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Description

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to an image forming method and an image forming apparatus, wherein a
transfer device is caused to contact an electrostatic latent image-bearing member by the medium of a transfer
material (or transfer-receiving material) and a magnetic toner image formed on the electrostatic latent image-
bearing member is transferred to the transfer material.

As image forming apparatus wherein a toner image formed on a latent image-bearing member is electro-
statically transferred to a transfer material in a sheet form such as paper, there have been proposed devices
wherein a latent image-bearing member in the form of a rotary cylinder, an endless belt, etc., is used, a transfer
device provided with a bias is caused to contact such a latent image-bearing member under pressure, and a
transfer material is passed between these members, whereby the toner image on the latent image-bearing
member is transferred to the transfer material, as disclosed in, e.g., Japanese Laid-Open Patent Application
(JP-A, KOKAI) No. 46664/1984 or EP-A-0 297 911.

In such a device, when the contact pressure between a transfer roller and the latent image-bearing member
is appropriately regulated, the region in which the transfer material contacts to the latent image-bearing mem-
ber may be extended, as compared with a transfer means utilizing corona discharge which has heretofore been
used widely. Further, since the transfer material is positively supported under pressure in the transfer position,
the above-mentioned device is less liable to cause transfer deviation due to synchronism failure caused by a
transfer material-conveying means, or due to loop or curl presentin the transfer material. As aresult, the above-
mentioned device may easily meet the demand for shortening the conveying path for the transfer material and
for miniaturizing the latent image-bearing member along with the miniaturization of an image forming appara-
tus.

On the other hand, in the device for effecting the transfer operation which is capable of causing a transfer
means to contact a latent image-bearing member by the medium of a transfer material, since a transfer current
is supplied to the transfer material in the contact position, it is necessary to apply a certain pressure to the
transfer device. When such a contact pressure is applied to the transfer material, the pressure is also applied
to the toner image formed on the latent image-bearing member, whereby the toner particles constituting the
toner image tend to agglomerate.

Further, in a case where the surface portion of the latent image-bearing member comprises a resin, the
above-mentioned toner agglomerates are liable to closely adhere to the latent image-bearing member and the
transfer of the toner to the transfer material may be inhibited. In an extreme case, toner particles corresponding
to a portion showing strong adhesion are not transferred at all, whereby the resultant toner image is liable to
be lacking.

Such a phenomenon is particularly noticeable in a line image portion having a width of 0.1 - 2 mm. Since
a so-called "edge phenomenon (or edge effect)" may occur in the line image portion, a larger amount of toner
particles are attached thereto, whereby the agglomeration of toner particles due to pressure and image defects
due to transfer operation are liable to occur. When such a phenomenon occurs, the resultant toner image be-
comes a copied image wherein toner particles are only attached to the contour portion thereof. Such a phe-
nomenon is referred to as "partially white image (e.g., hollow character)". Figures 1B and 1D show examples
of the partially white image.

The partially white images are particularly liable to occur in the case of thick paper of above 100 g/cm?, a
film for OHP (overhead projector) having high smoothness, or second-side copying operation in double-side
copying, etc. In the case of the thick paper or OHP film, it is considered that since the transfer material is thick,
the effect of the transfer electric field is weakened and the pressure becomes strong, whereby the partially
white images are liable to occur. In the case of the second copying in double-side copying, it is considered
that a release agent for prevention of offset phenomenon is attached to a transfer material from a fixing device
when the transfer material is passed between the fixing device at the time of the first-side copying, and the
release agent prevents the close adhesion between the toner particles and transfer material at the time of the
second-side transfer operation. whereby partially white images are liable to occur.

As described hereinabove, when a transfer device utilizing a contact member is used, it has many advan-
tages such as miniaturization and small power consumption, but conditions for the transfer materials become
severer.

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 general documents and books are copied, it is demanded that even min-
ute letters are reproduced extremely finely and faithfully without thickening or deformation, or interruption.
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However, in ordinary image forming apparatus such as copying machines for plain paper, when the latent image
formed on a photosensitive member thereof 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
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 paraticles and the toner particles protrude from the
dots, there arises a problem that a gradational characteristic of a toner image corresponding to the dot density
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.

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 a phenomenon may be con-
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
developing characteristic accumulate and remain in the developing device of the image forming apparatus.

Hitherto, there have been proposed some developers for the purpose of enhancing the image quality. For
example, Japanese Laid-Open Patent Application (JP-A, KOKAI) No. 3244/1976 (corresponding to U.S. Patent
Nos. 3942979, 3969251 and 4112024) has proposed a non-magnetic toner wherein the particle size distribution
is regulated so as to improve the image quality. This toner comprises relatively coarse particles and predom-
inantly comprises toner particles having a particle size of 8 - 12 microns. However, according to our investi-
gation, it is difficult for such particle size to provide uniform and dense cover-up of the toner particles 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 resultant 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 superposing the toner particles
thereby to enhance the apparent image density. As aresult, 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
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
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
on a sleeve (developer-carrying member), and to enhance the environmental resistance of the toner. However,
at present, further improvements in developing and transfer steps have been demanded.

Further document EP-A-0 270 063 discloses the use of developer comprising toner and silicone oil treated
powder in a ratio of 0.1-3 parts powder to 100 parts toner. This type developer is however used in corona type
transfer methods.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an image forming method and apparatus which have solved
the above-mentioned problem encountered in the prior art.

Another object of the present invention is to provide an image forming method and apparatus utilizing a
electrostatic pressure transfer method such as contact transfer method, which have a transfer step capable
of providing high-quality images faithful to a latent image regardless of conditions transfer materials.

A further object of the present invention is to provide an image forming method and apparatus wherein
the above-mentioned partially white images are obviated or suppressed.

Afurther object of the present invention is to provide an image forming method and apparatus capable of
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providing high-quality images without partially white image, even when a transfer material such as thick paper
is used.

A further object of the present invention is to provide an image forming method capable of constantly ex-
hibiting good performances stably, even under environmental change such as high temperature - high humidity
and low temperature - low humidity conditions.

According to the present invention, there is provided an image forming method, comprising:

developing an electrostatic image formed on an electrostatic image-bearing member with a developer
to form thereon a developed image, the developer comprising 100 wt. parts of a toner and 0.05 to 3 wt. parts
of fine powder treated with 1-35 wt. parts of silicone oil or silicone varnish to 100 wt. parts of fine powder; and

transferring the developed image on the electrostatic image-bearing member to a transfer material while
causing a transfer means to contact the electrostatic image-bearing member by the medium of the transfer
material under a line pressure of 3g/cm or higher.

The method of the present invention may be used in combination with an image forming apparatus com-
prising:

an electrostatic image-bearing member for carrying an electrostatic image;

means for developing the electrostatic image comprising a toner-carrying member, wherein the toner-
carrying member carries thereon a developer comprising 100 wt. parts of a toner and 0.05 to 3 wt. parts of
fine powder treated with a silicone oil or silicone varnish; and

transfer means for transferring a developed image developed with the developer from the electrostatic
image-bearing member to a transfer material while causing the transfer means to contact the electrostatic im-
age-bearing member by the medium of the transfer material under a line pressure of 3g/cm or higher.

The method of the present invention may also be used in combination with a facsimile comprising an image
forming apparatus and receiving means for receiving image information from a remote terminal; the image
forming apparatus comprising:

an electrostatic image-bearing member for carrying an electrostatic image;

means for developing the electrostatic image comprising a toner-carrying member, wherein the toner-
carrying member carries thereon a developer comprising 100 wt. parts of a toner and 0.05 to 3 wt. parts of
fine powder treated with a silicone oil or silicone varnish; and

transfer means for transferring a developed image developed with the developer from the electrostatic
image-bearing member to a transfer material while causing the transfer means to contact the electrostatic im-
age-bearing member by the medium of the transfer material under a line pressure of 3g/cm or higher.

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

Figures 1A and 1C are schematic views for illustrating toner images showing a good transfer state, and
Figures 1B and 1D are schematic views for illustrating toner images showing a poor transfer state;
Figures 2 and 3 are partial schematic sectional views each illustrating a device used for a transfer step;
Figures 4 and 5 are a front sectional view and a sectional perspective view, respectively, of an apparatus
embodiment for practicing multi-division classification;

Figure 6 is a graph showing a particle size region with respect to % by number (N)/% by volume (V) and
% by number of magnetic toner particles having a particle size of 5 microns or below;

Figure 7 is a schematic sectional view showing an embodiment of the image forming method and apparatus
according to the present invention; and

Figure 8 is a block diagram showing a facsimile using the image forming apparatus according to the present
invention as a printer.

DETAILED DESCRIPTION OF THE INVENTION

We have found that satisfactory results may be obtained by conducting a transfer step wherein a developer
obtained by mixing a toner and fine powder such as silica surface-treated with a silicone oil or silicone varnish
is used in combination with a transfer device wherein a transfer material and a latent image-bearing member
are caused to contact a transfer member under a line pressure of 3 g/cm or higher.

The contact pressure used in the present invention may preferably be 3 g/cm or higher in terms of line pres-
sure. The line pressure may be calculated according to the following formula:

Line pressure (g/cm) = [Total pressure (g))/[Length of contact area (cm)]
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The above-mentioned contact area is an area in which a transfer material contacts the transfer member
constituting a transfer device, and the length thereof is measured in a direction perpendicular to the moving
direction of the transfer material.

When the above-mentioned contact pressure is below 3g/cm, a deviation in conveyance of the transfer
material or transfer failure may undesirably occur. In the present invention, the contact pressure may more pre-
ferably be 20 g/cm or higher, particularly preferably 25 - 80 g/cm.

In the present invention, the transfer device may be a transfer roller as shown in Figure 2, or a transfer
belt as shown in Figure 3.

Figure 2 is a schematic side sectional view showing an important part of a typical embodiment of the image
forming apparatus according to the present invention. The device shown in Figure 2 comprises a cylindrical
latent image-bearing member (hereinafter, referred to as "photosensitive member") 1 extending along with a
direction perpendicular to the drawing plane and rotating in the arrow A direction, and an electroconductive
transfer roller 2 disposed in contact with the photosensitive member 1.

In the apparatus as shown in Figures 2 and 3, along the peripheral surface of the photosensitive member
1 as a latent image-bearing member, there are disposed unshown members to be used for image formation.
Specific examples thereof may include: a primary charger for uniformly charging the surface of the photosen-
sitive member 1; an exposure portion for supplying a light image comprising a laser light modulated according
to an predetermined image, or reflection light obtained from an original image, to the charged surface of the
photosensitive member 1 to decrease the potential of the exposed portion thereby to form an electrostatic latent
image on the photosensitive member 1; a developing device; the above-mentioned transfer device 2; and a
cleaner for removing a residual toner remaining on the photosensitive member surface after the transfer op-
eration. The above-mentioned members may be disposed in this order along the moving direction of the pho-
tosensitive member 1.

The transfer roller 2 comprises a metal core 2a and an electroconductive elastic (or elastomeric) layer 2b
disposed thereon. The electroconductive elastic layer 2b may comprises an elastic (an elastomeric) material
such as polyurethane-type resin and ethylene-propylene-diene ternary copolymer (EPDM) having a volume
resistivity of 106 to 1019 ohm.cm, and an electroconductive material such as carbon dispersed therein. A bias
may be applied to the metal core 2a by means of a constant-voltage supply 8. With respect to the bias condi-
tions, a current of 0.1 - 50 pA and a voltage (absolute value) of 100 - 5000 V (more preferably 500 - 4000 V)
may preferably be used. In order to apply a pressure to the transfer roller 2, a pressure may generally be applied
to bearings (not shown) supporting both ends of the metal core 2a.

Figure 3 shows the use of a transfer belt 9 in the present invention. The transfer belt 9 may be supported
and driven by an electroconductive roller 10.

The present invention is particularly preferably applied to an image forming apparatus comprising an elec-
trostatic image-bearing member of which surface portion comprises an organic compound such as resin.

When the surface layer of the electrostatic image-bearing member comprises an organic compound, a
binder resin contained in a toner is liable to adhere to such a surface layer. Particularly, the binder resin and
the surface layer comprise materials of the same or similar species, chemical bonds are liable to occur in the
contact points between the toner particles and the photosensitive member, thereby to pose a problem such
that the transferability of the toner is decreased.

Specific examples of the surface material constituting the electrostatic image-bearing member may in-
clude: silicone resins, vinylidene chloride-type resins, ethylene-vinylidene chloride-type resins, styrene-acryl-
onitrile-type resins, styrene-methyl methacrylate-type resins, styrene-type resins, polyethylene terephthalate
resins, polycarbonate resins. However, the resin usable in the present invention is not restricted to these spe-
cific examples but there may be used other copolymers of monomers constituting the above-mentioned resin,
copolymers of such a monomer and another monomer, or polymer blends of the above-mentioned polymers.

The present invention is particularly effective in the case of an image forming apparatus comprising a pho-
tosensitive drum having a diameter of 50 mm or smaller, (more preferably 40 mm or smaller), as the photosen-
sitive member 1.

In the case of a photosensitive drum having a small diameter, since the curvature thereof is larger even
under the same line pressure, the pressure is liable to be concentrated in the contact position. Since the same
phenomenon may occur in the case of a belt-type photosensitive member, the present invention is also effec-
tive in an image forming apparatus comprising a photosensitive member in a belt form having a curvature ra-
dius of 25 mm or smaller at the transfer position.

The developer to be used in the present invention contains fine powder treated with a silicone oil or a sil-
icone varnish. The fine powder used in the present invention may preferably have a particle size of 0.001 - 2
microns, more preferably 0.005 - 0.2 micron.

The fine powder used in the present invention may preferably comprise an inorganic compound. Preferred
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examples thereof may include metal oxides containing a metal of group Il or IV such as silicic acid (or silica),
alumina, and titanium oxide.

In the present invention, it is preferred to use dry-process silica fine powder produced through vapor-phase
oxidation of a silicon halide. In the above preparation step, it is also possible to obtain complex fine powder
of silica and another metal oxide by using another metal halide compound such as aluminum chloride and ti-
tanium chloride together with the silicon halide compound. Such is also included in the fine silica powder to
be used in the present invention.

The silicone oil used for the treatment of the fine powder used in the present invention may preferably be
one represented by the following formula:

Ili R R
I |
R'—4?i-o+ﬁ-+?io+ﬁrfi-a"
R' R R .

wherein R denotes an alkyl group having 1 - 3 carbon atoms; R’ denotes a silicone oil-modifying group such
as alkyl, halogen-modified alkyl, phenyl, and modified phenyl (i.e., phenyl having a substituent); and R” de-
notes an alkyl or alkoxy group having 1 - 3 carbon atoms.

Specific examples of such a silicone oil may include: dimethylsilicone oil, alkyl-modified silicone oil, a-
methylstyrene-modified silicone oil, chlorophenylsilicone oil, fluorine-modified silicone oil, etc. However, the
silicone oil usable in the present invention is not restricted to the above-mentioned specific examples.

The above-mentioned silicone oil may preferably be one having a viscosity of 50 - 1000 centistokes at 25
°C. When the viscosity is below 50 centistokes, the silicone oil may partially be evaporated to deteriorate the
charging characteristic of silica. When the viscosity exceeds 1000 centistokes, the silicone oil is difficult to be
handled in the treatment operation.

In order to effect the silicone oil treatment, known techniques may be used. For example, there may be
used: a method wherein fine powder and a silicone oil are mixed by means of a mixer; a method wherein a
silicone oil is sprayed on fine powder by means of a sprayer; and a method wherein a silicone oil is dissolved
in a solvent and fine powder is mixed in the resultant solution. However, the treating method usable in the pres-
ent invention is not restricted to these specific examples.

The silicone varnish to be used for treating fine powder in the present invention may be a known material.
Specific examples thereof may include commercially available silicone varnishes such as KR-251, and KP-
112 (each mfd. by Shinetsu Silicone K.K.). However, the silicone varnish usable in the present invention is not
restricted to these specific examples.

In order to effect the silicone varnish treatment, known techniques may be used in the same manner as
in the case of the silicone oil.

In the present invention, an amino-modified silicone oil represented by the following structural formula (1)
may also be used:

o ]*_(?1 ) 'T1 ) T1
R6—|Si—0 Si-OJ Fi-o lsi-o-——si-R6 eee(I)
\R3 Jn \N /1

/\
Ry Rg

wherein Ry and Rg respectively denote a hydrogen atom, an alkyl group, an aryl group or an alkoxy group; R,
denotes an alkylene group or a phenylene group; R; denotes a nitrogen-containing heterocycle or a group hav-
ing a heterocyclic structure; and R, and Rj respectively denote a hydrogen atom, an alkyl group or an aryl
group; provided that R, is omissible.

In the formula (1), each of the above-mentioned alkyl, aryl, alkylene, and phenylene groups is capable of
having an amino group, and is capable of having a substituent such as halogen atom to an extent wherein the
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chargeability of silica treated with such a silicone oil is not substantially impaired. In the above formula (I), m
denotes a number of 1 or larger, and n and | respectively denote 0 (zero) or a positive number provided that
the sum of (n+l) is a positive number of 1 or larger.

In the above formula (1), it is particularly preferred that the number of the nitrogen atom contained in the
nitrogen-containing side chain thereof is 1 or 2.

Specific examples of the unsaturated nitrogen-containing heterocycle may include those represented by
the following formulas:

TS e
H H

N

ON. Nn:N)N ,[L:/"N@, W:Nﬁll .

Specific examples of the saturated nitrogen-containing heterocycle may include those represented by the
following formulas:

O Qoo

While the presentinvention is not restricted to the above-mentioned specific examples, a heterocycle hav-
ing a five- or six-membered ring structure may preferably be used.

In the present invention, the heterocycle may be a derivative thereof such that a functional group such as
hydrocarbon group, halogen group, amino group, vinyl group, mercapto group, metharylic group, glicidoxy
group and ureido group is introduced thereto.

The amino-modified silicone oil used in the present invention may preferably have a nitrogen atom equiv-
alent of 10,000 or below, more preferably 300 - 2,000. The nitrogen atom equivalent used herein is an equivalent
weight (g/equiv.) per one nitrogen atom, i.e., a value obtained by dividing the molecular weight by the number
of the nitrogen atoms contained in one molecule. These silicone oils may be used singly or as a mixture of
two or more species thereof.

The silicone varnish used for providing an amino-modified silicone varnish for fine powder treatment in
the present invention may include methylsilicone varnish, phenylmethylsilicone varnish, etc. Among these, me-
thylsilicone varnish is particularly preferred.

The methylsilicone varnish may comprise a polymer comprising the following T3 unit, D31 unit and M3 unit,
and may be a three-dimensional polymer comprising a larger amount of the T3 unit.

(3! unit]
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[D31 unit]
T3
cn3-Ti-o-
0
|
(M31 unit)
s
CH4-S1-0-
CH,

Specific examples of the methylsilicone varnish or phenylsilicone varnish may include those comprising
a chemical structure represented by the following formula:

CIH3 (IIH3 C|1H3

-8i-0-8i-0-Si-0-

l

CHy O  CHy
T3
_Ti-o-si-o-
CHy O
R31-éi-O—H
é ... (I1)

wherein R3! denotes a methyl or phenyl group.

In the above-mentioned silicone varnish, the T31 unit is particularly effective in imparting thereto good ther-
mosetting property to form a three-dimensional network structure. When fine powder is surface treated with
the silicone varnish comprising such a T31 unit, the fine particles constituting the fine powder may have a hard
and tenacious film on their surfaces, whereby the fine particles are excellent in impact resistance, humidity
resistance, and releasability. The above-mentioned T31 unit may preferably be contained in the silicone varnish
in an amount of 10 - 90 mol. %, more preferably 30 - 80 mol. %.

When the T31 unit content is too low, the film of the silicone varnish may be softened due to alow-molecular
weight component contained therein, to increase its adhesiveness, whereby the humidity resistance, durability
or stability in triboelectric chargeability may sometimes be lowered. Further, in some cases, the cleaning prop-
erty of the toner is deteriorated to cause toner scattering, whereby image unevenness, fog, etc. may occur,
and further the durability of a developing device may be decreased.

On the other hand, when the T31 unit content is too high, the coating layer to be formed on inorganic fine
particles may become uneven and stability in triboelectric chargeability and durability may be deteriorated in
some cases.

The silicone varnish may have a hydroxyl group at the end of the molecular chain or in the side chain, and
is capable of being cured or hardened due to dehydration condensation based on such a hydroxyl group. Spe-
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cific examples of the curing promoter for promoting the above-mentioned curing reaction may include: fatty
acid salts such as those containing zinc, lead, cobalt and tin; amines such as triethanolamine and butylamine;
etc. Among these, an amine is particularly preferred.

In order to convert the above-mentioned silicone varnish to an amino-modified silicone varnish, the methyl
or phenyl group contained in the above-mentioned T31, D3! or M3! unit may be partially replaced by an amino
group-containing group.

Specific examples of the amino-group-containing group may include those represented by the following
formula, but the amino group-containing group usable in the present invention is not restricted to these specific
examples.

-CH,CH,-NH,
-CHx(CH,),-NH,
-CHy(CHy)>-NH-(CH,)3-NH,

~O)-nn,
~O)-cH,-5H,

In order to effect the amino-modified silicone varnish treatment, known techniques may be used in the
same manner as in the case of the silicone oil.

In the present invention, it is preferred to use 1 - 35 wt. parts (more preferably 2 - 30 wt. parts) of the amino-
modified silicone oil or amino-modified silicone varnish (based on the solid content thereof) for treatment, with
respect to 100 wt. parts of the fine powder.

It is preferred to use 0.05 - 3 wt. parts (more preferably 0.1 - 3 wt. parts, particularly preferably 0.6 - 3 wt.
parts) of the fine powder treated with the silicone oil or silicone varnish, with respect to 100 wt. parts of the
toner.

When the material of the fine powder comprises silica, the silica may preferably show its effect when added
in an amount of 0.1 - 1.6 wt. parts, and may more preferably show excellent stability when added in an amount
of 0.3 - 1.6 wt. parts, with respect to 100 wt. parts of the toner. When the addition amount is below 0.1 wt.
parts, the effect of the addition is a little. When the addition amount exceeds 1.6 wt. parts, a problem is liable
to occur at the time of developing and fixing operations.

In the present invention, itis more preferred that the fine powder is first treated with a silane coupling agent,
and thereafter is treated with a silicone oil or a silicone varnish.

In general, when the fine powder is treated with a silicone oil alone, since the surface of the fine powder
is coated with a larger amount of the silicone oil, aggregates of the fine powder are liable to occur in the treat-
ment, and the fluidity of a developer can sometimes be decreased when such fine powder is applied to the
developer. Accordingly, it is preferred to pay sufficient attention to the step using the silicone oil. In order to
remove fine powder aggregates while retaining good humidity resistance thereof, it is preferred that the fine
powder is treated with a silane coupling agent and thereafter treated with a silicone oil so as to sufficiently
provide sufficient effect of the treatment with the silicone oil.

The silane coupling agent used in the present invention may preferably be one represented by the following
general formula:

RinSiYp,
wherein R denotes an alkoxy group or a chlorine atom; m denotes an integer of 1 to 3; Y denotes a hydrocarbon
group comprising an alkyl, vinyl, glycidoxy or methacrylic group; and n denotes an integer of 3 to 1.

Typical examples of such a silane coupling agent may include: dimethyldichlorosilane, trimethylchlorosi-
lane, allyldimethyldichlorosilane, hexamethyldisilazane, allylphenyldichlorosilane, benzyldimethylchlorosi-
lane, vinyltriethoxysilane, y-methacryloxypropyltrimethoxysilane, vinyltriacetoxysilane, divinylchlorosilane, di-
methylvinylchlorosilane, etc.

The treatment of the fine powder with the silane coupling agent may be conducted by a dry process where-
in fine powder is converted into a cloud state by stirring, etc., and a vaporized silane coupling agent is caused
to react with the resultant cloud; or a wet process wherein fine powder is dispersed in a solvent and a silane
coupling agent is dripped into the resultant dispersion to be reacted therewith.

The silane coupling agent may preferably be used for treatment in an amount of 1 - 50 wt. parts, more
preferably 5 - 40 wt. parts, with respect to 100 wt. parts of the fine powder.

In the present invention, the amount of the solid content of the silicone oil or silicone varnish to be used
for the treatment is 1 - 35 wt. parts, preferably 2 - 30 wt. parts, with respect to 100 wt. parts of the fine powder.
Such a treating amount is used for the following reason.

When the amount of the silicone oil used for treatment is too small, the result of the treatment may be
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substantially the same as that in the case of the treatment with a silane coupling agent alone, and the humidity
resistance is not sufficiently improved, whereby the resultant fine powder can absorb moisture and high-quality
copied images are difficult to be obtained under a high-humidity condition. When the amount of the silicone
oil used for treatment is too large, the above-mentioned aggregates of fine powder are liable to occur and free
silicone oil can also occur in an extreme case. As a result, even when such silica is applied to a developer,
there can be posed a problem such that it does not sufficiently improve the fluidity of the developer.

The mechanism of improvement by the fine powder treated with the silicone oil or silicone varnish, in view
of the partially white image or hollow character, is not necessarily clear. However, according to our knowledge,
it is considered that the releasability of magnetic toner particles from a latent image-bearing member is im-
proved on the basis of low surface energy of the treating agent.

In the present invention, the toner contained in the developer may preferably have a volume-average par-
ticle size of 5 - 13 microns.

In an embodiment of the present invention wherein the toner contained in the developer comprises an in-
sulating magnetic toner and a developing image excellent in image quality is desired, an insulating magnetic
toner having a volume-average particle size of 6 - 8 microns may particularly preferably be used.

It is preferred that the above-mentioned insulating magnetic toner contains 17 - 60 % by number of mag-
netic 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 microns, and contains 2.0 % by volume or less of magnetic
toner particles having a particle size of 12.70 microns or larger; and 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 satisfying the following formula:

N/V =-0.05N + Kk,
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.

The insulating magnetic toner having the above-mentioned particle size distribution can faithfully repro-
duce 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, such a toner 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 conventional magnetic toner, even in the case of high-density images. As a result, the above-
mentioned magnetic toner is excellent in economical characteristics and further has an advantage in minia-
turization of the main body of a copying machine or printer.

The reason for the above-mentioned effects of the magnetic toner according to the present invention is
not necessarily clear but may assumably be considered as follows.

The magnetic toner according to the present invention may be 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 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 experiments.

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 small developing potential contrast at
which the latent image would be developed with only a small number of toner 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
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.

The magnetic toner used in the present invention preferably contains 5 - 50 % by number of magnetic toner
particles of 6.35 - 10.08 microns. Such second feature relates to the above-mentioned necessity for the pres-
ence of the toner particles of 5 microns or below.
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As described above, the toner particles having a particle size of 5 microns or below have the ability to strict-
ly cover a latent image and to faithfully reproduce it. On the other hand, in the latent image per se, the field
intensity 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
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
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 preferably used in the present invention may be that toner particles
having a particle size of 5 microns or smaller contained therein satisfy the following relation between their per-
centage by number (N) and percentage by volume (V):

N/V = -0.05N + k,
wherein 4.6 =k =6.7,and 17 = N = 60.

The region satisfying such a relationship is shown in Fig. 4. The magnetic toner according to this embodi-
ment of the present invention which has the particle size distribution satisfying such a region, in addition to
the above-mentioned features, may attain excellent developing characteristic.

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
of N/V indicates that the particles of 5 microns or below are significantly contained, and a small value of N/V
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.

In the magnetic toner preferably used in the present invention, magnetic toner particles having a particle
size of 12.70 microns or larger may be contained in an amount of 2.0 % by volume or below. The amount of
these particles may preferably be as small as possible.

As described hereinabove, the magnetic toner may solve the problems encountered in the prior art from
a viewpoint utterly different from that in the prior art, and can meet the recent severe demand for high image
quality.

Hereinbelow, a further embodiment of the present invention will be described in more detail.

In this embodiment of 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 toner particles are consumed in successive copying or print-out, the component of effective magnetic toner
particles is decreased, and the balance in the particle size distribution of the magnetic toner shown by the pres-
ent invention is deteriorated, 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 mutually agglomer-
ated 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.

In the magnetic toner according to the present invention, it is preferred that 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 an increase in toner consumption. On the
other hand, the above-mentioned amount is smaller than 5 %, it is difficult to obtain a high image density.

In the present invention, it is preferred that the percentage by number (N %) and that by volume (V %) of
magnetic toner particles having a particle size of 5 micron or below satisfy the relationship of N/V = -0.05N +
k, wherein k represents a positive number satisfying 4.6 = k = 6.7. The number k may preferably satisfy 4.6
=k=6.2, more preferably 4.6 =k = 5.7. Further, as described above, the percentage N may preferably satisfy
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17 = N = 60, more preferably 25 = N = 60, particularly preferably 30 = N = 60.

If k < 4.6, magnetic toner particles of 5.0 microns or below are insufficient, and the resultantimage density,
resolution and sharpness may decrease. When fine toner particles in a magnetic toner, which have conven-
tionally been considered useless, are present in an appropriate amount, they attain closest packing of toner
in development (i.e., in a latent image formed on a photosensitive drum) and contribute to the formation of a
uniform image free of coarsening. Particularly, these particles fill thin-line portions and contour portions of
an image, thereby to visually improve the sharpness thereof. If k < 4.6 in the above formula, such a component
becomes insufficient in the particle size distribution, the above-mentioned characteristics may become poor.

Further, in view of the production process, alarge 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.

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 copying. The reason for such a phenomenon may be considered that an excess
of fine magnetic toner particles having an excess amount of charge are triboelectrically attached to a devel-
oping sleeve and prevent normal toner particles from being carried on the developing sleeve and being supplied
with charge.

In the magnetic toner used in this embodiment, the amount of magnetic toner particles having a particle
size of 12.7 microns or larger may preferably be 2.0 % by volume or smaller, more preferably 1.0 % by volume
or smaller, particularly preferably 0.5 % by volume or smaller.

If the above amount is larger than 2.0 % by volume, these particles can impair thin-line reproducibility.

In the present invention, the volume-average particle size of the toner may preferably be 6 - 8 microns.
This value closely relates to the above-mentioned features of the magnetic toner according to this embodiment.
If the volume-average particle size is smaller than 6 microns, there tend to 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 phenomenon may be considered the same as in the above-mentioned case wherein the inner portion
of a latent 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 and 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 may be measured by means of a Coulter counter in the present invention,
while it can be measured in various manners.

Coulter counter Model TA-Il (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 %-NaCl aqueous solution as an electrolytic solution is prepared by using a reagent-
grade sodium chloride. Into 100 to 150 ml of the electrolytic solution, 0.1 to 5 ml of a surfactant, preferably an
alkylbenzenesulfonic acid salt, is added as a dispersant, and 2 to 20 mg, of a sample is added thereto. The
resultant dispersion of the sample in the electrolytic liquid is subjected to a dispersion treatment for about 1 -
3 minutes by means of an ultrasonic disperser, and then subjected to measurement of particle size distribution
in the range of 2 - 40 microns by using the above-mentioned Coulter counter Model TA-Il with a 100 micron-
aperture to obtain a volume-basis distribution and a number-basis distribution. Form the results of the volume-
basis distribution and number-basis distribution, the above-mentioned respective parameters characterizing
the magnetic toner.

In the present invention, the true density of the magnetic toner may preferably be 1.45 - 1.8 g/cm3, more
preferably 1.55 - 1.75 g/cm?. When the true density is in such a range, the magnetic toner having a specific
particle size distribution as described above functions most effectively in a reversal development system in
the presence of a magnetic field, with respect to high image quality and stability in successive use.

If the true density of the magnetic toner particles is smaller than 1.45, the weight of the particle per se
can be too light and there tend to occur reversal fog, and deformation of thin lines, scattering and deterioration
in resolution in reversal development 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 strong in such a case, ears of the toner particles are liable to be lengthened or con-
verted 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 may be measured in the following manner
which can simply provide an accurate value in the measurement of fine powder, while the true density can be
measured in some manners.

There are provided a cylinder of stainless steel having an inside diameter of 10mm and a length of about
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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.

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/cm2 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-
cording to the following formula:

True density (g/cm?) = W/(x x (D/2)2 x L)

In order to obtain better developing characteristics, the magnetic toner used in the present invention may
preferably have the following magnetic characteristics: a residual magnetization o; of 1 - 5 emu/g, more pre-
ferably 2 - 4.5 emu/g; a saturation magnetization o, of 15 - 50 emu/g, preferably 20 - 40 emu/g and a coercive
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 KOe.

The magnetic toner having a particle size as that used in the present invention generally tends to have a
larger charge amount and to be agglomerated as compared with the conventionally known toner having a vol-
ume-average particle size of 9 microns or larger. Accordingly, as the particle size becomes smaller, it is nec-
essary to add thereto a fluidity improver corresponding to the increase in the surface area. When hydrophobic
silica surface-treated with a silicone oil or silicone varnish according to the present invention is used, the flu-
idity may be improved and further, partially white images (e.g., hollow characters) may be obviated in an image
forming method using a transfer charging device disposed in contact with an electrostatic image-bearing mem-
ber under a contact pressure of 3 g/cm or higher.

In the present invention, it is also preferred to use hydrophobic silica as a fluidity improver in combination
with the above-mentioned fine powder surface-treated with the silicone oil or silicone varnish.

Specific examples of the binder for use in constituting the magnetic toner according to the present inven-
tion, may include: homopolymers of styrene and its derivatives, such as polystyrene, poly-p-chlorostyrene, and
polyvinyltoluene; styrene copolymers, such as styrene-p-chlorostyrene copolymer, styrene-propylene copo-
lymer, styrene-vinyltoluene copolymer, styrene-vinylnaphthalene copolymer, styrene-methyl acrylate copoly-
mer, styrene-ethyl acrylate copolymer, styrene-butyl acrylate copolymer, styrene-octyl acrylate copolymer,
styrene-methyl methacrylate copolymer, styrene-ethyl methacrylate copolymer, styrene-butyl methacrylate
copolymer, styrene-methyl a-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, polyvinyl acetate, polyethylene, polypropylene, silicone resin, polyester resin, epoxy resin, polyvinyl-
butyral, rosin, modified rosin, terpene resin, phenolic resins, xylene resin, aliphatic or alicyclic hydrocarbon
resins, aromatic petroleum resin, chlorinated paraffin, paraffin wax, etc. These binder resins may be used eith-
er singly or as a mixture.

Among these, the binder used in the present invention may preferably comprise a styrene-acrylic resin-
type copolymer (inclusive of styrene-acrylic acid ester copolymer and styrene-methacrylic acid ester copoly-
mer). Particularly preferred examples may include: styrene-n-butyl acrylate (St-nBA) copolymer, styrene-n-
butyl methacrylate (St-nBMA) copolymer, styrene-n-butyl acrylate-2-ethylhexyl methacrylate copolymer (St-
nBA-2EHMA) copolymer in view of the fixing and anti-offset characteristics of the resultant toner in hot roller
fixing.

The magnetic toner according to the present invention can also contain a known colorant. Specific exam-
ples thereof may include carbon black, copper phthalocyanine, iron black, etc.

The magnetic toner according to the present invention may contain a magnetic material. The magnetic ma-
terial be incorporated in the toner may be powder of a magnetizable material when placed in a magnetic field
inclusive of a metal such as Fe, Ni and Co or an alloy or compound of these metals such as magnetite y-Fe,O;
and ferrite.

The magnetic fine powder may preferably have a BET specific surface area of 2 - 20 m2/g, more preferably
2.5 - 12 m?/g; and may preferably have a Mohs hardness of 5 - 7. The magnetic powder may be used in a pro-
portion of 70 - 120 wt. parts, per 100 wt. parts of the binder resin.

The toner according to the present invention can also contain a charge controller, as desired Specific ex-
amples thereof may include negative charge controllers such as metal salts of monoazo dyes, and complex
metal salts of salicylic acid, alkylsalicylic acid, dialkylsalicylic acid, and naphthoic acid.

In the present invention, the hydrophobicity (or wettability) of the silica fine powder may be measured in
the following manner, while another methods can be applied with reference to the following method.
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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 was 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
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-
phobicity (wettability) of the silica.

The hydrophobic silica used in the present invention should preferably have a hydrophobicity of 90 % or
higher, particularly 93 % or higher. If the hydrophobicity is below 90 %, high-quality images cannot be attained
because of moisture absorption by the silica fine powder under a high-humidity condition.

The magnetic toner according to the present invention may generally be prepared in the following manner.

(1) The binder resin and a magnetic material are blended by uniform dispersion by means of a blender

such as Henschel mixer together with optionally added a dye or pigment as a colorant.

(2) The above blended mixture is subjected to melt-kneading by using a melt-kneading means such as

kneader, extruder, and roller mill.

(3) The kneaded product is coarsely crushed by means of a crusher such as cutter mill and hammer mill

and then finely pulverized by means of a micropulverizer such as jet mill.

(4) The finely pulverized product is subjected to classification by means of a classifier such as zigzag clas-

sifier, and Elbow Jet Classifier, thereby to provide a magnetic toner according to the present invention.

As another process for producing the magnetic toner according to the present invention, a polymerization
process or an encapsulation process can be used. The outline of these processes is summarized hereinbelow.

[Polymerization process]

(1) Amonomer composition comprising a polymerizable monomer (and optionally a polymerization initiator
and a colorant) may be dispersed into particles in an aqueous dispersion medium.

(2) The particles of the monomer composition are classified into an appropriate particle size range.

(3) The monomer composition particles within a prescribed particle size range after the classification is
subjected to polymerization.

(4) After the removal of a dispersant through an appropriate treatment, the polymerized product is filtered,
washed with water and dried to obtain a toner.

[Encapsulation process]

(1) A binder resin (and optionally a colorant and magnetic material) is melt-kneaded to form a toner core

material in a molten state.

(2) The toner core material is stirred vigorously in water to form fine particles of the core material.

(3) The fine core particles are dispersed in a solution of a shell material, and a poor solvent is added thereto

under stirring to coat the core particle surfaces with the shell material to effect encapsulation.

(4) The capsules obtained above are recovered through filtration and drying to obtain a toner.

The developer to be used in the present invention may be obtained by adding fine powder such as hydro-
phobic silica treated with a silicone oil or silicone varnish to the thus obtained toner, and mixing the fine powder
with the toner.

A preferred embodiment of the image forming method according to the present invention is described with
reference to Figure 7.

Referring to Figure 7, the surface of a photosensitive member (drum) 1 is charged negatively by means
of a primary charger 702, and then an exposure light 705 comprising laser is supplied to the photosensitive
member surface according to an image scanning method thereby to form a digital latent image thereon. The
latentimage is developed with a one-component magnetic developer 710 to form a toner image in a developing
position where a developing sleeve 704 of a developing device 709 is disposed opposite to the photosensitive
member surface. The developing device 709 comprises a magnetic blade 711 and the developing sleeve 704
having a magnet 714 inside thereof, and contains the one-component developer 710. In the developing posi-
tion, a bias comprising an alternating bias, a pulse bias, and/or a DC bias is applied between the electrocon-
ductive substrate (not shown) of the photosensitive drum 1 and the developing sleeve 704 by a bias application
means 712, as shown in Figure 7.

As shown in Figure 7, when a transfer paper P is conveyed to a transfer position where a transfer means
2 confronts the photosensitive drum 1, the back side surface of the transfer paper P (i.e., the surface thereof
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opposite to that confronting the photosensitive drum 1) is charged by means of a roller-type transfer means
2 and a voltage application means 8, whereby the developed image (i.e., toner image) formed on the photo-
sensitive drum surface 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 707 using heat and pressure, there-
by to fix the toner image 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 708 having a cleaning blade. The photosensitive drum 1 after the cleaning
is discharged by erase exposure 706, and again subjected to the above-mentioned process including the charg-
ing step based on the primary charger 702, as the initial step.

Referring again to Figure 7, the photosensitive drum 1, as an electrostatic image-bearing member, com-
prises a photosensitive layer and the electroconductive substrate (not shown), and moves in the direction of
an arrow shown in Figure 7. On the other hand, the developing sleeve 704 of a nonmagnetic cylinder, as a
developer-carrying member, rotates so as to move in the same direction as that of the photosensitive drum 1
in the developing position. The multipolar permanent magnet (magnetic roller), not shown is disposed inside
the nonmagnetic cylinder 704 so as not to rotate.

The one-component insulating magnetic developer 710 contained in the developing apparatus 709 is ap-
plied onto the developing sleeve 704, and the toner particles contained therein are supplied with negative tri-
boelectric charge on the basis of the friction between the sleeve 704 surface and the toner particles.

A magnetic doctor blade of iron 711 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 contained in the sleeve
704. Thus, the thickness of the toner layer disposed on the sleeve 704 is regulated uniformly and thinly (pre-
ferably in a thickness of 30 - 300 microns), to form a developer layer having a thickness smaller than the above-
mentioned clearance between the photosensitive drum 1 and the sleeve 704 in the developing position so that
the developer layer formed on the sleeve 704 does not contact the image bearing member 1. The rotating speed
of the sleeve 704 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 1 surface.

The magnetic doctor blade 711 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 704 and the photosensitive
drum 1 by means of the bias application means 712. The AC bias may preferably have a frequency of 200 -
4,000 Hz, and a Vpp (peak-to-peak voltage) 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 electro-
static 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
as silicone rubber may also be used instead of the magnetic doctor blade 711, so that the developer is applied
onto the developer-carrying member 704 while the thickness of the developer layer is regulated under pres-
sure.

In a case where the present invention is used with a printer for facsimile, the image exposure corresponds
to that for printing received data. Figure 8 shows such an embodiment by using a block diagram.

Referring to Figure 8, a controller 511 controls an image reader (or image 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
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. A printer controller 518 controls the printer 519. In Figure
8, reference numeral 514 denotes a telephone system.

More specifically, an image received from a line (or circuit) 515 (i.e., image information received from a
remote 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 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 8
in the above-mentioned manner.

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.
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Example 1

Styrene-butyl acrylate divinylbenzene

copolymer 100 wt.parts
(copolymerization wt. ratio = 84/15.5/0.5,
weight-average molecular weight = 25x104)
Magnetite 100 wt.parts
(average particle size = 0.2 micron)
Low-molecular weight ethylene-

polypropylene copolymer 3 wt.parts
(weight-average molecular weight = 10,000)
Chromium complex of monoazo dye 0.5 wt.parts

(Spiron Blak TRH, mfd. by Hodogaya Kagaku)

The above components were well blended by a blender and melt-kneaded by means of a two-axis extruder
heated up to 130 °C. Incidentally, when the set temperature was too high at this time, a magnetic toner easily
causing fog could be obtained.

The above-mentioned kneaded product, after cooling, was coarsely crushed by means of a cutter mill, and
then finely pulverized by means of a micro-pulverizer using jet air stream. 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 an insulating magnetic toner (A) having a volume-average particle size of 6.5 microns. When
the thus obtained magnetic toner (A) was mixed with iron powder carrier and thereafter the triboelectric charge
thereof was measured, it was provided with negative charge.

The number-basis distribution and volume-basis distribution of the thus obtained magnetic toner (A) was
measured by means of a Coulter counter Model TA-1l with a 100 micron-aperture in the above-described man-
ner. The thus obtained results are shown in Table 1 appearing hereinafter.

To 100 parts of the negatively chargeable insulating magnetic toner, 1.3 parts of dry-process silica fine
powder (BET specific surface area = 200 m2/g, water-wettability = 97 %) treated with hexamethyldisilazane
and silicone oil was added and mixed by means of a Henschel mixer, thereby to obtain a one-component-type
negatively chargeable magnetic developer.

The resultant developer was charged in a modification of a commercially available copying machine (trade
name: FC-5, mfd. by Canon K.K.) comprising a 30 mm-diameter negatively chargeable laminate-type photo-
sensitive member (drum) comprising an OPC (organic photoconductor), wherein a transfer material is sepa-
rated from the photosensitive member on the basis of the curvature thereof. The copying machine used herein
was modified so that it effected reversal development and a transfer device comprising a transfer roller as
shown in Figure 2 was assembled therein.

The transfer roller used herein had a surface rubber portion having a rubber hardness of 27 degrees ac-
cording to JIS-A (JIS K 6301-1975), and comprised an electroconductive elastic layer comprising EPDM an
electroconductive carbon dispersed therein, and having a volume resistivity of 108 ohm.cm. Further, with re-
spect to transfer conditions used herein, a transfer current of 1 pA, a transfer voltage of +2000 V and a contact
pressure of 50 g/cm were used.

In the above image formation, the photosensitive drum was subjected to primary charging of -700 V, the
clearance between the photosensitive drum and a developing drum (containing therein a magnet) was so con-
trolled that the developer layer formed on the developing drum did not contact the photosensitive drum, and
an AC bias (frequency = 1800 Hz, Vpp = 1600 V) and a DC bias (Vpc =-500 V) were applied to the developing
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drum. The resultant developed image was fixed to a transfer material by fixing means comprising a heating
pressure roller.
The thus obtained fixed toner images were evaluated in the following manner.
(1) Image density
1000 sheets of ordinary plain paper (75 g/m?2) for a copying machine were passed through the above-
mentioned copying machine, and the image density at the time of copy of 1000 sheets was evaluated.

o (Excellent): Image density was 1.35 or higher.
A (Good): Image density was 1.0 to 1.34.
x (Not good): Image density was below 1.0.

(2) Transfer state

Thick paper (120 g/m?2) as a more severe transfer condition was passed through the copying machine,
and the resultant transfer failure (or transfer dropout) was evaluated.
o: The resultant image was good as shown in Figure 1A.
Al The resultant image was acceptable for practical use.
X: The resultant image was not good as shown in Figure 1B.
(3) Paper-conveying state

1000 sheets of thin paper (50 g/m2) were passed through the copying machine and the occurrence
of conveyance failure such as obligue movement was evaluated.
o: The number of occurrences of the conveyance failure was one or below, per passage of 1000 sheets.
A: The number of occurrences of the conveyance failure was 2 to 4, per passage of 1000 sheets.
X: The number of occurrences of the conveyance failure was five or more per passage of 1000 sheets.
(4) Image quality

Scattering of toner particles, coarsening, etc., in the resultant image were evaluated with naked eye.

o: Good.
Al Acceptable for practical use.
X: Not acceptable for practical use.

(5) Thin-line reproducibility
The reproducibility of a latent image in the form of a lateral lines having a width of 50 microns was

evaluated.

o: Good.

Al Acceptable for practical use.

X: Not acceptable for practical use.

Hereinbelow, the multi-division classifier and the classification step used in this instance are explained
with reference to Figures 4 and 5.

Referring to Figures 4 and 5, the multi-division classifier 101 has side walls 122, 123 and 124, and a lower
wall 125. The side wall 123 and the lower wall 125 are provided with knife edge-shaped classifying wedges
117 and 118, respectively, whereby the classifying chamber is divided into three sections. At a lower portion
of the side wall 122, a feed supply nozzle 116 opening into the classifying chamber is provided. A Coanda black
126 is disposed along the lower tangential line of the nozzle 116 so as to form a long elliptic arc shaped by
bending the tangential line downwardly. The classifying chamber has an upper wall 127 provided with a knife
edge-shaped gas-intake wedge 119 extending downwardly. Above the classifying chamber, gas-intake pipes
114 and 115 opening into the classifying chamber are provided. In the intake pipes 114 and 115, a first gas
introduction control means 120 and a second gas introduction control means 121, respectively, comprising,
e.g., a damper, are provided; and also static pressure gauges 128 and 129 are disposed communicatively with
the pipes 114 and 115, respectively. At the bottom of the classifying chamber, exhaust pipes 111, 112 and 113
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 116 under
reduced pressure. The feed powder thus supplied are caused to fall along curved lines 130 due to the Coanda
effect given by the Coanda block 126 and the action of the streams of high-speed air, so that the feed powder
is classified into coarse powder 111, black fine powder (magnetic toner) 112 having prescribed volume-average
particle size and particle size distribution, and ultra-fine powder 113.

Example 2

Image formation was effected in the same manner as in Example 1 except for using 0.6 part of alumina
(BET specific surface area = 100 m2/g) treated with silicone varnish as an additive to be mixed with the insu-
lating magnetic toner (A); and 1.0 part of hydrophobic silica fine powder obtained by treating dry-process silica
fine powder having a BET specific surface area of 300 m2/g with hexamethyldisilazane.
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The results are shown in Table 2 appearing hereinafter.
Example 3

Image formation was effected in the same manner as in Example 1 except for using a transfer condition
of 56 g/lem.

The results are shown in Table 2 appearing hereinafter.
Example 4

Image formation was effected in the same manner as in Example 1 except for using 80 wt. parts of mag-
netite, a magnetic toner (B) having a particle size distribution shown in Table 1, and 0.8 part of hydrophobic
dry-process silica fine powder treated with hexamethyldisilazane and dimethylsilicone oil.

The results are shown in Table 2 appearing hereinafter.

Comparative Example 1

Image formation was effected in the same manner as in Example 1 except for using no alumina treated
with silicone varnish.
The results are shown in Table 2 appearing hereinafter.

Comparative Example 2

Image formation was effected in the same manner as in Example 1 except for using a transfer condition
of 2 g/lem.
The results are shown in Table 2 appearing hereinafter.

Comparative Example 3

Image formation was effected in the same manner as in Example 1 except for using 60 wt. parts of mag-
netite, a magnetic toner (C) having a particle size distribution as shown in Table 1, and 3.5 parts of hydrophobic
dry-process silica treated with hexamethyldisilazane and dimethylsilicone oil.

The results are shown in Table 2 appearing hereinafter.

Comparative Example 4

Image formation was effected in the same manner as in Example 1 except for using 140 wt. parts of mag-
netite, a magnetic toner (D) having a particle size distribution as shown in Table 1, and 4.4 parts of fine powder.

The results are shown in Table 2 appearing hereinafter. The developer of this instance showed consider-
ably poor fixing property.
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Example 5

Styrene-butyl acrylate copolymer 100 wt.parts
(copolymerization weight ratio = 8:2)

Magnetic material 60 wt.parts
(magnetite)

Release agent 3 wt.parts
(polypropylene wax)

Chromium complex of monoazo dye 1 wt.parts

(charge controller)

The above components were melt-kneaded by means of a two-axis extruder heated up to 160 °C, and the
kneaded product, after cooling, was coarsely crushed by means of a hammer mill (mechanical pulverizer) so
that the resultant product passed through a mesh having an opening diameter of 2 mm, and then finely pulv-
erized by means of a jet mill (wind-force pulverizer) so as to provide a particle size of about 10 microns.

The finely pulverized product was classified by means of a DS-classifier (wind-force classifier) so that
the classified product had a volume-average particle size of 11.5 microns measured by a Coulter counter, there-
by to obtain a negatively chargeable insulating magnetic toner.

When the thus obtained insulating magnetic toner was mixed with iron powder carrier and thereafter the
triboelectric charge thereof was measured according to the blow-off method, it showed a value of -13 nC/g.

Separately, 100 parts of silicic acid fine powder (Aerosil #200, mfd. by Nihon Aerosil K.K.) having a specific
surface area of 200 m?/g was treated with 20 parts of hexamethyldisilazane (HMDS), and then treated with a
solution obtained by diluting 10 parts of dimethylsilicone oil (trade name: KF-96, 100 c¢s, mfd. by Shinetsu Ka-
gaku) with a solvent. The resultant mixture was dried and heat-treated at about 250 °C, thereby to obtain silicic
fine powder) which had been treated with hexamethyldisilazane and thereafter treated with dimethylsilicone
oil.

To 100 parts of the above-mentioned insulating magnetic toner, 0.8 wt. part of the treated silicic acid pow-
der was added and mixed by means of a Henschel mixer, thereby to obtain a one-component type magnetic
developer.

The resultant developer was charged in a modification of a commercially available copying machine (trade
name: FC-5, mfd. by Canon K.K.) comprising 30 mm-diameter negatively chargeable laminate-type photosen-
sitive member (drum) comprising an OPC (organic photoconductor), and a surface layer comprising polycar-
bonate. The copying machine used herein was modified so that it effected reversal development and a transfer
meanse comprising a transfer roller as shown in Figure 1 was assembled therein.

The transfer roller used herein had a surface rubber portion having a rubber hardness of 27 degrees. Fur-
ther, with respect to transfer conditions used herein, a transfer current of 1 pA, and a contact pressure of 50
g/cm were used.

In the above image formation, the photosensitive drum was subjected to primary charging of -700 V, the
clearance between the photosensitive drum and a developing drum (containing therein a magnet) was set to
about 300 microns so that the developer layer formed on the developing drum did not contact the photosensitive
drum, and an AC bias (frequency = 1800 Hz, Vpp (peak-to-peak voltage) = 1600 V) and a DC bias (Vpc = -
500 V) were applied to the developing drum. The resultant developed image was fixed to a transfer material
by a fixing means comprising a heating pressure roller.

The thus obtained fixed toner images were evaluated in the following manner. The results are shown in
Table 3 appearing hereinafter.

(1) Image density

1000 sheets of ordinary plain paper (75 g/m?2) for a copying machine were passed through the copying
machine, and the image density at the time of copy of 1000 sheets. was evaluated.

o (Excellent): Image density was 1.35 or higher.

A (Good): Image density was 1.0 to 1.34.
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x (Not good): Image density was below 1.0.
(2) Transfer state

Each of thick paper (120 g/m2) and a film for OHP (overhead projector) as a more severe transfer con-
dition was passed through the copying machine, and the resultant transfer failure (or transfer dropout) was
evaluated.
o: The resultant image was good as shown in Figure 1A or 1C.
Al The resultant image was acceptable for practical use.
X: The resultant image was not good as shown in Figure 1B or 1D.
(3) Paper-conveying state

1000 sheets of thin paper (50 g/m2) were passed through the copying machine and the occurrence
of conveyance failure such as obligue movement was evaluated.
o: The number of occurrences of the conveyance failure was one or below, per passage of 1000 sheets.
A: The number of occurrences of the conveyance failure was 2 to 4, per passage of 1000 sheets.
X: The number of occurrences of the conveyance failure was five or more, per passage of 1000 sheets.
(4) Image quality

Scattering of toner particles, coarsening, etc., in the resultant image were evaluated with naked eye.

o: Good.

Al Acceptable for practical use.

X: Not acceptable for practical use.
Example 6

100 parts of silicic acid fine powder (Aerosil #200, mfd. by Nihon Aerosil K.K.) was treated with a solution
obtained by diluting 20 parts of dimethylsilicone oil (trade name: KK-96) with a solvent. The resultant mixture
was dried and heat-treated at about 280 °C, thereby to obtain treated silica.

Image formation was effected in the same manner as in Example 5 except for using the above-mentioned
treated silica.

The results are shown in Table 3 appearing hereinafter.

Example 7

Image formation was effected in the same manner as in Example 6 except that silicic acid fine powder
having a specific surface area of 130 m?/g was used and 100 parts of the fine powder was treated with 27
parts of silicone oil.

The results are shown in Table 3 appearing hereinafter.

Example 8

Image formation was effected in the same manner as in Example 5 except for using a transfer condition
of 56 g/lem.

The results are shown in Table 3 appearing hereinafter.
Example 9

Image formation was effected in the same manner as in Example 6 except for using a-alumina (average
particle size = 0.020 micron, BET specific surface area = 100 m2/g) as a base material of the fine powder.

The results are shown in Table 3 appearing hereinafter.
Example 10

Image formation was effected in the same manner as in Example 5 except that the addition amount of the
treated fine powder was 2 wt. parts.

The results are shown in Table 3 appearing hereinafter.

Example 11

Image formation was effected in the same manner as in Example 6 except for using silicic acid fine powder
having a specific surface area of 300 m?/g and an average particle size of 0.008 micron and 4 parts of silicone

22



10

18

20

25

30

35

40

45

50

55

EP 0 395 061 B1

oil.
The results are shown in Table 3 appearing hereinafter.

Example 12

Image formation was effected in the same manner as in Example 5 except for using a transfer condition
of 20 g/cm.

The results are shown in Table 3 appearing hereinafter.
Example 13

Image formation was effected in the same manner as in Example 5 except that the addition amount of the
treated fine powder was 0.2 wt. parts.

The results are shown in Table 3 appearing hereinafter.

Comparative Example 5

Image formation was effected in the same manner as in Example 5 except for using untreated silicic acid
fine powder instead of the treated silicic acid fine powder.
The results are shown in Table 3 appearing hereinafter.

Comparative Example 6

Image formation was effected in the same manner as in Example 5 except for using a transfer condition
of 2 g/lem.
The results are shown in Table 3 appearing hereinafter.

Comparative Example 7

Image formation was effected in the same manner as in Example 5 except that the addition amount of the
treated fine powder was 4 wt. parts.
The results are shown in Table 3 appearing hereinafter.
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Example 14

Styrene-butyl acrylate copolymer 100 wt.parts

(copolymerization weight ratio = 8:2)

Magnetic material ‘ 60 wt.parts
(magnetite)
Release agent 3 wt.parts

(polypropylene wax)
Nigrosine dye 1 wt.parts

(charge controller)

The above components were melt-kneaded by means of a two-axis extruder heated up to 160 °C, and he
kneaded product, after cooling, was coarsely crushed by means of a hammer mill (mechanical pulverizer) so
that the resultant product passed through a mesh having an opening diameter of 2 mm, and then finely pulv-
erized by means of a jet mill (wind-force pulverizer) so as to provide a particle size of about 10 microns.

The finely pulverized product was classified by means of a DS-classifier (wind-force classifier) so that
the classified product had a volume-average particle size of 12.0 microns measured by a Coulter counter,
thereby to obtain a positively chargeable insulating magnetic toner.

When the thus obtained insulating magnetic toner was mixed with iron powder carrier and thereafter the
triboelectric charge thereof was measured according to the blow-off method, it showed a triboelectric charge
amount of +11 uC/g.

Separately, 100 parts of silicic acid fine powder (average particle size = 0.016 micron) having a specific
surface area of 130 m2/g was treated with 20 parts of amino-modified silicone oil having an amine value of
700, thereby to obtain treated fine powder.

To 100 parts of the insulating magnetic toner, 0.8 part of the treated silica fine powder was added and
mixed by means of a Henschel mixer, thereby to obtain a one-component type developer.

The resultant developer was charged in a modification of a commercially available copying machine (trade
name: FC-5, mfd. by Canon K.K.) comprising 30 mm-diameter negatively chargeable laminate-type photosen-
sitive member (drum) comprising an OPC (organic photoconductor). The copying machine used herein was
modified so that a transfer device comprising a transfer roller as shown in Figure 1 was assembled therein.

The transfer roller used herein had a surface rubber portion having a rubber hardness of 27 degrees. Fur-
ther, with respect to transfer conditions used herein, a transfer current of 1 pA, a transfer voltage of -2000 V,
and a contact pressure of 50 g/cm were used.

In the above image formation, the photosensitive drum was subjected to primary charging of -700 V, the
clearance between the photosensitive drum and a developing drum (containing therein a magnet) was so set
that the developer layer formed on the developing drum did not contact the photosensitive drum, and an AC
bias (frequency = 1800 Hz, Vpp = 1600 V) and a DC bias (Vpc = -300 V) were applied to the developing drum
by a normal developing method. The resultant developed image was fixed to a transfer material by fixing means
comprising a heating pressure roller.

The thus obtained fixed toner images were evaluated in the same manner as described above. The results
are shown in Table 4 appearing hereinafter.

Example 15
Image formation was effected in the same manner as in Example 14 except that 100 parts of the fine pow-

der was treated with 35 parts of amino-modified silicone oil.
The results are shown in Table 4 appearing hereinafter.
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Example 16

Image formation was effected in the same manner as in Example 14 except for using a transfer condition
of 56 g/lem.
The results are shown in Table 4 appearing hereinafter.

Example 17

Image formation was effected in the same manner as in Example 14 except for using a-alumina fine powder
(average particle size = 0.020 micron, BET specific surface area = 100 m2/g) as a base material of the fine
powder.

The results are shown in Table 4 appearing hereinafter.

Example 18

Image formation was effected in the same manner as in Example 14 except that the addition amount of
the treated fine powder was 2 wt. parts.

The results are shown in Table 4 appearing hereinafter.
Example 19

Image formation was effected in the same manner as in Example 14 except that silicic acid fine powder
(average particle size = 0.008 micron) having a specific surface area of 300 m2/g was used and 100 parts of
the fine powder was treated with 5 parts of amino-modified silicone oil.

The results are shown in Table 4 appearing hereinafter.
Example 20

Image formation was effected in the same manner as in Example 14 except for using a transfer condition
of 20 g/cm.

The results are shown in Table 4 appearing hereinafter.
Example 21

Image formation was effected in the same manner as in Example 14 except that the addition amount of
the treated fine pwoder was 0.2 wt. part.

The results are shown in Table 4 appearing hereinafter.

Comparative Example 8

Image formation was effected in the same manner as in Example 14 except for using silicic acid fine powder
treated with aminopropyltriethoxysilane.
The results are shown in Table 4 appearing hereinafter.

Comparative Example 9

Image formation was effected in the same manner as in Example 14 except for using a transfer condition
of 2 g/lem.
The results are shown in Table 4 appearing hereinafter.

Comparative Example 10

Image formation was effected in the same manner as in Example 14 except that the addition amount of
the treated fine powder was 4 wt. parts.
The results are shown in Table 4 appearing hereinafter.
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An image forming method, including the steps of: developing an electrostatic image formed on an elec-
trostatic image-bearing member with a developer to form thereon thereon a developed image, the developer
comprising 100 wt. parts of a toner and 0.05 to 3 wt. parts of fine powder treated with 1-35 wt. parts of silicone
oil or silicone varnish to 100 wt. parts of fine powder; and transferring the developed image on the electrostatic
image-bearing member to a transfer material while causing a transfer means to contact the electrostatic image-
bearing member by the medium of the transfer material under a line pressure of 3g/cm or higher.
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Claims

10.

1.

12.

13.

14.

15.

An image forming method, comprising:

developing an electrostatic image formed on an electrostatic image-bearing member (1) with a de-
veloper to form thereon a developed image, and

transferring the developed image on the electrostatic image-bearing member (1) to a transfer ma-
terial while causing a transfer means (2, 9, 10) to contact the electrostatic image-bearing member (1) by
the medium of the transfer material under a line pressure of 3 g/cm or higher, characterized in that
said developer comprises 100 wt. parts of a toner and 0.05 to 3 wt. parts of fine powder treated with 1 -
35 wt. parts of a silicon oil or silicone varnish to 100 wt. parts of fine powder.

A method according to Claim 1, wherein the developer comprises an insulating magnetic toner and silica
fine powder treated with a silicone oil or silicone varnish.

A method according to Claim 1, wherein the developer is carried on a developing sleeve and is triboelec-
trically charged by the contact thereof with the developing sleeve.

A method according to Claim 1, wherein the transfer means comprises a transfer roller (2) or transfer belt

(9).

A method according to Claim 4, wherein the transfer means comprises a transfer roller (2) comprising a
metal core (2a) and an electroconductive elastic layer (2b) disposed thereon.

A method according to Claim 5, wherein the electroconductive elastic layer (2b) of the transfer roller (2)
has a volume resistivity of 106 to 108 Q - cm.

Amethod according to Claim 1, wherein the developed image is electrostatically transferred to the transfer
material while the transfer means (2, 9, 10) is caused to contact the electrostatic image-bearing member
(1) under a line pressure of 20 g/cm or higher.

Amethod according to Claim 1, wherein the developed image is electrostatically transferred to the transfer
material by the transfer means (2, 9, 10) to which a bias having a transfer current of 0.1 - 50 pA, and a
transfer voltage of 500 - 4000 V (absolute value) is applied.

A method according to Claim 1, wherein 100 wt. parts of the fine powder has been treated with 2 - 30 wt.
parts of the silicone oil.

A method according to Claim 1, wherein the silicone oil comprises one comprising a partial structure of

wherein R denotes an alkyl group having 1 - 3 carbon atoms and m denotes an integer.
A method according to Claim 1, wherein the silicone oil comprises an amino-modified silicone oil.

A method according to Claim 1, wherein the fine powder treated with silicone oil or silicone varnish com-
prises one obtained by treating an inorganic oxide having a particle size of 0.001 - 2 microns with the
silicone oil or silicone varnish.

A method according to Claim 12, wherein the silicone oil has a viscosity of 50 - 1000 centistoke at 25 °C.

A method according to Claim 1, wherein the toner comprises an insulating magnetic toner and the fine
powder comprises hydrophobic silica fine powder treated with the silicone oil or silicone varnish.

Amethod according to Claim 14, wherein the hydrophobic silica fine powder has been treated with a silane
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coupling agent and the silicone oil.

A method according to Claim 14, wherein the hydrophobic silica fine powder is used in an amount of 0.1
- 1.6 wt. parts with respect to 100 wt. parts of the insulating magnetic toner.

A method according to Claim 2, wherein the insulating magnetic toner has a residual magnetization o, of
1 - 5 emu/g, a saturation magnetization o of 15 - 50 emu/g, and a coercive force of 20 - 100 Oe.

A method according to Claim 1, wherein the toner comprises an insulating magnetic toner, and the insu-
lating magnetic 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 microns, 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 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 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 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.

A method according to Claim 1, wherein the toner has a volume-average particle size of 5 - 13 microns.

Amethod according to Claim 1 or 19, wherein the toner is a magnetic toner containing 17 - 60 % by number
of magnetic toner particles having a particle size of 5 microns or smaller.

A method according to Claim 1, 19 or 20, wherein the toner is a magnetic toner containing 5 - 50 % by
number of magnetic toner particles of 6.35 - 10.08 microns.

The use of a developer (710) comprising 100 wt. parts of a toner and 0.05 to 3 wt. parts of fine powder
treated with 1-35 wt. parts of a silicone oil or silicone varnish to 100 wt. parts of fine powder in an image
forming apparatus comprising:

an electrostatic image-bearing member (1) for carrying an electrostatic image;

means for developing the electrostatic image (704, 709) comprising a toner-carrying member,
wherein the toner-carrying member carries thereon said developer (710); and

transfer means (2, 9, 10) for transferring a developed image developed with the developer (710)
from the electrostatic image-bearing member (1) to a transfer material (P) while causing the transfer
means (2, 9, 10) to contact the electrostatic image-bearing member (1) by the medium of the transfer ma-
terial (P) under a line pressure of 3 g/cm or higher.

The use according to Claim 22, wherein the developer comprises an insulating magnetic toner and silica
fine powder treated with a silicone oil or silicone varnish.

The use according to Claim 22, wherein the transfer means comprises a transfer roller (2) or transfer belt

9.

The use according to Claim 24, wherein the transfer means comprises a transfer roller (2) comprising a
metal core (2a) and an electroconductive elastic layer (2b) disposed thereon.

The use according to Claim 25, wherein the electroconductive elastic layer (2b) of the transfer roller (2)
has a volume resistivity of 106 to 108 Q - cm.

The use according to Claim 22, wherein the transfer means (2, 9, 10) is caused to contact the electrostatic
image-bearing member (1) under a line pressure of 20 g/cm or higher.

The use according to Claim 22, wherein the electrostatic image-bearing member (1) comprises a photo-
sensitive drum comprising an organic photoconductor (OPC).

The use according to Claim 28, wherein the electrostatic image-bearing member (1) comprises alaminate-
type organic photoconductor (OPC) drum having a diameter of 50 mm or smaller.
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The use according to Claim 22, wherein 100 wt. parts of the fine powder has been treated with 2 - 30 wt.
parts of the silicone oil.

The use according to Claim 22, wherein the silicone oil comprises one comprising a partial structure of

wherein R denotes an alkyl group having 1 - 3 carbon atoms and m denotes an integer.
The use according to Claim 22, wherein the silicone oil comprises an amino-modified silicone oil.

The use according to Claim 22, wherein the fine powder treated with silicone oil or silicone varnish com-
prises one obtained by treating an inorganic oxide having a particle size of 0.001 - 2 microns with the
silicone oil or silicone varnish.

The use according to Claim 33, wherein the silicone oil has a viscosity of 50 - 1000 centistoke at 25°C.

The use according to claim 22, wherein the toner comprises an insulating magnetic toner and the fine
powder comprises hydrophobic silica fine powder treated with the silicone oil or silicone varnish.

The use according to Claim 35, wherein the hydrophobic silica fine powder has been treated with a silane
coupling agent the silicone oil.

The use according to Claim 35, wherein the hydrophaobic silica fine powder is used in an amount of 0.1 -
1.6 wt. parts with respect to 100 wt. parts of the insulating magnetic toner.

The use according to Claim 35, wherein the insulating magnetic toner has a residual magnetization o, of
1 - 5 emu/g, a saturation magnetization o of 15 - 50 emu/g, and a coercive force of 20 - 100 Oe.

The use according to Claim 22, wherein the toner comprises an insulating magnetic toner, and the insu-
lating magnetic 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 microns, 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 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 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-
crons 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 use of a developer (710) comprising 100 wt. parts of a toner and 0.05 to 3 wt. parts of fine powder
treated with 1 - 35 wt. of a silicone oil or silicone varnish to 100 wt. parts of fine powder in a facsimile
comprising an image forming apparatus and receiving means for receiving image information from a re-
mote terminal; said image forming apparatus comprising:

an electrostatic image-bearing member (1) for carrying an electrostatic image;

means for developing the electrostatic image (704, 709) comprising a toner-carrying member,
wherein the toner-carrying member carries thereon said developer (710); and

transfer means for transferring a developed image developed with the developer from the electro-
static image-bearing member to a transfer material while causing the transfer means to contact the elec-
trostatic image-bearing member by the medium of the transfer material under a line pressure of 3 g/cm
or higher.
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Patentanspriiche

1.

10.

1.

12.

13.

Bilderzeugungsverfahren, bei dem

ein elektrostatisches Bild, das auf einem Bildhalteteil (1) zum Halten eines elektrostatischen Bildes er-
zeugt worden ist, mit einem Entwickler entwickelt wird, um darauf ein entwickeltes Bild zu erzeugen, und
das entwickelte Bild, das sich auf dem Bildhalteteil (1) zum Halten eines elektrostatischen Bildes befindet,
auf ein Ubertragungsmaterial {ibertragen wird, wihrend bewirkt wird, daR eine Ubertragungseinrichtung
(2, 9, 10) Giber das Ubertragungsmaterial mit dem Bildhalteteil (1) zum Halten eines elektrostatischen Bil-
des unter einem Liniendruck von 3 g/cm oder héher Kontakt hat,

dadurch gekennzeichnet, dall der erwdhnte Entwickler 100 Masseteile eines Toners und 0,05 bis 3
Masseteile Feinpulver, das mit 1 bis 35 Masseteilen eines Silicondls oder Siliconlacks je 100 Masseteile
Feinpulver behandelt worden ist, umfaft.

Verfahren nach Anspruch 1, bei dem der Entwickler einen isolierenden magnetischen Toner und Silici-
umdioxid-Feinpulver, das mit einem Silicondl oder Siliconlack behandelt worden ist, umfaft.

Verfahren nach Anspruch 1, bei dem der Entwickler auf einem Entwicklungszylinder getragen wird und
durch seinen Kontakt mit dem Entwicklungszylinder triboelektrisch aufgeladen wird.

Verfahren nach Anspruch 1, bei dem die Ubertragungseinrichtung eine Ubertragungswalze (2) oder ein
Ubertragungsband (9) umfaRt.

Verfahren nach Anspruch 4, bei dem die Ubertragungseinrichtung eine Ubertragungswalze (2) umfaRt,
die einen Metallkern (2a) und eine darauf angeordnete elektrisch leitende, elastische Schicht (2b) umfalt.

Verfahren nach Anspruch 5, bei dem die elektrisch leitende, elastische Schicht (2b) der Ubertragungs-
walze (2) einen spezifischen Volumenwiderstand von 10¢ bis 108 -cm hat.

Verfahren nach Anspruch 1, bei dem das entwickelte Bild elektrostatisch auf das Ubertragungsmaterial
{ibertragen wird, wahrend bewirkt wird, daR die Ubertragungseinrichtung (2, 9, 10) mit dem Bildhalteteil
(1) zum Halten eines elektrostatischen Bildes unter einem Liniendruck von 20 g/cm oder hdher Kontakt
hat.

Verfahren nach Anspruch 1, bei dem das entwickelte Bild durch die Ubertragungseinrichtung (2, 9, 10),
an die eine Vorspannung mit einer Ubertragungsstromstarke von 0,1 bis 50 uA und einer Ubertragungs-
spannung von 500 bis 4000 V (Absolutwert) angelegt wird, elektrostatisch auf das Ubertragungsmaterial
tibertragen wird.

Verfahren nach Anspruch 1, bei dem 100 Masseteile des Feinpulvers mit 2 bis 30 Masseteilen des Sili-
condls behandelt worden sind.

Verfahren nach Anspruch 1, bei dem das Silicondl eines umfalt, das eine Teilstruktur

R
I

-(Si)p-

R

hat, worin R eine Alkylgruppe mit 1 bis 3 Kohlenstoffatomen bezeichnet und m eine ganze Zahl bezeichnet.
Verfahren nach Anspruch 1, bei dem das Silicondl ein aminomodifiziertes Silicondl umfaft.

Verfahren nach Anspruch 1, bei dem das mit Siliconél oder Siliconlack behandelte Feinpulver eines um-
falt, das durch Behandlung eines anorganischen Oxids, das eine TeilchengréfRe von 0,001 bis 2 Mikro-
metern hat, mit dem Silicon6l oder Siliconlack erhalten worden ist.

Verfahren nach Anspruch 12, bei dem das Silicondl bei 25 °C eine Viskositat von 50 bis 1000 Centistokes
hat.
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Verfahren nach Anspruch 1, bei dem der Toner einen isolierenden magnetischen Toner umfallt und das
Feinpulver hydrophobes Siliciumdioxid-Feinpulver, das mit dem Silicondl oder Siliconlack behandelt wor-
den ist, umfafit.

Verfahren nach Anspruch 14, bei dem das hydrophobe Siliciumdioxid-Feinpulver mit einem Silan-Haft-
mittel und dem Silicondl behandelt worden ist.

Verfahren nach Anspruch 14, bei dem das hydrophobe Siliciumdioxid-Feinpulver in einer Menge von 0,1
bis 1,6 Masseteilen pro 100 Masseteile des isolierenden magnetischen Toners verwendet wird.

Verfahren nach Anspruch 2, bei dem der isolierende magnetische Toner eine Remanenz &, von 1 bis 5
emE/g, eine Sattigungsmagnetisierung o von 15 bis 50 emE/g und eine Koerzitivkraft von 20 bis 100
Oe hat.

Verfahren nach Anspruch 1, bei dem der Toner einen isolierenden magnetischen Toner umfaft und der
isolierende magnetische Toner 17 bis 60 % (auf die Zahl bezogen) magnetische Tonerteilchen mit einer
Teilchengréfle von 5 Mikrometern oder weniger enthélt, 5 bis 50 % (auf die Zahl bezogen) magnetische
Tonerteilchen mit einer TeilchengréRe von 6,35 bis 10,08 Mikrometern enthélt und 2,0 Volumen% oder
weniger magnetische Tonerteilchen mit einer TeilchengrdfRe von 12,7 Mikrometern oder mehr enthalt; wo-
bei der magnetische Toner eine mittlere TeilchengréRe (Volumenmittel) von 6 bis 8 Mikrometern hat und
die magnetischen Tonerteilchen mit einer Teilchengrée von 5 Mikrometern oder weniger eine Teilchen-
grdBenverteilung haben, die die folgende Formel erfillt:
N/V = -0,06N + k,

worin N den prozentualen Anteil (auf die Zahl bezogen) magnetischer Tonerteilchen mit einer Teilchen-
gréRe von 5 Mikrometern oder weniger bezeichnet, V den prozentualen Volumenanteil magnetischer Ton-
erteilchen mit einer TeilchengréRe von 5 Mikrometern oder weniger bezeichnet, k eine positive Zahl von
4,6 bis 6,7 bezeichnet und N eine positive Zahl von 17 bis 60 bezeichnet.

Verfahren nach Anspruch 1, bei dem der Toner eine mittlere Teilchengréfe (Volumenmittel) von 5 bis 13
Mikrometern hat.

Verfahren nach Anspruch 1 oder 19, bei dem der Toner ein magnetischer Toner ist, der 17 bis 60 % (auf
die Zahl bezogen) magnetische Tonerteilchen mit einer Teilchengréfe von 5 Mikrometern oder weniger
enthalt.

Verfahren nach Anspruch 1, 19 oder 20, bei dem der Toner ein magnetischer Toner ist, der 5 bis 50 %
(auf die Zahl bezogen) magnetische Tonerteilchen mit einer Gréfe von 6,35 bis 10,08 Mikrometern ent-
halt.

Verwendung eines Entwicklers (710), der 100 Masseteile eines Toners und 0,05 bis 3 Masseteile Fein-
pulver, das mit 1 bis 35 Masseteilen eines Silicondls oder Siliconlacks je 100 Masseteile Feinpulver be-
handelt worden ist, umfaft, in einem Bilderzeugungsgerat, das

ein Bildhalteteil (1) zum Halten eines elektrostatischen Bildes;

eine Einrichtung (704, 709) fir die Entwicklung des elektrostatischen Bildes, die ein Tonertragerteil um-
falt, wobei auf dem Tonertragerteil der erwahnte Entwickler (710) getragen wird; und

eine Ubertragungseinrichtung (2, 9, 10) fir die Ubertragung eines entwickelten Bildes, das mit dem Ent-
wickler (710) entwikkelt worden ist, von dem Bildhalteteil (1) zum Halten eines elektrostatischen Bildes
auf ein Ubertragungsmaterial (P), wéhrend bewirkt wird, daR die Ubertragungseinrichtung (2, 9, 10) Giber
das Ubertragungsmaterial (P) mit dem Bildhalteteil (1) zum Halten eines elektrostatischen Bildes unter
einem Liniendruck von 3 g/cm oder héher Kontakt hat,

umfaft.

Verwendung nach Anspruch 22, bei der der Entwickler einen isolierenden magnetischen Toner und Sili-
ciumdioxid-Feinpulver, das mit einem Silicondl oder Siliconlack behandelt worden ist, umfaft.

Verwendung nach Anspruch 22, bei der die Ubertragungseinrichtung eine Ubertragungswalze (2) oder
ein Ubertragungsband (9) umfaRt.

Verwendung nach Anspruch 24, bei der die Ubertragungseinrichtung eine Ubertragungswalze (2) umfaRt,
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die einen Metallkern (2a) und eine darauf angeordnete elektrisch leitende, elastische Schicht (2b) umfalt.

Verwendung nach Anspruch 25, bei der die elektrisch leitende, elastische Schicht (2b) der Ubertragungs-
walze (2) einen spezifischen Volumenwiderstand von 10¢ bis 108 -cm hat.

Verwendung nach Anspruch 22, bei der bewirkt wird, daR die Ubertragungseinrichtung (2, 9, 10) mit dem
Bildhalteteil (1) zum Halten eines elektrostatischen Bildes unter einem Liniendruck von 20 g/cm oder hé-
her Kontakt hat.

Verwendung nach Anspruch 22, bei der das Bildhalteteil (1) zum Halten eines elektrostatischen Bildes
eine photoempfindliche Trommel mit einem organischen Photoleiter (OPC) umfaft.

Verwendung nach Anspruch 28, bei der das Bildhalteteil (1) zum Halten eines elektrostatischen Bildes
eine Trommel mit einem organischen Photoleiter (OPC) des Laminattyps umfalt, die einen Durchmesser
von 50 mm oder weniger hat.

Verwendung nach Anspruch 22, bei der 100 Masseteile des Feinpulvers mit 2 bis 30 Masseteilen des Si-
licondls behandelt worden sind.

Verwendung nach Anspruch 22, bei der das Silicondl eines umfalit, das eine Teilstruktur

R
l

_(si)m_
R

hat, worin R eine Alkylgruppe mit 1 bis 3 Kohlenstoffatomen bezeichnet und m eine ganze Zahl bezeichnet.
Verwendung nach Anspruch 22, bei der das Silicondl ein aminomodifiziertes Silicondl umfaft.

Verwendung nach Anspruch 22, bei der das mit Silicon&l oder Siliconlack behandelte Feinpulver eines
umfaBt, das durch Behandlung eines anorganischen Oxids, das eine TeilchengrdofRe von 0,001 bis 2 Mi-
krometern hat, mit dem Silicondl oder Siliconlack erhalten worden ist.

Verwendung nach Anspruch 33, bei der das Silicondl bei 25 °C eine Viskositét von 50 bis 1000 Centistokes
hat.

Verwendung nach Anspruch 22, bei der der Toner einen isolierenden magnetischen Toner umfalit und das
Feinpulver hydrophobes Siliciumdioxid-Feinpulver, das mit dem Silicondl oder Siliconlack behandelt wor-
den ist, umfafit.

Verwendung nach Anspruch 35, bei der das hydrophobe Siliciumdioxid-Feinpulver mit einem Silan-Haft-
mittel und dem Silicondl behandelt worden ist.

Verwendung nach Anspruch 35, bei der das hydrophobe Siliciumdioxid-Feinpulver in einer Menge von
0,1 bis 1,6 Masseteilen pro 100 Masseteile des isolierenden magnetischen Toners verwendet wird.

Verwendung nach Anspruch 35, bei der der isolierende magnetische Toner eine Remanenz o; von 1 bis
5 emE/g, eine Séattigungsmagnetisierung o von 15 bis 50 emE/g und eine Koerzitivkraft von 20 bis 100
Oe hat.

Verwendung nach Anspruch 22, bei der der Toner einen isolierenden magnetischen Toner umfa3t und der
isolierende magnetische Toner 17 bis 60 % (auf die Zahl bezogen) magnetische Tonerteilchen mit einer
Teilchengréfle von 5 Mikrometern oder weniger enthélt, 5 bis 50 % (auf die Zahl bezogen) magnetische
Tonerteilchen mit einer TeilchengréRe von 6,35 bis 10,08 Mikrometern enthélt und 2,0 Volumen% oder
weniger magnetische Tonerteilchen mit einer TeilchengrdfRe von 12,7 Mikrometern oder mehr enthalt; wo-
bei der magnetische Toner eine mittlere TeilchengréRe (Volumenmittel) von 6 bis 8 Mikrometern hat und
die magnetischen Tonerteilchen mit einer Teilchengrée von 5 Mikrometern oder weniger eine Teilchen-
grdBenverteilung haben, die die folgende Formel erfillt:
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N/V = -0,06N + k,
worin N den prozentualen Anteil (auf die Zahl bezogen) magnetischer Tonerteilchen mit einer Teilchen-
gréRe von 5 Mikrometern oder weniger bezeichnet, V den prozentualen Volumenanteil magnetischer Ton-
erteilchen mit einer TeilchengréRe von 5 Mikrometern oder weniger bezeichnet, k eine positive Zahl von
4,6 bis 6,7 bezeichnet und N eine positive Zahl von 17 bis 60 bezeichnet.

Verwendung eines Entwicklers (710), der 100 Masseteile eines Toners und 0,05 bis 3 Masseteile Fein-
pulver, das mit 1 bis 35 Masseteilen eines Silicondls oder Siliconlacks je 100 Masseteile Feinpulver be-
handelt worden ist, umfat, in einem Faksimilegerét, das ein Bilderzeugungsgerét und eine Empfangs-
einrichtung fiir den Empfang von Bilddaten aus einer entfernten Datenstation umfalt; wobei das erwéhnte
Bilderzeugungsgerat

ein Bildhalteteil (1) zum Halten eines elektrostatischen Bildes;

eine Einrichtung (704, 709) fir die Entwicklung des elektrostatischen Bildes, die ein Tonertragerteil um-
falt, wobei auf dem Tonertragerteil der erwahnte Entwickler (710) getragen wird; und

eine Ubertragungseinrichtung fir die Ubertragung eines entwikkelten Bildes, das mit dem Entwickler ent-
wickelt worden ist, von dem Bildhalteteil zum Halten eines elektrostatischen Bildes auf ein Ubertragungs-
material, wahrend bewirkt wird, daR die Ubertragungseinrichtung iiber das Ubertragungsmaterial mit dem
Bildhalteteil zum Halten eines elektrostatischen Bildes unter einem Liniendruck von 3 g/cm oder héher
Kontakt hat,

umfaft.

Revendications

Procédé de formation d'image, comprenant :

le développement d’une image électrostatique formée sur un élément de support d’image électros-
tatique (1) avec un développateur pour former sur cet élément une image développée, et

le transfert de I'image développée sur I'élément de support d’'image électrostatique (1) a une ma-
tiére de transfert tout en provoquant le contact d'un moyen de transfert (2, 9, 10) avec’élément de support
d'image électrostatique (1) au moyen de la matiére de transfert sous une pression linéaire égale ou su-
périeure a 3 g/cm, caractérisé en ce que

ledit développateur comprend 100 parties en poids d’un toner et 0,05 a 3 parties en poids d’'une
poudre fine traitée avec 1 a 35 parties en poids d’'une huile de silicone ou d’'un vernis a base de silicone
pour 100 parties en poids de poudre fine.

Procédé suivant la revendication 1, dans lequel le développateur comprend un toner magnétique isolant
et une poudre fine de silice traitée avec une huile de silicone ou un vernis a base de silicone.

Procédé suivant la revendication 1, dans lequel le développateur est porté par un manchon de dévelop-
pement et est chargé triboélectriquement par son contact avec le manchon de développement.

Procédé suivant la revendication 1, dans lequel le moyen de transfert comprend un rouleau de transfert
(2) ou une courroie de transfert (9).

Procédé suivant la revendication 4, dans lequel le moyen de transfert comprend un rouleau de transfert
(2) comprenant une ame métallique (2a) et une couche élastique électroconductrice (2b) placée sur celle-
ci.

Procédé suivant la revendication 5, dans lequel la couche élastique électroconductrice (2b) du rouleau
de transfert (2) posséde une résistivité volumique de 106 a 128 Q.cm.

Procédé suivant la revendication 1, dans lequel I'image développée est transférée électrostatiquement
alamatiére de transfert tout en amenant le moyen de transfert (2, 9, 10) a entrer en contact avec I'élément
de support d'image électrostatique (1) sous une pression linéaire égale ou supérieure a 20 g/cm.

Procédé suivant la revendication 1, dans lequel I'image développée est transférée électrostatiquement
ala matiére de transfert par le moyen de transfert (2, 9, 10) auquel est appliqué un courant de polarisation
ayant une intensité de transfert de 0,1 & 50 pA et une tension de transfert de 500 a 4000 volts (valeur
absolue).
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Procédé suivant la revendication 1, dans lequel 100 parties en poids de la poudre fine ont été traitées
avec 2 a 30 parties en poids de 'huile de silicone.

Procédé suivant la revendication 1, dans lequel I'huile de silicone consiste en une huile comprenant une
structure partielle de formule

]
—(Ti)m_
R

dans laquelle R représente un groupe alkyle ayant 1 & 3 atomes de carbone et m représente un nombre
entier.

Procédé suivant la revendication 1, dans lequel I'huile de silicone consiste en une huile de silicone mo-
difiée avec un groupe amino.

Procédé suivant la revendication 1, dans lequel la poudre fine traitée avec une huile de silicone ou un
vernis a base de silicone consiste en une poudre obtenue par traitement d’'un oxyde inorganique ayant
un diameétre de particules de 0,001 4 2 micrométres avec I'huile de silicone ou le vernis a base de silicone.

Procédé suivant la revendication 12, dans lequel I'huile de silicone posséde une viscosité de 50 a 1000
centistokes a 25°C.

Procédé suivant la revendication 1, dans lequel le toner comprend un toner magnétique isolant et la pou-
dre fine comprend une poudre fine de silice hydrophobe traitée avec I'huile de silicone ou le vernis a base
de silicone.

Procédé suivant la revendication 14, dans lequel la poudre fine de silice hydrophobe a été traitée avec
un agent de couplage du type silane et I'huile de silicone.

Procédé suivant la revendication 14, dans lequel la poudre fine de silice hydrophobe est utilisée en une
quantité de 0,1 a 1,6 partie en poids sur la base de 100 parties en poids du toner magnétique isolant.

Procédé suivant la revendication 2, dans lequel le toner magnétique isolant posséde une aimantation ré-
siduelle o, de 1 a 5 ému/g, une aimantation & saturation o5 de 15 & 50 ému/g et une force coercitive de
20 & 100 Oe.

Procédé suivant la revendication 1, dans lequel le toner comprend un toner magnétique isolant, et le toner
magnétique isolant contient 17 a 60 %, en nombre, de particules de toner magnétique ayant un diamétre
égal ou inférieur & 5 micromeétres, contient 5 a 50 %, en nombre, de particules de toner magnétique ayant
un diamétre de 6,35 a 10,08 micrométres, et contient une quantité égale ou inférieure & 2,0 %, en volume,
de particules de toner magnétique ayant un diamétre égal ou supérieur a 12,7 micrométres ; le toner ma-
gnétique posséde une moyenne volumique du diamétre de particules de 6 a 8 micrométres, et les parti-
cules de toner magnétique possédant un diamétre égal ou inférieur & 5 micrométres possédent une dis-
tribution des diamétres de particules répondant a la formule suivante :
N/V -0,05N + k,

dans laquelle N représente le pourcentage, en nombre, de particules de toner magnétique ayant un dia-
métre égal ou inférieur 8 5 micrométres, V représente le pourcentage, en volume, de particules de toner
magnétique ayant un diamétre égal ou inférieur 8 5 micrométres, k représente un nombre positif de 4,6
a 6,7, et N représente un nombre positif de 17 a 60.

Procédé suivant la revendication 1, dans lequel le toner posséde une moyenne volumique du diamétre
de particules de 5 & 13 micrométres.

Procédé suivant la revendication 1 ou 19, dans lequel le toner est un toner magnétique contenant 17 a
60 %, en nombre, de particules de toner magnétique ayant un diamétre égal ou inférieur & 5 micrométres.

Procédé suivant la revendication 1, 19 ou 20, dans lequel le toner est un toner magnétique contenant 5
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a 50 %, en nombre, de particules de toner magnétique de 6,35 & 10,08 micrométres.

Utilisation d’'un développateur (710) comprenant 100 parties en poids d’un toner et 0,05 a 3 parties en
poids d’'une poudre fine traitée avec une quantité de 1 a 35 parties en poids d’'une huile de silicone ou
d'un vernis a base de silicone sur la base de 100 parties en poids de poudre fine, dans un appareil de
formation d’'image comprenant :

un élément de support d’image électrostatique (1) destiné a porter une image électrostatique ;

un moyen de développement de I'image électrostatique (704, 709) comprenant un élément de sup-
port de toner, dans lequel I'élément de support de toner porte ledit développateur (710) ; et

des moyens de transfert (2, 9, 10) pour le transfert d’'une image développée avec le développateur
(710) de I’élément de support d'image électrostatique (1) a une matiére de transfert (P) tout en provoquant
le contact des moyens de transfert (2, 9, 10) avec I'élément de support d’'image électrostatique (1) au
moyen de la matiére de transfert (P) sous une pression linéaire égale ou supérieure a 3 g/cm.

Utilisation suivant la revendication 22, dans laquelle le développateur comprend un toner magnétique iso-
lant et une poudre fine de silice traitée avec une huile de silicone ou un vernis & base de silicone.

Utilisation suivant la revendication 22, dans laquelle le moyen de transfert comprend un rouleau de trans-
fert (2) ou une courroie de transfert (9).

Utilisation suivant la revendication 24, dans laquelle le moyen de transfert comprend un rouleau de trans-
fert (2) comprenant une ame métallique (2a) et une couche élastique électroconductrice (2b) placée sur
celle-ci.

Utilisation suivant la revendication 25, dans laquelle la couche élastique électroconductrice (2b) du rou-
leau de transfert (2) posséde une résistivité volumique de 106 a 108 Q.cm.

Utilisation suivant la revendication 22, dans laquelle le moyen de transfert (2, 9, 10) est amené a entrer
en contact avec I'élément de support d’'image électrostatique (1) sous une pression linéaire égale ou su-
périeure a 20 g/cm.

Utilisation suivant la revendication 22, dans laquelle I'’élément de support d’'image électrostatique (1)
comprend un tambour photosensible comprenant un photoconducteur organique (OPC).

Utilisation suivant la revendication 28, dans laquelle I'’élément de support d’'image électrostatique (1)
comprend un tambour comprenant un photoconducteur organique (OPC) de type stratifié, ayant un dia-
métre égal ou inférieur & 50 mm.

Utilisation suivant la revendication 22, dans laquelle 100 parties en poids de la poudre fine ont été traitées
avec 2 a 30 parties en poids de 'huile de silicone.

Utilisation suivant la revendication 22, dans laquelle I'huile de silicone consiste en une huile comprenant
une structure partielle de formule

dans laquelle R représente un groupe alkyle ayant 1 & 3 atomes de carbone et m représente un nombre
entier.

Utilisation suivant la revendication 22, dans laquelle I'huile de silicone consiste en une huile de silicone
modifiée avec un groupe amino.

Utilisation suivant la revendication 22, dans laquelle la poudre fine traitée avec I'huile de silicone ou le
vernis a base de silicone consiste en une poudre obtenue par traitement d’'un oxyde inorganique ayant
un diameétre de particules de 0,001 4 2 micrométres avec I'huile de silicone ou le vernis a base de silicone.
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Utilisation suivant la revendication 33, dans laquelle I'huile de silicone posséde une viscosité de 50 4 1000
centistokes a 25°C.

Utilisation suivant la revendication 22, dans laquelle le toner comprend un toner magnétique isolant etla
poudre fine comprend une poudre fine de silice hydrophobe traitée avec I'huile de silicone ou le vernis
a base de silicone.

Utilisation suivant la revendication 35, dans laquelle la poudre fine de silice hydrophobe a été traitée avec
un agent de couplage du type silane et I'huile de silicone.

Utilisation suivant la revendication 35, dans laquelle la poudre fine de silice hydrophobe est utilisée en
une quantité de 0,1 a 1,6 partie en poids sur la base de 100 parties en poids du toner magnétique isolant.

Utilisation suivant la revendication 35, dans laquelle le toner magnétique isolant posséde une aimantation
résiduelle o, de 1 4 5 ému/g, une aimantation a saturation o5 de 15 a 50 ému/g et une force coercitive de
20 & 100 Oe.

Utilisation suivant la revendication 22, dans laquelle le toner consiste en un toner magnétique isolant et
le toner magnétique isolant contient 17 & 60 %, en nombre, de particules de toner magnétique ayant un
diamétre égal ou inférieur & 5 micromeétres, contient 5 a 50 %, en nombre, de particules de toner magné-
tiqgue ayant un diamétre de 6,35 a 10,08 micrométres et contient une quantité égale ou inférieure a 2,0
%, en volume, de particules de toner magnétique ayant un diamétre égal ou supérieur a 12,7 microme-
tres ; le toner magnétique posséde une moyenne volumique du diamétre de particules de 6 a 8 micro-
métres, et les particules de toner magnétique ayant un diamétre égal ou inférieur & 5 micrométres pos-
sédent une distribution des diamétres de particules répondant a la formule suivante
N/V = -0,056N + Kk,

dans laquelle N représente le pourcentage en nombre de particules de toner magnétique ayant un dia-
métre égal ou inférieur a8 5 micrométres, V représente le pourcentage en volume de particules de toner
magnétique ayant un diamétre égal ou inférieur 8 5 micrométres, k représente un nombre positif de 4,6
a 6,7 et N représente un nombre positif de 17 & 60.

Utilisation d’'un développateur (710) comprenant 100 parties en poids d’un toner et 0,05 a 3 parties en
poids d’une poudre fine traitée avec 1 & 35 % en poids d’'une huile de silicione ou d’un vernis a base de
silicone, sur la base de 100 parties en poids de poudre fine, dans un appareil de télécopie comprenant
un appareil de formation d’image et un moyen de réception pour la réception de I'information d’'image pro-
venant d’un terminal éloigné ; ledit appareil de formation d’image comprenant :

un élément de support d'image électrostatique (1) destiné a porter une image électrostatique ;

un moyen de développement de I'image électrostatique (704, 709) comprenant un élément de sup-
port de toner, dans lequel I'élément de support de toner porte ledit développateur (710) ; et

un moyen de transfert pour le transfert d’'une image développée avec le développateur de I'élément
de support d’image électrostatique a une matiére de transfert tout en provoquant le contact du moyen de
transfert avec I’élément de support d’image électrostatique au moyen de la matiére de transfert sous une
pression linéaire égale ou supérieure a 3 g/cm.

37



EP 0 395 061 B1

| A

FI1G.

| B

F1G.

38



EP 0 395 061 B1

|C

FI1G.

|D

FIG.

39



EP 0 395 061 B1

40






N/V (% BY NUMBER/% BY VOLUME OF PARTICES
OF S5um OR SMALLER)

20

L

R 2]

EP 0 395 061 B1

T

20 40 60 80 100

N (% BY NUMBER OF PARTICLES
OF 5um OR SMALLER)

FIG 6




EP O

395 061 B1

[><}f5|4

IMAGE | -510
READER
_/SII
——————— e cmm e — — - — — ———-—-l
512 CONTROLLER :
RECEIVER |
CIRCUIT |
WEAN%RY 51 SI3 : 515
TRASMITTER ' z Lu
517 CIRCUIT ! LINE
CPU T :
1
|
| |
PRINTER | -518 |
CONTROLLER :
|
_______ J{_____ e
PRINTER }-SI°

43



	bibliography
	description
	claims
	drawings

