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EP 0 429 682 A1

(& DEVELOPING APPARATUS.

@ A magnetic brush developing apparatus which comprises a nonmagnetic conductive cylindrical developer
transfer member and a magnetic roller having a plurality of magnetic poles and disposed inside the developer
transfer member, and which transfers the developer on the developer transfer member in accordance with the
magnetic field generated by the relative rotation of the transfer member and the roller, wherein the magnetic
roller consists of a magnet having a maximum energy product of at least 4 MGOe. It becomes possible to use a
fine developer containing a small quantity of magnetic powder and to develop a high quality, full-line color
image.
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DEVELOPING DEVICE

FIELD OF THE INVENTION

This invention relates to image recording devices which use an electrophotographic process, and more
particularly it relates to developing devices for developing electrostatic latent images formed on a latent
image carrier.

BACKGROUND OF THE INVENTION

In commonly known magnetic brush developing devices (one-component magnetic brushes and two-
component magnetic brushes) of the prior art, a magnetic roller magnetized with a plurality of magnetic
poles is positioned inside a rotating, non-magnetic, conductive, cylindrical developer transport member (also
called a developer sleeve) typically made from stainless steel, aluminum or brass, and the developer being
held on the developer transport member is fransported according to the magnetic field generated by the
relative rotation of developer transport member and the magnetic roller. In developing devices of the prior
art, a ferrite magnet is used as the magnetic roller. Also, the so-called one-component magnetic developers
and two-component magnetic developers are used as the developer in these kind of prior art developing
devices.

One-component magnetic developers comprise toner particles made up of a coloring component, which
is non-magnetic itself, containing a magnetic powder. In the prior art, this magnetic powder was contained
in a percent weight of approximately 50%. In image forming devices, increased resolution is desired, and
therefore the particle diameter of developers is becoming smaller, resulting in developer particles with
smaller volumetric magnetic quantities.

However, in developing devices of the prior art, the magnetic force formed by the magnetic roller is not
sufficiently strong, and therefore developer particles with small volumetric magnetic quantities cannot be
securely restrained on the transport member, thus resulting in the appearance of background. When the
magnetic powder content is increased, the electrical characteristic of the developer becomes insufficient
and the image density becomes insufficient. Further, since the light transmittance of the magnetic powder is
low, it is difficult to make a developer that is a subtractive color mix.

In so-called "two-component magnetic developers,” the carrier, which is the magnetic particles that do
not form the image, is not held on the developer transport member with sufficient restraint since the
magnetic field formed by the magnstic roller is not sufficiently strong, and therefore the carrier is consumed
when images are formed and the mix ratio of the carrier and toner, which must remain constant, changes.
As a result, the amount of toner transported or the charge of the toner varies greatly, and this causes
deterioration of image quality such as uneven or lower image density. In order to solve these problems,
methods such as periodically completely cleaning the developing device to remove the developer and then
replenishing with new developer, continually measuring the carrier and toner mix ratio and supplying carrier
as required to maintain the mix ratio constant, and providing a mechanism For narrowing the carrier existing
space to prevent the carrier from dissipating the out of the developing device. However, these methods
increase running costs and increase the complexity and size of the device.

SUMMARY OF THE INVENTION

The present invention is intended to solve the above problems.

That is, the purpose is to offer a developing device capable of yielding sharp, high-density images even
when a one-component magnetic developer is used which has a small amount of magnetic powder and a
low magnetic characteristic.

The purpose of the invention is to offer a developing device which permits the use of a developer with a
reduced amount of magnetic powder; i.e., a composition whose electrical characteristic is not easily affected
by the magnetic powder, and with stabilized frictional electrification and charge injection characteristics,
whereby a consistent image density is yielded.

Another purpose of the invention is to offer a developing device which permits the use of developers
with a small particle diameter, whereby good area gradation is obtained in addition to the formation of high-
resolution images.

Another purpose of the invention is offer a developing device capable of using developers with a
reduced amount of magnetic powder; i.e., developers that permit subtractive color mixture with improved
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light transmittance.

Another purpose of the invention is to offer a developing device capable of using developers that permit
subtractive color mixture; i.e., a developing device capable of accommodating full-color image formation
devices.

Another purpose is fo offer a developing device wherein the carrier of two-component magnetic
developers is strongly retained on the developer transport member so that carrier consumption is smail
during image formation and the carrier and toner mix ratio can be maintained constant, whereby high
quality images can be consistently formed over long periods.

Therefore, the invention is a magnetic brush developing device comprising a non-magnetic, conductive
cylindrical developer transport member and a magnetic roller mounted inside the developer transport
member and magnetized with a plurality of magnetic poles, wherein the developer on the developer
transport member is transported according to the magnetic field generated by the relative rotation of the
transport member and the magnetic roller, and the magnetic roller is made from a magnet with a maximum
energy product of 4 MGOe or greater.

By means of the developing device of the invention, developers with a small particle diameter can be
used to facilitate high resolution and good gradation and with a low magnetic powder content to facilitate
coloration and stable toner characteristics (charging, fixing, etc.).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1, FIG. 5 and FIG. 6 are generalized cross sections of an image formation device equipped with the
developing device of the invention;
FIG. 2 is a graph depicting the correlation between the magnetic powder content of the developer and
the image density measured when magnetic rollers with differing energy products are used;
FIG. 3 is a graph depicting the correlation between the magnetic powder content of the developer and
the background image density (appearance of background) measured when magnetic rollers with
differing energy products are used; and
FIG. 4 is a graph depicting the correlation between the magnet thickness of the magnetic roller and the
magnetic flux density.

DETAILED DESCRIPTION OF THE INVENTION

Developing Device

The developing device of the invention relates to the improvement of magnetic brush developing
devices comprising a non-magnetic, conductive cylindrical developer transport member and a magnetic
roller mounted inside the developer transport member and magnetized with a plurality of magnetic poles,
wherein the developer on the developer transport member is transporied according to the magnetic field
generated by the relative rotation of the transport member and the magnetic roller.

FIG. 1 is a cross section of an image formation device including the developing device of an
embodiment of the invention. Using this figure, the fundamental principle of the image formation device and
developing device is explained briefly below. The latent image carrier 1 is a conductive support member 2
on which an organic or inorganic photosensitive layer 3 having photoconductivity has been applied. After
the photosensitive layer 3 is charged to the prescribed voliage by a corona charger or other type of charger
4, the light emitted from the light source 5 is scanned using a rotating polygon mirror (not shown in figure)
according to the desired image and is then selectively irradiated on the photosensitive layer 3 by the
imaging optical system 6, whereby potential contrasts are obtained on the photosensitive layer 3 and an
electrostatic latent image is formed on the latent image carrier 1. The developing device 7 comprises the
non-magnetic, conductive developer transport member 16 and the cylindrical magnetic roller 8 magnetized
with a plurality of magnetic poles in the radial direction and mounted inside the transport member 16 with a
space between them in a configuration which allows the transport member 16 and the magnstic roller 9 to
rotate relative to each other. In the developing device 7, the developer 8 is transported according to the
magnetic field generated by the relative rotation of the developer transport member 16 and the magnetic
roller 9, at which time the developer becomes charged by the contact between developer and developer or
between toner particles and carrier particles. When the developer 8 comes to the point where the latent
image carrier 1 and the developer transport member 16 come near each other, i.e., the developing gap, the
developer 8 adheres to the latent image carrier 1 according to the potential of the electrostatic latent image
on the latent image carrier 1 and the bias voltage of the developing bias voltage application means 10, and
the electrostatic latent image is manifested. The developer 8 which manifests the electrostatic latent image
is transferred to the recording paper 15 by the transfer device 14 which uses corona discharge, an electric
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field, pressure or adhesion and is fixed to the recording paper 15 by a heating or pressurizing means. As a
result, the desired image is obtained on the recording paper 15.

Magnetic Roller

The developing device of the invention is a so-called magnetic brush developing device as described
above, and it is distinguished by a magnetic roller made from a magnet with a maximum energy product of
4 MGOe or greater.

When the maximum energy product of the magnetic roller is greater than 4 MGOe, the toner particle
diameter can be made smaller in one-component magnetic developers and the magnetic powder content
can be made lower as is demonstrated in the embodiments described below. In two-component magnetic
developers, consumption of carrier particles can be almost completely eliminated during developing.

Here, any magnetic substance can be used as the magnetic roller in the developing device of the
invention as long as its maximum energy product is 4 MGOe or greater, but it is desirable to use a
magnetic substance containing a rare earth magnet.

Here, a rare earth magnet refers to a magnet containing one or more rare earth elements (i.e., so-called
lanthanoid elements from cerium to lutetium, including lanthanum, yttrium and scandium).

Examples of magnetic substances that can be used in the magnetic roller include those disclosed in
Japanese Laid-Open Patent Publications Nos. 60-194503 and 63-289807.

Specific examples of desirable rare earth magnets include those containing at least one of the rare
earth elements from cerium to lutetium and more desirably neodymium, praseodymium or samarium and at
least one transition metal and more desirably iron, nickel or cobalt. A rare earth magnet containing the
typical intermetallic compound Nd-Fe-B is desirable. Further, RGo5 and R2Co17 (where R indicates at least
one rare earth element) are desirable examples, particularly where R is samarium. Other desirable
examples contain rare earth magnets with a composition described by the following equation.

LTn

(In the equation, L indicates yitrium or a lanthanoid element, T indicates a transition metal, and n can be a
number from 4.6 to 8.8)

These magnets are formed into magnetic rollers by appropriate methods. For example, they are formed
as roller-shaped sintered bodies or the powders of these magnets are diffused in a resin, etc., and molded
into a roller shape by extraction, injection or compression. In the specific production methods for magnets,
methods disclosed in the publications noted above can be used. As described below, since a magnetic
roller with a hollow structure is used, extraction molding is particularly advantageous as a molding method.

In the molding process, the magnetic material can be positioned in a magnetic field in order to orient
the magnetic particles in the optimum direction for magnetization. Also, known methods can be used to
magnetize the magnetic roller with a plurality of magnetic poles.

Further, a magnetized magnetic substance can be attached to a roller shaped material to form the
magnetic roller.

It is desirable that the magnetic roller of the developing device of the invention have a hollow,
cylindrical shape. Particularly when a magnetic roller containing a rare earth magnet is used, a magnetic
roller can be obtained having a large magnetic flux density as compared to ferrite magnets of the prior art
even if the magnet is thin, as described in embodiment below. By using a hollow cylindrical shape, the
magnetic roller is not only compact and lightweight and extremely easy to install and remove, the moment
of inertia when the magnetic roller is rotated is small, and therefore it can be rotated quickly, there is no
rotational fluctuation when rotated either fast or slow, and the torque required for rotation is small. When a
hollow, cylindrical magnetic roller is used, it is desirable to provide a support member 13 on the inside as
shown in FIG. 1. This support member should be made from a soft magnetic material to obtain the
maximum flux on the magnetic roller surface. When the outside diameter of the magnet is to 28mm, it
should be a hollow, cylindrical shape with a thickness of 0.5mm to 5mm. Further, the magnetic roller of the
developing device of the invention should have 6 to 20 magnetic poles.

Developer

The so-called one-component magnetic developers and two-component magnetic developers can be
used in the developing device of the invention.



10

15

20

25

30

35

40

45

50

55

EP 0 429 682 A1l

Here, one-component developers refer to developers having toner particles that are conductive and
magnetic. When a one-component magnetic developer is used in the developing device of the invention,
the number average particle diameter for the particles can be made less than 10 um, thus facilitating high
resolution. Also, the volume magnetic susceptibility is decreased when the particles are made smaller, but
since the magnetic field generated by the magnetic roller is sufficiently large, the magnetic powder content
of the developer particles need not be increased and may even be decreased. For example, in addition to
developers with a magnetic powder content of 40 wi%, which could not be transported in prior art
developing devices, one-component magnetic developers with a content of less than 20 wt% and in some
cases 5 to 10 wi% can be used.

As a result of reducing the magnetic substance content in one-component magnetic developers, it was
unexpectedly discovered that the temperature for fixing transfer fo the recording paper could be reduced.
For example, a fixing transfer temperature of about 170° C is currently required for a developer with a
magnetic powder content of 50 wt%, but a developer with a low magnetic powder content can be fixed
transferred at a temperature below 140° C. As a result, the power consumption of the developing device can
be decreased and deterioration of component materials can be prevented.

Further, as a result of being able to reduce the magnetic powder content, which was the greatest cause
of color turbidity, in subtractive color mixture colorants, it is possible to form high resolution images with
little color turbidity and excellent gradation.

Two-component magnetic developers are made up of toner which comprises conductive, but non-
magnetic, colorant particles that form the image and magnetic particles which do not form the image. The
carrier particles in these two-component magnetic developers are retained on the developer transport
member with sufficient strength, and so almost no carrier is consumed in the formation of images.
Therefore, it becomes possible to maintain the carrier and toner mix ratio constant, thus making it possible
to form consistently high quality images over long periods.

In addition, the developing device of the invention makes it possible to use a 1.5-component or pseudo
two-component developer in which carrier or another substance for improving the developing characteristic
has been added to a one~-component developer.

Developer Transport Regulating Member

As shown in FIG. 1, the developing device of the invention may be provided with a developer transport
regulating member 11 mounted so it has a fixed gap between it and the developer transport member 16. In
the invention, this transport regulating member 11 is made from a magnetic substance. As explained below,
since it is desirable that this regulating member 11 generate a strong magnetic field, it should be made
from a rare earth magnet. The rare earth magnet may be the same as that used in the magnetic roller.

When a transport regulating member 11 made from a magnetic substance is mounted near the
developer transport member 18, a line of magnetic force is formed between the regulating member 11 and
the developer transport member 16, and this magnetic force strongly agitates the developer. As a result,
cohesion to the developer transport member 16 is inhibited, and the agitation increases the contact friction
of the developer so the developer receives a sufficient charge, thus stabilizing its developing characteristic.
Further, the agitation by this magnetic force makes it possible to form the developer into a thin, uniform
layer. Since the amount of developer is not regulated physically as by prior art fransport regulating
members, the developer can be formed into a sufficiently uniform thin layer without a highly precise gap
(also called a "doctor gap") between the regulating member 11 and the fransport member 16. By being
able to form the developer on the transport member 186 into a thin layer, excess developer is not supplied to
the developing position on the latent image carrier 1 even if the gap between the transport member 16 and
the latent image carrier 1 is made narrow. As a result, developing becomes possible even when the
developing bias is small. Also, when the developing gap is narrow, the interaction between the latent image
pattern formed on the latent image carrier 1 and the developer is enhanced, whereby a finer latent image
pattern can be developed for higher resolution developing.

Operation of the Developing Device

Like magnetic brush developing devices of the prior art, the developing device of the invention can be
used in image recording devices and can be operated in nearly the same manner as the prior art devices.
That is, since the developer is transported during developing by the magnetic field generated by the relative
rotating action of the magnetic roller and the developer transport member, both may be rotated or one may
be fixed and the other rotated.
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Since the magnetic field generated by the magnetic roller in the developer device of the invention is
strong, sufficient developer to facilitate developing can be transported by the rotation of only the magnetic
roller. The rotation drive system for developer transport need only be provided for the magnetic roller, thus
making it possible to simplify the configuration.

The developing device of the invention is further described below with actual embodiments.

Embodiment 1

Magnets with the following compositions were produced with a hollow structure having an outside
diameter of 18 mm and an inside diameter of 14 mm.
Magnet A (sintered isotropic ferrite magnet):
Composition:

SrO‘SFeios

Maximum energy product: 1 MGOe
Magnet B (exiraction-molded isotropic neodymium magnet)
Composition:

Nd |, Ferzg Cots Bs g

Maximum energy product: 4 MGOe
Magnet C (extraction-molded samarium-cobalt magnet)
Composition:

S, (CobatCuo.08Tre0.22 Zr0023)8:35

Maximum energy product: 10 MGOe
Magnet D (extraction-molded sintered samarium-cobalt magnet)
Composition:

sz(Coo.s F‘eO'I)I'Y

Maximum energy product: 27 MGOe

We formed images using the above magnets as the magnetic rollers of developing devices such as that
shown in FIG. 1. We used developers made up of ferrite particles as the magnetic powder, carbon black
and other additives mixed with a styrene acrylic resin. We varied the content of the ferrite particles and
measured the image density and background image density (appearance of background). The results are
shown in FIG. 2 and FIG. 3.

An OD value of 1.2 or greater was obtained for the image density of solid images for all magnets Ato D
by adjusting the developing bias voltage. However, when the magnetic powder content of the developer was
30 wi% or less, the magnetic brush could not be easily formed with magnet A and developing could not be
performed. When the magnetic powder content exceeded 40 wi% with magnets B and C, however, the
magnetic brush became inflexible, resulting in hard images with streaks, but good images could be formed
with contents ranging from below 40 wt% to very low.

The background image density was hardly affected by any adjustments in the developing bias voltage,
but it was markedly dependent on the maximum energy product of the magnetic roller when the magnetic
powder content of the developer dropped below 40 wi%. The adherence of a large amount of developer to
the background (appearance of background) occurred with magnet A, but images with little appearance of
background could be formed with magnets B to D even with magnetic powder contents of less than 20
wit%.
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Embodiment 2

Magnets with the following compositions were produced with a hollow structure having an outside
diameter of 18 mm and a thickness ranging from 0.5 to 5mm.
Nd-Fe-B magnet (extraction molded)
Composition:

Ndi2 Ferr.e Cog.3 Bs g

Sr-Fe magnet (sintered and machined molded)
Composition:

Sr0-6Pe202

These magnetic rollers were inserted in sleeves made from Stainless Steel and having an outside
diameter of 20 mm, and the peak magnetic flux density was measured on the surface of the sleeve. The
results are shown in FIG. 4.

According to FIG. 4, rare earth magnets have a large magnetic flux density even when in a thin, hollow
cylindrical shape.

Unless stated otherwise, the magnetic rollers 9 in the following embodiments and comparison examples
had an outside diameter of 18 mm and were 2 mm thick and the developer transport members 16 had an
outside diameter of 20 mm.

Embodiment 3

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from an
injection-molded rare earth samarium-cobalt magnet (composition:

Gon( Cobal Caoos Feo.22 2008,

) with a maximum energy product of 4 MGOe. A one-component magnetic developer made up of 30 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wt% carbon black, and 1 wi% other additives mixed
with a styrene acrylic resin and having a number average particle diameter of 8 um and saturation
magnetization of 26 emu/g was used as the developer 8. Images were formed by impressing a developing
bias voltage of -500 V to develop the images and transferring and fixing the images to regular paper. An
adequate magnetic brush for transport of developer 8 was formed on the developer transport member 186,
high contrast images were obtained with a maximum OD value of 1.5 and no appearance of background, a
high 600 DPI resolution was obtained which was capable of accurately forming characters as small as 3
points, and an area gradation of 64 levels was obtained in picture elements as small as 0.5 mm square.

Embodiment 4

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
compression-molded rare earth samarium-cobalt magnet (composition:

Sim (Cobal Cup.og Feo2z Fepaz ZYMZS’)R 33

) with a maximum energy product of 10 MGQOe. A one-component magnetic developer made up of 20 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wt% carbon black, and 1 wi% other additives mixed
with a polyester resin and having a number average particle diameter of 8 pm and saturation magnetization
of 18 emu/g was used as the developer 8. Images were formed by impressing a developing bias voltage of
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-500 V to develop the images and transferring and fixing the images to regular paper. An adequate
magnetic brush for transport of developer 8 was formed on the developer transport member 16, high
contrast images were obtained with a maximum OD value of 1.5 and no appearance of background, a high
600 DPI resolution was obtained which was capable of accurately forming characters as small as 3 points,
and an area gradation of 100 levels was obtained in picture elements as small as 0.5 mm square.

Embodiment 5

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from an
extraction-molded rare earth praseodymium magnet (composition:

Prn Fe7&BsCul

) with a maximum energy product of 10 MGOe. A one-component magnetic developer made up of 20 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wt% carbon black, and 1 wi% other additives mixed
with a polyester resin and having a number average particle diameter of 5 pm and saturation magnetization
of 18 emu/g was used as the developer 8. Images were formed by impressing a developing bias voltage of
500 V to develop the images and transferring and fixing the images to regular paper. An adequate
magnetic brush for transport of developer 8 was formed on the developer iransport member 186, high
contrast images were obtained with a maximum OD value of 1.4 and no appearance of background, a high
600 DPI resolution was obtained which was capable of accurately forming characters as small as 3 points,
and an area gradation of 100 levels was obtained in picture elements as small as 0.5 mm square.

Embodiment 6

In a developing device such as that shown in FIG. 1, the magnetic roller 8 was configured from a cast
rare earth praseodymium magnet (composition:

Hn Fez.s BsCu/.§

) with @ maximum energy product of 27 MGOe. A one-component magnetic developer made up of 10 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wt% carbon black, and 1 wi% other additives mixed
with a polyester resin and having a number average particle diameter of 8 ym and saturation magnetization
of 9 emu/g was used as the developer 8. Images were formed by impressing a developing bias voltage of
-400 V to develop the images and transferring and fixing the images to regular paper. An adequate
magnetic brush for transport of developer 8 was formed on the developer transport member 186, high
contrast images were obtained with a maximum OD value of 1.4 and no appearance of background, a high
600 DPI resolution was obtained which was capable of accuraiely forming characters as small as 3 points,
and an area gradation of 100 levels was obtained in picture elements as small as 0.5 mm square.

Embodiment 7

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
sintered rare earth neodymium-iron magnet (composition:

Ne 12 Perr.e Coy 3 Bs.9

) with a maximum_energy product of 27 MGOe. A one-component magnetic developer made up of 10 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wit% carbon black, and 1 wi% other additives mixed
with a polyester resin and having a number average particle diameter of 8 xm and saturation magnetization
of 9 emu/g was used as the developer 8. Images were formed by impressing a developing bias voltage of
-400 V to develop the images and transferring and fixing the images to regular paper. An adequate
magnetic brush for transport of developer 8 was formed on the developer transport member 16, high
conirast images were obtained with a maximum OD value of 1.4 and no appearance of background, a high
600 DPI resolution was obtained which was capable of accurately forming characters as small as 3 points,
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and an area gradation of 100 levels was obtained in picture elements as small as 0.5 mm square.
Comparison Example 1

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
sintered isotropic ferrite magnet (composition:

Sr0-6Fe203

) with @ maximum energy product of 1 MGOe. A one-component magnetic developer made up of 30 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wt% carbon black, and 1 wt% other additives mixed
with a polyester resin and having a number average particle diameter of 8 pm and saturation magnetization
of 26 emu/g was used as the developer 8. Images were formed by impressing a developing bias voltage of
-400 V to develop the images and fransferring and fixing the images to regular paper. A magnetic brush
was formed on the developer transport member 16, and high-density solid images with a maximum OD
value of 1.5 were obtained, but they were of low quality with an excessive appearance of background.

Comparison Example 2

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
sintered isotropic ferrite magnet (composition:

Sr0-6Te203

} with a maximum energy product of 1 MGOe. A one-component magnetic developer made up of 50 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wi% carbon black, and 1 wt% other additives mixed
with a polyester resin and having a number average particle diameter of 8 pm and saturation magnetization
of 44 emu/g was used as the developer 8. Images were formed by impressing a developing bias voltage of
-500 V to develop the images and transferring and fixing the images to regular paper. A magnetic brush
was formed on the developer transport member 16, and high-density solid images with a maximum OD
value of 1.5 and no appearance of background were obtained, but the resolution was limited to 300 DPI and
sufficient area gradation could not be achieved.

Comparison Example 3

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
sintered isotropic ferrite magnet (composition:

5+0-6Fe203

) with @ maximum energy product of 1 MGOe. A one-component magnetic developer made up of 50 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wi% carbon black, and 1 wt% other additives mixed
with a polyester resin and having a number average particle diameter of 12 pm and saturation magnetization
of 44 emu/g was used as the developer 8. Images were formed by impressing a developing bias voltage of
-500 V to develop the images and fransferring and fixing the images to regular paper. A magnetic brush
was formed on the developer transport member 16, and only low-density solid images with a maximum OD
value of 1.1 could be obtained.

Comparison Example 4

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
sintered samarium-cobalt magnet (composition:

SmaCoos-Fesa)i
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) with a maximum energy product of 27 MGOe. A one-component magnetic developer made up of 50 wi%
ferrite particles (saturation magnetization: 88 emu/g), 4 wit% carbon black, and 1 wt% other additives mixed
with a polyester resin and having a number average particle diameter of 8 um and saturation magnetization
of 44 emu/g was used as the developer 8. When images were formed by impressing a developing bias
voltage of -500 V to develop the images and transferring and fixing the images to regular paper, an
inflexible magnetic brush was formed on the developer transport member 16, and only low-density solid
images with OD values varying markedly around 0.5 could be obtained.

Embodiment 8

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from an
injection-molded rare earth samarium-cobalt magnet (composition:

Sin(Cobal Cuo oSPaoa:Zroon) 2.3

) with a maximum energy product of 6 MGOe. A one-component magnetic developer made up of 30 wt%
ferrite particles (saturation magnetization: 88 emu/g) with good light transmittance, 4 wi% yellow colorant,
and 1 wt% other additives mixed with a polyester resin and having a number average particle diameter of 6
pm and saturation magnetization of 26 emu/g was used as the developer 8. Images were formed by
impressing a developing bias voltage of -450 V to develop the images and transferring and fixing the
images to regular paper. A magnetic brush of yellow developer was formed on the developer transport
member 16, high contrast images were obtained with a maximum OD value of 1.5, little turbidity and no
appearance of background, and an area gradation of 100 levels was obtained in picture elements as small
as 0.5 mm square.

Embodiment 9

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from an
injection-moided rare earth samarium-cobalt magnet (composition:

Sn( Coba! CuoozFeo.22 Zro.ozz) 335

) with a maximum energy product of 8 MGQOe. A one-component magnetic developer made up of 30 wi%
ferrite particles (saturation magnetization: 88 emu/g) with good light transmittance, 4 wt% magenta colorant,
and 1 wi% other additives mixed with a polyester resin and having a number average particle diameter of 6
gm and saturation magnetization of 26 emu/g was used as the developer 8. Images were formed by
impressing a developing bias voltage of -450 V to develop the images and transferring and fixing the
images to regular paper. A magnetic brush of magenta developer was formed on the developer transport
member 16, high contrast images were obtained with a maximum OD value of 1.5, little turbidity and no
appearance of background, and an area gradation of 100 levels was obtained in picture elements as small
as 0.5 mm square.

Embodiment 10

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from an
injection-molded rare earth samarium-cobalt magnet (composition:

Sm(Cobo! Cuoo8 Feo.22 Zrooat o3

) with a maximum energy product of 6 MGQOe. A one-component magnetic developer made up of 30 wi%
ferrite particles (saturation magnetization: 88 emu/g) with good light transmittance, 4 wt% cyan colorant, and
1 wt% other additives mixed with a polyester resin and having a number average particle diameter of 6 xm
and saturation magnetization of 26 emu/g was used as the developer 8. Images were formed by impressing
a developing bias voltage of -450 V to develop the images and transferring and fixing the images to regular
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paper. A magnetic brush of cyan developer was formed on the developer transport member 16, high
contrast images were obtained with a maximum OD value of 1.5, little turbidity and no appearance of
background, and an area gradation of 100 levels was obtained in picture elements as small as 0.5 mm
square.

Embodiment 11

A number of developing devices such as that shown in FIG. 1 were prepared wherein the magnetic
roller @ was configured from an injection-molded rare earth samarium-cobalt magnet (composition:

Sm(Cobal Cu .08 Fe0.22 Fro.22) 8.35

) with a maximum energy product of 8 MGOe. Full-color images were formed using the yellow developer of
embodiment 8, the magenta developer of embodiment 9 and the cyan developer of embodiment 10. As a
result, full-color images were obtained with a maximum OD value of 1.5, some turbidity, no appearance of
background, and a high 64 levels of gradation for each color.

Embodiment 12

A number of developing devices such as that shown in FIG. 1 were prepared wherein the magnetic
roller 9 was configured from a sintered rare earth neodymium-iron magnet (composition:

Nd2Fe778Cos3Bs.9

} with a maximum energy product of 28 MGQe. Yellow, magenta and cyan one-component magnetic
developers made up of 10 wi% ferrite particles (saturation magnetization: 88 emu/g) with good light
transmittance, 4 wit% yellow, magenia or cyan colorant, respectively, and 1 wi% other additives mixed with
a polyester resin and having a number average particle diameter of 6 xm and saturation magnetization of 9
emu/g were used as the developers. Images were formed by impressing a developing bias voltage of -400
V to develop the images and transferring and fixing the images to regular paper. A magnetic brush of each
of the developers was formed on the developer transport member 16, and full-color images were obtained
with a maximum OD value of 1.5, little turbidity, no appearance of background, and a high gradation for
each color.

Comparison Example 5

A number of developing devices such as that shown in FIG. 1 were prepared wherein the magnetic
roller 9 was configured from a sintered isotropic ferrite magnet (composition:

SrO'GF@ 20z

} with a maximum energy product of 1 MGOQOe. Yellow, magenta and cyan one-component magnetic
developers made up of 50 wit% ferrite particles (saturation magnetization: 88 emu/g) with good light
transmittance, 4 wit% yellow, magenta and cyan colorant, respectively, and 1 wi% other additives mixed
with a polyester resin and having a number average particle diameter of 6 ym and saturation magnetization
of 44 emu/g were used as the developers. Each of the color developers had turbidity, and when these
developers were used to form images by impressing a developing bias voltage of -500 V to develop the
images and transferring and fixing the images to regular paper, a magnetic brush was formed on the
developer transport member 16, and high-density solid images were obtained with a maximum OD value of
1.5, but they had almost no gradation and were dark and of low quality.

Embodiment B1

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from an
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injection-molded samarium-cobalt magnet (composition:

Sm.(CobalCuo.08 Feo-22 Zr0.028) 2.3%

) with a maximum energy product of 6 MGOs. Images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a styrene acrylic resin and colorant and a carrier B
made up of ferrite magnetic particles to develop the images and then transferring and fixing them to regular
paper. Images equivalent to 10 000 regular A4-size sheets were continuously formed, but the images
obtained were of the same high resolution and high quality as the first sheet. Also, no decrease in carrier
was observed.

Embodiment B2

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
compression-molded samarium-cobalt magnet (composition:

S (Cobat CuoosTe 0.2 Zro.m) 535

) with a maximum energy product of 10 MGOe. Images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a polyester resin and colorant and a carrier B made up
of ferrite magnetic particles to develop the images and then transferring and fixing them to regular paper.
Images equivalent to 30 000 regular Ad-size sheets were continuously formed, but the images obtained
were of the same high resolution and high quality as the first sheet. Also, no decrease in carrier was
observed.

Embodiment B3

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from an
extraction-molded praseodymium magnet (composition:

B-17 Fes:s Bs Cuts

) with a maximum energy product of 8 MGOe. Images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a polyester resin and colorant and a carrier B made up
of ferrite magnetic particles to develop the images and then transferring and fixing them to regular paper.
Images equivalent to 30 000 regular Ad-size sheets were continuously formed, but the images obtained
were of the same high resolution and high quality as the first sheet. Also, no decrease in carrier was
observed.

Embodiment B4

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a cast
praseodymium magnet (composition:

Pri7Besss Bs Culs

) with a maximum energy product of 28 MGOe. Images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a polyester resin and colorant and a carrier B made up
of ferrite magnetic particles to develop the images and then transferring and fixing them to regular paper.
Images equivalent to 50 000 regular Ad-size sheets were continuously formed, but the images obtained
were of the same high resolution and high quality as the first sheet. Also, no decrease in carrier was
observed.
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Embodiment B5

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
sintered neodymium-iron magnet (composition:

Nd2Fe77.8Coa.3Bs7

) with a maximum energy product of 27 MGOe. Images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a styrene acrylic resin and colorant and a carrier B
made up of ferrite magnetic particles to develop the images and then transferring and fixing them to regular
paper. Images equivalent to 10 000 regular A4-size sheets were continuously formed, but the images
obtained were of the same high resolution and high quality as the first sheet. Also, no decrease in carrier
was observed.

Comparison Example B1

In a developing device such as that shown in FIG. 1, the magnstic roller 9 was configured from a
sintered isotropic ferrite magnet composition:

Sr0-6Fe2 03

) with a maximum energy product of 1 MGOe. images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a styrene acrylic resin and colorant and a carrier B
made up of ferrite magnetic particles to develop the images and then fransferring and fixing them to regular
paper. Images equivalent to 10 000 regular A4-size sheets were continuously formed, but uneven image
density gradually became marked and a deterioration of image quality such as blurring was observed in the
images obtained. Also, a decrease in carrier was observed.

Embodiment B6

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
compression-molded samarium-cobalt magnet (composition:

Sm(CobatCup.o8 Feo.22 Bro.028)8.3§

) with a maximum energy product of 10 MGOe. Images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a polyester resin and colorant and a carrier B made up
of ferrite magnetic particles (resin diffused) to develop the images and then transferring and fixing them to
regular paper. Images equivalent to 20 000 regular A4-size sheets were continuously formed, but the
images obtained were of the same high resolution and high quality as the first sheet. Also, no decrease in
carrier was observed.

Embodiment B7

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a cast
praseodymium magnet (composition:

Pr17 Fezs s Bs Cul.$

) with @ maximum energy product of 28 MGOe. Images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a polyester resin and colorant and a carrier B made up
of ferrite magnetic particles (resin diffused) to develop the images and then transferring and fixing them to
regular paper. Images equivalent to 50 000 regular A4-size sheets were continuously formed, but the
images obtained were of the same high resolution and high quality as the first sheet. Also, no decrease in
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carrier was observed.
Comparison Example B2

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
sintered isotropic ferrite magnet (composition:

Sr0-6Fe20s

) with a maximum energy product of 1 MGOe. Images were formed by using a two-component magnetic
developer comprising a toner A made up mainly of a polyester resin and colorant and a carrier B made up
of ferrite magnetic particles (resin diffused) to develop the images and then fransferring and fixing them to
regular paper. Images equivalent to 5 000 regular Ad-size sheets were continuously formed, but uneven
image density gradually became marked and a deterioration of image quality such as blurring was observed
in the images obtained. Also, a decrease in carrier was observed.

Embodiment B8

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
compression-molded samarium-cobalt magnet (composition:

Sm(CobaiCuo.08 Feo.22 Bro029) s 35

) with a maximum energy product of 9 MGOe. Images were formed by using a so-called 1.5-component
magnetic developer comprising a carrier B made up of ferrite magnetic particles mixed with a one-
component developer which was a magnetic toner A made up mainly of a polyester resin, colorant and
ferrite particles to develop the images and then transferring and fixing them to regular paper. Images
equivalent to 30 000 regular Ad-size sheets were continuously formed, but the images obtained were of the
same high resolution and high quality as the first sheet. Also, no decrease in carrier was observed.

Embodiment B9

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a cast
praseodymium magnet (composition:

Pri7FezssBsCulks

) with a maximum energy product of 28 MGOe. Images were formed by using a so-called 1.5-component
magnetic developer comprising a carrier B made up of ferrite magnetic particles mixed with a one-
component developer which was a toner A made up mainly of a polyester resin and colorant to develop the
images and then transferring and fixing them to regular paper. Images equivalent to 60 000 regular Ad-size
sheets were continuously formed, but the images obtained were of the same high resolution and high
quality as the first sheet. Also, no decrease in carrier was observed.

Comparison Example B3

In a developing device such as that shown in FIG. 1, the magnetic roller 9 was configured from a
sintered isotropic ferrite magnet (composition:

Sr(-bFez203

) with a maximum energy product of 1 MGOe. Images were formed by using a so-called 1.5-component
magnetic developer comprising a carrier B made up of ferrite magnetic particles mixed with a one-
component developer which was a toner A made up mainly of a polyester resin and colorant to develop the
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images and then transferring and fixing them fo regular paper. Images equivalent to 20 000 regular A4-size
sheets were continuously formed, but uneven image density gradually became marked and a deterioration
of image quality such as blurring was observed in the images obtained. Also, a decrease in carrier was
observed.

Embodiment C1

In a developing device such as that shown in FIG. 5, the magnetic roller 9 was configured from an
injection-molded samarium-cobalt magnet {composition:

S (Cobal Cuo.08 Fieo.22Zro.02¢) .25

), and sufficient developer supply on the developer fransport member was achieved even when the magnet
was divided up into 12 magnetic poles. When the magnetic roller 9 was rotated at 1 000 rpm with the
developer transport member 16 in a fixed position, movement of the developer by the rotation of the
magnetic brush occurred on the developer transport member and an amount of developer sufficient for
developing was carried to the developing position so satisfactory developing could be performed.

When a one-component magnetic developer was piaced in the reservoir 10 and 10 000 images were
formed on recording paper using the above configuration, no cohesion of developer on the developer
transport member 16 was observed and images could be formed with consistent recording density and
reproduction of fine lines.

Comparison Example C1

Images were formed using the same configuration as that in embodiment 1 except that a ferrite magnet
was used as the magnetic roller 9.

When a one-component non-magnetic developer was piaced in the reservoir 10 and 10 000 images
were formed on recording paper using the above configuration, cohesion of developer on the developer
transport member 16 was observed and images could not be formed with consistent recording density and
reproduction of fine lines.

Embodiment C2

In a developing device such as that shown in FIG. 5, the magnetic roller @ was configured from an iron
pipe (soft magnetic support member 13) with an outside diameter of 16 mm inserted in an injection-molded
1-mm-thick samarium-cobalt magnet (composition:

Sn(Cobel Cuooz Feo 22 Ero02s ) §.35

) with an outside diameter of 18 mm, and the magnetic roller was divided up into 12 magnetic poles only
from the peripheral direction. Sufficient developer supply was achieved on the developer transport member
16. When the magnetic roller 9 was rotated at 1 000 rpm with the developer transport member 16 in a fixed
position, movement of the developer by the rotation of the magnetic brush occurred on the developer
transport member and an amount of developer sufficient for developing was carried to the developing
position so satisfactory developing could be performed.

When a one-component magnetic developer was placed in the reservoir 10 and 10 000 images were
formed on recording paper using the above configuration, no cohesion of developer on the developer
transport member 16 was observed and images could be formed with consistent recording density and
reproduction of fine lines.

Embodiment C3
Images were formed using a developing device with the same configuration as that in embodiment 1

except that the magnetic roller 9 was configured from a cast 2-mm-thick praseodymium magnet
(composition:
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) with an outside diameter of 18 mm. Sufficient developer supply was achieved on the developer transport
member 16 even when the magnet was divided up into 16 magnetic poles. When the magnetic roller 9 was
rotated at 1 000 rpm with the developer transport member 16 in a fixed position, movement of the
developer by the rotation of the magnetic brush occurred on the developer transport member and an
amount of developer sufficient for developing was carried to the developing position so satisfactory
developing could be performed. By dividing the magnetic roller 9 into 16 magnetic poles, the same effect is
achieved as when the magnetic roller is rotated quickly. Uneven developing due to compression of
developer on the developer transport member is inhibited by rotating the magnetic roller quickly or using
another magnetic pole arrangement.

When a one-component magnetic developer was placed in the reservoir 10 and 50 000 images were
formed on recording paper using the above configuration, no cohesion of developer on the developer
transport member 16 was observed and images could be formed with consistent recording density and
reproduction of fine lines.

Embodiment C4

Images were formed using a developing device with the same configuration as that in embodiment 1
except that the magnetic roller 9 was configured from a sintered 2-mm-thick neodymium magnet
(Composition:

Nd pFerrsCog.s Bs.9

) with an outside diameter of 18 mm. Sufficient developer supply was achieved on the developer transport
member 16 even when the magnet was divided up into 20 magnstic poles. When the magnetic roller 9 was
rotated at 1 000 rpm with the developer transport member 16 in a fixed position, movement of the
developer by the rotation of the magnetic brush occurred on the developer transport member and an
amount of developer sufficient for developing was carried to the developing position so satisfactory
developing could be performed.

When a one-component magnetic developer was placed in the reservoir 10 and 50 000 images were
formed on recording paper using the above configuration, no cohesion of developer on the developer
transport member 16 was observed and images could be formed with consistent recording density and
reproduction of fine lines.

Embodiment C5

Images were formed using a developing device with the same configuration as that in embodiment 4
except that the magnetic roller 9 was divided up into 40 magnetic poles and the magnetic roller 9 was
rotated at 300 rpm. Sufficient developer supply was achieved on the developer transport member even
when the magnet was divided up into 40 magnetic poles. When the magnetic roller was rotated at 300 rpm
with the developer transport member in a fixed position, movement of the developer by the rotation of the
magnetic brush occurred on the developer fransport member and an amount of developer sufficient for
developing was carried to the developing position so satisfactory developing could be performed.

When a one-component magnetic developer was placed in the reservoir 10 and 50 000 images were
formed on recording paper using the above configuration, no cohesion of developer on the developer
transport member 16 was observed and images could be formed with consistent recording density and
reproduction of fine lines.

Embodiment D1

In a developing device such as that shown in FIG. 5, the magnetic roller 9 was configured from an
injection-molded samarium-cobalt magnet (composition:

S (Cobal Cuo.oe Feo.22 Zro.025 )&‘35
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), and an iron magnetic developer transport regulating member 11 was positioned opposite the developer
transport member 16 with a doctor gap of 400 zm between them. The developer 8 was strongly agitated by
the magnetic field formed by the magnetic roller 9 and the iransport regulating member 11 where the
developer transport member 16 and the magnetic developer transport regulating member 11 were
positioned opposite each other, thus forming the developer layer into a thin layer.

When a one-component magnetic developer was placed in the reservoir 10 and 10 000 images were
formed on recording paper using the above configuration, no cohesion of developer on the developer
fransport member 16 was observed and images could be formed with consistent recording density and
reproduction of fine lines.

Comparison Example D1

Images were formed using a configuration like that in embodiment 1 except that a stainless steel
transport regulating member was positioned as the developer fransport regulating member 11.

When a one-component magnetic developer was placed in the reservoir 10 and 10 000 images were
formed on recording paper using the above configuration, cohesion of developer on the developer fransport
member 16 was observed, excess developer was supplied to the developing gap and images could not be
formed with consistent recording density and reproduction of fine lines.

APPLICABILITY TO INDUSTRY
The developing device of the present invention can be widely used in image recording means

employing an electrophotographic process, and more particularly it is widely applicable to developing
devices for printers, * copiers and facsimile machines.

FIG. 1

1 Latent image carrier
2 Conductive support member
3 Photosensitive layer

4 Charger 5 Light source 6 Imaging
optical system

7 Developing device 8 Developer
9 Magnetic roller
12 Magnet
13 Support member

10 Developing bias voltage application means

*If this word “copiers” is registered as trademark, please change it to the other word.
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11 Transport amount regulating member
14 Transfer device 15 Recording paper

16 Developer transport member

FIG. 2

Image density Magnetic powder content of developer
(wt%)

FIG. 3

Image density in background

Magnetic powder content of developer (wt%)

FIG. 4
Magnetic flux density (gauss) ¥1000
Magnet Thickness vs. Magnetic Flux Density
Magnet thickness (cm)
FIG. 5
1 Latent image carrier

2 - Conductive support member

3 Photosensitive layer

4 Charger 5 Light source 6 Imaging
optical system

7 Developing device 8 Developer
8 Magnetic roller
10 Developing bias voltage application means

11 Transport amount regulating member

14 Transfer device 15 Recording paper
18 Developer transport member 17 Reservoir
FIG. 6

1 Latent image carrier
2 Conductive support member
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3 Photosensitive layer

4 Charger 5 Light source 6 Imaging
optical system

7 Developing device 8 Developer
9 Magnetic roller
12 Magnet
13 Soft magnetic
support member
10 Developing bias voltage application means
11 Transport amount regulating member

14 Transfer device 15 Recording paper

16 Developer transport member 17 Reservoir

Claims

1.

A magnetic brush developing device comprising a non-magnetic, conductive cylindrical developer
transport member and a magnetic roller mounted inside the developer transport member and mag-
netized with a plurality of magnetic poles, wherein the developer on the developer transport member is
transporied according to the magnetic field generated by the relative rotation of the transport member
and the magnetic roller, and the magnetic roller is made from a magnet with a maximum energy
product of 4 MGOe or greater.

The developing device of claim 1 wherein the magnetic roller contains a rare earth magnet.

The developing device of claim 2 wherein the magnetic roller contains a rare earth magnet made up of
at least one rare earth element and at least one transition metal element.

The developing device of claim 3 wherein the magnetic roller contains a rare earth magnet made up of
an intermetallic compound such as Nd-Fe-B.

The developing device of claim 3 wherein the magnetic roller contains a rare earth magnet with a
composition such as RCo5 and R2Co17. (where R indicates at least one rare earth element).

The developing device of claim 5 wherein R is samarium.

The developing device of claim 3 wherein the magnetic roller contains a rare earth magnet with a
composition described by the following equation.

LTn

(In the equation, L indicates ytirium or a lanthanoid element, T indicates a transition metal, and n can
be a number from 4.6 to 8.8)

The developing device of any of the claims 3 to 7 wherein the magnetic roller is produced by extraction
molding.
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The developing device of claim 8 wherein the magnetic roller is a hollow shape.

The developing device of any of the claims 1 to 9 wherein the developer used is made up of, magnetic
toner particles.

The developing device of claim 10 wherein the number average particle diameter of the developer
particles is less than 10 pm and the magnetic powder content is less than 40 wi%.

The developing device of any of the claims 1 to 9 wherein the developer used is a two-component type
comprising a toner made up of, but non-magnetic, colorant particles which form the image and
magnetic particles which do not form the image.

The developing device of any of the claims 1 to 12 wherein a developer transport regulating member
made from a magnetic substance is provided opposite the developer transport member with a fixed
gap between them.

The developing device of claim 13 wherein the developer transport regulating member is a rare earth
magnet.

The developing device of any of the claims 1 to 14 wherein the developer is transported by rotating
both the developer transport member and magnetic roller.

The developing device of any of the claims 1 to 14 wherein the developer is transported by fixing the
developer transport member in place and rotating the magnetic roller.
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claims of the intemnationsl application.

Z.D As only some of the required sdditional search fees were timely paid by the appiicant, this international search report covers only
those cisims of the international application for which fees were paid, specifically ciaims:

3.['_'] No required additional search fees were timely paid by the applicant. Consaquently, this international sesrch report is restricted to
the invention first mentioned in the claims; it is covered by claim numbers:

4.[] As 8li ssarchabie ciaims could be searched without effort justifying an additional fee, the international Searching Authority did not
invits paymant of any additional fee.

Remark on Protest
1 T™e additional sesrch fess were panied by spplicant’s protest.
[T] No protest accompanied the payment of additionai ssarch fees.
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