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The present invention relates fo a toner for developing electrostatic images used in image forming

methods such as electrophotography and a process for production thereof, particularly a toner which has
5 been improved in respects of hot roller-fixability and developing performances for electrophotographic
images and a process for production thereof. )

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 latent image is formed on a photosensitive member comprising a photoconductive material by

10 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. The residual toner on the photosensitive member
without being transferred is cleaned by various methods, and then the above steps are repeated.

_n recent years, such an electrophotographic image forming apparatus has been used not only as a

15 copying machine for office work but also as a digital printer as an outputting means for a computer and a
facsimile machine and also a graphic copier or printer for producing graphic copies of high definition. '

Among the performances required of a toner for a digital printer or a copier for high definition images,
fixability and developing reproducibility of thin line images is raised as an imporiant one.

As for the fixing step, various methods and apparatus have been developed, of which the most popular

20 one is a heating and pressing fixation system using hot rollers.

In the heating and pressing system, a shest 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 method, as the hot roller surface and the toner image on the fixation sheet contact each other

25 under a pressure, a very good heat efficiency is attained for meli-fixing the toner image onto the fixation
sheet to afford quick fixation, so that the method is very effective in a high-speed slectrophotographic
copying machine. In this method, however, a toner image in a melted state is caused to contact a hot roller
surface under pressure, so that there is observed a so-called offset phenomenon that a part of the toner
image is attached and transferred to the hot roller surface and then transferred back to the fixation sheet to

so stain the fixation sheet. It has been regarded as one of the important conditions in the hot roller fixation
system to prevent the toner from sticking to the hot roller surface.

_On the other hand, in a latent image for a high definition image part, electric lines of force are
concentrated at a boundary between an exposed part and a non-exposed part to provide an apparent local
increase in surface potential. Particularly in a digital printer, a latent image is composed of ON-OFF binary

35 picture elements to cause an intensive concentration of eleciric lines of force at the boundary between an
exposed part and a non-exposed part, so that the amount of toner attached to a unit area of a latent line
image composed of picture elements in the development step is larger than that for constituting an ordinary
analog image. Accordingly, in the fixation of such an image, a toner having further better fixing and anti-
offset characteristics is required at present.

40 printer is generally used to provide 3 - 5 times as many copies as prepared by a copying machine of
the same level and requires a toner having further bstier fixing and anti-offset performances.

As for the improvement of the binder resin for a toner, a toner using a crosslinked polymer as the
binder resin has been proposed, e.g., in Japanese Patent Publication JP-B 51-23854. Such a toner using a
crosslinked polymer shows improved anti-offset characteristic and anti-winding characteristic but is caused

45 to have an increased fixing temperature as the degree of crosslinking is increased. Accordingly, it is difficult
to have a toner showing a low fixing temperature, good anti-offset and anti-winding characteristic and also
good fixability. In order to improve the fixability, it is generally required to use a lower molscular-weight
binder resin having a lower softening point. This is coniradictory to an improvement in anti-offset
characteristic. Further, a lowering in glass transition point for providing a low softening point leads to an

50 undesirable phenomenon of toner blocking during storage.

/Further, as a toner comprising a low-molecular weight polymer and a crosslinked polymer, JP-A 58-
86558 for example has proposed a toner comprising a low-molecular weight polymer and a non-fusible
polymer as principal resin components. According to the teaching, the fixability actually tends to be
improved, but it is difficult to satisfy the fixability and the anti-offset characteristic at high performances

56 because the weight-average molecular weight/number-average molecular weight ratio (Mw/Mn) is as low as
3.5 or below and the non-fusible polymer content is as much as 40 - 90 wt. %. Actually, it has been very
dificult to provide a toner with sufficient fixability and anti-offset characteristic unless it is used in a fixing
device equipped with a means for supplying an offset-preventing liquid.
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5 AP-A 56-16144 has proposed a toner comprising a binder resin having at least a maximum in each of
the molecular weight ranges of 103 - 8x10* and 105 - 2x10° in the molecular weight distribution according
to GPC (gel permeation chromatography). The toner exhibits excellent performances in respects of
pulverizability, anti-offset characteristic, fixability, anti-filming or anti-melting characteristic on a photosen-
sitive member and image forming characteristic but further improvement in anti-offset characteristic and

10 fixability is desired. Particularly, it is desired to further improve the fixability while maintaining or even
improving the other performances so as to meet strict demands in these days.

the other hand, as for physical properties required of a toner, several proposals have been made
with respect to binder resins including: crosslinking by reaction of a polymer comprising a carboxylic acid
with a metal compound (JP-A 57-178249, JP-A 57-178260, etc.) and reaction of a binder comprising a vinyl

15 monomer and a specific half-ester compound as essential composition units with a polyvalent metal
compound to cause crosslinking with the metal (JP-A 61-110155, JP-A 61-110156).

_Further, JP-A 63-214760, JP-A 63-217362, JP-A 63-217363 and JP-A 63-217364 disclose reaction of a
polymer having a molecular weight distribution including two portions of a low-molecular weight portion and
a high-molecular weight portion with the low-molecular weight portion including a carboxyl group and a

20 polyvalent metal ion to cause crosslinking (more specifically adding a liquid dispersion of a metal
compound into a solution after solution polymerization, followed by heating for the reaction). In any method,
however, the reaction between the binder resin and the metal compound or the dispersion of the metal
compound in the binder resin is not sufficient, so that the physical properties required of a toner,
particularly the fixing characteristic and the anti-offset characteristic, are not satisfied. Further, as the metal

25 compound in a large amount is formulated with the binder resin, the metal compound can show a catalytic
action to the binder resin depending on the condition to cause gellation of the binder resin. Accordingly, it is
difficult to determine the production condition for formulating the metal compound to obtain a desired toner.
Even if the production conditions are determined, it is difficult to produce a toner with a good reproduc-
ibility.

30 Even if a binder resin contains a carboxyl group capable of reacting with a metal compound, its
crosslinking reactivity is weak if the carboxyl group is in the form of an anhydride structure (i.e., a closed
ring structure). As a result, the crosslinking intensity becomes insufficient, thus failing to provide satisfactory
anti-offset characteristic and fixability.

Further, JP-A 63-216063 proposes the combination of ionic crosslinking with a metal in the binder resin

35 and an offset-preventing agent, and JP-A 62-280757 proposes reaction of an acid anhydride group and a
cationic component to form a polar functional group in the binder resin to improve the charging characteris-
tic of a toner. It is however still difficult by these methods to provide a toner with all required properties,
such as anti-offset characteristic, fixability and developing characteristic.

JP-A 59-214860 proposes a toner comprising a resin having a specific range of viscoelasticity for

40 improvement in fixing characteristic and anti-offset characteristic. This toner shows some effect in respect of
anti-offset characteristic, the combination of a low-temperature fixability and the anti-offset characteristic has
not been fully satisfactory because of too high elasticity and viscosity and too high a frequency-dependence
thereof.

JP-A 63-223662 dlscloses a binder resin having a THF-insoluble content of 10 - 60 parts and a THF-

45 soluble content showing two peaks in its molecular weight distribution for improved anti-offset characteristic.
However, further improved low-temperature fixability, anti-blocking characteristic and anti-offset characteris-
tic are desired so as to be applicable to both high-speed and low-speed image forming apparatus.

As described above, it is very difficult to realize high performances in respects of both fixing
performances (low-temperature fixability and anti-offset characteristic) and pulverizability. In particular, the

60 pulverizability in toner production is an important factor in view of a direction of recent demands for a
smaller toner size so to realize high quality, high resolution and excellent thin-line reproducibility. The
improvement in pulverizability is also important in respect of economization of energy consumption as the
pulverization step requires a very high energy.

h/l-(s another aspect, a cleaning step is involved in a copying cycle so as to remove a toner on a

s5 photosensitive member after a transfer step in another copying cycle. Nowadays, it is ordinary to adopt a

blade cleaning system so as to provide a compact and light apparatus and in view of its reliability. Along

with achievement of a photosensitive member with an extended life, a photosensitive drum with a smaller
diameter and a high speed system, anti-sticking and anti-filming properties against a photosensitive
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member are strictly demanded of the toner. Particularly, an amorphous silicon photosensntlve member
recently developed has a high durability and an OPC (organic photoconductor) photosensitive member is
also provided with an extended life, so that higher performances are required of the toner accordingly.
n order to provide a compact apparatus, it is necessary to adequately dispose various parts in narrow
s space. Accordingly, little space is left for passing cooling air and a heat-generating source such as a fixer is
disposed closer to a toner hopper and a cleaner, so that the toner tends to be exposed to a high
temperature atmosphere. For this reason, a toner cannot be practically used unless it has excellent anti-
blocking characteristic.

Along with the decreases in size and weight of the apparatus, the fixing roller is required to have a

10 smaller diameter and exert a lower pressure. Further, there has been desired a toner which does not cause
roller staining but has a sufficient anti-offset characteristic even in case of using a fixing roller cleaning
member.

JP-A 1-172843 and JP-A 1-172844 have proposed toners which have peaks in molecular weight ranges
of 3x10° - 5x10® and 1.5x10° - 2.0x10° and have a peak area percentage of 40 - 60 % in a molecular

15 weight region of 1.5x10° - 2x105 or a gel content of 1 - 10 %. However, a further improvement has been
desired.

Several proposals have been made regarding use of toners having a small particle size for the purpose
of providing high-quality images, this tends to be disadvantageous in respect of productivity, fixing
performance and anti-offset characteristic. A binder resin and a toner solving the problem have been also

20 desired.
/'As has been described above, various performances required of a toner are mutually contradictory in
many cases, and it has been also required to satisfy them in combination at high levels in recent years.

SUMMARY OF THE INVENTION

25

An object of the present invention is to provide a toner having solved the above-mentioned problems
and a process for production thereof.

An object of the present invention is to provide a toner which can be fixed at a low temperature and
does not cause melt-sticking or filming onto a toner-carrying member or a photosensitive member in a long

30 period of use, and a process for production thereof.

An object of the present invention is to provide a toner which can be fixed at a low temperature and is
excelient in anti-blocking characteristic, thus being able to be used in a high temperature atmosphere of a
small-size apparatus, and a process for production thereof.

An object of the present invention is to provide a toner which results in little coarse powder at the time

35 of producing toner particles because of good pulverizability and causes little scattering around a toner
image during development, thus being capable of stably providing good developed images, and a process
for production thereof.

/An object of the present invention is to provide a small particle size toner capable of forming high-
quality images, and a process for production thereof.

40 A further object of the present invention is to provide a toner which is excellent in anti-blocking
characteristic and free from agglomeration in circulation and storage, thus being excellent in storability, and
a process for production thereof.

According to the present invention, there is provided a toner for developing an electrostatic imagse,
comprising: a binder resin and a colorant, wherein the binder resin shows a molecular weight distribution on

45 a GPC chromatogram of its teirahydrofuran (THF)-soluble resin content including at least 15 % and below
35 % of a resin component in a molecular weight region of at most 5000 and at least 3 wt. % of a resin
component in a molecular weight region of at least 10° and showing a main peak in a molecular weight
region of 5000 to 5x10%, and the binder resin has an acid value of 2 - 100 mg KOH/g.

According to another aspect of the present invention, there is provided a process for producing a toner,

50 comprising:

pnixing a resin composition, a colorant and an organic metal compound to obtain a mixture, the resin
composition containing a crosslinkage formed wnth a crosslinking agent having at least two vinyl groups and
a carboxyt group;

“ heating said mixture;

§6 . meli-kneading the heated mixture while exerting a shearing force to the mixture, so as to sever
molecular chains of a high molecular weight component in the resin composition under the action of the
shearing force and form an electrostatic linkage between the carboxylic group and the organic metal
compound or a metal ion in the organic metal compound under heating;
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the toner comprlsmg a binder resin and a colorant; wherein the binder resin shows a molecular weight
s distribution on 2 GPC chromatogram of its tetrahydrofuran (THF)-soluble resin content including at least 15
% and below 35 % of a resin component in a molecular weight region of at most 5000 and at least 3 wt. %
of a resin component in a molecular weight region of at least 5x10° and showing a main peak in a
molecular weight region of 5000 to 105, and the binder resin has an acid value of 2 - 100 mg KOH/g.
These and other objects, features and advantages of the present invention will become more apparent
10 upon a consideration of the following description of the preferred embodiments of the present invention
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 is a GPC (gel permeation chromatography) chromatogram of a resin composition A.
Figure 2 is a GPC chromatogram of a resin composition obtained by kneading the resin composition A.
Figure 3 is a GPC chromatogram of a resin composition obtained by kneading the resin composition A
and an organic metal compound.

20 DETAILED DESCRIPTION OF THE INVENTION

First of all, the binder resin used in the toner of the present invention will be described.

The molecular weight distribution of the THF (tetrahydrofuran)-soluble content of a binder resin or other
resins used in the present invention may be measured based on a chromatogram obtained by GPC (gel

25 permeation chromatography) in the following manner.
GPC sample is prepared as follows.

A resinous sample is placed in THF and left standing for several hours {e.g., 5 - 6 hours). Then, the
mixture is sufficiently shaked until a lump of the resinous sample disappears and then further left standing
for more than 12 hours (e.g., 24 hours) at room temperature. In this instance, a total time of from the mixing

30 of the sample with THF to the completion of the standing in THF is taken for at least 24 hours {(e.g., 24 - 30
hours). Thereafter, the mixture is caused to pass through a sample treating filter having a pore size of 0.45 -
0.5 micron (e.g., "Maishoridisk H-25-5", available from Toso K.K.; and "Ekikurodisk 26CR", available from
German Science Japan K.K.) to recover the filirate as a GPC sample. The sample concentration is adjusted
to provide a resin concentration within the range of 0.5 - 5 mg/ml.

ss 7 The binder resin contained in the toner of the present invention may preferably have a THF-insoluble
resin content, as recovered by the above filter freatment, of at most 10 wt. %, further preferably at most 5
wt. % most preferably substantially zero, as measured at a concentration of 5 mg/ml at room temperature,
s0 as to exhibit the effect of the present invention.

In the GPC apparatus, a column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (THF) solvent

40 is caused to flow through the column at that temperature at a rate of 1 mi/min., and about 100 ul of a GPC
sample solution is injected. The identification of sample molecular weight and its molecular weight
distribution is performed based on a calibration curve obtained by using several monodisperse polystyrene
samples and having a logarithmic scale of molecular weight versus count number. The standard polysty-
rene samples for preparation of a calibration curve may be those having molecular weightis in the range of

45 about 10 to 107 available from, e.g., Toso K.K. or Showa Denko K.K. It is appropriate to use at least 10
standard polystyrene samples. The detector may be an RI (refractive index) detector. For accurate
measurement, it is appropriate to constitute the column as a combination of several commercially available
polystyrene gel columns. A preferred example thereof may be a combination of Shodex KF-801, 802, 803,
804, 805, 806, 807 and 800P; or a combination of TSK gel G1000H (Hx), G2000H (Hxi), G3000H (Hx),

50 ,GﬂOOOH (Hx.),G5000H (Hx), GEOOOH (Hx.), G7000H (Hx.) and TSK guardcolumn available from Toso K.K.

The contents of a component having a molecular weight of 5000 or below and a component having a
molecular weight of 5x10° or above on a GPC chromatogram measured by calculating ratios of the
integrated values of a molecular weight region of 5000 or below and a molecular weight region of 5x10° or
above, respectively, to the integrated value of the entire molecular weight region of a sample resin.

55 Aliernatively, it is possible to measure the content of a component having a molecular weight of 5000 or
below (or 5x10% or above) by cutting out a GPC chromatogram of the corresponding molecular weight
region and a calculating a ratio of the weight thereof to that of a GPC chromatogram covermg the entire
molecular weight region.
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preferably 18 - 32 %, of a resin component having a molecular weight of at most 5000 in terms of
molecular weight distribution based on the GPC chromatogram so as to provide an improved anti-blocking
characteristic.

By containing 15 % to below 35 % of a resin component having a molecular weight of at most 5000,
the toner binder resin prevents excessive pulverization to suppress occurrence of ultra-fine powder and
coarse powder and increase the production efficiency at the time of toner production, and further provides a
toner showing good developing characteristic.

the resin component having a molecular weight of at most 5000 is contained in 35 % or more, there
are observed tendencies that melt-sticking or filming of the toner onto a toner-carrying member
(development sleeve) having a diameter of at most 20 mm and a photosensitive drum having a diameter of
at most 50 mm is pronounced in a small-size apparatus, and the storability of the toner becomes worse.

The resin component having a molecular weight of at most 5000 is liable to have a glass transition point
(Tg) showing a noticeable molecular weight-dependence. Accordingly, if the resin component is contained
in excess of 35 %, the binder resin is caused to show a thermal behavior as if it has a lower Tg than its
ordinarily measured Tg and is liable to cause melt-sticking and filming.

The resin component having a molecular weight of at most 5000 has a functions of providing a melt-
kneaded product with a particularly improved pulverizability at the time of toner production but provides an
excessive pulverizability in production of a toner having a volume-average particle size of 4 - 8 microns to
result in much ultra-fine powder and a lower classification efficiency if it is contained in excess of 35 %. A
toner containing insufficiently classified ultra-fine powder is caused to have a gradually increased content of
such ulira-fine powder through repetition of toner replenishment, and the increased ultra-fine powder is
attached to a triboelectric toner-charging member due to an electrostatic force to hinder the triboelectric
charging of the toner, thus causing a lowering in image density and fog. For a toner of a small particle size
having an increased specific surface area, it is necessary to improve the toner binder resin in order to
mai}tain the fixability and anti-offset characteristic.

The toner binder resin used in the present invention is characterized by containing a resin component
having a molecular weight of at least 5x10° in a proportion of at least 3 %, preferably 3 - 20 %, particularly
preferably 3 - 10 %. The resin component having a molecular weight of at least 5x10° shows excellent
releasability and appropriately suppresses the fluidity of the toner at a high temperature, so that the
component effectively functions to improve the anti-offset characteristic.

If the resin component having a molecular weight of at least 5x10° is below 3 %, the anti-offset
characteristic is liable to be insufficient. In excess of 20 %, the toner cannot be readily deformed on melting
to disfavor the fixing, and also the component in a suitable molecular weight region for fixing is relatively
decreased to again disfavor the improvement in fixability.

As a conventional technique, it has been known to incorporate in a binder resin a gel component (i.e., a
component which cannot pass a screen of 80 mesh or 200 mesh when the binder resin is dissolved or
dispersed in toluéne because of a dense crosslinked network structure or large molecular weight) so as to
provide the toner with a rubber elasticity. The resin component having a molecular weight of at least 5x10°
used in the present invention has a larger crosslinked network structure and less crosslinkage than such a
gel component, so that the polymer molecules are in a rather mobile state and do not excessively resist the
deformation of the toner or hinder the fixation.

It is preferred that a resin component having a molecular wsight in the range of 105 to 5x10° is at most
35 %, particularly 10 - 30 %<

The component in this molecular weight region functions as a component effective for improving the
anti-offset characteristic resisting a high-temperature offset (toner sticking onto fixing rollers at a high
temperature). The resin component having a molecular weight in the range of 10° to 5x10° principally
functions as a component linking a medium molecular weight component and the ultra-high molecular
weight component having a molecular weight of at least 5x10% and functions to uniformize the anti-offset
component and the fixing component in the binder resin and aid the dispersion of internal additives to the
toner, such as a colorant and a charge control agent in the toner.

The binder resin of the present invention is characterized by showing a main peak (the highest peak) in
a molecular weight region of 5000 to 105, particularly in a region of 10* to 5 x 10%.

In case where there are several peaks, it is also preferred that a sub-peak having a height which is a
half or more of that of the main peak is in the molecular weight range of 5000 - 10°.
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A component having a molecular weight of at most 10* functions as a component for improving the
pulverizability of a toner material at the time of toner production, and the component in the molecular weight
region of 5000 - 10° is a component for improving the fixability of the toner.

in order to incorporate these components in the binder resin in a large proportion and in a good
balance, the binder resin is required to show a main peak in the above-mentioned molecular weight region.
As a result, it is possible to attain a good pulverizability of the toner material in toner production and also a
good fixability of the toner. So as to be a measure component, the component in the molscular weight
region of 5000 to 105 may preferably be contained in a proportion of at least 40 %, further preferably at
least 45 %. It is also a preferred mode that a single peak in this region is present in the region of 10* to 5 x
10*.

/% the main peak is at a molecular weigh of below 5000, the same difficulties as in the abovementioned
case of the component having a molecular weight of at most 5000 being 35 % or more are encountered. If
the main peak is present at a molecular weight in excess of 10°, it becomes impossible to attain a sufficient
fixability and pulverizability. As the molecular weight giving the main peak exceeds about 5x1 0%, the
pulverizability of the toner material begins to be gradually lowered.

As a method of obtaining a vinyl polymer satisfying the characteristic features of the present invention,
it is possible to obtain a vinyl copolymer by using a vinyl monomer having an acid group, such as a

_ dicarboxylic acid, a dicarboxylic anhydride or a dicarboxylic acid monoester with another vinyl monomer

and subjecting the monomers to bulk polymerization or solution polymerization. In the solution polymeriza-
tion, it is possible to convert a part of the dicarboxylic acid groups or dicarboxylic acid monoester groups in
the vinyl copolymer into anhydride groups by adjusting the conditions for distilling off the solvent after the
polymerization. It is also possible to further convert such dicarboxylic acid group and dicarboxylic acid
monoester group into anhydride groups by heat-treating the viny! copolymer obtained by the bulk
polymerization or solution polymerization. A part of such anhydride groups can be reacted with a compound
such as an alcohol to be esterified.

/Reversely. it is also possible to convert a part of such anhydride groups by ring-opening through
hydrolysis of the vinyl copolymer obtained above into dicarboxylic acid groups.

/On the other hand, dicarboxylic acid monoester groups of a vinyl copolymer obtained by suspension
polymerization or emulsion polymerization using a vinyl monomer including such a dicarboxylic acid
monoester group into anhydride groups by heat-treatment or into dicarboxylic acid groups by hydrolysis. If
such a vinyl copolymer obtained by bulk polymerization or solution polymerization is dissolved in a vinyl
monomer and the resultant mixture is subjected to suspension polymerization or emulsion polymerization, a
part of the anhydride groups can cause ring-opening to leave dicarboxylic acid groups in the polymer. In
this instance, it is possible to mix another resin in the vinyl monomer. The resuliant resin can be treated by
heating, weak alkaline water or an alcohol for anhydrization, ring-opening or esterification.

_A vinyl monomer having a dicarboxylic acid group and a vinyl monomer having a dicarboxylic
anhydride group have a strong tendency to form an alternating copolymer. For this reason, in order to
obtain a vinyl copolymer containing functional groups, such as anhydride groups or dicarboxylic acid
groups, at random therein, the following method may be adopted as a suitable measure. That is, a vinyl
copolymer is obtained through solution polymerization by using a vinyl monomer having a dicarboxylic acid
monosster group and another vinyl monomer, and a solution of the vinyl copolymer in a vinyl monomer is
subjected to suspension polymerization to obtain a binder resin. In this method, it is possible to anhydrize
the dicarboxylic monoester part through de-alcohol cyclization by controlling the conditions for distilling-off
of the solvent after the solution polymerization to obtain a vinyl copolymer having anhydride groups.

hen, at the time of the suspension polymerization, the anhydride groups cause ring-opening through
hydrolysis to provide a vinyl copolymer having dicarboxylic acid groups.

The formation or extinction of an ahydride group in a polymer may be confirmed by an IR analysis
because an anhydride group provides an IR absorption peak which has been shifted from those of the
corresponding acid group and ester group toward a higher wave number side.

The binder resin used in the present invention has an acid value measured according to JIS K-0070
(herefnafter referred to as "JIS acid value” or simply as "acid value”) of 2 - 100 mgKOH/g, preferably 5 - 70
mgKOH/g. If the acid value is below 2 mgKOH/g, re-crosslinking as described hereinafter cannot be
sufficiently caused. If the acid value exceeds 100 mgKOH/g, it becomes difficult to effect the toner charge
control, thus being liable to cause a fluctuation in developing characteristic depending on environmental
conditions. It is preferred that an acid value attributable to the acid anhydride group is at most 10 mgKOH/g,
further preferably below 6 mgKOH/g. If the acid value attributable to the acid anhydride group exceeds 10
mgKOH/g, vigorous re-crosslinking is caused to be liable to result in excessive crosslinkage and deteriora-
tion in fixability due to hindrance of movement of polymer molecule chains. Further, the control of the

7
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7 If the resin component having molecular weight of at least 5x10° has an acid value, the polar group
providing the acid group in the polymer chain can form a weak bond due to affinity given by a hydrogen
bond with polar groups in magnetic material, pigment and/or dye internally added to the toner, it becomes
- possible to compatibly satisfy the anti-offset characteristic and fixability of the toner. If the acid anhyde
group is contained excessively, the crosslinking is promoted to provide an insoluble content which cannot

70 pass through the filter for preparing a GPC sample solution and thus cannot be observed on a GPC
chromatogram.

The acid Value attributable to an acid anhydride group may for example be measure by combining the
JIS acid value measurement and the acid value measurement through hydrolysis (total acid value
measurement).

15  For example, the JIS acid value measurement provides an acid value of an acid anhydride which is
about 50 % of the theorstical value (based on an assumption that a mol of an acid anhydride provides an
acid value identical to the corresponding dicarboxylic acid).

On the other hand, the total acid value measurement provides an acid value which is almost identical to
the theoretical value. Accordingly, the differonce between the total acid value and the JIS acid value is

20 almost 50 % for an acid anhydride. Thus, the acid value attributable to an acid anhydride group per g of a
resin can be obtained by doubling the difference between the total acid value and the JIS acid value of the

resin
Tﬁe method of the JIS acid value measurement is explained hereinbslow.
2 - 10 g of a sample resin is weighed and placed in a 200 to 300 mi-Erlenmeyer flask, and an
25 ethanol/benzene (= 1/2) mixture is added thereto to dissolve the resin. If the resin is not readily dissolved,
a small amount of acetone may be added. The resultant solution is titrated with a preliminarily standardized
N/10 KOH/alcohol solution with phenolphthalein as the indicator. The acid value is calculated from the
consumption of the KOH/alcohol solution based on the following equation:

30 Acid value = vol (ml) of KOH/alcohol x N x §6.1/sample weight,

wherein N denotes the factor of the N/10 KOH/alcohol solution.

The total acid value of a binder resin used herein is measured 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

85 dimethylaminopyridine and 3.5 ml of water are added thereto, foliowed by 4 hours of heat refluxing. After
cooling, the resultant solution is titrated with 1/10 N-KOH solution in THF (tetrahydrofuran) to neutrality with
phenolphthalsin as the indicator to measure the acid value, which is a total acid value (B).

/fhe above-mentioned 1/10 N-KOH solution in THF is prepared as follows. First, 1.6 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
40 stirring. After standing, 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.

The binder resin used in the present invention may for example be prepared in following manner.

A polymer or copolymer (A-1) having a main peak in a molecular weight region of 2000 - 2x10* is
45 prepared through solution polymerization, bulk polymerization, suspension polymerization, emulsion poly-
merization, block copolymerization or graft polymerization.

Then, the polymer or copolymer (A-1) is dissolved in a polymerizable monomer mixture containing 0.5 -
20 wt. %, preferably 1 - 15 wt. %, of a carboxyl group-containing vinyl monomer, followed by suspension
polymerization to prepare a polymer or copolymer (B-1) which shows a main peak in a molecular weight

50 region of 5000 - 10° on a GPC chromatogram but can contain a gel content (THF-insoluble).

The polymer or copolymer is melt-kneaded together with a metal-containing compound reactive with
the carboxyl group in the polymer or copolymer under the action of a shearing force so as to sever a highly
crosslinked polymer portion in the resin and cause a reaction with the metal-containing compound for re-
crosslinking to provide a molecular weight distribution characteristic to the present invention. This process

s5 may be performed simultaneously at the time of toner production and thus the melt-kneading can be
performed in the presence of a magnetic material or colorant. It is possible to effectively cause the re-
crosslinking under the action of a heat evolved due to the severance of the polymer network.

In the case of severance of the highly crosslinked polymer component during melt-kneading, the

8
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c Jf 'R extruder is used for example and an axial arrangement suitable for applying a shear force is
5 adopted and operated at a relatively low set temperature, a high shearing force is applied to the mixture
when the mixture passes through the kneading section to sever the polymer network and then cause the re-
crosslinking by reaction of the resin with the metal-containing compound while the mixture is discharged

and cooled.
GPC chromatogram (chart) of a resin composition A used in Example 1 appearing hereinafter is

70 reproduced hersin as Figure 1. The resin composition contains a THF-insoluble content which is removed
by a filter when a GPC sample solution is prepared and thus cannot be observed by GPC. A GPC
chromatogram of a resin composition obtained by kneading the resin composition A by a kneader used in
Example 1 is reproduced as Figure 2. The resin composition doss not contain a THF-insoluble resin
component and the severed high-molecular weight component appears as a peak on the chromatogram.

15 Further, a GPC chromatogram of a composition obtained by kneading the resin composition A with a metal-
containing compound is reproduced as Figure 3, wherein a component formed by re-crosslinking is
extonded to a higher molecular wseight side. .

an alternative method for preparing a binder resin according to the present invention, it is possible to
prepare a polymer or copolymer (B-2) capable of containing a gel content having a main peak in the

20 molecular weight region of 5000 - 10° on a GPC chromatogram by suspension polymerization of a
polymerizable monomer mixture containing 0.5 - 20 wt. %, preferably 1 - 15 wt. %, of a carboxylic group-
containing vinyl monomer, and a polymer or copolymer (A-2) having a main peak in the molecular weight
region of 2000 - 105 by solution polymerization, bulk polymerization, suspension polymerization, block
copolymerization or graft polymerization, and blending the polymer or copolymer (B-2) and the polymer or

25 copolymer (A-2) by melt-kneading.

: It is also possible to blend a polymer or copolymer (B-3) having a carboxyl group or a carboxyl
derivative group and comprising a principal component in the molecular weight region of at least 10°
obtained by bulk polymerization, suspension polymerization, emulsion polymerization, etc., with the polymer
or copolymer (A-1) or the polymer or copolymer (A-2) in a solvent after solution polymerization, and melt-

30 knead the blend.

It is also possible to melt-knead a blend of the polymer or copolymer (B-3) with the polymer or
copolymer (A-1) or the polymer or copolymer (A-2).

/If/the respective polymers or copolymers in the above-mentioned resins have main peaks in the range
of 5000 - 5x10*%, it is also a preferred mode that the polymers or copolymers are prepared so as to have

35 peaks overlapping each other.

It is also preferred to have the polymer or copolymer (A-1) and/or the polymer or copolymer (A-2)
contain a carboxy! group or a derivative group thereof.

Jhe polymer or copolymer(s) used in the present invention may preferably be a vinyl resin and can be
a mixture of two resins, or assume a block copolymer or a graft copolymer.

40 In the bulk polymerization, it is possible to obtain a low-molecular weight polymer by performing the
polymerization at a high temperature so as to accelerate the termination reaction, but there is a difficulty
that the reaction control is difficult. In the solution polymerization, it is possible to obtain a low-molecular
weight polymer or copolymer under moderate conditions by utilizing a radical chain transfer function
depending on a solvent used or by selecting the polymerization initiator or the reaction temperature.

45 Accordingly, the solution polymerization is preferred for preparation of a low-molecular weight polymer or
copolymer used in the binder resin of the present invention. '

Ahe solvent used in the solution polymerization may for example include xylene, toluene, cumene,
cellosolve acetate, isopropyl alcohol, and benzene. It is preferred to use xylene, toluene or cumene for a
styrene monomer mixture. The solvent may be appropriately selected depending on the polymer produced

s¢ by the polymerization. The polymerization initiator may for example include: di-tert-butyl peroxide, tert-butyl
peroxybenzoate, benzoyl peroxide and 2,2'-azobis(2,4-dimethylvaleronitrile), one or more species of which
may be used in a proportion of at least 0.05 wt. %, preferably 0.1 - 15 wi. parts, per 100 wt. parts of the
vinyl monomer(s). The reaction temperature may depend on the solvent and initiator used and the polymer
or copolymer to be produced but may suitably be in the range of 70 - 230 °C. In the solution

56 polymerization, it is preferred to use 30 - 400 wt. parts of a vinyl monomer (mixture) per 100 wi. parts of the
solvent. It is also preferred to mix one or more other polymers in the solution after completion of the
polymerization,””

In order to produce a highly-crosslinked high-molecular wsight polymer component, the emulsion
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polymerization or suspension polymerization may preferably be adopted.

Of these, in the emulsion polymerization method, a vinyl monomer almost insoluble in water is
dispersed as minute particles in an aqueous phase with the aid of an emulsifier and is polymerized by
using a water-soluble polymerization initiator. According to this method, the control of the reaction

5 temperature is easy, and the termination reaction velocity is small because the polymerization phase (an oil
phase of the vinyl monomer possibly containing a polymer therein) constitute a separate phase from the
aqueous phase. As a result, the polymerization velocity becomes large and a polymer having a high
polymerization degree can be prepared easily. Further, the polymerization process is relatively simple, the
polymerization product is obtained in fine particles, and additives such as a colorant, a charge control agent

70 and others can be blended easily for toner production. Therefore, this method can be advantageously used
for production of a toner binder resin,

In the emulsion polymerization, however, the emulsifier added is liable to be incorporated as an
impurity in the polymer produced, and it is necessary to effect a post-treatment such as sali-precipitation in
order to recover the product polymer. The suspension polymerization is more convenient in this respect.

15 On the other hand, in the suspension polymerization method, it is possible to obtain a product resin
composition in a uniform state of pearls containing a medium- or high-molecular weight component
uniformly mixed with a low-molecular weight component and a crosslinked component by polymerizing a
vinyl monomer (mixture) containing a low-molecular weight polymer together with a crosslinking agent in a
suspension state.

20 The suspension polymerization may preferably be performed by using at most 100 wt. parts, preferably
10 - 90 wt. parts, of a vinyl monomer {mixture) per 100 wt. paris of water or an aqueous medium. The
dispersing agent may include polyvinyl alcohol, partially saponified form of polyvinyl alcohol, and calcium
phosphate, and may preferably be used in an amount of 0.05 - 1 wt. part per 100 wt. parts of the aqueous
.medium while the amount is affected by the amount of the monomer relative to the aqueous medium. The

25 polymerization temperature may suitably be in the range of 50 - 95 °C and selected depending on the
polymerization initiator used and the objective polymer. The polymerization initiator should be insoluble or
hardly soluble in water, may for example include benzoyl peroxide and tert-butyl peroxyhexanoate and may
be used in an amount of 0.5 - 10 wi. parts per 100 wt. parts of the vinyl monomer (mixture).

Examples of the vinyl monomer to be used for providing the binder resin of the present invention may

30 include: styrene; styrene derivatives, such as o-methylstyrene, m-methylsiyrene, p-methylstyrens, p-
methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene, 2,4-dimethylistyrene,
p-n-butylstyrene, p-teri-butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p-n-decylstyrene,
and p-n-dodecylstyrene; ethylenically unsaturated monoolefins, such as ethylene, propylene, butylens, and
isobutylene; unsaturated polyenes, such as butadiene; halogenated vinyls, such as vinyl chloride, vinylidene

35 chloride, vinyl bromide, and vinyl fluoride; vinyl esters, such as vinyl acetate, vinyl propionate, and vinyl
benzoate; methacrylates, 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, dimsethylaminosthyl methacrylate, and diethylaminoethyl
methacrylate; acrylates, such as methyl acrylate, ethyl acrylate, n-butyl acrylate, isobutyl acrylate, propyl

40 acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl acrylate,
and phenyl acrylate, vinyl ethers, such as vinyl methyl ether, vinyl ethyl ether, and vinyl isobuty! ether; vinyl
ketones, such as vinyl methyl ketone, vinyl hexyl ketone, and methyl isopropenyl ketone; N-vinyl com-
pounds, such as N-vinyipyrrole, N-vinylcarbazole, N-vinylindole, and N-vinyl pyrrolidone; vinylnaphthalenes;
acrylic acid derivatives or methacrylic acid derivatives, such as acrylonitrile, methacryronitrile, and ac-

45 rylamide; the esters of the above-mentioned a,8-unsaturated acids and the diesters of the above-mentioned
dibasic acids. These vinyl monomers may be used singly 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.

It is further preferred that two or more species of acrylic monomers, such as acrylate esters and
so methacrylate esters, are used, and particularly these are preferentially contained in the resin component
having a molecular weight of at least 5x10°, so as to promote the toner deformation in a hot roller fixer.

Examples of the carboxyl group-containing vinyl monomer or carboxy| derivative group-containing vinyl
monomer may include: unsaturated dibasic acids, such as maleic acid, citraconic acid, itaconic acid,
alkenylsuccinic acid, fumaric acid, and mesaconic acid; unsaturated dibasic acid anhydrides, such as

s5 maleic anhydride, citraconic anhydride, itaconic anhydride, and alkenylsuccinic anhydride; half esters of
unsaturated dibasic acids, such as monomethyl maleate, monoethyl maleate, monobutyl maleate, mon-
omethy! citraconate, monoethyl citraconate, monobutyl citraconate, monomethyl itaconate, monomethyl
alkenylsuccinate, monomethyl fumarate, and monomethyl mesaconate; and unsaturated dibasic acid esters,

10
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Among the above, it is particularly preferred to use monoesters of a,8-unsaturated dibasic acids, such
as maleic acid, fumaric acid and succinic acid as a monomer for providing the binder resin used in the
present invention.

_ The crosslinking monomer may principally be a monomer having two or more polymerizable double

10 bonds.

The binder resin used in the present invention may preferably include a crosslinking structure obtained
by using a crosslinking monomer, examples of which are enumerated hereinbelow.

Aromatic divinyl compounds, such as divinylbenzene and divinylnaphthalene; diacrylate compounds
co{nected with an alkyl chain, such as ethylene glycol diacrylate, 1,3-butylene glycol diacrylate, 1,4-

15 butanediol diacrylate, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, and neopentyl glycol diacrylate,
and compounds obtained by substituting methacrylate groups for the acrylate groups in the above
compounds; diacrylate compounds connected with an alkyl chain including an ether bond, such as
diethylene glycol diacrylate, triethylene glycol diacrylate, tetrasthylene glycol diacrylate, polyethylene glycol
#400 diacrylate, polyethylene glycol #600 diacrylate, dipropylene glycol diacrylate and compounds obtained

20 by substituting methacrylate groups for the acrylate groups in the above compounds; diacrylate compounds
connected with a chain including an aromatic group and an ether bond, such as polyoxyethylene(2)-2,2-bis-
(4-hydroxyphenyl)propanediacrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-propanediacrylate, and
compounds obtained by substituting methacrylate groups for the acrylate groups in the above compounds;
and polyester-type diacrylate compounds, such as one known by a trade name of MANDA (available from

25 Nihon Kayaku K.K.). Polyfunctional crosslinking agents, such as pentaerythritol triacrylate, trimethylethane

 triacrylate, tetramethylolmethane tetracrylate, 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,

30 particularly about 0.03 - 3 wt. parts, per 100 wt. parts of the other vinyl monomer components.

Among the above-mentioned crosslinking monomers, aromatic divinyl compounds (particularly, divinyl-
benzens) 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.

}he metal-containing compound reactive with the resin component in the .presegt inveption may bp

35 those containing metal ions as follows: divalent metal ions, such as Ba? : Mg2*, Caf , Hg? | Sn?2, Pb?,
Fe?', Co? , Ni2' and Zn? ; and trivalent ions, such as Al® , Sc® ,Fe® ,Ce® ,Ni® ,Cr® and Y3

Among the above metal compounds, organic metal compounds provide excellent results because they
are rich in compatibility with or dispersibility in a polymer and cause a crosslinking reaction uniformly in the
polymer or copolymer.

40 Among the organic metal compounds, those containing an organic compound, which is rich in
vaporizability or sublimability, as a ligand or a counter ion, are advantageously used. Among the organic
compounds forming coordinate bonds or ion pairs with metal ions, examples of those having the above
property may include: salicylic acid and its derivatives, such as salicylic acid, salicylamide, salicylamine,
salicylaldehyde, salicylosalicylic acid, and di-tert-butylsalicylic acid; 8-diketones, such as acetylacetone and

45 propionylacetons; and low-molecular weight carboxylic acid salts, such as acetate and propionate.

In case where the organic metal complex is a metal complex, it can also function as a charge control
agent for toner particles. Examples of such a metal complex include azo metal complexes represented by
the following formula [l]:

50
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wherein M denotes a coordination center metal, inclusive of metal elements having a coordination number
of 6, such as Sc, Ti, V, Cr, Co, Ni, Mn and Fe; Ar denotes an aryl group, such as phenyl or naphthyl,
capable of having a substituent, examples of which may include: nitro, halogen, carboxyl, anilide, and alky!
and alkoxy having 1 - 18 carbon atoms; X, X, Y and Y' independently denote -O-, -CO-, -NH-, or -NR-
(wherein R denotes an alkyl having 1 - 4 carbon atoms; and A® denotes hydrogen, sodium, potassium,
ammonium or aliphatic ammonium.
Specific examples of this type of complexes may include the following:
' e
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50 Organic metal complexes represented by the following formula [Il] impart a negative chargsability and may
be used as the organic metal compound in the present invention.
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wherein M denotes a coordination center metal, inclusive of metal elements having a coordination number
of 6, such as Cr, Co, Ni, Mn and Fe; A denotes

20 (capable of having a substituent, such as an alkyl),

(X denotes hydrogen, halogen, alkyl or nitro)
" , ©
I Cr 13

40 R

15

(R denotes hydrogen, CGi - Cis alkyl or C; - Cig alkenyl); Y* denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and Z denotes -O- or -CO*O-.

45 The above organic metal compounds may be used singly or in combination of two or more species.

The addition amount of the organic metal compounds to the toner particles may be varied depending
on the specific binder resin used, the use or nonuse of a carrier, the colorant for the toner and the reactivity
of the metal compounds with the resin but may generally be 0.1 - 10 wt. %, preferably 0.1 - 1 wt. %, of the
binder resin including the non-reacted portion thereof.

50 As a low fixing roller pressure is used in a small size copying machine or printer, excessive re-
crosslinking results in inferior fixability. Accordingly, the amount of the reactive metal compound may
preferably be below 1 wt. % of the binder resin.

The above-mentioned organic metal complex or organic metal salt shows excellent compatibility and
dispersibility to provide a toner with a stable chargeability, particularly when it is reacted with the binder

55 resin at the time of melt-kneading.

As described above, the organic metal complex or organic metal salt as a crosslinking component can
be also used as a charge control agent, but it is also possible to use another charge control agent, as
desired, in combination. Such another charge control agent may for example be a known negative charge

15
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complexes, and organometal complexes of aromatic hydroxycarboxylic acids and aromatic dicarboxylic
acids. Other examples may include: aromatic hydroxycarboxylic acids, aromatic mono- and poly-carboxylic
acids, and their metal salts, anhydrides and esters, and phenol derivatives, such as bisphenols. Among the
above, monoazo metal complexes are preferred.

The toner according to the present invention may preferably have a volume-average particle size of 4 -
8 microns so as to faithfully reproduce small size digital latent images.

It is preferred to use the toner according to the present invention together with silica fine powder
blended therewith in order to improve the charge stability, developing characteristic and fluidity.

}I(e silica fine powder used in the present invention provides good results if it has a specific surface
area of 30 m2/g or larger, preferably 50 - 400 m?/g, as measured by nitrogen adsorption according to the
BET method. The silica fine powder may be added in a proportion of 0.01 - 8 wt. parts, preferably 0.1 - 5
wt. parts, per 100 wi. parts of the toner.

For the purpose of being provided with hydrophobicity and/or controlled chargeability, the silica fine
powder may well have been treated with a treating agent, such as silicone varnish, modified silicone
varnish, silicone oil, modified silicone oil, silane coupling agent, silane coupling agent having functional
group or other organic silicon compounds. 1t is also preferred to use two or more treating agents in
combination.

Other additives may be added as desired, inclusive of: a lubricant, such as polytetrafluoroethylene, zinc
stearéte or polyvinylidene fluoride, of which polyvinylidene fluoride is preferred; an abrasive, such as cerium
oxide, silicon carbide or strontium titanate, of which strontium titanate is preferred; a flowability-imparting
agent, such as titanium oxide or aluminum oxide, of which a hydrophobic one is preferred; an anti-caking
agent, and an electroconductivity-imparting agent, such as carbon black, zinc oxide, antimony oxide, or tin
oxide. It is also possible to use a small amount of white or black fine particlos having a polarity opposite to
that of the toner as a development characteristic improver.

. It is also preferred to add 05 - 5 wt. % of a waxy substance, such as low-molecular weight
polyethylene, low-molecular weight polypropylene, low-molecular weight propylene-ethylene copolymer,
microcrystalline wax, carnauba wax, sasol wax or paraffin wax, to the toner for the purpose of improving the
releasability of the toner at the time of hot roller fixation.

}Igtoner according to the present invention can be mixed with carrier powder to be used as a two-'
component developer. In this instance, the toner and the carrier powder may be mixed with each other so
as to provide a toner concentration of 0.1 - 50 wt. %, preferably 0.5 - 10 wt. %, further preferably 3 - 5 wi.
%.

The carrier used for this purpose may be a known one, examples of which may include: powder having
magnetism, such as iron powder, ferrite powder, and nickel powder and carriers obtained by coating these
powders with a resin, such as a fluorine-containing resin, a vinyl resin or a silicone resin.

The toner according to the present invention can be constituted as a magnetic toner containing a
magnetic material in its particles. In this case, the magnetic material can also function as a colorant.
Examples of the magnetic 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, tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganese, selenium,

~ titanium, tungsten and vanadium; and mixtures of these materials.

Jhe magnetic material may have an average particle size of 0.1 - 2 micron, preferably 0.1 - 0.5 micron.

The magnetic material may preferably show magnetic properties under application of 10 kilo-Oersted,
inclusive of: a coercive force of 20 - 30 Oersted, a saturation magnetization of 50 - 200 emu/g, and a
residual magnetization of 2 - 20 emu/g. The magnetic material may be contained in the toner in a proportion

- of 20 - 200 wt. parts, preferably 40 - 150 wt. parts, per 100 wt. parts of the resin component.

The toner according to the present invention can contain a colorant which may be an appropriate
pigment or dye.

/é(amples of the pigment may include: carbon black, aniline black, acetylene black, Naphthol Yellow,
Hansa Yellow, Rhodamine Lake, Alizarin Lake, red iron oxide, Phthalocyanine Blue, and Indanthrene Blue.
These pigments are used in an amount sufficient to provide a required optical density of the fixed images,
and may be added in a proportion of 0.1 - 20 wi. parts, preferably 2 - 10 wt. parts, per 100 wt. parts of the
binder resin.

Examples of the dye may include: azo dyes, anthraquinone dyes, xanthene dyes, and methine dyes,
which may be added in a proportion of 0.1 - 20 wt. parts, preferably 0.3 - 10 wt. parts, per 100 wt. parts of

16
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5 additives, as desired, by means of a blender such as a Henschel mixer or a ball mill, melting and kneading
the blend by means of hot kneading means, such as hot rollers, a kneader or an extruder to cause melting
of the resinous materials and disperse or dissolve the magnetic material, pigment or dye therein, and
cooling and solidifying the kneaded product, followed by pulverization and classification.

/The thus obtained toner may be further blended with other external additives, as desired, sufficiently by

10 means of a mixer such as a Henschel mixer to provide a developer for developing electrostatic images.

_/ Hereinbelow, the present invention will be described in more detail based on Examples. First of all,
Synthesis Examples of binder resins for use in toners are explained, in which the glass transition
temperatures (Tg) of the resins were measured by using a differential scanning calorimeter (DSC) ("DSC-

7", available from Perkin-Elmer Co.) in the following manner.

15 A‘sample resin in an amount of 5 - 20 mg, preferably about 10 mg, is accurately weighed and placed in
an afuminum pan (an empty pan being used as a reference). The measurement is performed in a normal
temperature - normal humidity environment at a temperature raising rate of 10 °G/min within a temperature
range of 30 °C to 200 °C. A heat absorption main peak is generally found in the range of 40 - 100 °C.

Based on the heat absorption curve, a first base line as drawn along an initial shape before the main

20 peak and a second base line is drawn along a final slope after the main peak. A medium line is drawn
substantially in parallel with and with equal distances from the first and second lines, whereby the medium
line and the heat absorption curve form an intersection with each other. The temperature at the intersection
is taken as the glass transition temperature (Tg °C).

The values of Tg thus measured, various acid values and main peak positions on GPC chromatograms

25 for the binder resins obtained in Synthesis Examples are summarized in Table 1 appearing after Synthesis
Examples.

Synthesis 'Example 1

/
30 200 wt. parts of toluene was placed ‘in a reaction vessel and heated to a reflux temperature. Then, the
following mixture was added dropwise in 4 hours under toluene refluxing.

. Styrene monomer 77 wt.parts
n-Butyl acrylate 13 "
Monobutyl maleate _ 10 "

40 Di-tert-butyl peroxide : 6 "

Further, under toluene refluxing (120 - 130 °C), the polymerization was completed and the toluene was
removed. The resultant styrene copolymer showed a main peak at a molecular weight of 7000 and a glass
45 transition temperature (Tg) of 60 °C. :

30 wt. parts of the above styrene copolymer was dissolved in the following monomer mixture.

s

o~

50

This Sheet Has Been Replaced

5

o

17




however,,

10

15

20

25

30

35

50

55

the Teaction Detmeen the binder resin and the netal conpound or
the di spefsidin: fs Q,q{ 1 conpound in the binder resin i

suffici ent
particul ar unl
character|

Furt her,

phy5| caIEPpori)a%ert ies required of a

I

nt| offset characteristic, are not satisfied.

as the netal conpound in a large anount is fornmulated with the

Styrene monomer 42 wt.part(s)
n-Butyl acrylate _ : 12 "
n-Butyl methacrylate 12 "
Monobutyl maleate 4 "
Divinylbenzene - 0.4 "
Benzoyl peroxide. 1.6 "

To the resultant mixture, 170 wt. parts of water containing 0.1 wit. part of partially saponified polyvinyl
alcohol to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water and purged with
nitrogen, the above prepared suspension liquid was charged and subjected to 6 hours of suspension
polymerization at 70 - 95 °C. After the completion, the product was filtered out, de-watered and dried to
obtain a resin composition containing a styrene copolymer crosslinked with divinylbenzene. The thus
obtained resin composition provided a molecular weight distribution showing a main peak at a molecular

~ weight of 7600 and a shoulder at a molecular weight of 3.5x10*, a Tg of 60 °C and a JIS acid value of 22.0

mgKOH/97

- Synthesis Example 2

Styrene monomer : 85 wt.parts |
n-Butyl acrylate 10 "
Acrylic acid 5 "
Di-tert-butyl peroxide 8 "

The above mixture was added dropwise in 4 hours to 200 wt. paris of cumene heated to a refiux
temperature. Further, the solution polymerization was completed under cumene refluxing (146 - 156 °C),
followed by removal of the cumene, to recover a styrene copolymer. The styrene copolymer showed a main
peak at @ molecular weight of 5000 on its GPC chromatogram and a Tg of 65 °C.

30 wi. parts of the above-prepared styrene copolymer was dissolved in the following monomer mixture.

Styrene monomer 44 wt.part(s)
n-Butyl acrylate 10 "
n-Butyl methacrylate 15 -
Monobutyl maleate 1 "
Divinylbenzene 0.5 "
Benzoyl peroxide 1 "

tert-Butyl peroxy-2-ethylhexanoate 0.7 wt.part(s)

To the resultant mixture, 170 wt. parts of water containing 0.1 wi. part of partially saponified polyvinyl
alcohol was added to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water and
purged with nitrogen, the above suspension liquid was charged and subjected to 6 hours of suspension
polymerization at 70 - 95 °C. After the completion of the reaction, the product was filtered out, de-watered

18
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5

Synthesis Example 3

Styrene monomer 80 wt.parts
0 n-Butyl acrylate 10 "

Monobutyl maleate 10 "

Di-tert-butyl peroxide 10 "

15

The above mixture was added dropwise in 4 hours to 150 wt. parts of cumene heated to a refiux
temperature. Further, the solution polymerization was completed under cumene refluxing (146 - 156 °C),
followed by removal of the cumens, to recover a styrene copolymer. The styrene copolymer showed a main

20 peak at a molecular weight of 5500 and a Tg of 65 °C.
35 wt. parts of the above-prepared styrene copolymer was dissolved in the following monomer mixture.

-

. Styrene monomer 40 wt.part(s)
n-Butyl acrylate 15 "
n-Butyl methacrylate 5 "

30 . Monobutyl maleate 5 "
Divinylbenzene . 0.3 "
Benzoyl peroxide | ' 1.0 "

35

/

To the resultant mixture, 170 wt. parts of water containing 0.1 wt. part of partially saponified polyvinyl
alcohol was added to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water and
purged with nitrogen, the above suspension liquid was charged and subjected to 6 hours of suspension

40 polymerization at 70 - 95 °C. After the completion of the reaction, the product was filtered out, de-watered
and dried to obtain a resin composition.

The THF-soluble content of the thus-obtained resin composition provided a molecular weight distribu-
tion showing a main peak at a molecular weight of about 5800 and a shoulder at a molecular weight of
about 5.0x10*. The resin composition showed a Tg of 59 °C and a JIS acid value of 40.0 mgKOH/g.

45 :
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5

n-Butyl acrylate 17 "
n-Butyl methacrylate 17 "
10 Monobutyl maleate 6 "
Divinylbenzene 0.1 "

tert-Butyl peroxy-2-ethylhexanoate 0.8 "
16

To the above mixture liquid, 170 wt. parts of water containing 0.1 wt. part of partially saponified
polyvinyl alcohol was added to form a suspension liquid. Into a reaction vessel containing 15 wt. paris of
water and purged with nitrogen, the above suspension liquid was charged and subjected to 6 hours of

20 suspension polymerization at 70 - 95 °C to obtain a crosslinked styrene copolymer. The styrene copolymer
provided a molecular weight distribution showing a main peak at a molecular weight of 3.0x10*, a Tg of 61
°C and a JIS acid value of 20.0.

200 wt. parts of toluene was charged in another reaction vessel and heated to a reflux temperature, and

the following mixture was added dropwise in 4 hours under toluene refluxing.
26

Styrene monomer 77 wt.parts
n-Butyl acrylate 13 n

N Monobutyl maleate 10 "
Di-tert-butyl peroxide 6 Y, "

35

Further, the polymerization was completed under toluens to form an un-crosslinked styrene copolymer.
Then, into the reaction mixiure, the above-prepared crosslinked styrene copolymer was added so as to
provide a weight ratio of the crosslinked copolymer/the uncrosslinked copolymer = 7/3. After sufficient
stirring, the toluene was distilled off at an elevated temperature (120 °C) under vacuum to obtain a resin
40 composition containing the crosslinked and un-crosslinked styrene copolymers. The resin composition
provided a molecular weight distribution showing peaks at molecular weights of 7000 and 8x10*, a Tg of 60

°C and a JIS acid valus of 25.0.

%6 Synthesis Example 5

Styrene monomer 77 wt.parts
n-Butyl acrylate 13 f

N Monobutyl maleate 10 "
Di-tert-butyl peroxide 1.2 "

55

The above mixture was added dropwise in 4 hours to 200 wt. parts of foluene heated to a reflux
temperature. Further, the solution polymerization was completed under toluene refluxing (120 - 130 °C),
followed by removal of the toluene, to recover a styrene copolymer. The styrene copolymer showed a main

20
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peak at a molecular weight of 1.2x10* and a Tg of 60 °C. -

in

30 wt. parts of the above-prepared styrene copolymer was dissolved in the following monomer mixture.

Styrene monomer 42 wt.part(s)
n~-Butyl acrylate 12 "
n-Butyl methacrylate 12 "
Monobutyl maleate 4 "
Divinylbenzene 0.4 "
Benzoyl peroxide . 1.0 "

Y

To the resultant mixture, 170 wt. parts of water containing 0.1 wt. part of partially saponified polyvinyl
alcohol was added to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water and

purged with nitrogen, the above suspension liquid was charged and subjected to
polymerization at 70 - 95 °C. After the completion of the reaction, the product was
and dried to obtain a resin composition.

6 hours of suspension
filtered out, de-watered

The thus-obtained resin composition provided a molecular weight distribution showing a main peak at a
molecular weight of about 1.5x10* and a shoulder at a molecular weight of about 5.0x10*. The resin

composition showed a Tg of 54 °C and a JIS acid value of 22.0 mgKOH//g.

Comparative Synthesis Example 1

Styrene monomer 80

n-Butyl acrylate 10
Monobutyl maleate 10

Di-tert-butyl peroxide 8

wt.parts

The above mixture was added dropwise in 4 hours to 150 wt. parts of cumene heated to a reflux
temperature. Further, the solution polymerization was completed under cumene refluxing (146 - 156 °C),
followed by removal of the cumene, to recover a styrene copolymer. The styrene copolymer showed a main

peak at a molecular weight of 4000 and a Tg of 58 °C.

70 wt. parts of the above-prepared styrene copolymer was dissolved in the following monomer mixture.

Styrene monomer 25 wt.part(s)
n-Butyl acrylate | . 5 "
Divinylbenzene | 0.2 "
Benzoyl peroxide 0.8 "

The resultant mixture was sdbjected to suspension polymerization in the same manner as in Synthesis
Example 1 to obtain a resin composition, which showed a JIS acid value of 256.0 mgKOH/g. The THF-
soluble content of the resin composition provided a molecular weight distribution showing a main peak at a

molecular weight of about 4200 on its GPC chromatogram, and a Tg of 59 °C.
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réne monomer 85 wt.parts
) n-Butyl acrylate 10 "
Acrylic acid 5 "
10 Di-tert-butyl peroxide 8 "

The above mixture was added dropwise in 4 hours to 200 wt. parts of cumene heated to a reflux
temperature. Further, the solution polymerization was completed under cumene refluxing (146 - 156 °C),
15 followed by removal of the cumene, to recover a styrene copolymer. The styrene copolymer showed a main
peak at a molecular weight of 5000 on its GPC chromatogram and a Tg of 65 °C.
30 wt. parts of the above-prepared styrene copolymer was dissolved in the following monomer mixture.

20 Styrene monomer 48 wt.part(s)
n-Butyl acrylate . 21 "
Monobutyl maleate 1 "

N Divinylbenzene 1.0 "

tert-Butyl peroxy-2-ethylhexanoate 0.7 "

30
To the resultant mixture, 170 wt. parts of water containing 0.1 wt. part of partially saponified polyvinyl
alcohol was added to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water and
purged with nitrogen, the above suspension liquid was charged and subjected to 6 hours of suspension
polymerization at 70 - 95 °C. After the completion of the reaction, the product was filiered out, de-watered-
35 and dried to obtain a resin composition.
The THF-soluble content of the thus-obtained resin composition provided a molecular weight distribu-
tion showing a sub-peak at a molecular weight of about 5200 and a main peak at a molecular weight of
about 7.2x10*. The resin composition showed a Tg of 64 °C and a JIS acid value of 13.0 mgKOH/g.

/
40
Comparative Synthesis Example 3
Styrene monomer 85 wt.parts
“ n-Butyl acrylate 15 "
Di-tert-butyl peroxide 8 "
50 The above mixture was added dropwise in 4 hours to 200 wt. parts of cumene heated to a reflux

temperature. Further, the solution polymerization was completed under cumene refluxing (146 - 156 °C),
followed by removal of the cumene, to recover a styrene copolymer. The styrene copolymer showed a main
peak at a molecular weight of 5000 on its GPC chromatogram and a Tg of 62 °C.

30 wt. parts of the above-prepared styrene copolymer was dissolved in the following monomer mixture.
66
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Styrene monomer ' 48 wt.part(s)
n-Butyl acrylate 21 "
Monobutyl maleate 1 "

tert-Butyl peroxy-2-ethylhexanoate 2.0 .

To the resultant mixture, 170 wt. parts of water containing 0.1 wt. part of partially saponified polyvinyl
alcohol was added to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water and
purged with nitrogen, the above suspension liquid was charged and subjected to 8 hours of suspension
polymerization at 70 - 95 °C. After the completion of the reaction, the product was fittered out, de-watered
and dried to obtain a resin composition. - .

The THF-soluble content of the thus-obtained resin composition provided a molecular weight distribu-
tion showing peaks at molecular weights of about 6000, and about 3.5x10*, respectively. The resin
composition showed a Tg of 56 °C and a JIS acid value of 1.5 mgKOH/g.

The above-mentioned properties, the total acid values and the acid values attributable to the acid
anhydride of the resin compositions obtained in the above Synthesis Examples and Comparative Examples
are summarized in the following Table 1,
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Synthesis Example 1 100 wt. part(s)
Magnetic material 70 "
10 (triiron tetroxide)
Monoazo Cr Complex [I]-1 0.8 "

Low-molecular weight propylene

15
ethylene copolymer 3 "

The above ingredients were sufficiently blended in a blender and melt-kneaded through a twin-screw

20 kneading extruder set at 110 °C. The kneaded product was cooled, coarsely crushed by a cutter mill, and

finely pulverized by means of a pulverizer using jet air stream. The resultant finely pulverized powder was

classified by means of a multi-division classifier utilizing a Coanda effect (Elbow Jet Classifier available from

Nittetsu Kogyo K.K.), whereby ultra fine powder and coarse powder were simultaneously and precisely
removed to obtain a magnetic toner having a volume-average particle size of 6.0 microns.

25 The above particle size was measured by using a Coulter counter ("TA-Il", available from Coulter
Electronics, Co.) by using a 100 micron-aperture after dispersion in 1 % NaCl aqueous solution in the
presence of a surfactant. :

The above-prepared magnetic toner was subjected to preparation of a GPC sample having a resin

concentration of 5 mg/ml, and no binder resin component was found to remain on the filter at that time. The

30 GPC sample was subjected to measurement of molecular weight distribution by GPC using a high-speed
liquid chromatograph ("150C", available from Waters Co.) and a combination of columns ("Shodex GPC
KF-801, 802, 803, 804, 805, 808, 807 and 800P", available from Showa Denko K.K.). The measured
molscular weight distribution data are shown in Table 2 appearing hersinafter.

100 wt. parts of the above-prepared magnetic toner and 1.0 wit. part of colloidal silica were blended with

35 each other and evaluated for image formation. The results are shown in Table 3 appearing hereinafter. The
image formation was performed by using a printer prepared by re-modeling a commercially available small-
size laser beam printer ("LBP-81I", available from Canon K.K.) so as to provide a printing speed of 16
sheets (A4-vertical)/min., remove the fixing pad and be capable of forming latent images comprising minute
spots of down to 50 microns by improving the scanner part. The evaluation was performed with respect to

40 the initial image quality and fixability, and anti-offset characteristic and staining of hot fixing rollers after
5000 sheets of printing. '

The fixab}'lity evaluation was performed as follows. The test apparatus was placed in an environment of
normal temperature and normal humidity (temperature: 23 °C, humidity: 60 %). After the apparatus and the
fixing device therein were fully adapted to the environment, a power was supplied. Immediately after the

45 waiting time was up, a pattern of 200 micron-wide transverse lines (line width: 200 microns, spacing: 200
microns) was printed on a first sheet, which was used for evaluation of the fixability. The fixability was
evaluated by rubbing the printed image with a lens cleaning paper ("Dusper” (trade name), made by OZU
Paper Co. Lid.) for 5 reciprocations under a weight of 100 g and then evaluating the degree of peeling of
the toner image in terms of a decrease (%) in reflection density.

' 50 For the evaluation of the hot fixing roller staining, a character pattern with a dot ratio of 4 % was printed
continuously on 5000 sheets (A4-vertical) by using a fresh fixing roller cleaning pad and thereafter the
staiping on the surface of the hot fixing roller was observed with eyes.

After the above observation, a 100 micron-wide transverse line pattern was continucusly printed on 300
sheets (A4-vertical), then the printing was paused for 30 seconds and then the printing was resumed so as

§5 to print an image comprising an upper half area including a pattern of 100 micron-wide transverse lines and
a lower half area in white. Then, the front face staining on a first sheet after the resumption was observed
for evaluation of the anti-offset characteristic, _

For the above evaluation, bond paper ﬁaving a surface smoothness of 10 [sec] or below was used as
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required of the toner accordingly. In order to provide a conpact
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Accordingly, little space_is left for passing coplifgsatit ARE seen

the transfer paper.

Example 2
Resin composition of Synthesis Example 2

100 wt.part(s)

Magnetic wmaterial (triiron tetroxide)

120 "

Monoazo Cr complex [I]-2 0.7 "
Low-molecular weight propylene-

ethylene copolymer 4 "

/

A magnetic toner having a volume-average particle size of 4.5 microns was prepared from the above
ingredients otherwise in the same manner as in Example 1. The properties of the magnetic toner are shown
in Table 2. The magnetic toner in an amount of 100 wt. parts was blended with 0.8 wt. part of colloidal silica
fine powder to prepare a developer, which was then evaluated for image formation in the same manner as
in Example 1. The results are shown in Table 9

Example 3
Resin composition of Synthesis Example 3
100 wt.part(s)

Magnetic material (triiron tetroxide)

90 "

Monoazo Co complex [I]-3 0.9 "
Low-molecular weight propylene-

ethylene copolymer /3 "

A magnetic toner having a volume-average particle size of 7.7 microns was prepared from the above
ingredients otherwise in the same manner as in Example 1. The properties of the magnetic toner are shown
in Table 2. The magnetic tonser in an amount of 100 wt. parts was blended with 1.1 wt. parts of colloidal
silica fine powder to prepare a developer, which was then evaluated for image formation in the same
manner as in Example 1. The results are shown in Table 3.

‘This :Sheet Has Been Replaced
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hi gh tenperature atnosphere. For this reason, a toner cannot be
practically used unless it has excellent anti-blocking c lstic

Along with the decreases in size and WEi%mNOf t he appar {THES SHERT HAX BREN

roller is required to have a sna/EP 498
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there has been desired a toner which does not cause roller

staining but has a sufficient anti-offset characteristic even in case of
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Resin composition of Synthesis Example 4
100 wt.part(s)

Magnetic material (triiron tetroxide)

90 u
Monoazo Co complex [I]-4 0.8 "
Low-molecular weight propylene-

ethylene copolymer 3 "

A magnetic toner having a volume-average particle size of 6.8 microns was prepared from the above
ingredients otherwise in the same manner as in Example 1. The properties of the magnetic toner are shown
in Table 2. The magnetic toner in an amount of 100 wit. parts was blended with 1.1 wt. parts of collbidal
silica fine powder to prepare a developer, which was then evaluated for image formation in the same
manner as in Example 1. The results are shown in Table 3.

Example 5
Resin composition of Synthesis Example 5
| 100 wt.part(s)
Magnetic material (triiron tetroxide)

90 "
3,5-Di-tert-butylsalicylic acid
Cr complex 2 "
Low-molecular weight propylene-
ethylene copolymer 4 "

A magnetic toner having a volume-average particle size of 4.5 microns was prepared from the above
ingredients otherwise in the same manner as in Example 1. The properties of the magnetic toner are shown
in Table 2. The magnetic toner in an amount of 100 wt. parts was blended with 0.8 wt. part of colloidal silica
fine powder to prepare a developer, which was then evaluated for image formation in the same manner as
in Example 1. The resuits are shown in Table 3.

This Sheet Has Been Replaced
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tomers whi ch have peaks in nol ecul ar weight ranges of 3x10[err] -
5X10[err] and 1.5x10[err] -.2.0x10[err] and have a peak area percentage of

40 - 60 %in a nol ecul ar melght i on of 5x10[err] - 2x a ge
content of 1 - 10 % However, Lﬁf%&“lﬂ’proverrent has bWN BEEN
Several proposals have been nade regardi ng use of toners vi ng REPIsrady
particle size for the purpose of providing high-quality images, t hi s~ tends
to be dlsadvantageous |n resoect of productivity, fixing perfornance and
anti - of f set cfAPAES s Bi-hder resin and a toner solving the problem
have been al so ﬁL

5

Sin composition of Comparative

Synthesis Example 2 100 wt.part(s)
Maghetic material (triiron tetroxide)

10 100 "
Monoazo Cr complex [I]-2 2 "
Low-molecular weight propylene-

15
ethylene copolymer 3 "

A magnetlc toner having a volume-average particle size of 6.0 microns was prepared from the above
20 ingredients otherwise in the same manner as in Example 1. The properties of the magnetic toner are shown
in Table 2. The magnetic toner in an amount of 100 wt. parts was blended with 1.0 wt. part of colloidal silica
fine powder to prepare a developer, which was then evaluated for image formation in the same manner as
in Example 1. The results are shown in Table 3.

25
Comparative Example 2

Resin composition of Comparative
30 ' Synthesis Example 2 100 wt.part(s)

Magnetic material (triiron tetroxide)

6 o ) | {]
35
3,5-Di-tert-butylsalicylic acid
Cr complex ' 0.7 "
40
Low-molecular weight propylene-
45 ethylene copolymer 3 wt.part(s)

A magnetic toner having a volume-average particle size of 11 microns was prepared from the above
ingredients otherwise in the same manner as in Example 1. The properties of the magnetic toner are shown
50 in Table 2. The magnetic toner in an amount of 100 wt. parts was blended with 0.5 wi. part of colloidal silica
fine powder to prepare a developer, which was then evaluated for image formation in the same manner as

in Example 1. The results are shown in Table 3.

% is Sheet Has Been Replaced

T

28



As+has been described above, various performances required of a toner are
mutually contradictory in nmany cases, and it has been also required to

satisfy themin conbination at hi%h | evel s

REPLACED

Comparative Example 3

Resin composition of Comparative

Synthesis Example 3 100 wt.part(s)
Magnetic material (triiron tetroxide)
10 80 "
Monoazo Co complex [I]-3 0.8 "

Low-molecular weight propylene-
15

ethylene copolymer 3

A magnetic toner having a volume-average particle size of 9.5 microns was prepared from the above

20 ingredients otherwise in the same manner as in Example 1. The properties of the magnetic toner are shown

in Table 2. The magnetic toner in an amount of 100 wit. parts was blended with 1.1 wt. parts of colloidal

silica fine powder to prepare a developer, which was then evaluated for image formation in the same
manner as in Example 1. The results are shown in Table 3.
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SUMMVARY- OF THE | NVENTI ON

provi de a toner
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Properties of binder resin in toner

Table 2:

An object of the present invention is to
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and is.excellent in anti - bl ocking characteristic, thus being able to be
used in a high tenperature atnosphere of a small-size apparatus—aft—a—"
process for production thereof. An object of thg %@%ﬁﬁrﬁésgcaN
invention is to provide a toner RROASAMAM s in little Loar SRELAHEY ot
the tinme of producing toner particles because of good pulverizability and
causes |ittle scattering around a toner inmage during devel opment; thus

bei ng capabl e of stabl roytere—good—developed—+mges, and a process
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The evaluation standards are shown below.
(1) Fixability
o: Good (density lowering of below 10 %)
A: Somewhat inferior but practically acceptable (density lowering of 10 % to below 20 %)
50 X: Practically not acceptable (density lowering of 20 % or more)
(2) Hot fixing roller staining in the fixing device
o: No stain at all
OA: Slight stain which is almost unnoticeable
A: Noticeable stain but practically acceptable (no offsetting)
55 x: Conspicuous stain and practically not acceptable (offsetting)
(3) Anti-offset characteristic (front face stain after pause)
o: No stain at all . laced
oA:  Almost unnoticeable This Sheet Has Been Replace

M0

3 |



provi de-a ?hnlgéhle {RAl BdefRG1a2daze toner capable of formng

-12- hi gh- : , and a process for production thereof.
A further o’tjj]HE 'l“ﬂ“%lﬁmesent invention is to provide a toner which is_ .
excel l ent i char FYRMEAMAANG free from UG ETG @ 1M BEEN Jl

REPLACED

A Stain but practically acceptable :
X2 .Conspicuous stain and practically unacceptable
(4) Pulverizability
o: No over-pulverization and good pulverization efficiency
5 X: Poor pulverization efficiency resulting in much coarse particles.

As has been described hereinabove, according to the present invention, there is provided a toner
capéble of forming high-quality images with improved performances in respects of anti-offset characteristic
and fixing-roller staining. Particularly, the toner according to the present invention shows the following
advantageous properties.

10 (1) Fixable at low temperature with improved anti-offset characteristic and causing little stain on fixed
images.
(2) No or little melt-sticking or filming on a toner-carrying member or a photosensitive member.
(3) Excellent in anti-blocking characteristic and storability.
{4) Capable of faithfully reproducing latent images to form high-quality images.
15 (5) Having a high productivity because of good pulverizability of the binder resin.

A toner for developing an electrostatic image is provided as a pulverized mixture including ‘a binder
resin and a colorant. The binder resin is characterized by a molecular weight distribution on a GPC
chromatogram of its tetrahydrofuran (THF)-soluble resin content including at least 15 % and below 35 % of
a resin component in a molecular weight region of at most 5000 and at least 3 wt. % of a resin component

20 in a molecular weight region of at least 5x10° and showing a main peak in a molecular weight region of
5000 to 10°. The binder resin also has an acid value of 2 - 100 mg KOH/g. The THF-soluble resin
component in the molecular weight region of at least 5x10° is enriched during a melt-kneading step during
the toner production.

25 Claims

1. A toner for developing an electrostatic image, comprising: a binder resin and a colorant, wherein the
binder resin shows a molecular weight distribution on a GPC chromatogram of its tetrahydrofuran
(THF)-soluble resin content including at least 15 % and below 35 % of a resin component in a

30 molecular weight region of at most 5000 and at least 3 wt. % of a resin component in a molecular
weight region of at least 5x10® and showing a main peak in a molecular weight region of 5000 to 105,
and the binder resin has an acid value of 2 - 100 mg KOH/g.

2. The toner according to Claim 1, wherein said binder resin comprises a vinyl polymer, a vinyl copolymer
35 or a mixture thereof.

3. The toner according to Claim 1, wherein said binder resin comprises a vinyl copolymer composition.

4. The toner according to Claim 1, wherein said binder resin comprises a mixture of a crosslinked vinyl
40 copolymer and a non-crosslinked vinyl copolymer.

6. The toner according to Claim 1, wherein said binder resin comprises a mixture of a crosslinked styrene
copolymer and a non-crosslinked styrene copolymer. '

45 6. The toner according to Claim 1, wherein said binder resin contains a crosslinkage formed by a
crosslinking agent having at least two vinyl groups, and an electrostatic crosslinkage formed by a
carboxylic group and a metal ion of two or more valences.

7. The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution
50 including 3 - 20 % of a resin component in the molecular weight region of at least 5x10°.

8. The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution
including 3 - 10 % of a resin component in the molecular weight region of at least 5x10°.

56 9. The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution
including at most 35 % of a resin component in the molecular weight of 105 to 5x106.

10. The toner according to Claim 1, whersin said binder resin shows a molecular weight distribution

32



circulation and storage, thus being excellent in storability, and a
process for production thereof. ~According to the present

i nvention, there is provided a f evel opi ng an electrostatlc
i mge, conprising: a binder resélr!'rjla%é%l4 ég

| orant, wherein n Replaced
resin shows a nol ecul ar weight distribution on a GPC chroma m Iml
t et r ahydr of ir an glaihtdn prac@tanphReptihsi N content i ncludi ng at

bel ow 35 %yof  @okspiRiods Sﬁﬁﬁmﬂilcdlliﬁuﬁcé@{aeﬁul ar wei ght reg| on of at nost
5000 and @jpdiveagbiig WM. % of a resin conponent in a nolecul ar weight _
regi on of at | easver-pullddipaion ndaact mihedatign effienayi N peak i n a nol ecul ar wei ght
regi o of 5600 Pba pulverization efficiency resulting in much coarse particles.

As has been described hereinabove, according to the present invention, there is provided a toner
‘capable of forming high-quality images with improved performances in respects of anti-offset characteristic
and fixing-roller staining. Particularly, the toner according to the present invention shows the following
advantageous properties.

10 (1) Fixable at low temperature with improved anti-offset characteristic and causing little stain on fixed
images.

{2) No or little melt-sticking or filming on a toner-carrying member or a photosensitive member.

(3) Excellent in anti-blocking characteristic and storability.

(4) Capable of faithfully reproducing latent images to form high-quality images.

.15 (5) Having a high productivity because of good pulverizability of the binder resin.

A toner for developing an electrostatic image is provided as a pulverized mixture including a binder -
resin and a colorant. The binder resin is characterized by a molecular weight distribution on a GPC
chromatogram of its tetrahydrofuran (THF)-soluble resin content including at least 15 % and below 35 % of
a resin component in a molecular weight region of at most 5000 and at least 3 wt. % of a resin component

20 in a molecular weight region of at least 5x10° and showing a main peak in a molecular weight region of
5000 to 105. The binder resin also has an acid value of 2 - 100 mg KOH/g. The THF-soluble resin
component in the molecular weight region of at least 5x10° is enriched during a meli-kneading step during
the toner production.

25 Claims

1. A toner for developing an electrostatic image, comprising: a binder resin and a colorant, wherein the
binder resin shows a molecular weight distribution on a GPC chromatogram of its tetrahydrofuran
(THF)-soluble resin content including at least 15 % and below 35 % of a resin component in a

30 molecular weight region of at most 5000 and at least 3 wt. % of a resin component in a molecular
weight region of at least 5x105 and showing a main peak in' a molecular weight region of 5000 to 10°,
and the binder resin has an acid value of 2 - 100 mg KOH/g.

2. The toner according to Claim 1, wherein said binder resin comprises a vinyl polymer, a vinyl copolymer
35 or a mixture thereof.

3. The toner according to Claim 1, wherein said binder resin comprises a vinyl copolymer compoaosition.

4. The toner according to Claim 1, wherein said binder resin comprises a mixture of a crosslinked vinyl
40 copolymer and a non-crosslinked vinyl copolymer.

5. The toner according to Claim 1, wherein said binder resin comprises a mixture of a crosslinked styrene
copolymer and a non-crosslinked styrene copolymer.

45 6. The toner according to Claim 1, wherein said binder resin contains a crosslinkage formed by a
crosslinking agent having at least two vinyl.groups, and an electrostatic crosslinkage formed by a
carboxylic group and a metal ion of two or more valences.

7. The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution
50 including 3 - 20 % of a resin component in the molecular weight region of at least 5x10¢.

8. The toner according to Claim 1, wherein said binder resin shows a molecular weight dlstnbutlon
including 3 - 10 % of a resin component in the molecular weight region of at least 5x105.

55" 8. The toner according to Claim 1, whersin said binder resin shows a molecular weight distribution
including at most 35 % of a resin component in the molecular weight of 105 to 5x105.

10. The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution
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5x10[ err}5—and—thebinder resin has an acid value of 2 - 100 ng KOH g.

Accor di ng of the present invention, therferi§ spiRYHASKh @
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a resin component in the molecular weight region of 105 to 5x10%, and 3 - 20 % of a resin component
in the molecular weight region of at least 5x10°.

5 11. The toner according to Claim 1, wherein said binder resin has a carboxyl group and contains an
* organic metal compound electrostatically linkable with the carboxylic group.

12. The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution
showing a main peak in a molecular weight region of 10* to 5x10*.
10 .
13. The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution
including at least 40 % of a resin component in a molecular weight region of 5000 to 10°.

14. The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution
15 including 18 - 32 % of a resin component in the molecular weight region of at most 5000, at least 40 %
of a resin component in a molecular weight region of 5000 to 10°, and 3 - 20 % of a resin component

in the molecular weight region of at least 5x10°.

15. The toner according to Claim 1, wherein said binder resin has a JIS acid value of 5 - 70 mgKOH/g.
20
16. The toner according to Claim 1, wherein said binder resin has an acid value attributable to acid
anhydride group of at most 10 mgKOH/g.

17. The toner according to Claim 1, wherein said binder resin has an acid value attributable to acid
25 anhydride group of below 8 mgKOH/g.

18. The toner according fo Claim 1, wherein said binder resin contains a styrene-maleic acid half ester
copolymer.

s0 19. The toner according to Claim 1, wherein said binder resin contains a styrene-maleic acid ester
copolymer.

20. The toner according to Claim 1, wherein said binder resin contains a styrene-maleic anhydride
copolymer.
35
21. The toner according to Claim 1, whersin said binder resin contains a non-crosslinked styrene-maleic
acid half ester copolymer and a styrene-maleic acid half ester copolymer crosslinked with divinylben-
zene.

40 22, The toner according to Claim 1, wherein said colorant comprises a magnetic material.

23. The toner according to Claim 1, wherein said colorant comprises carbon black.

24. The toner according to Claim 1, wherein said binder resin has a carboxyl group or acid anhydride
45 group and contains an organic metal compound reactive with the carboxyl group or acid anhydride

group.

25. The toner according to Claim 24, wherein said organic metal compound comprises an azo metal
complex represented by the following formula:
50

55
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-13¢ ' heating said m xture,; mel t - kneadi ng the heated
m xture while exerting a shearing force to the m xture, so as to sever
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29

r

wherein M denotes a coordination center metal, inclusive of metal elements having a coordination
number of 8, such as Sc, Ti, V, Cr, Co, Ni and Fe; Ar denotes an aryl group, such as phenyl or

15 naphthyl, capable of having a substituent, examples of which may include: nitro, halogen, carboxyl,
anilide, and alkyl and alkoxy having 1 - 18 carbon atoms; X, X', Y and Y independently denote -O-,
-CO-, -NH-, or -NR- (wherein R denotes an alkyl having 1 - 4 carbon atoms; and A® denotes hydrogen,
sodium, potassium, ammonium or aliphatic ammonium.

20 26. The toner according to Claim 24, wherein said organic metal compound comprises an organic acid

metal complex represented by the following formula:

H,0 O 1O
25

Z -C
(a) ‘ (a)
30 | (lz"o/ \ z /
\ A H,0 J¥®
35 wherein M denotes a coordination center metal, inclusive of metal elements having a coordination

number of 8, such as Cr, Co, Ni and Fe; A denotes
o @4
capable of having a substituent,

(X denotes hydrogen, halogen, or nitro), -
50
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. The toner according to Claim 1, wherein a waxy substance is further contained.

The toner according to Claim 1, wherein said binder resin shows a molecular weight distribution on the
GPC chromatogram showing a maximum in the molecular weight region of at least 5x10°.

The toner according to Claim 1, wherein the binder resin contains a THF-insoluble resin component in a
proportion of at most 10 wt. % measured as a residue on a filter having a pore size of 0.45 - 0.5 micron
when the binder resin is mixed with THF fo provide a concentration of 5 mg/m! and the mixture is left
standing for about 30 hours at room temperature and then subjected to filtration by using the filter.

The toner according to Claim 28, wherein the THF-insoluble resin component is contained in a
proportion of at most 10 wt. % in the binder resin.

The toner according to Claim 29, wherein the THF-insoluble resin component is substantially zero in
the binder resin.

A process for producing a toner, comprising: mixing a resin composition, a colorant and an organic

. metal compound to obtain a mixiure, the resin composition containing a crosslinkage formed with a

crosslinking agent having at least two vinyl groups and a carboxyl group;

heating said mixture;

melt-kneading the heated mixture while exerting a shearing force to the mixiure, so as to sever
molecular chains of a high molecular weight component in the resin composition under the action of the
shearing force and form an electrostatic linkage between the carboxylic group and the organic metal
compound or a metal ion in the organic metal compound under heating;

cooling the resultant kneaded product;

pulverizing the cooled kneaded product; and

classifying the resultant pulverized product to obtain a toner;

said toner comprising binder resin and a colorant; wherein the binder resin shows a molecular
weight distribution on a GPC chromatogram of its teirahydrofuran (THF)-soluble resin content including
at least 15 % and below 35 % of a resin component in a molecular weight region of at most 5000 and
at least 3 wt. % of a resin component in a molecular weight region of at least 5x10° and showing a
main peak in a molecular weight region of 5000 to 10%, and the binder resin has an acid value of 2 -
100 mg KOH/g.

’

The process according to Claim 32, wherein a THF-insoluble component in the resin composition is
converted into a THF-soluble component under the action of the shearing force during the meli-

“kneading.

The process according to Claim 32, wherein the heated mixture is kneaded under the action to the
shearing force so as to provide a peak in the molecular weight region of at least 5x10° on a GPC
chromatogram of the binder resin.

The process according to Claim 32, wherein the binder resin contains a THF-insoluble resin component
in a proportion of at most 10 wt. % measured as a residue on a filter having a pore size of 0.45 - 0.5
micron when the binder resin is mixed with THF to provide a concentration of 5 mg/ml and the mixture
is loft standing for about 30 hours at room temperature and then subjected to filivation by using the
filter.

The process according to Claim 35, wherein the THF-insoluble resin component is contained in a
proportion of at most 10 wt. % in the binder resin.

The process according to Claim 35, wherein the THF-insoluble resin component is substantially zero in

the binder resin.
* c L M S *
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of 5000 to 10[err], and the binder resin has an acid value of 2 - 100 ng

KCH g. These and ot her OE# ,4.&?§tures and advantages of the
present invention will becone nore ﬁé d upon a consideration of the
follow ng description of the preferred enbodi nents of th(%nﬁﬁﬁﬁﬁh HAS gﬂf__}
REPLACED
This Sheet Has Been Replaced

LU

i

5 x |06 | x 10° 5x 103

7

5x |06 | X [0S 5x 103

2

36



-1 4-

per neati on

the resin conposition

resin

A

Thls Sheet Has Been Rep laced

Figure 3is a GPCc

e PR af

2

I nvention taken in conjunction with the acconpanying draw ngs.
BRI EF DESCRI PTI ON OF THE DRAW NGS

chr omat ogr aphy) chro
Figure 2 is a GPC chromat ogram o

Figure 1 is a GPC (ge
resin composition A
onposi ti on ‘obtai ned by knea

I PRt SPORER A A BEEN
REPLACED

5 x 108

| X105

37

3

5x103



conposition obtained by kneading the resin c L) pn ang ]

rre'[rgl conpound. DETAI LED -DESCRI PTI ON OF T%pdjﬁaﬁ}hﬁr% EEPMTJEMEL\H )SHEET
all, the binder resin used in the toner of the present inventijon will be
described. - The nol ecul ar weight distribution of thd HO 3 MAR 1397
(tetrahydrofuran)-sol uble content of a bilnder resin or other rlesins used

in the present invention may be neasured based on a chronat dgram obt al ned
by GPC (gel perneation chromatography) in the foll ow ng mannet

A GPC sanple is pr Ch3lEE FOR YEVMYDPING ELECTROSTATIC IMAGE AND

PROCESS FOR PRODUCTION THEREOF

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a toner for
developing electrostatic images used in image forming
methods such as electrophotography and a process for
production thereof, particularly a toner which has been
improved in respects of hot foller—fixability and
developing performances for electrophotographic images
and a process for production thereof. |

Hitherto, a large number of electrophoto-
graphic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363
and 4,071,361, 1In these processes,.in general, an-
electrostatic latent image is formed on a
photosensitive member comprising a photoconductive
material by various means, then the latent image is
deveioped with é 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. The residual toner on the
photosensitive member without being transferred.is
cleaned by various methods, and then the above steps
afe repeated.

In recent years, such an electrophotographic
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A resinous sanple is placed in THF and left standing for seYREP| ADDMERT SHEE
(e.g., 5- 6 ngrs). pThen, the mxture is sufficiently shak ﬁEﬂL%RﬁwaLEuzggtT
of the resinous sanple disappears and then further left sta dln%EJor

than 12 hours (e.g., 24 hours) at -2- _

roomtenperature. In this instance, a total tinme of

image forming apparatus has been used not only as a
copying machine for office work but also as a digital
printer as an outputting means for a combuter and a
facsimile machine and also a graphic copier or printer
for producing graphic copies of high definition.

Among the performances required of a toner for
a digital printer or a copier for high definition
images, fixability and developing reproducibility of
thin line images is raised as an important one.

As for the fixing step, various methods and
apparatus have been developed, of which the most
popular one is a heating and pressing fixation system
using hot rollers.

In the heating and pressing system, a sheet
carrying a toner image to bé 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 method, as the hot roller surface and
the toner image on the fixation sheet contact each °
other under a 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. In this method,

however, a toner image in a melted state is caused to
[ —
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fromthe mxing of the sanple with THF to the conpletion
in THF is taken for at least 24 hours (e.g., 24 - 30 hour
the mxture is caused to pass through a sanple treating

pore size of 0.45 - 0.5 mcron (e.g..,-3=Mishoridi sk H 25
from Toso K K.; and "Ekikurodi sk 25CR"', avail able from Ge
Japan K K ) to recover the filtrate as a GPC sanple. The

concentration is adjusted to provide a resin_ concentratio
range of 0.5cornganfl @ hot roller suefaradupdeEsPHesSNCSin

qREPRACSMENT BHEET
) after
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sanpl e
Wt the

&P ithathe t oner

d offset phenomenon that a

present invention may preferabIX havg a THF-insol ubl e
lle £

there is observed a so-ca
part of the toner image is attached and transferred to
the hot roller surface and then transferred back to the
fixation sheet to stain the fixation sheet. It has
been regarded as one of the important conditions in the
hot roller fixation system to prevent the toner from
sticking to the hot roller surface.

On the other hand, in a latent image for a
high definition image part, electric lines of force are
concentrated at a boundary between an exposed part and
a non-exposed part to provide an apparent local
increase in surface potential. Particularly in a
digital printer, a latent image is composed of ON-OFF
binary picture elements to cause an intensive
concentration of electric lines of force at the
boundary between an exposed part and a non-exposed
part, so that the amount of toner attached to a unit
area of a latent line image composed of picture
elements in the development step is larger than that
for constituting an ordinary analog image.
Accordingly, .in the fixation of such an image, a toner
having further better fixing and anti-offset
characteristics is required at present.

A printer is generally used to provide 3 - 5
times as many copies as prepared by a copying machine

of the same level and requires a toner having further
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resin content,
W .
Zero,

a colum is stabilized in a heat chanber at 40 |efr
tetrahydrofuran (THF) solvent is caused to fIOM/through th
tenmperature a

solution is
Its nol ecul ar wei ght

| B 3 herlGsa7
] C

11%

cotummrat—t-hat

as recovered by the above filter treatnent, T
% further preferably at nost 5 wt. % nost preferably >Eagﬁgﬁnﬁéi y LET

measured at a concentration of 5 ng/m at room tenperature, so |
as to exhibit the effect of the present-4+invention
appar at us,

J

hpBeeEa Liiias dod ItTTbiAo o OB TE e ul ar ver gt and
As for the improvement of the binder resin for
a toner, a toner ﬁsing a crosslinked polymer as the
binder resin has been proposed, e.g., in Japanese
Patent Publication JP-B 51-23854.  Such a toner using a
crosslinked polymer shows improved anti-offset
characteristic and anti-winding characteristic but is
caused to have an increased fixing temperature as the
degree of crosslinking is increased. Accordingly, it
is difficult to have a toner showing a low fixing
temperature, good anti-offset and anti-winding
characteristic and also good fixability. In order to
improve the fixability, it is generally required to use
a lower molecular-weight binder resin having a lower
softening point. This is contradictory to an
improvement in anti-offset characteristic. Further, a
lowering in glass transition point for providing a low
softening pointlleads to an undesirable phenomenon of
toner blocking during storage.

Further, as a toner comprising a low-molecular
weight polymer and a crosslinked polymer, JP-A 58-86558
for example has proposed a toner comprising a lowf
molecular weight polymer and a non-fusible polymer as
principal resin components. According to the téaching,
the fixability actually tends to be improved, but it is
difficult to satisfy the fixability and the anti-offset

characteristic at high performances because the weight-
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N REPLACIH
di stribution is perforned based on a calibration curve obtalqeﬂﬂby o
several nonodi sperse pol ystyrene . -
sanpl es and having a logarithnic scale of nolecular weight vargé%fﬂﬁhﬁﬁﬂ
nunber. The standard pol ystyrene sanpré%'for_preparatlon of A _calibration
curve may be those having nolecular weights in the range of about

average molecular weight/number-average molecular
weight ratio (Mw/Mn) is as low as 3.5 or below and the
non-fusible polymer content_is as much as 40 -.90 wt.
$. Actually, ie has been very difficult to pfovide a
toner with sufficient fixability and anti-offset
characteristic unless it is used in a fixing device
equipped with a means for supplying an offset-
preventing liquid.

JP-A 60-166958 has prepbsed a toner comprising
a resin component prepared by polymerization in the
presence of a low-molecular weight poly-0-methylstyrene
having a number-average molecular weight (Mn) of 500 -
1,500. The same patent specification describes that an
Mn range of 9,000 - 30,000 is preferred but a higher Mn
for improving the anti-offset characteristic leads to a
practical problem in fixability.

JP-A 56-16144 has proposed a toner comprisin§
a binder resin having at least a maximum in each of the
molecular weight ranges of 103 - sx104 and 10° - 2x106
in the molecular weight distrlbutlon according to GPC
(gel permeation chromatography). The toner exhibits
excellent performances in respects of pulverizability,
anti-offset characteristic, fixability, anti-filming or
anti-melting characteristic on a photosensitive.member
and image forming characteristic but further
improvement in anti-offset characteristic and

fixability is desired. Particularly, it is desired to
-
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10[err] to 10[err] available from e.g., Toso K K or Sho
IS appropriate to use at |least 10 standard pol ystyrene sa
detector may be an Rl (refractive index)_ detector. For accurite "
measurenent, it is appropriate to constit®te the colum as cBRoithR: 15 |
of several connerC|aIIy avai l abl e pol ystyrene gel colums.] A preferred
exanpl e thereof nmay be a conbi nati on of Shodex KF-801, 802, 803, 804,

C2000H (Her 11 1 ER000i R e gk PHpL 9P Edts

(Herr]), GVOOQUeﬁHEﬁbEBVfH&j£H3<OEHE¥(Bé¥f6¥h§W@ééa§$ea§r981JQEE K. K.

strict demands in these days.

---...-oi

| DU

On the other hand, as for physical properties
required of a toner, several proposals have been made
with respect to binder resins including: crosslinking
by reaction of a polymer comprising a carboxylic acid
with a metal compound (JP-A 57-178249, JP-A 57-178250,
etc.) and reaction of a binder comprising a vinyl
monomer and a specific half-ester compound as essential
composition units with a polyvalent metal compound to
cause crosslinking with the metal (JP-A 61-110155, Jp-A
61-110156).

Further, JP-A 63-214760, JP-A 63-217362, JP-A
63-217363 and JP-A 63-217364 disclose reaction of a
polymer having a molecular weight distribution
including two portions of a low-molecular weight
portion and a high-molecular weight portion with the
low-molecular weight portion-including a carboxyl group
and a polyvalent metal ion to c;use crosslinking (more
specifically adding a liquid dispersion of a metal
compound into a solution after solution polymerization,
followed by heating for the reaction). In any method,
however, the reaction between the binder resin énd the
metal compound or the dispersion of the metal compound
in the binder resin is nof sufficient, so that the

physical properties required of a toner, particularly
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: EMENT SHE
The contents of a conponent having a nol ecul ar wei ght of 500 EﬁLﬁﬁﬂﬂﬁﬂiﬁﬁﬁzﬁT
a conponent having a nolecular weight of 5x10[err] or above pnf a GPC

chromat ogram measured by calculating ratios of the integrate 'vanﬁgM&ﬁt%W
nol ecul ar wei ght region of 5000 or bel oW and a nol ecul ar wei ght regi on of
5x10[err] or above, respectively, to the integrated value of|jtne enfire
nol ecul ar wei ght region of a sanple resin. Alternatively, it]lis possible

h . . ' | gcul i ght of 5000 or
bel ow—(or SxidTer kg iR d g DR (RRRE roBESEE P00,

characteristic, are not satisfied. Further, as the

metal compound in a large amount is formulated with the
binder resin, the metal compound can show a catalytic
action to the binder résin dependiné on the condition
to cause gellation of the binder resin. Accordingly,
it is difficult to determine the production condition
for formulating the metal compound to obtain a desired
toner. Even if the production conditions are
determined, it is difficult to produce a toner with a'
good reproducibility.

Even if a binder resin contains a carboxyl
group capable of reacting with é metal compound,-its
crosslinking reactivity is weak if the carboxyl group
is in the form of an anhydride structure (i.e., a
closed ring structure). As a result, the crosslinking
intensity becomes insufficient, thus failing to provide
satisfactory anti-offset characteristic and fixability.

Further, JP-A 63-216063 proposes the
combination of ionic crosslinking with a metal in the
binder resin and an offset-prevénting agent, and JP-A
62-280757 ﬁroposes reaction of an acid anhydride group
and a cationic component to form a pélar functidnal
group in the binder resin to improve the chargihg
characteristic of a toner. It is however still
difficult by these methods to provide a toner with all

required properties, such as anti-offset
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-17- of the corresponding nol ecul ar wei ght region and a ]gg&qgggﬁgggzgﬁiﬁr
ratio of the weight thereof to that of a GPC chromatogram vigring ke wites
entire nol ecul ar- wei ght region. More specifically; for exanple,
by neasuring the areal or weight propd-tion of hatched portipng 3 MARGRD7

chromat ogram shown in Figures 1 - 3, the content of

characteristic, fixability and developing
characteristic.

JP-A 59-214860 proposes a toner comprising a
resin having a specific range of viscoelasticity for
improvement in fixing characteristic and anti-offset
characteristic. This toner shows some effect in
respect of anti-offset characteristic, the combination
of a low-temperature fixability and the anti-offset
characteristic has not been fully satisfactory because

- of too high elasticity and viscosity and too high a
frequency-dependence thereof.

JP-A 63-223662 discloses a binder resin having
a THF-insoluble content of 10 - 60 parts and a THF-
soluble content showing two peaks in its molecular
weight distribution for improved anti-offset
characteristic. However, further improved low-
temperature fixability, anti-blocking characteristic
and anti-offset characteristic are desired so as to be
applicable to both high-speed and low-speed image

= forming apparatus.

As described above, it is very difficult to
realize high performances in respects. of both fixing
performances (low-temperature fixability and anti-
offset characteristic) and pulverizability. In.
particular,'the pulverizability in toner production is
an important factor in view of a direction of recent

demands for a smaller toner size so to realize high
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resin conmponents havi ng nol i_acul ar weights of at nost 5000 apgr@iadALa;
5x10[err] may be respectively obtai ned. The bi nder ﬁr{\@?‘ﬁrﬁg SHEET

present invention is characterized by containing at |east 1p Poand bel ow
35 % preferably 18 - 32 % of a resin conponent having a |o}eB3d 24AR 1997
wei ght of at nost 5000 in terns of nol.eeadar weight distribpt)on based on
the GPC chromatogram so as to provide an inproved anti-bl ocki ng
characteristic. By containing 15 %to below 35 % oflLa_resin
conponent having a nol ecul ar wei ght of at nost 5000, the toner binder
resin prevent Suadddasi i gyl xesokution and expplientotbin-dane of

ultra-fine powder and coarse . . . e .
reproducibility. The improvement in pulverizability is

also important in respect of economization of energy
consumption as the pulverization step requires a very
high energy.
As another aspect, a cleaning step is involved
in a copying cycle so as to remove a toner on a
photosensitive member after a transfer step in another
copying cycle. Nowadays, it is ordinary to adopt a
blade cleaning system so as to provide a compact and
light apparatus and in view of its reliability. Along
with achievement of a photosensitive member with an
extended life, a photosensitive drum with a smaller
diameter and a high speed system, anti-sticking and
": anti-filming .properties against a photosensitive member
are strictly demanded of the toner. Particularly, an
amorphous silicon photosensitive ﬁember recently )
developed has a high durability and an OPC (organic
photoconductor) photosensitive member is also provided
with an extended life, so that higher performances are
required of the toner accordingly.

In order to provide a compact apparatus, it is
necessary to adequately dispose various parts in narrow
space. Accordingly, little space is left for péssing
cooling air and a heat-generating source such as a

fixer is disposed closer to a toner hopper and a

cleaner, so that the toner tends to be exposed to a
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powder and increase the production efficiency at the tine of} 6

production, and further provides a toner showi ng good devel dpiing =~
characteristic.
of at nost 5000 is contained in 35 %or-Wbre, there are obser
tendencies that nelt-sticking or filmng of the toner onto g °

toner-carrying nenber (developnment sleeve) having a dianmeterf_of at nost 20

mm

| f the resin conponent having a nD|EC¢|Q?Q .ggﬁb?

high temperature atmosphere. For this reason, a toner
cannot be practically used unless it has excellent
anti-blocking characteristic.

Along with the decreases in size and weight of
the apparatus, the fixing roller is required to have a
smaller diameter and exert a lower pressure. Further,
there has been desired a toner which does not cause
roller staining but has a sufficient anti-offset
characteristic even in case of using a fixing roller
cleaning member .

JP-A 1-172843 and JP-A 1-172844 have proposed
toners which have peaks in molecular weight rangeé of
3x103 - 5x103 and 1.5x10% - 2.0x10° and have a peak
area percentage of 40 .- 60 % in a molecular weight
fegion of 1.5x10° - 2x10% or a gel content of 1 - 10 %.
However, a further improvement has been desired.

Several proposals have been made regarding use
of toners having a small particle size for the purpose
of providing high-gquality images, this tends to be
disadvantageous in respect of productivity, fixing
performance and anti-offset characteristic. A binder
resin and a toner solving the problem have been also
desired.

As has been described above, various
performances required of a toner are mutually
contradictory in many cases, and it has been also

required to satisfy them in combination at high levels
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THIS S ?"l.v BERN




- 18- and a photosensitive drum having a dianeter of at nost__50 mmis
pronounced in a snall-size apparatus, and the storability o REPEA pner Ef
beconmes wor se. The resin conponent having a nol ecul ak ght of
at nost 5000 is liable to have a gl ass tran5|t|on point (Tg)] $how

noticeabl e mol ecul ar weight- dependencé&.'Accordingly, if the fedih fgiAR 1897
conponent is contained in excess of 35 % the binder resin |s| _caused to
show a thermal behavior as if it has a lower Tg than its ordlinarily

measured Tg and i g lLapl ¢clog,

H

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a toner having soi§ed the above-mentioned
problems and a process for production thereof.

An object of the present invention is to
provide a toner which can be fixed at a low temperature
and does not cause melt-sticking or filming onto a
toner-carrying member or a photosensitive member in a |
long period of use, and a process for production
thereof.

An object of the present invention is to
provide a toner which can be fixed at a low temperature
and is excellent in anti-blocking characteristic, thus
being able to be used in a high temperature atmosphere
of a small-size apparatus, and a process for productibn
thereof.

An object of the present invention is to
provide a toner which results in little coarse powder
at the time of producing toner particles because of
good pulverizability and causes little scattering
around a toner image during development, thus being
capable of stably providing good developed imadés, and
a process for production théreof.

An object of the present invention is to

provide a small particle size toner capabie of forming

s
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i r
nol ecul ar wei ght of at nobst 5000 has a function of providin ' EWENT.th
kneaded product with a particularly inproved pulverizabilitly lat the

of toner production but provides an excessive pul verizabili |&a Nﬁﬁ NJ?
production of a toner having a vol une-at@rage particle sizd df 4 - 8
mcrons to result in nuch ultra-fine powder and a | ower cIasSification

efficiency if it is contained in excess of 35 % A toner nt.aining

cause nelt-sticking and fil m ng. The resin conponeg%
y
t

insufficiently.

cl .
i ncreased cont® ?g ﬁuggéﬁyullf“tf"igaeﬁr n%%bf)%ggc{%%sosﬁaﬁéfdpé&&@e&o@ gr adual Iy

thereof.

A fﬁrther object of the present invention is
to provide a toner which is excellent in anti-blocking
characteristic and free from agglomeration in
circulation and storage, thus being excellent in
storability, and a process for production thereof.

According to the present invention, there is.
provided a toner for developing an electrostatic image,
comprising: a binder resin and a colorant, wherein the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-soluble
resin content including at least 15 % -and below 35 % of
a resin component in a molecular weight region of at
most 5000 and at least 3 wt. % of a resin component in
a molecular weight region of at least 105.and showing
a main peak in a molecular weight rggion,of 5000 to
5x106, and the binder resin has an acid value of 2 -
100 mg XOH/g.

According to another aspect of the present
invention, there is pfovided a process for producing a
toner, comprising:

mi#ing a resin composition, a colorant and an
organic metal compound to obtain a mixture, thé resin
composition containing a crosslinkage formed with a

crosslinking agent having at least two vinyl groups and

_a carboxyl group;
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Lu. l ' J"\C_ " L}
This Sheet Has Been Replaced S




repetition of toner replenishnment, and the increased uItra£ﬁ+n9~nnmdPr S
attached to a triboelectric toner- charging nenber due to EB‘WMEHTGSHEET
force to hinder the triboelectric charqlng of the toner, thu ,
|l owering in inmage density and fog. For & }oner of a

-19- smal | particle size having an increased specific 03 MR 1397
heating said mixture; N
e

melt-kneading the heated mixture while
exerting a shearing force to the mixture, so as to
sever molecular chains.Of a high molecular weight
component in the resin composition under the action of
the shearing force and form an electrostatic linkage
between the carboxylic group and the organic metal
compound or a metal ion in the organic metal compound
under heating;

cooling the resultant kneaded product;

pulverizing the cooled kneaded product; and

classifying the resultant pulverized product
to obtain a toner;

the toner comprising a binder resin and a
colorant; wherein the binder resin shows a molecular
weight distribution on a GPC chromatogram of its
tetrahydrofuran (THF) -soluble resin content including—
at least 15 % and below 35 % of a resin component in a
molecular weight region of at most 5000 and at least 3
wt. % of a resin component in a molecular weight region
of at least 5x10° and showing a main peak in a
molecular weight region of 5000 to '105, énd the
binder resin has an acid value of 2 - 100 mg KOH/qg.

Theseland 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

This Sheet Has Been Replaced.
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surface area,
to maintain the fixability and

t oner bi nder
containing a
5x10[ err]
particul arly
wei ght of at

bi nder %es+n~knwgpder

It IS necessary to inprove the toner

REPLACTEAFNT

i nvention is charactqrrzed by"

anti-offset characteristic.
resin used in the present

resin conponent having a Iypj.ecul ar wei ght of aa Iieas 9 1647

in a proportion of at least 3 % preferably 3 - oY 2 18
preferably 3 - 10 % The resin conponent hauving a nol ecul.
| east 5x10[err] shows excellent releasability and

TIREEET

appropri at el y iaveptdesetakidre ifd wahjuynotfidemewibhethat aacbmpghnyénger ature"

SO

that the conponent .effectively functions to inprove the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a GPC (gel permeation
chromatography) chromatogram of a resin composition A.

Figure 2 is a GPC chromatogram of a resin
composition obtained by kneading the resin composition
A.

Figure 3 is a GPC chromatogram of a resin
composition obtained by kneading the resin composition

A and an organic metal compound.

DETAILED DESCRIPTION OF THE INVENTION

First of all, the binder reéin used in the
toner of the present invention will be described.

The molecular weight distribution of the THf-
(tetrahydrofuran)-soluble content of a binder resin or
other resins-used in the present invention may be
measured based on a chrométogram obtained by GPC (gel
permeation chromatography) in the following manner.

A GPC sample is prepared as follows.

A resinous sample is placed in THF and
left standing for several hours (e.g., 5 - 6 hoﬁrs).
Then, the mixture is sufficiently shaked until a lump
of the resinous sample disappears and then further left

standing for more than 12 hours (e.g., 24 hours) at

g e
| il
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anti-of fset characteristic. If the resin conponentfPQV|ng a
nmol ecul ar weight of at |east 5x10[err] is below 3 % the adti~ecffser- -
characteristic is liable to be insufficient. In excess of 30{%_the toner

cannot be readily deformed on nelting +6b4disfavor the fixinpg,| dhd HARJSghe
conponent in a suitable nolecular weight region for fixing 4 relatively

decreased to again disfavor the inprovenent in fixability. AS a -
conventional technique, it has been known, to incorporate_iB—a-hinder resin

a gel conponefPOf temperatyra,nct G s hinstaREe padstatadr EimeoPEsn nesh

or from the mixing of the sample with THF to the

completion of the standing in THF is taken for at least
24 hours (e.g., 24 - 30 hours). Thereafter, the
mixture is caused to pass through a sample treating
filter having a pore size of 0.45 - 0.5 micron (e.g.,
"Maishoridisk H-25-5", available from Toso K.K.; and
“Ekikurodisk 25CR", available from German Science Japan
K.K.) to recover the filtrate as a GPC sample. The
sample concentration is adjusted to provide a resin
concentration within the range of 0.5 - 5 mg/ml.

The binder resin contained in the toner of the
present invention may preferably have a THF-insoluble
resin content, as recovered by the above filter
treatment, of at most 10 wt. %, further preferably at
most 5 wt. % most preferably substantially zero, as
measured at a concentration of 5 mg/ml at room
temperature, so as to exhibit the effect of the present
invention.

In the GPC apparatus, a column is stabilized
in a heat chamber at 40.°C, tetrahydrofuran (THF)
solvent is caused to fléw_through the column at that
temperature at a rate of 1 mlfmin., and about 100 pl of
a GPC sample solution is injected. The identification
of sample molecular weight and its molecular weight
distribution i# performed based on a calibration curve

obtained by using several monodisperse polystyrene
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200 mesh when t he bi nder

because of a

network structure or
with a rubber elasticity. The resin
| east 5x10[err]

at

10

15

20

25

resin is dissolved or
dense crosslinked

| arge nol ecul ar weight) so as to

.di spersed in“ﬁbtuene
5 =

=y
bu?

pr ovi “he

conﬁ?)ﬁént havi ng a nol ecu a@;v\@f_gghyzqf
n

used in the present invention has a |arger| crosslinked

samples and ha&ing a logarithmic scale of mo
weight versus count number. The standard polystyrene
samples for preparation of a calibration curve may be
those having molecular weights in the range of about
102 to 107 available from, e.g., Toso K.K. or Showa
Denko K.K. It is appropriate to use at least 10
standard polystyrene samples. The detector may be an
RI (refractive index) detector. For accurate
measurement, it is appropriate to constitute the column
as a combination of several commercially available
polystyrene gel columns. A preferred example thereof
may be'a combination of Shodex KF-801, 802, 803, 804,
805, 806, 807 and 800P; or a..combination of TSK gel
G1000H (Hyr), G2000H (Hyy ), G3000H (Hyr), G4000H (Hyyp),
G5000H (Hyy ), G6000H (Hyy), G7000H (Hyy) and TSK
guardcolumn available from Toso K.K.

" The contents of a component having a molecuiér
weight of 5000 or below and a component having a
molecular weight of 5x10% or above on a GPC
chromatogram measured by calculating ratios of the
integrated values of a molecular weight region of 5000
or below and a molecular weight region of 5x10® or
above, respectively, to the integrated wvalue of the
entire molecular weight region of a.sample resin.
Alternatively, it is possible to measure the content of

a component having a molecular weight of 5000 or below

(or 5x108 or above) by cutting out a GPC chromatogram
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network structure and | ess crosslinkage than such a gel conpg i A PERIC y
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resist the deformation of the toner or hinder the fixation. _ I t
is preferred that a resin conponent havirhd- a nol ecul ar wei ght| iin & BeMARMS?
of 10[err] to 5x10[err] is at nost 35 % particularly 10 - 3Q %

The conponent

in this molecul ar meight region functions as ajcomponent
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GPC chromatogram covering the entire molecular weight
region. | '

More specifically, for example, by measuring
the areal or weight proportion of hatched portions in
GPC chromatogram shown in Figures 1 - 3, the content of
resin components having molecular weights.of at most
5000 and at least 5x106 may be respectively obtained.

The binder resin of the present invention is
characterized by containing at.least 15 % and below 35
%, preferably 18 - 32 %, of a resin component having a
molecular weight of at most 5000 in terms of molecular
weight distribution based on thé GPC chromatogram so as
to provide an improved'anti-blocking characteristic.

By containing 15 % to below 35 & of a resin
component having a molecular weight of at most 5000,
the toner binder resin prevents excessive pulverization
to suppress occurrence of ultra-fine powder and coarse
powder and increase the production efficiency at the
time of toner production, and further provides a toner
showing good developing characfér;stic.

Xf the resin component haﬁing a molecular
weight of at most 5000 is contained in 35 % or ﬁore,
there are observed tehdencies that melt-sticking or
filming of the toner onéo a toner-carrying member

(development sleeve) having a diameter of at most 20 mm
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wei ght in the range of 10[err] to 5x10[err] principally funct
conmponent |inking a medi um nol ecul ar wei ght conponent and th
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and functions to uniformze the anti-of 38t conponent and th
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conponent in the binder resin and aid the dispersion of intefnal addiffvis

to the toner,
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such as a colorant and a charge control agent in e-teher . ..

ghest pea ecul ar region o
50 mm is pronounced in a small-size apparatus, and the

storability of the toner becomes worse.
The resin component having a molecular weight

of at most 5000 is liable to have a glass transition

'point (Tg) showing a noticeable molecular weight-

dependence. Accordingly, if the resin component is
contained in excess of 35 %, the binder resin is
caused to show a thermal behavior as if it has a lower
Tg than its ordinarily measured Tg and is liable to
cause melt-sticking and filming.

The resin component having a molecular weight
of at most 5000 has a function_of providing a melt-
kneaded product with a particularly improved
pulverizability at the time of toner production but
provides an excessive pulverizability in production of
a toner having a volume-average particle size of 4 - é
microns to result in much ultra-fine powder.and a lowef
classification efficiency if it is contained in excess
of 35 3. A toner containing insufficiently classified
ultra-fine powder is caused to have a gradually
increased content of such ultra-fine powder through
repetition of toner replenishment, and the increased
ultra-fine powder is attached to a triboelectrie toner-
charging member due to an electrostatic force to hinder
the triboelectric charging of the toner, thus causing a

lowering in image density and fog. For a toner of a
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-21 - particularly in a region of 10[err] to 5 x 10[err].
case where there are several peaks, it is . also preferred that REPM\EFMK SHEET
having a height which is a half or nore of that of the main gedgk—sin-the
mol ecul ar wei ght range of 5000 - 10[err}19 A conponerjt hqy E%s 7
nmol ecul ar weight of at nost 10[err] functions as a conponent |fqr ﬁp iﬁa
the pulverizability of a toner naterial at the tine of

small particle size having an increased specific

surface area, it is necessary to improve the toner
binder resin in order to maintain the fixability and
anti-offset characteristic.

5 The toner binder resin used in the present
invention is characterized by containing a resin
component having a molecular weight of at least 5x106
in a proportion of at least 3 %, preferably 3 - 20 %,
particularly preferably 3 - 10 %. The resin component

10 having a molecular weight of at least 5x10® shows
excellent releasability ahd appropriately suppresses
the fluidity of the toner at a high temperature, so
that the component effectively functions to improve the
anti-offset characteristic. |

15 If the resin component having a molecular
weight of at least 5x106 is.below 3 &, the anti-offset
characteristic is liable to be insufficient. 1In excéés
of 20 %, the toner cannot be readily deformed on
melting to disfavor the fixing, and also the component

20 in a suitable molecular weight region for fixing is
relatively decreased to again disfavor the improvement
in fixability.

As a conventional technique, it has been known
to incorporate in a binder resin a gel componen£ (i.e.,

25 a component which cannot pass a screen of 80 mesh or

200 mesh when the binder resin is dissolved or

dispersed in toluene because of a dense crosslinked

Sheet Has Been Replaced THIS SHEET HAS BEEN

T




toner production, and the conponent in the nolecular weight REQ'
- 10[err] i.s a conponent for inproving the fixability of the toef
In order to incorporate these conponents in the binder resin itn a_l
proportion and in a good balance, the 4#8thder resin is requined lod s
main peak in the above-nentioned nol ecul ar weight region. Asla res

I's possible to attain a good pulverizability of the toner materi al

g

toner production and also a good fixability of the toner. Sé—as—t-o-be-a

nmeasure conpoR&hWOrkhstagatarenton nttarge
10[err] may pg
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eRular veight)regias 60 5000 to

%E%&ggl¥he toner with a rubber elasticity. The resin
component having a molecular weight of at least 5x10°
used in the present invention has a larger crosslinked
network structure and less crosslinkage than such a gel
component, so that the polymer molecules are in a
rather mobile state and do not excessively resist the
deformation of the toner or hinder the fixation.

It is preferred that a resin component having
a molecular weight in the range of 10° to 5x10% is at
most 35 %, particularly 10 - 30 %.

The component in this molecular weight region
functions as a component effective for improving the
anti-offset characteristic resisting a high-temperature
offset (toner sticking onto fixing rollers at a high
temperature). The resin component having a molecular
weight in the range of 10° to 5x10° principally
functions as a component linking a medium molecular
weight éomponent and the ultra-high molecular weight
component having a molecular weight of at least 5x10°
and functions to uniformize the anti-offset component
and the fixing component in the biﬁder resin and aid
the dispersion of internal additives to the toner, such
as a colorant and a charge control agent in the.toner.

The binder resin of the present invention is
characterized by showing a main peak (the highest peak)

in a molecular weight region of 5000 to 105,
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be contained in a proportion of at |least 40 % further pre] CMAEN
45 % It is also a preferred node that a single peak in th EE?EgyggE&IeSHEET

present in the region of 10[err] to 5 x 10[err]. I '
peak is at a nol ecul ar weigh of bel ow 52D9, the sane diffig¢u tbgibg&i%a?

t he above- nentioned case of the conponent having a nol ecufa
-22- .

particularly in a region of 104 to 5 x 109,

In case where there are several peaks, it is
also preferred that a sub-peak having a height which is
a half or more of thaf of the main peak is in the

5 molecular weight range of 5000 - 10°.

A component having a molecular ﬁeight of at
most 104 functions as a component for improving the
pulverizability of a toner material at the time of
toner production, and the component in the molecular

10 weight region of 5000 - 10° is a component for
improving the fixability of the toner.

In order to ihcqrporate these components in
the binder resin in a larée proportion and in a good
balance, the binder resin is required to show a main

15 peak in the above-mentioned molecular weight region.
As a result, it is possible to attain a good
pulverizability of the toner material in toner
production and also a good fixability of the toner. So
as to be a measure component, the component in the

20 molecular weight region of 5000 to 103 may preferably
be contained in a proportion of at least 40 %, further
preferably at least 45 %. It is also a preferred mode
that a single peak in this region is present in the
region of 107 to 5 10%,

25 If the main peak is at a molecular weigh of
below 5000, the same difficulties as in the above-

mentioned case of the éomponent having a molecular
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wei ght of at nost 5000 being 35 %or nore are encountered. |If

peak is present at a nolecular weight in excess of 10[err], if hecomes
i npossible to attain a sufficient fixability and pulverizabilit PA§ %hﬁ 297

nol ecul ar wei ght giving the min peak €X2Zeeds about 5x10[err]

pul verizability of the toner material begins to be gradually wereu
As a method of obtaining a vinyl polymer satisfying the charab_erlstlc
features of the present invention, it is possible to obtain a vinyl —

copol yner
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by wesiahg a»ﬁnarﬁ/lmqﬁﬁnoﬁim%ﬂo heeing 3h &cPy @pPv@pareuch as

encountered. If the main peak is present at a
molecular weight in excess of 105, it becomes
impossible to attain a sufficient fixability and
pulverizability. As the molecular weight giving the
main peak exceeds about 5x104, the pulverizability of
the toner material begins to be gradually lowered.

As a method of obtaining a vinyl polymer
satisfying the characteristic features of the present
invention, it is possible to obtain a wvinyl copolymer
by using a vinyl monomer having an acid group, such as
a dicarboxylic acid, a dicarboxylic anhydride or a
dicarboxylic acid monoester with another vinyl monomer
and subjecting the monomers to bulk polymerization or
solution polymerization. In the solution
polymerization, it ;s possible to convert a part of the
dicarbéxylic acid groups or dicarboxylic acid monoesfér
groups in the vinyl copolymer into anhydride groups by
adjusting the conditions for distilling off the solvent
after the polymerization. It is also possible to
further convert such dicarboxylic acid group and
dicarboxylic acid monoester group into anhydride groups
by heat-treating the vinyl copolymer obtained by the
bulk polymerization or solution polymerization.. A part
of such anhydride groups can be reacted with a compound
such as an alcohol to be esterified.

Reversely, it is also possible to convert a
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a dicarboxylic acid, a dicarboxylic anhydride or a dicarb)ﬁ PLAGJWtNT SHEET
monoester with another vinyl nmononer and subjecting the npnpners to bul k
pol ymeri zation or solution polymerizatign. In the solutiop | 03 MAR 1897
pol yneri zation, it is possible to converg3a part of the djcprboxylic acid
groups or dicarboxylic acid nonoester groups in the vinyl|copolyner into
anhydri de groups by adjusting the conditions for distilli off_the

J

f | i i | i ble t t t
such di car box BT o HIEh | £BhLAP1 b gbBuRs? By B cherlad S lat T o'
anhydride groupsardVyHEat ok’ €REI Pnl e cypBY Yme2P B PAHARS thed he

dicarboxylic acid groups.

On the other hand, dicarboxylic acié monoester

5 groups of a vinyl copolymer obtained by suspension
polymerization or emulsion polymerization using a vinyl
monomer including such a dicarboxylic acid monoester
group into anhydride groups by heat-treatment or into
dicarboxylic acid groups by hydrolysis; If such a

10  vinyl copolymer obtained by bulk polymerization or
solution polymerization is dissolved in a vinyl monomer
and the resultant mixture is subjected to suspension
polymerization or emulsion polymerization, a part of
the anhydride groups can cause ring-opening to leave

15 dicarboxylic acid groups in the polymer. In this
instance, it.is possible to mix another resin in the
vinyl monomer. The resultant resin can be treated
by heating, weak alkaline water or an alcohol for
anhydrization, ring-opening or esterification.

20 A vinyl monomer having a dicarboxylic acid
group and a vinyl monomer having a dicarboxylic
anhydride group have a strong tendency to form an
alternating copolymer. For this reason, in order to
obtain a vinyl copolymer containing functional éroups,

25 such as anhydride groups or dicarboxylic acid groups,
at random therein, the following method may be adopted

as a suitable measure. That is, a vinyl copolymer is
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Reversely, it
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zation or solution polymerization. A part of A ﬁhyd¥|dé g
“esterified. !
is al so possible to convert a 02 pMAR 1997
of such anhydri de groups By24+ ng- openi ng throud | ! ydro]ys
copol ynmer obt ai ned above into B

obtained through solution polymerization by using a

vinyl monomer having a dicarboxylic acid monoester
group and another vinyl monomer, and a solution of the
vinyl copolymer in a vinyl monomer is subjected to
suspension polymerization to obtain a binder resin. 1In
this method, it is possible to anhydrize the
dicarboxylic monoester part through de-alcohol
cyclization by controlling the conditions for
distilling—offlof the solvent after the solution
polymerization to obtain a vinyl copolymer having
anhydride groups.

Then, at the time of the suspension
polymerization, the anhydride groups cause ring-opening
through hydrolysis to provide a vinyl copolymer having
dicarboxylic acid groups.

The formation or extinction of an
ahydride group in a polymer may be confirmed by an Iﬁh
analysis because an anhydride group provides an IR
absorption peak which has been shifted from those of
the corresponding acid group and ester group toward a
higher wave number side.

The binder resin used in the present invention
has an acid value measured according to JIS K-0070
(hereinafter referred to as "JIS acid value" or.simply
as "acid value") of 2 - 100 mgKOH/g, preferably S - 70
mgKOH/g. If the acid value is below 2 mgKOH/g, re-

crosslinking as described hereinafter cannot be
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di carboxylic acid groups. On the other hand, dlcarbo<B Ekﬁ%ﬁﬂémlm§ﬂﬁﬁT
nonoester groups of a vinyl copol yner obtained by suspension .

riifd ¢eimhegs?

pol ymeri zati on or erul sion polynerization using.a vinyl nonom
such a dicarboxylic acid nonoester grou@5-nto anhydride groupp by
heat-treatnment or into dicarboxylic acid groups by hydrolysis TTsucthaT—
vinyl copol yner obtained by bul k pol ymeri zation or solution plRlynerization

is dissolved in a vinyl ponomer _and the resultant m xture is suqlected to

suspensi on pofyhktciantdy spusedesi 3 ﬁ&ﬁymﬁﬁ Faigie exgpgd t he
anhydri de groq& 8ﬁ?g?aygebgégﬂe S %QQCuit %%y%ffect the toner

charge control, thus being liable to cause a

|29

fluctuation in developing characteristic depending on

5 environmental conditions. It is preferred that an acid
value attributable to the acid anhydride group is at
most 10 mgKOH/g, further preferably below 6 mgKOH/g.

If the acid value attributable to the acid anhydride
group exceeds 10 mgKOH/g, vigorous re-crosslinking is

10 caused ﬁo be liable to result in excessive crossligkage
and deterioration in fixability due to hindrance'of
‘movement of polymer molecule chains. Further, the
control of the crosslinking dégree in ‘the binder resin
becomes difficult. This is because the acid anhydride

15 group is richer in reactivity than the other acid
groups.

- Because of its acid value, the binder resin )
provides a toner with an increased releasability with
respect to the fixing rollers.

20 If the resin component having molecular weight
of at least 5x10°® has an acid value, the polar group
providing the acid group in the polyﬁér chain can form
a weak bond due to affinity given by a hydrogen bond
with polar groups in magnetic material, pigment‘and/or

25 dye internally added to the toner, it becomes possible
to compatibly satisfy the anti-offset characteristic

and fixability of the toner. If the acid anhyde group

’ I B S ZEN |
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di carboxylic acid groups in the polymer. In this instance, .REWéVEBf TbﬁEEET

to mx another resin in the vinyl hononmer. The resultant resﬂh can be T
treated by heating, weak al kaline water or an al cohol for hygi pabi @97
ri ng-opening or esterification. =264 vi nyl nonomner hCV|ng a

di carboxylic acid group and a vinyl nononer having a di car QoxXytic— - ==l

anhydri de group have a strong tendency to forman alternatiing copol yner.
For this reaso er .to. obtain.a viayl copoly. cont ai i n
functi onal groﬁi °°n§ﬁ%ﬂegse§ﬁﬁﬁﬁﬁvﬁéygr5&&5c|d%ﬁ%££%ﬁﬁa/ (:%ﬁﬁéb%ﬁ%ups
at random ther g ny 4024k 0L hOYh 081 1B ROLHREnLE AAUH Shnnot pass

through the filter for preparing a GPC sample solution

and thus cannot be observed on a GPC chromatogram.

5 The acid value attributable to an acid
anhydride group may for example be measure by combining
the JIS acid value measurement and the acid value
measurement through hydrolysis (total acid value
measurement).

10 For example, the JIS acid value measurement
provides an acid value of an acid anhydride which is
about S50 % of the theoretical value (based on an
‘assumption that a mol.of an acid anhydride provides an
acid value identical to the corresponding dicarboxylic

15 acid).

On the other hand, the total acid value
measurement provides an acid value which is almost
identical to the theoretical vaiue. Accordingly, the
difference between the total acid value and the JIS

20 acid value is almost 50 $ for an acid anhydride. Thus,
the acid value attributable to an acid anhydride group
per g of a resin can be obtained by doubling the
difference between the total acid value and the JIS
acid value of the resin. .

25 The method of the JIS acid value measurement

is explained hereinbelow.

2 - 10 g of a sample resin is weighed and
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as a suitable neasure. That is, a vinyl copolyner is "

- 24- obt ai ned t hrough sol ution polynerization by using a vinyg3ggﬂgpggw
havi ng a di carboxylic acid nonoester group. and anot her viny|] pohdmer, and
a solution of the vinyl copolyner in a Vinyl nononer is subj eeted—te

suspensi on polymerization to obtain a binder resin. In this|nmethod, it is
possi bl e to anhydrize the

.
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placed in a 200 to 300 ml-Erlenmeyer flask, and an
ethanol/benzene (= 1/2) mixture is added thereto
to dissolve the resin. If the resin is not readily
dissolved, a small amount of acetone may be added. The
resultant solution is titrated with a preliminarily
standardized N/10 KOH/alcohol solution with
phenolphthalein as the indicator. The acid value is
calculated from the consumption of the KOH/alcohol
solution based on the following equation:

Acid value = vol (ml) of KOH/alcohol x N

X 56.1/sample weight,

wherein N denotes the factor of the N/10 KOH/alcohol
solution.

The total acid value of a binder resin used
herein is measured in the followipg 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. After
cooling, the resultant solution is titrated with 1/10
N~KOH solution in THF (tetrahydrofuran) to neutrality
with phenolphthalein as the indicator to measure the
acid value, which is a total acid value (B).

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.
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di carboxylic nonoester part through de-al cohol cyclization
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the conditions for distilling-off of the solvent after the S(Iutlon

pol yneri zation to obtain a vinyl copolyner having anhydri dé¢
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Then, at the time of the suspension pot48erization, the anlyjrl e groubg
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anhydride gro
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The formation or extinction of an
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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-HCl sténdard solution.

The binde: resin used in the present invention
may for example e prepared in following manner.

A polymer or copolymer (A-1) having a.main
peak in a molecular weight region of 2000 - 2x104 is
prepared through solution polymerization, bulk
polymerization, suspension polymerization, emulsion
polymerization, block copolymerization or graft
polymerization.

Then, the polymer or copolymer (A-1) is
dissolved in a polymerizable monomer mixture containing
0.5 - 20 wt. %, preferably 1 - 15 wt. %, of a carbox§l
group-containing vinyl monomer, followed by suspension
polymerization to prepafe a polymer or copolymer (B-1)
which shows a main peak in a molecular weight region of
5000 - 10° on a GPC chromatogram but can contain a gel
content (THF-insoluble).

The polymer or copolymer is melt-kneaded
together with a metal-containing compound reacéive with
the carboxyl group in the polymer or copolymer under
the action of a shearing force so as to sever a highly

crosslinked polymer portion in the resin and cause a

t hrough hydrolysis to provide a vinyl cop&ryrrer—havi-ng-
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acid group and ester group toward a higher wave nunber side.
binder resin used in the present invention has an acid value repsgreqan 1997
according to JI'S K-0070 (hereinafter re2@rred to -as "JI'S acidf vpl ué g%
simply as "acid value") of 2 - 100 ngKOH g, preferably 5 - 70] wegkeH-g—kf

the acid value is below 2 ngKOH g, re- crosslinking as descriped

her ei nafter
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eaction with the metal-containing compound for re—“
crosslinking to provide a molecular weight distr;bution
characteristic to the present invention. This p;ocess
may be performéd simultaneously at the time 6f toner
production and thus the melt-kneading can be performed
in the presence of a magnetic material or colorant. It
is possible to effectively cause the re-crosslinking
under the action of a heat evolved due to the severance
of the polymer network.

In the case of severance of the highly
crosslinked polymer component_during melt-kneading, the
severance may be effected by kneading the mixture in a
low-temperature melting state so as to apply a high
shearing force to the mixture. Then, the re-
crosslinking with a metal-coﬁtaining component, etc.,
under the action of a heat to result in a component
having a molecular weight of at least 5x10°,

If an extruder is used for example and an
axial arrangement suitable for applying a shear force
is adopted and cperated at a relatively low set
temperature, a high shearing force is applied to the
mixture when the mixture passes through the kneading
section to sever the polymer network and then cause the
re-crosslinking by reaction of the resin with the
metal-containing compound while the mixture is
discharged and cooled.

A GPC chromatogram (chart) of a resin
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- 25- sufficiently caused. |If the acid value exceeds 100 nék@iuq ut‘“ SHEE

becones difficult to effect the toner charge control, thus beln? liable to
cause a fluctuation in devel oping characteristic dependi ng on 03 MAR 1997
environnmental conditions. It is preferred that an acid val ue ttributabl e

to the acid anhydride group is at nost_39_ngKOH g, further pr f er-aplye——
below 6 ngKOH/ g. If the acid value attributable to the acid anhydride

composition A used in Example 1 appearing hereinafter
is reproduced herein as Figure 1. The resin
composition contains a THF-insoluble content which is
removed by a filter when a GPC sample solution is

5 prepared and thus cannét be observed by GPC. A GPC
chromatogram of a resin composition obtained by
kneading the resin composition A by a kneader used in
Example 1 is reproduced as Figure 2. The resin
composition does not contain a THF-insoluble resin

10 component and the severed high-molecular weight
component appears as a peak on the chrom&togram.
Further, a GPC chromatogram of a composition obtained
by kneading the resin composition A with a metal-
containing compound is reproduced as Figure j, wherein

15 a component formed by re-crosslinking is extended to a
higher molecular weight side.

As an alternative method for preparing a
binder resin according to the present invention, it is
possible to prepare a polymer 6r copolymer (B-2)

20 capable of containing a gel content having a main peak
in the molecular weight region of 5000 - 10° on a GpC
chromatogram by suspension polyﬁerizafion of a
polymerizable monomer mixture containing 0.5 - 20 wt.
%, preferably 1 - 15 wt. %, of a carboxylic groﬁp—

25. containing vinyl monomer, and a polymer or copolymer
({A-2) having a main peak in the molecular weight region

of 2000 - 102 by solution polymerization, bulk
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group exceeds 10 ngKOH g, vigorous re-crosslinking is caused REPIHEEMENT SHEET
to result in excessive crosslinkage and deterioration in fixagrT Ty duet0o

hi ndrance of novenent of polymer nol ecule chains. Further, t
the crosslinking degree in the binder re38ilan becones difficu

because the acid anhydride group is richer in reactivity thg

acid groups. Because of its acid value, the binder

5o

L

resin

provides a toner, with an increased releasability with respe

fixing rol | er Polymerization, 1guFpensieBnBoryRETHZAtA®MoIRIAs

tothe

L
Kar wei ght
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copolymerization or graft polymerization, and blending
the pdlymer or copolymer (B-2) and the polymer or
copolymer (i-2) by melt-kneading.

It is also possible to blend a polymer or
copolymef (3-3) having a carboxyl group or a carboxyl
derivative group'and comprising a principal component
in the molecular weight region of at least 10° obtained
by bulk polymerization,.suspension polymerization,
emulsion poiymerization, etc., with the polymer or
copolymer (A-1) or the polyme; or copolymer (A-2) in a
solvent after solution polymeriiation, and melt-knead
the blend.

It.is also possible to melt-kread a blend of
the polymer or copolymer (B-3) with the polymer or
copolymer (i-1) or the polymer or copolymer (A-2).

If the respective polymers or copolymers in ﬁ
the above-mentioned resins have main peaks in the range
of 5000 - 5x104, it is also a preferred mode that the
polymers or copolymers are prepared so as to have peaks
overlapping each other.

It is also preferred to have the polymer or
copolymer (i-1) and/or the polymer or copolymer (A-2)
contain a carboxyl group or a derivative group éhereof.

The polymexr or copolymer(s) used in the
present invention may preferably be a vinyi resin and

can be a mixture of two resins, or assume a block

THIS SHEET H/’:S BEEN
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of at least 5x10[err] has an acid value, the polar group prﬂ{P@AﬁQﬁﬁ

acid group in the polynmer chain can form a weak bond due td

ﬁfm%ygr

by a hydrogen bond wth polar groups in magnetic material, plggfmtﬁ
yi) IJ

dye internally added to the toner, it bedmwes possible to don
satisfy the anti-offset characterlstlc
aci d anhyde group ‘ - 26-

10

15

20

25

ET

and fixability of theltoner. lf..the

copolymer or & graft copolymer.

In the bulk polymerization, it is possible to
obtain a low-molecular weight polymer by performing the
polymerization at a high temperature so as to
accelerate the termination reaction, but there is a
difficulty that the reaction control is difficult. In
the solution polymerization, it is possible to obtain a
low-molecular weight polymer or copolymer under
moderate conditions by utilizing a radical chain
transfer function'depénding on a solvent used or by
selecting the polymerization initiator or the reaction
temperature. Accordingly, the solution polymerization
is preferred for preparation of a low-molecular weight
polymer or copolymer used in the binder resin of the
present invention.

The solvent used in the solution
polymeriéation may for example include xylene, tolueﬁ;,
cumene, cellosolve acetate, isopropyl alcohol, and
benzene. It is preferred to use xylene, toluene or
cumene for a styrene monomer mixture. The solvent may
be appropriately selected depending on the polymer
produced by the polymerization. The ﬁolymerization
initiator may for example include: di-tert-butyl
peroxide, tert-butyl peroxybenzoate, benzoyl pefoxide
and 2,2'-azobis(2,4-dimethylvaleronitrile), one or more
species of which may be used in a proportion of at

least 0.05 wt. &, preferably 0.1 - 15 wt. parts, per
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I nsol ubl e content which cannot pass through the filter for pgr parln a GPC ;
sanpl e solution and thus cannot be observed on a GPC chromatfodr dh3 MAR 1997 |
The acid value attributable to an aci d=-33nhydri de group may flor] exanpl e be i
measure by conbining the JTS acid val ue neasurenent and the jaci d val ue

measur enment through hydrolysis (total acid value measurenenty
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For exanpl e,
aci d anhydri
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temperature may depend on -the solvent and initiator
used and the polymer or copolymer to be produced but
may suitably be in the range of 70 - 230 ©C. In the
solution polymerization, it is preferred to use 30 -
400 wt. parts of a vinyl monomer (mixture) per 100 wt.
parts of the solvent. It is also preferred to mix one
or more other polymers in the solution after completion
of the polymerization.

In order to produce a highly-crosslinked high-
molecular weight polymer component, the emulsion
polymerization or suspension polymerization may
preferably be adopted.

Of these, in the emulsion polymerization
method, a vinyl monomer almost insoluble in water is
dispersed as minute particles in an aqueous phdse with
the aid of an emulsifier and is polymerized by using a
water-soluble polymerization initiator. According to
this method, the  control of the reaction temperature is
easy, and the termination reaction velocity is small
because the polymerization phase (an oil phase of the
vinyl monomer possibly containing a polymer therein)
constitute a separate phase from the agueous phase. As
a result, the polymerization velocity becomes lerge and
a polymer having a high polymerization degree can be
prepared easily. Further, the pplymerization process

is relatively simple, the polymerization product is

. .This Sheet Has Been Replaced \ REPLACED
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about 50 % of the theoretical value (based on an assunption ﬁEE 1ot % —
an acid anhydride provides an acid value identical to the co b I SHEET
di carboxylic acid). On the other hand, the total agig value

measur ement provi des an acid value which is aInDst i denti cal
t heoretical value. Accordingly, the di t&rence between the
value and the JIS acid value is alnost 50 %for an acid anhy
the acid value attributable to an acid anhydride group per

t D nge MAD 40g
aéi.ﬁal w’--«?

Ot a

Ar H-de-—Fhus

gl of a resin

can be.obt a nedi U LAGELRS pUbLi81UCeLRE! HARE 405l Gt 35 4 VAT UE

and the JIS

colorant, a charge control agent and others can be

blended easily for toner production. Therefore, this

method can be advantageously used for production of a

5 toner binder resin.

In the emulsion polymerization, however, the

emulsifier added is liable to be incorporated

as an

impurity in the polymer produced, and it is necessary

to effect a post-treatment such as salt-precipitation

10 in order to recover the product polymer. The

suspension polymerization is more convenient in this

respect.

On the other hand, in the suspension

polymerization method, it is possible to obtain a

15 product resin composition in a uniform state of pearls

containing a medium- or high-molecular weight

component

uniformly mixed with a low-molecular weight componenf'

and a crosslinked component by polymerizing a

vinyl

monomer (mixture) containing a low-molecular weight

20 polymer together with a crosslinking agent in

suspension state.

a
{

The suspension polymerization may preferably

be performed by using at most 100 wt. parts, preferably

10 - 90 wt. parts, of a vinyl monomer (mixture).per 100

25 wt. parts of water or an aqueous medium. The

dispersing agent may include polyvinyl alcohol,

partially saponified form of polyvinyl alcohol, and

I ——
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acid value of the resin. _ The nethod of the JIS acid V uPhACEM NT SHEET
nmeasurenent i s expl ained hereinbel ow. 2 - 10 g of a |soHphe ros.ﬂ

i s wei ghed and -27- pl aceq i @3 00 t 7
300 m -Erlenneyer flask, and an ethanot3%enzene (= 1/2) mixtyrg i aﬁﬁ@ 19
thereto to dissolve the resin. If the resinis not readily

calcium phosphate, and may preferably be used in an
amount of 0.05 - 1 wt. part per 100 wt. parts of the
aqueous medium while the amount is affected by the
amount of the ménomer relative to the aqueoué medium.

S The polymerizatioh temperature may suitably be in the

~range of 50 - 95 ©C and selected depending on the
polymerization initiator used and the objective
polymer. The polymerization initiator should be
insoluble or hardly soluble in water, may for example

10 include benzoyl peroxide and tert-butyl peroxyhexanoate.
and may be used in an amount of 0.5 - 10 wt. parts per
100 wt. parts of the vinyl monomer (mixture).

Examples of the vinyl monomer- to be used for
providing the binder resin of the present invention may

15 include: styrene; styrene derivatives, such as o-
methylstyrene, m-methylstyrene, p-methylstyrene, p-
methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4;
dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene,
p-n-butylstyrene, p-tert-butylstyrene, p-n-

20 hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p-n-
decylstyrene, and p-n-dodecylstyrene; ethylenically
unsaturated monoolefins, such as ethylene, propylene,
butylene, and isobutylene; unsaturated polyenes, such
as butadiene; halogenatéd vinyls, such as vinyl.

25 chloride, vinylidene chloride, vinyl bromide, and vinyl
fluoride; wvinyl esteré, such as vinyl acetate, vinyl

propionate, and vinyl benzoate; methacrylates, such as

ThlS Sheet Has Been Replaced THIS SHEET HAS BEEN
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Is titrated with a prelimnarily standardized N 10 KOH al ¢ o] A
wi th phenol phthalein as the indicator. The acid value is cul ated from
the consunption of the KOH al cohol sol18on based on the fpl | oBithdiid 1597
equati on: Acid value = vol (m) of KOH al cohol x N X
56. 1/ sanpl e wei ght, wherein N denotes the factor of the N 0 KOH al ¢oRol

e

W

di ssolved, a small anmount of acetone may be added. The res;ﬁ; Eé@%ﬁt&*'@ﬁEEr
Ca

methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylate, dodecyl
methacrylate, 2-ethylhexyl methacrylate, stearyl

5 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

10 acrylate, stearyl acrylate, 2-chloroethyl acrylate, and
phenyl acrylate, vinyl ethers, such as vinyl methyl
ether, vinyl ethyl ether, and vinyl isobutyl ether;
vinyl ketones, such as vinyl methyl ketone, vinyl hexyl
ketone, and methyl isopropenyl Eétone; N-vinyl

15 compounds; such as N-vinylpyrrole, N-vinylcarbazole,
N-vinylindole, and N—vihyl pyrrolidone; vinyl-
naphthalenes; acrylic acid derivatives or methacrylié
acid derivétives, such as acrylonitrile,
methacryronitrile, and acrylamide; the esters of the

20 above-mentioned ¢,f-unsaturated acids and the diesters
of the above-mentioned dibasic acids. These vinyl
monomers may be used singly or in combination of two or
more species.

Among these, a combination of monomeré

25 providing styrene-type copolymers and styrene-acrylic

type copolymers may be particularly preferred.

It is further preferred that two or more

*ET HAS BEEN
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resin in an anount of 2 g is dissolved in 30 mM of dioxane,
pyridine, 20 ng of dinethylam nopyridine and 3.5 mM of wate
thereto, followed by 4 hours of heat refIUX|ng After cooli
resultant solution is titrated with 1/ T®?™N-KOH sol ution in

(tetrahydrofuran) to neutrality wth phenol phthalein as the
neasure the acid val ue, mhich Is a total acid value (B).

10 LB, B G AT ol

1.5 g of KOH i

LAGEMENT: SHEET

re added ]
0@ MAR
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The

Sl or et e P

30 m of wat epngr ﬁe@i’x‘g%@ytlll@ee%tér‘g ) Rl dhed! 14hd Barticularly

these are preferentially contained in the resin

component having a molecular weight of at least 5x106,

fixer.

so as to promote the toner deformation in a hot roller

Examples of the carboxyl group-containing

vinyl monomer or carboxyl derivative group-containing

vinyl monomer may.include: unsaturated dibasic

10 such as maleic acid, citraconic acid, itaconic

acids,

acid,

alkenylsuccinic acid, fumaric acid, and mesaconic acid;

unsaturated dibasic acid anhydrides, such as maleic

~anhydride, citraconic anhydride, itaconic anhydride,

and alkenylsuccinic anhydride; half esters of

15

unsaturated dibasic acids, such as monomethyl maleate,

monoethyl maleate, monobutyl maleate, monomethyl

citraconate, monoethyl citraconate, monobutyl

citraconate, monomethyl itaconate, monomethyl

alkenylsuccinate, monomethyl fumarate, and monomethyl

20
as dimethyl maleate and dimethyl fumarate.
there may also be used: ,8-unsaturated acids,
acrylic acid, methacrylic acid, crotonic acid,
cinnamic acid; ,A-unsaturated acid anhydrides

25

mesaconate; and. unsaturated dibasic acid esters, such

Further,

such as
and

s Such as

crotonic anhydride and cinnamic anhydride; anhydes

between such O,f-unsaturated acids and lower fatty

acids; alkenylmalonic acid, alkenylglutaric acid,
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- 28- After standing, a uniformclear solution is forned, ﬂtmqgﬁasgﬁ?yﬂit]
by adding a small anount of nethanol if the solution is sepgargtet—or-

adding a small amount of water if the solution is turbid. en h? f.,agfg?r
of the 1/10 N-KOH THF sol ution thus obB&rned is standardiz[dbgda i

N- HCl standard sol uti on.

alkenyladipic acid, and anhydrides and monoesters of
these acids.

Among the above, it is particularly preferred
to use monoesters of d,b-—unsaturated dibasic acids,

5 such as maleic acid, fumaric acid and succinic acid as
a monomer for providing the biﬁder resin used in the
present invention.

The crosslinking monomer may principally be a
monomer having two or more polymerizable double bonds.

10 The binder resin used in the present invention
may preferably include a crosslinking structure
obtained by using a crosslinking monomer, examples of
which are enumerated hereinbelow.

Aroﬁatic divinyl compounds, such as

15 divinylbenzene and divinylnaphthalene; diacrylate
compounds connected with an alkyl chain, such as
ethylene glycol diacrylate, 1,3-butylene glycol
diacrylate, 1,4-butanediol diacrylate, 1,5-pentanediol
diacrylate, 1,6-hexanediol diacrylate, and neopentyl

20 glycol diacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; diacrylate compounds
connected with an alkyl chain including an ether bond,
such as diethylene glycol diacrylate, triethyleee

25 glycol diacrylate, tetraethylene glycol diacrylate,
polyethylene glycol #400 diacrylate, polyethylene

glycol #600 diacrylate, dipropylene glycol diacrylate

is Sheet Has Been Replaced THIS SHEET HAS BEEN
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resin used in the present invention my for exanp BEB'&AQE"A%T@%EU
ng nmanner. A pol ymer or copolynmer (A-1) hayipg a main
nol ecul ar wei ght' regi on of 2000 - 2x104 is preparefl {hp@QmR 1697

ol ymeri zation, bulk polyneriLggtion, suspension poI/mnrlzat

I on,

pol ynmeri zation, block copol ynerization or graft po|yherization:

pol ymer or copolynmer (A-1) i-s dissolved in a polyngrizable

xture containing 0.5 - 20 wt. 9% preferably 1 - 15 w. %
gr aupl coorpoumds obtiyinednbgesubbl batdagh methapeydiatie

groups for the acrylate groups in the above compounds;
diacrylate compounds connecteé with a chain including
an aromatic group and an ether S;hd, such as
polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl)propanedi-
acrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-
propanediacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; and polyester-type
diacrylate compounds, such as one known by a trade name
of MANDA (available from Nihon Kayaku K.K.).
Polyfunctional crosslinking agents, such as
pentaerythritol triacrylate, t;imethylethane
triacrylate, tetramethylolmethane tetracrylate,
oligoester acrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; triallyl cyanurate andﬁ
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 vinyl monomer components.

Among the above-mentioned crosslinking
monomers, aromatic divinyl compounds (particulafly,
divinylbenzene) and diacrylate compounds connected
with a chain includipg an aromatic group and an

ether bond may suitably be used in a toner resin in

Th15 Sheet Has Been Replaced
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pol ynmeri zation to prepare a polynmer or copolyner (B-1) whic
peak in a nol ecul ar wei ght region of 5000 - 10[err] on a GPC
but can contain a gel content (THF- |nsoluble) The

copol ymer is melt-kneaded together with Q-netal cont ai ni ng ¢ofp

reactive with the carboxyl group in the polymer or copolyne
action of a shearing force so as to sever a highly «crosslin

portion in th%ire%:Sidf aﬂ}.qcic Scel'xa‘t'j‘racteristic and anti-offset

'RERADAGLMENRI BHEET
9 ,lll omrat ogram

po g‘rrer A ano

i" A

tnder—_.the

xed pol yner

10
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characteristic.

The metal-containing compound reactive with
the resin component in the present invention may be
those éontaining metal ions as follows: divalent metal
ions, such as Ba2*, Mg2*, ca2+, Hg2*, Sn2%, pb2+, pe2+,
co?*, Ni2* and zn?+; and trivalent ions, such as Al3+,
sc3+, re3+, ce3+, Ni3*, cr3+ ana y3+.

Among the above metal compounds, organic metal
compounds provide excellent results because they are
rich in compatibility with or dispersibility in a
polymer and cause a crosslinking reaction uniformly in
the polymer or copolymer.

Among the organic metal compounds, those
containing an organic compound, which is rich in
vaporizébility or sublimability, és a ligand or a
counter ion, are advéntageously used. Among the
organic compounds forming coordinate bonds or ion pairs
ﬁith metal ions, examples of those having the above
property may include: salicylic acid and its
derivatives, such as salicylic acid, salicylamide,
salicylamine, salicylaldehyde, salicylosalicylic acid,
and di-tert-butylsalicylic acid; ﬂ—diketones, such as
acetylacetone and propionylacetone; and low—molécular
weight carboxylic acid salts, such as acetate and

propionate.

In case where the organic metal complex is a

-
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- 29- reaction with the netal -containing conpound for re- d
provide a nol ecul ar weight distribution characteristic to th
i nvention. This process my be perfornmed sinultaneously at t
toner production and thus the nelt-knéadihg can be perforned
presence of a magnetic material or colorant. It is possible
cause the re-crosslinking wunder the action of a heat evolvedq due to the

0 eMaR 1997
in the

—+

severance of pblRQ1PAViMe1eMOden also function as a charge control
agent for toner particles. Examples of such a metal

complex include azo metal complexes represented by the

following formuia [I]):

5 {1 (Ar-N = N-Ar1 ©
/
x| ¥
\t/
M
/Ak\
Y ]
(Ar-N = N-Ar | a® ,

10 wherein M denotes a coordination center metal,
inclusive of metal elements having a coordination
number of 6, such as Sc¢, Ti, Vv, Cr, Co, Ni, Mn and Fe; Ar
denotes an aryl group, such as phenyl or naphthyl,
capable of having a substituent, examples of whiéh may

15 include: nitro, halogen, carboxyl, anilide, and alkyl
-and alkoxy having 1 - 18 carbon atoms; X, X', Y and Y'
independently denote -0-, -CO-, -NH-, or -NR- (whereih
R denotes an alkyl having 1 - 4 carbon atoms; and A®
denotes hydrogen, sodium, potassium, ammonium or

20 aliphatic ammonium.

Specific examples of this type of complexes
may include the following:

25 . This Sheet Has Been Replaced
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In the case of severance of the highly crosslinked pol yner canponent
during nelt-kneadi ng, the severance nmay be effected by kneaduhg the - i
mxture in a lowtenperature nelting state so as to apply a hlgh Shearing
force to the mixture. Then, the re- crogslinking with a net captaknibn bo7
conponent, etc., under the action of-a heat 'to result in a o onent " ¥
having a nol ecul ar wei ght of at |east 5x10[err]. | fj amext-+uder—-
is used for exanple and an aX|aI arrangenent suitable for agplying a shear
force is adoﬁpaﬁlsmd[obératbd 2 reI ativel y | ow 8etg tenperature, @ high

shearing force is applied to th
N-N

/c ’\
0 \ 0
(O)— N=N —(O)
©) ©) o
NH.
A\ /
Complex {I] —2 N\
_ (c.e e
Q-N=N
o\ { /o
AN
O “ o
N=N~Q N
cel| He®
“ 7/
Complex[I] -8 ( \ e

H®
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m xture when the m xture passes through the kneadi ng
networ k and then cause the
-contai ning conpound while the m xtur¢
A GPC chromatogram jghart) of a resin

pol ymer
resin with the
and cool ed.

- 30_

nmet al

Complex [I] —4

Complex [X] —5

Complex [I] —6.

’,

n.to _sever the

sect |
re-crosslinking by rea
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conposition A used in Exanple 1 appearing hereinafter is ‘'l G-l T
as Figure 1. The resin conposition contains a THF-i nsol ubl Gﬁréﬂt “whth
is renmoved by a filter when a GPC sanple solution is prep re ;mhyﬁ7
cannot be observed by GPC. A GPC chromafdbgramof a resin ¢ |tf% l
obtai ned by kneading the resin conposition A by a kneader [us -+n~~ExaapLe

1 is reproduced as Figure 2. The resin conposition does n contain a
THF-i nsol ubl e e t he_s I-g ecuyl it
component app i SRR SmElexbr sRRrEapkeacEy EhE toTIoWE Y

formula [IX] impart a negative chargeability and may be

used as the organic metal compound in the present
invention.

5 [II] H,0

0

l

Z O-—L
(A)/ N ./ \(A)

\c-o/ \z/

{ _('g H,0 w o,

{
10 wherein M denotes a coordination center metal,

1©

=

inclusive of metal elements having a coordination
number of 6, such as Cr, Co, Ni, Mn and Fe; A denotes

[::[“ (capable of having a substituent, such as an

15
x4§§£§§ﬁ§ﬂ: (X denotes hydrogen, halogen, alkyl or nitro)

OBNE© ©®
QL | @@59

20 é
(R denotes hydrogen, Cq4 - Cqg alkyl or Cq - C4g
alkenyl); ¥® denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and
Z denotes —0—.or ~CO+0-~-. -

25 The above organic metal compounds may be used
singly or in combinatiqn of two or more species.

The addition amount of the organic metal
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Further, a GPC chromat ogram of a conposition obtained by kneaBERéAGE%ENS SHEET
resin conposition Awith a metal- containing conpound is repfodluced as
Figure 3, wherein a conmponent formed by re-crosslinking is extéen@edl MAR 3997
hi gher nol ecul ar wei ght si de. . ~4%-an alternative nethod for
preparing a binder resin according to the present invention, |itTS
possible to prepare a polyner or copol yner (B—2) capable of g€ontaining a

JoLereT o o ChRBSRAR b AR eofer Gantl S5 ohovebfokarifacy o oo
p0|ynerizab|ed@B@Qﬁ&nd“dﬂ‘Hﬁ%(ﬁggéifﬁém%£héér £As¥4- used, the use or

nonuse of a carrier, the colorant for the toner and the

reactivity of the metal compounds with the resin but

5 may generally be 0.1 - 10 wt. %, preferably 0.1 - 1 wt.
%, of the binder resin including the non-reacted
portion thereof.

As a low fixing roller pressure is used in a .
small size copying machine or.printer, excessive re-

10  crosslinking results in inferior fixability.
Accordingly, the amount of the reactive metal compound
may preferably be below 1 wt. % of the binder resin.

The above-mentioned organic metal complex or
organic metal salt_shows excellent compatibility and

15 dispersibility to pr@vide a toner with a stable
chargeability, particularly when it is reacted with the
binder resin at the time of melt-kneading. )

As described above, the organic metal complex
or organic metal salt as a crosslinking component can

20 be also used as a'charge control agent, but it is also
possible to use another charge control agent, as
desired, in combination. Such another charge control
agent may for example be a known negative charge
control agent. .

25 Examples of such known negative charge control
agent may include: organic metal complexes and chelate

compounds inclusive of monoazo metal complexes as

I
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% preferably 1 - 15 wt. % of a carboxylic group- containind
nononer, and a pol ynmer or copolynmer (A-2) having a main peak |i
nol ecul ar wei ght region of 2000 - 10[err] by solution ponneriZatlonﬂ puhg
-31 - polynerization, suspension pol ymef6zation, block copdl yrrfﬂrfilz'laéhoh.i?
or graft polynerization, and bl endi ng

PIRCEMERT SHEET

A e s e o e

described above, acetylacetone metal complexes, and
organometal complexes of aromatic hydroxycarboxylic
acids and aromatic dicarboxylic acids. Other examples
may include: aromatic hydroxycarboxylic acids, aromatic

5 mono- and poly-carboxylic acids, and their metal salts,
anhydrides and esters, and phenol derivatives, such as
bisphenols. Among the above, monoazo metal complexes
are preferred.

The toner according to the present invention

10 may preferably have a volume-average particle size of 4
- 8 microns so as to faithfully reproduce small size
digital latent images.

It is preferred to use the toner according to
the present invention .together with silica fine powder

15 blended therewith in order to improve the charge
stability, developing characteristic and fluidity.

The silica fine powder used in the present
invenition provides good results if it has a specific
surface area of 30 m2/g or larger, preferably 50 - 400

20 mzlg, as measured by nitrogen adsorption according to
the BET method. 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'

25 hydrophobicity and/or controlled chargeability, the
silica fine powder may well have been treated with a

treating agent, such as silicone varnish, modified
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the polyner or copolyner (B-2) and the polynmer or copolymer R
nel t - kneadi ng. It is also possible to blend a pol yngr
copol ymer (B-3) having a carboxyl group or a carboxyl derivati
conprising a principal conponent in the4holecul ar - wei ght regio

| east 10[err] obtained by bulk polynerization, suspension polfymerizatrion,
emul si on pol ynerization, etc., with the polyner or copolyner [(A-1) or fhe

POl YT O C ORI Akl th? oFPLYGHE 8115T et et 2t oy and
of silane coupling agent, silane coupling agent having
functional group or other organic silicon compounds.
It is also preférred to use two or more treafing agents
5 1in combination.

Other additiQes may be aéded as desired,
inclusive of: a lubricant, such as polytetrafluoro-
ethylene, zinc stearate or polyvinylidene fluoride, of
which polyvinylidene fluoride is prefer%éd; an

10 abrasive; such as cerium oxide, siiicon carbide or
strontium titanate, of which strontium titanate is
preferred; a flowability-imparting agent, such as
titanium oxide or aluminum oxide, of which a
hydrophobic one is preferred; an anti-caking agent, and

15 an electroconductivity-imparting agent, such as carbon
black, zinc oxide, antimény oxide, or tin oxide. It is
also possible to use a small amount of white or black
fine particles having a polarity opposite to that of
the toner as a development characteristic improver.

20 It is also preferred to add 0.5 - 5 wt. % of a
waxy substance, such as low-molecular weight
polyethflene, low-molecular weight polypropylene, low-
molecular weight propylene-ethylene copolymer,
microcrystalline wax, carnauba wax, sasol wax oi

25' paraffin wax, to the toner for the purpose of improving
the releasability of the toner at the time of hot

roller fixation.
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t he pol yner or copolyner (B-3) wth the polyner or copolynepngb —OL-Lhem_~~
pol ymer or copolyner (A-2). | f the respective pol ypRER MIERENT SHEET
copolynmers in
5000 - 5x10[err], it is also a preferredi®mde that the pol ypefrspar pan 1987
copolynmers are prepared so as to have peaks overl appi ng each tq‘t\e‘r"m b

t he above-nenti oned resins have nain peaks injt Tange

!ui‘

It is also preferred to have the polymer or copolyner (A—l) andlor_the

pol ymer or copol ynmer (A2 contaln a arbo roup rivative group
U FeLrigestuar -

t her eof .

The ora o §e8 ﬁef‘

I nvention may cgrnefb%r q:é’eé) f’tﬁ/'ga/rr{gé' é}agr to be used as a two-
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component developer. In this instance, the toner and
the carrier powder may be mixed with each other so as
to provide a toner concentration of 0.1 - 50 wt. %,
preferably 0.5 - 10 wt. %, further preferably 3 - 5 wt.
$.

The carrier used for this purpose may be a
known one, examples of which may include: powder having
magnetism, such as iron powder, ferrite powder, and
nickel powder and carriers obtained by coating these
powders with a resin, such as a fluorine-containing
resin; a vinyl resin or a silicone resin.

The toner according to the present invention
can be constituted as a magnetic toner containing a
magnetic material in its particles. 1In this case, the
nmagnetic material can also function as a colorant. )
Examples of the magnetic 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, tin, zinc, antimony,
beryllium, bismuth, cadmium, calcium, manganese,
selenium, titanium, tungsten and vanadium; and ﬁixtures
of these materials. |

The magnetic material may have an average

particle size of 0.1 - 2 micron, preferably 0.1 - 0.5
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can be a mxture of two resins, or assune a bl ock

-32 -

pol ymeri zation, it is possible to obtain a | ow nol ecul ar i ght pol yner by
perfornming the polynerization at a higlydenperature so as o eMAR =087
the termnnation reaction, but there is a difficulty that thejreaction

s difficult. In

contr ol

copol yner or a graft copol yner. In the buIﬁEPLAGEMENT SHEET

10

15

20

micron.

The magnetic material may preferably show
magnetic properties under application of 10 kilo-
Qersted, ihclusive of: a coercive force of 20 - 30
Oersted, a saturation magnetization of 50 - 200 emu/gqg,
and a residual magnetization of 2 - 20 emu/g. The
magnetic material may be contained in the toner in a
proportion of 20 - 200 wt. parts, preferably 40 - 150
wt. parts, per 100 wt. parts of the resin component.

The toner according to the present invention
can contain a colorant which may be an appropriate
pigment or dye. -

Examples of the pigment may include: carbon
black, aniline black, acetyleﬁe black, Naphthol Yellow,
Hansa Yellow, Rhodamine Lake, Alizarin Lake, red iron
oxide, Phthalocyanine Blue, and Indanthrene Blue.

These pigments are used in an amount sufficient to
provide a required optical density of the fixed images,
and may be added in a proportion of 0.1 - 20 wt. parts,
preferably 2 - 10 wt. parts, per 100 wt. parts of the
binder resin.

Examples of the dye may include: azo dyes,
anthraquinone dyes, xanthene'dyes, and methine dyes,
which may be added in a proportion of 0.1 -~ 20 ﬁt.
parts, preferably 0.3 - 10 wt. parts, per 100 wt. parts
of the binder resin.

The toner according to the present invention
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t he solution polynerization, it is possible to obtain a ﬁfﬁ I
wei ght pol ynmer or copol yner under noderate conditions by ut ZIH

radi cal chain ion \
sel ecting the polymerization initiator or the reaction tenperatggepmans 907

Accordi ngly,

the 'solution polynerizationsg-s preferred for preparation T a
| ow- ol ecul ar wei ght  pol ymer or copol ymer used in the bindgr Tesrmof-the
present invention. The sol vent used in the solutign

o *‘E}"‘!: SHEET

transfer function depending on a solvent used| or by

[12)

pol yneri zati on nay for exanple include xylene, toluene, cunene, cell0SOI'vVe
acetate, isopr®pylbal psRORregndhrough a process including:

10

15

20

sufficiently blending the binder resin, the ofganic

metal compound such as the metal salt or metal complex,
a colorant, such as pigment, dye and/or a magnetic
material, and an optional cﬁarge control agent and
other additives, as desired, by means of a blender such
as a Henschel mixer or a ball mill, melting and
kneading the blend by means of hot kneading means, such
as hot rollers, a kneader or an extruder to cause
melting of the resinous materials and disperse or
dissolve the magnetic material, pigment or dye therein,
and cooling and solidifying the kneaded product,
followed by pulverization and classification.

The thus obtained toner may be further blended
with other external additives, as desired, sufficiently
by means of a mixer such as a Henschel mixer to provide
a developer for developing electrostatic images.

Hereinbelow, the present invention will be
described in more detail based on Examples. First of
all, Synthesis Examples of binder resins for use in
toners are explained, in which the glass transition
temperatures (Tg) of the resins-were measured by using
a differential scanning calorimeter (DSC) ("Dsc-7",
available from Perkin-Elmer Co.) in the followiﬁg
manner.

A sample résin in an amount of 5 - 20 mg,

preferably about 10 mg, is accurately weighed and
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benzene. It

t he pol yner

may for exanple include: df-tert-butyt‘ﬁﬂéroxide, tert-butyl
per oxybenzoat e, benzoyl peroxide and

s preferred to use xylene, toluene or  curene f@EPAACTHENTESHEET

nononmer m xture. The solvent may be appropriately sel ected

produced by the pol ynerization. The pol yneri zat

" 03 Wk 38

2,2' -azobis(2, 4-dinethylvaleronitrile), one or nore species of whi ch may

be used i a B5gRORT 4ANaR ol palk (atemiily ] BELY Pada 355

parts, per
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reference). The measurement is performed in a normal
temperature -~ normal humidity environment at a
temperature raising rate of 10 Oc/min within a
temperature range of 30 °C to 200 °C. A heat
absorption main peak is generally found in the range of
40 - 100 °c.

Based on the heat absorption curve, a first
base line as drawn along an initial shape before the
main peak and a second base line is drawn along a
final slope after the main peak. A medium line is
drawn substantially in parallel with and with equal |
distances from the first and second lines, whereby the
medium line and the heaﬁ absorption curve form an
intersection with each other.-uThe temperature at the
intersection is taken as the glass transition
temperature (Tg ©C).

The values of Tg thus measured, various acid
values and main peak pqsitions on GPC chromatograms for
the binder resins obtained in Synthesis Examples are
summarized in Table 1 appearing after Synthesis
Examples.

Synthesis Example 1

200 wt. parts of toluene was placed in.a
reaction vessel and heated to a reflux temperature.
Then, the following mixture was added dropwise in 4

hours under toluene refluxing.
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vi nyl

preferred to m x one
of the golgnerization

conpl eti on
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100 wt .
depend on the solvent and initiator
be produced but
sol ution pol yneri zation,

parts of the vinyl nononer(s).

ne monomer

The reaction
used and t he pol yner

M

5

07, SHEET

may suitably be in the range of 70 - 230 [ ]C In the
it is preferred320 use 30 - 400 p&rd SMaR 807
mononmer (m xture) per 100 wt. parts of the solvent. ltiis also
or nore other polyners in the solutionf after

77-wt.parts—

n-Butyl acrylate 13 "
Monobutyl maleate 10 "
Di-tert-butyl peroxide 6 "

Further, under toluene refluxing (120 - 130
Oc), the polymerization was completed and the toluene
was removed. The resultant styrene copolymer showed a
main peak at a molecular weight of 7000 and a glass
transition temperature (Tg) of 60 °C.

30 wt. parts of the above styrene copolymer

was dissolved in the following monomer mixture.

Styrene monomer 42 wt.part(s)

n-Butyl acrylate 12 "
n-Butyl methacfylate 12 "
Monobutyl maleate 4 u
Divinylbenzene - 0.4 "
Benzoyl peroxide 1.6 "

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of partially saponified
polyvinyl alcohol to form a suspension liquid. Into a
reactién vessel containing 15 wt. parts of water and
purged with nitrogen, the above prepared suspension
liquid was charged and subjected to 6 hoﬁrs of
suspension polymerization at 70 - 95 ©cC. After.the
completion, the product was filtered out, de-watered
and dried to obtain a resin composition containing a

styrene copolymer crosslinked with divinylbenzene. The
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In order to produce a highly-crosslinked high- nolecular wei|dBPLAGEMENT SHEET

conponent, the enulsion polynerization or suspension pol ynerfi zat1on way
pref erably be adopt ed. O these, in the enul sion pdl 0 Z @i
32 Pipofor

met hod, a vinyl nononer al nost insolubl€53xa water is disper
particles in an agqueous phase with the aid of an enulsifier
pol yneri zed by using a water-soluble polynerization initiat
to this nmethod, the control of the reaction tenperature is

ane—+s
r. According
easy, and tte

term nati on r &aas abtadinad (xesin sgemposbEtansBrPNdAdes| #nBPLesleR phase

(an oil phase of

wei&ﬂyadistribution showing a main peak at a molecular

welght of 7500 and a shoulder at a molecular weight of

3.5x10%, a Tg of 60 ©°C and a JIS acid value of 22.0

5 mgKOH/g.

Synthesis Example 2

Styrene monomer 85 wt.parts
n-Butyl acrylate | 10 "
Acrylic acid 5 "

10 Di-tert-butyl peroxide 8 "

The above mixture was added dropwise

in 4

hours to 200 wt. parts of cumene heated to a reflux

temperature. Further, the solution polymerization was

completed under cumene refluxing (146 - 156 °C),

15 followed by removal of the cumene, to recover

a styrene

copolymer. The styrene copolymer showed a main peak at

a molecular weight of 5000 on its GPC chromatogram and

a Tg of 65 °cC.

30 wt. parts of the above-prepared styrene

20 copolymer was dissolved in the following monomer

mixture.
Styreﬁe monoﬁer 44 wt.part(s)
n-Butyl acrylate 10 "
n-Butyl methacrylate 15 "
25 Monobutyl mﬁleate 1 "
Divinylbenzene 0.5 "
Benzoyl peroxide 1 "

I
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vi nyl nmononer possibly containing a polyner therein) constit _"-'
phase fromthe aqueous phase. As a result, the polynerizatidgn veIOC|ty I
beconmes |l arge and a polyner having a hi gh polynerization decree[pgnmpgi
prepared easily. Further, the polyneri Ton process is reldtifvely si pl'e
t he pol ynerization product is

obtained in fine particles, and additives such as a

10

15

20

25

O‘-i-

tert-Butyl peroxy-z-éthylhexanoate 0.7 wt.part(s)

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of partially saponified
polyvinyl alcohol was added to form a suspension
liquid. Into a reaction vessel containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 - 95 ©C. After the
completion of the reaction, the product was filtered
out, de-watered and dried to obtain a resin
composition.

The THF-soluble content of the thus-obtained
resin composition pfovided a molecular weight
distribution showing a main peak at a molecular weigﬁt
of about 5200 and a shoulder at a molecular weight of
about 3.4x10%. The resin composition showed a Tg of 58
Oc and a JIS acid value of 14.0 mgKOH/g. )
Synthesis Example 3

Styrene monomer o 80 wt.parts
n-Butyl acrylate 10 "
Monobutyl maleate | 10 "
Di-tert-butyl peroxide 10 "

The above mixture was added dropwise in 4
hours to 150 wt. parts of cumene heated to a reflux
temperature. Further, the solution polymerization was
completed under cumene refluxing (146 - 156 °C),

followed by removal of the cumene, to recover a styrene

[FUUTUETRREEPR IO o8 T
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colorant, a ch
toner producti
producti on of

pol yneri zati on,

as an inpurit
post -t r eat nent
pol yner. The
respect .

5

10

15

20

25

arge control agent and others can be blended easRER| ARTME r

on. Therefore, this nethod can be advant ageously pse64¥e+yI.SHEET

a toner binder resin. In the enulsion'

however, the emulsifier-3%ded is liable to be ncgﬁp(Wﬁi éﬂﬂj?

y in the polynmer produced, and it is necessary folLeffect a
such as salt-precipitation in order to recover|the product
suipggﬁlon pa nerlzatlon i S re convenlent i n thts

e GoppLyrgt shered a main peak at
a molecular weight of 5500 and a Tg of 65 °cC.

nt——

35 wt. parts of the above-prepared styrene

copolymer was dissolved in the following monomer

mixture.
Styrene monomer 40 wt.part(s)
n-Butyl acrylate 15 "
n-Butyl methacrylate 5 "
Monobutyl maleate 5 "
Divinylbenzene 0.3 "
Benzoyl peroxide 1.0 "

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of pa;tially saponified
polyvinyl alcohol was added to form a suspension
liquid. Into a reaction vessel containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 -~ 95 ©C. After the
completion of the reaction, the product was filtered
out, de-watered and dried to obtain a resin
composition.,

The THF-soluble content of the thus-obtained
resin composition provided a molecular weight
distribution showing a main peak at a molecular-weight
of about 5800 and a shoulder at a molecular weight of
about 5.0x104. The resin composition showed a Tg of 59

©c and a JIS acid value of 40.0 mgKOH/g.
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olynerization method, it is possible to obtain a roduct r -
o 0 0 RERLACENENT SHEET

conposition in a uniformstate of pearls containing a nediu
hi gh- mol ecul ar wei ght conponent uniformy mxed with a | ow jroj ecul ar

wei ght conponent and a crosslinked con%%nent by pol ynerizing g @DWM&? ;%Z
mononer (m xture) containing a | ow nol ecul ar wei ght pol yner together’vmf
a crosslinking agent in a suspension st at e. The sjuspenston

reﬁf abl e perfornmed by using at nost|{ 100 wt. parts,
I f a vinyl nonomer (m xture) per 100 W.

pol yreri zat i

preferably

parts of water O%ey}éﬁaﬂﬁaﬁbﬂgp'“”‘ The . 60 wt.part(s)

10

15

20

25

n-Butyl acrylate - 17 "
n-Butyl methacrylate 17 v
Monobutyl maleate 6 "
Divinylbenzene 0.1 "
tert-Butyl péroxy-z-ethylhexanoate 0.8 _ "

To the above mixture liquid, 170 wt. parts of
water containing 0.1 wt. part of partially saponified
polyvinyl -alcohol was added to form a suspension
liquid. TInto a reaction vessel containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged agd'subjected to 6 hours of
suspension polymerization at 70 - 95 ©C to obtain a
crosslinked styrene copolymer. The styrene copolymer
provided a molecular weight distribution showing a main
peak at a molecular weight of 3.0x10%, a Tg of 61 o¢
and a JIS acid value of 20.0.

200 wt. parts of toluene was charged in
another reaction vessel and heated to a reflux
temperature, and the following mixture was added
dropwise in 4 hours under toluene refluxing.

Styrene monomer 77 wt.parts
n-Butyl acrylate 13 u
Monobutyl maleate _ 10 "
Di-~tert-butyl peroxide 6 "

Further, the polymerization was completed

EEN
SUEET HAS B
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di spersing agent may include polyvinyl alcohol, artially sap

of pol yvinyl al cohol, and P Y REPM@E;?E?HEEF
phosphate, and may preferably be used in an anmount of 0.05 - 1 :

per 100 wt. parts of the aqueous nedi uggwhile the anmount is hf é%33@§ﬁﬁ7
the anount of the nononmer relative to the aqueous nedi um

under toluene to form an un-crosslinked styrene
copolymer. Then, into the reaction mixture, the above-
prepared crosslinked styrene copolymer was added so as
to provide a weight ratio of the crosslinked

5 copolymer/the uncrosslinked copolymer = 7/3. After
sufficient stirring, the toluene was distilled off at
an elevated temperature (120 oq) under vacuum to obtain
a resin composition containing ﬁhe crosslinked and un-
crosslinked styrene copolymers. The resin composition

10 provided a molecular weight distribution showing peaks
at molecular weights of 7000 and 8x10%, a Tg of 60 °C
and a JIS acid value of 25.0.

Synthesis Example 5

Styrene monomer 77 wt.parts
15 n-Butyl acrylate . 13 "

Monobutyl maleate N 10 "

Di-tert-butyl peroxide 1.2 "

The above mixture was added dropwise in 4
hours to 200 wt. parts of toluene heated to a reflux
20 temperature. Further, the solution polymerization was
completed under toluene refluxing (120 - 130 °cC),
followed by removal of the toluene, to recover a
styrene copolymer. The styrene copolymer showed a main
peak at a molecular weight of 1.2x104 and a Tqg 6f 60 ©c.
25 30 wt. parts of the above-prepared styrene

copolymer was dissolved in the following monomer

mixture.
e —
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The pol ynerization tenperature may suitably be in the rang ML TS
[err]C and sel ected depending on the polynerization initlat used and t
objective polyner. The polymerization initiator should be nﬁ&idﬁﬁ%?&ﬁ?
hardly soluble in water, may for exanp®& include benzoyl pefoxide and
tert-butyl peroxyhexanoate and may be used in an anmount of 0.5 - 10 wt.
parts per 100 wt. parts of the vinyl nononmer (m xture). Exanpl es
of the vinyl nDnoner to be used for providing the bing r.resin f t he
present inventi GrYRENe MAMRE styrene; styrene deriv ? Vés a§ ﬁ)as o-

met hyl styrene, m Jépﬁsgeg;ig%ep-nethylstyrene, p-

n-Butyl methacrylate 12 "
Monobutyl maleate 4 "
5 Divinylbenzene 0.4 "
Benzoyl peroxide 1.0 "

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of partially saponified
polyvinyl alcohol was added to form a suspension

10 1liquid. Into a reaction vessel containing 15 wt. parts
of water and purged with'nitrogen;ithé above suspension
liquid was charged and subjected to 6 hours of
suspension polymerizatién at 70 - 95 Oc. After the
completion of the reaction, the product was filtered

15 out, de-watered and dried to obtain a resin
composition.

The thus-obtained resin composition provided“a
molecular weight distribution showing a main peak at a
molecular weight of about 1.5x10% and a shoulder at a

20 molecular weight of about 5.0x10%4. The resin
composition showed a Tg of 54 °C and a JIS acid value
of 22.0 mgKOH/g.

Comparative Synthesis Example 1

Styrene monomer 80 wt;parts
25 n-Butyl acrylate 10 "

Monobutyl maleate 10 "

Di-tert-butyl peroxide 8 "
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met hoxystyrene, p-phenyl styrene, p-chlorostyrene, 3 4-  di chl[HERTERIR T onrT

p- et hyl styrene, 2,4-dinethylstyrene, p-n-butylstyrene,
p-tert-butyl styrene, p-n- hexylstyrene, p-n-octylstyrene,

p- n-nonyl styrene, p-n- decyl styrene, aha- p- n- dodecyl st yrene;
unsat ur at ed nonool efins, such as ethyl ene, propylene, butylgn
| sobut yl ene;
such as vi nyl

(o)

t HyBeMARa{9gY
, and

unsaturated pol yenes, such as butadiene halogenatea vinyts;
e, chloride bro and vinyl

hli | de [
f1uoride; vinyICes?;Lgﬁkgégﬂ I %§?r308?§t§g¥93 gropy, Héﬁl&ﬁaﬂe and Vi ny]
benzoate; metfanry @l efso SYED Eérts of cumene heated to a reflux

temperature. Further, the solution polymerization was

completed under cumene refluxing (146 - 156 c"C),

5 followed by removal of the cumene, to recover a styrene
copolymer. The styrene copolymer showed a main peak at
a molecular weight of 4000 and a Tg of 58 °cC.

70 wt. parts of the above-prepared styrene
copolymer was dissolved in the following monomer

10 mixture.

Styrene monomer ) 25 wt.part(s)
n-Butyl acrylate 5 "
Divinylbenzene 0.2 "
Benzoyl peroxide ' 0.8 "

15 The resultant mixture was subjected to
suspension polymerization in the same manner as in
Synthesis Example 1 to obtain a resin composition,
which showed a JIS acid value of 25.0 mgKOH/g. The
THF-soluble content of the resin composition provided a

20 molecular weight distribution showing a main peak at a
molecular weight of about 4200 on its GPC chromatogram,
and a Tg of 59 °c.

Comparative Synthesis Example 2
Styrene monomer .. 85 wt;parts
25 n-Butyl ‘acrylate 10 w
Acrylic acid 5 "
Di-tert-butyl peroxide 8 "
THIS SHEET HAS B;—_\.
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n- but yl

met hyl
net hacryl at e,
met hacryl at e,
nmet hacryl at e,
met hacryl at e;

acryl ate,
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| sobut yl

nmet hacryl ate, ethyl nethacryl ate,

| sobutyl nethacryl ate,

net h
met hacrl

propyl
n-oct yl

%@%ﬁ&w—

2- et hyl hexyl methacryl ate,
di met hyl am noet hyl
acryl ates,

stearyl methacrylaie] phenyl
met hacryl ate, and diethyl a nOBBh)M,M} f
such as nethyﬁoacrylate ethyl acrylpte, n-b

acryl ate, propyl acrylate,

The above mixture was added dropwise in 4
hours to 200 wt. parts of cumene heated to a reflux
temperature. Further, the solution polymerization was
completed under cumene refluxing (146 - 156 °cC),
followed by removal of the cumene, to recover a styrene
copolymer. The styrene copolymer showed a main peak at
a molecular weight of 5000 on its GPC chromatogram and

a Tg of 65 °c.

30 wt. parts of the above-prepared styrene
copolymer was dissolved in the following monomer
mixture.

Styrene monomer 48 wt.part(s)
n-Butyl acrylate . _ : 21 "
Monobutyl maleate 1 "
Divinylbenzene 1.0 "
tert-Butyl peroxy-2-ethylhexanoate 0.7 "

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of partially saponified
polyvinyl alcohol was added to form a suspension
liquid. Into a reaction vessel containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 - 95 ©C. After the
completion of the reaction, the product was filéered
out, de-watered and dried to obtain a resin

composition.

The THF-soluble content of the thus-obtained
I
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acryl ate,
as vinyl
ket ones,
| sopr openyl

acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stg
2-chl oroethyl acrylate, and phenyl acrylate, vinyl ¢
met hyl ether, vinyl ethyl ether, and vinyl isobutyl ¢
such as vinyl methyl ketone, vinyl hexyl ketone, and
ketone; N-vinyl conpounds,-&leh as N-vinylpyrrole,
N-vi nyl carbazole, N-vinylindole, and N-vinyl pyrrolidone; vin
napht hal enes; _
such as acrylonitrile, methacryronitrile, and acrylanide; the esters of
above- nefeSdRe FIRAgitinminraniderdd geobeauiar webghbr s

10

15

20

25

acrylic acid derivatives or nethacrylic acid demMH-vatives,

distribution showing a sub-peak at a molecular weight
of about 5200 and a main peak at a molecular welght of
about 7.2x104. The resin composition showed a Tg of 64
©°C and a JIS acid value of 13.0 mgKOH/g.

Comparative Synthesis Example 3

Styrene monomer . 85 wt.parts
n-Butyl acrylate 15 "
Di-tert-butyl peroxide ' 8 "

The above mixture was added dropwise in 4
hours to 200 wt. parts of cumene heated to a reflux
temperature. Further, the solution polymerization was
completed under cumene refluxing (146 - 156 °cC),
followed by removal of the cumene, to recover a styrene
copolymer. The styrene copolymer showed a main peak at
a molecular weight of 5000 on its GPC chromatogram and
a Tg of 62 °c. |

30 wt. parts of the above—prepared styrene

copolymer was dissolved in the following monomer

mixture.
Styrene monomer ' 48 wt.part(s)
n-Butyl acr&late 21 "
Monobutyi maleate 1 "
tert-Butyl peroxy-2-ethylhexanoate: 2.0 n

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of partially saponified

polyvinyl alcohol was added to form a suspension

This Sheet Has Been Replaced THIS SHEET HAS BEEN




of the above-nentioned di basic acids. These vinyl nononers najﬂﬂ&Aﬁ§v‘?p S}gf
singly or in conbination of two or nore species. Anforg—these;—a-
conbi nati on of nmononers providing styrene-type copol yners andg 03 MAR
styrene-acrylic type copolymers may be-®&rticularly preferred. FS HAR 1857

It is further preferred that two or nore

-37 -

liquid. Into a reaction vessel containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 - 95 ©C. After the
5 completion of the reaction, the product was filtered
out, de-watered and dried to obtain a resin
composition.
The THF-soluble content of the thus-obtained
resin composition provided a molecular weight
10 distribution showing peaks at molecular weights of
about 6000, and about 3.5x1b4, respectively. The resin
composition showed a Tg of 56 ©°C and a JIS acid value
of 1.5 mgKOH/g.
The above-mentioned properties, the total acid
15 values and the acid values attributable to the acid
anhydride of the resin compositions obtained in thg
above Synthesis Examples and Comparative Examples are

summarized in the following Table 1.

20
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speci es of acrylic mononers, such as acrylate esters and ngtRERAEMINT SHEE

esters, are used, and particularly these are preferentially (v 0 U ) e
the resin conponent having a nol ecul ar wei ght of at |east 39x O[Irf‘rar}%R ﬁ@?

as to pronote the toner deformation in a_ hot roller fi

derivative group-containing vinyl nononer may include:
acids, such as maleic acid, citraconic acid, itaconic
al kenyl succinic acid, fumaric acid, and nesaconic aci d;

Exanpl es of the carboxyl group-containiﬁﬁ “vinyl nononer or4f boxyl
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unsat ur at ed di basi c

acid,
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unsat urated di basi c acid anhydrides, such as maleic anhydride. . _citraconic
anhydride, itaconic anhydride, and al kenyl succinic anhydr|@§Plﬁ@F$iéHT§F SET
of unsaturated di basic acids, such as nononet hyl mnal eate, | ronoet yrw-~w
mal eat e, nonobutyl mal eate, nmononethyl citraconate, nonoetihyl ig' e
nonobutyl citraconate, nononethyl itaoppate, nononethyl 3l ke Jg?sdbc €
nmononet hyl fumarate, and nononet hyl nesaconate; and. unsat urated_dibasig
acid esters, such- as dinmethyl mal eate and di net hyl fumaratie. Further,

t here may also be used: [err]-unsaturated acids, such as aeryHe—aeter——e—

met hacryl i ¢ Eeampler dt onic acid, and

Resin composition of

Synthesis Example 1 100 wt. part(s)
Magnetic material 70 "
5 (triiron tetroxide)
Monoazo Cr Complex [I]-1 0.8 "

Low-molecular weight propylene
ethylene copolymer 3 "
The above ingredients were sufficiently
10 blended in a blender and melt-kneaded through a twin-
screw kneading extruder set at 110 ©C. The kneaded
product was cooled, coarsely crushed by a cutter mill,
and finely pulverized by means of a pulverizer usiﬁg
jet air stream. The resultant finely gglverized powder
15 was classified by means of a multi-division classifier
utilizing a Coanda effect (Elbow Jet Classifier
available from Nittetsu Kogyo K.K.), whereby ultra fiﬁe
powder and coarse powder were simultaneously and
precisely removed to obtain a magnetic toner having a
20 volume-average particle size of 6.0 microms.
The above particle size was measured by using
a Coulter counter (“"TA-II", available from Coulter
Electronics, Co.) by using a 100 micron-aperture after
dispersion in 1 % NaCl aqueous solution in the éresence
25 of a surfactant.
The above-prepared magnetic toner was

subjected to preparation of a GPC sample having a resin

THIS SHEET HAS BEEN
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cinnamic acid; [err]-unsaturated acid anhydrides, such as craIRE)H_A{: 'WENT SHEET

anhydri de and cinnam c anhydride; anhydes between such [err]}upsaturated
acids and lower fatty acids; al kenylmalonic acid, alkenylglu a ggacyl%g 1997
- 38- al kenyl adi pi ¢ acid, and anhydri des and nonoesters of hes '
Anong the above, it is particularly pref6s+ed

concentration of 5 rg/ml, and no binder resin component
was found to remain on the filter at that time. The
GPC sample was subjected fo measurement of molecular
weight distribufion by GPC using a high—speed liquid

5 chromatograph.("1500“, available from Waters Co.) and a
combination of columns ("Shodex GPC KF-801, 802, 803,
804, 805, 806, 807 and 800P", availéble from Showa
Denko K.K.). The measured molecular weight
distribution data are shown in Table 2 appearing

10 hereinafter.

100 wt. parts of the above-prepared magnetic
toner and 1.0 wt. part of colloidal silica were blended
with each.other and evaluated for image formation. The
results are shown in Table 3 appearing hereinafter.

15 The image formation was performed by using a printer
prepared by re-modeling a commercially available small-
size laser beam printer ("“LBP-8II", available from
Canon K.K.) so as to provide a printing speed of 16
sheeté (Ad4-vertical)/min., remove the fixing pad and be

20 cépable of forming latent images comprising minute
spots of down to 50 microns by improving the scanner
part. The evaluation was performed with respect to the
initial image quality and fixability, and anti-offset
characteristic and staining of hot fixing rollefs after

25 5000 sheets of printing.

The fixability evaluation was performed as

follows. The test apparatus was placed in an
e Eeh cpRererT ¥
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to use nonoesters of [err]-unsaturated dibasic acids, such a;RE@Lf&ffnﬁxﬁ%"ﬁdeﬁ%{EET

fumaric acid and succinic acid as a nononer for providing the bi ndér Testn

present invention. The crosslinking noho Qﬁﬁgn 1007

. . . . 3o i N
principally be a nononmer having two or -86re pol yneri zabl e doubj e bonds.

The binder resin used in the present invention may preferably +nelude~a-—m—

used in the

(558

crosslinking structure obtained by using a crosslinking nononer, exanples
of which are enunerated hereinbel ow. Aromati c di vi ny[_ ¢ormpounds;——

such as di vi rgnvtresnentngfdnermpln ferpexpdvre @ngd mamal humidity

10

15

20

25

(temperature: 23 °¢, humidity: 60 %). After the
apparatus and the fixing device therein were fully
adapted to the environment, a power was supplied.
Immediately after the waiting time was up, a pattern of
200 micron-wide transverse lines (line width: 200
microns, spacing: 200 microns) was printed on a first
sheet, which was used for evaluation of the fixability.
The fixability was evaluated by rubbing the printed
image with a lens cleaning paper ("Dusper" (trade
name), made by OZU Paper Co. Ltd.) for 5 reciprocations
under a weight of 100 g and then evaluating the degree
of peeling of the toner image in terms of a decrease
(%) in reflection density.

For the evaluation of the hot fixing roller
staining, a character pattern with a dot ratio of 4 %
was printed continuously on 5000 sheets (A4-vertical{
by using a fresh fixing rolier cleaning pad and
thereafter the staining on the surface of the hot
fixing roller was observed with eyes.

After the above observation, a 100 micron-
wide transverse line pattern was continuously printed
on 300 sheets (A4-vertical), then the printing was
paused for 30 seconds énd then the printing was'resumed
so as to print an image comprising an upper half area
including a pattern of 100 micron-wide transverse lines

and a lower half area in white. Then, the front face
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conpounds connected with an al kyl chain, such as ethylene gﬁ?@%ﬁm?EﬁT SHEET
di acrylate, 1,3-butylene glycol diacrylate, 1,4-butanedi ol @etytat e,
1, 5-pentanediol diacrylate, 1,6-hexanediol diacrylate, and |ngo gis pl? 1997
gl ycol diacrylate, and conpounds obtaineg_by substituting y @Ee“
groups for the acrylate groups in the abdve conpounds; diackylate
compounds connected with an al kyl chain including an ether pond, such as
di et hyl ene glycol diacrylate, triethylene glycol diacrylatel
gl ycol diacryl gtginiRg! ¥at By Feratlsherlt #H i aid Wk Bapttdry hdy | ene
gl ycol #600 diacrylate, dipropylene glycol diacrylate

observed for evaluation of the anti-offset

~—,
o]

characteristic. _
For the above evaluation, bond paper having a

5 surface smoothness of 10 [sec] or below was used as the
transfer paper.

Example 2
Resin éomposition of Synthesis Example 2
100 wt.part(s)

10 Magne?ic material (triiron tetroxide)

- 120 "
Monoazo Cr complex [I]1-2 0.7 *
Low-molecular weight propylene-

ethylene copolymer . 4 "

15 A magnetic toner having a volume-average
particle size.of 4.5 microns was prepared from the
above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic toner are
shown in Table 2. The magnetic toner in an amount of

20 100 wt. parts was blended with 0.8 wt. part of
colloidal silica fine powder to prepare a developer,
which was then evaluated for image formation in the
same manner as in Example 1. The results are shown in

Table 3.

25
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acrylate groups in the above conpounds; diacrylate conpound
with a chain inctuding an aromatic gro and an et her bond| $uch as
pol yoxyet hyl ene(2) -2 ,2-bis (4-hydroXV§£

pol yoxyet hyl ene(4) -2, 2- bi s(4-hydroxyphenyl) -

- 39- and conpounds obtai ned by substituting nethacryl ate g @upgrqprwtngﬂ,"
u
I

10

15
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25

pRneGhad =il

ienyl ) propanedi - a¢ryl 8t ,MA% 1537

Example 3

Resin composition of Synthesis Example 3
100 wt.part(s)

Magnetic material (triiron tetroxide)

90 "

Monoazo Co complex [I]-3 0.9 "
Low-molecular weight propylene-

ethylene copolymer 3 "

A magnetic toner having a volume-average
particle size of 7.7 microns was prepared from the
above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic toner are
shown in Table 2. The magnetic toner‘in an amount of
100 wt. parts was blended with 1.1 wt. parts of
colloidal silica fine powder to prepare a developer,
which was then evaluéted for image formation in the
same manner as in Example 1. The results are shown in
Table 3.

Example 4
Resin composition of Synthesis Example 4
100 wt.part(s)

Magnetic material (triiron tetroxide)

90 "

Monoazo Co complex [I]-4 0.8 n
Low-molecular weight propylene-

ethylene copolymer 3 "

A magnetic toner having a vblume-average

’l Hn.s BY\AN
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propanedi acryl ate, and conpounds obtai ned by substituting
groups for the acrylate groups in the above conpounds; and{p

ERRACYMEN
A& VV§K¢ SHEET

di acryl ate conpounds, such as one known_Qy a trade name of e% o
(avail able from Ni hon Kayaku K K.). fgf'unct i onal crossli 5 gf%‘i 53 7
such as pentaerythritol triacrylate, _trlnethylethane tria r
tetranet hyl ol net hane tetracrylate, oligoester acrylate an conpounds

ha v Lo ALY 1060 OH eSO IALEASCNES, PRlpei ke

above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic toner are
shown in Table 2. The magnetic toner in an amount of

5 100 wt. parts was blended with 1.1 wt. pa?ts of
colloidal silica fine powder to prepare a developer,
which was then evaluated for image formation in the
same manner as in Example 1. The results are shoﬁn in
Table 3.

10 Example 5

Resin composition of Synthesis Example 5

100 wt.part(s)

Magnetic material (triiron tetroxide)

%0 "
15 3,S-Di—tert-butyléalicylic aéid
Cr complex . 2 "
Low-molecular weight propylene-
ethylene copolymerx ' 4 "

A magnetic toner having a volume-average

20 particle size of 4.5 microns was prepared from the
above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic toner are
shown in Table 2. The magnetic toner in an amount of
100 wt. parts was blended with 0.8 wt. part of

25 colloidal silica fine powder to prepare a developer,
which was then evaluated for image formation in the

same manner as in Example 1. The results are shown in
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These crosslinking agents may preferably be wused in a proporLLanwaLwabout..m

-

0.01 - 5w. parts, particularly about 0.03 - 3 w. parts, @gEP&QQ’wﬂ“ QHEET
parts of the other vinyl nononer components. Anong |t ke~ e
above- nentioned crosslinking nonomers~7&omatic divinyl conpod %d 3 1357
(particularly, divinylbenzene) and di acryl ate conpounds connegt
chain including an aromatic group and.an ether bond may suitiably_be USQQMHM
in a toner rq@éﬂlén3. .
Comparative Example 1
Resin composition of Comparative
Synthesis Example 2 _ 100 wt.part(s)
5 Magnetic material (triiron tetroxide)
100 "
Monoazo Cr complex [I]-2 2 "
Low-molecular weight propylene-
ethylene copolymer 3 "
10 A magnetic toner having a volume-average

particle size of 6.0 microns was prepared from the

above ingredients otherwise in the same manner as in

Example 1. The properties of the magnétic toner are

shown in Table 2. The magnetic toner in an amount of

15 100 wt. parts was blended with 1.0 wt. part of

colloidal silica fine powder to prepare a developer,

which was then evaluated for image formation in the

same manner as in Example 1. The results are shown in

Table 3.

20 Comparative Example 2

Resin composition of Comparative -

Synthesis Example 2 100 wt.part(s)

Magnetic material (triiron tetroxide)
60
25 3,5-Di-tert-butylsalicylic acid

Cr complex 0.7

“This Sheet Has Been Replaced
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view of fixing characteristic and anti-offset characteristi

The netal -contai ni ng conpound reactive with the resin corrpcm-AﬂEMEM SHEET
present invention nay be those contalnlgg nmetal ions as foljl quws: divalent

metal ions such as Ba[err], Merr] ferr], Hglerr], Silqrrg3 ﬁggemg},
as

Fe[err], Co[err], N[err] and Zn[err]; and trivalent ions, |sch
Alferr], Sc[err], Fe[err], Ce[err], Ni[err], C[err] and|y[erri=
Anmong the above'“%é%—ﬁg o) Q§ welgﬁ@'prop§iene-

ethylene copolymer 3 wt.part(s)

A magnetic toner having a volume-average

particle size of 1i microns was prepared from the

5 above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic toner are
shown in Table 2. The magnetic toner in an amount of
100 wt. parts was blended with 0.5 wt. part of
colloidal silica fine powder to prepare a developer,

10 which was then evaluated for image formation in the
same manner as in Example 1. The results are shown in
Table 3.

Comparative Example 3

Resin composition of Comparative
15 Synthesis Example 3 100 wt.part(s)

Magnetic material (triiron tetroxide)

80 1t

Monoazo Co complex [I]-3 0.8 "
Low-molecular weight propylene-

20 ethylene copolymer 3 "

A magnetic tonmer having a volume-average
particle size of 9.5 microns was prepared from the
above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic tonér are

25 shown in Table 2. The magnetic toner in an amount of
100 wt. parts was blended with 1.1 wt. parts of

colloidal silica fine powder to prepare a developer,
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is Sheet Has Been Replaced REP?:ACED

T




conpounds provi de excellent results because they are rich in{ ﬁ@ axtbrriry
with or dispersibility in a polynmer and cause a crossllnklngi aetr L AR
uniformy in the polynmer or copolyner. Anong the org nic netal"“‘
conpounds, those containing an organic caggfund which is rch HP3 MAR ,ﬂqiNJ
vaporizability or sublimability, as alig or a counter i s
advant ageously used. Anmobng the organic conpounds formng co r te*hﬁﬁds—
or ion pairs wth netal ions, exanples of those having the dbove _ property
may i ncl ude: salVb%¢hcwasrdhaﬂdebhiua@ J vatives, such as sallcyllc aci d,
sal i cyl ani de, or image formation in the

Same manner as ip Example 1.

Table 3,

The results are shown in
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metal conmplex, it can also function as a charge contr ol agent for toner

particles. Exanples of such a netal conpl ex include azo ng BPAA%E S
represented by the followng formula CiI: [err] v}ﬂ%ﬂ?}‘ﬁr\ﬂﬁl SHEET

denotes a coordination center netal, ingjusive of netal el dngnts having a
coordi nation nunber of 6, such as Sc, Ti, V, O, Co, N, M] andi FelMAAr{1a7
denotes an aryl group, such as phenyl or naphthyl, -
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capabl e of having a substituent,

exanpl es of which may incl udgREPS IER
hal ogen, carboxyl, anilide, and al kyl and al koxy having 1 - 13REar5 3¥“ dl SHEET
atons; X, Y and Y' independently denote -0-,. -CO, -NH Dr -NR-
(wherein R denotes an al kyl having 1 --#5earbon atons; and Al pr{] 3deﬁﬁﬁ 4387
hydrogen, sodium potassium ammonium Qr aliphatic amoni um
Specific exanples of this type of conplexes nmay include the fpllow ng:

10

15
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25

The evaluation standards are shown below.

(1)
o:

A

(2)
[0 34
OA:

Al

(3)

pause)

(4)

(o

X3

Fixability

Good (density lowering of below 10 %)
Somewhat inferior but practically
acceptable (density lowering of 10 % to
below 20 %)

Practically not acceptable {density

lowering of 20 % or more)

Hot fixing roller staining in the fixing device

No stain at all

Slight stain which is almost unnoticeable
Noticeable stain but practically acceptable
(no offsetting) |

Conspicuous stain and practically not

acceptable (offsetting)

Anti-offset characteristic (front face stain after

No stain at all

¢ Almost unnoticeable

Stain but practically acceptable
Conspicuous stain and practically

unacceptable

Pulverizability

No over-pulverization and good
pulverization efficiency
Poor pulverization efficiency resulting in

much coarse particles.
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- 42- [err] - 43-
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As has been described hereinabove, according ~—~ T

to the present invention, there is provided a toner
capable of forming high-quality images with improved
performances in respects of anti-offset characteristic
and fixing-roller staining. Particularly, the toner
according to the present invention shows the following
advantageous properties.

(1) Fixable at low temperature with improved anti-
of fset characteristic and causing little stain on fixed
images.

(2) No or little melt~sticking or filming on a
toner-carrying member or a photosensitive member.

(3) Excellent in anti-blocking characteristic and
storability.

(4) Capable of faithfully reproducing latent
images to form high-quality images.

(5) Having a high productivity because of good

pulverizability of the binder resin.
A toner for developing an electrostatic 1mage

is provided as a pulverized mixture including a binder
resin and a colorant. Thé binder resin is
characterized by a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran { THF ) -soluble
resin content including at least 15 % and belbw‘35 % of
a resin component in a molecular weight region of at
most 5000 and at least 3 wt. % of a resin component in

a molecular weight region of at least 5x10% and showing
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heet Has Been Replaced REPLACED

T




[err] -44- Organic nmetal c RﬁP&AEQWERT SHEETW

represented by the following fornula [II] inpart a negative ghgrgeabiTity
and may be used as the organic netal cgngqud in Fhe pr esent “YfﬂtMER‘BQ?

a main peak in a molecular weight region of 5000 to

10°. The binder resin also has an acid valde of 2 -
100 mg KOH/g. The THF-soluble resin component in the
molecular wemght region of at least 5x106 is enriched
during a melt-kneading step during the toner

production.
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[err]

whererm—Mdenotes—a coordi nati on center netal

REPLACEMENT SHEET

metal el ements havi g8 Qg& k&&k(pn number of 6, such as G, QoMW

and Fe; A denotes
al kyl), [err] [4 "I

nitro)

10

15

20

.25

havi ng_a substituent, such {asg
X denot €5~ hydr ogen, halogen, aIk?FBOMAR‘EQ7

(

_

WHAT IS CLAIMED IS:

1. A toner for developing an electrostatic image,
comprising: a binder resin and a colorant, wherein the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-soluble
resin content including at least 15 % and below 35 % of
a resin component in a molecular weight region of at
most 5000 and at least 3 wt. % of a resin component in
a molecular weight region of at least 5x10% and showing
a main peak in a molecular weight region of 5000 to

105, and the Einder.resin has an acid value of 2 -

100 mg KOH/g.

2. The toner according to Claim 1, wherein said
binder resin comprises a vinyl polymer, a vinyl

copblymer or a mixture thereof.

3. The toner according to Claim 1, wherein said

binder resin comprises a vinyl copolymer composition.

4, The toner according to Claim 1, wherein said
binder resin comprises a mixture of a crosslinked vinyl

copolymer and a non-crosslinked vinyl copolymer.

5. The toner according to Claim 1, wherein said
binder resin comprises a mixture of a crosslinked

styrene copolymer and a non-crosslinked styrene

THIS SHEET HAS BEEN
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(R denot es hydrogen— C[e%r}—v—E}efff al kyl or C[err] - Jerr

Y[err]

above organi c netal

or

nore speci es.

10
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denotes a ulgdas hydr ogen, sodi um pOtdBEPhﬁ{g'
anmonium or alip cet nd Z denotes -0 or -CO 0.
rbe usetP- si ngly or in conbinat 5031 r@_ifg_,; ey
bt a M

tion anount of the organic|m

copolymer.

6. The foner according to Claim 1, wherein said
binder resin contains a crosslinkage formed by a
crosslinking agent having ét least two.vinyl groups,
and an electrostatic crosslinkage formed by a
carboxylic group and a metal ion of two or more

valences.

7. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution
including 3 - 20 % of a resin component in the

molecular weight region of at least 5x108,

8. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution
including 3 - 10 % of a resin component in the

molecular weight region of at least 5x106,

9. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution

including at most 35 % of a resin component in the

molecular weight of 105 to 5x1086.

10. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution

including 18 - 32 % of a resin component in the

* -~ C L M -5 *x
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and ? the netal conpounds with|the resin but
may general ly be 0. 1ﬂ refera Py 0.1 - 1 wt. 9% of Ih83piMthRei097
ortion t her eof . As | ow fi Xxi ng

resin including the
pressure is used in a

roller

conpounds Fﬁ—fhe‘ffﬁﬁ#—TﬁﬂT+t+es ey be varied depend it
speci fi c binder Sﬁﬂsﬂé?ﬁlas gela $840 nonuse of a.carrier, ﬁ %ﬂ\?m-{ SHEET
t

for the toner

10

15

20

molecular weight region of at most 5000, 10 - 30 %F o &~ —
resin component in the molecular weight region of 102
to 5x106, and 3 - 20 % of a resin component in the

molecular weight region of at least 5x10°.

11. The toner according to Claim 1, wherein said
binder resin has a carboxyl group and contains an

organic metal compound electrostatically linkable with

the carboxylic group.

12, The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution

showing a main peak in a molecular weight region of 104

to 5x104.

13. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution
including at least 40 % of a resin component in a

molecular weight region of 5000 to 109,

14. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution
including 18 - 32 % of a resin component in the
molecular weight region of at most 5000, at leaét 40 %
of a resin component in a molecular weight region of
5000 to 105, and 3.5 20 % of a resin component in the
molecular weight region of at least 5x10°,

H‘:ET HAS BFEN
PLACFD
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I by
smal | size copyrng—frachi-re—e+—printer, excessive re- crosslii ﬁi"i ’fT':
in inferior ﬂhﬁ&ﬂ h% ccordlngly t he anobunt of the readgtijve Egn,q
conmpound 'nay ¥ a% low 1 wt. %of the binder resi|n. @d MAR 1297
The above- nent netal conpt8R—-or organic netal [salt shows
excel l ent conp dlsper5|b|I|ty to provide a toner wth a

stabl e chargeablllty particularly when it is reacted with ithe _hinder
resin at the tine f nelt neadi n descri hed agbove,, t he

organic netal co bPB&Ri Egﬁ@FQF"ngaltP zﬁﬁsa&“\:r ags ST onent
can be also bLﬁ'?éier réas:maﬁgg gog&go cggevalu%mof t5 s 7% %\%KOH/g.'

16. The toner according to Claim 1, wherein said
5 binder resin has an acid value attributable to acid

anhydride group of at most 10 mgKOH/g.

17. The toner according to Claim 1, wherein said .
binder resin has an acid wvalue attributable to acid

10 anhydride group of below 6 mgKOH/g.

1i8. The toner according to Claim 1, wherein said

binder resin contains a styrene-maleic acid half ester

copolymer.
15
19. The toner according to Claim 1, wherein said
binder resin contains a styrene-maleic acid ester
copolymer.
20 20. The toner according to Claim 1, wherein said

binder resin contains a styrene-maleic anhydride

copolymer.

21. The toner according to Claim 1, wherein said
25 Dbinder resin contains a non—crosslinked'styrene-maleic
acid half ester copolymer and a styrene-maleic acid

half ester copolymer crosslinked with divinylbenzene.

TS SHE JEET HAS BEC }
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possi bl e to use another charge control

Such anot her charge—controt—agent may for exanple be a kno egative
charge control agenfy sheet mas Been KyBRI €5 Of such known negatijvg dhar HiaR 1987
control conpounds

-46 -
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agent may ing nmet al conplexes and chel &t €
i ncl usi ve of nonoazo: ll ﬂlmmmiHF as —81-

22. The toner

colorant comprises
23. The toner
colorant comprises

24, The\toner

| ACEMERT SHEET

agent, as desired, i

according to Claim 1, wherein said

a magnetic material.

according to Claim 1, wherein said

carbon black.

according to Claim 1, wherein said

binder resin has a carboxyl group or acid anhydride

group and contains an organic metal compound reactive
with the carboxyl group or acid anhydride group.
25. The toner according to Claim 24, wherein said

organic metal compound.comprises an azo metal complex

represented by the following formula:

"Ar-N = N-}\r‘” o
\x Y'
\VY/ -
M
/1\
Y x'\
\Ar-N = N-Ar } 29,

wherein M denotes a coordination center metal,
inclusive of metal elements having a coordination
number of 6, such as Sc, Ti, Vv, Cr, Co, Ni and Fe; Ar
denotes an aryl group, such as phenyl or naphthyl,
capable of having a substituent, examples of which may
include: nitro, halogen, carboxyl, anilide, and alkyl
and alkoxy héving 1 - 18 carbon atoms; X, X', Y and Y'
independently denote -0-,

-CO-, -NH-, or -NR- (wherein

R

SHT‘ET HAS BLFN
FPLA\CL_Q_/__,
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A T i Il s d
descri bed above, acetylacetone nmetal conpl exes, and organonetaﬁp' H;Wgexes*-jf
of aromatic hydroryeshed BEyBebcRepA6dddS and aromatic di carboxylijc jaci ds. Ot her
exanpl es nmay |ncI ydroxycarboxyllc aci ds, aronat|i o INpRG- 4297
and pol y-carboxyl it ﬂ!l! uw]lmﬂlll eir nmeigd- salts, .anhydri desl and esters,
and phenol derivati bi sphenol s. Anong t he above, moazo-neta
conpl exes are preferred The toner according to the present
i nvention preferably have a vol une-average particle size of - 8

m crons so as t@eneteﬁfanrylkm&whmxﬁnqﬂﬁu+ 4igarbon atoms; and Al

10

15

20

25

denotes hydrogen, sodium, potassium, ammonium or
aliphatic ammonium.

26. The toner according to Claim 24, wherein said
organic metal compound comprises an organic acid metal

complex represented by the following formula:

¢’

H,0 c"> Yo
0-C
. \' \
(A) M (a)
\c-o/ \z/.
\ nll ~ Hy0 J¥®

wherein M denotes a coordination center metal,
inclusive of metal elements having a coordination
number of 6, such as Cr, Co, Ni and Fe; A denotes

(:jf capable of having a substituent,

(X denotes hydrogen, halogen, or nitro),

l
R

(R denotes hydrogen, C; - Cig alkyl orlc1 - C8
alkenyl); ¥® denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and

Z denotes -0- or -C0.0-.
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digital latent Inages. It is preferred to use the
to the presmashettMacBren Replatadget her with silica fine powder

b

Ended

characteristi

BEBLA G SHEET
I
n

ﬁve 'Ehe chgr_g%]_est ability, devel op D 03 MAR A%g‘]_

silica fine powdef psed in t

therewith i njﬁmﬂmlﬁ&l 'j‘
5 i
present inv rovides good results if it has a specifif “surface—are=

-

of 30 n2/g or larger, preferably 50 -- 400 nferr]/g, as measpred by
ni trogen adsorptbgn aGHEY Udpfhd %cémﬁﬁjg Eﬁt@P&mTﬁ? Shbkedn ane«asltgwgr

may be added in a proportion of 0.01

parts, preferably O.

W. .parts, pgubkednde iRAfurtHer NeontiBred.

10

15

20

25

28. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution on
the GPC chromatogram showing a maximum in the molecular

weight region of at least 5x10°.

29. The toner according to Claim 1, wherein the
binder resin contains a THF-insoluble resin component
in a proportion of at most 10 wt. % measured as a
residue on a filter having a pore size of 0.45 -~ 0.5
micron when the binder resin is mixed with THF to
provide a concentration of 5 mg/ml and the mixture is
left standing for about 30 hours at room temperature

and then subjected to filtration by using the filter.

30. The toner according to Claim 29, wherein the
THF;insoluble resin component is contained in a

proportion of at most 10 wt.'% in the binder resin.

31. The toner according to Claim 29, wherein the

THF-insoluble resin component is substantially zero in

the binder resin.

32. A process for producing a toner, comprising:

mixing a resin composition, a colorant and an

e
THIS SHEET HaS BEEN

AR ) R A REPLACED
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For the puPpese—e%—be%ﬁg—provfded wi th hydrophobicity and/orﬁguqrbqh}gd HEEY
chargeabilit "
treating age

) mztm eleh Ehia
coupling agent ll ﬁl“’pll

organi c silicon conpounds.

-47- silico
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figne powder may well have been truareﬂ

cone varni sh, nodified es2m 00
i cone oil, n®dified silicone oil sPidafaid 138
I ng agent having functional groppiLor._other. ..

organic metal compound to obtain a mixture, the resin
composition containing a crosslinkage formed with a
crosslinking agent having at least two vinyl groups and
a carboxyl group;

heating said mixture;

melt-kneading the heated mixture while
exerting a shearing force to the mixture, so as to
sever molecular chains of a high moiecular weight
component in the resin composition under the action of
the shearing force and form an electrostatic linkage
between the carboxylic group and the organic metal
compound or a metal ion in the organic metal compound
under heéting;

cooling the resultant kneaded product;

pulverizing the cooled kneaded product; and

classifying the resultant pulverized product
to obtain a toner; r

said toner comprising binder resin and a
colorant; wherein the binder resin shows a molecular
weight distribution on a GPC chromatogram of its
tetrahydrofuran (THF)-soluble resin content including
at least 15 % and below 35 $ of a resin component in a
molecular weight region of at most 5000 and at least 3
wt. § of a resin component in a molecular weight region
of at least 5x10% and showing a main peak in a
molecular weight region of 5000 to 10°, and the

binder resin has an acid value of 2 - 100 mg KOH/g.

REPLACED

THIS SHEET HAS BEEN

|
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It is aIse—ﬁreferred—rﬁ'ﬁ§é‘1mo or nore treating agents inéédﬁb?natron. _'??
Q her. addl qﬁy gg qgggﬂ as desired, inclusive of: a |ubrjicant, such

t B R )
as polytetr H ene zinc stearate or polyvinylideng @ 8ofqiReildf
whi ch pol yvi’ |de is preferr®% an abrasive, suchl as cerium
oxide, silid strontiumtitanate, of which strontrum_titanate
Is preferred; a flomablllty I nparting agent, such as titanfum.oxide or

al um num oxi de, of__which a dro hobi ¢ ne | ferr ntl-caking.
agent, and an elé¥1706gﬂﬂ -RGEAFding gﬁ ?1§u§%'a§

THF-insoluble component in the resin composition is

converted into a THF-soluble component under the action

of the shearing force during the melt-kneading.

34. The process according to Claim 32, wherein the
heated mixture is kneaded under the action to the
shearing force so as to provide a peak in the molecular

weight region of at least 5x106 on a GPC chromatogram
10 of the binder resin.

35. The process according to Claim 32, wherein the
binder resin contains a THF-insoluble 'resin component
in a proportion of at most 10 wt. % measured as a
15 residue on a filter having a pore size of 0.45 - 0.5
micron when the binder resin is mixed with THF to
provide a concentration of 5 mg/ml and the mixture is
left standing for about 30 hours at room temperature

and then subjected to filtration by using the filter.

20
36. The process  according to Claim 35, wherein the
THF-insoluble resin component is contained in a
proportion of at most 10 wt. % in the binder resin.
25 37. The process: according to Claim 35, wherein the

THF-insoluble resin component is substantially zero in

the binder resin.
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bl ack, zinc oxide, antinony oxide, or tin oxide. It is also

use a snal
opposite to that of the toner as a devel opnent characteristiic I&E& Men
hi'&as

It is also preferred to add 0.5 - 5 w. %of a waxy substande,
| ow- nol ecul ar wei ght pol yet hyl ene, | ow nol ecul ar wei ght polypropyleneh_
| ow- nol ecul ar wei ght propyl ene- ethyPéne copolynmer;, mcrocriystalline wax,

)

=4

(Y_

anmount of white or black - fine particles having a

Ql@lmﬁq 8»55.'3“';'_.:?

ooy

\9 J

carnauba wax, sasol wax or paraffin wax, to the toner for the-purpose..of

| mprovi ng
fixation.
5
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15
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FOR PRODUCTION THEREOF

ABSTRACT OF THE DISCLOSURE

A toner for developing an electrostatic image
is pro&ided as a pulverized mixture including a binder
resin and a colorant. The binder resin is
characterized by a molecular weight distribution on a '
GPC chromatogram of its tetrahfdrofuran (THF) -soluble 2
resin content'ineluding at least 15 % and below 35 % of
a resin.component in a molecular.weight region of at -
most 5000 and at leaep 3 wt. % of a resin component.in_
a molecular weight region of at least Sx106 and showing
a main peak in a molecular weight region of 5000 to

10°. The binder resin also has an acid value of 2 -
100 mg KOH/g. The THF-soluble resin component in the
molecular weight region of at least 5x10% is enriched
during a melt-kneading step during the toner

production.

FIGURE 1 | '

This'Sheet Has Been Replaced -
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- 48- The toner according to the present I nvention can be m xed

with carrier powder to be used asi.a two- ~“conponent devel e ey
i nstance, the toner and the carrier powder nay be m xed Qﬁﬂé&:&ﬁ%ﬁ&!&(ﬁ
as to provide a toner concentration of 0.1 - 50 wt. % rgferably 0.5 -
10 wt. % further preferably 3 - 5 wt. 03 MAR 1997
-1 - )

4 N

5x |06 | x 105 5x |03

\

5x106 " 1x105 5x103

2 o Sheet Has Been: Replaced

HIl\lI\ I




The carrier used for this purpose may be a known one, exanples of which

may i nclude: powder having magnetism such as iron powder,

feHitepmMeL

and nickel powder and carriers obtained by coating these
resin, such as a fluorine-containing resin, a vinyl resin d
resin. The toner according to the-present inventig
constituted as a magnetic toner contaifing a nmagnetic naterli
particles. In this case, the magnetic material can also fun
colorant. Exanples of the nmagnetic material may include: ir

n

uﬁ% ?iﬁﬁ%&e%?

IEE

can bhé.

| 09 1R 1537

ctii on as a

(0]

N

i

5x 106 | x10° 5x 103

Sheet Has Been Replaced
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such as magnetite, hematite, and feﬁf&é’,l/ﬁetﬁl S, such as iron,
:cobalt and ni ckel ,» and aI I oys of these netals with ot her nptals, such as

beryl |l ium b|

tungsten and v
magneti c mater
preferably 0.1

mﬁ@tm@mmﬁalc. o S rahoanese, ser ent um | TEREACEMENT SHEET

xtures of these materials. The
average_qparticle size of 0.1- 22nt ciidn 1997

What is claimed is:

1. A toner for developing an electrostatic image,
comprising: a binder resin and a colorant, wherein the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-solu-
ble resin content including at least 15% and below 35%
of a resin component in a molecular weight region of at
most 5000 and at least 3% of a resin component in a
molecular weight region of at least 5X 106 and showing
a main peak in 2 molecular weight region of 5000 to 105,
and the binder resin has an acid value of 2-100 mg
KOH/g.

2. The toner accordmg to claim 1, wherem said
binder resin comprises a vinyl polymer, a vinyl copoly-
mer or a mixture thereof.

3. The tonmer according to claim 1, wherein said
binder resin comprises a vinyl copolymer composition.

4. The tonmer according to claim 1, wherein said
binder resin comprises a mixture of a crosslinked vinyl
copolymer and a non-crosslinked vinyl copolymer.

5. The toner according to claim 1, wherein said
binder resin comprises a mixture of a crosslinked sty-
rene copolymer and a2 non-crosslinked styrene copoly-
mer.

6. The toner according to claim 1, wherein said
binder resin contains a crosslinkage formed by a cross-
linking agent having at least two vinyl groups, and an
electrostatic crosslinkage formed by a carboxylic group
and a metal ion of two or more valences.

7. The tonmer according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 3-20% of a resin component in the molecular
weight region of at least 5 106.

8. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 3-10% of a resin component in the molecular

we1ght region of at least 5X 106. THIS SHEET HAS BEGN

REPLACED
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-49~ - mcron.
:magnet | c properties under application of 10 kilo- Cersted,

coercive forceTlﬁiShB&iHasI&GnR k@t ed, a saturation magnetizati pnfof 50 - 200
enu/g, and a’ r zation of 2 - 20 enu/g. The mag egig 1L 4997
mat eri al he toner in a proportion of 2p 0 vvi“ v

parts, preferabl

" conponent .

The magnetic material may preferabl y—stow ——-—=-—-
' REPLARTMEST  SHEET:

parts,;ger 100 wt. parts of

9. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding at most 35% of a resin component in the molec-
ular weight of 105 to 5 106.

10. The tonmer according to claim 1, wherein said
binder resin shows a molecular weight distribution in-

" cluding 18-32% of a resin component in the molecular

weight region of at most 5000, 10-30% of a resin com-
ponent in the molecular weight region of 105 to 5% 106,
and 3-20% of a resin component in the molecular
weight region of at least 5X 108.

* 11. The tomer according to claim 1, wherein said
binder resin has a carboxyl group and contains an or-
ganic metal compound electrostatically linkable with
the carboxylic group.

12. The toper according to claim 1, wherein said
binder resin shows a molecular weight distribution
showing a main peak in a2 molecular weight region of
104 to 5 104.

13. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding at least 40% of a resin component in a molecu-
lar weight region of 5000 to 105.-

14. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 18-32% of a resin component in the molecular
weight region of at most 5000, at least 40% of a resin
component in 2 molecular weight region of 5000 to 105,
and 3-20% of a resin component in the molecular
weight region of at least 5X 106.

15. The toner according to claim 1, wherein said
binder resin has a JIS acid value of 5-70 mgKOH/g.

16. The toner according to claim 1, wherein said
binder resin has an acid value attributable to acid anhy-
dride group of at most 10 mgKOH/g.

17. The tonper according to claim 1, wherein said
binder resin has an acid value attributable to acid anhy-
dride group of below 6 mgKOH/g.

18. The toner according to claim 1, wherein said
binder resin contains a styrene-maleic acid half ester
copolymer. '

?‘“:ﬂ Lk “-"---'T HAS Bi i \l

e




The toner according to the present invention can contain a c{ Ev" f
fray be an appropriate pigment or ®BieSheet Has Been Replabeganp! es of HEpEﬁGLFMENT SHEET

may include: carbon black, anili n_'e*ﬂ!mﬂ! _ ne bl ack, ppt hol
Yell ow, Hansa Yel |l ow, Rhodam ne La "ﬁmmpke red irop |ozigfey 1997
Pht hal ocyani ne Bl ue, and | ndant hrene ue. pignents arp psed in an
anmpunt sufficient to provide a required optical density of tpe—frxedt———
i mges, and may be added in a proportipp-of 0.1 - 20 wt. pargs,
preferably 2 - 10 wt. parts, per 100 wt. parts of the binder resin.
19. The toner according to claim 1, wherein said
binder resin contains a styrene-maleic acid ester copoly-
mer. : :
20. The toner according to claim 1, wherein said
binder resin contains a styrene-maleic anhydride co-
. polymer. ‘
- 21. The toner according to claim 1, wherein said
binder resin contains a non-crosslinked styrene-maleic
acid half ester copolymer and a styrene-maleic acid half
ester copolymer crosslinked with divinylbenzene.
22. The tomer according to claim 1, wherein said
colorant comprises a magnetic material.
23. The toner according to claim 1, wherein said
colorant comprises carbon black.
24. The toner according to claim 1, wherein said
binder resin has a carboxyl group or acid anhydride
group and contains an organic metal compound reac-
tive with the carboxyl group or acid anhydride group.
2S. The toner according to claim 24, wherein said
organic metal compound comprises an azo metal com-
plex represented.by the following formula:

e

( Ar—N=N—Ar )
\ /
x| v
W/
M

/T\
Y| x
/ \

wherein M denotes a coordination center metal having
a coordination number of 6 Ar denotes an aryl group
capable of having a substituent X, X' Y and Y’ indepen-
dently denote —O—, —CO—, —NH—, or —NR—
" wherein R denotes an alkyl having 14 carbon atoms;
~ and A® denotes hydrogen, sodium, potassium, ammo-
nium or aliphatic ammonium.
26. The toner according to claim 24, wherein said
organic metal compound comprises an organic acid
metal complex represented by the following formula:

| m THIS SHEET HAS BEEN
) T RoracE_
* [ L M H * - o
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Exanpl es of the dye may include: azo dyes, anthraqui'none dyes, xanthene

‘dyes, and nethime—dyes;—whi-ch—ray be added in a proportlonFﬁ% 0177200 WEe

e

parts, prefera%‘Tﬁ&e&aSBwnRﬁﬁmfa”S per 100 wt. parts of é—bj nder: ..iC

resin. rding to the present inventign

-50- 2% L 857
-80-
/ H0 ﬁ \©
" \\1// °~ .
\ /'T‘\ /(
- g H20 ) Y,

wherein M denotes a coordination center metal, having
a coordination number of 6 A denotes

capable of having a substituent,

X denotes hydrogen, halogen, or nitro,

@ @ R O R O
] -
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may. be prepared through a process including: ufdf Fciently

bl endi ng t he
salt or netal

: binder ‘resin, the organic netal i’% t he neta
conmpl ex, a colorant, such as pig E r a magnet
an optional charge control agent tives, as

ﬂerials and

1r $IL 1997

-

di sperse or dissolve the magnetic material, pignment or dye therern,

PIASHENY SHEET

of a blender such as a Henschel mxer or a ball mll, nelfti ng} and
kneadi ng the bl end by neans of hot kQ%Qang means, such gs(h
“kneader . or an extruder to cause nelting of the resinous fa

N

I
R -

R denotes hydrogen, C;-Cig alkyl or C;—Ci3 alkenyl);
Y® denotes a counter ion: and Z denotes —O~— or

—C-O—.

27. The toner according to claim 1, wherein 2 waxy

substance is further contained.

28. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution on
the GPC chromatogram showing a maximum in the

molecular weight region of at least 5X 106.

29. The toner according to claim 1, wherein the.
binder resin contains a THF-insoluble resin component
in 2 proportion of at most 10 wt. % measured as a resi-
due on a filter having a pore size of 0.45-0.5 micron
when the binder resin is mixed with THF to provide a
concentration of 5 mg/ml and the mixture is left stand-
ing for about 30 hours at room temperature and then .

subjected to filtration by using the filter.

30. The toner according to claim 29, wherein the
THF-insoluble resin component is contained in a pro-

~portion of at most 10 wt. % in the binder resin.

31. The toner according to claim 29, wherein the
THF-insoluble resin component is substantially zero in

the binder resin.

.k [ L N S *
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and- cooling and solidifying the kneaded product, follomed by pul veri zation
~and- classification. The thus obtained toner {juan”h pﬂ_qgﬁc
w th other ext érhmeﬁheeaﬂatlﬁeenmmceas desired, sufficient I y r{é‘é Ealiss

to provide a developer fo developlng

m xer such as a -
electrostatic i E [: m ! ! Her ei nbel ow, the present ijnvienfifordiii 957be
described in nore ased on Exa es First of all} {Synthesis

Exanpl es of binder resins for use in ners are expl ai ned, 1n whi Ch The
glass transition tenperatures (Tg) of the resins were ne '
di fferential - scanniddy Sapseeess rms@uq:m@wner, comprising:

mixing a resin composition, a colorant and an orga.mc
metal compound to obtain a mixture, the resin
composition containing a crosslinkage formed with
a crosslinking agent having at least two vinyl
groups and a carboxyl group;
heating said mixture;
melt-kneading the heated mixture while exerting a
shearing force to the mixture, so as to sever molec-
ular chains of a high molecular weight component
in the resin composition under the action of the
shearing force and form an electrostatic linkage
between the carboxylic group and the organic
metal compound or 2 metal ion in the organic metal
compound under heating;
cooling the resultant kneaded product;
pulverizing the cooled kneaded product; and
classifying the resultant pulverized product to obtain
a toner;

said toner comprising binder resin and a colorant;
wherein the binder resin shows 2 molecular weight
distribution on a GPC chromatogram of its tetra-
hydrofuran (THF)-soluble resin content including
at least 15% and below 35% of a resin component
in a molecular weight region of at most 5000 and at
least. 3% of a resin component in a molecular
weight region of at least 5x 106 and showing a
main peak in a molecular weight region of 5000 to
105, and the binder resin has an acid value of 2-100
mg KOH/g.

33. The process according to claim 32, wherein a
THF-insoluble component in the resin composition is
converted into a THF-soluble component under the
action of the shearing force during the melt-kneading.

34. The process according to claim 32, wherein the
heated mixture is kneaded under the action to the shear-
ing force so as to provide a peak in the molecular
weight region of at least 5X 106 on a GPC chromato-
gram of the binder resin.
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35. The process according to claim 32, wherein the
binder resin contains a THF-insoluble resin component
in a proportion of at most 10 wt. % measured as 2 resi-
due on a filter having a pore size of 0.45-0.5 micron
when the binder resin is mixed with THF to provide a
concentration of 5 mg/ml and the mixture is left stand-
ing for about 30 hours at room temperature and then
subjected to filtration by using the filter. '

36. The process according to claim 35, wherein the
THF-insoluble resin component is contained in a pro-

_portion of at most 10 wt. % in the binder resin.

37. The process according to claim 35, wherein the
THF-insoluble resin component is substantially zero in
the binder resin.

.38. The toner according to claim 1, wherein said
binder resin contains a copolymer prepared from two or
more species of acrylic monomers.

39. The toner according to claim 38, wherein said
acrylic monomer comprise an acrylate ester and a meth-
acrylate ester.

- 40. The toner according to claim 1, wherein said resin

.component in a molecular weight region of at least
5X 108 contains a copolymer prepared from two or
more species of acrylic monomer comprising an acry-
late ester and a methacrylate ester. _

41. The toner according to claim 1, wherein said
binder resin contains a polymer or copolymer prepared
from a monomer in the form of an a,B-unsaturated
dibasic acid, a half ester of an a,B-unsaturated dibasic
acid, a half ester of an a,8-unsaturated dibasic acid or an
ester of an a,B-unsaturated dibasic acid.

42. The toner according to claim 1, wherein said
binder resin contains a polymer or copolymer prepared
from 2 monomer in the form of 2 monoester of an a,3-
unsaturated dibasic acid.

43. The process according to claim 32, wherein said
binder resin contains a copolymer prepared from two or
more species of acrylic monomers. .

44. The process according to claim 43, wherein said
acrylic monomers comprise an acrylate ester and a
methacrylate ester.
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45. The process according to claim 32, wherein said
resin component in a molecular weight region of at least
5X 106 contains a copolymer prepared from two or
more species of acrylic monomer comprising an acry-
late ester and methacrylate ester.

46. The process according to claim 32, wherein said
resin composition contains a polymer or copolymer
prepared from 2 monomer in the form of an a,3-
unsaturated dibasic acid, a half ester of an a,-
unsaturated dibasic acid or an ester of an a,8-
unsaturated dibasic acid, so that said binder résin of the
resultant toner contains a polymer or copolymer pre-
pared from the monomer in the form of an a,3-
unsaturated dibasic acid, a half ester of an q,B-
unsaturated dibasic acid or an ester of an aq,3-

| unsaturated dibasic acid.

47. The process according to claim 32, wherein said
resin composition contains a polymer or copolymer

prepared from 2 monomer in the form of monoester of

a,B-unsaturated dibasic acid, so that said binder resin of
the toner contains 2 polymer or copolymer prepared
from the monoester of an a,8-unsaturated dibasic acid.

48. The toner according to claim 25, wherein M is Sc,
T3, V, Cr, Co, Ni or Fe; Ar is phenyl or naphthyl; op-
tionally substituted with nitro, halogen, carboxyl, ani-
lide, alkyl having 1-18 carbon atoms or alkoxy having
1-18 carbon atoms.

49. The toner according to claim 26, wherein M is Cr,
Co, Ni or Fe and Y is hydrogen, sodium, potassium,
ammonium or aliphatic ammonium.
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TONER FOR DEVELOPING ELECTROSTATIC IMAGE AND

'PROCESS FOR PRODUCTION THEREOF

FIELD OF THE INVENTION AND RELATED ART

The present'inyention relates to a toner for
developing electrostatic images ﬁsed in image.forming
methods such as electrophotography and a process for
production thereof, particularly a toner which has been
improved ig respects of hot'roller-fixability and
developing performances for electrophotographic images
and a process for production thereof.

Hitherto, é large number of electrophoto-
graphic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363;
and 4,071,361. 1In these processes, in general, an
electrostatic latent 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 pressinq, or with solvent
vapor to obtain a copy. The residual toner on the
photosensitive member without being transferred is
cleaned by Qarious methods, and then the above steps

are repeated.

In recent years, such an electrophotographic



hours under tol uene refl uxing. -52-

Styrene nononer 77 W .parts n-Bgt-yt aur“LateW‘.

13 " Monobutyl mal eate 10 z IB)LAQEP\&@HUGH?;H

per oxi de 6 " Furt her, undgr [t ol'UETE

refluxing (120 - 130 68 nn 1998
-2

image forming appar#tus has been used not only as a
copying machine for office work but also as a digital
printe; as an outputting means for a computer and a
facsimile machine and also a graphic copier or printer
for producing graphic copies of high definitidn.

Among the performances required of a toner for
a digital printer or a copier for high definition
images, fixability and developing reproducibility of
thin line images is raised as an important one.

As for the fixing step, various methods and
apparatus have been developed, of which the most
popular one is a heating and pressing fixation 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 method, as the hot roller surface and
the toner image on the fixation sheet contact each -
other under a 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. In this method,

however, a toner image in a melted state is caused to
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contact a hot roller surface under pressure, so that

there is observed a so-called offset phenomenon that a

part of the toner image is attached and transferred to

the hot roller surface and then transferred back to the

fixation sheet to stain the fixation sheet. It has

been regarded as one of the important conditions in the

hot roller fixation system to prevent the toner from
sticking to the hot roller surface.

On the other hand, in a latent image for a

high definition image part, electric lines of force are

concentrated at a boundary between an exposed part and

a non-exposed part to provide an apparent local

increase in surface potential. Particularly in a

digital printer, a latent image is composed of ON-OFF

binary picture elements to cause an intensive
concentration of electric lines of force at the
boundary between an exposed part and a non-exposed
part, so that the amount of toner attached to a unit
area of a latent line image composed of picture
elements in the development step is larger than that

for constituting an ordinary analog image.

Accordingly, .in the fixation of such an image, a toner

having further better fixing and anti-offset

characteristics is required at present.

A printer is generally used to provide 3 - 5

times as many copies as prepared by a copying machine

of the same level and requires a toner having further
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bétter fixing and anti-offset performances.
As for the improvement of the binder resin for

a toner; a toner using a crosélinked polymer as the
binder resin has been proposed, e.g., in Japanese
Patent Publication JP-B 51-23854. Such a toner using a
crosslinked poljmer shows improved anti-ocffset
characteristic and anti-winding characteristic but is
caused to have an increased fixing temperature as the
degree of crosslinking is increased. Accordingly, it
is difficult to have a toner showing a low fixing
temperature, good anti-offset and aﬁti-winding
characteristic and also good fixability. 1In order to
improve the fixability, it is generally required to use
a lower moleculér—weight binder resin having a lower
softening point. This is contradictory to an
improvement in anti-offset characteristic. Further, a
lowering in glass transition point for providing a low
softening point leads to an undesirable phenomenon of
toner blocking during storage.

- Further, as a toner comprising a low-molecular
weight polymer and a crosslinked polymer, JP-A 58-86558
for example has proposed a toner comprising a low-
molecular weight polymer and a non-fusible polymer as
principal resin components. According to the teaching,
the fixability actually tends to be improved, but it is
difficult to satisfy the fixability and the anti-offset

characteristic at high performances because the weight-
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average molecular weight/number-average molecular
weight ratio (Mw/Mn) is as low as 3.5 or below and the
non-fusible polymer content is as much as 40 - 90 wt.
%. Actuallf, ié has been very difficult to pfovide a
toner with sufficient fixability and anti-offset
characteristic unless it is used in a fixing device
equipped with a means for supplying an offset-
preventing liquid.

JP-A 60-166958 has proposed a toner comprising
a resin component prepared by polymerization in the
presence of a low-molecular weight poly-&-methylstyrene
having a number-average molecular weight (Mn) of 500 -
1,500. The same patent specification describes that an
Mn range of 9,000 - 30,000'15 preferred but a higher Mn
for improving the anti-offset characteristic leads to a
practical problem in fixability.

JP-A 56-16144 has proposed a toner comprising
a binder resin having at least a maximum in each of the
molécular weight ranges of 103 - 8x10% and 10° - 2x108
in the molecular weight distribution according to GPC
(gel permeation chromatography). The toner exhibits
excellent performances in respects of pulverizability,
anti-offset characteristic, fixability, anti-filming or
anti-melting characteristic on a photosensitive member
and image forming-characteristic but further
improvemeht in anti-offset characteristic and

fixability is desired. Particularly, it is desired to
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further improve the fixability while maintaining or
even improving the other performances so as to meet
strict demands in these days.

On the other hand, as for physical properties
required of a toner, several pfoposals have been made
with respect to binder resins including: crosslinking
by reaction of a polymer comprising a carboxylic acid
with a metal compound (JP-A 57-178249, JpP-A 57-178250,
etc.) and reaction of a bindér comprising a vinyl
monomer and a specific half-ester compound as essential
composition units with a polyvalent metal compound to
cause crosslinking with the metal fJP-A 61-110155, Jp-A
61-110156).

.Further, JP-A 63-214760, JP-A 63-217362, JP-A
63-217363 and JP-A 63-217364 disclose reaction of a
polymer having a molecular weight distribution
including two portions of a low-holecular weight
portion and a high-molecular weight portion with the
low-molecular weight portion including a carboxyi group
and a polyvalent metal ion to cause crosslinking (more
specifically adding a liquid dispersion of a metal
compound into a solution after solution polymerization,
followed by heating for the reaction). In any method,
however, the reaction between the binder resin and the
metal compound or the dispersion of the metal compound
in the binder resin is not sufficient, so that the

physical properties required of a toner, particularly
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the fixing characteristic and the anti—offset

characteristic, are not satisfied. Further, as the

metal compound in a large amount is formulated with the

binder resin, the metal compound can show a catalytic
action to the binder resin dependiné on the'condition
to cause gellation of the binder resin. Accordingly,
it is difficult to determine the production condition
for formulating the metal compound to obtain a desired

toner. Even if the production conditions are

‘determined, it is difficult to produce a toner with a

good reproducibility.

Even if a binder resin contains a carboxyl
group capable of reacting with a metal compound, its
crosslinking reactivity is weak if the carboxyl group
is in the form of an anhydride structure (i.e., a
closed ring structure). As a result, the crosslinking
intensity becomes insufficient, thus failing to proviae
satisfactory anti-offset characteristic and fixability.

Further, JP-A 63-216063 proposes the
combination of ionic crosslinking with a metal in the
binder resin and an offset-preventing agent, and JP-A
62-280757 proposes reaction of an acid anhydride group
and a cationic component to form a polar functidnal
group in the binder resin to improve the charging
characteristic of a toner. It is however still
difficult by these methods to provide a toner with all

required properties, such as anti-offset
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characteristic, fixability and developing
characteristic.

JP-A 59-214860 proposes a toner comprising a
resin having a specific range of viscoelasticity for
improvement in fixing characterlstlc and antl-offset
characteristic. This toner shows some effect in
respect of anti-offset characteristic, the combination
of a low-temperature fixability and the anti-offset
characteristic has not been fully satisfactory because
6f too high elasticity and viscosity and too high a
frequency-dependence thereof.

JP-A 63-223662 discloses a binder resin having
a THF-insoluble content of 10 - 60 parts and a THF-
soluble content showing two peaks in its molecular
weight distribution for improved anti-offset
characteristic. However, fufther improved low-
temperature fixabilitf, anti-blocking characteristic
and anti-offset characteristic are desired so as to be
applicable to both high-speed and low-speed image
forming apparatus.

As described above, it is very difficult to
realize high performances in respects. of both fixing
performances (low-temperature fixability and anti-
offset characteristic) and pulverizabiiity. In
particular, the pulverizability in toner production is
an important factor in view of a direction of recent

demands for a smaller toner size so to realize high




The THF-sol ubl e content of the thus-obtained resin conposition provided a

nol ecul ar wei ght distribution showing a main peak at a nDTeeu+a+—ﬂe+?h+—~——‘
of about 5200 and a shoul der at a nol ecul ar wei ght of abouREQﬁAﬁﬁbﬁN TOHEET

resin conposition showed a Tg of 58 J[err]C and a JIS acid|vflue of 140
ngKOH g. Synt hesis Exanple 3 St yrene nononer 1 ﬁ338)
W . parts n-Butyl acrylate 10 A%%ugVF v

mal eat e 10 " Di-tert-butyl peroji de

10 The above mi xture was added®dropwise in 4

quality, high resolution and excellent thin-line
reproducibility. ‘The improvement in pulverizability is
also importaﬁt-id’respedt of economization of energy
consumption as.the pulverization step requires a very
high energy.

.As another aspect, a ¢leaning step is involved
in a copying cyé&le so as to rémove a toner on a
photosensitive member after a transfer step in another
copying cycle. Nowadays, it is ordinary to adopt a
blade cleaning system so as to provide a compact and
light apparatus and in view of ité reliability. Along
-with achieﬁemeﬁt of a photosensitive member with an
extended life, a photosensitive drum with a smaller
diameter and a high speed system, anti-sticking and
anti-filming properties against a photosenéitive member
are strictly demanded of the toner. Particularly, an
amorphous silicon photosensitive hember recently
developed has a high durability and an OPC (organic
photoconductor) photosensitive member is also provided
with an extended life, so that higher performances are
required of the toner accordingly.

In order to provide a compact apparatus, it is
necessary to adequately dispose various parts in narrow
space. Accordingly,_little space is left for péssing
cooling air and a heat-generating source such as a
fixer is disposed closer to a toner hopper and a

cleaner, so that the toner tends to be exposed to a
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high temperature atmosphere. For this reason, a toner
cannot be practically used unless it has excellent
anti-blocking characteristic.

Along with the decreases in.size and weight of
the apparatus, the fixing roller is required to have a
smaller diameter and exert a lower pressure. Further,
there has_been desired a toner which does not cause
roller staining but has a sufficient anti-offset
characteristic even in case of using a fixing roller
cleaning member. |

JP-A 1-172843 and JP-A 1-172844 have proposed
toners which have peaks in molecular weight ranges of
3x103 - 5x103 and 1.5x105 - 2.0x10% and have a peak
area percentage of 40 .- 60 % in a molecular weight
region of'1.5x105 - 2x106 or a gel coﬁtent of 1 - 10 .
However, a further improvement has been desired.

Several proposals have been made regarding use
of toners having a small particle size for the purpose
of providing high-quality images, this tends to be
disadvantageous in respect of productivity, fixing
performance and anti-offset characteristic. A binder
resin and a toner solving the problem have been also
desired.

As has been described above, various
performances required of a toner are mutually
contradictory in many cases, and it has been also

required to satisfy them in combination at high levels
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SUMMARY OF THE INVENTION

An obj;ct of the present invention is to
provide a toner having solved the above-mentioned
problems and a procéss for production thereof.

An object of the presént invention is to
provide a toner which can be fiked at a low temperature
and does not cause melt-sticking or filming onto a
toner-carrying member or a photosensitive member in a
long period of use, and a process for production
thereof.

An object of the present invention is to
provide a toner which can be fixed at a low temperature
and is exceilent in anti-blocking characteristic, thus
being able to be used in a high temperature atmosphere
of a small-size apparatus, and a process for production
thereof.

An object of the present invention is to
provide a toner which results in little coarse powder
at the time of producing toner particles because of
good pulverizability and causeé little scattering
around a toner image during development, thus being
capable of stably providing gbod developed images, and
a process for production thereof.

An object of the present invention is to

provide a small particle size toner capable of forming

-
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high-quality images, and a process for production
thereof.

A further object of the present invention is
to provide a toner which is excellent in anti—blocking
characteristic and free from agglomeration in
circulation and storage, thus being excellent in
storability, and a process for production thereof.

According to the present invention, there is
provided a toner for developing an electrostatic image,
éomprising: a binder resin and a colorant, wherein the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-soluble
resin content including at least 15 % -and below 35 % of
a resin component in a molecular weight region of at
most 5000 and at least 3 wt. % of a resin component in
a molecular weight region of at léast 105.and showing
2 main peak in a molecular weight region of 5000 to
5x106, and the binder resin has an acid value of 2 -
100 mg KOH/g.

According to another aspect of the present
invention, there is provided a process for producingxa
toner, comprising:

mixing a resin composition, a colorant and an
organic metal compound to obtain a mixture, the resin
composition containing a crosslinkage formed with a
crosslinking agent having at least two vinyl groups and

a carboxyl group;

cutar-wer-ght---
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heating said mixture;

melt-kneading the heated mixture while
exerting a shearing force to the mixture, so as to
sever molecular chains of a high molecular weight
component in the resin composition under the action of
the shearing férce and form an electrostatic linkage
between the carboxylic group and the organic metal
compound or é metal ion in the oréanic metal .compound
under héaEing; _

cooling the resultant kneaded product;

pulverizing the c§oled kneaded product; and

classifyin§ the resultant pulverized product
to obtain a toner;

the toner comprising a binder resin and a
colorant; wherein the binder resin shows a molecular
weight distribution on a GPC chromatogram of its
- tetrahydrofuran (THF)-soluble resin content including
at least 15 % and below 35 % of a resin component in a
molecular weight region of at most 5000 and at least 3
wt. % of a resin component in a molecular weight region
of at least 5x10% ang showing a main peak in a
molecular weight region of 5000 to '105, and the
binder resin has an acid value of 2 - 100 mg KOH/g.

These and other objects, features and
advantages of the present invention will becomelmore
apparent upon a consideration of the following

description of the preferred embodiments of the present
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invention taken in conjunction with the accompanying

‘drawings.

BRIEF DESCRIPTION OF THE .DRAWINGS

| Figure 1 is a GPC (gel permeation
chromatography) chromatogram of a resin composition A.
Figure.z is a GPC chromatogram of a resia
composition obtained by kneading the resin composition
A,
Figure 3 is a GPC chromatogram of a resin
composition obtained by kneading the resin composition

A and an organic metal compound.

DETAILED DESCRIPTION OF THE INVENTION

First of all, the binder resin used in the
toner of the present invention will be described.

The molecular weight distribution of the THF
(tetrahydrofuran)-soluble content of a binder resin or
other resins used in the present invention may be
measured'based on a chromatogram obtained by GPC (gel
permeation chromatography) in the following manner.

A GPC sample is prepared as follows.

A resinous sample is placed in THF and
left standing for several hours (e.g., 5 - 6 hours).
Then, the mixture_is sufficiently §haked until ‘a lump
of the resinous sample disappears and then further left

standing for more than 12 hours (e.g., 24 hours) at
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Further, the polynerization mgfsconpleted

n-Butyl acrylate 13 "
0 " Di-ter "UUW?.P?IQQEFE

room temperature. In this instance, a total time of
from the mixing of the sample with THF to the
completion of the standing in THF is taken for at least
24 hours (e.g., 24 - 30 hours). Thereafter, the
mixture is caused to pass through a sample treating
filter having a pore size of 0.45 - 0.5 micron (e.g.,
“Maishoridisk H-25-5", available from Toso K.K.; and
"Ekikurodisk 25CR", available from German Science Japan
K.K.)_to recover the filtrate as a GPC sample. The
sample concentration is adjusted to provide a resin
concentration within the range of 0.5 - 5 mg/ml.

The binder resin contained in the toner of the
present invention may preferably have a THF-insoluble
resin content, as recovered by the above filter
treatment, of at most 10 wt. %, further preferably at
most 5 wt. % most preferably substantially zero, as
measured at a concentration of 5 mg/ml at room
temperature, so as to exhibit the effect of the present
invention.

In the GPC apparatus, a column is stabilized
in a heat chamber at 40 °C, tetrahydrofuran (THF)
solvent is caused to flow through the column at that
temperature at a rate of 1 ml/min., and abdﬁt 100 pl of
a2 GPC sample solution is injected. The identification
of sample molecular weight and its molecular weight

distribution is performed based on a calibration curve

obtained by using several monodisperse polystyrene



-57- under toluene to forman un-crosslinked styrene copolynmer. Then,

into the reaction m xture, the above- prepared crosslink

copol ymer was added so as to provide a weight ratio of t
copol ynmer/the uncrosslinked copolyner = 7/3. After suff

T IEET

the toluene was distilled off at an elevated tenperature (129 & enr] §93
under vacuumto obtain a resin conpositipg_containing the grosslinked and

crosslinked styrene copolynmers. The resin conpositiop

samples and having a logarithmic scale of molecular
weight wversus count number. The standérd polystyrene
samples for preparation.of a calibration curve may be
those having molecular weights in the range of about
102 to 107 available from, e.g., Toso K.K. or Showa
Denko K.K. It is appropriate to use at least 10
standard polystyrene samples. The detector may be an
RI (refractive index) detector. For accurate
measurement, it is appropriate to constitute the column
as a combination of several commercially available
polystyrene gel columns. A preferred example thereof
may be a combination of Shodex KF-801, 802, 803, 804,
805, 806, 807 and 800P; or a.combination of TSK gel
G1000H (Hyy ), G2000H (Hyy), G3000H (Hyr), G4000H (Hyy),
G5000H (Hyp), G6000H (Hyy), G7000H (Hyp) and TSK
guardcolumn available from Toso K.K.

- The contents of a component having a molecular
weight of 5000 or below and a component having a
molecular weight of 5x10% or above on a GPC
chromatogram measured by calculating ratios of the
integrated values of a molecular weight region of 5000
or below and a molecular weight region of 5x10% or
above, respectively, to the integrated value of the
entire molecular weight region of a sample resin.
Alternatively, it is possible to measure the content of
a component having a molecular weiéht of 5000 or below

{or 5x108 or above) by cutting out a GPC chromatogram
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m xture was added dropwise in 4 hours_.{9.200 wt. parts d i

to a reflux tenperature. Further, the solution polynerijzati on was

conpl eted under toluene refluxing (120 - 130 [err] O,
of the corresponding molecular weight region and a
calculating a ratio of the weight thereof to that of a
GPC chromatogram covering the entire molecular weight
region. ‘ '

More'spécifically, for example, by measuring
the areal or weight propoftion-of hatched portions in
GPC chromatogram shown in Figures 1 - 3, the content of
resin components having molecﬁlar_weights of at most
5000 and at leaét 5x108 may be respectively obtained.

The binder resin of the present invention is
characterized by containing at . least 15 % and below 35
%, preferably 18 - 32 %, of a resin co@ponent having a
molecular weight of at most 5000 in terms of molecular
weight distributioﬁ based on the GPC chrdmatogram SO as
to provide an improved anti-blocking characteristic.

By containing 15 % to below 35 % of a resin
component having a molecular weight of at most 5000,
the toner binder resin prevents excessive pulverization
to suppress occurrence of ultra-fine powder and coarse
powder and increase the production efficiency at the
time of toner production, and further provides a toner
showing good developing characteristic.

If the resin component having a molecular
weight of at most 5000 is contained in 35 % or more,
there are observed tendencies that melt-sticking or
filming of the toner onto a toner-carrying member

(development sleeve) having a diameter of at most 20 mm
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and a photosensiﬁive drum having a diameter of at most
50 mm is pronounced in a small-size apparatus, and the
storability of the toner becomes worse.

The resin component having a molecular weiéht
of at most 5000 is liable to have a glass transition
point (Tqg) showing a noticeable molecular weight-
dependence. Accordingly, if the resin component is
contained in excess of 35 %, the binder resin is
caused to show a thermal behavior as if it has a lower
Tg than its ordinarily measured Tg and is liable to
cause melt-sticking and filming.

The resin component having a molecular weight
of at most 5000 has a function_of providing a melt-
kneaded product with a particularly improved
pulverizability at the time of toner production but
provides an excessive pulverizability in production of
a toner hayinq a volume-average particle size of 4 -.8
microns to result in much ultra-fine powder and a lower
classification efficiency if it is contained in excess
of 35 %. A toner containing insufficiently classified
ultra-fine powder is caused to have a gradually
increased content of such ultra-fine powder through
repetition of toner replenishment, and the increased
ultra-fine powder is attached to a triboelectrié toner-
charging member due to an electrostatic force to hinder
the triboelectric charging of the toner, thus causing a

lowering in image density and fog. For a toner of a
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added to forma suspension |liquid. Into_ggreaction vessel{f qontajning.15

was charged -and subjected to 6 hours of

of water and purged with nitrogen, the above syspension liquid

small particle size hﬁving an increased specific
surface area, it is necessary to improve the toner
binder resin iﬁ order to maintain the fixability and
anti-offset_cﬁaracteristic.

fhe toner binder resin used in the present
invention is characterized by containing a resin
component having a moleéular weight of at least 5x10°
in a proportion of at least 3 %, preferably 3 - 20 &,
particularly preferably 3 - 10 %. The resin component
having a molecular weight of at least 5x106 shows
excellent releasability and appropriately suppresses
‘the fluidity of the toner at a high temperature, so
that the component effectively functions to improve the
anti-offset characteristic.

If the resin component having a molecular
weight of at least 5x108 is below 3 %, the anti-offset
gharacteristic is liable to be iﬁsufficient. In excéss
of 20 %, the toner cannot be readily deformed on
melting to disfavor the fixing, and also the component
in a suitable molecular weight region for fixing is
relatively decreased to again disfavor the improvement
in fixability.

As a conventional technique, it has been known
to incorporate in a binder resin a gel component (i.e.,
a component which cannot pass a screen of 80 mesh or
200 mesh when the binder resin is dissolved or

dispersed in toluene because of a dense crosslinked



suspensi on pol ynerization at 70 - 95 [err]C. After the conpletion of the
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a nolecular weight distribution showing a main peak at a nulecular melg
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The resin conposition showed g Tg of 54 [err]iCiand a JI' S aci ¢
value of 22.0 ngKOH g. &8

Conparative Synth
80 w.parts

I's Exanple 1 Styrene

network structure or large molecular weight) so as to
provide the toner with a rubber elasticity. The resin
component having a molecular weight of at least 5x10°
used in the present invention has a larger crosslinked
network structure and less crosslinkage than such a gel
codponent, so that the polymer molecules are in a |
rather mobile state and do not excessively résist the
deformation of the toner or hinder the fixation.

It is preferred that a resin component having
a molecular weight in the range of 10% to 5x10% is at
most 35 %, particularly 10 - 30 s.

The component in this molecular weight region
functions as a component effective for improving the
anti-offset characteristic resisting a high-temperature
offset (toner sticking onto fixing rollers at a high
temperature). The resin component having a molecular
weight in the range of 105 to sx10° principally
functions as a component linking a medium molecular
weight component and the ultra-high molecular weight
component having a molecular weight of at least 5x108
and functions to uniformize the ahti-offset component
and the fixing component in the binder resin and aid
the dispersion of internal additives to the toner, such
as a colorant and a charge control agent in the toner.

The binder resin of the present invention is
characterized by showing a main peak (the highest peak)

in a molecular weight region of 5000 to 105,
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particularly in a region of 104 to 5 <107,

In case where there are several peaks, it is
also preferred_that a sub-peak having a height which is
a half or more of that of the main peak is in the
molecular weight range of 5000 - 105,

A component having a molecular weight of at
most 104'functions as a component for improving the
pulverizability of a toner material at the time of
toner production, and the component in the molecular
weight region of 5000 - 10° is a component for
improving the fixability of the toner.

In order to ihcorporate these components in
the binder resin in a larée proportion and in a good
balance, the binder resin is required to show a main
peak in the above-mentioned molecular weight region.
As a result, it is possible to attain a good
pulverizability of the toner material in toner
production and also a good fixability of the toner. So
as to be a measure component, the component in the
molecular weight region of 5000 to 103 may preferably
be contained in a proportion of at least 40 %, further
preferably at least 45 %. It is also a preferred mode
that a single peak in this region is present in the
region of 10" fo §» 0%,

- If the main peak is at a molecular weigh of
below 5000, the same difficulties as in the above-

mentioned case of the component having a molecular
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pol ymeri zation in the same nmanner as in

weight of at most S000 being 35 % or more are
encountered. If the méin peak is present at.a
molecular weight in.excess of 105, it becomes
imposéible to attain a sufficient fixability and .
pulverizability, As the molecular weight gibing the
méin peak exceeds - about Sx104, the pulverizability of
the toner material begins to be gradually lowered.

As a method of obtaining a vinyl polymer
satisfying the characteristic features of the present
invention, it is possible to obtain a vinyl copolymer
by using a vinyl monomer having an acid group, such as
a dicarboxylic acid, a dicarboxylic anhydride or a
dicarboxylic acid monoester with another vinyl monomer
and subjecting the monomers to bulk polymerization or
solution polymerization. In the solution
polymerization, it ;s possible to éonvert a part of the
dicarboxylic acid groups or dicarboxylic acid moncester
groups in the vinyl copolymer into anhydride groups by
adjusting the conditions for distilling off the solveat
after the polymerization. It is also possible to
further convert-such dicarboxylic acid group and
dicarboxylic acid monoester group iﬁto anhydride groups
by heat-treating the vinyl copolymer obtained by the
bulk polymerization or solution polymerization. A part
of such anhydride groups can be reacted with ﬁ'compound
such as an alcohol to be esterified. |

Reversely, it is also possible to convert a
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part of sugh anhydride groups by ring-opening through
hydrolysis of the vinyl copolymer obtained above into
dicarboxylic acid groups.

On the other hand, dicarboxylic acia monoester
groups Of a ¥inyl copolymer obtained by suspension
polymerization or emﬁlsion polymerization using a vinyl
monomer including sué¢h a dicarboxylic acid monoester
group into anhydride groups by heat-treatment or into
dicarboxylic acid groups by hydrolysis. If such a
vinyl copclfmer obtained by bulk polymerization or
solution polymerization is dissolved in a vinyl monomer
and the resultant mixture is subjected to suspension
polymerization'or emulsion polymerization, a part of
the anhydride groups can cause ring-opening to leave
dicarboxylic acid groups in the polymer. In this
instance, it is possible to mix another resin in the
vinyl monomer.' The resultant resin can be treated
by heating, weak alkaline water or an alcohol for
anhydrization, ring-opening or esterification.

A vinyl monomer having a dicarboxylic acid
group and a vinyl monomer having a dicarboxylic
anhydride group have a strong tendency to form an
alternating copolymér. For this reason, in order to

obtain a vinyl copolymer containing functional groups,

- such as anhydride groups or dicarboxylic acid groups,

at random therein, the following method may be adopted

as a suitable measure. That is, a vinyl copolymer is
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obtained through solution polymerization by using a
vinyl monomer having a dicarboxylic acid monoester
group and another vinyl monomer, and a solution of the
vinyl.copdlymer in a wvinyl monomer is subjected to
suspension polymerization to obtain a binder resin. 1In
'ﬁhis.method, it is possible to anhydrize the
dicarboxylic monoester part.through de-alcohol
cyclization by.COntrolling the conditions for
distiliing-off of the solvent after the solution
polymerization to obtain a wvinyl copolymer having
anhydride groups. |

Then, at the time of the suspension
polymerization, the anhydride groups cause ring-opening
through hydrolysis to provide a vinyl copolymer having
dicarboxylic acid groups.

The formation or extinction of an
ahydride group in a polymer may be confirmed by an IR
analysis because an anhydride group provides an IR
absorption peak which has been shifted from those of
the corresponding acid group and ester group toward a
higher wave number side.

The binder resin used in the present invention
has an acid value measured according to JIS K-0070
(hereinafter referred to as “JIS acid value® or.simply
as "acid value") of 2 - 100 mgKOH/g, preferabli S - 70
mgKOH/g. If the acid value is below 2 mgKOH/g, re-

crosslinking as described hereinafter cannot be
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sufficiently caused. If the acid value exceeds 100
mgKOH/g, it becomes difficult to effect the toner
charge control, thus being liable. to cause a
fluctuation in developing characteristic depending on
environmental conditions. ' It is preferred that an acid
value attributable to the acid anhydride group is at
most 10 mgKOH/qg, further_preferably below 6 mgKOH/g.

If the acid value attributable to the acid anhydride
group exceeds 10 mgKOH/g, vigorous re-crosslinking is
caused to be liable to result in excessive crossllnkage
and deterioration in fixability due to hindrance of
movement of polymer molecule chains. Further, the
control of the crosslinking degree in -the binder resin
becomes difficult. This is because the acid anhydride
group is richer in reactivity than the other acid
groups.

Because qf its acid value, the binder resin
provides a toner with an increased releasability with
respect to the fixing rollers.

If the resin component having molecular weight
of at least 5x10% has an acid value, the polar group
providing the acid group in the polyﬁer chain can form
a weak bond due to affinity given by a hydrogen bond
with polar groups in magnetic materiel, pigment and/or
dye internally added to the toner, it becomes possible
to compatibly satisfy the anti-offset characteristic

and fixability of the toner. If the acid anhyde group
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is contained excessively, the crosslinking is promoted
to provide an insoluble content which cannot pass
through the filter for preparing a GPC sample solution
and thus cannot be observed on a GPC chromatogram.

The acid value attributable to an acid
anhydride group may for example be measure by combining
the JIS acid value measurement and the acia value
measurement through hydrolysis {(total acid value
measurement).

For example, the JIS acid value measurement
provides an acid value of an acid anhydride which is
about 50 % of the theoretical value (based on an
assumption that a mol.of an acid anhydride provides an
acid value identical to the cbrresponding dicarboxylic
acid).

On the other hand, the total acid value
measurement provides an acid value which is almost
identical to the theoretical value. - Accordingly, the
difference between the total acid value and the JIS
acid value is almost 50 % for an acid anhydride. Thus,
the acid value attributable to an acid anhydride group
per g of a resin can be dbtained by doubling the
difference between the total aéid value and the JIS
acid value of the resin.

The method of the JIS acid value measurement
is explained hereinbelow.

2 - 10 g of a sample resin is weighed and
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placed in a 200 to 300 ml-Erlenmeyer flask, and an
ethanol/benzene (= 1/2) mixture is added thereto
to dissolve the resin. If the resin is not readily
dissolved, a small amount of acetone may be added. The
resultant solution is titrated with a preliminarily
standardized N/10 KOH/alcchol solution with |
phenolphthalein as the indicator. The acid value is
calculated from the consumption of the KOH/alcohol
solution based on the following equation:

Acid value = vol (ml) of KOH/alcohol x N

x S56.1/sample weight,

wherein N denotes the factor of the N/10 KOH/alcohol
solution.

The total acid value of a binder resin used
herein is measured in the followipg 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. After
cooling, the resultant solution is titrated with 1/10
N-KOH solution in THF (tetrahydrofuran) to neutrality
with phenolphthalein as the indicator to measure the
acid value, which is a total acid value (B).

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.
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After standing, 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
Qater 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-HCl standard solution.

The binder resin used in the present invention
may for example be prepared in following manner.

A polymer or copolymer (A-1) having a main
peak in a molecular weight region of 2000 - 2x104 is
prepared through solution polymerization, bulk
polymerization, suspension polymerization, emulsion
polymerization, block copolymerization or graft
polymerization.

Then, the bolymer or copolymer (A-1) is
dissolved in a polymerizable monomer mixture containing
0.5 - 20 wt. %, preferably 1 - 15 wt. %, of a carboxyl
group-containing vinyl monomer, followed by suspension
polymerization to prepaﬁe a polymer or copolymer (B-1)
which shows a main peak in a molecular weight region of
5000 - 10> on a GPC chromatogram but can contain a gel
content (THF-insoluble).

The polymer or copolymer is melt-kneaded
together with a metal-containing compound reactive with
the carboxyl group in the polymer or copolymer:under
the action of a shearing force so as to sever a highly

crosslinked polymer portion in the resin and cause a
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reaction with the metal-containing compound for re-
crosslinking to provide a molecular weight distribution
characteristic to the present invention. This process
may be performéd simultaneously at the time 6f toner
production'aﬁd thus the melt-kneading can be performed
in the presence of a magnetic material or-°colorant. It
is possible to effectively cause the re-crosslinking
under the action of a heat evolved due to the severance
of the polymer network.

In the case of severande of the highly
crosslinked polymer component during melt-kneading, the
severance may be effected by kneading the mixture in a
low-temperature melting state so as to apply a high
shearing fdrce to the mixture. Then, the re-
crosslinking with a metal-containing component, etc.,
under the action of a heat to result in a component
having a molecular weight of at least 5x106. ‘

If an extruder is used for example and an
axial arrangemént suitable for applying a shear force
is adopted and operated at a relatively low set
temperature, a high shearing force is applied to the
mixture when the mixture passes through the kneading
section to sever the polymer network and then cause the
re-crosslinking by reaction of the resin with the
metal-containing compound while the mixture is
discharged and cooled.

A GPC chromatogram (chart) of a resin
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"tion showed Tg of 56 [err]C :

composition A used in Example 1 appearing hereinafter

is reproduced herein as Figqure 1. The resin

composition contains a THF-insoluble content which is

removed by a filter when a GPC sample solution is
prepared and thus cannét be obServea by GPC. A GPC
chromatogram of a resin composition obtained by
kneading the resin composition A by a kneader used in
Example 1 is reproduced as Figure 2. The resin
compositign does not contain a THF-insoluble resin
component and the severed high-molecular weight
component appears as a peak on the chromatogram.
Further, a GPC chromatogram of a composition obtained
by kneading the resin composition A with a metal-

containing compound is reproduced as Figure 3, wherein

" a component formed by re-crosslinking is extended to a

higher molecular weight side.

As an alternative method for preparing a
binder resin according to the present invention, it is
possible to prepare a polymer or copolymer (B-2)
capable of containing a gel content having a main peak
in the molecular weight region of 5000 -~ 103 on a GEC
chromatogram by suspension polymerization of a
polymerizable monomer mixture containing 0.5 - 20 wt.
%, preferably 1 - 15 wt. %, of a carboxylic group-
containing vinyl monomer, and a polymer or copolymer
(A-2) having a main peak in the molecular weight region

of 2000 - 10° by solution polymerization, bulk




of 1.5 ngKOH g. The above-nentioned properties, the total acid

val ues and the acid values attributable to the acid anhyd @ %{F&v ;ﬁ i
conpositions obtained in the above Synthesis Exanpl es and EEEQ*Mﬂ 5
Exanpl es are summarized in the follow ng Table 1. -63- .
| 08 Jiv 1998
-31-

polymerization, suspension polymerization, block
copolymerization or graft polymerization, and blending
the polymer or copolymer (B-2) and the polymer or
copolymer (A-2) by melt-kneading.

| It is also possible to blend a polymer oy
copolymer (B-3) having a carboxyl group or a carboxyl
derivative group and comprising a principal component
in the molecular weighﬁ region of at least 105 obtained
by bulk polymefization, suspension polymerization,
enulsion polymerization, etc., with the polymer or
copolymer (A-1) or the polyme; or copolymer (A-2) in a
solvent after solution polymerization, and melt-knead
the blend.

It is also possible to melt-knead a blend of
the polymer or copolymer (B-3) with the polymer or
copolymer (A-1) or the polymer or copolymer (A-2).

If the respective polymers or copolymers in
the above-méntioned resiﬁs have main peaks in the range
of 5000 - 5x104, it is also a preferred mode that the
polymers or copolymers are prepared so as to have peaks
overlapping each other.

It is also preferred to have the polymer or
copolymer (A-1) and/or the polymer or copolymer (A-2)
contain a carboxyl group or a derivative group thereof.

The polymer or copolymer(s) used in the
present invention may preferably be a vinyl resin and

can be a mixture of two resins, or assume a block
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copolymer or a graft copolymer.

In the bulk polymerization, it is possible to
obtain a low-molecular weight polymer by performing the
polymerization at a high temperature so as to
aééeletate the termination reaction, but there is a
difficulty that the reaction control is difficult. 1In
the solution'polymerization, it is possible to obtain a
low-molecular weiéhﬁ polymer or copolymer under
moderate conditions by utilizing a radical chain
transfer function depending on a solvent used or by
selecting the polyme;ization initiator or the reaction
temperature. Accordingly, the solution polymerization
is preferred for preparation of a low-molecular weight
polymer or copolymer used in the binder resin of the
present invention.

The solvent used in the solution
polymerization may for example include xylene, toluene,
cumene, cellosolve acetate, isopropyl élcohol, and
benzene. It is preferred to use xylene, toluene or
cumene for a styrene monomer mixture. The solvent may
be appropriately selected depending on the polymer
produced by the polymerization. The polymerization
initiator may for example include: di-tert-butyl
peroxide, tert-butyl peroxybenzoate, benzoyl peéoxide
and 2,2'-azobis(2,4~-dimethylvaleronitrile), oné or more
species of which may be used in a proportion of at

least 0.05 wt. %, preferably 0.1 - 15 wt. parts, per




- 64- Exanmple 1 Resin conposition of Synt hesjs—Exanple..] .

100 wt. part(s) Magnetic nmateri al MREPLACEMENT iQHE;
t et r oxi de) Monoazo Cr Conplex [I]-1 0.8 L %é&éﬂﬁﬁﬂl
wei ght propyl ene et hyl ene copol yner

above ingredients were sufficiently blended in a bl ender
through a tw n- 13

P ot 1880

100 wt. parts of the vinyl monomer(s). The reactiqn
temperature may depend on the solvent and initiator
used and the bolymer or copolymer to be produced but
may suitably be in the range of 70 ~ 230 ©°C. In the
solution polymerization, it is preferred to use 30 -
400 wt. parts of a vinyl monomer (mixture) per 100 wi.
parts of the solvent. It is also preferred to mix one
or more other polymers in the solution after completion
of the polymerization.

In order to produce a highly-crosslinked high-
molecular weight polymer component, the emulsion
polymerization or suspension polymerization may
preferably be adopted. _

Of these, in the emulsion polymerization
method, a vinyl monomer almost insoluble in water is
dispersed as minute particles in an aqueous phase with
the aid of an emulsifier and is polymerized by using a
water-soluble polymerization initiator. According to
this method, the -control of the reaction temperature is
easy, and the termination reaction velocity is small
because the polymerization phase (an oil phase of the
vinyl monomer possibly containing a polymer therein)
constitute a separate phase from the aqueous phase. As
a result, the polymerization velocity becomes large and
a polymer having a high polymerization degree c&n be
prepared easily. Further, the polymerization process

is relatively simple, the polymerization product is




screw kneadi ng e
coarsely crushed
pul veri zer using
was classified b
effect (El bow Je
ultra fine powd
renoved to obta
of 6.0 mcrons.

Coul ter counter

xtruder set at 110 [err]C. The kneaded product was cool ed,

by a cutter mll, and finely pulverized_by neans_of a
jet air stream The resultant finely pu Rppg ST 4! ET
y means of a multi-division classifier uti[FzAt-a—Cosnda

t Classifier available fromN ttetsu Kogyol K. K. ), where
er and coarse powder were sjqultaneously hnd O eliisd333
n a magnetic toner having a vol unme-averapejparticle sizg
The above particle size was neagured by using a
("TA-I'l", available from Coul ter e
obtained in fine particles, and additives such as a

colorant, a charge control agent and others can be
blended easily for toner production. Therefore, this
method can be advantageously used for production of a
toner binder resin.

In the emulsion éolymeriiation, however, the
emulsifier added is liable ﬁo be incorporated as an
impurity in the polymer produced; énd it is necessary
to effect a post-treatment such as salt-precipitation
in oxrder to recover the product polymer. The
suspension polymerization is more convenient in this
respect.

On the other hand, in the suspension
polymerization method, it is possible to obtain a
product resin composition in a uniform state of pearls
containing a medium- or high-molecular weight component
uniformly mixed with a low-molecular weight componenﬁ'
and a crosslinked component by polymerizing a vinyl
monomer (mixture) containing a low-molecular weight
polymer together with a crosslinking agent in a
suspension state.

The suspension polymerization may preferably
be performed by using at most 100 wt. pafts,_preferably
10 - 90 wt. parts, of a vinyl monomer (mixture) per 100
wt. parts of water or an aqueous medium. The
dispersing agent may include polyvinyl alcohol,
partially saponified form of polyvinyl alcohol, and




El ectronics, Co.) by using a 100 micron-aperture after dispersion in.1l %

NaCl aqueous solution in the presence of a surfactant. REPLAPTY Uin
above- prepared nmagnetic toner was subjected to preparatiqn fof—a- = f;“g
having a resin - 65-
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calcium phosphate, and may preferably be used in an
amount of'0.0$ - 1 wt. parﬁ per 100 wt. parts of the
aqueous medium while the amount is affected by the
amount of the monomer relative to the aqueoué medium.
The polymerization temperature may suitably be in the
range of 50 ~ 95 °C and selected depending on the
.polymerization initiator used and the objective
polymer. The polymerization initiator should be
insoluble or hardly solible in water, may for example
include benzoyl peroxide and tert-butyl peroxyhexanoate
and may be used in an amount of 0.5 - 10 wt. parts per
100 wt. parts of the vinyl monomer (mixture).

Examples of the vinyl monomer- to be used fdr
providing the binder resin of the present invention may
include: styrene; styrene derivatives, such as o-
methylstyrene, m-methylstyrene, p-methylstyrene, p-
methoxystyrene, p-phenylstyrene, p-chlorostyrene, 3,4;
dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene,
p-n-butylstyrene, p-tert-butylstyrene, p-n-
hexylstyrene, p-n-oétylstyrene, p-n-nonylstyrene, p-n-
decylstyrene, and p-n-dodecylstyrene; ethylenically
unsaturated monoolefins, such as ethylene, propylene,
butylene, and isobutylene; unsaturated 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; methacrylates, such as



concentration of 5 ng/m, and no binder resin conponent mazyfgund o
remain on the filter at that tinme. The GPC sanple was subj teff'to

measur enent of nol ecul ar wei ght distribution by GPC using ja jhi gh-speed
liquid chromatograph ("150C', available fromWaters Co.) dand 3 Jul {383
conbi nati on of colums ("Shodex GPC KF-801, 802, 803, 804,§ 8§05, 806, 807
and 800P", available from Showa Denko K_§¢). The neasureq notecutar—
wei ght distribution data are shown in Table 2 appearing Hereinafter.

'ii
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100 wt. parts of the above-prepared magnetic toner and 1.0 w. part of

colloidal silica were bl ended

methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylate, dodecyl
methacrylate, 2-ethylhexyl methacrylate, stearyl
methacrylate, phenyl methacrylate, dimethylaminocethyl
methacrylate, and diethylaminocethyl 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, wvinyl ethers, such as vinyl methyl
ethér, vinyl ethyl ether, and vinyl isobutyl ether;
vinyl ketones, suéh 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; vinyl-
naphthalenes; acrylic acid derivatives or methacrylic
acid derivatives, such as acrylonitrile,
methacryronitrile, and acrylamide; the esters of the
above-mentioned ¢,8 ~unsaturated acids and the diesters
of the above-mentioned dibasic acids. These vinyl
monomers may be used singly 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.

It is further preferred that two or more



wi th each other and evaluated for inmage formation. The results are shown
In Table 3 appearing hereinafter. The imge fornmation wg 0 \ i
using a printer prepared by re-nodeling a comrercially eigyﬁﬁgr§ﬁ§ﬁ£§ﬁbET
size | aser beamprinter ("LBP-811", available from Canorn K.EL% sp as to
provide a printing speed of 16 sheets (Ad-vertical)/mnl, {r dhpv4ILH898
fixing pad and be capable of form ng lagent inmages conpdi 4i.0d ninute
spots of down to 50 microns by inproving the scanner pa#t. The eval uation
was performed with respect to the initial inage quality! ' e

and anti-of f set wghara%teristh and staining of hot fixing rollers after
speCles 0or acrylic monomers, such as acrylate esters

and methacrylate esters, are used, and particularly
these are preferentially contained in the resin
component having a molecular weight of at least 52105,
S0 as to promote the toner deformation in a hot roller
fixer.

Examples of the carboxyl group-containing
vinyl monomer or carboxyl derivative group-containing
vinyl monomer may.include: unsaturated dibasic acids,
such as maleic acid, citraconic acid, itaconic acid,
alkenylsuccinic acid, fumaric acid, and mesaconic acid;
unsaturated dibasic acid anhydrides, such as maleic
anhydride, citraconic anhydride, itaconic anhydride,
and alkenylsuccinic anhydride; half esters of
unsaturated dibasic acids, such‘as monomethyl maleate,
monoethyl maleate, monobutyl maleate, monomethyl
citraconate, monoethyl citraconate, monobutyl
citraconate, monomethyl itaconate, monomethyl
alkenylsuccinate, monomethyl fumarate, and monomethyl
mes;conate; and. unsaturated dibasic acid esters, such
as dimethyl maleate and dimethyl fumarate. Further,
there may also be used: «,S-unsaturated acids, such as
acrylié acid, methacrylic acid, crotonic acid, and
cinnamic acid; &,R-unsaturated acid anhydrides, such as
crotonic anhydride and cinnamic anhydride; anhydes
between such &,8-unsaturated acids and lower fatty

aci@s; alkenylmalonic acid, alkenylglutaric acid,




5000 sheets of printing. The fixability evaluati ;gerﬁghned:;
as follows. The test apparatus was placed in an E LACERAEN, SEr
- 66- envi ronnment of normal tenperature and normal hum d U""(tenperatur;e:

23 [err]C, humdity: 60 % . After the apparatus and the |<|Bq;dpvleeva
therein were fully adapted to the environnent, a power wasisuppli'e i
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alkenyladipic acid, and anhydrides and monoesters of
these acids,

Among the above, it is particularly preferred
to use monoesters of O, 8-unsaturated dibasic acids,
such as maleic acid, fumaric acid and succinic acid as
a monomer for pro&iding the binder resin used in the
present invention.

The crosslinking monomer may principally be a
monomer having two or more polymerizable double bonds.

The binder resin used in the present invention
may preferably include a crosslinking structure
obtained by using a crosslinking monomer, examples of
which are enumerated hereinbelow.

Aroﬁatic divinyl compounds, such as
divinylbenzene and divinylnaphthalene; diacrylate
compounds connected with an alkyl chain, such as
ethylene glycol diacrylate, 1,3-butylene glycol
diacrylate, 1,4-butanediol diacrylate, 1,5-pentanediol
diacrylate, 1,6-hexanediol diacrylate, and neopentyl
glycol diacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; diacrylate compounds
connected with an alkgl chain including an ether bond,
such as diethylene glycol diacrylate, triethyle#e
glycol diacrylate, tetraethylene glycol diacryléte,-
polyethylene glycol #400 diacrylate, polyethylene
glycol #600 diacrylate, dipropylene glycol diacrylate



| medi ately after the waiting tinme was up, a pattern of
transverse lines (line wdth: 200 mcrons, spacing: 200
printed on a first sheet, which was used for eval uation thre—+-xa
The fixability was eval uated by rubbing the printed inmag %[ a.len
cl eani ng paper ("Dusper" (trade nane), nmade by OZU Paper 3dJﬂLf%E35
reci procations under a weight of 100 g and then evaluatirg iL.he deqgree
peel ing of the toner image in terns of a.dé®rease (% in reflectlon
density. For the evaluation of the hot fixing r '
character pattern with a dot ratio of 4 %

'Rﬂmwéfr SHEET]

and compounds obtained by substituting methacrylate
groups for the acrylate groups in the above compounds;
diacrylate compounds connected with a chain-includiﬂg
"an arocmatic group and an ether bond, such as
polyoxyethylene({2)-2,2-bis({4~hydroxyphenyl)propanedi-
‘acrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-
propanediacrylate, and compounds obtained by
substituting methacfylate groups for the acrylate
groups in the abhove compounds; and polyester-type
diacrylate compounds, such as one known by a trade name
of MANDA (avail;ble from Nihon Kayaku K.K.).
Polyfunctional crosslinking agents, such as
pentaerythritol triacrylate, t;imethylethane
triacrylate, tetramethylolmethane tetracrylate,
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 vinyl monomer components.

Among the above-mentioned crosslinking
monomers, aromatic divinyl compounds (particulafly,
divinylbenzene) and diacrylate compounds connected
with a chain includipg an aromatic group and an

ether bond may suitably be used in a toner resin in




was printed continuously on 5000 sheets (Ad-vertical) by using a fresh

fixing roller cleaning pad and thereafter the staining of e -
the hot fixing roller was observed with eyes. Bkggﬁ Eﬂk% gé%i
observation, a 100 mcron- wde transverse line pattern cont I-nuously
printed on 300 sheets (A4-vertical), then the printing S| Paysegl frorn 3
seconds and then the printing was resuned.40 as to printjanp i nage
conprising an upper half area including a pattern of 100|m-crom=wde
transverse lines and a lower half area in white. Then, the front face

(&)

view of fixing characteristic and anti-offset
characteristic.

The metal-containing compound reactive with
the resin component in the present invention may be _
those containing metal ions as foilows: divalent metal
ions, such as Bal*, Mg2*, ca2*, Hg2*, Sn2¥, Pb2*, Fel*,
Co?*, Ni2* ana zn2*; and trivalent ions, such as Al3+,
sc3*, re3*, ce3+, Ni3*+, cr3* and ¥3*,

Among the above metal compounds, organic metal
compounds provide excellent results because they are
rich in compatibility with or dispersibility in a
polymer and cause a crosslinking reaction uniformly in
the polymer or copolymer.

Among the organic metal compounds, those
containing an organic compound, which is rich in
vaporizébility or sublimability, as a ligand or a
counter ion, are advantageously used. Among the
organic compounds forming coordinate bonds or ion pairs
with metal ions, examples of those having the above
property may include: salicylic acid and its
derivatives, such as salicylic acid, salicylamide,
salicylamine, salicylaldehyde, salicylosalicylic acid,
and di-tert-butylsalicylic acid; ﬂ-diketones, such as
acetylacetone and propionylacetone; and low—molécular
weight carboxylic acid salts, such as acetate and

propionate.

In case where the organic metal complex is a




-67- staining on a first sheet after the resunption was observed for

evaluation of the anti-offset characteristic. —B ggﬂﬁgﬁ?%Zf§§ﬁET

eval uati on, bond paper having a surface snoot hness of 10
was used as the transfer paper. Exanple 2
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- metal -complex, it can also function as a charge control
agent for toner particles. Examples of such a metal
complex include azo metal complexes represented by the
following formuia {x]:

(I] [Ar-N = N-Ar )} ©

X !
\*/
M

N\
Y|
. \Ar/.N = NSAI' A@ ’

4

wherein M denotes a coordination center metal,
inclusive of metal elements having a coordination
number of 6, such as S¢, Ti, V, Cr, Co, Ni, Mn and Fe; Ar
denotes an aryl group, such as phenyl or naphthyl, -
capable of having a substituent, examples of whiéh may
include: nitro, halogen, carboxyl, anilide, and alkyl
-and alkoxy having 1 - 18 carbon atoms; X, X', ¥ and ¥°*
independently denote -O-, -CO-, -NH-, or -NR- (wherein
R denotes an.alkyl having 1 - 4 carbon atoms; and A®
denotes hydrogen, sodium, potassium, ammonium or
aliphatic ammonium.

Specific examples of this type of complexes

may include the following:



Resin conposition of Synthesis Exanple 2

100 wt. part(s) Magnetic material (triiron tetroxide) DL AL LT
120 " Monoazo Cr conplex [1]-2 0.7 ﬁkﬁ&émiTm;;m;i$;
wei ght propyl ene- et hyl ene copol yner 4 Aj
magnetic toner having a vol ume-average particle size of 4.5 inMigRon&iwEsy |
prepared fromthe above ingredients otherwise in the sanme ingnner as in
Exanmpl e 1. The properties of the nagnerfé-toner are shown j n~Tabr& 2, THE"
magneti c toner in an anount of
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100 wt. parts was blended with 0.8 wt. part of colloidal silica fine

powder to prepare a devel oper, which was then eval uated f gl
formation in the same manner as in Exanple 1. The results STHIGHT i
Tabl e 3. ' - 68- Exanple 3 [ Resin 1
conposition of Synthesis Exanple 3 ' 68 Ju 1998
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100 wt. part(s) Magnetic material (triiron tetroxide)
90 Monoazo Co conplex [1]-3 0.9 Low nol
propyl ene- et hyl ene copol yner 3
magneti c toner having a vol une-average particle size of 7.
prepared fromthe above ingredients otherwise in the sane

7 |mMEpo §,ma§n i
mgn Agﬁ =
Iﬂ—Jéﬂn4;—2wthe~

Exanpl e 1. The properties of the nmagnetig-toner are shown
magneti c toner in an anount of 100 wt. parts was bl ended

ith 1.1 w.

i

i

parts of
- Organic metal complexes represented by the fol

formula [IXI] impart a negative chargeability a

lowing

nd may be

used as the organic metal compound in the present

invention.
(rx1 | H,0 E 10
2 0-
d , N\
(A) M (a)
\\ﬁ_o// \ z//’
S o Hpo ¥

wherein M denotes a coordination center metal,

inclusive of metal elements having a coordination

number of 6, such as Cr, Co, Ni, Mn and Fe; A

denotes

E:I {capable of havzng a substltuent, such as an

' X-E§I§§E§B: (X denotes hydrogen, halogen, alkyl or nitro)

OWE ©
‘:J(,,

R

(R denotes hydrogen, C4 - Cqg alkyl or Cq - C4

8

alkenyl); Y® denotes a counter ion, such as hydrogen,

sodium, potaséium, ammonium, or aliphatic ammonium; and

Z denotes -0~ or -CO-0-.

The above organic metal compounds may:be used

singly or in combination of two or more species.

The addition amount of the organic metal



colloidal silica fine powder to prepare a devel oper, which was then

eval uated for image formation in the same manner as in Exagple 1. The

results are shown in Table 3. Exanple 4 Resin COWDOS“REPﬂAQHWENT SHEET
Synt hesi s Exanple 4 N ! de) +66

wt. part(s) - Magnetic material (triiron tetroxide

90 Monoazo Co conplex [I]-4 ~-45-0.8 Low m)llec‘ulueﬁ M!—dﬂgg
propyl ene- et hyl ene copol yner 3

compounds to the toner particles may be varied
depending on the specific binder resin used, the use or
nonuse of a carrier, the colorant for the toner and the
reactivity of the metal compounds with the resin but
may generally be 0.1 - 10 wt. &, preferably 0.1 - 1 wt.
%, of the bindér resin including the non-reacted
portion thereof.

As a low fixing roller pressure is used in a
small size copying machine or .printer, excessive re-
crosslinking results in inferior fixability.
Accordingly, the amount of the reactive metal compound
may preferably be below 1 wt. § of the binder resin.

The above-mentioned organic metal complex or
organic metal salt shows excellent compatibility and
dispersibility to provide a toner with a stable -
chargeability, particularly when it is reacted with the
binder resin at the time of melt-kneading.

As described above, the organic metal complex
or organic metal salt as a crosslinking component can
be also used as a charge control agent, but it is also
possible to use another charge control agent, as
desired, in combination. Such another charge control
agent may for example be a known negative charge
control agent.

Examples of such known negative charge control
agent may include: organic metal complexes and chelate

compounds inclusive of monoazo metal complexes as




A magnetic toner having a vol une-average
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anount of

XPrssrare ¢ 3
irLOPent | 855
of the nagnetic toner are shown in Table 2. The magnetic toher in an
100 wt. parts was blended with 1.1 wt. parts of 08 Jui 1993
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particle size of 6.8 mcrons was prepared fromthe go
i ngredients otherwise in the sane manner as in Exanple 1. &Eguh
o]

described above, acetylacetone metal complexes, and
organometal complexes of aromatic hgdroxycarboxylic
acids and arqmatic dicarboxylic acids. Other examples
may include: aromatic hydroxycarboxylic acids, aromatic
mono- and poly-carboxylic acids, and their metal‘salts,_
anhydrides and esters, and phenol derivatives, such as

bisphenols. Among the above, monoazo metal complexes

-are preferred.

The toner according to the present invention
may preferably have a volume-average particle size of 4
- 8 microns so as to faithfully reproduce small size
digital latent-images. |

It is preferred to use the toner according to
the present invention .together with silica fine powder
blended therewith in order to improve the charge
stability, developing characteristic and fluidity.

The silica fine powder used in the present
invention provides good results if it has a specific
surface area of 30 mzlg or larger, preferably S50 -~ 400
mzlg, as measured by nitrogen adsorption according to
the BET method. The silica fine powder may be added in
a proportion of 0,01 - 8 wt. parts, preferably 0.1 - S
wt. parts, per 100 wt. parts of the toner.

For the purpose of being provided with
hydrophobicity and/or controlled chargeability; the
silica fine powder may well have been treated with a

treating agent, such as silicone varnish, modified



colloidal silica fine powder to prepare a devel oper, which was then

eval uated for image formation in the same manner as in Ex 16 il Y
results are shown in Table 3. Exanple 5 Resi n conpopi i’ Q§§§¥§i§h§£t
Synt hesis Exanple 5 100
Wt.part(s)  Magnetic material (triiron tetroxide) 08 Jui 1308

90 3,5-Di-tert-butylsalicylic acid _49. C conplex

2 Low nol ecul ar wei ght propyl ene-

silicone wvarnish, siiicone oil, modified silicone oil,
silane coupling agent, silane coupling agent having
functional group or other organic siiicon compounds.
It is élso preférred to use two or more treating agents
in combination.

| Other additives may be added as desired;
inclusive of: a lubricant, such as polytetrafluoro-
ethylene, zinc stearate or polyvinylidene'fluoride, of
which polyvinylidene fluoride is preferred; an
abrgsive,-such as cerium oxide, silicon carbide or
strontium titanate, of which strontium titanate is
preferred; a flowability-imparting agent, such as
titanium oxide or aluminum oxide, of which a
hydrophobic one is preferfed; an anti-caking agent, and
an electroconductivity-imparting agent, such as carbon
black, zinc oxide, antimény oxide, or tin oxide. It is
also possible to use a small amount of white or black
fine particles having a polarity opposite to that of
the toner as a development characteristic improver.

It is also preferred to add 0.5 - S wt. % of a
waxy substance, such as low-molecular weight
polyethylene, low-molecular weight polypropylene, low-
molecular weight propylene-ethylene copolymer,
microcrystalline wax, carnauba wax, sasol wax or
paraffin wax, to the toner for the purpose of:improving
the releasability of the toner at the time of hot

roller fixation.




et hyl ene copol ymer 4 ' A nagnetw$~io er-—-havi-r gi
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vol unme- aver age
i ngredi ents otherwise in the same manner as in Exanple 1. [The proper
of the magnetic toner are shown in Table 2. The nagnetic tqanpiggqnmq?
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amount of 100 wt. parts was blended with 0.8 wt. part of

he:;k. b &

particle size of 4.5 mcrons was prepared f

fine powder to prepare a devel oper, whicfywas then eval uat ee—for—+rage—-
formation in the same nmanner as in Exanple 1. The result|s are shown in

The toner according to the present invention
can be mixed with carrier powder to be used as a two-
qpmponent developer. 1In this instance, the toner and
.the'carrier powder may be mixed with each other so as
to provide a toner concentration of O.i - 50 wﬁ. %;
preferably 0.5 - 10 wt. %, further preferably 3 - 5 wt.
%. |

The carrier used for this purpose may be a
known one, examples of which may include: powder having
magnetism, such as iron powder, ferrite powder, and
nickel powder and carriers obtained by coating fhese
powders with a resin, such as a fluorine-containing
resin, 'a vinyl resin or a silicone resin. |

The toner according to the present invention
‘can be constituted as a magnetic toner containing a
magnetic material in its particles. In this case, the
magnetic material can also function as a colorant.
Examples of the magnetic material may include: iron
oxide, such as magnetite, hematite, and ferrite;
metals, such as iron, cobalt and nickel, and alloys of
these metals with othér metals, such as aluminum,
cobalt, copper, lead, magnesium, tin, zinc, antimony,
beryllium, bismuth, cadmium, calcium, manganese,
selenium, titanium, tungsten and vanadium; and ﬁixtures
of these materials.

The magnetic material may have an average

particle size of 0.1 - 2 micron, preferably 0.1 - 0.5




- 70- Tabl e 3. Conparative Exanple 1 Resi n conposition of Conparative

Synt hesi s Exanple 2 100 wt. part(s) Magn
(triiron tetroxide)
Monoazo Cr conplex [1]-2 2 Low- nol ecul ar

propyl ene-

PEMENT™ SHEET
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micron.

The magnetic material may preferably show
magnetic properties under application of 10 kile-
Oersted, inclusive of: a coercive force of 20 - 34
Oersted, a saturation magnetization of 50 - 200 emulw,
and a residual magnetization of 2 - 20 emu/g. The
magnetic material may be contained in the toner in a
proportion of 20 - 200 wt. parts, preferably 40 - 158
wt. parts, per 100 wt. parts of the resin component.

The toner according to the present invention
can contain a éolorant which may be an appropriate
pigment or dye.

| Examples of the pigment may include: carbeon
black, aniline black, acetylene black, Naphthol Yellow,
Hansa Yellow, Rhodamine Lake, Alizarin Lake, red iron
oxide, Phthalocyanine Blue, and Indanthrene Blue.
These pigments are used in an amount sufficient to
provide a required optical density of the fixed images,
and may be added in a proportion of 0.1 - 20 wt. parts,
preferably 2 - 10 wt. parts, per 100 wt. parts of the
binder resin;

Examples of the dye may include: azo dyes,
anthraquinone dyes, xanthene'dyes, and methine dyes,
which may be added in a proportion of 0.1 - 20\Qt.
parts, preferably 0.3 - 10 wt. parts, per 100 Qt. parts
of the binder resin.

The toner according to the present invention




et hyl ene copol yner 3 A magnetic toner having a

vol une- average particle size of 6.0 mcrons was prepared fTﬁpﬁﬁﬂﬁﬂsﬁ*”ggi‘ =
ingredients otherwise in the same manner as in Exanple 1. e propek iEET

propett
of the magnetic toner are shown in Table 2. The.nagnetic {foper in an
amount of 100 wt. parts was blended with 1.0 wt. part of ol lpigdaf:isidapca
fine powder to prepare a devel oper, which was then eval uatgd| for inage
formation in the sanme nmanner as in Exanple 1. The results jare strowrim—
Table 3. Conparative Exanple 2 -50-

may be prepared through a process including:
sufficiently blending the binder resin, the organic
metal compound such as the metal salt or metal complex,
a colorant, such as pigment, dye and/or a magnetic
material, and an optionﬁl charge coﬁtrol agent and
‘other additives, as desired, by means of a blender such
as a Henschel mixer or a ball mill, melting and
kneading-the blend by means of hot kneading means, such
as hot rollers, a kneader or an extruder to cause
melting of the resinous materials and disperse or
dissolve the magnetic material, pigment or dye therein,
and cooling and solidifying the kneaded product,
followed by pulverization and classification.

The thus oﬁtained toner may be further blended
with other external additives, as desired, sufficiently
by means of a mixer such as a Henschel mixer to provide
a developer for developing electrostatic images.

Hereinbelow, the present invention will be
described in more detail based on Examples. First of
all, Synthesis Examples of binder resins for use in
toners are explained, in which the glass transition
temperatures (Tg) of the resins were measured by using
a differential scanning calorimeter (DSC) ("DsScC-7%,
available from Perkin-Elmer Co.) in the followiﬁg
manner.

A sample resin in an amount of 5 - 20 mg,

preferably about 10 mg, is accurately weighed and



Resin conposition of Conparative Synt hesi s Exanpl e.2
100 wt. part(s) Magnetic material (triiron tetroxide]REP!ACER
60 3,5-Di-tert-butylsalicylic acid Cr conpl e EP‘AC"MENT SHEET
0.7 -71 -
08 JuL 1998
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placed in an aluminum pan {(an empty pan beinglused as a
reference). The measurement is performed in a normal
temperature - normal humidity enviroanment at a
temperature raising rate of 10 °C/min within a
temperature range of 30 °C to 200 °C. A heat
absorption main peak is generally found in the range of
40 - 100 °c.

Based on the heat absorptiqn curve, a first
base line as drawn along an initial shape before the
main peak and a second base line is drawn along a
final slope after the main peak. A medium line is
drawn substéntially in parallel with and with equal
distances from the first and second lines, whereby the
medium line and the heat absorption curve form an
intersection with each other. The temperature at the
intersection is taken as the glass transition
temperature (Tg °C).

The values of Tg thus measured, wvarious acid
values and main peak pqsitions on GPC chromatograms for
the binder resins obtained in Synthesis Examples are

summarized in Table 1 appearing after Synthesis

Examples.
Synthesis Example 1

200 wt. parts of toluene was placed in a
reaction vessel and heated to a reflux temperaﬁure.
Then, the following mixture was added dropwise in 4

hours under toluene refluxing.



Low nol ecul ar wei ght propylehe-_ et hyl ene copol yner

3 wt.part(s)

A magnetic toner having a volune-av?ﬁarr—;ﬁﬁ
size of 11 microns was prepared fromthe above ingredientp AT T E%TlSHFET
the sane manner as in Exanple 1. The properties of the nagn tlc‘fbher"are

shown in Table 2. The magnetic toner in an anmount of 100 mt} m@ﬁ
tio g @r‘e L

bl ended with 0.5 wt. part of coll oidal s*%ﬁca fine powder
whi ch was then eval uated for
manner as in Exanple 1. The results are shown in Table 3.

devel oper,

ge formation ijn the—sanemm|

Styrene monomer _ 77 wt.parts

n-Butyl acrylate | 13 "
Monobutyl maleate 10 "
Di-tert-butyl peroxide & "

Further, under toluene refluxing (120 - 130
S¢c), the polymeriZétion was coﬁpleted and the toluene
was removed. The resultant styrene copolymer showed a
main peak at a molecular weight of 7000 and a glass
transition temperature (Tg) of 60 °c.

30 wt. parts of the above styrene copolymer

was dissolved in the following monomer mixture.

Styrene monomer 42 wt.part(s)
n-Butyl acrylate 12 "
n~-Butyl methacrylate 12 "
Monobutyl maleate 4 "
Divinylbenzene - 0.4 "
Benzoyl peroxide . 1.6 n

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of partially saponified
polyvinyl alcohol to form a suspension liquid. 1Into a
reaction vessel containing 15 wt. parts of water and
purged with nitrogen, the above prepared suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 - 95 °C. Aafter the
completion, the product was filtered out, de-ﬁatered
and dried to obtainla resin composition containing a

styrene copolymer crosslinked with divinylbenzene. The




Conpar ati ve Exanple 3 Resin conposition of Conparative

Synt hesi s Exanple 3 100 wt.part(s) Magnetic material...
(triiron tetroxide) REPLACERIENT SHEET
Monoazo Co conplex [I1]-3 0.8 Low nol eculljar Argﬁﬂt' ' EE
propyl ene- et hyl ene copol yner 3 A
magneti c toner having a vol une-average particle size of 9.5 %cdﬂhsﬁﬂﬁs
prepared fromthe above ingredients otheddise in the sarfe lopnner. as..ip
Exanple 1. The properties of the nmagnetic toner are

thus obtained resin composition provided a molecular
weight distribution.showing a main peak at a molecular
welght of 7500 and a shoulder at a molecular weight of

3.5x104, a Tg of 60 °C and a.JIS acid value of 22.0

mgKOH/g.
Synthesis Examgle 2
- Styrene monomer 85 wt.parts
n-Butyl acrylate : 10 “
Acrylic acid : 5 "
Di-tert-butyl peroxide 8 "

.The above mixture.was_addéd dropwise in 4
hours to 200 wt. parts of cumene heated to a reflux
temperature. Further, the solution polymerization was
completed under cumene refluxing (146 - 156 °C),
followed by removal of the cumene, to recover a styrene
copolymer. The styrene copolymer showed a main peak at
a molecular weight of 5000 on its GPC chromatogram and
a Tg of 65 °c.

30 wt. parts of the above-prepared styrene

copolymer was dissolved in the following monomer

mixture.
Styrene monomer ' 44 wt.part(s)
n-Butyl acrylate 10 "
n-Butyl methacrylate 15 "
Monobutyl maleate | 1 o
Divinylbenzene 0.5 "

Benzoyl peroxide 1 ‘"




shown in Table 2. The magnetic toner
bl ended with 1.1 w.

devel oper,
for
shown in

i mage formation in the

parts of

col | oi dal

in an anount of 100 wW_. parts was
silica fine pomdeﬁg{c;a_ NTePare @iy
-72- whi ch was~theireval i

same manner as in Exanple 1. [Th
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tert-Butyl peroxy-2-ethylhexanoate

€
results are
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0.7 wt.part(s)

To the resultant mixture, 170 wt. parts of

water containing 0.1 wt. part of partially saponified

polyvinyl alcohol was added to form a suspension

liquid.

Into a reaction Vessel.containing 15 wt. parts

of water and pﬁrged with nitrogen, the above suspension

liquid was charged and subjected to 6 hours of

suspension polymerization at 70 - 95 ©c.

After the

completion of the reaction, the product was filtered

out, de-watered and dried to obtain a resin

composition.

The THF-soluble content of the thus-~obtained

resin composition provided a molecular weight

distribution showing a main peak at a molecular weight

of about 5200 and a shoulder at a molecular weight of

about 3.4x104.

9C and a JIS acid value of 14.0 mgROH/g.

Synthesis Example 3

Styrene monomer
n-Butyl acrylate

Monobutyl maleate

Di-tert-butyl peroxide

80 wt.parts

10 "
10 "
10 "

The above mixture was added dropwise in 4

hours to 150 wt. parts
temperature. Further,
completed under cumene

followed by removal of

of cumene heated to a reflux

The resin composition showed a Tg of 58

the solution polymerization was

refluxing (146 - 156 °C),

the cumene, to recover a styrene
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copolymer. The styrene copolymer showed a main peak at
a molecular weight of 5500 and a Tg of 65 °C.
35 wt. parts of the above-prepared styrene

copolymer was dissolved in the following monomer

mixture.
Styrene monomer : 40 wt.part(s)
n-Butyl acrylate 15 "
n-Butyl methacrylate 5 "
Monobutyl maleate S *
Divinylbenzene _ 0.3 "
Benzoyl peroxide _ 1.0 "

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of pa;tially saponified
polyvinyl alcohol was added to form a suspension _
liquid. Into a reaction vessel containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 - 95 9C. After the
completion of the reaction, the product was filtered
out, de-watered and dried to obtain a resin
composition.

The THF-solubie content of the thus-obtained
resin composition provided a molecular weight
distribution Showing a main peak at a molecular weight
of about 5800 and a shoulder at a molecularlweight of
about 5.0x10%. The resin composition showed a Tg of 59

Oc and a JIS acid value of 40.0 mgKOH/g.
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Synthesis Example 4
Styrene monomer : 60 wt.part(s)
n-Butyl acrylate 17 "
n-Butyl methacrylate 17 "
Monobutyl maleate : 6 "
Divinylbenzene | 0.1 "

tert-Butyl peroxy-2-ethylhexanoate 0.8 . “
To the above mixture liquid, 170 wt. parts of
water containing 0.1 wt. part of partially saponified
polyvinyl alcohol was added to form a suspension
liquid. Into a reaction vess;l containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 - 95 °C to obtain a
crosslinked styrene copolymer. The Styfehe copolymer
provided a molecula; weight distribution showing a main
peak at a molecular weight of 3.0x104, a Tg of 61 °c
and a JIS acid valué of 20.0.
200 wt. parts of toluene was charged in
another reaction vessel and heated to a reflux
temperature, and the following mixture was added

dropwise in 4 hours under toluene refluxing.

Styrene monomer 77 wt.parts
n-Butyl acrylate | 13 u
Monobutyl maleate 10 - "
Di-tert-butyl peroxide _ 6 "

Further, the polymerization was completed



- 75- The eval uation standards are shown bel ow. 1) Fixability

0: Good (density |lowering of below 10 % A: Soney f RPREEIh ST cRHES

practically . acceptable (density |lowering of 1 PPECJ%E”3 5§g33
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| owering of 20 % or nore) 08 JuL 1938
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under toluene to form an un-crosslinked styrene
copolymer. Then, into the reaction mixture, the above-
prepared crosslinked styrene copolymer was added so as
to provide a weight ratio of the crosslinked
copolymer/the uncrosslinked copolymer = 7/3. After
sufficient stirring, t@e toluene was distilled off at
an elevated temperature (120 °C) under vacuum ﬁq obtain
a resin composition containing the crosslinked and un-
crosslinked styrene copolymers. The resin composition
provided a molecular weight distribution showing peaks
at molecular weights of 7000 and 8x10%, a Tg of 60 °C
and a JIS acid value of 25.0.

Synthesis Example 5

Styrene monomer 77 wt.parts
n-Butyl acrylate | 13 "
Monobutyl maleate 10 “
Di-tert-butyl peroxide 1.2 "

The above mixture was added dropwise in 4
hours to 200 wt. parts of toluene heated to a reflux
temperature.- Fur;her, the solution polymerization was
completed under toluene refluxing (120 ~ 130 °C),
followed by removal of the toluene, to recover a
styrene copolymer. The styrene copolymer showed a main
peak at a molecular weight of 1.2x10% ang a Tg of 60 Oc.

30 wt. parts of the above-prepared st&rene
copolymer was dissolved in the following monomer

mixture.




(2) Hot fixing roller staining in the fixing device o: No stain

at all o[err]: Slight stain which is al nost unn?REpe p grﬂr -
[err]: Noticeable stain but practically acceptable el o (o MR
of fsetting) x: Conspi cuous stain and practicall got f
acceptable (offsetting) (3) Anti-offset characteristic (ff oﬁﬁifﬁggfgﬁpl
after - pause) o: No stain &t al | o[ err]: Al nost
unnoti ceabl e [err]: Stain but %ractlcally accepf abl e -

Styrene monomer 42 wt.part(s)

n-Butyl acrylate 12 "

n-Butyl methacrylate 12 "

Monobutyl maleate 4 "

Divinylbenzene 0.4 "

Benzoyl peroxide 1.0 "

To the'resultant mixture, 170 wt. parts oﬁ
water containing 0.1 wt. part of partially saponified
polyvinyl alcohol was added to form a suspension
liquid. Into a reaction vessel containinq'15 wt. parts
of water and purged with'nitrogen}'thé above suspension
liquid was charged and subjected to 6 hours of
suspension polymerizati&n at 70 - 95 °C. After the
completion of the reaction, the product was filtered
out, de-watered and dried to obtain a resin
composition.

The thus-obtaiined resin composition provided a
molecular weight distribution showing a main peak at a
molecular weight of about 1.5x10% and a shoulder at a
molecular weight of about 5.0x10%. The resin
composition showed a Tg of 54 ©°C and a JIS acid value -
of 22.0 mgKOH/g.

Comparative Synthesis Example 1

Styrene monomer 80 wt.parts
n~-Butyl acrylate 16 -
Monobutyl maleate 10 v

Di-tert-butyl peroxide 8 Y



x: Conspi cuous stain and practically unaccepg-abte—it4)

Pul veri zability o: No over-pulverization and ¢ PLAGQMQNT SHEET

pul veri zation efficiency x: Poor pulverization jeffTCIrency

resulting in much coarse particles.

rest 08 JUL 1398
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The above mixture was added dropwise in 4
hours to 150 wt. parts of cumene heated to a reflux
temperature. Further, the solution polymerization was
completed under.cumene refluxing (146 - 156 dca,
followed by removal bf the cumene, to recover a styrene
copolymer. The styrene copolymer showed a main peak at
a molecular weight of 4000 and a Tg of 58 <cC.

70 wt. parts of the above-prépared styrene

copolymer was dissolved in the following monomer

mixture.,
Styrene monomer ' 25 wt.part(s)
n-Butyl acrylate ' | - 5 "
Divinylbenzene ' 0.2 "
Behzoyl peroxide 0.8 "

The resultant mixture was subjected to
suspension polymerization in the same manner as in
Synthesis Example 1 to obtain a resin composition,
which showed a JIS acid value of 25.0 mgKOH/g. The
THF-soluble content of the resin composition provided a
molecular weight distribution showing a main peak at a
molecular weight of about 4200 on its GPC chromatogram,
and a Tg of 59 9c.

Comparative Synthesis Example 2

Styrene monomer 85 wt.parts
n-Butyl acrylate 10 "
Acrylic acid S "

Di-tert-butyl peroxide 8 "




As has been descri bed herei nabove, according to the present invention

there is provided a toner capabl e of form ng high- qualltpﬁﬁ RO mqthﬂng
i mproved performances in respects of anti-offset characte ‘ -
fixing-roller staining. Particularly, the toner accord|1g 8 the presen

i nvention shows the following advantageous properties. Eil‘”Fﬂxﬁble
at low tenperature with i nproved anti - of fset character|stic and cau5|ﬂg
little stain on fixed I mages. (ZLGNQ or little meJt-sticking or =
filmng on a e

The above mixture was added dropwise in 4
hours to 200 wt. parts of cumene heated to a reflux
temperature. Further, the solution polymerization was
completed under.cumene refluxing (146 - 156 °C),
followed by removal of the cumene, to recover a styrene -
copolymer. The styrene copolymer showed a main peak at
a molecular weight of 5000 on its GPC chromatogram and
a Tg of §5 °c.

30 wt. parts of the above-prepared styrene

copolymer was dissolved in the following monomer

mixture.
Styrene monoder 48 wt.part(s)
n~-Butyl acrylate 21 “
Monobutyl maleate 1 "
Divinylbenzene : 1.0 "
tert-Butyl peroxy-2-ethylhexancate 0.7 "

To the resultant mixture, 170 wt. parts of
water containing 0.1 wt. part of partially saponified
polyvinyl alcohol was added to form & suspension
ligquid. Into a reaction vessel containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 - 95 ©C. After the
completion of the reaction, the product was f;ltered
out, de-watered and dried to obtain a resin

composition,

The THF-soluble content of the thus-obtained



toner-carrying nenber or a photosensitive nenber. (3) _Excellent in

anti - bl ocki ng characteristic and storability. (4
faithfully reproducing | atent i mges to form hi gh-qual
(5) Having a high productivity because of good pulvertiz

bi nder resin. A toner for devel oping an el ectrost
provided as a pul verized m xture including a binder res
The binder resin is characterized by a nol ecul ar wei ght
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di stri

GPC chromatogram of its tetrahydrofuran t¥HE)-soluble r

in.co

butronon 3
ni.ent

i ncluding at |east 15 % and bel ow 35 % of

resin composition provided a molecular weight

distribution showing a sub-peak at a molecular'weight

of about 5200 and a main peak at a molecular weilght of

ibout 7.2x10%. The resin composition showed a Tg of 64

©C and a JIS acid value of 13.0 mgKOH/g.
Comparative Synthesis Example 3
Styrene monomer
._n—Butyl acrflate
Di-tert-butyl peroxide

85 wt.
15
8

parts

The above mixture was added dropwise in 4

hours to 200 wt. parts of cumene heated to a reflux

temperature. Further, the solution polymerization was

completed under cumene refluxing (146 -~ 1

56 °¢),

followed by removal of the cumene, to recover a styrene

copolymer. The styrene copolymer showed a main peak at

a molecular weight of 5000 on its GPC chromatogram and

a Tg of 62 °c.

30 wt. parts of the above-prepared styrene

copolymer was dissolved in the following monomer

mixture.
Styrene monomer
n-Butyl acrylate
Monobutyl maleate

tert-Butyl peroxy-2-ethylhexanoate:

48 wt.
21
1
2.0

part(s)

To the resultant mixture, 170 wt. parts of

water containing 0.1 wt. part of partially saponified

polyvinyl alcohol was added to form a suspension



a resin conponent in a nolecular weight region of at nost_ 5000 and at

least 3 wt. %of a resin conponent in a nolecular weight I PRl oy s
| east 5x10[err] and show ng Rﬁghgaif?”j ofiEET
a main peak in a nol ecul ar wei ght region of 5000 to
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iiquid. Into a reaction vessel containing 15 wt. parts
of water and purged with nitrogen, the above suspension
liquid was charged and subjected to 6 hours of
suspension polymerization at 70 - 95 °C. After the
completion of the reaction, the product was filtered
out, de-watered and dried to obtain a resin
composition. _

The THF-soluble content of the thus-obtained
reéin composition provided a molecular weight
distribution showing peaks at molecular weights of
about 6000, and about 3.5x104%, reépectively. The resin
composition showed a Tg of 56 °C and a JIS acid value
of 1.5 mgKOH/g.

The above-mentioned properties, the total acid
values and the acid values attfibutable to the acid
anhydride of the resin compositions obtained in the
above Synthesis Examples and Comparative Examples are

summarized in the following Table 1.




10[err]. The binder resin also has an acid value of 2 - 100 ng KOH g. The

THF- sol ubl e resin conponent in the nolecular weight reg D ftQ St
5x10[err] is enriched during a nelt-kneading step duri ngﬁéﬁeAQf’gWEm SHEET’
producti on. ' -78 - Waf is clai S:

1. A toner for devel oping an el ectrostatic inmage, _ 08 JyL 998
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60
54
59
64
56

Tg (°C) -
60
58
59

GPC main peak

(folecular weight)
7,500
5,200
5,800

4,500 '
15,000
4,200
72,000
35,000

Properties of resin campositions

Anhydride
3.4
- 0.0
3.8
0.2
0.0
8.4
0.0
0.0

Table 1:
1.5

23.7
14.0
41.9
24.9
22,0
29.2
13.0

Total

Acid value (mgKOH/g)

JIS
22,0
14.0
40.0
25.0
22.0
25,0
13.0
1.5

Resin camposition
Comp

Synthesis Ex, 1
Syntﬁesis Ex. 1




conprising: a binder resin and a colorant, wherein the bi
nol ecul ar wei ght distribution on a GPC chromat ogram of it
(THF) -solu- ble resin content including at |east 15% and

resin conponent in a nolecular weight region of at nost 5
% of a resin conponent in a nolecular weight region of at
and showing a main peak in a nol ecul ar weight region of 5
and the binder resin has an acid value of 2-100 ng KOH g.
according to claim1, wherein said bind®*Tesin conprises

nder resin shows a

fetrahydrof uran

18HeisP,
i.2._The toner

a vinyl copoly- nmer or a m xture thereof. 3. The toner
1, wherein said binder resin conprises a vinyl copol yner

The toner accey. i;gggetq claim1l, wherein said binder resin

m xture of a d vinyl copol yner and a non-cross

conposi tion.
conprises a
i nked vi nyl

a vinyl polyner,

‘aecor-gi-Rg—t-o..clai.m

O e e | SHEET,

| a§t 5 X 10 er
pop ¥ &
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4.

copol yner. 5. The i onMdRrdidqig 4@ claiml, wherein said binder resin

conprises a mxture of a crosslinked sty- rene copol yner

and a

non-crosslinked styroeahedid xdifle 1 6. The toner argoretngpastCspi m 1,

wherein said binder resin contains a crosslinkage formed
Magnetic material . .. 70

(triiron tetroxide) _
Monoazo Cr Complex [(I]-1 0.8
Low-molecular weight propylene
ethylene copolymer 3

The above ingredients were suffici

by a cross-

ently

blended in a blender and melt-kneaded through a twin-

screw kneading extruder set at 110 ©C. The kneaded

product was cooled, coarsely crushed by a cutter mill,

and finely pulverized by means of a pulverizer using

jet air stream. The resultant finely pulverized powder

was classified by means of a multi-division classifier

utilizing a Coanda effect (Elbow Jet Classifier

available from Nittetsu Kogyo K.X.), whereby ultra fine

powder and coarse powder were simultaneously and

precisely removed to obtain a magnetic toner having a

volume-average particle size of 6.0 microns.

The above particle size was measured by using

a Coulter counter ("TA-II", available from

Coulter

Electronics, Co.) by using a 100 micron-aperture after

dispersion in 1 % NaCl aqueous solution in
of a surfactant.

The above-prepared magnetic toner

the presence

was

subjected to preparation of a GPC sample having a resin



| i nki ng agent having at |east two vinyl groups, and an electrostatic
crosslinkage fornmed by a carboxylic group and a netal ionfgf L0) Q=
val ences. 7. The toner according to claim1l, wherein sa ﬁtgﬁﬁﬁgthgs$giiT
shows a nol ecul ar weight distribution in- cluding 3-20% o0} & resin
conponent in the nol ecul ar weight region of at least 5 X 10 eQrd - Jut dgegThe
toner according to claim1, wherein said binder resin shoys|a nol ecul ar
wei ght distribution in- cluding 3-10% of a resin conponen{ Fmthemotecutar:
wei ght region of at least 5 X 10[err].~85~ - 79
- 9. The toner according to claim1l, wherein said binder resin shows a

nol ecul ar wei ght distribution’in- cluding at nost 35% of a resin conponent

in the rrDlecboncentration of 5 mg/ml, and no binder resin component

was found to remain on the filter at that time. The
GPC sample was subjécted to measurement of molecular
weight'distribgﬁion by GPC using a high—speeé liquid
¢hromatograph ("150C“, available from Waters Co.) and a
‘combination of columns ("Shodex GPC KF-801, 802, 803,
804, 805, 806, 807 and 800B", available from Showa
Denko K.K.). ~'The measured molecular weight |
distribution data are shown in Table 2 appearing
hereinafter.

100 wt. parts of the above-prepared magnetic

toner and 1.0 wt. part of colloidal silica were blended
with each other and evaluated for image formation. The
results are shown in Table 3 appearing.hereinafter.
The image formation was performed by using a printer
prepared by re-mocdeling a commercially available small-
size laser beam printer ("LBP-8II", available from
Canon K.K.) so as to provide a printing spéed of 16
sheeté (Ad-vertical)/min., remove the fixing pad and be
capable of forming latent images comprising minuﬁe
spots of down to 50 microns by improving the scanner
part. The evaluation was performed with respect to the
initial image quality and fixability, and anti-offset
characteristic and staining of hot fixing rollers after
5000 sheets of printing.

The fixability evaluation was performed as

follows. The test apparatus was placed in an



T

bk

ular wei ght of 10[err] to 5 X 10[err]. 10. The toner accqrgiing te:Ga
1, wherein said binder resin shows a nol ecul ar wei ght di st rji Budignli=ne = o
cluding 18-32% of a resin conponent in the nolecul ar weight] negion of at |
nmost 5000, 10-30% of a resin com ponent in the nol ecul ar weig&igrébLoﬁ9®f§
10[err] to 5 X 10[err], and 3-20% of a resin conponent in tthe nol ecul ar l

+ eegeme

wei ght region of at least 5 X 106. 11._ Ehe toner accordimg to clarmT,
wherein said binder resin has a carboxyl "group and cont ai ns—an—Qr-_ganic ..
metal compound el ectrostatically |inkable with the carboxylic group. 12.

‘The toner according to claim1, wherein said binder resin shows a nol ecul ar

wei ght di stri behv@rohh@WitNe 3 ndima 10 tdngetrat urd et oMt Dium 2di ©p of
10[err] to 5Xl10[err]. 13. The toner according to claiml, wherein said

bi nder resin sii@emparatueeyl 23 B,0hundidhityi:b @0 a8 j n-Aftewlittge at | east 40%
of a resin conponent in a nolecu- |ar weight region of 5000 to 10[err].

14. The toner appardtmg tamdelthemflxiniedevwicaithdreaiierversi fukljows a

nol ecul ar wei ght distribution in- cluding 18-32% of a resin conponent in

t he nol ecul ar wdagitedr &9 dheofenytinonmen3NO® powerass 4999ptiedysesin

Immediately after the waiting time was up, a pattern of
200 micron-wide transverse lines (line.width: 200
microns, spacing: 200 microns) was printed on a first
sheet, which was used for evaluation of the fixability.
The fixability was evaluated by rubbing the printed
image with a lens cleaning paper ("Dusper" (trade
name), made by'ozﬁ Paper Co. Ltd.) for S5 reciprocations
under a weight of 100 g and then evaluating the degree
of peeling of the toner image in terms of a decrease
(%) in reflection density.

For the evaluation of the hot fixing roller
staining, a character pattern with a dot ratio of 4 %
was printed continuously on 5000 sheets (A4-vertical{
by using a fresh fixing rolier cleaning pad and
thereafter the staining on the surface of the hot
fixing roller was observed with eyes.

After the above observation, a 100 micron-
wide trénsverse line pattern was continuously printed
on 300 sheets (A4-vertical), then the printing was
paused for 30 seconds énd then the printing wa§ resumed
so as to print an image comprising an upper half area
including a pattern of 100 micéon-wide trahsverse lines

and a lower half area in white. Then, the front face




conponent in a nol ecul ar weight region of 5000 to 10[err], [R8d;, 3~20% & adrrri
resin conponent in the nol ecular wei ght region of at |east EE EIO[@E%?.§3§§T
15. The toner according to claiml, wherein said binder reg has a JI S
acid value of 5-70 nmgKOH g. 16. The toner according to clfaiim@lg YREriged
said binder resin has an acid value attributable to acid anphy- dride group
of at nost 10 ngKOH g. 17. The toner ace®¥ding to claim},
bi nder resin has an acid value attributable to acid anhy- dride group of
bel ow 6 ngKOH g. 18. The toner according to claim1l, wherein said binder

resin contains a styrene-naleic,acid hal f ester copol yner.
- 80 - staining on a first sheet after the resumption was

observed for evaluation of the anti-offset
characteristiec.

‘For the above e&aluation, bond paper having a
surface smoothness of 10 [sec] or below was used as the
transfer paper.

Example 2
Resin composition of Synthesis Example 2
100 wt.part(s)

Magnetic material (priiron tetroxide)

120 '

Monoazo Cr complex [I]-2 0.7 "
Low-molecular weight propylene-

ethylene copolymer 4 "

A magnetic toner having a volume-average
particle size of 4.5 microns was prepared from the
above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic toner are
shown in Table 2. The magnetic toner in an amount of
100 wt. parts was blended with 0.8 wt. part of
colloidal silica fine powder to prepare a developer,
which was then evaluated for image formation in the

same manner as in Example 1. The results are shown in

Table 3.



19. The toner according to claim 1, wherein said binder resin contains—a- -
styrene-nmaleic acid ester copoly- ner. 20. The toner acco 3-¢] & i
1, wherein said binder resin contains a styrene-naleic anh
pol yner. 21. The toner according to claim1, wherein sai

contains a non-crosslinked styrene-maleic acid half ester

styrene-maleic acid half ester copol yneggcrosslinked with

22. The toner according to claim1l, wherein said col orant

magnetic materialL 23. The toner according to claim1, wh

-----

dery riesds
COpo ;?heir“ ‘arfta

Conpri ses a

| ci T bdi (j

col orant conprises carbon bl ack. 24. The toner according to claiml1,
wherei n sai d Bxampkterdsin has a carboxyl group or acid anhydride group and
contai ns an organic netal conEound reac- tive with the carboxyl group or

s

aci d anhydri de grRepin compo

Eippnef Syashgsis Exa@mpdiand4, wherein said

organi c netal conpound conprises an azo netal com pleﬁdaﬂgésente by the

follow ng formula:

Magnetic material (triiron tetroxide)

90

Monocazo Co complex [I]-3 0.9
Low-molecular weight propylene-

ethylene copolymer 3

.part(s)

A magnetic toner having a volume-average

particle size of 7.7 microus was prepared from the

above ingredients otherwise in the same manner as in

Example 1. The properties of the magnetic toner are

shown in Table 2. The magnetic toner in an amount of

100 wt. parts was blended with 1.1 wt. parts of

colloidal silica fine'pcwder to prepare a developer,

which was then evaluated for image formation in the

same manner as in Example 1.' The results are shown in

Table 3.

Example 4

Resin composition of Synthesis Example 4

100 wt.part(s)

Magnetic material (triiron tetroxide)

90
Monoazo Co complex [I]1-4 . 0.8

Low-molecular weight propylene-

ethylene copolymer

A magnetic toner having a volume-average



wherein M denotes a coordi nation center net
coordi nati on nunber of 6 Ar denotes an aryl group capabl eanEMEMEM SHEET

substituent X, X Y and Y' indepen- dently denote -O, -CQ,| -NF, Or-—NR
wherein R denotes an al kyl having 1-4 carbon atons; and A[er
hydr ogen,
toner according to claim24, wherein salghorganic netal c

0 dp ey

sodi um potassium ammo- niumor aliphatic annDrLE

an organic acid netal conplex represented by the follow ng fornula:

particle size of 6.8 microns was prepared from the
above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic toner are
.shown in Table 2. The magnetic toner in an amount of
100 wt. parts was blended with 1.1 wt. pafts of
colloidal silica fine powder to prepare a develaper,
which was then evaluated for image formation in the
same manner as in Example 1. The results are shown in
Table 3.
Example S
Resin composition of Synthesis Example 5
| 100 wt.part(s)

Magnetic material (triiron tetroxide)

90 "
3,5-Di-tert-butylsalicylic acid
Cr complex 2 "
Low-molecular weight propylene-
ethylene copolymer 4 "

A magnetic toner having a volume-average
particle size of 4.5 microns was prepared from the
above ingredients otherwise in the same manner as in
Example 1. The properties of the magnetic toner are
shown in Table 2. The magnetic toner in an amount of
100 wt. parts was blended with 0.8 wt. part of
colloidal silica fine powder to prepare a developer,
which was then evaluated for image formation in the

same manner as in Example 1. The results are shown in



- 81 - [err] wherein M denotes a coordi nation

center netal, having a coordination nunber of 6 A denotes ble—-of-—
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