
EP 0 427 275 B1 Description FIELD OF THE INVENTION AND RELATED ART 5
The present invention relates to a toner for developing electrostatic
images used in Image forming proc- esses, such as electrophotography,
electrostatic printing and electrostatic recording, an image forming appa-
ratus using the toner, and an image forming apparatus therefor. Hitherto, a
large number of electrophotographic processes have been known, inclusive of
those disclosed in U.S. Patents Nos. 2,297,691; 3,666,363; and 4,071,361.
In these processes, in general, an electrostatic la- 10  tent image is
formed on a photosensitive member comprising a photoconductive material by
various means, then the latent image is developed with a toner, and the
resultant toner image is, after being transferred onto a transfer material
such as paper etc., as desired, fixed by heating, pressing, or heating and
pressing, or with solvent vapor to obtain a copy. With respect to the
above-mentioned final step of fixing a toner image onto a sheet of, e.g.,
paper, various 15  methods and apparatus have been developed, of which the
most popular one is of the heating and pressing system using hot rollers.
In the heating and pressing system, a sheet carrying a toner image to be
fixed (hereinafter called "fixation sheet") is passed through hot rollers,
while a surface of a hot roller having a releasability with the toner is
caused to contact the toner Image surface of the fixation sheet under
pressure, to fix the toner image. In this 20  method, as the hot
rollersurface and the toner Image on the fixation sheet contact each other
undera pressure, a very good heat efficiency is attained for melt-fixing
the toner image onto the fixation sheet to afford quick fixation, so that
the method is very effective in a high-speed electrophotographic copying
machine. For such a fixing method, it has been proposed to use a binder
resin containing an acid component for improving the fixing characteristic.
However, a toner using such a binder resin is liable to be charged insuffi-
25  ciently under a high-humidity condition and charged excessively under a
low-humidity condition, thus being liable to be affected by changes in
environmental conditions. In some cases, such a toner is liable to cause
fog or provide a low image density. On the other hand, an acid anhydride
has a function of increasing the chargeability, and the use of a resin
containing an acid anhydride has been proposed, for example, by Japanese
Laid-Open Patent Applications 30  (JP-A) 59-139053 and 62-280758. These
references show a method wherein a polymer containing acid an- hydride
units at a high density Is diluted with a binder resin. In such a method,
it Is necessary to uniformly disperse the acid anhydride-containing resin
in the binder resin, and the failure of uniform dispersion causes ununiform
charge of toner particles to be liable to cause fog and adversely affect
the developing performance. These methods are liable to provide a negative
chargeability and are not adequately applied to a positively 35  chargeable
toner. If acid anhydride units are dispersed and diluted by
copolymerization with polymer chains constituting the binder resin, the
above-mentioned problem of ununiform dispersion can be dissolved to provide
toner particles with a uniform chargeability. Such toner are disclosed in,
e.g., JP-A61-123856 and 61-123857 and are known to provide good fixation
characteristic, anti-offset characteristic and developing characteristic.
40      Such toners can however be charged excessively when applied to a
high-speed copying machine under a low-humidity condition, thus leading to
a possibility of fog or a decrease In density. This is because the acid
anhydride units in the binder resin contained in these toners are larger in
contact while they may be uniformly dispersed. 45 SUMMARY OF THE INVENTION
An object of the present invention is to provide a toner for developing
electrostatic images having solved the above-mentioned problems. A more
specific object of the Invention is to provide a tonerfor developing
electrostatic images, which pro- 



50  vides high-density toner images free from fog without impairing the
fixing characteristic. An object of the invention is to provide a toner for
developing electrostatic images, which is little affected by environmental
changes and provides good images under both low-humidity and high-humidity
conditions. An object of the invention is to provide a toner for developing
electrostatic images, which stably provides good images even for a
high-speed image forming apparatus and is thus applicable to a wide variety
of ap- 55  paratus. Another object of the present Invention is to provide
an image forming method and an image forming ap- paratus using such a
specific toner as described above and an unsymmetrical developing bias
voltage. An object of the invention is to provide an image forming method
and an image forming apparatus which 2    EP 0 427 275 B1 are excellent in
durability and are capable of stably providing toner images having a high
image density and free from white ground fog even in a long period of
continuous use. An object of the invention is to provide an Image forming
method and an image forming apparatus capable of providing toner images
which are rich in gradation characteristic and excellent in resolution and
thin line re- 5   producibility. An object of the invention is to provide
an image forming method and an image forming apparatus capable of stably
providing toner images having a high Image density even under a low
humidity condition. An object of the invention i to provide an image
forming method and an imageforming apparatus wherein a magnetic toner is
uniformly applied on a toner-carrying member and Is also uniformly charged
stably and 10  not excessively or not insufficiently, so that the flying of
the magnetic toner is made more effective. An object of the invention is to
provide an image forming method and an image forming apparatus wherein the
toner-carrying member memory is prevented or suppressed. An object of the
invention is to provide an image forming method and an image forming
apparatus wherein an electrostatic latent image formed on an a-Si
(amorphous silicon) photosensitive member is effectively de- 15  veloped.
An object of the Invention is to provide an image forming method and an
image forming apparatus which are capable of providing a sufficient image
even by using an a-Si photosensitive member having a low surface potential.
An object of the invention is to provide an image forming method and an
image forming apparatus wherein 20  even a small potential contrast on an
a-Si photosensitive member can be faithfully developed to provide a gra-
dational image. An object of the Invention is to provide an image forming
method and an image forming apparatus wherein a delicate latent image
formed on an a-Si photosensitive member is faithfully developed to provide
a toner im- age excellent In thin line reproducibility and resolution. 25
A further object of the invention is to provide an Image forming method and
an image forming apparatus by which a high developing speed and a high
durability are realized by using an a-Si photosensitive member. According
to the present invention, there is provided a tonerfor developing
electrostatic images, compris- ing: a binder resin and a colorant, wherein
the binder resin comprises a vinyl copolymer having an acid an- hydride
group, and the binder resin has a total acid value (A) of 2 - 100 mgKOH/g
and a total acid value (B) 30  attributable to acid anhydride group of
below 6 mgKOH/g so that [(B)/(A)] x 100 is 60 % or less. According to
another aspect of the present Invention, there is provided to image forming
method, compris- ing: 



disposing a latent image-bearing member for holding an electrostatic image
thereon and a toner-car- rying member for carrying a magnetic toner with a
prescribed gap at a developing station; the magnetic toner 35  comprising a
binder resin and magnetic powder and having a volume-average particle size
of 4 - 10 microns, wherein the binder resin comprises a vinyl copolymer
having an acid anhydride group, and the binder resin has a total acid value
(A) of 2 - 100 mgKOH/g and a total acid value (B) attributable to acid
anhydride group of below 6 mgKOH/g so that [(B)/(A)] x 100 is 60 % or less;
conveying the magnetic toner in a layer carried on the toner-carrying
member and regulated in a thick- 40  ness thinner than the prescribed gap
to the developing station; and applying an alternating bias voltage
comprising a DC bias voltage and an unsymmetrical AC bias voltage in
superposition between the toner-carrying member and the latent
image-bearing member at the developing station to provide an alternating
bias electric field comprising a development-side voltage component and a
reverse-development side voltage component, the development-side voltage
component having a magnitude 45  equal to or larger than that of the
reverse development-side voltage component and a duration smaller than that
of the reverse-development side voltage component, so that the magnetic
toner on the toner-carrying member is transferred to the latent
image-bearing member to develop the electrostatic image thereon at the
developing station. According to still another aspect of the present
invention, there is provided an image forming apparatus, 50  comprising: a
latent image-bearing memberfor holding an electrostatic image thereon, a
toner-carrying mem- berforcarrying a layerofa magnetic tonerthereon, a
tonervessel for holding the magnetic toner to be supplied to the
toner-carrying member, a toner layer-regulating member for regulating the
magnetic toner layer on the toner-carrying member, and a bias application
means for applying an alternating bias voltage comprising a DC bias voltage
and an unsymmetrical AC bias voltage in superposition between the
toner-carrying member and 55  the latent image-bearing member, wherein the
latent image-bearing member and the toner-carrying member are disposed with
a prescribed gap therebetween at a developing station; the toner
layer-regulating means is disposed to regulate the magnetic toner layer on
the toner-carrying 3    EP 0 427 275 B1 member in a thickness thinner than
the prescribed gap; the magnetic toner comprises a binder resin and
magnetic powder and has a volume-average particle size of 4 - 10 microns,
the binder resin comprises a vinyl copolymer having an acid anhydride
group, and the binder resin has a total acid value (A) of 2 - 100 mgKOH/g
and a total acid value (B) attributable to acid an- 5   hydride group of
below 6 mgKOH/g so that [(B)/(A)] x 100 is 60 % or less; and the bias
application means is disposed to provide an alternating bias electric field
comprising a devel- opment-side voltage component and a reverse-development
side voltage component, the development-side voltage component having a
magnitude equal to or larger than that of the reverse development-side
voltage component and a duration smaller than that of the
reverse-development side voltage component, so that the 10  magnetic toner
on the toner-carrying member is transferred to the latent image-bearing
member to develop the electrostatic image thereon at the developing
station. These and other objects, features and advantages of the present
invention will become more apparent upon a consideration of the following
description of the preferred embodiments of the present invention taken in
conjunction with the accompanying drawings. 15 



BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is an infrared absorption
spectrumofa binderresin according tothe presentinvention in the neigh-
borhood of 1780 cm-1. 20      Figure 2 is a schematic view for illustrating
an embodimentof the image forming method and image forming apparatus
according to the present invention. Figures 3 - 6 are waveform diagrams
showing unsymmetrical alternating bias voltages. Figure 7 is a waveform
diagram showing a symmetrical alternating bias voltage. 26 DETAILED
DESCRIPTION OF THE INVENTION The binder resin used in the toner according
to the present invention is characterized by having an acid value, more
specificallyatotal acid value (A)of2-100 mgKOH/g, preferably 5-70
mgKOH/g,further preferably 5- 50 mgKOH/g, measured under the condition that
the acid anhydride group is hydrolyzed, so as to improve 30  the fixing
characteristic. In the total avid value (A) is below 2 mgKOH/g, it is
difficult to obtain a good fixing characteristic. Above 100 mgKOH/g, the
chargeability of the toner cannot be controlled easily. The acid value may
be provided by a carboxyl group and an acid anhydride group, and these
functional groups greatly affect the chargeability of the toner. For
example, a carboxyl group in a polymer chain is able 35  to impart a weak
negative chargeability. However, if the content of a carboxyl group Is
increased, the resin is caused to have an increased hydrophilicity so that
it is liable to liberate Its charge to moisture in the air. This tendency
becomes noticeable as the content of the carboxyl group is increased. On
the other hand, an acid anhydride group has a negative-charge imparting
ability but has no or very little dischargeability. Abinderresin having
these functional groups may have a negative chargeability, so that 40  it
is advantageously used for providing a negatively chargeable toner but can
be used to also provide a posi- tively chargeable toner by selection of a
charge control agent. More specifically, in case where the charge-
imparting ability of the positive charge control agent is predominant over
the negative charge-imparting ability of the functional group in the resin,
the functional group functions to control the liberation of a positive
charge. Accordingly, the proportion of such a functional group is important
for stabilizing the chargeability of a to- 45  ner. The carboxyl group
functions to discharge as well as to impart a chargeability. On the other
hand, the acid anhydride group functions effectively only to impart a
chargeability. if the car- boxyl group is present in a large proportion,
these occurs frequent discharge to result in an insufficient toner charge,
so that it becomes difficult to obtain a sufficient image density. This
tendency is pronounced under a high-humidity condition. 50      On the
other hand, if the acid anhydride group is present in a large proportion,
the toner chargeability is liable to be excessive to increase fog. This
tendency is pronounced under a high humidity condition to result in an
insufficient image density. If these functional groups are co-present in
appropriate proportions, the charge imparting and the charge liberation can
be adequately balanced to stabilize the toner chargeability, so that the
influence of the environ- 55   mental change on the toner chargeability can
be minimized. According to the present invention, the chargeability is
imparted by the presence of an acid anhydride group and also the charge
liberation is promoted by the presence of a carboxyl group to prevent
excessive charge-up of the toner. 4    EP 0 427 275 B1 The binder resin
according to the present invention is also characterized by heating a total
acid value (B) 



attributable to the acid anhydride group of 6 kgKOH/g or lower. Above 6
mgKOH/g, the toner becomes exces- sively chargeable and is liable to cause
a degrease In density and fog under a low-humidity condition. The total
acid value (B) is preferably from 0.1 mgKOH/g to below 6 mgKOH/g, more
preferably in the range 5   of 0.5 - 5.5 mgKOH/g. The total acid value (B)
attributable to the acid anhydride group is set to be 60 % or less,
preferably 50 % or less, further preferably 40 % or less, of the total acid
value (A) of the entire binder resin. Above 60 %, the charge-imparting and
the charge liberation lack a balance so that the charge-imparting ability
becomes pre- dominant and the toner is liable to be charged excessively.
The ratio [(B)/(A)] x 100 Is preferably 1 - 60 %, more 10  preferably 2 -
50 %, further preferably 3 - 40 %. The presenceof an acid anhydride group
in the binderresin according to the present invention is confirmed by the
presence of an absorption peak (in the range of about [err] attributable to
the acid anhydride group In the infrared (IR) absorption spectrum thereof.
The observable presence of such an absorp- tion peak is sufficient to
provide a sufficient triboelectric charge stability of the toner. 15
The absorption peak attributable to the carbonyl in an acid anhydride group
appears at a higherwave mem- berthan the one in the corresponding ester
group or acid group, so that the presence thereof can be confirmed. The
binder resin according to the present Invention may be obtained from vinyl
monomers as shown below. More specifically, examples of vinyl monomers
providing the binder resin with an acid value may include: unsaturated
dibasic acids, such as maleic acid, citraconic acid, alkenylsuccinic acid,
fumaric acid, and mesa- 20  conic acid; unsaturated dibasic acid
anhydrides, such as maleic anhydride, citraconic anhydride, Itaconic an-
hydride, and alkenylsuccinic anhydride; half esters of unsaturated dibasic
acids, such as monomethyl maleate, monoethyl maleate, monobutyl maleate,
monomethyl citraconate, monoethyl citraconate, monobutyl citracon- ate,
monomethyl itaconate, monomethyl alkenylsuccinate, monomethyl fumarate, and
monomethyl mesacon- ate; and unsaturated dibasic acid esters, such as
dimethyl maleate and dimethyl fumarate. Also enumerated 25  one:
[err]unsaturated acids, such as acrylic acid, methacrylic acid, crotonic
acid, and cinnamic acid; [err] saturated acid anhydrides, such as crotonic
an hydride, cinnamic anhydride; anhydrides between such [err] saturated
acid and lower fatty acids; alkenylmalonic acid, alkenylglutaric acid,
alkenyladipic acid, anhydrides of these acids, and monoesters of these
acids. Among the above, monoesters of [err]unsaturated dibasic acids, such
as meleic acid, fumaric acid and 30 succinic acid may particularly
preferably be used as vinyl monomers for providing the binder resin
according to the present invention. In order to produce vinyl copolymers
with the above-mentioned acidic vinyl monomers, and also produce another
binder resin component, another vinyl monomer may be used, examples of
which may include: styrene; styrene derivatives, such as o-methylstyrene,
m-methylstyrene, p-methylstyrene, p-methoxystyrene, p-phe- 35  nylatyrene,
p-chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene,
p-n-butylstyrene, p- tert-butylstyrene, p-n-hexylstyrene, p-n-octylstyrene,
p-n-nonylstyrene, p-n-decylstyrene, and p-n-dodecyl- styrene; ethylenically
unsaturated monoolefins, such as ethylene, propylene, butylene, and
isobutylene; un- saturated polyenes, such as butadiene; halogenated vinyls,
such as vinyl chloride, vinylidene chloride, vinyl bromide, and vinyl
fluoride; vinyl esters, such as vinyl acetate, vinyl propionate, and vinyl
benzoate; metha- 40  crylates, such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-ethylhexyl
methacrylate, stearyl methacrylate, phenyl methacrylate, dimethylaminoethyl
methacrylate, and diethylaminoethyl methacrylate; acrylates, such as methyl
acrylate, ethyl acrylate, n-butyl acrylate, isobutyl acrylate, propyl
acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate,
stearyl acrylate, 2-chloroethyl acrylate, and phenyl acrylate, vinyl
ethers, such 45  as vinyl methyl ether, vinyl ethyl ether, and vinyl
isobutyl ether; vinyl ketones, such as vinyl methyl ketone, vinyl hexyl
ketone, and methyl isopropenyl ketone; N-vinyl compounds, such as
N-vinylpyrrole, N-vinylcarbazole, N-vinylindole, and N-vinyl pyrrolidone;
vinylnaphthalenes; acrylic acid derivatives or methacrylic acid deriva- 



tives, such as acrylonitrile, methacryronitrile, and acrylamide; the esters
of the above-mentioned [err] turated acids and the diesters of the
above-mentioned dibasic acids. These vinyl monomers may be used singly 50
or in combination of two or more species. Among these, a combination of
monomers providing styrene-type copolymers and styrene-acrylic type
copolymers may be particularly preferred. The binder resin according to the
present invention can be a crosslinked polymer, as desired, obtained by
using a crosslinking monomer which may be a monomer having two or more
polymerizable double bonds. Ex- 55     amples thereof may be enumerated as
follows. Aromatic divinyl compounds, such as divinylbenzene and
divinylnaphthalene; diacrylate compounds con- nected with an alkyl chain,
such as ethylene glycol diacrylate, 1,3-butylene glycol diacrylate,
1,4-butanediol diacrylate, 1,5-pentanediol diacrylate, 1,6-hexanedlol
diacrylate, and neopentyl glycol diacrylate, and com- 5    EP 0 427 275 B1
pounds obtained by substituting methacrylate groups for the acrylate groups
in the above compounds; dia- crylate compounds connected with an alkyl
chain including an ether bond, such as diethylene glycol diacrylate,
triethylene glycol diacrylate, tetraethylene glycol diacrylate,
polyethylene glycol #400 diacrylate, polyethylene glycol #600 diacrylate,
dipropylene glycol diacrylate and compounds obtained by substituting
methacrylate 5   groups for the acrylate groups in the above compounds;
diacrylate compounds connected with a chain includ- ing an aromatic group
and an ether bond, such as
polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl)propanedia- crylate,
polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)propanediacrylate, and compounds
obtained by substi- tuting methacrylate groups for the acrylate groups in
the above compounds; and polyester-type diacrylate compounds, such as one
known byatrade name of MANDA(avaliable from Nihon Kayaku K.K.).
Polyfunctional 10  crosslinking agents, such as pentaerythritol
triacrylate, trimethylethane triacrylate, tetramethylolmethane tet-
racrylate, oligoester acrylate, and compounds obtained by substituting
methacrylate groups for the acrylate groups in the above compounds;
triallyl cyanurate and triallyl trimellitate. These crosslinking agents may
preferably be used in a proportion of about 0.01 - 5 wt. parts,
particularly about 0.03 - 3 wt. parts, per 100 wt. parts of the other
monomer components. 15     Among the above-mentioned crosslinking monomers,
aromatic divinyl compounds (particularly, divinyl- benzene) and diacrylate
compounds connected with a chain including an aromatic group and an ether
bond may suitably be used in a toner resin in view of fixing characteristic
and anti-offset characteristic. The vinyl copolymer having an acid
anhydride group thus obtained constituting the binder resin according to
the present invention may be mixed, as desired, with another binder resin
component which may be a hom- 20  opolymer or copolymer of the
above-mentioned vinyl monomers, polyester, polyurethane, epoxy resin,
polyvi- nyl butyral, rosin, modified rosin, terpene resin, phenolic resin,
aliphatic or alicyclic hydrocarbon resin, aromatic petroleum resin,
haloparaffin, or paraffin wax. The qualitative and quantitative
determination of the functional groups in the binder resin according to the
present invention may for example be performed by observation of IR
(Infrared) absorption spectrum, acid val- 25 ue measurement according JIS
(Japanese Industrial Standards) K-0070 and hydrolysis acid value measure-
ment (total acid value measurement). For example, according to IR
absorption, an absorption peak attributable to the carbonyl group in an
acid anhydride appears in the neighborhood of 1780 cm-1, whereby the
presence of an acid anhydride can be con- firmed. 30     In the present
invention, a peak in an IR absorption spectrum refers to a peak which can
be clearly rec- 



ognizable after 16 times of integration by means of an FT-IR having a
resolution of [err] available from Perkin-Elmer Co.) The acid value
measured according to JIS K-0070 (hereinafter called "JIS acid value")
includes about 50 % of the theoretical value of the acid value (i.e., the
value equivalent to the corresponding dicarboxylic acid). 35  On the other
hand, according to the method of the total acid value (A), substantially
the theoretical acid value of the acid anhydride Is measured. Accordingly,
the difference between the total acid value (A) and the JIS acid value
corresponds to about 50 % of the theoretical value of the acid anhydride to
be measured as a di- carboxylic acid. Thus, the total acid value (B)
[mgKOH/g] attributable to the acid anhydride in the binder resin is
calculated as follows: 40                    Total acid value (B) = [Total
acid value (A) - JIS acid value] x 2. Further, in a case where monooctyl
maleate for example is used as an acid component to form a vinyl co-
polymer composition to be used as a binder resin through solution
polymerization and suspension polymeri- zation, the JIS acid value and the
total acid value (A) of a vinyl copolymer (with, e.g., styrene and butyl
acrylate) obtained by the solution polymerization are measured to provide
the total acid value (B) of the vinyl copolymer, 45  and the acid anhydride
(maleic anhydride) content (e.g., in mol %) produced in the polymerization
and the sub- sequentsolventremoval step can be calculated from the total
acid value (B) and the vinyl monomer composition used in the solution
polymerization. Further, the vinyl copolymer prepared by the solution
polymerization is dissolved in monomers such as styrene and butyl acrylate
to form a monomer composition, which is subjected to suspension
polymerization. At this time, a part of the acid anhydride group in the
previously formed vinyl 50  copolymer causes ring-opening. From the JIS
acid value and total acid value (A) of the vinyl copolymer com- position
obtained by the suspension polymerization and the monomer composition for
the suspension poly- merization including the vinyl copolymer prepared In
the solution polymerization, it Is possible to calculate the amounts of the
dicarboxylic acid group, acid anhydride group and dicarboxylic acid
monoester group in the binder resin. 55      The total acid value (A) of a
binder resin (and of an intermediate resin when required) used herein is
meas- ured in the following manner. A sample resin In an amount of 2 g is
dissolved in 30 ml of dioxane, and 10 ml of pyridine, 20 mg of
dimethylaminopyridine and 3.5 ml of water are added thereto, followed by 4
hours of heat refluxing for 4 hours. After cooling, the resultant solution
is titrated with 1/10 N-KOH solution in THF (tetrahy- 6    EP 0 427 275 B1
drofuran) to neutrality with phenolphthalein as the indicator to measure
the acid value, which is a total acid value (A). Under the above-described
condition for measurement of the total acid value (A), an acid anhydride
group is hydrolyzed into a dicarboxylic acid group but no acrylic acid
ester group, methacrylic acid ester group or dicarboxylic acid monoester
group is hydrolyzed. 5      The above-mentioned 1/10 N-KOH solution in THF
is prepared as follows. First 1.5 g of KOH is dissolved in about 3 ml of
water, and 200 ml of THF and 30 ml of water are added thereto, followed by
stirring. Afterstand- ing, a uniform clear solution is formed, if
necessary, by adding a small amount of methanol if the solution is
separated or by adding a small amount of water if the solution is turbid.
Then, the factor of the 1/10 N-KOH- THF solution thus obtained is
standardized by a 1/10 N-HCI standard solution. 10     The acid value
measurement according to JIS K-0070 Is generally as follows. Reagents as
described below are used. (a) Asolvent is prepared as an ethyl ether/ethyl
alcohol mixture (1/1 or 2/1) or a benzene/ethyl alcohol mix- ture (1/1 or
2/1). The solvent is neutralized with a 1/10 N-KOH ethyl alcohol solution
with phenolphthalein 



as the indicator. 15     (b) A phenolphthalein solution Is prepared by
dissolving 1g of phenolphthalein In 100 ml of ethyl alcohol (95 VN %). (c)
A N/10-KOH ethyl alcohol solution is prepared by 7.0 g of potassium
hydroxide in as small an amount as possible and ethyl alcohol (95 V/v %) is
added thereto to form 1 l of a mixture, which is caused to stand for 2 - 3
days and filtrated. The solution is standardized according to JIS K 8006
(Fundamentals relating 20     to titration among quantitative tests of
reagents). The JIS acid value is measured as followed by using the regents.
Asample is accurately weighed, and 100 ml of the solvent and several drops
of the phenolphthalein solution as the indicator are added thereto,
followed by sufficient shaking until the sample is completely solved. In
case of a solid sample, it is dissolved bywarming on a water bath.
Aftercooling, the solution is titrated with the N/10 25    KOH-ethyl
alcohol solution until an end point which is judged by continuation of thin
red color of the indicator for 30 seconds. The acid value A is calculated
by the following equation: A = (B x f x 5.611)/S, wherein B: amount(ml) of
the N/10-KOH-ethyl alcohol solution, f:factorofthe N/10-KOH-ethyl alcohol
solution, and S: sample weight(g). 30      While the binder resin according
to the present invention has a total acid value (A) of 2 - 100 mgKOH/g, the
vinyl copolymer contained therein containing an acid component may
preferably have a JIS acid value of below 100. If the JIS acid value Is 100
or higher, the vinyl copolymer contains a high density of functional group,
such as carboxyl groups and acid anhydride groups, so that a good
chargeability balance cannot be obtained, and even if it is diluted, the
dispersibility thereof is liable to be not adequate. 35      The binder
resin according to the present invention may be produced by polymerization
methods, such as bulk polymerization, solution polymerization, suspension
polymerization or emulsion polymerization. When a carboxylic acid monomer
or an acid anhydride monomer is used, the bulk polymerization or solution
polymer- ization may preferably be used in views of the properties of the
monomer. The vinyl copolymer characteristic of the present invention may
for example be obtained through bulk poly- 40  merization or solution
polymerization by using a monomer, such as an unsaturated dicarboxylic
acid; dicar- boxylic acid anhydride or dicarboxylic acid monoester. In the
solution polymerization, a part of the dicarboxylic acid or dicarboxylic
acid monoester may be converted into an acid anhydride structure by
appropriately se- lecting the condition for distilling-off of the solvent.
Further conversion into an acid anhydride may be effected by heat-treating
the vinyl copolymer obtained through the bulk polymerization or solution
polymerization. Fur- 45  ther, the acid anhydride structure can be partly
esterified by treatment with a compound such as an alcohol. Reversely, it
is also possible to convert the acid anhydride structure in the vinyl
copolymer thus obtained into a dicarboxylic acid structure by hydrolysis.
On the other hand, a vinyl copolymer obtained through bulk polymerization
or solution polymerization may be subjected to conversion into an anhydride
by heating and hydrolysis for ring-opening of the anyhydride to 50 form a
dicarboxylic acid unit. If a vinyl copolymer obtained through bulk
polymerization or solution polymeri- zation is dissolved in a monomer,
followed by suspension polymerization or emulsion polymerization to form a
vinyl polymer, a part of the acid anhydride structure in the vinyl
copolymer is subjected to ring-opening to form a dicarboxylic unit. It is
also possible to dissolve anotherresin in a monomer at the time of
polymerization, followed by heat-treatment of the resultant resin to form
an acid anhydride structure, treatment with a weak 55 aqueous alkali
solution for ring-opening of the acid anhydride and esterification with
alcohol treatment. As a dicarboxylic acid monomer and a dicarboxylic acid
anhydride monomer have a strong tendency of alternate polymerization, a
vinyl copolymer containing functional groups such as acid anhydride groups
or car- boxyl groups at random, may preferably be formed according to the
following method, for example. Thus, a 7 



EP 0 427 275 B1 vinyl copolymer formed by solution polymerization using a
dicarboxylic acid monoester monomer, and the vinyl copolymer is dissolved
in a monomer followed bysuspension polymerization to obtain a
binderresin.According to this method, all or a part of the dicarboxylic
acid monoester structure after the solution polymerization can be converted
into acid anhydride groups through de-alcohol ring-closure by selecting the
condition for distilling 5   off the solvent. At the time of the suspension
polymerization, a part of the acid anhydride groups may cause hydrolysis
ring-opening to form dicarboxylic acid units. The formation or
disappearance of the acid anhydride units in the polymer can be confirmed
by the shift of the absorption peak by a carbonyl group toward a higherwave
number side in the acid anhydride group than in the acid or ester group. 10
In the binder resin thus formed, the (di)carboxyl group and acid anhydride
group are uniformly dispersed, so that the binder resin can provide the
resultant toner with a good chargeability. The toner for developing
electrostatic images according to the present Invention can be further used
in combination with a charge control agent, as desired, so as to further
stabilize its chargeability. Such a charge control agent may preferably be
used In a proportion of 0.1 - 10 wt. parts, particularly 0.1 - 5 wt. parts,
per 15  100 wt. parts of the binder resin. Charge control agents known
nowadays in the field may Include those enumerated below. The charge
control agent for imparting a negative chargeability to the toner may
include organometal com- plexes and chelate compounds as effective ones,
which may in turn include: monoazo metal complexes, and metal complexes of
aromatic hydroxycarboxylic acids and aromatic dicarboxylic acids. Other
examples may 20  include: aromatic hydroxycarboxylic acid, aromatic mono-
and polycarboxylic acids, and their metal salts, an- hydrides and esters,
and biphenol derivatives. Examples of the charge control agent for
importing a negative chargeability to a toner may include: nigro- sine and
its modified products with aliphatic metal salts; tetraammonium salts, such
as tributylbenzylammo- nium 1-hydroxy-4-naphthosulfonates, and
tetrabutylammonium tetrafluoroborates, and onium salts as their 25
homologous, such as phosphonium salts, and their lake pigments;
triphenylmethane dyes and their lake pig- ments (examples of laking agents
may include: phosphotungstic acid, phosphomolybdic acid, phosphotung-
sticmolybdic acid, tannic acid, lauric acid, gallic acid, ferricyanide, and
ferrocyanide); metal salts of higherfatty acids; diorganotin oxides, such
as dibutyltin oxide, dioctyltin oxide, and dicyclohexyltin oxide; and
diorganotin borates, such as dibutyltin borate, dioctyltin borate and
dicylohexyltin borate. These may be used singly or In 30  combination of
two or more species. Further, it is also possible to use as a positive
charge control agent a homopolymerof a nitrogen-containing monomer
represented by the formula: 35 40
[err] wherein [err] denotes H or [err] respectively denote an alkyl group
capable of having a substituent; or a copolymerof the nitrogen-containing
monomer with another polymerizable monomer as described above, such as
styrene, an acrylate or a methacrylate. The resultant nitrogen-containing
homopolymer or copolymer 45  can also function as a part or all of the
binder resin. Among the above, a positive charge control agent, such as a
nigrosine-based compound or a tetraammo- nium salt may be used particularly
preferably. It is preferred to use the toner according to the present
invention together with silica fine powder in order to improve the charge
stability, developing characteristic and fluidity. 



50      The silica fine powder used in the present Invention provides good
results it it has a specific surface area of [err] or larger, preferably 50
- 400 [err] as measured by nitrogen adsorption according to the BETmethod.
The silica fine powder may be added In a proportion of 0.01 - 8 wt. parts,
preferably 0.1 - 5 wt. parts, per 100 wt. parts of the toner. For the
purpose of being provided with hydrophobicity and/or controlled
chargeability, the silica fine pow- 55   der may well have been treated
with a treating agent, such as silicone varnish, various modified silicone
varn- ish, silicone oil, various modified silicone oil, silane coupling
agent, silene coupling agent having functional group or other organic
silicon compounds, or in combination with another treating agent. Other
additives may also be added, inclusive of: lubricants, such as
polytetrafluoroethylene, zinc stearate, 8    EP 0 427 275 B1 and
polyvinylidene fluoride (polyvinylidene fluoride being preferred);
abrasives, such as cerium oxide, silicon carbide, and strontium titanate
(strontium titanate being preferred); fluidity imparting agents, such as
titanium oxide and aluminum oxide (hydrophobic ones being preferred);
anti-caking agents; electroconductivity-impart- ing agents, such as carbon
black, zinc oxide and tin oxide; and developing characteristic-improving
agents, 5   such as white fine particles and black fine particles of a
polarity opposite to that of the toner. It is also preferred to add 0.5 -
10 wt. parts of waxy substance, such as low-molecular weight polyethylene,
low-molecular weight polypropylene, microcrystalline wax, carnauba wax,
sasol wax or paraffin wax per 100 wt. parts of the binder resin to the
toner for the purpose of improving the releasability of the toner at the
time of hot roller fixation. 10     The toneraccording to the present
invention can be mixed with carrier powderto provide a two-component type
developer. In this case, the toner and the carrier powder may be mixed to
provide a toner concentration of 0.1 - 50 wt. %, preferably 0.5 - 10 wt. %,
further preferably 3 - 5 wt. %. The carrier to be used in the present
invention may be a known one, examples of which may include: mag- netic
powder, such as iron powder, ferrite powderand nickel powder, and those
obtained by treating the surface 15  of such powder with
fluorine-containing resin, vinyl resin, silicone resin, etc. The toner
according to the present invention may be constituted as a magnetic toner
containing a magnetic material in its particles. in this case, the magnetic
material also functions as a colorant. Examples of the mag- netic material
may include: iron oxide, such as magnetite, hematite, and ferrite; metals,
such as iron, cobalt and nickel, and alloys of these metals with other
metals, such as aluminum, cobalt, copper, lead, magnesium, 20    tin, zinc,
antimony, beryllium, bismuth, cadmium, calcium, manganese, selenium,
titanium, tungsten and va- nadium; and mixtures of these materials. The
magnetic material may have an average particle size of 0.1 - 2 microns,
preferably 0.1 - 0.5 microns, and may be contained in the toner in a
proportion of 2 - 200 wt. parts, preferably 40 - 150 wt. parts, per 100 wt.
parts of the resin component 25      The magnetic material may preferably
have magnetic properties under application of 10 [err] (kilo- Oersted),
inclusive of a coercive force (Hc) of 20 - 150 Oe, a saturation
magnetization (err) of 50 - 200 emu/g, and a remanence [err] of 2 - 20
emu/g. The colorant which can be used in the Invention may be an
appropriate dye or pigment. For example, the pigment may Include: Carbon
Black, Aniline Black, Acetylene Black, Naphthol Yellow, Hansa Yellow,
Rhoda- 30  mine Lake, Aligarin Lake, red iron oxide, Phthalocyanine Blue,
and Indanthrene Blue. These pigments may be used in an amount sufficient to
provide the fixed image with a sufficient density. More specifically, the
pigment may be used in an amount of 0.1 - 20 wt. parts, preferably 1 - 10
wt. parts, per 100 wt. parts of the resin. For 



a similar purpose, it is possible to use a dye, examples of which may
include azo dyes, anthraquinone dyes, xanthene dyes and methine dyes. The
dye may be used in an amount of 0.1 - 20 wt. parts, preferably 0.3 - 10 35
wt. parts, per 100 wt. parts of the resin. Thetonerfordeveloping
electrostatic images according tothe present invention maybe prepared by
blend- ing the binder resin, a colorant which may be a pigment, dye or a
magnetic material, and other additives as desired inclusive of a charge
control agent, etc., by means of a blender, such as Henschel mixer or a
ball mill, and melt-kneading the mixture by a hot-kneading means, such as
hot rollers, kneader and extruder to form a 40  product wherein metal
compounds, and pigments, dye and/or magnetic material are dispersed or
dissolved in mutually dissolved resinous substances, followed by cooling
for solidification, crushing the solidified product and classification of
the crushed product to recover a toner comprising particles having a
prescribed particle size distribution. The toner thus prepared may be
further blended with a prescribed additive, as desired, by means of a blen-
45  der such as a Henschel mixer to form the toner for developing
electrostatic Images according to the Invention wherein the additive are
attached to the toner particle surfaces. When the toner according to the
present invention is a magnetic toner having a volume-average particle size
of 4 - 10 microns, itisadvantageouslyapplied toan image forming method and
an image forming apparatus as described below to provide a very good
quality of toner images. 50      The image forming method comprises the
steps of disposing a latent image-bearing member for holding an
electrostatic image thereon and a toner-car- rying member for carrying a
magnetic toner with a prescribed gap at a developing station, the magnetic
toner comprising a binder resin and magnetic powder; conveying the magnetic
toner in a layer carried on the toner-carrying member and regulated in a
thick- 55   ness thinner than the prescribed gap to the developing station;
and applying an alternating bias voltage comprising a DC bias voltage and
an unsymmetrical AC bias voltage in superposition between the
toner-carrying member and the latent image-bearing member at the developing
station to provide an alternating bias electric field comprising a
development-side voltage component and a 9    EP 0 427 275 B1
reverse-development side voltage component, the development-side voltage
component having a magnitude equal to or larger than that of the reverse
development-side voltage component and a duration smaller than that of the
reverse-development side voltage component, so that the magnetic toner on
the toner-carrying member is transferred to the latent Image-bearing member
to develop the electrostatic image thereon at the 5   developing station.
The image forming apparatus, comprises: a latent image-bearing member for
holding an electrostatic im- age thereon, a toner-carrying memberfor
carrying a layer of a magnetic tonerthereon, a tonervessel for hold- ing
the magnetic toner to be supplied to the toner-carrying member, a toner
layer-regulating member for reg- ulating the magnetic toner layer on the
toner-carrying member, and a bias application means for applying an 10
alternating bias voltage comprising a DC bias voltage and an unsymmetrical
AC bias voltage in superposition between the toner-carrying member and the
latent image-bearing member, wherein the latent image-bearing member and
the toner-carrying member are disposed with a prescribed gap therebetween
at a developing station; the toner layer-regulating means is disposed to
regulate the magnetic toner layer on the toner-carrying 15  member in a
thickness thinner than the prescribed gap; and 



the bias application means is disposed to provide an alternating bias
electric field comprising a devel- opment-side voltage component and a
reverse-development side voltage component, the development-side voltage
component having a magnitude equal to or larger than that of the reverse
development-side voltage component and a duration smaller than that of the
reverse-development side voltage component. 20     The features of the
image forming method and image forming apparatus will be explained with
reference to Figure 2 showing an embodiment of the image forming apparatus
according to the present invention. Referring to Figure 2, the apparatus
includes a latent image-bearing member 1 which can be a latent im-
age-bearing member (so-called photosensitive member), such as a rotating
drum, for electrophotography; an insulating member, such as a rotating
drum, for electrostatic recording; photosensitive paper for the Electrofax;
25  or electrostatic recording paper for direct electrostatic recording. An
electrostatic latent image is formed on the surfaceofthe latent
image-bearing member 1 by a latent image forming mechanism orlatent image
forming means (not shown) and the latent image-bearing member is rotated in
the direction of an indicated arrow. The apparatus also includes a
developing apparatus which in turn includes a toner container 21 (hopper)
for holding a toner and a rotating cylinder 22 as a toner-carrying member
(hereinafter, also called "(developing) 30  sleeve") in which a magnetic
field-generating means 23, such as a magnetic roller, is disposed. Almost a
right half periphery (as shown) of the developing sleeve 22 is disposed
within the hopper 21 and almost a left hand peripheryof the sleeve 22 is
exposed outside the hopper. In this state, the sleeve 22 is axially
supported and rotated in the direction of an indicated arrow. Adoctor blade
24 as a toner layer regulating means is disposed above the sleeve 22 with
its lower edge close to the upper surface of the sleeve 22. A stirrer 27 35
is disposed for stirring the toner within the hopper 21. The sleeve 22 is
disposed with its axis being in substantially parallel with the generatrix
of the latent image- bearing member 1 and opposite to the latent
image-bearing member 1 surface with a slight gap therefrom. The surface
moving speed (circumferential speed) of the sleeve 22 is substantially
identical to or slightly larger than that of the latent-image bearing
member 1. Between the latent image-bearing member 1 and the 40 sleeve 22, a
DC voltage and an AC voltage are applied in superposition by an AC bias
voltage application means [err] and a DC bias voltage application means
[err] In the image forming method of the present invention, notonly the
magnitude of the alternating bias electric field but also the application
time thereof are controlled as well as a triboelectric charge adapted to
the con- trolling developing bias voltage. More specifically, as for the
alternating bias, the frequency thereof is not 45  changed, but the
development-side bias component is increased while the application time
thereof is shortened and correspondingly the reverse development-side bias
component is suppressed low while the application time thereof is
prolonged, thus changing the duty ratio of the alternating bias voltage. In
the present invention, the development-side bias (voltage) component refers
to a voltage component having a polarity opposite to that of a latent image
potential (with reference to the toner-carrying member) on 50  the latent
image-bearing member (in other words, the same polarity as the toner for
developing the latent Im- age), and the reverse development-side bias
(voltage) component refers to a voltage component having the same polarity
as to the latent image (opposite polarity to the toner). For example,
Figure 3 shows an example of an unsymmetrical alternating bias voltage
comprising an AC bias voltage and a DC bias voltage. Figure 3 refers to a
case where a toner having a negative charge is used 55  for developing a
latent image having a positive potential with reference to the
toner-carrying member. The part a refers to a development-side bias
component and the part b refers to a reverse development-side bias com-
ponent. The magnitudes of the development-side component and the reverse
development-side component are denoted by the absolute values of Va and Vb.
10   



EP 0 427 275 B1 In the present invention, the duty factor of the
alternating bias voltage is denoted, except for its DC bias voltage
component, as follows: Duty factor = [err] wherein t denotes the duration
of a voltage component with a polarity for directing the toner toward the
latent 5   image-bearing member of one cycle of an AC bias voltage
(constituting the developing side bias component [err] reversely denotes
the duration a voltage component with a polarity for peeling the toner from
the latent image-bearing member of the AC bias voltage (constituting the
reverse development-side bias compo- nent b). On the other hand, the DC
bias voltage may be set between the dark part potential and the light part
potential of the latent image-bearing member and may preferably be set so
that the alternating bias voltage 10   comprising the AC bias voltage and
the DC bias voltage has a voltage component of the same polarity as the
development-side bias component which is larger In amplitude than a
component of the same polarity as the reverse development-side bias
component respectively with respect to the ground level. Referring again to
Figure 2, almost a right half periphery of the developing sleeve 22 always
contacts the toner within the hopper 21, and the toner in the vicinity of
the sleeve surface is attached to and held on the 15  sleeve surface under
the action of a magnetic force exerted by the magnetic field-generating
means 23 dis- posed in the sleeve 23 and/or an electrostatic force. As the
developing sleeve 22 Is rotated, the magnetic toner layer held on the
sleeve is leveled Into a thin toner layer T1 having a substantially uniform
thickness when it passes by the position of the doctor blade 24. The
charging of the magnetic toner is principally effected by
triboelectrification through friction with the sleeve surface and the toner
stock in the vicinity of the sleeve sur- 20  face caused by the rotation of
the sleeve 22. The thin magnetic toner layer on the developing sleeve 22
rotates toward the latent image-bearing member 1 as the sleeve rotates and
passes a developing station or region A which is the closest part between
the latent image-bearing member 1 and the developing sleeve 22. In the
course of the passage, the magnetic toner in the magnetic toner layeron the
developing sleeve 22 flies under the action of DC and AC voltages applied
between the latent image-bearing member 1 and the developing 25  sleeve 22
and reciprocally moves between the latent image-bearing member 1 surface
and the developing sleeve 22 surface in the developing region A. Finally,
the magnetic toner on the developing sleeve 22 is se- lectively moved and
attached to the latent image-bearing member 1 surface corresponding to a
latent image potential pattern thereon to successively form a toner Image
T2. The developing sleeve surface having passed by the developing region
Aand having selectively consumed 30  the magnetic toner thereon rotates
back Into the toner stock in the hopper 21 to be supplied again with the
magnetic toner, whereby the thin toner layer [err] on the developing sleeve
22 is continually moved to the de- veloping region A when developing steps
are repeatedly effected. As described above, a problem accompanying such a
developing scheme (non-contact developing method using a monocomponent
developer Is that a developing performance can be decreased due to an
Increased 35  force of attachment of magnetic toner particles in the
vicinity of the developing sleeve surface in some cases. The magnetic toner
and the sleeve always cause friction with each other as the developing
sleeve 22 rotates, so that the magnetic toner is gradually caused to have a
large charge, whereby the electrostatic force (Cou- lomb's force) between
the magnetic toner and the sleeve is increased to weaken the force of
flying of the mag- netic toner. As a result, the magnetic toner is stagnant
in the vicinity of the sleeve to hinder the triboelectrifi- 40  cation of
the other toner particles, thus resulting in a decrease In developing
characteristic. This particularly occurs under a low humidity condition or
through repetition of developing steps. Due to a similar mechanism, the
above-mentioned toner-carrying member memory occurs. The force of flying
the magnetic toner from the sleeve toward the latent image-bearing member 1
is re- quired to provide an acceleration[err]so as to cause the magnetic
toner to sufficiently reach the latent image 



45  surface under the action of an AC bias electric field. If the mass of a
toner particle is denoted by m, the force [err] is given by [err] If the
charge of the toner particle is denoted by q, the distance from the sleeve
is denoted by d and the alternating bias electric field is denoted by [err]
the force t is roughly given by  [err] [err] Thus, the force of toner
reaching the latent image surface Is determined by a balance between 50
the electrostatic attraction force with the sleeve and the electric field
force. In this instance, toner particles of 5 microns or smaller which are
liable to gather in the vicinity of the de- veloping sleeve can also be
flied if the electricfield Is increased. However, if the development-side
bias voltage is simply increased, the toner is caused to fly toward the
latent image side regardless of the latent image pat- tern. This tendency
Is strong for toner particles of 5 microns or smaller, thus being liable to
cause ground fog. 55     The ground fog can be prevented by increasing the
reverse development-side voltage, but if the alternating electric field
acting between the latent image-bearing member 1 and the developing sleeve
22 is increased, a discharge is directly caused between the latent
image-bearing member 1 and the sleeve 22 to remarkably    EP 0 427 275 B1
impair the image quality. Further, when the reverse development-side
voltage is also increased, the toner attached not only to the non-latent
image part but also to the latent image pattern (image part) is caused to
be peeled. Thus, magnetic toner particles of 8 - 12.7 microns having a
relatively small image force to the latent image-bearing member 5   are
liable to be removed so that the coverage on the latent image part becomes
poor to cause image defects, such as disturbance of a developed pattern,
deterioration of gradation characteristic and line-reproducibility and
liability of hollow image (white dropout of a middle part of an image).
From the above results, it is important to cause the toner in the vicinity
of the sleeve to fly and reciprocally move without excessively increasing
the alternating bias electric field and by suppressing the reverse devel-
10  opment-side bias voltage to a low value. By sufficiently increasing the
development-side bias electric field according to the scheme of the present
invention, toner particles of 5 microns or smaller on the sleeve which
constitute an essential component for improving the Image quality can be
effectively caused to fly and reciprocally move. As a result, it has become
possible to suppress the decrease in image density and toner-carrying
member memory. 15      As the reverse development-side bias electric field
is provided with a sufficiently long duration while the magnitude thereof
is suppressed, a force for peeling an excessive toner attached to outside
the latent image pattern from the latent Image-bearing member I is given so
that ground fog can be prevented. At this time, as the reverse
development-side electric field is suppressed to be low, toner particles of
8 - 12 microns which constitute an essential component of toner coverage
are not peeled. Figure 4 shows an ex- 20  ample of the alternating bias
voltage waveform used in the present invention. The reverse
development-side bias electric field is weak but the duration thereof is
prolonged so that the effective force for peeling from the latent
Image-bearing member remains Identical. The toner image attached to the
toner image is not disturbed so that a good Image with a gradation
characteristic is attained. Toner particles of 5 microns or smaller are
effectively consumed by the development-side bias to accom- 25  plish a
high image quality and do not stick to the surface of a developing sleeve,
so that the decrease in image density of toner-carrying member memory Is
not liable to occur. The same also holds true with toner particles of 8-
12.7 microns. Thus, these particles are sufficiently used for development
under the action of the devel- opment-side bias voltage to accomplish high
image density and gradation characteristic but are not peeled from the
latent image-bearing member under the action of the reverse
development-side bias, so that middle 30  dropout and disturbance of line
images can be obviated. 



Under the action of the developing bias voltage according to the present
invention, when ears formed of a toner fly and the tips of the ears touch
the latent image-bearing member, the toner particles in the neighbor- hood
of the ear tips, particles of a small particle size and particles having a
large charge are attached to the latent image-bearing memberfor effecting
development because of the image force, whereas the particles con- 35
stituting the trailing ends or particles having a small charge are returned
to the toner-carrying member under the action of the reverse
development-side bias. Thus, the ears tend to be broken so that
difficulties such as tailing and scattering due to ears can be alleviated.
As the magnetic toner used in the invention tends to form uniform and small
ears, so that the effect is enhanced. The magnetic toner having a specific
particle size distribution on the sleeve is successively supplied to 40
latent images under the action of the developing bias according to the
invention, so that shortage of toner cov- erage Is not caused. According to
the alternating bias electric field used in the present invention, the
development-side-bias electric field is so strong as to cause toner
particles near the sleeve surface fly, so that toner particles having a
large charge are more intensively used fordevelopmentof a latent image
pattern. As a result, toner particles 45  having a large charge are firmly
attached onto even a weak latent Image pattern due to an electrostatic
force, so that an image having a sharp edge can be obtained at a high
resolution. Further, magnetic toner particles of 5 microns or smaller
effective for realizing a high quality image is effectively used to provide
a good image. In case where the binder resin has an overall total acid
value (A) exceeding 100 mgKOH/g or contains no acid anhydride group, the
resultant magnetic toner fails to have a sufficient charge, and magnetic
toner par- 50    ticles of 8 - 12.7 microns are peeled from the latent
image-bearing member by the reverse development-side bias voltage, so that
the coverage with the magnetic toner becomes worse, thus being liable to
cause middle dropout and disturbance of line Images. As the flying of
magnetic toner particles is also decreased, it becomes difficult to obtain
a sufficient image density, thus resulting in poor image quality. On the
other hand, if the total acid value (B) attributable to the acid anhydride
group exceeds 6 mgKOH/g 55    or 60 % of the overall total acid value (A),
it becomes difficult for magnetic toner particles of 5 microns orsmaller to
fly even by application of the development-ride bias voltage according to
the present invention, so that a high image quality attributable to
magnetic toner particles of 5 microns or smaller cannot be realized.
Further, these fine toner particles are liable to be accumulated on the
toner carrying member, so that triboelectrif ication 12    EP 0 427 275 B1
of the other particles in hindered to result in deterioration of developing
performance, decrease in image den- sity, toner-carrying member memory,
roughening of images and fog. Herein, in case where the toner particles of
16 microns or larger exceeds 2 vol. %, it may be considered to increase the
content of acid anhydride to increase the chargeability of the toner so as
to prevent selective 5   development In this case, however, as the content
of large particles is increased, a high-image quality aimed at by the
present invention cannot be realized and there are encountered
difficulties, such as resolution failure of line and character Images due
to excessive coverage and scattering. Further, it becomes difficult to
prevent the adherence of toner particles of 5 microns or smaller onto the
toner-carrying member, so that the decrease in 10  image density and
toner-carrying member memory can be caused even by application of the
developing bias voltage according to the present invention. In the
developing method used in the present invention, a satisfactory development
may be effected for a gap of from 0.1 mm to 0.5 mm between the developing
sleeve 22 and the latent image-bearing member 1 



while 0.3 mm was representatively used in Examples described hereinafter.
This is because a higher devel- 15    opment-side bias allows a larger gap
between the developing sleeve and the latent image-bearing member than in
the conventional developing method. A satisfactory image can be obtained if
the absolutevalueof the alternating bias voltage is 1.0 kV or higher.
Taking a possible leakage to the latent image-bearing member into
consideration, the peak-to-peak voltage of the alternating bias voltage may
preferably be 1.0 kV or higher and 2.0 kV or lower. The leakage can of
course 20  change depending on the gap between the developing sleeve 22 and
the latent Image-bearing member 1. The frequency of the alternating bias
may preferably be 1.0 kHz to 5.0 kHz. If the frequency is below 1.0 kHz, a
better gradation can be attained but it becomes difficult to dissolve the
ground fog. This is presumably because, in such a lower frequency region
where the frequency of the reciprocal movement of the toner is smaller, the
force of pressing toner onto the latent image-bearing member due to the
development-side be- 25  comes excessive even onto a non-image part, so
that a portion of toner attached onto the non-image part can- not be
completely removed by the peeling force due to the reverse development-side
bias electric field. On the other hand, at a frequency above 5.0 kHz, the
reverse development-side bias electric field is applied before the toner
sufficiently contacts the latent image-bearing member, so thatthe
developing performance is remark- ably lowered. In other words, the toner
per se cannot response to such a high frequency electric field. 30     In
the present invention, a frequency of the alternating bias electric field
in the range of 1.5 kHz to 3 kHz provided an optimum image quality. The
duty factor of the alternating bias electric field waveform according to
the present invention may be substantially below 50 %, preferably be a
value satisfying: 10 % [err] duty factors 40 %. If the duty factor is above
40 %, the above-mentioned defects become noticeable to fail to achieve the
improvement in image quality 35  according to the present invention. If the
duty factor Is below 10 %, the response of the toner to the alternating
bias electric field becomes poor to lower the developing performance. The
duty factor may optimally be in the range of 15 to 35 % (inclusive). The
alternating bias waveform may for example be In the form of a rectangular
wave, a sine-wave, a saw- teeth wave or a triangular wave. 40      As a
test for evaluating the developing characteristic of a magnetic toner, a
magnetic toner having a particle size distribution ranging from 0.5 microns
to 30 microns was used for developing latent images on a photo- sensitive
member having various surface potential contrasts ranging from a large
potential contrast at which a majority of toner particles were readily used
for development, through a half tone contrast and to a small potential
contrast at which a slight portions of toner particles were used for
development. Then, the toner par- 45    ticles used for developing the
latent images were recovered from the photosensitive memberfor measurement
of the particle size distribution. As a result, it was found that the
proportion of magnetic toner particles of 8 microns or smaller,
particularly magnetic toner particles of 5 microns or smaller, was
increased. It was also found that latent images were faithfully developed
without enlargement and at a good reproducibility when magnetic toner
particles of 5 microns or smaller mostsuitable fordevelopment were smoothly
supplied to latent 50  images on the photosensitive member. It is preferred
that the magnetic toner according to the present invention contains 12 % by
number or more of magnetic toner particles having a particle size of 5
microns or smaller. Hitherto, it has been difficult to control the charge
imported to magnetic toner particles of 5 microns or smaller so that these
small particles are liable to be charged excessively. For this reason,
magnetic toner particles of 5 microns or smaller have been con- 55  sidered
to have a strong image force onto a developing sleeve and are firmly
attached to the sleeve surface to hinder triboelectrification of the other
particles and cause insufficiently charged toner particles, thus result-
ing In roughening of images and a decrease in Image density. Thus, it has
been considered necessary to de- crease magnetic toner particles of 5
microns or smaller. 13 



EP 0 427 275 B1 As a result of our study, however, it has been found that
magnetic toner particles of 5 microns or smaller constitute an essential
component for providing images of a high quality. According to the
developing method of the present invention, toner particles of 5 microns or
smaller are effectively caused to fly and prevented from sticking onto the
sleeve surface. 5      It is also preferred in the magnetic toner used in
the present invention that toner particles of 8 - 12.7 microns constitute
33 % by number or less. This is related with the above-mentioned necessity
of the magnetic toner particles of 5 microns or smaller. Magnetic toner
particles of 5microns or smaller are able to strictly cover and faithfully
reproduce a latent image, buta latent image per se has a higher electric
field intensity atthe peripheral edge than the middle or central portion.
As a result, toner particles are attached to the central portion in a
small- 10    er thickness than to the peripheral part, so that the inner
part is liable to be thin in density. This tendency is particularly
observed by magnetic toner particles of 5 microns or smaller. We have found
that this problem can be solved to provide a clear image by using toner
particles of 8 - 12.7 microns in a proportion of 33 % by number or less.
This may be attributable to a fact that magnetic toner particles of 8-12.7
microns are supplied to an inner part having a smaller intensity than the
edge of a latent image presumably because they have a 15  moderately
controlled charge relative to magnetic toner particles of 5 microns or
smaller, thereby to compen- sate forthe less coverage of toner particles
and result in a uniform developed image. As a result, a sharp image having
a high density and excellent in resolution and gradation characteristic can
be attained. It is preferred that toner particles of 5 microns or smaller
are contained in a proportion of 12 - 60 % by number. Further, in case
where the volume-average particle size is 6 - 10 microns, preferably 7 - 10
microns, 20  it is preferred that the contents of the toner particles of 5
microns or smaller in terms of % by number (N %) and % by volume (V %)
satisfy the relationship of N/V = -0.04N+k, wherein [err] The magnetic
toner having a particle size distribution satisfying the relationship
according to the present in- vention accomplishes a better developing
performance. We have found a certain state of presence of fine powder
accomplishing the intended performance sat- 25    isfying the above formula
during our study on the particle size distribution with respect to
particles of 5 microns or smaller. With respect to a value of N in the
range of [err] value is understood to mean that a large proportion of
particles smaller than 5 microns are present with a broad particle size
distribution, and a small N/V value is understood to mean that particles
having a particle size in the neighborhood of 5 microns is present in a
large proportion and particles smaller than that are present in a small
proportion. Within 30  the range of 12 - 60 for N, a further better
thin-line reproducibility and high resolution are accomplished when the N/V
is In the range of 2.1 - 5.82 and further satisfy the above formula
relationship. Magnetic toner particles of 16 microns or larger is
suppressed to be not more than 2.0 % by volume. The fewer, the better. The
particle size distribution of the magnetic toner used in the present
invention is described more spe- 35  cifically below. Magnetic toner
particles of 5 microns or smaller may be contained in a proportion of 12 %
by number or more, preferably 12 - 60 % by number, further preferably 17 -
60 % by number, of the total number of particles. If the content of the
magnetic toner particles of 5 microns or smaller is below 12 % by number, a
portion of the magnetic toner particles effective for providing a high
Image quality Is few and particularly, as the toner is con- 40  sumed
during a continuation of copying or printing-out, the effective component
is preferentially consumed to result in an awkward particle size
distribution of the magnetic toner and gradually deteriorates the image
qual- ity. If the content is above 60 % by number, mutual agglomeration of
the magnetic toner particles is liable to 



occur to produce toner lumps having a larger size than the proper size,
thus leading to difficulties, such as rough image quality, a low
resolution, a large difference in density between the contourand interior
of an image 45  to provide a somewhat hollow image. According to our study,
it has been found that magnetic toner particles of 5 microns or smaller
constitute an essential component for stabilizing the volume-average
particle size of the magnetic toner on the developing sleeve during a
successive image forming or copying operation. During a successive Image
formation, magnetic toner particles of 5 microns orsmallerwhich are most
suit- 50     able fordevelopment are consumed in a large amount, so that if
the amount of the particles of this size is small, the volume-average of
the magnetic toner on the sleeve Is gradually Increased and the mass on the
sleeve M/S (mg/cm2) is increased to make the uniform toner coating on the
sleeve difficult It is preferred that the content of the particles In the
range of 8 - 12.7 microns is 33 % by number or less, further preferably 1 -
33 % by number. Above 33 % by number, the image quality becomes worse, and
excess 55   of toner coverage is liable to occur, thus resulting in an
increased toner consumption. Below 1 % by number, it becomes difficult to
obtain a high image density in some cases. The contents of the magnetic
toner particles of 5 microns or smaller in terms of % by number (N %) and %
by volume (V %) may preferably satisfy the re- lationship of N/V =
-0.04N+k, wherein k represents a positive number satisfying [err]
preferably 4.5 14    EP 0 427 275 B1 [err] is a number satisfying [err] The
volume-average particle size at this time may be 4 - 10 microns. If k[err]
4.5, magnetic toner particles of 5.0 microns or below are insufficient, and
the resultant image density, resolution and sharpness decrease. When fine
toner particles In a magnetic toner, which have conventionally 5   been
considered useless, are present in an appropriate amount, they are
effective for achieving closest packing of toner in development and
contribute to the formation of a uniform Image free of coarsening.
Particularly, these particles fill thin-line portions and contour portions
of an image, thereby to visually improve the sharp- ness thereof. If k <
4.5 in the above formula, such component becomes Insufficient in the
particle size distrib- ution, and the above-mentioned characteristics
become poor. 10      Further, in view of the production process, a large
amount of fine powder must be removed by classification in order to satisfy
the condition of k < 4.5. Such a process is however disadvantageous in
yield and toner costs. On the other hand, if k > 6.5, an excess of fine
powder is present, whereby the balance of particle size dis- tribution can
be disturbed during successive copying or print-out, thus leading to
difficulties such as increased toner agglomeration, failure In effective
triboelectrification, cleaning failure and occurrence of fog. 15     In the
magnetic toner of the present Invention, the amount of magnetic toner
particles having a particle size of 16 microns or larger is preferably 2.0
% by volume or smaller, further preferably 1.0 % by volume or smaller, more
preferably 0.5 % byvolume or smaller. If the above amount is larger than
2.0 % by volume, these particles notonlyare liable to impairthin-line
reproducibilitybutalso can cause transferfailure images because coarse
particles of 16 microns or larger are present after development on the
photosensitive member in the 20  form of projections above a thin
tonerlayerto irregularize the delicate contact between the photosensitive
mem- ber and a transfer paper by the medium of the toner layer, thus
resulting in change In transfer conditions leading to transfer failure. In
the image forming method of the present invention, toner particles of 16
microns or larger cannot be flied onto the latent image-bearing member
unless they are sufficiently charged, so that they are liable to re- 25
main on the toner-carrying membertocausea change in particle size
distribution, binderthetriboelectrification 



of other toner particles to lower the developing performance, and disturb
the shape toner ears, thus causing deterioration of Image qualities. In
contrastwith the magnetic toner particles of 5 microns orsmaller, magnetic
toner particles of 16 microns or larger are relatively less consumable In
successive image formation. Accordingly, if they are contained in 30   a
proportion exceeding 2.0 % by volume, the volume-average particle size of
the magnetic toner on the sleeve is gradually increased to result in an
increase in M/S on the sleeve, which is not desirable. The magnetic toner
used in the present invention may preferably have a volume-average particle
size of 4 - 10 microns, further preferably 4 - 9 microns. This valve cannot
be considered separately from the above- mentioned factors. If the
volume-average particle size is below 4 microns, a problem of insufficient
toner cov- 35  erage on a transfer paper is liable to be caused for an
image having a high image area proportion, such as a graphic image. This is
considered to be caused by the same reason as the problem that the interior
of a latent image is developed at a lowerdensitythan the contour. If the
volume-average particle size exceeds 10 microns, a good resolution may not
be obtained and the particle size distribution is liable to be changed on
continuation of copying to lower the image quality even if it is
satisfactory at the initial stage of copying. 40      The magnetic toner
used in the present invention having a specific particle size distribution
is capable of faithfully reproducing even thin lines of a latent image
formed on the photosensitive member and is also ex- cellent in
reproducibilities in dot images, such as halftone dots and digital dots to
provide images excellent in gradation and resolution. Further, even when
the copying or printing out Is continued, it is possible to maintain a high
image quality and well develop a high-density image with a less toner
consumption than a conventional 45   magnetic toner, so that the magnetic
toner of the present invention is advantageous in respect of economical
factor and reduction in size of a copying machine or printer main body. The
developing method applied to the magnetic toner according to the present
invention allows more ef- fective accomplishment of the above effect. The
particle size distribution of a toner is measured by means of a Coulter
counter in the present invention, 50   while it may be measured in various
manners. Coulter counter Model TA-II (available from Coulter Electronics
Inc.) is used as an instrument for meas- urement, to which an interface
(available from Nikkaki K.K.) for providing a number-basis distribution,
and a volume-basis distribution and a personal computer CX-1 (available
from Canon KK) are connected. For measurement, a 1 %-NaCI aqueous solution
as an electrolytic solution Is prepared by using a reagent- 55   grade
sodium chloride. For example, ISOTON[err]II (available from Coulter
Scientific Japan KK) may be used therefor. Into 100 to 150 ml of the
electrolytic solution, 0.1 to 5 ml of a surfactant, preferably an
alkylbenzene- sulfonic acid salt, is added as a dispersant, and 2 to 20 mg
of a sample is added thereto. The resultant dispersion of the sample in the
electrolytic liquid is subjected to a dispersion treatment for about 1 - 3
minutes by means 15    EP 0 427 275 B1 of an ultrasonic disperser, and then
subjected to measurement of particle size distribution in the range of 2 -
40 microns by using the above-mentioned Coulter counter Model TA-II with a
100 micron-aperture to obtain a volume-basis distribution and a
number-basis distribution. Form the results of the volume-basis
distribution and number-basis distribution, parameters characterizing the
magnetic toner of the present invention may be 5   obtained. The electric
charge data of a toner layer on a developing sleeve described herein are
based on valves measured by the so-called suction-type Faraday cage method.
More specifically, according to the Faraday cage method, an outer cylinder
of a Faraday cage is pressed against the developing sleeve and the toner
dis- 



posed on a prescribed area of the sleeve Is sucked to be collected by the
filter on the inner cylinder, whereby 10  the toner layer weight in a unit
area may be calculated from the weight increase of the filter.
Simultaneously, the charge accumulated In the innercylinderwhich is
isolated from theexterior is measured to obtain the charge on the sleeve.
In the present Invention, "thin-line reproducibility" was evaluated in the
following manner. An original of a thin line image having a width of
accurately 100 microns is copied undersuitable copying conditions to
provide 15  a sample copy for measurement. The line width of the toner
image on the copy is measured on a monitor of Luzex 400 Particle Analyzer.
The line width Is measured at several points along the length of the thin
line toner image so as to provide an appropriate average value in view of
fluctuations in width. The value of thin line re- producibility (%) is
calculated by the following formula: Measured line - width of a copy image
x 100 20                               Line width (100[err]on the original
In the present invention, the resolution was evaluated in the following
manner. An original sheet having 10 original line images each comprising 5
lines spaced from each other with an Identical value for line width and
spacing is provided. The 10 original images comprise the 5 lines at pitches
of 2.8, 3.2, 3.6,4.0,4.5, 5.0, 5.6, 6.3, 7.1, 8.0. 9.0 and 10.0 lines/mm,
respectively. The original sheet is copied under suitable conditions to ob-
25  tain a sample copy on which each of the ten line images is observed
through a magnifying glass and the max- imum number of lines (lines/mm) of
an Image in which the lines can be discriminated from each other is iden-
tified as a resolution measured. A larger number indicates a higher
resolution. Hereinbelow, the present invention will be explained in more
detail based on Examples. Hereinbelow, "part(s)" used for describing a
formation or composition are by weight. 30      First of all, Synthesis
Examples of binder resins used for producing toners for developing
electrostatic im- ages according to the present Invention and toners for
comparisons will be explained. The total acid value (A). JIS acid value and
total acid value (B) attributable to acid anhydride, and value of [(B)/(A)]
x 100 of binder resins and intermediate resins thus produced are summarized
in Tables 1 and 2 appearing hereinafter. 35   Synthesis Example 1 Styrene
76.5 wt.parts Butyl acrylate            13.5 wt.parts Monobutyl maleate
10.0 wt.parts 40   Di-tert-butyl peroxide   6.0 wt.parts The above
ingredients in mixture were added dropwise in 4 hours into 200 wt. parts of
xylene heated to the reflux temperature. The polymerization was further
continued and completed under reflux of xylene (138 - 144 C). The system
was further heated up to [err] under a reduced pressure to distill off the
xylene. The resultant resin is referred to as a resin A. 45 Synthesis
Example 2 Styrene                  67.5 wt.parts Butyl acrylate
17.5 wt.parts 50   Monobutyl maleate        15.0 wtparts Di-tert-butyl
peroxide   6.0 wt.parts The above Ingredients were used otherwise in the
same manner as In Synthesis Example 1 to obtain a resin B. 55   Synthesis
Example 3 Styrene                  67.5 wt. part(s) Butyl acrylate
17.5 wt part(s) 16 



EP 0 427 275 B1 Monobutyl maleate         15.0 wt part(s) Divinylbenzene
0.5 wt.part(s) Di-tert-butyl peroxide    6.0 wt.part(s) The above
ingredients were used otherwise in the same manner as in Synthesis Example
1 to obtain a 5   resin C. Synthesis Example 4 A resin D was prepared by
heating the resin Aat [err] under vacuum for 6 hours. 10 Synthesis Example
5 The resin B was pulverized and stirred in a mixture liquid of
dioxane/water/pyridine/dimethylaminopyridine for 6 hours to obtain a resin
E. 15 Synthesis Example 5 Styrene                   76.5 wt.parts Butyl
acrylate            13.5 wt. parts 20   Monobutyl fumarate        10.0 wt
parts Di-tert-butyl peroxide    6.0 wtparts The above ingredients were used
otherwise in the same manner as in Synthesis Example 1 to obtain a resin F.
25   Synthesis Example 7 Styrene                       76.5 wt.parts Butyl
acrylate                13.5 wt.parts Monobutyl n-butenylsuccinate    10.0
wt.parts 30   Di-tert-butyl peroxide        6.0 wt.parts The above
ingredients were used otherwise in the same manner as In Synthesis Example
1 to obtain a resin G. 35                                           Table
1 Resin   Total    JIS                 Presence of IR absorption 40
acid         acid        peak  at  1780  [err] value(A)  value
(acid anhydride group) Resin A    46.9    29.5
Yes 45 B      80.8        46.8                      Yes C      76.8
48.8                      Yes 50                 D      59.6        31.5
Yes E      80.5        80.6                      No F      41 .6       31.5
Yes 55                 G      41.9        23.3                       Yes 17



EP 0 427 275 B1 Synthesis Example 8 Resin A            30.0 wt.part(s)
Styrene            46.0 wt. part(s) 5    Butylacrylate       21.0 wt.
part(s) Monobutyl maleate   3.0 wt.part(s) Divinylbenzene     0.4
wt.part(s) Benzoyl peroxide    1.5 wt. part(s) Into a mixture of the above
ingredients, 170wt. parts of water containing 0.12 wt. partof partially
saponified 10  polyvinyl alcohol was added under vigorous stirring to form
a suspension liquid. Into a reaction vessel contain- ing 50 wt. parts of
water and aerated with nitrogen, the above suspension liquid was added and
subjected to 8 hours of suspension polymerization at 80 [err] After the
reaction, the product was washed with water, dewa- tered and dried to
obtain a resin H. The resultant resin H was found to contain 73.3 mol. % of
monobutyl maleate units, 6.7 mol. % of maleic 15 anhydride units and 20
mol. % of maleic acid units with respect to the total of these units as 100
mol. %. Synthesis Example 9 Resin B            30.0 wt. part(s) 20  Styrene
45.0 wt.part(s) Butyl acrylate     20.0 wt.part(s) Monobutyl maleate   5.0
wt.part(s) Divinylbenzene     OA wt.part(s) Benzoyl peroxide    1.5
wt.part(s) 25      A resin J was prepared by using the above mixture liquid
otherwise in the same manner as in Synthesis Example 8. Synthesis Example
10 30   Resin C            30.0 wt part(s) Styrene            48.0
wt.part(s) Butyl acrylate     22.0 wt.part(s) Divinylbenzene     0.4
wt.part(s) Benzoyl peroxide    1.5 wt.part(s) 35      A resin J was
prepared by using the above mixture liquid otherwise In the same manner as
in Synthesis Example 8. Synthesis Example 11 40      A resin K was prepared
in the same manner as in Synthesis Example 8 except that the resin D was
used Instead of the resin A. Synthesis Example 12 45      A resin L was
prepared in the same manner as in Synthesis Example 9 except that the resin
E was used instead of the resin B. Synthesis Example 13 50   Resin F
30.0 wt part(s) Styrene            46.0 wt.part(s) Butyl acrylate     21.0
wt. part(s) Monobutyl fumarate  3.0 wt. part(s) Divinylbenzene     0.4
wt.part(s) 55   Benzoyl peroxide    1.5 wt.part(s) A resin M was prepared
by using the above mixture liquid otherwise in the same manner as in
Synthesis 



Example 8.    EP 0 427 275 B1 Synthesis Example 14 A resin N was prepared
in the same manner as in Synthesis Example 8 except that the resin G was
used instead of the resin A. 5 [err] [err]    EP 0 427 275 B1 Synthesis
Example 15 Styrene                   70.0 wt.part(s) Butyl acrylate
23.0 wt.part(s) 5   Monobutyl maleate         6.0 wt part(s) Divinylbenzene
1.0 wt.part(s) Di-tert-butyl peroxide    4.0 wt.part(s) A resin O was
prepared by using the above mixture liquid otherwise in the same manner as
in Synthesis Example 1 by solution polymerization. 10 Synthesis Example 16
Styrene             70.5 wt.part(s) Butyl acrylate      23.0 wt.part(s) 15
Monobutyl maleate   6.0 wt.part(s) Divinylbenzene      0.5 wt.part(s)
Benzoyl peroxide    1.5 wt.part(s) A resin P was prepared by using the
above mixture liquid otherwise in the same manner as in Synthesis Example 8
by suspension polymerization. 20 Example 1 Resin H  (binder resin)
100 wt.part(s) 25 Magnetic iron oxide                                 60
wt.part(s) [err]  (number-average particle  size)  =  0.18  [err] 30   Hc =
121  Oe  (Oersted), [err]  = 83.4  emu/g, [err] = 11.7 emu/g under
application of 10 KOe) 35           Low-molecular weight ethylene-
propylene copolymer                                 3 wt.part(s) 40 Monoazo
complex                                    1 wt.part(s) (negative charge
control agent) 



45      The above ingredients were pre-blended in a Henschel mixer and
melt-kneaded at 130 [err] by means of a two-axis extruder. The kneaded
productwas cooled by standing, coarsely crushed by a cutter mill, finely
pulv- erized by a pulverizer using jet airstream, and classified
byawind-force classifier to obtain a blackfine powder (magnetic toner)
having a volume-average particle size of 11 microns. To 100 wt. parts of
the magnetic toner, 0.4 wt. part of hydrophobic dry-process silica (BET
200[err] was 50  added, and the mixture was sufficiently blended in a
Henschel mixer. The thus obtained magnetic toner was subjected to a copying
test of 10,000 sheets by means of a high-speed electrophotographic copying
machine having a copying speed of 82 sheets (A4)/min. ("NP-8580", made by
Canon, loaded with an a-Si (amorphous silicon) photosensitive drum, for
normal development of electrostatic images of positive charge). The results
under the conditions of temperature [err]- humidity 10 %RH are shown in
Table 3, and the 55  results under the conditions of temperature [err] 85 %
RH are shown in Table 4, respectively ap- pearing hereinafter. As is clear
from these tables, dear images having a high density and free of fog were
obtained. 20    EP 0 427 275 B1 Examples 2 - 6 Magnetic toners each having
a volume-average particle size of 11 microns were obtained by replacing the
resin H with the resins I, J, K, L, M and N, respectively, otherwise in the
same manner as in Example 1, and 5   then externally blended with the
hydrophobic silica similarly as in Example 1. The thus-obtained magnetic
toners were subjected to the same copying test as in Example 1, whereby
good images were obtained in the respective cases as shown in Tables 3 and
4. Example 7 10 Resin H                                           80
wt.part(s) Polyester resin (total acid 15             value  = 18)
20        " Perylene  Scarlet                                   3       "
Low-molecular weight ethylene- propylene copolymer
3        " A red fine powder (non-magnetic toner) having a volume-average
particle size of 11 microns was prepared 25  by using the above ingredients
otherwise in the same manner as in Example 1, and 100 wt. parts thereof was
sufficiently blended with a hydrophobic dry-process silica (BET 200 [err] 8
wt. parts of the toner blended with the silica fine powder was further
blended with 100 wt. parts of acrylic resin-coated ferrite carrier
particles to obtain a two-component type developer. The two-component type
developer was subjected to a copying test of 10,000 sheets by means of a
com- 30   mercially available electrophotographic copying machine
("NP-6650, made by Canon). Under the conditions of [err]10 %RH, the
resultant images showed a density of 1.25 at the initial stage and 1.27 on
the 10,000-th copy and no fog was observed. Further, under the conditions
of 32.5[err]85 %RH, clear images were obtained showing 1.20 at the initial
stage and 1.24 on the 10,000-th copy. 35   Example 8 Resin H
80 wt.part(s) Styrene-butadiene copolymer                        20
Magnetic iron oxide                                80 



[err] = 0.17 [err] Hc = 110 Oe, [err]  80 emu/g, [err] = 11 emu/g)
Low-molecular weight ethylene- propylene copolymer
4 Nigrosine                                           2 A black fine powder
(positively chargeable insulating magnetic toner) having a volume-average
particle 55   size of 8.5 microns was prepared by using the above
ingredients otherwise in the same manner as in Example 1. Then, 0.6 wt.
part of a positively chargeable hydrophobic dry-process silica (BET 150
m2/g) was added to 100 wt. parts of the magnetic toner, and the mixture was
well blended in a Henschel mixer. The thus prepared toner was subjected to
a copying test of 10,000 sheets by means of a commercially 21    EP 0 427
275 B1 available copying machine ("NP-4835", made by Canon, Loaded with an
OPC photosensitive drum, for normal development of electrostatic images of
negative charge). Under the conditions of 15 [err] - 10 %RH, clear images
free from fog were obtained, showing densities of 1.37 at the initial stage
and 1.39 on the 10,000-th sheet. Further, under [err] - 85 %RH, images free
from 5   fog were obtained showing 1.30 at the initial stage and 1.32 on
the 10,000-th sheet. Comparative Examples 1 - 3 Magnetic toners each having
a volume-average particle size of 11 microns were prepared by using the 10
resins L, O and P, respectively, instead-of the resin H otherwise in the
same manner as in Example 1. The resultant toners were subjected to the
same copying test as in Example 1, whereby the results shown in Tables 3
and 4 were obtained. In each of Tables 3 and 4, the image evaluation with
respect to fog is denoted based on results by observation with eyes
according to the following standards: [err]: excellent, o: Good, 15
[err] fair, x: not acceptable. As shown in the Tables, images showing low
densities were obtained under [err] %RH in Com- parative Examples 1 and 3.
In comparative Example 2, under [err] - 10 %RH, good images were obtained
at the initial stage but the image density was gradually lowered on
continuation of the copying until rough images were obtained. 20 25 30 35
40 45 50 55 22    EP 0 427 275 B1 [err] 



55 23    EP 0 427 275 B1 [err] taining aspecificfunctional group In
aspecific proportion, whichexhibits thefollowing advantageous effects: 50
(1) Toner images having a high density and free from fog can be obtained.
(2) Good toner images are provided even under low-humidity and
high-humidity conditions without being affected by environmental changes.
(3) It stably provides good images even in a high-speed copying machine and
is applicable to a wide variety of electrophotographic image-forming
apparatus. 55 24    EP 0 427 275 B1 Example 9 Resin H
100 wt.parts Magnetic iron oxide                                   80
Low-molecular weight ethylene- propylene copolymer
4 10 Monoazo chromium complex                               2 The above
ingredients were well blended in a blender and melt-kneaded at [err]by
means of a two- 15  axis extruder. The kneaded product was cooled, coarsely
crushed by a cutter mill, finely pulverized by means of a pulverizer using
jet air stream, and classified by a fixed-wall type wind-force classifier
(DS-type Wind- Force Classifier, mfd. by Nippon Pneumatic Mfg. Co. Ltd.) to
obtain a classified powder product. Ultra-fine powder and coarse power were
simultaneously and precisely removed from the classified powder by means of
a multi-division classifier utilizing a Coanda effect(Elbow Jet Classifier
available from Nittetsu Kogyo K.K.), 20  thereby to obtain a negatively
chargeable insulating black fine powder (magnetic toner). The particle size
dis- tribution of the magnetic toner is shown in Table 5 appearing
hereinafter. 100 wt. parts of the thus obtained magnetic toner and 0.6 wt.
part of negatively chargeable hydrophobic dry process silica fine powder
(BET specific surface area = 300 [err] were blended in a Henscel mixer to
pre- pare a magnetic toner in which the silica fine powder was attached to
the toner particle surfaces. The magnetic 25  toner in this mixture state
is referred to as Toner No. 1. Example 10 30             Resin  I
100 wt.parts Magnetic iron oxide                                   90
Low-molecular weight ethylene- propylene copolymer
3 3,5-Di-tert-butylsalicylic acid chromium complex
2 A negatively chargeable insulating magnetic toner having a particle size
distribution as shown in Table 5 



was prepared from the above ingredients otherwise in the same manneras in
Example 9, and similarly blended with hydrophobic dry-process silica fine
powder to obtain a toner No. 2. 45 Example 11 Resin J
100 wt.parts 50 Magnetic iron oxide                                 100
Low-molecular weight ethylene- 55               propylene copolymer
3 Monoazo chromium complex                               2 25    EP 0 427
275 B1 A negatively chargeable Insulating magnetic toner having a particle
size distribution as shown in Table 5 was prepared from the above
ingredients otherwise in the same manner as in Example 9, and 100 wt. parts
thereof was blended with 0.8 wt. part of hydrophobic dry-process silica
fine powder (BET = 300 [err] to obtain a toner No. 3. 5 Example 12 Resin M
100 wt.parts 10 Magnetic iron oxide                               80
Low-molecular weight ethylene- 15              propylene copolymer
4 3-5-Di-tert-butylsalicylic acid chromium complex
2 20 A negatively chargeable Insulating magnetic toner having a particle
size distribution as shown in Table 5 was prepared from the above
ingredients otherwise in the same manner as in Example 9, and 100 wt. parts
thereof was blended with hydrophobic dry-process silica fine powder (BET
200 [err] obtain a toner No. 4. Example toner No. 1-4 prepared above (and
Comparative Example toners prepared as will be described 25    hereinbelow)
were subjected to a copying test by means of an apparatus which had been
prepared by modifying a commercially available electrophotographic copying
machine ("NP-8500", made by Canon K.K., loaded with an a-Si photosensitive
drum, for normal development of electrostatic images of positive polarity)
so as to be loaded with a modified power supply for applying a development
bias voltage as briefly shown in Figure 2. The gap [err] between the a-Si
photosensitive drum 1 and the developing sleeve 22 was set at 0.3 mm, and
the gap 30    between the developing sleeve 22 and the magnetic doctor
blade 24 was set at 0.25 to form a magnetic toner layer in a thickness of
about 120 microns. The particulars of the bias power supplies 1 - 4 used
are summarized in Table 6, and the alternating electric field waveforms
given thereby are schematically shown in Figures 4 - 7, which respectively
show a superpo- sition of an AC bias voltage given by an ACsupply means So
and a DC bias voltage given by a DC supply means 35   [err] Example 13 A
copying test of 50,000 sheets was conducted by using the toner 1 and the
supply 1 under the composi- 



40    tions of temperature [err] and humidity 10 %RH. The results are shown
in Tables 7 and 8. Subsequently, a similar copying test of 50,000 sheets
was conducted under the conditions of [err] - 85 %RH. As is clear from the
results shown In these tables, the toner provided high definition images
having a high density and free from fog were obtained regardless of the
environmental conditions. The charge on the sleeve was stable and no
toner-carrying member memory was observed. 45 Examples 14- 16
Similarcopying tests as in Example 13 were conducted by using combinations
of the toner 2 and the supply 2 (Example 14), the toner 3 and the supply 3
(Example 15), and the toner 4 and the supply 1 (Example 16). 50  The
results are also shown In Tables 7 - 10. Comparative Example 4 Similar
copying tests as in Example 13 were conducted by using the magnetic toner
having a volume-aver- 55   age particle size of 11 microns prepared in
Comparative Example 1 and the power supply 1 in combination. The results
are also shown in Tables 7 - 10. Under the high temperature - high humidity
conditions of [err] - 85 %RH, the image density was low and image
deterioration was observed in an Increased number of copied sheets in the
durability test. 26    EP 0 427 275 B1 Under the low temperature - low
humidity conditions of [err] good toner images were obtained at the initial
stage of the durability test but deterioration in image quality was
observed as the number of copied sheets increased. 5   Comparative Example
5 Similar copying tests as in Example 13 were conducted by using the
magnetic toner having a volume-aver- age particle size of 11 microns
prepared in Comparative Example 2 and the power supply 1 in combination.
The results are also shown in Tables 7 - 10. 10      Under the low
temperature - low humidity conditions of [err] good toner images were
obtained atthe initial stage of the durability test, butthe image density
was lowered and fog was observed as the number of copied sheets increased.
Comparative Example 6 15 Similar copying tests as in Example 13 were
conducted by using the magnetic toner having a volume-aver- age particle
size of 11 microns prepared in Comparative Example 13 and the powersupply 4
(duty factor = 50 %) in combination. The results are also shown in Tables 7
- 10. The image evaluation with respect to fog and toner-carrying member
memory was performed by obser- 20  vation with naked eyes and the results
thereof are denoted by symbols as follows: [err]: excellent, o: good,
[err]: fair, x: not acceptable. 25      A toner for developing
electrostatic images, comprises a binder resin and a colorant, wherein the
binder resin comprises a vinyl copolymer having an acid an hydride group,
and the binder resin has a total acid value (A) of 2 - 100 mgKOH/g and a
total acid value (B) attributable to acid anhydride group of below 6
mgKOH/g so that [(B)/(A)] x 100 is 60 % or less. Because the binder resin
has a specified acid value partly attributable 



to acid anhydride group, the toner is provided with an adequate balance
between chargeability and dischar- 30  geability, so that the toner shows a
stable performance under various environmental conditions. The toner is
particularly advantageously constituted as a magnetic toner of fine
particle sizes suitably used under appli- cation of unsymmetrical
alternating bias electric field. 35 40 45 50 55 27    EP 0 427 275 B1 [err]
[    EP 0 427 275 B1 [err] [err]    EP 0 427 275 B1 [err]    EP 0 427 275
B1 [err] [err]    EP 0 427 275 B1 [err] [err] [err]    EP 0 427 275  B1
[err]  



EP 0 427 275 B1 Claims Claims for the following Contracting States: DE, GB,
FR, IT, NL 5   1. Atoner for developing electrostatic images, comprising: a
binder resin and a colorant, wherein the binder resin comprises a vinyl
copolymer having an acid anhydride group, and the binder resin has a total
acid value (A) of 2 - 100 mgKOH/g and a total acid value (B) attributable
to acid anhydride group of below 6 mgKOH/g so that [(B)/(A)] x 100 is 60 %
or less. 10  2. The toner according to Claim 1, wherein the binder resin
has a total acid value (A) of 5 - 70 mgKOH/g. 3. The toner according to
Claim 1, wherein the binder resin has a total acid value (A) of 5 - 50
mgKOH/g. 4. The toner according to Claim 1, wherein the binder resin has a
total acid value (B) attributable to acid 15      anhydride group of 0.1
mgKOH/g or above and below 6 mgKOH/g. 5. The toner according to Claim 1,
wherein the binder resin has a total acid value (B) attributable to acid
anhydride group of 0.5 - 5.5 mgKOH/g. 20   . The toner according to Claim
1, wherein the value [(B)/(A)] x 100 of the binder resin is 2 - 50 %. 7.
The toner according to Claim 1, wherein the value [(B)/(A)] x 100 of the
binder resin is 3 - 40 %. 8. The toner according to Claim 1, wherein the
binder resin has a total acid value (A) of 5 - 70 mgKOH/g, a total acid
value (B) of 0.1 mgKOH/g or above and below 6 mgKOH/g, and a value
[(B)/(A)] x 100 of 2 - 50 25      %. 9. The toner according to Claim 1,
wherein the binder resin has a total acid value (A) of 5 - 50 mgKOH/g, a
total acid value (B) of 0.5 - 5.5 kgKOH/g, and a value [(B)/(A)] x 100 of 3
- 40 %. 30  10. The toner according to Claim 1, wherein the vinyl copolymer
has a dibasic acid group, a dibasic acid monoester group and a dibasic acid
anhydride group. 11. The toner according to Claim 1, wherein the vinyl
copolymer comprises a styrene copolymer having a di- carboxylic acid
anhydride group, a dicarboxylic acid group and a dicarboxylic acid
monoester group. 35 12. The toner according to Claim 1, wherein the vinyl
copolymer has at least a styrene unit, a maleic acid unit, a maleic acid
anhydride unit and a maleic acid monoester unit. 13. The toner according to
Claim 1, wherein the vinyl copolymer has at least a styrene unit, an
acrylate ester unit, a maleic acid unit, a maleic acid anhydride unit and a
maleic acid monoester unit. 40 14. The toner according to Claim 1, wherein
the vinyl copolymer has at least a styrene unit a methacrylate unit, a
maleic acid unit a maleic acid anhydride unit and a maleic acid monoester
unit. 15. The toner according to Claim 1, wherein the vinyl copolymer has
been prepared by subjecting a monomer 45      composition comprising at
least a styrene monomer and an unsaturated dicarboxylic acid monoester to
solution polymerization to form a styrene copolymer, dissolving the styrene
copolymer in a monomer com- position comprising at least a styrene monomer
to form a polymerizable composition, and subjecting the polymerizable
composition to suspension polymerization. 50    16. The toner according to
Claim 1, wherein the colorant comprises a magnetic material. 17. The toner
according to Claim 16, wherein the magnetic material has a number-average
particle size of 0.1 - 2 microns, and a coercive force (Hc) of 20 - 150
oersted, a saturation magnetization (a.) of 50 - 200 emu/g and a remanence
(err) of 2 - 20 emu/g under application of 10 kilo-oersted. 55   18. The
toner according to Claim 17, wherein the magnetic material has a
number-average particle size of 0.1 - 0.5 micron. 19. The toner according
to Claim 16, which comprises a magnetic toner having a volume-average
particle 34 



size of 4 - 10 microns. 20. The toner according to Claim 19, wherein the
magnetic toner has a volume-average particle size of 4 - 9 microns. 5 21.
The toner according to Claim 19, wherein the magnetic toner contains 20 -
200 wt. parts of the magnetic material per 100 wt. parts of the resin. 22.
The toner according to Claim 19, wherein the magnetic toner contains 40 -
150 wt. parts of the magnetic material per 100 wt. parts of the resin. 23.
The toner according to Claim 19, wherein the magnetic toner comprises 12 %
by number or more of mag- netic toner particles having a particle size of 5
microns or smaller, 33 % by number or less of magnetic toner particles
having a particle size of 8 - 12.7 microns, and 2 % by volume or less of
magnetic toner particles having a particle size of 16 microns or larger. 15
24. The toner according to Claim 19, wherein the magnetic toner contains 12
- 60 % by number of magnetic toner particles of 5 microns or smaller, and
satisfies the condition of N/V = -0.04N+k, wherein N is a num- ber of 12 -
60 denoting the content in terms of % by number of the toner particles of 5
microns or smaller, V is a number denoting the content in terms of % by
volume of the toner particles of 5 microns or smaller, 20      and k Is a
number of 4.5 - 6.5. 25. An image forming method, comprising: disposing a
latent image-bearing member for holding an electrostatic image thereon and
a toner- carrying memberfor carrying a magnetic tonerwith a prescribed gap
ata developing station; the magnetic 25      toner comprising a binder
resin and magnetic powder and having a volume-average particle size of 4 -
10 microns, wherein the binder resin comprises a vinyl copolymer having an
acid anhydride group, and the binder resin has a total acid value (A) of 2
- 100 mgKOH/g and a total acid value (B) attributable to acid anhydride
group of below 6 mgKOH/g so that [(B)/(A)] x 100 is 60 % or less; conveying
the magnetic toner in a layer carried on the toner-carrying member and
regulated in a 30      thickness thinner than the prescribed gap to the
developing station; and applying an alternating bias voltage comprising a
DC bias voltage and an unsymmetrical AC bias voltage in superposition
between the toner-carrying member and the latent image-bearing member at
the developing station to provide an alternating bias electric field
comprising a development-side voltage com- ponent and a reverse-development
side voltage component, the development-side voltage component 35
having a magnitude equal to or larger than that of the reverse
development-side voltage component and a duration smaller than that of the
reverse-development side voltage component, so that the magnetic toneron
the toner-carrying memberis transferred to the latent image-bearing
memberto develop the elec- trostatic image thereon at the developing
station. 40    26. The image forming method according to Claim 25, wherein
the alternating bias voltage has a frequency of 1.0 - 5.0 KHz. 27. The
image forming method according to Claim 25, wherein the alternating bias
voltage has a duty factor of 10 - 40 %. 28. The image forming method
according to Claim 25, wherein the alternating bias voltage has a peak-to-
peak value of 1.0 - 2.0 KV. 29. The image forming method according to Claim
25, wherein said alternating bias voltage has a frequency of 1.0 - 5.0 KHz,
a peak-to-peak voltage of 1.0 - 2.0 KV and a duty factor of 10 - 40 %, and
the magnetic 



50      toner contains 12 - 60 % by number of toner particles of 5 microns
or smaller. 30. The image forming method according to Claim 25, wherein the
latent image-bearing member comprises a photosensitive layer of a-Si. 55
31. The image forming method according to Claim 25, wherein said magnetic
toner comprises a toner accord- ing to any one of Claims 2 to 24. 32. An
Image forming apparatus, comprising: a latent image-bearing memberfor
holding an electrostatic im- 35    EP 0 427 275 B1 age thereon, a
toner-carrying member for carrying a layer of a magnetic toner thereon, a
toner vessel for holding the magnetic toner to be supplied to the
toner-carrying member, a toner layer-regulating member for regulating the
magnetic toner layer on the toner-carrying member, and a bias application
means for applying an alternating bias voltage comprising a DC bias voltage
and an unsymmetrical AC bias voltage 5       in superposition between the
toner-carrying member and the latent image-bearing member, wherein the
latent image-bearing member and the toner-carrying member are disposed with
a prescribed gap therebetween at a developing station; the toner
layer-regulating means is disposed to regulate the magnetic toner layer on
the toner-car- rying member in a thickness thinner than the prescribed gap;
10           the magnetic toner comprises a binder resin and magnetic
powder and has a volume-average par- ticle size of 4 - 10 microns, the
binder resin comprises a vinyl copolymer having an acid anhydride group,
and the binder resin has a total acid value (A) of 2 - 100 mgKOH/g and a
total acid value (B) attributable to acid anhydride group of below 6
mgKOH/g so that [(B)/(A)] x 100 is 60 % or less; and the bias application
means is disposed to provide an alternating bias electric field comprising
a 15      development-side voltage component and a reverse-development side
voltage component, the develop- ment-side voltage component having a
magnitude equal to or largerthan that of the reverse development- side
voltage component and a duration smaller than that of the
reverse-development side voltage com- ponent, sothatthe magnetictoneron
thetoner-carrying member Is transferred to the latent image-bearing member
to develop the electrostatic image thereon at the developing station. 33.
The image forming apparatus according to Claim 32, wherein the bias
application means applies an al- ternating bias voltage having a frequency
of 1.0 - 5.0 KHz. 34. The Image forming apparatus according to Claim 32,
wherein the bias application means provides an al- 25      ternating bias
voltage having a duty factor of 10 - 40 %. 35. The image forming apparatus
according to Claim 32, wherein the alternating bias voltage has a peak-to-
peak value of 1.0 - 2.0 KV. 36. The image forming apparatus according to
Claim 32, wherein said alternating bias voltage has a frequen- 30      cy
of 1.0- 5.0 KHz, a peak-to-peakvoltage of 1.0-2.0 KVand adutyfactorof 10-40
%, and the magnetic toner contains 12 - 60 % by number of toner particles
of 5 microns or smaller. 37. The image forming apparatus according to Claim
32, wherein the latent Image-bearing member comprises a photosensitive
layer of a-Si. 35 38. The image forming apparatus according to Claim 32,
wherein said magnetic toner comprises a toner ac- cording to any one of
Claims 2 to 24. Claims for the following Contracting State: ES 40 



1. Use of a toner for developing electrostatic images, said toner
comprising: a binder resin and a colorant, wherein the binder resin
comprises avinyl copolymer having an acid anhydride group, and the binder
resin has a total acid value (A) of 2 - 100 mgKOH/g and a total acid value
(B) attributable to acid anhydride group of below 6 mgKOHIg so that
[(B)/(A)] x 100 Is 60 % or less. 45 2. The use according to Claim 1,
wherein the binder resin has a total acid value (A) of 5 - 70 mgKOH/g. 3.
The use according to Claim 1, wherein the binder resin has a total acid
value (A) of 5 - 50 mgKOH/g. 50  4. The use according to Claim 1, wherein
the binder resin has a total acid value (B) attributable to acid an-
hydride group of 0.1 mgKOH/g or above and below 6 mgKOH/g. 5. The use
according to Claim 1, wherein the binder resin has a total acid value (B)
attributable to acid an- hydride group of 0.5 - 5.5 mgKOH/g. 55  6. The use
according to Claim 1, wherein the value [(B)/(A)] x 100 of the binder resin
is 2 - 50 %. 7. The use according to Claim 1, wherein the value [(B)/(A)] x
100 of the binder resin is 3 - 40 %. 36    EP 0 427 275 B1 8. The use
according to Claim 1, wherein the binder resin has a total acid value (A)
of 5 - 70 mgKOH/g, a total acid value (B) of 0.1 mgKOH/g or above and below
6 kgKOH/g, and a value [(B)/(A)] x 100 of 2 - 50 5   9. The use according
to Claim 1, wherein the binder resin has a total acid value (A) of 5 - 50
mgKOH/g, a total acid value (B) of 0.5 - 5.5 kgKOH/g, and a value [(B)/(A)]
x 100 of 3 - 40 %. 10. The use according to Claim 1, wherein the vinyl
copolymer has a dibasic acid group, a dibasic acid monoe- ster group and a
dibasic acid anhydride group. 10  11. The use according to Claim 1, wherein
the vinyl copolymer comprises a styrene copolymer having a di- carboxylic
acid an hydride group, a dicarboxylic acid group and a dicarboxylic acid
monoester group. 12. The use according to Claim 1, wherein the vinyl
copolymer has at least a styrene unit, a maleic acid unit, a maleic acid
anhydride unit and a maleic acid monoester unit. 15 13. The use according
to Claim 1, wherein the vinyl copolymer has at least a styrene unit, an
acrylate ester unit, a maleic acid unit, a maleic acid anhydride unit and a
maleic acid monoester unit. 14. The use according to Claim 1, wherein the
vinyl copolymer has at least a styrene unit, a methacrylate 20      unit, a
maleic acid unit, a maleic acid anhydride unit and a maleic acid monoester
unit. 15. The use according to Claim 1, wherein the vinyl copolymer has
been prepared by subjecting a monomer composition comprising at least a
styrene monomer and an unsaturated dicarboxylic acid monoester to solution
polymerization to form a styrene copolymer, dissolving the styrene
copolymer in a monomer com- 25      position comprising at least a styrene
monomer to form a polymerizable composition, and subjecting the
polymerizable composition to suspension polymerization. 16. The use
according to Claim 1, wherein the colorant comprises a magnetic material.
30  17. The use according to Claim 16, wherein the magnetic material has a
number-average particle size of 0.1 - 2 microns, and a coercive force (Hc)
of 20 - 150 oersted, a saturation magnetization (err) of 50 - 200 emu/g and
a remanence[err] of 2 - 20 emu/g under application of 10 kilo-oersted. 18.
The use according to Claim 17, wherein the magnetic material has a
number-average particle size of 0.1 - 0.5 micron. 35 19. The use according
to Claim 16, which comprises a magnetic toner having a volume-average
particle size 



of 4 - 10 microns. 20. The use according to Claim 19, wherein the magnetic
toner has a volume-average particle size of 4 - 9 40      microns. 21. The
use according to Claim 19, wherein the magnetic toner contains 20 - 200 wt.
parts of the magnetic material per 100 wt. parts of the resin. 45  22. The
use according to Claim 19, wherein the magnetic toner contains 40 - 150 wt.
parts of the magnetic material per 100 wt. parts of the resin. 23. The use
according to Claim 19, wherein the magnetic toner comprises 12 % by number
or more of mag- netic toner particles having a particle size of 5 microns
or smaller, 33 % by number or less of magnetic 50      toner particles
having a particle size of 8 - 12.7 microns, and 2 % by volume or less of
magnetic toner particles having a particle size of 16 microns or larger.
24. The use according to Claim 19, wherein the magnetic toner contains 12 -
60 % by number of magnetic toner particles of 5 microns or smaller, and
satisfies the condition of N/V = -0.04N+k, wherein N is a num- ber of 12 -
60 denoting the content in terms of % by number of the toner particles of 5
microns or smaller, 55      V is a number denoting the content in terms of
% by volume of the toner particles of 5 microns or smaller, and k is a
number of 4.5 - 6.5. 25. An image forming method, comprising: 37
disposing a latent image-bearing member for holding an electrostatic Image
thereon and a toner- carrying memberforcarrying a magnetic tonerwith a
prescribed gap ata developing station; the magnetic toner comprising a
binder resin and magnetic powder and having a volume-average particle size
of 4 - 10 microns, wherein the binder resin comprises a vinyl copolymer
having an acid anhydride group, and 5       the binder resin has a total
acid value (A) of 2 - 100 mgKOH/g and a total acid value (B) attributable
to acid anhydride group of below 6 mgKOHIg so that [(B)/(A)] x 100 is 60 %
or less; conveying the magnetic toner in a layer carried on the
toner-carrying member and regulated in a thickness thinner than the
prescribed gap to the developing station; and applying an alternating bias
voltage comprising a DC bias voltage and an unsymmetrical AC bias 10
voltage in superposition between the toner-carrying member and the latent
image-bearing member at the developing station to provide an alternating
bias electric field comprising a development-side voltage com- ponent and a
reverse-development side voltage component, the development-side voltage
component having a magnitude equal to or larger than that of the reverse
development-side voltage component and a duration smaller than that of the
reverse-development side voltage component, so that the magnetic 15
toneron the toner-carrying member is transferred to the latent
image-bearing memberto develop the elec- trostatic image thereon at the
developing station. 26. The image forming method according to Claim 25,
wherein the alternating bias voltage has a frequency of 1.0 - 5.0 KHz. 20
27. The image forming method according to Claim 25, wherein the alternating
bias voltage has a duty factor of 10 - 40 %. 28. The image forming method
according to Claim 25, wherein the alternating bias voltage has a peak-to-
peak value of 1.0 - 2.0 KV. 29. The image forming method according to Claim
25, wherein said alternating bias voltage has a frequency of 1.0 - 5.0 KHz,
a peak-to-peak voltage of 1.0 - 2.0 KV and a duty factor of 10 - 40 %, and
the magnetic 



toner contains 12 - 60 % by number of toner particles of 5 microns or
smaller. 30  30. The image forming method according to Claim 25, wherein
the latent image-bearing member comprises a photosensitive layer of a-Si.
31. The Image forming method according to Claim 25, wherein said magnetic
toner comprises a toner accord- ing to any one of Claims 2 to 24. 35 32. An
image forming apparatus, comprising: a latent image-bearing memberfor
holding an electrostatic im- age thereon, a toner-carrying member for
carrying a layer of a magnetic toner thereon, a toner vessel for holding
the magnetic toner to be supplied to the toner-carrying member, a toner
layer-regulating member for regulating the magnetic toner layer on the
toner-carrying member, and a bias application means for 40      applying an
alternating bias voltage comprising a DC bias voltage and an unsymmetrical
AC bias voltage in superposition between the toner-carrying member and the
latent image-bearing member, wherein the latent image-bearing member and
the toner-carrying member are disposed with a prescribed gap therebetween
at a developing station; the toner layer-regulating means is disposed to
regulate the magnetic toner layer on the toner-car- 45      rying member in
a thickness thinner than the prescribed gap; the magnetic toner comprises a
binder resin and magnetic powder and has a volume-average par- ticle size
of 4 - 10 microns, the binder resin comprises a vinyl copolymer having an
acid anhydride group, and the binder resin has a total acid value (A) of 2
- 100 mgKOH/g and a total acid value (B) attributable to acid anhydride
group of below 6 mgKOH/g so that [(B)/(A)] x 100 is 60 % or less; and 50
the bias application means is disposed to provide an alternating bias
electric field comprising a development-side voltage component and a
reverse-development side voltage component, the develop- ment-side voltage
component having a magnitude equal to or larger than that of the reverse
development- side voltage component and a duration smaller than that of the
reverse-development side voltage com- ponent, so that the magnetic toner on
the toner-carrying member is transferred to the latent image-bearing 55
member to develop the electrostatic image thereon at the developing
station. 33. The image forming apparatus according to Claim 32, wherein the
bias application means applies an al- ternating bias voltage having a
frequency of 1.0 - 5.0 KHz. 38    34. The image forming apparatus according
to Claim 32, wherein the bias application means provides an al- ternating
bias voltage having a duty factor of 10 - 40 %. 35. The image forming
apparatus according to Claim 32, wherein the alternating bias voltage has a
peak-to- peak value of 1.0 - 2.0 KV. 36 The image forming apparatus
according to Claim 32, wherein said alternating bias voltage has a frequen-
cy of 1.0 - 5.0 KHz, a peak-to-peakvoltage of 1.0 - 2.0 KV and a duty
factor of 10 - 40 %, and the magnetic toner contains 12 - 60 % by number of
toner particles of 5 microns or smaller. 10  37. The image forming
apparatus according to Claim 32, wherein the latent image-bearing member
comprises a photosensitive layer of a-SI. 38. The image forming apparatus
according to Claim 32, wherein said magnetic toner comprises a toner ac-
cording to any one of Claims 2 to 24. 16 Patentansprfche Patentansprache
fur folgende Vertrageataaten: DE, GB, FR, IT, NL 



20 1. Tonerzum Entwickeln von eleitrostatischen BlIdern, umfassend: ein
Bindemittelharz und ein Farbemittel, wobel das Bindemittelharz ein
Vinyl-Copolymer mit einer Saureanhydridgruppe umfaft und das Binde-
mittelharz elnen Gesamtsauregrad (A) von 2 - 100 mgKOH/g und elnen der
Saureanhydridgruppe zuzu- 25      schreibenden Gesamtsauregrad (B) von
unter 6 mgKOH/g aufwelst, so daM [(B)I(A)J x 100 gleich 60 % oder weniger
ist. 2. Toner gemal Anspruch 1, wobei des Bindemittelharz einen
Gesamtesuregrad (A) von 5 - 70 mgKOH/g aufwelst. 30  3. Toner gemiB
Anspruch 1, wobei des Blndemittelharz einen Gesamtsauregrad (A) von 5 - 50
mgKOHIg aufweist. 4. Toner gemnA Anspruch 1, wobei das Bindemittelharz
einen der Saureanhydridgruppe zuzuschreibenden Gesamtsauregrad (B) von 0,1
mgKOH/g oder darfiber und unter 6 mgKOHIg aufweist. 35 5. Toner gemAM
Anspruch 1, wobel das Blndemittelharz einen der Saureanhydridgruppe
zuzuschreibenden Gesamtsauregrad (B) von 0,5 - 5,5 mgKOH/g aufweist. 6.
Toner gemAB Anspruch 1, wobel der Wert [(B)/(A)] x 100 des
Bindemittelharzes 2 - 50 % betragt 40  7. Toner gemal Anspruch 1, wobel der
Wert [(B)/(A)J x 100 des Bindemittelharzes 3 - 40 % betragt. 8. Toner gemiM
Anspruch 1, wobei das Bindemittelharz eln Gesamtsiuregrad (A) von 5 - 70
mgKOH/g, ein Gesamtsiuregrad (B) von 0,1 mgKOH/g oder darfiber und unter 6
mgKOH/g sowie eln Wert [(B)I(A)] x 100 von 2 - 50 % aufweist 45 9. Toner
gemAB Anspruch 1, wobel das Bindemittelharz ein Gesamtsiuregrad (A) von 5-
50 mgKOH/g, sin Gesamtsauregrad (B) von 0,5 - 5,5 mgKOH/g sowie ein Wert
[(B)/(A)] x 100 von 3 - 40 % aufweist. 10. TonergemragAnspruch 1, wobei das
Vinyl-Copolymerelne dibasische Sauregruppe, eine dibasische Sau- SD
re-Monoestergruppe sowie eine dibasische Saureanhydridgruppe aufwelst. 11.
Toner gemni Anspruch 1, wobel das Vinyl-Copolymer emn Styrol-Copolymer
umfart, welches eine Dicar- boxylslureanhydridgruppe, eine
Dicarboxylsiuregruppe sowie eine Dicarboxylsfure-Monoestergruppe aufweist.
55  12. Toner gemMA Anspruch 1, wobei des Vinyl-Copolymer mindestens sine
Styroleinheit, eine Maleinsiure- einhelt, eine Maleinsiureanhydrideinheit
und sine Malelnsauremonoesterelnheit aufweist. 39    EP 0 427 275 B1
I   c II  1111 Ill I I!II 13. Toner gemag Anspruch 1, wobei des
Vinyl-Copolymer mindestens eine Styroleinheit, eine Acrylatester- einheit,
Bine Maleinsaureeinheit, eine Maleinsaureanhydrideinheit und sine
Maleinsiuremonoestereinheit aufweist. 5   14. Toner gemaS Anspruch 1, wobel
das Vinyl-Copolymer mindesstens Bine Styroleinheit, eine Methacrylat-
einheit, Bine Malslnsaureeinheit, Bine Maleinslureanhydrideinheit und sine
Maleinsluremonoestereinheit aufweist. 15. Toner gemaR Anspruch 1, wobsi das
Vinyl-Copolymer hergestellt wurde durch des Unterziehen elner Mo- 10
nomerzusammensetzung, die mindestens sin Styrolmonomer und einen
ungesattigtbn Dicarboxylsdure- Monoesbtr umfalt, elner
L8sungspolymerisatlon, um Bin Styrol-Copolymer zu bilden, des Auflosen des
Styrol-Copolymers in einer Monomerzusammensetzung, die mindestens ein
Styrolmonomer umfaat, um Bine polymerislerbare Zusammensetzung zu bilden,
und des Unterziehen der polymerisierbaren Zusam- 



mensetzung elner Suspensionspolymerisation. 18  16. Toner gemA1 Anspruch 1,
wobei des Firbemittel sin magnetischen Material umfal~t. 17.
TonergemrllAnspruch 16, wobei das magnetische Matsrial Bine
zahlengemittelte Teilchengr6le von 0,1 - 2 pm, Bine Koerzltivkraft (Hc) von
20 - 150 Oersted, sine SIttigfIngamagnetisierung (o.) von 50 - 200 emulg
und eine Restmagnetisierung (arj von 2 - 20 emu/g bei Anwendung von 10
Kilo-Osrated aufweist. 18. Toner gemaS Anspruch 17, wobel des magnetische
Material sine zahlengemittelte Teilchengr8Be von 0,1 - 0,5 pm aufwelst. 19.
TonergemA6 Anspruch 16, welchereinen magnetischen Toner
mitelnervolumengemittelten Teilchengr6- 25      Be von 4 - 10 pm umragt.
20. Toner gemaS Anspruch 19, wobei der magnetische Toner eine
volumengemIttelte Tellchengrage von 4 - 9 Pm aufweist. 30  21. Toner gemal
Anspruch. 19, wobei der magnetische Toner 20 - 200 Gewichtsteile des
magnetischen Ma- terials pro 100 Gewichtsteilen Harz enthalt. 22. Toner
gemAi Anspruch 19, wobel der magnetlache Toner 40 - 150 Gewichtsteile des
magnetischen Ma- terials pro 100 Gewichtstellen Harz enthalt. 35  23. Toner
gemAll Anspruch 19, wobel der magnetische Toner 12 Zahlen-% oder mehr
magnetische Toner- telichen mit siner Tellchengroge von 5 pm odor Ideiner,
33 Zahlen-% oder weniger magnetische Toner- teilchen mit einer
TeilchengrOBe von 8 - 12,7 pm und 2 Volumen-% oder weniger magnetische
Tonerteil- chen mit einer Teilchengr5Be von 16 pm oder grober umfagt 40
24. Toner gemaS Anspruch 19, wobei der magnetische Toner 12 - 60 Zahlen-%-
magnetische Tonerteilchen von 5 pm oder Idelner enthalt und der Bedingung
NNV = -0,04N+k genflgt. wobei N Bine Zahl von 12 - 60 ist und frir den
Gehalt an Tonerteilchen von 5 pm oder kleiner steht, ausgedrdckt durch
Zahlen-%, V sine Zahl ist, die fOr den Gehalt an Tonerteilchen von 5 pm
odor kisiner stsht, ausgedrulckt durch Volumen-%, und k sine Zahl von 4,5 -
6,5 ist. 45 25  Bildgebungsverfahren, umfassend: das Anordnen eines
latentbildtragenden Tells zum Halttn eines elektrostatischen Bildes darauf
und eines tonertragenden Teils zum Tragen sines magnetischen Toners mit
einem vorgeschriebenen Zwi- schenraum bei einer Entwicldungsstation; wobei
der magnetische Toner sin Bindemittelharz und sin ma- so      gnetisches
Pulver umfalt und sine volumengemitteltb Teilchengrl5e von 4 - 10 pm
aufweist, wobei das Bindemittelharz Bin Vinyl-Copolymermit einer
Siureanhydridgruppe umfalt, und das Bindemittelharz ei- nen Gesamtsauregrad
(A) von 2 - 100 mgKOH/g und sinen der Saureanhydridgruppe zuzuschreibenden
Gesamtsauregrad (B) von weniger als 6 mgKOHIg aufweist, so dae [(B)I(A)l x
100 gleich 60 % oder we- niger ist; 56            des Zufflhren des
magnetischen Toners in sinerSchicht, die auf dem tonertragenden Teil
getragen wird und auf Bine Dicke reguliert wird, die drinner als der
vorgeschdebene Zwlschenraum ist, zu der Ent- wicldungsstation; und des
Anlegen einer alternierenden Vorspannung, die flbereinanderliegend sine
Gleichstrom-Vor- 40    EP 0 427 275 B1           *   c    L  M   5  *
spannung und Bine asymmetrische Wechselstrom-Vorspannung umfait, zwischen
dem tonertragenden Tell und dem latentbildtragenden Tell bei der
Entwickiungsstation, um ein ektrisches Feld alternierender Vorspannung zu
liefern, weiches eine entwicldungsseitige Spannungskomponente und sine 



umkehrentwilcdungaseltige Spannungskomponente umfaSt, wobel die
entwickiungassitige Spannungs- 5       komponente eine GrOge gleich der
oder grBl~er als die der umkehrentwicklungsseitigen Spannungskom- ponente
sowle eine geringere Dauerals die der umkehrentwickiungsseitigen
Spannungskomponente auf- weist, so dal der magnetische Toner auf dem
tonertragenden Tell auf des latentbildtragenden Tell trans- feriert wird,
urn des elektrostatische Bild darauf be! der Entwickiungsstation zu
entwickeln. 10  26. Bildgebungsverfahren gemrlAnspruch 25, wobel die
alternierende Vorspannung Bine Frequenz von 1,0 - 5,0 KHz aufweist. 27.
Bildgebungsverfahren gemfllAnspruch 25, wobel die alternierende Vorspannung
einen Auslastungagrad von 10 - 40 % aufweist. 5  28. Bildgebungsverfahren
gemfi Anspruch 25, wobel die alternlerende Vorspannung einen Peak-zu-Peak-
Wert von 1,0 - 2,0 KV aufweist. 29. Bildgebungsverfahren gemaBAnspruch 25,
wobei die alternierende Vorspannung eine Frequenz von 1,0 - 5,0 KHz, eine
Peak-zu-Peak-Spannung von 1,0 - 2,0 KV und elnen Ausiastungegrad von 10 -
40 % auf- weist, und der magnetische Toner 12 - 80 Zahlen-% Tonertellchen
von 5 g&m oder kielner enthilt. 30. Bildgebungsverfahren gemar Anspruch 25,
wobei das latentbildtragende Tell eine fotoempfindliche Schicht aus a-Si
umfalGt. 25  31. Bildgebungsverfahren gemai& Anspruch 25, wobei der
magnetische Toner ein Toner gemrni Irgendeinern der Anspruche 2 - 24
urnfait. 32. Bildgebungs-Vorrichtung, umfassend: ein latentbildtragendes
Tell zum Halten elnes eleltrostatischen Bildes darauf, ein tonertragendes
30      Tell zum Tragen einer Schkcht elnes magnetischen Toners darauf,
einen Tonerbehalter zum Halten des magnetischen Toners, derzu dem
tonertragenden Tell gellefertwerden soil, ein tonerschichtregulierendes
Tell zurn Regulieren der magnetischen Tonerschicht auf dem tonertragenden
Tell, sowie eine Vorspannungs-Anlegeeinrichtung zumrAnlegen
eineralternierenden Vorspannung, welche Obereinander- Ilegend elne
G6eichstrom-Vorspannung und eine asymmetrische Wechselstrom-Vorspannung
umfalt, 35      zwischen dem tonertragenden Tell und dem
latentbildtragenden Tell, wobel - das latentbildtragende Tell und das
tonertragende Tell bei der Entwicklungsstation mit einem vor- geschrlebenen
Zwischenraum dazwischen angeordnet sind; die tonerschicht-regulierende
Elnrichtung angeordnet lot, um die magnetische Tonerschicht auf dem
tonertragenden Tell auf eine Dbckezu regulieren, die dfinner als
dervorgeschriebenen Zwischenraum 40      let; dermagnetische Toneremn
Bindernittelharz und ein magnetisches PulverumfaBt und elne volumen-
gemittelte PartikelgriBe von 4- 10 umn aufweist, wobel das Bindemittelharz
sin Vinyl-Copolymer miteiner Saureanhydridgruppe umfalt und das
Bindemittelharz einen Gesamtsiuregrad (A) von 2 -100 mgKOH/g und einen der
Slureanhydrldgruppe zuzuschreibenden Gesamtsauregrad (B) von unter 6
mgKOHlg auf- 45      weist, so dall [(B)/(A)] x 100 glebch 60 % oder
weniger ist; und die Vorspannungs-Anlegesinrichtung angeordnet lot, urn ein
elektrisches Feld mit alternierender Vorspannung zu liefern, welches elne
entwicldungsseitige Spannungskomponente und eine urnkehrentwickiungsseitige
Spannungskomponents umfaSt, wobei die entwicklungsseitige Spannungs-
komponentb Bine GrOge glebch zu oder grBfer ale die der
umkehrentwicidungsseitigen Spannungskom- 50      ponente sowie eine
kieinere Dauer als die der umkehrentwicldungsseitigen Spannungskomponente
auf- weist, so dal der magnetische Toner auf dem tonertragenden Tell auf
das latentbildtragende Tell trans- feriert wird, um des elektrostatische
Bild darauf be! der Entwickiungsstation zu entwickeln. 33.
Bildgebungs-Vorrichtung gemarI Anspruch 32, wobei die alternierende
Vorspannung eine Frequenz von 5s      1,0 - 5,0 KHz aufweist. 34.
Bildgebungs-Vorrichtung gemAi Anspruch 32, wobel die alternierende
Vorspannung elnen Auslastungs- 



grad von 10 - 40 % aufwelst. 41    EP 0 427 275 B1    I 1IIII IiA III lIII
11111 * c   L  H   s* 35. Bildgebungs-Vorrichtung gemall Anspruch 32, wobei
die alternierende Vorspannung einen Peak-zu-Pe- ak-Wert von 1,0 - 2,0 KV
aufwelst. 36. Bildgebungs-Vorrichtung gemAg Anspruch 32, wobei die
alternierende Vorspannung sine Frequenz von c       1,0 - 5,0 KHz, sine
Peak-zu-Peak-Spannung von 1,0 - 2,0 KV und einen Auslastungsgrad von 10 -
40 % aufweist, und der magnetiache Toner 12 - 60 Zahlen-% Tonertellchen von
5 mm oder ideiner enthalt. 37. Blldgebungs-Vorrichtung gemaS Anspruch 32,
wobel das latentbildtragende Teil sine fotoempfindliche Schicht aus a-Si
umfait. 10  38. Blldgebungs-Vorrichtung gemAM Anspruch 32, wobei der
magnetische Toner ein Toner gemEil irgendei- nem der AnsprOche 2 - 24
umfaSt. PatentansprOche fOr folgenden Vertragsstaat: ES 1  . Verwendung
eines Toner zum Entwickeln von eiektrostatischen Bildern, wobel der Toner
umfalt: sin Bindemittelharz und eln Farbemittel, wobel das Bindemittelharz
sin Vinyl-Copolymer mit einer Sau- reanhydridgruppe umfaat, und das
Bindemittelharz einen Gesamtsauregrad (A) von 2 - 100 mgKOHI/g und einen
der Slureanhydridgruppe zuzuschreibenden Gesamtsauregrad (B) von unter 6
mgKOH/g auf- 20      weist, so deS [(B)I(A)] x 100 gleich 60 % oder weniger
Ist. 2. Verwendung gemAi& Anspruch 1, wobei das Bindemittelharz einen
Gesamtsauregrad (A) von 5 - 70 mgKOH/g aufweist. 3. Verwendung gemAB
Anspruch 1, wobei das Bindemittelharz einen Gesamtsauregrad (A) von 5 - 50
25      mgKOH/g aufweist. 4. Verwendung gemAI& Anspruch 1, wobei das
Bindemittelharz eonen der Saureanhydridgruppe zuzuschrei- benden
Gesamtsauregrad (B) von 0,1 mgKOH/g odor darOber und unter 6 mgKOH/g
aufweist. 30  5. Verwendung gemal Anspruch 1, wobsi das Bindemittelharz
einen der Saureanhydridgruppe zuzuschrei- benden Gesamtsauregrad (B) von
0,5 - 5,5 mgKOH/g aufweist 6. Verwendung gemri Anspruch 1, wobei der Wert
[(B)I(A)] x 100 des Bindemittelharzes 2 - 50 % betrAgt. 35  7. Verwendung
gemAM Anspruch 1, wobel der Wert [(B)/(A)J x 100 des Bindemittelharzes 3 -
40 % betragt. 8. Verwendung gemaI Anspruch 1, wobei das Bindemittelharz sin
Gesamtsauregrad (A) von 5 - 70 mgKOH/g, ein Gesamtsauregrad (B) von 0,1
mgKOH/g oder dariiber und unter 6 mgKOH/g sowie ein Wert [(B)/(A)] x 100
von 2 - 50 % aufwebt. 40  9. Verwendung gemAPB Anspruch 1, wobei das
Bindemittelharz sin Gesamteauregrad (A) von 5- 50 mgKOH/g, sin
Gesamtsiuregrad (B) von 0,5 - 5,5 mgKOH/g sowie sin Wert [(B)/(A)] x 100
von 3 - 40 % aufweist. 10. Verwendung gemfiB Anspruch 1, wobel das
Vinyl-Copolymer sine dibasische Sauregruppe, sine dibasi- 45      ache
Slure-Monoestbrgruppe sowie sine dibasische Saureanhydridgruppe aufweist.
11. Verwendung gemaIAnspruch 1, wobei dus Vinyl-Copolymer sin
Styrol-Copolymer umfallt, welches sine Dicarboxylsaureanhydridgruppe, sine
Dicarboxyisauregruppe sowie sine Dicarboxylsaure-Monoester- gruppe aufweist
50 12. Verwendung gemilAnspruch 1, wobei dasVinyl-Copolymer mindestens sine
Styroleinheit, sine Maleln- siureeinheit, sine Maleinsnureanhydrideinheit
und eine Maleinsauremonoestereinheit aufweist. 



13. Verwendung gemFiB Anspruch 1, wobei das Vinyl-Copolymer mindestens sine
Styroleinheit, sine Acry- 55      latestereinheit, sine Maleinsaureeinheit,
sine Maleinsiureanhydridelnheit und sine Maleinsiuremono- estereinheit
aufweist 14. Verwendung gemni Anspruch 1, wobei das Vinyl-Copolymer
mindestens sine Styroleinheit, sine Metha- 42    crylateinheit, sine
Maleinsaureeinheit, sine Malsinsaureanhydrideinheit und sine
Maleinsauremonoester- einheit aufweist. 15. Verwendung gemAS Anspruch 1,
wobel das Vinyl-Copolymer hergestellt wurde durch das Unterziehen 5
einer Monomerzusammensetzung, die mindestens ein Styrolmonomer und einen
ungesattigten Dicarbo- xylsaure-Monoester umfait, einer
L6sungspolymerisation, um sin Styrol-Copolymer zu bilden, das Auf- losen
des Styrol-Copolymers in einer Monomerzusammensetzung, die mindestens ein
Styrolmonomer umfalt, um sine polymerlsierbare Zusammensetzung zu bilden,
und das Untbrzishen der polymerisier- baron Zusammensetzung elner
Suspensionspoiymerisation. 10 16. Verwendung gemAS Anspruch 1, wobei das
Farbemittel sin magnetischen Material umfaSt. 17. Verwendung gemil Anspruch
16, wobei das magnetische Material sine zahlengemitteite TeilchengrOBe von
0,1 - 2 mm, sine Koerzitivkraft (Hc) von 20 - 150 Oersted, sine
Sattigungsmagnetisierung (cr.) von 1S      50 - 200 emulg und sine
Restmagnetisierung (crr) von 2 - 20 emulg bel Anwendung von 10 Kilo-Oersted
aufwelst. 18. Verwendung gemra Anspruch 17, wobei das magnetIsche Material
sine zahlengemittelte Teilchengrdge von 0,1 - 0,5 mm aufwelst. 20  19.
Verwendung gemral Anspruch 16, welcher einen magnetischen Toner mit siner
volumengemitteltsn Teil- chengr5lie von 4 - 10 mm umfakt. 20. Verwendung
gemaP, Anspruch 19, wobei der magnetische Toner sine volumengemitteite
TelichengrOfe von 4 - 9 mm aufwelst. 25 21. VerwendunggemliAnspruch 19,
wobei dermagnetische Toner20 - 200 Gewichtsteile des magnetischen Materials
pro 100 Gewichtstailen Harz enthalt. 22. Verwendung gema6Anspruch
19,wobeldermagnetische Toner40 - 150 Gewichtsteile des magnetischen
Materials pro 100 Gewichtatsilen Harz enthilt. 23. Verwendung gemaM
Anspruch 19, wobei der magnetische Toner 12 Zahlen-% oder mehr magnetische
Tonerteilchen miteinerTeiichengr6Bevon 5mmoderkieiner,33 Zahlen-%
oderwenigermagnetischeTon- ertbilchen mit einer Telichengrole von 8 - 12,7
mm und 2 Volumen-% oder weniger magnetische Toner- 35      telichen mit
elner Teilchengr6fie von 16 mm oder gr6Ber umfapt. 24. Verwendung gemilg
Anspruch 19, wobel der magnetische Toner 12 - 80 Zahlen-% magnetische
Toner- teilchen von 5 mm oder Idelner enthilt und der Bedingung N/V =
-0,04N k genigt, wobei N sine Zahl von 12 - 60 bst und ffir den Gehalt an
Tonerteilchen von 5 mm oder idelner sasht, ausgedrflckt durch Zahlen- %, V
sine Zahl aet, die fir den Gehalt an Tonerteilchen von 5 mm oder kieiner
satht, ausgedruckt durch 40      Volumen-%, und k sine Zahl von 4,5 - 6,5
lst. 25. Bildgebungaverfahren, umfassend: das Anordnen sines
latentbildtragenden Teils zum Halton sines elektrostatischen Bildes darauf
und eines tonertragenden Teils zum Tragen sines magnetischen Toners
miteinem vorgeschriebenen Zwi- 45      schenraum bei einer
Entwicklungsstation; wobei der magnetische Toner sin Bindemittelharz und
sin ma- 



gnetisches Pulver umfa~t und sine volumengemitteits Tellchengrole von 4 -
10 mm aufweist, wobei das Bindemittelharz sin Vlnyl-Copolymermit
einerSiureanhydridgruppe umfalrt, und das Bindemittelharzei- nen
Gesamtsauregrad (A) von 2 - 100 mgKOH/g und eonen der Saureanhydridgruppe
zuzuschreibenden Gesamtsaiuregrad (B) von weniger als 6 mgKOH/g aufweist,
so daB [(B)I(A)] x 100 gleich 60 % odor we- 50      niger ist;
dasZuffihrendes magnetischen Toners in einerSchicht, die aufdem
tonertragenden Tell getragen wird und auf sine Dicke reguliert wird, die
dlinner als der vorgeschriebene Zwischenraum ist, zu der Ent-
wicklungsstation; und das Anlegen einer alternierenden Vorspannung, die
Obereinanderliegend sine Gieichstrom-Vor- 55       spannung und sine
asymmetrische Wechselstrom-Vorspannung umfast, zwischen dem tonertragenden
Teil und dem latentbildtragenden Teil bei der Entwicklungsstathon, um sin
elektrischeas Feld alternierender Vorspannung zu liefern, welches eine
entwicklungsseitlge Spannungskomponente und eine 43    EP 0 427 275
SI1l111111111 1l l11 umkehrentwicklungaseitige Spannungskomponente umfal~t,
wobel die entwicklungsseitige Spannungs- komponente elne GroBe gleich der
oder groBer als die der umkehrentwicklungsseitigen Spannungskom- ponente
sowie ine geringere Dauerals die der umkehrentwicklungsseitigen
Spannungskomponente auf- weist, so daBL der magnetische Toner auf dem
tonertragenden Tell auf das latentbildtragenden Tell trans- 5       ferlert
wird, um das elektrostatische Blid darauf bel der Entwicldungsstation zu
entwickeln. 26. Bildgebungsverfahren gemaB Anspruch 25, wobel die
alternierende Vorspannung eine Frequenz von 1,0 - 5,0 KHz aufwelst. 27.
Blldgebungsverfahren gemiBAnspruch 25, wobel die alternierende Vorspannung
oinen Auslastungagrad von 10 - 40 % aufweldt. 28. Bildgebungsverfahren
gemaB Anspruch 25, wobel die alternierende Vorspan nung eonen Peak-zu-Peak-
Wert von 1,0 - 2,0 KV aufweist. 5  29. Bildgebungaverfahren gemaB Anspruch
25, wobei die alternierende Vorspannung sine Frequenz von 1,0 - 5,0 KiHz,
eine Peak-zu-Peak-Spannung von 1,0 - 2,0 KV und oinen Auslastungsgrad von
10 - 40 % auf- weist, und der magnetische Toner 12 - 60 Zahlen-%
Tonertelichen von 5 mm oder kielner enthait. 30. Bildgebungsverfahren gemAi
Anspruch 25, wobel das latentbildtragende Tell eine fotoempfindliche 20
Schicht aus a-Si umfalt. 31. Blldgebungaverfahren gemiB Anspruch 25, wobei
der magnetische Toner ein Toner gemal irgendeinem derAnspruche 2 - 24
umfaBt. 25  32. Bildgebungs-Vorichtung, umfassend: ein latentbildtragendes
Tell zum Halten elnes elektrostatischen Bildes darauf, ein tonertragendes
Tell zum Tragen einer Schicht elnes magnetischen Toners darauf, einen
Tonerbehalter zum Halten des magnetischen Toners, derzu dem tonertragenden
Tell geliefertwerden soil, sin tonerschichtregulierendes Tell zum
Regulleren der magnetiachen Tonerschicht auf dem tonertragenden Teil, sowie
eine 30      Vorspannungs-Anlegeeinrichtung zum Anlegen einer
alternierenden Vorapannung, welche Dbereinander- liegend elne
Gleichstrom-Vorspannung und eine asymmetrische Wechselstrom-Vorapannung
umfagt, zwischen dem tonertragenden Tell und dem latentbildtmgenden Tell,
wobel das latentbildtragende Tell und das tonertragende Tell be! der
Entwicklungsstation mit einem vor- geschriebenen Zwischenraum dazwischen
angeordnet sind; 35           die tonerschicht-regullerende Einrichtung
angeordnet lot, um die magnetische Tonerschicht auf 



dem tonertragenden Tell auf eine Dickezu regulleren, die drinnerals
dervorgeschriebenen Zwischenraum let; dermagnetische Tonereln
Bindemittelharz und sin magnetiaches Pulverumfait und eine volumen-
gemittelte PartikelgroBe von 4 - 10 mm aufwelst, wobel das Bindemittelharz
ein Vinyl-Copolymer miteiner 40      Saureanhydridgruppe umfalt und das
Bindemittelharz elnen Gesamtsiuregrad (A) von 2 - 100 mgKOH/g und oinen der
Saureanhydridgruppe zuzuschreibenden Gesamtsfuregrad (B) von unter 6
mgKOHIg auf- weist, so daB l(B)I(A)] x 100 gleich 60 % oder weniger let;
und die Vorspannungs-Anlegeeinrichtung angeordnet ist, um ein elektrisches
Feld mit alternierender Vorspannung zu liefern, woiches sine
entwicklungsseitige Spannungskomponente und sine 45
umkehrentwicldungaseitige Spannungskomponente umfaBt, wobel die
entwicklungsseitige Spannungs- komponente sIne GroBe gleich zu oder groBer
als die der umkehrentwicldungsseitigen Spannungskom- ponente sowie eine
Idelnere Dauer als die der umkehrentwicldungaseltigen Spannungskomponente
auf- weist, so daB der magnetische Toner auf dem tonertragenden Tell auf
das latentbildtragende Tell transferiert wird, um 50      das
dektrostatische Bild darauf bei der Entwicklungestation zu entwickeln. 33.
Bildgebungs-Vorrchtung gemaB Anspruch 32, wobel die alternierende
Vorspannung eine Frequenz von 1,0 - 5,0 KHz aufweist. 55  34.
Bildgebungs-Vorrichtung gemaB Anspruch 32, wobel die alternierende
Vorspannung elnen Auslastungs- grad von 10 - 40 % aufwebst. 35.
Bildgebungs-Vorrichtung gemaB Anspruch 32, wobel die alternierende
Vorspannung elnen Peak-zu-Pe- .4    EP 0 427 275 B1     I       B!lL!
111111 HE11111 1i ! ak-Wert von 1,0 - 2,0 KV aufweist 36.
Bildgebungs-Vorrchtung gemAll Anspruch 32, wobel die alternierende
Vorspannung eine Frequenz von 1,0 - 5,0 KHz, eine Peak-zu-Peak-Spannung von
1,0 - 2,0 KV und elnen Auslastungsgrad von 10 - 40 % 5       aufwelst, und
der magnetische Toner 12 - 60 Zahlen-% Tonertbilchen von 5 mm oder kdeiner
enthfilt. 37. Bildgebungs-Vorrichtung gemfig Anspruch 32, wobel das
latentblildtragende Tell eine fotoompfindliche Schicht aus a-Si umfal&t.
38. Bildgebungs-Vorrichtung gemni Anspruch 32, wobel der magnetische Toner
sin Toner gemni irgendei- nem der Anspruche 2 - 24 umfakt. RevendlcatIons
15   Revendications pour lea Etats contractants sulvants: DE, GB, FR, IT,
NL 1. Toner pour le developpement d'images 6lectrostatiques, comprenant:
une resine servant de liant et un colorant, la
r6sineservantdeliantcomprenantun copolymbrevinylique ayantun groupe
anhydride d'acide et cette resine ayant un indlce d'acide total (A) de 2 a
100 mg de KOH/g et un Indice d'acide total (B) at- 20      tribuable au
groupe anhydride d'acide inferieur A 6 mg de KOH/g, de tele sorts que la
quantite [(B)/(A)] x 100 soit egale ou inferieure A 60 %. 2. Toner suivant
la revendlcation 1, dans lequel la rhsine servant de liant a un indie
d'acide total (A) de 5 A 70 mg de KOH/g. 25 3. Toner sulvant la
revendlcation 1, dans lequel la resine servant de liant a un indice d'acide
total (A) de 5 A 50 mg de KOH/g. 4. Toner suivant la revendication 1, dans
lequel la rhsino servant de liant a un Indice d'acide total (B) attri- 



30      buable au groupe anhydride d'acide egal ou superleur A 0,1 mg de
KOH/g et inferieur A 6 mg de KOH/g. 5. Toner suivant la revendication 1,
dans loquel la rhsine servant de Ilant a un indice d'acide total (B) attri-
buable au groupe anhydride d'acide de 0,5 A 5,5 mg de KOH/g. t5  6. Toner
suivant la revendication 1, dans lequel la valeur de [(B)/(A)] x 100 de la
rhsine servant de liant est de 2 a 50 %. 7. Toner suivant la revendlcation
1, dans lequel la valeur de [(B)/(A)] x 100 de la rhsine servant de liant
est de 3 A 40 %. 40  8. Toner suivant Ia rovendlication 1, dans lequel la
resine servant de liant a un indice d'acide total (A) de 5 A 70 mg de
KOH/g, un indice d'acido total (B) allant d'une valeur egale ou sup6rieure
A 0,1 mg de KOH/g A une valour inferieure A 6 kg de KOH/g et une valeur de
[(B)/(A)1 x 100 de 2 a 50 %. 9. Toner suivant la revendlcation 1, dans
lequel la rsine servant de liant a un indice d'acide total (A) de 5 45
A 50 mg de KOH/g, un indice d'acide total (B) de 0,5 A 5,5 kg de KOH/g et
une valeur de [(B)I(A)] x 100 de 3 A 40 %. 10. Toner sulvant la
revendicatlon 1, dans lequel le copolymere vinylique a un groups diacide,
un groupe mo- noestbr de diacide et un groupo anhydride de dlacide. 50 11.
Toner suivant la revendlcation 1, dans lequel le copolymere vinylique
comprend un copolymere de styrene ayant un groupe anhydrlde d'acide
dlcarboxylique, un groups acido dicarboxylique et un groups monoes- ter
d'acide di-carboxylique. 5S  12. Toner suivant la revendlcation 1, dans
lequel le copolymere vinylique a au moins un motif styrene, un motif acide
maleique, un motif anhydride d'acide malelque et un motif monoester d'acide
maleique. 13. Toner suivant la revendidatlon 1, dans lequel le copolymere
vinylique a au moins un motif styrene, un 45    EP 0 427 275 B1
I!1III! Bl 11111 111 11! B I! motif eater d'acide acrylique, un motif acids
mal6ique, un motif anhydride d'acide maleique et un motif monoester d'acide
mal6ique. 14. Toner suivant la revendication 1, dans lequel le copolymere
vinylique a au moins un motif styrene, un 5       motif methacrylate, un
motif acids mal6ique, un motif anhydride d'acide maleique et un motif
monoester d'acide maloique. 15. Toner suivant la revendication 1, dans
lequel le copolymere vinylique a 6t6 prepar6 par exposition d'une
composition de monomere comprenant au moins un monomere de styrene et un
monoester d'acide di- 10      carboxylique insature A une polymerisation en
solution pourformer un copolymore de styrene, A une dis- solution du
copolymere de styrene dans une composition de monomere comprenant au moins
un mono- mere de styrene pour former une composition polym6risable, et
exposition de la composition polym6ei- sable A une polym6risation en
suspension. 16. Toner suivant la revendication 1, dans lequel le colorant
comprend une matiere magnetique. 17. Toner suivant la revendication 16,
dans lequel la matiure magn6tique a une moyenne numerique de dia- metre des
particules de 0,1 A 2 micromotres et un champ coercitif (Ho) de 20 A 150
oersteds, une aiman- tation A saturation (aq) de 50 A 200 unites
electromagnotiques/g et une r6manence (a) de 2 A 20 unttes 20
6lectromagn6tiques/g sous application de 10 kilo-oersteds. 18. Toner
suivant la revendication 17, dans lequel la matlere magn6tique a une
moyenne numerique de dia- metre de particules de 0,1 A 0,5 micrombtre. 19.
Toner sulvant la revendication 16, qui comprend un toner magn6tlque ayant
une moyenne en volume des 



25      diametres de particules de 4 A 10 micromitres. 20. Toner suivant la
revendication 19, dans lequel le toner magnotique a une moyenne en volume
des dia- metres do particules de 4 A 9 micromitres. 21. Toner suivant la
revendication 19, dans lequel le toner magn6tique contlent 20 A 150 parties
en poids de la matiure magnetique pour 100 parties en poids de la resins.
22. Toner suivant la revendication 19, dans lequel le toner magn6tique
contient 40 A 150 parties en poids de la matiore magn6tique pour 100
parties en poids de la resine. 35  23. Toner suivant la revendication 19,
dans lequel le toner magn6tique comprend une proportion num6rique de 12 ou
plus de 12 % de particulos de toner magn6tique ayant un dlametre egal ou
inf6rieur A 5 micro- metres, une proportion numorique de 33 ou moins de 33
% de particules de toner magn6tique ayant un diamotre de 8 A 12,7
micromitres et une proportion en volume de 2 ou moins de 2 % de particules
de toner magn6tique ayant un diamitre 6gal ou sup6rieur A 16 micrometres.
40 24. Toner suivant la revendication 19, dans lequel le toner magnetique
contient une proportion num6rique de 12 A 60 % de particules de toner
magn6tique de diamitre 6gal ou Inferieur A 5 micrometres et verifie la
condition NIV = -0,04N+k ob N est un nombre de 12 A 60 d6signant la tbneur
en pourcentage numerique des particules de toner de diametre 6gal ou
inferleurA 5 mbcrombtres, V estun nombre d6signantla teneur 45      en
pourcentage en volume de particulos de toner de diamitre 6gal ou superleur
A 5 micromitres et k est un nombre de 4,5 A 6,5. 25. Proc6d6 de formation
d'image, comprenant: la miso en place d'un 6l6ment porteur d'une image
latente servant de support A une image leoc 50      trostatique et d'un
eloment portant un toner magnetique avec un intervalle prescrit A un posts
de deve- loppement; le toner magnetique comprenant une rMsine servant de
liant et une poudre magnetique et ayant une moyenne en volume des diamitres
de particules de 4 a 10 micromitres, la resine servant de liant comprenant
un copolymire vinylique ayant un groups anhydride d'acide et cetta resine
servant de liant ayant un indice d'aclde total (A) de 2 A 100 mg de KOHIg
et un indice d'acide total (B) attribuable au 55      groups anhydride
d'acide inferieura 6 mg de KOH/g do tells sorta que [(B)/(A)] x 100 ait une
valeur egale ou inferieure A 60 %; le transport du toner magnetique dana
une couche portoe sur l'element portour de toner et regle A une opaisseur
Inferieure A l'intrvalle prescrit vers le postb de developpement; et 46
EP~ ~ ~ 0 2 25          L  l. I'application d'une tension altornee de
polarisation comprenant une tension de polarisation de cou- rant continu et
une tension de polarisation de courant alternatif asymhtrique en
superposition entre l'el6- ment porteurdu toneretl'element portantl'image
latenteau postede developpement pour ureerun champ electrique de
polarisation alterneo comprenant une composante de tension du cMte du
d6veloppement 5       et une composante de tension du cot6 inverse du
developpement, la composantb de tension du c6t6 du developpement ayant une
grandeur egale ou superieure a celle de la composante de tension du cMte
in- verse du developpement et une duree infirieure A collo do la composante
de tension du c6te inverse du developpement, de manlere que Is toner
magnetique sur l'element qui le porte soit transfere A I'element porteur
d'image latent. pour developper l'image electrostatique qu'il porte, au
post. de developpement. 10 26. Procede de formation d'image suivant la
revendication 25, dans lequel la tension de polarisation alternie 



a une frequence de 1,0 A 5,0 kHz. 27. Prochdh de formation d'image suivant
la revendication 25, dans lequel la tension de polarisation alternie 15
a un taux d'utilisation de 10 A 40 %. 28. Procede de formation d'image
suivant la revendication 25, dans lequel la tension de polarisation
alternee a une valeur pic-a-plc de 1,0 A 2,0 kV. 29. Procede de formation
d'image suivant la revendication 25, dans lequel la tension de
polarilsation alternhe 20      a une frequence de 1,0 A 5,0 kHz, une
tension pic-A-pic de 1,0 A 2,0 kV et un facteur d'utilisation de 10 A 40 %
et le toner magnetique contient 12 A 60 % en nombre de particules de toner
de diametre egal ou superieur A 5 micrometres. 30. Procede de formation
d'image sulvant la revendication 25, dans lequel I'element porteur d'image
latente 25      comprend une couche photosensible de a-SI. 31. Procede de
formation d'image suivant la revendication 25, dans lequel le toner
magnetfque comprend un toner suivant l'une quelconque des revendlcations 2
A 24. 3o  32. Appareil de formation d'image comprenant: un element porteur
d'image latento servant de support A une image electrostatique, un element
de transport de toner servant A transporter une couche d'un toner ma-
gnetique, un recipient A toner servant A contenlr le toner magnhtique
devant etre fourni A I'element de transport de toner, un element regulateur
de couche de toner servant A la regulatlon de la couche de toner magnetique
sur l'element de transport du toner et un moyen servant A l'application
d'une tension de po- S5      larisation alternee comprenant une tension de
polarisatlon de courant continu et une tension de polari- sation de courant
alternatif asymetrique en superposition entre l'element de transport du
toner et l'ele- ment porteur d'image latente, I'element porteur d'image
latonte et l'element de transport du toner etant disposhs avec, entre eux,
un intervalle prescrit au poste de developpement; 40           le moyen de
regulation de la couche de toner etant dispose de maniere A regler la
couche de toner magnetique sur l'element de transport du toner selon une
epaisseur plus mince que l'intervalle prescrit; le toner magnetique
comprenant une resine servant de liant et une poudre magnetique et ayant
une moyenne en volume du diametre de particules de 4 A 10 micrombtres, la
resino servant de liant comprenant un copolymere vinyllque ayant un group.
d'anhydride d'acide et la resine servant de liant 45      ayant un indice
d'acide total (A) de 2 a 100mg de KOHIg et un indice d'acide total (B)
attribuable au groupe anhydride d'acide inferieur A 6 mg de KOH/g de
maniere que [(B)/(A)] x 100 sit une valour egale ou infe- rieure A 60 % ;
et le moyen d'application de la tension de polarisation etantdisposeafin de
creerun champ electrique de polarisation altornee comprenant une composante
de tension du *te du developpement et une compo- 5D      santo de tension
du c6te oppose du dhveloppement, la composante de tension du 06th du
developpement ayant une grandeur egale ou superieure A celle de la
composanto de tension du cote oppose du deve- loppement et une dureo
inferieure A cello de la composante de tension du cote oppose du
developpement, de manibre que le toner magnhtique sur son element de
transport solt transfere A I'element porteur d'ima- ge latento pour
developper I'lmage eiectrostatique qu'll porte au poste de developpement.
55 33. Appareil de formation d'image suivant la revendlcation 32, dans
lequel Is moyen d'application d'une ten- sion de polarisation applique une
tension de polarisation alternee ayant une frequence de 1,0 A 5,0 kHz. 47
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34. Appareil de formation d'image suivant la revendication 32, dans loquel
le moyen d'applicatlon d'une ten- slon de polarisation cree une tension de
polarisation alternee ayant un facteur d'utillsation de 10 A 40 %. 35.
Appareil de formation d'image suivant la revondication 32, dane lequel Ia
tension de polarisation altbrn6e 5       a une valour picoa-pic de 1,0 A
2,0 kV. 36. Appareil de formation d'image suivant la revendication 32, dane
loquel la tension de polarisation alternee a une fr6quenoe de 1,0 A 5,0
kHz, une tension pio-a-pic de 1,0 A 2,0 kV et un factour d'utilisation de
10 A 40 %, et le toner magndtlque contient, on proportion numerique, 12 a
60 % de particules de diambtre 10      6gal ou lnf6rieur a 5 micrometres.
37. Appareil de formation d'image suivant la revendlcation 32, dans loquel
l'element portburd'image latbnte comprend une couche photosensible de a-Si.
38. Appareil de formation d'image suivant la revendlcation 32, dans loquel
le toner magn6tique comprend un c5     toner suivant l'une quelconque des
revendications 2 A 24. Revendications pour l Etat contractant sulvant : ES
1.  Utilisation d'un toner pour le d6veloppement d'Images 6loctrostatiques,
ce toner comprenant: une rMsine servant de liant et un colorant, la r6esine
servant de liant compronant un copolymere vinylique ayant un groupo
anhydride d acide et cetto resine ayant un indice d acdde total (A) de 2 A
100 mg de KOHIg et un indice dacide total (B) attribuable au group.
anhydride d acide inf6rieur A 6 mg de KOHlg, de tolls sorts quo la quantit6
[(B)I(A)J x 100 solt 6gale ou inferleure A 80 %. 25  2. Utilisation sulvant
la revendication 1, dans laquelle la resine servant de liant a un indice
d'acide total (A) de 5 A 70 mg de KOH/g. 3.  Utilisatlon suivant la
revendlcation 1, dans laquelle la resins servant de liant a un indice d
acide total (A) de 5 A 50 mg de KOHIg. 30 4. Utilteation suivant la
revendication 1, dans laquelle la r6sine servant de liant a un Indice
d'acide total (B) attrlbuable au groups anhydride d'acide egal ou superieur
A 0,1 mg de KOHIg et infeideurb 6 mg de KOH/g. 5.  Utillbation suivant la
revendication 1, dans laquelle la resino servant de llant a un indice
d'acide total (B) 35      attribuable au groupe anhydride d'acide de 0,5 A
5,5 mg de KOH/g. 6.  Utilisatlon suivant la revendication 1, dane laquelle
la valour de [(B)I(A)] x 100 de la resine servant de liant est de 2 A 50 %.
7.  Utilisation sulvant la revendication 1, dans laquolle la valeur de
[(B)I(A)] x 100 de la resins servant de 40      liant est de 3 A 40 % 8.
Utilisation suivant la revendlcation 1, dans laquelle la resine servant de
liant a un indice d'acide total (A) de 5 A 70 mg de KOH/g, un indice
d'acide total (B) allant d'une valeur 6gale ou supdrieure a 0,1 mg de KOH/g
A une valeur Inferieure A 6 kg de KOHKg et une valour de [(By(A)] x 100 de
2 A 50 %. 45 9. Utilleation suivant la revendication 1, dans laquelle la
resins servant de liant a un indice dCacide total (A) de 5 A 50 mg de
KOH/g, un Indice d'acide total (B) de 0,5 A 5,5 kg de KOH/g et une valour
de [(B)I(A)] x 100 de 3 A 40%. so  10. Utillsation suivantla revendication
1,dans laquelle le copolymere vinylique a ungroupediacide, un groupe
monoestbr de diacide et un groups anhydride de diacide. 11. Utillsation
suivant la revendication 1, dane laquelle le copolymere vinylique comprond
un copolymbre de styrbne ayant un groups anhydride d'acide dicarboxylique,
un groups acids dicarboxylique et un groups monoester daclde
dicarboxylique. 12. Utillsation suivant la revendicatlon 1, dans laquelle
le copolymere vinylique a au molns un motif styrene, un motif acids
malhique, un motif anhydride d'aclde mal6ique et un motif monoester d'acide
maleique. 48 



13. Utilisation suivant la revendlcation 1, dane laquelle le copolymbre
vinylique a au moins un motif styrbne, un motif esterd'acie acryique, un
motif acide maleique, un motif anhydride d'acide mali6lque et un motif
Umonoesber d'acide maleiue. c   14. Utilation suivant la revendication 1,
dane laquelle Is copolymere vinylique a au moins un motif styrene, un motif
methacrylate, un motif acide maihlque, un motif anhydride d'acide maiique
et un motif monoes- ber d'acide malelque. 15 Utilbation suivant la
revendicatbn 1, dans laquelle le copolymere vinylique a et prepare par
exposition d'un composition de monomnbre compronant au moins un monombre de
styrbne et un monoester d'acide dicarboxyiique insature a une
polymbrisation en solution pour former un copolymbre de styrbne, A une
dissolution du copolymere de styrbne dans une composition de monombre
comprenant au moins un mo- nomere de styrene pour former une composition
polymerisable, et exposition de la composition polym6- risable a une
polym6risatlon en suspension. 16. Utilisation sulvant la revendication 1,
dane laquelle le colorant comprend une matiere magnetique. 17. Utilbsation
suivant la revendlcation 1, dans laquelle la matibre magnetlque a une
moyenne numerique de diamotre des particules de 0,1 A 2 micrombtres et un
champ coircitif (Hc) de 20 a 150 oersteds, une ai- mantation a saturation
(aj de 50 A 200 unitos 6lectromagnotiquosig et une remanence (a,) do 2 A 20
unit6s 6lectromagnetiqueslg sous application de 10 kilo-oersteds. 18.
Utilbation suivant la revendication 1, dana laquelle la matibre magnetique
a une moyenne num6rique de diametre de particules de 0,1 A 0,5 micrometre.
25  19. Utilisation sulvant la revendicatlon 1, qui comprend un toner
magn6tique ayant une moyenne en volume des diametres de particules de 4 A
10 micrometres. 20. Utilisation suivant la revendication 1, dane laquelle
le toner magn6tique a une moyenne en volume des diambtres de particules de
4 A 9 micrometres. 21. Utilisation suivant la revendication 1, dans
laquelle le toner magnetique contlent 20 a 200 parties in polds de la
matibre magnetique pour 100 parties on polds de la rMsine. 22. Utillsation
suivant la revendication 1, dans laquelle letonermagnetique contlent40 a
150 parties en poids ss      de la matlere magn6tique pour 100 partles en
poids de la rdsine. 23. Utilbsation suivant la revendication 1, dana
laquelle le toner magnetique comprend une proportion nume- rique de 12 ou
plus de 12 % de particules de toner magn~tique ayant un dlametre egal ou
inferieur a 5 micrombtres, une proportion numefique de 33 ou moins de 33 %
de particules de toner magnetique ayant un diametre de 8 A 12,7 micrometres
et une proportion en volume de 2 ou moins de 2 % de particules 40      de
toner magnetique ayant un diametre egal ou superieur A 16 micrombtres. 24.
Utillsation suivant la revendication 1, dans laquelle le toner magnetique
contient une proportion numbri- qui de 12 A 80 % de particules de toner
magnetique de diametre egal ou inferieur a 5 micrombtres et vorfb Isa
condition N/V = -0,04N+k oO N eat un nombre de 12 A 60 designant la teneur
en pourcentage 45      numerique des particules de toner de diambtre egal
ou Inferieur A 5 micrombtres, V est un nombre desi- gnant la teneur en
pourcentage en volume de particules de toner de diametre egal ou supefieur
A 5 mi- crometres et k est un nombre de 4,5 A 6,5. 25. Procede de formation
d'lmage, comprenant: 50           la mise en place d'un element porteur
d'une image latinte servant de support A une image eleo- trostatique et
d'un element portant un toner magnetique avic un Intervalle prescrit A un
poste de d~ve- loppement; Is toner magnetique comprenant une resine servant
de liant et une poudre magnetique et ayant une moyinne en volume des
diambtres de particules de 4 A 10 micrometres, la resine servant de 



liant comprenant un copolymere vinylique ayant un groups anhydride d'acide
et cettb resins servant de 65      liant ayant un indice d'acide total (A)
de 2 a 100 mg de KOH~g et un indice d'acide total (B) attribuable au groups
anhydride d'acide Inferieur A 6 mg de KOH/g de tile sorts que [(B)/(A)] x
100 ait une valeur egale ou inferieure A 80 %; le transport du toner
magnetique dane une couche port6e sur I'element portbur de toner et regle
49    EP O 427 275 BI          I ......  mu.. uin.     * *C  L  M  S* a une
bpaisseur Inffireure A l'intervalle prescrit vers to poste de
d6veloppement; et l'appllcation d'une tension altern6e de polarisation
comprenant une tension de polarisation de cou- rant continu et uno tension
de polarisation de courant alternatif asymetrique en superposition entre
I'ble- ment porteur du toner et I'6l6ment portant l'image latente au post.
de dbveloppement pour creer un champ 5       blectrique de polarisation
alternbe comprenant une composantb de tension du coti du developpement et
une composante de tension du c~t6 inverse du d6veloppement; la composante
de tension du cOtM du dbveloppement ayant une grandeur bgale ou supbrieure
A colls de la composante de tension du cOtM In- verse du d6veloppement at
une durbe Infirleure a cello de Is composante de tension du coto inverse du
developpement, de manibre quo la toner magn6tique sur l'olbment qul le
porte solt transf6r6 A I'b61ment 10      porteur d'image latente pour
d6velopper l'lmage Mlectrostatique qu'll porte, au post. de d6veloppement.
26. Procdd6 de formation d'lmage suivant la revendication 25, dans lequel
la tension de polarisation altern6e a une frbquence de 1,0 a 5,0 kHz. 16
27. Promcd6 de formation d'image sulvant la revendication 25, dans lequel
la tension de polarisation altornie a un taux d'utilisatlon de 10 A 40 %.
28. Procedb de formation d'image suivant la revendicatlon 25, dans lequel
la tension de polarisation alternbs a une valour pic-a-plc de 1,0 A 2,0 kV.
20  29. Procedb de formation d'lmage sulvant la rovendication 25, dans
loquel la tension de polarisation altbrn6e a une fr6quence de 1,0 A 5,0
kHz, une tension pic-a-pic de 1,0 a 2,0 kV et un factbur d'utilisation de
10 A 40 % et le toner magndtique contient 12 A 60 % en nombre de particules
de toner de diametre 6gal ou supbrieur A 5 micrombtres. 25  30. Proc6db de
formation d'image suivant la revendication 25, dans loquel I'6lbment
portour d'image latente comprend une couche photosensible de a-Si. 31.
Procbd6 de formation d'image sulvant la revendication 25, dans lequel le
toner magnetique comprend un toner suivant l'une quelconque des
revendications 2 A 24. 32. Apparell de formation d'image comprenant: un
6ilmont porteurd'image latonte servant de support a une image
6eectrostatique, un 6lement de transport de toner servant A transporter une
couche d'un tonerma- gn6tique, un rhciplent A toner servant A contonir le
toner magn6tique devant etre fourni A l'e6lment de transport de toner, un
b61ment rbgulateur de couche de toner servant A la rbgulation de la couche
de toner 35      magnitique sur I'element de transport du toner et un moyen
servant A I'appllcation d'une tension de po- larisation altorn6o comprenant
une tension de polarisation de courant continu et une tension de polari-
sation de courant alternatif asym6trique en superposition entre I'Mihment
de transport du toner et I'616- ment porteur d'image latente, 1'616ment
porteur d'image latonte et l'olbment de transport du toner etant dispos6s
avec, entre eux, 40      un Intervalle prescrit au post. de developpement;
le moyen de rbgulation de la couche de toner 6tant dispos6 de manibre A
rbgler la couche de toner 



magn6tique sur l'bloment de transport du toner selon une bpaisseur plus
mince quo l'intervalle prescrit; le toner magnbtique comprenant une rbsine
servant de liant ot une poudre magnetique et ayant une moyenne en volume du
diametre de particules de 4 a 10 micrombtres, la rbsino servant de liant 45
compronant un copolymbre vinylique ayant un groups d'anhydride d'acide et
la rbsine servant de liant ayant un indice d'acdde total (A) de 2 a 100 mg
de KO-/g etun indiced'acide total (B) attribuable au groupe anhydride
d'acide inffrieur a 6 mg de KOH/g de manibre que [(B)I(A)J x 100 sit une
valeur bgale ou infb- rieure A 60 % ; et le moyen d'application de la
tension de polarisation 6tant dispos6 af in de cr6er un champ 6lectrique 60
de polarisation altern6e comprenant une composantb de tension du cMtb du
d6veloppement et une compo- santo de tension du cotb oppos6 du
d6veloppement, la composantb de tension du cOte du d6veloppement ayant une
grandeur 6gale ou supbrieure a cello de la composantb de tension du cOt6
opposb du deve- loppement etune durbe infbrieure A cello de la composante
de tension du obtb opposb du dbveloppement, de maniore quo le toner
magnetique sur son olbmentde transportsoit transf~r6 A I'616ment
portburd'ima- 55      go latente pour developper I'image 6lectrostatique
qu'il ports au posts de dbveloppemont. 33. Apparell de formation d'image
suivant la revendication 32, dans lequel le moyen d'application d'une ton-
sion de polarisation applique une tension de polarisation altern6b ayant
une frequence de 1,0 A 5,0 kHz. 50    EP0427275B13I 111111    M
l! I! 34. Appareil de formation d'image suivant la revendication 32, dans
lequel Is moyen d'applbcation d'une ten- sion de polarisation cree une
tension de polarisation alternee ayant un facteur d'utilisation de 10 A 40
%. 35. Appareil de formation d'lmage sulvant la revendication 32, dans
loquel la tbnsion de polarisation altornee 5       a une valeur plo-a-pic
de 1,0 A 2,0 kV. 36. Appareil de formation d'lmage sulvant la revendication
32, dans lequel la tension de polarisation altbrn6e a une fr6quence de 1,0
a 5,0 kHz, une tension plc-A-pic de 1,0 A 2,0 kV et un factour
d'utiliaation de 10 a 40 %, et Is toner magnetique contbent, en proportion
num6rique, 12 A 60 % de particules de diambtre 10      6gal ou inferieur a
5 micrombtres. 37. Apparell de formation d'lmage sulvant la revendication
32, dans lequel I'6l6ment porteur dimage latento comprend une couche
photosensible de a-SL 38. Appareil de formation d'image suivant la
revendication 32, dans lequel le toner magn6tique comprend un 15     toner
suivant lune quelconque des revendications 2 a 24. i~  20 25 30 35 40 45 50
55 51    




