
EP 0 395 026 B1 Description FIELD OF THE INVENTION AND RELATED ART 5
The present invention relates to a developer comprising at least
hydrophobic silica fine powder and a mag- netic toner containing spherical
magnetic particles, and an image forming method and an image forming ap-
paratus using the magnetic toner. The developer, image forming method and
apparatus according to the pres- ent invention may suitably be used in an
electrophotographic image forming method in orderto develop a digital
latent image comprising unit pixels represented by ON-OFF, or a finite
gradation by a reversal development 10 system. Generally, in the
electrophotographic system, an original image is exposed to light and the
resultant re- flected light is supplied to a latent image-carrying member
to obtain a latent image thereon. In this system, because the light
reflected from, the original image is used for an image signal as such, the
resultant latent image is an analog-type (hereinafter, referred to as
analog latent image") wherein the potential is continuously 15 changed. On
the other hand, there has recently been commercialized a system wherein
light reflected from an orig- inal image is converted into an electric
signal which is then processed, and thereafter exposure is effected
according to the processed signal. This system has various advantages such
that image enlargement or power reduction of a higher magnification is
effected easier than in the system using the analog latent image, and 20
the image signal can be fed into a computer and output in combination with
other information. However, If the analog image signal is handled as such,
the signal content becomes enormous. Accordingly, the above- mentioned
system requires digital processing wherein an image Is divided into pixel
units (hereinafter, each pixel may be referred to as "dot"), and exposure
quantities are determined with respect to the respective pixels. In a case
where a latent image is digitized, it is necessary to develop each dot more
precisely than previ- 25 ously using the conventional analog latent image.
Accordingly, there is required a developer which is capable of developing
respective pixels precisely orfaithfully. Further, when a digital latent
image is formed, it generally provides a deviation In surface potential
which is larger than that in an analog latent Image. Therefore, when the
digital latent Image is developed, It is necessary to develop portions of
the latent image wherein the po- tential difference between a
developer-carrying member and a latent image-bearing member such as a pho-
30 tosensitive drum is relatively small. Such development is particularly
important in an image having a repetitive pattern of alternating image and
non-image dots. Accordingly, when a developer Intended for developing an
analog latent image is applied to a system using a digital latent Image,
dots are insufficiently developed, particularly in the case of the
above-mentioned re- petitive image pattern comprising alternating image and
non-image dots. As a result, there occurs a phenom- 35  enon such that some
dots provide reduced or no developed Images, whereby the resultant image
density Is decreased or a letter Image is blurred, as a whole. Such a
phenomenon is quite noticeable when the developer comprises a toner
containing magnetic material (hereinafter, referred to as "magnetic
developer) which is liable to provide a relatively small amount of
triboelectric charge. The reason for this may be considered that in the
magnetic developer, the magnetic material protrudes from some surface
portions of the toner particles, and 40  so the surface area capable of
contributing to the triboelectrification is decreased. Since the amount of
the magnetic material protruding from the toner particle surfaces varies
depending on the amount of the magnetic material contained In each magnetic
toner particle, the distribution of triboelectric charge (amount) becomes
broader than that in another type of developer. As a reult when the
conventional magnetic developer is used in a system using a digital latent
image, blurring of a letter image is liable to occur since developer
particles 45  having a small amount of triboelectric charge are accumulated
in a developing apparatus. Accordingly, an im- provement has been desired
from such, a viewpoint Recently, as Image forming apparatus such as
electrophotographic copying machines have widely been used, their uses have
also extended in various ways, and higher image quality has been demanded.
For ex- ample, when original images such as those in general documents are
copied, it is demanded that even minute 50 letters are reproduced extremely
finely and faithfully without thickening or deformation, or interruption.
How- ever, in ordinary image forming apparatus such as copying machines for
plain paper, when the latent image formed on a photosensitive memberthereof
comprises thin-line images having a width of 100 microns or below, 



the reproducibility in thin lines is generally poor and the clearness of
line images is still insufficient. Particularly, in recent image forming
apparatus such as electrophotographic printer using digital image 55
signals, the resultant latent picture is formed by a gathering of dots with
a constant potential, and the solid, half-tone and highlight portions of
the picture can be expressed by varying densities of  dots. However, in a
state where the dots are not faithfully covered with toner partides and the
toner particles protrude from the dots, there arises a problem that a
gradational characteristic ofa toner image corresponding to the dot density
2    EP 0 395 026 B1 ratio of the black portion to the white portion in the
digital latent image cannot be obtained. Further, when the resolution is
Intended to be enhanced by decreasing the dot size so as to enhance the
image quality, the re- producibility becomes poorer with respect to the
latent Image comprising minute dots, whereby there tends to occur an image
without sharpness having a low resolution and a poor gradational
characteristic. 5      On the other hand, in image forming apparatus such
as electrophotographic copying machine, there some- times occurs a
phenomenon such that good image quality is obtained in an initial stage but
it deteriorates as the copying or print-out operation is successively
conducted. The reason for such phenomenon may be con- d   sidered that only
toner particles which are more contributable to the developing operation
are consumed in advance as the copying or print-out operation is
successively conducted, and toner particles having a poor 10  developing
characteristic accumulate and remain in the developing device of the image
forming apparatus. Hitherto, there have been proposed some developers
forthe purpose of enhancing the image quality. For example, Japanese
Laid-Open PatentApplication (JP-A, KOKAI) No.3244/1976 (corresponding to
U.S. Patent Nos. 3942979,3969251 and 4112024) has proposed a non-magnetic
tonerwherein the particle size distribution is regulated so as to improve
the image quality. This toner comprises relatively coarse particles and
predom- 15 inantly comprises toner particles having a particle size of 8 -
12 micrometer (microns). However, according to our investigation, it Is
difficult for such a particle size to provide uniform and dense cover-up of
the toner par- ticles to a latent Image. Further, the above-mentioned toner
has a characteristic such that It contains 30 % by number or less of
particles of 5 microns or smaller and 5 % by number or less of particles of
20 microns or larger, and therefore it has a broad particle size
distribution which tends to decrease the uniformity in the re- 20  sultant
Image. In order to form a clear image by using such relatively coarse toner
particles having a broad particle size distribution, it is necessary that
the gaps between the toner particles are filled by thickly super- posing
the toner particles thereby to enhance the apparent image density. As a
result, there arises a problem that the toner consumption increases in
order to obtain a prescribed image density. Japanese Laid-Open Patent
Application No. 72054/1979 (corresponding to U.S. patent No. 4284701) has
25  proposed a non-magnetic toner having a sharper particle size
distribution than the above-mentioned toner. In this toner, particles
having an intermediate weight has a relatively large particle size of 8.5 -
11.0 microns, and there Is still room for Improvement as a toner for a high
resolution. Japanese Laid-Open Patent Application No. 129437/1983
(corresponding to British Patent No. 2114310) has proposed a non-magnetic
toner wherein the average particle size is 6 - 10 microns and the mode
particle 30 size is 5 - 8 microns. However, this toner only contains
particles of 5 microns or less in a small amount of 15 % by number or
below, and it tends to form an image without sharpness. Further, U.S.
patent No. 4299900 has proposed a jumping developing method using a
developer containing 10 - 50 wt.% of magnetic toner particles of 20 - 35
microns. In this method, the particle size distribution of the toner is
Improved in order to triboelectrically charge the magnetic toner, to form a
uniform and thin toner layer 35  on a sleeve (developer-carrying member),
and to enhance the environmental resistance of the toner. However, In view
of a further high demand for the thin-line reproducibility, resolution and
adaptability to a reversal de- velopment system, there is room for further
improvement. On the other hand, Japanese Laid-Open Patent Application No.
66455/1982 has proposed a developing device for a one-component magnetic
toner. This developing device, the toner-carrying member for carrying 40  a
magnetictoneron Its surfacecomprises one of which surface has been
subjected toasandblasting treatment 



by using Irregularly-shaped particles so as to provide an uneven rough
surface having a specific unevenness state, and the toner can be constantly
applied onto the toner-carrying member surface uniformly and evenly for a
long period so as to provide a good toner coating state. The toner-carrying
member is one having a surface such that the entire surface has numberless
fine cuts or protrusions formed in random directions. 45      However, the
developing device containing the toner-carrying member having the
above-mentioned spe- cific surface condition does not provide good results,
when combined with the above-mentioned magnetic hav- ing a small particle
size. In such a case, the toner or component constituting it adheres to the
toner-carrying member surface to contaminate it, whereby a decrease in
image density can occur in the initial image. Further, when the
toner-carrying member surface is further contaminated due to successive use
thereof, white drop- 50 outs are liable to occur In the resultant images
regularly corresponding to the rotation period of the toner-car- rying
member. The reason for such a phenomenon may be considered that the toner
component adheres to the slope of convexities and the concavities of the
toner-carrying member surface and  charging failure in the magnetic toner
particles occurs, whereby  the amount of charge in the resultant toner
layer is decreased. In general, a magnetic toner comprises components such
as a binder resin, a magnetic material, a charge 55  control agent, a
release agent, etc. These materials are designed so as to prevent
contamination of the surface of a toner-carrying member. Accordingly, the
selection of the materials are severely restricted at present. In orderto
prevent or reduce the contamination of the toner-carrying memberfora
magnetic toner, various methods have been proposed. For example, Japanese
Laid-Open Patent Application Nos. 66443/1982 and 3    P 0 395 026 B1
17838011983 propose a toner-carrying member having a resin film with good
releasability on is surface. These methods can prevent the contamination of
the toner-carrying member. However, when such a toner-carrying member is
used in combination with the above-mentioned toner having a small particle
size, the triboelectric charge amount of the toner particles becomes too
large and they tends to strongly adhere to the surface of 5   the
toner-carrying member such as sleeve. As a result, the toner particles are
difficult to be subjected to de- velopment and the resultant image density
is liable to be decreased. As described hereinabove, It has been desired to
stably provide toner images faithfully reproducing minute latent images. 10
SUMMARY OF THE INVENTION An object of the present invention is to provide a
magnetic developer which has solved the above- mentioned problems. Another
object of the present invention is to provide a magnetic developer which
has an excellent thin-line 15  reproducibility and gradational
characteristic and is capable of providing a high image density. A further
object of the present invention is to provide a magnetic developer which
shows little change in performances even when used in a long period. A
further object of the present invention is to provide a magnetic developer
which shows little change In performances even when environmental
conditions change. 20      Afurtherobjectof the present invention is to
provide a magnetic developerwhich shows an excellenttrans- ferability. A
further object of the present invention is to provide a magnetic developer
which is capable of providing a high image density by using a small
consumption thereof. A further object of the present Invention Is to
provide a  magnetic developer capable of providing a large 25  amount of
triboelectric charge. A further object of the present invention  is to
provide a magnetic developer which is excellent In resolution and
reproducibility of a thin line, and which can suitably be used for
developing a digital latent image. Afurtherobject of the present invention
Is to provide a magnetic developer capable of forming toner images
excellent in resolution, gradational characteristic and thin-line
reproducibility, even when used in combination 30  with an image forming
apparatus wherein a latent image is formed by using a digital image signal
and the latent 



image is developed by a reversal  development system. Afurther object of
the presentinvention is to provide a magnetic developer which is less
liable to damage a photosensitive member surface. Afurther object of the
present invention is to. provide a magnetic developerwhich is less liable
to be fused 35 to a latent image-bearing member such as organic
photoconductor drum. Afurther object of the present invention is to provide
an image forming method and an image forming ap- paratus which are capable
of forming a uniform magnetic toner coating on a toner-carrying member and
are capable of preventing or reducing thecontamination of the
toner-carrying member surface due to the magnetic toner and/or magnetic
toner component during a long period, while using the above-mentioned
developing 40   method. A further object of the present invention is to
provide an image forming method and an image forming ap- paratus which are
capable of providing clear toner image of high quality having excellent
thin-line reproduci- bility and high image density without fog, during a
long period. A still further object of the present invention is to provide
an image forming method and an image forming 45  apparatus which show
little change In performances even when used in a long period. According to
our investigation, it has been found that toner particles having a particle
size of 5 microns or smaller have a primary function of clearly reproducing
the contour of a latent image and of attaining close and precise cover-up
of the toner to the entire latent Image portion. Particularly, In the case
of an electrostatic latent image formed on a photosensitive member, the
field in- 50  tensity In the edge portion thereof as the contour is higher
than that in the inner portion thereof because of the concentration of the
electric lines of force, whereby the sharpness of the resultant image is
determined by the quality of toner particles collected to this portion.
According to our Investigation, It has been found that the control of
quantity and distribution state for toner particles of 5 microns or smaller
Is effective in solving the problem in image sharpness. 55      According
to the present invention, there is provided a magnetic developer for
developing an electrostatic latent image comprising: hydrophobic silica
fine powder and an Insulating magnetic toner comprising at least a binder
resin and a magnetic material; wherein 016 to 1 .6 wt. parts of the
hydrophobic silica fine powder is mixed with 100 wt. 4    EP 0 395 026 B1
parts of the insulating magnetic toner; the magnetic developer having a BET
specific surface area of 1.8 to 3.5 [err]/g, a triboelectric charge-
ability of -20 to -35 [err]/g, an aerated bulk density of 0.40 to 0.52
g/[err], and a true density of 1.45 to 1.8 g/[err]; the magnetic material
having an average particle size of 0.1 to 0.35 micron and comprising 50 %
by 5   number or more of spherical magnetic particles of which surfaces
substantially comprise curved surfaces; the insulating magnetic toner
containing 70 - 120 wt. parts of spherical magnetic particles with respect
to 100 wt. parts of the binder resin, the developer containing 17 - 60 % by
number of magnetic toner particles having a particle size of 5 microns or
smaller, containing 5 - 50 % by number of magnetic toner particles having a
particle size of 6.35 - 10   10.08 microns, and containing 2.0 % by volume
or less of magnetic toner particles having a particle size of 12.7 microns
or larger, wherein the magnetic toner has a volume-average particle size of
6 - 8 microns, and the magnetic toner particles having a particle size of 5
microns or smaller has a particle size distribution sat- isfying the
following formula: N/V = -0.05N + k, 15  wherein N denotes the percentage
by number of magnetic toner particles having a particle size of 5 micron or
smaller, V denotes the percentage by volume of magnetic toner particles
having a particle size of 5 microns or smaller, k denotes a positive number
of 4.6 to 6.7, and N denotes a positive number of 17 to 60. The present
invention also provides an image forming method, comprising: 



disposing an electrostatic Image-bearing member carrying thereon an
electrostatic image, and a toner- 20  carrying member carrying a magnetic
toner on the surface thereof with a predetermined clearance therebetw- een,
wherein the toner-carrying member has a surface covered with a film of a
phenolic resin containing elec- troconductive carbon and graphite; and the
magnetic toner comprises an insulating one-component magnetic toner
comprising at least a binder resin and a magnetic material and is mixed
with hydrophobic silica fine pow-. der to form a developer according to the
present invention; and the magnetic toner has a triboelectric charge- 25
ability of -20 to -35 uC/g and a volume-average particle size of 6 - 8
microns; the magnetic material comprising 50 % by number or more of
spherical magnetic particles of which surfaces substantially comprise
curved sur- faces; the toner containing 17 - 60 % by number of magnetic
toner particles having a particle size of 5 microns or smaller, containing
5 - 50 % by number of magnetic toner particles having, a particle size of
6.35 - 10.08 microns, and containing 2.0 % by volume or less of magnetic
toner particles having a particle size of 12.7 mi- 30  crons orlarger;
wherein the magnetic toner particles having a particle size of 5 microns
orsmaller has a particle size distribution satisfying the following
formula: NIV = -0.05N + k. wherein [err] denotes the percentage by number
of magnetic toner particles having a particle size of 5 micron or smaller,
[err] denotes the percentage by volume of magnetic toner particles having a
particle size of 5 microns 35  or smaller, k denotes a positive number of
4.6 - 6.7, and N denotes a positive number of 17 - 60; conveying the
magnetic tonerto a developing position while regulating the toner so as to
provide a thick- ness smaller than said clearance; and developing the
electrostatic image formed on the image-bearing member in the developing
position in the presence of an alternating electric field, thereby to form
a toner image on the latent image-bearing member. 40      The present
invention further provides an image forming apparatus comprising: an
electrostatic image-bearing member for carrying an electrostatic image; a
toner-carrying member for carrying a magnetic toner on the surface thereof,
means for disposing the electrostatic image-bearing member and the
toner-carrying member so that they are disposed opposite to each other with
a predetermined clearance therebetween; and 45        a member for
regulating the magnetic toner so as to provide a thickness thereof which.
is smaller than the clearance; wherein the toner-carrying member has a
surface covered with a film of a phenolic resin containing elec-
troconductive carbon and graphite; and the magnetic toner comprises an
insulating one component magnetic toner comprising at least a binder resin
and a magnetic material; and has a triboelectric chargeability of -20 50
to -35 uC/g and a volume-average particle size of 6 - 8 microns; the
magnetic material comprises 50 % by number or more of spherical magnetic
particles of which sur- faces substantially comprise curved surfaces; the
toner contains 17-60 % by number of magnetic toner particles having a
particle size of 5 microns or smaller, contains 5 - 50 % by number of
magnetic toner particles having a particle size of 6.35 - 10.08 ml- 55
crons, and contains 2.0 % by volume or less of magnetic toner particles
having a particle size of 12.7 microns or larger, wherein the magnetic
toner particles having a particle size of 5 microns or smaller has a
particle size distribution satisfying the following formula: N/V = -0.05N
k,    EP 0 395 026 B1 wherein N denotes the percentage by number of
magnetic toner particles having a particle size of 5 micron or smaller, V
denotes the percentage by volume of magnetic toner particles having a
particle size of 5 microns or smaller, k denotes a positive number of 4.6 -
6.7, and N denotes a positive number of 17 - 60; and the magnetic toner
being mixed with hydrophobic silica fine powder. 5      These and other
objects, features and advantages of the present invention will become more
apparent upon a consideration of the following description of the preferred
embodiments of the present invention taken in conjunction with the
accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 10 Figure 1, 3 and 5 are schematic
sectional views each showing an embodiment of the image forming ap- paratus
to which the magnetic developer according to the present invention may
suitably be applied; Figures 2, 4 and 6 are enlarged schematic sectional
views each showing the developing portion of the ap- paratus as shown in
Figures. 1, 3 and 5 respectively; 15      Figure 7 is a schematic
perspective view showing a device for measuring the charge amount of the
hy- drophobic silica or developer according to the present invention;
Figures 8 and 9 are a front sectional view and a sectional perspective
view, respectively, of an apparatus embodiment for practicing
multi-division classification of a magnetic toner used in Examples; Figure
10 is a partial view showing an image pattern used for the reproducibility
test for dots in Examples 20      and Comparative Examples; Figure 11 Is a
graph obtained by plotting values of % by number (N)/(%) by volume (V)
against % by number with respect to magnetic toner particles having
aparticle size of 5 microns or below based on the total number of the toner
particles;. Figure 12 is a photograph of spherical magnetic particles used
in Example 1 (magnification: 30,000), which 25      was formed by a
scanning electron microscope (SEM). Figure 13 Is a photograph of magnetic
particles in a cubic crystal form used in Comparative Example 2
(magnification: 30,000), which was formed by a scanning electron
microscope; Figures 14A, 14B and 14C are views for illustrating scattering
ranks represented by the symbols "o, A and "x", respectively; and 30
DETAILED DESCRIPTION OF THE INVENTION The magnetic developer according to
the present invention comprising hydrophobicsilica fine powder and an
insulating magnetic tonerwhich comprises a predetermined amount of
spherical magnetic particles and has 35 the above-mentioned particle size
distribution can faithfully reproduce thin lines in a latent image formed
on a photosensitive member, and is excellent in reproduction of dot latent
images such as halftone dot and digital images, whereby it provides images
excellent in gradation and resolution characteristics. Further, the devel-
oper according to the present invention can retain a high image quality
even in the case of successive copying or print-out and can effect
good.development by using a smaller consumption thereof as compared with
the 40  conventional one-component type magnetic developer, even in the
case of high-density Images. As a result, the magnetic developer of the
present invention is excellent In economical characteristics and further
has an advantage in miniaturization of the main body of a copying machine
or printer. Particularly, the magnetic developer according to the present
invention may preferably be used in an image forming method wherein a
digital electrostatic latent image in the form of minute spots formed on an
organic 45  photoconductor having a negative chargeability is developed or
visualized by a reversal development system, the resultant toner Image is
electrostatically transferred to a transfer material (or transfer-receiving
material) such as plain paper and a sheet for an OHP (overhead projector),
and then fixed onto the transfer material. Respective components
constituting the magnetic developer according to the present invention are
de- scribed hereinbelow. 50     In order to narrow the triboelectric charge
distribution in a developer, the magnetic material may, for ex- ample, be
dispersed more uniformly in a binder resin. As a method used for such
uniform dispersion, there has been known a method wherein a magnetic
material is surface-treated with a treating agent such as titanium coupling
agent to make a magnetic particle surface lipophilic. However, such a
treating agent is expensive and the process for the surface treatment Is
complex, whereby the production cost is undesirably increased. 55
According to our Investigation, it has been confirmed that the
dispersibility of a magnetic material in a resin may further be improved by
using spherical magnetic particles, as compared with conventional magnetic
par- tides of cubic crystal system.    .. The spherical magnetic particles
to be used in the present invention may preferably comprise 50 % by num- 6



EP 0 395 026 B1 ber (more preferably 70 % by number, particularly
preferably 80 % by number) of magnetic particles having a curved surface.
The content of such magnetic particles may be determined in the following
manner. An enlarged photograph of a sample is taken by means of a scanning
electron microscope (magnification = 20,000 to 30,000) and 100 particles
are randomly selected from the resultant photograph, and spherical mag- 5
netic particle content of the randomly selected particles is determined.
Even when ordinary magnetic particles of a cubic crystal system having a
plane or flat surface and having a square or angular corner are contained
In the spherical magnetic particles, the cubic magnetic particles con- tent
may preferably be lower than 50 % by number, more preferably 20 % by number
or lower. The spherical magnetic particles may preferably have an average
particle size (primary particle size) of 10  0.1 - 0.35 micron. In the
present invention, the average particle size of the spherical magnetic
particles may determined in the following manner. An enlarged photograph of
a sample is taken by means of a scanning electron microscope (magnification
= 20,000 to 30,000), and the longer axes of 100 to 200 particles randomly
selected from the resultant photo- graph are measured and averaged. It is
preferred that the spherical magnetic particles as shown In Figure 12 15
to be used for the magnetic toner according to the present Invention have a
packed bulk density of 1.2 - 2.5 g/[err] (more preferably 1.5 - 2.0
g/[err]), and have a linseed oil absorption of 5 - 30 m/100 g (more
preferably 10 - 25 ml/100 g, particularly preferably 12 - 17 ml/100 g). In
the present invention, the packed bulk density of the magnetic material may
be measured by means of an instrument for measurement, Powder Tester (mfd.
by Hosokawa Micron K.K.) and a container attached to 20  the Powder Tester,
according to the procedure described in the instruction manual for the
above-mentioned Powder Tester. More specifically, the packed bulk density
may be measured in the following manner. An attachment cap is added to a
measurement cap for measuring apparent density, and then the cup is loaded
in the tapping holder of the above-mentioned PowderTester. Sample powder is
charged in the cup gent- 25  ly and sufficiently up to the upper portion of
the cap the upper portion of the cap is equipped by using an at- tachment
scoop, and with an attachment cap cover in order to prevent the scattering
of the sample powder disposed in the measurement cup. The
"vibration-tapping changeover switch of the Powder Tester is adjusted to
"TAR" for tapping. When a power supply for supplying an AC voltage of 50 Hz
is used, the timer is adjusted to 216 s (sec.) so that the 30  number of
the taps is 180. The start push button is pushed so that the tapping
operation starts. In the tapping operation, when the sample powder is
compressed so that the upper level thereof is lowered to the upper portion
of the measure- mentcup, the "vibration-tapping" changeoverswitch is
adjusted to "OFF" so that the tapping operation pauses. The cap cover is
once removed and the sample powder is further added to the measurement cup,
and there- 35  after the tapping operation is continued until the number of
the taps reaches 180. After the tapping operation is completed, the
measurement cup is taken out from the tapping holder, and the attachment
cap and the cap cover is gently removed therefrom. Then, excess powder
disposed over the top of the measurement cup is removed by an attachment
blade. Thereafter, the sample powder is weighed accurately by an even
balance. 40      As the innervolume of the cupformeasurement is 100 [err],
the packed bulk density (g/[err]) (ortap density) of the sample powder is
obtained as the sample weight (g)/100. On the other hand, the linseed oil
absorption of the magnetic material used in the present invention may be
measured according to the method described in JIS K 5101-1978 (pigment
testing method). More specifically, the linseed oil absorption may be
measured in the following manner. 45      1 - 5 g of a sample powder is
disposed on a glass plate (about 250x250x5 mm), and boiled linseed oil Is
slowly dropped from a buret to the central portion of the sample powder,
while sufficiently kneading the whole sample powder whenever a small
portion of the linseed oil is dropped to the sample. The above-mentioned
operation of dropping and kneading are repeated until the whole sample is
convert- 



ed Into a hard putty-like single mass forthe first time, and the surface of
the mass has gloss due to the linseed 50  oil, i.e., the operation reaches
the end point. The amount of the linseed oil used until the end point is
measured, and the linseed oil absorption G (%) is calculated according to
the following formula: G = H/S x 100 G: amount of the linseed oil (ml) S:
mass (or weight) of the sample (g) 55      Incidentally, some species of
pigments cannot provide the above-mentioned surface gloss. Thus, when such
pigment. Is used as the sample, the end point may be defined as a point
immediately before one such that the sample is abruptly softened due to the
one drop of the boiled linseed oil, and adheres to the glass plate. 7    EP
0 395 026 B1 The conventional magnetic material comprising magnetite
particles in the cubic crystal system as shown in Figure 13 shows a packed
bulk density (or tap density) of below 0.6 g/[err], and ordinarily shows a
packed bulk density in the range of 0.3 - 0.5 g/[err]. On the other hand,
the conventional magnetic material comprising spherical magnetite particles
shows a packed bulk density of below 1.0 g/[err], and ordinarily shows a
packed 5   bulk density in the range of 0.7 - 0.9 g/[err]. In the toner
obtained by using the conventional magnetic material of magnetite particles
in a cubic crystal system, the dispersibility of the magnetic particles is
insufficiently uniform in each toner particle or among toner particles.
Accordingly, such toner provides blurred toner image in some cases when
used for developing a dig- ital latent image. According to our experiment
when a digital latent image formed from an original image having 10   a
checkered pattern as shown in Figure 10 was developed with a magnetic toner
comprislng the conventional magnetic particles in a cubic crystal system,
it was found that the black image portions were liable to partially drop
out and the image forming characteristic of the toner such as resolution of
the resultant image was in- sufficient.                   -
- Further, when a magnetic material composed of magnetite particles showing
a cubic crystal is subjected 15  to disintegration treatment to
disintegrate the aggregate of the magnetite particles, the packed bulk
density of the thus treated magnetic material becomes larger, and a
magnetic toner containing the treated magnetic material shows an improved
developing characteristic as compared with that of a magnetic toner
containing untreated magnetic material. However, such an improvement is
still Insufficient. Moreover, when particles such as cubic crystals having
aflat portion therein are subjected to disintegration 20  treatment the
flat surfaces of the particles are liable to closely contact each other and
a higher energy is re- quired to separate respective particles, as compared
with in the case of contact with a curved surface. Further, the magnetic
particles in a cubic crystal system have sharp edge portions which can
easily be broken due to stress. Accordingly, when the aggregate of the
magnetic material in the cubic crystal system is subjected to
disintegration treatment a considerable amount of fine powder is produced,
whereby the characteristic of the 25  treated magnetic material (such as
BET specific surface area) is changed from the original target value. On
the other hand, ordinary spherical magnetite particles which are not
subjected to disintegration treat- ment have an improved dispersibility in
a binder resin as compared with that of the magnetic material in the cubic
crystal system. The untreated spherical magnetic particles mayfurther
improve their packed bulk density and dispersibility in a resin when
subjected to disintegration treatment. 30      In the present invention,
spherical magnetic particles having a packed bulk density of 1.2 - 2.5
g/[err] may preferably be used. This value of the packed bulk density is
large so that no ordinary untreated magnetic par- ticles in a cubic crystal
system, cubic-crystal magnetic particles subjected to disintegration
treatment or un- treated ordinary spherical magnetic particles can satisfy
it. The specific spherical magnetic particles used in the present invention
may preferably be prepared by dis- 35  integrating spherical magnetic
particles having a packed bulk density of not less than 0.7 g/[err] and
less than 1.0 g/[err] and a linseed oil absorption of 10- 35 ml/100 g. 



In order to disintegrate the spherical magnetic particles, there may for
example be used a mechanical pul- verizer having a high-speed rotorfor
disintegrating powder, and a pressure-dispersing machine having a load-
applying roller for dispersing or disintegrating powder. 40      In a case
where the mechanical pulverizer is used for disintegrating the aggregate of
magnetic particles, the impact force due to the rotor is liable to be
excessively applied even to the primary particles to break the primary
particles per se, wherebyfine powder of magnetic material is liable to be
produced. Accordingly, when the magnetic material subjected to a
disintegration treatment by means of a mechanical pulverizer is used for
producing a toner, the above-mentioned fine powder in the magnetic
particles deteriorates the triboelectrifi- 45  cation characteristic of the
toner. As a result a decrease in toner image density due to the decrease in
the triboelectric charge amount in the toner is relatively liable to be
occur. On the other hand, In the present Invention, there may preferably be
used a pressure dispersing machine having a load-applying roller such as a
Fret Mill, in order to effectively disintegrate the aggregates of spherical
magnetic particles, and to suppress the production of magnetic material
fine powder. 50      In the present invention, It may be considered that
the packed bulk density and the oil absorption of the magnetic material
indirectly represent the shape of the magnetic particles, the surface
condition thereof, and the amount of the aggregate present therein. The
packed bulk density of a magnetic material of below 1.2 g/[err] indicates
that a large amount of mag- netic particles in a cubic crystal system is
present in the magnetic material, or that a large number of magnetic 55
particle aggregates are present therein and the disintegration treatment
for the magnetic particles is substan- tially insufficient. Accordingly,
when a magnetic material having a packed bulk density less than 1.2 g/[err]
is used, It is difficult to uniformly disperse the magnetic material in a
binder resin, whereby toner image blurring due to the ununiform dispersion
of the magnetic material, a decrease in resolving power of the toner, and
the 8    EP 0 395 026 B1 damage of a photosensitive member surface are
liable to occur; When the packed bulk density of the magnetic particles is
more than 2.5 g/[err], the aggregates thereof have excessively been
disintegrated and the adhesion among the magnetic particles occurs under
pressure, whereby pellets thereof are produced. As a result, such magnetic
particles can only provide ununiform mag- 5   netic toner particles. When
the oil absorption of the magnetic particles overstep the above-mentioned
upper or lower limit there- of, there occurs a similar phenomenon as in the
case of the packed bulk density. According to our research, It has been
found that when magnetic particles in a cubic crystal system are
disintegrated, the BET specific surface area thereof after the
disintegration increases by 10 % or more, as 10  compared with that before
the disintegration. The reason for this may be considered that fine powder
of mag- netic particles is produced in a large amount due to the
disintegration treatment. On the other hand, it has been found that when
spherical magnetic particles are disintegrated, the BET specific surface
area thereof after the disintegration is substantially the same as that
before the disintegration, or decrease by several percent. Accordingly, It
is possible to determine whether the shape of the magnetic particles is in
a cubic crystal 15  system or spherical. More specifically, In a case where
magnetic particles are disintegrated so that the packed bulk density
thereof Is increased by about 30 %, if the BET specific surface area
thereof at this time is sub- stantially the same or decreases as compared
with that before the disintegration, the shape of the magnetic particles
may be considered spherical. In the present invention, the primary particle
size of magnetic particles measured by using a photograph 20  formed by an
electron microscope may preferably be in the range of 0.1 - 0.35 micron,
and the BET specific surface area thereof by nitrogen adsorption may
preferably be 6.0 - 8.0 [err]/g. Further, in orderto develop a digital
latent image in the presence of a magneticfield, the spherical magnetic
particles used in the present invention may preferablyhave a saturation
magnetization ([err]) of 60 - 90 emu/g, a residual magnetization ([err]) of
3 - 9 emu/g, and a coercive force ([err]) of 40 - 800e (more preferably 50
- 70 



25   0e) (10e = [err] A/m), and/ora ratio [err] of 0.04 - 0.10, as measured
at a magneticfield of 10,000 Oe, for the conveyability of a magnetic toner
on a developer-carrying member such as sleeve, and for a developing meth-
od wherein a digital latent image is developed in the presence of a
magnetic field. It is very difficult to cause conventional magnetic
particles in a cubic crystal system to have a coercive force of 40 - 80 Oe.
Therefore, it 30   may be considered that the above-mentioned value of
coercive force Indirectly indicates the shape of magnetic particles. In the
present invention, the magnetic characteristic of a magnetic material may
be measured by means of a measurement device (Model: VSMP-1 mfd. by Toel
Kogyo K.K.). The magnetic toner of the present invention may preferably
have an insulating property so as to have tri- 35   boelectric charge. More
s[eifically, when a voltage of 100 v is applied to the toner under a
pressure of 3.0 kg/[err], the resistivity thereof may preferably be 1014
ohm.cm or higher. Therefore, in the magnetic toner of the present
Invention, the above-mentioned specific spherical magnetic particles are
contained in an amount of 70 - 120 wt. parts preferably 80- 110 wt parts,
per 00 wt. parts of a binder resin. If the amount of the mag- netic
particles is below 70 wt. parts, the conveyabillty of the magnetic toner on
a developer-carrying member 40  such a sleeve tends to be insufficient. On
the other hand, if the amount of the magnetic particles is above 120 wt.
parts, the insulating property and heat-fixabillty of the magnetic toner
tend to decrease. The spherical magnetic particles used in the present
invention may preferably be prepared from ferrous sulfate according to a
wet process. The magnetic particles may preferably comprise magnetite or
ferrite which contains 0.1 - 10 wt. % of a compound comprising a divalent
metal such as manganese or zinc. 45      The reason for the above-mentioned
effects of the magnetic toner of the present invention is not neces- sarily
clear but may presumably be considered as follows. The magnetic toner of
the present invention is first characterized in that it contains 17 - 60 %
by number of magnetic toner particles of 5 microns or below.
Conventionally,  it has been considered that magnetic toner particles of 5
microns or below are required to be positively reduced because the control
of their charge amount 50  is difficult, they impair the fluidity of the
magnetic toner, and they cause toner scattering to contaminate the machine.
However, according to our investigation, it has been found that the
magnetic toner particles of 5 microns or below are an essential component
to form a high-quality image. For example, we have conducted the following
experiment. 55      Thus, there was formed on a photosensitive member a
latent image wherein the surface potential on the photosensitive member was
changed from a large developing potential contrast at which the latent
image would easily be developed with a large number of toner particles, to
a half-tone potential, further, to a small developing potential contrast at
which the latent Image would be developed with only a small number of toner
9    EP 0 395 026 B1 particles. Such a latent image was developed with a
magnetic toner having a particle size distribution ranging from 0.5 to 30
microns. Then, the toner particles attached to the photosensitive member
were collected and the par- ticle size distribution thereof was measured.
As a result, it was found that there were many magnetic toner 5   particles
having a particle size of 8 microns or below, particularly 5 microns or
below. Based on such finding, it was discovered that when magnetic toner
particles of 5 microns or below were so controlled that they were smoothly
supplied for the development of a latent Image formed on a photosensitive
member, there could be obtained an Image truly excellent in
reproducibility, and the toner particles were faithfully attached to the
latent image without protruding therefrom. 10      The magnetic toner of
the present Invention is secondly characterized in that it contains 5 - 50
% by number of magnetic toner particles of 6.35 -10.08 microns. Such a
second feature relates to the above-mentioned necessity for the presence of
the toner particles of 5 microns or below. As described above, the toner
particles having a particle size of 5 microns or below have anability to
strictly 



cover a latent image and to faithfully reproduce it On the other hand, In
the latent image per se, the field in- 15  tensity In its peripheral edge
portion is higher than that in Its central portion. Therefore, toner
particles some- times cover the inner portion of the latent image in a
smaller amount than that in the edge portion thereof, whereby the image
density in the inner portion appears to be lower. Particularly, the
magnetic toner particles of 5 microns or below strongly have such a
tendency. However, we have found that when 5 - 50 % by number of toner
particles of 6.35 - 10.08 microns are contained in a toner, not only the
above-mentioned problem can 20  be solved but also the resultant image can
be made clearer. According to our knowledge, the reason for such a
phenomenon may be considered that the toner particles of 6.35 - 10.08
microns have suitably controlled charge amount in relation to those of 5
microns or below, and that these toner particles are supplied to the inner
portion of the latent image having a lower field intensity. than that of
the edge portion thereby to compensate the decrease in cover-up of the
toner particles to the inner 25  portion as compared with that in the edge
portion, and to form a uniform developed image. As a result, there may be
provided a sharp image having a  high-image density and excellent
resolution and gradation charac- teristic. The third feature of the
magnetic toner of the present invention is that toner particles having a
particle size of 5 microns or smaller contained therein satisfy the
following relation between their percentage by number 30  (N) and
percentage by volume (V): NIV = -0.05 N + k, wherein 4.6 [err] k [err] 6.7,
and 17 [err] N [err] 60. The region satisfying such relationship is shown
in Figure 11. The magnetic developer containing a mag- netic toner
according to the present invention which has the particle size distribution
satisfying such a region, 35  in addition to the above-mentioned features,
can attain excellent developing characteristic with respect to a digital
latent image formed from minute spots. According to our investigation on
the state of the particle size distribution with respect to toner particles
of 5 microns or below, we have found that there is a suitable state of the
presence of fine powder in magnetic toner particles. More specifically, in
the case of a certain value of N, it may be understood that a large value
40  of NIV indicates that the particles of 5 microns or below are
significantly contained, and a small value of NIV indicates that the
frequency of the presence of particles near 5 microns. is high and that of
particles having a smaller particle size Is low. When the value of N/V is
in the range of 1.6 - 5.85, N is in the range of 17- 60, and the relation
represented by the above-mentioned formula is satisfied, good thin-line
reproducibility and high resolution are attained. 45     In the magnetic
toner of present invention, magnetic toner particles having a particle size
of 12.7 microns or larger are contained in an amountof 2.0% by volume or
below. The amount of these particles may preferably be as small as
possible. As described hereinabove, the magnetic toner of the present
invention has solved the problems encoun- tered in the prior art, and can
meet the recent severe demand for high image quality. 50      Hereinbelow,
the present invention will be described in more detail. In the present
invention, the magnetic toner particles having a particle size of 5 microns
or smaller are contained in an amount of 17 - 60 % by number, preferably 25
- 60 % by number, more preferably 30 - 60 % by number, based on the total
number of particles. If the amount of magnetic toner particles is smaller
than 17 % by number, the toner particles effective in enhancing image
quality is insufficient. Particularly, as the 55  toner particles are
consumed in successive copying or print-out, the component of effective
magnetic toner particles Is decreased, and the particle size distribution
of the magnetic toner shown by the present invention is changed to be
outside of the prescribed range, whereby the image quality gradually
decreases. On the other hand, the above-mentioned amount exceeds 60 % by
number, the magnetic toner particles are liable to be 10    EP 0 395 026 B1
mutually agglomerated to produce toner agglomerates having a size larger
than the original particle size. As 



a result, roughened images are provided, the resolution is lowered, and the
density difference between the edge and inner portions is increased,
whereby an Image having an inner portion with a little low density is
liable to occur. 5      In the magnetic toner of the present Invention, the
amount of particles in the range of 6.35 - 10.08 microns is 5 - 50 % by
number, preferably 8 - 40 % by number. If the above-mentioned amount is
larger than 50 % by number, not only the image quality deteriorates but
also excess development (i.e., excess cover-up of toner particles) occurs,
thereby to invite a decrease in thin-line reproducibility and an increase
in toner consumption. On the other hand, the above-mentioned amount is
smaller than 5 % by number, It is difficult to obtain a high 10  image
density. In the present invention, the percentage by number (N %) and that
by volume (V %) of magnetic toner par- ticles having a particle size of 5
micron or below satisfy the relationship of NIV = -0.05N + k, wherein k
repre- sents a positive number satisfying 4.6 [err]  k [err] 6.7. The
number k may preferably satisfy 4.6[err] k [err] 6.2, more preferably 4.6
[err] k [err] 5.7. Further, as described above, the percentage N satisfies
17[err] N [err] 60, preferably 25 [err] 15   N [err] 50, more preferably 30
[err] N [err] 60. If k < 4.6, magnetic toner particles of 5.0 microns or
below are insufficient, and the resultant image density, resolution and
sharpness decrease. When fine toner particles in a magnetic toner, which
have conventionally been considered useless, are present In an appropriate
amount, they attain closest packing of toner in devel- opment (i.e., in a
latent image formed on a photosensitive drum) and contribute to the
formation of a uniform 20  image free of coarsening. Particularly, these
particles fill thin-line portions and contour portions of an image, thereby
to visually improve the sharpness thereof. If k < 4.6 in the above formula,
such component becomes Insufficient in the particle size distribution, the
above-mentioned characteristics become poor. Further, in view of the
production process, a large amount of fine powder must be removed by
classification in order to satisfy the condition of k < 4.6. Such a process
is disadvantageous in yield and toner costs. 25      On the other hand, if
k > 6.7, an excess of fine powder is present, whereby the resultant image
density is liable to decrease in successive print-out. The reason for such
a phenomenon may be considered that an ex- cess of fine magnetic toner
particles  having an excess amount of charge are triboelectrically attached
to a developing sleeve and prevent normal toner particles from being
carried on the developing sleeve and being supplied with charge. 30     In
the magnetic toner of the present invention, the amount of magnetic toner
particles having a particle size of 12.7 microns or larger is 2.0 % by
volume or smaller, preferably 1.0 % by volume or smaller, more pre- ferably
0.5 % by volume or smaller. If the above amount is larger than 2.0 % by
volume, these particles impair thin-line reproducibility. In the present
Invention, the volume-average particle size of the toner is 6 - 8 microns.
This value relates 35  to the above-mentioned features of the magnetic
toner according to the present invention. If the volume-aver- age particle
size is smaller than 6 microns, there tendto occur problems such that the
amount of toner particles transferred to a transfer paper is insufficient
and the image density is low, in the case of an image such as graphic image
wherein the ratio of the image portion area to  the whole area is high. The
reason for such a phenomenon may be considered the same as In the
above-mentioned case wherein the Inner portion of a latent 40  image
provides a lower image density than that in the edge portion thereof. If
the number-average particle size exceeds 8 microns, the resultant
resolution is not good with respect to minute spots of 100 microns or
smaller, and scattering to a non-image portion is considerable. Further,
there tends to occur a phenomenon such that the image quality is lowered in
successive print-out even when it is good in the initial stage thereof. The
particle distribution of a toner is measured by means of a Coulter counter
in the present Invention, 45  while it may be measured in various manners.
Coulter counter Model TA-II (available from Coulter Electronics Inc.) is
used as an instrument for meas- urement, to which an interface (available
from Nikkaki K.K.) for providing a number-basis distribution, and a
volume-basis distribution and a personal computer CX-1 (available from
Canon K.K) are connected. For measurement, a 1 %-NaCI aqueous solution as
an electrolytic solution is prepared by using a reagent- 50  grade sodium
chloride. Into 100 to 150 ml of the electrolytic solution, 0.1 to 5 ml of a
surfactant, preferably an alkyibenzenesulfonic acid salt, is added as a
dispersant, and 2 to 20 mg (corresponding to about 30,000 to 300,000
particles), 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 microns by using the above- 55
mentioned Coulter counter Model TA-II with a 100 micron-aperture to obtain
a volume-basis distribution and a number-basis distribution. Form the
results of the volume-basis distribution and number-basis distribution,
parameters characterizing the magnetic toner of the present invention may
be obtained. In the present invention, the true density of the magnetic
developer comprising a magnetic toner (sub- 11    EP 0 395 026 B1
stantially equal to the true density of the magnetic toner) may preferably
be 1.45 - 1.8 g/[err], more preferably 1.55 - 1.75 g/[err]. When the true
density is In such a range, the magnetic toner according to the present in-
vention having a specific particle size distribution functions most
effectively in view of high image quality and stability in successive use.
5      If the true density of the magnetic toner particles is smaller than
1.45, the weight of the particle per se is too light and there tend to
occur reversal fog, and deformation of thin lines, scattering and
deterioration in re- solution because an excess of toner particles are
attached to the latent image. On the other hand, the true density of the
magnetic toner is larger than 1.8, there occurs an image wherein the image
density is low, thin lines are interrupted, and the sharpness is lacking.
Further, because the magnetic force becomes relatively 10  strong in such a
case, ears of the toner particles are liable to be lengthened or converted
into a branched form. As a result, the image quality is disturbed In the
development of a latent image, whereby a coarse image is liable to occur.
In the present invention, the true density of the magnetic toner Is
measured in the following manner which can simply provide an accurate value
in the measurement of fine powder, while the true density can be meas- 15
ured in some manners. There are provided a cylinder of stainless steel
having an inside diameter of 1 Omm and a length of about 5cm, and a disk
(A) having an outside diameter of about 10mm and a height of about 5mm, and
a piston (B) having an outside diameter about 10 mm and a length of about
8cm, which are capable of being closely inserted into the cylinder. 20
In the measurement, the disk (A) is first disposed on the bottom of the
cylinder and about 1 g of a sample to be measured is charged In the
cylinder, and the piston (B) is gently pushed into the cylinder. Then, a
force of 400 Kg/[err] Is applied to the piston by means of a hydraulic
press, and the sample is pressed for 5 min. The weight (Wg) of thus pressed
sample is. measured and the diameter (D cm) and the height (L cm) thereof
are. measured by means of a micrometer. Based on such measurement, the true
density may be calculated ac- 25  cording to the following formula: True
density (g/[err]) = W/([err]x [err] x L) In order to obtain better
developing characteristics, the magnetic toner of the present invention may
pre- ferably have the following magnetic characteristics: a residual
magnetization [err] of 1 - 5 emu/g, more preferably 2 - 4.5 emu/g; a
saturation magnetization [err] of 15 - 50 emu/g, more preferably 20 - 40
emu/g; and a coercive 30  force Hc of 20 - 100 Oe, more preferably 40 - 100
Oe particularly preferably 40 - 70 Oe. These magnetic char- acteristics may
be measured under.a magnetic field for measurement of 1,000 Oe. The binder
for use in constituting the toner according to the present invention, when
applied to a hot pres- sure roller fixing apparatus using an oil
applicator, may be a known binder resin for toners. Examples thereof may
include: polystyrene; homopolymers of styrene derivatives, such as
poly-p-chlorostyrene, and polyvinyl- 35  toluene; styrene copolymers, such
as styrene-p-chlorostyrene copolymer, styrene-vinyltoluene copolymer,
styrene-vinyinaphthalene copolymer, styrene-acrylate copolymer,
styrene-methacrylate copolymer, styrene- methyl -chloromethacrylate
copolymer, styrene-acrylonitrile copolymer, styrene-vinyl methyl ether
copolymer, styrene-vinyl ethyl ether copolymer, styrene-vinyl methyl ketone
copolymer, styrene-butadiene copolymer, styrene-isoprene copolymer, and
styrene-acrylonitrile-indene copolymer, polyvinyl chloride, phenolic resin,
40  natural resin-modified phenolic resin, natural resin-modified maleic
acid resin, acrylic resin, methacrylic resin, 



polyvinyl acetate, silicone resin, polyesterresin, polyurethane, polyamide
resin, furan resin, epoxy resin, xylene resin, polyvinylbutyral, terpene
resin, coumarone-indene resin and petroleum resin. In a hot pressure roller
fixing system using substantially no oil application, serious problems are
provided by a so-called offset phenomenon such that a part of toner image
on toner image-supporting member is trans- 45  ferred to a roller, and an
intimate adhesion of a toner on the toner image-supporting member. As a
toner fixable with a less heat energy is generally liable to cause blocking
or caking in storage or In a developing apparatus, this should be also
taken into consideration. With these phenomenon, the physical property of a
binder resin In a toner is most concerned. According to our study, when the
content of a magnetic material in a toner is decreased, the adhesion of the
toner onto the toner image-supporting member mentioned above is Improved,
50  while the offset is more readily caused and also the blocking or caking
are also more liable. Accordingly, when a hot rollerfixing system using
almost no oil application is adopted in the present invention, selection of
a binder resin becomes more Important. A preferred binder resin may for
example be a crosslinked styrene copolymer, or a crosslinked polyester.
Examples of comonomers to form such a styrene copolymer may include one or
more vinyl monomers se- 55  lected from: monocarboxylic acid having a
double bond and their substituted derivatives, such as acrylic acid, methyl
acrylate, ethyl acrylate, butyl acrylate, dodecyl acrylate, octyl acrylate,
2-ethylhexyl acrylate, phenyl acrylate, methacrylic acid, methyl
methacrylate, ethyl methacrylate, butyl methacrylate, octyl methacrylate,
acrylonitrile, methacrylonitrile, and acrylamide; dicarboxylic acids having
a double bond and their substituted 12    EP 0 395 026 B1 derivatives, such
as maleic acid, butyl maleate, methyl maleate, and dimethyl maleate; vinyl
esters, such as vinyl chloride, vinyl acetate, and vinyl benzoate;
ethylehic olefins, such as ethylene, propylene, and butylene; vinyl
ketones, such as vinyl methyl ketone, and vinyl hexyl ketone; vinyl ethers,
such as vinyl methyl ether, vinyl ethyl ether, and vinyl isobutyl ethers.
As the crosslinking agent, a compound having two or more poly- 5
merizable double bonds may principally be used. Examples thereof include:
aromatic divinyl compounds, such as divlnylbenzene, and divinyinaphthalene;
carboxylic acid esters having two double bonds, such as ethylene glycol
diacrylate, ethylene glycol dimethacrylate, and 1,3-butanediol diacrylate;
divinyl compounds such as divinyl ether, divinyl sulfide and divinyl
sulfone; and compounds having three or more vinyl groups. These com- pounds
may be used singly or In a mixture. The crosslinking agent may preferably
be used In an amount of 10  0.1 - 5 wt. %, preferably 0.1 - 2 wt. parts,
with respect to 100 wt. parts of the vinyl monomer. For a pressure-fixing
system, a known binder resin for pressure-fixable toner may be used.
Examples thereof may Include: polyethylene, polypropylene, polymethylene,
polyurethane elastomer, ethylene-ethyl ac- rylate copolymer, ethylene-vinyl
acetate copolymer, ionomer resin, styrehe-butadiene copolymer, styrene-iso-
prene copolymer, linear saturated polyesters and paraffins. 15      In the
magnetic toner of the present invention, it is preferred that a charge
controller may be incorporated in the toner particles (Internal addition),
or may be mixed with the toner particles (external addition). By using the
charge controller, it is possible to most suitably control the charge
amount corresponding to a developing system to be used. Particularly, In
the present invention, it is possible to further stabilize the balance
between the particle size distribution and the charge. As a result, when
the charge controller Is used in the present In- 20   vention, it Is
possible to further clarify the above-mentioned functional separation and
mutual compensation corresponding to the particle size ranges, in order to
enhance the image quality. The charge control agent usable in the present
invention may be a negatively chargeable charge control agent. Preferred
examples of the negatively chargeable charge control agent may include;
metal complexes. or salts of monoazo dyes; and metal complex or salts  of
salicylic acid, alkylsalicylic acid, dialkylsalicylic acid 25   or
naphthoic acid. It Is preferred that the above-mentioned charge controller
which does not function as a binder resin is used in the form of fine
powder. In such a case, the number-average particle size thereof may
preferably be 4 microns or smaller, more preferably 3 microns or smaller. 



In the case of internal addition, such a charge controller may preferably
be used in an amount of 0.1 - 10 30   wt. parts, more preferably 0.1 - 5
wt. parts, per 100 wt. parts of a binder resin. The magnetic developer of
the present Invention contains hydrophobic silica fine powder. In the
magnetic toner of the present invention having the above-mentioned particle
size distribution char- acteristic, the specific surface area thereof
becomes largerthan that in the conventioned toner. In a case where the
magnetic toner particles are caused to contact the surface of a cylindrical
electroconductive sleeve con- 35  taining a magnetic field-generating means
therein in order to triboelectrically charge them, the frequency of the
contact between the toner particle surface and the sleeve Is increased as
compared with that in the con- ventional magnetic toner, whereby the
abrasion of the toner particle or the contamination of the sleeve is liable
to occur. However, when the magnetic toner of the present invention is
combined with the silica fine powder, the silica fine powder is disposed
between the toner particles and the sleeve surface, whereby the abrasion 40
of the toner particle is remarkably reduced. Thus, the life of the magnetic
toner and the sleeve may be lengthened and the chargeability may stably be
retained. As a result, there can be provided a developer comprising a
magnetic toner showing excellent char- acteristics in long-time use.
Further, the magnetic toner particles having a particle size of 5 microns
or smaller, which play an important role in the present invention, may
produce a better effect  In the presence of the silica 45 fine powder,
thereby to stably provide high-quality images. The silica fine powder may
be those produced through  the dry process and the wet process. The silica
fine powder produced through the dry process is preferred in view of the
anti-filming characteristic and dur- ability thereof. The dry process
referred to herein is a process for producing silica fine powder through
vapor-phase ox- 50  idation of a silicon halide. For example, silica powder
can be produced according to the method utilizing pyr- olytic oxidation of
gaseous silicon tetrachloride in oxygen-hydrogen flame, and the basic
reaction scheme may be represented as follows: [err] In the above
preparation step, it is also possible to obtain complex fine powder of
silica and other metal 55   oxides by using other metal halide compounds
such as aluminum chloride or titanium chloride together with silicon halide
compounds. Such is also included In the fine silica powder to be used in
the present invention. Commercially available fine silica powder formed by
vapor phase oxidation of a silicon halide to be used in the present
invention include those sold under the trade names as shown below. 13    EP
0 395 026 B1 AEROSIL                          130 (Nippon Aerosil Co.)
200 5 300 380 OX   50 TT 600 MOX  80 COK  84 Cab-O-Sil
M-5 20                           (Cabot Co.)                      MS-7
MS-75 HS-5 25 EH-5 Wacker HDK                          N  20 



30                           (WACKER-CHEMIE GMBH)    V  15 N  20E T 30 35 T
40 D-C Fine Silica 40                          ((Dow Corning Co.) Fransol
(Fransil Co.) 45 On the other hand, in order to produce silica powder to be
used in the present invention through the wet process, various processes
known heretofore may be applied. For example, decomposition of sodium
silicate with an acid represented by the following scheme may be applied:
[err] 50     In addition, there may also be used a process wherein sodium
silicate is decomposed with an ammonium salt or an alkali salt, a process
wherein an alkaline earth metal silicate is produced from sodium silicate
and decomposed with an acid to form silicic acid, a process wherein a
sodium silicate solution is treated with an ion-exchange resin to form
silicic acid, and a process wherein natural silicic acid or silicate is
utilized. The silica power to be used herein may be anhydrous silicon
dioxide (silica), and also a silicate such as 55   aluminum silicate,
sodium silicate, potassium silicate, magnesium silicate and zinc silicate.
Among the above-mentioned silica powders, those having a specific surface
area as measured by the BET method with nitrogen adsorption of 70 - 300
[err]/g, provides a good result. In the present invention, the silica fine
powder may preferably be used in an amount of 0.6 - 1.6 wt. parts, 14    EP
0 395 026 B1 more preferably 0.7 - 1.4 wt. parts, with respect to 100 wt.
parts of the magnetic toner. In the present invention, it is preferred to
use negatively chargeable hydrophobic silica fine powder. The hydrophobic
silica fine powder used in the present invention may preferably be one
having a triboelectric charge amount of -100 uC/g to -300 uC/g. When the
silica fine powder having a -100 uC/g is used, It decreases 5   the
triboelectric charge amount of the developer per se, whereby humidity
characteristic becomes poor. When silica fine powder having a triboelectric
charge amount of above -300 uC/g is used, it promotes a so-called is used,
it promotes a so-called "memory phenomenon" on a developer-carrying member
and the developer may easily be affected by deterioration of the silica,
whereby durability characteristic may be impaired. When the silica is too
fine so that its BET specific surface area is above 300 m2/g, the addition
thereof produces a little 10  effect. When the silica is too coarse so that
its BET specific surface area is below 70 [err]/g, the probability of fine
powder presence is increased, whereby the dispersion thereof in the toner
is liable to be ununiform. In such a case, black spots due to silica
agglomerates are liable to occur. The triboelectric charge amount of the
negatively chargeable silica fine powder may be measured in the following
manner. 15      0.2 g of silica fine powder which have been left to stand
overnight in an environment of [err] and relative humidity of 60 % RH, and
9.8 g of carrier iron powder not coated with a resin having a mode particle
size of 200 to 300 mesh (e.g. EFV 200/300, produced by Nippon Teppun K.K.)
are mixed thoroughly in an aluminum pot having a volume of about 50 cc In
the same environment as mentioned above (by shaking the pot in hands
vertically about 50 times for about 20 sec). 20      Then, about 0.5 g of
the shaken mixture is charged in a metal container 32 for measurement
provided with 400-mesh screen 33 at the bottom as shown in Figure 7 and
covered with a metal lid 34. The total weight of the container 32 is
weighed and denoted by [err] (g). then, an aspirator 31 composed of an
insulating material at least with respect to a part contacting the
container 32 is operated, and the silica in the container is removed 



by suction through a suction port 37 sufficiently while controlling the
pressure at a vacuum gauge 35 at 250 25   mmHg by adjusting an aspiration
control valve 36. The reading as this time of a potential meter 39
connected to the container by the medium of a capacitor having a
capacitance C (uF) is denoted by V (volts.). The total weight of the
container after the aspiration is measured and denoted by [err] (g). Then,
the triboelectric charge (uC/g) of the silica is calculated as:
CxV/([err]). The fine silica powder used in the present invention can be
either the so-called "dry process silica" or 30  "fused 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 because the amount of the silanol group
present on the surfaces or in interior of the particles is small and no
production residue is provided in the production thereof. In order to
impart hydrophobicity to silica fine powder, the silica fine powder may be
chemically treated 35  with an agent which is capable of reacting with the
silica fine powder or of being physically adsorbed thereinto. It is
preferred that dry process silica produced by vapor-phase oxidation of
silica halide is treated with a silane coupling agent and then treated with
an organic silicon compound such as silicone oil and silicone varnish; or
such silica Is treated with a silane coupling agent and such an organic
silicon compound simultaneously. Specific examples of the silane coupling
agent used for the hydrophobility-imparting treatment may in- 40 clude:
hexamethyidisilazane, trimethylsilane, trimethyichlorosilane,
trimethylethoxysilane, dimethyldichloro- silane, methyitrichlorosilane,
allyidimethylchlorosilane, allylphenyidichlorosilane,
benzyldimethylcholrosilane, bromomethyidimethylchlorosilane,
a-chloroethyltrichlorosilane, B-chloroethyltrichlorosilane, chloromethyldi-
methylchlorosilane, triorganosilylmercaptans such as
trimethylsilylmercaptan, triorganosilyl acrylates, vinyl-
dimethylacetoxysilane, dimethylethoxysilane, dimethyldimethoxysilane,
diphenyldiethoxysilane, hexamethyl- 45  disiloxane,
1,3-divinyltetramethyidisiloxane and 1,3-diphenyltetramethyidisiloxane.
Among these, hexamethyldisilazane (HMDS) Is preferred as silane coupling
agent. The silicone oil may preferably be have a viscosity of 50 - 1,000
centistoke (1 cSt = [err]. Specific examples thereof may include
dimethyisilicone oil, methylphenylsilicone oil, a-methylstyrene-modi- fied
silicone oil, chlorophenyl silicone oil, fluorine-modified silicone oil,
etc. in view of the object of the present 50  invention. Silicone oils
having a large amount of a polar group such as -OH, -COOH and -NH2 are not
preferred. The silane coupling agent may preferably be used for treatment
in an amount of 1 - 50 wt. parts, more preferably 5 - 40 wt. parts, per 100
wt. parts of silica fine powder. In the present invention, the silicone oil
or silicone varnish may preferably be used for treatment in an amount of 1
- 35 wt. parts, more preferably 2 - 30 wt. parts, per 100 wt. parts of
silica fine powder. When be 55   amount of the treating agent is too small,
humidity resistance is not substantially improved so as to provide
substantially the same result as that provided only by the silane coupling
agent treatment, and the silica fine powder absorbs moisture under a
high-humidity condition, whereby copied images of high-quality are
difficult to be obtained. When the amount of the treating agent is too
large, agglomerates of silica fine powder as de- 15    EP 0 395 026 B1
scribed above are liable to be produced and further free silicone oil is
liable to occur. As a result, when the resultant silica fine powder Is
applied to a developer, it tends to cause a problem such that the fluidity
of the developer is not sufficiently improved. In order to treat the silica
fine powder with silicone oil, there may be used a method wherein silica
fine 5   powder treated with a silane coupling agent Is directly mixed with
a silicone oil by means of a mixer such as Henschel mixer; a method wherein
a silicone oil is sprayed on silica as a base material; or a method wherein
a silicone oil Is dissolved or dispersed in an appropriate solvent, the
resultant liquid is mixed with silica as a base material, and then the
solvent is removed. In the present invention, the hydrophobicity of the
silica fine powder may be measured in the in the fol- 10  lowing manner,
while another methods can be applied with reference to the following
method. A sample in an amount of 0.1 g is placed in a 200 ml-separating
funnel equipped with a sealing stopper, 



and 100 ml of ion-exchanged water is added thereto. The mixture is shaken
for 10 min. by a Turbula Shaker Mixer model T2C at a rate of 90 r.p.m. The
separating funnel is then allowed to stand still for 10 min. so that a
silica powder layer and an aqueous layer are separated from each other, and
20 - 30 ml of the content is 15  withdrawn from the bottom. A portion of
the water is taken in a 10 mm-cell and the transmittance of the thus
withdrawn water is measured by a calorimeter (wavelength: 500 nm) in
comparison with ion-exchanged water as a blank containing no silica fine
powder. The transmittance of the water sample is denoted as the hydro-
phobility of the silica. The hydrophobic silica used in the present
invention should preferably have a hydrophobicity of 90 % or 20  higher,
particularly 93 % or higher. If the hydrophobicity is below 90 %,
high-quality images cannot be attained because of moisture absorption by
the sillica fine powder under a high-humidity condition. When 0.6 - 1.6 wt.
parts of the hydrophobic silica fine powder is added to 100 wt. parts of an
insulating magnetic toner, it may show an effect. When the addition amount
is 0.7 - 1.4 wt. parts per 100 wt. parts of the toner, it may provide a
developer having good stability in chargeability. 25      The magnetic
developeraccording to the present invention comprising atleast
hydrophobicsilicafine pow- der and an Insulating magnetic toner has a BET
specific surface area of 1.8 to 3.5 [err]/g (preferably 1.9 to 3.0 [err]/g)
by nitrogen adsorption, a triboelectric chargeability of -20 to -35 uc/g,
an apparent density of 0.4 to 0.52 g/[err], and a true density of 1.45 to
1.8 g/[err]. When the triboelectric chargeability is below -2 uc/g, charge
amount sufficient for development is not pro- 30  vided on a
developer-carrying member and a low image density is obtained from the
initial stage. When the triboelectric chargeability exceeds -35 uc/g, the
amount of charge of developer particles disposed in the vicinity of the
surface of a developer-carrying member becomes large in repetitive image
formation, and a so-called "charge-up phenomenon" such that propercharging
of the developer disposed on the developer-carrying mem- ber is impaired,
whereby the resultant image density is gradually decreased. Such a
phenomenon is liable to 35  occur in the development of a digital latent
Image comprising dots, and it becomes marked in a reversal de- veloping
system using an OPC (organic photoconductor) photosensitive member and a
small potential contrast. When the BET specific surface area by nitrogen
adsorption of the developer according to the present in- vention is below
1.8 m2/g, it takes a long time to obtain a charge amount sufficient for
development on a de- veloper-carrying member, whereby Images with much fog
having a low image density are provided. When the 40   BET specific surface
area exceeds 3.5 [err]/g, electric force with respect to a
developer-carrying member such as sleeve becomes strongerand developing
efficiency is lowered, whereby the resultant image density is low- ered. In
the present invention, the BET specific surface area may be measured by
using a specific surface area meter (trade name: Autosorb-1, mfd. by
Quantachrome Co.) according to the BET one-point method. 45      The
developer according to the present invention has a true density of 1.45 -
1.8 g/[err]. If the true density is below 1.45, fog Is liable to occur in a
developing system wherein an AC bias is applied to the developer in a
magnetic field, and the line width of the resultant image Is thickened to
lower the resolution. When the true density exceeds 1.8, the resultant line
image is liable to be blurred to decrease the image density. The developer
according to the present invention, has a aerated bulk density of 0.4 -
0.52, (preferably 0.45 50  - 0.5), and Is characterized in that the aerated
bulk density is small while it has a large true density. The void ratio
calculated from the true density and aerated bulk density may preferably be
62 - 75 % The void ([err]) may be calculated according to the following
formula: Void =   (true density - apparent density)/(true density) x 100 %
The packed bulk density may preferably be in the range of 0.8 to 1.0, and
the void ([err]) at this time may 55 preferably be 40 - 50 %. When the void
([err]) of the aerated bulk density is below 62 %, the toner is not
sufficiently disintegrated under stirring in the interior of a developing
device. When the void ratio exceeds 75 %, toner scattering and tonerleakare
liable to occur. Thevoid ratio ([err]) of packed bulkdensity isbelow 40 %,
clogging of the developer 16    



EP 0 395 026 B1 is liable to occur in the interior of a developing device,
and the developer is not smoothly supplied to a developer- carrying member,
whereby white dropouts are liable to occur. When the void ratio (ep)
exceeds 50 %, a devel- oping device having a greater capacity is required
in order to contain the same amount of a developer, whereby miniaturization
of a printer is hindered. 5      The aerated bulk density of the developer
of the present invention may be measured by means of Powder Tester (mfd. by
Hosokawa Micron K.K.) according to the procedure described in the
Instruction manual for the above-mentioned Powder Tester, and the packed
bulk density thereof may be measured in the same manner as in that of the
measurement of the above-mentioned magnetic material. An additive may be
mixed in the magnetic toner of the present invention as desired. More
specifically, as 10  a colorant, known dyes or pigments may be used
generally in an amount of 0.5 - 20 wt. parts per 100 wt. parts of a binder
resin. Another optional additive may be added to the toner so that the
toner will exhibit further better performances. Optional additives to be
used include, for example, lubricants such as zinc stearate; abrasives such
as cerium oxide and silicon carbide; flowability improvers such as aluminum
oxide; anti-caking agent; or conductivity-imparting agents such as carbon
black and tin oxide. 15     In order to improve releasability in
hot-rollerfixing, it is also a preferred embodiment of the present inven-
tion to add to the magnetic toner a waxy material such as low-molecular
weight polyethylene, low-molecular weight polypropylene, microcrystalline
wax, carnauba wax, sasol wax or paraffin wax, preferably in an amount of
0.5-5 wt. %. The magnetic toner for developing electrostatic images
according to the present invention may be pro- 20  duced by sufficiently
mixing magnetic powder with a vinyl on non-vinyl thermoplastic resin such
as those en- umerated hereinbefore, and optionally, a pigment or dye as
colorant, a charge controller, another additive, etc., by means of a mixer
such as 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 pigment or dye, and optional additives, if any, in the melted
resin; cooling and crushing the mixture;, and subjecting the powder product
to precise classifi- 25  cation to form the insulating magnetic toner
according to the present invention. Further, the magnetic developer
according to the present invention may be obtained by mixing a prede-
termined amountof hydrophobic silica fine powderwith the insulating
magnetic toner having prescribed particle size and particle size
distribution. The triboelectric charge amount of the magnetic toner and
magnetic developer according to the present 30  Invention may be measured
substantially in the same manner as in the case of silica fine powder as
described hereinabove, while 2.0 g of the magnetic toner or developer and
9.0 g of carrier iron powder are accurately weighed, and the resultant
mixture are subjected to measurement. An embodiment of the image forming
method to which the magnetic developer according to the present invention
Is suitably applied is described with reference to Figures 1 and 2. 35
Referring to Figures 1 and 2, the surface of a photosensitive member (drum)
1 is charged negatively by means of a primary charger 2, and then an
exposure light 5 comprising laser is supplied to the photosensitive member
surface according to an image scanning method thereby to form a digital
latent image thereon. The latent image is developed with a one-component
developer 10 to form a toner Image In a developing position where a
developing sleeve 4 of a developing device 9 is disposed opposite to the
photosensitive member sur- 40  face. The developing device 9 comprises a
magnetic blade 11a and the developing sleeve 4 having a magnet 14 inside
thereof, and contains the developer 10. In the developing position, a bias
comprising an alternating bias, a pulse bias and/or a DC bias is applied
between a electroconductive substrate 16 of the photosensitive drum 1 and
the developing sleeve 4 by a bias application means 12, as  shown in Figure
2. As shown in Figure 1, when a transfer paper P is conveyed to a transfer
position where a transfer charger 45   3 confronts the photosensitive drum
1, the back side surface of the transfer paper P (i.e., the surface thereof
opposite to that confronting the photosensitive drum 1) is charged
positively by means of the transfer charger 3, whereby the toner image
comprising a negatively chargeable toner formed on the photosensitive drum
sur- face is electrostatically transferred to the transfer paper P. Then,
the transfer paper P is separated from the photosensitive drum 1, and
conveyed to a fixing device 7 using heat and pressure thereby to fix the
toner image 50  to the transfer paper P. 



The residual one-component developer remaining on the photosensitive drum 1
downstream of the trans- fer position is removed by a cleaner 8 having a
cleaning blade. The photosensitive drum 1 after the cleaning is discharged
by erase exposure 6, and again subjected to the above-mentioned process
including the charging step based on the primary charger 2, as the Initial
step. 55      Referring again to Figure 2, the photosensitive drum 1, as an
electrostatic image-bearing member, com- prises the electroconductive
substrate 16 and a photosensitive layer 15 disposed thereon, and moves in
the direction of an arrow A. On the other hand, the developing sleeve 4 of
a nonmagnetic cylinder, as a developer- carrying member, rotates in the
direction of an arrow B so as to move in the same direction as that of the
pho- 17    EP 0 395 026 B1 tosensitive drum 1 in the developing position.
The multipolar permanent magnet 14 (i.e., magnet roller) is dis- posed
Inside the nonmagnetic cylinder 4 so as not to rotate. The one-component
insulating magnetic developer 10 contained in the developing apparatus 9 is
applied onto the nonmagnetic sleeve 4, and the toner particles contained
therein are supplied with negative triboelec- 5   tric charge on the basis
of the friction between the sleeve 4 surface and the toner particles. A
magnetic doctor blade of Iron 11a is disposed close to the sleeve surface
(preferably at a clearance of 50 - 500 microns) and opposite to one of the
poles of the multipolar permanent magnet 14. Thus, the thickness of the
toner layer dis- posed on the sleeve 4 Is regulated uniformly and thinly
(preferably in a thickness of 30 - 300 microns), to form a developer layer
having a thickness smaller than the clearance between the photosensitive
drum 1 and the 10  sleeve 4 In the developing position so that the
developer layer formed on the sleeve 4 does not contact the image bearing
member 1. The rotating speed of the sleeve 4 may be regulated so that the
speed of the surface thereof is substantially the same as (or close to) the
speed of the photosensitive drum I surface. The magnetic doctor blade 11a
may also comprise a permanent magnet instead of iron thereby to form a
counter magnetic pole. An AC bias or pulse bias may be applied between the
sleeve 4 and the photosensitive 15  drum I by means of the bias application
means 12. The AC bias may preferably have a frequency of 200 - 4,000 Hz,
and a Vpp (peak-to-peak value) of 500 - 3,000 V. In the developing
position, the toner particles are transferred to an electrostatic image
formed on the photosensitive drum 1 under the action of an electrostatic
force due to the electrostatic image-bearing surface, and under the action
of the AC bias or pulse bias. In the above-mentioned embodiment an elastic
blade comprising an elastic or elastomeric material such 20  as silicone
rubber may also be used instead of the doctor blade 11a, so that the
developer is applied onto the developer-carrying member 4 while the
thickness of the developer layer is regulated under pressure. In the image
forming apparatus and Image forming method according to the present
invention, it is pre- ferred to use a toner-carrying member coated with a
phenolic resin containing electroconductive carbon and graphite. The image
forming apparatus according to the present invention may comprise a device
unit (e.g., 25 a device unit of cartridge-type) Into which an electrostatic
Image-bearing member, a cleaning means, a toner- carrying member, etc.,
have unitedly been assembled. In such a system, since the surface of the
toner-carrying member is covered with a phenolic resin film containing
electroconductive carbon and graphite, a toner component is less liable to
adhere to the surface and the contamination thereof may be prevented or
reduced for a long time. Further, since the charge amount 30  of the toner
may suitably be regulated, a stable toner coating layer may constantly be
formed, whereby clear images having a high image density may be provided.
Hereinbelow, the toner-carrying member is referred to as "sleeve", layer
thickness-regulation means is re- ferred to as "blade", and the latent
image-hearing member is referred to as "drum". In a preferred embodiment of
the present invention, the sleeve comprises a cylindrical base member a
cyl- 35  Indrical base member comprising non-magnetic stainless steel,
aluminum, etc., coated with a phenolic resin containing electroconductive
carbon and graphite. In such an embodiment, the phenolic resin Is used
because a toner component is less liable to adhere to such a resin and the
resin has an appropriate chargeability to the toner. Since the
above-mentioned phenolic resin is appropriately distantfrom the toner In
triboelectric charging 



series, and the resultant charge amount of the  toner does not become too
large nor too small. 40      The phenolic resin may generally be a
thermosetting resin and have a relatively large hardness among ordinary
thermosetting resins. Since the phenolic resin has a dense
three-dimensional structure based on thermal hardening reaction, it may
form a very hard coating film, whereby it provides excellent durability
which is hardly provided by other resins. Accordingly, when the coating
layer on a sleeve is formed from such a resin, scratches and peeling of the
coating film are prevented, whereby stable image quality may constantly be
ob- 45  tained. The phenolic resin may include simple phenolic resins
formed from phenol and formaldehyde; and modified phenolic resins prepared
by a combination of ester gum and a simple phenolic resin. Each of these
two types of phenolic resins may be used in the present invention. In the
present invention, electroconductive carbon and graphite may preferably be
contained in the coating film on the sleeve. These electroconductive carbon
and graphite may forms appropriate unevenness on the 50  sleeve surface and
may appropriately leak remaining charges on the sleeve coating film to the
sleeve sub- strate, whereby a stable magnetic toner coating layer may
constantly, be obtained. We have investigated metals such as gold, silver,
copper, lead and tin; and metal oxides such as tin oxide, indium oxide,
antimony oxide, and tungsten oxide, but it has been found that these
materials do not provides sufficient characteristic as compared with
electroconductive carbon and graphite. According to our Investiga- 55 tion,
a combination of electroconductive carbon and graphite has .shown an
excellent characteristic. Preferred examples of the electroconductive
carbon used in the present invention may include: those hav- ing a
resistance of 0.5 ohm.cm or  below under a pressure of 120 kg/cm 2, such as
oil furnace, acetylene black and Keten Black. The graphite  used In the
present invention may be a crystalline mineral having a gloss of 18    EP 0
395 026 B1 gray or black, and a lubricating property, and may be either a
natural product or an artificial product Another additive can also be added
to the coating film of the sleeve according to the present invention. in
addition to the electroconductive carbon and graphite. Specific examples of
such an additive may include: surface-coarsening agent capable of
regulating surface unevenness of the coating film; a charge control agent 5
capable of controlling the charging amount of the toner. The mixing ratio
of (electroconductive carbon/graphite) may preferably be 1/10 to 100/1,
more preferably 1/1 to 100/1. The ratio of such a resultant mixture to the
phenolic resin may preferably be 1/3 to 2/1. When the electroconductive
carbon, graphite and phenolic resin are used so that they satisfy the
above-mentioned mix- ing ratios, the coating film on the sleeve may have
appropriate unevenness, an appropriate resistance and is 10  very little
contaminated with a toner component so that it has high durability. As a
result, a stable toner layer may constantly be obtained and stable image
density and image quality may be obtained for a long time. The blade used
in the present Invention may be either a metal blade disposed opposite to
the sleeve with a predetermined gap or clearance; or an elastic (or
elastomeric) blade contacting the sleeve surface with its elasticity. Among
these, the elastic blade is preferred in the present Invention. 15      The
elastic blade may comprise: an elastomeric or rubbery material such as
silicon rubber and NBR (nitrile- butadiene rubber); an elastic synthetic
resin such as polyethylene terephthalate, or an elastic metal such as
stainless steel and steel, etc. The upper portion of the blade (i.e., base
portion) may be fixed to a developer container side, and the lower portion
thereof may be caused to contact the sleeve surface with appropriate
elasticity so that the direction 20  of the bent blade is the same as or
counter to that of the moving direction of the developing sleeve so that
the inner side of the bent blade contacts the sleeve surface (or the outer
side of the blade contacts the sleeve surface in the case of the counter
direction). Figures 3, 4, 5 and 6 schematically show some embodiments of
the Image forming apparatus according to the present invention. When such
image forming apparatus are used, a thin and dense toner layer may more 25
stably be provided, even when an environmental condition changes. The
reason for this is not necessarily be clear but may presumable be
considered as follows. 



Thus, in such an arrangement, the toner particles are forcibly be rubbed
with the sleeve surface due to the elastic blade, as compared with in an
apparatus wherein an ordinary metal blade is disposed opposite to a sleeve
with a certain gap. As a result the toner may constantly be charged in
substantially the same state, 30  regardless of changes in toner
performances due to an environmental change. A preferred embodiment of the
image forming method or apparatus according to the present invention is
described with reference to Figures 3 and 4. Referring to Figures 3 and 4,
the surface 15 of a photosensitive member (drum) 1 is charged negatively by
means of a primary charger2, and then an exposure light 5 comprising laser
is supplied to the photosensitive 35   member surface 15 according to an
Image scanning method thereby to form a digital latent image thereon. The
latent image is developed with a one-component magnetic developer 10 to
form a toner Image In a de- veloping position where a developing sleeve 4
of a developing device 9 is disposed opposite to the photosen- sitive
member surface. The developing device 9 comprises an elastic blade 11 b and
the developing sleeve 4 having a magnet 14 Inside thereof, and contains the
one-component developer 10. The developing sleeve 4 40  is coated with a
phenolic resin containing electroconductive carbon and graphite. In the
developing position, a bias comprising an alternating bias, and/or a DC
bias is applied between a electroconductive substrate 16 of the
photosensitive drum 1 and the developing sleeve 4 by a bias application
means 12, as shown in Figure 4. As shown in Figure 3, when a transfer paper
P is conveyed to a transfer position where a transfer charger 45   3
confronts the photosensitive drum 1, the back side surface of the transfer
paper P (i.e., the surface thereof opposite to that confronting the
photosensitive drum 1) is charged positively means of the transfer charger
3, whereby the tonerimage comprising a negatively chargeable toner formed
on the photosensitive drum surface is electrostatically transferred to the
transfer paper P. Then, the transfer paper P is separated from the pho-
tosensitive drum 1, and conveyed to a fixing device 7 using heat and
pressure thereby to fix the toner image 50  to the transfer paper P. The
residual one-component developer remaining on the photosensitive drum 1
downstream of the trans- fer position is removed by a cleaner 8 having a
cleaning blade. The photosensitive drum 1 after the cleaning Is discharged
by erase exposure 6, and again subjected to the above-mentioned process
including the charging step based on the primary charger 2, as the initial
step. 55      Referring again to Figure 4, the photosensitive drum 1, as an
electrostatic image-bearing member, com- prises a photosensitive layer 15
and the electroconductive substrate 16, and moves in the direction of an
arrow A. On the other hand, the developing sleeve 4 of a nonmagnetic
cylinder, as a developer-carrying member, rotates in the direction of an
arrow B so as to move in the same direction as that of the photosensitive
drum 19    EP 0 395 026 B1 1 in the developing position. The multipolar
permanent magnet 14 is disposed inside the nonmagnetic cylinder 4 so as not
to rotate. The one-component insulating magnetic developer 10 contained in
the developing apparatus 9 is applied onto the developing sleeve 4 by means
of an elastic blade 11b to form a thin coating layer, and the toner par- 5
tides contained therein are supplied with triboelectric charge on the basis
of the friction between the sleeve surface and the toner particles. An AC
bias may be applied between the sleeve 4 and the photosensitive drum 1 by
means of the bias application means 12. The AC bias may preferably have a
frequency of 200 - 4,000 Hz, and a Vpp (peak-to- peak value) of 500 - 3,000
V. In the developing position, the toner particles are transferred to an
electrostatic 10  image formed on the photosensitive drum 1 under the
action of an electrostatic force due to the electrostatic image-bearing
surface, and under the action of the AC bias. The toner container may
preferably be provided with stirring means 13 in the interior thereof, so
that the toner 10 contained in the toner container 9 may positively be fed
to the vicinity of the developing sleeve. As a result, such an arrangement
is effective in forming a uniform toner layer just before the toner is used
up. 



15     In a case where the image forming apparatus according to the present
invention is used as a printer for facsimile, the image exposure L
corresponds to that for printing received data. Figure 15 shows such an em-
bodiment by using a block diagram. Referring to Figure 15, a controller511
controls an imagereader(orimage reading unit) 510 and a printer 519. The
entirety of the controller 511 is regulated by a CPU 517. Read data from
the image reader 510 Is 20  transmitted through a transmitter circuit 513
to another terminal such as facsimile. On the other hand, data received
from another terminal such as facsimile is transmitted through a receiver
circuit 512 to a printer 519. An image memory 516 stores prescribed image
data. Aprinter controller 518 controls the printer 519. In Figure 15,
reference numeral 514 denotes  a telephone system. More specifically, an
image received from a line (or circuit) 515 (i.e., image information
received a remote 25  terminal connected by the line) is demodulated by
means of the receiver circuit 512, decoded by the CPU 517, and sequentially
stored In the image memory 516. When image data corresponding to at least
one page is stored In the image memory 516, Image recording is effected
with respect to the corresponding page. The CPU 517 reads image data
corresponding to one page from the image memory 516, and transmits the
decoded data corresponding to one page to the printer controller 518. When
the printer controller 518 receives the image 30  data corresponding to one
page from the CPU 517, the printer controller 518 controls the printer 519
so that image data recording corresponding to the  page is effected. During
the recording by the printer 519, the CPU 517 receives another image data
corresponding to the next page. Thus, receiving and recording of an image
may be effected by means of the apparatus shown in Figure in the
above-mentioned manner. 35      The present invention will be explained in
more detail with reference to Examples, by which the present invention is
not limited at all. In the following formulations, parts are parts by
weight Example 1 40 Graphite
7 parts (trade name:  CPS,  mfd.  by  Nihon Kokuen) 45
Electroconductive  carbon                               3 parts (trade
name:  Conductex 900, mfd.  by Columbian Chemical Company) Phenolic resin
10 parts Isopropyl alcohol                                     80  parts 55
The above materials were mixed and dispersed by means of a sand mil, and
the resultant mixture was then applied onto the peripheral surface of a 20
mm-diameter aluminum cylinder for a sleeve by spraying and dried to form
thereon a 6 micron-thick surface coating film. The resultant coated sleeve
was used as "Sleeve A" and a developing device was assembled by using the
SleeveAand a 1 mm-thick elastic rubbery blade (Blade 20    EP 0 395 026 B1
A) comprising polyurethane contacting the Sleeve A, as shown in Figure 4.
Separately, a negatively chargeable insulating developer was prepared in
the following manner. Spherical magnetic particles having a packed bulk
density of 1.0 g/[err], a linseed oil absorption of 25 ml/100 g and a BET
specific surface area of 7 m2/g (average particle size = 0.22 micron) were
subjected to a 5 disintegration treatment by means of a Fret mill to
disintegrate the aggregates of the magnetic particles, there- by to prepare
spherical magnetic particles having a packed bulk density (or packed bulk
density) of 1.7 g/[err], a linseed oil absorption of 17 ml/100 g, and a BET
specific surface area of 7 [err]/g. The thus prepared spherical magnetic
particles had a saturation magnetization ([err]) of 85 emu/g, a residual
magnetization ([err]) of 5 emu/g, a ratio of [err] of 0.06, and a coercive
force of 56 Oe. 10 The above-mentioned spherical magnetic 



particles  after disintegration                      100 wt.parts 15
Crosslinked styrene-butyl acrylate copolymer
100  wt.parts 20               (copolymerization weight  ratio  = 8:2,
weight-average molecular  weight:  about 250,000) 25 Low-molecular weight
polyropylene                     3 wt.parts Chromium complex of monoazo dye
0.5 wt.parts 30              (Negatively chargeable  charge controller) The
above components were melt-kneaded by means of a two-axis extruder heated
up to [err], and the 35   kneaded product, after cooling, was coarsely
crushed by means of a hammer mill, and then finely pulverized by means of a
jet mill. The finely pulverized product was classified by means of a
fixed-wall type wind-force classifier to obtain a classified powder
product. Ultra-fine powder and coarse power were simultaneously and
precisely removed from the classified powder by means of a multi-division
classifier utilizing a Coanda effect (Elbow Jet Classifleravailable from
Nittetsu Kogyo KK.), thereby to obtain black fine powder (magnetic toner)
40  having a volume-average particle size of 6.5 microns. When the thus
obtained black fine powder was mixed with iron powder carrier and
thereafter the triboelectric charge thereof was measured, it showed a value
of - 15 uC/g. The resultant magnetic toner as black fine powder had a
residual magnetization ([err]) of 2.5 emu/g, a saturation magnetization
([err]) of 37 emulg, and a coercive force of 52 Oe. The number-basis
distribution and volume-basis distribution of the thus obtained magnetic
toner of neg- 45 atively chargeable black fine powder was measured by means
of a Coulter counter Model TA-II with a 100 mi- cron-aperture in the
above-described manner. The thus obtained results are shown in the
following Table 1. 50 55 21    EP 0 395 026 B1 5                0 2 .-4 0
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of the above magnetic toner were mixeci with 1.0 part of negatively
chargeable hydrophobic silica having a chargeabilifty of -240 pc/g treated
with dimethyidichlorosilane and silicone oil, by means of a Henschel mixer.
Then, the resultant mixture was passed through a 100-mesh (Tyler mesh)
screen, whereby powder passing through the screen wfas used as a Developer
A. 50      The resultant Developer A had a triboelectric chargeability of
-28 glC/g, a aerated bulk density of 0.48 g/cm2, a packed bulk density of
0.90 g/cm3, a true density of 1.65 g/crn3, and a void (sE) of 71 %
calculated from the aerated bulk density and true density. The magnetic
developer was subjected to an image fonmation test by using a commercially
available copy- ing machine (trade name: Laser Beam Printer LBP-8AJ1, mfd.
by Canon K.K.) having a laminate-type photo- 55 sensitive drum comprising
organic photo'conductor (OPC), and comprising a cartridge unit which had
been modified by assembling therein the above-mentioned developing device.
In the image formation, the surface ,.of the photosensitive drum was
primarily charged to -700 V and then the surface was supplied with a laser
beam corrsponding to an original. image thereby to form a digital latent
image wherein the exposed portion 22    EP 0 395 026 B1 supplied with the
laser beam had a potential of -100 V. The latent Image was developed with
the magnetic toner according to a reversal development method, while a DC
bias of -500 V and an AC bias of 1800 Hz and 1600 V (peak-to-peak value)
were applied. In this instance, Image formation of 10.000 sheets was
conducted in an intermittent mode (three sheets 5   per 1 min) under three
sets of conditions including normal temperature-normal humidity ([err], 60
%RH) con- dition, high temperature-high humidity ([err], 90 %RH) condition,
and low temperature-low humidity ([err], 10 %RH) condition. The results are
shown In Table 3 appearing hereinafter. The Dmax in Table 3 was obtained by
measuring the image density of a square solid black Image (5 mm x 5 mm).
The reproducibility of minute dotwas obtained by developing a latent image
corresponding to a check- 10 ered pattern comprising squares (the length of
one side (x) = 80 or 50 microns) under low temperature-low humidity
conditions, and observing the reproducibility of the resultant image with
an optical microscope (mag- nification = 100) to evaluate the sharpness of
the image and toner scattering In the non-image portion. As apparent from
Table 3, high-density images having an excellent minute dot reproducibility
were stably obtained till 10,000 sheets under any of the above-mentioned
respective sets of conditions. Further, under 15  any of these sets of
conditions, the toner coating amount on the sleeve after image formation of
10,000 sheets was about 1.2 mg/[err], which was not substantially changed
as compared with that in the initial stage. The particle size distribution
and charging amount of toners used in Examples and Comparative Examples
appearing hereinafter are Inclusively shown in Table 2 appearing
hereinafter, and evaluation results are inclu- sively shown in Table 3
appearing hereinafter. 20      Hereinbelow, the multi-division classifier
and the classification step used in this instance are explained with
reference to Figures 8 and 9. Referring to Figures 8 and 9, the
multi-division classifier has side walls 52, 53 and 54, and a lower wall
55. The side wall 53 and the lower wall 55 are provided with knife
edge-shaped classifying wedges 47 and 48, respectively, whereby the
classifying chamber is divided into three sections. At a lower portion of
the side 25 wall 52, a feed supply nozzle 46 opening Into the classifying
chamber is provided. A Coanda black 56 is dis- posed along the lower
tangential line of the nozzle 46 so as to form a long elliptic arc shaped
by bending the tangential line downwardly. The classifying chamber has an
upper wall 57 provided with a knife edge-shaped gas-intake wedge 49
extending downwardly. Above the classifying chamber, gas-intake pipes 44
and 45 open- ing into the classifying chamber are provided. In the intake
pipes 44 and 45, a first gas introduction control 30  means 50 and a second
gas introduction control means 51, respectively, comprising, e.g., a
damper, are pro- 



vided; and also static pressure gauges 58 and 59 are disposed
communicatively with the pipes 44 and 45, re- spectively. At the bottom of
the classifying chamber, exhaust pipes 41, 42 and 43 having outlets are
disposed corresponding to the respective classifying sections and opening
into the chamber. Feed powder to be classified is introduced into the
classifying zone through the supply nozzle 46 under 35 reduced pressure.
The feed powder thus supplied are caused to fall along curved lines 60 due
to the Coanda effect given by the Coanda block 56 and the action of the
streams of high-speed air, so that the feed powder is classified into
coarse powder 41, black fine, powder 42 having prescribed volume-average
particle size and particle size distribution, and ultra-fine powder 43. 40
Comparative Example 1 Evaluation was conducted in the same manner as in
Example 1 except for using an aluminum Sleeve B which had been subjected to
blasting treatment using irregularly-shaped particles, and Blade B, a
magnetic iron blade disposed opposite to the sleeve with a gap of 250
microns. 45      As shown in Table 3, the sleeve was considerably
contaminated and the resultant image density was con- siderably decreased
as compared with that in the initial image, after image formation of 10,000
sheets. Example 2. 50      Evaluation was conducted in the same manner as
in Example 1 except for using a Developer B containing 1.4 parts of
hydrophobic silica used in Example 1. Good results similar to those in
Example 1 were provided. Example 3 55      Evaluation was conducted in the
same manner as in Example 1 exceptforusing a TonerC having avolume- average
particle size distribution of 7.9 microns and a particle size distribution
as shown in Table 2 which had been prepared in a similar manner as in
Example 1. Good results similar to those in Example 1 were provided. 23
EP 0 395 026 B1 Comparative Example 2 Evaluation was conducted in the same
manner as in Example 1 except for using a Toner D. The Toner B comprised a
magnetic material predominantly comprising magnetic particles in a cubic
crystal system having 5   a packed bulk density of 0.4 g/[err], a linseed
oil absorption of 34 ml/100 g and a BET specific surface area of 7 [err]/g
and not being subjected to disintegration treatment, instead of the
spherical magnetic particles used in Example 1. As a result, the
reproducibility of minute dot was inferior to that in Example 1, and the
image density was somewhat low, as shown in Table 3. 10 Comparative Example
3 Evaluation was conducted in the same manner as in Example 1, except for
using a Toner E prepared by using untreated silica instead of the
hydrophobic silica used in Example 1. 15     As a result, the image density
was low  and considerable fog was observed, as shown in Table 3. Further,
the minute dot reproducibility was poor. Comparative Example 4 20
Evaluation was conducted in the same manner as in Example 1 except for
using a Toner F having a volume- average particle size of 11.4 microns and
a particle size distribution as shown in Table 2 which had been pre- pared
in a similar manner as in Example 1 by using 60 parts of spherical magnetic
particles used In Example 1. As a result, the minute dot reproducibility
was poor and considerable scattering was observed. 25 30 35 40 45 
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EP 0 395 026 B1 *3: Considerable toner scattering was observed. *4:
Considerable fog was observed. *5: More considerable fog was observed. The
edge portion of the resultant image was unclear. 5   Example 4 Spherical
magnetic particles having a packed bulk density of 1.0 g/[err], a linseed
oil absorption of 25 ml/1 00 g and a BET specific surface area of 7 m2/g
(average particle size = 0.22 micron) were subjected to a disintegration
treatment by means of a Fret mill to disintegrate the aggregates of the
magnetic particles, there- 10  by to prepare spherical magnetic particles
having a packed bulk density of 1.7 glcm3, a linseed oil absorption of 17
mI/l100 g, and a BET specific surface area of 7 m2/g. The thus prepared
spherical magnetic particles had a saturation magnetization ([err]) of 85
emu/g, a residual magnetization ([err]) of 5 emu/g, a ratio of [err] of
0.06, and a coercive force of 56 Oe. 15 The above-mentioned spherical
magnetic particles  after disintegration                       100 wt.parts
20          Styrene-butyl  acrylate  copolymer                      100
wt.parts (copolymerization weight ratio = 8:2, 25 weight-average molecular
weight: about 250,000) 30          Low-molecular  weight  polypropylene
3 wt.parts Chromium  complex  of  monoazo dye                     0.5
wt.parts (Negatively chargeable charge 35 controller) The above components
were melt-kneaded by means of a two-axis extruder heated up to [err], and
the kneaded product, after cooling, was coarsely crushed by means of a
hammer mill, and then finely pulverized 40  by means of a jet mill. The
finely pulverized product was classified by means of a fixed-wall type
wind-force classifier to obtain a classified powder product. Ultra-fine
powder and coarse power were simultaneously and precisely removed from the
classified powder by means of a multi-division classifier utilizing a
Coanda effect (Elbow Jet Classifier available from NIttetsu Kogyo K.K.
thereby to obtain black fine powder (magnetic toner) having a
number-average particle size of 6.5 microns. When when thus obtained black
fine powder was mixed 45   with iron powder carrier and thereafter the
triboelectric charge thereof was measured, it showed a value of - 15 uC/g.
The number-basis distribution and volume-basis distribution of the thus
obtained magnetic toner of neg- atively chargeable black fine powder was
measured by means of a Coulter counter Model TA-II with a 100 mi-
cron-aperture in the above-described manner. The thus obtained results are
shown in the following Table 4. 50 55 27    EP 0 395 026 B1 o~ 0 o0   N   c
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(A   v 45      100 wt. parts of the above magnetic toner were mixed with
1.0 wt. part of negatively chargeable hydro- phobic silica having a
chargeability of -250 jictg and a hydrophobicity of 98 % treated with
hexamethyidisila- zane and dimethylsilicone oil, by means of a Henschel
mixer. Then, the resultant mixture was passed through a 100-mesh (Tyler
mesh) screen, whereby powder passing through the screen was used as a
negatively chargeable one-component developer No. 1. The above-mentioned
magnetic toner and magnetic developer 50  had a volume resistivity of 5x104
ohm.cm. The resultant developer No. 1 had a triboelectric chargeability of
-28 pCIg, a aerated bulk density of 0.48 g/cm2, a packed bulk density of
0.90 g/cm3, a true density of 1.65 g/cm3 and a void (ja) of 71 % calculated
from the aerated bulk density and true density. The magnetic developer was
subjected to an image formation test by using a commercially available
copy- 55  ing machine (trade name: Laser Beam Printer LBP-8AJ1, mfd. by
Canon K.K.) having a laminate-type photo- sensitive drum comprising organic
photoconductor (OPC), and comprising a cartridge unit which had been
modified by assembling therein the above-mentioned developing device. In
the image formation, the surface of the photosensitive drum was primarily
charged to -700 V and then the surface was supplied with a laser 28    EP 0
395 026 B1 beam corresponding to an original image comprising a checkered
pattern as shown in Figure 10, thereby to form a digital latent image
wherein the exposed portion supplied with the laser beam had a potential of
-100 V. The latent image was developed with the magnetic developer
according to a reversal development method, while a DC bias of -500 V and
an AC bias of 1800 Hz and 1600 V (peak-to-peak value) were applied. 5
In the above developing operation, the minimum clearance between the
developing sleeve of stainless steel and the photosensitive drum was set to
300 microns in the developing position, and the thickness of a developer
layer disposed on the sleeve was set to about 100 microns in the developing
position under no ap- plication of the bias. As a result, the magnetic
developer according to the present invention provided good copied images
under 10 any of normal temperature-normal humidity ([err], 60 %RH)
condition, high temperature-high humidity (30 



, 90 %RH) condition, and low temperature-low humidity ([err], 10 %RH)
condition. Further, the thus ob- tained copied image corresponding to the
checkered pattern as shown in Figure 10 had no image defect. When
successive copying tests of 1,000 sheets were conducted under the
respective conditions, the re- sultant toner image retained an Image
density of 1.35 or above and were excellent in reproducibility of thin 15
lines. Scattering was evaluated by observing the resultant images having a
line width of 50 - 100 microns with an optical microscope (magnification =
100). The resultant Image as shown in Figure 14A was represented by a
symbol "o", the resultant Image as shown in Figure 14B as represented by a
symbol "A", and the resultant image as shown in Figure 14C was represented
by a symbol "x". 20      The results are shown in Table 7 appearing
hereinafter. Example 5 Spherical magnetic particles having a packed bulk
density of 0.8 g/[err], a linseed oil absorption of 20 25  ml/100 g and a
BET specific surface area of 6 m2/g (average particle size = 0.29 micron)
were subjected to a disintegration treatment thereby, to prepare spherical
magnetic particles having a packed bulk density of 1.85 g/[err], a linseed
oil absorption of 14 ml/100 g, a BET specific surface area of 5.9 [err]/g,
and an average particle size of 0.27 microns. Amagnetic toner having a
volume-average particle size of 7.7 microns was prepared in the same manner
30  as in Example 4 except for using 90 wt. parts of the above-mentioned
spherical magnetic particles. Some physical properties of the thus obtained
magnetic developer are shown in Table 6, and the results of a printer test
are shown in Table 7. Comparative Example 5 35 A magnetic toner having a
volume-average particle size of 12 microns and having a particle size
distrib- ution C as shown in Table 5 was prepared in the same manner as in
Example 4 except for using 60 wt. % of the above-mentioned spherical
magnetite particles and 0.5 part of hydrophobic silica. Some physical
properties of the thus obtained magnetic developer are shown in Table 6,
and the results 40 of a printer test are shown in Table 7. Comparative
Example 6 A magnetic toner and a magnetic developer were prepared in the
same manner as in Example 4 except 45 for using untreated spherical
magnetic particles having a packed bulk density of 0.9 g/[err], a linseed
oil ab- sorption of 25 ml/100 g and a BET specific surface area of 7
[err]/g as the magnetic material of the toner. The thus obtained developer
was subjected to image formation test in the same manner as in Example 4.
Some physical properties of the thus obtained magnetic developer are shown
in Table 6, and the results of a printer test are shown in Table 7. 50
Comparative Example 7 A magnetic toner and a magnetic developer were
prepared In the same manner as in Example 4 except for using
non-disintegrated magnetic particles in a cubic crystal system having a
packed bulk density of 0.4 55  g/[err], a linseed oil absorption of 34
ml/100 g and a BET specific surface area of 7 [err]/g as the magnetic
material of the toner. The thus obtained developer was subjected to Image
formation test in the same manner as in Ex- ample 4. Some physical
properties of the thus obtained magnetic developer are shown in Table 6,
and the results 29    EP 0 395 026 B1 of a printer test are shown in Table
7. Comparative Example 8 5      A magnetic developer was prepared in the
same manner as in Example 4 except for using 60 wt. parts of the
above-mentioned spherical magnetic particles. The resultant developer
provided noticeable fog from the 



initial stage of an Image formation test. Some physical properties of the
thus obtained magnetic developer are shown in Table 6, and the results of a
printer test are shown in Table 7. 10 Comparative Example 9 Amagnetic
developer having an average particle size of 4.5 microns and having a
particle size distribution D as shown in Table 5 was prepared in the same
manner as in Example 4 except for using 2.0 wt. parts of 15  hydrophobic
silica. In the image formation test, the contamination in the machine due
to developer scattering was noticeable after image formation of 3,000
sheets. Some physical properties of the thus obtained magnetic developer
are shown in Table 6, and the results of a printer test are shown in Table
7. 20 25 30 35 40 45 50 55 30    EP 0 395 026 B1 Lf0 (-34   lU >1 >i.4
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dots were observed in total. 33    EP 0 395 026 B1 o:   Two or less image
defects were observed. o[err]:  Three or five image defects were observed.
A:   Six to ten image defects were observed. x:   Eleven or more image
defects were observed. 5 Examples 6 - 10 Respective insulating magnetic
toners as shown in Table 8 were prepared in the same manner as in Ex- ample
4 except for changing the magnetic material content and classification
conditions. The thus obtained 10  insulating magnetic toners were mixed
with hydrophobic silica, respectively, thereby to prepare magnetic de-
velopers as shown in Table 9. Successive print out tests were conducted in
the same manner as in Example 4 by using the respective magnetic
developers. The results are shown in Table 10. 15 20 25 30 35 40 45 50 55
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EP 0 395 026 B1                      *  C  L  M  S  * Claims Claims for the
following Contracting States AT, BE, CH, LI DE, FR, GB, IT, LU, NL, SE 5
1. Amagnetic developer for developing an electrostatic latent image,
comprising hydrophobic silica fine pow- der and an insulating magnetic
toner comprising at least a binder resin and a magnetic material; wherein
0.16 to 1.6 wt. parts of the hydrophobic silica fine powder is mixed with
100 wt. parts of the insulating magnetic toner, said magnetic developer
having a BET specific surface area of 1.8 to 3.5 [err]/g, a triboelectric
char- 10      geability of -20 to -35 uC/g, an aerated bulk density of 0.40
to 0.52 g/[err], and a true density of 1.45 to 1.8 g/[err]; said magnetic
material having an average particle size of 0.1 to 0.35 micrometer and
comprising 50 % by number or more of spherical magnetic particles of which
surfaces substantially comprise curved surfaces; 15            said
insulating magnetic toner containing 70 - 120 wt. parts of spherical
magnetic particles with respect to 100 wt. parts of the binder resin; said
developer containing 17 - 60 % by number of magnetic toner particles having
a particle size of 5 micrometer or smaller, containing 5 - 50 % by number
of magnetic toner particles having a particle size of 6.35 - 10.08
micrometer, and containing 2.0 % by volume or less of magnetic toner
particles having 20      a particle size of 12.7 micrometer or larger;
wherein the magnetic toner has a volume-average particle size of 6 - 8
micrometer, and the magnetic toner particles having a particle size of 5
micrometer or smaller has a particle size distribution satisfying the
following formula: N/V = -0.05N + k, wherein N denotes the percentage by
number of magnetic toner particles having a particle size of 5 mi- 25
crometer or smaller, V denotes the percentage by volume of magnetic toner
particles having a particle size of 5 micrometer or smaller, k denotes a
positive number of 4.6 to 6.7, and N denotes a positive number of 17 to 60.
2.  A developer according to Claim  1, wherein the hydrophobic silica fine
powder has been treated with a 30      silicone oil or a silicone varnish.
3.  A developer according to Claim 1, wherein the hydrophobic silica fine
powder has been treated with a silane coupling agent 35  4. A developer
according to Claim 1, wherein the hydrophobic silica fine powder has been
treated with a silane coupling agent and a silicone oil. 5. A developer
according to Claim 1 wherein the hydrophobic silica fine powder has been
treated with a silicone oil having a viscosity of [err] (50 - 1000
centistoke) at [err]. 40 6. Adeveloper according to Claim 1, wherein the
insulating magnetic toner has an electric resistance of 1014 ohm.cm or
higher, a residual magnetization [err] of 1 - 5  emu/g, a saturation
magnetization [err] of 15 - 50 emu/g, and a coercive force of 1591.5 -
7957.7 A/m (20 - 100 Oe). 45  7.  A developer according to Claim 1, wherein
the insulating magnetic toner contains a crosslinked styrene- type
copolymer as a binder resin. 8. A developer according to Claim 1, wherein
the insulating magnetic toner contains a crosslinked polyester as a binder
resin. 50 9. A developer according to Claim 1, wherein the hydrophobic
silica fine powder is used in an amount of 0.7 - 1.4 wt. parts with respect
to 100 wt. parts of the insulating magnetic toner. 10. A developer
according to Claim 1, wherein the hydrophobic silica fine powder has a BET
specific surface 55       area of 70 - 300 [err]/g, a triboelectric
chargeability of -100 to -300 uC/g, and a hydrophobicity of 90 % or higher
with respect to ion-exchanged water. 



11. Adeveloper according to Claim 1 which has a BET specific surface area
of 1.9- 3.0 [err]/g. 38    EP 0 395 026 B1 12. A developer according to
Claim 1, which has a residual magnetization [err] of 2 - 4.5 emu/g, a
saturation magnetization [err] of 20 - 40 emu/g, and a coercive force of
3183,1 - 7957,7 Alm (40 - 100 Oe). 13. An image forming method, comprising:
5            disposing an electrostatic image-bearing member carrying
thereon an electrostatic image, and a toner-carrying member carrying a
magnetic toner on the surface thereof with a predetermined clearance
therebetween, wherein the toner-carrying member has a surface covered with
a film of a phenolic resin containing electroconductive carbon and
graphite; and the magnetic toner comprises an insulating one- component
magnetic toner comprising at least a binder resin and a magnetic material
and is mixed with 10      hydrophobic silica fine powder to form a
developer according to Claim 1; and the magnetic toner has a triboelectric
chargeability of-20 to-35 uC/g and a volume-average particle size of 6 - 8
um; said magnetic material comprising 50 % by number or more of spherical
magnetic particles of which surfaces substan- tially comprise curved
surfaces; said toner containing 17 - 60 % by number of magnetic toner
particles having a particle size of 5 um or smaller, containing 5 - 50 % by
number of magnetic toner particles having 15      a particle size of 6.35 -
10.08 um, and containing 2.0 % by volume or less of magnetic toner
particles having a particle size of 12.7 um or larger, wherein the magnetic
toner particles having a particle size of 5 pm or smaller has a particle
size distribution satisfying the following formula: N/V = - 0.05N + k,
wherein N denotes the percentage by number of magnetic toner particles
having a particle size of 5 um 20      or smaller, V denotes the percentage
by volume of magnetic toner particles having a particle size of 5 pm or
smaller, k denotes a positive number of 4.6 - 6.7, and N denotes a positive
number of 17 - 60; conveying the magnetic toner to a developing position
while regulating the toner so as to provide a thickness smaller than said
clearance; and developing the electrostatic image formed on
theimage-bearing member in the developing position 25      in the presence
of an alternating electric field, thereby to form a toner image on the
latent image-bearing member. 14. A method according to Claim 13, wherein
the electroconductive carbon has an electric resistance of 0.5 ohm/cm or
below. 30 15. Amethod according to Claim 13, wherein the electroconductive
carbon and graphite are contained so as to provide a mixing wt. ratio of
1110 to 100/1. 16. A method according to Claim 13, wherein the
electroconductive carbon and graphite are contained so as 35      to
provide a mixing wt. ratio of 1/1 to 100/1. 17. A method according to Claim
13, wherein the mixture of the electroconductive carbon and graphite Is
con- tained in the phenolic resin so as to provide a mixing wt. ratio of
1/3 to 2/1 therebetween. 40  18. A method according to Claim 13, wherein
the magnetic toner is triboelectrically charged by the contact with the
surface of the toner-carrying member, and the magnetic toner having the
triboelectric charge de- velops the electrostatic image while being applied
with an alternating bias having an AC component hav- ing a frequency of 200
- 40,000Hz and a Vpp of 500 - 3,000 V. 45 19. A method according to Claim
13, wherein hydrophobic silica fine powder has been treated with a silicone
oil or a silicone varnish. 20. Amethod according to Claim 13,whereinthe
hydrophobicsilicafine powderhas been treatedwith asilane coupling agent. 50
21. Amethod according to Claim 13,wherein the hydrophobicsilicafine
powderhas been treated with a slane coupling agent and a silicone oil. 



22. A method according to Claim 13, wherein the hydrophobic silica fine
powder has been treated with a sil- 55      icone oil having a viscosity of
[err] (50 - 1000 centistoke) at [err]. 23. A method according to Claim 13,
wherein the insulating magnetic toner has an electric resistance of 1014
ohm.cm or larger, a residual magnetization [err] of 1 - 5 emu/g, a
saturation magnetization [err] of 15 - 50 39    *   C   L  M  S  * EP 0 395
026 B1 emu/g, and a coercive force of 1591.5 - 7957.7 A/m (20 - 100 Oe).
24. A method according to Claim 13, wherein the insulating magnetic toner
contains a crosslinked styrene- type copolymer as a binder resin. 5 25. A
method according to Claim 13, wherein the insulating magnetic toner
contains a crosslinked polyester ass a binder resin. 26 A method according
to Claim 13, wherein the hydrophobic silica fine powder is used in an
amount of 0.6 10      - 1.7 wt. parts with respect to 100 wt. parts of the
insulating magnetic toner. 27. A method according to Claim 13, wherein the
hydrophobic silica fine powder has a BET specific surface area of 70 - 300
[err]/g, a triboelectric chargeability of -100 to -300 uC/g. and a
hydrophobicity of 90 % or higher with respect to ionexchanged water. 15 28.
A method according to Claim 13, wherein said magnetic developer has a BET
specific surface area of 1.9 - 3.0 [err]/g. 29. A method according to Claim
13, wherein the magnetic developer has a residual magnetization [err] of 2
- 20      4.5 emu/g, a saturation magnetization [err] of 20 - 40 emu/g, and
a coercive force of 3183,1 - 7957,7 A/m (40 - 100 Oe). 30. An image forming
apparatus comprising: an electrostatic image-bearing member for carrying an
electrostatic image; 25            a toner-carrying member for carrying a
magnetic toner on the surface thereof; means for disposing the
electrostatic image-bearing member and the toner-carrying member so that
they are disposed opposite to each other with a predetermined clearance
therebetween; and a member for regulating the magnetic toner so as to
provide a thickness thereof which is smaller than said clearance; 30
wherein the toner-carrying member has a surface covered with a film of a
phenolic resin containing electroconductive carbon and graphite; and the
magnetic toner comprises an insulating one-component magnetic toner
comprising at least a binder resin and a magnetic material; and has a
triboelectric char- geability of -20 to -35 uC/g and a volume-average
particle size of 6 - 8 um; said magnetic material comprises 50% by number
or more of spherical magnetic particles of which 35      surfaces
substantially comprise curved surfaces; said toner contains 17 - 60 % by
number of magnetic toner particles having a particle size of 5 um or
smaller, contains 5 - 50 % by number of magnetic toner particles having a
particle size of 6.35 - 10.08 um, and contains 2.0 % by volume or less of
magnetic toner particles having a particle size of 12.7 um or larger,
wherein the magnetic toner particles having a particle size of 5 um or
smaller has a particle size 40      distribution satisfying the following
formula: N/V = -0.05N + k, wherein N denotes the percentage by number of
magnetic toner particles having a particle size of 5 um or smaller, V
denotes the percentage by volume of magnetic toner particles having a
particle size of 5 pm or smaller, k denotes a positive number of 4.6 - 6.7,
and N denotes a positive number of 17 - 60; and the 45      magnetic toner
being mixed with hydrophobic silica fine powder to form a developer
according to Claim 1. 



31. An apparatus according to Claim 30, wherein the electroconductive
carbon has an electric resistance of 0.5 ohm/cm or below. 50 32. An
apparatus according to Claim 30, wherein the electroconductive carbon and
graphite are contained so as to provide a mixing wt. ratio of 1/10 to 100/1
33. An apparatus according to Claim 30, wherein the electroconductive
carbon and graphite are contained 55       so as to provide a mixing wt.
ratio of 111 to 100/1. 34. An apparatus according to Claim 30, wherein the
mixture of the electroconductive carbon and graphite is contained In the
phenolic resin so as to provide a mixing wt. ratio of 1/3 to 2/1
therebetween. 40    EP 0 395 026 B1                         *  C   L   M
S   * 35. An apparatus according to Claim 30, wherein the toner-carrying
member has a characteristic such that it imparts a negative triboelectric
charge to the magnetic toner. 36. An apparatus according to Claim 30 ,
wherein the electrostatic image-bearing member has cleaning 5       means
and charging means. 37. An apparatus according to Claim 30, wherein the
electroconductive image-bearing member or toner-car- rying member has means
for applying an alternating bias in a developing position. 10  38. An
apparatus according to Claim 30, wherein the hydrophobic silica fine powder
has been treated with a silicone oil or a silicone varnish. 39. An
apparatus according to Claim  30, wherein the hydrophobic silica fine
powder has been treated with a silane coupling agent 15 40. An apparatus
according to Claim 30, wherein the hydrophobic silica fine powder has been
treated with a silane coupling agent and a silicone oil. 41. An apparatus
according to Claim 30, wherein the hydrophobic silica fine powder has been
treated with 20      a silicone oil having a viscosity of [err] (50 - 1000
centistoke) at [err]. 42. An apparatus according to Claim 30, wherein the
insulating magnetic toner has an electric resistance of 1014 ohm.cm or
larger, a residual magnetization [err] of 1 - 5 emu/g, a saturation
magnetization a, of 15 - 50 emu/g, and a coercive force of 1591,5 - 7957,7
A/m (20 - .100 Oe). 25 43. An apparatus according to Claim 30, wherein the
insulating magnetic toner contains a crosslinked styrene- type copolymer as
a binder resin. 44. An apparatus according to Claim 30, wherein the
insulating magnetic toner contains a crosslinked poly- 30      ester as a
binder resin. 45. An apparatus according to Claim 30, wherein the
hydrophobic silica fine powder is used in an amount of 0.7 - 1.4 wt. parts
with respect to 100 wt. parts of the Insulating magnetic toner. 35  46. An
apparatus according to Claim 30, wherein the hydrophobic silica fine powder
has a BET specific sur- face area of 70 - 300 [err]/g, a triboelectric
chargeability of -100 to -300 uC/g, and a hydrophobicity of 90 % or higher
with respect to lonexchanged water. 47. An apparatus according to Claim 30
, wherein the magnetic developer has a BET specific surface area 40      of
1.9 - 3.0 [err]/g. 48. An apparatus according to Claim 30, wherein the
magnetic developer has a residual magnetization [err]of 2 - 4.5 emu/g, a
saturation magnetization [err] of 20 - 40 emu/g, and a coercive force of
3183,1 - 7957,7 A/m (40 - 100 Oe). 45 Claims for the following Contracting
State: ES 1.  Use of a magnetic developer for developing an electrostatic
latent image, comprising hydrophobic silica fine powder and an insulating
magnetic toner comprising at least a binder resin and a magnetic material; 



50      wherein 0.16 to 1.6 wt. parts of the hydrophobic silica fine powder
is mixed with 100 wt. parts of the in- sulating magnetic toner; said
magnetic developer having a BETspecific surface area of 1.8 to 3.5 [err]/g,
a triboelectric char- geability of -20 to -35 uC/g, an aerated bulk density
of 0.40 to 0.52 g/[err], and a true density of 1.45 to 1.8 g/[err]; 55
said magnetic material having an average particle size of 0.1 to 0.35
micrometer and comprising 50 % by number or more of spherical magnetic
particles of which surfaces substantially comprise curved surfaces; said
insulating magnetic toner containing 70 - 120 wt. parts of spherical
magnetic particles with 41    EP.0 395 026 B1                         *   C
L   M   S   * respect to 100 wt. parts of the binder resin; said developer
containing 17 - 60% by number of magnetic toner particles having a particle
size of 5 micrometer or smaller, containing 5 - 50 % by number of magnetic
toner particles having a particle size of 6.35 - 10.08 micrometer, and
containing 2.0 % by volume or less of magnetic toner particles having 5
a particle size of 12.7 micrometer or larger; wherein the magnetic toner
has a volume-average particle size of 6 - 8 micrometer, and the magnetic
toner particles having a particle size of 5 micrometer or smaller has a
particle size distribution satisfying the following formula: N/V  -0.05N +
k, wherein N denotes the percentage by number of magnetic toner particles
having a particle size of 5 ml- 10       crometer smaller, V denotes the
percentage by volume of magnetic toner particles having a particle size of
5 micrometer or smaller, k denotes a positive number of 4.6 to 6.7, and N
denotes a positive number of 17 to 60. 2.  Use of a developer according to
Claim 1, wherein the hydrophobic silica fine powder has been treated 15
with a silicone oil or a silicone varnish. 3.  Use of a developer according
to Claim 1, wherein the hydrophobic silica fine powder has been treated
with a silane coupling agent. 20   4.  Use of a developer according to
Claim 1, wherein the hydrophobic silica fine powder has been treated with a
silane coupling agent and a silicone oil. 5.  Use of a developer according
to Claim 1, wherein the hydrophobic silica fine powder has been treated
with a silicone oil having a viscosity of [err] (50- 1000 centistoke) at
[err]. 25 6.  Use of a developer according to Claim 1, wherein the
insulating magnetic toner has an electric resistance of 1014 ohm.cm or
higher, a residual magnetization [err] of 1 - 5 emulg, a saturation
magnetization [err] of 15 - 50 emu/g, and a coercive force of 1591,5 -
7957,7 A/m (20 - 100 Oe). 30   7.  Use of a developer according to Claim 1,
wherein the insulating magnetic toner contains a crosslinked styrene-type
copolymer as a binder resin. 8.  Use of a developer according to Claim 1,
wherein the insulating magnetic toner contains a crosslinked polyester as a
binder resin. 35 9.  Use of a developer according to Claim 1, wherein the
hydrophobic silica fine powder is used in an amount of 0.7 - 1.4 wt. parts
with respect to 100 wt. parts of the insulating magnetic toner. 10. Use of
a developer according to Claim 1, wherein the hydrophobic silica
fine-powder has a BET specific 40      surface area of 70 - 300 [err]/g, a
triboelectric chargeability of -100 to -300 uC/g, and a hydrophobicity of
90 % or higher with respect to ionexchanged water. 11. Use of a developer
according to Claim 1, which has a BET specific surface area of 1.9 - 3.0
[err]/g. 45   12. Use of a developer according to Claim 1, which has a
residual magnetization [err] of 2 - 4.5 emu/g, a sat- uration magnetization
a, of 20 - 40 emu/g, and a coercive force of 3183,1 - 7957,7 A/m (40 - 100
Oe). 



13. An image forming method, comprising: disposing an electrostatic
image-bearing member carrying thereon an electrostatic image, and a 50
toner-carrying member carrying a magnetic toner on the surface thereof with
a predetermined clearance therebetween, wherein the toner-carrying member
has a surface covered with a film of a phenolic resin containing
electroconductive carbon and graphite; and the magnetic toner comprises an
insulating one- component magnetic toner comprising at least a binder resin
and a magnetic material and is mixed with hydrophobic silica fine powder to
form a developer according to Claim 1; and the magnetic toner has a 55
triboelectric chargeability of -20 to -35 uC/g and a volume-average
particle size of 6 - 8 um; said magnetic material comprising 50 % by number
or more of spherical magnetic particles of which surfaces substan- tially
comprise curved surfaces; said toner containing 17 - 60 % by number of
magnetic toner particles having a particle size of 5 um or smaller,
containing 5 - 50 % by number of magnetic toner particles having 42    EP 0
395 026 B1                     *  C  L  M  S  * a particle size of
6.35-10.08 um, and containing 2.0 % by volume or less of magnetic toner
particles having a particle size of 12.7 pm or larger, wherein the magnetic
toner particles having a particle size of 5 um or smaller has a particle
size distribution satisfying the following formula: N/V = -0.05N + k, 5
wherein N denotes the percentage by number of magnetic toner particles
having a particle size of 5 pm or smaller, V denotes the percentage by
volume of magnetic toner particles having a particle size of 5 um or
smaller k denotes a positive-number of 4.6 - 6.7. and N denotes a positive
number of 17 - 60; conveying the magnetic toner to a developing position
while regulating the toner so as to provide a thickness smaller than said
clearance; and 10            developing the electrostatic image formed on
the image-bearing member in the developing position in the presence of an
alternating electric field, thereby to form a toner image on the latent
Image-bearing member. 14. A method according to Claim  3, wherein the
electroconductive carbon has an electric resistance of 0.5 15      ohm/cm
or below. 15. Amethod according to Claim 13, wherein the electroconductive
carbon and graphite are contained so as to provide a mixing wt. ratio of
1/10 to 100/1. 20  16 A method according to Claim 13, wherein the
electroconductive carbon and graphite are contained so as to provide a
mixing wt. ratio of 1/1 to 100/1. 17. A method according to Claim 13,
wherein the mixture of the electroconductive carbon and graphite is con-
tained in the phenolic resin so as to provide a mixing wt ratio of 1/3 to
2/1 therebetween. 25 18. A method according to Claim 13, wherein the
magnetic toner is triboelectrically charged by the contact with the surface
of the toner-carrying member, and the magnetic toner having the
triboelectric charge de- velops the electrostatic image while being applied
with an alternating bias having an AC component hav- ing a frequency of 200
- 40,000 Hz and a Vpp of 500 - 3,000 V. 30 19. A method according to Claim
13, wherein hydrophobic silica fine powder has been treated with a silicone
oil or a silicone varnish. 20. Amethod according to Claim 13, whereinthe
hydrophobic silica fine powder has beentreatedwith asilane 35      coupling
agent. 21. A method according to Claim 13, wherein the hydrophobic silica
fine powder has been treated with a silane coupling agent and a silicone
oil. 40  22. A method according to Claim 13, wherein the hydrophobic silica
fine powder has been treated with a sil- icone oil having a viscosity of
[err] (50 - 1000 centistoke) at [err]. 23. A method according to Claim 13,
wherein the insulating magnetic toner has an electric resistance of 1014 



ohm.cm or larger, a residual magnetization [err] of 1 - 5 emu/g, a
saturation magnetization [err] of 15 - 50 45      emu/g, and a coercive
force of 1591,5 - 7957,7 A/m (20 - 100 Oe). 24. A method according to Claim
13, wherein the Insulating magnetic toner contains a crosslinked styrene-
type copolymer as a binder resin. 50  25. A method according to Claim 13
wherein the insulating magnetic toner contains a crosslinked polyester ass
a binder resin. 26. A method according to Claim 13, wherein the hydrophobic
silica fine powder is used in an amount of 0.6 - 1.7 wt. parts with respect
to 100 wt. parts of the insulating magnetic toner. 55 27. A method
according to Claim 13, wherein the  hydrophobic silica fine powder has a
BET specific surface area of 70 - 300 [err]/g, a triboelectric
chargeability of -100 to -300 uC/g, and a hydrophobicity of 90 % or higher
with respect to ionexchanged water. 43    EP 0 395 026 B1
* C   L  M   S  * 28. A method according to Claim 13, wherein said magnetic
developer has a BET specific surface area of 1.9 - 3.0 [err]/g. 29. A
method according to Claim 13, wherein the magnetic developer has a residual
magnetization [err] of 2 - 5       4.5 emu/g, a saturation magnetization
[err] of 20 - 40 emu/g, and a coercive force of 3183,1 - 7957,7 A/m (40 -
100 Oe). 30. An image forming apparatus comprising: an electrostatic
image-bearing member for carrying an electrostatic image; 10            a
toner-carrying member for carrying a magnetic toner on the surface thereof;
means for disposing the electrostatic image-bearing member and the
toner-carrying member so that they are disposed opposite to each other with
a predetermined clearance therebetween; and a member for regulating the
magnetic toner so as to provide a thickness thereof which is smaller than
said clearance; 15            wherein the toner-carrying member has a
surface covered with a film of a phenolic resin containing
electroconductive carbon and graphite; and the magnetic toner comprises an
insulating one-component magnetic toner comprising at least a binder resin
and a magnetic material; and has a triboelectric char- geability of -20 to
-35 uC/g and a volume-average particle size of 6 - 8 um; said magnetic
material comprises50 % by number or more of spherical magnetic particles of
which 20      surfaces substantially comprise curved surfaces; said toner
contains 17 - 60 % by number of magnetic toner particles having a particle
size of 5 um or smaller, contains 5 - 50 % by number of magnetic toner
particles having a particle size of 6.35 - 10.08 um, and contains 2.0 % by
volume or less of magnetic toner particles having a particle size of 12.7
um or larger, wherein the magnetic toner particles having a particle size
of 5 um or smaller has a particle size 25      distribution satisfying the
following formula: NIV = -0.05N + k, wherein N denotes the percentage by
number of magnetic toner particles having a particle size of 5 um or
smaller, V denotes the percentage by volume of magnetic toner particles
having a particle size of 5 um or smaller, k denotes a positive number of
4.6 - 6.7, and N denotes a positive number of 17 - 60; and the 30
magnetic toner being mixed with hydrophobic silica fine powder to form a
developer according to Claim 1. 31. An apparatus according to Claim 30,
wherein the electroconductive carbon has an electric resistance of 0.5
ohm/crn or below. 35 32. An apparatus according to Claim 30, wherein the
electroconductive carbon and graphite are contained so as to provide a
mixing wt. ratio of 1/10 to 100/1. 



33. An apparatus according to Claim 30, wherein the electroconductive
carbon and graphite are contained 40      so as to provide a mixing wt.
ratio of 1/1 to 100/1. 34. An apparatus according to Claim 30, wherein the
mixture of the electroconductive carbon and graphite Is contained in the
phenolic resin so as to provide a mixing wt. ratio of 1/3 to 2/1
therebetween. 45  35. An apparatus according to Claim 30 wherein the
toner-carrying member has a characteristic such that it imparts a negative
triboelectric charge to the magnetic toner. 36. An apparatus according to
Claim 30, wherein the electrostatic image-bearing member has cleaning means
and charging means. 50 37. An apparatus according to Claim 30, wherein the
electroconductive image-bearing member or toner-car- rying member has means
for applying an alternating bias In a developing position. 38. An apparatus
according to Claim 30, wherein the hydrophobic silica fine powder has been
treated with 55       a silicone oil or a silicone varnish. 39. An
apparatus according to Claim 30, wherein the hydrophobic silica fine powder
has been treated with a silane coupling agent 44    EP 0 395 026 B1
*  C  L  M  S  * 40. An apparatus according to Claim 30, wherein the
hydrophobic silica fine powder has been treated with a silane coupling
agent and a silcone oil. 41. An apparatus according to Claim 30, wherein
the hydrophobic silica fine powder has been treated with 5       a silicone
oil having a viscosity of [err](50 - 1000 centistoke) at [err]. 42. An
apparatus according to Claim 30, wherein the Insulating magnetic toner has
an electric resistance of 1014 ohm.cm or larger, a residual magnetization
[err] of 1 - 5 emu/g, a saturation magnetization [err] of 15 - 50 emu/g,
and a coercive force of 1591,5 - 7957,7 A/m (20 - 100 Oe). 10 43. An
apparatus according to Claim 30, wherein the insulating magnetic
tonercontains a crosslinked styrene- type copolymer as a binder resin. 44.
An apparatus according to Claim 30, wherein the insulating magnetic toner
contains a crosslinked poly- 15      ester as a binder resin. 45. An
apparatus according to Claim 30, wherein the hydrophobic silica fine powder
is used in an amount of 0.7 - 1.4 wt. parts with respect to 100 wt. parts
of the insulating magnetic toner. 20  46. An apparatus according to Claim
30, wherein the hydrophobic silica fine powder has a BET specific sur- face
area of 70 - 300 [err]/g, a triboelectric chargeability of -100 to -300
uC/g, and a hydrophobicity of 90 % or higher with respect to ionexchanged
water. 47. An apparatus according to Claim 30, wherein the magnetic
developer has a BET specific surface area 25      of 1.9 - 3.0 [err]/g. 48.
An apparatus according to Claim 30, wherein the magnetic developer has a
residual magnetization [err] of 2 - 4.5 emu/g, a saturation magnetization
[err] of 20 - 40 emu/g, and a coercive force of 3183,1 - 7957,7 A/m (40 -
100 Oe). 30 Patentanspriche Patentanspr~iche fOr folgende Vertragsstaaten
AT, BE, CH, Li, DE, FR, GB, IT, LU, NL, SE 35 1.  Magnetischer
Entwicklerzur Entwickiung aines elektrostatischen, latenten Bildes,
umfassend feines Pul- ver aus hydrophoblertem Siliciumdloxid und einen
isolierenden, magnetischen Toner, der mindestens ein Blndeharz und eln
magnetisches Material umfalt, worin 0,16 bis 1,6 Gewichtstelle des feinen,
hydropho- blerten Siliciumdioxidpulvers mit 100 Gewichtstellen des
isollerenden magnetischen Toners gemischt Ist, 40      wobel der
magnetische Entwickler eine spezifische Oberflache nach BET von 1,8 bis 3,5
m2/g, elne tri- 



boelektrsche Aufladbarkelt von -20 bis -35 pC/g, eine Schuttdlchte In Luft
von 0,40 bis 0,52 g/cm3 und eine wahre Dlchte von 1,45 bis 1,8 g/cm3
besitzt, wobei das magnetische Material eine mlttlereTeilchengr6Ie von 0,1
bis 0,35 pm aufweist und 50 Zahlen% oder mehrkugelf6rmige, magnetische
Tellchen umfait, deren Oberflaichen im wesentlichen abgerundete 45
Oberflachen umfassen, wobel der Isollerende, magnetische Toner 70 bis 12Q
Gewichtsteile kugelformige, magnetische Teilchen umfaBt, bezogen auf 100
Gewichtsteile Bindeharz, wobel der Entwickier 17 bis 60 Zahlen% magnetische
Tonerteilchen mit einer Teilchengr,61e von 5 pm oder weniger enthalt, 5 bis
50Zahlen% magnetIsche Tonerteilchen mit einer Teilchengr6Be von 6,35 bis 50
10,08 pm enthilt und 2 Volumen% oder weniger magnetische Tonerteilchen mit
elner Teilchengr6l~e von 12,7 pim oder mehr enthilt, worin der magnetische
Toner eine volumenmittlere Teilchengrffie von 6 bis 8 pm besitzt und die
magnetischen Tonerteilchen mit einer Teilchengr6fSe von 5 pm oder weniger
eine Tellchengr6Benvelteilung besitzen, die der folgenden Formel genugt N/V
= -0,05 N + k 55      worin N die zahlenprozentuale Anzahl der magnetischen
Tonertellchen mit einer Teilchengrol~e von 5 pm oder weniger bedeutet, V
die volumenprozentuale Anzahl der magnetischen Tonertellchen mit einer
Teil- chengr6lBe von 5 pm oder weniger bedeutet, k eine positive Zahl von
4,6 bis 6,7 bedeutet und N eine po- sitive Zahl von 17 bis 60 bedeutet. 45
EP .0 395 026 Bi                                  M I     * 2.
Entwicidernach Anspruch 1, worin dasfeine, hydrophobierte
Siliciumdioxidpulvermiteinem Siliconol oder einem Siliconlack behandelt
wurde. 3.  Entwickier nach Anspruch 1, worin das felne, hydrophoblerte
Sillciumdioxidpulver mit einem Silanhaft- 5       vermittler behandelt
wurde. 4.  Entwicicer nach Anspruch 1, worin das felne, hydrophoblerte
Siliciumdioxidpulver mit elnem Slilanhaft- vermittler und elnem
Siliconol-behandelt wurde. 10  5. Entwickier nach Anspruch 1, worin das
feine, hydrophobierte Siliclumdioxidpulver mit einem Siliconoi be- handelt
wurde, das sine Viskositat von S x 10-6 bis 10-3 m2/s (50 bis 1000
centistoke) bei 250C besitzt. 6.  Entwicider nach Anspruch 1, worin der
Isollerende, magnetlsche Toner einen spezifischen elektrischen Widerstand
von 1014 S2-cm odor mehr, elne Restmagnetislerung von ar, von I bis.5
emulg, sine Satti- *5      gungsmagnetisierung cr, von 15 bis 50 emu/g und
eine Koerzitlvkraft von 1591,5 - 7957,7 Alm (20 bis 100 Oe) besitzt. 7.
Entwichder nach Anspruch 1, worin der isolierende, magnetische Toner ein
quervernetztes Copolymer vom Styroltyp als Bindeharz enthilt. 20 8.
Entwicder nach Anspruch 1, worin der isolierende, magnetische Toner einen
quervernetzten Polyester als Bindeharz enthalt. 9.  Entwickier nach
Anspruch 1, worin das feine, hydrophobierte Siliciumdioxidpulver in einer
Menge von 0,7 25      bis 1,4 Gewichtsteillen, bezogen auf 100
Gewichtsteile des isollerenden, magnetischen Toners, verwen- det wird. 10.
Entwickler nach Anspruch 1, worin das feine, hydrophobierte
Siliciumdioxidpulver sine spezifische Ober- fliche nach BET von 70 bis 300
2iIg, eine triboelektrische Aufladbarkeit von.-1 00 bis -300 pCIg und elne
S   30      HydrophobizitAt von 90% odor mehr, bezogen auf mit
lonenaustauscher deminerallsiertes Wasser, auf- weist. 11. Entwickier nach
Anspruch 1, der eine spezifische Oberflache nach BET von 1,9 bis 3,0 m2fg
besltzt. 35  12. Entwickder nach Anspruch 1, der eine.Restmagnetisierung cr
von 2 bis 4,5 emu/g, eine Sfttigungsma- gnetisierung r. von 20 bis 40 emu/g
und eine Koerzltlvkraft von 3183,1 bis 7957,7 A/m (40 bis 100 Oe) besitzt. 



13. Bilderzeugungsverfahron, umfassend: 40        * Das Anbringen eines sin
elektrostatisches Bild tragenden Elementes, das auf sich ein elektrostati-
sches Bild tragt, und eines Toner tragenden Elementes, das auf seiner
Oberflache elnen magneti- schen Toner tragt, in elnem festgelegten Abstand
voneinander, wobel das Toner tragende Element eine Oberflache besitzt, die
mit einem Film aus einem phenolischem Harz bedeckt ist, der elektrlsch
leitfihigen Kohlenstoff und Graphit enthailt, und wobei der magnetische
Toner elnen isolierenden, 45          magnetischen Einkomponententoner
umfaBt, der mindestens ein Bindeharz und ein magnetisches Material umfa~t
und mitfeinem, hydrophobiertem Siliciumdioxidpulvergemischt ist, wodurch
ein Ent- wickier nach Anspruch 1 gebildet wird, wobei der magnetische Toner
eine triboelektrische Aufladbarkeit von -20 bis -35 1.C/g und eine vo-
lumenmittlere TeilchengrOBe von 6 bis 8 mpm besitzt, wobei das magnetische
Material 50 Zahlen% 50          oder mehr kugelformige, magnetische
Tellchen umfaat, deren Oberflichen im wesentlichen abge- rundete
Oberflichen umfassen, wobei der magnetische Toner 17 bis 60 Zahlen%
magnetische Ton- erteilchen mit einer Tellchengr6lBe von 5 pm oder weniger
enthilt, 5 bis 50 Zahlen% magnetische Tonerteilchen mit einerTeilchengrO8e
von 6,35 bis 10,08 pm enthalt und 2 Volumen% oder weniger magnetische
Tonertelichen mit elner Teilchengr6lBe von 12,7 pm oder mehr enthilt, worin
die ma- 55          gnetischen Tonertellchen. mit elner TeilchengrOlle von
5 pm oder weniger elne Teilchengr6oenver- teilung besitzen, die der
folgenden Formel genugt: N/V - -0,05 N + k worin N die zahlenprozentuale
Anzahl der magnetischen Tonerteilchen mit elner Teilchengr8lle von 46    5
pm oderweniger bedeutet, V die volumenprozentuale Anzahl der magnetischen
Tonertelichen mit einer TeilchengrOfe von 5 tun oder weniger bedeutet, k
sine positive Zahl von 4,6 bis:6,7 bedeutet und N sine positive Zahl von 17
bis60 bedeutet, * das Transportieren des magnetischen Toners zu einer
Entwicklungsposition, wahrend der Toner so 5           eingestellt wird,
dai3 er eine Dicke bereitstellt, die kieiner ist als der Spalt und * das
Entwickein des elektrostatischen Bildes, das auf dem bildtragenden Element
erzeugt wurde, in der Entwicidungsposition in Gegenwart eines elektrischen
Wechselfeldes, wodurch sin Tonerbild auf dem ein latentes Bild tragenden
Element erzeugt wird. 10  14. Verfahren nach Anspruch 13, worin der
elektrisch ieItfahige Kohlenstoff einen spezifischen elektrischen
Widerstand von 0,5 f/crm oder weniger aufwelst. 15. Verfahren nach Anspruch
13, worin derelektrisch leitfihig Kohlenstoff und Graphit in einersolchen
Men- go enthalten sind, daB si. sin Mischungsgewichtsverhaltnis von 1/10
bis 100/1 bereitstellen. 15 16. Verfahren nachAnspruch 13,worin
derelektrisch leitfhige Kohlenstoff und Graphit in einersolchen Men- ge
enthalten sind, daB sbe ein Mischungsgewichtsverhiltnis von 1/1 bis 100/1
bereitstellen. 17. Verfahren nacl Anspruch 13, worin die Mischung aus
elektrisch leitfahigem Kohlenstoff und Graphit in 20      einem
phenolischen Harz in einersoichen Menge enthalten ist, daB ein
Mischungsgewichtsverhaltnis von 113 bis 2/1 zwischen Ihnen bereitgestellit
wird. 18. Verfahren nach Anspruch 13, worin dermagnetische Toner durch
Kontakt mit der Oberflache des Toner. tragenden Elementes triboelektrisch
aufgeladen wird-und-der magnetische Toner, der die triboelektrische 25
Aufiadung bestzt,. das elektrostatische Bild entwickelt, wahrend eine
Wechselvorspannung angelegt wird, die esne Wechselspannungskomponente mit
eilper Frequenz von 200 bis 40000 Hz undoeiner Vpp von 500 bis 3000 Vss
(Spannung Spitze Spitze) besitzt. 19. Verfahren nach Anspruch 13, worin das
feine, hydrophobierte Siliciumdioxidpulver mit elnem Siliconol 30      oder
elnem Siliconlack behandelt wurde. 20. Verfahren nach Anspruch 13, worin
das feine, hydrophobierte Sliiciumdioxidpulver mit einem Silanhaft-
vermittler behandelt wurde. 



35  21. Verfahren nach Anspruch 13, wori das feine, hydrophoblerte
.Siliciumdioxidpulver mit einem Silanhaft- vermittler und einem Siliconol
behandelt wurde. 22. Verfahren nach Anspruch 13, worin dasfelne,
hydrophoblerte Siliciumdioxidpulvermiteinem Siliconol be- handelt wurde,
das eine Viskosi-it von 5 x 106 bis 10- 3m2/s (50 bis 1000 centistoke) bei
25C besitzt. 40 23. Verfahren nach Anspruch 13, worin der isolierende,
magnetische Toner einen spezifischen elektrischen Widerstand von 10'4 .cm
odermehr, elne Restmagnetisibrung von 0rrvon I bis 5 emu/g, eine
Sattigungs- magnetisierung cr, von 15 bis 50 emu/g. und sine Koerzitivkraft
von 1591,5 - 7957,7 Alm (20 bis 100 Oe) besitzt. 45 24. Verfahren nach
Anspruch 13, worin der isolierende,, magnetische Toner ein quervernetztes
Copolymer vom Styroltyp als Bindeharz enthaL.:- 25. Verfahren nach Anspruch
13, worin der isolierende, magnetische Toner elnen quervernetzten Polyester
50      al8 Bindsharz enthilt. 26. Verfahren nach Anspruch 13, worin das
feine, hydrophobierte Siliciumdioxidpulver in einer Menge von 0,6 bis 1,7
Gewichtstelien, bezogen auf 100 Gewichtstelle des Isolierenden,
magnetischen Toners, ver- wendet wird. 55 27. Verfahren nach Anspruch 13,
wormn dasfeine, hydrophoblerte Siliclumdloxidpulvereine spezifische Ober-
flache nach BET von 70 bis 300 m21g sine triboelektrische Aufladbarkeit von
-.100 bis -300 ttC/g und eine Hydrophobizitit von 90% oder mehr, bezogen
auf mit lonenaustauscher demineralisiertes Wasser, auf- 47    EP 0395
026i31         . weist. 28. Verfahren nach Anspruch 13; der sine
spezifische Oberfliche nach BET von 1,9 bis 3,0 m21g besitzt. 5   29.
Verfahren nach Anspruch 13, der sine Restmagnetisierung ar von 2 bis 4,5
emulg eine Sfittigungsma- gnetislerung ar von 20 bis 40 emu/g und sine
Koerzitivkraft von 3183,1 bis 7957,7 Alm (40 bis 100 Oe) besitzt. 30.
Bllderzeugungsvorrichtung, umfassend: 10        * Ein eln elektrostatisches
Bild tragendes Element zum Tragen elnes elektrostatischen Bildes, * sin
Toner tragendes Element zum Tragen sines magnetischen Toners auf seiner
Oberflfche, * sine Einrichtung zum Anordnen des ein elektrostatisches Bild
tragenden Elementes und des Toner tragenden Elementes in der Form, daB sle
elnander gegenflber angeordnet sind mit elnem festge- legtem Spalt
dazwischen, und 15        * sin Element zum Elnstellen des magnetischen
Toner, so daB esine Tonerdicke bereitgestellt wird, die klelner lst als der
genannte Spalt, wobel das Toner tragende Element sine Oberflache besitzt,
die mit einem Film aus elnem phenollschem Harz bedeckt Ist der esektrisch
leitfihigen Kohlenstoff und Graphit enthalt, und wobel der magnetische
Toner einen Isollerenden, magnetischen Einkomponententoner umfa~t, der
mindestens eln Bindeharz 20      und ein magnetisches Material umfaiit und
sine triboefektrische Aufladbarkeit von -20 bis -35 Il.CIg und sine
volumenmittlere TeilchengrOlSe von 6 bis 8 pm besitzt, wobei das
magnetlsche Material 50 Zahlen% oder mehr kugelf6rmige, magnetische
Teilchen umfait, de- ren Oberflichen Im wesentlichen abgerundete
Oberflichen urnfassen, wobei der magnetische Toner I 7bis 60 Zahlen%
magnetische Tonertellchen mit einer Teilchengr6iBe von 25      5 pim
oderweniger enthilt, 5 bis 50 Zahlen% magnetischeqTonertellchen mit elner
Teilchengr6gBe von 6,35 bis 10,08 pm enthalt und 2 Volumen% oder weniger
magnetische Tonerteilchen mit einer Teilchengro6e von 12,7 pm oder mehr
enthalt, worn die magnetischen Tonerteilchen mit einer Tellchengr6ae von 5
ILm oder weniger sine Teilchengr65ienverteilung besitzen, die der folgenden
Formel genfigt 



NIV= -0,05N + k 30      worin N die zahlenprozentuale Anzahl der
magnetischen Tonerteilchen mit einer Teilchengr51e von 5 pm oder weniger
bedeutet, V die volumenprozentuale Anzahl der magnetischen Tonertelichen
mit elner Teil- chengrO6e von 5 pim odor weniger bedeutet k sine positive
Zahl von 4,6 bis 6,7 bedeutet und N sine po- sitive Zahl von 17 bis 60
bedeutet und wobel der magnetische Toner mit feinem, hydrophoblertem
Slilci- umdloxidpulver gemischt ist wodurch sin Entwickler nach Anspruch I
gebildet wird 35 31. Vorrichtung nach Anspruch 30 worin derelektrisch
Ieitfahige Kohlenstoff einen spezifischen elektrischen Widerstand von 0,5
DWcm oder weniger aufweist. 32. Vormchtung nach Anspruch 30, worln der
elektrisch leitfahige Kohlenstoff und Graphit in einer solchen 40
Menge enthalten sind, dac. sle ein. Mlschungsgewichtsverhiltnis von /110
bis 100/1 bereitstellen. 33. Vorrichtung nach Anspruch 30, worin der
elektrisch leitfihige. Kohlenstoff und Graphit in einer solchen Menge
enthalten sind, dal sie sin Mischungsgewichtsverhiltnis von I/I bis 10011
bereitstellen. 45  34. Vonichtung nach Anspruch 30, worin die Mischung aus
elektrisch leitfahigem Kohlenstoff und Graphit in einem phenolischen Harz
In einersolchen Menge entlhalten ist, daM ein Mischungsgewichtsverhaltnis
von 113 bis 2/1 zwischen Ihnen bereitgestellt wird. 35. Vorrichtung nach
Anspruch 30, worin das Toner tragende Element die Eigenschaft besitzt, da,
es dem 50      magnetischen Toner sine negative, triboelektrische Ladung
verleiht. 36. Vorrichtung nach Anspruch 30 .worn das ein elektrostatisches
Bild tragende Element eine Reinigungs- einrichtung und sine
Aufladungselnrichtung besitzt. 55 37. Vorrichtung nach Anspruch 30 wori das
ein elektrostatisches Bild tragende Element oder das Toner tra- gende
Element sine Elnrichtung zum Anlegen einer Wechselvorspannung in einer
Entwicklungsposition besitzt. 48    I 1111111111111 HE I1  11 II
EP0395026.BI                                  c   L  M   S 38. Vorrichtung
nach Anspruch 30, worin das feine, hydrophobierte Siliciumdioxidpuiver mit
einem SiliconoI oder einem Siliconlack behandelt wurde. 39. Vorrichtung
nach Anspruch 30, worin das felne, hydrophoblerte Sliciumdioxidpulver mit
einem Silanhaft- 5       vermittler behandelt wurde. 40. Vonichtung nach
Anspruch 30, worin das feine, hydrophobierte Silicumdioxidpulvermit einem
Silanhaft- vermittler und elnem Siliconol behandelt wurde. 10  41.
Vorrichtung nach Anspruch 30, worin das feine, hydrophoblerte
Slliciumdioxidpulver mit elnem Siliconol behandelt wurde, das pine
Viskositit von 5 x 10-6 bis 103 m2is (50 bis 1000 centistoks) bel 25C
besltzt. 42. Vorrichtung nach Anspruch 30, worin der isolierende,
magnetische Tonereinen spezlfischen elektrischen Widerstand von 1014fl.cm
oder mehr, pine Restmagnetbiserung von cyr von 1 bis 5 emu/g, eine
Sattigungs- 15      magnetbiserung cr, von 15 bis 50 emu/g und sine
Koerzitivkraft von 1591,5 - 7957,7 Alm (20 bbs 100 Oe) besltzt. 43.
Vorrlchtung nach Anspruch 30, worin der Isollerende, magnetische Toner sin
quervernetztes Copolymer vom Styroityp als Bindeharz enthalt. 20 44.
Vorrichtung nach Anspruch 30, worin der isolierende, magnetische Toner
eonen quervernetzten Polyester als Blndeharz enthilt. 45. Vorrichtung nach
Anspruch 30, worin das feine, hydrophobierte Siliciumdioxidpulver in einer
Menge von 25      0,7 bis 1,4 Gewichtsteilen,*bezogen auf 100 Gewichtstelle
des isollerenden, magnetischen Toners, ver- wendet wird. 46. Vorichtung
nach Anspruch 30, worin das feine, hydrophoblerte Sillciumdloxidpulver sine
spezifische Oberflache nach BET von 70 bis 300 m2/g, sine triboelektrische
Aufladbarkeit von -100 bis -300 tLCIg 



30      und sine Hydrophobizitdt von 90% odor mehr, bezogen auf mit
lonenaustauscher demineralisiertes Was- ser, aufwelst. 47. Vorrichtung nach
Anspruch 30, der emne spezifische Oberflache nach BET von. 1,9 bis 3,0 m2/g
besitzt. 35  48. Vorrlchtung nach Anspruch 30, der eine.Restmagnetisierung
cr von 2 bis 4,5 emu/g, lne. Sittigungsma- gnstislerung a, von 20 bis 40
emulg und sine Koerzltivkraft von 3183,1 bWs 7957,7 ANm (40 bls 100 Oe)
besstzt. Patentanspriiche fir folgenden Vertragsstaat: ES 40 1. Verwendung
sines magnetischen Entwickiers zur Entwicklung sines elektrostatischen,
latenten Bildes, umfassend felnes Pulver aus hydrophobiertem Slliclumdioxid
und einen isolierenden, magnetischen To- ner, dermindestens sin
Blndeharzund ein magnetisches Material umfaSt, worin 0,16 bis 1,6
Gewichtstelle des feinen, hydrophobierten Siliciumdioxidpulvers mit 100
Gewichtstellen des isolierenden magnetischen 45      Toners gemischt ist,
wobel der magnetische Entwickler sine spezifische Oberflache nach BET von
1,8 bis 3,5. m2/g, sine tri- boelektrische Aufladbarkelt von -20 bis -35
gC/g, eine Schuttdichte In Luft von 0,40 bis 0,52 g/cm3 und sine wahre
Dichte von 1,45 bis 1,8 g/cm3 besitzt,, wobei das magnetische Material
einemittlereTeilchengr5Bevon 0,1 bis 0,35 .m aufweistund 50 Zahlen% 50
oder mehrkugelformige, magnetische Teiichen umfalt, deren.Oberflachen im
wesentlichen abgerundete Oberflachen umfassen, wobei der isolierende,
magnetische Toner 70 bis 120 Gewichtsteile kugelf6rmige, magnetische
Telichen umfalt, bezogen auf 100 Gewlchtsteile Bindeharz, wobel der
Entwichler 17 bis 60 Zahlen% magnetische Tonertelichen mit einer
Tellchengr8ae von 5 gm 55       oderweniger enthalt, 5 bis 50 Zahleh%
magnetische Tonerteilchen mit einer Teilchengr6Be von 6,35 bis 10,08 mm
enthilt und 2 Volumen% oder weniger magnetische Tonerteilchen mit
einerTellchengroBe von 12,7 Itm oder mehr enthalt, worin der magnetische
Toner eine volumenmittlere Teilchengrflie von 6 bis 8 pm besitzt und die
magnetischen Tonerteilchen mit elner Teilchengrffie von 5 pm oder weniger
eine 49    EP 0 395 026B1                      I |I ||||||  1|||| |||| ||
I||| -           *  ~~~~~C   L  M   S Tellchengr6lBenvertellung besitzen,
die der folgenden Formel genfgt: -N/V = -0,05 N + k worin N die
zahlenprozentuale Anzahl der magnetischen Tonertelichen mit elner
Teilchengr8le von 5 im oder weniger bedeutet, V die volumenprozentuale
Anzahl der magnetischen Tonertelichen mit einer Tell- 5       chengrage von
5 itm oder weniger bedeutet, k sine positive Zahl von 4,6 bis 6,7 bedeutet
und N sine po- sitive Zahl von 17 bis 60 bedeutet 2. Verwendung sines
Entwicklers nach Anspruch 1, worn das feine, hydrophobierte
Siliciumdioxidpuivermit elnem Siliconol oder einem Sillconlack behandelt
wurde. 10                                              I 3. Verwendung
sines Entwicklers nach Anspruch 1, worin das feine, hydrophoblerte
Sillclumdioxidpulvermit elnem Silanhaftvermittler behandelt wurde. 4.
Verwendung elnes Entwlcklers nach Anspruch 1, worin das feine,
hydrophoblerte Siliclumdloxidpulvermit 15      einem Sllanhaftvermittler
und einem Siliconoi behandelt wurde. 5. Verwendung sines Entwicklers nach
Anspruch 1, worin das feine, hydrophobierte Slilclumdloxidpulver mit elnem
Siliconoi behandelt wurde, das sine Viskositat von 5 x 10-5 bis 10-3 m2Is
(50 bUs 1000 centistoke) bel 25C besitzt. ,:  20 6. Verwendung sines
Entwicirers nach Anspruch 1, worin der Isollerende, magnetische Toner einen
spezi- fischen eleitrischen Widerstand von 1014 Q-cm oder mehr, sine
Restmagnetislerung von a, von I bis 5 



emu/g, sine Sgttigungsmagnetisierung ,von 15bis 50 emu/g und sine
Koerzitivkraftvon 1591,5- 7957,7. A/m (20 bis 100 Oe) besitzt. 25 7.
Verwendung sines Entwicklers nach Anspruch 1, worin der isolierende,
magnetische Toner ein querver- netztes Copolymer vom Styroltyp. als
Bindeharz enthalt. 8. Verwendung sines Entwickiers nach Anspruch 1, worin
der isolierende, magnetische Toner einen quer- YSi  30      vernetzten
Polyester als Bindeharz enthalt. 9. Verwendung sines Entwicklers nach
Anspruch 1, worin das feine, hydrophobierte Siliclumdioxidpulver In einer
Menge von 0,7 bis 1,4 Gewichtstellen, bezogen auf 100 Gewichtsteile des
isolierenden, magneti- schen Toners, verwendet wird. 35 10. Verwendung
sines Entwiciders nach Anspruch 1, worn das feine, hydrophoblerte
Siliciumdioxidpulverel- ne spezifische Oberflache nach BET von 70 bis 300
m2/g, sine triboelektrlsche Aufladbarkelt von -100 bis -300 pCIg und sine
Hydrophobizitit von 90% oder mehr, bezogen auf mit lonenaustauscher demine-
ralislertes Wasser, aufwelst. 40 11. Verwendung sines Entwiciders nach
Anspruch 1, der eine spezifische Oberflache nach BET von 1,9 bis 3,0 m2/g
besitzt. 12. Verwendung sines Entwicklers nach Anspruch 1, der eine
Restmagnetisierung cr, von 2 bis 4,5 emulg, 45      sine
Sfttigungsmagnetisierung cr, von 20 bis 40 emu/g und sine Koerzitivkraft
von 3183,1 bis 7957,7 Alm (40 bis 100 Oe) besitzt. 13.
Bilderzeugungsverfahren, umfassend: * Das Anbringen sines ein
elektrostatisches Bild tragenden Elementes, das auf sich sin elektrostatl-
50          sches Bild tragt, und sines Toner tragenden Elementes, das auf
seiner Oberflache sinen magneti- schen Toner trfigt, In einem festgelegten
Abstand voneinander, wobei das Toner tragende Element sine Oberfliche
besitzt, die mit einem Film aus einem phenolischem Harz bedeckt Ist, der
elektrisch Ieitfihigen Kohlenstoff und Graphit enthflt, und wobei der
magnetische Toner einen isolierenden, magnetischen Elnkomponententoner
umfal~t, dpr mindestens ein Bindeharz und ein magnetisches 55
Material umfa~t und mitfeinem,.hydrophobiertem Siliciumdioxidpulvergemischt
ist, wodurch ein Ent- wickler nach Anspruch 1 gebildet wird, wobei der
magnetische Toner sine triboelektrische Aufladbarkeit von -20 bis -35 pC/g
und sine vo- lumenmittlere TeilchengrOSe von 6 bis 8 pm besitzt, wobei das
magnetische.Material 50 Zahlen% 50    EP 0 395 026 B1             .
131111 cI .1 M oder mehr kugelf8rmige, magnetische Teilchen umfaSt, deren
Oberfilchen im wesentlichen abge- rundete Oberflachen umfassen, wobel der
magnetische Toner 17 bis 60 Zahlen% magnetische Ton- ertellchen mit elner
Tellchengr6Be von 5 jim oder weniger enthalt, 5 bis 50 Zahlen% magnetische
Tonertellchen mit elnerTeilchengrO5e von 6,35 bis 10,08 PiM enthilt und 2
Volumen% oderweniger 5           magnetische Tonertelichen mit elner
Tellchengrole von 12,7 prm oder mehr enthilt, worin die ma- gnetischen
Tonerteilchen mit einer Teilchengr6Be von 5 pm oder weniger sine
TeilchengrOienver- tellung-besitzen, die derfolgenden Formel genrlgt: NN =
-0,05 N + k worin N die zahlenprozentuals Anzahl der magnetischen
Tonertelichen mit einer Tellchengr6Be von 10          5 pm odor weniger
bedeutet,:V die volumenprozentuale Anzahl der magnetischen Tonertellchen
mit einer Teilchengrole von 5 ttm oder weniger bedeutet, k eine positive
Zahl von. 4,6 bis 6,7 bedeutet und N esne positive Zahl von 17 bis 60
bedeutet, * das Transportieren des magnetischen Toners zu einer
Entwicklungsposition, wahrend der-Toner so eingestelit wird, dag er sine
Dicke bereltstellt, die kieiner ist als der Spalt und 



s         .* das Entwickeln des elektrostatLschen Bildes, das auf dem
bildtragenden Element erzeugt wurde, In der Entwickdungsposltion In
Gegenwart pines elektrischen Wechselfeldes, wodurch ein Tonerbild auf dem
sin latentes Bild tragenden Element erzeugt wird. 14. Verfahren nach
Anspruch 13, worin der elektrisch leitfAhige Kohlenstoff einen spezifischen
elektrischen 20      Widerstand von 0,5 Wlcm oder weniger aufweist 15.
Verfahren nach Anspruch 13, worin derelektrisch leitffhige Kohlenstoff und
Graphit in einersolchen Men- ge enthalten sind, dalB sle sin
Mischungsgewichtsverhaltnis von 1/10 bis 10011 bereltstellen. 25  16.
Verfahren nachAnspruch 13, worinderelektrisch leitfhige Kohlenstoff und
Graphit in elnersolchen Men-. ge enthalten sind, daB iae sin
Mischungsgewichtsverhaltnis von 1M bis 1001.1 bereitstellen. 17. Verfahren
nach Anspruch 13, worin-dle Mischung aus elektrisch leitfahigem Kohlenstoff
und Graphit In einem phenolischen Harz In einersolchen Menge enthalten ist,
da6 sin Mischungsgewichtsverhaltnis von 30      1/3 bis 2/1 zwischen Ihnen
bereitgestelit wird. 18. Verfahren nach Anspruch 13, woin der magnetisphe
Toner durch Kontakt mit der Oberflache des Toner tragenden Elementes
triboelektrisch aufgeladen wird und der magnetische Toner, der die
triboelektrische Aufladung besitzt, das elektrostatische Bild entwickelt,
wahrend sine Wechselvorspannung angelegt 35      wird, die sine
Wechselspannungskomponente mit siner Frequenz von 200 bis 40000 Hz und
einer Vpp von 500 bis 3000 Vss (Spannung Spitze Spitze) besltzt. 19.
Verfahren nach Anspruch 13, worin das feine, hydrophoblerte
Sillclumdioxidpulver mit einem Siliconol oder elnem Siliconlack behandelt
wurde. 40 20. Verfahren nach Anspruch 13, worin das feine, hydrophoblerte
Siliclumdioxidpulver mit einem.Silanhaft- vermittler behandelt wurde. 21.
Verfahren nach Anspruch 13, worin das feine, hydrophobierte
Siliciumdioxidpulver mit einem.Silanhaft- 45      vermittler und elnem
Sillconol behandelt wurde. 22. Verfahren nach Anspruch 13, worin das feine,
hydrophoblerte Siliciumdioxidpulver mit einem Siliconol be- handelt wurde,
das sine Viskositdt von 5 x 1 0-5 bis. 10-3 rn2/s (50 bis 1 000 centistoke)
bei 250C besitzt. 50  23. Verfahren nach Anspruch 13, worin der
isolierende, niagnetische Toner einen spezifischen elektrlschen Widerstand
von 1014 Ql-cm odermehr, sine Restmagnetisierung von Or von I bis 5 emulg,
sine SAttigungs- magnetislerung a, von 15 bis 50 emufg und eine
Koerzitivkraft von 1591,5 - 7957,7 ANm (20 bis 100 Oe) besitzt. .~~~~~~I
. 55   24. Verfahren nach Anspruch 13, worin'der isolierenee, magnetische
Toner eln quervernetztes Copolymer vom Styroltyp als Bindeharz enthalt. 25.
Verfahren nach Anspruch 13, woqrin der isolierende, magnetische Toner elnen
quervernetzten Polyester 51    EP 0 395 026 B1                    11l!lll
ii 1!  ~ I    cl1~    L   ill 115111 l als Bindeharz enthalt. 26. Verfahren
nach Anspruch 13, worin das feine, hydrophobierte.Siliciumdioxidpulver In
elner Menge von 0,6 bis 1,7 Gewichtstellen, bezogen auf 100 Gewichtsteile
des isolierenden, magnetischen Toners, ver- 5       wendet wird. 27.
Verfahren nach Anspruch 13, worin dasfeine, hydrophobierte
Siliclumdloxidpulvereine spezifische Ober- fiche nach BETvon 70 bis-300
m2/g, eine triboelektrischeAufladbarkeitvon -100 bis -300 ILC/g und eine
Hydrophobizitit von 90% oder mehr, bezogen auf mit lonenaustauscher
demineralisiertes Wasser, auf- 10      weist. 28 Verfahren nach Anspruch
13, der sine speziflIche Oberflache nach BET von 1,9 bis 3,0 m2/g besitzt.
29. Verfahren nach Anspruch 13, der sine Restmagnetisierung cr von 2 bis
4,5 emulg, elne SIttigungama- 1s      gnetislerung (, von 20 bis 40 emu/g
und sine Koerzitivkraft von 3183,1 bis 7957,7 Alm (40 bis 100 Oe) 



besitzt. 30. BiUderzeugungsvorrichtung, umfassend: E*  sin
elektrostatisches Buld tragendes Element zum Tragen sines elektrostatischen
Bildes, 20          s sin Toner tragendes EBement zum Tragen sines
magnetischen Toners auf seiner Oberflache, * sine Elnrichtung zum Anordnen
des sin elektrostatisches Bild tragenden Elementes und des Toner tragenden
Elementes In der Form, dall sle einander gegeniber angeordnet sind mit
sinem festge- legtem Spalt dazwischen, und * sin Element zum Einstellen des
magnetischen Toner, so daS sine Tonerdicke bereitgestellt wird, die 25
kelner lst als der genannte Spalt, wobel das Toner tragende Element sine
Oberflache besitzt, die mit sinem Film aus sinem phenolischem Harz bedeckt
ist, der elektrisch leitfahigen Kohlenstoff und Graphit enthalt, und wobel
der magnetische Toner elnen Isolierenden, magnetischen Einkomponententoner
umfal~t, der mindestens sin Blndeharz und sin magnetisches Material umfalt
und sine triboelektrische Aufladbarkelt.von. -20 bis -35 PiC/g und S  .  30
sine volumenmittlere Tellchengr6Be. von 6 bis 8 pm besitzt, wobel das
magnetische Material 50.Zahlen% oder mehr kugelformige, magnetische
Telichen umfait, de- ren Oberfiachen im wesentlichen abgerundete
Oberflichen umfassen, wobel der magnetische Toner 17 bis 60 Zahlen%
magnetische Tonertelichen mit einer TeiichengrO5e von 5 pm
oderwenigerenthalt, 5 bis 50 Zahlen% magnetische Tonerteilchen mit elner
Teilchengr8Be von 6,35 35      bis 10,08 pm enthalt und 2 Volumen% oder
weniger magnetische Tonerteilchen mit elner TellchengrOlle von 12,7 pm odor
mehr enthalt, worin die magnetischen Tonertellchen mit einer Tellchengrffie
von 5 pm oder weniger sine TeilchengrOlenverteilung besitzen, die der
folgenden Formel genOgt N/V= -0,05 N + k worin N die zahlenprozentuale
Anzahl der magnetischen Tonertelichen mit einer Teilchengr6Be von 5 pm 40
oder weniger bedeutet, V die volumenprozentuale Anzahl der magnetischen
Tonertelichen mit einer Tell- chengrOBe von 5 pm oder weniger bedeutet, k
sine positive Zahl von 4,6 bis 6,7 bedeutet und N sine po- sitive Zahl von
17 bis 60 bedeutt, und wobei der magnetische Toner. mit feinem,
hydrophobiertem Silici- umdioxidpulver gemischt ist, wodurch sin Entwickler
nach Anspruch 1 gebildet wird 45  31. Vorrichtung nach Anspruch 30, worin
der elektrisch leitfahige KohIenstoff einen spezifischen elektrischen
Widerstand von 0,5 flcm oder weniger aufweist. 32. Vorrichtung nach
Anspruch 30, worin .der. elektrisch *eitfahige Kohlenstoff und Graphit in
einer solchen Menge enthalten sind, dal sle sin Mlschungsgewichtsverhmltnis
von 1110 bis 100/1 bereitstellen. 50
F 33. Vorrichtung nach Anspruch 30, wormn.der elektrisch leitfghige
Kohlenstoff und .Graphit in einer solchen Menge enthalten sind, daB sle ein
MischungsgewichtsverhaItnis von 111 bbs 100/1 bereltstellen. 34.
Vorrichtung nach Anspruch 30, worin die Mischung aus.elektrisch leitffhigem
Kohlenstoff und Graphit in 55      einem phenolischen Harz In eInersoichen
Menge enthalten Ist, da. sin Mischungsgewichtsverhiltnis von 113 bis 2/1
zwischen ihnen bereitgestelit wird. 35. Vorrichtung nach Anspruch 30, worin
das Toner tragende Element die Elgenschaft besitzt, daB es dem    EP 0 395
026 11  c                               Ll!   1S1 magnetichen Toner sine
negative, triboelektrische Ladung verlseht. 36. Vonichtung nach Anspruch
30, worin das sin elektrostatisches Buld tragende Element sine Rednigungs-
einrichtung und eine Aufladungseinrichtung besitzt. 5 37. Vorrichtung nach
Anspruch 30, worin das sin elektrostatisches Bild tragende Element oder das
Toner tra- gende Element eine Elnrichtung zum Anlegen einer
Wechselvorspannung in elner Entwickiungsposition besitzt. 10  38.
Vorrichtung nach Anspruch 30, worin das feine, hydrophobierte
Siliclumdioxidpulver mit einem Silicon6l oder einem Siliconlack behandelt
wurde. 



39. Vorrichtung nach Anspruch 30, worin das felne, hydrophobierte
Siliciumdioxidpulver mit einem Silanhaft- vermittler behandelt wurde. 15
40. Vorrichtung nach Anspruch 30, worin des felne, hydrophoblerte
Siliciumdloxidpulver mit einem Silanhaft- vermittler und elnem Siiconol
behandelt wurde. 41. Vorrichtung nach Anspruch 30, worin des ftone,
hydrophoblerte Siliclumdioxidpulver mit elnem Sillconol 20      behandelt
wurde, des sine Viskositfit von 5 x 10-I bis 10-3 m2/s (50 bis 1000
centlstoke) bel 250C besitzt. 42. Vorrichtung nach Anspruch 30, worin der
isollerende, magnetische Toner einen spezifiachen elektrischen Widerstand
von 1014 n cm oder mehr, sine Restmagnetislerung von ar von I bis 5 emu/g,
eine Sittigungs-. magnetisierung a, von 15 bis 50 emulg und sine
Koerzitivkraft von 1591,5 - 7957,7 A/m (20 bbs 100 Oe) 25      besitzt. 43.
Vorrichtung nach Anspruch 30, worin der isolierende, magnetische Toner ein
quervernetztes Copolymer vom Styroltyp als Bindeharz enthalt. 3o  44.
Vonrichtung nach Anspruch 30, worin der isollerende, magnetische Toner
einen quervernetzten Polyester als Bindeharz enthilt. 45. Vorrichtung nach
Anspruch 30, worin das feine, hydiophobierte Sillciumdioxidpulver in elner
Menge von 0,7 bis 1,4 Gswichtsteilen, bezogen auf 100 Gewichtstaile des
isolierenden, magnetischen Toners, ver- 95      wendet wird. 46.
Vorrichtung nach Anspruch 30, worin das feine, hydrophobierte
Siliciumdioxidpulver sine spezifische Oberfifche nach BET von 70 bis 300
m2/g, sine triboelektrische AufladbarkeHt von -100 bis -300 pC/g und sine
Hydrophobizitat von 90% oder mehr, bezogen auf mit lonenaustauscher
demineralislertes Was- 40      ser, aufweist. 47. Vorrichtung nach Anspruch
30, der eine spezifische OberflAche nach BET von 1,9 bis 3,0 m2/g besitzt.
48. Vorrichtung nach Anspruch 30, der eine.Restmagnetisierung Or von 2 bis
4,5 emu/g, sine SAttigungsma- 45      gnetislerung a, von 20 bis 40 emu/g
und sine Koerzltivkraft von 3183,1 bis 7957,7 Alm (40 bis 100 Oe) besitzt.
Rovendlcations 50 Revendicatlons pour les Etats contractants suivants AT,
BE, CH, LI, DE, FR, GB, IT, LU, NL, SE 1. Developpateur magn6tique pour
d6velopper une image latente electrostatique, comportant une fine pou- 55
dre de silice hydrophobe et un toner magnetique isolant comprenant au moins
une resine servant de liant et une matiere magn6tique, dens lequel 0,16 A I
j6 partle en polds de la fine poudre de s11ice hydrophobe est m6lang6e A
100 parties en polds du toner magnbtique isolant; ledit developpateur
magnetique ayant une surface specifique BET de 1,8 a 3,5 m2/g, une capacite
53    de charge triboelectrique de -20 a -35 iGC/g, une masse volumique
apparente dans l'etat aere de 0,40 a 0,52 glcm3, et une masse volumique
absolue de 1,45 A 1,8 g/cm3; ladite matiere magnhtique ayant une dimension
moyenne de particules de 0,1 A 0,35 micrometre et comprenant50 % en nombre
ou plus de particules magnetiques spheriques dont les surfaces compren- 5
nent sensiblement des surfaces courbes; ledit toner magnhtique
Isolantcontenant 70 - 120 parties en polds de particules magnetiques sphb-
riques pour 100 parties en polds de la rhsine servant de liant; ledit
developpateur contenant 17 - 60 % en nombre de particules de toner
magnhtlque ayant une dimension de 5 micrombtres ou moins, contenant 5 - 50
% en nombre de particules de toner magnetique 10      ayant une dimension
de 6,35 -10,08 micrombtres, et contenant 2,0 % en volume ou molns de
particules de toner magnhtique ayant une dimension de 1 2, 7 mtcrombtres ou
plus; dans lequel le toner magnetique presente une dimension moyenne en
volume de particules de 6 - 8 micrometres, et les particules de toner 



magnhtique ayant une dimension de 5 micrometres ou moins ont uhe
distribution de dimensions de par- ticules satisfalsant la formule sulvante
15                                      N/V = 0,05N + k, dans laquelle N
designe le pourcentage en nombre de particules de toner magnetique ayant
une dimen- slon de 5 micrometres ou molns, V dhsgne le pourcentage en
volume de particules de toner magnhtlque ayant une dimension de 5
micrombtres ou moins, k designe un nombre positif de 4,6 a 6,7, et N
d6signe un nombre positif de 17 A 60. 20 2. Developpateur solon Ia
revendbcation 1, dans lequel la fine poudre de silica hydrophobe a bte
traltee avec une hulle de silicone ou un vernis de silicone. 3.
Developpateurselon la revendlcation 1, dans lequel la fine poudre de silice
hydrophobe a ete traltee avec 25      un agent de couplage du type silane.
4.  Developpateur solon la revendication 1, dans loquel la fine poudre de
silice hydrophobe a bte traltee avec un agent de couplage du type silane et
une hulle deoillicone. _ 30 5. Developpateur selon la revendication 1, dans
lequel la fine poudre de silice hydrophobe a 6te traitee avec une hulle de
silicone ayant une viscosite de 5.10-i - 10-3 m2/s (50 - 1000 centistokes)
A 25C. 6. Developpateur selon la revendication 1, dans lequel le toner
magnetique isolant possede une resistance electrique de 1014 ohms.cm ou
plus, une aimantation r6manente ar de 1 - 5 emulg, une aimantation A 35
saturation c* de 15 -50 emu/g, et une force coercitive de 1591,5 - 7957,7
ANm (20 - 100 no). 7. Developpateur solon la revendication 1,.dans lequel
le toner magnetique isoiant contient un copolymbre reticule du type styrene
en tant que resine servant de liant. 40  8. Developpateur solon la
revendlcation 1, dans lequel le toner magnhtique Isolant contlent un
polyester re- tIculh on tant quo resine servant de llant. 9. Developpateur
selon la revendication 1, dans lequel la fine poudre de silice hydrophobe
est utillsee en quantite de 0,7 - 1,4 partie en polds pour 100 parties en
poids du toner magnetique isolant. 45 10. D1veloppatourselon la
revendication 1, dans lequel lafine poudre de silice hydrophobe presente
une sur- face sphcIflque BET de 70 - 300 m2Ig, une capacite de charge
tilboelectrique de -100 a -300 ILC/g, un degre hydrophobe de 90 % ou plus
vis-a-vis d'une eau traitee par echange dOions. 50  11. Developpateur solon
la revendication 1, qui a une surface specifique BET de 1,9 - 3,0 m2/g. 12.
Developpateur selon la revendicatlon 1, qui a une aimantation remanente c,
de 2 - 4,5 emulg, uneoalman- tation A saturation ca, de 20 - 40 emulg, et
une force coercitive de 3183,1 - 7957,7 Alm (40 - 100 Oe). 55  13. Procede
de formation d'Images, consistant:  i A disposer un element porteur d'une
image electrostatique, portant sur lui une Image 6lectrosta- tique, et un
element de support de toner, transportant un toner magnhtique sur sa
surface, a un ecarte- ment prhdhtermln6I run de lFautre, l'element de
support de toner ayant une surface recouverte d'un film 54    EP 0 395 026
81                   I 11c  L  11  s d'une rdsine phenolique contenant du
carbone et du graphite 6lectroconducteurs; et le toner magn6tique comprend
un toner magn6tique isolant A un constituant comportant au moins une r6sine
servant de liant et une matfbre magn6tiqueo et est melang6 a une fine
poudre de silice hydrophobe pour former un d6ve- loppateurselonla
revendication I ;etletonermagn6tique possAde une capacit6 de charge
tribo6lectrique 5       de -20 A -35 pCIg et une dimension moyenne en
volume de particules de 6 - 8 gm; ladite matlere ma- gn6tique comportant 50
% en nombre ou plus de particules magn6tiques sph6riques dont des surfaces
comprennentsensiblementdos surfaces courbes; ledittonercontenant 17- 60 %
en nombre de particules de toner magnetlque ayant une dimension de 5 pm ou
moins, contenant 5 - 50 % en nombre de particules de toner magn6tique ayant
une dimension de 6,35 - 10,081pm, et contenant 2,0 % en volume ou moins 10
de particules de toner magnetique ayant une dimension.de 12,7 pm ou plus;
dans lequel les particules 



de toner magn6tique ayant une dimension de 5 pm ou molns ont une
distribution de dimensions de par- ticules satisfaisant la fornule
suivante: N/V = Q,05N + k, dans laquelle N d6signe le pourcentage en nombre
de particules de toner magnhtique ayant une dimen- 15      sion de 5 pm ou
moins, V d6signe le pouroentage en volume de particules de toner magn6tique
ayant une dimension de 5 pm ou moins, k d6signe un nombre positif de 4,6 -
6,7, et N designe un nombre positif de 17 A 60; A transporter le toner
magn6tique jusqu'b une position de d6veloppement tout en r6gulant le toner
afin qu'l presente une 6palsseur inf6rieure audit 6cartement ; et 20
a developper'llmage ilectrostatque formee sur l'6l6ment porteur d'images
dans Ia position de d6- veloppement en presence d'un champ electrique
alternatif, afin de former une Image en toner sur l'6le- ment porteur d'une
Image latente. 14. Proc6d6 solon la revendicatlon 13, dans lequel le
carbone electroconducteur.possede une r6sistance 25      6lectrique de 0,5
ohm/cm ou moins.. 15. Proc6d6 selon la revendication 13, dans lequel le
carbone etle graphite electroconducteurs sont.contenus de fagon a &tablir
un rapport en polds de melange dqo 1110 a i101. 30 16. Proc6d6 selon la
revendication 13, dans lequel le carbone et le graphite electroconducteurs
sontcontenus de fagon A 6tablir un rapport en polds de melange de 1/1 A
100/1. 17. Proc6d6 selon la revendicatlon.13, dans lequel lo niange du
carbone et du graphite electroconducteurs est contenu dans la r6sine
phenolique afIn d 6tablir un rapport en poids de melange de 1/3 A 2/1 entre
35      eux. 18. Proced6 selon la revendication 13, dans lequel le toner
magnetique regoit une charge triboelectrique par le contact avec la surface
de lblement de support de toner, et le toner magnetique ayant la-charge
tri- boblectrique developpe I'image 6lectrostatique en meme temps quo lul
est appliquee une polarisation al- 40      ternative ayant une
composante.alternative d'une frequence de 200 - 40 000 Hz et d'une tension
crete A crto Vcc de 500 - 3000 V. 19. Procede solon la revendication 13,
dans lequel la fine poudre de. silice hydrophobe a 6te traltee avec une
hulle de silicone ou un vernis de silicone. 45 20. Procede selon la
revendication 13, dans lequel la fine poudre de silice hydrophobe.a ete
traitee avec un agent de couplage du type sieans. 21. Procede selon la
revendication 13, dans. Iequel la fine poudre de silice hydrophobe a
ete.traitee avec un 50      agent de couplage du type silane~et une huile
de silicone. 22. Procede selon la revendlcation 13, dens lequel la fine
poudre de silice hydrophobe a ete traitee avec une hulle de silicone ayant
une viscosite de 5.10-5 - 103 m21s (50 - 1000 centistokes) A 250C. 55  23.
Procede solon la revendicatlon 13, dans loquel le toner magnetique isolant
possede une resistance 6lec- trique de 1014 ohms.cm ou plus, une
almantatlon remanente a, de 1 - 5 emu/g, une aimantation A satu- ration a,
de 15 - 50 emulg, et une force coercitive de 1591,5 - 7957,7 Alm (20 - 100
Oe). 55    EP0395026B1                             c   L  M  S 24. Pmc6d6
selon la revendication 13, dans lequel le tonermagn6tique lsolantcontientun
copolymere r6ticul6 du type styrene en tant quo resine servant de Hlant.
25. Proc6de selon la revendicaton 13, dans lequel le toner magn6tique
Isolant contient un polyestr r6ticul6 5       en tant que resine servant de
liant. 26. Proc6d6 selon la revendicatbon 13, dens lequel la fine poudre de
silice hydrophobe est utilbee en quantite de 0,6 - 1,7 partie en poids pour
100 parties en poids du toner magn6tique isolant. 1o  27. Proc6d6 selon la
revendication 13, dans lequel la fine-poudre de silice hydrophobe presente
une surface specifique B~de 70- 300 m2/g, une capacite de pharge
triboelectrique de -100 a -300 pC/g, et un degre 



hydrophobe de 90 % ou plus vis-a-vis d'une eau traltee par echange dMions.
28. Proced6 selon la revendication 13, dens lequel ledit developpateur
magnetique presente une surface sp6- 15      cifique BET de 1,9 - 3,0 m2/g.
29. Proc6d6 selon la revendicatbon 13, dens lequel le developpateur
magnetique possede une almantation remanente ar de 2 - 4,5 emu/g, une
aimantation A saturation cJ de 20 - 40 emu/g, et une force coercitive de
3183,1 - 7957,7 A/m (40 - 100 o). 20 30. Apparell de formation d'images,
comportant: un element porteur d'une Image electrostatique destine A
supporter une Image 6lectrostatique; un element de support de toner destin6
A supporter un toner magnetique sur sa surface; des moyens destines A
disposer l'element porteurd'une Image 6lectrostatique et lelement de sup-
25      port de toner de manlere qu'ils soient disposes en opposition lNun
a l'autre avec un ecartement predbter- min6 entre eux ; et    .. . .. . .
un element destin6 A reguler le toner magnetique afin de lui donner une
epaisseur inferieure audit ecartement; dens lequel l'el6ment de support de
toner presente une. surface recouverte d'un film.d'une resine 30
phenolique contenant du carbons et du graphite .lectroconducteurs; et le
toner magndtique comprend un toner magnetique isolant A un constituant
comportant au moins une resine servant de liant et une ma- tire magnetique
; et possede une capcitK de charge triboelectrique de -20 A -35 LC/g et une
dimension moyenne en volume de particules de o - 8 pm; ladite matiere
magnetique comporte 50 %-en nombre ou. pius de particules. magnetiques
spheri- 35      ques dont des surfaces comprennent sensiblement des
surfaces courbes; ledit toner contlent 17 - 60 % en nombre de particules de
toner magnetique ayant une dimension de 5 ptm ou moins, contient 5 - 50 %
en nombre de particules de toner magnetique ayant une dimension de 6,35 -
10,08 pm, et contlent 2,0 % en volume ou moins de particules de toner
magnetique ayant une dimension de 12,7 pLm ou plus; dens lequel les
particules de toner magnetique ayant une dimension de 40      5 pim ou
moins ont une distribution de dimensions de particules satisfaisant la
formule suivante: N/V = -0,05N   k dans laquelle N d6signe le pourcentage
en nombre de particules de toner magnetique ayant une dimen- sion de 5 pm
ou moins, V dbsigne le pourcentage en volume de particules de toner
magnetique ayant une dimension de 5 pm ou moins, kd6signe un nombre positif
de 4,6 - 6,7, et N designe un nombre positif 45      de 17 A 60 ; et le
toner magnetique etant melange A une fine poudre de silice hydrophobe pour
former un developpatbur solon la revendication 1. 31. Apparell solon Ia
revendication 30, dans lequel le carbons electroconducteur possAde une
resistance electrique de 0,5 ohm/cm ou molns. 50 32. Apparell solon la
revendication 30, dans lequel lecartione etle graphite electroconducteurs
sont contenus de fagon A etablir un rapport en polds de melange de 1/10 A
100/1. 33. Appareil solon la revendication 30, dans lequel le carbons et le
graphite electroconducteurs sont contenus 55      de fagon a Atablir un
rapport en polds de melange de 1/1 A 100/1. 34. Apparell solon la
revendication 30, dens lequel le melange du carbons et du graphite
electroconducteurs est contenu dens la resine phenolique afin d'etablir un
rapport en poids de melange de 1/3 a 2/1 entre 56    EP 0 395 026 BI 1111li
ii! 111,1 11111 II II . .           *  ~~~~~C   L  M   S* eux. 35. Appareil
solon la revendication 30 dans lequel l'el6ment de support de toner
presente une caactbristique telle qu'll confere une charge triboelectrique
n6gative au toner magn6tique. 



5 36. Apparell solon la revendication 30, dans lequel l'6l6ment porteur
d'une image 6lectrostatique comporte des moyens de nettoyage et des moyens
de charge. 37. Apparell selon la revendication 30 dans lequel l'6l6ment
porteurd'une Image 6lectroconductrice ou l'616- 10      ment de support de
toner comporte des moyens destines A appliquer une polarisation alternative
dans une position de d veloppement. 38. Appareil selon la revendication 30,
dans lequel la fine poudre de slilce hydrophobe a btb traitbe avec une
hulle de silicone ou un vernis de silicone. 15 39. Appareil solon la
revendication 30, dans lequel la fine poudre de silice hydrophobe a bte
traitee avec un agent de couplage du type silane. 40. Appareil solon la
revendication 30, dans lequel la fine poudre de silice hydrophobe a ete
trait6e avec un 20      agent de couplage du type silane et une huile de
silicone. 41. Appareil solon la revendication 30, dans lequel la fine
poudre de silice hydrophobe a et6 trait6e avec une hulle de silicone ayant
une vlscosite de 5.10- - 10-3 m2/s (50 - 1000 centistokes) A 250C. 25  42.
Appareil solon la revendication 30, dans lequel le toner magnetique isolant
possede une r6sistance alec- trique de 1014 ohms.cm ou plus; une
almantation r6manente.ar de 1 - 5 emulg, une almantatlon A satu- ration a,
de 15 - 50 emulg, et une force coercitive de. 1591,5 - 7957,7 Am (20 - 100
Oe). 43. Apparell solon la revendication 30, dans lequel le toner
magnbtique isolant contlent un copolymere reticulI 30      du type styrene
en tant quo rnsine servant de liant. 44. Appareil solon la revendlcation
30, dans loquel le toner magnbtique isolant contient un polyester rbticuI6
en tant quo resine servant de liant. 35  45. Apparell solon la
revendication 30, dans lequel la fine poudre de silice hydrophobe est
utilis6e en quantie de 0,7 - 1,4 partle en polds pour 100 parties en poids
du toner magnetique Isolant. 46. Apparell selon la revendication 30, dans
lequel la fine poudre de silice hydrophobe presente une surface spbcdfique
BET de 70 - 300 Mi2g, une capactb de charge triboblectrique de -100 A -300
pC/g, et un degre 40      hydrophobe de 90 % ou plus via-a-vis d'une eau
traitbe par echange d'ions. 47. Apparell selon la revendication 30, dans
lequel le developpateur magnetique presente une surface spe- cifique BET de
1,9 - 3,0 m2/g. 45  48. Appareil selon la revendication .30, dans lequel le
dbveloppateur magnetique possede une aimantatlon remanente ar de 2 - 4,5
emulg, une almantation A saturation oa de 20 - 40 emulg, et une force
coercitive de 3183,1 - 7957,7 A/m (40 - 100.6e). Revendicatlons pour lPEtat
contractant sulvant : ES 50 1. Utilisation d'un dbveloppateur magn6tique
pour devjlopper une image latente Nlectrostatique,. compor- tant une fine
poudre de sillce hydrophobe et un tonermagnetique i lsolantcomprenant au
moins une resine servant de liant et une matilre magn6tique, dans iaquelle
0,16 a 1,6 partle en polds de la fine poudre de silice hydrophobe est
mblanghe a 100 parties en poids du toner magnetique isolant; 55
ledit dbvoloppateur magnetique ayant une surface specifique BET de 1,8 a
3,5 m2/g, une capacite de charge triboelectrique de -20 & -35 0C/g, une
masse volumique apparente dans l'btat abrb de 0,40 a 0,52 g/cm3, et une
masse volumique absolue de 1,45 a 1,8 gcrM3; ladite matibre magnetique
ayant une dimension moyenne de particules de 0,1 a 0,35 micrombtre 57    EP
0 395 026 B1~~ ~~~~~ 1 111111 1l1111111111 11111 l 1111 P0 395 026 SI et
comprenant 50 % en nombre ou plus de particules magnetiques spheriques
dontles surfaces compren- nent sensiblement des surfaces courbes; ledit
toner magnetique isolantcontenant 70 - 120 parties en polds de particules
magnetiques sph6- 



riques pour 100 parties en poids de la resine servant de Ilant; 5
ledit developpateur contenaht 17 - 60 % on nombre de particules de toner
magnetique ayant une dimension de 5 micrombtres ou moins, contenant 5 - 50
% en nombre de particules de toner magnetique ayant une dimension de 6,35 -
10,08 microns, et contenant 2,0 % en volume ou molds de particules de toner
magnbtique eyant une dimension de 12,7 microns ou plus; dans lequel le
toner magnetique pre- sente une dimension moyenne en volume de particules
de 6 - 8 microns, et les particules de toner ma- 10      gn6tique ayant une
dimension de 5 microns ou molds ont une distribution de dimensions de
particules satisfaisant la formule suivante: NIV = 0,b5N + k, dans laquelle
N designe Id pourcentage en nombre de particules de toner magnetique ayant
une dimen- sion de 5 micrombtres ou moins, Vd6signe le pourcentage en
volume de particules de tonermagnetique 15      ayant une dimension de 5
micromitres ou molds, k designe un nombre positif de 4,6 A 6,7, et N
designe un nombre positif de 17 a 60. 2.  Utillsation d'un developpateur
sebon la revendication 1, dens laquelle la fine poudre de silice hydrophobe
a ete trait6o avec une huile de silicone ou un vernis de silicone. 20 3.
Utilisation d'un developpateur solon la revendication 1, dens laquelie la
fine poudre de silice hydrophobe a ete traltee avec un agent-de couplage du
type silane. 4.  Utilisation d'un developpateurselon la revendication 1,
dens laquelle la fine poudre de silica hydrophobe 25      a ete traitee
avec un agent.de cpuplage du type silane et une hulle de silicone. 5.
Utilisatlon d'un developpateur salon la revendication -1, dens laquelle la
fine poudre de silice hydrophobe a bte traltee avec une huile de silicone
ayant une viscositO de 50.- 1000 centistokes A 250C. 30  6. Utilhsation
d'un developpateurselon la revendication 1, dans laquelle le toner
magnetique Isolant possede une resistance electrique de 1014 ohms.cm ou
plus, une aimantation remanente ar de I - 5 emulg, une aimantation a
saturation CF. de 15 - .50 emulg, et une.force coercitive. do 20- 100 Oe.
7. Utilbsation d'un developpateurselon la revendicationl, dans laquelle le
toner magnetique isolant contient 35      un copolymere reticule du type
styrene en tent quo resine servant.de Ilant. 8. Utilisation d'un
d6veloppateurselon la revendication 1, dens laquelle le toner magnetique
Isolant contient un polyester reticule en tant que resine servant de liant.
40  9.  Utilisation d'un developpateurselon la revendication 1, dens
laquelle la fine poudre de silice hydrophobe est utilisee en quantite de
0,7 - 1,4 partie en poids pour 100 parties en polds du toner magnetique
Isolant. 10. Utilisation d'un developpateur solon la revendication 1, dans
laquelle la fine poudre do si!ice-hydrophobe presente une surface
specifique BET de 70 - 300 m2/g, une capecitA de charge triboelectrique de
-100 45      A -300 lLC/g, et un degre hydrophobe de 90 % ou plus vis-&-vis
d'une eau trait6e par echange d'lons. 11. Utilisation d'un developpateur
solon la revendication 1, qul. presente une surface specifique BET de 1,9 -
3,0 m2/g. 50  12. Utllisation d'un developpateur solon la revendication 1,
qui presente une aimantation remanente cFr de 2 - 4,5 emulg, une
aimantation A saturation c, de 20- -40 emulg, et une force coercitive de 40
- 100 6e. 13. Procede de formation d'images, consistent: A disposer un
element porteur d'une image electrostatique, supportant une image
6lectrostatique, 55      et un element de support de toner, supportant un
toner magnetique sur sa surface, a un ecartement prA- dhtermin6 l'un de
I'autre, I'elementde supportde tqner ayant une surface recouverte d'un film
d'une resine phenolique contenant du carbons et du graphite
electroconducteurs ; et le toner magnetique comprend un toner magnetique
isolant A un constituent comportent au molds une resine servant de liant et
une ma- 58    ~EP 0 395 026 B1                      11111 11Ilt 11111 Cli
f tire magn6tique et est m6lang6 A une fine poudre de silice hydrophobe
pour former un developpateur selon la revendicatbon 1; et le toner
magnetique possede une capacit6 de charge tribo6lectrique de -20 



a -35 pC/g et une dimension moyenne en volume de particules de 6 - 8 pm;
ladite matlere magnetique comportant 50 % en nombre ou plus de particules
magnhtiques sph6riques dont des surfaces compren- 5
nentsensiblementdes surfaces-courbes; ledit tonercontenant 17 - 60 % en
nombre de particules de toner magn6tique ayant une dimension de 5 pim ou
moins, contenant 5 - 50 % en nombre de particules de toner magn6tique ayant
une dimension de 6,35 - 10,08 pm, et contenant2,0 % en volume ou molns de
particules de toner magnetique ayant une dimension de 12,7 pm ou plus ;
dans lequel les particules de toner ma- gn6tique ayant une dimension de 5
gm ou moins ont une distribution de dimensions de particules satis- 10
falsant la formule sulvante N/V = 0,05N +k dans laquelle N designe le
pourcentage en nombtW de particules de toner magn6tique ayant une dimen-
slon de 5 pm ou moins, V designe Ie pourcentage en volume de particules de
toner magnetique ayant une dimension de 5 pm ou moins, kd6signe un nombre
positif de 4,6 - 6,7, et N designe un nombre positif 15      de 17 A 60; a
transporter le toner magnetique jusqu'A une position de d6veloppement tout
en regulant le toner afin qu'll pr6sente une epaleseur Inferleure audit
ecartement; et A d6velopper l'Image 6lectrostatique form6e sur l'6l6ment
porteur d'Images dans la position de de- veloppeanent en pr6sence d'un
champ electrique alternatif, af in de former une Image an toner sur l'616-
20      ment portbur d'une Image latente. 14. Proced6 selon la
revendlcation 13, dans lequel le carbone 6lectroconducteur possede une
resistance 6lectrique de 0,5 ohm/cm ou molns. 25  15. Proc6d6selon la
revendlcation 13, danslequel le carbone etlegraphite 6lectroconducteurs
sontcontenus de fagon A 6tablir un rapport en polds de m6lange de 1/10 A
100/1. 16. Proc6de selon la revendication 13, dans lequel le carbone etle
graphite electroconducteurs sont contenus de fagon a etablir un rapport en
poids de melange de 1/1 A 100/1. 30 17. Procede selon la revendication 13,
dans lequel le m6lange du carbone et du graphite electroconducteurs
est.contenu dans la rMsine ph6nollque afin d'etablir un rapport en poids de
melange de 1/3 A 2/1 entre eux. ?i 35  18 Procede selon la revendication
13, dans lequel le toner magnetique regoit une charge triboelectfique par
le contact avec la surface de lblement de support de toner, et le toner
magn6tique ayant la charge tri- boelectrique developpe l'image
6lectrostatique en meme temps qua lui est appliquee une polarisation al-
ternative ayant une composante alternative d'une frequence de 200 - 40 000
Hz et d'une tension crete A creb Vcc de 500 - 3000 V. 40 19. Proc6de salon
la revendication 13, dans lequel la fine poudre de silica hydrophobe a ete
traitee avec une hulle de silicone ou un vernis de silicone. 20. Proced6
selon la revendication 13, dans lequel la fine poudre de silice hydrophobe
a 6te traitee avec un 46      agent de couplage du type siane. 21. Proced
selon la revendication 13, dans lequel la fine poudre de silice hydrophobe
a ete traitee avec un agent de couplage du type silans et une huile de
silicone. 50 22. Procede selon la revendication 13, dans lequel la fine
poudre de silice hydrophobe a ete trait6e avec une huile de silicone ayant
une viscosite de 50 - 1000 ceptistokes A 250C. 23. Procede selon la
revendication 13, dans lequel le toner magnetique isolant possede une
resistance Alec- trique'de 1014 ohms.cm ou plusg une aimantation remanente
ar de 1 - 5 emulg, une aimantation a satu- 56      ration a de 15 - 50
emu/g, et une force coercitive de 20 - 100 Oe. 24. Procede
selonlarevendicatlon 13, dane lequel le tonermagnetique lsolantcontlentun
copolymere reticulA du type styrene en tant que resine servant de llant. 59



I 11111111111E111 DI 11 IN1 EP 0395026 B1                             c  L
M   S 1 25. Proced6eselon la revendicaton 13, dans lequel le toner
magnetique isolant contient un polyester r6ticule en tant que resine
servant de Ilant. 26. Proc6d6 selon la revendlcation 13, dans lequel la
fine poudre de silice hydrophobe estutilis6e en quantite 5       de 0,6 -
1,7 partie en polds pour 100 parties en poids du toner magnbtique isolant.
27. Proc6d6 selon la revendication 13, dans lequel la fine poudre de silice
hydrophobe pr6sente une surface sp6cifique BET de 70 - 300 m2Ig, une
capacite de charge triboelectrique de -100 A -300 ,uC/g, et un degre
hydrophobe de 90 % ou plusvis-a-vbs d'une eau tralt6e par echange d'ions.
10 28. Proced6 solon la revendication 13, dans lequel ledit developpateur
magnetique presente une surface spb- cifique BET de 1,9 - 3,0 m2Ig. 29.
Procede selon la revendicatlbn 13, dans lequel le dbveloppateur magnetique
possede une almantation 15      remanente or de 2 - 4,5 emulg, une
almantation A saturation a. de 20 - 40 emu/g, et une force coercitive de 40
-100 6e. 30. Appareil de formation d'images, comportant: un element porteur
d'une Image electrostatique destine A supporter une Image electrostatique;
20           un elbment de support de toner destine A supporter un toner
magnbtique sur sa surface; des moyens destines A disposer l'616ment porteur
d'une image electrostatique et l'blement do sup- port de toner de manilre
qu'lls solent disposbs en opposition l'un a I'autre avec un ecartement
predeter- minb entre eux; et un blement destinb A reguler le toner
magnbtique afin de lul donner une epaisseur inf6rieure audit 25
6cartement; dans lequel l'e6iment de support de toner prbsente une surface
recouverte d'un film d'une resine phenolique contenant du carbon. et du
graphite dlectroconducteurs ; et le toner magnetique comprend un toner
magnbtique isolant A un constituant comportant au moins une resine servant
de Ilant et une ma- tiere magnbtique; et possede une capacite de chargq
triboelectrique de -20 a -35 giC/g et une dimension 30      moyenne en
volume de particules de 6 - 8 tim; ladito matiere magnetique comporte 50 %.
en nombre ou plus de particules magnetiques sph6ri- ques dont des surfaces
comprennent-sensiblement des surfaces courbes; ledit toner contlent 17 --60
% en nombre de particules de toner magn6tique ayant une dimension de Sium
ou moins, contient 5 - 50 % en nombre de particules de toner magnetique
ayant une dimension 95      de 6,35 - 10,08 pm, et contient 2,0 % en volume
ou moins de particules de toner magnitique ayant une dimension de 12,7 pim
ou plus; dans loquel les particules de toner magnetique ayant une dimension
de 5 tim ou moins presentbnt une distribution de dimensions de particules
satisfaisant la formule sulvante: N/V = -0,05N + k dans laquelle N d6signe
le pourcentage en nombre de particules de toner magnetique ayant une dimem-
40      slon de 5 tim ou molns, V designe le pourcentage en volume de
particules de toner magnetique ayant une dimension de 5 tim ou moins, k
designe un nombre positif de-4,6 - 6,7, et N d6signe un nombre positif de
17 A 60 ; et le toner magnetique etant melange A une fine poudre de silice
hydrophobe pour former un developpatbur selon la revendication 1. 45  31.
Apparell selon la revendicatlon 30, dans lequel le carbone
electroconducteur possbde une resistance electrique. de 0,5 ohmlcm ou
molns. 32. Appareil selon la revendication 30, dans lequel le carbone etle
graphite electroconducteurs sont contenus de facon a etablir un rapport en
poids de melange de 1/10 & 10011. 50 33. Apparell selon la revendication
30, dans lequel le carbon. et le graphite blectroconducteurs sont contenus
de fagon A etablir un rapport en polds de melange de 1/1 A 100/1. 34.
Appareil selon la revendication 30, dans lequel le mrlange du carbons et du
graphite leictroconducteurs 55      est contenu dans la rhsine phenolique
aOin d'6tablir un rapport en polds de melange de 1/3 a 211 entre 



eux. 35. Apparell selon la revendicaton 30, dans lequel l'el6ment de
supportde toner prisente une caracteristique 60    ElP 0 395 026 B1
I   Bill II 1  1 telle qu'il confire une charge triboelectrique n6gative au
toner magn6tique. 36. Appareil salon la revendication 30, dans lequel
I'Mlbment porteur d'une image 6lectrostatique comporte des moyens de
nettoyage et des moyens de charge. 5 37. Apparell selon la revendicatlon
30, dans lequel l6l6ment porteur d'une image 6lectroconductrice ou lI'616-
ment de support de toner comporte des moyens destin6s a appliquer une
polarisation alternative dans une position de dbveloppement. 10  38.
Appareil salon la revendication 30, dans loquel la fine poudre de silice
hydrophobe a 6t6 trait6e avec une hulle de silicone ou un vernis de
silicone. 39. Apparell solon la revendicatlon 30, dans lequel la fine
poudre de silice hydrophobe a 6te traitbe avec un agent de couplage du type
silane. 15 40. Appareli solon la revendication 30, dans lequel la fine
poudre de silice hydrophobe a etb tralt6e avec un agent de couplage du type
silane et une hulle de silicone. 41. Appareil solon la revendication 30,
dans lequel la fine poudre de sillice hydrophobe a bt6 traitee avec une 20
huile de silicone ayant une viscositb de 50 - 1000 centistokes a 25C. 42.
Appareil solon la revendication 30, dans loquei le toner magnbtique Isolant
possede une rbsistance 6leo- trique de 1014 ohms.cm ou plus, une
aimantatlon remanente ar de I - 5 emu/g, une almantatlon A satu-. ration as
de 15 - 50 emu/g, et une force coercitive de 20 - 100 Oe. 25 43. Apparell
solon la revendication 30, dans lequel le toner magn6tique isolant contient
un copolymere rbticulb du type styrene en tant quo rbsine servant de liant.
44. Appareil selon la revendication 30 dans lequel le toner magnbtique
isolant contient un polyester rbticulb 30      en tant quo resine servant
do liant. 45. Appareil solon la revendication 30, dans lequel la fine
poudre de silice hydrophobe est utilisbe en quantite de 0,7 - 1,4 partlb en
polds pour 100 parties en polds du toner magn6tique isolant. 35  46.
Apparell solon la revendlcation 30, dans lequel la fine poudre de silica
hydrophobe presente une surface ap6cifique BET de 70 - 300 nmlg, une
capacite de charge triboelectrique de -100 a -300 pCIg, et un degrb
hydrophobe de 90 % ou plus vis-A-via d'une eau trait6e par echange d'ions.
47. Apparell solon la revendication 30, dans lequel le developpateur
magnbtique prbsente une surface spb- 40      dflique BET de 1,9 - 3,0 m2/g.
48. Apparell selon la revendicatlon 30, dans lequel le developpateur
magn~tique possede une aimantation rbmanente ar de 2 - 4,5 emulg, une
aimantation a saturation a, de 20 - 40 emulg, et une force coercitive de
40-100 Oe. 45 50 55 61    




