
EP 0 423 743 B1 Description Field of the invention The present invention
relates to a toner used for image forming processes such as
electrophotography and electrostatic recording, and more particularly to a
magnetic toner. Related Background Art 10     A large number of methods
have been conventionally known as electrophotography, as disclosed in U.S.
Patent No. 2,297,691, Japanese Patent Publication No. 42-23910 (U.S. Patent
No. 3,666,363) and Japanese Patent Publication No. 43-24748 (U.S. Patent
No. 4,071,361), etc. In general, copies are obtained by forming an
electrostatic latent image on a photosensitive member utilizing a
photoconductive material and according to various means, subsequently
developing the latent image by the use of toner to form it into a visible
image, 15  and transferring the toner image to a transfer medium such as
paper if necessary, followed by fixing by the action of heat, pressure or
heat-and-pressure. Developing methods in which an electrostatic latent
image is formed into a visible Image by the use of a toner are also known
in variety. For example, developing methods such as the magnetic brush
development as disclosed in U.S. Patent No. 2,874,083, the cascade
development as disclosed in U.S. Patent No.2,618,552, 20  the powder cloud
development as disclosed in U.S. Patent No. 2,221,776, the fur brush
development and the liquid development are known in the art. Of these
developing methods, the magnetic brush development, the cascade development
and the liquid development that employ a developer mainly composed of a
toner and a carrier have been widely put into practical use. These methods
are superior methods that can obtain a good image in a relatively stable
state, but on the other hand have the problems that the carrier may undergo
dete- 25  rioration and the mixing ratio between the toner and the carrier
may change. To avoid such problems, various proposals have been made on
developing methods in which a one-com- ponent type developer comprised of
only a toner is used. In particular, many advantages are seen in methods in
which a developer comprised of toner particles having magnetic properties
is used. U.S. Patent No. 3,909,258 proposes a method in which development
is carried out using a magnetic toner 30  having an electrical
conductivity. According to this method, a conductive magnetic toner is
supported on a cyl- indrical conducting sleeve having a means for
generating an magnetic f leld, as exemplified by a magnet, and then the
toner is brought into contact with an electrostatic Image to carry out
development. In this Instance, in a developing zone, toner particles form a
conducting path between the surface of a recording member and the surface
of the sleeve. Charges are led from the sleeve to the toner particles
through this conducting path, 35 and the toner particles are adhered to an
image area by the Coulomb force that acts between the toner particles and
the Image area of the electrostatic image. Thus, toner particles are
adhered to the image area and the electrostatic image is developed. The
developing method using this conductive magnetic toner is a superior method
that has avoided the problems involved in the conventional two-component
developing methods. On the other hand, since the toner is conductive, this
method has the problem that it is difficult to electrostatically 40
transfer a developed image from the recording member to an image support
member such as plain paper. As a developing method that uses a
high-resistivity magnetic toner feasible for electrostatic transfer of a
developed image, there is a method in which the dielectric polarization of
toner particles is utilized. Such a method, however, has the problems that
it can only achieve a fundamentally low developing speed and the developed
image can not have a sufficient density. 45     As another developing
method that uses a high-resistivity magnetic toner, a method is known in
which toner particles are triboelectrically charged by the friction between
the toner particles or each particle and a sleeve, and the toner particles
thus charged are brought into contact with an electrostatic image
supporting member 



to carry out development. This method, however, has the problems that the
triboelectricity of a toner tends to become Insufficient because of less
contact occasions between toner particles and a friction member such 50  as
the sleeve, and the charged toner particles tend to be agglomerated on the
sleeve as a result of an increase in the Coulomb force between the toner
particles and the sleeve. Japanese Patent Application Laid-open No.
55-18656 (corresponding to U.S. Patent No. 4,395,436) pro- poses a novel
developing method that has eliminated the above problems. According to this
method, a mag- netic toner is coated on a sleeve in a very small thickness,
and the magnetic toner is triboelectrically charged. 55  Then the magnetic
toner layer is brought Into close proximity to an electrostatic image to
carry out develop- ment. This method can obtain an excellent toner Image
for the following reasons: I) The coating of a magnetic toner on a sleeve
in a very small thickness has increased the occasions of contact between
the sleeve and the toner and thus has enabled sufficient triboelectric
charging, ii) the magnetic toner Is supported on the 2    EP 0 423 743 B1
sleeve by the action of a magnetic force, and also a magnet built In the
sleeve and the magnetic toner are relatively moved so that the
agglomeration between magnetic toner particles can be loosened and the mag-
netic toner can be brought into sufficient friction with the sleeve, and
iii) since the magnetic toner Is supported on the sleeve by the action of a
magnetic force and the development Is carried out in such a state that the
5   magnetic toner on the sleeve is opposed to the electrostatic image
without contact with it, the background fog can be prevented. It is
characteristic of a developing device used in such a developing method that
Its structure can be simple and its size can be made very small. For
example, in a high-speed machine that employs such a developing device, a
photosensitive member (e.g., a photosensitive drum) can have room around
its circumference. Hence, there are advantages such that 10  It becomes
easy to arrange several developing devices having toners with different
colors so that colors of toners can be changed at a single operation, or to
use laser light simultaneously with analogue light so that the page number
or letters can be written simultaneously with copying. Since in a
small-sized machine, the whole can be made light-weight and small, and
hence the technique for the above developing device is nowadays
indispensable for making adaptation of copying machines for per- 15  sonal
use. In the field of printers, as typified by a small-sized laser beam
printer (LBP), it has become very important for a developing device to
require only a small space and be simple and light-weight, in order to
combine the performances that it can be noiseless and can achieve a
high-speed printout compared with dot printers or thermal printers. 20
On the other hand, since this developing system is characterized by the
simple, light-weight and small- sized developing device, there is the
problem that toners used in this system must have higher performance than
conventional toners (e.g., toners used in two-component developers) so that
the image quality, durability and stability which are excellent as a whole
can be obtained. The performance of the system often reflects the
performance of such magnetic toners as it is. 25     In particular, as for
copying machines themselves, those in which digital latent images are used
have be- come available in place of conventional ones of an analogue type,
and hence it has become possible to form latent images with much more
fineness than ever. A magnetic toner that can well follow such fine latent
images must be capable of performing development in a high resolution. In
addition, since the copying machines are 



also tending toward high-speed copying, a magnetic toner used therefor must
now be able to satisfy the high 30  resolution, high-speed development and
high durability. In the case of printers also, there are similar demands
for high performance. From the viewpoint of high durability, printers,
which are used as output units of computers, must perform output very
frequently and are required to have much severer performance for durability
than copying machines. Toner Images are no longer satisfactory only if they
are monotonously black. In the case of copying ma- 35  chines, it is
particularly demanded that photographs can also be faithfully reproduced,
in other words, their middle tones or halftones can be reproduced. In the
copying machine of a digital latent image type, the halftone is expressed
according to the difference in the density of lines, and hence it becomes
difficult to reproduce halftones of an original unless the lines have the
same thickness. Such tone reproduction is highly required particularly in
the printers of a digital latent image type. Con- 40  ventional magnetic
toners have a tendency not to be well capable of forming images stably
having the same halftones at the both initial stage and final stage of the
duration for printing on a large number of sheets. As for environmental
stability, copying machines and LBPs are nowadays often used in severer
environ- ments. Because as copying machines have been adapted to personal
use or LBPs have become inexpensive, they have become wide-spread for
domestic use. In particular, under a condition that a copying machine Is 45
placed in a poor environment at home for many days, and during which
several copies are occasionally taken, magnetic toners are required to have
a very high performance In view of image stability and environmental
stability. Japanese Patent Application Laid-open No. 56-91242
(corresponding to U.S. Patent No. 4,485,613) and Japanese Patent
Publication No 59-27901 (corresponding to U.S. Patent No. 4,495,268)
propose magnetic 50  toners In which a magnetic material of cubic crystals
preferably having a particle diameter of not less than 0.3 [err] is used.
Such a magnetic material is noted to have a good development efficiency and
transfer efficiency and cause less black spots around line images and less
background stain. However, when this magnetic ma- terial is used in a
magnetic toner having a volume average particle diameter of smaller than 10
[err], the amount of static charge of the magnetic toner tends to increase.
Therefore, taking account of environmental stability, 55  It is sometimes
difficult to control the amount of static charge of the magnetic toner. It
is proposed in Japanese Patent Application Laid-open No. 1-112253
(corresponding to European Patent Application Publication No. 0314459) to
make smaller the particle diameter of a magnetic toner. According to this
proposal, the volume average particle diameter of a magnetic toner which
usually distributes between 10 and 14 [err] Is controlled 3    EP 0 423 743
B1 to be 4 to 9 [err] and also the particle size distribution of the
magnetic toner is defined. Use of this magnetic toner brings about
improvements in fine-line reproduction, halftone reproduction and tone
reproduction. However, In order to answer the recent severe demands, it is
sought to further improve the magnetic toners having small particle
diameters. 5      Among materials used In magnetic toners, the magnetic
material, in particular, has a great influence on the performance of a
magnetic toner since It is contained in an amount of from 50 to 70 % by
weight based on the total magnetic toner. Japanese Patent Application
Laid-open No. 58-169153 proposes a magnetic toner containing magnetic
powder having such a particle size distribution that 50 % number average
particle diameter ranges from 0.3 



10  to 1.0 [err], a 50 [err] weight average particle diameter ranges from
0.4 to 1.3 [err], and the particle diameter giving a maximum value in the
number particle size distribution ranges from 0.4 to 1.3 [err]. This
magnetic toner Is noted to give good Image fidelity and stability, well
remove background fogging development, and also promise a high resolution
and a high density, as well as good environmental characteristics. It is
true that such a magnetic toner has performance sufficientfor practical use
when used In conventional 15  analogue type machines, but this toner can no
longer be said to be sufficient for the high-speed development and high
durability when used in recently available high-speed machines of not less
than 50 sheets per minute, and also for the high gradation, the high
resolution to digital latent Images and the fine-line reproduction In
digital latent images. In particular, In order to stably form images with
halftones for a long period of time, the above magnetic 20  toner can not
be said to have sufficient performance, and the above magnetic powder is
Insufficient when used in a magnetic toner with a small particle diameter.
Japanese PatentApplication Laid-open No. 58-187951 (corresponding to U.S.
Patent No. 4,543,312 pro- poses that magnetic materials having such
particle size distributions that the 50 % particle diameter (calculated
based on volume) ranges from 1.5 to 4.5 [err], the 20 % particle diameter
(calculated based on volume) ranges 25  from 1.0 to 4.0 [err] and the 75 %
particle diameter (calculated based on volume) ranges from 2.5 to 6.0 pm
should be used. These magnetic powders are for use in color magnetic
toners, and are not suitable for use In black image formation. These
magnetic toners are insufficient in blackness, and are not preferable.
Japanese Patent Publication No. 62-51208 proposes a magnetic toner that
posesses improved dispersi- bility of a magnetic material to a resin by
using a spherical magnetic material and can thereby form a toner 30  image
with a high image density. It Is true that the spherical magnetic material
has such advantages, but It tends to have higher electrical resistance.
Circumstances may become severer when the magnetic toner con- taining the
spherical magnetic material has a small particle diameter, which is liable
to be charged up in a high- speed machine or small-sized machine. In
general, when a magnetic toner has been charged up, it becomes difficult
for the magnetic toner to be separated from a toner-carrying member such as
a developing sleeve, 35  so that the Image density may sometimes be
lowered. Moreover, the fogging phenomenon that the background is stained
may sometimes occur. For example, in order to simply achieve a high
resolution and a high fine-line reproduction by the use of such a magnetic
toner having a small particle diameter, it might be thinkable to decrease
the amount of the magnetic toner applied to fine line Images so that no
excessive magnetic toner may form black spots around 40  line images. This
method, however, brings about a lowering of image density at black solid
areas, and hence is not preferable. An attempt to simply increase the image
density tends to cause stains on the background. In particular, if the
magnetic toner is left to stand in an environment of low temperature and
low humidity for a long period of time, the stains on the background may
sometimes become conspicuous. When magnetic to- ners are used, it is not
easy to achieve a high Image density and a high resolution and to make an
image free 45  from stains on the background. SUMMARY OF THE INVENTION An
object of the present invention is to provide a magnetic toner that has
solved the above-mentioned prob- 50  lems. Another object of the present
invention is to provide a magnetic toner having developability with a
partic- ularly high resolution. Still another object of the present
invention is to provide a magnetic toner that can give stable developed
images even in the high-speed development. 55      A further object of the
present invention Is to provide a magnetic toner having superior
durability. 



A still further object of the present invention is to provide a magnetic
toner having a particularly superior tone reproducibility. A still further
object of the present Invention is to provide a magnetic toner that can
achieve superior half- .4    EP 0 423 743 B1 tone and fine-line
reproduction and can stably retain sharpness for a long period of time. A
still further object of the present invention is to provide a magnetic
toner having a superior environmental stability. A still further object of
the present invention is to provide a magnetic toner that can always give
stable 5   images for a long period of time even when a machine is not
frequently used. A still further object of the present invention is to
provide a magnetic toner that can achieve higher image density, in
particular, higher resolution and higher tone reproduction, and
nevertheless may cause less stains on the background and less black spots
around line images, in particular, can stably form good images for a long
period of time even in an environment of low temperature and low humidity.
To achieve the above objects, the present invention provides a magnetic
toner comprising a binder resin and a magnetic material, wherein; The
magnetic toner has a volume average particle diameter of not more than 9
[err] and the variation coef- ficient, ([err]) x 100, satisfies the
following condition: 25 [err] ([err]T/D) x 100 [err]35 15        wherein D
represents a volume average particle diameter ([err]) of the magnetic toner
and [err]T represents a value of standard deviation of the volume particle
size distribution of the magnetic toner; and said magnetic material has a
number average particle diameter of from 0.1 [err]m to 0.2 [err] and the
vari- ation coefficient, ([err]) x 100, satisfies the following condition:
([err]) x 100 [err] 40 20        wherein [err] represents a number average
particle diameter ([err]) of the magnetic material and [err] repre- sents a
value of standard deviation of the number particle size distribution of the
magnetic material. DESCRIPTION OF THE PREFERRED EMBODIMENTS 25     In the
present invention, the number average particle diameter of the magnetic
material and the variation coefficient of particle size distribution are
obtained by magnifying four times a ten thousand (10,000) magni- fication
photograph of a magnetic material, taken with a transmission type electron
microscope, to prepare a forty thousand (40,000) magnification photograph,
thereafter selecting 250 magnetic particles at random, ac- tually measuring
diameters thereof, and then calculating number particle size distribution
based on the diam- 30  eters and the number of particles. The variation
coefficient is obtained by determining the standard deviation [err] of
particle size distribution of the magnetic material, and multiplying by 100
a value obtained by dividing the standard deviation by an aver- age value
X. As to the particle shape of a magnetic material, a magnetic material is
regarded as a spherical magnetic 35   material when magnetic particles with
curved surfaces are contained (as a main component) In a proportion of 50 %
or more in the 250 particles. It is regarded as an octahedral magnetic
material when magnetic particles with triangular surfaces are contained (as
a main component) in a proportion of 50 % or more in the 250 par- ticles.
It is also regarded as a hexagonal magnetic material when magnetic
particles that substantially look like 



squares are contained (as a main component) in a proportion of 50 % or more
in the 250 particles. 40      As magnetic characteristics, the magnetic
material may preferably have a coercive force (Hc) of from 60 to 100 Oe (1
Oe = [err]), a saturation magnetization ([err]) of from 50 to 70 emu/g and
a residual mag- netization ([err]) of from 5 to 10 emulg, when measured in
a magnetic field of 1 kOe. The volume average particle diameter of the
magnetic toner is calculated from particle size distribution measured using
a Coulter counter (TA-II), a particle size distribution measuring device,
where an aperture of 45  100 [err] is used. Not so much attention has been
hitherto paid to the particle diameter of magnetic materials, In
particular, the particle size distribution thereof. Agreatest reason
therefor is that magnetic materials have been only stud- ied mainly from
the viewpoints of the transport performance of a toner and the improvement
in dispersibility thereof to a binder resin. However, taking account of
sever demands for copying machines or printers to make 50  them higher in
speed, smaller in size and digital in system, and also the tendency toward
smaller particle di- ameter of magnetic toners that Is concerned with
demands for higher image quality, the present inventors have approached
magnetic materials in a more precise manner and have made intensive studies
thereon. As a result, they have accomplished the present invention.
Although not based on a theory, they have found that the particle size
distribution of a magnetic toner made 55  to have a smaller particle
diameter and the particle diameter and particle size distribution of a
magnetic material are related to the stabilization of triboelectricity of a
magnetic toner in a developing step and also concerned with the selectivity
of magnetic toner particles, black-spots-formation around line images and
fixing perfor- mance of a magnetic toner. 5    EP 0 423 743 B1 In
particular, it is possible in the present Invention to make control so as
not to cause an unnecessary In- crease in the amount of triboelectricity
even under circumstances in which a magnetic toner Is charged under strong
friction with a developing sleeve which is a member that Imparts static
charge to the magnetic toner. This is due to the fact that employment of
the magnetic material having a smaller particle diameter and a more uniform
particle size distribution than those of conventional magnetic materials in
practical use can bring about uniform presence of more magnetic particles
on the magnetic toner surface than in conventional magnetic to- ners, and
hence the respective particle surfaces of the magnetic toner become
mutually uniform even In mi- croscopic view. When a conventional magnetic
toner is triboelectrically charged by its friction with a developing
sleeve, particle surfaces of the magnetic toner are charged in a high
degree only at given places when those 10  places coming into contact with
the developing sleeve have no magnetic material. This tends to result in a
mag- netic toner with non-uniform static charge. An attempt to obtain the
desired effect by increasing the amount of the magnetic material also
results in an Increase in the magnetic force of each particle of the
magnetictoner, and hence the magnetic toner can not be separated from the
developing sleeve easily. This may undesirably cause a lowering of image
density or make fixing performance poor. 15     In particular, various
problems may occur unless the particle size distribution of the magnetic
material is sharper as the particle diameter of magnetic particles has been
made smaller. Because of strong agglomer- ating properties of fine magnetic
particles, presence of a large number of fine magnetic particles makes It
im- possible for them to be well dispersed in the magnetic toner if an
apparatus for preparing usual magnetic toners Is used, which Is not
preferable for the fixing performance of the magnetic toner. On the other
hand, mixed 



* 20  presence of coarse magnetic particles results in preferential
consumption of magnetic toner particles contain- Ing coarse magnetic
particles, in the course of development, so that the properties of the
magnetic toner may change. Hence, It is difficult to stably maintain a high
image quality for a long period of time. When the variation coefficient of
particle size distribution, ([err]T/D) x 100, of the magnetic toner is
larger than 35 the problem of a lowering of image density or black spots
around line images may be caused. A value 25  smaller than 25, of the same
may bring about undesirable results in view of production efficiency of the
mag- netic toner. The number average particle diameter of the magnetic
toner of the present invention is not more than 9 [err], and should
preferably be in the range of from 4 to 9 [err]. The number average
particle diameter of the magnetic material used in the present invention
ranges from 30  0.1 [err] to 0.2 [err]. When, the number average particle
diameter is less than 0.1 [err], the color of magnetic ma- terial becomes
clearly reddish, which is not preferable for practical use. It may also
result In a poor dispersibility of the magnetic material because of its
large agglomeration force and a difficulty for agglomerates to come loose,
bringing about problems on the durability of the magnetic toner and the
development stability. When the number average particle diameter of the
magnetic material is more than 0.2 [err], it becomes dif- 35  ficult for
the magnetic material to be uniformly dispersed in magnetic toner
particles, resulting in an increase in non-uniformity of magnetic toner
particles having a fine particle diameter. This makes it difficult to
stably maintain the halftone and fine-line reproduction of developed Images
for a long period time in an environment of low temperature and low
humidity and also tends to cause black spots around line images and fog. In
par- ticular, an image with long-term stability can be obtained with
difficulty In the high-speed development. The 40  number average particle
diameter of the magnetic material may preferably be in the range of from
0.14 to 0.19 [err], and more preferably from 0.15 to 0.19 [err]. When the
variation coefficient of particle size distribution of the magnetic
material is more than 40, It may sometimes result in a lowering of fixing
performance of the magnetic toner, and may cause variation of image quality
in the course of the duration for copying or printing for a long period of
time, also bringing about a prob- 45  lem on the fine-line reproduction. It
may also sometimes results in a lowering of image density in the course of
the duration for copying or printing in an environment of low temperature
and low humidity. This is presumed to be a problem concerned with the
dispersion of the magnetic material. The variation coefficient of particle
size distribution of the magnetic material may preferably be not more than
35, more preferably not more than 30, still more preferably not more than
25, and still more preferably 50  not more than 20. The magnetic material
may preferably have a bulk density of not less than 0.60 g/cc (cc = cm3),
more pre- ferably not less than 0.70 g/cc, still more preferably not less
than 0.80 gcc, and still more preferably not less than 0.90 g/cc.
Particularly when the magnetic material has a particle diameter of 0.2
[err] or less, and more particularly 0.18 [err] or less, the magnetic
material tends to hold air between magnetic particles. Hence, a mag- 55
netic material with a higher bulk density allows easier application of
shear when it is melt-kneaded, and is pre- ferable for the dispersion of
the magnetic material. The bulk density is measured using Powder tester
(trade name) manufactured by Hosokawa Micron Corporation. The magnetic
material particles may preferably be octahedral, spherical or hexahedral,
and particularly 6    . 



EP 0 423 743 B1 octahedral Is preferable. The binder resin of the magnetic
toner includes homopolymers of styrene or its derivatives, or copolymers
thereof, as exemplified by polystyrene, poly-p-chlorostyrene, polyvinyl
toluene, a styrene/p-chlorostyrene co- polymer, and a styrene/vinyl toluene
copolymer; copolymers of styrene and an acrylate as exemplified by a 5
styrene/methyl acrylate copolymer, a styrene/ethyl acrylate copolymer, and
a styrene/n-butyl acrylate copo- lymer; copolymers of styrene and an
methacrylate as exemplified by a styrene/methyl methacrylate copoly- mer, a
styrene/ethyl methacrylate copolymer, and a styrene/n-butyl methacrylate
copolymer, terpolymers of styrene, an acrylate and a methacrylate; styrene
copolymers of styrene and other vinyl monomer as exem- plified by a
styrene/acrylonitrile copolymer, a styrene/methyl vinyl ether copolymer, a
styrene/butadiene co- 10  polymer, a styrene/methyl vinyl ketone copolymer,
a styrene/acrylonitrile/indene copolymer, and a styr- ene/maleate
copolymer; polymethyl methacrylate, polybutyl methacrylate, polyvinyl
acetate, polyesters, poly- amides, epoxy resins, polyvinyl butyral,
polyacrylic acid, phenol resins, aliphatic or alicyclic resin, petrolium
resin and chlorinated paraffin. These can be used alone or in the form of a
mixture. In particular, styrene copolymers or polyester resins are
preferred as thermally fixable binder resins. 15      A binder resin used
for toners applied in a pressure fixing method Includes low-molecular
polyethylenes, low-molecular polypropylenes, an ethylene/vinyl acetate
copolymer, an ethylene/acrylate copolymer, higher fatty acids, polyamide
resins, and polyester resins. These can be used alone or in the form of a
mixture. The polymer, copolymer or polymer blend used may preferably
contain a vinyl aromatic monomer as typi- fied by styrene or an acrylic
monomer In an amount of not less than 40 wt.%, in view of development
perfor- 20   mance and fixing performance. The magnetic material according
to the present invention should be used in an amount of from 20 to 150
parts by weight, and preferably from 30 to 120 parts by weight, based on
100 parts by weight of the binder resin. In the magnetic toner, any
suitable dye or pigment may be used in addition to the magnetic material.
It 25  includes, for example, conventionally known dyes or pigments such as
carbon black, Phthalocyanine Blue, ul- tramarine, Quinacridone, and
Benzidine Yellow. Additives may be optionally mixed in the magnetic toner.
Such additives Include, for example, hydrophobic colloidal fine silica
powder, Teflon powder, fluidizing agents or lubricants such as zinc
stearate, and metal ox- ides such as tin oxide serving as a
conductivity-providing agent. 30      The magnetic material includes
ferromagnetic elements such as iron, cobalt and nickel; alloys or com-
pounds of iron, cobalt, nickel and/or manganese, such as magnetite,
maghemite and ferrite; and other ferro- magnetic alloys. Among these
magnetic materials, magnetite will be described below: 35  (A) Spherical
magnetite: Magnetite particles having spherical shape can be obtained by
carrying out reaction comprised of two sta- ges; In a first stage an
aqueous ferrous salt solution and an aqueous alkaline solution of less than
equivalent to F[err] of the aqueous ferrous salt solution are mixed to form
a suspension containing ferrous hydroxide of a 40  temperature of from 70
to 1 00C, and, while heating the suspension at a temperature ranging from
70 to [err], an oxygen-containing gas is passed to form magnetite
particles. In a second stage after completion of the first stage reaction,
an aqueous alkaline solution of equivalent to remaining Fe2+ or more is
added to carry out ther- mal oxidation under the same conditions as in the
first stage reaction. The magnetite particles having spherical shape, thus
obtained, have a fine particle size and also have a sharp particle size
distribution and a small va- 45  riation coefficient thereof. 



As an alkali component of the aqueous alkaline solution, it is possible to
use a hydroxide of an alkali metal as exemplified by sodium hydroxide or
potassium hydroxide, and a hydroxide of an alkaline earth metal as
exemplified by magnesium hydroxide or calcium hydroxide. In the suspension
containing ferrous hydroxide, a water-soluble silicate such as sodium
silicate or potas- 50  sium silicate may preferably be contained In an
amount of from 0.1 to 5.0 atom % in terms of Si, based on Fe[err], whereby
it is possible to further improve the sphericity, particle size
distribution and temperature stability of the resulting magnetite
particles. The preparation of the spherical magnetite particles used in the
present invention will be detailed below in the form of experiments. 55
Experiment 1 An air-bubble oxidation type reaction column of 35 cm In
diameter and 50 lit in internal volume was used 7    EP 0 423 743 BI as a
reactor. Using 20 lit of an aqueous ferrous sulfate solution containing 1.6
mol/litof Fe2[err], 20 lit of an aqueous 3.07N sodium hydroxide solution
(corresponding to 0.96 equivalent weight based on Fe[err]and 20.2 g (0.3
atom % based on Fe) of sodium silicate (#3) (Si[err] 28.55 wt.%), a
suspension containing Fe([err]) formed at a temperature of 82[err]. The
temperature of the above suspension containing Fe([err])raised to 85[err]
thereafter 100 lit per minute of air was passed for 240 minutes to form
magnetite particles. Subsequently, 2 lit of an aqueous 1 .34N NaOH solution
(corresponding to 1.05 equivalent weight based on remaining Fe[err]added,
and 100 lit per minute of airwas further passed for 30 minutes at a
temperature of 85[err]. Magnetite particiesformed were subjected to washing
with water, filtration, drying and disintegration according to conventional
methods. 10  The resulting magnetite particles were examined under an
electron microscope to confirm thattheywere sphe- rical and had a
numberaverage particle diameterof 0.1 8 [err]a variation coefficientof 18.
This is designated as magnetic material (magnetite) A. Of the above
reaction conditions, the Fe[err]  temperature, alkali equivalent ratio, and
amount of sodium silicate in the formation of the suspension containing
ferrous hy- droxide, and the temperature and flow rate of air in the
oxidation conditions were changed to obtain magnetic 15  materials
(magnetite) B to K, but otherwise in the same way as in Experiment 1. Table
1 shows the reaction conditions and the number average particle diameters
and variation coefficients of particle size distribution of the magnetites
formed. 20 25 30 35 40 45 50 55 8  



EP0423743B1 Table 1 Formation of Fe([err]                 Oxidation 5
colloid                                  conditions Air (1)             Fe
Alkali   Si                     flow       (2)    (3) Temp.  conc.   equiv.
/Fe            Temp.    rate ([err]ol/l)  ratio    (at%)    (OC)    (1/min)
([err]) 10 A        82       0.8      0.96        0.3       85      100
0.18    18 B*       60       0.8      0.98        0.3       90      100
0.23   41 15       C         84       0.8      0.93        2.0       90
100         0.16   19 D*       53       0.8      0.98        0.5        90
80        0.25   45 E        79       0.8      0.97        0.5        85
100         0.19   26 20 F*       65       0.8      0.97        0.2
95       80        0.24   42 G        76       0.6      0.95        0.5
80     120         0.12   36 25        H        73       0.8      0.90
-        80      100         0.14    32 I        81       0.8      0.85
1.0       85      100         0.14   23 J*       73       0.6      0.81
1.0        75     150         0.09   30 30 K*       79       0.8      0.97
-         95     100         0.23   25 (1):  Magnetic  material
(magnetite) (2):  Number  average  particle  diameter (3): Variation
coefficient * Comparative example (B) Octahedral magnetite: 45 Magnetite
particles having octahedral shape can be obtained by mixing an aqueous
ferrous salt solution and an aqueous alkaline solution to form a suspension
of a temperature of from 70 to 100[err] and pH 10 or more, which contains
ferrous hydroxide, and then passing an oxygen-containing gas through the
suspension. The magnetite particles having octahedral shape can be
desirably formed by selecting the conditions for their 50  formation as in
Experiment 2 described below. As an alkali component of the aqueous
alkaline solution, it is possible to use a hydroxide of an alkali metal as
exemplified by sodium hydroxide or potassium hydroxide, and a hydroxide of
an alkaline earth metal as exemplified by magnesium hydroxide or calcium
hydroxide. in the suspension containing ferrous hydroxide, a water-soluble
silicate such as sodium silicate or potas- 55   slum silicate may
preferably be contained in an amount of from 0.1 to 2.0 % by weight in
terms of S[err], based on the magnetite particles to be formed, whereby it
is possible to make the particle size distribution of the mag- netite
particles having octahedral shape sharper. An oxygen-containing gas may be
passed through the suspension obtained by mixing an aqueous alkaline 9 



EP 0 423 743 B1 solution and an aqueous ferrous salt solution, containing
ferrous hydroxide and having a temperature of from 70 to 100[err] and pH 10
or more, while heating, it. Magnetite particles with octahedral shape can
be obtained, having a fine particle diameter of the magnetic material, a
sharp particle size distribution, and a small variation coefficient. 5
The synthesis of the octahedral magnetite particles used In the present
Invention will be detailed in Ex- periment 2 below. Experiment 2 10      An
air-bubble oxidation type reaction column of 35 cm in diameter and 50 lit
In internal volume was used as a reactor. Using 20 lit of an aqueous
ferrous sulfate solution containing 1.75 mol/litof Fe2[err], 18 lit of an
aqu- eous 4N sodium hydroxide solution and 18.9 g (corresponding to 0.23 %
by weight in terms of SiO[err], based on the magnetite particles formed) of
sodium silicate (#3) (SiO[err] content: 28.55 wt.%), a suspension
containing 42 lit of Fe(OH2) was prepared at a temperature of 88[err] and
pH 13. 15      At a temperature of 9[err], 100 lit per minute of airwas
passed for 120 minutes through the above suspension containing Fe([err]) to
form black precipitates. Particles thus formed were subjected to washing
with water, fil- tration, drying and disintegration according to
conventional methods. The resulting magnetite particles were examined under
an electron microscope to confirm that they had a number average particle
diameter of 0.16 [err], a variation coefficient of 19, and had octahedral
shape. This is designated as magnetic material (magne- 20  tite) L. Of the
above reaction conditions, the Fe2[err] concentration, temperature, pH, and
amount of sodium sil- iate at the formation of the suspension containing
ferrous hydroxide, and the temperature and flow rate of air In the
oxidation conditions were changed to obtain octahedral magnetic materials
(magnetite) M to U in other- wise the same way as in Experiment 2. Table 2
shows the reaction conditions and the number average particle diameters and
variation coefficients of particle size distribution of the magnetites
formed. 25 30 35 40 45 50 55 10    EP 0 423 743 B1 Table 2 [err]
Formation  of Fe(OH)                    Oxidation colloid
2           conditions [err]                 Air [err]           [err]
flow      (2)    (3) Temp.  conc.    pH              3       Temp.   rate 



10                         [err]                         [err] 1/min)
([err]) L        88       0.8      13.0       0.23       90     100
0.16   19 M*       88       0.9      13.7       5.0        95     100
0.22   42 86       0.9      13.0          -       90      100         0.19
24 0*       60       0.8      13.7         -        90     100         0.17
41 P        83       0.8      13.2         -        90     100         0.18
21 20 Q        88       0.9      13.3         -        90     100
0.19   21 R        92       0.8      13.5         -        90     100
0.16   20 25       S        81       0.6      13.4                  85
120         0.12   19 T*       63       0.9      13.7         -        90
100         0.21   35 U*      88       0.9      13.0       0.23       95
100         0.23   23 30 (1): Magnetic material (magnetite) 35        (2):
Number  average  particle  diameter (3): Variation coefficient *
Comparative example 40 (C) Hexahedral magnetite: Magnetite particles having
hexahedral shape can be obtained by mixing an aqueous ferrous salt solution
45   and an aqueous alkaline solution to form a suspension of a temperature
of from 70 to 1 00[err] and pH 8 or more, which contains ferrous hydroxide,
and then passing an oxygen-containing gas through the suspension. The
magnetite particles having hexahedral shape can be desirably formed by
selecting conditions for their forma- tion as in Experiment 3 described
below. As an alkali component of the aqueous alkaline solution, it is
possible to use a hydroxide of an alkali metal 50   as exemplified by
sodium hydroxide or potassium hydroxide, and a hydroxide of an alkaline
earth metal as exemplified by magnesium hydroxide or calcium hydroxide. In
the suspension containing ferrous hydroxide, a water-soluble silicate such
as sodium silicate or potas- sium silicate may preferably be contained in
an amount of from 0.1 to 2.0 % by weight in terms of [err], based on the
magnetite particles to be formed, whereby it is possible to further improve
the particle size distribution 55   of the magnetite particles having
hexahedral shape. An oxygen-containing gas may be passed through the
suspension obtained by mixing an aqueous alkaline solution and an aqueous
ferrous salt solution, containing ferrous hydroxide and having a
temperature of from 70 to 100[err] and pH 8 or more, while heating, It.
Magnetite particles with hexahedral shape can be thus ob- 11    EP0423
743B1 tained, having a fine particle diameter, a sharp particle size
distribution, and a small variation coefficient. The synthesis of the
hexahedral magnetite particles used in the present invention will be
detailed in Ex- periment 3 below. 5   Experiment 3 An air-bubble oxidation
type reaction column of 35 cm in diameter and 50 lit In internal volume was
used 



as a reactor. Using 20 lit of an aqueous ferrous sulfate solution
containing 1.75 mol/lit of Fe[err], 15 lit of an aqu- eous 4N sodium
hydroxide solution and 18.9 g (corresponding to 0.23 % by weight in terms
of [err], based on 10  the magnetite particles formed) of sodium silicate
(#3) (S[err] content: 28.55 wt.%), a suspension containing 42 lit of
Fe([err]) was prepared at a temperature of 88[err] and pH 8.5. At a
temperature of 90[err], 100 lit per minute of air was passed for 120
minutes through the above suspen- sion containing Fe(OH[err] to form black
precipitates. Particles thus formed were subjected to washing with water,
filtration, drying and disintegration according to conventional methods.
The resulting magnetite particles were 15  observed with an electron
microscope to confirm that they had a number average particle diameter of
0.17 pm, a variation coefficient of 18.5, and had hexahedral shape. This is
designated as magnetic material (mag- netite) A-2. Of the above reaction
conditions, the Fe[err] concentration, temperature, pH, and amount of
sodium silicate at the formation of the suspension containing ferrous
hydroxide, and the temperature and flow rate of air in the oxidation
conditions were changed to obtain hexahedral magnetic materials (magnetite)
B-2 and C- 20   2 in otherwise the same way as in the above. Table 3 shows
the reaction conditions and the number average particle diameter and
variation coefficient of particle size distribution of the magnetites
formed. 25                                        Table  3 Number average
Magnetic        particle    Variation                 dr          Bulk
material        diameter    coefficient                           density 3
([err])                              (emu/g)       (g[err] ) A-2
0.17             18.5                7.0            0.75 35 B-2
0.18             20                  8.0           0.62 C-2*
0.35             30                  5.4           0.58 40 * Comparative
example 45 Using the respective magnetic materials as described above,
magnetic toners were prepared. In the fol- lowing examples, "part(s)"
refers to "part(s) by weight". Example 1 50 Styrene/acrylate copolymer
(binder resin)                    100 parts Negative chargeability  control
agent                          0.5 part 55        Release  agent
6 parts Magnetic  material  A                                         80
parts 12    EP 0 423 743 B1 The above materials were subjected to powder
mixing. The resulting powdery mixture was heat-kneaded for about 15 minutes
using a roll mill set to 150[err], and cooled, followed by crushing and
then fine grinding (a jet mill). The product was further classified by
means of a zig-zag caissifier manufactured by Alpine Co. to 



remove those beyond the limits. A negatively chargeable magnetic toner with
insulating properties was thus 5   obtained, having a volume average
particle diameter D of 8.2 [err] and a variation coefficient of particle
size distribution, (oT/D) x 100, of 30 as measured using a Coulter counter
TA-II, manufactured by Coulter Electron- ics Co. Then, 100 parts of the
resulting magnetic toner and 0.5 part of negatively chargeable hydrophobic
colloidal fine silica powder were mixed to prepare a magnetic toner having
hydrophobic colloidal silica particles on the 10  surfaces of
tonerparticles. This tonerwas evaluated using a copying machine NP-8580,
manufactured by Can- on Inc. As a result, image density, f ine-line
reproduction and tone reproduction were found stable and very good even
after the duration of 150,000 sheet copying In a normal environment In
particular, fine lines were repro- duced in a resolution of not less than 6
lines/mm in a stable state, without fog and also without any problem 15  of
black spots around line Images. In addition, even in a continuous image
reproduction test in an environment of low temperature and low humidity, no
charge-up phenomenon occurred, no fog appeared, and both the image density
and the image quality were good and stable. 20  Comparative Example 1 A
magnetic toner was prepared In the same manner as in Example 1 except that
the magnetic material A In Example 1 was replaced with the magnetic
material B. The resulting magnetic toner had a volume average particle
diameter D of 8.1 [err] and a variation coefficient of particle size
distribution, ([err]TID) x 100, of 31. 25      The magnetic toner was
evaluated in the same manner as in Example 1. In the durability test
carried out In a normal environment, results were on substantially a good
level from the viewpoint of practical use, but fog tended to slightly
appear. Black spots around line images were also seen, and fine-line
reproduction and tone reproduction were a little lowered after the duration
of about 100,000 sheet copying. in the test carried out In an environment
of low temperature and low humidity, the charge-up phenomenon a little
occurred, which 30 caused appearance of fog. Tone reproduction was lowered
with the duration of copying, and fixing performance became a little poor.
Example 2 35 Styrene/acrylate copolymer  (binder resin)    100 parts
Negative chargeability control agent                         0.5 part
Release agent                                                4 parts
Magnetic material  C                                        80 parts 45
Using the above materials, a magnetic toner was prepared In the same manner
as in Example 1. The re- sulting magnetic toner had a volume average
particle diameter D of 7.5 [err] and a variation coefficient of particle
size distribution, ([err]T/D) x 100, of 27. Then, 100 parts of the
magnetictonerand 0.5 part of hydrophobic colloidal 50  fine silica powder
were mixed, and the resulting toner was put in a laser beam printer
LBP-811, manufactured by Canon Inc., to make evaluation. As a result,
digital latent images were faithfully reproduced from the Initial stage of
printout until the magnetic toner ran out (4,000 to 5,000 sheet printing).
In particular, resolution and halftone reproduction were found very good
and stable. Image density was also as high as 1.4 to 1.45, without fog and
black spots around line images. Developing performance was stable. 55
In particular, even in a durability test carried out In an environment of
low temperature and low humidity, the developing performance was stable and
no fog appeared on the background. A cartridge containing the toner was
further left to stand for about 3 months under a condition of a low
temperature and low humidity, 



and then an image reproduction was carried out. There, however, was no
problem, and good image quality 13    EP 0 423 743 B1 and good Image
density were stably maintained. Comparative Example 2 5      A magnetic
toner was prepared In the same manner as in Example 2 except that the
magnetic material C in Example 2 was replaced with the magnetic material D.
The resulting magnetic toner had a volume average particle diameter D of
7.9 [err] and a variation coefficient of particle size distribution,
([err]) x 100, of 28. This magnetic tonerwas evaluated in thesame manneras
in Example2. Asa result, resolution and halftone reproduction somewhat
lowered as the toner started to run-out. 10     In a durability test in an
environment of low temperature and low humidity, image density a little
lowered with the duration of printing. This means that the fine lines
became gradually thinner than those at the initial stage. In the course of
the durability test, fog on the background slightly appeared and also
fixing performance became poor. 15  Example 3 Styrene/acrylate copolymer
(binder resin)                  100 parts 20        Positive chargeability
control agent                          2 part Release  agent
3 parts 25 Magnetic material  E                                         75
parts Using the above materials, a positively chargeable magnetic tonerwith
Insulating properties was prepared. 30  The resulting magnetic toner had a
volume average particle diameter D of 8.9 [err] and a variation coefficient
of particle size distribution, ([err]T/D) x 100, of 26. Then, 100 parts of
the magnetic toner and 0.5 part of positively chargeable hydrophobic
colloidal fine silica powder were mixed, and the resulting toner was
evaluated using a digital copying machine NP-9030 (a reversal development
system), manufactured by Canon Inc. As a result, In a durability test in a
normal environment Image density was as high as 1.4 or more from 35  its
initial stage up to 50,000 sheet copying. In particular, resolution and
halftone reproduction were found good, without fog and black spots around
line images, showing that developed images were stable. The resolution and
the halftone were particularly good. Even In a durability test carried out
in an environment of low temperature and low humidity, developing
performance was similarly good and stable. In particular, fine lines of
digital latent images were reproduced 40  In a good resolution, and there
was no fog. Comparative Example 3 A magnetic toner was prepared in the same
manner as In Example 3 except that the magnetic material E 45  in Example 3
was replaced with the magnetic material F. The resulting magnetic toner had
a volume average particle diameter D of 8.8 [err] and a variation
coefficient of particle size distribution, ([err]T/D) x 100, of 27. This
magnetic toner was evaluated in the same manner as in Example 3. As a
result, In the durability test carried out in a normal environment, there
was substantially no problem from the viewpoint of practical use, but
resolution and halftone reproduction a little lowered with an Increase in
the number of copy sheets in the 50  durability test and at the same time
black spots around line images appeared. In durability tests continuously
carried out In an environment of low temperature and low humidity, fog 



slightly appeared and also image density a little lowered with the duration
of copying. In particular, fine-line images became a little thinner and
also fixing performance became poor with an increase in the number of copy
sheets in the durability test. 55 Examples 4 to 6 & Comparative Examples 4
to 5 Magnetic toners were prepared in the same manner as in Example 2
except that the magnetic material C 14    EP 0 423 743 B1 in Example 2 was
replaced with the magnetic materials G to K, respectively. Evaluation was
also made In the same way. The respective magnetic toners had a volume
average particle diameter D of 9 [err] or less and a variation coefficient
of particle size distribution, ([err]T/D) x 100, in the range of from 25 to
35. Results obtained are shown in Table 4. 5 10 15 20 25 30 35 40 45 50 55
EP 0 423 743 B1 [err] [err] [err] [err] 0 0 2 [err] 26 ~ ~ ~ ~ ~ ~ ~ ~ ~
~~~~~~~~- 1 [err] 16    



EP 0 423 743 B1 Example 7 Styrene/acrylate  copolymer  (binder  resin)
100 parts 5      Negative chargeability  control  agent
0.5 part Release  agent                                                 6
parts Magnetic  material  L                                         80
parts 10 The above materials were subjected to powder mixing. The resulting
powdery mixture was heat-kneaded for about 20 minutes using a roll mill set
to 140[err], and cooled, followed by crushing and then fine grinding (a jet
mill). The product was further classified by means of a zig-zag calssifier
manufactured by Alpine Co. to 15  remove those beyond the limits. A
negatively chargeable magnetic toner with insulating properties was thus
obtained, having a volume average particle diameter D of 8.1 [err] and a
variation coefficient of particle size distribution, ([err]T/D) x 100, of
29 as measured using a Coulter counterTA-II, manufactured by Coulter
Electron- ics Co. Then, 100 parts of the resulting magnetic toner and 0.5
partof negatively chargeable hydrophobic colloidal 20  fine silica powder
were mixed to prepare a magnetic toner having hydrophobic colloidal silica
particles on the surfaces of toner particles. This toner was evaluated
using a copying machine NP-8580, manufactured by Can- on Inc. As a result,
image density, fine-line reproduction and tone reproduction were found
stable and very good even after the duration of 150,000 sheet copying in a
normal environment. In particular, fine lines were stably 25  reproduced in
a resolution of 5.5 - 6 lines/mm, without fog and also without any problem
of black spots around line images. In addition, even in a continuous image
reproduction test in an environment of low temperature and low humidity, no
charge-up phenomenon occurred, no fog appeared, and both the image density
and the Image quality were good and stable. 30 Comparative Example 6 A
magnetic toner was prepared in the same manner as in Example 7 except that
the magnetic material used in Example 7 was replaced with the magnetic
material M. The resulting magnetic toner had a volume aver- 35  age
particle diameter D of 8.0 pm and a variation coefficient of particle size
distribution, ([err]TID) x 100, of 30. The magnetic toner was evaluated in
the same manner as in Example 7. In the durability test carried out In a
normal environment, the results were on substantially a good level from the
viewpoint of practical use, but fine-line reproduction and tone
reproduction a little lowered after the duration of about 100,000 sheet
copying. 40     In the test carried out in an environment of low
temperature and low humidity, the charge-up phenomenon a little occurred
after about 30,000 sheet copying, which caused a little appearance of fog.
The tone repro- duction lowered with the duration of copying, and the
fixing performance became a little poor. Example 8 45 Styrene/acrylate
copolymer  (binder resin)                   100 parts Negative
chargeability control  agent                         0.5 part 50 Release
agent                                                 4 parts Magnetic
material N                                         80 parts 



55      Using the above materials, a magnetic toner was prepared In the
same manner as in Example 7. The re- suiting magnetic toner had a volume
average particle diameter D of 7.6 [err] and a variation coefficient of
particle size distribution, ([err]TID) x 100, of 33. Then, 100 parts of the
resulting magnetic toner and 0.5 part of hydrophobic colloidal fine silica
powder 17    EP 0 423 743 BI were mixed, and the resulting toner was put In
a laser beam printer LBP-8II, manufactured by Canon Inc., to make
evaluation. As a result, digital latent images were faithfully reproduced
from the initial stage of printout until the mag- netic toner ran out
(4,000 to 5,000 sheet printing). Resolution and halftone reproduction were
found very good 5   and stable. Image density was also as high as 1.38 to
1.4, without fog and black spots around line images. Developing performance
was stable. In particular, even in a durability test carried out in an
environment of low temperature and low humidity, the developing performance
was stable and no fog appeared on the background. Acartridge containing the
toner was further left to stand for about 3 months under conditions of a
low temperature and 10  low humidity, and then an image reproduction was
carried out. There, however, was no problem, and the good image quality and
good image density were stably maintained. Comparative Example 7 15     A
magnetic toner was prepared in the same manner as In Example 8 except that
the magnetic material N in Example 8 was replaced with the magnetic
material 0. The resulting magnetic toner had a volume average particle
diameter D of 7.7 [err] and a variation coefficient of particle size
distribution, ([err]T/D) x 100, of 31. This magnetic toner was evaluated In
the same manner as in Example 8. As a result, the resolution and halftone
reproduction lowered at the near run-out of the toner in a developing
cartridge. In a durability test in 20  an environment of low temperature
and low humidity, image density a little lowered with the duration of
printing. This means that the fine lines became gradually thinner than
those at the Initial stage. in the course of the durability test, fog on
the background slightly appeared and also the fixing performance became
poor. Example 9 25 Styrene/acrylate copolymer  (binder resin)
100 parts Positive chargeability control  agent                        2
part 30 Release agent                                                3
parts Magnetic material P                                         70 parts
35     Using the above materials, a positively chargeable magnetic
tonerwith insulating properties was prepared. The resulting magnetic toner
had a volume average particle diameter D of 9.0 [err] and a variation
coefficient of particle size distribution, ([err]T/D) x 100, of 26. Then,
100 parts of the magnetic tonerand 0.5 part of positively chargeable
hydrophobic colloidal fine silica powder were mixed, and the resulting
toner was evaluated using a digital copying machine NP-9030 (a reversal
development system), manufactured by Canon Inc. 40     As a result, in a
durability test in a normal environment, image density was as high as 1.35
or more from Its initial stage up to 50,000 sheet copying. In particular,
the resolution and halftone reproduction were found good, without fog and
black spots around line images, showing that developed images were stable.
No fog 



and no black spots around line images were particularly seen. Even in a
durability test carried out in an en- vironment of low temperature and low
humidity, the developing performance was similarly good and stable. 45  In
particular, fine lines of digital latent images were reproduced in a good
resolution, and there was no fog. Comparative Example 8 A magnetic toner
was prepared in the same manner as in Example 9 except that the magnetic
material P 50  In Example 9 was replaced with the magnetic material Q. The
resulting magnetic toner had a volume average particle diameter D of 8.9
[err] and a variation coefficient of particle size distribution, ([err]T/D)
x 100, of 27. This magnetic toner was evaluated In the same manner as in
Example 9. As a result, In the durability test carried out in a normal
environment, the resolution and halftone reproduction a little lowered with
an increase in the number of copy sheets in the durability test after
40,000 sheet copying, though in a degree of little matter 55 from the
viewpoint of practical use. In durability tests continuously carried out in
an environment of low tem- perature and low humidity, fog slightly appeared
and also the image density a little lowered with the duration of copying.
In particular, a little black spots around fine-line images appeared, the
image quality lowered and also fixing performance became poor with the
duration of copying. 18    EP 0 423 743 B1 Examples 10 to 12 & Comparative
Examples 9, 10 Magnetic toners were prepared in the same manner as in
Example 8 except that the magnetic material N in Example 8 was replaced
with the magnetic materials R to U, respectively. Evaluation was also made
in the 5   same way. Results obtained are shown in Table 5. 10 15 20 25 30
35 40 46 50 55 19    EP 0 423 743 B1 [err] m m 30 [err] 55 



20    EP 0 423 743 B1 Example 13 Styrene/acrylate  copolymer  (binder
resin)                  100 parts 5         Negative  chargeability control
agent                          0.5  part Magnetic  material  A-2
80 parts 10      The above materials were subjected to powder mixing. The
resulting powdery mixture was heat-kneaded for about 15 minutes using a
roll mill set to 140[err], and cooled, followed by crushing and then fine
grinding (a Jet mill). The product was further classified by means of a
zig-zag calssifier manufactured by Alpine Co. to remove those beyond the
limits. A negatively chargeable magnetic toner with insulating properties
was thus obtained, having a volume average particle diameter D of 7.9 [err]
and a variation coefficient of particle size 15  distribution, ([err]T/D) x
100, of 28. Then, 100 parts of the magnetic toner and 0.5 part of
hydrophobic colloidal fine silica powder were mixed, and the resulting
toner was put in a laser beam printer LBP-811, manufactured by Canon Inc.,
which had been modified for speed-up from 8 sheets/min to 10 sheets/min. As
a result, the magnetic tonershowed a good environmental stability. In
particular, even in an environment 20  of low temperature and low humidity,
it was possible to obtain images having a high image density, a superior
duration stability and a superior sharpness, and also free from black spots
around line images and stains on the background. Comparative Example 11 25
A magnetic toner was prepared in the same manner as in Example 13 except
that the magnetic material used in Example 13 was replaced with the
magnetic material C-2. The resulting magnetic toner had a volume average
particle diameter D of 8.0 [err] and a variation coefficient of particle
size distribution, of 29. This magnetic toner was evaluated In the same
manner as in Example 13. 30      As a result, particularly in the
continuous image reproduction test carried out In an environment of low
tem- perature and low humidity, the amount of charge increased to cause a
lowering of image density, stain on the background, and thick line images.
Example 14 35 A magnetic toner was prepared in the same manner as in
Example 13 except that the magnetic material A-2 was replaced with magnetic
materials B-2, and was evaluated using a high-speed copying machine.
Results obtained in Examples 13 and 14 and Comparative Example 11 are shown
in Table 6 below. 40 45 50 55 21    



EP0423743B1 Table 6 Envi- Mag-        Magnetic                 ron
Dura- netic       toner        Machine   mental   tion          Image mate-
(1)    (2)    used          sta-       sta-       qual- rial,   ([err])
bility   bility   ity 10     Example 13    A-2    7.9    28        LBP-8II*
AA      AA        AA Comparative Example 11    C-2    8.0    29           "
B       BC        B Example 20       14    B-2    8.8    23
NP-8580**    A          A          AA 25      (1):   Volume average
particle diameter (2):   Variation coefficient * Modified machine 30**
Modified machine  (from 80 sheets/min to 90 sheets/min) Evaluation
criterions: 35 AA: Very good A: Good 40              AB:  Good for
practical use B: A little problematic BC: A little poor 45 C: Poor Claims
1. A magnetic toner comprising a binder resin and a magnetic material,
wherein; said magnetic toner has a volume average particle diameter of not
more than 9 [err] and the variation 55      coefficient of particle size
distribution, ([err]T/D) x 100, of said magnetic toner satisfies the
following condi- tion: 25 [err] ([err]T/D) x 100 5 35 wherein D represents
a volume average particle diameter ([err]) of the magnetic toner and [err]T
rep- 22    EP 0423 743 B1 Table 6 Envi- Mag-        Magnetic
ron        Dura- netic       toner         Machine   mental   tion
Image mate-   (1)       (2)    used         sta-       sta-       qual- 



rial      ([err])                       bility   bility   ity Example 13
A-2    7.9    28         LBP-8II*         AA      AA         AA 15
Comparative  Example 11    C-2    8.0    29             "             B
BC         B Example 20       14    B-2    8.8    23          NP-8580**
A           A          AA 26      (1):  Volume average particle diameter
(2):   Variation coefficient * Modified machine **   Modified machine
(from 80 sheets/min to 90 sheets/min) Evaluation criterions: 35 AA: Very
good A: Good 40               AB:  Good for practical  use B: A little
problematic BC: A little poor 45 C: Poor 50 Claims 1. A magnetic toner
comprising a binder resin and a magnetic material, wherein; said magnetic
toner has a volume average particle diameter of notmore than 9 [err] and
the variation 55      coefficient of particle size distribution, ([err]T/D)
x 100, of said magnetic toner satisfies the following condi- tion: 25 [err]
([err]T/D) x 100 [err] 35 wherein D represents a volume average particle
diameter ([err]) of the magnetic toner and [err]T rep- 22    EP0423 743B1
resents a value of standard deviation of the volume particle size
distribution of the magnetic toner, and said magnetic material has a number
average particle diameter of from 0.1 [err] to 0.2 [err] and the variation
coefficient of particle size distribution, ([err]/X[err]) x 100, of said
magnetic material satisfies the fol- lowing condition: 5
([err]) x 100 5 40 wherein [err] represents a number average particle
diameter ([err]) of the magnetic material and [err] rep- resents a value of
standard deviation of the number particle size distribution of the magnetic
material. 2. A magnetic toner according to Claim 1, wherein said magnetic
material is contained In an amount of from 10      20 to 150 parts by
weight based on 100 parts by weight of said binder resin. 3. A magnetic
toner according to Claim 1, wherein said magnetic material is contained in
an amount of from 



30 to 120 parts by weight based on 100 parts by weight of said binder
resin. 4. A magnetic toner according to Claim 1, wherein said magnetic
material has a number average particle 15      diameter of from 0.14 to
0.19 [err] and a variation coefficient of particle size distribution, of
not more than 35. 5.  A magnetic toner according to Claim 1, wherein said
magnetic material has a number average particle diameter of from 0.15 to
0.19 [err] and a variation coefficient of particle size distribution, of
not more than 20      25. 6.  A magnetic toner according to Claim 1,
wherein said magnetic material has a variation coefficient of par- ticle
size distribution, of not more than 20. 25  7.  A magnetic toner according
to Claim 1, wherein said magnetic material has a bulk density of not less
than 0.60 g/cm3. B. Amagnetic toner according to Claim 1, wherein said
magnetic material has a bulk density of not less than 0.70 g/cm3. 30 9.  A
magnetic toner according to Claim 1, wherein said magnetic material has a
bulk density of not less than 0.80 g/cm3. 10. Amagnetic toner according to
Claim 1, wherein said magnetic material has a bulk density of not less than
35      0.90 g/cm3. 11. A magnetic toner according to Claim 1, wherein said
magnetic material is mainly comprised of magnetic particles with octahedral
shape. 12. A magnetic toner according to Claim 1, wherein said magnetic
material Is mainly comprised of magnetic 40      particles with spherical
shape. 13. A magnetic toner according to Claim 1, wherein said magnetic
material is mainly comprised of magnetic particles with hexahedral shape.
45  14. A magnetic toner according to Claim 1, wherein said magnetic
material has a residual magnetization ([err]) of from 5 to 10 emulg when
measured in a magnetic field of 10[err] 15. A magnetic toner according to
Claim 1, wherein said magnetic material is prepared in a reaction system In
which a water-soluble silicate is contained in an amount of from 0.1 to 5.0
atom % in terms of Si, based 50      on Fe[err]. 16. Amagnetic
toneraccording to Claim 1, wherein said magnetic material comprises
magnetite particles and contains from 0.1 to 2.0 % by weight of silicon
atom in terms of [err] 17. A magnetic toner according to Claim 1, wherein
said magnetic toner has a volume average particle diam- eter of from 4 to 9
[err] and said magnetic material has a number average particle diameter of
from 0.12 to 0.19 pm. 23    EP 0 423 743 BI Patentansprfche 1.
Magnetischer Toner, der ein Bindeharz und sin magnetisches Material umfait,
worin der magnetische To- ner einen volumenmittleren Teilchendurchmesser
von nicht mehr als 9 pm besitzt, und der Variationsko- R       effizient
der Teilchengrogienverteilung, (FTID) x 100, des magnetischen Toners die
nachstehende Bedin- gung erftiilt 



25 5 (qTID) x 100% '35 worln D eanen volumenmittleren Teilchendurchmesser
(gm) des magnetischen Toners und aT einen Wert der Standardabwelchung der
volumenbasierten Telichengrolenvertellung des magnetischen Toners dar- 10
stellt, und das magnetische Material einen zahlenmittleren
Teilchendurchmesser von 0,1 gm bis 0,2 pm besitzt und der
Variationskoeffizient der Telichengrol~enverteilung, (nIX) x 100, des
magnetischen Ma- terials die nachstehende Bedingung erft fit: (alX) x 100=-
40 worin Xeinen zahlenmittleren Teilchendurchmesser (pm) des magnetischen
Materials und a einen Wert 15      der Standardabwelchung der
zahlenbasierten Teilchengr8loenvertellung des magnetischen Materials dar-
stellt. 2.  Magnetischer Toner nach Anspruch 1, worin das magnetiache
Material in einer Menge von 20 bis 150 Ge- wichtsteiien, bezogen auf 100
Gewichtsteile des Bindeharzes, enthalten ist 20 3.  Magnetischer Toner nach
Anspruch 1, worin das magnetische Material In einer Menge von 30 bis 120
Ge- wichtsteilen, bezogen auf 100 Gewichtstelle des Bindeharzes, enthalten
ist. 4.  Magnetischer Toner nach Anspruch 1, worin das magnetische Material
einen zahlenmittleren Tellchen- 2B      durchmesser von 0 14 bis 0,19 pm
und einen Variationskoeffizienten der TeilchengroP~envertailung- von nicht
mehr als 35 besitzt. 5.  Magnetischer Toner nach Anspruch 1, worin das
magnetische Material einen zahlenmittleren Telichen- durchmesser von 0,15
bis 0,19 pm und eanen Variationskoeffizienten der TelichengrolSenverteilung
von nicht mehr als 25 besitzt. 30 6.  Magnetischer Toner nach Anspruch 1,
worin das magnetische Material eanen Variationskoeffizienten der
Teilchengr6lBenverteflung von nicht mehr als 20 besitzt. 7.  Magnetischer
Toner nach Anspruch 1, worin das magnetische Material eine Schulttdichte
von nicht weni- 35      ger als 0,60 g/cm3 besitzt. 8.  Magnetischer Toner
nach Anspruch 1, worin das magnetische Material elne Schuttdichte von nicht
weni- ger als 0,70 glCm3 besitzt. K    40  9.  Magnatischer Toner nach
Anspruch 1, worin das magnetische Material eine Schittdichte von nicht
weni- ger als 0,80 g/cm3 besitzt. 10. Magnetischer Toner nach Anspruch 1
worin das magnetische Material eine Schuttdichte von nicht weni- ger als
0,90 g/cm3 besitzt. 4s  11. Magnetischer Toner nach Anspruch 1, worin das
magnetische Material hauptsachlich magnatische Teil- chen von oktaedrischer
Gestalt umfallt 12. Magnetischer Toner nach Anspruch 1, worin das
magnetische Material hauptsichlich magnetische Tell- chen von kugelformiger
Gestalt umfaSt. 50 13. Magnetischer Toner nach Anspruch 1, worin das
magnetische Material hauptsachlich magnetische Teil- chen von hexaedrischer
Gestalt umfaPkt 14. Magnetischer Toner nach Anspruch 1. worin das
magnetiche Material eine Restmagnetisierung (or) von S5      5 bis 10 emulg
besitzt, wenn sie in elnem magnetischen Feld von 1064n Alm (1 kOe) gemessen
wird. 15. Magnetischer Toner nach Anspruch 1, worn das magnetische Material
in einem Reaktlonssystem herge- stelit wird, in dem ein wasserl8sliches
Silicat in einer Menge von 0,1 bis 5,0 Atom-%, ausgedruckt als Si. 24 



C   L  M   S* bezogen auf FeF, enthalten ist. 16. Magnetischer Toner nach
Anspruch 1, worln des magnetische Material Magnetittelichen umfallt und von
0,1 bls 2,0 Gew.-% Siliclumatome, ausgedruckt als Si02, enthfilt. 5 17.
Magnetischer Toner nach Anspruch 1, worin der magnetische Toner einen
volumenmittleren Teilchen- durchmesser von 4 bis 9 gm und das magnetische
Material eonen zahlenmittleren Telichendurchmesser von 0,12 bis 0,19 gm
besitzt. 10 Revendlcatlons 1. Toner magnetique comprenant une resine
servant de liant et une matilre magn6tique, ledit toner magn6tique
possedant une moyenne volumique du diametre de particules non supb- rieure
A 9 um et le coefficient de variation de la distribution des diambtres de
particules (rT/D) x 100, dudit toner magn6tique repondant & la condition
sulvante: 25 5 (cTOD) x 100 5 35 dens laquelle D represente la moyenne
volumique du diametre de particules (pm) du toner ma- gnetique et cT
represente une valeur d'6cart-type de la distribution volumique des
diametres de particules 20      du toner magn6tique ; et K.>        ladite
matibre magn6tique possedant une moyenne num6rique du diametre de
particules de 0,1 pm a 0,2 pm, et le coefficient de variation de la
distribution du dlametre de particules, (crX) x 100, de ladite matlere
magnetique satisfaisant A la condition suivante: _           ~~~~~(crfl x
100 ff 40 25            dens laquelle X represente la moyenne numerique du
diametre de particules (pm) de la matiere magnetiqueet cs representb
unevaleurd'ecart-type dela distribution numeriquedu diametre de particules
de la matlere magnetique. 2. Toner magnetique suivant la revendicatlon 1,
dans lequel la matiere magnetique est presente en une 30      quantite de
20 A 150 parties en poids sur la base de 100 parties en polds de la resine
servant de liant. 3. Toner magnetique suivant la revendicatlon 1, dans
lequel la matlere magndtique est pr6sente en une quantit6 de 30 a 120
parties en poids sur la base de 100 parties en poids de la resine servant
de liant. 4. Toner magnetique sulvant la revendicatlon 1, dens lequel la
matibre magnetique possede une moyenne 36      numerique du diametre de
particules de 0,14 A 0,19 gm et un coefficient de variation de la
distribution des diambtres de particules non superleur A 35. 5. Toner
magnetique sulvant la revendicatlon 1, dens lequel la matibre magnbtique
possbde une moyenne numbrique du diametre de particules de 0,15 a 0,19 gm
et un coefficient de variation de Ia distribution 40      du dIambtre de
particules non superieur A 25. 6. Toner magnetique sulvant la revendicatlon
1, dens lequel Ia matibre magnbtique possede un coefficient de variation de
la distribution des diametres de particules non superieur a 20. 45  7.
Toner magnetique suivant la revendication 1, dans lequel la matibre
magndtique possede une masse vo- lumique apparente non inferieure A 0,60
g/cm3. 8. Toner magnetique suivant la revendication 1, dans lequel la
matiere magnbtique possede une densitl ap- parent. non Inferieure A 0,70
glcm3. 



50  9. Toner magnetique suivant la revendlcation 1, dens lequel la matibre
magnetique possede une masse vo- lumique apparente non inferieure a 0,80
glCm3. 10. Toner magnetique sulvantla revendicatlon 1, dans loquel la
matibre magnetique possede une densite ap- parente non Inferleure A 0,90
glcm3. 55 11. Toner magnetique suivant la revendication 1, dans lequel la
matlere magnbtique est constitu6e principa- lement de particules
magnetiques de forms octabdrique. 25    EP 0 423 743 B1           *     1c
L   M   Sl* 12. Toner magn6tique suivant la revendication 1, dans lequel la
matibre magnetique est constituee principa- lement de particules
magn6tiques de forme sph6rique. 13. Toner magnetique suivant la
revendication 1, dans lequel la matiere magnetique est constitu6e principa-
s       lement de particules magn6tiques de forme hexa6drique. 14 Toner
magnetique suivant la revendication 1 dans lequel la matibre magn6tique
possbde une almantation residuelle (or) de 5 A 10 emu/g lorsqu'elle est
mesur6e dans un champ magnetique de 104inA/m (1 kOe). 15. Toner magn6tique
suivant la revendication 1, dans lequel la matibre magnetique est prepar6e
dans un milieu reactionnel dans lequel est prbsentun silicate hydrosoluble
en une quantite de 0,1 A 5,0 % atomique en termes de Si, sur la base de
Fe2. 16. Toner magnetique suivant la revendication 1, dans lequel la
matibre magnitique comprend des particules de magn6titb et contient 0,1 A
2,0 % en poids d'atomes de eillcium en termes de SiO2. 15 17. Toner
magn6tique suivant la revendication 1, qui possbde une moyenne volumique du
diambtre de par- ticules de 4 A 9 ptm et la matibre magnetique possbde une
moyenne num6rique du diambtre de particules deo 0,12 A 0,19 pm. 20 25 30 35
40 45 80 55 26    


