate, isopropoxytitanium tridecylbenzenesulfonate, isopropoxytitanium tris-
dioctylphosphate, isopropoxytitanium-tri-N-ethylaminoethylaminate, titanium bisdioctylpyrophosphate ox-
yacetate, titanium bisdioctylphoosphate ethylenedioctylphosphite, and di-n-
butoxybistriethanolaminatotitanium.

The organic silicon compound may for example be silicone oil. The silicone oil may preferably have a

25 viscosity at 25 °C of about 30 - 1,000 centi-stokes and may preferably include, for example, dimethyl-
silicone oil, methyiphenylsilicone oil, a-methyl-styrene-modified silicone oil, chlorophenyisilicone oil, and
fluorinated silicone oil.

Examples of the binder resin constituting the toner according to the present invention may include:
polystyrene; homopolymers of styrene derivatives, such as polyvinyltoluene; styrene copolymers, such as

30 styrene-propylene copolymer, styrene-vinyltoluene copolymer, styrene-vinylnaphthalene copolymer, sty-
rene-methyl acrylate copolymer, styrene-ethyl acrylate copolymer, styrene-butyl acrylate copolymer, sty-
rene-octyl acrylate copolymer, styrene-dimethylaminoethyl acrylate copolymer, styrene-methyl methacrylate
copolymer, styrene-ethyl methacrylate copolymer, styrene-butyl methacrylate copolymer, styrene-
dimethylaminoethyl methacrylate copolymer, styrene-vinyl methyl ether copolymer, styrene-vinyl ethyl ether

35 copolymer, styrene-vinyl methyl ketone copolymer, styrene-butadiene copolymer, styrense-isoprene
copolymer, styrene-maleic acid copolymer, and styrene-maleic acid ester copolymers; polymethyl
methacrylate, polybutyl methacrylate, polyvinyl acetate, polyethylene, polypropylene, polyvinyl butyral,
silicone resin, polyester resin, polyamide resin, epoxy resin, polyacrylic acid resin, rosin, modified rosin,
terpene resin, phenolic resin, aliphatic or alicyclic hydrocarbon resin, aromatic petroleum resin, paraffin wax,

40 and carnauba wax. These resins may be used alone or in mixture. Particularly, styrene copolymers and
polyester resins may be preferred in view of developing and fixing performances.

In the toner according to the present invention, it is also possible to use hydrocarbon wax or ethylenic
olefin polymers, as a fixing aid, in combination with the binder resin.

Examples of such ethylenic olefin homopolymers or copolymers may include: polysthylene, poly-

45 propylene, ethylene-propylene copolymer, ethylene-vinyl acetate copolymer, ethylene-ethyl acrylate
copolymer, and ionomers having polyethylene skeletons. Among the copolymers, those including olefin
monomer units in a proportion of at least 50 mol. %, particularly at least 60 mol. %, may be preferred.

The magnetic toner according to the present invention can further contain a colorant, examples of which
may include known pigments or dyes, such as carbon black and copper-phthalocyanine.

50 The magnetic toner according to the present invention can contain a charge control agent. For a
negatively chargeable toner, it is possible o use a negative charge control agent, such as metal complex
salts of monoazo dyes, and metal complex salts of salicylic acid, alkylsalicylic acid, dialkyisalicylic acid or
naphthoic acid.

Further, for a positively chargeable toner, it is possible to use a positive charge control agent, such as

§6 nigrosine compounds and organic quaternary ammonium salts.

Examples of the negative charge control agent may include compounds represented by the following
formulae.

This Sheet Has Been Replaced

[T




because of an enhanced Coul onb's force.
A devel opi ng nmet hod having elimnated the above

10

15

20

25

30

35

40

45

50

o
[3)]

EP 0 650 097 A1

o
O

(A® denotes H*, Na*, K* or NH,*)

"'"O

t—Bu

t —Bu

(t-Bu denotes a t-butyl group)

N

Cr &
A
\(;I:\O O t—Bu
/

Yo

4 N
. B. ﬁ t—-Bu ©
— bu C-0 9]
N / \/©\ ®
Z ' A
o 0-C t — Bu
\ t —Bu g p

The following three types of negative charge control agents may be preferred as effective for

1) Monoazo iron complex salts
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descri bed probl ens has been proposed in U S. Pat. No. 4395.476

(corresponding to Japanese Lai d-Open Patent Application (JP-A) 55-18656).
In this method (so-called "junplﬁgpdéﬁémgﬁﬁﬁg met hod"), a magnetic toner
applied in a very small thickness on a sleeve. triboelectrically charged
and is brought to an extrene vicinity to an electro- static imge to effect
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15
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wherein X; and Xz independently denote hydrogen, lower alkyl, lower alkoxy, nitro or halogen;
20 m and m' independently denote an integer of 1 - 3;
Y: and Y3 independently denote hydrogen, C; -Cig alkyl, Cz - Cig alkenyl, sulfonamide, mesyl,
sulfonic acid, carboxy ester, hydroxy, Ci - Cis alkoxy, Cz - Cis acetylamino, benzoyl, amino or halogen;
n and n' independently denote an integer of 1 - 3;
Y2 and Y, independently denote hydrogen or nitro;
25 A® denotes H*, Na*, K* or NH, *.
2) Iron complexes with aromatic hydroxycarboxylic acid, aromatic diol or aromatic dicarboxylic acid
derivative represented by the following formula:

30 / - O Hzo \ e
|
C-0 Y
/ \\‘/// N @
s X Fq\ X A
Ny O__ﬁ//

40

wherein X denotes

capable of having a substituent, such as alkyl,

: [l
- SO0X
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between the toner and the sl eeve. However, the insulating toner used in
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10

(R denotes hydrogen, Cy - Cig alkyl or alkenyl)
Y denotes -O- or
—E—O—;

20 A® denotes H*, Na*, NH:* or aliphatic ammonium.
3) N,N'-bisarylurea derivative represented by the following formula:

18

(Rl X RS RS 2y .
25 ) \ l l / (R ) J
AT
(R ﬁ (RY),
0]

30

wherein Yy and Yz independently denote phenyl, naphthyl or anthryl;
R, and Rz independently denote halogen, nitro, sulfonic acid, carboxyl, carboxylate, cyano, carbonyl
alkyl, alkoxy or amino;

35 Rs and R; independently denote hydrogen, alkyl, alkoxy, phenyl capable of having a substituent,

aralkyl capable of having a substituent, or amino;
Rs and Re independently denote hydrogen or C; - Cg hydrocarbon group,
k and j are independently an integer of 0 - 3 with the proviso that both cannot be 0; and
m and n are independently 1 or 2.

40 While the reason has not been clarified as yet, it has been confirmed that a magnetic toner containing
the magnetic iron oxide particles used in the present invention in combination with any one of the above-
described three types of negative charge control agents, provides images with improved image qualities,
particularly less fog.

Specific examples of the positive charge control agent may include compounds represented by the

45 following formulae.
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The magnetic toner according to the present invention may preferably be mixed with inorganic fine
powder or hydrophobic inorganic fine powder, e.g., silica fine powder and titanium oxide fine powder alone
or in combination.

40 The silica fine powder used in the present invention can be either the so-called "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 produced from water glass, etc. Among these, 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.

45 It is preferred that the silica fine powder has been subjected to a hydrophobicity-imparting treatment.
For the hydrophobicity-imparting treatment, the silica fine powder may be chemically treated with, e.g., an
organic silicon compound which reacts with or is physically adsorbed by the silica fine powder. A preferred
method includes steps of treating dry-process silica fine powder produced by vapor-phase oxidation of
silicon halide with a silane coupling agent and, simultaneously therewith or thereafter, treating the silica fine

s0 powder with an organic silicon compound, such as silicone oil.

Examples of the silane coupling agent used for surface-treatment of the magnetic iron oxide particles
may include: hexamethyldisilazane, trimethylsilane, trimethylichlorosilane, trimethylethoxysilane, dimethyl-
dichlorisilane, methyitrichlorosilane, allyldimethylichlorosilane, allylphenyldichiorosilane, benzyldimethylch-
Jorosilane, bromomethyldimethyi-chlorosilane, a-chlorosthyltrichlorosilane,  8-chloro-ethyltrichlorosilane,

55 chloromethyldimethylchlorosilane, triorganosilanemercaptan, trimethylsilyl-mercaptan, triorganosilyl acrylate,
vinyldimethyl-acetoxysilane, dimethylethoxysilane, dimethyl-dimethoxysilane, diphenyldiethoxysilane, hex-
amethyldisiloxane, 1,3-divinyltetramethyldisiloxane, and 1,3-diphenyltetramethyldisiloxane.
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viscosity at 25 °C of ‘about 30 - 1,000 centi-stokes and may preferably include, for example, dimethyl-
silicone oil, methylphenylsilicone oil, a-methylstyrene-modified silicone oil, chlorophenylsilicone oil, and
fluorinated silicone oil.

5 The treatment with silicone oil may be performed, e.g., by directly mixing the silica fine powder treated
with silane coupling agent with silicone oil by a mixer such as a Henschel mixer, by spraying silicone oil
onto the silica fine powder, or by mixing a solution or dispersion of silicone oil in an appropriate solvent with
the silica fine powder, followed by removal of the solvent.

It is preferred that silica fine powder is treated with dimethyldichlorosilane, then with hexamethyl-

10 disilazane and then with silicone oil. In this way, it is preferred that silica fine powder is first treated with at
least two silane coupling agents and then with an oil, in order to provide an effectively increased
hydrophobicity.

The above-mentioned hydrophobicity-imparting treatment or silica fine powder may be equally ap-
plicable also to titanium oxide fine powder, and the treated titanium oxide fine powder may be equally

15 preferably used in the present invention.

An external additive other than silica or titanium oxide fine powder may be added, as desired, to the
magnetic toner according to the present invention.

Examples of such an external additive may include resin fine particles and inorganic fine particles
functioning as a chargeability improver, an electroconductivity-imparting agent, a flowability improver, an

20 anti-caking agent, a release agent at the time of hot roller fixation, a lubricant, an abrasive, etc.

Such resin fine particles may preferably have an average particle size of 0.03 - 1.0 um. Such resin fine
particles may be constituted by polymerization of a monomer, examples of which may include: styrene
monomers, such as styrene, o-methylstyrene, m-methylstyrene, p-methylstyrene, p-methoxystyrene, and p-
ethylstyrene; unsaturated acids, such as acrylic acid and methacrylic acid; acrylates, such as methyl

25 acrylate, ethyl acrylate, n-butyl acrylate, isobutyl acrylate, n-propyl acrylate, n-octyl acrylate, dodecyl
acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl acrylate, and phenyl acrylate; methacrylates,
such as methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethylhexyl methacrylate, stearyl methacrylate,
pheny! methacrylate, dimethylaminoethyl methacrylate, and diethylaminosthy! methacrylate; acrylonitrile,

30 methacrylonitrile, and acrylamide.

The polymerization may be performed according to suspension polymerization, emulsion polymeriza-
tion, soap-free polymerization, etc. It is particularly preferred to use resin fine particles obtained through
soap-free polymerization. The resin fine particles may preferably be added in an amount of 0.005 - 5 wt.
parts, more preferably 0.01 - 2 wt. parts, per 100 wt. parts of the magnetic toner particles.

35 The resin fine particles having the above-mentioned characteristic have been confirmed to exhibit a
remarkable effect of preventing toner sticking onto a photosensitive member in a system using a contact
charger in the form of a roller, a brush, a blade, etc., as a primary charger.

Examples of other additives may include: lubricants, such as polytetrafluoroethylene, zinc stearate, and
polyvinylidene fluoride, of which polyvinylidene fluoride is particularly preferred; abrasives, such as cerium

40 oxide, silicon carbide, and strontium titanate, of which strontium titanate is particularly preferred; flowability-
improvers, such as titanium oxide and aluminum oxide, which may have preferably been hydrophobicity-
imparted; anticaking agents; electroconductivity-imparting agents, such as carbon black, zinc oxide, an-
timony oxide, and tin oxide. It is also possible o add white and black fine particles having a chargeability to
a polarity opposite to that of the toner particles, as a developing characteristic-improving agent.

45 The inorganic fine powder or hydrophobic inorganic fine powder to be mixed with the magnetic toner
may preferably be added in a proportion of 0.1 - 5 wt. parts, more preferably 0.1 - 3 wt. parts, per 100 wt.
parts of the magnetic toner particles.

The magnetic toner according to the present invention may be produced by sufficiently mixing the
magnetic iron oxide particles with a thermoplastic binder resin, like those enumerated hereinbefore, and

50 optionally, a pigment or dye as colorant, a charge controller, another additive, etc., by means of a mixer
such as a ball mill, etc.; then melting and kneading the mixture by hot kneading means such as hot rollers,
kneader and extruder to disperse or dissolve the magnetic iron oxide particles and the pigment or dye, and
optional additives, if any, in the melted resin; cooling and pulverizing the mixture; and subjecting the powder
product to precise classification to form the magnetic toner particles according to the present invention.

55 Alternatively, it is also possible to provide a magnetic toner through polymerization. According to the
polymerization method, a polymerizable monomer, magnetic iron oxide particles, a polymerization initiator,
and optionally a crosslinking agent, a charge control agent and other additives, as desired, may be
uniformly dissolved or dispersed to form a monomer composition. Then, the monomer composition or a
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were examined with respect to inner silicon distribution by a gradual dissolution analysis, the silicon was

10 found to be present from the ceniral core of each magnetic iron oxide particle and the content thereof was
found to increase near the surface with an inclination.

Further, in the magnetic iron oxide particles treated with aluminum hydroxide, the resultant aluminum
slement is basically present at only the surface and a superficial layer of each magnetic iron oxide particle.

The silicon-containing magnetic iron oxide used in the present invention may for example be produced

15 through a process described below.

As a basic reaction process, a ferrous salt aqueous solution and an alkali hydroxide aqueous solution in
an amount of 0.90 - 0.99 equivalent to Fe?* contained in the ferrous salt aqueous solution, are reacted to
form an aqueous reaction liquid containing ferrous hydroxide colloid, which is then aerated with an oxygen-
containing gas to forrm magnetite particles. In this instance, a water-soluble silicic acid containing silicon in a

20 proportion of 50 - 99 wt. % of the total silicon (0.4 - 2.0 wt. %) to be contained in the objective magnetic
iron oxide is added in advance to either the alkali hydroxide aqueous solution or the reaction liquid
containing ferrous hydroxide colloid, and the aeration is performed by passing the oxygen-containing gas
for oxidation into the reaction liquid while heating the liquid at 85 - 100 °C, thereby producing silicon-
containing magnetic iron oxide particles from the ferrous hydroxide colloid. Thereafter, an alkali hydroxide

25 aqueous solution in an amount of at least 1.00 equivalent to Fe?* remaining in the suspension liquid after
the oxidation and a water-soluble silicic acid salt containing silicon in the remaining amount [i.e., 1 - 50 % of
the total content (= 0.4 - 2.0 wt. %)], are added to the suspension liquid, followed by further heating at 85 -
100 °C for oxidation, to produce silicon-containing magnetic iron oxide particles.

Then, in the case of effecting the treatment with aluminum hydroxide, into the alkaline suspension liquid

30 containing the silicon-containing magnetic iron oxide particles, a water-soluble aluminum salt is added in an
amount of 0.1 - 2.0 wt. % (calculated as aluminum) with respect to the produced magnetic iron oxide
particles. Thereafter, the pH of the system is adjusted to 6 - 8 to deposit aluminum hydroxide at the
surfaces of the magnetic iron oxide particles. Then, the product is subjected to filtration, washing with water,
drying and disintegration to form magnetic iron oxide particles used in the present invention. In order to

35 adjust the smoothness and specific surface area, the magnetic iron oxide particles may preferably be
subjected to a post-treatment, e.g., by Mix-maller, for applying compression and shearing forces.

The silicic acid to be added for producing the magnetic iron oxide particles may for example be a silicic
acid salt, such as commercially available sodium silicate, or silicic acid, such as silicic acid sol formed, e.g.,
by hydrolysis.

40 The water-soluble aluminum salt may for example be aluminum suifate.

As the ferrous salt, for example, it is possible to use iron sulfate generally by-produced in the sulfuric
acid process for producing titanium or iron sulfate by-produced in surface washing of steel plates. it is also
possible to use iron chloride, etc.

An embodiment of the image forming method will now be described with reference to Figure 1.

45 A photosensitive drum 1 surface is negatively charged by a primary charger 702, subjected to image-
scanning with laser light 705 to form a digital latent image, and the resultant latent image is reversely
developed with a monocomponent magnetic developer 710 comprising a magnetic toner in a developing
apparatus 709 which comprises a developing sleeve 704 equipped with a magnetic blade 711 and
enclosing a magnet. In the developing zone, the electroconductive support of the photosensitive drum is

50 grounded, and an alternating bias, pulse bias and/or DC bias is applied to the developing sleeve 704 by a
bias voltage application means 713. 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) by a roller transfer
means 2 connected to a voltage supply 3, whereby the developed image (toner image) on the photosen-
sitive drum is transferred to the transfer paper P by the contact transfer means 2. Then, the transfer paper

55 P is separated from the photosensitive drum 1 and subjected to fixation by means of a hot pressing rofler
fixer 707 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 cleaning means 708 comprising a cleaning blade. It is also possible to omit the cleaning step
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5-72801. The monocomponent insulating magnetic developer 710 in the developing apparatus 709 is applied onto the

10 non-magnetic cylinder sieeve 704 and the toner particles are provided with, e.g., a negative triboelectric
charge due to friction between the sleeve 704 surface and the toner particles. Further, by disposing the
magnetic blade 711, in the vicinity of (with a spacing of 50 - 500 um) from the sleeve surface, the thickness
of the developer layer is regulated at a thin and uniform thickness {30 - 300 wm) which is thinner than the
spacing between the photosensitive drum 1 and the developing sleeve 704 at the developing zone, so that

15 the developer layer does not contact the photosensitive drum 1. The rotation speed of the sleeve 704 is so
adjusted that the circumferential velocity of the sleeve 704 is substantially equal to or close to that of the
photosensitive drum surface. It is also possible to constitute the magnetic doctor blade 711 functioning as a
counter magnetic pole with a permanent magnet instead of iron. In the developing zone, an AC bias or a
pulsed bias may be applied to the sleeve 6 by the biasing means 12. The AC bias may preferably comprise

20 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 surface of the photosensitive drum 1 and the AC bias or pulsed bias.

Another embodiment of the image forming apparatus according to the present invention is described
with reference to Figure 4.

25 It is also possible to replace the magnetic doctor blade 711 with an elastic blade formed of an elastic
material, such as silicone rubber, so as to apply the developer onto the devsioping sleeve while regulating
the thickness of the resultant developer layer by a pressing force.

Figure 2 shows an embodiment of the image forming apparatus including a contact-charging means 7
supplied with a voltage from a bias voltage application means 743 and a corona transfer means 703.

30 Figure 3 shows an embodiment of the image forming apparatus including a contact charging means
742 and a contact charging means 2.

Figure 4 shows a detail of a contact transfer system (as used in the image forming apparatus shown in
Figures 1 and 3), including a transfer roller which basically comprises a core metal 2a and an electrocon-
ductive elastic layer 2b surrounding the core metal 2a. The transfer roller 2 is used to press a transfer

3s material against the surface of the photosensitive drum 1 at a pressing force. The transfer roller 2 rotates at
a peripheral speed which is equal to or different from that of the photosensitive drum 1. A transfer material
(such as paper) is conveyed through a guide 4 to between the photosensitive drum 1 and the transfer roller
2, where the transfer roller is supplied with a bias voltage of a polarity opposite to that of the toner from a
transfer bias voltage supply 3 so that the toner image on the photosensitive drum 1 is transferred onto the

40 face side of the transfer material. Then, the transfer material carrying the transferred toner image sent
through a guide 5 to a fixing device.

The electroconductive elastic layer 2b may preferably comprise an elastic material, such as urethane
rubber or sthylene-propylene-diene terpolymer (EPDM), containing an electroconductive filler, such as
conductive carbon, dispersed therein and having a volume resistivity in the range of ca. 108 - 10'© ohm.cm.

45 Preferred transfer conditions may include a roller abutting pressure of 5 - 500 g/cm and a DC voltage of
0.2 - 210 kV.

Figure 5 shows a detail of a contact-charging system (as used in image forming apparatus shown in
Figures 2 and 3). The system includes a rotating drum-shaped electrostatic image bearing member (herein,
simply referred to as "photosensitive drum”) 1, which basically comprises an electroconductive support

50 layer 1a of, e.g., aluminum, and a photoconductor layer 1b coating the outer surface of the support layer 1a,
and rotates at a prescribed peripheral speed (process speed) in a clockwise direction (in the case shown on
the drawing).

The photosensitive drum 1 is charged with a charging roller 42 which basically comprises a core metal
42a, an electroconductive elastic layer 42b surrounding the core metal 42a, and a surface layer 42¢c. The

55 charging roller 42 is pressed against the surface of the photosensitive drum 1 at a pressing force and
rotates so as to follow the rotation of the photosensitive drum 1. The charging roller 42 is supplied with a
voltage from a bias voltage application means E, whereby the surface of the photosensitive drum 1 is
charged to a prescribed potential of a prescribed polarity. Then, the photosensitive drum 1 is exposed
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imagewise to form an electrostatic image thereon, which is then developed into a visual toner image by a
developing means.

Preferred process conditions of such a charging roller may for example comprise a roller abutting
pressure of 5 - 500 g/cm and a combination of an AC voltage of 0.5 - 5 kVpp and frequency of 50 Hz to 5
kH and a DC voltage of 0.2 - +1.5 kV in case of DC-AC superposed voltage application or a DC voltage of
+(.2 - 5 kV in case of DC voltage application.

The charging roller (and also a charging blade) may preferably comprise an electroconductive rubber
and can be surfaced with a release film, which may for example comprise nylon resin, PVDF (poly-
vinylidene fluoride), or PVDC (polyvinylidene chloride).

Figure 7 shows an embodiment of the process cartridge according to the invention. The process
cartridge includes at least a developing means and an electrostatic image bearing member integrated into a
form of a cartridge, which is detachably mountable to a main assembly of an image forming apparatus
(such as a copying machine and a laser beam printer).

In this embodiment, a process cartridge is shown to integrally include a developing means 709, a drum-
shaped slectrostatic image-bearing member (photosensitive drum) 1, a cleaner 708 having a cleaning blade
708a, and a primary charger (charging roller) 742.

In the cartridge of this embodiment, the devsloping means 709 comprises a magnetic blade 711 and a
toner 760 containing a magnetic toner 710. The magnetic toner is used for development in such a manner
that a prescribed electric field is formed between the photosensitive drum 1 and a developing sleeve 704. In
order to perform the development suitably, it is very important to accurately control the spacing between
the photosensitive drum 1 and the developing sleeve 704.

Hereinbelow, the present invention will be described more specifically based on Production Examples
of magnetic iron oxide and Examples of toner. In the following description, "parts™ and "%" used to
describe compositions are all by weight unless otherwise noted specifically.

Production Example 1

Into a ferrous sulfate aqueous solution, a sodium hydroxide aqueous solution in an amount of 0.95
equivalent to Fe?* contained therein was added and mixed, to form a ferrous salt aqueous solution
containing Fe(OH)2.

Then, to the solution, sodium silicate was added in an amount containing 1.0 wt. % of silicon with
respect to the iron in the solution. Then, the resultant ferrous salt aqueous solution containing Fe(OH), was
aerated with air at 90 °C to cause oxidation at a pH of 6 - 7.5 thereby forming a suspension liquid
containing silicon-containing magnetic iron oxide particles.

Then, to the suspension liquid, a sodium hydroxide aqueous solution in an amount of 1.05 equivalent to
the remaining Fe?* in which sodium silicate containing 0.1 wt. % of silicon with respect to iron was
dissolved, was added, and the system was heated at 90 °C to effect oxidation under a condition of pH 8 -
11.5, thereby further forming silicon-containing magnetic iron oxide particles.

The resultant magnetic iron oxide particles were washed, filtered and dried in an ordinary manner, and
then subjected to disintegration of the agglomerates thereof by a Mix-maller, wheraby the agglomerates
were disintegrated into primary particles under application of compressing and shearing forces, and the
surfaces of the magnetic iron oxide particles were smoothened. As a result, magnetic iron oxide particles A
having properties shown in Tables 1 and 2 were obtained. The magnetic iron oxide particles showed an
average particle size of 0.21 um.

Production Examples 2 - 6

Magnetic iron oxide particles B - F were preparad in the same manner as in Production Example 1
except for adding different amounts of silicon.

Production Example 7

Magnstic iron oxide particles G were obtained in the same manner as in Example 6 except that the
disintegration treatment was performed by a pin-mill. The magnetic iron oxide G showed a lower
smoothness and a larger BET specific surface area compared with the magnetic iron oxide particles F.
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| mproved adhesi on between the binder resin and the nmag- netic iron oxide
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required of proquction Examples 13 and 14
10

Magnetic iron oxide particles M and N were prepared in a similar manner as in Example 1 but all the
prescribed amounts of silicon were added for the first stage reaction and the pH for the reaction was
changed to 8 - 10.

15 Comparative Production Examples 1 - 4

Magnetic iron oxide particles Q - R were prepared in a similar manner as in Example 1, but all the
prescribed amounts of silicon were added for the first stage reaction and the sodium hydroxide aqueous
solution was added in amounts exceeding 1 equivalent to Fe?*, followed by adjustment to different pH

20 values.

Comparative Production Example 5

Into ferrous sulfate aqueous solution, sodium silicate was added in an amount to provide a silicon
25 content of 1.8 % based on the iron content, and a caustic soda solution in an amount 1.0 - 1.1 times the
equivalent to the ferrous ion, to prepare an aqueous solution containing Fe(DH)2.
While the aqueous solution was maintained at pH 9, air was blown thereinto to cause oxidation at 85 °C,
to form silicon-containing magnetic iron oxide particles.
Then, into the resultant suspension liquid, an aqueous solution containing ferrous sulfate in an amount
30 1.1 times the equivalent to the previously added alkali (sodium in the sodium silicate and sodium in the
caustic soda) was added. Further, while the suspension liquid was maintained at pH 8, air was blown
thereinto to cause oxidation, followed by adjustment of the pH to a weak alkalline side at the final stage, to
form magnetic iron oxide particles. The produced magnetic iron oxide particles were washed, recovered by
filtration, dried and then treated for disintegration of the agglomerates, in ordinary manner, to produce
35 magnetic iron oxide particles.

Comparative Production Example 6

Spherical magnetic iron oxide particles having a BET specific surface area of 6.8 m?/g were blended
40 with 0.8 wt. % of silica fine powder having a BET specific surface area of 400 m2/g by means of a Mix-
maller, to obtain magnetic iron oxide particles T.
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50
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15

18.3
12.0
6.8
20.4
23.0
9.7

20

0.65
0.80
1.06
0.60
0.49
1.04

25

0.30
0.28
0.81
0.28
0.24
0.51

30

1.0
1.1

4.2

0.9
0.8
0.05

35

1.68
1.50
0.25
2.4
1.8
0.80

40

0.21
0.34
0.21
0.20°
0.21!
0.23
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A further object

exhi biting stable chargeability even in a |l ong term use.
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A still further object of the present invention is to provide a process
cartridge including such a magnetic toner, and an imge form ng net hod

usi ng such a magnetic toner. Acc@Pdd 85p 097 Athe present invention, there is
provi ded a nmagnetic toner, conprising nmagnetic toner particles con- taining
a binder resin and magnetic iron oxide particles; wherein t he magnetic
toner has a wei ght-average particle size of at st 13.5 pm t he
magneti c toner has a particle size di §;tri buti on such t hat magnetic
toner particles having a particlg size oh & easft 12.7 [err]mare

contained in an anount of at nost] 50 ~ «~
5
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.
-

1.89

2.
2,01

10

1.12
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0.37
1.17
1.20
1.10

15

yes
yes
none
yes
yes
none

20

9.1
5.9
3.6
9.3
10.5
5.0

25

30

9.0
6.0
3.2
4.7

11.3
12.5

35

1.9x107%
1.3%1072
6.9x107>
2.2x1072
2.5x1072
1.1%1072

)
P
Q
R
S
T
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the magnetic iron oxide particles have a silicon content of 0.4-2.0
wt. % based on iron, and the magnetic iron oxide particles have an Fe/Si
atom c ratio of 1.2-4.0 at t EP OLB50WEY Adur f aces thereonsﬂm%@bn&ﬁm Replaces
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" following formula)
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A blend of the above ingredients was melt-kneaded at 140 °C by means of a twin-screw extruder. The
kneaded product was cooled, coarsely crushed by a hammer mill, finely pulverized by means of a jet mill,
and classified by a fixed-wall type pneumatic 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 (Elbow Jet Classifier available from Nittetsu Kogyo
K.K.), thereby to obtain a negatively chargeable magnstic toner having a weight-average particle size (D) of
6.8 LLm and containing 0.2 wt. % of magnetic toner particles of 12.7 um or larger.

100 wt. parts of the magnetic toner, 1.2 wt. parts of hydrophobic silica fine powder treated successively
with dimethyldichlorosilane, hexamethyldisilazane and silicone oil, and 0.08 wt. part of styrene-acrylic
copolymer resin fine particles (average particle size = 0.05 um) obtained by soap-free polymerization, were
blended by a Henschel mixer to obtain 2 mono-component-type magnetic developer.

Separately, a commercially available laser beam printer ("LBP-8I1" including an OPC photosensitive
drum, mfd. by Canon K.K.) was re-modeled so as to change the process speed from 8 sheets/min. to 16
sheets/min. and include a contact-transfer system as shown in Figure 4 and a contact-charging system as
shown in Figure 5. The re-modeled laser beam printer had a structure functionally identical to the one
shown in Figure 3.
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bearing menber, and devel oping the el ectrostatic imge witH! 9 ){epaced
t oner as descri bed above held in a devel oping neans to f l“
toner image on the electrostatic irkyessEednAy nem ber .

ot her objects. features and advant ages of the present inventlon Wi II becorre
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t he accorrp ive (ilr W pnsmg ef ylene-propy iene terpolymer) con ining elec rocondu

on a d rO\f;?lng avolume resistivity of 108 ohm.cm and a surface hardness of 27 degrees. The transfer

roIIer was driven under the conditions including a transfer current of 1 WA, a transfer voltage of +2000 V,
5 and an abutting pressure of 50 g/cm.

Regarding the charging system shown in Figure 5, the charging roller 42 as the primary charger, had
an outer diameter of 12 mm and comprised an electroconductive rubber layer 42b of EPDM and a 10 um-
thick surface layer of nylon resin. The charging roller 42 showed a hardness of 54.5 degrees (ASKER-C).
The charging roller 42 was supplied with a prescribed voltage through the core metal 42a from a voltage

70 supply E supplying a DC voltage superposed with an AC voltage.

Then, the above-prepared magnetic developer was incorporated in the re-modeled laser beam printer
and used for image formation in the following manner. An OPC photosensitive drum was primarily charged
at -700 V by the charging roller 42, and an electrostatic latent image for reversal development was formed
thereon. The developer was formed in a layer on a developing sleeve (containing magnet) so as to form a

15 clearance (300 um) from the photosensitive drum at the developing position. An AC bias (f = 1,800 Hz and
Vpp = 1,600 V) and a DC bias (Vpc = -500 V) were applied to the sleeve, and an electrostatic image
having a light-part potential of -170 V was developed by the reversal development mode, to form a
magnetic toner image on the OPC photosensitive drum. The thus-formed toner image was transferred to
plain paper under application of the above-mentioned positive transfer voltage, and then fixed to the plain

20 paper by passing through a hot-pressure roller fixer.

In this way, successive image formation was performed up to 10,000 sheets according to an intermittent
mode including a rest period of ca. 12 sec after an image forming step of ca. 2 sec for each sheet in a
normal temperature - normat humidity (23.5 °C - 60 %RH) environment while replenishing the magnetic
developer, as required.

25 The images were evaluated with respect to an image density as measured by a MacBeth reflection
densitometer, and fog as measured by comparison between a fresh plain paper and a plain paper on which
a solid white image was printed with respect to whiteness as measured by a reflection meter (mfd. by
Tokyo Denshoku K.K.). The results are shown in Table 3 appearing hereinafter.

Similar image forming tests were performed in a high temperature - high humidity (32.5 °C - 85 %RH)

30 environment and in a low temperature - low humidity (10 °C - 15 %RH) environment. The results are also
shown in Table 3.

in the high temperature - high humidity environment, the image forming test was performed on 4000
sheets, then the laser beam printer was held in the same environment for 3 days, and the image forming
test was performed on further 4000 sheets. For the fog evaluation, plain paper sheets subjected to image

35 formation on both sides were used. Dot reproducibility was evaluated by forming a checker pattern shown
in Figure 6 in the latter half of the successive image formation in the high temperature - high humidity
environment.

Examples 2 - 14

40
Magnetic toners each having a particle size distribution similar to that obtained in Example 1 were
prepared in the same manner as in Example 1 except that the magnetic iron oxide particles were replaced
with the magnetic iron oxide particles B to N, respectively, produced in Production Examples 2 - 14.
The magnetic toners were evaluated in the same manner as in Example 1. The results are shown in
45 Table 3.
Example 15
50 Styrene/n-butyl acrylate copolymer (wt. ratio = 83/17, Mw = 28x10%, Tg = 60 °C) 100 parts
Magnetic iron oxide particles B 60 parts
Negative charge control agent A 1.5 parts
Low-molecular weight ethylene/propylene copolymer 4 parts
55

A blend of the above ingredients was melt kneaded at 140 °C by means of a twin-screw extruder. The
kneaded product was cooled, coarsely crushed by a hammer mill, finely pulverized by a jet mill, and
classified by a pneumatic classifier to obtain a negatively chargeable magnetic toner having a.weight-
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roller. | et?Ie Fl ch 0_prep: rea a netic develop r
devel Opl nﬂ vﬁhe mélgne ic 8eve y:fergwas arge 6 t e process cartridge of a laser beam printer ("LBP-8Ii")
having a structure functionally identical to the one shown in Figure 1 and evaluated by image formation in

the same manner as in Example 1. The results are shown in Table 3.

Example 16
10
A magnetic toner was prepared and evaluated in the same manner as in Example 15 except that the
negative charge control agent A was replaced by a monoazo chromium complex (negative charge control
agent) obtained by changing the central atom of the negative charge control agent A from iron to chromium.

15 Example 17

Styrene/n-buty! acrylate (wt. ratic = 83/17, Mw = 30x10*, Tg = 60 °C) 100 parts
20 Magnetic iron oxide particles C 120 parts
Negative charge control agent A 3 parts
Low-molecular weight ethylene/propylene copolymer 4 parts

From the above ingredients, a magnetic toner having a weight-average particle size (Ds) of 5.4 um
25 (containing 0 wt. % of particles of 12.7 um or larger).
100 parts of the magnetic toner, 1.6 parts of the hydrophobic colloidal silica treated with silicone oil,
etc., used in Example 1 and 0.1 part of the resin fine particles used in Example 1, were blended by a
Henschel mixer to obtain a magnetic developer.
The developer was charged in the re-modeled cartridge used in Exampie 1 and evaluated by image
3o formation in the same manner as in Example 1.

Example 18

A magnetic developer was prepared and evaluated in the same manner as in Example 1 except that the
35 resin fine particles as an external additive to the magnetic developer were omitted.

The developer showed substantially identical performances regarding the image density, fog and
reproducibility compared with the developer of Example 1, but showed some degree of melt-sticking onto
the photosensitive drum at the final stage of successive image formation in the high temperature - high
humidity environment.

40
Example 19

A magnetic toner having a similar particle size distribution was prepared in the same manner as in

Example 15 except that the amount of the magnetic iron oxide particles B was reduced to 40 parts and
45 instead 2 parts of carbon black was added.

The resultant magnetic toner particles showed a saturation magnetization of 20.0 emu/g at a magnetic
field of 1 kilo-cersted at room temperature as measured by a tester ("VSM P-1-10", available from Toei
Kogyo K.K.). The density was 1.42 g/cm3.

The magnetic toner was evaluated in the same manner as in Example 15 except that the developing

50 bias voltage was changed to a DC bias component Vdc = -450 volts superposed with an AC bias
component of Vpp = 1200 volts and f = 2000 Hz.

Compared with Example 15, even bsetter images were obtained with little scaftering, and a small toner
consumption was confirmed.

55 Comparative Examples 1 - 4

Magnetic toners each having a particle size distribution similar to that obtained in Example 1 were
prepared in the same manner as in Example 1 except that the magnetic iron oxide particles were replaced
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FIG 7 is aviewfor illustrating an enbodi nent of the process cartridge
according to the invention. DETAI LED DESCRI PTI ON OF THE

| NVENTION A toner is required of an Emgesmesydaturability acconpa- nying a
hi gher process speed and an increased nunber of successively produced inmage
sheets in an ipage form ng apparatus. such as a printer. We have found it
possible to o ‘[t ﬁ"}i‘g'i?a@ﬁ?mx@etpaﬂ%?s @ it APRPHPIRGHARY i FIMPAAER FeRstuction Examples

particles exhl bl rrgﬂexcel ent éSI cal properties and perfor nmances.
I

i ncl usi ve of ; feti¢ It°6‘?l(/515'ie'iel FFLatedR do BrRe MBRRY 2E By ReTPBlade regulfpprej shogwn in
successi ve J mage orm ng characteristics and uniformdispersibility of the
magnetic i roncgrééagagveog(%blclses I n the magnetic toner

A magnetic toner having a weight-average particle size of 11.8 um (containing 54 wt. % of particles

having a particle size of 12.7 um or larger) was prepared in a similar manner as in Example 15 by using the

10 same magnetic iron oxide particles B prepared in Production Example 2 and evaluated in the same manner
as in Example 15.

Comparative Examples 6 and 7

15 Magnetic toners were prepared in the same manner as in Example 1 except that the magnetic iron
oxide particles A were replaced by magnetic iron oxide particles S and T, respectively, produced in
Comparative Production Examples 5 and 6.

The magnetic toners were evaluated in the same manner as in Example 1. The results are also shown
in Table 3. Compared with the magnetic toner of Example 1, the magnetic toners provided lower image

20 densities of 1.14 and 1.12, respectively, after standing for 3 days in the high temperature - high humidity
environment.
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particles by controlling the utnost surface state. conposi- tion and
structure of the nmagnetic iron oxide particles. A characteristic feature
of the nagnetic toner according tcEHGespogrsent invention is that it has a
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In case of magnetic toner particles having a weight- average particle size

of below 3.5 [err]m the flowability of the magnetic toner i.§. \

probl ens. such as fog or insuffici &R0BHE7AL due to insufffhlJS%@iilglqsegﬂng?placed
are liable to be caused. even if the specific magnetic iron o%llﬁﬂmmqmmgi
are used. Therefore. the weight-average particle size should I

at least 3.5 [eNokss toAnabher3 characteristic feature of the magnetic toner
according to the present invention is that the nagnetic iron oxide
particles therein céhdai Pagi|§ wsighSi-pvaragecpateitlefsi®edo 0 wt. %
(prefergbly 0.5-0.9 wt. 9% based on the total iron (Fe) content therein,
and an %e/ Si at BRPBeFAE 5OR8T 14 0 at the utnost surfaces thereof. The
Fe/Si atomc ratio t t most syr.faces of neti,c i.ron oxide particles
may be neasured by ?(—?ahﬁ{oﬁo't o%}gen(ﬁl{rlgnl§8’e‘cf”r‘g§%o%§ftm1es’

#3) The following abbreviations stand for the

10
respective environmental conditions for the successive

image formation tests.
15 N.T. - N.H. = normal temperature - normal
humidity (23.5 ©°C - 60 %RH)
H.T. - H.H. = high temperature - high
20 humidity (32.5 ©C - 85 %RH)
L.T. - L.H. = low temperature_- low humidity
(10°C - 15 %RH)
25 .
*4) "Medium" stands for a state immediately after
commencement of image formation afﬁgr standing for 3

30 days in the high temperature - high humidity

environment.

*5) Dot reproducibility was evaluated by the

35 reproducibility of a checker pattern as shown in

Figure 7 including 100 unit square dots each measuring
80 pm x 50 pm, by observation through a microscope
® while noticing the clearness of the image,
particularly scattering to the non-image parts, and
45 the number of defects (lack) of black dots. The
symbols denote the following results:
0o: Less than 2 defects/100 dots

50 OA: 3 - 5 defects/100 dots

55 A: 6 - 10 defects/100 dots

x: 11 or more defects/100 dots

— e e
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(XS). In case where the silicon content is bel oWh Skeeritas Bén®eplicke Fe/ Si
atomc ratio exceeds 4.0. the inproving effect (par I espect of
flowability) for the nagnetic tonerepogesomgy ANsuffi gm where the
silicon content is above 2.0 wt. %or the Fe/Si atomc ra elow 1.2,
there result in a deterioration in environnental characteristic,

par ti cul ar | yA fiagneihiengydalointedifpmae hinsler rgsin antsilicen-eprisinian diapngti¢ ipngpxide particles. The

hi gh- huni dagyetie tapph hef revsioht-ayprageanagisle £izp gl Mosliid Sees ipddbthe magnetiq tererhary particle
char act er iS¢ dETEyian s¥ehi that @apegtic Anerartisien naving\p RIFICIREREM &t 3t (eapt 1 UFX g sontained
particles™ff FPRuNNf 3H@Pst 5B ¥ (ve- The magnedipiomexidgpadicipy baym a gHliconifantet ghQ ¢ - 2.0 wi..
surface¥ df PIfE° 819 e MAYRIG RN Apticies nawe #1fe/S) alagic o -6 it fe imest

S thergol. S U u ti aricles hayi pecificall rolled
;ngﬁglnlalr P%{é@j@%{ r?ggonglé%. é%? tbg?g\f;%;eg% gg? cﬁﬁhﬁgﬁu s aflaaé ple?fﬁpnaré:gz gv%n?;}égisé(gggggih a

10 Claims

1. A magnetic toner, comprising magnetic toner particles containing a binder resin and magnetic iron
oxide particles; wherein
the magnetic toner has a weight-average particle size of at most 13.5 um,
15 the magnetic toner has a particle size distribution such that magnetic toner particles having a
particle size of at least 12.7 um are contained in an amount of at most 50 wt. %,
the magnetic iron oxide particles have a silicon content of 0.4 - 2.0 wt. % based on iron, and
the magnetic iron oxide particles have an Fe/Si atomic ratio of 1.2 - 4.0 at the utmost surfaces

thereof.
20
2. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have a smoothness
of 0.3 - 0.8.
3. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have a bulk density
25 of at least 0.8 g/cm3.

4. The magnetic toner according to Claim 1, wherein the magnetic iton oxide particles have a BET -
specific surface area of at most 15.0 m%/g.

30 6. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have been treated
with aluminum hydroxide in an amount of 0.01 - 2.0 wt. % calculated as aluminum.

6. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have an Fe/Al
atomic ratio of 0.3 - 10.0 at the utmost surfaces thereof.

35
7. The magnetic toner according to Clam 1, wherein the magnetic iron oxide particles have a smoothness
of 0.3 - 0.8, a bulk density of at least 0.8 g/cm? and a BET specific surface area of at most 15.0 m#/g.
8. The magnetic toner according to Claim 7, wherein the magnetic iron oxide particles have been {reated
40 with an aluminum compound.

9. The magnetic toner according to Claim 8, wherein the magnetic iron oxide particles have been treated
with aluminum hydroxide in an amount of 0.01 - 2.0 wt. % calculated as aluminum.

45 10. The magnetic toner according to Claim 8, wherein the magnetic iron oxide particies have an Fe/Al
atomic ratio of 0.3 - 10.0 at the utmost surfaces thereof.

11. The magnetic toner according to Claim 1, wherein the magnetic toner has a weight-average particle
size of 3.5 - 13.5 um and contains at most 40 wt. % of magnetic toner particles having a particle size
50 of at least 12.7 um.

¢ 12. The magnetic toner according to Claim 11, wherein the magnetic toner has a weight-average particle
size of 4.0 - 11.0 um and contains at most 30 wt. % of magnetic toner particles having a particle size
of at least 12.7 um.
55
13. The magnetic toner according to Claim 1, whersin the magnetic iron oxide particles have a silicon
content of 0:5 - 0.9 wt. % based on iron.
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enbodi nent of the present invention, the magnetic i tcles may
have a snoot hness of 0.3-0. 8. prefeE&tﬂ@EO(DBlE\-‘lO. 7. y 0.5-0.7.
The snoot hness has a correlation with the anmount of pores at the surfaces
of the nagnetlc I ron OX|deFﬁ9rt|cles A snoot hness bel o

ris f fr, C m ox de partlc%s The
B;rets Ieg F ZS Ofr?qgﬂgy gﬁ%?aﬁlgPéer%%%gge% aﬂf’ ﬁ@ gﬁ?ﬁ an thgn r§agn<§lc tgLer has a particle
t i

ze distribution such that magnetic oner pag cle avm a pa Gle size of at least 12.7 um are contained

in an amount of at most 50 wt. %. The magnetic iron oxide particles have a silicon content of 0.4 - 2.0 wt.

5 % based on iron, and the magnetic iron oxide particles have an Fe/Si atomic ratio of 1.2 - 4.0 at the utmost

surfaces thereof. Because of the use of such magnetic iron oxide particles having a specifically controlled

overall and surface Si contents, the magnetic toner can show stabie performances even after standing in a
high humidity environment.

magnetic toner containing magnetic iron oxide parﬂil t Has B “E Sf erred

10 Claims

1. A magnetic toner, comprising magnetic toner particles containing a binder resin and magnetic iron
oxide particles; wherein
the magnetic toner has a weight-average particle size of at most 13.5 um,
15 the magnetic toner has a particle size distribution such that magnetic toner particles having a
particle size of at least 12.7 um are contained in an amount of at most 50 wt. %,
the magnetic iron oxide particles have a silicon content of 0.4 - 2.0 wi. % based on iron, and
the magnetic iron oxide particles have an Fe/Si atomic ratio of 1.2 - 4.0 at the utmost surfaces
thereof.

20
2. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have a smoothness

of 0.3 - 0.8.

3. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have a bulk density
25 of at least 0.8 g/cm3.

4. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have a BET
specific surface area of at most 15.0 m%/g.

30 5. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have been treated
with aluminum hydroxide in an amount of 0.01 - 2.0 wi. % calculated as aluminum.

6. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have an Fe/Al
atomic ratio of 0.3 - 10.0 at the utmost surfaces thereof.

35
7. The magnetic toner according to Clam 1, wherein the magnetic iron oxide particles have a smoothness
of 0.3 - 0.8, a bulk density of at least 0.8 g/cm® and a BET specific surface area of at most 15.0 m#g.
8. The magnetic toner according to Claim 7, wherein the magnetic iron oxide particles have been treated
40 with an aluminum compound.

9. The magnetic toner according to Claim 8, whersin the magnstic iron oxide particles have been treated
with aluminum hydroxide in an amount of 0.01 - 2.0 wt. % calculated as aluminum.

45 10. The magnetic toner according to Claim 8, wherein the magnetic iron oxide particles have an Fe/Al
atomic ratio of 0.3 - 10.0 at the utmost surfaces thereof.

11. The magnetic toner according to Claim 1, wherein the magnetic toner has a weight-average particle
size of 3.5 - 13.5 um and contains at most 40 wt. % of magnstic toner particies having a particle size
50 of at least 12.7 um.

12. The magnetic toner according to Claim 11, wherein the magnetic toner has a weight-average particle
size of 4.0 - 11.0 um and contains at most 30 wt. % of magnetic toner particles having a particle size
of at least 12.7 um.

55

13. The magnstic toner according to Claim 1, wherein the magnetic iron oxide particles have a silicon

content of 0.5 - 0.9 wt. % based on iron.
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magneti c |ron s may have a bul k density of at |east 0.8
g/cnferr] pre t 1.0 Ef ¢APRp97 Al In case where the magnetic
i ron oxide partrcl es have a bul k density bel ow 0.8 g/cni err] t he physi cal
m'xabilit¥thereof with the other redi ents can dye sD%ry
i r rn to re or a ave been treated
af fect ed. "the wrt alu |:{r(r\$1§l)19z}oﬁxcrde in gr? amoun o ngf Hl11'(? raf%lcl:acu sal?rmr?:gg and have an Fe/Al
atomic ratio of 0.3 - 5.0 at the utmost surfaces thereof.

-9- WE lagdhodi ment of the present invention, the

s 15. The magnetic toner according to Claim 14, wherein the magnetic iron oxide particles have an Fe/Al
atomic ratio of 0.3 - 2.0 at the utmost surfaces thereof.

16. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have a smoothness
of 0.45 - 0.7, a bulk density of at least 1.0 g/cm3, a BET specific surface area of at most 12.0 m?%g, and
10 an average particle size of 0.1 - 0.4 um.

17. The magnetic toner according to Claim 16, wherein the magnetic iron oxide particles have a
smoothness of 0.5 - 0.7 and an average particle size of 0.1 - 0.3 um.

15 18. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have a total surface
pore volume of 7.0x1073 - 15.0x1072 ml/g.

19. The magnetic toner according to Claim 18, wherein the magnetic iron oxide particles have a total
surface pore volume of 8.0x10~3 - 12.0x10~3 mi/g.
20
20. The magnetic toner according to Claim 1, wherein the magnetic iron oxide partrcles have a surface
pore distribution such that micro-pores having a pore diameter smaller than 20 A provide a total
specific surface area which is equal to or smaller than that of mesa-pores having a pore diameter of at
least 20 A.
25
21. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles have a moisture
content of 0.4 - 1.0 wt. % at a temperature of 23.5 °C and a humidity of 65 % RH, and a moisture
content of 0.6 - 1.5 wt. % at a temperature of 32.5 °C and a humidity of 85 % RH, the moisture
contents providing a difference therebetween not exceeding 0.6 wt. %.
30
22. The magnetic toner according to Claim 21, wherein the magnetic iron oxide particles have a moisture
content of 0.45 - 0.90 wt. % at a temperature of 23.5 °C and a humidity of 65 % RH, and a moisture
content of 0.6 - 1.10 wt. % at a temperature of 32.5 °C and a humidity of 85 % RH, the moisture
contents providing a difference therebetween not exceeding 0.3 wi. %.
35
23. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles further contain a
negative charge control agent.

24. The magnetic toner according to Claim 23, wherein the magnetic charge control agent is a monoazo
40 iron complex salt represented by the following formula:

¢ (Y. O Ne
Y. Z N @ (X m
O N

50

0
55 B @ N=

T Bt e e,

HIS SHEET 1A g BLEN
REPLACED

30

I



magneti c | ' ingil €s. In a preferred enbodi ment of the present
I nventi on“mmmlnamuﬂnln !!Ilon oxi de particles nmay have a BET specific
surface of *at cnost #.5.s0 err]/g, pepfeeesplgoy mt nost 12.0 g/nferr]. In case
where the magnetic iron oxide particles have a BET specific surface area
exceeding 15.0 nferr]/g, the magnetic iron oxide particles can have an
i ncreased hygmbereinii end X indgpendently dendie diydredey. lever ellsyl. [owee alkoxy, nitro or halogen;
nmoi st ur e- absor pthand m' indegenderdly genslsi aniintagendf 1t-8e magneti ¢ toner contai ni ng
t he magnetic irof a5diYddndeeandently denote hygrogen, Festib ki Cex Candlkepd. yifengpide,pesyl,
have found t h&¢fopip@cityeatese 6pere hydjogf Cradhetlkewi Fon Gxiagelylpaipe. i kepzey!. paino or
rel ated Wi th f#egep: surface pores, and the control of the pore volume may be
a nost i npor t ant” 34 &t iBfependently depgte-andntegopofi iy ¢ he

Y2 and Y, independently denote hydrogen or nitro;

A® denotes H*, Na*, K+ or NH,*.

10 25. The magnetic toner according to Claim 23, wherein the negative charge control agent is an organic iron
compound represented by the following formula:

3 4 0 H:0 N o
X e X A
20 \Y / 4 \O _ /

25

wherein X denotes

X ©f

capable of having a substituent,

LIS T

55

35

40

(R denotes hydrogen, Ci - Cis alkyl or alkenyl)
Y denotes -O- or
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magnetic iron oxide particles have a pore volune of 7.0x
10[err]-15.0x10[err] m /g, nore preferably 8. 0x10[err]-12.0x10[err] m/qg,

at their surfaces. If the total BROGEGO9PANe vol une is bel ow 7.0x10[err]

m /g. the magnetic iron oxide particles can have a remarkably

noi sture retentivity. so that the toner containing the magnbiummj#) MIIHHIII
particles is |liable to cause a charge-up gnd a | ower inmage y g I
| ow- hum dity environnent. If the total surface pore vol une exceeds

15.0x10[err] m/g. the magnetic iron oxid€-Particles are caused to have an
I ncreased hygroscopicity. As a result, the nmagnetic toner containing the

magneti® iron qyide rticles, when.left standing in a high-humdity
environnent, | F?'ﬁﬁ?g 't'% '_chg'ﬁs%r a#*r%\até“t%m_r"ém%"sor ption to have a | ower
char geabi lzbt Yre rtrxgg%gticp{oge\flagéop&ngatol Qi r23! WRSSin %nr?b'ggtwe charge control agent is an N,N'-

bisarylurea derivative represented by the following formula:

10

(R, R® R (R,
. >Y‘—Ill 111'.—Y*<
(RY)n \Cl/ (RY.
0

20
wherein Y; and Y2 independently denote phenyl, naphthyl or anthryl;
R: and R: independently denote halogen, nitro, sulfonic acid, carboxyl, carboxylate, cyano,
carbonyl, alkyl, alkoxy or amino;
Rs and Rs independently denote hydrogen, alkyl, alkoxy, phenyl capable of having a substituent,
25 aralkyl capable of having a substituent, or amino;
Rs and Rg independently denote hydrogen or Ci - Cs hydrocarbon group,
k and j are independently an integer of 0 - 3 with the proviso that both cannot be 0; and
m and n are independently 1 or 2.

30 27. The magnetic toner according to Claim 1, wherein the magnetic iron oxide particles are contained in an
amount of 20 - 200 wt. parts per 100 wt. parts of the binder resin.

28. A process cartridge, comprising at least a developing means and a photosensitive member;
said developing means and photosensitive member being integrated into a carfridge disposed
35 detachably attachable to an apparatus main assembly,
said developing means including a magnetic toner according to any one of Claims 1 - 27.

29. An image forming method, comprising:
forming an slectrostatic image on an electrostatic image-bearing member, and
40 developing the electrostatic image with a magnetic toner according to any one of Claims 1 - 27
held in a developing means to form a toner image on the electrostatic image-bearing member.

30. The image forming method according to Claim 29, wherein the toner image on the electrostatic image-
bearing member is iransferred to a transfer-receiving material.
45
31. The image forming method according to Claim 29, wherein the electrostatic image-bearing member is
charged by a contact-charging means and then exposed to light to form a digital electrostatic image
thereon, the digital electrostatic image is developed with the magnetic toner, and the resultant toner
image on the electrostatic image-bearing member is transferred to the transfer-receiving material by a
50 contact transfer means.
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The magnetic iron oxide particles used in the present invention may
preferably have a surface pore distribution
- 10- such that mcro-pores havi P &6¥RF Ali aneter smal |l er than

70

5

FIG. 2 Il
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20 A provide a total specific surface area which is equal to or smaller
than that of neso-pores having a pore dianeter of at |least 20 A (20 A-500
A) . The surface pore dianeter of th&PERRINSAli ron oxide particles
greatly affects the noisture-absorptivity. Small pores do not readily
cause desorption of adsorbed water. In case where the m cro-pores having a
pore dianmeter smaller than 20 [err] provide a total (specific) surface
area exceeding that of the nmeso-pores having a pore dianeter of at |east
20 [err]. there are present many adsorption sites from which adsorbed

noi sture is not readily desorbed. so that the magnetic toner containing the
magnetic iron oxidg particles I's Niable to cause a lowering in

chargeability. par 748y when | f74@r ayb@g termin a high-humdity
environment. and t char geabi | i ty \capnot readily recover ed.

heet Has Been Replaced
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y ALOXBO -
- further preferred that the nagnetlc I ron oxi de par- ticles used in

the Present invention may preferabky. +be freé'fronka.gubs{antlal hysteresis

bet ween nitrogen adsorption a eSorptlpn':sotheuns sie. e°'"a'd|fference in

adsof bed gas quantity of at \44%)betméén Thoseé*bnr™* the'adsdrptlon and

desofption isotherns at an arbitrary relative pressure. The presence of

a hypteresis (i.e.. a difference in adsorbed gas anount) on the nitrogen

adsor pti on-desorption iso- thernms neans the presence of ink bottle-shaped

pores having a narrow inlet dianmeter and a wider interior dianmeter, so that

t he adsorbed substance (noisturg or nitrogen) s not readi |y desorbed. and

the magnetic toner containing thHe magnetic iron oxide partiqles is caused

to have a chargeability which iq adversely affected particularl& in a

hi gh-hum dity envi- ronnent. 4)/

L
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b2l

I't is further preferred that the magnetlc I ron oxi de par- tlcles have such
a hygroscopicity characteri'stic asit & shotw 4. noi s} u'®& cantegny of 0.4-1.0
wt. % (nmore preferably 0.45-0.90 v . '% dats i’ :terrpsrature t:f"2‘3 5[err] C
and a humidity of 65% RH. and ja Km st'ure*toftent *Yf *0.6-1°5 Wm. % (nore
preferably 0.60-1. 10 wt. % a \terrperature of 32.5 C and a humdity of
85% RH, the noisture contents providing a difference therebetween not
exceeding 0.6 w. % (nore preferably not exceeding 0.3 w. 9.

750
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"“ \QQ ! \ :%L - ,.J
-11- I f the noisture contents are |ower than the above- nentioned
ranges. the resul tant nagnetlc toner. is liable to cause a charge-up
particularly in a lowhumdity envijon- nent. |f the noisture contents ar
above the above-"nenti oned ranges. the chargeability is ”Tﬁﬁﬁﬁukﬁwﬁ? SHEET
Sheet Has Been Replaced

\\\\\\\\\l\\\\\\\\\\\\\\\ . S

MAGNETIC TONER, PROCESS CARTRIDGE

AND IMAGE FORMING METHOD

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a magnetic
toner for visualizing electrostatic images in image
forming methods, such as electrophotography and
electrostatic recording, a process cartridge including
such a magnetic toner, and an image forming method
using the magnetic toner:

Hitherto,, K a large number of electro-
photographic processes have been known, as disclosed
in U.S. Patent Nos. 2,297,691; 3,666,363; 4,071,361
and others. 1In these processes, an electric latent
image is formed on a photosenéitive mémber comprising
a photoconductive material by various means, then the
iatent image is developed and visualized with a tonef,
and the resultant toner image is, after transferred
onto a-tfansfer material, such as paper, as desired,
fixed by heating, pressing, heating and pressing,
etc., to obtain a copy or a print.

Various developing methods for visualizing
electrostatic latent images with toner have also been
known. For example, there have been known the
magnetic brush method as disclosed in U.S. Pgtent No.
2,874,063; the cascade developing method as disclosed

in U.S. Patent No. 2,618,552; the powder cloud method

THIS SHEET HAS BEEN
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Further. the.difference in noisture content between the r ctive
envi ronnents exceeds 0 6 wt.. % an undesirable change in IﬂEQ@%ﬁ@ﬁﬂL %l
..\|i’t

characterlst'q‘,’-s B@@@ﬂby a change in environnent al 64008, °
is further pr e magnetic iron oxide par- tfcles used in th
treat ed wth al um num hydrox| dp ithTdPRimamMt| o

pr esent |nvent
0.01-2.0 mt. % (nore preferab y 0.05-1.0 wt. 9% cal cul atged al um num
based on the wei ght of the nmagnetic iron oxide. Wi | e Jt he reason
been fully clarified as yet. it has been confirned that
hydr oxi de apadtisaleselriimar-g . eaitechtvMNd. a wad nunTexi de provi de a magnet I C
toner having a stabilized chargeability. However, if the treating anmount is
bel ow 0. 0additi%n(ashel Ffumuimusit kiewdfoaeing snestlode &md, thé t he anount

exceeds 2.0 wt. % the
liquid developing method. Among these developing

methods, those developing methods-using.-z developer
cbmposed mainly of a toner and a carrier such as the
magnetic brush method, the cascade process and the
liquid developing method have been widely used
commercially. While these methods provide good images
relatively stably,_they involve common problems
accompanying the use of two-component developers, such
as deterioration of carriers and change in mixing
ratio of the toner a;d carrier.

In order to obviate such problems, various
developing methods using a one-component developer
consisting only of a toner, have been proposed. Among
these, there are many excellent developing methods
using devélopers comprising magnetic toner particles.

U.S. Patent No. 3,909,258 has proposed a
developing method using an electroconductive magnetic
toner, wherein an electroconductive magnetic toner is
carried on -a cylindrical electroconductive sleeve
provided with a magnet inside thereof and is caused to
contact an electrostatic image-bearing member having
an electrostatic image to effect development. In this
method, as the.development zone, an electroconductive
path is formed with magnetic téner particles between

the recording member surface and the sleeve surface

THIS SHEET HAS BEEN
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resul tant magnetic toner can be adversely affected with res| eREPLAD

envi ronnental characteristics, particularly the chargeabil i} yprrg—==m
hi gh- hum dity environnent. It is further preferred that the n?p$2¥§c§%?o
oxi de par- ticles have an Fe/ Al atomic ratio of 03-10.0 (nofe| pref & &ty
0.3-5.0. further preferably 0.3-2.0)-3 the utnost sur- fackstther

the Fe/ Al atomc ratio is below 0.3, the resultant magneticitoner is |liable

to have inferior environ- nental characteristics, particul ar+y
chargeability in a high- humdity environnent and. if the Fe/A atomc
ratio exc@8dsthg. Fonee PATdISe o ANe idtaehedf Fecimpgesparséons The
have an alEPa5e BarERaRELS, ¢ e SHAF G e THrSRoFBopiBAGRAD] y 0. 1-03
lerrim — ¥arigus BRWSLEY AU el S, (A acter L7ing, Lhe pregent
development. This method using an electroconductive
magnetic toner is an excellent method which has
obviated the problems involved in the two-component
developing methods. However, as the toner is
electroconductive, there is involved a problem that it
is difficult to transfer the developed toner image
electrostatically from the electrostatic image-bearing
member to a final support member such as plain paper.

As a developing method using a magnetic toner
with a high resistivity which can be electrostatically
transferred, a developing method using a dielectric
polarization of toner particles is known. Such a
method, however, involves éssential problems that the
developing speed is slow and a sufficient density of
developed image cannot be obtained.

55 another method using a high resistivity
magnetic toner, there are known methods wherein
magnetic toner particles are triboelectrically charged
through friction between magnetic toner particles or
friction between a friction member such as a sleeve
and magnetic toner particles, and then caused to
contact an electrostatic image-bearing member'to

effect development. However, these methods involve

problems that the triboelectric charge is liable to be
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I nvention may be nmeasured according to the follow ng nethodé
-12- (1) Particle Size Distribution of a Magnetic TonerREPL\ ,WN SHETT

i“..l

~4- 0 1 APR 1997

insufficient because the number of friction bkiwsan

the magnetic toner particles and the friction member,
and the charged toner particles are liable to
agglomerate--on-fhke-sleeve because of an enhanced
Coulomb‘s force.

A developing method having eliminated the
above described problems has been proposed in U.S.
Patent No. 4,395,476 (corresponding to Japanese Laid-
Open Patent Application (JP-A) 55-18656). In this
method (so-called "jumping developing method"), a
magnetic toner is applied in a very small thickness on
a sleeve, triboelecérically charged and is brought to
an extreme vicinity to an electrostatic image to
effect development. More specifically, in this
method, an excellent image is obtained through such
factors that a sufficient triboelectric charge can be
obtained because a magnetic toner is applied onto a
sleeve in a very sm#ll thickness to increase the
opportundty of contact between the sleeve and the

i magnetic toner; and the magnétic ggner is carried by a

magnetic force, and the magnet and the toner are
relatively moved to disintegrate the agglomerate of
the magnetic toner particles and cause sufficient
friction between fhe toner and the sleeve.

However, the insulating toner used in the
above-mentioned developing method contains a

considerable amount of fine powdery magnetic

Sheet Has Been Replaced
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The particle size distribution of a magnetic toner .is neasured by nmeans of

R 3

a Coul ter counter 1n the present invention, while it may ber#eastredm——-
rBERLABEVEST SHELT

vari ous namRstes Has Bee@Bemlaced counter Mobdel TA-11 (avail able

El ectronic lﬂ‘ used as an instrunent for measure-| MmNt For

measur enentj, ueous solution as an electrolytic $olutd anaomyode

prepared b ng a reagent- grade sotlium chloride. As a co Drcclja‘lly' '_
ail-abl-e—from

avai l abl e exanple, it is possible to use "ISOTON (R -11" (a
Coulter Scientific Japan K K ). Into 100 to 150 ml of the elfectrolytic

| uti ) . .Q .5 f f act.ant, fer- abl . )
ZIOK;I Ibce)ngan%é:%gtﬁ dnirgéldgé“l %ass?:g:lr to?fcitgéa reeat_glr% I@?E%Té?ghnf‘,s and 2 to 20 ny
of 2 SamPkeobsedditd diteisthGadl o S Ud Al JUS0REPE 58T chlig sanple in the

electrolytic l'iqu
the kind of the magnetic material affects the

flowability and triboelectric chargeckility of the
magnetic toner, thus affecting the developing
performance and successive image forming performance
of the magnetic toner.

More specifically, on continuation of
repetitive.developing step (e.g., for copying) for a
long period in the jumping developing mefhod using a
magnetic toner contaiping a conventional magnetic
material, the flowability of a developer containing
the magnetic toner is lowered to f£fail in providing a
sufficient triboelectric charge and result in unstable
'charge, thus being liable to result in image defects,
such as occurrence of fog, in a low temperature - low
humidity environment. Further, in case of a weak
adhesion between the binder resin and the magnetic
material wonstituting magnetic toner particles, the
magnetic material is liable to be lost from the
surface of the magnetic toner on repetition of the
developing step to result in adverse phenomena, such
as a lowering in toner image density.

Further, in case where the magnetic material
is ununiformly dispersed in magnetic toner particles,
small'magnetic toner particles containing much

magnetic material can be accumulated on a developing
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subj ected to-a-dispersion treatnent for about 1-3 m nutes.by—e;

ul trasonic di erser and t hén subj ected to neasurenent of aRthﬂéﬂﬁhza i
di stribution i ‘ﬁﬁ R@ﬁm2d40 [err] m by using the above ‘Unéd“*"“"‘
Coul ter counteql th a 100 [err] maperture to olt q% E 53%
basi s distribut er-baS|s di stribution. Fromth es “of“the
vol unme- basi s dlstrlbutlon a nunber‘%a3|s di stribution, pafga rs
characterizing the magnetic toner of the present invention y be obt ai ned.
More specifically, the weight-basis average particle size DerTi—maybe
obt ai ned fromthe val u ba val ue in each
channel i S'E&R, gn% gspg'btr el?e qloﬁ‘{/ée"l qﬁ ulg{]fi(,)}lirIIEHL g ﬁeﬁﬁ %a+ % mlarly. it
S p055|b qqgg; ra{ 6 I € 1 omt he

nunber - baS| gtsgltgbrl butg?loln% an %&rﬁgof&%ﬁiieﬁ%%l clilgsgc(n%éér rj12.7

[err]m framesthe vol une-basis

Several proposals have been made regarding
magnetic iron oxide contained in a magnetic toner.

For example, Japanese Laid-Open Patent
Application (JP-A) 62-279352 (corr. to U.S. Patent No.
4,820,603) and JP-A 62-278131 (corr. to U.S. Patent
No. 4,975,214) have ‘proposed a magnetic toner
containing magnetic iron oxide containing silicon.
Such magnetic iron ogide particles contain silicon
disposed intentionally in the interior of magnetic
iron oxide particles. The magnetic toner containing
the magnetic iron oxide particles has left some room
for improvement regarding its flowability.

Japanese Patent Publication (JP-B) 3-9045
(corr. to EP-A 187434) has proposed to control the
shape of magnetic iron oxide particles to a spherical
one by adding a silicic acid salt. The magnetic iron
oxide particles obtained by this method contain
silicon in a larger amount in ?heir interior and in a
smaller amount at their surface, so that the
improvement in flowability of the magnetic toner is
liable to be insufficient.

JP-A 61-34070 has proposed a process for
producing triiron fetroxide wherein a hydrosilicic

acid salt solution is added during oxidization to
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di stribution, and an anmount of fine particles ([err]635'[%;ﬂm‘ f-r-om-+he-.
nunber - basi's distribution. (2) Fe/Si Atomic Ratio. FelAl é Fiaﬂ’ SHEETTHe
Fe/ Si at oni CrhisshicoHaMdedHapladed/ Al atonmic ratio at the utnost or VEry
surfaces of i ide particles referred to hqrgi ngay gohag ?f gn
val ues rreasu&ﬂlmmﬂumml y Phot oel_gaftron Spectroscopy) .l The cond| ons

are as follo

o

triiron tetroxide. The triiron tetroxide produced by
the process contains silicon in the vicinity of the
surface and the silicon is present in the form of a
layer in the vicinity of the triiron tetroxide
surface. As a result, the surface of the triiron
tetroxide is week against a mechanical shock, such as
friction.

In order to solve the above-mentioned
problems, our resedrch and development group has
proposed a magnetic toner containing magnetic iron
oxide particles such fhat the magnetic iron oxide
particles contain silicon therein and 44 -~ 84 % of the

" total silicon is present in the vicinity of the
surfaces of the magnetic iron oxide particles (JP-A 5-
72801, corr. to EP-A 533049).

The magnetic toner containing the magnetic
iron oxide particles has shown an improved flowability
and an imprdved adhesion between the binder resin and
the magn=tic iron oxide particles. The magnetic toner
has resulted in a problem of inferior environmental
characteristic, particularly a.deterioration in
chargeability when left standing in a high humidity
environment, because of the localizaion of Si at the
surface and the porous structure at the surface
resulting in an increase in BET specific surface area
of the magnetic iron oxide particles.

Further, JP-A 4-362954 (corr. to EP~A 468525)
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- 13 - Ap var at Is: " ESCALAB Mbdel 200-X" (avai |l abpe—from— """y LP
X-ray sour ce: (300 W ~“Anal yzed region: 2x3 mm 35& Gl ﬁénsrty
The bul k den§?§§@%ﬂﬁ$3naﬁmﬁkhc iron oxide particles refefred to herein|are
t

based on valuﬂ ording to JI'S K5101 (pignep tqugyﬂfng». 1)
Snoot hness

-8-
has disclosed magnetic iron oxide particles containing

~

both silicon and aluminum. JP-A 5-213620 has
disclosed magnetic iron oxide particles wherein a
siliceoué component is contained and exposed to the
surface thereof. However, further improved
environmental characteristics ére still desired.

In recent years, diversities of performances
are required of image forming apparatus using
electrophotography, such as copying machines and laser
beam printers, and it has been required to provide
resultant toner images showing a high resolution and
high image qualities.' A toner and a process cartridge
filled with such a toner can be stored in wvarious
environment, so that a storage stability is an

important property required of such a toner.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a-magnetic toner having solved the above-
mentioned problems.

A more specific object of the present
invention is to provide a magnetic toner providing
high-density images and showing excellent developing
characteristics.

.. Another object of the present invention is to
provide a magnetic toner capable of éroviding fog-free

images and exhibiting stable chargeability even in a
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The snoot hness D of magnetic iron oxi de particles may be defined as

fol l ows: - Shbothness D=[Surface area (n{err]/g) of magnet
cal cul at edug‘sj,edmamelau@[aege particle si ze]/ [ Measur ed

surface ar f mag- netic iron oxide]. (5)
Surface Ar l ﬁu ecific surf§ e area of magnetic if
nmeasur ed by automatic gas adsorption tester (f

nfd. by Yuasa lonix K K) and nitrogen as an adsorption gas
ah‘on for

BET rrulti-poi nts nmethod. The sanple is subjected to evacu

at 50[err# fa 8% g\e;&ﬁ%treat ment. (6) Average Di aneter and Surtace Area of

Magneti c articles

rTon OX%+-de—~,
R RABEVENT ittt
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A further object of the present invention is

to provide a magnetic toner showing excellent
chargeaability and excellent long-term storage
stability even in a high-humidity environment.

A still further object of the present

invention is to provide a process cartridge including

such 'a magnetic toner, and an image forming method

using such a magnetic toner.

According to the present invention, there is

provided a magnetic toner, comprising magnetic toner

particles containing a binder resin and magnetic
. oxide particles; wherein
the magnetic toner has a weight-average
particle size of at most 13.5 pm,

the magnetic toner has a particle size

iron

distribution such that magnetic toner particles having

a particle size of at least 12.7 pm are contained in

an amount-of at most 50 wt. %,

the magnetic iron oxide particles have a

silicon content of 0.4 - 2.0 wt. % based on iron,

and

the magnetic iron oxide particles have an

Fe/Si atomic ratio of 1.2 - 4.0 at the utmost surfaces

thereof.

According to another aspect of the present

invention, there is provided a process cartridge,

comprising at least a developing means and a
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The values referred to herein_are based on the foll ow ng nethod. Sampl e
magnetic iron oxide particles are photographed through a tgenssi-ssion .
el ectron mcrosco@h;SﬂIQet(bbngemReﬂﬂceir ed projection pictures| &®EPAACEENT SIEET
magni fi cation of 4 the pi ctures. 250 particles"arewraken-at
random and the Mart dlanelgm-ln a fixed dirgctfi &
divides a projected area 1nto equal halves) .is neasured fqr ea h’%a tVel e.
The nunber-average val ue of Martin dianmeters of 250 parti(lée—lc taken_as|
an average particle size (Dav). For the surface area calcul ation, the
density of sgypItdsaEiItive inembaxxi dehe@eetncl es i s nmeasuredd
nmet hod. and the surface area of the sanple is cal cul ated according to the
foll owi ng equati on bas=ilidrderelagsimgtneans handepbhtosegnsiitd vier on oxi de

particle has a shape of sphere
member are integrated into a cartridge disposed

detachably attachable to an apparatus main assembly,
and

said developing means includes a magnetic
toner as described above.

According to still another aspect of the
present invention, there is provided an image forming
method, comprising:
| forming an electrostatic image on an
electrostatic image-bearing member, and

developing the electrostatic image with a
ﬁagnetic toner as described above held in a developing
means to form a toner image on the electrostatic
image-bearing member.

These and other objects, featureé and

" advantages of the present invention will become more
apparent upon a consideration of the following
description Af the.preferred embodiments of the
present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

. Figure 1 is a schematic illustration of an
example of an image forming apparatus suitable for

image formation by using a magnetic toner according to.




havi ng the neasured average particle size (Dav).

14 -

- ['surface area] =6/ [ (density)xDav.]
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the invention.

Figures 2 and 3 are respectively a schematic

illustration of another example of an image forming

. apparatus suitable for image formation using a

magnetic toner according to the invention.

Figure 4 is a schematic illustration of a
transfer'apparatus.

Figure 5 is a schematic illustration of a
charging roller.

Figure 6 is an illustration of a checker
pattern for testing the developing performance of a
magnetic toner.

Figure 7 is a view for illustrating an
embodiment of the process cartridge according to the

invention. .

DETAILED DESCRIPTION OF THE INVENTION

A toner is required of an increased

durability accompanying a higher process speed and an

increased number of successively produced image sheets

in an image forming apéaratus, such as a printer.
We have found it possible to obtain a

magnetic toner containing magnetic iron oxide

particles exhibiting excellent physical properties and

performances, inclusive of excellent flowability,
excelleht long-term storage stability, successive

image forming characteristics and uniform
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(7) Pore Distribution The adsor pti on-desorption isother ns- al..pare.
vol ume, and total Specific surface areas of micro-pores havﬁﬁﬁi@ﬁﬁmnﬁyfﬁmsﬁ"
di aneter bel ow A shesdnh Beesiipores having a pore di ameter Jof e ast-20-t

of magnetic iron s referred to herein are val desnn red i
the foll ow ng miﬂﬂ!ﬁlu@mum&tomt I c gas adsorption tegt rS?HEA@?gsﬁ?%
1". nfd. by Yuas . K.) is opékated by using nitroge

adsorption gas. The neasurenent is perfornmed by taking 40f{points each for
t he adsorption and desorption within a relative pressure range-of—6—31-0
The pore dianeter. distri-_bution_is obtained based on the . t-pl.ot nethod of
de Boer. Qﬁ?ﬁ*%?%ﬁ%% aﬁdgégJmﬁﬁnﬁgfﬁob?oﬁaeﬁlgﬁnﬁﬁétﬂ§l§ﬁbﬁ8cted to

evacual i o) of, 20 POUT 5034 SQLELELI Gy BF BoRLE1TEALTRRL: ulRbstii Sture

surface state, composition and structure of the
magnetic iron oxide particles.

A characteristic feature of the magnetic
toner agcording to the present invention is that it
has a weight-average particle size of at most 13.5 pm
(preférably 3.5 - 13.95 pm, more preferably 4.0 - 11.0
pm), has a particle &ize distribution such that the
magnetic toner particles having a particle size of at
least 12.7 pm occupy gt most 50 wt. % (preferably at
most 40 wt. %, more preferably at most 30 wt. %), and
contains a specif{c silicon-containing magnetic iron
oxide.

In case of a magnetic téner containing a
large amount of relatively coarse particles, such as
one having a weight-average particle size exceeding
13.5 pm or one containing more than 50 wt. % of
magnetic*tonér particles having a particle size of at
least 12.7 pm, the magnetic toner is caused to show a
lower resolution and is liable to cause fog.

In case where magnetic toner particles having
a weight-average particle size of below 3.5 pm, the -
flowability of the magnetic toner is lowered and
problems, such as fog or insufficient density, due to
insufficient charge, are liable to be cauéed, even if

the specific magnetic iron oxide particles are used.




The- nnlsture cont-ents of nagnetlc I ron oxide particles referred to. hereln

are has aI e asured in the followi ng manner. Magne |$Q

part separately in an environnment of tenperfatt é‘“@@% f’Sﬂeg;L T ]
C. an R H and an environment of tenperature (3% 5 C™amnt—

hum di d respectively left_standing therein f¢

nnlsture contents of the magnetic ironléxide sanples are ngaf
mcro- quantity noisture tester ("Mdel AQ 6". avail able fgomH-ran
Sangyo K K.) and an aut o-noi sture gassifier ("Mdel SE-24"L, _ditto) and

heating each..s 0 i | as carrler |ff' en )]
of O. Zgl i tgﬁ}}e,;aé?é,(?% é%l%%ﬁé%on?vx?agsTﬁgrg ?8‘ té%t S dg? magnet ic
i ron OX|deﬂ¥gféfgﬁ¥yrggegéegeggthgrglHmare based on values measur ed by

subj ect -
Another characteristic feature of the

magnetic. foner according to the present invention is
that the magnetic iron oxide pafticles therein contain
silicon (Si) at a content of 0.4 - 2.0 wt. %
(preferably 0.5 - 0.9 wt. %) based on the total iron
(Fe) content therein, and an Fe/Si atomic ratio of 1.2
- 4.0 at the utmost surfaces thereof. The Fe/Si
atomic ratio at the utmost surfaces of magnetic iron
oxide particles may be measured by X-ray photoelectron
spectroscopy (XZPS).
In case where the silicon content is below
0.4 wt. % or the Fe/Si atomic ratio exceeds 4.0, the
improving effect (particularly'in respect of
flowability) for the magnetic toner becomes
insufficient. In case where thé silicon content is
above 2.0 wt. % or the Fe/Si atomic rétio is below
"1.2, there result in a deferioration in environmental
characteristic, particularly the chargeability after a
long term standing in a high-humidity environment, and
also a lower successive image forming characteristic
and an inferior dispersibility of magnetic iron oxide
particles in the binder resin.
The amount of silicon at the utmost surfaces
of the magnetic iron oxide particles has a correlation

with the flowability and the hygroscopicity of the
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ing a powdery sanple to fl uore_scent X-ray analysis by ‘using . fﬁgpggg§@;e"?‘
X-ray anal yzer ("SYSTEM 3080°. nfd. by Ri gaku Denki Kagyo K. ﬁLnLMg”,'
to JI'S KO119 (" gléméheaiHathea&eﬂicedl uorescent X-ray anal ysis"). The

magneti c toner present invention may prefergbljy @o‘héﬁRrﬁgzg}’
t he magnetic |ro mount of 20-200 wt. parts, further

preferably 30-150 r 10004t~ parts of the binder{resin.
desired, the nagnetlc |ron oxi de particles can be treated w th-silane
coupling agent, titanate coupling agent, am nosilanes, organic silicon

conpoundsm %%%tlc iron oxide particles, and remarkably affects

—_—
____.._._j

the properties of the magnetic toner containing a
magnetic iron oxide particles.

In a preferred exbodinent of the present
invention, the magnetic iron oxide particles may have
a smoothness of 0.3 - 0.8, preferably 0.45 - 0.7, more
preferably 0.5 - 0.7. The smoothness haé a
correlation with the amount of pores at the surfaces
of the magnetic iron oxide particles. A smoothness
below 0.3 means the presence of many pores at the
surfaces of the magngtic iron oxide particles, thus
promoting the moisture adsorption.

In a pre%erred embodiment of the present
invention, the magnetic iron oxide particles may have
a bulk density of at least. 0.8 g/cm3, preferably at
least 1.0 g/cm3.

In case where the magnetic iron oxide
particles have a bulk densitf below 0.8 g/cm3, the
physical-=mixability thereof with the other toner
ingredients can be adversely affected, thereby
resulting in inferior dispersibility of the magnetic
iron oxide particles.

In a preferred embodiment of the present
invention, the mégnetic iron oxide particles may have
a BET specific surface of at most 15.0 mz/g,_
preferably at most 12.0 g/mz. In case where the

magnetic iron oxide have a BET specific surface area
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Exanpl es of the silane coupling agent used for surface- treatnent of the
magnetic iron oxide particles may include: hexamethyldisilazane.
trimethyl silane, trinmethylchlorosilane. trinethyl-ethoxysi :
y IRERL&0Rgs a8 ,
M

di met hyl di chl orisilane. nmethyltrichlorosilane. allyldineth
al | yl phenyl di chl or osi | ane. -15- e
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particles can have an increased hygroscopicity so as

exceeding 15.0 mz/g, the magnetic iron oxide

to adversely affect the moisture-absorptivity and
chargeability of the magnetic toner containing the
magnetic iron oxide particles.

As a result of extensive study, we have found
that the hygroscopicity of magnetic iron oxide
particles is related with their surface pores, and the
control of the pore ‘volume ﬁay be a most important
factor. It is ﬁreferred that the magnetic iron oxide
particles have a pore volume of 7.0x10™3 - 15.0x10~3
ml/g, more preferably 8.0x10"3 - 12.0x10"3 ml/g, at
their surfaces. 

If the total surface pore volume is below:
7.0x10"3 ml/g, the magnetic irord oxide particles can
have a remarkably ldwer moisture retentivity, so that
the toner containing the magnetic iron oxide particles
is liable to cause a charge-up and a lower image
density 2*n a low-humidity environment.

If the total surface pore volume exceeds
15.0x10~3 ml/g, the magnetic iron oxide particles are
caused to have an increased hygroscopicity. As a
‘result, the magnetic toner containing the magnetic
iron oxide particles, when left stahding in a high-
humidity environment, is liable to cause moisture
absorption fo have a lower chargeability, thus

providing a lower image density.
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benzyl di et hyl chl or osi | ane. br ononet hyl di et hyl - chl orosi | ane.
[err]-chloroethyltrichlorosilane. [err]-chloro- ethyltrichlofﬁﬁ%&auc'
chl oronet hyl - di net hyl chl orosi | ane, tri organosil anenercapt an. Wil
trimethylsilyl-nercaptan. triorga- nosilyl acryl ate.
vi nyl di et hyl - acet oxysi | ane, di net hyl et hoxysi | ane. 0 1APR
di net hyl - di net hoxysi | ane, di phenyl di-dhoxysi | ane, hexanmet hyl{dijsi | oxa

1. 3- divinyltetramethyl -disil oxane, and 1, 3-
di phenyl t et r anet hyl di si | oxane. Exanpl es of the titanate cdupling agent

may i ncl ude: |sopr089xyt|tan|un1 triisqostearate, isopro OE%%ltanlum et

di met hacryl ate i sog @apéﬁgetﬁ§oﬁFGEoﬁVFFFaMQﬁﬁ%Qﬁ%ﬁxﬁﬁ ne’%l f onat e.
tit t d t h
ety ot BEERER SN RAERTLPR, BRYL BeBEeR B, POt e e Foté

distribution such that micro-pores having a pore

diameter smallar than 20 A provide a total specific
surface area which is equal to or smaller than that of
meso-pores having a pore diameter of at least 20 A& (20
A - 500 A).

The surface pore diameter of the magnetic
iron oxide particles’ greatly affects the moisture-
absorptivity. Small pores do not readily cause
desorption of adsorqu water. In case where the
micro-pores having a pore diameter smaller than 20 A

- provide a total (gpecific) surface area exceeding that
of the meso-pores having a pore diameter of at_least
20 A&, there are present may adsorption sites from
which adsorbed moisture is not readily desorbed, so-
that the magnetic toner containing the magnetic iron
oxide particles is liable to cause a lowering in
chargeabflity, particularly when left for a long term
in a high-humidity environment, and the chargeability
cannot be readily recovered.

It is further preferred that the magnetic
iron oxide particles used in the present invention may
preferably be free ffom a substantial hysteresis
between nitrogen adsorption and desorption isctherms,
i.e., a difference in adsorbed gas quantity of at

most 4 % between those on the adsorption and
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oxyacet at e. titaniun1bisdiéctylphoosphate et hyl enedi oct yl phosphi te.

and di - n- but oxybi stri et hanol am natotitani um The organic silicon
conmpound may for exanple be sili- cone oil. The silicone oi

have a viscosity at 25[err] C of about 30-1.000 centi-stokesja § AOEVENT SHEE
preferably include. for exanple. dinethylsilicone oil., nethyl phgnyr ==l
silicone oil. a-methylstyrene-nodi fTed-silicone oil. chlo- roph ny ?Aﬁ',.pgne
oil, and fluorinated silicone oil. Exanpl es of the binder rgs}n & 1997

constituting the toner according to the present invention na
pol ystyrene; honppol yners of styrene derjvatives, such as pol
ene; styﬂ&ﬁ??ﬁﬁkéa' QRIS %g %?y?g%ﬁéﬁ?ﬁﬁyFﬁﬁ@t&BSolyner.
styrene-vinyl t ol uene copol yner. styrene- vinyl napht hal ene copol yner.
styrene- %%ﬁuﬁﬁrylate

The presence of a hysteresis (i.e., a

i
vi nyl t ol u-

difference in adsorbed gas amount) on the nitrogen
adsorption-desorption isotherms means the presence of
ink bottle-shaped pores having a narrow inlet diameter
and a wider interior diameter, so that the. adsorbed
substénce (moisture or nitrogen) is not readily
desorbed, and the maénetic toner containing the
magnetic iron oxide particles is caused to have a
chargeability which is adversely affected particularly
in a high-humidity environment.

It is fuéther preferred that the magnetic
iron oxide particles have such a hygroscopicity
characteristic as to show a moisture content of 0.4 -
1.0 wt. % (more preferably 0.45 - 0.90 wt. %) at a
temperature of 23.5 °C and a humidity of 65 % RH, and
a moisture content of 0.6 -~ 1.5 wt. $ (more preferably
0.60 - 1.10 wt. %) at a temperature of 32.5 °C and a
humidity of 85 % RH, the moisture contents providing a
difference therebetween not exceeding 0.6 wt. % (more
preferably not exceeding 0.3 wt. %). .

If the moisture contents are lower than the
above-mentioned ranges, the resultant magnetic toner
is liable to cause a charge-up particularly in a low-
humidity environment. If the moisturé contents are

above the above-mentioned ranges, the chargeability is
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copol ynmer. styrene-ethyl acrylate copolynmer. styrene-butyl acrylate
copol yner, styrene-octyl acrylate copol yner, styrene-di nethyl am noet hyl
acryl ate copol ynmer. styrene- nmethyl nethacrylate copol yner.

nmet hacryl ate ?Wmi‘riﬁ keede- but yl et hacryl ate copol yner, ReBT SHED
1 -
- "i8- 01477 130
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liable to be lowered. Further, the difference in

moisture content between the respective environments
exceeds 0.6 wt. %, an undesirable change in image
forming characteristic can be caused by a change in
environmental conditions.

It is further preferred that the magnetic
iron oxide particles used in the present invention
have Eeen treated with aluminum hydroxide in an amount
of 0.01 - 2.0 wt. %.(more preferably 0.05 - 1.0 wt. %)
calculated as aluminum based on the weight of the
magnetic iron oxide.

While the reason has not been fully clarified
as yet, it has beén confirmed that the magnetic iron’
oxide particles surface-treated with aluminum oxide
provide a magnetic toner having a stabilized
chargeability. However, if the treating amount is
below 0.01 wt. % (as_aluminum), the effect is scarce
but, if the amount exceeds 2.0 wt. %, the resultant
magnetic toner can be adversely affected with respect
to environmental characteristics, particularly the
chargeability in a high-humidity environment.

It is further preferred that the magnetic
iron oxide particles have an Fe/Al atomic ratio of 0.3
- 10.0 (more preferably 0.3 -~ 5.0, further preferably
0.3 - 2.0) at the utmost surfaces thereof. If the
Fe/Al atomic ratio is below 0.3, the resultant

magnetic toner is liable to have inferior




di et hyl am noet hyl . nethacryléte copol yner. styrene-vinyl nethyl ether

copol yner,

c opaliySKest Haseyy Replacedput adi ene copol ymer. styrene-i soprene |c
styr d copolyner, and styrene-naleic acid edt dr ‘folynprs
pol y | ate. pol ybutyl nethacrylate pol yvi nyl| dce® } Y

poly

resin. polyanlde resin. epoxy resin, polyacryllc acid resijn, rosin,
modi fied rosin. terpene resin, phenolic resin, aliphatic alicyclic

styrene-vinyl ethyl ether copolynmer. styrene- V|nnknﬁgﬁh¥hwkenane
v e

polypropylene pol yvi nyl %utyral silicone redin, pol yester |

hydr ocar bop (630 SLANRIEE, RRIALAHT LE51 ParPRLAT LR, WX, and car nauba

wax. These Tesins may
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chargeability in a high-humidity environment and, if
the Fe/Al atomic ratio exceeds 10.0, the charge
stabilization effect is scarce.

The magnetic iron oxide particles used in the
present invention may preferably have an average
particle size of 0.1 - 0.4 pm, more preferably 0.1 -
0.3 pm.

Various physical parametgrs characterizing
the present invention may be measured according to the
following methods.

(1)'Particle size distribution of a magnetic toner

The paréicle size distribution of a magnetic
toner is measured by means of a Coulter counter in the
present invention, while it may be measured in wvarious
manners. |

Coulter counter Model TA-iI (available from
Coulter Electronics Inc.) may be used as an instrument
for measurement.

For measurement, a 1 %-NaCl aqueous solution
as an electrolytic solution may be prepared by using a
reagent-grade sodium chloride. As a commercially
available example, it is possible to use "ISOTON (R)-
II" (available from Coulter Scientific Japan K.K.).
Into 100 to 150 ml of the electrolytic solution, 0.1
to 5 ml of a surfactant, preferably an alkylbenzene-

sulfonic acid salt, is added as a dispersant, and 2 to

lf'“') )Hh!"l U
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alone or in mxture. Particularly, styrene copolyners and pol 6§¢§IC&§3err-n~

may be preferred in view of devel oping and fixing performances. r— P
toner according to the present invention, it is also possiblg tio HS

hydr ocar bon wax or ethylenic olefin polyners. as a fixing aid, [in fAPR'W?7
conmbi nation wth the binder resin. anpl es of such ethylerlidolefin

honmopol ynmers or copol ynmers nmay i ncl udé:¥pol yet hyl ene. pol ypr ¢pyl ene.
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proportlon 0 % partic y at Teast 60 nol. % may be
preferred. 3jspersion 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 pm by using the above-mentioned
Coulter counter Model TA-II with a 100 pm-aperture’ to
obtain a volume-basis distribution and a number-basis
distribution. From the results of the volume-basis
distribution and number-basis distribution, parameters
characterizing the magnetic toner of the present
invention may be'obéained. More specifically, the
weight-basis average particle size ﬁ4 may be obtained
from the volume-bésis distribution while a central
value in each channel is taken-as a representative
value for each channel. Similarly, it is possible to
obtain a number-ave}age particle size (D1) from the
number-basis distribution, an amount of course
particlas (é 12.7 ym) from the vplume-basis
distribution, and an amount of fine particles (g 6.35
pm) from the number-basis distribution.
(2) Fe/Si atpmic ratio, Fe/Al atomic ratio

The Fe/Si atomic ratio and the Fe/Al atomic
ratio at the utmost or very surfaces of magnetic iron
oxide particles referred to herein are based on values
measured by XPS (X-ray Photoelectron Spectroscopy).

The conditions are as follows.

THIS Sieopr oy e
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The magnetic toner according to the present invention can furt
col orant, exanples of which may include known pignents or dyes.
carbon bl ack and copper- phthal ocyani ne. The magnetic toner
the present invention can contain a charge control agent. For egpiﬁvﬁe¥
chargeabl e toner, it is possible to ;ie a negative charge contyo 597
such as netal conplex salts of nonoaZo dyes. and netal conple

salicylic acid, alkylsalicylic acid, dialkyl- salicylic acid napht hoi ¢

aci d. Further. for a positively chargeable toner, it is possi

positive char ggpgogiigl a@@@tamc&oeelmz%asd-«nqa%%rmm%s @k o gani ¢

quaternary a nrumsalts Exanpl es of the negative charge control agent
may i ncl ugg egnpounds represented by the follow ng fornul ae.

X-ray source: Mg Ka (300 W)

Analyzed region: -2 ¥ 3 mm
(3) Bulk density

The bulk densities of magnetic iron oxide
particles referred to herein are based on values
measured according to JIS K5101 (pigment test method).
(4) Smoothness

The smoothness D of magnetic iron oxide
particles may be'defined as follows:

Smoothness D = [Suﬁface area (mz/g) of magnetic
iron oxide calculated from the average particle
size]/[Measured BET specific surface area (mz/g) of
magnetic iron oxide]. .

(5) BET specific surface area

The BET specific surface area of magnetic
iron oxide may be measured by using a full-automatic
gas adsorption tester ("Autosorb 1", ﬁfd. by Yuasa
Ionix K.K.) and nitrogen as an adsorption gas
according to the BET multi-points method. The sample
is subjecteq to evacuation for 10 hours at 50 °C as a
pre~treatment.

(6) Average diameter and Surface area of magnetic
iron oxide particles

The values referred to herein are based on

TEITD ¢or o -
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the following method. - - . . ... .
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Sample magnetic iron oxide particles are
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photographed through a transmission electron
microscope to obtain enlarged projection pictures at a
magnification of 4x10%. From the pictures, . 250
particles are taken at random and the Martin diameter
(a diameter in a fixed direction that divides a
projected area into equal halves) is measured for each
partiéle. The nuﬁber—average value of Martin
diameters of 250 particles is taken as an average
particle size (Dav).

For the.surface area calculation, the density.
of sample magnetic iron oxide particles is measured in
an ordinary methoé, and the surface area of the sample
is calculated according to the following equation
based on an assumption that each magnetic iron oxide
particle has a shape of sphere having the measured
average particle size (Dav).

[Surface.area] = 6/{(density) x Dav.]
") Pore distribution

The adsorption-desorption isotherms, total
pore volume, and total specific surface areas of
micro-spheres having a pore diameter below 20 A and
meso-pores having a pore diameter of at least 20 A of
magnetic iron oxide parficles referred to herein are
values measured in the following manner.

A full-automatic gas adsorption tester

("Autosorb 1", mfd. by Yuasa Ionix K.K.) is operated
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by using nitrogen as an adsorption gas. The

-23-

measurement is performed by taking 40 points each for
the adsorption and desorption within a relative
pressure range.of 0 - 1.0. The pore diameter
distribution is obtained based on the t-plot method of
de Boer, Kelvin formula and B.J.H. method. Each
sample is subjected to evacuation for 10 hours at 30
Oc as a.pre-treatment.
(8) Moisture contgnt

The moisture contents of magnetic iron oxide
particles referred to herein are based on values
measured in the folléwing manner. Magnetic iron oxide
particles are plated separately in an environment of
temperature 23.5 °C and humidity 65 % R.H. and an
environment of temperature_ 32.5-°C and humidity 85 %
R.H. and respectively left standing therein for 3
days. The moisture contents of the magnetic iron
oxide samples are measured by a miéro—quantity
moisture.tester ("Model AQ-6", available from Hiranuma
Sangyo.K.K.) and an auto-moisture gassifier ("Model
SE-24", ditto) and heating each sample at 130 degrees
while passing carrier nitrogen at a rate of 0.2
liter/min.
(9) Silicon content

The silicon contents of magnetic iron oxide
particles referred to herein are based on values

measured by subjecting a powdery sample to fluorescent




The follow ng three types of negative charge control agenﬁswany be
preferred as effective for combination with the magnetic |rdmpgmﬂy&uro”
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X-ray analysis by using a fluorescent X-ray analyzer
("SYSTEM 3080", mfd. by Rigaku Denki Kogyo K.K.)
according to JIS KO011l9 ("general rules of fluorescent
X-ray analysis").

The magnetic toner according to the present
invention may preferably contain the magnetic iron
oxide in an amount of 20 - 200 wt. parts, further
preferably 30 - 150 wt. parts, per 100 wt. parts of
the binder resin. * |

As desired, the magnetic iron oxide particles
can be treated with s?lane coupling agent, titanate
coupling agent, aminosilanes, organic silicon
compounds, etc.

Examples of the silane coupling agent used
for surface-treatment of the maghetic iron oxide
particles may include: hexamethyldisilazane,
trimethylsilane, t?imethylchlorosilane, trimethyl~
ethoxysilane, dimethyldichlorisilane, methyltrichloro-
silane, ailyldimethylchlorosilane, allylphenyl-
dichlorosilane, benzyldimethylchlorosilane, bromo-
methyldimethyl-chlorosilane, a-chloroethyltrichloro-
silane, B-chloro-ethyltrichlorasilane, chloromethyl-
dimethylchlorosilane, triorganosilanemercaptan,
trimethylsilyl-mercaptan, triorganosilyl acrylate,
vinyldimethyl-acetoxysilane, dimethylethoxysilane,
dimethyl-dimethoxysilane, diphenyldiethoxysilane,

hexamethyldisiloxane, 1,3-divinyltetramethyl-
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disiloxane, and 1l,3-diphenyltetramethyldisiloxane.

Examples of the titanate coupling agent may
include: isopropoxytitanium triisostearate,
isopropoxytitanium dimethacrylate isostearate,
isopropoxytitanium tridecylbenzenesulfonate,
isopropoxytitanium trisdioctylphoéphate,
isopropoxytitanium-tri~-N-ethylaminocethylaminate, titanium

_bisdioctylpyrophosphate oxyacetate, titanium
bisdioctylphoosphat% ethylenedioctylphosphite, and di-
n-butoxybistriethanolaminatotitanium.

The organic silicon compound may for example
be silicone 0il. The silicone oil may preferably have
a viscosity at 25 °c o§ about 30 - 1,000 centi-stokes
and may preferably include, for example, dimethyl-
silicone o0il, methylpheny}silicbne 0il, a-methyl-
styrene-modified silicone 0il, chlorophenylsilicone
oil, and fluorinated silicone oil.

Examples of the binder resin constituting the
toner according to the present invention may include:
polystyrene; homopolymers of styrene derivatives, such
as polyvinyltoluene; styrene copolymers, such as
styrene-propylene copolymer, styrene-viﬂyltoluene
copolymer, styrene-vinylnaphthalene copolymer,
styrene~methyl acrylate copolymerf styréne—ethyl
acrylate copolymer, styrene-butyl acrylate copolymer,
styrene-octyl acrylate copolymer, styrene-

dimethylaminoethyl acrylate copolymer, styrene-methyl
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enote an

denotes H err], Na[er], Klerr] or NHerr], 2) |rormrconpl-exes-uith

¢ hMQEBéX%@&Q%éYQd%&%?ﬂLr, styrene-ethyl methacrylate

copolymer, styrene-butyl methacrylate copolymer,
styrene-dimethylamincethyl methacrylate copolymer,
styrene-vinyl methyl ether copolymer, styrene-vinyl
ethyl ether copolymer, styrene-vinyl methyl ketone
copolymer, styrene-butadiene copolymer, styrene-
isoprene copolymer, styrene-maleic acid copolymer, and
styrene-maleic acid ester copolymers; polymethyl
methacrylate, polybutyl methacrylate, polyvinyl
acetate, polyethylene, polypropylene, polyvinyl
butyral, silicone resin, polyester resin, polyamide
resin, epoxy resin, polyacrylic acid resin, rosin,
modified rosin, %erpene resin, phenolic ;esin,
aliphatic or alicyclic hydrocarbon resin, aromatic
petroleum resin, paraffin_wax, and carnauba wax.
These resins may be used alone or in mixture.
Particularly, styrené copolymers and polyester resins
may be preferred in view of developing and fixing
performances.

In the toner according to the present
invention, it is also possible to use hydrocarbon wax
or ethylenic olefin polymers, as a fixing aid, in
combination with the binder resin.

Examples of such ethylenic olefin
homopolymers or copolymers may include: polyethylene,
polypropylene, ethylene-propylene copolymér, ethylene-

vinyl acetate copolymer, ethylene-ethyl acrylate: -




aromatic diol or aromatic dicarboxylic acid derivative rep-
follow ng fornul a: [err]

denot es

[err]
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copolymer, and ionomers having polyethylene skeletons.

Among the copolymers, those including olefin monomer

units in a proportion of at least 50 mol. %,

.particularly at least 60 mol. %, may be preferred.

The magnetic toner according to the present
invention can further contain a colorant, examples of
which may include known pigmgnts or dyes, such as
carbon black and copper-phthalocyanine.

The magnetic toner according to the present
invention can contain a charge control agent. For a
negatively chargeablg toner, it is pogsible to use a

negative charge control agent, such as metal complex

. salts of monoazo dyes, and metal complex salts of

salicylic acid, alkylsalicylic acid, dialkylsalicylic
acid or naphthoic acid. .

Further, for a positively chargeable toner,
it is possible to use a positive charge control agent,
éuch as nigrosine compounds and organic quaternary
ammonium=salts.

Examples of the negative charge control agent
may include compounds represented by the following

formulae.
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(A@ denotes HY, Na®, K" or NH,*)

. «
( ICI) t — Bu e
t—Bu C-0 0
IO | 0
- Cr\' 4.’&
o~ O"ﬁ t — Bu

(t-Bu denotes a t-butyl group)

( ,O' t—-Bu ©
-0~ r\o—c t — Bu
\ t—-Bu g y
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control agents may be preferred as effective for
combination with the magnetic iron oxide particles
used in the present invention.

1) Monoazo iron complex salts

g (Y2, Ne
) N=—=N
(Xl)m
C

e O 'AﬁD

/\

(YS) o’
(Xz) w f\x____: N‘@{

@

wherein X; and X, independently denote hydrogen, lower
alkyl, lower alkoxy, nitro or halogen;

m and m' independently denote an integer of 1
-3

Y; and Y3 independently denote hydrogen, Cj; -
Cisg alkyl, C5; - Cig élkenyl, sulfonamide, mesyl,
sulfonic acid, carboxy ester. hydroxy, C; - C18
alkoxy, C5 - Cjg acetylamino, benzoyl, amino or
halogen;

n and n' independently denote an integer of

Y, and Y4 independently denote hydrogen or

THIS SHIET HAS BEEN
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nitro;

2? denotes H*, Na*, K* or NH "

2) Iron complexes with aromatic hydroxy-
carboxylic acid, aromatic diol or aromatic

dicarboxylic acid derivative represented by the

following formula:

I
0 1§
SONSTN, | e
NN ”

;

wherein X denotes E:j: capable of having a

substituent, such as alkyl

Z—{é;}é;}g;ﬁ: (Z ; hydrogen, halogen or nitro)

(R denotes hydrogen, Cl - C18 alkyl or

alkenyl)
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o)
Y denotes -0- or -L—O—;
A® denotes H*, Na*, NH,* or aliphatic
ammonium.
3) N,N'-bisarylurea derivative represented by

the following formula:

R')« R* R : i
®: B R ®
Yi—i PJ——YZ\\
GO \ﬁ/ (R9,
@)

wherein Y; and ‘Y5 independently denote phenyl,
naphthyl or anthryl;

Ry and Ry indegendeptly denote halogen,
nitro, sulfonic acid, carboxyl, carboxylate, cyano,
.carbonyl, alkyl, alkoxy or aminof

Ry and R3 independently denote hydrogen,
alkyl, alkoxy, phenyl capablé of having a substituent,
aralkyl cgpable of having a substituent, or amino;

RS and Rs_inaépendently denote hydrogen or Cl
- Cg hydrocarbon group,

k and j are independently an integer of 0 - 3
with the proviso that both cannot be 0; and

25 m and n are independently 1 or 2.
While the reason has not been clarified as

yet, it has been confirmed that a magnetic toner

THIS SHEET HAS BEEN
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containing the magnetic iron oxide particles used in
the present invention in combination with any one of
the above-described three types of negative charge
control agents, provides images with improved image
qualities, particularly less fog.

Specific examples of the positive charge

control agent may include compounds represented by the

following formulae.

T ©
Cl)‘Hg. ® SO,
CH, - N—CH ©©
O
CHo - i

CH,;
/<:>—§—.— C=f\>—§-@§ )
| . s
?SO{"
NH
\ 7
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The magnetic toner according to the present
invention may preferably be mixed with inorganic ?ine
powder or hydrophobic inorganic fine powder, e.qg.,
silica fine powder and titanium oxide fine powder
alone or in combination.

The silica fine powder used in the present
invention can be either the so-called "dry precess
sikica” or "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 these, the dry process silica is
preferred to the wet process silica because the amount
of the silanol group present on the surfaces or_ip
interior of the particles is small and it is free fro@
production residue.

It is preferred that the silica fine powder

has been subjected to a hydrophobicity-imparting

' treatment. For the hydrophobicity-imparting

treatmept, the silica fine powder may be chemically
treated with, e.g., an organic silicon compound which
reacts with or is physically adsorbed by the silica
fine powder. A preferred method includes stens of
treatiﬁg dry-process silica fine powder produced by
vapor-phase oxidation of silicon halide with a silane
coupling agent and, simultaneously therewith or
thereafter, treating the silica fine powder Qith an

organic silicon compound, such as silicone oil.
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al koxy. of havi ng ajgubstituent. aral kyl cap —
havi ng a sub no Rl err] and R err] independently denote
hydr ogen or C[err] C[err] hydr ocar bon group.

Examples of the silane coupling agent used
for surface-treatment of the magnetic iron oxide
particles may include: hexamethyldisilazane,
trimethylsilane, trimethylchlorosilane, trimethyl-
ethoxysilane, dimethyldichlorisilane, methyltrichloro-
silane, allyldimethylchlorosilane, allylphenyl-
dichlorosilane, benzyldimethylchlorosilane, bromo-
methyldimethyl-chiorosilane, a-chlorocethyltrichloro-
silane, B-chloro-ethyltrichlorosilane, chloromethyl-
dimethylchlorosiléne, triorganosilanemercaptan,:
trimethylsilyl-mercaptan, trio;ganosilyl acrylate,
vinyldimethyl—aceto;ysilane, dimethylethoxysilane,
dimethyl-dimethoxysilane, diphenyldiethoxysilane,.
hexamethyldisiloxane, 1,3-divinyltetramethyl-
disiloxane, and l,3-diphgpyltetramethyldisiloxane.

The organic silicon compound may for example
be silicone o0il. The silicone o0il may preferably have
‘a viscosity at 25 °C of about 30 - 1,000 centi-stokes
and may;preferably include, for example, dimethyl-
silicone o0il, methylphenylsilicone o0il, a-methyl-
styrene-modified silicone o0il, chlorophenylsilicone
oil, and fluorinated silicone oil.

The treatment-with silicone oil may be
performed, e.g., by directly mixing the silica fine
powder treated with silane coupling agent with

" silicone 0il by a mixer such as a Henschel mixer, by

spraying silicone o0il onto the silica fine powder, of




k and j are |ndependently an |nteger of 0-3 with the provi so that both
cannot be 0; andthis She ia@ﬁdependently 1 or 2. Wi | e
not been clarifie s been confirmed that a magn
contai ning the ma de particles used in the pre
in conbi- nation wth any one of the _ahove-described three t
negati ve charge control -agents. prOV| €s inmages with inprove
qualities, particularly less fog. Speci fic exanpl es of the
charge control agent may include conpounds represented by th

for- nul aeby mixing a solution or dispersion of silicone oil in

an appropriate solvent with the silica fine powder,
followed by removal of the solvent.

It is preferred that silica fine powder is
treated with dimethyldichlorosilane, then with
hexamethyldisilazane and then with silicone oil. In
this way, it is preferred that silica fine powder is
first treated with at least two silane coupling agents
ané then with an ©0il, in order to provide an
effectively increésed hydrophobicity.

The above-mentioned hydrophobicity-impafting
treatment or silica.fine powder may be equally
applicable also to titanium oxide fine powder, andhthe
treated titanium oxide fine powder may be equally
preferably used in the pr§sent invention. |

An external additive other than silica or
titanium oxide fine powder may be added, as desired,
to the magnetic toner according to the present
inventiqn.

Examples of such an external additive may
include resin fine particles and inorganic fine
particles functioning as a chargeab;lity improver, an
electroconductivity-imparting agent, a flowability
improver, an anti-caking agent, a release agent at the
time of hot roller fixation, a lubricant, an abrasive,
etc.

Such resin fine particles may preferably have
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an average particle size of 0.03 - 1.0 pm. Such resin

fine particles may be constituted by polymerization of
a monomer, examples of which may include: styrene
monomers, such as styrene, o-methylstyrene, m-
methylstyrene, p-methylstyrene, p—methoxystyrene, and
p-ethylstyrene; gnsaturated acids, such as acrylic
acid and methacrylic acid; acrylates, such as methyl
acrylate, ethyl acrylate, n-butyl acrylate, isobutyl
acrylate, n-propyl acrylate, n-octyl acrylate, dodecyl
acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-
chlorocethyl acrylate, and phenyl acrylate;
methacrylates, suéﬁ as methyl methacrylate, ethyl
methacrylate, n-propyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl mgthacrylate; 2-ethylhexyl
methacrylate, stearyl methacrylate, phenyl
methacrylate, dimethylaminoethyl methacrylate, and
diethylaminoethyl methaérylate;.acrylonitrile,
methacrylonitrile, and acrylamide.

The polymerization may be performed according
to suspension polymerization, emulsion polymerization,
soap-free polymerization, etc. It is particularly
preferred to use resin fine particles obtained through
soap-free polymerization. The resin fine particles
may preferably be added in an amount of 0.005 - 5 wt.
parts, more preferably 0.0l - 2 wt. parts,'per 100 wt.

parts of the magnetic toner particles.
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The resin fine particles having the above-
mentioned characteristic have been confirmed to
exhibit a remarkable effect of preventing toner
sticking onto a photosensitive member in a system
using a contact charger in the form of a roller, a
brush, a blade, etc., as a primary charger.

Examples of other additives may include:
lubricants, such as polytetrafluoroethylene, zinc
stearate, and polyvinylidene fluoride, of which
polyvinylidene fluoride is particularly preferred;
abrasives, such as cerium oxide, silicon carbide, and
strontium titanate,'of which strontium titanate is
particularly pre@erred; flowability-improvers, such as
titanium oxide and aluminum oxide, which may have |
preferably been hydrophobicity-imparted; anticaking
agents; electroconductivity-imparting agents, such as
carbon black, zinc oxide, antimonf oxide, and tin
‘oxide. It is also possible to add white and black
fine pazticles having a chargeability to a polarity
opposite to that of the toner particles, as-a
developing characteristic-improving agent.

The inorganic fine powder. or. hydrophobic
inorganic fine powder to be mixed with the magnetic
toner may preferably be added in a proportion of 0.1 -
5 wt. parts, more preferably 0.1 - 3 wt. parts, per
100 wt. parts of the magnetic toner particles.

The magnetic toner according to the present
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invention may be produced by sufficiently mixing the
magnetic iron oxide Qarticles with a thermoplastic
binder resin, like those enumerated hereinbefore, and
opfionally, a pigment or dye as colorant, a charge
controller, another additive, etc., by means of a
mixer such as a ball mill, etc.; then melting and
kneading the. mixture by hot kneading means such as hot
rollers, kneader and extruder to disperse or dissolve
the magnetic irorn oxide particles and the pigment or
dye, and optional additives, if any, in the melted
resin; cooling and pulverizing the mixture; and
subjecting the powder product to precise
classification’to form the magnetic toner particles
according to the present invention.

Alternatively, it is  also possible to prowvide
a magnetic toner through polymerization. According to
the polymerization methed, a polymerizable monomer,
magnetic iron oxide particles, a polymerization
initiator, and.optionally a crosslinking agent, a
charge control agent and other additives, as desired,
may be uniformly dissolved or dispersed to form a
monomer composition... Then, the monomer composition or
a preliminarily polymerized product thereof is
dispefsed in a continuous phase (e.é., of water) by
means of an appropriate stirrer, and then subjected to
polymerizatibn to recover magnetic toner particles

having a desired particle size. In case of producing




whi ch can be obt ai ned by oxidation of gaseous silicon hali de;, or the
so-cal l ed "wet process-silica” which can be produced from water
Among these, t he dgﬁl ocess silicais preferred to the wet pr

becaugtis Slcet he silanol group present on the surface
interio \m‘“\“‘

cles is small and3it Is free from productio
the magnetic toner according to the polymerization

0 14PR w9y

method, it is preferred to subject the magnetic iron
oxide particles in advance to a hydrophobicity-
imparting treatment.

Then, some description will be made regarding
the structure and production process of the magnetic
iron oxide used in the present invention. The
magnetic iron oxide particles used in the present
invention containhsilicon both at their interiors and
surfaces.

When magnetic iron oxide particles prepared
in Examples of the éresent invention described
hereinafter were egamined with respect to inner
silicon distribution by a gradual dissolution
analysis, the silicon was_ found to be present from the
central core of each magnetic iron oxide particle and
the content thereof was found to increase near the
surface with an inclination. |

- Further, in the magnetic iron oxide particles
treated wifh aluminum hydroxide, the resultant
aluminum element is basically present at only the
surface and a superficial layer of each magnetir. iron
oxide particle.

The silicon-céntaining magnetic iron oxide
used in the present invention may for example be

' prodqced through a process described below.

As a basic reaction process, a ferrous salt




- 24- resi due. It is preferred that the silica fine powder has been

sub- jected to a hydrophobicity-inparting treathent. For themew“w

hydr ophobi city-inparting treatnment, the silica fine powder Way%bgAﬂﬁwthlm,‘““j
chemically treated with, e g., an organic silicon conmpound vhi Sty SHECT
with or is physically adsorbed by the sjlica fine powder. A pref&rred T
nmet hod i1 ncludes steps of treating dry- ﬁ%%cess silica fine p ﬂr dewy

by vapor- phase oxidation of silicon halide with a silane cpupli agent

and, simultaneously therewith or thereafter, treating the sjlica fine

powder Wi th 2 QR anid Wilddt YL UPUNL1i hydroxide aqueous

solution in an amount of 0.90 - 0.99 equivalent to

E‘ez+ contained in the ferrous salt agueous solution,
are reacted to form an aqueous reaction liquid
containing ferrous hydroxide colloid, which is then
aerated with an oxygen-containing gas to form
magnetite particles. 1In this instance, a water-
soluble silicic acid containing silicon ih a
proportion of 50 -. 99 wt. % of the total silicon (0.4
- 2.0 wt. %) to be contained in the objective magnetic
iron oxide is added in advance to either the alkali
hydroxide agqueous ;olution or the reaction liguid
containing ferrous hydroxide colloid, and the
aeration is performed by passing the oxygen—containiné
gas for oxidation into the reactiocn liqﬁid while
heating the liquid at 85 - 100 ©C, thereby producing
silicon-confaining magnetic iron oxide particles from

" the ferrous hydroxide colloid. Theréafter, an alkali
hydroxide aqueous solution in an amount of at least

1.00 equivalent to Fe2*

remaining in the’suspension
ligquid after the oxidation and a water-soluble silicic
acid salt containing silicon in the remaining amount
fi.e., 1L - 50 % of the total content (= 0.4 - 2.0 wt.
%)], are added to the suspension liquid, followed by
further heating at 85 - 100 °C for oxidation, to

produce silicon-containing magnetic iron oxide

particles. e
is Sheet Has Been Replaced -
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such as silicone oil. Exanples of the S|Iane coupling agent used for the
hydr ophobicity inparting treatnent of the silica fine powder ,
hexanet hyl di si |l azane, trinmethylsilane, trinethylchlorosilane, “PhA ﬁ*th‘”*r,
trimet hyl et hoxysi | ane. di nmet hyl dichlorisilane, nmethyltrichlorfodil ane. 7
al 'yl di met hyl chl orosi | ane, allyl phenyl_diychl orosil ane,: 0 1APR 1997
benzyl di et hyl chl or osi | ane, brononet hyl di net hyl - chl orosil an
[err]-chloroethyltrichlorosilane, [err]-chloro- ethyltrichlofosi
chl or onet hyl di met hyl chl orosi | ane, triorganosil anemercapt an.
trimethylsilyl-mercaphan., tihi @hgacasesidfyleffeatdiaie,the treatment
vi nyl di met hyl - acet oxysi | ane, di net hyl et hoxysi | ane,

di met hyl - di wéthorysmiane, hyidgosnyledi énltox ybiel aidkalieoxansesyenssenoxane.

1. 3- divinyltetranmethyl disil oxane. and 1. 3-
liquid containing the silicon-containing magnetic iron

oxide particles, a water-soluble aluminum salt is
added in an amount of 0.1 - 2.0 wt. % (calculated as
aluminum) with respect to the produced magnetic iron
oxide particles. Thereafter, the pH of the system is
adjusted to 6 - 8 to deposit aluminum hydroxide at the
surfaces of the magnetic iron oxide particles. Then,
the product is subjected to filtration, washing with‘
water, drying and disintegration to form magnetic iron
oxide particles'usé& in the present invention. In
order to adjust‘the smoothness and specific surfage
area, the magnetic iron oxide particles may preferabl&
be subjected to a post-tgeatment, e.g., by Mix-maller,
for applying compression and shearing forces;

Thé silicic acid .to be added for producing
the magnetic iron oxide.particles may for example be a
silicig acid salt, such as commercially available -
sodium silicate, or silicic acid, such as silicic acid
sol formed, e.g., by hydrolysis.

The water-soluble aluminuq salt may for
example be aluminum sulfate.

As the ferrous salt, for example, it is
possible to use iron sulfate generally by-produced in
the sulfuric acid process for producing titaﬁium or

iron sulfate by-produced in surface washlng of steel

THIS SEEET HAS BEEN
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di phenyl t et r anet hyl di si | oxane. The organic silicon conmpound may for

exanpl e be sili- cone oil. The silicone oil ndy preferably have a viscosity

at 25 C. of about 30-1.000 centi-stokes and may. preferably in

exanpl e. di methylsilicone oil, nethyl phenyl- silicone oil. fﬂAbFMrhileET
[err]-methyl styrene-nodified siliconggell. chlo- rophenylsililc ne or == A
fluorinated silicone oil. The treatnment with silicone oi

G 1 LAPR 1997

by_nizTng a

performed. e.g., by directly mixing the silica fine powder tiyeated
silane coupling agent with silicone oil by a mxer such as a
m xer, by gfptad Ng st lisaksoipoosipvléheosusecarbnnenlowdere,| or
solution or dispersion of silicone oil in an appropriate sol vent
silica fimrscqpowder. fol- |owed by renoval of the solvent.

An embodiment of the image forming method
will now be described with reference to Figure 1.

A photosensitive drum 1 surface is negatively
charged by a primary charger 702, subjected to image-
scanning with laser light 705 to form a-digital latent
image, and the resultant latent image is reversely
developed with a monocomponent magnetic developer 710
comprising a magnefic toner in a developing apparatus'
709 which comprises a developing sleeve 704 equipped
with a magnetic bladé 711 and enclosing a magnet.

In the developing zone, the electroconductive support
of the photosensitive drum is grounded, and an
alternating bias, pulse bias and/or DC bias is applied
to the developing.sleeve 704 by a bias voltage
application means 713. When a tranéfer paper P is
conveyed to a fransfer zone, the paper is charged from
the back side (opposite side with respect to the
photosensitive drum) by a roller transfer means 2
connected to a voltage supply 3, whereby the developed
image (toner image) on the photosensitive_drum is
transferred to the transfer paper P by the contact
transfer means 2. Then, the transfer paper P is

- separated from the photosensitive drum 1 and subjected
to fixation by means of a hot pressing roller fixer

707 for fixing the toner image on the transfer paper

This Sheet Has Been Replaced
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-25-  —— —}tt-—is-preferred that silica fine powder is treat ed with

di mret hyl dj.chl or.osil ane.. then with hexanmet hyl di silazane and then with
siliconeqlf °°tﬁi ﬂen elac>e/(? it is preferred that silica fine—powder is
first trell |||xﬂ

ast two silane coupling REPLACEMENT SHEET

-43-
0 1APR 997

Residual monocomponent developer remaining on
the photosensitive drum after the transfer step is
removed by a cleaning means 708 comprising a cleaning
blade. It is also possible to omit the cleaning step
in case where the residual developer is little in
amount. The photosensitive drum 1 after fhe cleaning
is subjected to erase-exposure for discharge by
erasure means 70§~and then subjected to a repeating
cycle commencing from the charging step by the primafy
charger 702.

The photo;ensifive drum (electrostatic image-
bearing member) 1 comprises a photosensiti&e layer and -
a conductive substrate and rotates in the direction of
the arrow. The developing sleeve 704 comprising a
non-magnetic cylinder as a toner-carrying member
rotates-so as to mové in the same direction as the
photosensitive drum 1 surface at the developing zone.
Inside, the non-magnetic cylinder sleeve 6, a multi-
pole permanent magnet (magnet roll) as a magnetic
field generating means is disposed so as not to
rotate. The monocomponent..insulating magnetic
developer 710 in the developing apparatus 709 is
applied onto the non-magnetic cylinder sleeve 704 and
the toner particles are provided with, e.g., a
negative triboelectric charge due to fricéion between

the sleeve 704 surface and the toner particles.

THIS SHEET HAS BEEN
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agents and t hen w tinissShee0His.BeerrReplackdr t 0 provi de an effecii-vely

hydr ophobi ci ty. T ned hydrophobicity-inparting
ment or silica fine EE"I qual Iy applicable also to ti
oxi de fine powder, a ated titaniumoxide fine powder

equally preferably used in the present invention. . An externdl
other than silica or titaniumoxide fit*powder may be added,

to the magnetic toner according to the present invention.
such an external additive may include resin fine particles and™

fine particlgg thact insg»' Qqsg%sqnghfr{eq‘%@g{,iéé-c@g&geﬁ? in the
y-inparting agent, a owabT I TTy I nprover, an

anti-caking agenhitd b2l §89%n a spacing of 50 - 500 pm) from the
sleeve surface, the thickness of the developer layer
is regulated at a thin and uniform thickness (30 - 300
pm) which is thinner than the spacing between the
photosensitive drum 1 and the developing sleeve 704 at
the developing zone, so that the developer layer does
not contact the photosensitive drum 1. The rotation
speed of the slgeve 704 is so adjusted that the
circumferential velocity of the sleeve 704 is
sﬁbstantially equal to or close to that of the
photosensitive drdm surface. It is also possible to
constitute the magnetic doctor blade 711 functioning
as a counter magnetic pole with a permanent magnet
instead of iron. In the developing zone, an AC bias
or a pulsed bias may be applied to the sleeve 6 by the
biasing means 12. The AC bias may éreferably comprise
£ = 200 - 4000 Hz and Vpp = S00 - 3000 V.

- In the developing zone, the toner particles
are transferred to the electrostatic image under the
action of an electrostafic force exerted by the
surface of the photosensitive drum 1 and the AC bias
or pulsed bias.

Another embodiment of the image forming
appératus according to the present invention is
described with reference to Figure 4.

It is also possible to replace the magnetic




agent at the fime of hot rolrg}'flxatlon ‘a lubricant, an hgﬁ Sy S—
té“%vié'df FT

Such resin fine mrStl¢etH§§e gf.er abl y have an average paft
0.03-1.0 [err] m. particles may be constitutged]by -
pol ymeri zati on of npl es aofswhi ch may include:|s YTENeen 597 !

nononers, such as s yrene. o met hyl styrene. m net hyl styrene 77

p- met hyl styrene. p-nethoxystyrene. and p-ethyl styrene; unsatu B0 Srmrn
such as acrylic acid and nethacrylic acid; acrylates. such Jas net hyl

acryl ate, etdyttacriylade,7hlbuiyh anrglaseic dahdey|fcaaed atfe.am-propyt
acrylate. n-octyl acrylate. dodecyl acrylate. 2-ethyl hexyl acrylate,

stearyl acrythastiQ-naterdel hysuabrgbasél igndephaibpleracsy a@se;to

met hacryl ates. such as _nmethyl methacrylate. ethyl methacrylate. n-propyl
met hacryl at APRLHUENE FRYRBCPST aPBRLO| SBBULgVeAepriag Wlseye while

regulating the thickness of the resultant developer

layer by a pressing force.

Figure 2 shows an embodiment of the image
forming apparatus including a contact-charging means 7
supplied with a voltage from a bias voltage
apﬁlication means, 743 and a corona transfer means 703.

Figure 5 shows an embodiment of the image
forming apparatus including a contact charging means
742 and a contact Eharging means 2.

Figure 4 shows a detail of a contact transfer
system (as used in the image forming apparatus shown
in Figures 1 and 3), including a transfer roller which
basically comprises a core metal Za and an
electroconductive eléstic layer 2b surrounding the
core metal 2a. The transfer roller 2 is used to press
a tran§fer material against the surface of the
photosensitive drum 1 at a pressing force. The
transfer roller 2 rotates at a peripheral speed which
is equal to or different from tha+ﬁof the
photoseﬁsitive drum 1. A transfer material (such as
paper) is conveyed through a guide 4 to between the

- photosensitive drum 1 and the transfer roller 2, where
the transfer roller is supplied with a biés voltage of

a polarity opposite to that of the toner from a




n-octyl methacryl ate. dodecyl nethacryl ate, 2-ethyl hexyl nebhﬂﬂrvlafp

stearyl nethacryl ate. phenyl nethacrylate. dinmethylam noeth IREEUHE¢EWWaQ¢[|
and di et hyl am noet hyl methacryl ate; acrylonitrile. nethacryI0r|L|.|c, ane
acryla- m de. The pol ynerization nay be perforned accordi fig ﬁ% 5
pensi on pol ynerization, enulsion polyoggLzation, soap-free pol @3'%Wf
etc. It is particularly preferred to use resin fine particl gsiohtaipe
t hrough soap-free pol ynerization.

-mr

transfer bias voltage supply 3 so that the toner image
on the photosensitive drum 1 is transferred onto the
face side of the transfer material. Then, the
transfer material carrying the transferred toner image
sent through a guide 5 to a fixing device.

The electroconductive elastic layer 2b may
preferably comprise an elastic material, such as
ufethane rubber or ethylene-propylene-diene terpolymer
(EPDM), containing,an electroconductive filler, such
as conductive carﬁon, dispersed therein and having a
volume resistivity in the range of ca. 106 - 1010
ohm.cm.

Preferred transfer conditions may includg_a
roller abutting pressure of 5 - 500 g/cm and a DC
voltage of +0.2 - +10 kV.

Figure S shows a detail of a contact-charging
system (as used in image forming apparatus shown in
‘Figures 2 and 3). The system includes a rotating
drum-shaped electrostatic image bearing member
(herein, simply referred to as "photosensitive drum")
1, which basically comprises an elegtroconductive
support layer la"gﬁ$_e.g., aluminumf and a
prhotoconductor layer 1lb coating the outer surface of
the support layer la, and rotates at a prescribed
peripheral speed (process_speed) in a clockwise
direction (in the case shown on the drawing).

The photosensitive drum 1 is charged with a

This Sheet Has Been Replaced
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- 26- The resin fine particles may preferably be added in -
0.005-5 wt. parts, nore preferably 0.01-2 w. parts, per 100 : it

t he magnetic toner particles. The resin fine particles havinpgjthe BE
above- menti oned char- acteristic have been confirmed to exhibjt 610'1APR‘§§?
renmarkabl e effect of preventing toner sti,cking onto a photosepsitive member

In a systemusing a contact charger in the formof a roller, brush, & ~eed
bl ade, etc.. as a primary charger.

charging roller 42 which basically comprises a core
metal 42a, an electroconductive elastic layer 42b
surrounding the core metal 42a, and a surface layer
42c. The charging roller 42 is pressed against the
surface of the photosensitive drum 1 at a pressing
force and rotates so as to follow the rotation of the
rhotosensitive drum 1. The charging roller 42 is
supplied with a voltage from a bias voltage
application means,E, whereby the surface of the
- photosensitive d?um 1 is charged to a prescribed
potential of a prescribed polar;ty. Then, the
photosensitive drﬁﬁ 1 is exposed imagewise to form an
electrostatic image thereon, which is then develgped
into a visual toner image by a developing means.
Preferred process conditions of such a
charging roller may for example comprise a roller
abutting pressure 0of 5 - 500 g/cm and a combination of
an AC voltage of 0.5 - S kVpp and frequency of 50 Hz
to 5 kH and a DC voltage of +0.2 - +1.5 KV in case of
DC~AC superposed voltage application or a DC voltage
of +0.2 - £5 kV in case of DC voltage application.
The charging roller (and also a charging- ...
blade) may preferably comprise an electroconductive
rubber and can be surfaced with a release film, which
may for example comprise nylon resin, PVDF
(polfvinylidene fluoride), or PVDC (polyvinylidene

chloride). —— - - =L
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Exanpl es of other additives may include: lubricants, such as

pol ytetrafl uoroet hyl ene, zinc stearate, and ponV|nyI|dene fmmwﬁﬂgﬁr$ﬁkﬁﬁﬂ

whi ch polyvinylidene fluoride is particularly preferred; aQr

cerium oxide, silicon carbide, and strontiumtitanate, of
titanate is par- ticularly preferred; _fglgowability-inproverg,
titani um oxi de and al um num oxi de. mhlch may have preferablly
hydr ophobi ci ty-i nparted; anticaki ng agents; el ectroconduct §vi
agents, such as carbon bl ack, zinc oxide, antinony oxide,

ch strontium
su@r AEBR %97

been

ty-inparting

Adetin-0oxide It

is al so possible to rggunli 7eshbdsbhaclenbodd nait icf eshd gtk s
chargeability to a polarity opposite to that of the toner particles, as a
devel opi ng chatatégei atcordipgotbnghagdamniventiobhe iTior garveeds ne powder or
hydr ophobi ¢ i norganic fine powder to be m xed with the nmagnetic toner may
preferably cartridge includes at least a developing means and an

electrostatic image bearing member integrated into a

form of a cartridge, which is detachably mountable to

a main assembly of an image forming apparatus (such as

a copying machine and a laser beam printer).

In this embodiment, a process cartridge is

shown to integrally include a developing means 709, a

drum-shaped electrostatic image-bearing member

(photosensitive drum) 1, a cleaner 708 having a

cleaning blade 708a, and a primary charger (charging

roller) 742. s

In the cartridge of this embodiment, the

developing means 709 comprises. a magnetic blade 711

and a toner 760 containing a. magnetic toner 710.
magnetic toner is used for development in such a

‘manner that a prescribed electric field is formed

The

between, the photosensitive drum 1 and a developing

sleeve 704. In order to perform the development

suitably, it is very important to accurately control

the spacing between the photosensitivc drum 1 and

developing sleeve 704.

the

Hereinbelow, the present invention will be

described more specifically based on Production

Examples of magnétic iron oxide and Examples of toner.

In the following description, "parts" and "%" used to
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be added in a proportion of 0.1-5 wt. partsl'nDre preferably'0.1-3 Wt .
parts,.per- TI000W. parts of the magnetic toner particles. Ihe magnetic

toner ac §lccliagBdenR dpresent i nvention may be produced by, s:;{fp[p\gﬁ m’ﬁﬁ y;u "T
m Xi ng on oxide particles with a thernopl ast}i cib

i ke tho g her ei nbef ore. agg optionally. a pigngnt dye

col or ant e controll er, another “additive. etc., by red nsoo? Aﬁ?rﬁgﬂr
such as a ball mll, etc.; then nelting and kneadi ng t he mixtiure by hot
kneadi ng neans such as hot rollers, kneader and extruder tq disperse or

di ssol ve t hgsRIRel ipnipodl ta¥nde R 110l a5y Ak die Wi paest |
optional additives, if any. in the nmelted resin; cooling and pulverizing

t he n1xturgthgﬁdlggbm@Q@ungpb@Qﬂyauxmy-product to precise cIaSS|f|cat|on to
formthe magnetic toner particles

Production Example 1

Into a ferrous sulfate agueous solution, a
sodium hydroxide aqueous solution in an amount of 0.95

2+ ~ontained therein was added and

equivalent to Fe
mixed, to form a ferrous salt aqueous'solution
containing Fe(OH),.

Then, to the solution, sodium silicate was
added in an amount containing 1.0 wt. % of silicon
with respect to the iron in the solution. Then, the
resultant ferrous s;lt aqueous scolution containing
Fe(OH), was -aerated with air at 90 OC to cause
oxidation at a pH of 6 - 7.5 thereby forming a
suspension liquid containing silicon—contaiping
magnetic iron oxide particles.

Then, to the suspension liguid,  a sodium
hydroxide aqueous solution in an amounf of 1.05

2+ in which sodium

equivalent to the remaining Fe
silicate containing 0.1 wt. % of silicon with respect
to iron was dissolved, was added, and the system was
heated at 90 °C to effect oxidation under a condition
of pH 8 - 11.5, théreby further forming silicon-
containing magnetic iron oxide particles.

The resultant magnetic iron oxide particleé

were washed, filtered and dried in an ordinary manner,

and then subjected to disintegration of the

THIS 511
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according to the-present—inyeH _m Al ternatively,
provi de a rragnet;rc ONEr. g -;-_g -'dpol ymeri zation.

pol ymeri za- tion ri zabl e nmonomer, nagneti c ji
I“ mmmmator -god optlonal ly a

particles, a poly
agglomerates thereof by a Mix-maller, whereby the

- 27 -

agglomerates were disintegfated into primary particles
under application of compreésing and shearing forces,
and the surfaces of the magnetic iron oxide particles
were smoocthened. As a result, magnetic iron oxide
particles A having properties shown in Tables 1 and 2
were obtained. The magnetic iron oxide particles

showed an average particle size of 0.21 pm.

Production Examples 2 - 6

Magnetic iron oxide particles B -~ F were
prepared in the same manner as in Production Example 1
except for adding'different amounts of silicon.

Production Exanple 7

Magnetic iron oxide particles G were obtaine&
in the same manner as iq Example 6 -except that the
disintegration treatment was performed by a pin-mill.
The magnetic iron oxide G showed a lower‘smoothness
and a larger BET specific éurfacé area compared with
the magnetic iron oxide particles F.

Production Examples 8 - 12

Magnetic iron oxide particles H - L were
prepared in the same manner as in Example 3 except
_that prescribed different amounts of aluminum sulfate
were respectively added to the slurry (or suspension
liquid) before the filtration, followed by adjustment
of pH to 6 - 8 to surface-coat the magnetic iron oxide

particles with aluminum hydroxide, and post treatment




crosslinking agent. a charge control agent and other additives, as desired.
may be uniformy dissolved or dis- persed to forma nono %’QP o GHNMMﬁ
Then, the nononmer conposition or a prelimnarily polynerijz xﬁod' SHEZT
thereof is dispersed in a continuous phase (e.g.. of wat by means df
appropriate stirrer, and then subjected o polyneriza- tjo tariggﬁ)g§7
magnetic toner particles having a desired particle size. case

advance to a

produci ng the nagnetic toner accord- ing to the polyneri
is preferred to subject the nmagnetic iron oxide particl
hydr ophobi cihyth@pakibenghanheat @Ntin Example 3 including the

disintegration by a Mix-maller.

Production Examples 13 and 14

Magnetic iron oxide particles M and N were
prepared in a similar manner as in Example 1 but all
the prescribed amounts of silicon were added for the
first stage reaction and the pH for the reaction was
changed to 8 - 10.

Comparative Production Examples 1 - 4

' Magnetic iron oxide particles Q - R were
prepared in a similar manner as in Example 1, but all
the prescribed amoﬁnts of silicon were added for the
first stage reaction and the sodium hydroxide aqueous
solution was added in amounts exceeding 1 equivalent
to Fe?*, followed by adjustment to different pH
values.

Comparative Production Exahgle S

Into ferfous sulfate aqueous solution, sodium
silicate was added in an amount to provide a silicon
content of 1.8 % based on the iron content,-and a
caustic soda solution in an amount 1.0 - 1.1 times the
equivalent to the ferrous ion, to prepare an agueous
solution containing Fe(DH)Z.

While the aqueous solution was maintained at
pPH 9, air was blown thereinto to cause oxidation at 85

©c, to form silicon-containing magnetic iron oxide

particles.

ThlS Sheet Has Been Re
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Then sone description will be nade regarding the struc- ture~and_production
process of the magnetic iron oxide used in the present inVenllﬁﬁFLﬂuﬂ%misqe ey

magnetic iron oxide particles used in the present invention ko Mol m‘

both at their interiors and surfaces. When magnetic iron oxide partlcles
prepared in Exanples of the present inwgntion described hereinafpe7Aﬁﬁ&éﬁ?
exam ined with respect to inner silicon distribution by a dgradual
di ssolution analysis, the silicon was found to be present frfomthe central

core of each magnetic iron oxide particle and the content thereet—was. found

to increase near theTaenfaceate theardstalddid ifispensibhheiquia,the
magnetic iron oxide particles treated with al um num hydroxi de, the
resul t ant a&nnﬁguﬁpeseﬂehutﬁgnbmgmndﬂqﬁqg%ﬁﬁrﬁowﬁ oul fatdeisughace and a

superficial |ayer

amount 1.1 times the equlvalent to the previously
added alkali (sodium in the sodium silicate and sodium
in the caustic soda) was_added. Further, while the
suspension liquid was maintained at pH 8, air was
blown thereinto to cause oxidation, followed by
adjustment of the pH to a weak alkalline side at the
final stage, to form magnetic iron oxide particles.
The produced magnétic iron oxide particles were
washed, recovered by filtration, dried and then
treated for disinteération of the agglomerates, in
ordinary manner, to produce magnetic iron oxide
particles.
Comparative Production Example 6

Spheriéal magnetic iron oxide particles
having a BET specific surface area of 6.8 m2/g were
blended with 0.8 wt. % of silica fine powder having a
BET spegific surface area of 400 mz/g by means of a

Mix-maller, to obtain magnetic iron oxide particles T.
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of each magnetic iron oxide particle. The silicon-containing nmagnetic

I ron oxide used in the present invention may for exanple bg-praduced
t hrough a process descri bed bel ow. As a basic reaction pr[oagp@g{gﬁﬁggri Qus

salt aqueous solu- tion and an al kali hydroxi de aqueous SO|UTfﬁﬁ~%ﬂmam@m
amount of 0.90-0.99 equivalent to Fe[err% contained in the f,r&gws salt
aqueous solution. "are reacted-to forman &queous reaction |ifui AR a3 n

ferrous hydrOXi@ﬁsﬁﬁhkﬁiﬁamﬁghfgliS then aerated with an okygen-contai ni ng

gas to form nagne In this instance, a waterfsoluble silIC
acid con- tainin$ W 4 ’E proportion of 50-99 wt. % of—the-t-ot.al
silicon (0.4-2.0 b t ontained in the objective nmagnetic iron

oxide is added in advance to either the al kali hydroxi de aqueous sol ution
or the reaction liquid containing
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ferrous hydroxi de colloid. and the aeration is perforned by paSS|ng t he
oxygen-containing gas for oxidation into the
- 28 -
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6.8
9.7

18.3
12.0
20.4
23.0

0.65
0.80
1.06
0.60
0.49
1.04

0.30
0.28
0.81
0.28
0.24
0.51

1.0
1.1
4,2

0.9
0.8
0.05

1.68
1.50
0.25
1.8

0.80

2.4

0.21!
0.23

0.21
0.34
0.21
0.20°

is Sheet Has Been Replaced

TR

0
P
Q
R
S
T

T'able 1 (cont.)

Comp.
Prod.




reaction liquid while heatlng the liquid at 85[err]-100ferr] C.,

t her eby

produci ng silicon-containing magnétic iron oxide particles fronlthe ferrous

hydr oxi de coll oid. Thereafter. an al kali hydroxi de agueous
amount of at |east 1.00 equivalent to Fe[err] remaining in
liquid after the oxidation and a water=sgluble silicic acid
silicon in the remaining anount [i.e 1-50% of the total
w. %]. are added to the sus- pension |iquid,
at 85-100 C. for oxidation,

oxi de particles. Then, in the case of effecting the trea
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into the al kaline suspension |iquid conltara-Rg-the

silicon-containing magnetic iron oxide particles, a water-
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soluble alum numsalt is added in an anbunt of 0.1-2.0 wt. % (cal cul ated as
aluminum) with respect to the produced magneti-c iron oxide particles.
Thereafter, the pH of the systemis adjusted to 6-8 to deposit alum num
hydr oxi de at the surfaces of the nagnetic iron oxide particles. Then. the
product is subjected to filtration, wasging with water, dr
disintegration to form magnetic iron oxide particles used
invention. In order to adjust the snoothness and specific pu
magnetic iron oxide particles may preferably be subjected fo
post-treatnent. e.g.. by Mx-maller, for applying conpressi
forces. The silicic acid to be added for producing the
oxi de particles may for exanple be a silicic acid salt. such as
comercially available sodiumsilicate, or silicic acid, suc
acid sol forned. e.g., by hydrolysis.

.75

™
n
-

0.53
1.89
2.01
1.82

.12
0.92
0.37

.17
1.20

.10

yes
yes
none
yes
yes
none

3.6
9.3

10.5
5.0

9.1
5.9

6.0

+9,0
3.2
1
12.5
4,7

1.9x1072
1.3x1072
6.9x1073
2.2x1072
2.5%10 2
1.1x1072
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The mater-sqLubIe.aluninun1salt nay for exanple be al um nu

the ferrous salt,
by- produced i rfhs
sul fate by-prod
to use iron chl

for

S r{P pliced

IS possible to use iron
|d process for producing tit
mashlng of steel plates. It
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Example 1
Styrene/2-ethylhexylacrylate copolymer
88/12;

(copolymerization wt. ratio =

Mw = 24x10%, Tg = 60 °C) 100 parts
Magnetic iron oxide particles A 100 "
-Low-molecular weight ethylene/

propylene copolymer 4 "
" Negative charge control agent A 2 "

(monocazo iron, complex represented by the

following formula)

- )

e e NH.©®

/

A blend of the above ingredients was melt-
kneaded at 140 °C by means of a twin-screw extruder.
The kneaded product was cooled, coarsely crushed by a
hammer mill, finely pulverized by means of a jet mill,
and classified by a fixed-wall type pneumatic

classifier to obtain a classified powder product.

Ultra-fine powder and coarse power were simultaneously




- 29- An enbodi ment of the image formng method will no
with reference- to FIG 1. A phot osensitive drum 1 surfae

charged by a p g@g 1&92 subj ected to i mage-scan
light 705 to f ent i mage. and the resultant
reversely develo \ - conpongnt magneti c deve
conprising a mag a devel opi ng apparatus 709/wh .
devel opi ng sl eeve 704 eqU|pped with a magnetic blade 711 d _enclosing a

magnet. I n the devel oping zone. the el ec- troconductive support
phot osensi t avia @reBilsely’ HendRdd kb d tE€1H881 PPl BswaRy 8¢ bias and/ or

DC bi as
means of a multi-division classifier utilizing a
Coanda effect (Elbow Jet Classifier available from
Nittetsu Kogyo K.K.), thereby to obtain a negatively
chargeable magnetic toner having a weight-average
particle size (Dg) of 6.8 pm and containing 0.2 wt. %
of magnetic toner particles of 12.7 pm or larger.

100 wt. parts of the magnetic toner, 1.2 wt.
parts of hydrophobic silica fine powder treated
successively with dimethyldichlorosilane,
hexamethyldisilazane and silicone oil, and 0.08 wt.
part of styrene-acf&lic copolymer resin fine
particles.(averége particle size = 0.05 pm) obtained
by soap-free polymerization, were blended by a
Henschel mixer to obtain_a mono-component-type_
magnetic developer.

Separately, a commercially available laser
"beam printer ("LBP-8II" including an OPC
photosensitive drum, mfd. by Canon K.K.) was re-
modeled so as to change the process speed from 8
sheets/min. to 16 sheets/min. and include a contact-
transfer system as shown in Figure_4 and a contact-
charging system as shown in Figure S. The re-modeled
laser beam printer had a structure functionally
identical to the one shown in Figure 3.

Regarding the transfer system shown in Figuré

4, the transfer roller 2 was surfaced with an

THIS SHERT oo
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REPLACED




is applied to the devel oping sleeve 704 by a bias voltage application nmeans
712. When a transfer paper P is conveyed to a transfer zone,
charged from t hhis biRektias Bebe RéppaDSi te side with respect to th
phot osensitive er transfer nmeans 2 connected

supply 3. Mereqmmn%mtllﬁwd | mage ({gmer imge) on the

drumis transfer nsfer paper P by the contact

2. Then, the transfer paper P is separated fromthe photosensitive
and subjected to fixation by nmeans of a hot pressing roller

fixing the tehertrpagaeductilve tmansferl gyapercdaprifResgdBBPMnonoconpon
devel oper remai ning on the photosensitive drumafter the transfer step is

renmoved by al@FBHhRRg-PramylroRdiens itGoRplymsehriemtdinteg It is al so

possible to omt the cleaning step in case where the residual
electroconductive carbon and showing a volume

resistivity of 108 ohm.cm and a surface hardness of 27
degrees. The transfer roller was driven under the
conditions including a transfer current of 1 pA, a
transfer voltage of +2000 V, énd an abutting pressure
of S0 g/cm.

Regarding the charging system shown in Figure
S,hthe charging %oller 42 as the primary charger, héd
an outer diameter of 12 mm and comprised an
electroconductive }ubber layer 42b of EPDM and a 10
pm~-thick surface layer of nylon resin. The charging
roller 42 showed a hardness of 54.5 degrees (ASKER-C).
The charging roller 42 qgs supplied with a prescribed
voltage through the core metal 42a from a voltage
supply E supplying a DC voltage superposed with an AC

" voltage. .

Then, the above-prepared magnetic developer
was incorporated in the re-modeled laser beam printer
and used for image. formation in the following manner.

' An OPC photosensitive drum was primarily charged at
-700 V by the charging roller 42, and an electrostatic
latent image for reversal development was formed
thereon. The developer was formed in a layer on a
developing sleeve (containing magnet) so as to'féfm“a.

clearance (300 pm) from the photosensitive drum at the
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devel oper is littte i n anmount. The photosensitive drum1 at@;
I's subjected to er@geqlRASALER eddls charge by erasure jreans

then subjected to a mﬂ mm’m] 'l " comencing fromthe c argl Qgg §Ee,p
| -60- . %%MMM j

the primary charger
developing position. An AC bias (f = 1,800 Hz and Vpp

= 1,600 V) and a DC bias (Vpe = -500 V) were applied
to the sleeve, and an electrostatic image having a
light-part potential of -170 V was developed by the
reversal development mode, to form a magnetic toner
image on the OPC photosenéitive drum. The thus-formed
toner image was transferred to plain paper under
application of the above-mentioned positive transfer
voltage, and then‘fixed'to the plain paper by passing
through a hot-pressure roller fixer.

In this way, successive image formation was
performed up to 10,000 sheets according to an
intermittent mgde including a rest period of ca. 12
sec after an image forming step of ca. 2 sec for.éach-
sheet in a normal temperature - normal humidity (23.5
Oc - 60 %RH) environménf while replenishing the
magnetic developer, as required.

The images were evaluated with respect to an
image density as measured by a MacBeth reflection
densié;meter, and fog as measured by comparison
between a fresh plain paper and a plain paper on which
a solid white image was printed with respect to
whiteness as measured by a reflection meter (mfd. by
Tokyo Denshoku K.K.). The results are shown in Table
3 appearing hereinafter. .

‘ Similar image forming tests were performed ‘in

a high temperature - high humidity (32.5 ©C - 85 %RH)

1
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L ReErLACED




The photosensitive drum (el ectrostatic inage-bearing nenber) F“ﬁ@ﬂpLLSE&MQ*
phot osensitive | ayer and a conduc- tive substrate and rot atesj ifFERLABE R
direction of the arrow. The devel opi ng sl eeve 704 conprising a*“ﬁﬁ“ﬁ&gﬂe®+c
cylinder as a toner-carrying nmenber rotedes so as to nove injt

direction as the photosensitive drum1 surface at the devel-,oggﬁgaﬂgﬁ% By
I nside the non-nmagnetic cylinder sleeve 6. a nulti-pole per o

(magnet roll) as a magnetic field generating nmeans is disposgd so as not to

rotate. The eswicommementanchsul & iRy mepreratyeset oper Redi e

devel opi ng appar af us 709 is applied onto the non-nmagnetic
ping %%0 %E - H)FQ%VLronment. The resglts are also

shown in Table 3.

In the high temperature - high humidity
environment, the image forming test was performed on
4000 sheets, then the laser beam printer was held in
thé game environment for 3 days, and the image forming
test was performed on further 4000 sheets. For the
fég evaluation, plain paper sheets subjected to image
formation on both sides were used. Dot reproduci-
bility was evaluated by forming a checker pattern
shown in Figure 6 in the latter half of the successive
image formation in the high temperature - high
humidity envir;nment.

Examples 2 - 14

Magnetic toners each having a particle size
distribution similar to that obtained in Example 1
were prepared in the same manner - as in Example 1
except that the magnetic iron oxide particles were
replaced with the magnetic iron oxide particles B to
N, respectively, produced in Production Examples 2 -
14. |

The magnetic toners were -evaluated in the
same manner as in Example 1. The results are shown in
Table 3.

Example 15

Styrene/n-butyl acrylate copolymer 100 parts
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cylinder sleeve 704 and the toner particles are provided with. e.g.., a
negative triboelectric charge due to friction between thefsi-eeve.z04.
surface and the toner particles. Further, by disposing th %@ﬁﬁéﬁﬂggp@@ggT
711. in the vicinity of (with a spacinggef 50-500 [err] mf ffoirthe-si-eaue’
surface. the thick- ness of the devel oper |ayer is regul _ %ngﬁgnLg arjd
uni form thi ckness (30-300 pm) which is thinner than the gpdcifig' fEtweed tih
phot osensitive drum 1l and the devel opi ng sl eeve 704 at t;efﬂeMeLQang~ggie,
so that the devel ¢pper kayeo d083/mdt u@nbaésxnné,photose'sitive drum 1. Th
rotation speed of the sleeye 704 is so adjusted that the CITCt |

vel ocity of the sl®gve $04°C3 substantially equal to or close to that of
t he photosensitive drumsurface. It is also possible to constitute the

magneti c doctor Ypaaet¥eiirgncexréArngaasiglesu er nmagneti& pol'e with a
per manent

—

Negative charge control agent A 1.5 "
Low-molecular weigﬁt ethylene/

propylene copolymer 4 "

A blend of the above iﬁgredients was melt
kneaded at 140 °c by means of a twin-screw extruder.
The kneaded product was cooled, coarsely crushed by a
hammer mill, fineiy pulverized by a jet mill, and
classified by a pneumatic classifier to obtain a
negatively chargeable magnetic toner having a weight-
average partic%e size (Dyg) of 11.4 pm (containing 33
wt..% of magne%ic toner particles of 12.7 pm or .
larger.)

100 parts of tHe maghetic toner and 0.6 part
of hydrophobic colloidal silica treated with
dimethylsilicone 0il were blended by a Henschel mixer
to prepare a magnetic developer.

- The.magnetic developer was charged in the
process cartridge of a laser beam printer ("LBP-8II")
having a structure functionally identical to the one
shown in Figure 1 and evaluated by image formation in
the same manner as in Example 1. The results are
shown in Table 3.

Example 16

A magnetic toner was prepared and evaluated
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magnet instead of iron. In the devel oping zone, an AC blas'oEba pu &eq
‘may be applied to the sleeve 704 by the biasing neans” 712. j The=AG-bias. g
preferably conprise f=200-4000 Hz and Vpp=500- 3000 V. Init eigevelop
zone, the toner particles are transferr to the electrostatic nﬂg
the action of an electrostatic force exerted by the surfacg of the

phot osensitive drum 1 and the AC bias or pul sed bi as. Anpt her enbodi nent

of the inmage form ng apparatus according to the present in tB RS
descri bed with iiff elamMefiddd BCift Example 15 except that the

negative charge control agent A was replaced by a
monoazo chromium complex (negative charge control
agent) obtained by changing the central atom of the
negative charge contrecl agent A from iron to chromium.
Example 17

Styrene/n-butyl acrylate 100 parts

(wt. ratio = 83/17, Mw = 30x10%,

Tg = 60 °C)
Magnetic iron oxide particles C 120 "
Negative charge control agent A 3 "

Low-molecular weight ethylene/
propylene copolymer 4 "
From the above ingredients, a magnetic téner.
- having a Qeighzfaverage particle size (Dg4) of 5.4 pm
(containing 0 wt. % of pérticies of 12.7 pm or
larger).

100 parts of the magnetic toner, 1.6 parts of
the hydrophobic colloidal silica treated with silicone
oil, e;c., used in Example 1 and 0.1 part of the resin
fine particles used in Example 1, were blended by a
Henschel mixer to 6btain a .magnetic developer.

The developer was charged"in'the re-modeled
cartridge used in Example 1 and evaluated by image

" formation in the same manner as in Example 1.

Example 18

A magnetic developer was prepared and
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- 31- It is also possible to replace the nagnetic doct r"ﬁtgl—a
with an elastic blade fornmed of an elastic material, such a PLAGREENT SHEET
rubbFr. so as to apply the devel oper onto the devel opi ng sl dede WATT&E ™ =~on
regul ating the thickness of the resultant, devel oper |ayer b SRHF G- 1
force. FIG 2 shows an enbodi nent of 17 mage form ng appa alto%g RPR %57

I ncl udi ng a contact-charging neans 742 supplied ~“-~“WMMMMMJ

evaluated in the same manner as in Example 1 except
that the resin fine particles as an external additive
to the magnetic developer were omitted.
The developer showed substantially identical
performances regarding the image density, fog and
- reproducibility compared with the developer of Example
1, but showed some degree of melt-sticking onto the
photosensitive drum at the final stage of successive
image formation in the high temperature - high
humidity enviréément.
Example 19
A magnetic toner having a similar particle
size distribu;ion Qas prepared in the same manner as
in Eiample 15 except that the amount of the magﬁetic
iron oxide particles B was reduced to 40 'parts and
instead 2 parts of carbon biack was added.

The resultant magnetic toner particles showed
a saturation magnetization of 20.0 emu/g at a magnetic
field of 1 kilo-oersted at room temperature as
meaé;red by a tester ("VSM P-1-10%", available from
Toei Kogyo K.K.). The density was 1.42 g/cm3.

The magﬁetic tqner was evaluated in the same
manner as in Example 15 except that the developing |
bias voltage was changed to é DC bias component Vdc =
-450 volts superposed with an AC bias component of Vpp
= 1200 volts and £ = 2000 Hz.

Compared with Example 15, even better images
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with a voltage froma bias voltage application neans 743 .and aﬁﬂﬂﬁﬁﬁa,: ?Q%rr_
transfer neans 703. FIG 3 shows an enbodi nent of the inmag 0 QMNMJIT‘
apparatus including a contact charging neans 742 and a cont gct tgaﬂgﬁégt
means 2. FIG 4 shows a detail of a? ntact transfer systgmif(a e 75’?5?7
the image form ng apparatus shown in F 1 and 3). i ncludifn

roll er which basically conprises a core netal 2a and an el e troconductlve
el astic layer 2b surround- ing the core netal 2a. The transfer
used to pregser@ bheashen WatAriattagakpsttbhengyr baee Ofsdd1g photosensitive
drum1 at a pressing force. The transfer roller 2 rotates at a peri pheral
speed whi chtbheequahstp@iodi Waer eshfiemgdt hat of the photosensitive drum
1. Atransfer material (such as paper) is conveyed through a guide 4 to

bet ween t heComparative Examples 1 - 4 "

Magnetic toners each having a particle size
distribution similar to that obtained in Example 1
were prepared in the same manner as in Example 1
excépt that the magnetic iron oxide particles were
replaced with the magnetic iron oxide particles Q to
R, respectively, produced in Comparative Production
Examples 1 - 4. ’

The magnetic toners were evaluated in the
same manner as in Example 1. The results are shown in
Table 3. ,

Comgérative Exaﬁgle S

A magnetic toner having a weight-average
particle size of 11.8 pm Kcontéining 54 wt. % of.
particles having a particle size of 12.7 pm or larger)
was prepared in a similar manner as in Example 15 by
using the same magnetic iron oxide particles B
preparé& in Production Example 2 and evaluated in the
same manner as in Example 15.

Comparative Examples 6 and 7

Magnetic toners were prepared in the same
manner as in Example 1 except that the magnetic iron
oxide particles A were replaced by magnetic iron oxide

particles S and T, respectively, produced in

Comparative Production Examples S and 6.
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phot osensitive drum 1l and the transfer roller 2. where the
is supplied with a bias voltage of a polarity opposite to-t
froma transfer bias voltage supply 3 so that the toner inm
phot osensitive drum 1l is transferred onk@_the face side of

material. Then, the transfer material carrying the transfer
sent through a guide 5 to a fixing device. The el ectrocon
| ayer 2b may preferably conprise an elastic material, such

d
as ur et hane

naliEff e ey toner
ge It e e
DAL

(0] w Wage
L.iye el astic

|

rubber or ethyl ene- propyl gagndicgee thaepe! weke (mwat@cpmm
el ectroconductive filler, such as conductive carbon. dis-

i

ﬁﬁs_t_erm[ oller . .

i

THHaTg—an
per sed thereln

and havi ng as¥mbURBnhEgi ski Vit Exiamplllee 1r.ang@&eofresml tid[zare [alldperr] ohm cm

Rreferred transfer conditions may include a roller abutting

pressure of

5-500 g/ cm asHoanDfnvohbage3of ComphiekdVwith the magnetic toner of

Example 1,

1.14 and 1.12, respectively,

densities of

the magnetic toners provided lower imagde

after

standing for 3 days in the high temperature - high

humidity environment.
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tmn-gan v
R,

f — L SR S i

of a contact-chargi ng system (as
used in image form ng apparatus shown in FIGS. 2 h

FIG 5 shows a detail
32
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The systemincludes a rotating drun}shaped el ectrostatic

menber (herein, sinply referred to as "pha- tosensitive drunf) 1. which
basically conprises an el ectro- conductive support layer |a of. e.g.
alum num and a photoconductor |ayer g coating the outerj st ace: dT the v
support layer la. and rotates at a pres Pbed peri pheral spee mmihrnrp¢ﬁ"j‘
speed) in a clockwise direction (in the case shown on the df awi ng) The
phot osensitivd drum 1 is charge¢ with a charging roller 4p piGH %ﬁ%h&ﬁﬁl y
conprises a cdre netal 42a. an |el ectroconductive elastic [ajer 42b e
surroundi ng tHe qoeq etalq 42a) and a surface |ayer 42c. ¥he chargi ng
roller 42 is |pressed against the surface of the photosensiiive.drum.l_ at
a pressing forjce and rotates sojas to follow the rotation of the
phot osensi ti veg—drum-1—The charging roller 42 is supplied
2
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with a voltage froma bias voltage application neans E. whereby the
surface of the photosensitive drum1l is charged to a prescrkbedmpotentlal
of a prescribed polarity. Then. the photosensitive drum1 | =
i mmgewi se to forman electrostatic inmage thereon. which isft

into a visual toner imge by a devel opi®y neans. Preferfef
conditions of such a charging roller nmay for exanple conpri
abutting pressure of 5-500 g/cm and a conbi nati on of an AC

kVpp and frequency of 50 Hz to 5 kH and a DC vol tage of 0.
of DC-AC sup&ﬂﬁéﬁbdﬁhéﬂﬂég%—ippl|cat|on or a DC vol tage of "0 L _ca!
of DC voltage appljca-_tion. har r ol a I a charglng

bl ade) may prefer%%)y %%ﬁprTéﬂe%§bEﬂ n%ﬁg%%Ségrggﬁg gnd can be

magnetic toner (um).

x2) MIO = magnetic iron oxide particles.

*3) The following abbreviations stand for the
respective environmental conditions for the successive
image formation tests.

N.T. - N.H. = normal temperature - normal
humidity (23.5 °C - 60 %RH)
H.T. - H.H. = high temperature - high

humidity (32.5 °C - 85 %RH)

3]
-3
'
r‘.
e
It

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

.*4) "Medium” stands for a state immediatelf.afte¥
commencement of image format;on after standing for 3
days in the high tempeééture - high humidity
environment.

+#5) Dot régroducibilitx was evaluated by the
feprqgucibility of a checker pattern as shown in
Figure 7 including 100 unit square dots each measuring
80 pm x 50 pm, by observation through a microscope
while noticing the cléarness of the image,
particularly scattering to the ndﬁ—image parts, and
the number of defects (lack) of black dots. The
symbols denote the following results:

o: Less than 2 defects/100 dots

oA: 3 - 5 defects/100 dots

THIS suzpt HAS BEEN
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surfaced with a release film which may for exanple com prise nylon resin.
PVDF (pol yvinylidene fluoride). or PVDC (polyvinylidene chloride). FIG 7

The process cartridge includes at |east_a,devel oping neans a
el ectrostatic image beari-ng menber integrated into a formof Ja car

A: 6 - 10 defects/100 dots

Xx: 11 or more defects/100 dots

A magnetic toner is formed from a binder
resin and silicon-containing magnetic iron oxide
particles. The magnetic toner ﬁas a weight-average
part;cle size of at most 13.5 pm, and the magnetic
toner has a particle size distribution such that
magnetic toner particles having a particle size of at
least 12.7 pm are contained in an amount of at most SO
wt. %$. The magh;tic iron oxide particles have a
silicon content of 0.4 - 2.0 wt. % based on iron, and
the. . magnetic ironr oxide particles have an Fe/Si atomic
ratio of 1.2 - 4.0 at the utmost surfaces thereof.
Because of the use of such magnetic iron oxide
particles having a specifically controlled overall ana
surface Si contents, the magﬁetic toner can show

stable performances even after standing in a high

humidity environment.

This Sheet Hes Been R
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- 33 - “Tnthis enbodi ment, a process cartridge is shown_to integrally

i ncl ude a devehi9fHeAFOBIRR ZQQ, a drum shaped el ectrostatic

nmenber (phot os 1, a cleaner 708 having a clearin 708% =
and a primary gm ﬂmﬂﬂ H ng roller) 742. In the cartrijdge of thIS i
enbodi nent, th ans 709 corprises a magnetic bllade @MABRCSSY

toner 760 containing a nagnetic toner 710. The nagnetic tong

T

er i s used !

WHAT IS CLAIMED IS:

1. A magnetic toner, comprising magnetic

toner

particles containing a binder resin and magnetic iron

oxide particles; wherein

the magnetic toner has a weight-average

particle size of at most 13.5 pm,

the magnetic toner has a particle size

distribution such that magnetic toner particles having

a particle size of at least 12.7 pm are contained in

H]

an amount of at most 50 wt. %,

the magnetic iron oxide particles have a

silicon content of 0.4 - 2.0 wt. % based on iron, and

the magnetic iron oxide particles have an

Fe/Si atomic ratio of 1.2 - 4.0 at the utmost surfaces

thereof.

2. The magnetic toner according to Claim
wherein the magnetic iron oxide particles have

smoothness of 0.3 - 0.8.

3. The magnetic toner according to Claim
wherein the magnetic iron oxide péfticles have

density of at least 0.8 g/cm3.

4. The magnetic toner according to Claim

wherein the magnetic iron oxide particles have

1,

a

a bulk

a BET

% c L M s *
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for devel opment in~such a nmanner that a prescribed electric_f field is formed
bet ween t he phOtOseﬁﬁﬁgmMﬁthaﬂR&maaﬂ a devel opi ng sl eeve ° rn~e%der to
he H€V@1

performthe devel op is very inportant to
control the spac- i ngl hotosenS|t|ve drum 1l an
sl eeve 704. Her ei n ent i-Adention will be escr@bpgngpLS

specifically based on Productlon Exanpl es of mag- netic iror oxide’ anﬁ
Exanpl es of toner. In the follow ng description. "parts”
descri be conpositions are all by mel%ht unl ess otherw se ed
speci fical | y. specific surfaprOBUSRONIERAVPLEL1 LS -Onih /8 f errous
aqueous solution, a sodium hydrox- ide aqueous solution in an anmount of

0.95 equivalent to Fe[err] contained therein was added and m xed, to forma
ferrous

S. The magnetic toner according to Claim 1,
wherein the magnetic iron oxide particles have been
treated with aluminum hydroxide in an amount of 0.01 -

2.0 wt. % calculated as aluminum.

6. The magnetic toner according to Claim 1,
wherein the magnetic iron oxide particles have an
Fe/Al atomic ratio of 0.3 - 10.0 at the utmost

surfaces thereof.

7. The magnetic toner according to Clam 1,
wheréin the magnetic iron oxide particles have ah
smoothness of 0.3 - 0. 8 a bulk density of at least _
0.8 g/cm3 and a BET spec1f1c surface area of at most

15.0 m2/g.

8. The magnetic toner according to Claim 7,

wherein the magnetic iron oxide particles have been

treated with an aluminum compound.

9. The magnetic toner according to Claim 8,
wherein the magnetic iron oxide particles have been
treated with aluminum hydroxide in an amount of 0.0l -

2.0 wt. % calculated as aluminum.

HIIIII\ l\\l\l M \lI\

T s‘\
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salt aqueous solqﬁkgﬂ: 95&5% (fe(C}D[err] Then, to the

sodiumsilicate unt contalnlng 1.0 wt. % of —sd
respect to the |r§ on gaﬁ the resultant ferf
aqueous sol ution [errT s aerated with air

contai ning silicon-containing magnetic iron oxide particles.

ACEWIENT SpEs

T

ous

sal t

801 &PR) 1987

to cause oxidation at a pH of 6 7.5 thereby formng a suspensifon |iquid

Then,

L.amint

of

to the

suspension |iquidg a ¢adi MELAXEEEXLER2AY cogamﬁﬁokw”qyé'd1ﬁ

um si’l i cate

1.05 equivalent to the remain- ing Fe[err ch so

contai ni ng OwAe¥ein%RE &b hé@ﬂcmhkbnréﬁﬂéétE}?th&@@é”ﬁ%dﬁ_
added, and the system was heated at 90[err] to effect oxi

magnetic iron oxide particles.
surfaces thereof.

ol ved, was
ation under

condi tion of FeFhB-Atolict hatebyofuotBer ioroi gg ghkl e@Rrosdont ai ni ng

11. The magnetic toner according to Claim 1,

wherein the magnetic toner has a weight-average

particle size of 3.5 ~ 13.5 pm and contains at most 40

wt. % of magnetic toner particles having a particle

size of at least 12.7 pm.

12. The magnetic toner according to Claim 11,

wherein the magnetic toner has a weight-average

particle size of 4.0 - 11.0 pm and contains at moét 30

wt. % of magnetic toner partlcles havzng a particle

size of at least 12. 7 um
13. The magnetic toner according to Claim 1,
- wherein the magnetic iron oxide particles have a

silicon content of 0.5 - 0.9 wt. % based on iron.

14. The magnetic toner according to Claim 1,

wherein the magnetic iron oxide particles have been

treated with aluminum hydroxide in an amount of 0.05 -

1.0 wt. % calculated as aluminum and have an Fe/Al

atomic ratio of 0.3 - 5.0 at the utmost surfaces

thereof.

a
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-34- ____The-resultant- magnetlc iron oxide particles were washgd—+

mm‘ by a M x- mal | er, whereby the aggl ongyr
-74-

and dried in rd manner, and then subjected to d|S|ntegr3&ﬂa§;;§fﬂl: o
iﬁi ROk ALACEOENT SHeeT

t he aggl
di si nt egr

A —— e,

LI e

{N
15. The magnetic toner according to Claim 14, ‘

wherein the magnetic iron oxide particles have an
Fe/Al atomic ratio of 0.3 - 2.0 at the utmost surfaces

thereof.

16. The magnetic toner according to Claim 1,
wherein the magnetic iron oxide particles have a
smoothness of 0.45 - 0.7, a bulk density of at least
1.0 g/cm3, a BET specific surface area of at most 12.0

]

mz/g, and an average particle size of 0.1 - 0.4 pm.

17. The magnetic toner aécording to Claim 16,

wherein the magnetic iron oxide particles have a

smoothness of 0.5 - 0.7 and an average particle size

of 0.1 ~ 0.3 pm...

18. The magnetic toner according to Claim 1,
wherein the magnetic iron oxide particles have a total
surface pore volume of 7.0x1073 - 15.0x10~3 ml/g.

19. The magnetic toner according to Claim 18,
wherein the magnetic iron oxide particles have a total

surface pore volume of 8.0x1073 - '12.0x10~3 ml/g.

20. The magnetic toner according to Tlaim 1,
wherein the magnetic iron oxide particles have a

surface pore distribution such that micro-pores having

* [ L M H *




the surfaces of thmlmi@éiﬁ’adlfceﬁkémcéam de partlcl es were snoot e# '-" e

result. magnetic |r Ies A having properties shc
and 2 were obtai ned ﬂ,ﬁl

7 iver age
particle size of 0. PRODUCTI ON EXAMPLES/ 2 ﬁf‘;& 1967
Magnetic iron oxide particles B-F were prepared in the sanme granner as in
Production Exanple 1 except for adding different amounts of S|I|con i
PRODUCTI ON EXAfide Aiandignetsmal Yon thamde2@at tp£6esde wete tairt-ahal
same manner as in Exanple 6 except that the disintegration =
specific surface area which is equal to or smaller

than that of meso-pores having a pore diameter of at

least 20 A.

21. The magnetic toner according to Claim 1,
wﬁerein the magnetic iron oxide particles have a
moisture content of 0.4 - 1.0 wt. % at a temperature
of 23.5 ©C and a humidity of 65 % RH, and a moisture
content of 0.6 ~fl.5 wt. % at a temperature of 32.5 ©c
and a humidity of 85 % RH, the moisture contents
providing a difference therebetween not éxceeding 0.6

wt. %.

22. The magnetic toner according to Claim 21,
wherein the magnetic iréé-oxiae particles have a
moisture content of 0.45 - 0.90 wt. % at a temperature
of 23.5 °C and a humidity of 65 % RH, and a moisture
content of 0.6 - l.iO wt. % at a temperature of 32.5
Sc ané a humidity of 85 % RH, the moisture contents

providing a difference therebetween not exceéding_O.B

wt. %.

23. The magnetic toner according to Claim 1,
wherein the magnetic iron oxide particles further

contain a negative charge control agent.

_— - THIS SHEET HAS BEEN
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v e,
Attt .

treatnent was performed by a pin-mill. The magnetic iron oxi eﬁg_:;ns;ih H
| ower snnothnes?maﬂda&hknﬁﬁgélﬁﬁﬂ'speC|f|c surface area conppr ge—wt. :

magnetic iron oxi PRODUCTI ON EXAMPLES, 8- 12 T
Magnetic iron oxi L wereqggrepared in the same nnBr? 48R B i
Exanmpl e 3 except d differ- ent anmounts .of alurp sulfate i

i
were respectively added to the slurry (or suspension |iquid) before thé === ]
filtration, fol- |owed by adjustment of pHto 6-8 to surface=eeatthe

magnet i c i ron oxide PRE mEGRELIET Roakumaremriytigoxicdec L mimal PDst treat ment

in the sane manner as in Exanple 3 including the disintegration by a

M x-mal | er .wherein the magnetic charge control agent is a monoazo

iron complex salt represented by the following

formula:

wherein X; and X; independently denote hydrogen, lower

alkyl, lower alkoxy, nitro or halogen;

m and m' independently denote an integer of 1

Yy and Y3 independently denote hydrogen, C; -
. C;g alkyl, C; - Cjg alkenyl, sulfonamide, mesyl,
sulfonic acid, carboxy ester, hydroxy, C; - C;g

alkoxy, Cz - C18 adetylamino, benzoyl, amino or

halogen;

n and n' independently denote an integer of 1
- 3;

Y, and Y, independently denote hydrogen or
nitro;

T . \
I’S N ._..~Ar I‘u\s BLLI\,
}(FDLACPD
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PRODUCTION EXANﬁfEé'lé and 14”"'Nhénet|c |ron oxi dé particles -Mand N were
ed i lwﬁﬁhﬁﬁwn Repldced 1 but all the prescribed amounts

prepa in
of S|I|con mere ad st stage reaction and the pH-fer-the.
reaction was chang | - BBP

-77-
A® denotes HY, Na*, K* or NH "

25. The magnetic toner according to Claim 23,
wherein the negative charge control agent is an

organic iron compound represented by the following

formula:
/" H.0 N o
H
-0 Y
// \\'é/// X AF)
D ﬁ/
O
O e

wheréin X denétes [:]: capable of having a

substituent,
Z—{é;{é;}g;ﬂ: (Z ; hydrogen, halogen-or:nitro)

(R denotes hydrogen, C; - C;g alkyl or

alkenyl)

A T AT




COVPARATI-VE -PRODUCTI ON EXAMPLES 1-4  Magnetic iron oxide particles QR
were pre red in a simlar manner as in Exanple 1. but all the prescribed
amounts o m&yweﬂ@a@qded for the first stage reaction_and_ the SOdI um

hydr oxi de n was added i n-a8dunts exceedi ng. -R?g!_ NaheRt oo
st- nment to different pH val ues. | NE, :

Fel[err] f \RAT]
PRODUCTI ON EXANPL nto ferrous sul fate aqueous solutlo’. sodlum

silicate was added in an anmount to prOV|ge a silicon contFn @ 1R

§

Y denotes -0~ or -C-0-;

A® denotes H*, Na*, NH4* or aliphatic

ammonium.

26. The magnetic toner according to Claim 23,
wherein the negative charge control agent is an N,N'-
bisarylurea derivative represented by the following

formula:

R), R R 2y,
RYH N ! ) //(R),
AN N
(R w . ﬁ RYa
0

wherein Y; and Y, independenély denote phenyl,
naphthyl or anthryl;

Ry and Ry independently denote halogen,
nitro, sulfonic acid, carboxyl, carboxylate, cyano,
carbonyl, alkyl, alkoxy or amino;

Ry and R3 independently denote hydrogen,
alkyl, alkoxy, phenyl capable of having a substituent,
aralkyl capable of having a substituent, or amino;

Rg and Rg independently denote hydrogen or C;
- C8 hydrocarbon group,

k and j are independently an integer of 0 - 3

with the proviso that both cannot be 0; and

* [ L M S *




based on the |ron content “and a caustic soda solution in an amount 1.0-1.1

times the equi vait ﬁﬁm&ﬂﬁammmus ion. to prepare an aqueous sol ution

cont ai ni ng Fe(E*D the aqueous sol ution was -ai-ned..at. pH

9. air was bl own ause oxi-d8ti on at 85[err] Cl. Hfﬁb:;;t T SHERT
The ;

sidicon-containing nagnetlc |ron oxi de particles.
resul tant suspension |iquid an agueous sol ution contalnlng fer { e
in an amount 1.1 tinmes the equivalent to the previously ad%e g???hﬁ'y’
(sodi umin the sodi unfisepfcht 8rgndndearafentlthd ©fusti ¢ spdey-was. added.
Further, while the suspension liquid was naintai ned at pkﬂB alr was blomn
thereinto to cause oxidation. followed by adjustment of th

al kal i ne side at 2 naI stag %o Lorntna et|C|g' OXIdP particles.
The produced magh tlc FoﬂagQ &% PPI5|8§ dR I e overed by

wherein the magnetic iron oxide particles are

contained in an amount of 20 - 200 wt. parts per 100

wt. parts of the binder resin.

28. A process cartridge,_comprising at least a
déveloping means and a photosensitive member;
said devéloping means and photosensitive
member being integrated into a cartridge disposed
detachably éttach;ple to an apparatus main assembly,
~ said developing means including a magnetic

toner accordin§ to any one of Claims 1 - 27.

29. An image forming method, comprising:
forming an electrostatic image on an
electrostatic image-bearing member, and
developing the electrostatic image with a
magnetic toner according to any one of Claims 1 - 27
held in a developing means to form a toner image on

the electrostatic image-bearing member.

30. The image forming method according to Claim
29, wherein the toner image on the electrostatic
image-bearing member is transferred to a transfer-

receiving material.




filtration, dried and then treated for disintegration of the aggl onerates,
I n ordinary manner. to produce magnetic iron oxide particl
COMPARATI VE PRODUCTI ON EXAMPLE 6 Spherical magnetic i roﬁ?ﬁp{!;ﬂg
havi ng a BET specific surface area of 6.8 nferr]/g were blnped-w-th.0. 8"
wt. %of silica fine powder having a BET specific surface jara,of 400 . S;
e

A TN e,

nerr]/g by means of a Mx-maller. to obtain magnetic iron oxi Bet perit 15¢
T.

-81-
ABSTRACT OF THE DISCLOSURE
A T NER, PR ARTRID

AGE FORMING METHOD

A magnetic toner is formed from a binder resin and silicon-containing magnetic iron
oxide particles. The magnetic toner has weight-average particle size of at most 13.5pm, and
the magnetic toner has a particle size distribution such that magnetic toner particles having
a particle size of at least 12.7 pm are contained in an amount of at most 50 wt. %. The
magnetic iron oxide particles have a silicon content of 0.4 -2.0 wt. % based on iron, and
the magnetic iron oxide particles have an Fe/Si atomic raﬁo of 1.2 -4.0 at the utmost surfaces
thereof. Because of the use of such magnetic iron oxide particles having a specifically
controlled overall and sirface Si contents, the magnetic toner can show stable i)erformances

even after standing in high humidity environment.

FIGURE 1
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TABLE 1

742 705

BET
Ave. Si Sur f ace Bul k surface Al Surface
Parti- size content Fe/ Si Snoot h- density area c tACﬂl_,— i]Ai -
cles ([err]m) (% ratio(XPS) ness (g/crr[err]) (n{err] gL tf"@é SHEET
ratio(XPS) Prod. Ex. 1 A 0.21 ,_1.09 1. 0. 53 1.1
10.0 - - 2 B 0. 19 1.8% 1.2 0.j43 01 APR2997
14. 6 - 3 CcC 0.21 0. 80 2.4 0. 57 1.15
9.7 -z D O\ 21 0.60 2.8 0. %9 T.09
0.2 ?743
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P 034 1.50 1.1 0. 28 - 0.80

2
Q 0.21 0. 25 4.2 0.81 1. 06 6.8
R 0. 20 2.4 09 0.28 0. 60 20. 4 -
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M co-pore Meso- pore Hyst eresis. Total pore et
sur face be%—weer’r— 7 \Moi st ure cont ent Parti- vol uffePLACE] haR Easugr*
area Ads. - oot Hok Bécn Reflk6b% 32. 5[ err] CI85% S

(nf erh-r] /9) ““““ “‘ m“‘m“ot her ns o E% (%

MAGNETIC TONER, PROCESS CARTRIDGE
AND IMAGE FORMING METHOD

This application is a continuation of application Ser. No.
08/534.922. filed Sep. 28. 1995, now abandoned; which is a
continuation of application Ser. No. 08/321.040. filed Oct. 6.
1994, now abandoned.

FIELD OF THE INVENTION AND RELATED
ART

The present invention relates to a magnetic toner for

" visualizing electrostatic images in image forming methods.

such as electrophotography and electrostatic recording. a

process cartridge including such a magnetic toner, and an
image forming method using the magnetic toner.

Hitherto. a large number of electrophotographic processes
have been known. as disclosed in U.S. Pat. Nos. 2.297.691;
3.666.363; 4.071.361 and others. In these processes. an
electric latent image is formed on a photosensitive member
comprising a photoconductive material by various means.
then the latent image is developed and visualized with a
toner. and the resultant toner image is, after transferred onto
a transfer material, such as paper. as desired. fixed by
heating. pressing. heating and pressing. etc., to obtain a copy
or a print.

Various developing methods for visualizing electrostatic
latent images; with toner have also been known. For
example. there have been known the magnetic brush method
as disclosed in U.S. Pat. No. 2.874.063; the cascade devel-
oping method as disclosed in U.S. Pat. No. 2.618.552; the
powder cloud method as disclosed in U.S. Pat. No. 2221,
776; in addition. the fur brush developing method; and the
liquid developing method. Among these developing
methods. those developing methods using a developer com-
posed mainly of a toner and a carrier such as the magnetic
brush method. the cascade process and the liquid developing
method have been widely used commercially. While these
methods provide good images relatively stably, they involve
common problems accompanying the use of two-component
developers, such as deterioration of carriers and change in
mixing ratio of the toner and carrier.

-1 THIS SHEET HAS BEEN
REPLACED




Prod. Ex. 1 A 1.1 x 10[err] 4.8 5.3 none

0.92 1.24 2 B 1.5 x 10[err] 7.2 7.3 pone
1.05 1.56 3 C 9.8 x 10[err] 4.1 REFAREMENT SHEET
0. 86 1.00 4 D 9.5 x 10[err] 4.1 A3 frefe
0.41 0. 62 5 E 9.2 x 10[err] 3.7 39 .

none 0.54 0.72 6 -2-F 1.0 x 10[erf]| TOIECWIT |
5.9 none 0. 89 1.05 7 G 1.2 Oferr] 4. b
6.7 none 0. 96 1.18 8 H 1.1 x 10[err] 5.0
5.3 none 0. 89 1.03 9 I 1.3 x rr 52
6.2 none 0. 87 1.01 10 J 1.2 x 10[err]

4.7 6.5 none 0.92 1.10 11 K 1.2 x
10ferr] 49 fn order to'Obviate such prgb?e%s various dejs/cfgpmg

methods using a one-component developer consisting only
of a toner, have been proposed. Among these, there are many
excellent developing methods using developers comprising
magnetic toner particles.

U.S: Pat. No. 3.909.258 has proposed a developing
method using an electroconductive magnetic toner, wherein
an electroconductive magnetic toner is carried on a cylin-.
drical electroconductive sleeve provided with a magnet
inside thereof and is caused to contact an electrostatic
image-bearing member having an electrostatic image to
effect development. In this method. as the development
zone, an electroconductive path is formed with magnetic
toner particles between the recording member surface and
the sleeve surface and the toner particles are attached to
image portions due to a Coulomb’s force exerted between
the image portions and the magnetic toner particles to effect
development. This method using an electroconductive mag-
netic toner is an excellent method which has obviated the
problems involved in the two-component developing meth-
ods. However, as the toner is electroconductive, there is
involved a problem that it is difficult to transfer the devel-
oped toner image electrostatically from the electrostatic
image-bearing member to a final support member such as
plain paper.

As a developing method using a magnetic toner with a
high resistivity which can be electrostatically transferred. a
developing method using a dielectric polarization of toner
particles is known. Such a method. however. involves essen-
tial problems that the developmg speed is slow and a
sufficient density of developed image cannot be obtained.

As another method using a high resxsuvny magnetic toner.
there are known methods wherein magnetic toner particles
are triboelectrically charged through friction between mag-
netic toner particles or friction between a friction member
such as a sleeve and magnetic toner particies. and then
caused to contact an electrostatic image-bearing member to
effect development. However, these methods involve prob-
lems that the triboelectric charge is liable to be insufficient
because the number of friction between the magnetic toner
particles and the friction member is small, and the charged
toner particles are liable to agglomerate on the sleeve
because of an enhanced Coulomb’s force.



12 L 1.2 x 10[err] 5.2 5.8 none 1.05

137 13 M 1.9 x 10[err] 9.8 99 yeg——m——me—dod2
1.63 14 N 1.5 x 10[err] 7.8 7.2 yes REPLACEMENT. BIEET
1.72 Conp. Prod. 1 O 1.9 x 10[err] ' 9.0 91 VES
1.12 1.75 2 P 1.3 x 10[err] 6.0 94 8 R an

yes 0.92 1.53 3 Q-36.9 x 10[err] 3. 21 8 DEC @%7. 6
none 0. 37 0.53 4 R 2.2 x 10[err] 1+-3 Q.3
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A developing method having eliminated the above
described problems has been proposed in U.S. Pat. No.
4395476 (corresponding to Japanese Laid-Open Patent
Application (JP-A) 55-18656). In this method (so-called
-“jumping developing method™). a magnetic toner is applied
" in a very small thickness on a sleeve. triboelectrically
charged and is brought to an extreme vicinity to an electro-
static irnage to effect development. More specifically. in this
method, an excellent image is obtained through such factors
that a sufficient triboelectric charge can be-obtained because
a magnetic toner is applied onto a sleeve in a very small
thickness to increase the opportunity of contact between the
sleeve and the magnetic toner; and the magnetic toner is
carried by a magnetic force. and the magnet and the toner are
relatively moved to disintegrate the agglomerate of the
magnetic toner particles and cause sufficient friction
between the toner and the sleeve.

However, the insulating toner used in the above-
mentioned developing method contains a considerable
amount of fine powdery magnetic material. and a part of the
magnetic material is exposed to the surface of a toner
particle. so that the kind of the magnetic material affects ihe
flowability and triboelectric chargeability of the magnetic
toner. thus affecting the developing performance and suc-
cessive image forming performance of the magnetic toner.

More specifically, on continuation of repetitive develop-
ing step (e.g.. for copying) for a long period in the jumping
developing method using a magnetic toner containing a
conventional magnetic material, the flowability of a devel-
oper containing the magnetic toner is lowered to fail in
providing a sufficient triboelectric charge and result in
unstable charge, thus being liable to result in image defects.
such as occurrence of fog. in a low temperature—low
humidity environment. Further, in case of a weak adhesion
between the binder resin and the magnetic material consti-
tuting magnetic toner particles. the magnetic material is
liable to be lost from the surface of the magnetic toner on
repetition of the developing step to result in adverse
phenomena. such as a lowering in toner image density.
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Further. in case where the magnetic material is ununi-
formly dispersed in magnetic toner particles. small magnetic
toner particles containing much magnetic material can be
accumulated on a developing sleeve to result in a lowering
in image density or a density irregularity called “sleeve
ghost” in some cases.

Several proposals have been made regarding magnetic
iron oxide contained in a magnetic toner.

For example. Japanese Laid-Open Patent Application
(JP-A) 62-279352 (corr. to U.S. Pat. No. 4,820.603) and

JP-A 62-278131 (comr. to U.S. Pat. No. 4.975.214) have
proposed a magnetic toner containing magnetic iron oxide
containing silicon. Such magnetic iron oxide particles con-
tain silicon disposed intentionally in the interior of magnetic
iron oxide particles. The magnetic toner containing the
magnetic iron oxide particles has left some room for
improvement regarding its flowability.

Japanese Patent Publication (JP-B) 3-9045 (corr. to EP-A
187434) has proposed to control the shape of magnetic iron
oxide particles to a spherical one by adding a silicic acid salt.
The magnetic iron oxide particles obtained by this method
contain silicon in a larger amount in their interior and in a
smaller amount at their surface. so that the improvement in
flowability of the magnetic toner is liable to be insufficient.

JP-A 61-34070 has proposed a process for producing
triiron tetraoxide wherein a hydrosilicic acid salt solution is
added during oxidization to triiron tetroxide. The triiron
tetroxide produced by the process contains silicon in the
vicinity of the surface and the silicon is present in the form
of a layer in the vicinity of the triiron tetroxide surface. As
a result. the surface of the triiron tetroxide is week against
a mechanical shock. such as friction.

In order to solve the above-mentioned problems, our
research and development group has proposed a magnetic
toner containing magnetic iron oxide particles such that the
magnetic iron oxide particles contain silicon therein and
44-84% of the total silicon is present in the vicinity of the
surfaces of the magnetic iron oxide particles (JP-A 5-72801.
corr. to EP-A 533069).
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-The magnetic toner containing the magnetic iron oxide
particles has shown an improved flowability and an
improved adhesion between the binder resin and the mag-
netic iron oxide particles. The magnetic toner has resulted in
a problem of inferior environmental characteristic, particu-

larly a deterioration in chargeability when left standing in a -

high humidity. environment. because of the localizaion of Si
at the surface and the porous structure at the surface result-
ing in an increase in BET specific surface area of the
magnetic iron oxide particles.

Further. JP-A 4-362954 (corr. to EP-A 468525) has dis-
closed magnetic iron oxide particles containing both silicon
and aluminum. JP-A 5-213620 has disclosed magnetic iron
oxide particles wherein a siliceous component is contained
and exposed to the surface thereof. However. further
improved environmental characteristics are still desired.

In recent years, diversities of performances are required of

-image forming apparatus using electrophotography. such as

copying machines and laser beam printers, and it has been
required to provide resuitant toner images showing a high
resolution and high image qualities. A toner and a process
cartridge filled with such a toner can be stored in various
environment. so that a storage stability is an important

property required of such a toner.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a magnetic
toner having solved the above-mentioned problems.
A more specific object of the present invention is to

_provide a magnetic toner providing high-density images and

showing excellent developing characteristics.

Another object of the present invention is to provide a
magnetic toner capable of providing fog-free images and
exhibiting stable chargeability even in a long term use.

A further object of the present invention is to provide a

- magnetic toner showing excellent chargeability and excel-

lent long-term storage stability even in a high-humidity
environment.
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A still further object of the present invention is to provide
a process cartridge including such a magnetic toner. and an
image forming method using such a magnetic toner.

" According to the present invention. there is provided a
magnetic toner. comprising magnetic toner particles con-
taining a binder resin and magnetic iron oxide particles;
wherein

the magnetic toner has a weight-average particle size of at
most 13.5 pym,

the magnetic toner has a particle size distribution such
that magnetic toner particles having a particle size of at
least 12.7 pm are contained in an amount of at most 50
wt. %.

the magnetic iron oxide particles have a silicon content of
0.4-2.0 wt. % based on iron. and

the magnetic iron oxide particles have an Fe/Si atomic

_ ratio of 1.2-4.0 at the utmost surfaces thereof.

According to another aspect of the present invention.
there is provided a process cartridge. comprising at least a
developing means and a photosensitive member; wherein

said developing means and photosensitive member are
integrated into a cartridge disposed detachably attach-
able to an apparatus main assembly. and

said developing means includes a magnetic toner as
described above.
According to still another aspect of the present invention,
there is provided an image forming method. comprising:
forming an electrostatic image on an electrostatic image-
bearing member. and

developing the electrostatic image with a magnetic toner
as described above held in a developing means to form
a toner image on the electrostatic image-bearing mem-
ber.

These and other objects. features and advantages of the

present invention will become more apparent upon a con- -

sideration of the following description of the preferred
embodiments of the present invention taken in conjuncuon
with the accompanying drawmgs '
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example of an
image forming apparatus suitable for image formation by
using a magnetic toner according to the invention.

FIGS. 2 and 3 are respectively a schematic illustration of
another example of an image forming apparatus suitable for
image formation using a magnetic toner according to the
invention.

FIG. 4 is a schematic illustration of a transfer apparatus.
FIG. § is a schematic illustration of a charging roller.

FIG. 6 is an illustration of a checker pattern for testing the
developing performance of a magnetic toner.

FIG. 7 is a view for illustrating an embodiment of the
process cartridge according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

A toner is required of an increased durability accompa-
nying a higher process speed and an increased number of
successively produced image sheets in an image forming
apparatus, such as a printer.

We have found it possible to obtain a magnetic toner
containing wagnetic iron oxide particles exhibiting excellent
physical properties and performances. inclusive of excellent

flowability, excellent long-term storage stability. successive
image forming characteristics and uniform dispersibility of
the magnetic iron oxide particles in the magnetic toner
particles by controlling the utmost surface state. composi-
tion and structure of the magnetic iron oxide particles.

A characteristic feature of the magnetic toner according to
. the present inveation is that it has a weight-average particle
size of at most 13.5 pm (preferably 3.5-13.5 um. more
preferably 4.0-11.0 um). has a particle size distribution such
that the magnetic toner particles having a particle size of at
least 12.7 pm occupy at most 50 wt. % (preferably at most
40 wt. %. more preferably at most 30 wt. %). and contains
a specific silicon-containing magnetic iron oxide.

THIv SBEET HAS BEEN
REPLACED
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~Separately. a commercially available | aser beam printer
I ncl udi ng an OPC photosensitive drum nfd. by Canon K K. ) was

re-nodel ed so as to change the process speed from8 sheets/mn. to 16
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In case of magnetic toner particles having a weight-
average particle size of below 3.5 pm., the flowability of the
' magnetic toner is lowered and problems. such as fog or
insufficient density. due to insufficient charge, are liable to
" be caused, even if the specific magnetic iron oxide particles
are used. Therefore. the weight-average particle size should
preferably be at least 3.5 um.

Another characteristic. feature of the magnetic toner
according to the present invention is that the magnetic iron
oxide particles therein contain silicon (Si) at a content of
0.4-2.0 wt. % (preferably 0.5-0.9 wt. %) based on the total
iron (Fe) content therein, and an Fe/Si atomic ratio of
1.2-4.0 at the utmost surfaces thereof. The Fe/Si atomic
ratio at the utmost surfaces of magnetic iron oxide particles
may be measured by X-ray photoelectron spectroscopy
(XPS). |

In case where the silicon content is below 0.4 wt. % or the
Fe/Si atomic ratio exceeds 4.0. the improving effect
(particularly in respect of flowability) for the magnetic toner
becomes insufficient. In case where the silicon content is
above 2.0 wt. % or the Fe/Si atomic ratio is below 1.2, there
result in a deterioration in environmental characteristic,

- particularly the chargeability after a long term standing in a
high-humidity environment. and also a lower successive
image forming characteristic and an inferior dispersibility of
magnetic iron oxide particles in the binder resin.

The amount of silicon at the utmost surfaces of the
magnetic iron oxide particles has a correlation with the
flowability and the hygroscopicity of the ‘magnetic iron
oxide particles. and remarkably affects the properties of the

* magnetic toner containing magnetic iron oxide particles. -
_ In a preferred embodiment of the present invention, the
magnetic iron oxide particles may have a smoothness of
0.3-0.8. preferably 0.45-0.7. more preferably 0.5-0.7. The
smoothness has a correlation with the amount of pores at the
surfaces of the magnetic iron oxide particles. A smoothness
below 0.3 means the presence of many pores at the surfaces
of the magnetic iron oxide particles, thus promoting the
moisture adsorption. '



contact-transfer systemas shown in FIG 4 and a contact- charging system
as shown in FIG 5. The re-nodel ed | aser beamprinter had a structure

.functionally identical to the one showmn in FIG 3. Regardi ng the transfer
systemshown in FIG 4, the transfer roller 2 was surfag® s aal
el ectroconductive rubber |ayer conprising EPDM (ethylen =€L¢Q eredi.ene,

"térpol ymer) containing el ectroconductive 8arbon and shoy- i ng a vol une |
resistivity of 108 ohmcm and a surface hardness of 27 degreg DIBAS \
transfer roller was driven under the conditions includingla transfer
current of 1 [err]A, a transfer voltage of +2000 V, and |artapBuiti ng
pressure of 50 g/cm Regardi ng the charging systemshdwn in ElLG 5 the
charging roller 42 as the primary charger, had an outer dianmeter of 12 nm
and conprised an el ectroconductive . .
In a preferred embodiment of the present invention. the
magnetic iron oxide particles may have a blglk density of at
least 0.8 g/cm> preferably at least 1.0 g/cm’.
In case where the magnetic iron oxide particles have a
bulk density below 0.8 g/cm’. the. physical mixability
thereof with the other toner ingredients can bq .advcrsely
affected. thereby resulting in inferior dispersibility of the

magnetic iron oxide particles.

In a preferred embodiment of the present invention. the
magnetic iron oxide particles may have a BET specific
surface of at most 15.0 m*/g. preferably at most 12.0 g/m2.
In case where the magnetic iron oxide particles have a BET
specific surface area exceeding 15.0 m*/g. the magnetic iron
oxide particles can have an increased hygroscopicity so as to
adversely affect the moisture-absorptivity and chargeability
of the magnetic toner containing the magnetic iron oxide
particles. ,

As a result of extensive study. we have found that the
hygroscopicity of magnetic iron oxide particles is related
with their surface pores. and the control of the pore volume
may be a most important factor. It is preferred that the
magnetic iron oxide particles have a pore volume of 7.0x
107°-15.0x10"2 ml/g, more preferably 8.0x107>-12:0x10™3
ml/g. at their surfaces. ‘

~ If the tota. surface pore volume is below 7.0x10™> ml/g.
the magnetic iron oxide particles can have a remarkably
lower moisture retentivity. so that the toner containing the
magnetic iron oxide particles is liable to cause a charge-up
and a lower image density in a low-humidity environment.

If the total surface pore volume exceeds 15.0x107> ml/g.
the magnetic iron oxide particles are caused to have an
increased hygroscopicity. As a result. the magnetic toner
containing the magnpetic iron oxide particles, when left
standing in a high-humidity environment. is liable to cause
moisture absorption to have a lower chargeability, thus
providing a lower image density.

The magnetic iron oxide particles used in the present
invention may preferably have a surface pore distribution



rubber | ayer 42b of EPDM and a 10 [err]mthick surface |ayer 42c of nylon
resin. The charging roller 42 showed a hardness of 54.5 degrees (ASKER-C).

The charging roller 42 was supplied with a prescribed volt g&@
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wi th an AC vol t age. Then. the above-preEar ed magneti c develioper was
printer and used if of 0 DEGeSS
formation in the followi ng manner. An OPC photo- sensitive {drjum was

I ncor- porated in the re-nodel ed | aser

primarily charged at -700 V by the charging roller 42, and ja
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| atent image for reversal devel opnent was formed thereon. The devel oper was

formed in a layer on a devel opi ng sl eeve, (containing magnet) so as to form

a clearance (300 [ ersuchythat spicrorpoptohaking atpore diametes SAHCH

opi ng

position. An AC bi a20 A provide a total specific surface area which is equal to
or smaller than that of meso-pores having a pore diameter of

at least 20 A (20 A-500 A).

The surface pore diameter of the magnetic iron oxide
particles greatly affects the moisture-absorptivity. Small
pores do not readily cause desorption of adsorbed water. In
case where the micro-pores having a pore diameter smaller
thian 20 A provide a total (specific) surface area exceeding
that of the meso-pores having a pore diameter of at least 20
A. there are present many adsorption sites from which
adsorbed moisture is not readily desorbed. so that the
magnetic toner containing the magnetic iron oxide particles
is liable to cause a lowering in chargeability. particularly
when left for a long term in a high-humidity environment,

and the chargeability cannot be readily recovered.

It is further preferred that the magnetic iron oxide par-
ticles used in the present invention may preferably be free
from a substantial hysteresis between nitrogen adsorption
and desorption isotherms. i.e., a difference in adsorbed gas
quantity of at most 4% between those on the adsorption and

desorption isotherms at an arbitrary relative pressure.

The presence of a hysteresis (i.c.. a difference in adsorbed
gas amount) on the nitrogen adsorption-desorption iso-
therms means the presence of ink bottle-shaped pores having
a narrow inlet diameter and a wider interior diameter, so that
the adsorbed substance (moisture or nitrogen) is not readily
desorbed. and the magnetic toner containing the magnetic
iron oxide particles is caused to have a chargeability which
is adversely affected particularly in a high-humidity envi-

ronment.

It is further preferred that the magnetic iron oxide par-
ticles have such a hygroscopicity characteristic as to show a
moisture content of 0.4-1.0 wt. % (more preferably
0.45-0.90 wt. %) at a temperature of 23.5° C. and a humidity
of 65% RH. and a moisture content of 0.6—-1.5 wt. % (more

preferably 0.60-1.10 wt. %) at a temperature of 32.5° C. and
a humidity of 85% RH. the moisture contents providing a
difference therebetween not exceeding 0.6 wt. % (more

_preferably not exceeding 0.3 wt. %).




(f.=1,800 Hz and Vpp=1.600 V) and a DC bias (V[err]=-500 V) were applied to
the sleeve, and an electrostatic image having a light-part potential . of
-170 V was devel oped by the reversal devel opnment node, to forma magnetic
toner inmage on the OPC photosensitive drum The thus-forned_toner imege—weas
transferred to plain paper under application of the aboveg ngntinghgaiT SHEET
positive transfer voltage, and then fixedlto the plain paper—by—passing
through a hot-pressure roller fixer. 40 DEC B

If the moisture contents are lower than the above-
mentioned ranges. the resultant magnetic toner is liable to
cause a charge-up particularly in a low-humidity environ-
ment. If the moisture contents are above the above-
mentioned ranges. the chargeability is liable to be lowered.
Further. the difference in moisture content between the
respective environments exceeds 0.6 wt. %. an undesirable
change in image forming characteristic can be caused by a
change in environmental conditions.

It is further preferred that the magnetic iron oxide par-
ticles used in the present invention have been treated with
aluminum hydroxide in an amount of 0.01-2.0 wt. % (more
preferably 0.05-1.0 wt. %) calculated as aluminum based on
the weight of the magnetic iron oxide.

While the reason has not been fully clarified as yet, it has
been confirmed that the magnetic iron hydroxide particles
_ surface-treated with aluminum oxide provide a magnetic
toner having a stabilized chargeability. However, if the
treating amount is below 0.01 wt. % (as aluminum), the
effect is scarce but. if the amount exceeds 2.0 wt. %, the
resultant magnetic toner can be adversely affected with
respect to environmental characteristics, particularly the
chargeability in a high-humidity environment.

It is further preferred that the magnetic iron oxide par-
ticles have an Fe/Al atomic ratio of 0.3-10.0 (more prefer-
ably 0.3-5.0, further preferably 0.3-2.0) at the utmost sur-
faces thereof. If the Fe/Al atomic ratio is below 0.3, the
resultant magnetic toner is liable to have inferior environ-
mental characteristics, particularly chargeability in a high-
humidity environment and. if the Fe/Al atomic ratio exceeds
10.0, the charge stabilization effect is scarce.

The magnetic iron oxide particles used in the present
invention may preferably have an average particle size of -
0.1-0.4 pm. more preferably 0.1-0.3 um.

Various physical parameters characterizing the present
invention may be measured according to the following
methods. ' ' '
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(1) Particle Size Distribution of a Magnetic Toner

The particle size distribution of a magnetic 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-II (available from Coulter
Electronics Inc.) may be used as an instrument for measure-

ment.

For measurement. a 1%-NaCl aqueous solution as an
electrolytic solution may be prepared by using a reagent-
grade sodium chloride. As a commercially available
example, it is possible to use “ISOTON (R)-II" (available
from Coulter Scientific Japan K. K.). Into 100 to 150 ml of
the electrolytic solution. 0.1 to 5 ml of a surfactant, prefer-
ably an alkylbenzene-sulfonic acid salt, is added as a
dispersant, and 2 to 20 mg of a sample is added thereto. The
resultant dispersion of the sample in the electrolytic liquid is
subjected to a dispersion treatment for about 1-3 minutes by
means of an ultrasonic disperser, and then subjected to
measurement of particle size distribution in the range of
2-40 pm by using the above-mentioned Coulter counter
Model TA-II with a 100 pum-aperture to obtain a volume-
basis distribution and a number-basis distribution. From the
results of the volume-basis distribution and number-basis
distribution, parameters characterizing the magnetic toner of
the present invention may be obtained. More specifically, the
weight-basis average particle size D, may be obtained from
the volume-basis distribution while a central value in each
channel is taken as a representative value for each channel.
Similarly. it is possible to obtain a number-average particle
size (D1) from the number-basis distribution. an amount of
course particles (£12.7 pum) from the volume-basis
distribution. and an amount of fine particles (£6.35 um)

from the number-basis distribution.
(2) Fe/Si Atomic Ratio. Fe/Al Atomic Ratio

The Fe/Si atomic ratio and the Fe/Al atomic ratio at the
utmost or very surfaces of magnetic iron oxide particles
referred to herein are based on values measured by XPS
(X-ray Photoelectron Spectroscopy). The conditions are as

- follows.
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by Tokyo Denshoku K. K).
herei nafter.

The results are shown in Table 3 appeari ng
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al so shown in Table 3.
the image form ng test was perfornmed on 4000 sheets,
printer was held in the same environnment for 3 days, and |t
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paper sheets subjected to image formati on on both sides
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Apparatus: “ESCALAB Model 200-X" (available from
VG Co.)

X-ray source: Mg Ka (300 W)

Analyzed region: 2x3 mm

'(3) Bulk Density

.The bulk densities of magnetic iron oxide particles
referred to herein are based on values measured according to
JIS K5101 (pigment test method). '

(4) Smoothness

The smoothness D of magnetic iron oxide particles may

be defined as follows:

Smoothness D=[Surface area (m?/g) of magnetic iron
oxide calculated from the average parncle size)/
[Measured BET specific surface area (m m?/g) of mag-
netic iron oxide].

(5) BET Specific Surface Area

The BET specific surface area of magnetic iron oxide may |

be measured by using a full-automatic gas adsorption tester
(“Autosorb 17, mfd. by Yuasa Ionix K. K.) and nitrogen as
an adsorption gas according to the BET multi-points
method. The sample is subjected to evacuation for 10 hours
at 50° C. as a pre-treatment.
(6) Average Diameter and Surface Area of Magnetic Iron
Oxide Particles

The values referred to hcrem are based on the following
method.

Sample magnetic iron oxide particles are photographed
through a transmission electron microscope to obtain
enlarged projection pictures at a magnification of 4x10%
From the pictures. 250 particles are taken at random and the
Martin diameter (a diameter in a fixed direction that divides
a projected area into equal halves) is measured for each
particle. The number-average value of Martin diameters of
250 particles is taken as an average particle size (Dav).

For the surface area calculation, the density of sample
magnetic iron oxide particles is measured in an ordinary
method. and the surface area of the sample is calculated
according to the following equation based on an assumption
that each magnetic iron oxide particle has a shape of sphere
having the measured average particle size (Dav).

Dot




shown in FIG 6 in the latter half of the successive inmage formation in the
hi gh tenperature-high humdity environ- ment. EXAVPLES
2-14 Magneti c toners each having a particle size distribution simlar to
that obtained in Exanple 1 were prepared in the same manner as in Exanple 1
except that the nagnetic iron oxide particles were replaced with the

magnetic iron oxide particles Bto N redfectively, prod thﬂﬁmgg glggp
Exanpl es 2-14. The magnetic toners were eval uated in the Sane’nhnher’ &s'
~in Exanple 1. The results are shown in Table 3.
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[Surface area]=6/[(density)xDav.]
(7) Pore Distribution

The adsorption-desorption isotherms. total pore volume.

. and total specific surface areas of micro-pores having a pore
diameter below 20 Aand meso-pores having a pore diameter
of at least 20 A of magnetic iron oxide particles referred to
herein are values measured in the following manner.

A full-automatic gas adsorption tester (“Autosorb 17, mfd.
by Yuasa Ionix K. K.) is operated by using nitrogen as an
adsorption gas. The measurement is performed by taking 40
points each for the adsorption and desorption within a
relative pressure range of 0—1.0. The pore diameter distri-
bution is obtained based on the t-plot method of de Boer,
Kelvin formula and B.J.H. method. Each sample is subjected
to evacuation for 10 hours at 50° C. as a pre-treatment.
(8) Moisture Content

The moisture contents of magnetic iron oxide particles
referred to herein are based on values measured in the
following manner. Magnetic iron oxide particles are placed
separately in an environment of temperature 23.5° C. and
humidity 65% R.H. and an environment of temperature
32.5° C. and humidity 85% R.H. and respectively left
standing therein for 3 days. The moisture contents of the
magnetic iron oxide samples are measured by a micro-

' quantity moisture tester (“Model AQ-6". available from
Hiranuma Sangyo K. K.) and an auto-moisture gassifier
(“Model SE-2:4". ditto) and heating each sample at 130° C.
while passing carrier nitrogen at a rate of 0.2 liter/min.
(9) Silicon Content

The silicon contents of magnetic iron oxide particles
referred to herein are based on values measured by subject-
ing a powdery sample to fluorescent X-ray analysis by using
a fluorescent X-ray analyzer (“SYSTEM 3080”. mfd. by

‘Rigaku Denki Kogyo K. K.) according to JIS KO0119
(“general rules of fluorescent X-ray analysis™).

The magnetic toner according to the present invention
may preferably contain the magnetic iron oxide in an
amount of 20-200 wt. parts, further preferably 30-150 wt.
parts, per 100 wt. parts of the binder resin.

As desired. the magnetic iron oxide particles can be
treated with silane couphng agent, titanate couplmg agent,
aminosilanes. organic silicon compounds etc.
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100 parts (Wt. ratio = 83/17, Mv = 28 x 10Q[err].

EXAMPLE 15 Styrene/ n-butyl

acryl ate
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[
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Examples of the silane coupling agent used for surface-
treatment of the magnetic iron oxide particles may include:
hexamethyldisilazane. trimethylsilane,
trimethylchlorosilane. trimethyl-ethoxysilane.
dimethyldichlorisilane. methyltrichlorosilane.
allyldimethylchlorosilane, allylphenyldichlorosilane.
benzyldimethylchlorosilane. bromomethyldimethyl-
chlorosilane. a-chloroethyltrichlorosilane. B-chloro-
ethyltrichlorosilane chloromethyl-dimethyichlorosilane,
triorganosilanemercaptan, trimethylsilyl-mercaptan. triorga-
nosilyl acrylate. vinyldimethyl-acetoxysilane,
dimethylethoxysilane. dimethyl-dimethoxysilane,

‘diphenyldiethoxysilane., hexamethyldisiloxane, 1.3-

divinyltetramethyl-disiloxane, and 1.,3-
diphenyltetramethyldisiloxane. _

Examples of the titanate coupling agent may include:
isopropoxytitanium triisostearate, isopropoxytitanium
dimethacrylate isostearate. isopropoxytitanium
tridecylbenzenesulfonate. isopropoxytitanium

" trisdioctylphosphate, isopropoxytitanium-tri-N-

ethylaminoethylaminate, titanium bisdioctylpyrophosphate
oxyacetate. titanium bisdioctylphoosphate
ethylenedioctylphosphite,. and di-n-
butoxybistriethanolaminatotitanium.

The organic silicon compound may for example be sili-
cone oil. The silicone oil may preferably have a viscosity at
25° C. of abcut 30-1.000 centi-stokes and may preferably

include. for example. dimethylsilicone oil. methylphenyl-
silicone oil. a-methylstyrene-modified ‘silicone oil. chlo-
rophenylsilicone oil. and fluorinated silicone oil.
Examples of the binder resin constituting the toner
according to the present invention may include: polystyrene;
homopolymers of styrene derivatives. such as polyvinyltolu-
ene; styrene copolymers. such as styrene-propylene
copolymer. styrene-vinyltoluene copolymer. styrene-
vinylnaphthalene copolymer. styrene-methyl acrylate
copolymer, styrene-ethyl acrylate copolymer. styrene-butyl
acrylate copolymer. styrene-octyl acrylate copolymer.
styrene-dimethylaminoethyl acrylate copolymer. styrene-
methyl methacrylate copolymer. styrene-ethyl methacrylate
copolymer, styrene-butyl methacrylate copolymer. styrene-




Tg = 60 C.) ' Magnetic iron oxide particles B 60 parts

Negati ve charge control agent A 1.5 parts Low nol
et hyl ene/ -4 parts propyl ene copolyner =~ A ble
i ngredients was nelt kneaded at 140 C. by neans of a tw n-
The kneaded product was cool ed, coarsely crushed by a ha r{m4 b pEC gy
pul verized by a jet mll. and classifi edldy a pneumatic cl asgifier fo
obtain a negatively chargeabl e magnetic toner having, a weight=average
particle size (D4) of 11.4 [err]m (containing 33 wt. % of ghetic toner

Tut _rm\gye,.‘jrgigt .
A REFLAGh B GRHEET
citew extruder.

particles of 12.7 [err]mor |arger.)

dimethylaminoethyl methacrylate copolymer. styrene-vinyl
methyl ether copolymer. styrene-vinyl ethyl ether
copolymer. styrene-vinyl methyl ketone copolymer. styrene-
butadiene copolymer. styrene-isoprene copolymer. styrene-
maleic acid copolymer. and styrene-maleic acid ester
copolymers; polymethyl methacrylate. polybutyl
methacrylate, polyvinyl acetate. polyethylene.
polypropylene. polyvinyl butyral. silicone resin. polyester
resin, polyamide resin. epoxy resin. polyacrylic acid resin,
rosin. modified rosin. terpene resin, phenolic resin, aliphatic
or alicyclic hydrocarbon resin, aromatic petroleum resin.
paraffin wax, and carnauba wax. These resins may be used
alone or in mixture. Particularly, styrene copolymers and
polyester resins may be preferred in view of developing and
fixing performances.

In the toner according to the present invention. it is also
possible to use hydrocarbon wax or ethylenic olefin
polymers. as a fixing aid. in combination with the binder
resin. _

Examples of such ethylenic olefin homopolymers or
copolymers may include: polyethylene. polypropylene.
ethylene-propylene copolymer. ethylenevinyl acetate
copolymer, ethylene-ethyl acrylate copolymer. and iono-
mers  having polyethylene skeletons. Among the
copolymers. those including olefin monomer units in a
proportion of at least 50 mol. %. particularly at least 60 mol.
%. may be preferred. _
~ The magnetic toner according to the present invention can
further contain a colorant. examples of which may include
known pigments or dyes. such as carbon black and copper-
phthalocyanine. :

The magnetic toner according to the present invention can
contain a charge control agent. For a negatively chargeable
toner, it is possible to use a negative charge control agent.
such as metal complex salts of monoazo dyes. and metal
complex salts of salicylic acid. alkylsalicylic acid. dialkyl-
salicylic acid or naphthoic acid.

Further. for a positively chargeable toner. it is possible to
use a positive charge control agent. such as nigrosine
compounds and organic quaternary ammonium salts.

Examples of the negative charge control agent may
include compounds represented by the following formulae.



100 parts of the magnetic toner and 0.6 part of hydro- phobic coll oi dal
silica treated with dinethylsilicone oil were blended by a Henschel m xer

to prepare a magnetic devel - oper. The magneti c devel ope &Qﬁaﬁ?@&@?@@?@r
the process cartridge of a |aser beamprinter ("LBP-811") haviog a -

structure functionally identical to the one shown in FIG and eval uat ed
by image formation in the same manner asl?m Exanple 1. The}r¢sul QDD 4597
shown in Table 3. EXAMPLE 16 A magmeti c toner was
prepared and eval uated in the same manner as in Exanple 15|exCTept that the

negative charge control agent A was replaced by a nonoazo ¢hronmi um conplex

(negative charge control agent) obtained by chang-
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(t-Bu denotes a t-butyl group)
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-continued
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The following three types of negative charge control
agents may be preferred as effective for combination with

the magnetic iron oxide particles used in the present inven-
tion. .

1) Monoazo iron complex salts

(Yl

Y4

A€




EXAMPLE 17 Styrene/ n-butyl acrylate 100 parts (wt .

ratio = 83/17, Mv = 30 x 10[err], Tg = 60 C.) Magnetic iron
oxi de particles C . 120 parts Negative charge control agent A
parts Low nol ecul ar wei ght et hyl ene/ 4 parts propyl ene

copol ymer From t he above ingredients. a magnetic Dav--REa
wei ght - average particle size (D4) of 5.4-[18rr]m (contal ngm @il onek

wherein

X, and X, independently denote hydrogen, lower alkyl.
lower alkoxy. nitro or halogen;

m and m' independently denote an integer of 1-3;

Y, and Y, independently denote hydrogen. C,~C,¢ alkyl.
C,—C,s alkenyl. sulfonamide, mesyl. sulfonic acid.
carboxy ester. hydroxy. C,-C,q alkoxy. C,-C,q
acetylamino. benzoyl. amino or halogen;

n and n' independently denote an integer of 1-3;

Y, and Y, independently denote hydrogen or nitro;

A® denotes H*, Na*, K" or NH,*.

2) Iron complexes with aromatic hydroxycarboxylic acid.

aromatic diol or aromatic dicarboxylic acid derivative rep-
resented by the following formula:

©

X Fe” x| ae

ke 0

wherein X denotes



% of particles of 12.7 [err]mor larger) was prepared. 100 parts of the
magnetic toner. 1.6 parts of the hydro- phobic colloidal silica treated
with silicone oil. etc., used in Exanple 1 and 0.1 part of the resin fine

- particles used in Exanple 1. were blended by a Henschel mixer to obtain_a
magneti c devel oper. The devel oper was charged in the refnﬁﬁéled Gafb{rﬁge
used in Exanple 1 and eval uated by i mage2@ ermation in the saﬂe wanner“a@ -4 n
Exampl e 1. EXAMPLE 18 A magnetic dﬁveloper was
prepared and eval uated in the sane manner as in Exanple lie cept}@ﬁ%lw?ke‘
resin fine particles as all external additive to the nagngtiic devel oper
were omtted. The devel oper showed substantially identiqal*~perfor-

capable of having a substituent. such as alkyl,

oTOT

/
Miravayg
IO
oSO
@ e e i




mances regarding the inmage density. fog and dot reproduc- ibility conpared
wth the devel oper of Exanple 1. but showed some degree of nelt- sticking
.onto the photosensi- tive drumat the final stage of successive inage
formation in the high tenperature-high humdity environnment.

EXAMPLE 19 A magnetic toner having a simlar particle size distribu- tlon
was prepared-in the same manner as in Ex&ipi e 15 excepn a £
the magnetic iron oxide particles B was reduced to 40!p f“"
parts of carbon black was added. ]

|
-continued _ |

or

N
|
R

N
[
R

(R denotes hydrogen, C,—C,¢ alkyl or alkenyl)
Y denotes —O— or -

(8]
]
~=C—=0—;

A® denotes H*, Na*, NH,* or aliphatic ammonium.
3) N.N'-bisarylurea derivative represented by the follow-

ing formula:
(RY RS RS (R?),
NI V2
Yi—N N—Y2
\ /
(R%)m c R%n



-43- The resul tant magnetic toner particles showed a saturation
magneti zation of 20.0 enu/g at a nmagnetic field of 1 kilo-oersted at room
tenperature as neasured by a tester ("VSM P-1-10", avail able.from Toei

Kogyo K K). The density was 1.42 g/cnferr]. The magnetijc ropersnway SHEST |
eval uated in the sane manner as R
-22 - . —
% 10 DET 1997
wherein
Y, and Y, independently denote phenyl. naphthyl or
anthryl; '

R, and R, independently denote halogen. nitro, sulfonic
acid. carboxyl, carboxylate, cyano. carbonyl. alkyl.
alkoxy or amino; '

R, and R, independently denote hydrogen. alkyl, alkoxy.
phenyl capable of having a substituent. aralkyl capable
of having a substituent, or amino;

Rs and R4 independently denote hydrogen or C,-C,

hydrocarbon group.
k and j are independently an integer of 0-3 with the
proviso that both cannot be 0; and

m and n are independently 1 or 2.

While the reason has not been clarified as yet, it has been
confirmed that a magnetic toner containing the magnetic
iron oxide particles used in the present invention in combi-

" nation with any one of the above-described three types of
negative charge control agents. provides images with
improved image qualities. particularly less fog.

Specific examples of the positive charge control agent
may include compounds represented by the following for-
mulae.



I n Exanpl e 15 except that the devel opi ng bias voltage was changed to a DC
bi as conponent Vdc=-450 volts super- posed with an AC bi as conponent of
Vpp=1200 volts and f=2000 Hz. Conmpared with Exanple 15, even better

i mages were obtained with little scattering, and a small {ener OIS Uy
tion was confirnmed. - COVPARATI VE EXAMPLES 1-4 I\/BQ :.CIQMWSE}_Q‘ELS:
each having a particle size distributie®3sinilar to that gbtfained in
Exanple 1 were prepared in the sane manner as in Exanple xcq@[}{:ﬂd’f@?he
magnetic iron oxide particles were replaced with the magngtijc iron oxide Jj
particles Qto R respectively, produced in Conparative Pr . anpl es

1-4. The magnetic toners were evaluated in the sane manngr

80,9
o
foﬂo
wt-+O)| (OIO
CHy
OH
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The magnetic toner according to the present invention
may preferably be mixed with inorganic fine powder or
hydrophobic inorganic fine powder, e.g.. silica fine powder
and titanium oxide fine powder alone or in combination.

The silica fine powder used ‘in the present invention can
be either the so-called “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
produced from water glass. etc. Among these, the dry
process silica is prcfcrrcd 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



as in Exanple 1. The results are shown in Table 3. COMPARATI VE
EXAMPLE 5 A magnetic toner having a wei ght-average particle size of 11.8
pm (containing 54 wt. % of particles having a particle size of 12.7 [errl
or larger) was prepared in a simlar manner as in Exanpl &ta ‘g,y §gT gutire
sanme magnetic iron oxide particles B prepared in Productji ple..2-and
evaluated in the sane manner as in ExarrpIZé -15. ARATI VE ) a-r\
EXAMPLES 6 and 7 Magnetic toners were prepared in the jsame {maEer T84 iin
Exanpl e 1 except that the magnetic iron oxide particles A lere repl aced_by
magnetic iron oxide particles S and T. ‘ e ]

t

It is preferred that the silica fine powder has been sub-
jected to a hydrophobicity-imparting treatment. For the
hydrophobicity-imparting treatment, the silica fine powder
may be chemically treated with, e.g.. an organic silicon
compound which reacts with or is physically adsorbed by
the silica fine powder. A preferred method includes steps of
treating dry-process silica fine powder produced by vapor-
phase oxidation of silicon halide with a silane coupling
agent and, simultaneously therewith or thereafter, treating
the silica fine powder with an orgamc silicon compound.
such as silicone oil.

Examples of the silane coupling agent used for the
hydrophobicity imparting treatment of the silica fine powder
may include: hexamethyldisilazane, trimethylsilane,
trimethylchlorosilane, trimethylethoxysilane,
dimethyldichlorisilane. methyltrichlorosilane,
.allyldimethylchlorosilane, allylphenyldichlorosilane,
benzyldimethylchlorosilane, bromomethyldimethyl-
chlorosilane. o-chloroethyltrichlorosilane, B chloro-

- ~ethy11:r1chloros11ane chloromethyldxmcthylchlorosﬂane
triorganosilanemercaptan. trimethylsilyl-mercaptan, triorga-
nosilyl acrylate, vinyldimethyl-acetoxysilane,
dimethylethoxysilane. dimethyl-dimethoxysilane,
diphenyldiethoxysilane. hexamethyldisiloxane. 1.3-
divinyltetramethyldisiloxane. and 1.3-
diphenyltetramethyldisiloxane. ‘

The organic silicon compound may for example be sili-
cone oil. The silicone oil may preferably have a viscosity at
25° C. of about 30-1.000 centi-stokes and may preferably
include, for example, dimethylsilicone oil. methylphenyl-
silicone oil. o-methylstyrene-modified silicone oil. chlo-
rophenylsilicone oil. and fluorinated silicone oil.

The treatment with silicone oil may be performed. e.g.. by
directly mixing the silica fine powder treated with silane
coupling agent with silicone oil by a mixer such as a
Henschel mixer, by spraying silicone oil onto the silica fine
powder, or by mixing a solution or dispersion of silicone oil
in an appropriate solvent with the silica fine powder. fol-
Jlowed by removal of the solvent.

This Sheet Has Been Replaced

AT II

THIS SHEET HAS BEEN
REPLACED
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respectively, produced in Conparative Production Exanples 5 and

-25-

It is preferred that silica fine powder is treated with
dimethyldichlorosilane, then with hexamethyldisilazane and
then with silicone oil. In this way. it is preferred that silica
fine powder is first treated with at least two silane coupling
agents and then with an oil. in order to provide an effectively
increased hydrophobicity. o o

The above-mentioned hydrophobicity-imparting treat-
ment or silica fine powder may be equally app}lcaple alsq to
titanjum oxide fine powder. and the treated titanium oxide
fine powder may be equally preferably used in the present
invention. ] .

An external additive other than silica or titanium oxide
fine powder may be added. as desired, to the magnetic toner
according to the present invention.

Examples of such an external additive may include resin
fine particles and inorcanic fine particles functioning as a
chargeability improy::r. an electroconductivity-imparting
agent, a flowability improver. an anti-caking agent. a release
agent at the time of hot roller fixation. a lubricant. an

abrasive. etc.

Such resin fine particles may preferably have an average
particle size of 0.03-1.0 pm. Such resin fine particles may be
constituted by polymerization of a monomer. examples of
which may include: styrene monomers. such as styrene.
o-methylstyrene. m-methylstyrene. p-methylstyrene.
p-methoxystyrene. and p-ethylstyrene; unsaturated acids.
such as acrylic acid and methacrylic acid; acrylates. such as
methyl acrylatz. ethyl acrylate. n-butyl acrylate. isobutyl
acrylate. n-propyl acrylate. n-octyl acrylate. dodecyl
acrylate. 2-ethylhexyl acrylate. stearyl acrylate,
2-chloroethyl acrylate. and phenyl acrylate; methacrylates.
such as methyl methacrylate. ethyl methacrylate. n-propyl
methacrylate. n-butyl methacrylate, isobutyl methacrylate,

. n-octyl methacrylate. dodecyl methacrylate, 2-ethylhexyl

methacrylate. stearyl methacrylate. phenyl methacrylate,
dimethylaminoethyl methacrylate, and diethylaminoethyl
methacrylate; acrylonitrile. methacrylonitrile, and acryla-
mide.

The polymerization inay be performed according to sus-
pension polymerization. emulsion polymerization. soap-free
polymerization, etc. It is particularly preferred to use resin
fine particles obtained through soap-free polymerization.



The magnetic toners were evaluated in the same manner as in Exanple 1. The

results are also shown in Table 3. Conpared with the nagnetic toner of

Exanple 1. the nagnetic toners provided | ower image densities of 1.14 an

1.12. respectively, after standing for 3 days in the high e
hum dity environnent. : ACEMEY
-26 -

The resin fine particles may preferably be added in am
amount of 0.005-5 wt. parts. more preferably 0.01-2 wt.
parts, per 100 wt. parts of the magnetic toner particies.

The resin fine particles having the above-mentioned char-
acteristic have been confirmed to exhibit a remarkable effect
of preventing toner sticking onto a photosensitive member in
a system using a contact charger in the form of a roller. a
brush. a blade. etc.. as a primary charger.-

Exarples of other additives may include: lubricants. such
as polytetrafluoroethylene. zinc stearate: and polyvinylidene
fluoride. of which polyvinylidene fluoride is particularly
preferred; abrasives. such as cerium oxide. silicon carbide.
and strontium titanate, of which strontium titanate is par-
ticularly preferred; flowability-improvers. such as titanium
oxide and aluminum oxide. which may have preferably been
hydrophobicity-imparted; anticaking agents;
electroconductivity-imparting agents, such as carbon black.
zinc oxide. antimony oxide. and tin oxide. It is also possible
to add white and black fine particles having a chargeability
to a polarity opposite to that of the toner particles. as a
developing characteristic-improving agent.

The inorganic fine powder or hydrophobic inorganic fine
powder to be mixed with the magnetic toner may preferably
be added in a proportion of 0.1-5 wt. parts, more preferably
0.1-3 wt. parts, per 100 wt. parts of the magnetic toner
particles. .

The magnetic toner according to the present invention
may-be produced by sufficiently mixing the magnetic iron
oxide particles with a thermoplastic binder resin. like those
enumerated hereinbefore. and optionally. a pigment or dye
as colorant. a charge controller, another additive. etc., by
means of a mixer such as a ball mill, etc.; then melting and
kneading the mixture by hot kneading means such as hot
rollers. kneader and extruder to disperse or dissolve the
magnetic iron oxide particles and the pigment or dye. and
optional additives, if any. in the melted resin; cooling and
pulverizing the mixture; and subjecting the powder product
to precise classification to form the magnetic toner particles
according to the present invention.

Alternatively. it is also possible to provide a magnetic
toner through polymerization. According to the polymeriza- |
tion method, a polymerizable monomer, magnetic iron oxide
particles, a polymerization initiator, and optionally a
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crosslinking agent, a charge control agent and other
additives. as desired. may be uniformly dissolved or dis-
persed to form a monomer composition. Then. the monomer
composition or a preliminarily polymerized product thereof
is dispersed in a continuous phase (e.g.. of water) by means
of an appropriate stirrer, and then subjected to polymeriza-
tion to recover magnetic toner particles having a desired
particle size. In case of producing the magnetic toner accord-
ing to the polymerization method. it is preferred to subject
the magnetic iron oxide particles in advance to a
hydrophobicity-imparting treatment.

Then. some description will be made regarding the struc-
ture and production process of the magnetic iron oxide used
in the present invention. The magnetic iron oxide particles
used in the present invention contain silicon both at their
interiors and surfaces.

When magnetic iron oxide particles prepared in Examples
of the present invention described hereinafter were exam-
ined with respect to inner silicon distribution by a gradual
dissolution analysis, the silicon was found to be present from
the central core of each magnetic iron oxide particle and the
content thereof was found to increase near the surface with
an inclination.

Further. in the magnetic iron oxide particles treated with

‘aluminum hydroxide. the resultant aluminum element is

basically present at only the surface and a superficial layer
of each magnetic iron oxide particle.

The silicon-containing magnetic iron oxide used in the
present inveition may for example be produced through a
process described below.

As a basic reaction process, a ferrous salt aqueous solu-
tion and an alkali hydroxide aqueous solution in an amount
of 0.90-0.99 equivalent to Fe?* contained in the ferrous salt
aqueous solution. are reacted to form an aqueous reaction
liquid containing ferrous hydroxide colloid. which is then
acrated with an oxygen-containing gas to form magnetite
particles. In this instance. a water-soluble silicic acid con-
taining silicon in a proportion of 50-99 wt. % of the total
silicon (0.4-2.0 wt. %) to be contained in the objective
magnetic iron oxide is added in advance to either the alkali
hydroxide aqueous solution or the reaction liquid containing
ferrous hydroxide colloid. and the aeration is performed by
passing the oxygen-containing gas for oxidation into the




Dav[err] Content of [err]12.7 [err]m N.T.-N H HT.

H. H. after reproducibility _(_[_er-H-:ﬁT“,‘ PR
(Ww. % Merr] Initial Final L.T.-L.H Initial MedilurdeLAfeFingl
4000 sheets HT - HL 1 6.7 A ‘
A 1.46 1.45 1.45 1.41 137 136 1.8(%

6.8 0.4 B 1. 428 . 46 1. 47 1

136 1.6 o[ err] 3 6.9
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0.4 - D 1.43 1.40 1.42 1.40 137 1. .

o 5 6.8 0.4 E 1.42 1.40 1.42

138 134 137 2.2 o[err] 6 6.7

0.2 F 1.46 _1.46 1.47 . .42, .. 139 0.8

0 7 6reaction liquid while heating &}C, %Gmd at §§ﬁ‘fpo}5 Cl 1. 45

1.40 136 135 theby producing silicon-cogtaining; magnetic irq gxide

1.1 H partick§ fromithe ferfows7hydraxids colloid /Bhereaftensam . 6

0 alkali hydroxide aqueous solution in an amount of at least

s SO BN
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e

1.00 equivalent to Fe*" remaining in the suspension liquid
after the oxidation and a water-soluble silicic acid salt
containing silicon in the remaining amount [i.e.. 1-50% of
the total content (=0.4-2.0 wt. %)]. are added to the sus-
pension liquid, followed by further heating at 85°-100° C.
for oxidation, to produce silicon-containing magnetic iron
oxide particies. . - .

- Then. in the case of effecting the treatment with aluminum
hydroxide. into the alkaline suspension liquid containing the
silicon-containing magnetic iron oxide particles. a water-
soluble aluminum salt is added in an amount of 0.1-2.0 wt.
% (calculated as aluminum) with respect to the produced
magnetic iron oxide particles. Thereafter. the pH of the
system is adjusted to 6-8 to deposit aluminum hydroxide at
the surfaces of the magnetic iron oxide particles. Then. the

- product is subjected to filtration, washing with water. drying
and disintegration to form magnetic iron oxide particles used
in the present invention. In order to adjust the smoothness
and specific surface area. the magnetic iron oxide particles
may preferably be subjected to a post-treatment. e.g.. by
Mix-maller, for applying compression and shearing forces.

The silicic acid to be added for producing the magnetic
iron oxide particles may for example be a silicic acid salt.
such as commercially available sodium silicate. or silicic
acid, such as silicic acid sol formed. e.g.. by hydrolysis.

The water-soluble aluminum salt may for example be
aluminum sulfate.

As the ferrous salt. for example. it is possible to use iron
sulfate generally by-produced in the sulfuric acid process for
producing titanium or iron sulfate by-produced in surface
washing of steel plates. It is also possible to use iron
chloride, etc.
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11A4 embodiment oBthe image forming méthod will 4w be 43
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A photdsensitive 1
a poignaryscharger 702. subjected to image-scamning wi
laserolight 705 to femniasdigital latent image. andothe
resultant latent imagelisdggvetsely developéd withla 42ono-
componéiit rrhagneﬁ%’ @BvelopeF710 comprising a ma%n&ic
tofier* 1n ziL'cijxlelopillg4§ppara§us40109 iéf cornﬂn'i s %
developing sleeve 704 equipped with a magnetic blade 711
and enclosing a magnet. In the developing zone, the elec-
troconductive support of the photosensitive drum is
grounded. and an alternating bias. pulse bias and/or DC bias
is applied to the developing sleeve 704 by a bias voltage
application means 712. 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) by a
~ roller transfer means 2 connected to a voltage supply 3.
" whereby the developed image (toner image) on the photo-

sensitive drum is transferred to the transfer paper P by the

contact transfer means 2. Then. the transfer paper P is

separated from the photosensitive drum 1 and subjected to

fixation by means of a hot pressing roller fixer 707 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
cleaning means 708 comprising a cleaning blade. It is also
possible to omit the cleaning step in case where the residual
developer i little in amount. The photosensitive drum 1
after the cleaning is subjected to erase-exposure for dis-
charge by erasure means 706 and then subjected to a

repeating cycle commencing from the charging step by the

primary charger 702.

6
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2 6.7 0.4 P 1.42

1.29 131 2.5 [err] 3

Q 1.35 136 1. 27 1.35 1.27 1.23 3

4 6.8 0.7 R 1

1.21 1.28 3.4 [err] 5

B 1.41 139 1.27 1.35 1.20-30-1. 18 5.

6 6.7 03 S 1.4

1.18 1.14 3.1 [err] 7

0.4 T 1.40 139 132 1.35

[err] *Some notes to this table are given in the follgmﬁng page

Notes to Table 3 [err]Dav. = weight-average particle stier=o et
toner ([err]m. [err]MO = gnetlc |ron oxi de particles. [err]The
fol | owi ng abbr evi at i ohRe sphatesersitivee dramp delectrostatici image ndi tions

for the successive menperj drcorhprises agphotosensitive layeir.and a coadued

tenperature - nor ”Bdlv&bﬂbs&étﬁ dn&r&hﬁsrﬂl the dir€&forRofithe arrobk. The H. H.

| ow t enperature - Iow

| hi gh tenperature - ﬁg ﬁézleo ﬁl'm%s% n&ﬁ% EnH:ié cylinder -

as a toner- mber rotates 50 as to move in the same
direction as the photosensmve drum 1 surface at the devel-
oping zone. Inside the non-magnetic cylinder sleeve 6. a
multi-pole permanent magnet (magnet roll) as a magnetic
field generating means is disposed so as not to rotate. The
monocomponent insulating magnetic developer 710 in the
developing apparatus 709 is applied onto the non-magnetic
cylinder sleeve 704 and the toner particles are provided with,

‘e.g., a negative triboelectric charge due to friction between

the sleeve 704 surface and the toner particles. Further, by
disposing the magnetic blade 711. in the vicinity of (with a
spacing of 50-500 um) from the sleeve surface. the thick-
ness of the developer layer is regulated at a thin and uniform

- thickness (30-300 pum) which is thinner than the spacing

between the photosensitive drum 1 and the developing
sleeve 704 at the developing zone. so that the developer
layer does not contact the photosensitive drum 1. The
rotation speed of the sleeve 704 is so adjusted that the
circumferential velocity of the sleeve 704 is substantially
equal to or close to that of the photosensitive drum surface.
It is also possible to constitute the magnetic doctor blade 711
functioning as a counter magnetic pole with a permanent
magnet instead of iron. In the developing zone, an AC bias
or a pulsed bias may be applied to the sleeve 704 by the

biasing means 712. The AC bias may preferably comprise
f=200—000 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 surface of the photosensitive drum 1 and
the AC bias or pulsed bias.

Another embodiment of the unage forming apparatus
according to the present invention is described with refer-
énce to FIG. 4.




[err]"Mediun stands for a state inmediately after commencenent of inmage
formation after standing for 3 days in the high tenperature - high
hum dity environment. [err] Dot reproducibility was eva] Dy.the
reproduci bility of a checker pattern as showmn in FIG 7 N@ER&W’Q@*&QQ.@HH-
square dots each nmeasuring 80 [err]mx 50 [err]m by s, W@n a:hr,,ough
a mcroscope while noticing the clear ness 3df- the i nage p 5
scattering to the non-i mage parts, and the nunber of d t ‘%F»a”k"? Gf
bl ack dots. The synbols denote the followi ng results: Olless than *%
defects/ 100 dots = "o[err]: 3-5 defects/ 100 dots [errfi: 6-10 defect sTiOG
dots x: 11 or nore defects/100 dots
- It is also possible to replace the magnetic doctor biade 711
with an elastic blade formed of an elastic material. such as
silicone rubber. so as to apply the developer onto the
developing sleeve while regulating the thickness of the
resultant developer layer by a pressing force.

FIG. 2 shows an embodiment of the image forming
apparatus including a contact-charging means 742 supplied
with a voltage from a bias voltage application means 743
and a corona transfer means 703.

FIG. 3 shows an embodiment of the image forming
apparatus including a contact chargmg means 742 and a
contact transfer means 2.

FIG. 4 shows a detail of a contact transfer system (as used
in the image forming apparatus shown in FIGS. 1 and 3).
including a transfer roller which basically comprises a core
metal 2z and an electroconductive elastic layer 25 surround-
ing the core metal 24. The transfer roller 2 is used to press
a transfer material against the surface of the photosensitive
drum 1 at a pressing force. The transfer roller 2 rotates at a
peripheral speed which is equal to or different from that of
the photosensitive drum 1. A transfer material (such as
paper) is conveyed through a guide 4 to between the
photosensitive drum 1 and the transfer roller 2. where the
transfer roller is supplied with a bias voltage of a polarity
opposite to that of the toner from a transfer bias voltage
supply 3 so that the toner image on the photosensitive drum
1 is transferred onto the face side of the transfer material.
Then, the transfer material carrying the transferred toner
image sent through a guide S to a fixing device.

The electroconductive elastic layer 20 may preferably
comprise an elastic material, such as urethane rubber or
ethylene-propylene-diene terpolymer (EPDM). containing
an electroconductive filler. such as conductive carbon.. dis-
persed therein and having a volume resistivity in the range
of ca. 10°~10*° ohm.cm.

Preferred transfer conditions may include a roller abutting
pressure of 5-500 g/cm.and a DC voltage of 10.2—+10 kV.

FIG. § shows a detail of a contact-charging system (as
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particles;
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Wiat is clained is: 1. A magnetic toner conprising _
magnetic toner particles containing a binder resin and magnetic iron oxide
t he magnetic toner has a wei ght-average particle size

wher ei n

. on the drawing).
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used in image forming apparatus shown in FIGS. 2 and 3).
The system includes a rotating drum-shaped electrostatic
image bearing member (herein, simply referred to as “pho-
tosensitive drum™) 1. which basically comprises an electro-
conductive support layer la of, e.g.. aluminum. and a
photoconductor layer 15 coating the outer surface of the
support layer 1a. and rotates at a prescribed peripheral speed
(process speed) in a clockwise direction (in the case shown
The photosensitive drum 1 is charged with a charging
roller 42 which basically comprises a core metal 42a. an
electroconductive elastic layer 426 surrounding the core
metal 42q, and a surface layer 42¢. The charging roller 42 is
pressed against the surface of the photosensitive drum 1 at -
a pressing force and rotates so as to follow the rotation of the
photosensitive drum 1. The charging roller 42 is supplied
with a voltage from a bias voltage application means E,
whereby the surface of the photosensitive drum 1 is charged

- to a prescribed potential of a prescribed polarity. Then. the

photosensitive drum 1 is exposed imagewise to form an

electrostatic image thereon. which is then developed into a
visual toner image by a developing means.

Preferred process conditions of such a charging roller may
for example comprise a roller abutting pressure of 5-500
g/cm and a combination of an AC voltage of 0.5-5 kVpp and
frequency of 50 Hz to 5 kH and a DC voltage of +0.2—+1.5
kV in case of DC-AC superposed voltage application or a
DC voltage of £0.2—+5 kV in case of DC voltage applica-
tion.

The charging roller (and also a charging blade) may
preferably comprise an electroconductive rubber and can be
surfaced with a release film. which may for example com-
prise nylon resin, PYDF (polyvinylidene fluoride). or PYDC
(polyvinylidene chloride). _

FIG. 7 shows an embodiment of the process cartridge
according to the invention. The process cartridge includes at
least a developing means and an electrostatic image bearing
member integrated into a form of a cartridge. which is
detachably mountable to a main assembly of an image
forming apparatus (such as a copying machine and a laser
beam printer).




nost 13.5 pm the magnetic toner has a particle size distribution such

Ehat]nagnetic toner particles having a particle size of at | east _12.7
[err]mare contained in an anount of at nobst 50 w. 9 AE i

i ron oxide particles have a silicon content of 0.4-2.0F§EE§§E§2§2§i%5

i ron; the magnetic iron oxide particles have an Fe/Si" atlonic ratio

of 1.2-2.8 at the utnmost surfaces thereef33- the magnetic |i rlon1d&kP8& B7
particles have a snoot hness of 0.45-0.7; and t he gnetic iron oxide
particles have - an al um num content fromO to 0.8 w. [% based on iron.

2. The magnetic toner according-to claim11. wherein the netic. iron.oxide.

particles have a bupk @lendrh¥oiméit, | £3fbcess cartridge is shown to
integrally include a developing means 709, a drum-shaped
electrostatic image-bearing member (photosensitive drum)
1. a cleaner 708 having a cleaning blade 7084, and a primary
charger (charging roller) 742.

In the cartridge of this embodiment. the developing means
709 comprises a magnetic blade 711 and a toner 760
containing a magnetic toner 710. The magnetic toner is used
for development in such a manner that a prescribed electric
field is formed between the photosensitive drum 1 and a
developing sleeve 704. In order to perform the development
suitably. it is very important to accurately control the spac-
ing between the photosensitive drum 1 and the developing
sleeve 704.

Hereinbelow. the present invention will be described
more specifically based on Production Examples of mag-
netic iron oxide and Examples of toner. In the following
description. “parts” and “%” used to describe compositions
are all by weight unless otherwise noted specifically.

PRODUCTION EXAMPLE 1

Into a ferrous sulfate aqueous solution, a sodium hydrox-
ide aqueous solution in an amount of 0.95 equivalent to Fe**
contained therein was added and mixed. to form a ferrous
salt aqueous solution containing Fe(OH)..

Then, to the solution. sodium silicate was added in an
amount containing 1.0 wt. % of silicon with respect to the
iron in the solution. Then. the resultant ferrous salt aqueous
solution containing Fe(OH), was aerated with air at 90° C.
to cause oxidation at a pH of 6-7.5 thereby forming a
suspension liquid containing silicon-containing magnetic
iron oxide particles.

Then. to the suspension liquid. a sodium hydroxide aque-
ous solution in an amount of 1.05 equivalent to the remain-
ing Fe?* in which sodium silicate containing 0.1 wt. % of
silicon with respect to iron was dissolved. was added, and
the system was heated at 90° C. to effect oxidation under a
condition of pH 8-11.5. thereby further forming silicon-
containing magnetic iron oxide particles.



0.8 g/cnferr]. 3. The magnetic toner according to claim1l1, wherein the

magnetic iron oxide particles have a BET specific surface area of at nost

15.0 nferr]/g. = 4. The nmagnetic toner according to claimi. g
magnetic iron oxide particles have an Fe/Al atomc ratio of U.dx
ut nost surfaces thereof. 5. The magnetic toner accordingjt cI aim 1.

wherein the magnetic iron oxide particl es3#ave a bul k density ot QfET &53%
0.8 g/cnferr] and a BET specific surface area of at nost 1%.® nferr]/g. §
6. The magnetic toner according to claim5, wherein the magnetic rron oXxide
particles have been treated with an al um num conpound. 7L Ihe nagnetic

toner according to cl &he@sultiey magnetie iron oxide particles were washed.,
- filtered and dried in an ordinary manner, and then subjected
to disintegration of the agglomerates thereof by a Mix-
maller, whereby the agglomerates were dlsmtegratcd into
primary particles under application of comprcssmg and
shearing forces. and the surfaces of the magnetic iron oxide
particles were smoothened. As a result, magnetic iron oxide
- particles A having propcrtxes shown in Tables 1 and 2 were
obtained. The magnctlc iron oxide particles showcd an
average paxtxcle size of 0.21 pm.

PRODUCTION EXAMPLES 2-6

Magnetic iron oxide particles B~F were prepared in the
same magnner as in Production Example 1 except for adding
different amounts of silicon.

PRODUCTION EXAMPLE 7

Magnetic iron oxide particles G were obtained in the same
manner as in Example 6 except that the disintegration
treatment was performed by a pin-mill. The magnetic iron
oxide G showed a lower smoothness and a larger BET
specific surface area compared with the magnetic iron oxide
particles F.

PRODUCTION EXAMPLES 8-12

Magnetic iron oxide particles H-L were prepared in the
same manner as in Example 3 except that prescribed differ-
ent amounts of aluminum sulfate were respectively added to
the slurry (or suspension liquid) before the filtration. fol-
lowed by adjustment of pH to 68 to surface-coat the
magnetic iron oxide particles with aluminum hydroxide. and
post treatment in the same manner as in Example 3including
the d.lsxntegratxon by a Mix-maller.

PRODUCI'ION EXAMPLES 13 and 14

Magnetic iron oxide particles M and N were prepared in
a similar manner as in Example 1 but all the prescribed
amounts of silicon were added for the first stage reaction and
the pH for the reaction was changed to 8-10.



magnetic iron oxide particles have an Fe/Al atomc ratio of 0.3-10.0 at the
ut nost surfaces thereof. -47-
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COMPARATIVE PRODUCTION EXAMPLES 14

Magnetic iron oxide particles Q-R were prepared in a
similar manner as in Example 1. but all the prescribed
amounts of silicon were added for the first stage reaction and
the sodium hydroxide aqueous solution was added in
amounts exceeding 1 equivalent to Fe**. followed by adjust-
ment to different pH values.

COMPARATIVE PRODUCTION EXAMPLE 5

Into ferrous sulfate aqueous solution. sodium silicate was
added in an amount to provide a silicon content of 1.8%
based on the iron content. and a caustic soda solution in an
amount 1.0-1.1 times the equivalent to the ferrous ion. to
prepare an aqueous solution containing Fe(DH)..

" While the aqueous solution was maintained at pH 9. air
was blown thereinto to cause oxidation at 85° C.. to form
silicon-containing magnetic iron oxide particles.

Then. into the resultant suspension liquid. an aqueous
. solution containing ferrous sulfate in an amount 1.1 times
the equivalent to the previously added alkali (sodium in the
. sodium silicate and sodium in the caustic soda) was added.
_ Further, while the suspension liquid was maintained at pH &,
air was blown thereinto to cause oxidation. followed by -
adjustment of the pH to a weak alkalline side at the final
 stage. to form magnetic iron oxide particles. The produced
magnetic iron oxide particles were washed. recovered by
filtration. dried and then treated for disintegration of the
agglomerates. in ordinary manner. to produce magnetic iron
oxide particles.

COMPARATIVE PRODUCTION EXAMPLE 6

Spherical magnetic iron oxide particles having a BET
specific surface area of 6.8 m?/g were blended with 0.8 wt.
% of silica fine powder having a BET specific surface area
of 400 m?*/g by means of a Mix-maller. to obtain magnetic
iron oxide particles T.



8. The magnetic toner according to claim11. wherein the nmagnetic toner has
a wei ght -average particle size of 3.5-13.5 [err]mand contains at nost 40
wt. % of magnetic toner particles having a particle size of at Ieast 12.7

[err]m 9. The nmagnetic toner according to claim8. whereigf Lo
toner has a wei ght-average particle size of 4.0-11.0 [err]m ' am‘s a"t T
‘nost 30 wt. % of magnetic toner particl-3 having a particle é‘“O‘f"“at“mw*w;
| east 12.7 [err]m 10. The magnetic toner according to cla rFZ- 933""
the magnetic iron oxide particles have a silicon content of 0.5-?). “Wt"“d
based on iron. - 11. The magnetic toner according to claim{. |
magnetic iron oxide particles have been treated with alum - {num hydrOX| de

in an anount of 0.5-1.0 w. % cal cul ated as al unm num and hay
atomic ratio of 0.3-5.0 at the

TABLE 1

BET
 Ave. Si Surface Bulk surface Al Surface
Parti- size content  Fe/Si Smooth- density area content Fe/Al
cles (um) (%) ratio(XPS) ness (g/em®) (m¥g) (%) ratio(XPS)

Ex.
1 A 021 109 . 18 0.53 1.10 10.0 —_ -
2 B 019 1382 1.2 041 1.12 14.6 — —_
3 C 021 0380 24 0.57 1.15 . 9.7 —_ —_
4 D 021 060 28 0.59 1.09 9.2 - —_
5 E 020 048 35 0.65 1.00 8.7 _ _—
6 ~ F 021 118 1.6 0.53 1.16 10.1 —_ —_
7 G 021 1.8 1.6 0.48 0.85 11.5 _ —_
8 H 021 030 24 - 0.60 1.10 9.1 0.25 14
9 I 021 080 24 0.59 1.11 9.3 0.05 8.7

10 J 021 080 24 . 056 1.10 9.8 0.80 095

11- K 021 080 24 0.52 112 10.5 152 032

12 L 021 080 24 0.50 1.08 11.0 220 0.20

13 M 021 1.68 12 0.29 075 - 189 —_ —_

14 N 025 0387 13 031 0.81 14.8 —_ —_

Comp. :

Prod.

Ex. -
1 O 021 168 10 0.30 0.65 18.3 — —
2 P 034 150 1.1 0.28 0.80 120 —_ —_
3 Q 021 025 4.2 0.81 1.06 6.8 —_ —_
4 R 020 24 09 0.28 0.60 204 - —
S s 021 18 0.8 0.24 0.49 23.0 —_— _
6 T 023 080 0.0s5 0.51 1.04 9.7 —_ -—




ut nost surfaces thereof. 12. The magnetic toner according to claim 11.
wherein the magnetic iron oxide particles have an Fe/Al atonmic ratio of
0.3-2.0 at the utnost surfaces thereof. 13. The magnetic toner according
to claim1. wherein the magnetic iron oxide particles have a bulk densi.ty
of at least 1.0 g/cnferr], a BET specific surface area of I &z ptggngj
nferr]/g, and an average partlcle size e37G.1-0.4 [err]Im{ . Qs
magneti c toner according to claim 13. wherein the nagneti:'
particles have a snoot hness of- 0.5-0.7 and an average parii
0.1-03 [err].m 15.- The magnetic toner according to clailn
magnetic iron oxide particles have a total surface pore v
7.0x10[err]-15.0x10[err] m/g. 16. The magnetic toner a¢cording.t-Q—et-et4T
15. wherein the . '

TABLE 2
: Micro-pore  Meso-pore Hysteresis
Total pore  surface surface  between ____ Moisture content
Parti- volume area area Ads.-Des 23.5°CJ65% 325°CJ/85%
cles (mlg) (m?/g) (m?/g) isotherms (%) (%)
Prod.
Ex.
1 A llx102 4.8 53 - none 092 1.24
2 B 15x102 7.2 73 ' none 1.05 1.56
3 C 98x10° 4.1 52 none 0.86 1.00
4 D 95x107° 4.1 43 none - 041 0.62
5 E 92x107° 3.7 39 _none 0.54 072
6 F 10x1072 39 59 none 0.89 1.05
7 G 12x102 45 6.7 none 0.96 1.18
8 H 11x107? 50 53 none 0.89 1.03
9 I 13x10? 52 6.2 none 0.87 - 101
10 I 12x10? 4.7 6.5 none 0.92 1.10
1 K 12x10? 49 59 none 0.98 1.23
12 L 12x102 52 58 none 1.05 137
13 M 19x1072 98 99 yes 1.12 . 1.63
14 N 15x10? 7.8 7.2 yes 1.03 172
Prod.
Ex.
1 0 19x107? 9.0 9.1 yes 1.12 175
2 P 13x1072 6.0 59 yes 0.92 1.53
3 Q 69x10° 32 3.6 none 0.37 0.53
4 R 22x102 113 9.3 yes 1.17 1.89
5 S 25x1072 12.5 10.5 yes 1.20 201
6 T 1.1x102 4.7 50 none 1.10 1.82




magnetic iron oxide particles have a total surface pore vol une of

8.0x10[err]-12.0x10[err] m/qg. 17. The magnetic toner accqrdipg.to..claim ——
1. wherein the magnetic iron oxide particles have a surface p@;g m*st?*i“bﬂ' T
tion such that mcro-pores having a pore dianeter smaller tha “ﬁt"“pPUVTdE"

a total specific surface area which is equal to or snmaller tihan t@bwgfqe
meso- pores having a pore dianmeter of at &8st 20 [err]. s

Styrene/2-ethythexylacrylate copolymer 100 parts
{(copolymerization wt. ratio = 88/12;

Mw = 24 x 104, Tg = 60° C.)

Magnetic iron oxide particles A

Low-molecular weight ethylene/ 1(14) %
propylene copolymer '
Negative charge control agent A ‘ 2 parts
(monoazo iron complex represented by the :
following formula)

NH®

A blend of the above ingredients was melt-kneaded at
140° C. by means of a twin-screw extruder. The kneaded
product was cooled. coarsely crushed by a hammer mill,
finely pulverized by means of a jet mill. and classified by a
fixed-wall type pneumatic 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 (Elbow Jet Classifier available from Nittetsu
Kogyo K. K.). thereby to obtain a negatively chargeablc
magnetic toner having a weight-average particle size (D) of
6.8 um and containing 0.2 wt. % of magnetic toner particles
of 12.7 ym or larger.

100 wt. parts of the magnetic toner, 1.2 wt. parts of
“hydrophobic silica fine powder treated successively with
dimethyldichlorosilane, hexamethyldisilazane and silicone
oil, and 0.08 wt. part of styrene-acrylic copolymer resin fine
particles (average particle size=0.05 um) obtained by soap-
free polymerization, were blended by a Henschel mixer to
obtain a mono-component-type magnetic developer.




-48- 18. The magnetic toner according to claim1. wherein the

magnetic iron oxide particles have a noisture content of [0pfsls Oy %T”@f{"é;

tenperature of 23.5[err] C. and a humdity of 65% RH. and g-—m®ksture.l "
content of 0.6-1.5 wt. % at a tenperature of 32.5[err] CJf dnd a hum dity jof
85% RH. the noisture contents providing a difference therfefjet MeRERHFT7
% 19. The nmagneti c- 8®Rer according tjoiclai m 18.

» content of

exceeding 0.6 wt.

wherein the magnetic iron oxide particles have a noi st uréd

Separately. a commercially available laser beam printer
(“LBP-8IT" including an OPC photosensitive drum, mfd. by
Canon K. K.) was re-modeled so as to change the process
speed from 8 sheets/min. to 16 sheets/min. and include a
contact-transfer system as shown in FIG. 4 and a contact-
charging system as shown in FIG. 5. The re-modeled laser
beam printer had a structure functionally identical to the one
shown in FIG. 3. '

Regarding the transfer system shown in FIG. 4, the

transfer roller 2 was surfaced with an electroconductive

rubber layer comprising EPDM (ethylene-propylenediene
terpolymer) containing electroconductive carbon and show-
ing a volume resistivity of 10° ohm.cm and a surface
hardness of 27 degrees. The transfer roller was driven under

. the conditions including a transfer current of 1 pA, a transfer

voltage of +2000 V, and an abutting pressure of 50 g/cm.
Regarding the charging system shown in FIG. 5. the

charging roller 42 as the primary charger, had an outer .

diameter of 12 mm and comprised an electroconductive
rubber layer 42b of EPDM and a 10 pm-thick surface layer

- 42¢ of nylon resin. The charging roller 42 showed a hardness
of 54.5 degrees (ASKER-C). The charging roller 42 was -

supplied with a prescribed voltage through the core metal
42a from a voltage supply E supplying a DC voltage
superposed with an AC voltage.

Then. the above-prepared magnetic developer was incor-
porated in the re-modeled laser beam printer and used for
image formatioa in the following manner. An OPC photo-
sensitive drum was primarily charged at =700 V by the
charging roller 42, and an electrostatic latent image for
reversal development was formed thereon. The developer
was formed in a layer on a developing sleeve (containing
magnet) so as to form a clearance (300 pm) from the
photosensitive drum at the developing position. An AC bias
(f=1.800 Hz and Vpp=1.600 V) and a DC bias (Vp=—500
V) were applied to the sleeve. and an electrostatic image
having a light-part potential of —170 V was developed by the
reversal development mode, to form a magnetic toner image
on the OPC photosensitive drum. The thus-formed toner
image was transferred to plain paper under application of the
above-mentioned positive transfer voltage. and then fixed to
the plain paper by passing through a hot-pressure roller fixer.



0.45-0.90 wt. %at a tenperature of 23.5'C. and a humdity of 65% RH and a
nmoi sture content of 0.6-1.10 wt. % at a tenperature of 32.5[err].. Q,»ami.,am
hum dity of 85% RH the noisture contents providing a difflemepcaiissy S

t her ebet ween not exceeding 0.3 m. % 20. The magnetic tore—r-waee-erdkﬁg t-o
claiml. wherein the magnetic iron oxide particles further] qo g
negati ve charge control agent. 21. Thed4flegnetic toner acccrd ﬁb & €PAi m
20. wherein the nmagnetic charge control agent is a nobnoazq ijron (:Qrml ex
salt represented by the follow ng fornula: : [err]

In this way, successive image formation was performed
up to' 10.000 sheets according to an intermittent mode
including a rest period of ca. 12 sec after an image forming

~ step of ca. 2 sec for each sheet in a normal temperature—
normal humidity (23.5° C.—60% RH) environment while
replenishing the magnetic developer. as required.

The images were evaluated with respect to an image

~ density as measured by a MacBeth reflection densitometer,
and fog as measured by comparison between a fresh plain
paper and a plain paper on which a solid white image was’
printed with respect to whiteness as measured by a reflection
meter (mfd. by Tokyo Denshoku K. K.). The results are
shown in Table 3 appearing hereinafter.

Similar image forming tests were performed in a high
temperature—high humidity (32.5° C.—85% RH) environ-
ment and in a low temperature—low humidity (10°
C.—15% RH) environment. The results are also shown in
Table 3.

In the high temperature—high humidity environment. the
image forming test was performed on 4000 sheets, then the

'laser beam printer was held in the same environment for 3
days. and the image forming test was performed on further
4000 sheets. For the fog evaluation. plain paper sheets
subjected to image formation on both sides were used. Dot
reproducibility was evaluated by forming a checker pattern
shown in FIG. 6 in the latter half of the successive image
formation in the high temperature—high humidity environ-
ment.

EXAMPLES 2-14

Magnetic toners each having a particle size distribution
similar to that obtained in Example 1 were prepared in the
same manner as in Example 1 except that the magnetic iron
oxide particles were replaced with the magnetic iron oxide
particles B to N, respectively. produced in Production
Examples 2-14.

The magnetic toners were evaluated in the same manaer
as in Example 1. The results are shown in Table 3.
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of 1-3;

al kyl ,

wher ei n
al koxy,
Y[ err]

derr]

Xerr] and Xferr] independently are hydrogen, |ower alkyl,

nitro or halogen; mand m independently are an integer
and Y[err] independently denote hydrogen .lorslaChatfduim=
-Cerr] alkenyl, sulfonanide. nesyl, sul foﬁﬁmﬁlﬁﬁéﬁ? QHEET
"4t | a0t W
EXAMPLE 15
Styrene/n-butyl acrylate copolymer 100 parts
(wt. ratio = 83/17, Mw = 28 x 10%, :
Tg = 60° C.)
Magnetic iron oxide particles B 60 parts
- Negative charge control agent A 1.5 parts
Low-molecular weight ethylene/ 4 parts
-propylene copolymer

A blend of the above ingredients was melt kneaded at
140° C. by means of a twin-screw- extruder. The kneaded
product was cooled, coarsely crushed by a hammer mill,
finely pulverized by a jet mill. and classified by a pneumatic
classifier to obtain a negatively chargeable magnetic toner
having a weight-average particle size (D,) of 11.4 pm

- (containing 33 wt. % of magnetic toner particles of 12.7 pm
or larger.)

100 parts of the magnetic toner and 0.6 part of hydro-
phobic colloidal silica treated with dimethylsilicone oil were
blended by a Henschel mixer to prepare a magnetic devel-

oper.

The magnetic developer was charged in the process
cartridge of a laser beam printer (“LBP-8II") having a
structure functionally identical to the one shown in FIG. 1
and evaluated by image formation in the same manner as in
Example 1. The results are shown in Table 3.

EXAMPLE 16

A magnetic toner was prepared and evaluated in the same
manner as in Example 15 except that the negative charge
control agent A was replaced by a monoazo chromium
complex (negative charge control agent) obtained by chang-

_ing the central atom of the negative charge control agent A
‘from iron to chromium.
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EXAMPLE 17
Styrene/n-butyl acrylate 100 parts
(wt. ratio = 83/17, Mw = 30 x 104,
Tg=60°C.)
Magnetic iron oxide particles C 120 parts
Negative charge control agent A 3 parts
Low-molecular weight ethylene/ 4 parts
propylene copolymer

From the above ingredients, a magnetic toner having a
weight-average particle size (D,) of 5.4 pm (containing 0 wt.
% of particles of 12.7 um or larger) was prepared.

100 parts of the magnetic toner., 1.6 parts of the hydro-
phobic colloidal silica treated with silicone oil. etc.. used in
Example 1 and 0.1 part of the resin fine partxcles used in
Example 1. were blended by a Henschel mixer to obtain a
magnetic developer.

The developer was charged in the re-modeled cartridge
used in Example 1 and evaluated by image formation in the
same manner as in Example 1.

EXAMPLE 18

A magnetic developer was prepared and evaluated in the
same manner as in Example 1 except that the resin fine
particles as au external addmve to the magnetic developer
were omitted.

The developer showed substantially identical perfor-
mances regarding the image density. fog and dot reproduc-
ibility compared with the developer of Example 1. but
showed some degree of melt-sticking onto the photosensi-
tive drum at the final stage of successive image formation in
the high temperature—high humidity environment.

EXAMPLE 19
- A magnetic toner having a similar particle size distribu-

-tion was prepared in the same manner as in Example 15

except that the amount of the magnetic iron oxide particles
B was reduced to 40 parts and instead 2 parts of carbon black
was added. '
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The resultant magnetic toner particles showed a saturation
magnetization of 20.0 emu/g at a magnetic field of 1
kilo-oersted at room temperature as measured by a tester
(“VSM P-1-10", available from Toei Kogyo K. K.). The
density was 1.42 g/cm>.

The magnetic toner was evaluated in the same manner as
in Example 15 except that the developing bias voltage was
changed to a DC bias component Vdc=—450 volts super-
posed with an AC bias component of Vpp=1200 volts and
£=2000 Hz.

Compared with Example 15, even better images were
obtained with little scattering, and a small toner consump-
tion was confirmed.

COMPARATIVE EXAMPLES 1-4

Magnetic toners each having a particle size distribution
" similar to that obtained in Example 1 were prepared in the -
same manner as in Example 1 except that the magnetic iron
oxide particles were replaced with the magnetic iron oxide
-particles Q to R. respectively. produced in Comparative
Production Examples 1-4.
The magnetic toners were evaluated in the same manner
as in Example 1. The results are shown in Table 3.

COMPARATIVE EXAMPLE 5
A magnetic toner having a weight-average particle size of
11.8 ym (containring 54 wt. % of particles having a particle
size of 12.7 pum or larger) was prepared in a similar manner

as in Example 15 by using the same magnetic iron oxide
particles B prepared in Production Example 2 and evaluated

in the same manner as in Example 15.

COMPARATIVE EXAMPLES 6 and 7

Magnetic toners were prepared in the same manner as in
Example 1 except that the magnetic iron ox%de particles A
were replaced by magnetic iron qxide particles S and T.
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[err]

respectively, produced in Comparative Production
Examples 5 and 6.

The magnetic toners were evaluated in the same manner

“as in Example 1. The results are also shown in Table 3.

Compared with the magnetic toner of Example 1. the
magnetic toners provided lower image deasities of 1.14 and
1.12, respectively. after standing for 3 days in the high

“temperature—high humidity environment.
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TABLE 3*
Fog
: Magnetic toner Image density? .. LT.LAH Dot
Dav*' Content of &12.7 pm NI -NH . HT-HH. __ after reproducibility
(pm) (wt. %) MIO*? Initial Final L.T.LH. Initial Medium** Final 4000 sheets HT.-HH
Prod.
Ex. _
1 6.7 0.2 A 146 145 145 141 137 136 1.8(%) 9
2 6.8 04 B 147 146 147 140 134 136 1.6 Y.
3 69 0.7 c 146 146 1.47 145 142 144 18 s
4 6.8 04 D 143 140 142 140 137 140 20 E)
5 68 04 E 142 140 142 138 . 134 137 22 oA
6 6.7 0.2 F 146 146 1.47 142 139 140 1.8 °
7 68 0.7 G. 146 145 145 140 136 135 138 9
8 6.9 1.l H 14 147 147 - 145 143 145 16 0
9 6.9 0.8 I 146 146 147 - 145 142 145 1.3 )
10 70 0.6 J 146 147 147 144 143 144 20 °
11 69 : 0s K 145 145 147 143 138 139 22 2d
12 6.8 0s L 145 144 146 142 134 134 23 EY.9
13 - 66 0.2 M 145 146 145 138 132 136 1.7 24
14 8.7 035 N 145 146 145 138 131 135 19 LY.
15 114 33 B 142 143 143 142 138 140 20 E5Y
16 6.3 04 B 142 143 143 141 138 139 23 24
17 54 ] [od 143 14§ 146 -1.41 136 139 24 )
18 6.7 03 A 146 145 145 140 138 136 18 9
19 6.8 04 B 142 143 143 142 138 141 26 A
Comp. :
Ex.
1 68 0.8 0 142 141 143 140 125 130 3.2(%) A
2 6.7 04 P 142 142 ‘L.44 139 129 131 25 A
3 69 0.7 Q 135 136 1.7 135 127 123 35 A
4 6.8 0.7 R 143 142 143 141 1.21 1.28 34 A
s 11.8 54 B 141 139 1.27 135 120 1.18 55 A
[ 6.7 03 S 141 140 1.39 139 1.18 1.14 3.1 . A
7 é8 04 T 140 139 132 135 116 1.12 40 A
*Some notes to this table are given in the following page.
Notes to Table 3
"Dav.-wa;hmmppumhm of magnetic toner (um),
*IMIO = magnetic iron oxide particles.

mamamm&mmmmwmwmmmmpmm.
N.T. - NH. = normal temperature - normal humidity (23.5° C. - 60% RH.)
HT. - HH. = high temperature - high humidity (32.5° C. - 85% RH)

L.T. - LH. = low temperature - low humidity (10° C. - 15% RH)
=Medium™ sundshammbmwmofmemmrmmbﬂdaysmhhxzhtempenm hash

bumidity eavironment.

"Dotupmdmibﬂiqmmhnmdbyﬁcnpmibﬂwofncm&rm”sbwnmm 7mcludm3 100 umit square doces each

mmwmxmmbyobmwammmpewhd:mmghchnmoﬂbemge.pamuhﬂymr.nhe
2d= ﬂ;.emmzbeofmaﬂ)ofbhkM.MMBm&buwmmﬂw

: oA. 3-6 defects/100 dots
4A: 6-10 defects/100 dots
x: 11 or more defects/100 dots
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What is claimed is:
1. A magnetic toner comprising magnetic toner particles
* containing a binder resin and magnetic iron oxide particles;
wherein
the magnetic toner has a weight-average particle size of at
most 13.5 pm;

the magnetic toner has a particle size distribution such
that magnetic toner particles having a particle size of at
least 12.7 ym are contained in an amount of at most 50
wt. %; :

the magnetic iron oxide particles have a silicon content of
0.4-2.0 wt. % based on iron; ]

the magnetic iron oxide particles have an Fe/Si atomic
ratio of 1.2-2.8 at the utmost surfaces thereof;

the magnetic iron oxide particles have a smoothness of

0.45-0.7; and

the magnetic iron oxide particles have an aluminum

_ content from 0 to 0.8 wt. % based on iron.

2. The magnetic toner according to claim 1. wherein the
magnetic iron oxide particles have a bulk density of at least
0.8 g/em’.

3. The magnetic toner according to claim 1. wherein the
magnetic iron oxide particles have a BET specific surfac
area of at most 15.0 m%g. -

4. The magnetic toner according to claim 1. wherein the
magnetic iron oxide particles have an Fe/Al atomic ratio of
0.3-10.0 at the utmost surfaces thereof.

5. The magnetic toner according to claim 1. wherein the
‘magnetic iron oxide particles have a bulk density of at least
O.§ g/cm’ and a BET specific surface area of at most 15.0
m-/g. : :

" 6. The magnetic toner according to claim 5, wherein the
magnetic iron oxide particles have been treated with an
aluminum compound.

7. The magnetic toner according to claim 6. wherein the
magnetic iron oxide particles have an Fe/Al atomic ratio of
0.3-10.0 at the utmost surfaces thereof. '

e

R
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8. The magnetic toner according to claim 1. wherein the
magnetic toner has a weight-average particle size of
3.5-13.5 um and contains at most 40 wt. % of magnetic
toner particles-having a particle size of at least 12.7 ym.

9. The magnetic toner according to claim 8. wherein the
magnetic toner has a weight-average particle size of
4.0-11.0 ym and contains at most 30 wt. % of magnetic
toner particles having a particle size of at least 12.7 ym.

10. The magnetic toner according to claim 1, wherein the
magnetic iron oxide particles have a silicon content of
0.5-0.9 wt. % based on iron.

11. The magnetic toner according to clalm 1, wherein the
magnetic iron oxide particles have been treated with alumi-
num hydroxide in an amount of 0.5-1.0 wt. % calculated as
aluminum and have an Fe/Al atomic ratio of 0.3-5.0 at the
utmost surfaces thereof.

12. The magnetic toner according to claim 11. wherein the
magnetic iron oxide particles have an Fe/Al atomic ratio of
0.3-2.0 at the utmost surfaces thereof.

13. The magnetic toner according to claim 1. wherein the
magneuc iron oxide particles have a bulk density of at least
1.0 g/cm® a BET spcc1ﬁc surface area of at most 12.0 m%/g,

‘and an average particle size of 0.1-0.4 pm.

14. The magnetic toner according to claim 13, wherein the
magnetic iron oxide particles have a smoothness of 0.5-0.7
and an average particle size of 0.1-0.3 ym.

15. The magncm, toner according to claim 1. wherein the
magnetic iron oxide particles have a total surface pore
volume of 7.0x1073-15.0x10™> ml/g.

16. The magneuc toner according to claim 15, wherein the
magnetic iron oxide particles have a total surface pore
volume of 8.0x10~3-12.0x10™ ml/g.

17. The magnetic toner according to claim 1., wherein the
magnetic iron oxide particles have a surface pore distribu-
tion such that micro-pores having a pore diameter smaller
than 20 A provide a total specific surface area which is equal
to or smaller than that of meso-pores having a pore diameter
of at least 20 A.

] 0
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18. The magnetic toner according to claim 1., wherein the
magnetic iron oxide particles have a moisture content of
0.4-1.0 wt. % at a temperature of 23.5° C. and a humidity
of 65% RH. and a moisture content of 0.6-1.5 wt. % at a
temperature of 32.5° C. and a humidity of 85% RH. the
moisture contents providing a difference therebetween not
exceeding 0.6 wt. %. '

19. The magnetic toner according to claim 18, wherein the
magnetic iron oxide particles have a moisture content of
0.45-0.90 wt. % at a temperature of 23.5° C. and a humidity
of 65% RH. and a moisture content of 0.6-1.10 wt. % at a
temperature of 32.5° C. and a humidity of 85% RH. the
moisture contents providing a difference therebetween not
exceeding 0.3 wt. %.

20. The magnetic toner according to claim 1. wherein the
magnetic iron oxide particles further contain a negative
charge control agent. '

21. The magnetic toner according to claim 20, wherein the

'magnetic charge control agent is a:monoazo iron complex

salt represented by the following formula:
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2.

magnetic iron oxide particles are contained in an anmount
parts per 100 w. parts of the binder resin. 25.
cartridge, conprising at |east a devel oping means an
menber, sai d devel opi ng neans and9phot osensitive

integrated into a cartridge di sposed detachably attach-
an apparatus mai n assenbly. sai d devel opi ng nmeans
magneti c toner accord- ing to any one of clains

An image form ng ykdeafl, conpri sing: formng an el
on an el ectrostati-c i nage- beari ng nenber, and
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24. The magnetic toner according to claim1l. wherein the
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X, and X, independently are hydrogen. lower alkyl. lower

alkoxy. nitro or halogen;
m and m' independently are an integer of 1-3;

Y, and Y, independently denote hydrogeti, C,—C,q alkyl,
C,~C,s alkenyl, sulfonamide, mesyl. sulfonic acid.
carboxy ester. hydroxy, C,-C,s alkoxy. C,-C,s

acetylamino, benzoyl, amino or halogen;
n and n' independently are an integer of 1-3;
" Y, and Y, independently are hydrogen or nitro;
~ A® denotes H*, Na*, K+ or NH,*.

'22. The magnetic toner according to claim 20. wherein the' |
negative charge control agent is an organic iron compound

represented by the following formula:

o

A®

wherein X is

mpablc of having a substituent,

R R O A




devel oping the electrostatic imge wth a nmagnetic toner

according to any one of clains 1-24 held in a devel - opi ng neans

to forma toner inmage on the electrostatic | mage- beari ng nenber.
27. The inmage form ng net hod according to claim 26, wherel n.the.toner .
| mage on the electrostatic inmage- bearlng menber is trja #:@6- 1 tr0nar s

transfer-receiving materi al.

'z

D) D

D) (D

(Z; hydrogen, halogen or nitro)

|
R
“(R is hydrogen. C,~C,¢ alkyl or alkenyl)
Y is —O— or —C—0—;
A® is H*, Na*, NH,* or aliphatic ammonium.
23. The magnetic toner according to claim 20, wherein the
negative charge control agent is an NN'-bisarylurea deriva-
twe rcprcsented by the following formula:

R RS RS Ry

N
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28. The image form ng nmethod according to claim 26, wherein

the el ectrostatic inage-bearing nenber is charged by a contact-charging

-means and then exposed to light to forma digital

el ectrostatic i mage

thereon, the digital elec- trostatic inmage is devel oped with the magnetic
t oner, and the resultant toner inmage on the electrostatic T_!_;-.f\_ N
menber is transferred to the transfer-redi«ving material pyd: HRtadt

transfer neans.

29. The magnetic toner according to cla 1, mhereln th

magnetic iron oxide particles have an Fe/Si atomic ratio bf ﬂ(gfi}hg W37

D

wherein

Y, and Y, independently are phenyl. naphthyl or anthryl;

R, and R, independently are halogen. nitro, sulfonic acid.
‘carboxyl, carboxylate. cyano. carbonyl. alkyl. alkoxy
or amino;

R; and R, independently are hydrogen. alkyl. alkoxy.
phenyl capable of having a substituent, aralkyl capable
‘of having a substituent, or amino;-

R, and R, independently are hydrogen or C,—Cg hydro-

carbon group.

k and j are independently an integer of 0-3 with the
proviso that both cannot be 0; and

m and n are independently 1 or 2.

24. The magnetic toner according to claim 1. wherein the
magnetic iron oxide particles are contained in an amount of
20-200 wt. parts per 100 wt. parts of the binder resin.

25.A process cartridge. comprising at least a developing
means and a photosensitive member;

said developing means and photosensitive member being
integrated into a cartridge disposed detachably attach-
able to an apparatus main assembly,

said developing means including a magnetic toner accord-
ing to any-one of claims 1-24.

26. An image forming method. comprising:

forming an electrostatic image on an electrostatic image-
bearing member, and

developing the electrostatic image with a magnetic toner
according to any one of claims 1-24 held in a devel-
oping means to form a toner image on the electrostatic
image-bearing member.
27. The image forming method according to claim 26,
wherein the toner image on the electrostatic image-bearing
member is transferred to a transfer-receiving material.

HII\II\ DL
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28. The image forming method according to claim 26,
wherein the electrostatic image-bearing member is charged
by a contact-charging means and then exposed to light to
form a digital electrostatic image thereon. the digital elec-
trostatic image is developed with the magnetic toner, and the
resultant toner image on the electrostatic image-bearing
member is transferred to the transfer-receiving material by a
contact transfer means.

29. The magnetic toner according to claim 1, wherein the
magnetic iron oxide particles have an Fe/Si atomxc ratio of
1. 6—2 8 at the utmost surfaces thereof. -

* % x % k

T
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-MAGNETIC TONER, PROCESS CARTRIDGE
AND IMAGE FORMING METHOD

ABSTRACT

A magnetic toner is formed from a binder resin and silicon-

containing magnetic iron oxide particles. The magnetic
toner has a weight-average particle size of at most 13.5 um.
and the magnetic toner has a particle size distribution such
that magnetic toner particles having a particle size of at least
12.7 um are contained in an amount of at most 50 wt. %. The
magnetic iron oxide particles have a silicon content of
0.4-2.0 wt. % based on iron. and the magnetic iron oxide
particles have an Fe/Si atomic ratio of 1.2-4.0 at the utmost
surfaces thereof. Because of the use of such magnetic iron
oxide particles having a specifically controlled overall and
surface Si contents. the magnetic toner can show stable
performances even after standing in a high humidity envi-
ronment. '
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MAGNETIC TONER, PROCESS CARTRIDGE
AND IMAGE FORMING METHOD

Ab0h 2 -

"‘“"“‘""*---—...,,_
REPLALWEM SHEET

FIELD OF THE INVENTION AND RELATED
ART

The present invention relates to a magnetic toner for
visualizing electrostatic images in image forming methods.
such as electrophotography and electrostatic recording. a
process cartridge including such a magnetic toner, and an
image forming method using the magnetic toner.

Hitherto. a large number of electrophotographic processes
have been known. as disclosed in U.S. Pat. Nos. 2.297.691;
3.666363; 4.071.361 and others. In these processes. an
electric latent image is formed on a photosensitive member
comprising a photoconductive material by various means.
then the latent image is developed and visualized with a
~ toner. and the resultant toner image is, after transferred onto
a transfer material. such as paper. as desired. fixed by
heating, pressing. heating and pressing. etc.. to obtain a copy
or a print.

Various developing methods for vxsuahzmg electrostatic

latent images with toner have also been knmown. For
example. there have been known the magnetic brush method
as disclosed in U.S. Pat. No. 2.874.063; the cascade devel-
oping method as disclosed in U.S. Pat. No. 2,618.552; the
powder cloud method as disclosed in U.S. Pat. No. 2221,
T776; in addition. the fur brush developing method; and the
liquid developing method. Among these developing
methods. those developing methods using a developer com-
posed mainly of a toner and a carrier such as the magnetic
brush method. the cascade process and the liquid developing
method have been widely used commercially. While these
methods provide good images relatively stably, they involve
common problems accompanying the use of two-component
developers, such as deterioration of carriers and change in
mixing ratio of the toner and carrier.



BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration of an example of an
image forming apparatus suitable for image formaton by
using a magnetic toner according to the invention.

FIGS. 2 and 3 are respectively a schematic illustration of
another example of an image forming apparatus suitable for
image formation using a magnetic toner according to the
invention.

FIG. 4 is a schematic illustration of a transfer apparatus.
FIG. § is 2 schematic fllustration of a charging roller.

FIG. 6 is an illustration of a checker pattern for testing the
developing performance of a magnetic toner.

FIG. 7 is a view for illustrating an embodiment of the
process cartridge according to the invention.

DETAILED DESCRIPTION OF THE
INVENTION

A tonper is required of an increased durability accompa-
nying a higher process speed and an increased number of
successively produced image sheets in an image forming
apparatus. such as a printer.

We have found it possible to obtain a magnetic toner
containing magnetic iron oxide particles exhibiting excellent
. physical properties and performances. inclusive of excellent

flowability. excellent long-term storage stability. successive
image forming characteristics and uniform dispersibility of
the magnetic iron oxide particles in the magnetic toner
particles by controlling the utmost surface state, composi-
tion and structure of the magnetic iron oxide particles.

A characteristic feature of the magnetic toner according to
. the present inveation is that it has a weight-average particle
size of at most 13.5 pum (preferably 3.5~-13.5 um. more
preferably 4.0-11.0 pm). has a particle size distribution such
that the magnetic toner particles having a particle size of at
least 12.7 um occupy at most 50 wt. % (preferably at most
40 wt. %. more preferably at most 30 wt. %). and contains
a specific silicon-containing magnetic iron oxide.

In case of a magnetic toner containing a large amount of
relatively coarse particles. such as ome having a weight-
average particle size exceeding 13.5 pm or one containing
more than 50 wt. % of magnetic toner particles having a
particle size of at least 12.7 um. the magnetic toner is caused
to show a lower resolution and is liable to cause fog.
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residue,

It is preferred that the silica fine powder has been sub-
jected to a hydrophobicity-imparting treatment. For the
hydrophobicity-imparting treatment, the silica fine powder
may be chemically treated with. e.g.. an organic silicon
compound which reacts with or is physically adsorbed by
the silica fine powder. A preferred method includes steps of
treating dry-process silica fine powder produced by vapor-
phase oxidation of silicon halide with a silane coupling
agent and, simultaneously therewith or thereafter, treating
the silica fine powder with an organic silicon compound,
such as silicone oil.

Examples of the silane coupling agent used for the
hydrophobicity imparting treatment of the silica fine powder
may include: hexamethyldisilazane, trimethylsilane,
trimethylchlorosilane, trimethylethoxysilane,
dimethyldichlorisilane. methyltrichlorosilane,
allyldimethylchlorosilane, allylphenyldichlorosilane,
benzyldimethylchlorosilane, bromomethyldimethyl-
~ chlorosilane. o-chloroethyltrichlorosilane. B-chloro-
- - ethyltrichlorosilane. chloromethyldimethylchlorosilane,
triorganosilanemercaptan. trimethylsilyl-mercaptan, triorga-
nosilyl acrylate, vinyldimethyl-acetoxysilane,
dimethylethoxysilane. dimethyl-dimethoxysilane, |,
diphenyldiethoxysilane. hexamethyldisiloxane. 1.3-
divinyltetramethyldisiloxane. and 1.3-
diphenylitetramethyldisiloxane. o

The organic silicon compound may for example be sili-
cone oil. The silicone oil may preferably have a viscosity at
25° C. of about 30-1.000 centi-stokes and may preferably
include, for example, dimethylsilicone oil, methylphenyl-
silicone oil. o-methylstyrene-modified silicone oil. chlo-
rophenylsilicone oil. and flucrinated silicone oil.

The treatment with silicone oil may be performed. e.g.. by
directly mixing the silica fine powder treated with silane
coupling agent with silicone oil by a mixer such as a
Henschel mixer, by spraying silicone oil onto the silica fine
powder, or by mixing a solution or dispersion of silicone oil
in an appropriate solvent with the silica fine powder. fol-
lowed by removal of the solvent.
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@ Magnetic toner, process cartridge and image forming method.

@ A magnetic toner is formed from a binder resin and silicon-containing magnetic iron oxide particles. The
magnetic toner has a weight-average particle size of at most 13.56 um, and the magnetic toner has a particle size
distribution such that magnetic toner particles having a particle size of at least 12.7 um are contained in an
amount of at most 50 wt. %. The magnetic iron oxide particles have a silicon content of 0.4 - 2.0 wt. % based on
iron, and the magnetic iron oxide particles have an Fe/Si atomic ratio of 1.2 - 4.0 at the utmost surfaces thereof.
Because of the use of such magnetic iron oxide particles having a specifically controlled overall and surface Si
contents, the magnetic toner can show stable performances even after standing in a high humidity environment.
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