
EP 0 270 063 B1 Description BACKGROUND OF THE INVENTION 5 Field of the
Invention This invention relates to a developer for developing
electrostatic latent images in electrophotography, electrostatic recording,
electrostatic printing, and an image forming method. More particularly, it
pertains to an electrophotographic developer which can charge strongly and
uniformly negative charges to give images 10 of high quality with litte
dependence on environment in the direct or indirect electrophotographic
develop- ing method. Related Background Art 15    In the prior art,
electrophotogrphic methods as disclosed in U.S. Patents 2,297,691,
3,666,363 and 4,071,361 have been known. Generally speaking, by utilizing a
photoconductive substance, forming an electrical latent Image on a
photosensitive member according to various means, and then developing said
latent image with the use of a developing powder (hereinafter called toner)
and, after optionally transferring the toner image onto a transfer material
such as paper, fixing the image by heating, pressure or heating 20  under
pressure or by use of a solvent vapor to give a copied product. When having
the step of transferring the toner image, there is ordinarily provided a
step for removing the residual toner on the photosensitive member. As the
method for visualizing the electrical latent images with the use of a
toner, there may be included the magnetic brush method as disclosed in U.S.
Patent 2,874,063, the cascade developing method as 25  disclosed in U.S.
Patent 2,618,552 and the powder cloud method as disclosed in U.S. Patent
2,221,776. As the method of employing magnetic toner, there may be included
the magnedry method by use of an electroconductive toner as disclosed in
U.S. Patent 3,909,258, the method of employing dielectric polariza- tion of
toner particles, and the charge delivery method by disturbance of the
toner. Further, there is the method in which development is effected by
flying toner particles toward latent images, as disclosed in U.S. 30
Patents 4,356,245 and 4,395,476. In the toner applied for these methods,
there have been used in the art fine powder containing a dye and/or pigment
dispersed in a natural or synthetic resin. For example, particles finely
pulverized to about 1 to 30 [err] of a colorant dispersed in a binder such
as polystyrene have been used as the toner. As the magnetic toner, those
containing magnetic particles such as magnetite or ferrite have been used.
On the 35 other hand, in the case of a system employing two-component
developers, a mixture of a toner with carrier particles such as glass beads
or iron powder has been used. In the method of using such dry system
developer, in order to form visible images of good quality on the latent
image carrier, the developer is required to have high flowing
characteristic and have uniform chargeability. For this purpose, it has
been practiced in the art to add and mix silica fine powder in toner 40
powder. However, since silica fine powder is itself hydrophilic, the
developer added with this powder may cause agglomeration due to humidity in
the air to be lowered in flowing characteristic, or in an extreme case, may
lower chargeability of the developer due to moisture absorption by the
silica. For this reason, it has been proposed to use silica fine powder
subjected to hydrophobic treatment in U.S. Patents 3,720,617, 3,819,387,
3,983,045 and U.K. Patent 1,402,010. More specifically, it is the method in
which silicon dioxide 45 fine particles (silica fine powder) are reacted
with a silane coupling agent to make them hydrophobic by replacement of
silanol groups on the surface of the silicon dioxide fine particles with
other organic groups. As the silane coupling agent, there are exemplified
dimethyldichlorosilane, trimethylalkoxysilane, hex- 



amethyldislazane and the like. However, these silica fine powder, although
modified to hydrophobic in nature to some extent, the 50 extent of
hydrophobic modification is not yet sufficient, and when left to stand
under highly humid condition, the developer may tend to be lowered in
charging performance. In recent years, copying machines, laser printers of
small size and low price are appearing In the market. Thus, the
circumstances in which these devices are used are not limited to offices
with relatively good environmental conditions adjusted by means of air
conditioner, but also are open to use in homes in general. Under such
environment, it is necessary to 55  maintain good copying quality even when
left to stand under highly humid condition for a long term, and in this
respect the silica fine powder subjected to hydrophobic modification of the
prior art has still possess the points to be improved. 2    EP 0 270 063 B1
In recent years, copying machines or laser printers of small size and low
price for personal use have appeared, and in these small size machines,
there has been used the cartridge system in which the photosensitive
member, the developing instrument and the cleaning device are integrally
assembled from the maintenance free standpoint. Since this cartridge is
made disposable, an inexpensive organic photocon- 5 ductive member (OPC)
has been used as the photosensitive member. Further, as the mode suitable
for personal use, the copying machine and laser printer itself is required
to be miniaturized, and for this purpose a photosensitive with a small drum
diameter has been demanded. Also, for the cleaning device, a blade cleaning
for which the device can be made simple has been employed. Similarly, as
the developer, it is preferable to use magnetic one-component system
developer which make he structure of the developing 10 instrument simpler.
In such magnetic toner, the polishing effect of toner itself is strong, and
when a photosensitive member with low surface hardness such as OPC is used
as the photosensitive member and cleaning to effect strong pressure contact
against the photosensitive member such as blade cleaning system is
performed, with the use of the toner externally added with silica fine
powder treated with a silane coupling agent of the prior art, 15
photosensitive member contamination such as white drop-out due to cutting
of the photosensitive member surface or toner fusion, black dots or filming
due to damaging of the photosensitive member is liable to occur, to give
rise to image defects in an extreme case. For avoiding such phenomenon,
there has been known in the prior art the method to add a lubricant (e.g.
fatty acid metal salt such as zinc stearate) in the toner. However, most of
these lubricants have strong polarity and, when attached on the
photosensitive 20 surface, may frequently cause the trouble of image
flowing under highly humid condition, thus having points to be improved. In
the prior art, in a digital copying machine or printer, latent images are
constituted of basic picture elements (hereinafter called dots), and
halftone images, solid black images and solid white images constituted of
dots. Accordingly, during development, developing due to the edge effect is
predominant. 25 The edge effect is a phenomenon in which concentration of
electrical lines of force occur at the boundary portion between the exposed
portion and nonexposed portion of a latent image, whereby the surface
potential of the photosensitive member is apparently raised to increase the
image density at the boundary portion. In the prior art, in the analog
development, this phenomenon is not favorable, because the solid 



image becomes nonuniform (image density increased at the end portion). 30
In the digital image forming method, in which a latent image is expressed
with picture elements of 50 to 150 [err], since the portion receiving the
edge effect is greater than the analog image in general, development with
good line reproduction and high image density can be realized. The
speciality of development of the edge portion resides in that unless the
gradient of potential is great and the charging amount of developer or
toner is sufficiently high, since the toner with greater charging amount is
selectively 35 used, the developer with low charging amount in the
developing instrument is liable to reside in the machine, whereby
deterioration will be readily caused after repeated copying of a large
number of sheets. For this reason, it is important that the charging amount
on the toner particles in the developer should be uniform. This tendency
poses frequently problems in deterioration of image during successive
copying and 40  narrowing of the line due to speciality of the edge
phenomenon, particularly in such systems as laser printer, liquid crystal
printer, etc., because of the primary output of letter images, among
digital latent image systems. In the prior art electrophotographic system,
normal development has been primarily effected on the nonexposed portion.
Recently, in the printer system in which image signals are expressed by
digital, for 45 elongation of life of the emitting body (semiconductor
laser) to be used for developing exposure and improvement of image quality,
it has been proposed to use the reversal developing system in which
development is effected on the exposed portion with a toner of the same
polarity as the latent image charges. In the above reversal developing
system, during developing, the toner is developed by the electric field 50
at the site of the non-charge portion or the same polarity on the
photosensitive member, and held on the photosensitive surface by the
charges generated on the photosensitive surface through electrostatic
induction of the toner having charges. For the toner to be held stably at
the reversal latent image position on the photosensitive member, it is
ncessary to increase the charging amount of the toner or developer which
causes electrostatic induction. 55    In the reversal developing system,
since the transfer material (plain paper or plastic sheet) is charged to
the opposite polarity of the latent image charges on the photosensitive
member during transfer, if the current contributing to transfer is
increased, the winding phenomenon is liable to occur, in which transfer
material and the photosensitive member are electrically adhered to each
other. 3    EP 0 270 063 B1 For this reason, the transfer current has been
limited to about half of the prior art, and in order to prevent lowering in
transfer efficiency with low electrical field, the charging amount of the
toner or developer is required to be made higher. When a developer with low
charging amount and broad charging amount distribution of toner particles 5
group is applied for a reversal developing system, during development,
developability will be lowered to lower image density due to shortage in
charging amount. Further, since the toner with good charging amount Is
preferentially consumed, the toner or developer with relatively lower in
charging amount remain much on the developing sleeve, whereby image
deterioration will occur by successive copying. 



During transfer, due to shortage in charging amount, transfer efficiency is
lowered to lower the image 10  density, and also the toner with smaller
charging amount can be restricted by the electrical field with difficulty,
and therefore scattering of the toner will occur during transfer to cause
lowering in image quality. In any case, in the system having the
development-transfer mechanism of the normal developing system of the prior
art, although the influence may be small, shortage in charging amount of
the developer becomes particularly the problem in the case of the reversal
developing system. In the reversal develop- 15  ment practiced in laser
printer, due to smaller charges of electrostatic latent images on the image
portion and greater charges of the background on the photosensitive member,
the toner is carried on the background with greater charges on the
photosensitive member if a toner with smaller charge amount exists.
Prevention of this reversal fogging phenomenon has been the most important
task in the reversal developing process. 20 SUMMARY OF THE INVENTION An
object of the present invention is to provide a developer for developing
static charges which is also stable under the environmental conditions of
high temperature-high humidity and low temperature-low 25  humidity, and
can constantly exhibit good characteristics. Another object of the present
invention is to provide a developer which is excellent in durability and
capable of obtaining stable images even when a large number of images are
formed over a long term in an electrophotographic method, including
developing, electrostatic transfer, fixing and cleaning processes. A
further object of the present invention is to provide a developer which
solves various problems 30  involved in the chargeable toner, can be
negatively charged uniformly and strongly and can visualize the
electrostatic images to give images of high quality without fogging or
scattering of toner around the edges. Still another object of the present
invention is to provide a developer, which will generate image defect by
cutting or contamination of the photosensitive member surface which occurs
in a cleaning system such as blade cleaning system in the case of using a
photosensitive member with low surface hardness. 35     A still further
object of the present invention is to provide a developer which can give
high image density without causing troubles such as image flow under highly
humid condition. Still another object of the present invention is to
provide a cleaning method excellent in durability which is free from
generation of image defect caused by cutting or contamination of the
photosensitive member surface which may occur when blade cleaning is
performed for a photosensitive member with a surface 40  hardness of 30 g
or less, and is also free from trouble such as image flowing under highly
humid condition. A still further object of the present invention is to
provide a developer which can maintain good image quality even when used
for a digital latent image system. A still further object of the present
invention is to provide a developer which can be well applied for an
electrophotographic system having a transfer system having a reversal
developing system and using a low 45  transfer current. Still another
object of the present invention is to provide a developer which can permit
latent images to be developed and transferred faithfully in developing of
digital latent images. A still further object of the present invention is
to provide a developer which can give high image density without adhesion
of the toner in the background region during developing and without fogging
and 50  scattering of the toner around the edges of the digital latent
image. Still another object of the present invention is to provde a
developer suitable for developing of digital latent images, which can
maintain the initial characteristics even when the developer is
continuously used 



for a long term, and is free from agglomeration of the toner and change in
negatively chargeable characteristic. 55     Still another object of the
present invention is to provide a developer suitable for developing of
digital latent images, which can reproduce stable images receiving no
influence from changes in temperature and humidity, particularly without
scattering or transfer drop-out during transfer when humidity is high or
low. 4    EP 0 270 063 B1 A still further object of the present invention
is to provide a developer suitable for developing of digital latent image
which can maintain initial characteristics even during storage for a long
term. Still another object of the present Invention is to provide a
developer which can be preferably used for an image forming method in which
a photosensitive member of small diameter drum (50 mm[err] or less) is 5
used. According to one aspect of the present invention, there is provided a
developer for developing electrostatic latent images, comprising negatively
chargeable toner particles and hydrophobic, negatively chargeable silica
fine power, said silica fine powder being obtained by treating silica fine
powder with a silane coupling agent 10 represented by the following
formula: RmSiYn or [err] wherein R represents alkoxy group or chlorine
atom, Y represents alkyl group, m represents positive 15 Integer of 1 to 3
and n represents positive integer of 3 to 1, with proviso that m + n is 4,
and treating further said treated silica fine powder with a silicone oil
having the structure: R 20 [err] 25 or 30 wherein R represents alkyl group
having 1 to 3 carbon atoms, [err] represents alkyl group different from 40
R having 1 to 10 carbon atoms, halogen-modified alkyl group having 1 to 10
carbon atoms, phenyl-modified alkyl group or phenyl group, R" represents
alkyl group having 1 to 3 carbon atoms or alkoxy group having 1 to 3 carbon
atoms (with proviso that R" represents a group which may be either the same
as or different from R), and x and y each represent positive integer.
According to another aspect of the present invention, there is provided an
image forming method which 45 comprises forming an electrostatic latent
image on a photosensitive drum; developing said latent image with a
developer to form toner images, said developer comprising negatively
chargeable toner particles and, hydrophobic, negatively chargeable silica
fine powder, said silica fine powder being obtained by treating silica fine
powder with a silane coupling agent represented by the following formula:
50 RmSiYn or [err] 



wherein R represents alkoxy group or chlorine atom, Y represents alkyl
group, m represents positive integer of 1 to 3 and n represents positive
integer of 3 to 1, with proviso that m + n is 4, 55 and treating further
said treated silica fine powder with a silicone oil having the structure: 5
EP 0 270 063 B1 R               R [err] [err] 10 or R [err] 20 wherein R
represents alkyl group having 1 to 3 carbon atoms, R represents alkyl group
different from R having 1 to 10 carbon atoms, halogen-modified alkyl group
having 1 to 10 carbon atoms, phenyl-modified 25  alkyl group or phenyl
group, R" represents alkyl group having 1 to 3 carbon atoms or alkoxy group
having 1 to 3 carbon atoms (with proviso that R" represents a group which
may be either the same as or different from R), and x and y each represent
positive integer; electrostatically transferring the toner images formed to
a transfer material; and cleaning the photosensitive drum after
electrostatic transfer with a blade cleaning means. 30 DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENTS In the silane coupling agent treatment of the
prior art, it is difficult to block all the silanol groups of silica fine
powder. Water absorption of remaining silanol group under high humidity can
be prevented by 35  hydrophobic property and stearic hindrance of organic
groups due to the silane coupling agent, but it is difficult to prevent
well water absorption of remaining silanol group. In the silicone oil
treatment, by coating of the silicone oil on the surface of silica fine
powder, silanol groups can be covered, whereby humidity resistance can be
dramatically improved. However, only by the silicone oil treatment, much
amount of the silicone oil for coverage over the silica fine powder surface
is 40  required to be used. For this reason, agglomerates of silica fine
powder are readily formed during the treatment, whereby there ensues the
problem that flowability of the developer is worsened when added into the
developer. The present inventors, in view of the above facts, have studied
intensively and consequently found that, for precluding formation of
agglomerates of silica fine powder while maintaining good humidity
resistance, the above problems can be overcome by treating the silica fine
powder with an alkyl coupling 45  agent and thereafter treating the treated
powder with a specific silicone oil. In an electrophotographic process
having a cleaning system in which a blade such as rubber blade is pressure
contacted against a photosensitive member with surface hardness of 30 g or
less (e.g. surface hardness 15 - 30 g), the developer of the present
invention containing silica fine powder subjected further to the silicone
oil treatment after the treatment with a silane coupling agent exhibits
good developing 50  characteristic and cleaning characteristic. 



The silica fine powder according to the present invention is specific in
that the silane coupling agent is secured onto the silica fine powder
surface by chemical bond, on which is further applied the silicone oil
treatment (surface coating type), and in that due to lubricating property
possessed by the silicone oil, the photosensitive member surface will be
cut or damaged with difficulty even when the photosensitive member 55
surface may be strongly rubbed with a cleaning blade, Here, in the case of
the treatment only with the silicone oil, much amount of silicone oil is
needed for covering completely the surface of silica fine powder, whereby
there will ensue the problem as described above that agglomerates of silica
will be readily formed to cause damages of the photosensitive member. 6
EP 0270063 B1 In the silica fine powder in the present invention, since the
silica fine powder is treated first with a silane coupling agent, the
amount of the silicone oil which may cause formation of agglomerates can be
reduced, whereby the advantages of the silicon oil treatment can be
utilized while overcoming the above drawbacks. In the case of an
electrophotographic process by use of a photosensitive drum of small
diameter (50 5  mm[err] or less), the drum rotational number per one sheet
of copying is large and the radius of curvature of the photosensitive is
large, and therefore the contact pressure of the blade against the
photosensitive member surface must be made greater. For this reason,
damages are liable to occur on the photosensitive member surface. The
developer of the present invention is very effective in an
electrophotographic process by use of a photosensitive member in which a
drum of small diameter (50 mm[err] or less, for example, 20 - 10 40
mm[err]) is used. The photosensitive member on the small diameter drum is
primarily OPC, and its surface hardness is measured as follows. By use of
Haydon 14 type scratching hardness meter and a diamond needle of R 0.01 mm,
the photosensitive surface is scratched under the state applied with a
load, and the hardness Is expressed in terms of the load when the width of
its scar becomes 40 [err]. 16     For blade cleaning, pressure contact form
of a rubber plate can be used. For example, as such blade, one having
rubber strength of 20 - 70[err], preferably 20 - 60[err] and a penetration
amount during blade cleaning of about 0.1 to 2 mm may be used. The
developer of the present invention containing the silica fine powder
treated with silicone oil after treatment with a silane coupling agent will
exhibit the effect when used in the reversal developing system 20 employing
an effective transfer current of[err] The transfer current in the present
invention is determined by having electroconductive electrodes sufficiently
wider than the transfer material such as plain paper (PPC) at the position
corresponding to the transfer position of the photosensitive member, and
dividing the current value passing through the electroconductive electrodes
when the electrical circuit for transfer is turned on the actuation state
by its 25 length. In the silica fine powder of the present invention, since
treatment is finally effected with a specific silicone oil having strong
negative chargeability, the treated silica fine powder will be strongly
negatively charged. Accordingly, when said silica fine powder is added to
the developer, strong and uniform negative chargeability can be given to
the developer. This characteristic is effective, particularly for
insulating 30 negatively chargeable one-component magnetic toner which is
liable to become unstable in charging. 



For the silica fine powder to be used in the present invention, both of the
dry process silica formed by vapor phase oxidation of a silicon halide
compound or the dry process silica called fumed silica, and the wet process
silica prepared from the starting material such as water glass may be
available. However, It is preferable to use the dry process silica
containing little silanol group on the surface or internally of silica 35
particles, and having substantially no production residue such as [err] In
the dry process silica, it is also possible to obtain a composite fine
powder of silica with other metal oxides by use of other metal halide
compounds such as aluminium chloride or titanium chloride together with a
silicon halide compound in the preparation steps. The silica fine powder of
the present invention is also inclusive of such powder. 40     The silica
fine powder should preferably have an average primary particle size within
the range from 0.001 to 2 [err], particularly from 0.002 to 0.2 [err]m.
Further, the silica fine powder when viewed in specific surface area,
should preferably have a BET specific surface area as measured by nitrogen
adsorption of 40 to 400 m2/g, preferably 50 to 350 [err], particularly
preferably 70 to 300 m2/g. 45     The alkylsilane coupling agent to be used
in the present invention is represented by the following formula: RmSiYn or
[err] 50     wherein R represents alkoxy group or chlorine atom, Y
represents alkyl group, m represents positive integer of 1 to 3 and n
represents positive integer of 3 to 1, with proviso that m + n is 4. When R
is an alkoxy group, it may preferably be a group having 1 to 3 carbon
atoms. Y may preferably be an alkyl having 1 to 10, preferably 1 to 8
carbon atoms, for making silanol groups hydrophobic. Specifically, there
may be included alkylsilane coupling agents such as dimethyldichlorosilane
[err] 55 [err] trimethylchlorosilane[err], hexamethyldisilazane [err] As
the alkylsilane coupling agent treatment of silica fine powder, there is
the dry treatment method, in which silica fine powder is made cloudy by
stirring and the gasified alkylsilane coupling agent is reacted with the
silica fine powder. Further, treatment by the wet treatment may be
possible, in which silica fine 7    EP 0 270 063 B1 powder is dispersed in
a solvent, and the alkylsilane coupling agent is added dropwise to thereby
effect the reaction between the silica fine powder and the alkylsilane
coupling agent. The silica fine powder treated with the silane coupling
agent may be preferably subjected to heat treatment at a temperature of 50
to 150 C for enhancing hydrophobicity and flowing characteristic. 5     The
silicone oil to be used in the present invention is represented by the
following formula: [err] 15 or 20 [err] 25 wherein R represents alkyl group
having 1 to 3 carbon atoms, R' represents alkyl group different from 



R having 1 to 10 carbon atoms, halogen-modified alkyl group having 1 to 10
carbon atoms, phenyl-modified 30  alkyl group or phenyl group, R"
represents alkyl group having 1 to 3 carbon atoms or alkoxy group having 1
to 3 carbon atoms, and x and y each represent positive integer.
Specifically, there may be exemplified dimethyl-silicone oil 35 40
alkyl-modified silicone oil having 45 50 55 8    EP 0 270 063 B1
a-methyl-styrene modified silicone oil [err] 10 15 chlorophenylsilicone oil
20                                           [err] 25 fluorine modified
silicone oil having trifluoromethyl 30 3 35                     [err] CP3
40     The silicone oil to be used in the present Invention should
preferably have a viscocity at 25 * C of 50 to 1000 [err] (centistokes). A
silicone oil of low molecular weight with too low viscosity is not
preferable for having volatile components, while a silicone oil of high
molecular weight with too high viscosity is not preferable, because it can
be coated uniformly onto silica fine powder with difficulty. As the method
for further subjecting the silica fine powder treated with the silane
coupling agent to 45  silicone oil treatment, there may be exemplified the
method in which said fine powder and the silicone oil are directly mixed by
means of a mixer such as a Henscel mixer or the method in which the
silicone oil is sprayed on the silica fine powder. Further, after the
silicone oil is dissolved or dispersed in n-hexane or methyl ethyl ketone,
it may be mixed with the silica fine powder of the base, followed by
removal of the solvent to prepare the silica fine powder treated with the
silicone oil. When the silicone oil is mixed with a 50  solvent, for
enhancing the diluting effect, it is preferable to use 2 to 10 parts of
weight of the solvent per 1 part by weight of the silicone oil. The silica
fine powder treated with the silicone oil should be preferably subjected to
heat treatment at a temperature of 150 to 350  C, preferably 200 to 300  C,
for enhancing hydrophobicity and flowing characteristic. As an important
point in the present invention, there is the order in which the silica fine
powder is 55  treated. The silica fine powder of the present invention is
required to be treated with a specific silicone oil after treated with an
alkylsilane coupling agent. According to the method in which treatment with
a silane 



coupling agent is performed after the treatment with the silicone oil, the
alkylsilane coupling agent cannot react efficiently with the silanol groups
of the silica particle surface, whereby free alkylsilane coupling agent 9
EP 0 270 063 B1 will remain. Simultaneous treatments with the alkylsilane
coupling agent and with the silicone oil may be conceivable, but
simultaneous treatments cannot result in successful hydrophobic treatment
of silica fine powder, whereby silica fine powder made sufficiently
hydrophobic can be obtained with difficulty. The reason is not clear, but
it may be considered that by competition between attachment of the silicone
oil and 5 the reaction of the alkylsilane coupling agent, the alkylsilane
coupling agent cannot react well with the silanol groups of the silica fine
powder, whereby free alkylsilane coupling agent remains. Further, it may be
considered that the reaction between the silicone oil and the alkylsilane
coupling agent may occur during mixing. The hydrophobicity of the silica
fine powder in the present invention is measured according to the 10
following method. In a stoppered 250 ml vessel, about 100 ml of pure waer
and about 1 g of a sample are placed, and the mixture is shaked by a
shaking machine such as Shaker-mixer T2C type produced by TURBULA Co. under
the condition of 90 rpm for 10 minutes. After shaking, the mixture is left
to stand for 1 minute to effect separation between the silica powder layer
and the aqueous layer. The aqueous layer Is collected, and transmittance of
the aqueous layer is measured at wavelength of 500 mm with the reference 15
of pure water as blank, and the value of transmittance is evaluated as the
hydrophobicity of the treated silica. The hydrophobic silica fine powder in
the present invention should preferably have a hydrophobicity of 90% or
higher (preferably 95% or higher). If the hydrophobicity is lower than 90%,
there is increased tendency to give no image of high quality due to water
absorption by the silica fine powder under high 20 temperature and high
humidity conditions. Further, the treated silica fine powder according to
the present invention should particularly preferably have a methanol
hydrophobicity as described below of 65 or higher for maintaining flowing
characteristic and triboelectric chargeability under high temperature and
high humidity conditions. The "methanol titration test" defined in the
present invention for evaluation of methanol hydrophobicity is conducted as
follows. 25     Sample fine silica particles (0.2 g) are charged into 50 ml
of water in a 250 ml-Erlenmeyer's flask. Methanol is added dropwise from a
buret until the whole amount of the silica is wetted therewith. During this
operation, the content in the flask is constantly stirred by means of a
magnetic stirrer. The end point can be observed when the total amount of
the fine silica particles is suspended in the liquid, and the methanol
hydrophobicity is represented by the percentage of the methanol in the
liquid mixture of water and 30 methanol based on the quantity of methanol
added on reaching the end point. If the hydrophobicity is low at the stage
of treatment with the alkylsilane coupling agent, much amount of silicone
oil is required at the next stage of the silicone oil treatment. The
treatment amount of the alkylsilane coupling agent in the present invention
may also differ depending on the number of halogenic groups or alkoxy
groups of the alkylsilane coupling agent, but in 35 view of the number of
silanol groups in the silica fine powder (generally 2 - [err] in the dry
process silica), an amount capable of reacting with 50% or more, preferably
70% or more, of silanol groups should be 



employed. It is preferable to use an alkylsilane coupling agent in an
amount of 5 to 40 parts by weight, preferably 10 to 30 parts by weight,
based on 100 parts by weight of silica fine powder with a BET specific
surface 40 area of 40 to 400 [err] The treatment amount of the silicone oil
based on 100 parts by weight of the silica fine powder may be preferably
[err] parts by weight (in the formula, A is a numerical value of the
specific surface area of the silica fine powder), more preferalby A125
A/40 parts by weight, because the silica fine powder is made hydrophobic
with the alkylsilane coupling agent. Here, the specific surface area of the
silica fine powder is 45 the value determined by N2 adsorption in the BET
method. The reason why the above treatment amount is limited is because, if
the treatment amount of the silicone oil is too small, there is little
improvement of humidity resistance similarly as the case of only the
treatment with the alkylsilane coupling agent, and no copied toner image of
high quality can be obtained under high humidity due to moisture absorption
by the silica fine powder. If the silicone oil treatment amount is too
much, agglomerates of the silica fine powder 50 will be readily formed. In
an extreme case, free silicone oil not carried on silica particles may
exist, and therefore there may sometimes ensue the problem that when the
silica fine powder is added into the developer, the flowing characteristic
of the developer cannot be improved. The amount of the treated silica
powder applied to the developer may be 0.01 to 20 parts by weight,
preferably 0.1 to 3 parts by weight, based on 100 parts by weight of the
toner. 55     As the binder resin for the toner to be used in the present
invention, there may be employed homopolymers of styrene and its
derivatives and copolymers thereof such as polystyrene, poly-p-
chorostyrene, polyvinyltoluene, styrene-p-chlorostyrene copolymer,
styrene-vinyltoluene copolymer; copolymers of styrene and acrylic acid
ester such as styrene-methyl acrylate copolymer, styrene-ethyl 10    EP 0
270 063 B1 acrylate copolymer, styrene-n-butyl acrylate copolymer,
styrene-2-ethylhexyl acrylate copolymer; copolymers of styrene and
methacrylic acid ester such as styrene-methyl methacrylate, styrene-ethyl
methacrylate, styrene-n-butyl methacrylate, styrene-2-ethylhexyl
methacrylate; multi-component copolymers of styrene, acrylic acid ester and
methacrylic acid ester; styrene copolymers of styrene with other vinyl 5
monomers such as styrene-acrylonitrile copolymer, styrene-vinyl methyl
ether copolymer, styrene-butadi- ene copolymer, styrene-vinyl methyl ketone
copolymer, styrene-acrylonitrile-indene copolymer, styrene- maleic acid
ester copolymer; polymethyl methacrylate, polybutyl methacrylate, polyvinyl
acetate, polyester, epoxy resin, polyvinyl butyral, polyacrylic acid resin,
phenolic resin, aliphatic or alicyclic hydrocarbon resin, petroleum resin,
chlorine paraffin, either individually or as a mixture. 10
Particularly, as the binder resin for the toner provided for the pressure
fixing system, there can be used low molecular weight polyethylene, low
molecular weight polypropylene, ethylene-vinyl acetate copolymer,
ethylene-acrylic acid ester copolymer, higher fatty acid, polyester resin,
either individually or in a mixture. In the present Invention, more
preferable results can be obtained if 40 % by weight or more based on the
resinous component in the toner of an vinyl aromatic monomer such as
styrene or an acrylic monomer 15  is contained in the polymer, copolymer or
polymer blend used as the binder resin. The tone contains a pigment or a
dye as the colorant. For example, dyes or pigments such as Carbon 



Black, Iron Black, Phthalocyaninc Blue, Ultramarine, Quinacridone,
Benzidine Yellow, may be included. The content of the colorant may be
preferably 0.1 to 20 parts by weight based on 100 parts by weight of the
binder resin. 20     When the toner is made a magnetic toner, there may be
incorporated powder (average particle size 0.1 [err]ferromagnetic elements
such as iron, cobalt, nickel; alloys or compounds of iron or iron with
cobalt, nickel, manganese, such as magnetite, hematite, ferrite; other
ferromagnetic alloys, as the magnetic material. The magnetic material may
be used in an amount of 10 to 200 parts by weight, preferably 50 to 150
parts by weight, based on 100 parts by weight of the binder resin. 25
In the developer, additives may be also mixed, if necessary. Examples of
the additives may include lubricants such as Teflon powder, zinc stearate
powder, fixing aids (e.g. low molecular weight polyethylene, low molecular
weight polypropylene), and metal oxides such as tin oxide as the
conductivity imparting agent. Preferably, for stabilizing negative
chargeability of the negatively chargeable toner particles accord- ing to
the present invention, 0.1 to 10 parts by weight of negatively chargeable
controlling agent(s) may be 30  contained per 100 parts by weight of the
binder resin. The toner according to the present invention may contain a
metal complex compound (A) of an aromatic hydroxycarboxylic acid having
lipophilic group and a metal complex salt type monoazo dye (B) having
hydrophilic group as the negative charge controlling agents. Here,
lipophilic group refers to an atomic group of non-polarity which is very
small in affinity for water, 35  and therefore great in affinity for oil.
Primary lipophilic groups may include chain hydrocarbon group, alicyclic
hydrocarbon groups or aromatic hydrocarbon group. The lipophilic group
possessed by the metal complex compound (A) in its structural formula may
be preferably a chain hydrocarbon (particularly alkyl group) directly
bonded to a cyclic (monocyclic or polycyclic) hydrocarbon. 40     In the
metal complex (A) having such lipophilic group, the aromatic
hydroxycarboxylic acid which is the ligand should preferably have a benzene
nucleus or a naphthalene nucleus, and further preferably coordinated
through carboxylic group and hydroxyl group with the metal atom. On the
other hand, the above hydrophilic group refers to a polar group having
strong interaction with water. Primary hydrophilic groups may include [err]
45  [err](here R represents an alkyl group, M an alkali metal or -NH4). In
the present invention, as the hydrophilic group, halogen (-X), carboxyl
(-COOH), hydroxyl (-OH), nitro (-NO2), sulfone (- [err] sulfoamino [err]
group may be preferably used. The monoazo dye (B) having such hydrophilic
group should peferably have benzene nucleus or naphthalene nucleus in the
ligand, preferably having a structure of 0,0'-dioxyazo form. so     The
lipophilic group and hydrophilic group should be preferably directly bonded
to the monocyclic or polycyclic hydrocarbon group (e.g. benzene nucleus,
naphthalene nucleus) in the structural formula. These compounds A, B, when
added individually into the toner, will both exhibit similar effect as the
negative charge controlling agent. Further, in the present invention, by
utilizing the interaction when these compounds A, B are combined,
uniformization of distribution of triboelectric charges (negative charges)
is 55  realized. Further, in the toner of the present invention, for
further enhancing the combination effect of the compounds A, B, it is
desirable to satisfy one of the conditions as mentioned below.   



EP 0270 063 B1 (1) The metal atoms in the metal complexes of the compounds
A, B used in combination should be the same. This is preferable for making
compatibilities of the both compounds with the binder resin substantially
equal to each other. (2) The metal atom in the metal complex should be Cr.
This is preferable for enhancing chargeability of 5    the toner. (3) The
particle sizes of the compounds A, B should be preferably smaller for
improvement of dispersibility In the binder resin. Specific numerical
values should desirably be 9.0 [err] or less in terms of volume average
particle size (dv), and 5.0 [err] or less in terms of number average
particle size (dn). (4) The compounds A, B should have substantially the
same electrical resistances. Specifically, the 10    volume resistivity
ratio of the compound Althe compound B should be preferably 10-3 to 103 for
uniformization of triboelectric charges of the toner. As specific examples
of the above compound A, salicylic acid type or naphthoic acid type metal
complexes respresented by the formulae (I), (II) or (III) shown below may
be preferably employed. 25 0 20 [err] 35                          [err] 0
40 0 [err] 50 In the above formulae (I) through (III): [err]:
either identical or different, and each represents hydrogen or a
hydrocarbon group 55                     or [err] or less (alkyl group or
alkenyl group, etc.); with proviso that in the formula (I), at least one of
[err] represent the above hydrocarbon group: a, b:            C4 - Cs
hydrocarbon group (alkyl group, etc.), benzene ring or cyclohexene ring;
with proviso that in the formula (II), in either a or b, there is the above
hydrocarbon 12    EP 0 270 063 B1 group, and in the formula (III), in
either of a or b, and c or d, there is the above hydrocarbon group; [err]
(counter ion):   [err] Me:              Cr, Ni, Co, Cu, Zn, etc. 5      In
the salicylic acid or naphthoic acid type metal complex represented by the
formulae (I) through (III), as the alkyl group represented by [err] those
having 5 or less carbon atoms can be readily introduced, and tertiary butyl
group, tertiary amyl group or an alkyl group with less carbon atoms may be 



preferably used. In the present invention, 3,5-di-tertiary butyl-salicylic
acid complex compound, mono- tertiary-butyl salicylic acid chromium complex
compound may be particularly preferably used. 10     As also represented by
the above formulae, in the metal complex compound A, the ligands bonded to
the metal atom may not be the same. In this case, of these ligands, at
least one ligand may be the ligand of the aromatic hydroxycarboxylic acid
having lipophilic group. As such metal complex compound A, more
specifically, there may be particularly preferably used the complex
compounds having the following formulae: 15 20 Cr
Na 25                                   [err] or 30 On the other hand, as
the metal complex salt type monoazo dye B, metal complex salt type monoazo
45  dyes can be conveniently used. As the monoazo dye, the metal complex
type monoazo dye having a coupling product of phenol or naphthol derivative
as the ligand, having the structural formula (IV) or (V) shown below may be
preferably used: 50 55 13    EP 0 270 063 B1 5 10                  [err] 15
20 [err] 25 30 35      As the metal complex compound B, more specifically,
the complex compound having the following structure may be particularly
preferably used: 40 45 50 55 14    EP 0270063 B1 



10                                 [err] 20 25
[err] 30 35 The ratio of the compounds A, B as described above based on the
binder resin added should be preferably the compound A/the compound B =
1/10 - 10.0/1, more preferably 1/3 - 3.0. The total amount of the compounds
A, B added may be 0.1 to 10.0 parts by weight, preferably 0.2 to 6 parts by
weight, particularly 0.5 to 4.0 parts by weight, based on 100 parts by
weight of the binder resin. 40    In the following, the method for
preparing the toner containing the compounds A and B is described below.
(1) A binder resin and the compound (charging controlling agents) A and B
(sometimes further magnetic material and dye or pigment as the colorant are
added) are uniformly dispersed by a mixer such as a Henscel mixer. 45   (2)
The dispersion obtained as described above is melted and kneaded by a
melting kneader such as kneader, extruder, roll mill, etc. (3) The mass
obtained by cooling the kneaded product is crushed coarsely by a crusher
such as cutter mill, hammer mill, and then finely pulverized by jet mill.
(4) The finely pulverized product is regularly distributed in particle size
by use of a wind force classifier. 50   (5) The classified product obtained
above is mixed with the treated silica fine powder, added optionally with
external additives such as fluorine type resin fine powder, metal oxides,
and mixed by means of a mixer such as a Henscel mixer to obtain a
developer. Otherwise, as the method for preparation of the developer of the
present invention, the polymerization method, the capsule method can be
used. 55     The developer (toner) of the present invention thus
constituted can obtain good cleaning characteristic even under the
environments of high temperature-high humidity, low temperature-low
humidity, etc. Having described above about the basic constitution and the
specific features of the present invention, the method of the present
invention is described below by referring to Examples. 15    EP 0 270 063
B1 In the Examples, parts mean parts by weight. Example 1 5
Styrene-butyl acrylate-butyl ma                  te half ester copolymer
100 parts Magnetic  material  (magnetite, 10 average particle  size  0.3
[err])                        60 parts Chromium  alloy organic complex
2 parts 15             Polypropylene wax
4 parts The above mixture was kneaded on roll mill at 150 to 160 * C and
after cooling pulverized by jet mill, 



20 and the particles primarily of 5 - 20 [err] in size were classified by
wind force to obtain a negatively chargeable magnetic toner classified
product with a number average particle size of about 8 [err]. Next, 100
parts by weight of silica fine powder [BET specific surface area 200 [err],
Aerosil #200, produced by Nippon Aerosil Go.] were applied with silane
coupling treatment with 20 parts by weight of hexamethylenedisilazene
(HMDS), then subjected to heat teatment at 110 *C. The treated product (100
25 parts by weight) was again treated with 10 parts by weight of
dimethylsilicone oil (KF 96, viscosity 100 cs, produced by Shinetsu Kagaku)
diluted with a solvent and after drying subjected to heat treatment at 250
[err]C to obtain silica fine powder treated with dimethylsilicone oil. To
100 parts by weight of the magnetic toner classified product as described
above, 0.4 parts by wight of the silica fine powder were externally added
to obtain a developer having a magnetic toner. The treated silica fine
powder was found to have a 30 hydrophobicity of 98%. Further, the treated
silica fine powder was found to have a methanol hydrophobicity of 68. A
copying machine having an OPC photosensitive drum of small diameter with
surface hardness of 21 g (FC-3, produced by Canon, drum diameter to 30
[err]mm) was modified so as to be capable of reversal developing, and image
forming test was conducted with the developer obtained, under the
conditions of a drum charging amount -700V, [err] 500V, developing bias Vpp
1600V, frequency 1800 Hz, drumsleeve 35  distance 270 [err]. The toner
image on the photosensitive drum was transferred onto a plain paper by
corona transfer at an effective transfer current of 6 x 10-7 (A/cm), and
the photosensitive drum surface after transfer was subjected to blade
cleaning with a urethane rubber balde (penetration amount of blade, about
0.7 mm). Under the conditions of normal temperature and normal humidity
(temperature 23 C, humidity 60% RH), good image could be obtained. When
successive copying test was performed by use of this 40  copying machine
under low temperature and low humidity (temperature 15  C, humidity 10%
RH), high temperature and high humidity (temperature 32.5  C, humidity 90%
RH), there occurred no image badness such as filming, toner fusion, drum
damage, image flow, image white drop-out, etc. even after successive
copying of 5000 sheets. 45 Example 2 Hydrophobic silica fine powder was
obtained in the same manner as in Example 1 except for changing the
dimethylsilicone oil treatment amount relative to silica fine powder to 3
parts by weight. A developer was prepared in the same manner as in Example
1 by use of this silica fine powder, and 5000 sheets of 50 successive
copying was performed under the respective environments. Good results were
obtained. Example 3 Hydrophobic silica fine powder was obtained in the same
manner as in Example 1 except for changing 55 the dimethylsilicone oil
treatment amount relative to silica fine powder to 12 parts by weight. A
developer was prepared in the same manner as in Example 1 by use of this
silica fine powder, and 5000 sheets of successive copying was performed
under the respective environments. The results were good and no image
flowing or toner fusion occurred. 16    EP 0 270 063 B1 Comparative example
1 A developer was prepared by use of 100 parts by weight of the magnetic
toner used in Example 1 to which 0.4 parts by weight of silica fine powder
only applied with silane coupling treatment with hex- 



5  amethylenesilazane were externally added. When the same tests as in
Example 1 were conducted, image flowing occured after copying of about
3,000 sheets under high temperature and high humidity, while under low
temperature and low himidity, toner fusion onto the drum surface occurred
after about 3,500 sheets of copying. 10  Comparative example 2 In addition
to 0.4 parts of the silica fine powder obtained similarly as in Comparative
example 1, 0.03 parts of zinc stearate were added to obtain a developer
similarly as In Example 1. When the same tests as In Example 1 were
performed, although no toner fusion occurred by successive copying of 5,000
sheets 15 under low temperature and low humidity, Image flowing occurred
after about 2,000 sheets under high temperature and high humidity. As
described above, in an electrophotographic process in which cleaning is
performed by pressure contact of a rubber blade against a photosensitive
member with small surface hardness, the developer containing the silica
fine powder subjected to silicone oil treatment after the treatment with a
silane coupling 20  agent can give a good image, while avoiding image
defect by cutting or contamination of the photosensitive surface. In a
photosensitive drum of small diameter with a large radius of curvature,
this effect is marked, whereby durability of the photosensitive member can
be improved to enhance cleaning characteristic. Example 4 25 Styrene-butyl
acrylate-butyl   maleate anhydride copolymer 30                (weight
average  M.W. about  [err]  )    100 parts Magnetic material (magnetite, 35
average diameter 0.2 [err]                                60 parts Chromium
organic  complex                               2 parts Polypropylene  wax
4 parts The above mixture was kneaded on roll mill at 150  C to 160  C,
pulverized after cooling by jet mill, 45  and classified by wind force to
obtain a negatively chargeable insulating magnetic toner classified product
of 5 to 20 [err]. The magnetic toner classified product was found to have a
volume average particle size of about 12 [err]. Further, 100 parts by
weight of an iron powder carrier (200 mesh pass-300 mesh on particle size)
and 10 parts by weight of the magnetic toner classified product were mixed
for about 20 seconds, and the triboelectric charges were measured by the
blow-off method to have a negative chargeability of - 17 50  [err] Next,
after 100 parts by weight of silica fine powder with BET specific surface
area 200 m2/g (Aerosil # 200 (produced by Nippon Aerosil Co.)) were treated
with 20 parts by weight of hexamethyidisilazane (HMDS), heat treatment was
effected at a temperature of 110 C and further the treated product was
treated with 10 parts by weight of dimethylsilicone oil (KF-96 100 cs,
produced by Shinetsu Kagaku) diluted 55  with a solvent (40 parts by weight
of n-hexane). After drying by removal of the solvent, the product was
subjected to heat treatment at about 250 [err]C to obtain hydrophobic,
negatively chargeable silica fine powder. The silica fine powder obtained
was found to have a hydrophobicity of 99. Further, the silica fine powder
obtained was found to have a methanol hydrophobicity of 70. 17  



EP 0 270 063 B1 Further, 2 parts by weight of the silica fine powder
obtained and 100 parts by weight of an iron powder carrier (200 mesh
on-300. mesh pass particle size), and the triboelectric charging
characteristic of the silica fine powder was measured to find that it had
negative charges of -200 [err] By blending 0.4 parts by weight of said
silica with 100 parts by weight of said magnetic toner classified 5
product, a negatively chargeable insulating one-component magnetic
developer was prepared. By use of the one-component developer obtained,
image forming test was conducted by means of a commercially available
copying machine Selex 60AZ (produced by Copier). The copying machine used
contained a photosensitive drum having a selenium photosensitive layer and
is provided with a blade cleaning means with a urethane rubber blade. The
Image density was found to be about 1.3 - 1.4 under the 10  conditions of
normal temperature and normal humidity (23 C, 60% RH). The copying machine
having the developer was left to stand overnight under the conditions of
high temperature and high humidity (32.5 [err] C, 90%), and thereafter
image forming test was conducted. As the result, the image density at
initial image formation after left to stand was 1.2, and the image density
remained as about 1.1 even left to stand for one week. Also, In successive
copying tests, under the respective environments of high temperature-high
15 humidity and low temperature-low humidity, successive copying of 10,000
sheets was performed respec- tively, whereby good images could be obtained.
Example 5 20     The same tests as in Example 4 were conducted except for
changing the treated silica fine powder to 100 parts by weight of the
silica fine powder with specific surface area of 200 [err] treated with 20
parts by weight of hexamethyidisilazane and 3 parts by weight of silicone
oil (KF-96). The silica fine powder was found to have a methanol
hydrophobicity of 66 and  a negative chargeability of -180  [err][eveloper
was prepared and applied for the copying machine similarly as in Example 1.
At normal temperature and normal 25 humidity, an image density of 1.33 was
obtained, and when left to stand under high temperature and high humidity,
the image density was 1.0 - 1.1, thus exhibiting good developing with a
specific surface area of 200 [err]ltaneously with 20 parts by weight of
hexamethyldisilazane and 10 parts by weight of characteristics of the
developer. There was also no problem in successive copying under the
respective environments. 30 Comparative example 3 Treated silica fine
powder was obtained by reacting 20 parts by weight of hexamethyldisilazane
with 100 parts by weight of silica fine powder with a specific surface area
of 200 [err] the triboelectric 35  charging characteristic of the silica
fine powder was examined, it had a negative chargeability of -150 [err] A
developer was prepared and tested in the same manner as in Example 4 except
for using the treated silica powder obtained. The treated silica fine
powder was found to have a hydrophobicity of 98%. Further, the silica fine
powder obtained was found to have a methanol hydrophobicity of 62. The
developer prepared gave a good image with an image density of 1.3 at normal
temperature and normal humidity, but the image 40 density was lowered to
1.0 after left to stand under high temperature and high humidity conditions
after one day, and the image density lowered to 0.7 after standing for one
week. Comparative example 4 45     Treated silica fine powder was obtained
by treating 100 parts by weight of silica fine powder with a 



specific surface area of 200 m2/g simultaneously with 20 parts by weight of
hexamethyidisilazane and 10 parts by weight of silicone oil. The treated
silica fine powder formed by this treatment was found to have a methanol
hydrophobicity of 40 and a negative chargeability of - 150 [err]eloper was
prepared and applied for the coping machine in the same manner as in
Example 4. An image density of 1.3 was obtained 50 at normal temperature
and normal humidity, but the image density was lowered to 0.9 after left to
stand one day at high temperature and high humidity, and lowered to 0.6
after standing for one week. Example 6 65     After 100 parts by weight of
silica fine powder with a specific surface area of 300 m2/g (Aerosil #300,
produced by Nippon Aerosil Co.) were treated with 30 parts by weight of
hexamethyldisilazane, and the treated powder was further treated with 20
parts by weight of a-methylstyrene-modified silicone oil (KF-410, produced
by Shinetsu Kagaku) to obtain hydrophobic, negatively chargeable silica
fine powder. Said silica 18    EP 0 270 063 B1 fine powder was found to
have a hydrophobicity of 97%, a methanol hydrophobicity of 73 and a
negative chargeability of -210 [err] silica fine powder (0.3 parts by
weight) was blended with 100 parts by weight of the magnetic toner
classified product of Example 4 to prepare a developer. When image forming
test was conducted in the same manner as in Example 4, an image density of
1.2 - 1.3 was exhibited at 5  normal temperature and normal humidity, and
also an image density of 1.0 - 1.1 was obtained even after standing under
high temperature and high humidity for 1 week, with good results being also
obtained after successive copying for 10,000 times under the respective
environments. Example 7 10 The dimethyldichlorosilane-treated silica fine
powder (100 parts by weight) obtained by treating 100 parts by weight of
silica fine powder having a BET specific surface area of 130 m2/g with 10
parts by weight of dimethyldichlorosilane was treated with 5 parts by
weight of dimethylsilicone oil (KF-96, produced by Shinetsh Kagaku) In the
same manner as In Example 4 to obtain hydrophobic, negatively chargeable
silica 15 powder (hydrophobicity 96%). The treated silica fine powder was
blended with 0.4 parts by weight of the magnetic toner classified product
of Example 4 to prepare a developer, which was then subjected to the same
image forming test as in Example 4. Under the conditions of normal
temperature and normal humidity, image density was 1.3, and also it was 1.1
or higher even after standing for one week under high temperature and high
humidity conditions, thus exhibiting good results. Also, good results were
obtained in 20 successive copying tests under the respective environments.
Example 8 Styrene-butyl acrylate  (8:2)                        100 parts 25
Magnetic Material  (magnetite average size 0.3 [err]
60 parts 30             Polypropylene wax
3 parts Chromium containing  organic   complex                  2 parts 35 



The above mixture was melted and kneaded on hot rolls at 150 to 190 [err]r
30 minutes and then cooled, followed by pulverization to about 10 [err] The
pulverized product obtained was classified to a volume average particle
size of 10 to 12 [err] means of a wind force classifier. This is called the
negatively chargeable magnetic toner classified product. 40     After 100
parts by weight of the dry process silica fine powder with a specific
surface area of 200 m2/g were treated in a dry system with 20 parts by
weight of hexamethyldisilazane (hereinafter HMDS), the treated powder was
treated by spraying with 8 parts by weight of dimethylsilicone oil (KF-96).
This is called the treated silica sample-a. With 100 parts by weight of the
above magnetic toner classified product, 0.4 parts by weight of the 45
sample-a were blended to obtain a developer. By means of a laser beam
printer provided with an OPC photosensitive drum having surface hardness of
21 g and a blade cleaning means with a urethane rubber blade (LBP-8AJI,
produced by Canon), image formation evaluation was conducted. As the
result, during image formation repeated for 5,000 sheets under the normal
temperature and normal humidity environment, image density was stably 1.3
or higher, also 50 without any deterioration in image quality. In image
formation for one week at 5,000 sheets/day under the high temperature and
high humidity environment, the difference in image density between the
initial stage and after successive copying is 0.2 or less, with the minimum
value being also 1.2 or higher. Thus, no deterioration in image quality is
recognized. 55 Example 9 Treated silica fine powder (sample-b) was obtained
by the same treatment as in Example 8 except for changing the treatment
amount of the silicone oil relative to silica to 2 parts by weight and
evaluated 19    EP 0 270 063 B1 similarly as above. Example 10 5
Treated silica fine powder (sample-c) was obtained by the same treatment as
in Example 8 except for changing the treatment amount of the silicone oil
relative to silica to 12 parts by weight and evaluated similarly as above.
Example 11 10 Treated silica fine powder (sample-d) was obtained by the
same treatment as in Example 8 except for using silica with a specific
surface area of 300 m2/g, 30 parts by weight of a silane coupling agent
(HMDS) and 12 parts by weight of a-methylstyrene silicone oil, and
evaluated similarly as above. 15  Comparative example 5 Treated silica
(sample-e) was obtained by the same treatment as in Example 8 except for
performing no silicone oil treatment, and evaluated similarly as above. 20
Comparative example 6 Treated silica (sample-h) was obtained in the same
manner as in Example 8 except for performing simultaneously the treatment
with a silane coupling agent (HMDS) and the silicone oil treatment, and
evaluated similarly as above. 
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100 parts (copolymerization ratio: 8:2) Magnetic material (magnetite)
average size 0.3  [err]                                60 parts
Polypropylene wax                                        3 parts Chromium
containing organic  complex                     2 parts The above mixture
was melted and kneaded on hot rolls at 150 to 190 [err]C for 30 minutes and
then cooled, followed by pulverization to about 10 IL. 20     The
pulverized product obtained was classified to a volume average particle
size of 10 to 12 [err] by 



means of a wind force classifier. This is called the negatively chargeable
magnetic toner classified product. After 100 parts by weight of the dry
process silica fine powder with a specific surface area of 200 [err] were
treated in a dry system with 20 parts by weight of hexamethyldisilazane
(hereinafter HMDS), the treated powder was treated by spraying with 8 parts
b weight of dimethylsilicone oil (KF-96). This is called 25  the treated
silica sample-a. With 100 parts by weight of the above magnetic toner
classified product, 0.4 parts by weight of the sample-a were blended to
obtain a developer. By introducing the developer into a modified machine
obtained by modifying a copying machine provided with an OPC photosensitive
drum having surface hardness of 21g and a blade cleaning means with a
urethane rubber blade (NP-150Z, produced by Canon) 30  to a machine for
reversal developing, the toner image on the OPC photosensitive member was
transferred at a transfer current of 5 x 10-7 A/cm for evaluation of image
formation. In image formation of 10,000 sheets under normal temperature and
normal humidity conditions, the image density was stably 1.3 or higher with
no deterioration in image quality being recognized. In image formation for
one week at 10,000 sheets/day under the high temperature and high humidity
35  environment, the difference in image density between the initial stage
and after successive copying was 0.2 or less, with the minimum value being
also 1.2 or higher. Also, no deterioration in image quality is recognized.
Example 13 40 Treated silica fine powder (sample-b) was obtained by the
same treatment as in Example 12 except for changing the treatment amount of
the silicone oil relative to silica to 2 parts by weight and evaluated
similarly as in Example 12. 45 Example 14 Treated silica (sample-e) was
obtained by the same treatment as in Example 12 except for changing the
treatment amount of the silicone oil relative to silica to 12 parts by
weight and evaluated similarly as in Example 12. 50 Example 15 Treated
silica fine powder (sample-d) was obtained by the same treatment as in
Example 12 except for using silica with a specific surface area of 300
m2/g, 30 parts by weight of a silane coupling agent (HMDS) 55  and 12 parts
by weight of a-methylstyrene silicone oil, and evaluated similarly as in
Example 12. 22    EP 0 270 063 B1 Comparative example 7 Treated silica
(sample-e) was obtained by the same treatment as in Example 12 except for
performing no silicone oil treatment, and evaluated similarly as in Example
12. Comparative example 8 Treated silica (sample-h) was obtained in the
same manner as in Example 12 except for performing simultaneously the
treatment with a silane coupling agent (HMDS) and the silicone oil
treatment, and 10 evaluated similarly as in Example 12. 
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Styrene-acrylic  resin                                 100 parts (trade
name: Hymar SBM 700, produced by Sanyo Kasai Co.) 10             Magnetic
fine  powder  (magnetite                        60 parts average  size
0.2[err]    (trade   name: EPT-1000, produced by Toda Kogyo Co.) 



15 Compound A                                             2.0  parts
(structural formula A-1,  [err] 20             [err]  volume  resistivity
[err] Compound  B                                             1.0 part 26
(structural formula  B-2, [err] [err] volume resistivity [err] 30     The
above materials were melted and kneaded on roll mill and after cooling
micropulverized by jet mill, followed further by classification to obtain a
negatively chargeable magnetic toner classified product with an average
particle size of 9 [err] Next, after silica fine powder [specific surface
area 200 m2/g, Aerosil #200, produced by Nippon Aersil Co.] was applied
with the silane coupling treatment with 20 parts by weight of
hexamethylenedisilazane 35 (HMDS), 100 parts by weight of the treated
product were again treated with 10 parts by weight of dimethylsilicone oil
(KF-96, produced by Shinetsu Kagaku, viscosity 100 cs) diluted with a
solvent, and after drying subjected to heating treatment at 250 C to obtain
silica fine powder treated with dimethylsilicone oil. To 100 parts by
weight of the magnetic toner classified product as described above, 0.4
parts by weight of the treated silica were externally added to obtain a
developer having the magnetic toner. The treated 40 silica fine powder was
found to have a hydrophobicity of 98%. For the developer, by use of a laser
beam printer of the reversal developing system provided with an OPC
photosensitive drum having surface hardness of 21g and a blade cleaning
means with a urethane rubber blade (LBP-CX, produced by Canon), image
forming test was conducted under the conditions of a drum charging quantity
-700V,[err] 500V, developing bias Vpp 1600V, frequency 180Hz, and
drum-sleeve distance 270 [err], to obtain good images. 45 The image density
was 1.31 after copying 500 sheets, 1.39 after copying 1,000 sheets, thus
giving high image density. Further, when successive copying test was
conducted under low temperature-low humidity and high temperature-high
humidity conditions, no image badness such as filming, toner fusion, drum
damage, image flowing, image white drop-out, etc. occurred even after
successive copying of 5,000 sheets. 50     When the photosensitive drum
surface was observed, no image fog was seen. 55 25    EP 0 270 063 B1
Example 17 Styrene.resin  (trade  name:                         100 parts 5
Piccolastic 0-125, produced by Hercules  Co.) Magnetic powder  (magnetite
fine                      60 parts powder, average size 0.2 [err] Compound
A                                           1.0 part (structural formula
A-2, [err] [err], volume resistivity [err] 



20              Compound B                                            3.0
parts (structural formula B-1, [err] [err],  volume  resistivity  [err] 25
The above materials were melted and kneaded on roll mills, and then the
respective steps of fine pluverization and classification were practiced to
obtain a negatively chargeable magnetic toner with an average particle size
of 9 [err] 30     Similarly as in Example 16, to 100 parts by weight of the
classified product were externaly added 0.4 parts by weight of the silica
fine powder applied with the silicone oil treatment after treated with the
silane coupling treatment, to obtain a developer. The developer was
subjected to the same image forming test as in Example 16 to obtan good
results. The image density was 1.29 after copying of 500 sheets, and 1.31
after coying of 1,000 sheets, thus giving high image density. 35     When
the photosensitive drum surface before transfer was observed, no image fog
was seen in the toner image. Comparative example 9 40     Treated silica
fine powder was obtained in the same manner as in Example 4 except for
treating 100 parts by weight of the untreated silica fine powder only with
10 parts by weight of dimethyl silicone oil. The treated silica fine powder
obtained was found to have a hydrophobicity of 80 and a methanol
hydrophobicity of 25. A developer was prepared by blending 0.4 parts by
weight of the treated silica obtained and 100 parts by weight of the
magnetic toner classified product prepared in the same manner as in Example
4. 45 When image forming test was conducted in the same manner as in
Example 4, the image density was lowered to 0.7 after standing for one week
under the high temperature and high humidity conditions, with filming being
also exhibited, and also humidity resistance was worse than the developer
in Example 4. A developer for developing electrostatic latent images
comprises negatively chargeable toner particles and hydrophobic, negatively
chargeable silica fine power, 50     said silica fine powder being obtained
by treating silica fine powder with a silane coupling agent represented by
the following formula: RmSiYn or [err] 55 and treating further said treated
silica fine powder with a silicone oil having the structure: 26    EP 0 270
063 B1 [err] [err] [err] 26 An image forming method comprises forming an
electrostatic latent image on a photosensitive drum; developing said latent
image with a developer to form toner images, said developer comprising
negatively chargeable toner particles and, hydrophobic, negatively
chargeable silica fine powder, said silica fine powder being obtained by
treating silica fine powder with a silane coupling agent represented by the
following formula: 30 



RmSiYn or [err] and treating further said treated silica fine powder with a
silicone oil having the structure: 35 [err] 45 or R 50
[err] 55 electrostatically transferring the toner images formed to a
transfer material; and cleaning the photosensitive drum after electrostatic
transfer with a blade cleaning means. 27    EP 0 270 063 B1 *  C   L  M   S
* Claims 1. A developer for developing electrostatic latent images,
comprising negatively chargeable toner particles and hydrophobic,
negatively chargeable silica fine power, 5         said silica fine powder
being obtained by treating silica fine powder with a silane coupling agent
represented by the following formula: RmSiYn or [err] 10        wherein R
represents an alkoxy group or a chlorine atom, Y represents an alkyl group,
m represents a positive integer of 1 to 3 and n represents a positive
integer or 3 to 1, with the proviso that m + nis4, and treating further
said treated silica fine powder with a silicone oil having the structure:
15                   [err] [err] 20                   [err] 25 [err] 30
wherein R represents an alkyl group having 1 to 3 carbon atoms, R'
represents an alkyl group different from R having 1 to 10 carbon atoms, a
halogen-modified alkyl group having 1 to 10 carbon 35     atoms, a
phenyl-modified alkyl group or a phenyl group, R" represents an alkyl group
having 1 to 3 carbon atoms or an alkoxy group having 1 to 3 carbon atoms,
with the proviso that R" represents a group which may be either the same as
or different from R, and x and y each represent a positive integer. 40  2.
A developer according to Claim 1, wherein the toner particles comprise 100
parts by weight of a binder resin and 10 to 200 parts by weight of a
magnetic material. 3 A developer according to Claim 2, wherein the toner
particles contain 50 to 150 parts by weight of the magnetic material. 



45 4. A developer according to Claim 1, wherein the toner paticles contain
0.1 to 10 parts by weight of a negatively chargeable charge controller per
100 parts by weight of the binder resin. 5. A developer according to Claim
1, wherein the toner particles contain a metal complex compound of an 50
aromatic hydroxylcarboxylic acid having a lipophilic group (A) and a metal
complex salt type monoazo dye having a free hydrophilic group (B) as the
negatively chargeable charge controller. 6. A developer according to Claim
5, wherein the toner particles contain 0.1 to 10 parts by weight of said
compound (A) and said compound (B) per 100 parts by weight of the binder
resin. 55 7. A developer according to Claim 6, wherein the compound (A) and
the compound (B) are contained at a weight ratio of 1:10 to 10:1. 28    EP
0 270 063 B1 8  A developer according to Claim 1, wherein the silica fine
powder has an average particle size of 0.001 to2 [err] 9. A developer
according to Claim 1, wherein the silica fine powder has hydrophobicity of
90% or higher. 5 10. A developer according to Claim 9, wherein the silica
fine powder has methanol hydrophobicity of 65 or higher according to the
methanol titration test. 11. A developer according to Claim 1, wherein the
silica fine powder is treated with 5 to 40 parts by weight 10     of the
silane coupling agent per 100 parts by weight of the untreated silica fine
powder having a BET specific surface area of 40 to 400 [err], and further
treated with A/25 [err] A/30 parts by weight, where A represents the BET
specific surface area value of the silica fine powder of said silicone oil.
12. A developer according to Claim 11, wherein the silica fine powder is
subjected to heat treatment at a 15     temperature of 50 to 150 [err]
after the treatment with the silane coupling agent and further subjected to
heat treatment at a temperature of 150 to 350 [err] after the treatment
with the silicone oil. 13. A developer according to Claim 12, wherein the
silica fine powder is subjected to heat treatment at a temperature of 200
to 300 * C after the treatment with the silicone oil. 20 14. A developer
according to Claim 1, wherein said silicone oil has a viscosity of 50 to
1000 mm2/s at a temperature of 25 [err] 15. A developer according to Claim
1, wherein 50 % or more of the silanol groups existing on the surfaces 25
of silica particles have reacted with the silane coupling agent at the
stage when the silica fine powder is treated with the silane coupling
agent. 16. A developer according to Claim 1, wherein 0.01 to 20 parts by
weight of the silica fine powder is added per 100 parts of the toner
particles. 30 17. A developer according to Claim 16, wherein 0.1 to 3 parts
by weight of the silica fine powder is added per 100 parts by weight of the
toner particles. 18. An image forming method, which comprises forming an
electrostatic latent image on a photosensitive 



35     drum; developing said latent image with a developer to form toner
images, said developer comprising negatively chargeable toner particles
and, hydrophobic, negatively chargeable silica fine powder, said silica
fine powder being obtained by treating silica fine powder with a silane
coupling agent represented by the following formula: 40     RmSiYn or [err]
wherein R represents an alkoxy group or a chlorine atom, Y represents an
alkyl group, m represents a positive integer of 1 to 3 and n represents a
positive integer of 3 to 1, with the proviso that m + n is 4, 45     and
treating further said treated silica fine powder with a silicone oil having
the structure: [err] 50 55 29    EP 0 270 063 B1 * C   L   M   S * or [err]
10                                                  [err] wherein R
represents an alkyl group having 1 to 3 carbon atoms, R' represents an
alkyl group different from R having 1 to 10 carbon atoms, a
halogen-modified alkyl group having 1 to 10 carbon 15       atoms, a
phenyl-modified alkyl group or a phenyl group, R" represents an alkyl group
having 1 to 3 carbon atoms or an alkoxy group having 1 to 3 carbon atoms,
with proviso that R" represents a group which may be either the same as or
different from R, and [err] each represent positive integer;
electrostatically transferring the toner images formed to a transfer
material; and cleaning the photosen- sitive drum after electrostatic
transfer with a blade cleaning means. 20 19. An image forming method
according to Claim 18, wherein the electrostatic latent image is formed of
positive charges. 20. An image forming method according to Claim 18,
wherein the electrostatic latent image is formed of 25     negative
charges. 21. An image forming method according to Claim 20, wherein the
electrostatic latent image is developed by reversal developing with a
negatively charged developer. 30  22. An image forming method according to
Claim 18, wherein the photosensitive drum has a surface hardness of 30 g or
less. 23. An image forming method according to Claim 22, wherein the
photosensitive drum is provided with a photosensitive layer having an
organic photoconductor. 35 24. An image forming method according to Claim
18, wherein the electrostatic latent image is a digital latent image formed
of 50 to 150 [err]picture elements. 25. An image forming method according
to Claim 24, wherein the digital latent image is developed by 



40     reversal developing with a negatively charged developer. 26. An
image forming method according to Claim 18, wherein the photosensitive drum
has a drum diameter of 50 mm[err] or less. 45  27. An image forming method
according to Claim 18, wherein the toner images on the photosensitive drum
are electrostatically transferred at an effective transfer current of 1 x
10-7 to 10 x 10-7 (A/cm). 28 An image forming method according to Claim 18,
wherein the photosensitive drum after electrostatic transfer is subjected
to blade cleaning with a rubber plate blade with a rubber hardness of 20 to
70 50 29. An image forming method according to Claim 28, wherein the rubber
plate blade is pressure contacted against the photosensitive drum with a
penetration amount of 0.1 to 2 mm. 30. An image forming method according to
Claim 18, wherein the toner particles comprise 100 parts by 55    weight of
a binder resin and 10 to 200 parts by weight of a magnetic material. 31. An
image forming method according to Claim 30, wherein the toner particles
contain 50 to 150 parts by weight of the magnetic material. 30    EP 0 270
063 B1 *   C   L  M   S   * 32. An image forming method according to Claim
18, wherein the toner particles containing 0.1 to 10 parts by weight of a
negatively chargeable charge controller per 100 parts by weight of the
binder resin. 33. An image forming method according to Claim 18, wherein
the toner particles contain a metal complex 5      compound of an aromatic
hydroxycarboxylic acid having lipophilic group (A) and a metal complex salt
type monoazo dye having a free hydrophilic group (B) as the negatively
chargeable charge controller. 34. An image forming method according to
Claim 33, wherein the toner particles contain 0.1 to 10 parts by weight of
said compound (A) and said compound (B) per 100 parts by weight of the
binder resin. 10 35. An image forming method according to Claim 34, wherein
the compound (A) and the compound (B) are contained at a weight ratio of
1:10 to 10:1. 36. An image forming method according to Claim 18, wherein
the silica fine powder has an average particle is     size of 0.001 to 2
[err]. 37. An image forming method according to Claim 18, wherein the
silica fine powder has hydrophobicity of 90% or higher. 20  38. An image
forming method according to Claim 37, wherein the silica fine powder has
methanol hydrophobicity of 65 or higher according to the methanol titration
test. 39. An image forming method according to Claim 18, wherein the silica
fine powder is treated with 5 to 40 parts by weight of the silane coupling
agent per 100 parts by weight of the untreated silica fine powder 25
having a BET specific surface area of 40 to 400 m2/g, and further treated
with A/25  A/30 parts by weight, where A represents the BET specific
surface area value of the silica fine powder of said silicone oil. 40. An
image forming method according to Claim 39, wherein the silica fine powder
is subjected to heat 30     treatment at a temperature of 50 to 150  C
after the treatment with the silane coupling agent and 



further subjected to heat treatment at a temperature of 150 to 350 [err]C
after the treatment with the silicone oil. 41. An image forming method
according to Claim 40, wherein the silica fine powder is subjected to heat
35     treatment at a temperature of 200 to 300 [err] C after the treatment
with the silicone oil. 42. An image forming method according to Claim 18,
wherein said silicone oil has a viscosity of 50 to 1000 mm2/s at a
temperature of 25 C. 40  43. An image forming method according to Claim 18,
wherein 50% or more of the silanol groups existing on the surfaces of
silica particles have reacted with the silane coupling agent at the stage
when the silica fine powder is treated with the silane coupling agent. 44.
An image forming method according to Claim 18, wherein 0.01 to 20 parts by
weight of the silica fine 45     powder is added per 100 parts by weight of
the toner particles. 45. An image forming method according to Claim 44,
wherein 0.1 to 3 parts by weight of the silica fine powder is added per 100
parts of the toner particles. 50 PatentansprUche 1. Entwickler far die
Entwicklung elektrostatischer latenter Bilder, der negativ aufladbare
Tonerteilchen und hydrophobes, negativ aufladbares
Siliciumdioxid-Feinpulver limfaft, wobei das erwghnte
Siliciumdioxid-Feinpulver erhalten wird, indem Siliciumdioxid-Feinpulver
mit einem 55     Silan-Haftmittel behandelt wird, das durch die folgende
Formel dargestellt wird: RmSiYn oder Y3-Si-NH-Si-Ya 31    I 1!IlI1I
IIII111111111111111 EP 0270063B1                   '   L  n   s worin R
eine Alkoxygruppe oder ein Chloratom bedeutet, Y eine Alkylgruppe bedeutet,
m eine positive ganze Zahl von 1 bis 3 bedeutet und n eine positive ganze
Zahl von 3 bis 1 bedeutet, wobei vorausgesetzt ist, daB m + n 4 ist, und
das erwahnte behandelte Siliciumdioxid-Feinpulver femer mit einem Silicon6l
behandelt wird, das 5      die Struktur: 10                     ~~~~R ,0
~~~~~~~~R-) (0i    -RI  R- iO (i i-R oder 18 20 hat, worin R elne
Alkylgruppe mit I bis 3 Kohlenstoffatomen bedeutet, RI elne von R
verschiedene Alkylgruppe mit 1 bils tO Kohlenstoffatomen, eine
halogenmodifizierte Alkylgruppe mit I bils 10 Kohlenstoffatomen, elne
phenylmodifizierte Alkylgruppe oder eine Phenylgruppe bedeutet, RP elne 25
Alkylgruppe mit 1 bis 3 Kohlenstoffatomen oder elne Alkoxygruppe mit 1 bis
3 Kohlenstoffatomen bedeutet, wobel vorausgesetzt ist, daB R" eine Gruppe
bedeutet, die entweder gleich R oder von R verschieden sein kann, und x und
y je eine positive ganze Zahl bedeuten. 2. Entwickler nach Anspruch 1, bei
dem die Tonerteilchen 100 Masseteile eines Bindemittelharzes und 10 30
bis 200 Masseteile eines magnetischen Werkstoffs umfassen. 



3. Entwickler nach Anspruch 2, be! dem die Tonerteilchen 50 bis 150
Masseteile des magnetischen Werkstoffs enthalten. 35  4. Entwickler nach
Anspruch 1, bei dem die Tonerteilchen 0,1 bis 10 Masseteile eines negativ
aufladbaren Ladungssteuerstoffs pro 100 Masseteile des Bindemittelharzes
enthalten. 5. Entwickler nach Anspruch 1, bei dem die Tonerteilchen als
negativ aufladbaren Ladungssteuerstoff eine Metallkomplexverbindung (A)
einer aromatischen Hydroxycarbonsiure mit einer lipophilen Gruppe und 40
einen Monoazofarbstoff (B) des Metallkomplexsalztyps mit einer frelen
hydrophilen Gruppe enthalten. 6. Entwickler nach Anspruch 5, bei dem die
Tonertellchen 0,1 bis 10 Masseteile der erwahnten Verbin- dung (A) und der
erwahnten Verbindung (B) pro 100 Masseteile des Bindemittelharzes
enthalten. 45  7. Entwickler nach Anspruch 6, bei dam die Verbindung (A)
und die Verbindung (B) in einem Massever- haltnis von 1:10 bis 10:1
enthalten sind. 8. Entwickler nach Anspruch 1, bel dam das
Siliciumdioxid-Feinpulver eine mittlere Teilchengr6ge von 0,001 bis 2 um
hat. 50 9. Entwickler nach Anspruch 1, bel dem das
Siliciumdioxid-Feinpulver einen Grad der Hydrophobia von 90 % oder hoher
hat. 10. Entwickler nach Anspruch 9, bei dam das Siliciumdioxid-Feinpulver
einen Grad der Methanol-Hydro- 55     phobie gemaB dem
Methanoltitrationstest von 65 oder h6her hat. 11. Entwickler nach Anspruch
1, bei dem das Siliciumdioxid-Feinpulver mit 5 bis 40 Masseteilen des
Silan- Haftmittels pro 100 Masseteile des unbehandelten
Siliciumdioxid-Feinpulvers, das eine nach dam BET- 32    EP 0 270 063 B1
!1! I      t 1    IIc Verfahren bestimmte spezifische Oberflache von 40 bis
400 m2/g hat, behandelt wird und ferner mit A125  A/30 Masseteilen, wobei A
den Wert der nach dem BET-Verfahren bestimmten spezifischen Oberflache des
Siliciumdioxid-Feinpulvers bedeutet, des erwlhnten Silicon6ls behandelt
wird. 6  12. Entwickler nach Anspruch 11, bei dem das
Siliciumdioxid-Feinpulver nach der Behandlung mit dem Silan-Haftmittel
einer Hitzebehandlung be! einer Temperatur von 50 bis 150  C unterzogen
wird und ferner nach der Behandlung mit dem Siliconol einer Hitzebehandlung
bei einer Temperatur von 150 bis 350 ' C unterzogen wird. 0o  13.
Entwickler nach Anspruch 12, bei dem das Siliciumdioxid-Feinpulver nach der
Behandlung mit dem Silicon6l elner Hitzebehandlung bei elner Temperatur von
200 bis 300 * C unterzogen wird. 14. Entwickler nach Anspruch 1, bel dem
das erwlhnte Silicon6l bel einer Temperatur von 25 *C eine Viskositgt von
50 bis 1000 mm2/s hat. t6 15. Entwickler nach Anspruch 1, bei dem 50 % oder
mehr der Silanolgruppen, die an den Oberflachen der Siliclumdioxidtellchen
vorhanden sind, in der Stufe, wenn das Siliciumdioxid-Feinpulver mit dem
Silan- Haftmittel behandelt wird, mit dem Silan-Haftmittel reagiert haben.
20  16. Entwickler nach Anspruch 1, be! dem pro 100 Teile der Tonerteilchen
0,01 bis 20 Massetelie des Siliciumdioxid-Feinpulvers zugesetzt werden. 17.
Entwickler nach Anspruch 16, bei dem pro 100 Masseteile der Tonertellchen
0,1 bis 3 Masseteile des 



Siliciumdioxid-Feinpulvers zugesetzt werden. 25 18 Bilderzeugungsverfahren,
bei dem auf einer photoempfindlichen Trommel ein elektrostatisches latentes
Bild erzeugt wird, das erwahnte latente Bild mit einem Entwickler
entwickelt wird, um Tonerbilder zu erzeugen, wobel der erwahnte Entwickler
negativ aufladbare Tonertellchen und hydrophobes, negativ aufladbares
Siliciumdioxid-Feinpulver umfaBt, so     wobei das erwahnte
Siliciumdioxid-Feinpulver erhalten wird, indem Siliciumdioxid-Feinpulver
mit einem Silan-Haftmittel behandelt wird, das durch die folgende Formel
dargestellt wird: RmSiYn oder Ya-Si-NH-Si-Ya S5     worin R eine
Alkoxygruppe oder ein Chloratom bedeutet, Y eine Alkylgruppe bedeutet, m
eine positive ganze Zahl von 1 bis 3 bedeutet und n eine positive ganze
Zahl von 3 bis 1 bedeutet, wobei vorausgesetzt ist, daB m 4 n 4 ist, und
das erwahnte behandelte Siliciumdioxid-Feinpulver ferner mit einem
Silicon6l behandelt wird, das die Struktur: 40 R                    ~~~R
Rj10(tO). -R   R-to(ilfR 45 oder R 55 hat, worin R eine Alkylgruppe mit 1
bis 3 Kohlenstoffatomen bedeutet, R' eine von R verschiedene Alkylgruppe
mit 1 bis 10 Kohlenstoffatomen, eine halogenmodifizierte Alkylgruppe mit 1
bis 10 Kohlenstoffatomen, eine phenylmodifizierte Alkylgruppe oder eine
Phenylgruppe bedeutet, R' eine 33    EP O 270 063 B1 l~       ss~0l~lll~'!
Alkylgruppe mit 1 bis 3 Kohlenstoffatomen oder eine Alkoxygruppe mit 1 bis
3 Kohlenstoffatomen bedoutet, wobei vorausgesetzt Ist, daB RI eine Gruppe
bedeutet, die entweder glelch R odor von R verschieden sein kann, und x und
y je eine positive ganze Zahl bedeuten, die erzeugten Tonerbilder
elektrostatisch auf ein Obertragungs- bzw. Bildempfangsmaterial Obertragen
5      werden und die photoempflndliche Trommel nach der elektrostatischen
Obertragung mit elner Rakelrel- nigungseinrichtung gereinigt wird. 19.
Bilderzeugungsverfahren nach Anspruch 18, bei dem das elektrostatische
latente Bild aus positiven Ladungen gebildet wird. 10 20.
Bilderzeugungsverfahren nach Anspruch 18, be! dem das elektrostatische
latente Bild aus negativen Ladungen gebildet wird. 21.
Bilderzeugungsverfahren nach Anspruch 20, bei dem das elektrostatische
latente Bild durch Umkehr- 15     entwicklung mit elnem negativ
aufgeladenen Entwickler entwickelt wird. 22. Bilderzeugungsverfahren nach
Anspruch 18, bei dem die photoempfindliche Trommel eine Oberfla- 



chenharte von 30 g odor weniger hat. 20  23. Bilderzougungsverfahren nach
Anspruch 22, bei dem die photoempflndliche Trommel mit eoner photo-
empfindlichen Schicht, die einen organischen Photoleiter hat, versehen ist.
24. Bilderzeugungsverfahren nach Anspruch 18, bei dem das elektrostatische
latente Bild ein digitales latentes Bild ist, das aus Bildelementen mit
einer GroBe von 50 bis 150 um gebildet wird. 25 25. Bilderzeugungsverfahren
nach Anspruch 24, bei dom das digitale latente Bild durch Umkehrentwicklung
mit einem negativ aufgeladenen Entwickler entwickelt wird. 26.
Bilderzeugungsverfahren nach Anspruch 18, bei dem die photoempfindliche
Trommel einen Trommel- 30     durchmesser von 50 mm odor weniger hat. 27.
Bilderzougungsverfahren nach Anspruch 18, bei dom die Tonerbilder, die sich
auf der photoempfindli- chen Trommel befinden, elektrostatisch mit einem
effektiven Obertragungsstrom von 1 x 10-7 bis 10 x 10-7 (A/cm) Ubertragen
werden. 35 2& Bilderzeugungsverfahren nach Anspruch 18, bei dem die
photoempfindliche Trommel nach der elektro- statischen Obertragung einer
Rakelreinigung mit einer Gummiplattenrakel, die eine Gummiharte von 20 bis
70 hat, unterzogen wird. 40  29. Bilderzeugungsverfahron nach Anspruch 28,
bei dem die Gummiplattenrakel unter Druck mit einem Eindringwert von 0,1
bis 2 mm mit der photoempfindlichen Trommel in Ber~hrung gebracht wird. 30.
Bilderzeugungsverfahren nach Anspruch 18, bei dem die Tonerteilchen 100
Masseteile eines Bindemit- telharzes und 10 bis 200 Masseteile eines
magnetischen Werkstoffs umfasson. 45 31. Bilderzeugungsverfahren nach
Anspruch 30, bei dem die Tonerteilchen 50 bis 150 Masseteile des
magnetischen Werkstoffs enthalten. 32. Bilderzougungsverfahron nach
Anspruch 18, bei dem die Tonerteilchen 0,1 bis 10 Masseteile eines so
negativ aufladbaren Ladungssteuerstoffs pro 100 Masseteile des
Bindemittelharzes enthalten. 33, Bilderzeugungsverfahren nach Anspruch 18,
bei dem die Tonerteilchen als negativ aufladbaren La- dungssteuerstoff eine
Metallkomplexverbindung (A) einer aromatischen Hydroxycarbonsaure mit einer
lipophilen Gruppe und einen Monoazofarbstoff (B) des Metalikomplexsalztyps
mit einer freien hydrophi- 55     len Gruppe enthalten. 34.
Bilderzeugungsverfahren nach Anspruch 33, bei dem die Tonerteilchen 0,1 bis
10 Masseteile der erwghnten Verbindung (A) und der erwahnten Verbindung (B)
pro 100 Masseteile des Bindemittelhar- 34    *   C   L  n   s zes
enthalten. 35. Bilderzeugungsverfahren nach Anspruch 34. bei dem die
Verbindung (A) und die Verbindung (B) in einem Masseverhaltnis von 1:10 bis
10:1 enthalten sind. 36. Bilderzeugungsverfahren nach Anspruch 18, bel dem
das Siliciumdioxid-Feinpulver eine mittlere Tell- chongrfBe von 0,001 bis 2
am hat. 37. Bilderzeugungsverfahren nach Anspruch 18, be! dem das
Siliciumdioxid-Feinpulver einen Grad der 



10     Hydrophobie von 90 % oder h6her hat. 38. Bilderzeugungsverfahren
nach Anspruch 37, be! dem das Siliciumdioxid-Feinpulver einen Grad der
Methanol-Hydrophoble gemrnB dem Methanoltitrationstest von 65 oder h6her
hat. 15  39. Bilderzeugungsveriahren nach Anspruch 18, bei dem das
Siliciumdioxid-Feinpulver mit 5 bis 40 Masseteilen des Silan-Haftmittels
pro 100 Masseteile des unbehandelten Siliciumdloxid-Feinpulvers, das elne
nach dem BET-Verfahren bestimmte spezifische Oberflache von 40 bis 400 m2/g
hat, behandelt wird und femer mit A/25 t A/30 Masseteilen, wobei A den Wert
der nach dem BET-Verfahren bestimmten spez-fischen Oberflache des
Siliciumdioxid-Feinpulvers bedeutet, des erwahnten Silicon6ls 20
behandelt wird. 40. Bilderzeugungsverfahren nach Anspruch 39, bei dem das
Siliciumdloxid-Feinpulver nach der Behand- lung mit dem Silan-Haftmittel
elner Hitzebehandlung bei einer Temperatur von 50 bis 150 * C unterzogen
wird und femer nach der Behandlung mit dem Silicon6l elner Hitzebehandlung
be] einer 25     Temperatur von 150 bis 350 * C unterzogen wird. 41.
Bilderzeugungsverfahren nach Anspruch 40, bel dem das
Siliciumdioxid-Feinpulver nach der Behand- lung mit dem Silicon6i einer
Hitzebehandlung be! einer Temporatur von 200 bis 300 IC unterzogen wird. 30
42. Bilderzeugungsverfahren nach Anspruch 18, bei dem das erwahnte
Silicon6l bei einer Temperatur von 25 * C eine ViskositAt von 50 bis 1000
mm2/s hat. 43. Bilderzeugungsverfahren nach Anspruch 18, beli dem 50 % oder
mehr der Silanolgruppen, die an den 35     Oberflachen der
Siliciumdioxidtellchen vorhanden sind, in der Stufe, wenn das
Siliciumdioxid-Feinpulver mit dem Silan-Haftmittel behandelt wird, mit dem
Silan-Haftmittel reagiert haben. 44. Bilderzeugungsverfahren nach Anspruch
18, be! dem pro 100 Teile der Tonerteilchen 0,01 bis 20 Masseteile des
Siliciumdioxid-Feinpulvers zugesetzt werden. 40 45. Bilderzeugungsverfahren
nach Anspruch 44, bei dem pro 100 Masseteile der Tonerteilchen 0,1 bis 3
Masseteile des Siliciumdioxid-Feinpulvers zugesetzt werden. Revendlcatlons
45 1. Developpateur pour le d~veloppement d'images latentes
6lectrostatiques, comprenant des particules de toner pouvant 8tre chargdes
negativement et une poudre fine de silice hydrophobe pouvant 8tre chargee
negativement, ladite poudre fine de silice etant obtenue par traitement
d'une poudre fine de silice avec un agent 50     de couplage du type silane
repr6sent6 par la formule suivante: RmSiYn ou Y9-Si-NH-Si-Y3 dans laquelle
R reprdsente un groupe alkoxy ou un atome de chlore, Y repr6sente un groupe
55     alkyle, m represente un nombre entier positif de 1 A 3 et n
represente un nombre entier positif de 3 h 1  sous reserve quo la somme m +
n soit egale a 4, et par traitement en outre de ladite poudre fine de
silice traitee avec une huile de silicone r6pondant a la formule
structurale: 35   



EP 0 270 063 BI            | lI*I1Il 1 1ill I 111u1l! R-Sio  lio tsi-R
R-|  ti O S jo     i-it 5
1~~~~~~~~~ R RR i  Ro ou tO~~O 10 ; t6                                R-S
iO- __    S iO    So )--- Si-R y 20        dans laquelle R represente un
groupe alkyle ayant 1 a 3 atomes de carbone, R' represente un groupe alkyle
different de R ayant I A 10 atomes de carbone, un groupe alkyle modifie
avec un halogene ayant 1 a 10 atomes de carbone, un groupe alkyle modifl6
avec un groupe phenyle ou un groupe phenyle, R" repr6sente un groupe alkyle
ayant 1 a 3 atomes de carbone ou un groupe alkoxy ayant 1 & 3 atomes de
carbone, sous rdserve que R" represente un groupe pouvant etre identique a,
25     OU different de, R, et x et y representent chacun un nombre entier
positif. 2. Developpateur suivant la revendication 1, dans lequel les
particules de toner comprennent 100 parties en poids d'une resine servant
de liant et 10 a 200 parties on poids d'une matiere magnetique. 30  3
D6veloppateur suivant la revendication 2, dans lequel les particules de
toner contiennent 50 a 150 parties en poids de la matiere magn6tique. 4.
D6veloppateur suivant la revendication 1, dans lequel les particules de
toner contiennent 0,1 a 10 parties en poids d'un ajustement de charge
pouvant 8tre charge negativement pour 100 parties on 35     poids de la
r~sine servant de liant. 5. Developpateur suivant la revendication 1, dans
lequel les particules de toner contiennent un complexe m6tallique d'un
acide hydroxy-carboxylique aromatique poss6dant un groupe lipophile (A) et
un colorant mono-azolque du type sel complexe metallique possedant un
groupe hydrophile libre (B) 40     comme agent d'ajustement de charge,
pouvant Otre charge n6gativement. 6. D6veloppateur suivant la revendication
5, dans lequel les particules de toner contiennent 0,1 a 10 parties en
poids du compose (A) et du compose (B) pour 100 parties en poids de la
resine servant de liant. 45 7. D6veloppateur suivant la revendication 6,
dans lequel le compos6 (A) et le compos6 (B) sont presents on un rapport
ponderal de 1:10 a 10:1. 8. D6veloppateur suivant la revendication 1, dans
loquel la poudre fine de silice possbde un diametre 50     moyen de
particules de 0,001 a 2 jLm. 9. Developpateur suivant la revendication 1,
dans lequel la poudre fine de silice possbde un pouvoir hydrophobe 6gal ou
sup6rieur A 90 %. ss 10. Developpateur suivant la revendication 9, dans
lequel la poudre fine de silice possede un pouvoir hydrophobe vis-a-vis du
m6thanol 6gal ou supdrieur a 65 %, suivant l'essai de titrage de m6thanol.
36    
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Developpateur suivant la revendication 1, dans lequel la poudre fine de
silice est trait~e avec 5 a 40 K>           parties en poids de l'agent de
couplage du type silane pour 100 parties en poids de la poudre fine de
silice non trait6e ayant une surface specifique BET de 40 a 400 m2/g, et
est traitee en outre avec A/25 i A/30 parties en polds de l'huile de
silicone, A representant la valeur de surface sp~cifique BET de la 5
poudre fine de silice. 12. Ddveloppateur suivant la revendication 11, dans
lequel la poudre fine de silice est soumise a un traitement thermique a une
temperature de 50 a 150 C aprbs le traltement avec I'agent de couplage du
type silane, et est en outre soumise a un traltement thermique A une
temperature de 50 a 350 * C tO     apres le traitement avec l'huile de
silicone. 13. D6veloppateur suivant la revendication 12, dans lequel la
poudre fine de silice est soumise a un traitement thermique a une
temperature de 200 a 300 * C apres le traitement avec l'hulle de silicone.
it 14. Developpateur suivant la revendication 1, dans loquel l'huile de
silicone possbde une viscosit6 de 50 a 1000 mm2/% a une temperature de 25 *
C. 15. Developpateur suivant la revendication 1, dans lequel une quantit6
egale ou superieure a 50 % des groupes silanol existant sur les surfaces
des particules de silice a reagi avec l'agent de couplage du 20     type
silane a l'etape de traltement de la poudre fine de silice avec l'agent de
couplage du type silane. 16. D6veloppateur suivant la revendication 1, dans
lequel une quantitd de 0.01 a 20 parties en poids de la poudre fine de
silice est ajoutee pour 100 parties des particules de toner. 25  17.
D6veloppateur suivant la revendication 16, dans loquel une quantite de 0,1
a 3 parties en poids de la poudre fine de silica est ajoutee pour 100
parties en poids des particules de toner. 18. Procede de formation d'image,
qui comprend la formation d'une image latente 6lectrostatique sur un
tambour photosensible ; le d6veloppement de ladite image latente avec un
ddveloppateur pour former 30     des images de toner, ledit d6veloppateur
comprenant des particules de toner pouvant Otre chargies n~gativement et
une poudre fine de sillce hydrophobe pouvant atre charg~e negativement,
ladite poudre fine de silice 6tant obtenue par traitement d'une poudre fine
de silice avec un agent de couplage du type silane represente par la
formule suivante: 36     RmSiYn ou Ye-Si-NH-Si-Y3 dans laquelle R
repr6sente un groupe alkoxy ou un atome de chlore, Y repr~sente un groupe
alkyle, m repr6sente un nombre entier positif de 1 a 3 et n represente un
nombre entier positif de 3 a 1, sous r6serve quo la somme m + n soit 6gale
a 4, 40     et par traitement en outre de ladite poudre fine de silice
traitee avec une huile de silicone repondant a la formule structurale: R
R-S iO     iO)S t     ti- R         R-SiO{t io li-R 50 55 37    *C   L  II
S* 
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I         II yx dans laquelle R repr6sente un groupe alkyle ayant 1 & 3
atomes de carbone, R' reprosente un is     groupe alkyle dlffdrent de R
ayant 1 I 10 atomes de carbone, un groupe alkyle modlfl4 avec un halogene
ayant 1 a 10 atomes de carbone, un groupe alkyle modifid avec un groupe
ph6nyle. ou un groupe phenyle, R" represente un groupe alkyle ayant 1 a 3
atomes de carbone ou un groupe alkoxy ayant 1 a 3 atomes de carbone, sous
r6serve que R" reprdsente un groupe qui puisse 8tre identique a, ou
diff6rent de, R, et x et y representent chacun un nombre entier positif; 20
le transfert 6lectrostatique des images de toner formees a une matiere de
transfert ; et le nettoyage du tambour photosensible aprbs transfert
electrostatique avec un moyen de nettoyage muni d'une lame. 19. Proc6dd de
formation d'image suivant la revendication 18, dans lequel l'image latente
electrostatique est formee de charges positives. 25 20. Proced6 de
formation d'image suivant la revendication 18, dans lequel I'image latente
electrostatique est formee de charges negatives. 21. Procede de formation
d'image suivant la revendication 20, dans lequel I'image latente
6lectrostatique 30     est d~veloppee par d6veloppement inverse avec un
d~veloppateur charg6 nrgativement. 22. Proc6d6 de formation d'image suivant
la revendication 18, dans loquel le tambour photosensible possede une
durete de surface 6gale ou inf6rieure a 30 g. 35  23 Proced6 de formation
d'image suivant la revendication 22, dans lequel le tambour photosensible
est muni d'une couche photosensible poss~dant un photoconducteur organique.
24. Proc6d6 de formation d'image suivant la revendication 18, dans lequel
l'image latente electrostatique est une image latente num6rique formee
d'6l1ments d'image de 50 a 150 am. K 40 25. Proc6de de formation d'image
suivant la revendication 24, dans loquel l'image latente numerique est
d6veloppee par d6veloppement inverse avec un developpateur charg6
n6gativement. 26. Procede de formation d'image suivant la revendication 18,
dans lequel le tambour photosensible 45     possede un diametre 6gal ou
Inf6rieur a 50 mm. 27. Procede de formation d'image suivant la
revendication 18, dans lequel les images de toner sur le tambour
photosensible sont transf6rees electrostatiquement & une intensit6 de
transfert efficace de courant de 1 x 10-7 a 10 x 10-7 (A/cm). 50 28 Procede
de formation d'image suivant la revendication 18, dans lequel le tambour
photosensible, aprbs transfert dlectrostatique, est soumis a un nettoyage
avec une lame plate en caoutchouc, dont le caoutchouc a une durete de 20 a
70 . 5s  29. Proc6d6 de formation d'image suivant la revendication 28, dans
lequel la lame plate de caoutchouc est mise en contact par pression avec le
tambour photosensible, avec une p6n6tration de 0,1 & 2 mm. 38 
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d'image suivant la revendication 18, dans lequel les particules de toner
comprennent 100 parties en poids d'une r6sine servant de liant et 10 a 200
parties en poids d'une matiere magndtique. 5  31. Proc~de de formation
d'image suivant la revendication 30. dans lequel les particules de toner
contiennent 50 a 150 parties en poids de la matiere magn6tique. 32. Proc6d6
de formation d'image suivant la revendication 18, dans lequel les
particules de toner contiennent 0.1 a 10 parties en poids d'un agent
d'ajustement de charge pouvant etre charge 10     ndgativement pour 100
parties en poids de la resine servant de liant. 33. Procdd6 de formation
d'image suivant la revendication 18, dans loquel les particules de toner
contlennent un complexe metallique d'un acide hydroxy-carboxylique
aromatique possedant un groupe lipophile (A) et un colorant mono-azorque du
type sel complexe metalllque poss6dant un groupe 15     hydrophile libro
(B) cornme agent d'aJustement de charge pouvant 8tre charg6 negativement.
34. Proced6 de formation d'image suivant la revendication 33, dans loquel
les particules de toner contiennent 0.1 a 10 parties en poids du compose
(A) et du compose (B) pour 100 parties en poids de la resine servant de
liant. 20 35. Procedd de formation d'image suivant la revendication 34,
dans lequel le compose (A) et le compos6 (B) sont presents en un rapport
ponderal de 1:10 a 10:1. 36. Proc6d6 de formation d'image suivant la
revendication 18, dans lequel la poudre fine de silice possede 25     un
diametre moyen de particules de 0,001 & 2 igm. 37. Proc~dd de formation
d'image suivant la revendication 18, dans lequel la poudre fine de silice
possede un pouvoir hydrophobe 6gal ou sup6rieur a 90 %. 30  38. Proc6de de
formation d'image suivant la revendication 37, dans lequel la poudre fine
de silice possede un pouvoir hydrophobe vis-&-vis du m6thanol egal ou
sup6rieur a 65 suivant l'essai de titrage du m6thanol. 39. Proced6 de
formation d'image suivant la revendication 18, dans lequel la poudre fine
de silice est 35    trait6e avec 5 a 40 parties en poids de l'agent de
couplage du type silane pour 100 parties en poids de la poudre fine de
silice non trait~e ayant une surface sp6cifique BET de 40 & 400 m2/g, et
est traitee en outre avec A/25  A/30 parties on poids de 'huile de
silicone, A representant la surface sp~cifique BET de la poudre fine de
sillce. 40 40. Proc6d6 de formation d'image suivant la revendication 39,
dans loquel la poudre fine de silice est soumise a un traitement thermique
a une temperature de 50 a 150* C apres traitement avec l'agent de couplage
du type silane et est en outre soumise a un traitement thermique a une
temperature de 150 a 350 IC aprbs traitement avec 'huile de silicone. 45
41. Procede de formation d'image suivant la revendication 40, dans loquel
la poudre fine de silice est soumise a un traitement thermique & une
temperature de 200 a 300 * C apres traitement avec I'huile de silicone. 42.
Procede de formation d'image suivant la revendication 18, dans lequel
lMhuile de silicone possede une so     viscosit6 de 50 a 1000 mm2%s a une
temperature de 25  C. 



43. Procede de formation d'image suivant la revendication 18, dans lequel
une quantit6 egale ou superieure & 50 % des groupes silanol existant sur
les surfaces des particules de silice a ete soumise a une reaction avec
l'agent de couplage du type silane a l'tape de traitement de la poudre fine
de 5.5    silice avec l'agent de couplage du type silane. 44. Proced6 de
formation d'image suivant la revendication 18, dans loquel une quantite de
0,01 a 20 parties en poids de la poudre fine de silice est ajout6e pour 100
parties en poids des particules de 39    *    C L   M   S * toner. 45.
Procedd de formation d'image suivant la revendication 44, dans lequel une
quantite de 0,1   3 parties en polds de la poudre fine de silice est
ajoutde pour 100 parties des particules de toner. 5 10 15 20 25 30 36 40 45
50 55 40    


