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a process for production thereof, particylarly
roller fixation 10 and a process for productia
nunber of el ectrophoto- graphic processes have

L P06 THERECE

RRBLACESAHEERVent | 8F
o Mage pLius e gragad . inagepaged .. I1...
Bff entinQgt at:ipcayar. it ungi,guanfﬁ---
7 oneh « Sy paplie.. koro hatd
s iJaerseoio mgltarge..

those disclosed in U S. Patents Nos. 2,297, 691;

E%?h@ﬁawf
&5;gs}«oyt@mael..uﬁ!dgg..g;& ...........

X EAAA IR AAE] anru =, rir, oUlL.

In these processes, TONE®EFORADEVELOPINGE FEECTROEATTC! aMaGE ANBge is formed

on a

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 or electrostatic

printing, and a process for production thereof,

particularly a toner suitable for

10

hot roller fixation

and a process for production thereof.

Hitherto, a large number of electrophoto-

graphic processes have been known,

disclosed in U.S. Patents Nos.
and 4,071,361.
15

2,297,691;

inclusive of those

3,666,363;

In 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

20
pressing, or heating and pressing

vapor to obtain a copy.

such as paper etc., as desired, fiked by heating,

, or with solvent

As for the step of fixing the toner image onto

a sheet material such as paper which is the final step

25

have been developed, of which the

in the above process, various methods and apparatus

most popular one is a

heating and pressing fixation system u§ing hot rollers.
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phot osensi tive nmenber conprising a photoconductive material by various
nmeans, then the latent inage is devel oped with a toner, and the resultant
toner image is, after being transferred onto a transfer material 20 such as
paper etc., as desired, fixed by heating, pressing, or heating and
pressing, or with solvent vapor to obtaLQ_a copy. As for the step of fixing
the toner inage onto a sheet material suCh as paper which is the final step
25 in the above process, various nethods and apparatus have been

devel oped, of which the npst popular one is a heating and pressing flxatlon

systemusing hot rollersn 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
5 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
10 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
15 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 t§
the hot roller surface and then transferred back to the
fixation shée£ to stain the fixation sheet. It has
20 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.
In order to prevent a toner from sticking onto
a fixing roller surface, it has been conventionally
25 practiced to compose the roller surface of a material
showing excellent releasability against the toner

(e.g., silicone rubber or fluorine-containing resin)
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REPLACEMENT SHEET 0 3 MAR 1997 -2- 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 5 the toner is caused to contact the toner

i mge surface of the fixation sheet under; pressure, to fix the toner inage.
In this nmethod, as the hot roller surface and the toner inmge on the
fixation sheet contact each other under a pressure, a very good heat
efficiency is 10 attained for nmelt-fixing the toner inage onto the

and further coating the surface with a film of a liquid
showing a good releasability such as silicone 0il so as
to prevent offset and fatigue of the roller surface.

This method is very effective for preventing offset but

5 requires a device for supplying such an offset-
preventing liquid, thus resulting in complication of
the fixing apparatus.

Therefore, it is not necessarily desirable to
prevent the offset by supplying an offset-preventing

10 1liquid, but a toner having a broad fixing temperature
range and excellent in anti-offset characteristic is
rather desired at present. For this reason, in order
to provide a toner with an increased releasability, it
has been also practiced to add a was, such as low-

15 molecular weight polyethylene or low-molecular weight
polypropylene. The use of wax is effective in
p;evention of offset but on the other hand is liable'to
provide the toner with an increased agglomeratability,
an unstable chargeability and a detefioration in

20 durability. Therefore, various proposals have been
made for improving the binder.resin.

For example, it is known to increase the glass
transition temperature (Tg)} and the molecular weight of
a toner binder resin so as to improve the molten visco-

25 elasticity of the toner for the purpose of offset

prevention. According to this method, however, the

improvement in anti-offset characteristic leads to an
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fixation sheet to afford quick fixation, so that the nethod is very
effective in a high-speed el ectrophot ographic copying machine. In this

nmet hod, however, a toner inage in a nelted state is caused to 15 contact a
hot roller surface under pressure, so that there is observed a so-called
of f set phenonenon that a part of the tonet-inmage is attached and
transferred to the hot roller surface and then transferred back to the
fixation sheet to stain the fixation sheet. It has 20 been regarded as one
of the inportant conditions in the hot roller fixation systemto prevent
the toner fromissufifiieient tfixaldilitd husirresgelting dnd@n to prevent a-

toner fromsticking onto a fixing roller surface, it has been
conventi onal | yinferiority in low-temperature fixability (i.e.,

fixability at a low temperature) as required in a high-
speed copying machine or for economization of energy
5 consumption.

On the other hand, in order to improve the
fixability of a toner, it is necessary to lower the
viscosity of the toner in a molten state so as to
increase the area of adhesion with a substrate on which

10 the toner is fixed. For this reason, it is reguired to
lower the Tg and molecular weight of the binder resin
used.

In this way, the low-temperature fixability
and the anti-offset characteristic are contradictory in

15 some respects, so that it is very difficult to develop
a toner satisfying these properties in combination.

In order to solve the above problens, for
example, Japanese Patent Publication (JP-B) 51-23354
has proposed a moderately crosslinked vinyl polymer by

20 addition of a'crosslinking agent and a molecular weight
controller, and JP-B 55-6805 has proposed a toner
composed from an ®,R-ethylenically unsaturated monomer
and having a board molecular weight distribution
represented by a weight-average molecular |

25 weight/number-average molecular weight ratio of 3.5 -
40. It has been also proposed to use a resin blend

including a vinyl copolymer having specified Tgq,
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25 practiced to conpose the roller surface of a material show ng excel |l ent
rel easability against the toner (e.g., silicone rubber or
fl uori ne-contai ning resin) REPLACEMENT SHEET 03 MAR 1997 -3- and further
coating the surface with a filmof a liquid showi ng a good releasability
such as silicone oil so as to prevent ofgset and fatigue of the roller
surface. This nethod is very effective for preventing offset but 5
requires a device for supplying such an offset-
molecular weight and gel content.
The toners by these proposals actually provide
a fixable temperature range (defined as a difference
between the offset-initiation temperature and the
5 1lowest fixable temperature) which is wider than that of
. a toner comprising a single resin having a narrow
molecular weight distribution. However, when provided
 with a sufficient offset-prevention characteristic, the
toners cannot provide a sufficienﬁly low fixation
10 temperature. On the other hand, if the low-tequrature
fixability is thought much of, the offset-prevention
performance is liable to be insufficient.
For example, Japanese Laid-Open Patent
Application (JP-A) 56-158340 has proposed-a toner
15 Dbinder resin comprising a low-molecular weight polymer
and a high-molecular weight polymer. It is practically
difficult to have the binder resin contain a w
crosslinked component. Accordingly, in order to
provide a high level of anti-offset characteristic, it
20 is necessary to increase the molecular weight of the
high-molecular weight polymer or increase the
proportion of the high-molecular weight polymer. This
is liable to remarkably impair the pulverizability of
the binder resin and thus it is difficult to obtain a
25 practically satisfactory product. Further, as for

a toner comprising a blend of a low-molecular weight

polymer and a crosslinked polymer, JP-A 58-86558 has
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preventing liquid, thus resulting in conplication of the fixing apparatus.
Therefore, it is not necessarily desirable to prevent the offset by

suppl ying an offset-preventing 10 liquid, but a toner having a broad
fixing tenperature range and excellent in anti-offset characteristic is
rather desired at present. For this reasgn, in order to provide a toner
with an increased releasability, it has been also practiced to add a was,
such as low 15 nolecular weight polyethylene or |ow nolecular weight

pol ypropyl ene. The use of wax is effective in prevention of offset but on
the other handptrspbsed| @ tonerovoslprisingoaclowihdl 8culdEr webgilt :

aggl oneratability, an unstable chargeability and a deterioration in
polymer and an insoluble and infusible high-molecular
weight polymer as principal resin components.
According to the teaching, the toner fixability and the
5 pulverizability of the binder resin may actually be
improved. However, as the low-molecular weight polymer
has a weight-average molecular weight)number-average
molecular weight (Mw/Mn) ratio which is as small as at
most 3.5 and the insoluble and infusible high-molecular
10 weight polymer is contained in a large proport%pn of 40
- 90 wt.%, it is difficult to satisfy the anti-offset
characteristic of the toner and the pulverizability of
the resin at high levels in combination. It is
therefore very difficult to provide a toner with
15 sufficient fixability and anti-offset characteristic
unless it is used with a fixing apparatus equipped
with an anti-offset liquid supplier. Further, if thé
insoluble and infusible high-molecular weight polymer
is used in a large proportion, the binder resin shows a
20 very high melt-viscosity in a melt-kneading step for
toner production, so that.it is necessary to effect the
melt-kneading'at a temperature which is much higher
than ordinary cases. As a result, the additives to the
toner are liable to cause thermal decomposition to
25 lower the toner performahces.
JP-A 60-166958 has proposed a toner comprising

a resin component prepared by polymerization in the
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20 durability. Therefore, various proposals have been made for inproving
t he binder resin. For exanple, it is known to increase the glass transition
tenperature (Tg) and the nol ecul ar wei ght ‘of a toner binder resin so as to
i nprove the nolten visco- 25 elasticity of the toner for the purpose of
of fset prevention. According to this nethod, however, the inprovenent in
anti-of fset characteristic |eads to an ~/~REPLACEMENT SHEET insuffi ci ent
E:xgbility, thus resulting in an inferiority in lowtenperature fixability
- presence of a low-molecular weight poly-O-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
S "for improving the anti-offset characteristic leads to
practical problems in fixability and pulverizability of
the resin composition at the time of toner production.
Such a resin composition showing a poor pulverizability
leads to a decrease in productivity in toner production
10 and mingling of coarse particles in the product toner,
thus being liable to result in scattered images.
JP-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 10° - 2x106
15 in the molecular weight distribution according to GPC
(gel permeation chromatography). The toner exhibits
excellent performances in respects of pulverizabilit;,
anti-offset characteristic, fixability, anti-filming or
anti-melting characteristic on a photosensitive member
20 and image forming charactéristic but further
improvement in anti-offset characteristic and
fixability is desired. Particulafly, it is difficult
by the resin to further improve the fixability while
maintaining or even improving the other performances so
25 as to meet strict demands in these days.

As described above, it is very difficult to

realize high performances in respects of both fixing
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fixability at a |low tenperature) as required in a high- speed copying

machi ne or for econom zation of energy 5 consunption. On the other hand,
order to inprove the fixability of a toner, it is necessary to |lower the

viscosity of the toner in a nolten state so as t.o increase the area of
adhesion with a substrate on which 10 the toner is fixed.. For this

reason, it is required to lower the Tg and nol ecul ar wei ght of the binder
the lowtenperature fixability and the anti-offset
sone respects, so that it is very

resin used.

10

15

20

25

In this way,
characteristic are contradictory in 15

difficult to deysifirmansder ( Fow- tedntidith tidies € i0Rariitye add) andid nati on.

offset characteristic) of the toner and pulverizability
during toner production. 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 quality, high
resolution and excellent Ehin-line reproducibility.
The improvement in pulverigability is also important in
respect of economization of energy consumption as the
pulverization step requires a very high energy. Melt-
sticking of a toner material onto an inside wall of a
pulverization apparatus is also a problem which is
sometimes encountered with a toner showing a good
fixability, thus giving rise to a poor pulﬁerization
efficiency in some cases.

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 drﬁm 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 member recently
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In order to solve the above problens, for exanple, Japanese Patent

Publ ication (JP-B) 51-23354 has proposed a noderately crosslinked vinyl
polymer by 20 addition of a crosslinking agent and a nol ecul ar wei ght
controller, and JP-B 55-6805 has proposed a toner conposed from an
[err]-ethylenically unsaturated nononer _gad having a board nol ecul ar wei ght
distribution represented by a wei ght-average nol ecul ar 25

wei ght / nunber - aver age nol ecul ar weight ratio of 3.5 - 40. It has been al so
proposed to use a resin blend including a vinyl copolyner having speC|f|ed
Tg, 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.

5 In order to provide a compact apparatus, it is
necessary to adequately dispose various parts in narrow
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

10 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.

In order to solve the above-mentioned

15 problems, our research group has proposed the use of a
special resin whlch has been prepared by adding a low—
molecular weight resin during suspen51on polymerlzation
(JP-A 63-223662). Even a toner prepared according to
this proposal cannot show a sufficient fixability when

20 wused in a high-speed copying machine operated at a high
speed of 80 or more A4-size sheets/minute and is found
to cause a toner flowout through a cleaning member
abutted to the fixing roller, thus being liable to
stain the transfer material such as paper.

25 In a high-speed machine exceeding 80

sheets/min, even if an offset amount per sheet is very

slight, a considgrable amount of offset residue can be
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REPLACEMENT SHEET 03 MAR 1997 nol ecul ar wei ght and gel content. The toners
by these proposals actually provide a fixable tenperature range (defined as
a difference between the offset-initiation tenperature and the 5 | owest
fixabl e tenperature) which is wider than that of a toner conprising a
single resin having a narrow nol ecul ar wgigght distribution. However, when
provided with a sufficient offset-prevention characteristic, the toners
cannot provide a sufficiently low fixation 10 tenperature. On the other
hand, if the lowtenperature fixability is thought nmuch of., the

of f set - pr event aceuntilbtednoace the Ifixing troller khid ficciacllarge number

of sheets passing therethrough, so that the fixing
apparatus can cause a trouble thereby. In order_to
remove the slight amount of offset residue, a fixer

5 cleaning member such as a silicone rubber-made cleaning
roller or a web is disposed abutting to the fixing
roller. A'conventional toner binder resin has been
designed so as to provide a low-temperature fixability
and an anti-offset characteristic and has not been

10 desired so as to provide a high melt-viscosity_gven at
as high altemperature as exceeding 200 ©°C. Further,
the toner material attached to the fixer cleaning
member remains for a long period at a set temperature
of the fixing roller to cause a lowering in melt

15 viscosity. As a result, when the fixing roller
temperature exceeds 200 °C due to overshooting in
excess of the set temperature thereof, e.g., at the
time of turning on the copying apparatus, the attached
toner material causes a remarkable decrease in melt

20 viscosity and is thus re-transferred to the fixing
roller to stain the toner image-receiving sheet.

JP-A 1-172843 and JP-A 1-172844 have proposed
toners which have peaks in molecular weight ranges of
3x103 - 5x103 and 1.5x10° - 2.0x10® and have a peak

25 area percentage of 40 - 60 % in a molecular weight
region of_1.5x10s - 2x10% or a gel content of 1 - 10 %.

These toners are actually satisfactory for low-speed or
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For exanpl e, Japanese Lai d-Open Patent Application (JP-A) 56-158340 has
proposed a toner 15 binder resin conprising a | ow nol ecul ar wei ght pol yner
and a hi gh-nol ecul ar weight polyner. It is practically difficult to have
the binder resin contain a crosslinked conponent. Accordingly, in order to
provide a high level of anti-offset charqgteristic, it 20 is necessary to
I ncrease the nol ecul ar wei ght of the high-nol ecul ar wei ght pol yner or
i ncrease the proportion of the high-nolecul ar weight polyner. This is
liable to remarkably inpair the pulverizability of the binder resin and
thus it is di fhéaihm-5pe@t apparatids pubclbcabky faaliskatiefy aneguct.
Further, as for a toner conprising a blend of a | ow nol ecul ar wei ght
offset characteristic or fixability required in a high-

speed apparatus.
As has been described above, various
S 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.

10 SUMMARY OF THE INVENTION
| 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

15 provide a toner which can be fixed at a low temperature
and does not cause toner flowout from a fixer cleaning
member, 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

20 and does not cause melt-sticking or filming onto a
toner-carrying member or a photosensitive member even
in a high-speed system, and a process for production
thereof.

An object of the present invention is to

25 provide a toner éxcellent in successive copying

characteristic on a large number of sheets, and a

process for production thereof. e
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polymer and a crosslinked polymer, JP-A 58-86558 has proposed a toner
conprising a | ow nol ecul ar wei ght pol yner and an insol uble and infusible
hi gh- mol ecul ar wei ght pol yner as principal resin conponents. According to
the teaching, the toner fixability and the 5 pulverizability of the binder
resin may actually be inproved. However _1as the | ow nol ecul ar wei ght
pol ymer has a wei ght-average nol ecul ar wei ght/ nunber - aver age nol ecul ar
wei ght (MvW Mh) ratio which is as small as at nost 3.5 and the insol uble and
i nfusi bl e high-nol ecul ar 10 wei ght polymer is contained in a |arge
proportion of 40 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 adequately used in a high temperature
5 atmosphere of a small-size apparatus, and a process for
production thereof.
An object of the present invention is to
provide a toner which can be fixed at a low témperature
and can be produced effectively and continuously
10 without causing melt-sticking of pulverization'product
onto an inside wall of a pulverization apparatus.
An object of the present invention is to
provide a toner which results in little coarse po%der
at the time of producing toner particles because of
15 good pulverizability and causes little scattering
around a toner image during development, thus being
capable of stably providing good developéd images, aﬂd
a process for productibn thereof.
An object of the present invéntion is to
20 provide a toner which can be produced with good
pulverizability but without being accompanied with
ultra-fine powder due to over-pulverization and thus
can stably four good developed images, and a process
for production thereof.
25 An object of the present invention is to

provide a toner which can be produced through efficient

pulverization and classification without occurrence of
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- 90 wt.% it is difficult to satisfy the anti-offset characteristic of the
toner and the pulverizability of the resin at high levels in conbination.

It is therefore very difficult to provide a toner with 15 sufficient
fixability and anti-offset characteristic unless it is used with a fixing
apparatus equi pped with an anti-offset Ligquid supplier. Further, if the

I nsol ubl e and i nfusi bl e high-nol ecul ar wei ght polyner is used in a |arge
proportion, the binder resin shows a 20 very high nelt-viscosity in a

mel t - kneadi ng step for toner production, so that it is necessary to effect
the nelt-kneadcbgrae powdepeaatiuadtwli-dines powderhiaglcthibashéewdi aary

cases. As a result, the additives to the toner are liable to cause thermnal
deconpositi on good productivity.
A further object of the present invention is
to provide a toner which is excellent in anti-blocking
5§ - 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,
10 comprising: a binder resin and a colorant, wheggin the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-soluble
resin content including below 15 % of a resin comﬁonent
in a molecular weight region of at most 5000 and at
15 least 5 wt. % of a resin component in a molecular
weight region of at least 5x106 and showing a main peak
in a molecular weight region of 5000 to 10°, )
According to another aspect of the present
invention, there is provided a process for producing a
20 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
25 a carboxyl group;

heating said mixture;

melt-kneading the heated mixture while
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25 lower the toner performances. JP-A 60-166958 has proposed a toner

conprising a resin conponent prepared by polynerization in the
of a | ow nol ecul ar wei ght poly-[err]-

nol ecul ar wei ght (Mh) of 500 - 1,500. The sane .patent specification

describes that an M range of 9,000 - 304900 is preferred but a higher
for inproving the anti-offset characteristic |eads to practi cal
fixability and pulverizability of the resin conposition at the tine of

toner production. Such a resin conposition show ng a poor pulverlzablllty

10

15

20

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;

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
below 15 % of a resin component in a molecular weight
region of at most 5000 and at least 5 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 5S000 to 10°.

These and other objects, features and
advantages of the present invention will become more

apparent upon a consideration of the following

description of the preferred embodiments of the present

invention taken in conjunction with the accompanying

drawings.
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| eads to a decrease in productivity in toner production 10 and m ngling of
coarse particles in the product toner, thus being liable to result in
scattered i mages. JP-A 56-16144 has proposed a toner conprising a binder
resin having at |east a maxi mumin each of the nolecul ar wei ght ranges of
103 - 8x104 and 105 - 2x1 06 15 in theqmpl ecul ar weight distribution
according to GPC (gel perneation chromatography). The toner exhibits
excel l ent perfornmances in respects of pulverizability, anti-offset
characteristic, fixability, anti-filmng or anti-nelting characteristic on
a phot osensi t BRI EFE DPICRAPTION OFTEEE DRAWINGSchar acteri stic but further -
i mprovement in anti-offset characteristic and fixability is desired.
Particularly, it is diffiiguded 1 is a GPC (gel permeation

chromatography) chromatogram of a resin composition A.
Figure 2 is a GPC chromatogram of a resin
5 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.

10

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
15 (tetrahydrofurah)—soluble content of a binder resin or
other resins used in the present invention may be
measured based on a chromatogram ob;ained by GPC (gei
permeation chromatography) in the following manner.
A GPC sample is prepared as follows.
20 A resinous sample is placed in THF and
left standing for several hoﬁrs (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
25 room temperature. In this instance, a total time of
from the mixing of the sample with THF to the

completlon of the standlng in THF is taken for at least

A




by the resin to further inprove the fixability while maintaining or even

i nproving the other performances so 25 as to neet strict demands in these
days. As described above, it is very difficult to realize high perfornances
in respects of both fixing REPLACEMENT SHEET 0 3 MAR 1997 -8- o
performances (lowtenperature fixability_fpd anti- offset characteristic)
of the toner and pulverizability during toner production. In particular,

t he

24 hours (e.g., 24 - 30 hours). Thereafter, ﬁhe
mixture is caused to pass through a sample treating
filter having a pore size of 0.45 - 0.5 micron (e.qg.,
“Maishoridisk H-25-5", available from Toso K.K.; and
5 “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 wifhin the range of 0.5 - 5 mg/ml.

The binder resin contained in the toﬁer of the

10 present invention may preferably have a THF-in§oluble
resin content, as recovered by the above filter
treatment, of at most 10 wt. %, further preferably at
most 5 wt. % most preferably substantiaily zero,fas
measured at a concentration of 5 mg/ml at room

15 temperature, so as to exhibit the effect of the present
invention.

In the GPC apparatus, a column is stabilizeé
in a heat chamber at 40 ©°C, tetrahydrofuran (THF)
solvent is caused to flow through the column at that

20 temperature at a rate of 1 ml/min., and about 100 pl 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

25 samples and having a logarithmic scale of molecular
weight versus count number. The standard polystyrene

samples for preparation of a calibration curve may be
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pul verizability in toner production is an inportant 5 factor in view of a
direction of recent demands for a snmaller toner size so to realize high
quality, high resolution and excellent thin-line reproducibility. The

i nprovenent in pulverizability is also inportant in respect of _
econoni zation of energy consunption as the740 pul verization step requires a
very high energy. Melt- sticking of a toner material onto an inside wall of
a pul verization apparatus is also a problﬁn1mhich i s sonetines encountered
with a toner showi ng a good fixability, thus giving rise to a poor _

pul veri zation 15?°§§%W%Y%H%ym9¥ﬁﬁ%h%rd%%h%btﬁslan5gﬁeraa§9e@€,abpwteanlng-

step is invol Veldoi ntéa 1C6)py;§§ifg’§]|.ee fsr.poﬁ'li,s é.og'r:arr%\)/goax'f!(()?ecrm O&?hgwa
Denko K.K. It is appropriate to use at least 10
standard polystyrene samples. The detector may be an
5 RI (refractive index) detector. For accurate
measurement, it is appropriate to constitute the column
as a cbmbination of several commercially- available
polystyrene gel columns. A preferred example thereof
may be a. combination of Shodex KF-801, 802, 803, 804,
10 805, 806, 807 and 800P; or a combination of TSK gel
G1000H (Hyy), G2000H (Hyy), G3000H (Hyg,) » G4006ﬁ (Hygy, ),
GSO00H (Hyy), G6000H (Hyp), G7000H (Hy;) and TSK
guardcolumn available from Toso K.K.
The contents of a.component having a molecular
15 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
20 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 weight of 5000 or below
{or 5x106 or above) by cutting out a GPC chromatogram
25 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
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phot osensitive nenber after a transfer step in another copying cycle.
Nowadays, it is ordinary to adopt a 20 bl ade cl eaning systemso as to
provi de a conpact and |ight apparatus and in view of its reliability. Al ong
wi th achi evenent of a photosensitive nenber with an extended life, a
photosensitive drumwi th a snaller di anetqg.and a high speed system
anti-sticking and 25 anti-filmng properties against a photosensitive
menber are strictly denmanded of the toner. Particularly, an anorphous
silicon photosensitive nmenber recently - 9-

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
S resin components having molecular weights of at most
5000 and at least 5x10% may be respectively obtained.
The binder resin of the present invention is
characterized by containing below 15 %,, preferably 2 -
14 %, further preferably 3 - 13 %, of a resin component
10 having a molecular weight of at most 5000 in ggrms of
molecular weight distribution based on the GPC
chromatogram, whereby the resultant toner is provided
with an improved anti-blocking characteristic, ffeeness
from melt-sticking onto a pulverizer inner wall during
15 production, freeness from melt-sticking or filming onto
a toner-carrying member or a photosensitive member, and
an improved storability. )
Further, the toner binder resin prevents
excessive pulverization to suppress occurrence of
20 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
25 of at most 5000 is liable to have a glass transition
point (Tg) showing a noticeable molecular weight-

dependence. Accordingly, 1f the resin component is
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devel oped has a high durability and an OPC (organi c photoconductor)
photosensitive nmenber is also provided with an extended life, so that
hi gher perfornmances are required of the toner accordingly. 5 : In
order to provide a conpact apparatus, it is necessary'to adequately dispose
various parts in narrow space. Accordinghg-little space is left for
passing cooling air and a heat-generating source such as a fixer is
di sposed closer to a toner hopper and a 10 cleaner, so that the toner
tends to be exposed to a high tenperature atnosphere. For this reason, a
t oner cannot beoptadniedaliny audadgenipespoarttiltas, dheeclbdiaderamessibl aski ng
characteristic. In order to solve the above-nentioned

caused to show a thermal behavior as if it has a lower

Tg than its ordinarily measured Tg and thus fails to

fulfil the performance expected by the Tg.

s - For example, in a high-speed system in which
the cleaning part on a photosen51t1ve member evolves
much heat of friction, the melt-sticking and filming of
the toner is liable to occur. Further, in case when
the toner is continuously produced for a long time,

10 melt-sticking of the pulverization product can occur
inside the pulverizer. Further, the toner is liable to
cause agglomeration in a toner container during the
storage or transportation thereof. This is because the
anti-blocking characteristic of the toner becomes

15 inferior when the resin component having a molecular
weight of at most 5000 is contained in a large
proportion, and the .toner receives a considerable
weight of the toner per se when it stands in a large
toner container as large as a capacity of 1 kg.’

20 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

25 a toner to result in much ultra-fine powder and a lower

classification efficiency leading to a lower

productivity, if it is contained excessively. A toner
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15 problems, our research group has proposed the use of a special resin
whi ch has been prepared by adding a | ow nol ecul ar wei ght resin during
suspensi on pol ymerization (JP-A 63-223662). Even a toner prepared according
to this proposal cannot show a sufficient fixability when 20 wused in a
hi gh- speed copyi ng machine operated at azpigh speed of 80 or nore Ad-size
sheets/mnute and is found to cause a toner flowout through a cleaning
menber abutted to the fixing roller, thus being liable to stain the
transfer material such as paper. 25 In a high-speed nmachi ne
exceedi ng 80 sbestaining éusufficaentliselassifiedpaltgheeinkSpyeders!ight,
a consi derabl e anmount of offset residue can be
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
5 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.
On the other hand, such a resin component
10 having a molecular weight of at most 5000 has been used
hitherto in order to improve the pulverizability
required for toner production and assist the
improvement in toner fixability by partially lowering
the toner viscosity. Accordingly, such a component can
15 Dbe contained and such effects can be expected if it is
contained in at least 2 %.
The toner binder resin used in the present
invention is characterized by containing a resin
component having a molecular weight of at least 5x10°
20 in a proportion of at least 5 %, preferably 7 - 30 &,
particularly preferably 8 - 25 %. The resin component
having a molecular weight of at least 5x1 0% shows .
excellent releasability and appropriately suppresses
the fluidity of the toner at a high temperature, so
25 that the component effectively functions to improve the

anti-offset characteristic and prevents the toner

flowout from the fixer cleaning member. A conventional
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REPLACEMENT SHEET 0 3 MAR 1997 accunul ated on the fixing roller due to a
| arge number of sheets passing therethrough, so that-the fixing apparatus
can cause a trouble thereby. In order to renove the slight anount of offset
residue, a fixer 5 cl eani ng menber such as a silicone rubber-nade
cleaning roller or a web is disposed abutitrg to the fixing roller. A
conventional toner binder resin has been designed so as to provide a
| ow-tenperature fixability and an anti-offset characteristic and has not
been 10 desired so as to provide a high nelt-viscosity even at
toner contains little of the component so that it fails
to effectively prevent the toner flowout.
If the resin component having a molecular
weight of at least 5x10® is below 5 %, the toner
5 flowout-prevention characteristic is liable to be
insufficient. In excess of 30 %, 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
10 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
15 dispersed in toluene because of a dense crosslinked
network structure or large molecular weight) so as to
provide the toner with a rubber elasticity. The THF-
soluble resin component having a molecular weight of at
least 5x10% used in the present invention has a larger
20 crosslinked network structure and less crosslinkage
than such a gel component, 56 that the polymer
molecules are in a rather mobile state and do not
excessively resist the deformation of the toner or
hinder the fixation.

25 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 %. ST e
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as high a tenperature as exceeding 200 [err]C. Further, the toner materi al
attached to the fixer cleaning nenber renmains for a |long period at a set
tenperature of the fixing roller to cause a lowering in nelt 15 .
viscosity. As a result, when the fixing roller tenperature exceeds 200
[err]C due to overshooting in excess of e set tenperature thereof, e.g.,
at the tinme of turning on the copying apparatus; the attached toner

mat eri al causes a renarkabl e decrease in nelt 20 viscosity and is thus
re-transferred to the fixing roller to stain the toner inmage-receivVving

sheet. JP-A 1-172843 an@héPcOmpohbati4nd1e sPinelezad aroRRighehireibayve
peaks in nol ecul ar wei ght ranges of 3x103 - 5x103 and 1.5x105 - 2.0x1 06

and have a pealfunctions as a component effective for improving the
anti-offset characteristic resisting a high-temperature
offset (toner sticking onto fixing rollers at a high
5 temperature) but shows little effect of preventing the
toner flowout even if it is contained in a larger
amount., On the other hand, the above-mentioned
component having a molecular weight of at least 5x10°8
is essential and shows a large effect for preventing
10 the toner flowout. N
Thus, the component in the molecular weight
range of 10° to 5x106 is not a component for improving
the fixability nor is it a component for preventihg the
toner flowout. Accordingly, the component need not be
15 contained in a large proportion.
The resin component having a molecular weight
in the range of 102 to 5x106 principally functions a; a
component linking a medium molecular weight component
and the ultra-high molecular weight component having a -
20 molecular weight of at least 5x106 and functions to
uniformize the anti-offset component and the fixing
componént 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. For this reason,
25 it is preferred th;t the resin component in this
molecular weight range is contained in a proportion of

10 - 30 2. 1In a conventional toner, the component
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25 area percentage of 40 - 60 %in a nolecular weight region of 1.5x105 -
2x1 06 or a gel content of 1 - 10 % These toners are actually satisfactory
for | ow speed or -11- medi um speed apparatus but do not fully satisfy
anti- offset characteristic or fixability required in a high- speed
apparatus. As has been described above, warious 5 performances required of
a toner are nutually contradictory in many cases, and it has been al so
required to satisfy themin conbination at high | evels

having a molecular weight of 103 to 5x10® has been used
to provide an anti-offset characteristic. The component
is actually effective for preventing offset but does
not effectively work for preventing the toner flowout.
5 The binder resin of the present invention is
. characterized by showing a main peak (the highest peak)
in a molecula£ weight region of 5000 to 105,
particularly in a region of 104 to_5xi04.
In case where there are several peaks, it is
10 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
15 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
20 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
25 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 10° may preferably
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In recent years. 10 SUMVARY OF THE | NVENTI ON An object of the present

I nvention is to provide a toner having solved the above-nenti oned probl ens
and a process for production thereof. An object of the present invention is
to 15 provide a toner which can be fixed at a | ow tenperature and does not
cause toner flowout froma fixer cleani n@4eenber, and a process for
production thereof. An object of the present invention is to provide a
toner which can be fixed at a | ow tenperature 20 and does not cause
melt-sticking or filmng onto a toner-carrying nenber or a photosensitive
menber even inhe aptadaedd igy @t @nopantipmafcads Ye@asréft fot ifowrther

preferably at least 45 %. It is also a preferred mode
that a single peak in this region is present in the
region of 104 to 5x104.

5 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
weight of at most 5000 being 15 § or more are
encountered. If the main peak is present at a.

10 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.

15 A characteristic of the binder resin of the
toner according to the presént invention is that it has
a weight-average molecular weight (Mw) of at least .
5x106, preferably 6x108 - 2x107, as calculated based on
its GPC chromatogram. If the Mw is at least 5x10°, the |

20 molecular weight distribution covering the high—
molecular weight region to the ultra high-molecular
weight region is smoothly connected, and a resin
component having a molecular weight of at least 5x106
effective for offset prevention is contained in a

25 sufficient amount and in a sufficiently broad range.

The Mw of at least Sx106 means not that a resin

component having a molecular weight amount 5x108 is
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thereof. An object of the present invention is to 25 provide a toner
excel l ent in successive copying characteristic on a | arge nunber of sheets,
and a process for production thereof. REPLACEMENT SHEET 0 3 MAR 1997 An
obj ect of the present invention is to provide a toner which can be fixed at
a low tenperature and is excellent in aabisbl ocking characteristic, thus
being able to be adequately used in a high tenperature

contained in a large proportion but that a resin
component having a molecular weight in excess thereof
is contained in a broad distribution. In other words,
the GPC chromatogram shows not a high peak but shows a
5 -broad distribution around a molecular weight of 5x106
or above. As a result, an effective amount of a resin
component functioning to connect with the other resin
component is .contained, so that the internal additives
to the toner can be well dispersed. An Mw of below
10 5x10% can ?esult in an insufficient anti-offset
characteristic. On the other hand, an Mw exceeding
2x107 can cause a failure of toner fixation or
dispersion of internal additives. It is further
preferred that the binder resin has a number-average
15 molecular weight (Mn) of at most 4x104, more preferably
at most 3x104, particularly preferably 2.5x104, as
calculated based on the GPC chromatogram, in order té
contain effective amounts of fixability-enhancing
component and pulvérizability-improving component. So
20 as to contain the above-mentioned respective components
in a good balance and have the respective components
effectively show their functions, the binder resin may
preferably have a broad molecular weight distribution
as represented by an Mw/Mn ratio of above 125, more
25 preferably at least 170.
The binder resin may preferably contain an

ultra-high molecular weight component having a function
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5 atnosphere of a small-size apparatus, and a process for production
thereof. An object of the present invention is to provide a toner which can
be fixed at a |ow tenperature and can be produced effectively and
continuously 10 without causing melt-sticking of pulverization product onto
an inside wall of a pulverization apparatgg- An object of ‘the present
invention is to provide a toner which results in little coarse powder at
the tinme of producing toner particles because of 15 good pul verizability
and causes little scattering around a toner inmage during devel opment, thus
bei ng capabl e opfstabey flovputng Bouodthésecpoappdsepngbe, binden pesitmss for.
production thereof.
may preferably have a Z-average molecular weight (Mz)
of at least 2x107 also based on the GPC chromatogram.
In order that the ultra-high molecular weight component
5 1is contained in a good balance, the binder resin may
preferably a Z-average molecular weight/ﬁeight-average
molecular weight (Mz/Mw) ratio of at most 40, further
preferably 5 - 30. In case where the Mz/Mw ratio
exceeds 40, the ultra-high molecular weight component
10 is contained but the proportion thereof is rather
decreased, thus being liable to fail to show a
sufficient effect of preventing toner flowout. On the
- other hand, if the crosslinked component removed by
filtering for GPC sample preparation is increaséd, a
15 sufficient fixability is liable to be impaired. If the
Mz/Mw ratio is below 5, the THF-soluble content of the
binder resin fails to show a sufficient broadness in
the ultra-high molecular weight side, so that the
balance between the toner flowout preventing effect and
20 the toner fixability can be impaired.

The average molecular weights Mn, Mw and Mz
referred to herein are based on GPC chroﬁatograms
obtained by GPC using a sample at a resin concentration
of about 5 mg/ml in a high-speed liquid chromatograph

25 ("150C", available from Waters Co.) and a combination

of columns ("Shodex GPC KF-801, 802, 803, 804, 805,

806, 807 and 800P", available from Showa Denko K.K.}.
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An object of the present invention is to 20 provide a toner which can be
produced with good pulverizability but w thout being acconpanied with
ultra-fine powder due to over-pulverization and thus can stably four good
devel oped i mages, and a process for production thereof. 25 - An

obj ect of the present invention is to prgyide a toner which can be produced
t hrough efficient pulverization and classification w thout occurrence of
REPLACEMENT SHEET 0 3 MAR 1997

The integration for calculation of Mn, Mw and Mz was
performed, e.g., at a retention time increment of about
0.3 min.
The binder resin used in the present invention

5 may preferably have 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, more
preferably 5 - 70 mgKOH/g. Because of its acid value,
the binder resin provides a toner with an increased

10 releasability with respect to the fixing rollerf. If
‘the acid value is below 2 mgKOH/g, it is difficult to
cause re-crosslinking as described hereinafter
sufficiently. If the acid value exceeds 100 mgKOH/g,
it becomes difficult to effect the toner charge

15 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

20 acid value attributable to the acid anhydride group
exceeds 10 mgKOH/g, vigorous ie-crosslinking is caused
at the time of kneading to be liable to result in
excessive crosslinkage and deterioration in fixability
due to hindrance of movement of polymer molecule

25 chains. Further, the control of the crosslinking
degree in the binder rgsin becomes difficult., This is

because the acid anhydride group is richer in
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-13- coarse powder and ultra-fine powder and thus shows a good
productivity. A further object of the present invention is.to provide a
toner which is excellent in anti-blocking 5 characteristic and free from
aggl oneration in circulation and storage, thus being excellent in
storability, and a process for productiopglhereof. According to the present
I nvention, there is provided a toner for devel oping an el ectrostatic i mge,
10 conprising: a binder resin and a colorant, wherein the binder resin
shows a nol ecul ar wei ght distribution on a GPC chromat ogram of its
t et rahydr of ur areddtiyitpl thare thesi otkent acidi gcoupgsng bel ow 15 % of a resin
component 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
5 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 toner flowout-prevention
characteristic and fixability of the toner through
10 moderate suppressing fluidity of toner at a hiqy
temperature. If the acid anhyde group 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
15 observed on a GPC chromatogram, .
In order to obtain a vinyl polymer having an
acid anhydride group, the following methods for examﬁle
may be used in addition to a conventional
polymerization process using an acid anhydride monomer.
20 In solution polymerization using a monomer, such as a
dicarboxylic acid or a dicarboxylic acid mondester, it
is possible to convert a part of the dicarboxylic acid
groupé or dicarboxylic acid monoester groups in the
resultant vinyl (co)polymer into anhydride groups by
25 adjusting the conditions for distilling off the solvent

after the polymerization. It is also possible to

convert such dicarboxylic acid groups and dicarboxylic
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in a nol ecul ar wei ght region of at nost 5000 and at 15 least 5 wt. % of a
resin conponent in a nolecular weight region of at | east 5x106 and show ng
a main peak in a nol ecul ar weight region of 5000 to 105. According to
anot her aspect of the present invention, there is provided a process for
produci ng a 20 toner, conprising: mXxinggresin conposition, a colorant
and an organic netal conpound to obtain a m xture, the resin conposition
containing a crosslinkage formed with a crosslinking agent having at | east
two vinyl groups and 25 a carboxyl group; heating said m xture;
mel t - kneadi ng tElecddhawnsestiert gnoups limto 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

5 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.

10 On the other hand, dicarboxylic acid Qonoester
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

15 dicarboxylic acid groups by hydrolysis. If such a
vinyl copolymer obtained by bulk polymerization or
solution polymerization is dissolved in a vinyl mono&er
and the resultant mixture is subjected to suspension
polymerization or emulsion polymerization, a part of

20 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

25 anhydrization, ring-opening or esterification.

A vinyl monomer having a dicarboxylic acid

grodp and a vinyl monomer having a dicarboxylic
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-14- exerting a shearing force to the mxture, so as to sever nol ecul ar
chai ns of a high nol ecul ar wei ght conponent in the resin conposition under
the action of the shearing force and forman electrostatic |inkage 5

bet ween the carboxylic group and the organic netal conpound or a netal ion
in the organic nmetal conpound under heatify cooling the resultant kneaded
product; pulverizing the cool ed kneaded product; and 10

classifying the resultant pulverized product

anhydride group have a strong tendency to fbrm an
alternating copolymer. For this reason, in order to
obtain a vinyl copolymer containing functional groups,
such as anhydride groups or dicarboxylic acid groups,
5 at random therein, it is possible to adopt as a
suitable one a polymerization method us%ng a
dicarboxylic acid monoester. A bindé; resin obtained
through polymerization using a dicarboxylic acid
monoester contains carbonyl groups, anhydride group
10 and/or dicarboxylic acid groups therein so thag a
uniform crosslinking can be caused therein.
The formation or extinction of an
anhydride group in a polymer may be confirmed by an IR
analysis because an anhydride group provides an IR
15 absorption peak which has been shifted from those of
the corresponding acid group and ester group toward a
higher wave number side. -
The acid value attributable to an acid
anhydride group may for example be measure by combining
20 the JIS acid value measurement and the acid value
measurement through hydrolysis (total acid wvalue
measurement).
For example, the JIS acid value measurement
provides an acid value of an acid anhydride which is
25 about 50 % of the theoretical value (based on an
assumption that a mol of an acid anhydride provides an

acid value identical to the corresponding dicarboxylic
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to obtain a toner; said toner conprising binder resin and a col orant;
wherein the binder resin shows a nmol ecul ar weight distribution on .a GPC
chromatogram of its 15 tetrahydrofuran (THF)-sol uble resin content,
including below 15 % of a resin conponent in a nolecular wei ght region of
at nost 5000 and at least 5 w. %of a regin conmponent in a nol ecul ar
wei ght region of at |east 5X106 and showing a main peak in a nolecul ar
wei ght 20 region of 5000 to [err]. These and ot her objects, features and
advant ages of the present invention will becone nore apparent upon a
consi deration ofci@dd.followi ng description of the preferred enbodi nents of.
t he present
On the other hand, the total acid value
measurement provides an acid value which is almost
identical to the theoretical value. Accordingly, the
5 - 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 obtained by doubling the
difference between the total acid value and the JIS
10 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
placed in a 200 to 300 ml-Erlenmeyer flask, and an
15 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 sélution with
20 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,
25 wherein N denotes the factor of the N/10 KOH/alcohol

solution.

The total acid value of a binder resin used
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25 invention taken in conjunction with the acconpanying draw ngs. - 15-
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a GPC (gel permeation
chromat ogr aphy) chromat ogram of a resin conposition A Figure 2 is a GPC
chromat ogram of a resin 5 conposition obtained by kneading the resin
conposition A. Figure 3 is a GPC chromatoggyam of a resin conposition
obt ai ned by kneadi ng the resin conposition

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
dimethylaminopyridine and 3.5 ml of water are added

5 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).

10 The above-mentioned 1/10 N-KOH solutiqp 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.
After standing, a uniform clear solution is formed, if

15 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-HC1l standard solution.

20 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

25 polymerization, suspension polymerization, emulsion
polymerization; block copolymerization or graft

polymerization. —_— Cee
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A and an organic netal conpound. 10 DETAILED DESCRI PTI ON OF THE | NVENTI ON
First of all, the binder resin used in the toner of the present invention
wi Il be described. The nol ecul ar wei ght distribution of the THF 15 _
(tetrahydrofuran)-sol uble content of a binder resin or other resins used in
the present invention nmay be neasured bas on a chromat ogram obt ai ned by
GPC (gel perneation chromatography) in the foll owi ng manner. A GPC sanpl e
is prepared as follows. 20 A resinous sanple is placed in THF and
| eft standing for several hours (e.g., 5 - 6 hours). Then, the mxture is

sufficiently shaked untiThén) Utile polymer or copolymer (A-1) is
dissolved in a polymerizable monomer mixture containing
0.5 - 20 wt. &, preferably 1t - 15 wt. %, of a carboxyl
group-containing vinyl monomer, followed by suspension

5 polymerization to prepare a polymer or copolymer

composition (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).

10 The composition (B-1) is melt-kneaded,pogether
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
crosslinkea polymer portion in the resin and cause a

15 reaction with the metal-containing compound for re-
crosslinking to provide a molecular weight distribution
characteristic to the present invegtion. This proces;
may be performed simultaneously at the time of tgner
production and thus the melt-kneading can be performed

20 in the presence of a magnetic material or colorant. It
is possible to effectively céuse the re-crosslinking
under the action of a heat evolved due to the severance
of the polymer network.

As an alternative method for preparing a

25 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

||iiiii|‘|‘iiilfnT|“|||T““




of the resinous sanpl e disappears and then further left standing for nore
than 12 hours (e.g., 24 hours) at 25 roomtenperature. In this instance,

total tinme of fromthe mxing of the sanple with THF to the conpl etion of
the standing in THF is taken for at | east -16- 24 hours (e.g., 24 -

hours). Thereafter,

filter having a pore size of 0.45 - 0.5 mcron (e.g., "Mishoridisk

H-25-5", available from Toso K. K. ; and 5 "Eki kurodi sk 25CR', avail abl e

fron1GErnan Sci ence Japan

10

15

20

in the 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 - 10° by solution polymerization, bulk
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 or
copolymer (B-3) having a carboxyl group or a carbbxyl
derivative group and comprising a principal component
in the molecular weight region of at least 105 obtained
by solution polymerization, 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-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 -~ 5x104, it is also a preferred mode that the

polymers or copolymers are prepared so as to have peaks

i
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the m xture is caused4to pass through a sanple treating



K.K') to recover the filtrate as a GPC sanple. The sanple concentration is
adjusted to provide a resin concentration within the range of 0.5 - 5

ng/ M. The binder resin contained in the toner of the 10 present i.nvention
may preferably have a THF-insoluble resin content, as recovered by the
above filter treatnment, of at nost 10 W _38p further preferably at nost 5
wt. % nost preferably substantially zero, as neasured at a concentration of
5 mg/mM at room 15 tenperature, so as to exhibit the effect of the present
invention. In the GPC apparatus, a colum is stabilized in a heat chamnber
at 40 [err]C teveabigpohyr aach T6Ehesol vent is caused to flow through the

colum at that

Incidentally, within an extent not adversely
affecting the present invention, the polymer(s) or
copolymer(s) thus prepared can be mixed with another

5 resin such as,vinyl resin, polyester, polyurethane,
epoxy resin, polyamide, polyvinyl butyral, rosin,
modified rosin, terpene resin, phenolic resin,
aliphatic or alicyclic hydrocarbon resin, aromatic
petroleum resin, haloparaffin or'paraffin wax.

10 It is also preferred to have the polyger or
copolymer (A-1) and/or the polymer or copolymer (A-2)
contain a carboxyl group or a dérivative group thereof.

The polymer or copolymer(s) used in the
present invention may assume a block copolymer or a

15 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

20 difficulty that the reaction control is difficult. 1In
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

25 selecting the polymerization initiator or the reaction
temperature. Accordingly, the solution polymerization

is preferred for preparation of a low-molecular weight
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20 tenperature at a rate of 1 m/mn., and about 100 pl of a GPC sanple
solution is injected. The identification of sanple nolecular weight and its
nol ecul ar wei ght distribution is perfornmed based on a calibration curve
obt ai ned by using several nonodi sperse pol ystyrene 25 sanples and having a
| ogarithm c scale of nolecular weight verLggs count nunber. The standard

pol ystyrene sanples for preparation of a calibration curve may be -17-

t hose having nol ecul ar weights in the range of about 102 to 107 avail abl e
from e.g., Toso K K or Showa

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,

5 cumene, cellosolve acetate, isopropyl alcphol,_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

10 initiator may for example include: di-tert-bugyl
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 wt. parts, per

15 100 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 butw
may suitably be in the range of 70 - 230 °C. 1In the
solution polymerization, it is preferred to use 30 -

20 400 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-

25 molecular weight polymer component, the emulsion

polymerization or suspension polymerization may

preferably be adopted. L
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Denko K. K. It is appropriate to use at |east 10 standard pol ystyrene

sanpl es. The detector may be an 5 Rl (refractive index) detector. For
accurate measurenent, it is appropriate to constitute the colum as a

conmbi nati on of several commercially- avail abl e polystyrene gel colums. A
preferred exanpl e thereof may be a. conpg ation of Shodex KF-801, 802, 803,
804, 10 805, 806, 807 and 800P; or a conbination of TSK gel GLOOOH [err],
G2000H [err] G3000H [err] G4000H [err] G5000H (HXL), G6000H [err] Gr000H
[err] and TSK guardcol um avail able from Toso K K. The contents of a

conponent having a nol egfll elhedd, IR Phé E&huDHDEN OpoDEhOVE 24l Gn CONPoOnent
havi ng a nol ecul ar wei ght of 5x106 or above on a GPC
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

5 -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)

10 constitute a separate phase from the agueous phgse. 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

15 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.

20 ' 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
in order to recover the product polymer. The

25 suspension polymerization is more convenient in this
respect.

On the other hand, in the suspension
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chromat ogram neasured by cal culating ratios of the integrated val ues of a
nol ecul ar wei ght regi on of 5000 or bel ow and a nol ecul ar wei ght regi on of
5x106 or 20 above, respectively, to the integrated value of the entire

nol ecul ar wei ght region of a sanple resin. Alternatively, it is possible to
measure the content of a conponent havingsg_nol ecul ar wei ght of 5000 or
bel ow (or 5x10[err] or above) by cutting out a GPC chromatogram 25 of the
correspondi ng nol ecul ar weight region and a calculating a ratio of the

wei ght thereof to that of a GPC chromatogram covering the entire nol ecul ar
wei ght 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
S 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
10 Dbe performed by using at most 100 wt. parts, p{eferably
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
15 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 bf the .
amount of the monomer relative to the aqueous medium.
The polymerization temperature may suitably be in the
20 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
25 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

"l




REPLACEMENT SHEET -18- 0 3 MAR 1997 region. Mre specifically, for exanple,
by measuring the areal or weight proportion of hatched portions in GPC
chromat ogram shown in Figures 1 - 3, the content of 5 resin conponents
havi ng nol ecul ar wei ghts of at nobst 5000 and at | east 5x10[err] nay be
respectively obtained. The binder resin ofgthe present invention is
characterized by containing below 15 %, preferably 2 - 14 % further
preferably 3 - 13 % of a resin conponent 10 having a nol ecul ar wei ght of
at nost 5000 in terns of nolecular weight distribution based on the GPC
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-
5 dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene,
p-n-butylstyrene, p-tert-butylstyrene, p-n-
hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p-n-
decylstyrene, and p-n-dodecylstyrene; ethylenically
unsaturated monoolefins, such as ethylene, propylene,

10 Dbutylene, and isobutylene; unsaturated polyenes, such
as butadiene; halogenated vinyls, such as vinyi
chloride, vinylidene chloride, vinyl bromide, and vinyl
fluoride; vinyl esters, such as vinyl acetate, vinyl
propionate, and vinyl benzoate; methacrylates, such as '

15 methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylafe, isobutyl
methacrylate, n-octyl methacrylate, dodecyl
methacrylate, 2-ethylhexyl methacryiate, stearyl
methacrylate, phenyl methacrylate, dimethylaminoethyl

20 methacrylate, and diethylaminoethyl methacrylafe;
acrylates, such as methyl acfylate, ethyl acrylate,
n-butyl acrylate, isobutyl acrylate, propyl acrylate,
n-octyl acrylate, dodecyl acrylate, é—ethylhexyl
acrylate, stearyl acrylate, 2-chloroethyl acrylate, and

25 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
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chromat ogram whereby the resultant toner is provided with an inproved
anti - bl ocki ng characteristic, freeness fromnelt-sticking onto a pulveri zer
inner wall during 15 production, freeness fromnelt-sticking or filmng
onto a toner-carrying nmenber or a photosensitive nenber, and an i nproved
storability. Further, the toner binder rgg_n prevents excessive

pul veri zation to suppress occurrence of 20 ultra-fine powler and coarse
powder -and i ncrease the production efficiency at the tine of toner
production, and further provides a toner show ng good devel opi ng

characteri sti cketone,eand aethyleiisopropenyd Kelteomd;aN-wdngll 25 of at nost

5000 is liable to have a glass transition
compounds, such as N-vinylpyrrole, N-vinylcarbazole,
N-vinylindole, and N-vihyl pyrrolidone; vinyl-
naphthalenes; acrylic acid derivatives or methacrylic

5 acid derivatives, such as acrylonitrile, methacryro-

nitrile, and acrylamide; the esters of the above-~
mentioned O,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.

10 Among these, a combination of monomers
providing styrene-type copolymers and styrene-acrylic
type copolymers may be particularly preferred.

Examples of the carboxyl group-containing
vinyl monomer or carboxyl derivative group-containing.

15 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,

20 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

25 alkenylsuccinate, monomethyl fumarate, and monomethyl

mesaconate; and unsaturated dibasic acid esters, such

as dimethyl maleate and dimethyl fumarate. Further,
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point (Tg) showi ng a noticeabl e nol ecul ar wei ght- dependence. Accordingly,
I f the resin conponent is -19- contained in a large proportion, th

bi nder resin is caused to show a thermal. behavior as i.f it has a | ower Tg
than its ordinarily neasured Tg and thus fails to fulfil the performance
expected by the Tg. 5 For exam#le; in a high-speed systemin

whi ch the cleaning part on a photosensitive nenber evol ves nmuch heat of
friction, the nmelt-sticking and filmng of the toner is liable to occur

Further, in case when .
é%ere may also be used: ¢,8-unsaturated acids, such as

acrylic acid, methacrylic acid, crotonic acid, and
cinnamic acid; ¢,8-unsaturated acid anhydrides, such as
crotonic anhydride and cinnamic anhydride; anhydes

5 between such 0,S-unsaturated acids and lower fatty
acids; alkenylmalonic acid, alkenylglutaric acid,
alkenyladipic acid, and anhydrides and monoesters of
these acids.

Among the above, it is particularly preferred

10 to use monoesters of (Y,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

15 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.

20 Aromatic 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

25 diacrylate, 1,6-hexanediol diacrylate, and neopentyl ’
glycol diacrylate, and compounds obtained by

substituting methacrylate groups for the acrylate
methacryrat®.
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the toner is continuously produced for a long tine, 10 nelt-sticking of

t he pul verization product can occur inside the pulverizer. Further, the
toner is liable to cause aggloneration in a toner container during the
storage or transportation thereof. This is because the anti-bl ocking
characteristic of the toner becones 15 -#@fterior when the resin conponent
havi ng a nol ecul ar wei ght of at nost 5000 is contained in a | arge
proportion, and the toner receives a considerable weight of the toner per
se when it stands in a large toner container as |large as a capacity of 1
kg. 20 groyps Afsithecahp¥acrompRavnfs; adﬁ’l‘ﬁp@USP&P femgeaunds at nost-

5000 has a function of prqviding a nelt- kneaded product with a
particul arly iﬁﬁ?B?gﬁed with an"alkyl chain including an ether bond,

such as diethylene glycol diacrylate, triethylene
glycol diacrylate, tetraethylene glycol diacrylate,

5 polyethylene glycol #400 diacrylate, polyethylene
glycol #600 diacrylate, dipropylene glycol diacrylate
and compounds obtained by substituting methacrylate
groups for the acrylate groups in the above compounds;
diacrylate compounds connected with a chain including

10 an aromatic group and an ether bond, such as
polyoxyethylene(2)-2,2-bis{4-hydroxyphenyl)propanedi-
acrylate, polyoxyethylene(4)-2,2-bi§(4-hydroxyphenyl)-
propanediacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate

15 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, trimethylethane

20 triacrylate, tetramethylolmethane tetracrylate,
oligoester acryiate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; triallyl cyanurate and
triallyl trimellitate.

25 These crosslinking agents may preferably be

used in a proportion of about 0.01 - S5 wt. parts,
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pul verizability at the tine of toner production but provides an excessive
pul verizability in production of 25 a toner to result in nmuch ultra-fine
powder and a | ower classification efficiency leading to a | ower
productivity, if it is contained excessively. A toner -20- containing
insufficiently classified ultra-fine powlgs-is caused to have a gradually
I ncreased content of such ultra-fine powder through repetition of toner
repl eni shnent, and the increased ultra-fine powder is 5 attached to a
triboelectric toner-chargi ng nenber due
parts of the other vinyl monomer components.
Among the above-mentioned crosslinking
monomers, aromatic divinyl compounds {particularly,
divinylbenzene) and diacrylate compounds connected
S . with a chain including an aromatic group and an
ether bond may suitably be used in a toner resin in
view of fixing characteristic and anti-offset
characteristic.
The metal-containing compound reactive with

10 the resin component in the present invention mey be
those containing metal ions as follows: divalent metal
ions, such as Ba?*, Mg+, ca?*, Hg2*, sn2*, Pb2*, Fe2*,
co?+, Ni2* and zn?*; and trivalent ions, such as Al3*,
sc3*, re3*, ce3*, Ni3*, cr3* and Y3+,

15 Among the above metal compounds, organic metal
cdmpounds 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.

20 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 fhe
organic compounds forming coordinate bonds or ion pairs

25 with metal ions, examples of those having the above
property may include: salicylic acid; salicylic acid

derivatives, such as salicylamide, salicylamine,

This Sheet Has Been Reilaced

[




to an electrostatic force to hinder the triboelectric charging of the
toner, thus causing a lowering in inmage density and fog. On the ot her hand,
such a resin conmponent 10 having a nolecul ar weight of at nost 5000 has
been used hitherto in order to inprove the pulverizability required for
toner production and assist the inprovemggt in toner fixabpility by
partially lowering the toner viscosity. Accordingly, such a conponent can
15 be contained and such effects can be expected if it is contained in at
| east 2 % The toner binder resin used in the present invention is
characteri zed splicylaldenyde, aailioylosaldelyliayiacdds wadeddl-gereei ght of
at |l east 5x10[err]

butylsalicylic acid; @-diketones, such as acetylacetone

and propionylacetone; and low-molecular weight
carboxylic acid salts, such as acetate and propionate.
5 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 {I]:

10 [X] [Ar-N = N-Ar] ©
/ -
x| v
\1/
M
/4\
Yy | x*
\
|Ar-N = N-ar] 29,

15 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 Fé; Ar
denotes an aryl group, such as phenyl or maphthyl,
capable of having a substituent, examples of which may

20 include: nitro, halogen, carboxyi; anilide, and alkyl
and alkoxy having 1 - 18 carbon atoms; X, X', Y and Y'
independently denote -0-, -CO-, -NH-, or -NR- (wherein
R denotes an alkyl having 1 - 4 carbon atoms; and S
denotes hydrogen, sodium, potassium, ammonium or

25 aliphatic ammonium.

Specific examples of this type of complexes

may include the following: e T
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20 in a proportion of at least 5 % preferably 7 - 30 % particularly
preferably 8 - 25 % The resin conponent having a nol ecul ar wei ght of at

| east 5x106 shows excellent releasability and_appropriately suppresses the
fluidity of the toner at a high tenperature, so 25 that the conponent
effectively functions to inprove the anti-offgset characteristic and
prevents the toner flowout fromthe fixer cleanlng menber. A conventi onal
-21- toner contains little of the conponent so that it fails to effectively
prevent the toner flowout.

Comp;l.ex_[I] -1 @ \ e
O
L&
o (o]
S n- 5
@ H
<:> NH .
\ /
Complex (1] —2
' (cr e
Qe
O 8
Y
>Cr/
o A_\O
N= ‘.Q
ce| He
\ /
Complex[ 1] —3 ¢ . N e
O O
\N'/

(O)— N=N NO .
©)
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If the resin conponent having a nol ecul ar weight of at |east 5x106 is bel ow
5 % the toner 5 fl owout-prevention characteristic is liable to be .
insufficient. In excess of 30 % the toner cannot be readily deformed on
nmelting to disfavor the fixing, and also the conponent in a suitable

nol ecul ar weight region for fixing is redgtively decreased to again 10

di sfavor the inprovenent in fixability. As a conventi onal technique, it has
been known to incorporate in a binder resin a gel conponent (i. a
conponent whi ch cannot pass a screen of 80 mesh or 200 nesh mhen the bi nder
resin is dissolved or 15 dispersed in toluene because of a dense

crosslinked network structure or | ar ge nol ecul ar melght) so as to
Complex [I] —4 e

@H\j"@

Complex [I] —§ ( Y e

C<H, CHs | H®

Complex [I] —6 N

{1, ).

e
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provide the toner with a rubber elasticity. The THF- soluble resin
conmponent having a nol ecul ar weight of at |east 5xlO[err] used in the
present invention has a larger 20 crosslinked network structure and | ess
crosslinkage than such a gel conponent, so that the polymer nolecules are
in a rather nobile state and do not excesgyvely resist the deformation of
the toner or hinder the fixation. 25 It is preferred that a resin
conponent having a nol ecul ar weight in the range of 105 to 5x10[err] is at
nost 35 % particularly 10 - 30 %

Organic metal complexes represented by the following
formula [IX] impart a negative chargeability and may be

used@ as the organic metal compound in the present

invention.
5 [rx1 H,0 i) 10
. z 0-C
/ AN
() \/M< (3)
ﬁ~o 2
. O  Hy0 Je

10 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 having a substituent, such as aﬂ

15 -
X—{éiﬁéﬂéi{ (X denotes hydrogen, halogen, alkyl or nitro),
Howoe

! L0

20 : R
(R denotes hydrogen, Ci - C8 alkyl or Cq4 - Ci8
alkenyl}; 4 denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and
Z denotes -0- or -C0<0-.

25 The above organic metal compounds may be uséd

singly or in combination of two or more species.

The addition amount of the organic metal
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-22- The component in this nolecul ar weight region functions as a conponent
effective for inproving the anti-offset characteristic resisting a

hi gh-tenperature of fset (toner sticking onto fixing rollers at a high 5
tenperature) but shows little effect of preventing the toner flowout even
if it is contained in a larger amount. Q) he other hand, the

above- nenti oned conponent having a nol ecular wei ght of at |east 5x10[err]
is essential and shows a large effect for preventing 10 the toner fl owout.
Thus, the conponent in the nol ecul ar wei ght range of 105 to 5x10[err] is

Bfgvgnff’go?ﬁghoin%uh%r QY e Mordr Gt iloh d¥mdys B vagponent for
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

5 may generally be 0.1 - 10 wt. %, preferably 0.1 - 1 wt.
8, 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 provide a toﬂer 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 Dbe 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 or positive
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
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toner flowout. Accordingly, the conponent need not be 15 contained in a

| arge proportion. The resin conponent having a nol ecul ar weight in the
range of 105 to 5x106 principally functions as a conponent |inking a nmedium
mol ecul ar wei ght conponent and the ultra-high-nol ecul ar wei ght conponent
having a 20 mol ecul ar wei ght of at |east ,x106 and functions to uniform ze
the anti-offset conponent and the fixing Conponent in the binder resin and
aid the dispersion of internal additives to the toner, such as a col orant
and a charge control agent in the toner. For this reason, 25 it is

preferred that geBerided awwn@aeug&ab@t%n@lwlarcdwmﬁed 2R | S
contained in a proportion of 10 - In a conventional toner, the
conponent 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 théir metal salts,
anhydrides and esters, and phenol derivatives, such as
bisphenols. Among the above, monoazo metal complexes
are preferred.
Examples of the positive charge control agents
10 may include: nigrosine and modified products thereof
with aliphatic acid metal salts, etc., onium salts
inclusive of quarternary ammonium salts, such as
tributylbenzylammonium 1-hydroxy-4-naphtholsulfonate
and tetrabutYlammonium tetrafluoroborate, and their
15 homologous inclusive of phosphonium salts, and lake
pigments thereof; triphenylmethane dyes and lake
pigments thereof (the laking agents including, e.g.,.
phosﬁhotungstic acid, phosphomolybdic aéid,
phosphotungsticmolybdic acid, tannic acid, lauric acid,
20 gallic acid, ferricyanates, and ferrocyanates); higher
‘aliphatic acid metal salts; diorganotin oxides, such as
dibutyltin oxide, dioctyltin oxide and dicyclohexyltin
oxide; and diorganotin borates, such as dibutyltin
borate, dioctyltin borate and dicyclohexyltin borate.
25 These may be used singly or in mixture of two or more
species. Among these, nigrosine compounds and

tetraammoniumm§al§; are particularly preferred,
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-23- having a nol ecul ar weight of 105 to 5x10[err] has been used to provide
an anti-offset characteristic. The conponent is actually effective for
preventing of fset but does not effectively work for preventing the toner
flowout. 5 The binder resin of the present invention is
characterized by show ng a nmai n peak (thg?@lghest peak) in a nol ecul ar

wei ght region of 5000 to [err] particularly in a region of [err] to [err].
In case where there are several peaks, it is 10 also preferred that a

sub- peak having a height which is

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.

5 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 50 - 400
mzlg, as measured by nitrogen adsorption according to
the BET method. The silica fine powder may be.added in

10 a proportion of 0.01 - 8 wt. parts, preferably 0.1 - 5
wt. parts, per 100 wt. parts of the toner.

For the purpose of being provided with

. hydrophobicity and/or conl?élied chargeability, éhe
silica fine powder may well have been treated with a

15 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.
It is also preferred to use two or more treating agents

20 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

25 abrasive, such as cerium oxide, silicon carbide or
strontium titanate, of which strontium titanate is

preferred; a flowability-imparting agent, such as
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a half or nore of that of the main peak is in the nolecul ar wei ght range of
5000 - [err]. A conponent having a nol ecul ar wei ght of at nost 104
functions as a conponent for inproving the I5 pulverizability of a toner
material at the tinme of toner production, and the conponent in the

nmol ecul ar wei ght region of 5000 - 105 Iséﬁ conmponent for inproving the
fixability of the toner. In order to incorporate these conponents in 20 the
bi nder resin in a large proportion and in a good bal ance, the binder resin
is required to show a nain peak in the above-nentioned nol ecul ar wei ght -

{gg;?”mﬂ er?alr Q:I%.l;]t'ét%lrg OEdPTY MRt dided, WO ey i zability of the
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

5 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

10 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 |

15 roller fixation.

The toner 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

20 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 éurpose may be a
known one, examples of which may include: powder having

25 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
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25 production and also a good fixability of the toner. So as to be a
nmeasure conponent, the conponent in the nolecular weight region of 5000 to
105 may preferably -24- be contained in a proportion of at least 40 %
further preferably at least 45 % It is also a preferred node that a single
peak in this region is present in the reg% n of 104 to 5x104. 5

If the main peak is at a nol ecul ar wei gh bel ow 5000, the sane
difficulties as in the above- nentioned case of the conponent having a

nmol ecul ar

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

5 magnetic material can élso function as a colorant.
Examples of the magnetic material may include: iron
oxide, such as magnetite, hematite, and ferrite;
metals, such as iron, cobalt ahd nickel, and alloys of
these metals with other metals, such as aluminum,

10 cobalt, copper, lead, magnesium, tin, zinc, antimony,
beryllium, bismuth, cadmium, calcium, manganese,
selenium, titanium, tungsten and vanadium; and mixtures
of these materials.

The magnetic material may have an average

15 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

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

25 The toner according to the present invention

can contain a colorant which may be an appropriate

pigment or dye. —
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wei ght of at nobst 5000 being 15 % or nore are encountered. If the main peak
Is present at a. 10 nol ecul ar weight in excess of 105, it becones

i mpossible to attain a sufficient fixability and pul verizability. As the
nol ecul ar wei ght giving the nmain peak exceeds about 5x104, the

pul verizability of the toner material begiyns to be gradually lowered. 15

A characteristic of the binder resin of the toner according to the present
invention is that it has a wei ght-average nol ecul ar wei ght (My) of at |east
5x106, preferably 6x10[err] _ 2x107, as cal cul ated based on its GPC

chromatogram If the MvExamdlesea®t thel Qigmeht Ay EnRAWGR: \MIrddn

di stribution covering the high- nolecular weight region to the ultra

hi gh- nol ecul ar black, aniline black, acetylene black, Naphthol Yellow,
Hansa Yellow, Rhodamine Lake, Alizarin Lake, red iron
oxide, Phthalocyanine Blue, and Indanthrene Blue.

5 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. o

10 Examples of the dye may include: azo dyes,
anthragquinone 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 the binder resin,

15 The toner according to the present invention
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

20 material, and an optional charge 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

25 melting of the resinous materials and disperse or
dissolve the magnetic material, pigment or dye therein,

and cooling and solidifying the kneaded product,
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wei ght region is snoothly connected, and a resin conponent having a

nol ecul ar wei ght of at | east 5x106 effective for offset prevention is
contained in a 25 sufficient amount and in a sufficiently broad range. The
Mv of at | east 5x106 neans not that a resin conponent having a nol ecul ar
wei ght amount [err] is -25- contained 4y a |arge proportion but that a
resin conponent having a nol ecular weight 1 n excess thereof is contained in
a broad distribution. In other words, the GPC chromat ogram shows not a high
peak but shows a

followed by pulverization and classification.

The thus obtained toner may be further blended
with other externmal additives, as desired, sufficiently
by means of a mixer such as a Henschel mixer to provide

5 a developer for developing electrostatic images.

In the above-mentioned melt-kneading step for
production of a toner, it is possible to also effect
the severance of the highly crosslinked high-molecular
weight resin component. The severance may be

10 effectively accomplished by performing the melt-
kneading in a low-temperature melting state so as to
exert a high shearing force,‘and the re-crosslinking of
the resin composition is effected with the metal-
containing compound under heating during the melt-

15 kneading.

If an extruder is used for example and an
axial or screw arrangement suitable for applying a
shear force is adopted and operated at a relatively low
set temperature, a high shearing force is applied to

20 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-cohtaining compound while the mixture is
discharged and cooled.

25 'A GPC chromatogram (chart) of a resin
composition A used in Example 1 appearing hereinafter

is reproduced herein as Figure 1. The resin
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5 broad distribution around a nol ecul ar wei ght of 5x106 or above. As a
result, an effective anmount of a resin conponent functioning to connect
with the other resin conmponent is contained, so that the internal additives
to the toner can be well dispersed. An 14w of below 10 [err] can result in
an insufficient anti-offset characteristic. On the other hand, an Mw
exceedi ng 2x107 can cause a failure of tOner fixation or dispersion of
internal additives. It is further preferred that the binder resin has a
nunber - average 15 nol ecul ar weight (Wn) of at nost 4x104, nore preferably

at nost 3xl04,c&@gsésfyiaﬁlaoﬁtgiséabl-mﬁ-ﬁef&@xﬁhascsateuha&sﬂchaﬁed on the
GPC chromatogram in order to contain effective anpunts of
fixability-enhfsmdwgd 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

5 -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

component and the severed high-molecular weight

component appears as a peak on the chromatogram.

10 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. Accordingly, the above-

15 mentioned change in molecular weight distribution
during melt-kneading may be confirmed through
comparison of Figures 1 - 3.

Hereinbelow, the present invention will be
described in-more detail based on Examples. First of

20 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

25 manner.

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

preferably about 10 mg, 1s accurately weighed and

_e——
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conponent and pul veri zability-inproving conponent. So 20 as to contain the
above-nenti oned respective conponents in a good bal ance and have the
respective conponents effectively show their functions, the binder resin
may preferably have a broad nol ecul ar wei ght distribution as represented by
an MV Wn ratio of above 125, nore 25 prejﬁggbly at least 170. The bi nder
resin may preferably contain an ultra-high nol ecul ar wei ght conponent

having a function -26- of toner flowout. For this purpose, the binder
resin

placed in an aluminum 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 ©C/min within a
5 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 is drawn before an initial slope leading to
10 the main peak and a second base line is drawn after a
final slope descending from the main peak. A medium
line is drawn substantially in parallel with and with
equal distances from the first and second base lines,
whéreby the medium line and the heat absorption curve
15 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 for
20 the binder resins obtained in Synthesis Examples are
summarized in Table 1 appearing after Synthesis
Examples.

Synthesis Example 1

Styrene 70.0 wt.parts
25 n-Butyl acrylate 25.0 "

Acrylic acid 5.0 "

Di-tert-butyl peroxide 1.5 "
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may preferably have a Z-average nol ecul ar weight (M) of at |east 2x107

al so based on the GPC chromatogram |In order that the ultra-high nolecul ar
wei ght conponent 5 is contained in a good bal ance, the binder resin may
preferably a Z-average nol ecul ar wei ght/wei ght -average nol ecul ar wei ght
(Mz/My) ratio of at nost 40, further prejgigbly 5 - 30. In case where the
Mz/ Mv rati o exceeds 40, the ultra-high notecul ar wei ght conponent 10 is
cont ai ned but the proportion thereof is rather decreased, thus being |iable
to fail to show a sufficient effect of preventing toner flowout. On the

other hand, if the crosshipkg gprmpggg{.e 9%1 %5@@&51,.56&1&3&
|C|ent I Xa

sanpl e preparation is increase suf l1ty- 1s li1able to
be inmpaired. Ifaghgaded dropw1se in 4 hours to 200 wt. parts of

toluene under heating, and the polymerization was

completed under toluene refluxing, followed by removal

S of toluene under a reduced pressure and heating (at 120

Oc), to obtain a styrene copolymer resin.

The above resin 30.0 wt.part(s)
Styrene | 44.65 o
n-Butyl acrylate 20.0 "

10 Mono-n-butyl maleate 5.0 "
Divinylbenzene 5.0 N
Benzoyl peroxide 0.35 "

Di-tert-butyl peroxy-2-
ethyl hexanoate 0.70 "

15 Into a mixture liquid having the above
composition, 170 wt. parts of water containing 0.12 wt.
part of partially saponified polyvinyl alcohol was |
added, and the mixture was vigorously stirred to form a
suspension liquid. Into a reaction vessel containing

20 50 wt. parts ef water and purged with nitrogen, the
above suspension liquid was edded and subjected to 8
hours of suspension polymerization at 80 °C. After the
completion of the reaction, the product was washed with
water, de-watered and dried to obtain a resin

25 composition A containing a styrene copolymer

crosslinked with diviqylbenzene.

BﬂmRwad
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M/ Mv ratio is below 5, the THF-sol ubl e content of the binder resin fails

to show a sufficient broadness in the ultra-high nolecul ar weight side,
that the bal ance between the toner flowout preventing effect and 20 the

SO

toner fixability can be inpaired. The averagé nol ecul ar wei ghts M1, Mv and
Mz referred to herein are based on GPC_ggromat ograns obtai ned by GPC using

a sanple at a resin concentration of about 5 ng/m

in a high-speed liquid

chromat ograph 25 ("150C , available fromWters Co.) and a conbi nati on of
colums ("Shodex GPC KF-801, 802, 803, 804, 805, 806, 807 and 800P",

avai |l abl e frogyvhbhhesiBeBkamblK. 2

10

15

20

25

Styrene 70.0 wt.part(s)
n-Butyl acrylate 30.0 "
Di-tert-butyl peroxide 2.0 "

Solution polymerization was performed by using
the above monomer mixture otherwise in the same manner

as in Synthesis Example 1 to obtain a resin.

The above resin 30.0 wt.part(s)
Styrene 44.70 ™
n-Butyl acrylate 20.0 t
Mono-n-butyl maleate 3.0 "
Divinylbenzene - 0.40 "
Benzoyl peroxide 1.30 "

Di-tert-butyl peroxy-2-
ethylhexanoate 0.80 "
Suspension polymerization was performed by
using the above mixture otherwise the same manner as in
Synthesis Example 1 to obtain a resin composition B.

Synthesis Example 3

Styrene 75.0 wt.part(s)
n-Butyl acrylate 20,0 . ™
Methacrylic acid 5.0 "
Di-tert-butyl peroxide 2.0 "

Solution polymerization was performed by using
the above monomer mixture otherwise in the same manner

as in Synthesis Example 1 to obtain a resin.

i



The integration for calculation of Mh, Mv and M was perforned, e.g., at a
retention tinme increnent of about 0.3 mn. The binder resin used in the
present invention 5 nmay preferably have an acid val ue neasured according to
JI'S K-0070 (hereinafter referred to as "JIS acid value" or sinply as "acid
value") of 2 - 100 ngKOH g, nore preferq?bx 5 - 70 ngKOH g. Because of its
acid value, the binder resin provides a tfoner with an increased 10

rel easability with respect to the fixing rollers. If the acid value is
below 2 ngKOH g, it is difficult to cause re-crosslinking as described

herei nafter sufficirgat hbovel rld@naci d val ue exceeds 188, p0&Ebart(s)

Styrene 44.65 "
n-Butyl acrylate 20.0 '
Acrylic acid 5.0 "
5 Divinylbenzene | 0.35 "
Benzoyl peroxide | t.00- "

Di-tert-butyl peroxy-2-
ethylhexanoate 0.70 "
Suspension polymerizatioﬁ was performed by
10 using the above mixture otherwise the same manner as in
Synthesis Example 1 to obtain a resin composition C.

Synthesis Example 4

Styrene 78.0 wt.parts
n-Butyl acrylate 18.0 '

15 Mono-n-butyl maleate 5.0 "
Divinylbenzene 0.5 "

Di-tert-butyl peroxy-2-
ethylhexanoate 0.8 "
A monomer mixture having the above composition

20 was added dropwise in 4 hours to 200 wt. parts of

toluene under heating, and the polymerization was

completed under toluene refluxing, followed by removal

of toluene under reduced pressure and heating (at 120

Oc), to obtain a resin D.

25 Synthesis Example 5

Styrene _ 75.0 wt.parts

n-Butyl acrylate _ 20.0 "

This Sheet Has Been Reraced

[




it becones difficult to effect the toner charge 15 control, thus being

| iable to cause a fluctuation in devel oping characteristic dependi ng on
environnmental conditions. It is preferred that an acid value attributable
to the acid anhydride group is at nost 10 ngKOH g, further preferably bel ow
6 mgKOH g. If the.20 acid value attributggl e to the acid anhydride group
exceeds 10 ngKOH g, vigorous re-crosslinking is caused at the tine of
kneading to be liable to result in excessive crosslinkage and deterioration
in fixability due to hindrance of novenent of polymer nol ecul e 25 chains.

Further, the contr ebnelntbatglomalialel Ng degree in theshionder paegsn becores
difficult. This is because the acid anhydride group is richer in
Di-tert-butyl peroxide 0.7 "
A monomer mixture having the above composition
was added dropwise in 4 hours to 200 wt. parts of
5 toluene under heating, and the polymerization was
completed under toluene refluxing to form a styrene
copolymer. Then, into the reaction required, the resin
D having a higher molecular weight was added so as to
provide a ratio of the resin D/the styrene copolymer =
10 4/6 and the mixture was sufficiently stirred agd
subjected to removal of toluene under reduced pressure
and heating (at 120 ©C), to obtain a resin composition

E.

Synthesis Example 6

15 Styrene ' 75.0 wt.part(s)
n-Butyl acrylate 20.0 "
Mono-n-butyl maleate 5.0 "
Divinylbenzene 0.05 "
Azobisvaleronitrile 0.70 "

20 Suspension polymerization was performed by

using the above monomer mixture otherwise in the same
manner as in Synthesis Example 1 to obtain a resin F.

Synthesis Example 7

Styrene . 72.0 wt.parts
25 n-Butyl acrylate ' 25,0 "
Mono-n-butyl malate 3.0 "
Di-tert-butyl peroxide 1.0 "
T




REPLACEMENT SHEET - 28- 03 MAR 1997 reactivity than the other
acid groups. If the resin conponent having nol ecul ar wei ght of at |east
5x10[err] has an acid value, the polar group providing the acid group in
t he pol yner chain can form5 a weak bond due to affinity given by a
hydrogen bond with polar groups in nmagnet({c material, pignment and/or dye
internally added to the toner, it beconmes possible to conpatibly satisfy
the toner flowout-prevention characteristic and fixability of the toner

t hr ough

A monomer mixture having the above composition
was added dropwise in 4 hours to 200 wt. parts of
toluene under heating, and the polyﬁerization was
completed under toluene refluxing to for a styrene

S -copolymer. Then, into the reaction required, the resin
F having'a higher molecular weight was added so as to
provide a ratio of the resin F/the styrene copolymer =
3/7 and the mixture was sufficiently stirred and
subjected to removal of toiuene under reduced pressure

10 and heating (at 120 °C), to obtain a resin compgsition
G.

Synthesis Example 8

Styrene 90.0 wt.part(s)
n-Butyl acrylate 10.0 o
15 Di-tert-butyl peroxide 7.0 "

Solution polymerization was performed by using
the above monomer mixture otherwise in the same manner

as in Synthesis Example 1 to obtain a resin.

The above resin ' 70.0 wt.part(s)
20 Styrene ' 44.65 "
n-Butyl acrylate 20.0 '
Mono-n-butyl maleate 5.0 "
Divinylbenzene 0.35 "
Benzoyl peroxide 1.00 "
25 _ Di-tert-butyl peroxy-2-
ethylhexanoate 0.70 "

.~ Suspension polymerization was performed by
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10 noderate suppressing fluidity of toner at a high tenperature. If the
acid anhyde group is contained excessively, the crosslinking is pronpted to
provi de an insol uble content which cannot pass through the filter for
preparing a GPC sanple solution and thus cannot. be 15 observed on a GPC
chromatogram In order to obtain a viny{_day ymer having an aci d anhydri de
group, the follow ng nethods for exanple nay be used in addition to a
conventional polynerization process using an acid anhydride nononer. 20 1In
solution polynerization using a nononer, such as a dicarboxylic acid or a
di carboxylic agisdn@0RRSaYove milxtut@ B wikL ¥R dand Rahne? akhén '
di carboxylic acid groups or dicarboxylic acid nonoester groups in the
Synthesis Example 1 to obtain a resin composition H.

Synthesis Example 9

Styrene 68.0 wt.parts
5 n-Butyl acrylate 22.7 "
Mono-n-butyl maleate 8.0 "
Divinylbenzene 1.3 "
Di-tert-butyl peroxyhexanoate 0.6 "

A monomer mixture having the above composition
10 was added dropwise in 4 hours to 200 wt. parts of
cumene under heating, and the polymerization was
completed under toluene refluxing, followed by removal
of cumene under reduced pressure and heating (at éOO
Oc), to obtain a styrene copolymer resin I.
15 The properties of the resins or resin
compositions obtained in the above-described Synthesis

Examples are summarized in the following Table 1.

20
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resultant vinyl (co)polynmer into anhydride groups by 25 adjusting the
conditions for distilling off the solvent after the polynerization. It is
al so possible to convert such dicarboxylic acid groups and dicarboxylic
-29- acid nonoester groups into anhydride groups by heat- treating the

vi nyl copol yner obtained by the bul k polynerization or solution

pol ymeri zation. A part of such anhydride§Boups can be reacted with a
conmpound 5 such as an al cohol to be esterified. Reversely, it is also
possi ble to convert a
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part of such anhydride groups by ring-opening through hydrolysis of the
vi nyl copol yner obtai ned above into dicarboxylic acid groups. 10
On the other hand, dicarboxylic acid nonoester groups of a vinyl ecopol yner
obt ai ned by suspension pol ynerization or emnul sion polynerization using a
vinyl nmononer including such a dicarboxyligc. aci d nonoester group into
anhydri de groups by heat-treatnent or into 15 di carboxylic acid groups by
hydrol ysis. |If such a vinyl copol ynmer obtained by bul k pol ynerization or
solution polynerization is dissolved in a vinyl nononer and the resultant
m xture i s subEsamedet d suspension polynerization or enul sion
pol yneri zation, a part of 20 the anhydride groups can cause ring-opening to
| eave Resin Composition A 100 wt.part(s)
Magnetic iron oxide 80 "
Di-tert-butylsalicylic acid
5 Cr complex 2 "
Low-molecular weight ethylene-
propylene copolymer ‘3 "
The above ingredients were preliminarily
blended and melt-kneaded through a twin-screw extruder
10 having a kneading zone incorporating a backwarq_screw.
The kneaded product was cooled, coarsely crushed,
finely pulverized by means of a pulverizer using jet
air stream, and classified by a wind-force classifier
to obtain a magnetic toner having a weight-average
15 particle size of 8 microns. The cooled kneaded product
showed a good pulverizability without over-
pulverization and with little occurrence of fine
powder. Further, no melt-sticking of pulverized
product was observed in the pulverizer., Data for
20 evaluating the pulverizability are summarized in Table
2 appearing hereinafter. The pulverizability of the
kneaded product was evaluated by a pulverizer using a
jet air stream of 2 m3/min and a pressure of 5 kg/cm2
in terms of the processing capacity per unit time. The
25 fine powder amount was measured -by using a Coulter

counter (Model TA-II, available from Coulter

Electronics, Co.) and a 100 micron-aperture after
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di carboxylic acid groups in the polyner. In this instance, it is possible
to mx another resin in the vinyl nononer. The resultant resin can be
treated by heating, weak al kaline water .or an al cohol for 25 anhydrization,
ri ng-opening or esterification. A vinyl nononer having a dicarboxylic acid
group and a vinyl nonomer having a dicaggggylic REPLACEMENT SHEET - 30-
0 3 MAR 1997 anhydride group have a strong tendency to forman alternating
copolymer. For this reason, in order to

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

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

10 combination of columns ("Shodex GPC KF-801, 802, 803,
804, 805, 806, 807 and 800P", available from Showa
Denko K.K.}. The measured data regarding the
molecular weight distribution of the toner binder resin
are shown in Tables 3 and 4.

15 100 wt. parts of the above-prepared magnetic
toner and 0.6 wt. part of hydrophobic colloidal silica
were blended with each other to prepare a developer .
which was then evaluated using a commercially available
high-speed electrophotographic copying machine at a

20 rate of 82 A4 size sheets/min. ("NP-8580", mfd. by
Canon K.K.) with respect to fixability, toner flowout
preventing characteristic, image guality and
durability. In addition to these results, the
storability and the result of 5x105 sheets-copying test

25 are shown in Tables 5 and 6. Throughout the copying ﬂ
test, images having a high density (1.35 - 1.40) and

free from fog were stably obtained. The images were

——
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obtain a vinyl copolyner containing functional groups, such as anhydride
groups or dicarboxylic acid groups, 5 at randomtherein, it is possible to
adopt as a suitable one a polynerization nethod using a dicarboxylic acid
nonoester. A binder resin obtained through pol ynerization using a

di carboxylic acid nonoester contains carbgayl groups, anhydride group 10
and/ or dicarboxylic acid groups therein so that a uniformcrosslinking can
be caused therein. The formation or extinction of an anhydride group in a
pol ymer may be confirmed by an IR anal ysis because an anhydri de group

provides an IR £2itRPSD £ | Ble PERKg A L Nam@ Sshewed Sédd Exbdtt @ot-hose of the
corresponding acid group and ester group toward a
reproducibility and thin line-reproducibility. The
storability (anti-caking characteristic) was evaluated
by planing about 1.5 kg of the toner in a 3 liter-

5 plastic bottle, leaving the bottle standing for 1 day
at 50 °C and then observing the dischargeability of the
toner from the bottle. The fixability was evaLuated
after placing the test apparatus in én eﬁviréﬁment of
low temperature - low humidity (15 °C - 10 %) overnight

10 so as to fully adapt the test apparatus and the fixing
device therein and then making continuously 200 sheets
of copied images, of which the copied image on the 200-
th sheet was used for evaluation of the fixability by
rubbing the image with a lens cleaning paper ("Dusper"

15 (trade name), mfd. by OZU Paper Co., Ltd.) for 10
reciprocations under a weight of about 100 g. Then,
the degree of peeling of the toner image was evaluatéd
in terms of a decrease (%) in reflection density. The
anti-offset characteristic was evaluated by taking

20 continuously 200 sheets of copied images, then taking
intermittently sheets of copied images for 3 minutes at
intervals of 30 seconds per sheet, and then observing
whether images were stained or not. Further, the
degree of staining of the cleaning web incorporated in

25 the fixing device was evaluated.

As a result, the toner showed a good

storability in terms of dischargeability, a good
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hi gher wave nunber side. The acid value attributable to an acid anhydride
group may for exanple be neasure by conmbhining 20 the JI'S acid val ue

measur enent and the acid val ue neasurenent through hydrolysis (total acid
val ue neasurenent). For exanple, the JIS acid val ue neasurenent provides an
acid value of an acid anhydride which isg¢5 about 50 % of the theoretical
val ue (based on an assunption that a nol of an acid anhydride provides an
acid value identical to the correspondi ng di carboxylic

fixability without causing offset and no re-flowout of

the toner material from the cleaning web in the fixing

device.
Example 2
S - Resin composition B 100 wt.parts
Magnetic iron oxide 80 "

Di-tert-butylsalicylic acid
Cr complex 2 "

Low-molecular weight ethylene-

-

10 propylene copolymer 3
A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner as'in
Example 1. The pulverizability of the toner material
15 1is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated iﬁ
the same manner as in Example 1. The evaluation
reéults are shown in Tables 5 and 6.
20 Example 3
Resin composition C 100 wt.parts
Magnetic iroh oxide 80 "

Di-tert-butylsalicylic acid

Cr complex 2 v
25 Low-molecular weight ethylene-
propylene copolymer 3 "

A magnetic toner having a weight-average
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acid). On the other hand, the total acid value neasurenent provides an acid
val ue which is alnost identical to the theoretical value. Accordingly, the
5 difference between the total acid value and the JIS acid value is al nost
50 % for an acid anhydride. Thus, the acid value attributable to an acid
anhydride group per g of a resin can be_g%;ained by doubl.ing the difference
between the total acid value and the JIS 10 acid value of the resin. The
met hod of the JI'S acid val ue neasurenent is explained hereinbelow. 2 - 10 g
of a sanple resin is weighed and placed in a 200 to 300 nml -Erl enneyer

flask, and an particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight
S distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated in
the same manner as in Example 1. The evaluation

results are shown in Tables 5 and 6.

Example 4
10 Resin composition E 100 wt.parts
Magnetic iron oxide 80 "

Di-tert-butylsalicylic acid
Cr complex ' 2 "
Low-molecular weight ethylene-
15 propylene copolymer 3 "

A magnetic toner having a weight-average
particle size of 8 miérons was prepared by using the.
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material

20 is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated in
the same manner as in Example 1. The evaluation
results are shown in Tables 5 and 6.

25 Example 5

Resin composition G 100 wt.parts

Magnetic iron oxide 80 "
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15 et hanol / benzene (= 1/2) mxture is added thereto to dissolve the resin.
If the resin is not readily dissolved, a small anobunt of acetone nay be
added. The resultant solution is titrated with a prelimnarily standardi zed
N 10 KOH al cohol solution with 20 phenol phthal ein as the indicator. The
acid value is calculated fromthe consunggi_on of the KOH al cohol sol ution
based on the follow ng equation: Acid value = vol (m) of KOH al cohol x N x
56. 1/ sanpl e wei ght, - 25 wherein N denotes the factor of the N 10 KOH al cohol
solution. The total acid value of a binder resin used
Di-tert-butylsalicylic acid

Cr complex 3 wt.parts
Low-molecular weight ethylene-
propylene copolymer 3 *

5 A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight

10 distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated in
the same manner as in Example 1. The evaluation

results are shown in Tables 5 and 6.

Comparative Example 1

15 Resin H 100 wt.parts
Magnetic iron oxide 80 "
Di-tert-butylsalicylic acid

Cr comﬁlex 2 "
Low-molecular weight ethylene-

20 propylene copolymer 3 .

A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material

25 1is shown in Table 2, and the molecular weight

distribution data are shown in Tables 3 and 4. A

developer was prepared from the toner and evaluated in
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-32- herein is neasured in the follow ng manner. A sanple resin in an
amount of 2 g is dissolved in 30 m of dioxane, and 10 m of pyridine, 20
ng of di met hyl am nopyridine and 3.5 m of water are added 5 thereto,
fol l owed by 4 hours of heat refluxing. After cooling, the resultant
solution is titrated with 1/10 N KOH solzhlon in THF (tetrahydrofuran) to
neutrality wth phenol phthal ein as the ifcator to nmeasure the acid val ue,
which is a total acid value (B). 10 The above-nentioned 1/10
N-KOH solution in THF is prepared as follows. First, 1 .5 g of KOHis

the same manner as in Example 1. The evaluation
results are shown in Tables 5 and 6. The toner
material caused slight over pulverization, showed a
poor classification efficiency and resultant in a

5 slight degree of sticking of the pulverization product
in the pulverizer. Compared with the toner in Example
1, the toner showed somewhat inferior toner
dischargeability and toner flowout preventing
characteristic. In the durability test, increases in

10 fog and melt-sticking were observed.

Comparative Example 2

Resin I 100 wt.parts
Magnetic iron oxide - 80 "
Di-tert-butylsalicylic acid
15 Cr complex 2 "
Low-molecular weight ethylene-
propylene copolymer 3 "
A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
20 above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4.
developer was prepared froﬁ the toner and evaluated in
25 the same manner as in Example 1. The evaluation
results are shown in Tables 5 and 6. Remarkable

crosslinking was caused to provide much non-filtered
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di ssolved in about 3 M of water, and 200 M of THF and 30 ml of water are
added thereto, followed by stirring. After standing, a uniformclear
solution is forned, if 15 necessary, by adding a small amount of nethanol
if the solution is separated or by adding a small anount of water if the
solution is turbid. Then, the factor of_gﬁg 1/10 N-KOH THF sol ution thus
obtained is standardi zed by a 1/10 N-HO ‘standard sol ution. 20

The binder resin used in the present invention nmay for exanple be prepared
in follow ng manner. A polynmer or copolyner (A-1) having a main peak in a

mol ecul ar vei gﬂétﬁéﬂi,gghﬁé 28801 t124104 115 #er30% ¥4 xaBiq4dy SOBdchale

pol yneri zati on, bulk pol yneri zation, suspension polynerization, enulsion
of much acid anhydride excessive charge was encountered

during the durability test to resulting a lower image
density in some images.

S Comparative Example 3

Resin A 100 wt.parts
Magnetic iron oxide 80 "
Low-molecular weight ethylene-
propylene copolymer ' 3 u
10 A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight
15 distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated in
the same manner as in Example 1. The evaluation |
results are shown in Tables 5 and 6. Because the
component having a molecular weight of at least 5x106
20 was little and the molecular weight distribution showed
a narrow distribution in the range of from the high-
molecular weight region to the ultra-high-molecular
weight region, the toner flowout-preventing
characteristic was inferior.

25
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pol ymeri zation, bl ock copol ynerization or graft polynerization. - 33-
Then, the polyner or copolynmer (A-1) is dissolved in a polynerizable
nononer m xture containing 0.5 - 20 wt. % preferably 1 - 15 wt. % of a
car boxyl group-containing vinyl nononer, followed by suspension 5

pol ymerization to prepare a polymer or | ymer conposition (B-1) which
shows a main peak in a nol ecul ar wei ght ?gglon of 5000 - 105 on a GPC
chromat ogram but can contain a gel content (THF-
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I nsoluble). 10 The conposition (B-1) is nelt-kneaded together

w th a metal -containing conpound reactive with the carboxyl group in the
pol ymer or copol ymer under the action of a shearing force so as to sever a
hi ghly crosslinked polyner portion in the resin and cause a 15 reaction

wi th the netal -containing conpound for res_crosslinking to provide a

nol ecul ar wei ght distribution characteri 5¢°¢ to the present invention. This
process may be performed sinultaneously at the tine of toner production and
thus the nelt-kneading can be perfornmed 20 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
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of the polynmer network. As an alternative nmethod for preparing a 25 binder
resin according to the present invention, it is possible to prepare a

pol ymer or copolynmer (B-2) capable of containing a gel content having a
mai n peak -34- in the nol ecul ar weight region of 5000 - [err] on a GPC
chromat ogr am by suspensi on pol yneri zati apgaf a pol yneri zabl e nononer

m xture containing 0.5 - 20 wt. % preferably 1 - 15 w. % of a carboxylic
group- 5 containing vinyl nmononer, and a pol yner or copol yner
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(A-2) having a main peak in the nol ecul ar weight region of 2000 - 105 by
sol ution pol ynerization, bulk polynerization; suspension pol ynerization,
bl ock copol ynerization or graft polynerization, and blending 10 the

pol ymer or copolyner (B-2) and the polyner or copolynmer (A-2) by

mel t-kneading. It is also possible to blend a polymer or copolynmer (B-3)
havi ng a carboxyl group or a carboxyl def?vati ve group and conprising a
princi pal conponent 15 in the nol ecul ar weight region of at |east [err]
obt ai ned by sol ution polynerization, bul k polynerization, suspension

pol ynmeri zation, enulsion polynerization, etc., with the polyner or
copolyner (A-1) or the polyner or copolynmer (A-2) in a solvent after

sol ution
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20 polynerization, and nelt-knead the blend. It is also possible to

nel t-knead a bl end of the polyner or copolyner (B-3) with the polyner or
copolymer (A-1) or the polyner or copolymer (A-2). If the respective

pol ymers or copolyners in 25 the above-nentioned resins have main peaks in
the range of 5000 - 5x[err] it is also a. referred node that the polyners
or copolyners are prepared so as to have ‘péaks over | appi ng each ot her.
Incidentally, within an extent not adversely affecting the present

i nvention, the polymer(s) or
Evaluation standards

Storability, Dischargeability

o: Good. Discharéeable as it is.
A: Fair. Dischargeable after a little shaking.

5 xs 2oor. Not dischargeable without sufficient
shaking.

Anti-offset characteristic

Image stain: o: Good. No stain
A: Fair., A little stain.
10 x: Poor. Conspicuous stain. _
Web stain: o: Good. Little stain.
A: Fair. Noticeable stain.
Xx: Poor. Stain and accumulated

toner material.

15

20
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copol yners) thus prepared can be m xed with another 5 resin such asvinyl
resin, polyester, polyurethane, epoxy resin, polyamde, polyvinyl butyral,
rosin, nodified rosin, terpene resin, phenolic resin, aliphatic or
alicyclic hydrocarbon resin, aromatic petroleumresin, haloparaffin or
paraffin wax. 10 It is also prpjerred to have the pol yner or
copol ynmer (A-1) and/or the polyner or copolyner (A-2) contain a carboxyl
group or a derivative group thereof. The pol yner or copol yner(s) used in
the present invention may assune a bl ock copol ynmer or a 15 graft copol yner.
In the bul k polynerization, it is possible to obtain a | ow nol ecul ar wei ght
pol ynmer by perform ng the
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polymerization at a high tenperature so as to accelerate the term nation
reaction, but there is a 20 difficulty that the reactlon c | —+s
difficult. In the solution polynerization, it |s—”655|ble to obtaln a

| ow nol ecul ar wei ght pol ynmer or copol ynmer under n@ﬁ@gﬁaem
utilizing a radical chain transfer function depend| t used or
by 25 selecting the polynerization initiagg@r or th erdature.

Accordingly, the solution polynerization is preferr or preparat|on of a
| ow nol ecul ar wei ght - 36-

As described above, the toner according to the
present invention shows excellent performances as shown
below because it contains a binder resin having a
specific molecu;ar weight distribution.

{1) Fixable at a low temperature and free from
image stains due to toner flowout from a fixer cleaning
member.

(2) Causing no melﬁ-sticking orlfilmingﬂoﬂ a
toner-carrying member or photosensitive member .even in

> a high-speed copying or printing system. }

(3} Showing excellent anti-blocking characteristic
and good storability.

(4) Céusing little over-pulverization or melt-
sticking regardless of good puiverization.

(5) Causing little fine powder at the time of
pulverization and showing a good productivity.

{6) Causing little fine powder and excellent in.
developing performance and durability.

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 below 15 % of a resin gomp0nent
in a molecular weight region of at most 5000 and at
least 5 wt. % of a resin component in a molecular

weight region of at least 5x106 and showing a main peak



pol ymer or copol ynmer used in the binder resin of the present invention. The gi
sol vent used in the solution polynerization may for exanple include xyl ene, 2
tol uene, 5 cunene, cellosolve acetate, isopropyl alcohol, and benzene. It :

is preferred to use xylene, toluene or cunene for a styrene nononer

m xture. The solvent may be appropria Iy sel ect ed dependi ng on the pol yner _
produced by the pol ynerization. The™p yﬁbrization 10 initiator may for =
exanpl e include: di-tert-butyl peroxide, tert-butyl peroxybenzoate, benzoyl )

peroxi de and 2, 2'-azobi s(2, 4-di methyl val eronitrile), one or nore species of

whi ch may be used in a proportion of at least 0.05 wt. % preferably 0.1 -

15 wt. partsinPal molecular weight region of 5000 to 5x105. The
THF-soluble resin component in the molecular weight
region of at least 5x106 is extremely enriched during a
melt-kneading step during the toner production, so as
to effectively prevent toner flowout from a member for

cleaning a fixing roller.
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15 100 wt. parts of the vi nyI rmnorrer(s). The reaction tenperature may ,

depend on the ator used and the polyner or copolyner to be
pr oduced but r@'“ﬁlmumgnm the range of 70 - 230 [err]C. In the

sol ution 'zat onwy 1¢ is preferred to use 30 - 20 400 wt. parts of a
vi nyl rmnorrer (m xture) per 100 wt._ payts of the solvent.. It is also

preferred to mi x one or nore other polyners in the solution after =
conpl eti on of tkeApYBynmerization. In order to produce a highly-crosslinked

hi gh- 25 nol elcul rara) V\Ft‘?ggl. 3 Wik 8?&%‘3 %&Qsiing;pg@ol ynerization or
suspensi on po rrer{r_é%gl Oanbxnéfcrprcsm £ a colcr wherein the

bmdcr resin shows a molecular weight dxsmbution ona
GPC chromatogram of its tetrahydrofuran (THF)-solu-
ble resin content including below 15% of a resin com-
ponent in a molecular weight region of at most 5,000
and at least 5% of a resin component in a molecular
wcxgh: region of at least 5X 108 and showing a main
peak in a molecular wcxghc region of 5,000 o 104,

wherein the binder resin has an acid value anributable
to acid anhydride groups of at most 10 mgKOH/g and-.
(i) a weight average molecular weight of at least 5X10
as calculated based on the GPC chromartogram.

2. The toner according to claim 1, wherein said
binder resin is a vinyl polymer, a vinyl copolymer or 2
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 2 mixture of a crosslinked vinyl
copolymer and a non-crosslinked vinyl copoly=er.

5. The toner according to claim 1, wherein said
binder resin comprises a mixture of a crosslinked sty-
rene copolymer and a non<rosslinked styrene copoly-
mer. _

6. The toner according to claim 1, whersin said
binder resin contains a crosslinkage formed by a cross-
linking agent having at least two vinyl groups, and an
electrostatic crosslinkagc formed by a carboxylic group
and 2 meta] ion of two or more valences.

7. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 7-309 of a resin component in the molecular .
weight region of at least 5 108

8. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 8-25% of a resin component in the molecular
weight region of at least 5 108,

9. The toner according to claim 1, wherein said
binder resin shows a molecular wcight distribution in-
cluding 10-30% of a resin zompoenent in the mo{ccu.[ar
weight of 10510 5X 109, T
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O these, in ﬂ're—erntﬂ—sron pol yneri zati on nmethod, a vinyl nononer al nost _
I nsol uble in as mnute parti cI es in an aqueous phase
with the aid o (' R{ Eﬂ{ﬂ ﬁﬁ ﬂnd is polynerized by using a 5 water-sol uble
pol yneri zation I« ding to this nethod, the control of the

reaction tenperature is easy, and the termnation reaction velocity is
smal | because the pol ynerization phase Ban-oil phase of the vinyl ndnoner

possi bly contai nllag -phgo{cyr{@.r aEESE& ci':yoc?ﬁfﬁtit %ﬁcfﬂﬁe% at e phase from

t he aqueous ph meriz n_v. omt econes | arge
and a pol yner Sé%‘??n‘grﬁﬁﬂl %ho'ﬁ’él el %5 8‘&3} g o In-

cluding 2~-14% of a'resin component thc mo[ccular
weight r\.gxon of at most 5000, 10-30% of a resin com-
ponent in the molecular weight region of 105 to 5 108,

* and 3-20% of a resin component in the molecular
weight region of at least 5 108,

11. The toner according to clzim 1, wherein said
binder resin has a carboxyl group and contains an or-
ganic metal compound electrostatically linkable with
the carboxylic group.

12. The toner according to claim 1, wherewn said
binder restn shows a molecular weight distribution
showing a main peak in a molecular weight region of
10* to 5 10%

13. The toner according to claim 1, wherein said
binder resin shows 2 molecular weight distribution in-
cluding at least 40% of a resin component in a2 molecu-
lar weight region of 5000 to 104,

14. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution io-
cluding 2-149; of a resin component o the molecular
weight region of at most SO00, at least 45% of a resin
component in the molecular weight region of 5000 to
105, and 7-309% of a resin component in the molecular
weight region of at least 5 108,

15. The toner according to claim 1, wherein said
binder resin has a JIS acid value of 2-100 kgKOH/g.

16. The toner according to claim 1, wherein said
binder resin has a JIS acid value of 5-70 mgKOH/g.

17. The toner 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.

19. The toner according to clmm 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. NI
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prepared easily. Further, the polynerization process is relatively sinple,

t he pol ynerizati on -produet- i.s_15 obtained in fine particles, and additives
such as a coI char e control agent and others can be bl ended easily
for toner pro mm) e, this method can be advantageously used for
production of & e5|n 20 In the enul sion

pol yneri zati on, homever, the enul sifier %%ded is liable to be incorparated
as an inpurity in the polymer produced, and it is necessary to effect a
post-treatnment such as salt-precipitation in order to recover the product
pol yner. The 25 suspenditn tpakynacdgriingn to sclhmire 1ombmrentsaid thi s

respect. binder resin contains a non-crosslinked styrene-maleic
acid half ester copolymer and a styrene-maleic acid half
. ester copolymer crosslinked with divinylbenzane.

21, The toner according to claim 1, wherein said
colorant comprises a magnetic material.

23. The toner according to claim 1, whersin said
colorant comprises carbon hlack.

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.

25. The toner according to claim 24, wherein said
organic metal compound is an azo metal complex repre-
sented by the following formula:

(.-\r-—;\' = N;Ar T
o
\Y/
M

AN
AN

\A.‘—:\’= WN=— Ar /

AS

wherein M is a coordination center metal selected from’
the group consisting of Sc, Ti, V, Cr, Co, Niand Fe; Ar
is a substituted or unsubstituted aryl group; X, X', Y and
Y' are independently a member selected from the group
consisting of —O—, —CO—, —NH-—, or —NR—
Wherein R is an alkyl having -4 carbon atoms; and
A is a cation selected from the group consisting of
hydrogen ion, sodium ion, pota.ssmm ion, ammonium’ -
ion and aliphati¢ ammonium ion.

26. The toner according to claim 24, wherein said
organic metal compound is an organic acid metal com-
plex represented by the following formula:

heet Has Been Re 1aced .
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On the.other hand, in the suspension -38- polynerization nmethod, it is
possible to ob SI n conposition in a uniformstate of pearls
cont ai n| ng a nﬂnl“mllmnﬂ[@ | ecul ar wei ght conmponent uniformy m xed

with a | ow nol ecul@ar weing cenponent 5 and a crosslinked conmponent by

pol yrrerl zing a vinyl nonomer (m xture) 83onrtaining a |ow nolecular weight

pol ymer together with a crosslinking agent in a suspension state. The
suspensi on pol yneri zation nmay preferably

s
( H-O ﬁ w
(A)/ \/M\ AN Yo,
c=o
. © H:0 /

wherein M is a coordination center metal selected from
the group consisting of Cr, Co, Ni and Fe; A is a subsu-
tuted or unsubstituted aryl group; Y& is a cation se-
lected from the group consisting of hydrogcn ion, sc-
dium ton, potassxurn ion, ammonium ion and aliphatic
ammonium ion, and Z is a member selected from the
group consisting —0— or —C0O.0—.

27. The toner according to claim 1, whcrcm a waxy
substance is further contained. .

28. The toner according to claim 1, wherein said
binder resin shows a molecular weight distributdon on
the GPC chromatogra.m showmg g maximum in the
molecular weight region of at least 5X 109,

29. The toner according to.claim 1, wherein the.
THF-soluble resin content of the binder resin shows 2
weight-average  molecular  weight -~ (Mw) of
6 108-2x 107.

30. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows 2
number-average molecular weight (Mn) of at most
4 X 104

31. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mn of at most 3 X 104

32. The toner according to claim 1, wherein the -~ |
THF-soluble resin content of the binder resin shows an
Mn of at most 2.5 X 104. _

33. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mw/Ma ratio of at least 125.

34. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mw/Mn ratio of at least 170.

-
..
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10 be perfornmed by using at nost 100 wt. parts, preferably 10 - 90 w.
parts, of a vinylt meRoner_(m xture) per 100 wt. parts of water or an

aqueous nedi um di spersi ng agent may include pol yvinyl al cohol,
partially Sapoimﬁﬂgﬂﬁﬂmmmf yvi nyl al cohol, and 15 cal ci um phosphat e,
and may prefer ¢ n-amount gf 0.05 - 1 wt. part per 100 w.
parts of the aqueous med! urh Wi | e the anount is affected by the anmount of
t he nononer relative to the agueous nmedi um The pol ynerization tenperature
may suitably be in the 20 range of 50 - 95 [err]C and sel ect'ed dependi ng
on the polynerization_initiator used and the objective polyner. The
pol yneri zation i ni $3-atlofe stAiArd ASEOTANE 19 Claimndy g %ﬁ!%ggé in water,
may for exanpl e THF-soluble resin content of the binder resin shows a
Z-average molecular weight (Mz) of at least 2x 107.
* 36. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mz/Mw ratio of at most 40.
37. The toner according to claim 1, wherein the
THF -soluble resin content of the binder resin shows an
Mz/Mw ratio of 5-30. _ .
38. The toner according to claim 1, wheremn the
binder resin contains 2 THT -insoluble resin component
in a 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.
39. The toner according to claim 38, wherein the
THF-insolubie resin component is contained in a pro-
portion of at most 10 wt. % in the binder resin.
40. The toner according to claim 38, wherein the
THF-insoluble resin component is substantally zero in
the binder resin.
41. The toner according to claim 1 wherein the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-solu-
ble resin content including 2 to 15% of the resin compo-
nent in a molecular weight region of at most 5,000 and
5 to 309 of the resin component in a2 molecular weight
region of at least 5 109.

A0
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I ncl ude benzoyl peroxide and tert-butyl peroxyhexanoate 25 and may be used
in an amount of 0.5 - 10 wt. parts per 100 wt. parts of the vinyl nononer
(m xture). Exanples of the vinyl nonomer to be used for -39-- providing
the binder resin of the present invention may include: styrene; styrene
derivatives, such as o- nethylstyrene, mnethylstyrene, p-nethylstyrene, p-
nmet hoxyst yrene, p-phenyl styrene, p-chloBbstyrene, 3,4- 5 dichlorostyrene,

p- et hyl styrene, 2, 4-dinethyl styrene, p-n-butyl styrene, p tert butglstyrene
p-n- TONER FOR DEVELOPING ELECTROSTATIC IMAGE

FOR PRODUCTION THEREOF

¢ ABSTRACT OF THE DISCLOSURE

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 moiecular weight distriﬁution on a
GPC chromatogram of its tetrahydrofuran (THF)-soluble
resin content including below 15 % of a resin component
in a molecular weight region of at most 5000 and at
least 5 wt. & of a resin component in a molecular
weight region of at least 5x10% and showing a ?ain peak
in a molecular weight region of 5000 to 5x105. The
THF-soluble resin component in the molecular weight
region of at least 5x108 is extremely enriched during a
melt-kneading step during the toner production, so as
to effectively prevent toner flowout from a member for

cleaning a fixing roller.

FIGURE 1

This Sheet Has Been Relp

AT




hexyl styrene,

acetate, vinyl

p- n-octyl styrene, p-n-nonylstyrene, p-n- decyl styrene, and
p- n- dodecyl styrene; ethylenically unsaturated
et hyl ene, propylene, 10 butylene, and isobutylene; unsaturated pol yenes,
such as but adi ene; hal ogenated vinyls, such as vinyl chloride, vinylidene
chloride, vinyl bromde, and vinyl fluoride; vinyl esters, such as vinyl

pr opi onate, and vinyl behzoat €;

nonool efi ns, such as

nmet hacryl ates, such as 15

met hyl nethacrylate, ethyl nmethacrylate, propyl nethacrylate, n-butyl
i sobutyl nethacrylate, n-octyl nethacrylate, dodecyl

nmet hacryl at e,
met hacryl at e,
net hacryl at e,
nmet hacryl at e;

2

2- et hyl hexyl nethacrylate, ste

yl met hacryl ate, phenyl

di nmet hyl am noet hyl 20 nethacrfyNate, and di et hyl am noet hyl

\

5 x 108 I x 105

FIG. |

5x103

N

5 x 106 I x105

FIG 2

e——

5x103 T
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acrylates, such as nethyl acrylate, ethyl acrylate, n-butyl acrylate,

i sobutyl acrylate, propyl acrylate, n-octyl acrylate, dodecyl acrylate,

2- et hyl hexyl acrylate, stearyl acrylate, 2-chloroethyl acrylate, and 25
phenyl acrylate, vinyl ethers, such as vinyl nethyl ether, vinyl ethyl
ether, and vinyl isobutyl ether; vinyl ketones, such as vinyl nethyl

ket one, vinyl hexyl -40- ketone, and“nethyl isopropenyl ketone; N-vinyl
conmpounds, such as N-vinyl pyrrole, N-vinylcarbazole, N-vinylindole, and
N-vi nyl pyrrolidone; vinyl-

AN

N\

S x IOS 1.x |05 5 x 103

FIG 3
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f e BcMARI 1997 and ; mesaconi PRACESS FOR PRODUCTION THEREOF

FTELD 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 or electrostatic

printing, and a process for production thereof,

particularly a toner suitable for hot roller fixation

10

and a process for production thereof.

Hitherto, a large number of electrophoto-

graphic processes have been known,

disclosed in U.S. Pate
and 4,071,361,
15

nts Nos.

2,297,691;

inclusive of those

3,666,363;

In 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

20

such as paper etc., as desired, fixed by heating,

pressing, or heating and pressing, or with solvent

vapor to obtain a copy.

As for the step of fixing the toner image onto

a sheet material such as paper which is the final step

25

in the above process, various methods and apparatus

have been developed, of which the most popular one is a

heating and pressing fixation system using hot rollers.



unsat urated di basic acid anhydrides, such as
anhydri de, itaconic anhydride, 20 and al kenyl smpl_mammh&!dﬁﬂd
esters of unsaturated dibasic acids, such as

citraconic
- hal f
, honoet hyl

mal eat e, nonobutyl nal eate, nononet hyI citrado atﬁg’[%ﬁo@?yl gi traconat e,

nmonobutyl citraconate, nononethyl |tacon te
al kenyl succi nate, nononet hyl fumarate,

unsat urated di basic acid esters, such as dlne hyl
fumarate. Further, -41-

10

15

20

latie; and
mal eat e and di met hyl

In the heating and pressing system; a sheet
carrying a toner image to be fixed (hereinafter célled
“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. 1In 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 té
the hot roller surface and then transferred back to the
fixation shéef 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.

In order to prevent a toner from sticking onto
a fixing roller surface, it has been conventionally
practiced to compose the roller surface of a material
showing excellent releasability against the toner

(e.g., silicone rubber or fluorine-containing resin)



there may al so be used: [err]-unsaturated aci dsm—stoh—as—acrydi-6 acid,
methacrylic acid, crotonic acid, and cinnani c ja®EBLAGEMENT- SHEETt grat ed aci d

anhydri des,

such as crotonic anhydride and cinn C annyurrue anhydes 5
bet ween such [err]-unsaturated acids and | ower

—h

kenyl mal oni c
acid, alkenylglutaric acid, aIkenyIadipLg_acid, g ﬁﬁggﬁ?ﬁ and
nonoesters of these acids. Anobng the above, it is_paLLLcuLaLLy preferred 10
to use nonoesters of [err]-unsaturated di basid acids, such as mal eic acid,
fumaric acid and succinic acid as a nononer f provirdrng—ttre—br nder resin

used in the prgs@nfulfNEPt E6RtidGetRE0sELEALE NGiERNQNEL 1RBYEPAT DEGREL! Y be

a
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showing a good releasability such as silicone o0il so as
to prevent offset and fatigue of the roller surface.
This method is very effective for preventing offset but
requires a device for supplying such an offset-
preventing liquid, thus resulting in complication of
the fixing apparatus.

Therefore, it is not necessarily desirable to
prevent the offset by supplying an offset-preventing
liquid, but a toner having a broad fixing temperature
range and excellent in anti-offset characteristic is
rather desired at present. For this reason, in order
to provide a toner with an increased releasability, it

has been also practiced to add a was, such as low-

molecular weight polyethylene or low-molecular weight

polypropylene. The use of wax is effective in
p;evention of offset but on the other hand is liablelto
provide the toner with an increased agglomeratability,
an unstable chargeability and a detefioration in
durability. Therefore, various proposals have been
made for improving the binder.resin.

For example, it is known to increase the glass
transition temperature (Tg) and the molecular weight of
a toner binder resin soc as to improve the molten visco-
elasticity of the toner for the purpose of offset
prevention. According to this method, however, the

improvement in anti-offset characteristic leads to an



15 nononer hav
used in the pr

ing two or nore pol ynerizabl e doubl e bonds. The binder resin
esent invention may preferably '@ﬁﬁﬁéﬁ%?NF@@@@f'?k'ng

structure obtai ned by using a crosslinking npnoletl....exanp whi ch are

enuner at ed her

ei nbel ow. 20 Aromati ¢ ¢ivinyl conpou ds, such as
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such as ethylene glycol diacgylate, 1, 3- buty}e e glycol
4- but anedi ol diacrylate, 1,5-pentanediol 25 diactylate, 1
di acryl ate, and neopentyl glycal_.diacrylate_ and conpounds
bnsuﬁﬁunngntethaabyuamq,gmmqasdéxulﬁmmgaamyhate

inferiority in low-temperature fixability (i.e.,
fixability at a low temperature) as required in a high-
speed copying machine or for economization of energy
consumption.

On-the other hand, in order to improve the
fixability of a toner, it is necessary to lower the
viscosity of the toner in a molten state so as to
increase the area of adhesion with a substrate on which
the toner is fixed. For this reason, it is reguired to
lower the Tg and molecular weight of the binder resin
used.

In this way, the low-temperature fixability
and the anti-offset characteristic are contradictory in
some respects, so that it is very difficult to develop
a toner satisfying these properties in combination. |

In order to solve the above problems, for
example, Japanese Patent Publication (JP-B) 51-23354
has proposed a moderately crosslinked vinyl polymer by
addition of a-crosslinking agent and a molecular weight
controller, and JP-B 55-6805 has proposed a toner
composed from an ®,B-ethylenically unsaturated monomer
and having a board molecular weight distribution
represented by a weight-average molecular |
weight/number-average molecular weight ratio of 3.5 -
40. It has been also proposed to use a resin blend

including a vinyl copolymer having specified Tgq,



-42- groups in the above conpounds; diacryl ate cgmpoumds—connecteeh with an
al kyl chain including an ether bond, such as die1h$ﬁ3ﬁ§E@EW éﬁfﬁfacrylate,
triethylene glycol diacrylate, tetraethylene glygo alacryrétef”p

pol yet hyl ene gl ycol #400 di acryl ate, polyethyleng gl W'Hﬁﬁ%?di acryl at e,
di propyl ene glycol diacrylate and conpoupids obtafned by su stituting

net hacryl ate groups for the acrylate groups in the' Si,

di acryl ate conpounds connected with a chain inclyding 10 an aronatjic group

and an et her bond, such as

pol yoxyet hy| eng{iBcl @ bire{ i b yatid xygh esyngaitopanedi -
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The toners by these proposals actually provide
a fixable temperature range {(defined as a difference
between the offset-initiation temperature and the

lowest fixable temperature) which is wider than that of

. a toner comprising a single resin having a narrow

molecular weight distribution. However, when provided
with a sufficient offset-prevention characteristic, the
toners cannot provide a sufficiently low fixation
temperature. On the other hand, if the low—tequrature
fixability is thought much of, the offset-prevention
performance is liable to be insufficient.

For example, Japanese Laid-Open Patent
Application (JP-A) 56-158340 has proposedla toner
binder resin comprising a low-molecular weight polymer
and a high-molecular weight polymer. It is practically
difficult to have the binder resin contain a h
crosslinked component. Accordingly, in order to
provide a high level of anti-offset characteristic, it
is necessary to increase the molecular weight of the
high-molecular weight polymer or increase the
proportion of the high-molecular weight polymer. This
is liable to remarkably impair the pulverizability of
the binder resin and thus it is difficult to obtain a
practically satisfactory product. Further, as for
a toner comprising a blend of a low-molecular weight

polymer and a crosslinked polymer, JP-A 58-86558 has



acryl ate, pol yoxyethyl ene(4)-2, 2-bi s(4-hydroxy
and conpounds obtai ned by substituting nethacr

15 groups in the above conmpounds; and pol yestef

such as one known by a trade nanme of MANDA (av
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agents nmay preferably be
polymer and an insoluble and infusible high-molecular

weight polymer as principal resin components.
According to the teaching, the toner fixability and the
pulverizability of the binder resin may actually be
improved. However, as the low-molecular weight polymer
has a weight-average molecular weight/number-average
molecular weight (Mw/Mn) ratio which is as small as at
most 3.5 and the insoluble and infusible high-molecular
weight polymer is contained in a large proport%pn of 40
- 90 wt.%, it is difficult to satisfy the anti-offset
characteristic of the toner and the pulverizability of
the resin at high levels in combination. It is
therefore very difficult to provide a toner with
sufficient fixability and anti-offset characteristic
unless it is used with a fixing apparatus equipped
with an anti-offset liquid supplier. Further, if thé
insoluble and infusible high-molecular weight polymer
is used in a large proportion, the binder resin shows a
very high melt-viscosity in a melt-kneading step for
toner production, so that-it is necessary to effect the
melt-kneading at a temperature which is much higher
than ordinary cases. As a result, the additives to the
toner are liable to cause thermal decomposition to
lower the toner performaﬁces.

JP-A 60-166958 has proposed a toner comprising

a resin component prepared by polymerization in the



3 w. parts, per 100 w. -43- parts of the .
conponents. Anong the above-nentioned crosslinki fg nonomners, OH&tIC

di vinyl conpounds (particularly, divinylbenzenq) ang3gMg§npgpte ¢onpounds
connected 5. with a chain including an acomati g group and an etther bond nay
suitably be used in a toner resin in view of fiiirg—eharactertstijc and
anti-of fset characteristic.

used in a proportion of about 0.01 - 5 w. parts—parttcut atout 0. 03 -
5 b d %meﬂmw

presence of a low-molecular weight poly-a-méthylstyrene
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
5 "for improving the anti-offset characteristic leads to
practical problems in fixability and pulverizability of
the resin composition at the time of toner production.
Such a resin composition showing a poor pulverizability
leads to a decrease in productivity in toner production
10 and mingling of coarse particles in the product toner,
thus being liable to result in scattered images.
JP-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 - 2x106
15 in the molecular weight distribution according to GPC
(gel permeation chromatography). The toner exhibits
excellent performances in reséects of pulverizabilitg,
anti-offset characteristic, fixability, anti-filming or
anti-melting characteristic on a photosensitive member
20 and image forming characteristic but further
improvement in anti-offset characteristic and
fixability is desired. Particulafly, it is difficult
by the resin to further improve the fixability while
maintaining or even improving the other performances so
25 as to meet strict demands in these days.
As described above, it is very difficult to

realize high performances in respects of both fixing



The netal - contai ni ng conpound reactive with

bent in the

present invention nmay be those containing netlalREP f g: dival ent

nmetal ions, such as[err], Fe2+ [err] and [err{ fand trival ent {i gns, such as

Al3+ [err] [err] and [err] 15 Anong [t hg FafaRreggrt 4l jconpounds,
conpounds provi de excel l eng_resulits because.thadyjare rich in

or gani ¢ net al
conpatibility

reaction uniformy in the polymer or copolyne

or gani ¢ net al
rich in vapori
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with or dispersibility in a pollyner—and-tause a qrosslinking
20 Afong t he
conpounds, those contai ning an organi c conpound, which is

papEbrhkneess hbwtemper¥tuge #ikh®aNEt9" and anti-

offset characteristic) of the toner and pulverizability
during toner production. 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 quality, high
resolution and excellent Ehin-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. Melt-
sticking of a toner material onto an inside wall of a
pulverization apparatus is also a problem which is
sometimes encountered with a toner showing a good
fixability, thus giving rise to a poor puléerization
efficiency in some cases.

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 drﬁm 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. Particulérly, an

amorphous silicon photosensitive member recently



counter ion, are advantageously used. Anobng th mmwﬁﬁnﬁﬁﬁﬁds f ormi ng
coordi nate bonds or ion pairs 25 with netal ions,examtes-of-tihdse havi ng
t he above property may include: salicylic acid; alggﬁh$§‘@@#d derivati ves,
such as salicylam de, salicylam ne, REPL ACENEN 0 R11997 -44-
sal i cyl al dehyde, salicylosalicylic acid_gand diftiert- butylsalicylic acid;
[err]-di ketones, such as acetyl acetone and propj onyl acet one; and
| ow nol ecul ar wei ght

U)

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.

5 In order to provide a compact apparatus, it is
necessary to adequately dispose various parts in narrow
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

10 cleaner, so that the toner tends to be exposedrto a
high temperature atmosphere. For this reason, a toner
cannot be practically used unless it has excellent
anti-blocking characteristic.

In order to solve the above-mentioned

15 problems, our research group has proposed the use of a
special resin Wthh has been prepared by adding a 1ow—
molecular weight resin during suspen51on polymerlzatlon
(JP-A 63-223662). Even a toner prepared according to
this proposal cannot show a sufficient fixability when

20 used in a high-speed copying machine operated at a high
speed of 80 or more A4-size sheets/minute and is found
to cause a toner flowout through a cleaning member
abutted to the fixing roller, thus being liable to
stain the transfer material such as paper.

25 In a high-speed machine exceeding 80
sheets/min, even if an.offset amount per sheet is very

slight, a considerable amount of offset residue can be



carboxylic acid salts, such as acetate and pr
where the organic metal conplex is a nmetal co
a charge control agent for toner particles.

I n case
- G ME Brﬁ"ﬁﬂo function as
| es of such et al

conpl ex include azo netal conpl exes represent ¢d{byysmar egg7ow ng fornul a

[1]: 10

center netal
6, such as Sc,
as phenyl or

[1] Ar-N = NAr e [err] 15ghelein Mdenotes a
i nclusive of netal elenents havin

cpordi nation
bn| nunber of
r denotes an aryl|group, such

Ti, V, G, Co, Ni, M1 and Fe;

napht hyl , capabl e of having a substituent, exanples of which

may 20 incl udeicciniuXatedidldrgethe CRIbiNY | roRd idfe 85t Addde number
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of sheets passing therethrough, so that the fixing
apparatus can cause a trouble thereby. 1In order_to
remove the slight amount of offset residue, a fixer
cleaning member such as a silicone rubber-made cleaning
roller or a yeb is disposed abutting to the fixing
roller. A-conventional toner binder resin has been
designed so as to provide a low-temperature fixability
and an anti-offset characteristic and has not been
desired so as to provide a high melt-viscosity_gven at
as high a‘temperature as exceeding 200 °C. Further,
the toner material attached to the fixer cleaning
member remains for a long period at a set temperature
of the fixing roller to cause a lowering in melt
viscosity. As a result, when the fixing roller
temperature exceeds 200 °C due to overshooting in
excess of the set temperature thereof, e.g., at the
time of turning on the copying apparatus, the attached

toner material causes a remarkable decrease in melt

- viscosity and is thus re-transferred to the fixing

roller to stain the toner image-receiving sheet.

JP-A 1-172843 and JP-A 1-172844 have proposed
toners which have peaks in molecular weight ranges of
3x10> - 5x103 and 1,5x105 - 2.0x10% and have a peak
area percentage of 40 - 60 % in a molecular weight
region of 1.5x10% - 2x106 or a gel content of 1 - 10 %.

These toners are actually satisfactory for low-speed or



and al koxy having 1 - 18 carbon atons; X, X, Y gf¢ erra“1“u§gf1dently
ng

denote -0-, -CO, -NH, or -NR (wherein R denote§%§h

carbon atons;

al i phatic ammoni um Specific exanples of this type o ETQKRLﬁ§?S
the foll ow ng:
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and denotes hydrogen, sodium potass un1 anwonluﬁﬁor 25
ney i ncl ude
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-%-@meww]wm@U] [ err

medium-speed apparatus but do not fully satisfy anti-
offset characteristic or fixability required in a high-
speed apparatus.

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

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 toner flowout from a fixer cleaning
member, 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 even
in a high-speed system, and a process for production
thereof.

An object of the present invention is to
provide a toner excellent in successive copying
characteristic on a large number of sheets, and a

process for production thereof.



Cr [err] Conpl ex -47- Organi c netal conoﬁﬁglécﬁggV%§gﬁ?Ed by the
followng formula [II] inpart a negative chargeability and nay] e used as
the organic netal conpound in the present invent) o83 MAR 1997

-12-

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 adequately used in a high temperature

S atmosphere of a small-size apparatus, and a process for
production thereof.

An object of the present invention is to
provide a toner which can be fixed at a low témperature
and can be produced effectively and continuously

10 without causing melt-sticking of pulverization'product
onto an inside wall of a pulverization apparatus.

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

15 good pulverizability and causes little scattering
around.a toner image during development, thus being
capable of stably providing good developéd images, aﬁd
a process for productibn thereof.

An object of the present invention is to

20 provide a toner which can be produced with good
pulverizability but without being accompanied with
ultra-fine powder due to over-pulverization and thus
can stably four good developed images, and a process
for production thereof.

25 An object of the present invention is to
provide a toner which can be produced through efficient

pulverization and classification without occurrence of



err] 10 wherein Mdenotes a coordination centér t ' tve of neta
élenLnts havi ng a coordi nati on nunber of .6, suc ﬂﬁ@@kmggﬁ% ﬁ? M and Fe;
A denotes [err] (capabl e of having a substituent, such as an K
(X denotes hydrogen, hal ogen, alkyl or nitro), 2003 MAR 1997
R (R denotes hydrogen, [err] alkyl or [eryd.- Cl8jalkenyl); [er[]}denotes a
counter ion, such as hydrogen, sodium potassiu ammoni um or al | phatic

anmoni um and Z denotes -0- or -COo0-. 25 _ : The above jani ¢
met al compounds may be used singly or in conbination of two or nore
speci es. coarse powder and ultra-fine powder and thus shows a

good productivity.
A further object of the present invention is
to provide a toner which is excellent in anti-blocking
5 - 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,
10 comprising: a binder resin and a colorant, wheggin the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-soluble
resin content including below 15 % of a resin component
in a molecular weight region of at most 5000 and at
15 least 5 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 103, )
According to another aspect of the present
invention, there is provided a process for producing a
20 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
25 a carboxyl group;
heating said mixture;

melt-kneading the heated mixture while



The addition anmount of the organic netal conp
particles may be varied dependi ng on the speci fijc BEPhAREMANTSERERTS@d, t he
use or nonuse of a carrier, the colorant for thg tpomer-and-the-reactivity

t
of the metal conpounds with the resin but 5 -nny geqﬁgg*% '§§%0'1 - 10 wt.
% preferably 0.1 - 1 w. % of the bindqr resin ijnc é on-reacted
|
S

portion thereof. As a low fixing roller pressurqg used.in._a spgall size

copyi ng machine or printer, excessive re- 10 crdsslinking resultsjin

inferior fixability.
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

5 Dbetween 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

10 classifying the resultant pulverized Q;oduct
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

15 tetrahydrofuran (THF)-soluble resin content including

| below 15 % of a resin component in a molecular weight
region of at most 5000 and at least 5 wt. % of a resin
component in a molecular weight region of at least
5x10® and showing a main peak in a molecular weight

20 region of 5000 to 10°.

These and other objects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the present

25 invention taken in conjunction with the accompanying

drawings.



Accordi ngly, the anmpbunt of the reactive netal co ﬂﬁﬁdﬂﬁwwmﬁr%ﬁerably be

below 1 wt. % of the binder resin. The above- nenti ta

conpl ex or organic netal salt shows excellent co 3236W$§?@£9

di spersibility to provide a toner with a stable ¢har t p icularly
when it is reacted with the binder resigsat the {i f nplt-kne ng. As

descri bed above, the organic netal conpl éx or organic metal salt af a
crosslinki ng conponent can 20 be al so used as a t, but
it is also possible to use another charge control agent, as desired, in
conbi nati on. frekrapeisoRTPAITONIOFC THE TRA%AARS nay for exanple be a known
negative or poSitrve charge control agent.

Figure 1 is a GPC (gel permeation

chromatography) chromatogram of a resin composition A.
Figure 2 is a GPC chromatogram of a resin
5 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.

10

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
15 (tetrahydrofuraﬁ)-soluble content of a binder resin or
other resins used in the present invention may be
measured based on a chromatogram obtained by GPC (gei
permeation chromatography) in the following manner.
A GPC sample is prepared as follows.
20 A resinous sample is placed in THF and
left standing for several hoﬁrs (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
25 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



25 Exanpl es of such known negative ch
I ncl ude: organic netal conplexes and chelate co
nmet al conpl exes as -49- descri bed above, ace
and organonetal conpl exes of aromatic hydroxyca
di carboxylic acids. Other exanples may LRglude:
acids, aromatic 5 nono- and pol y-carboxylic aci
anhydrides and esters, and phenol derivatives, 9

SPRBRPRWIEL S

Cet one net al

S1
uch as bi sphenol

t he above, nonoazo netal conpl exes
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24 hours (e.g., 24 - 30 hours). Thereafter, Ehe
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 wifhin the range of 0.5 - 5 mg/ml.

The binder resin contained in the toher of the
present invention may preferably have a THF—inioluble
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 stabilize&
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 about 100 pl of.
a GPC sample solution is injected.. The identification
of sample molecular weight and its molecular weight
distfibution 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 polystyrene

samples for preparation of a calibration curve may be



are preferred. Exanples of the positive charge aﬁggfgﬂ may
hIvAEF

I ncl ude: nigrosine and nodified products there f REFLAREME

salts, etc.

onium salts inclusive of quarternar

aci d net al
ammoni um sal f s} such as

tributyl benzyl anmoni um 1- hydr oxy- 4- napht hol sul fo an3q?ghq§§ra3urylannnnium

tetrafl uoroborate, and their 15 honol oget%-i nclfjugi ve o
and | ake pignents thereof; triphenyl nethane dygs

phosphgn um sal ts,

ent s t her eof

(the | aking agents including, e.g., phosphotungstic acid, phosphonol ybdic
aci d, phosphotungsticnol ybdic_acid, tannic acia—tTaurtc acid, 20 gallic
acid, ferricyahBPes, handngempdeguharec¥pightghdp shepmange g€ abavtal salts;
di organotin oxgggs suc
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to 10 géailable 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 cbmhination of several commercially- available
polystyrene gel columns. A preferred example thereof
may be a combination of Shodex Kr-801, 802, 803, 804,
805, 806, 807 and 800P; or a combination of TSK gel
G1000H (Hyy,), G2000H (Hyr), G3000H (Hyr), G4000H (Hyr,),
G5000H (Hyy}, G6000H (Hyy ), G7000H (Hy;) 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 5x108 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 weight of 5000 or below
{or 5x108 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 covering the entire molecular weight



di butyltin oxide, dioctyltin oxide and dicycl ohexyltin oxide; and

di organotin borates, such as dibutyltin borate, dloctyltln borate and

di cycl ohexyltin borate. 25 These may be used siprgty—of—-aA—fi-¢tt-q of two or
nmore speci es. Ampng these, nigrosine compounds fa ﬁﬁﬁiéﬁﬁ%EMhﬁHEﬁh1salts are
particularly preferred. -50- It is prgﬁ@gred USeé the tongr iaccording
to the present invention together with silica fjn qyﬁ ? ded therewith
in order to inprove the charge stability, devellpj ng characferijstiic and
fluidity.

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
5 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 below 15 %,, preferably 2 -
14 8, further preferably 3 - 13 %, of a resin component
10 having a molecular weight of at most 5000 in terms of
molecular weight distribution based on the GPC
chromatogram, whereby the resultant toner is provided
with an improved anti-blocking characteristic, freeness
from melt-sticking onto a pulverizer inner wall during
18 production, freeness from melt-sticking or filming onto
a toner-carrying member or a photosensitive member, and
an improved storability. )
Further, the toner binder resin prevents
excessive pulverization to suppress occurrence of
20 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
25 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



5

The silica fine powder used in the present invention pro

good results if it has a specific surface area of 30 n2/g or !arger,

preferably 50 - 400 nferr]/g, as neasured by nitro
to the BET nethod. The silica fine powder may be add8BPLACEMENE SHEQWO'
of 0.01 - 8 w.
the toner. For the purpose of being provided with hygr
controlled chargeability, the silica fine powder y jwe
with a 15 treating agent, such as silicone varnish} ¢
varni sh, silicoontainedndedi fai ddryd ippmportiionsit ubxnﬂqmlnmglagaﬁt

coupling agent having functional group or other organrc-srttrcor—ecorp
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caused to show a thermal behavior as if it has a lower
Tg than its ordinarily measured Tg and thus fails to
fulfil the performance expected by the Tg.

For example, in a high-speed system in whicﬁ
the cleaning part on a photosensitive member evolves
much heat of friction, the melt-sfiéking and filming of
the toner is liable to occur. Further, in case when
the toner is continuously produced for a long time,
melt-sticking of the pulverization product can occur
inside the pulverizer. Further, the toner is liable to
cause agglomeration in a toner container during the
storage or transportation thereof. This is because the
anti-blocking characteristic of the toner becomes
inferior when the resin component having a molecular
weight of at most 5000 is contained in a large
proportion, and the .toner receives a considerable
weight of the toner per se when it stands in a large
toner container as large as a capacity of 1 kg.-

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 to result in much ultra-fine powder and a lower
classification efficiency leading to a lower

productivity, if it is contained excessively. A toner

vi des

rdi ng
tion

s of
or

[ r eat ed

si | ane
unds.



It is also preferred to use two or nore treatin

i nati on.

O her additives nmay be added as desired, incIu5|vB§ﬂﬂ£E@EEﬁgﬁﬁggn¥,.such as

pol ytetrafl uoro- ethylene, zinc stearate or pol yviffiyTT dene fl uofi de, of

whi ch pol yvinylidene fluoride is preferred; an 25 a%gq@m,@g&‘pc S cerium
I C

oxi de, silicon carbide or strontiumtitaygte, of
Is preferred;
oxi de or alum num oxide, of which a
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strontiu I tanate
a flowability-inparting agent, sudh ias St-=1T7t @ni um

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 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.

On the other hand, such a resin component
having a molecular weight of at most 5000 has been used
hitherto in order to improve the pulverizability
required for toner production and assist the
improvement in toner fixability by partially lowering
the toner viscosity. Accordingly, such a component can
be contained and such effects can be expected if it is
contained in at least 2 %,

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 5 %, preferably 7 - 30 %,
particularly preferably 8 - 25 %. 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 and prevents the toner

flowout from the fixer cleaning member. A conventional



hydr ophobi ¢ one is preferred; an anti-caki ng ager, t 1 -
el ectroconductivity-inparting agent, such as carﬁﬁﬁhﬁﬁﬁgﬁf §ﬁ%3'$X|de,

antinony oxide, or tin oxide. It is 5 also posgiljle to use a small anount
of white or black fine particles having a pol arli tty @@pMgRt199z 0 that of the
toner as a devel opment characteristic imaiover.| Ijt is also prefefred to add
0.5 - 5w. %of a waxy substance, such as | owfno 0

pol yet hyl ene, |ow nol ecul ar wei ght pol ypropyl erfe, |ow nolecul ar|wei ght
propyl ene- et hyl ene copol ymer, microcrystalline wax, carnauba waX, sasol wax
or paraffin wakoner igrntadns kiditkeofh i gomponenty @a thathdt fails

il the toner .at the tine of hot 15 roller fixation.
rel easability %L é%fectively prevent the toner flowout.

If the resin component having a molecular

weight of at least 5x10°® is below 5 %, the toner

5 flowout-prevention characteristic is liable to be
insufficient. In excess of 30 %, 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

10 disfavor the improvement in fixability.

As a conventional technique, it has been known

to incorporate in a binder resin a gél component (i.e.,
a component which cannot pass a screen of 80 mesh or
200 mesh when the binder resin is dissolved or

15 dispersed in toluene because of a dense crosslinked
network structure or large molecular weight) so as to
provide the toner with a rubber elasticity. The THF;
soluble resin component having a mélecular weight_of at
léast 5x10% usea in the present invention has a larger

20 crosslinked network structure and less crosslinkage
than such a gel component, sé that the polymer
molecules are in a rather mobile state and do not
excessively resist the deformation of the toner or
hinder the fixation.

25 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 toner according to the present invention ca fgm@gﬂﬁwygﬁggﬁwrier

powder to be used as a two- conponent devel oper.

rhis . i.nstange, the

toner and the carrier powder may be m xed with €gach other so aSEZQ to
provide a toner concentration of 0.1- 50 wt. % reOérﬁARy‘i‘?@?S - 10 w. %
further preferably 3 - 5 wt. The carrier_jysed fo hi s purpose % be a
known one, exanples of which may include powderj having 25 nagnetijsm such
as iron powder, ferrite powder, and nickel powdef and carriers-gbtlai ned by
coating these powders with a resin, such as a fluorine-containing
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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) but shows little effect of preventing the
toner flowout even if it is contained in a larger
amount. On the other hand, the above-mentioned
component having a molecular weight of at least 5x108
is essential and shows a large effect for preventing
the toner flowout. }

Thus, the component in the molecular weight
range of 105 to 5x106 is not a component for improving
the fixability nor is it a component for preventihg the
toner flowout. Accordingly, the component need not be
contained in a large proportion.

The.resin component having a molecular weight
in the range of 105 to 5x10° principally functions a; 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. For this reason,
it is preferred that the resin component in this
molecular weight range is contained in a proportion of

10 - 30 %. In a conventional toner, the component



REPLACEMENT SHEET - 52- 0 3 MAR 1997 rgstnT n or a
silicone resin. The toner according to the prege ﬁibiﬁﬁﬂgﬁﬁldﬁ“ggn be
constituted as a magnetic toner containi.ng a nggrietic matérial” its
particles. In this case, the 5 nagnetic materi gl qugwgﬁg qpcé n as a
colorant. Exanples of the magnetic matepizal may ifn irTon @xide, such
as magnetite, hematite, and ferrite; nmetals, sych~es—ren—eebal{ and

ni ckel, and alloys of these netals with other fet al s, such as al gm num 10
cobalt, copper, lead, magnesium tin, zinc, antTtnony ery bi snmut h,
cadm um cal chlamimgaragmulae:l seiight aft anﬁumo tsmgét drasabeéenansddaumn and
m xt ures

to provide an anti-offset characteristic. The component
is actually effective for preventing offset but does
not effectively work for preventing the toner flowout.
5 The binder resin of the present invention is
. characterized by showing a main peak (the highest peak)
in a molecu1a£ weight region of 5000 to 105,
particularly in a region of 104 to_5xi04.
In case where there are several peaks, it is
10 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
15 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
20 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
25 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



P e o

of these materials. The magnetic material may hdv8E&HAvaragd ®8 particle
size of 0.1 - 2 mcron, preferably 0.1 - 0.5 margn. The magneticimateri al
may preferably show magnetic properties under agplii c@Biearag970]kil o-
Cersted, inclusive of: a coercive force of 20 - |30 20 Cersted, {a
saturation magnetization of 50 - 200 emu~2g~ and |a ' tijzati on of
2 - 20 emu/g. The magnetic material may be contgined in the tonerjin a
proportion of 20 - 200 w. parts, preferably 40 - 150 wt. parts, per 100
wt. parts of the resin conponent. 25 The toner according to the
present i nvent ben comtadmedaiin a pariopoarttionhiofh ataleastadOafpr dpcithes

preferably at least 45 &. It is also a preferred mode
that a single peak in this region is present in the
region of 104 to 5x104.

5 If ﬁhe 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
weight of at most 5000 being 15 % or more are
encountered. If the main peak is present at a.

10 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 Sx104, the pulverizability of
the toner material begins to be gradually lowered.

15 A characteristic of the binder resin of the
toner according to the presént invention is that it has
a weight-average molecular weight (Mw) of at least '
5x106, preferably 6x108 - 2x107, as calculated based on
its GPC chromatogram. If the Mw is at least 5x106, the

20 molecular weight distribution covering the ﬁigh-
molecular weight region to the ultra high-molecular
weight region is smoothly connected, and a resin
component having a molecular weight of at least 5x10°
effective for offset prevention is contained in a

25 sufficient amount and in a sufficiently broad range.
The Mw of at least 5x10® means not that a resin

component having a molecular weight amount 5x108 is



pi gnent or dye. -53- Exanpl es of the pignenr;ﬂ@ygmn@¢ﬂd6kﬂﬁhﬁbon bl ack,
ani |l i ne bl ack, acetyl ene bl ack, Naphthol Yell o, ~-Harsa—¥et| ow,» Rhodam ne
Lake, Alizarin Lake, red iron oxide, Phthal ocypn|ne gﬁ#&@% d I ndant hrene
Blue. 5 These pignments are used in an amount spf i & zroyiﬁe a
required optical density of the fixed isggges, an{l_may be added in a
proportion of 0.1 - 20 w. parts, preferably 2}- 10 wt. parts,AEFr 100 wt.
parts of the binder resin.

contained in a large proportion but that a resin
component having a molecular weight in excess thereof
is contained in a broad distribution. 1In other words,
the GPC chromatogram shows not a high peak but shows a

5 ‘broad distribution around a molecular weight of 5x10°
or above. As a result, an effective amount of a resin
component functioning to connect with the other resin
component is .contained, so that the internal additives
to the toner can be well dispersed. An Mw of below

10 5x10° can result in an insufficient anti-offset
characteristic. On the other hand, an Mw exceeéing
2x107 can cause a failure of toner fixation or
dispersion of internal additives. It is further
preferred that the binder resin has a number-average

15 molecular weight (Mn) of at most 4x104, more preferably
at most 3x104, particularly preferably 2.5x104, as
calculated based on the GPC chromatogram, in order té
contain effective amounts of fixability-enhancing
component and pulvérizability-improving component. So

20 as to contain the above-mentioned respective components
in a good balance and have the respective components
effectively show their functions, the binder resin may
preferably have a broad molecular weight distribution
as represented by an Mw/Mn ratio of above 125, more

25 preferably at least 170.

The binder resin may preferably contain an

ultra-high molecular weight component having a function



10 Exanpl es of the dye may include: a
xant hene dyes, and net hi ne dyes, which may be a dg b
- 20 wt. parts, preferably 0.3 - 10 w. parts,

anthragurnone dyes,
AVERIEH oportion of 0.1
100 wt . parf$ of the

bi nder resin. 15 The toner according foltp3M&eaed7 | hventi on may
be prepared through a process including_,gufficijeftly bl ending Fhk bi nder
resin, the organic netal conpound such as the t al | conpl ex,

a colorant, such as pignent, dye and/or a magnetic 20 nmaterial, hnd an
optional charge control agent and other additives, as desired, by neans of
a bl ender suchofistankengibebuti.xeFofr thilgalpurpolsle, Hohlet ibigpdardrkséadi ng the
bl end by nmeans of hot kneadi ng neans, such

may preferably have a Z-average molecular weight (Mz)

of at least 2x10’ also based on the GPC chromatogram.
In order that the ultra-high molecular weight component
5 1is contained in a good balance, the binder resin may
preferably a Z-average molecular weight/#eight—average
molecular weight (Mz/Mw) rétio of at most 40, further
preferably S5 - 30. In caée where the Mz/Mw ratio
exceeds 40, the ultra-high molecular weight component
10 is contained but the proportion thereof is rather
decreased, thus being liable to fail to show a
sufficient effect of preventing toner flowout. On the
- other hand, if the crosslinked component removed by
filtering for GPC sample preparation is increased, a
15 sufficient fixability. is liable to be impaired. If the
Mz/Mw ratio is below 5, the THF-soluble content of the
binder resin fails to show a sufficient broadness in.
the ultra-high molecular weight side, so that the
balance between the toner flowout preventing effect and
20 the toner fixability can be impaired.

The average molecular weights Mn, Mw and Mz
referred to herein are based on GPC chroﬁatbgrams
obtained by GPC using a sample at a resin concentration
of about S5 mg/ml in a high-speed liguid chromatograph

25 ("150C", available from Waters Co.) and a combination

of columns ("Shodex GPC KF-801, 802, 803, 804, 805,

806, 807 and 800P", available from Showa Denko K.K.).



as hot rollers, a kneader or an extruder to cause 25 nelting of the

resi nous materials and di sperse or dissolve th =&l , pi gnent
or dye therein, and cooling and solidifying th _ -54-
foll owed by pul verization and cl assification. e t hus obtaand toner may

be further blended with other external agh4liti , @3 MaRipgr. [sufficiently
by means of a m xer such as a Henschel m xer tjo jprovide 5 a devel oper for

devel opi ng el ectrostatic imges. I n the above{nentl kngadi ng step
for '

The integration for calculation of Mn; Mw and Mz was
performed, e.g., at a retention time increment of about
0.3 min.
The binder resin used in the present invention

5 may preferably have 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, more
preferably 5 - 70 mgKOH/g. Because of its acid value,
the binder resin provides a toner with an increased

10 releasability with respect to the fixing rollerf. If
the acid value is below 2 mgKOH/g, it is difficult to
cause re-crosslinking as described hereinafter
sufficiently. If the acid value exceeds 100 mgKOH/g,
it becomes difficult to effect the toner charge

15 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

20 acid value attributable to the acid anhydride group
exceeds 10 mgKOH/g, vigorous fe-crosslinking is caused
at the time of kneading to be liable to result in
excessive crosslinkage and deterioration in fixability
due to hindrance of movement of polymer molecule

25 chains. Further, the control of the crosslinking
degree in the binder rgsin becomes difficult. This is

because the acid anhydride group is richer in



production of a toner, it is possible to also effect.lhe.severance.of the
hi ghly crosslinked hi gh-nol ecul ar wei ght resin conpcnRENACFM§N$Q¥EE§n,e may

be 10 effectively acconplished by perform ng the ngl krreadtrg=tm
| ow-tenperature nelting state so as to exert a highls %ikqﬂgﬁa@ﬁp
re-crosslinking of the resin conpositiang.s effected W th¥t aI
cont ai ni ng conpound under heating during the nelt- 15| kneading

=

a
and t he

an

extruder is used for exanple and an axial or screw gdrrangenent SU|tabIe for
applying a shear force is adopted and operated at a Yelat+vety—tow-s
tenperature, mebhcghiviltyathag thecetherapglidedroaps0 the m xture whe
m xt ure passes through the

10

15

20

25

If the resin component having molecular weight
of at least 5x106 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 toner flowout-prevention
characteristic and fixability of the toner through
moderate suppressing fluidity of toner at a hiqp

temperature. If the acid anhyde group 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. .

In order to obtain a vinyl polymer having an
acid anhydride group, the following methods for examéle
may be used in addition to a conventional
polymerization process using an acid anhydride monomer.
In solution polymerization using a monomer, such as a
dicarboxylic acid or a dicarboxylic acid monoester, it
is possible to convert a part of the dicarboxylic acid
groups or dicarboxylic acid monoester groups in the
resultant vinyl (co)polymer into anhydride groups by
adjusting the conditions for distilling off the solvent
after the po;ymerization. It is also possible to

convert such dicarboxylic acid groups and dicarboxylic

cl
n the



kneadi ng section to sever the polyner network apd-then—cause-the

re-crosslinking by reaction of the resin with t heR b AEMENh EEERT n conpound

while the mxture is discharged and cool.ed. 25 A Gchc r omat ogr am
r

D

(chart) of a resin conposition A used in Exanplg I g@eaR #497h inafter is
reproduced herein as Figure 1. The resinzg_ -55t fonposition contjains a
THF-i nsol ubl e content which is renoved by a filjer—whenra-&PE-sanpl e
solution is prepared and thus cannot be observefd by GPC. A GPC

acid monoester groups 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
5 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.

10 On the other hand, dicarboxylic acid ?onoester
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

15 dicarboxylic acid groups by hydrolysis. If such a
vinyl copolymer obtained by bulk polymerization or
solution polymerization is dissolved in a vinyl monoéér '
and the resultant mixture is subjected to suspension
polymerization or emulsion polymerization, a part of

20 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

25 anhydrization, ring-opening or esterification.

A vinyl monomer having a dicarboxylic acid

group and a vinyl monomer having a dicarboxylic



conmposi tion A by a kneader used in Exanple 1 iy qu[ﬂﬂﬂﬁﬁﬁ’&ﬁEEfc
The resin conposition does not contain a THF-I

t he severed hi gh-nol ecul ar wei ght conponent app
chromatogram 10 Further,
kneadi ng the resin conposition Awth a netal -

reproduced as Figure 3, wherein a conponent for
extended to a higher

esin
ure 2.
tbte-restm-tgngonent and

S p an it he
eiﬁﬂ%&ﬁ?in obt ai ned by
ontai ping.compdurtd is

d by re- crossllnklng S
e- 15

a GPC chr onat.agy_.am o

nol ecul ar wei ght side. Acc

nenti oned changmhydmileataup Wevghia ditxiongd Wdr@enby | nﬂ;g floaind -dfneadi ng may
be confirmed through conparison of Figures 1 - 3.

10

15

20

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, it is possible to adopt as a
suitable one a polymerization method using a
dicarboxylic acid monoester. A binder resin obtained
through polymerization using a dicarboxylic acid
monoester contains carbonyl groups, anhydride group
and/or dicarboxylic acid groups therein so thaE a
uniform crosslinking can be caused therein.

The formation or extinction of an
anhydride 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 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).

For example, the JIS acid value measurement
provides an acid value of an acid anhydride which is
about 50 % of the theoretical wvalue (based on an

assumption that a mol of an acid anhydride provides an

acid value identical to the corresponding dicarboxylic



Her ei nbel ow, t

on Exanples. First of 20 all, Synthesis Exanples—et—bt-nder—resins for

in toners are
of the resins
(DSC) ("DsC 7"

is accurately

10
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25

he present invention will be described in nore detail based

use

expl ai ned, in which the glass. t aﬁEﬁﬂCBM:ﬂEﬁﬁ%FatUres (Tg)
were nmeasured by using a differeptfa™scanni ng c rlneter

, available from Perkin-ELggr Coj) ilbgp&‘ q?d n
manner. A sanple resin in an anount of 5 - 20 +g preéferably a out 10 ny,

wei ghed and - 56- ‘

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 obtained by doubling the
difference between the total acid value and the JIS
acid value of the resin. N

The method of the JIS acid value measurement
is explained hereinbelow.

2 - 10 g of a sample resin is weighed and
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. Tﬁe
resultant solution is titrated with a preliminarily
standardized N/10 KOH/alcohol sdlution 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



pl aced in an al um num pan (an enpty pan being u
nmeasurenent is perforned in a nornmal tenperatur
environnment at a tenperature raising rate of 10
tenperature range of 30 [err]Cto 200 [err]C. A
is generally found in the range of 40 -_490 [er
absorption curve, a first base |line is drawn be
| eading to 10 the main peak and a second base

sl ope descending fromthe main peak. A nmediumli

in parallel

W hdr&ing 16t hegguibéd it e eSollowihgemhnnet . and saephel base -

i nes, whereby the nmediumline and the heat absorption curve
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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 wvalue (B).

The above-mentioned 1/10 N-KOH solutiqp 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 stifring.
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-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.



15 forman intersection with each other. The {eRPBAGEUERT &tfhe;
I ntersection is taken as the glass transitiongt aruar é (Tg OCD: The

val ues of Tg thus neasured, various acid valuﬁs aqgaqﬁmgw ppsitions on
GPC chromat ograns for 20 the binder resins obgaijne ntthSs Exanpl es

are sunmarized in Table 1 appearing afteg3zSynth ynt hesi s
Exanple 1 Styrene 70.0 wt.parts 25 n- But yl
acryl ate 25.0 " Acrylicacrd

5.0 " Di-tert-butyl peroxide 1.5 "

Then, the polymer or copolymer {(A-1) is
dissolved in a polymerizable monomer mixture containing
0.5 - 20 wt. %, preferably 1 - 15 wt. 8, of a carboxyl
group-containing vinyl monomer, followed by suspension

5 polymerization to prepare a polymer or qppolymer
composition (B-1) which shows a main peak in a
molecular weight region of 5000 - 10° oﬁ ﬁ GPC
chromatogram but can contain a gel content (THF-
insoluble).

10 The composition (B-1) is melt-kneaded_ﬁogether
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

15 reaction with the metal-containing compound for re-
crosslinking to provide a molecular weight distribution
characteristic to the present invegtion. This proces;
may be performed simultaneously at the time of tgner
production and thus the melt-kneading can be performed

20 in the presence of a magnetic material or colorant. It
is possible to effectively cﬁuse the re-crosslinking
under the action of a heat evolved due to the severance
of the polymer network.

As an alternative method for preparing a

25 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



-57- A nonomer m xture having the above conposi!' : hnL g
hours to 200 wt. parts of toluene under heati ng
conpl eted under toluene refluxing, followed by ]
reduced pressure and heating (at 120 [err]C), tp

wisein 4
rigzati on was
u ne under a

resin. The above resin -34- 30.D ane
44. 65 " n-Butyl acrylate '
Mono- n- butyl nal eate 5.0 Di Vi nkd=benzanemmms

5.0 '

in the 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-

5 containing vinyl monomer, and a polymer or copolymer
(A-2) having a main peak in the molecular weight region
of 2000 - 10° by solution poiymerization, bulk
polymerization, suspension polymerization, block
copolymerization or graft polymerization, and blending

10 the polymer or copolymer (B-2) and the polymer'or
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

15 in the molecular weight region of at least 103 obtained
by solution polymerization, 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

20 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
copoiymer (A-1) or the polymer or copolymer (A-2).

If the respective polymers or copolymers in

25 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 peaks



Benzoyl peroxide 0.35 Di-tert-butyl peroxy-2- etgyl
hexanoat e 0.70 15 n T ot
havi ng the above conposition, 170 wt. parts of wa e%gggﬁggg H«R gT 12 w.
part of partially saponified polyvinyl alcohol was ddded, and the' xture
was vigorously stirred to forma suspensigg_|liqui | rQ & MAR 4387t i bn vessel
containing 20 50 w. parts of water and purged with nitrogen, thp hbove
suspension |iquid was added and subjected to 8 hoyir ST0f SUSPENST ON
pol ynmeri zation at 80 [err]C. After the conpletionfof the reaction, L he
product was wastedrbappingt eachdethsiered and dried to obtain a résin 25 -
conposition A containing a styrene copol yner

Incidentally, within an extent not adversely

affecting the present invention, the polymer(s) or
copolymer(s) thus prepared can be mixed with another

S resin such as,vinyl resin, polyester, polyurethane,
epoxy resin, polyamide, polyvinyl butyral, rosin,
modified rosin, terpene resin, phenolic resin,
aliphatic or alicyclic hydrocarbon resin, aromatic
petroleum resin, haloparaffin or'paraffin wax.

10 It is also preferred to have the polyger 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 assume a block copolymer or a
15 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

20 difficulty that the reaction control is difficult. 1In
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

25 selecting the polymerization initiator or the reaction
temperature. Accordingly, the solution polymerization

is preferred for preparation of a low-molecular weight



crosslinked wth divinyl benzene. -58- Synt hgsiyg ﬁgﬁg&k hyiene
70.0 wt.part(s) n-Butyl acrylate REPE ”hmﬁ gh“ i it ert - butyl

per oxi de 2.0 "5 Sdl 4ti on pol yneri zati on was
performed by using the above nononmer mixture otjhgrvid 3eMAR H9E $ade nmanner
as in Synthesis Exanple 1 to obtain a resgg. THe jabove resin
30.0 wt.part(s) Styrene 44,70

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,

5 cumene, cellosolve acetate, isopropyl alqohol, 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

10 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 wt. parts, per

15 100 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 butm
may suitably be in the range of 70 - 230 °C. In the
solution polymerization, it is preferred to use 30 -

20 400 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-

25 molecular weight polymer component, the emulsion
polymerization or suspension polymerization may

preferably be adopted.



—
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10 n-Butyl acrylate 20. 0 Morm=m=hur nal-ed

3.0 Divinyl benzene ~0.40 " ég%%SQﬁ“%%¢§%FE€

1.30 Di-tert-butyl peroxy-2- 15 et hyl hexanoht g

0. 80 " Suspension polynerization was performed pyijugheiarh®wodbovel m xture
otherwi se the same manner as in Synthesjg,Exanplejljto obtain a ?Esin
conposition B. Synthesis Exanple 3 20 Styrenge

75.0 wt.part(s) n-Butyl acrylate 20.0 Methacrylik acid
5.0 Di-tert-butyl peroxide 2.0

10

15

20

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 phgse. 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 and others can be
blended gasily 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 salt-precipitation
in order to recover the product polymer. The
suspension polymerization is more convenient in this
respect.

On the other hand, in the suspension



Sol ution pol ymerization was performed by using 2% BhE/bsvei ngtidier m xture

otherwise in the sanme manner as in Synthesis Exagplié I 1o obtaimjairesin
REPLACEMENT SHEET 03 MAR 1997 -59- The above resiini gz MAR 7 30.0
wt.part(s) Styrene 44. 65 " n-%%gtyl acryl ate
20.0 " Acrylic acid _38- 510 e

Di vi nyl benzene 0.3? "

10
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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.

The suspension polymerization may preferably
be performed by using at most 100 wt. parts, pEeferably
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
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 bf the -
amount of the monomer relative to the aqueous 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 soluble 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 for



Benzoyl peroxide 1.00 Di-tert-buty LAREMBNT SHreT

et hyl hexanoat e 0.70 " Suspensio ol ymért—zati on was
performed by 10 using the above m xture otherw se the |s ogpﬁﬂg; ﬁn
Synthesis Exanple 1 to obtain a resin conposition C t hesi s Eﬁ§|e
Styrene 78. 0-38- parts n- Bt bt
18.0 " 15 Mono- n- butyl nal eate 5.0 " |

Di vi nyl benzene 0.5 Di-tert-butyl peroxy-2- J
et hyl hexanoat e 0.8 A nononer m xture having the above

conposi tion 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-
5 dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene,
p-n-butylstyrene, p-tert-butylstyrene, p-n-
hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p-n-
decylstyrene, and p-n-dodecylstyrene; ethylenically
unsaturated monoolefins, such as ethylene, propylene,
10 Dbutylene, and isobutylene; unsaturated polyenes, such
as butadiene; halogenated vinyls, such as vinyi
chloride, vinylidene chloride, vinyl bromide, and vinyl
fluoride; vinyl esters, such as vinyl acetate, vinyl
propionate, and vinyl benzoate; methacrylates, such as
15 methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylaée, isobutyl
methacrylate, n-octyl methacrylate, dodecyl
methacrylate, 2-ethylhexyl methacryiate, stearyl
methacrylate, phenyl methacrylate, dimethylaminoethyl
20 ﬁethacrylate, and diethylaminoethyl methacrylaﬁe;
acrylates, such as methyl acfylate, ethyl acrylate,
n-butyl acrylate, isobutyl acrylate, propyl acrylate,
n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate, 2-chloroethyl acrylate, and
25 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
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et

20 was added dropwise in 4 hours to 200 w. parts jofi t ol uene under Heating,

and the pol ymerization was conpl eted under tol ueng rlef OdxMAR, 998! liovied by

renoval of toluene under reduced pressure and heatij (at 120 [ern] @, to
obtain a resin D. 25 Synthesis Exanple 5 Styrene

75.0 wt.parts n-Butyl acrylate ~40- 0.0 - 60-._Mono4n- but yl
mal at e 5.0 wt.parts Di-tert-butyl peroxide

0.7 !
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ketone, and methyl isopropenyl ketone; N-vinyl

compounds, such as N-vinylpyrrole, N-vinylcarbazole,

N-vinylindole, and N-vihyl pyrrolidone; vinyl-
naphthalenes; acrylic acid derivatives or methacrylic
acid derivatives, such as acrylonitrile, methacryro-
nitrile, and acrylamide; the esters of the above-
mentioned ¢,@-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.

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
citraéonate, monoethyl citraconate, monobutyl
citraconate, monomethyl itaconate, monomethyl
alkenylsuccinate, monomethyl fumarate, and monomethyl

mesaconate; and unsaturated dibasic acid esters, such

as dimethyl maleate and dimethyl fumarate. Further,
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A nmononer m xture having the above conposition was ajdgﬂ%gg | nj 4
hours to 200 wt. parts of 5 tol uene under heating, {and ‘%gﬁﬁﬁgr zpation
was conpl eted under toluene refluxing to.forma styrén en,
into the reaction required, the resin D having a hfgher nol ecul ar wej ght
was added so as to provide a ratio of thedtesin D thestyreme-copotyner =
10 4/6 and the mxture was sufficiently stirred and subjected to renoval
of tol uene under reduced pressure and heating (at 120 [err]C), to obtain a

resin conposition E. nt hesi s Exanple 6 15 Styrene |
75.0 Wt . ;r)rgrt(s)tli‘ﬁ%%t Y 2159 e uggd: 0,8-unsaturated acids, such as

acrylic acid, methacrylic acid, crotonic acid, and

cinnamic acid; ¢(,8-unsaturated acid anhydrides, such as
crotonic anhydride and cinnamic anhydride; anhydes
5 between such 0,8-unsaturated acids and lower fatty
acids; alkenylmalonic acid, alkenylglutaric acid,
alkenyladipic acid, and anhydrides and monoesters of
these acids,
Among the above, it is particularly preferred

10 to use monoesters of (f,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

15 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.

20 Aromatic 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

25 diacrylate, 1,6-hexanediol diacrylate, and neopentyl ’
glycol diacrylate, and compounds obtained by

substituting methacrylate groups for the acrylate



Mono- n-butyl mal eate 5.0 Divinyl benzepg AGEMENT SHEFT

0. 05 " Azobisvaleronitrile 0.70 2l

Suspensi on pol ymeri zation was performed by using the aboyve nononernxture
otherwise in the sane manner as in Synthesis Exanplle {134 MM ¥ airesin F.
Synt hesi s Exanple 7 Styrene -42- 72.0 wt.pafts 25
n-Butyl acrylate 25.0 Mono-n-blityl nal ate

3.0 Di-tert-butyl peroxide 1.0

groups in the above compounds; diacrylate compounds
connected with an alkyl chain including an ether bond,
such as diethylene glycol diacrylate, triethylene
glycol diacrylate, tetraethylene glycol diacrylate,

5 polyethylene glycol #400 diacrylate, polyethylene
glycol #600 diacrylate, dipropylene glycol diacrylate
and compounds obtained by substituting methacrylate
groups for the acrylate groups in the above compounds;
diacrylate compounds connected with a chain including

10 an aromatic group and an ether bond, such as
polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl )propanedi-
acrylate, polyoxyethylene(4)-2,2-bi§(4-hydroxyphenyl)-
propanediacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate

15 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, trimethylethane

20 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.

25 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.
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m xture having the above conpositién added gropwi se in 4
hours to 200 wt. parts of toluene under _heating, &n aﬁ%&”ﬂbﬁ@ﬁ@&ﬁ?a i on was
conpl eted under toluene refluxing to for a styren -copol ymer. | Then,
into the reaction required, the resin F having a hi gh&3 MARGgg7ar i ght

was added so as to provide a ratio of the3resin Ffthe styrene copplyner =
3/7 and the m xture was sufficiently stirred and pubj ected tTo TeNDVjal oOf

t ol uene under
resin conposition G Synthesis Exanple 8 Styrene

reduced pressure 10 and heating (attl20 [err]C), to gbtain a

90.0 wt.part(sparts of the other vinyl monomer components.
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Among the above-mentioned crosslinking
monomers, aromatic divinyl compounds (particularly,

divinylbenzene) and diacrylate compounds connected

. with a chain including an aromatic group and an

ether bond may suitably be used in a toner resin in

view of fixing characteristic and anti-offset
characteristic.

The metal-containing compound reactive with
the resin component in the present invention méy be
those containing metal ions as follows: divalent metal
ions, such as Ba2*, Mg2*, ca2*, Hg?*, sn2*, Pb2*, Fe?t,
Co?*, Ni2* and zn2*; and trivalent ions, such as Al3%,
sc3*, re3*, cedt, Ni3t, cr3* ana ¥3*.

Among the above metal compounds, organic metal
cdmpounds provide excellent results ﬁecause 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
vaporizability or sublimability, as a ligand or a
counter ion, are advantageously used. Among ﬁhe
organic compounds forming coordinate bonds or ion pairs
with metal ions, examples of those having the above
property may include: salicylic acid; salicylic acid

derivatives, such as salicylamide, salicylamine,



n-Butyl acrylate 10.0 " 15 REPUASENERULSHEEDeT oxi de

7.0 " Solution polynerization was perfornmed by ugi bnpmer
m xture otherwi se in the sane manner as in Synthesi pt fi N a
resin. The above resin 70.0 .wt . par yfene
44. 65 " n-Butyl acrylate -44- 20.0 Na-= ht

5.0 Divinyl benzene 0. 35 " Bemzoyl peroxide

1.00 25 Di-tert-butyl peroxy-2- ethyl hexanoate

0.70 " Suspensi on polynerization was performed by

salicylaldehyde, salicylosalicylic acid, and di-tert-

butylsalicylic acid; @-diketones, such as acetylacetone

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

S 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 [I]:

10 {1} [Ar-N = N-Ar] ©
/ -

x|y

\t/

M

/
Y X{

|Ar-N = N-ar] 29,

15 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
20 include: nitro, halogen, carboxyl; aniiide, and alkyl
and alkoxy having 1 - 18 carbon atoms; X, X', Y and Y'
independently denote -0-, -CO-, -NH-, or -NR- {wherein
R denotes an alkyl having 1 - 4 carbon atoms; and 2
denotes hydrogen, sodium, potassium, ammonium or
25 aliphatic ammonium.
Specific examples of this type of complexes

may include the following:



using the above m xture otherw se the same manner as inr'%gﬁ;esi—s——aea%
to obtain a resin conposition H Synthesis Exanple 9 Styr eACEMENT SHEET
68.0 wt.parts 5 n-Butyl acrylate . 22. 7 "
Mono- n- butyl nal eate 8.0 " Divinyl benzeng3 799 f :
1.3 " Di-tert-butyl peroxyhexanoate _ac_0.6 " JA D norrer Zur.
havi ng the above conposition 10 was added dropwi se in 4 h‘Otl‘I“S**t—G»«%Q-O—AM.
partsof cumene under heating, and the pol ynerization S
Complex {I] —1 °
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conpl eted under toluene refluxing, followed by renoval of cunene under
reduced pressure and heating (at 200 [err]C), to obtain a styrene copol yner
resin . 15 The properties of the resins or resin conpositions
obtained in the above-described Synthesis Exanples are sufi .

A=

following Table 1. 20 25 -63- [err] 446- PLACEMENT SHEET ]
03 MAR 1997 }

i

Complex (1] —4 ( N e e N,

@
HZN—_(C4H3 )2

N
Complex [I] —5 (¢ °
CHs
Q@O wrn g | -
/c\o \ 0}
o/ N\,
AN
o \ o
C.H, CHs | H®
N /
Complex [(I] —6 ¢ c N
£ <:> o
N=N @
0 \ O 'COOH
\'/
A
HOOC O \ o
(O)— N=N
HQ




Exanpl e 1 Resin Conposition A

oxi de

e
2 Low nol ecul ar wei ght et hyl ene- propyl ene copol yner : 03 MAR irh
above ingredients were prelimnarily blended and nelt-kphepded Pkro ﬁgi
tw n-screw extruder 10 having a kneadi ngggone |ncorpor§t“ng~a~baekwang
screw. The kneaded product was cool ed, '
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100 wt . p4r Psi)’g*ﬂf"éi@"r‘iétSa‘{EElﬁ'r
Cr o

80 Di-tert-butylsalicylic acid 5

coarsely crushed}

Organic metal complexes represented by the following
formula [II] impart a negative chargeability and may be

used as the organic metal compound in the present

invention.
[(rxy] f H,0 g 10
- Z 0-C
/ N\
() \M/ (A)
AN /

C-0

s

X 0 H,0

- ﬁ ’

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

[::[ (capable of having a substituent, such as aﬂ

x—{é;ggﬂéi[ (X denotes hydrogen, halogen, alkyl or nitro),

f
) L0
;

(R denotes hydrogen, C1 - C1g alkyl or C{ - Cq4g
alkenyl); ¥® denotes a counter ibn, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and
Z denotes -0- or -CO-0-.

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

The addition amount of the organic metal

DX



finely pulverized by neans of a pulverizer using jet air stream and

classified by a wind-force classifier to obtai,
wei ght -average 15 particle size of 8 mcrons.
showed a good pul verizability w thout over- py
occurrence of fine powder. Further, no nplt-st
was observed in the pulverizer. Data for 20 e
are summari zed in Table 2 appearing hereinafté€

kneaded product was eval uated by a pul veri zer

m8/nin and a m&n?%urﬁ@fté 146H CEEnd" pEEPEcRs

e
vV a

havi ng a

n.a. nrgnetlc.lones
REPRACFORENGASkTIEaded product
| vertzatt+oer-and with little

Ki pulyeri zed product
| u %’iﬂéRthul verizability

r.|
us

[he. pul verizability of the
ing a jet air streamof 2
&y capacity per

unit tinme. The 2 i ne powder anmount was neasured by using a Coul ter
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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.

As a low fixing roller pressure is used in a
small size copying machine or prihter, 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 toﬂer 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 or positive
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



counter (Model TA-11, available from Coulter Ele
m cron-aperture after -65- dispersion in 1 % N
the presence of a surfactant. The above- prepared
subj ected to preparation of a GPC sanple having a
5 ng/m, and no binder resin conponent was found
that tinme. The GPC sanple was subjected {0 neasur
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hejgneti c toner

r esigs MAROTOEntir at i on of

ojremain on thej filter at

di stribution by GPC using a high-speed liquid
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described above, acetylacetone metal 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.

Examples of the positive charge control agents
may include: nigrosine and modified products thereof
with aliphatic acid metal salts, etc., onium salts
inclusive of quarternary ammonium salts, such as
tributylbenzylammonium 1-hydroxy-4-naphtholsulfonate
and tetrabutylammonium tetrafluoroborate, and their
homologous inclusive of phosphonium salts, and lake
pigments thereof; triphenylmethane dyes and lake
pigments thereof (the laking agents including, e.g.,'
phosﬁhotungstic acid, phosphomolybdic acid,
phosphotungsticmolybdic acid, tannic acid, lauric acid,
gallic acid, ferricyanates, and ferrocyanates); higher
aliphatic acid metal salts; diorganotin oxides, such as
dibutyltin oxide, dioctyltin oxide and dicyclohexyltin
oxide; and diorganotin borates, such as dibutyltin
borate, dioctyltin borate and dicyclohexyltin borate.
These may be used singly or in mixture of two or more
species. Among these, nigrosine compounds and

tetraammonium salts are particularly preferred.

o eculéilmeight



chromat ograph ("150C", available from Waters
colums ("Shodex GPC KF-801, 802, 803, 804, 80
avai |l abl e from Showa Denko K. K.). The neasur
nol ecul ar wei ght distribution of the toner bin
3 and 4. 15 100 wt. parts of the abo

- RERIDEER 49 gaghi pation of
, 866;—88-+~ana-300P",
dldata regardi ng the
el i)egiﬁﬁ A®7shbwh in Tabl es
eiprepared _magnet]c toner
and 0.6 w. part of hydrophobic colloidal""sili¢a were blended wfh each

ot her to prepare a devel oper which was then ev j mhmercially
avai |l abl e hi gh-speed el ectrophot ographic copying nachine at a 20 rate of 82
A4 size sheets/mn. ("N28380'prdFdrred) teAude KHé kofel acttriing! o

fixability, toner flowout preventing characteristic, imge qualify and
the present invention together with silica fine powder

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

5 The 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
mzlg, as measured by nitrogen adsorption according to
the BET method. The silica fine powder may be.added in

10 a proportion of 0.01 - 8 wt. parts, preferably 0.1 - §
wt. parts, per 100 wt. parts of the toner.

For the purpose of being provided with

. hydrophobicity and/or coni&oiled chargeability, éhe
silica fine powder may well have been treated with a
15 treating agent, such as silicone varnish, modified
silicone varnish, silicone 0il, modified silicone oil,
silane coupling agent, silane coupling agent having '
functional group or other organic silicon compounds.
It is also preferred to use two or more treating agents
20 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 -

25 abrasive, such as cerium oxide, silicon carbide or
strontium titanate, of which strontium titanate is

preferred; a flowability-imparting agent, such as



durability.

In addition to these results, the stdr&6fH &y AHdSERd o
5x10[err] sheets-copying test 25 are shown in Tat) 5 5 and 6. Thrioyghout
the copying test, inmages having a high density (1. fr
fog were stably obtalned The i mages were . - 66-

esul t of

i .

5 R) d ee from
a ?E%ﬁ# {gg?he qQri gi nal

and showed excel | ent dot - reprodu0|blllpy nd t hiin H-ne-reproduetbijl i ty.
The storability (anti-caking characterlst?65 was l|eval uated by pl anijng about
1.5 kg of the toner in a 3 liter- 5 plastic bottlé, " Teaving tnhée bottle

standi ng for
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1 day

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 particles having a polarity opposite to that of
the toner as a development characteristic improver.

It is also préferred to add 0.5 - 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.

The toner according to the present invention
can be mixed with carrier powder to be used as a two;
component developer. 1In 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 éurpose 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



at 50 [err]C and then observing the dischargFabiIity of the toner Iron1the
bottle. The fixability was evaluated after placing 8 ENGPSi s in an
envi ronnent of | ow te?/rperature - low humdity (15 [tﬁﬁkmﬁ %E‘{Eﬁv rni ght
10 so as to fully adapt the test apparatus and the jfixing devicejtherein
and then making continuously 200 sheets of, copied [i rad@s, MAR Bl ch the
copi ed i mage on the 200- th sheet was use&zfor evdl Jyation of the flixability
by rubbing the inmage with a | ens cleaning paper (‘{Dusper”™ 15 (tradg name),
nfd. by OZU Paper Co., Ltd.) for 10 reciprocations ) ~about
100 g. Then, theesig ee PinPEatddith Wr 461 100nd EgS y¥as eval uated in
terns of a decrease (% in reflection density. The anti-offset
characteristic was eval UpHedtdner ddddrding to the present invention

can be constituted as a magnetic toner containing a
magnetic material in its particles. 1In this case, the
5 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 ahd nickel, and alloys of
these metals with other metals, such as aluminum,

10 cobalt, copper, lead, magnesium, tin, zinc, antimony,
beryllium, bismuth, cadmium, calcium, manganese,
selenium, titanium, tungsten and vanadium; and mixtures
of these materials.

The magnetic material may have an average

15 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

20 Oersted, a saturation magnetization of 50 - 200 emu/q,
and a residual magnetization of 2 - 20 emu/g. The
magnetic material may be contained in the toner in a
propoftion.of 20 - 200 wt. parts, preferably 40 - 150
wt. parts, per 100 wt. parts of the resin component.

25 The toner according to the present invention
can contain a colorant which may be an appropriate

pigment or dye.
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sheets of copied images for 3 mnutes at int
and t hen observi ng whet her

then taking interm.ttently
erval SR‘EPL@@EWMFOMSF per sheet,
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mat eri al

Examples 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 wt. parts,
preferably 2 - 10 wt. parts, per 100 wt. parts of the
binder resin. o

Examples of the dye may include: azo dyes,
anthragquinone 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 the binder resin,

The toner according to the present invention
may be prepared through a process including:
sufficiently blending the bindef 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 optional charge 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,



device. Exanple 2 5 Resin conposition B
Magnetic iron oxide

conpl ex

propyl ene copol yner 3 A magneti ¢

80 " Di |tBERLAGEMGVEAHEEYI| ¢ acid or
2 " Low nol gclil ar wei'ght é&thyi ene- 10

106~ . parts

omg;wggy' al
wei ght -average particle size of 8 micronggwas pfepared by ﬁ??nq tihhe above
anpte—t—-

I ngredients otherw se in the sane manner as in EX

pul verizability of the toner material 15 is shojn in Table 2, and the

nol ecul ar wei ght distribution data are shown in Tables 3 and 7.
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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.

In the above-mentioned melt-kneading step for
production of a toner, it is possible to also effect
the severance of the highly crosslinked high-molecular
weight resin component. The severance may be
effectively accomplished by performing the melt-
kneading in a low-temperature melting state so as to
exert a high shearing force,'and the re-crosslinking of
the resin composition is effected with the metalé
containing compound under heating during the melt-
kneading.

If an extruder is used for example and an
axial or screw arrangement 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 tﬁrough the
kneading section to sewver the polymer network and then
cause the re-crosslinking by reaction of the resin with
the metal-containing cémpound while the mixture is
discharged and cooled.

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

is reproduced herein as Figure 1. The resin



devel oper was prepared fromthe toner and eval uafed~-A-t-he sane panner as
in Exanple 1. The evaluation results are shown in REMIAEELS a6 RO

Exanpl e 3 Resin conposition C 109 yr—parts—iagrefiL iron
oxi de 80 Di-tert-butylsalicylic a:|§5§ﬁﬁ§g%% ex

2 25 Low ol ecul ar wei ght et hyl ene-_ gtopyle1e C I@/

3 A magnetic toner having a meight-avera&
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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 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. Accordingly, the above-
mentioned change in molecular weight distribution
during melt-kneading may be confirmed through
comparison of Figures 1 - 3.

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.

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

preferably about 10 mg, is accurately weighed and



-68- particle size of 8 mcrons was prepared by using the ahove-—t ajedients

otherwi se in the sane nmanner as in Exanple 1. Thegpt tgg?{ﬁﬂﬁﬂ “the
toner material is shown in Table 2, and the nol ec | BEP - | i bution
e it oner

ults

data are shown in Tables 3 and 4. A devel oper was {priepar ed fn@gzt
and evaluated in the same nanner as in Exapple 1. iThe e@aﬁ&ﬁt_
are shown in Tables 5 and 6. Exanple 4 10 Res{ nl conposi
100 wt.parts Magnetic iron oxide 3
D-tert-butylsalicylic acid Cr conpl ex
placed in an aluminum 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 °C/min within a
S temperature-rénge 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 is drawn before an initial slope leading to
10 the main peak and a second base line is drawn after a
final slope descending from the main peak. A medium
line is drawn substantially in parallel with and with
equal distances from the first and second base 1ines,
whéreby the medium line and fhe heat absorption curve
15 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 for
20 . the binder resins obtained in Synthesis Examples are
summarized in Table 1 appearing after Synthesis
Examples.

Synthesis Example 1

Styrene 70.0 wt.parts
25 n-Butyl acrylate 25.0 "
Acrylic acid 5.0 "

Di-tert-butyl peroxide 1.5 "



Low nol ecul ar wei ght et hyl ene- 15 propyl ene copol yner

3 A magnetic toner having a weight-average particle shﬁé:
prepared by using the above ingredients otherwi se if

_Same mannet

Exanple 1. The pulverizability of the toner naterial jo is shown in Ta
2, and the nol ecul ar wei ght distri bution_ﬁ ta are shown 0B HABIBY 3 ap
a

A devel oper was prepared fromthe toner

“eval uatddiin the sane nan

in Exanple 1. The evaluation results are shown in Tgdbl €S 5 and 6'-25-J
Exanple 5 Resin conposition G 100 wt} _parts Magneti-c—i

oxi de
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8% monomer mixture having the above composition
was added dropwise in 4 hours to 200 wt. parts of
toluene under heating, and the polymerization was
completed under toluene refluxing, followed by removal
of toluene under a reduced pressure and heating (at 120

©Cc), to obtain a styrene copolymer resin.

The above resin 30.0 wt.part(s)
Styrene | 44.65 "
n-Butyl acrylate 20.0 %
Mono-n-butyl maleate 5.0 "
Divinylbenzene 5.0 "
Benzoyl peroxide 0.35 "

Di-ter;-butyl peroxy-2-
ethyl hexanoate : 0.70 "

Into a mixture liguid having the above
composition, 170 wt. parts of water containing 0.12 wt.
part of partially saponified polyvinyl alcohol was .
added, and the mixture was vigorously stirred to form a
suspension liquid. Into a reaction vessel containing
50 wt. parts 6f water and purged with nitrogen, the
above suspension liquid was Added and subjected to 8
hours of suspension polymerization at 80 ©C. After the
completion of the reaction, the product was washed with
water, de-watered and dried to obtain a resin
composition A containing a styrene copolymer

crosslinked with divinylbenzene.

o 8 m ormy_msLV\IaS

s in
bl e
d 4.
er as

on



D-tert-butylsalicylic acid Cr conpl ex T C;Eagmh.parts
Low nol ecul ar wei ght et hyl ene- propyl ene copal yne ﬁ@ﬁwﬂﬁﬁﬁ”-‘”'“q 85

A magnetic toner having a wei ght-average part:icl e {sigz 8 m crons-was
prepared by using the above ingredi ents otherw se i"t§%§ gp@ﬁ?nne@ as in
Exanple 1. The pulverizability of the tgper materi i wn in Table 2,
and the nol ecul ar weight 10 distribution data are}s =Fabl es 3. and 4.
A devel oper was prepared fromthe toner and evaluated in I

Synthesis Example 2

Styrene 70.0 wt.part(s)
n-Butyl acrylate 30.0 "
Di-tert-butyl peroxide 2.0 "

5 Solution polymerization was performed by using

the above monomer mixture otherwise in the same manner

as in Synthesis Example 1 to obtain a resin.

The above resin 30.0 wt.part(s)
Styrene ' 44.70 "

10 n-Butyl acrylate 20.0 t
Mono-n-butyl maleate _ 3.0 "
Divinylbenzene - | 0.40 "
Benzoyl peroxide 1.30 "

Di-tert-butyl peroxy-2-
15 : ethylhexanocate 0.80 .
Suspension polymerization was performed by
using the above mixture otherwise the same manner as in

Synthesis Example 1 to obtain a resin composition B.

Synthesis Example 3

20 Styrene 75.0 wt.part{s)
n-Butyl acrylate 20.0 "
Methacrylic acid 5.0 "
Di-tert-butyl peroxide 2.0 "

Solution polymerization was performed by using
25 the above monomer mixture otherwise in the same manner

as in Synthesis Example 1 to obtain a resin.



the sane manner as in Exanple 1. The evaluation re - Tabl es
5 and 6. Conparative Exanple 1 15 Resin H REPLACEMENT SHEET

100 wt.parts Magnetic iron oxide ) BOr Dr=tert=ou licylic
acid Cr conpl ex 2 Low nol gcul I et hyl ene-
20 propyl ene copol yner 9 3 A ;nﬁﬁi@}’g?g? havi ng a
wei ght - average particle size of 8 m cr ond’as prepar € | bove

i ngredients otherwise in the sane manner as in Exafple 1. The

pul verizability of the toner material 25 is shown f

nmol ecul ar wei ght  ¢he above resin 30.0 wt.part(s)
Styrene ' 44.65 "
n-Butyl acrylate 20.0 "
Acrylic acid 5.0 "
S Divinylbenzene | | 0.35 "
Benzoyl peroxide | 1.000 "

Di-tert-butyl peroxy-2-
ethylhexanoate 0.70 "
Suspension polymerizatioﬁ was performed by
10 using the above mixture otherwise the same manner as in
Synthesis Example 1 to obtain a resin composition C.

Synthesis Example 4

Styrene 78.0 wt.parts
n-Butyl acrylate 18.0 "

15 Mono—n-buﬁyl maleate 5.0 "
Divinylbenzene 0.5 "

Di-tert-butyl peroxy-2-
ethylhexanoate 0.8 "
A monomer mixture having the above composition

20 was added dropwise in 4 hours to 200 wt. parts of

toluene under heating, and the polymerization was

completed under toluene refluxing, followed by removal

of toluene under reduced pressure and heating (at 120

Oc), to obtain a resin D.

25 Svynthesis Example 5§

Styrene 75.0 wt.parts

n-Butyl acrylate _ 20.0 "



.
di stribution data are shown in Tables 3 and 4. A d véﬁBbﬁENﬁgijﬁ ared
fromthe toner and evaluated in -70- the sane nner as 1 n Exangl g 1.
The eval uation results are shown in Tables 5 and 6. egtp AR Weverii gl
caused slight over pulverization, showed a poor clagsfjfication effijcijency
and resultant in a 5 slight degree of sgéq?d ng of th ' on
product in the pulverizer. Conpared with the toner {n Exanple 1, th oner
showed somewhat inferior toner dischargeability and~tomer 1l owout
preventing

Mono-n-butyl malate 5.0 wt.parts
Di-tert-butyl peroxide 0.7 "
A monomer mixture having the above composition
was added dropwise in 4 hours to 200 wt. parts of
5 toluene under heating, and the polymerization was
completed under toluene refluxing to form a styrene
copolymer. Then, into the reaction required, the resin
D having a higher molecular weight was added so as to
provide a ratio of the resin D/the styrene copolymer =
10 4/6 and the mixture was sufficiently stirred agd
subjected to removal of toluene under reduced pressure
and heating (at 120 ©C), to obtain a resin composition
E.

Synthesis Example 6

15 Styrene ' 75.0 wt.part(s)
n-Butyl acrylate 20.0 v
Mono-n-butyl maleate 5.0 "
Divinylbenzene 0.05 *
Azobisvaleronitrile 0.70 b

20 Suspension polymerization was performed by

using the above monomer mixture otherwise in the same
manner as in Synthesis Example 1 to obtain a resin F.

Synthesis Example 7

Styrene . 72.0 wt.parts
25 n-Butyl acrylate 25.0 "
Mono-n-butyl malate 3.0 b

Di-tert-butyl peroxide 1.0 "



characteristic. In the durability test, increases

. . . ”'r'.l:G-"“fx y'g"rdpgrp-r
mel t -sticking were observed. Conparative Exanpl e R RResrn:|«i o=t
3 alicylic

100 wt.parts Magnetic iron oxide

acid 15 Cr conmpl ex

et hyl ene- propyl ene copol ynmer —61- 3 A
wei ght - average particle size of 8 mcrons was pre
above ingredients otherwise in the sane manner as

e

80 DI -tert-but y
2 nlpyamotoeg ul ar| wei ght
nagnetlc toner shayving a
bakeg—-bBy—usTmy~Thej 20

in Exanple 1. The

pul verizability of the toner material is shown in=Tabf& 2, and the
nol ecul ar wei ght A monomer mixture having the above composition

was added dropwise in 4 hours to 200 wt. parts of
toluene under heating, and the polymerization was

completed under toluene refluxing to for a styrene

5 -copolymer. Then, into the reaction required, the resin
F having a higher molecular weight was added so as to
provide a ratio of the resin F/the styrene copolymer =
3/7 and the mixture was sufficiently stirred and
subjected to removal of toiuene under reduced pressure

10 and heating (at 120 ©°C), to obtain a resin compgsition
G.
Synthesis Example 8
Styrene 90.0 wt.part(s)
n-Butyl acrylate 10.0 "
15 Di-tert-butyl peroxide 7.0 "
Solution polymerization was performed by using
the above monomer mixture otherwise in the same mannér
as in Synthesis Example 1 to obtain a resin.
The above resin 70.0 wt.part(s)
20 Styrene 44.65 v
n-Butyl acrylate 20.0 "
Mono-n-butyl maleate 5.0 v
Divinylbenzene 0.35 Y
Benzoyl peroxide 1.00 "
25 _ Di-tert-butyl peroxy-2-
ethylhexanoate 0.70 "

Suspension polymerization was performed by



distribution data are shown in Tables 3 and 4. A devel S epar ed
fromthe toner and evaluated in 25 the sane nmafin EMg@EMQMEﬂhﬁpTe 1. The
eval uation results are shown in Tables 5 and 6. cabtetro$ski nki ng was

caused to provide nuch non-filtered -71- matit4r, th rﬁﬁynfi gin
inferior fixability. Because of much acigjyanhy ridéﬂgﬁgggs' ?ﬁgh rge was
encountered during the durability test to resulltiing a_l +ragg density

in some images. 5 Conparative Exanple 3

using the above mixture otherwise the same manner as in
Synthesis Example 1 to obtain a resin composition H.

Synthesis Example 9

Styrene 68.0 wt.parts
5 n-Butyl acrylate 22.7 "
Mono-n-butyl maleate 8.0 "
Divinylbenzene 1.3 «
Di-tert-butyl peroxyhexanoate 0.6 "

A monomer mixture having the above composition
10 was added dropwise in 4 hours to 200 wt. parts of
cumene under heating, and the polymerization was .
completed under toluene refluxing, followed by removal
of cumene under reduced pressure and heating (at 500
Oc), to obtain a styrene copolymer resin I.
15 The properties of the resins or resin
compositions obtained in the above-described Synthesis

Examples are summarized in the following Table 1.

20



Resin A 100 wt.parts Magnetic iron oxide
80 " Low nol ecul ar wei ght et hyl ene- propyl ene dopg MENT Quet
3 " 10 A magnetic toner having a wei ght= age particlle size
of 8 microns was prepared by using the above ingrddilents ot herwi se iin the
same manner as in Exanple 1. The pulverizability df it @3 MARri9%Aterijal is
shown in Table 2, and the mol ecul ar wei gtft3-15 di stirijbuti on data arneishown
in Tables 3 and 4. A devel oper was prepared from tjhe"toner and éeval yated in
the sane manner as in Exanple 1. The eval uation rdsults are shown ig Tabl es
5 and 6. Because the conponent having a nol ecul ar wei ght of at | east
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20 was little and the nol ecul ar weight distribution showed a narrow
distribution in the range of fromthe high- nolec grpn to the

ul tra- hi gh-nol ecul ar wei ght region, the toner flowDBEhprQyéHilhg
characteristic was inferior. 25 -72- [err] [ $4 {
-64- 03 MAR 1997“%
Example 1
Resin Composition A 100 wt.part(s)
Magnetic iron oxide 80 "
Di-tert-butylsalicylic acid
5 Cr complex 2 "
Low-molecular weight ethylene-
propylene copolymer '3 "

The above ingredients were preliminarily

blended and melt-kneaded through a twin-screw extruder

10 having a kneading zone incorporating a backwarq'screw.
The kneaded product was cooled, coarsely crushed,
finely pulverized by means of a pulverizer using jet
air stream, and classified by a wind-force classifier,
to obtain a magnetic toner having a weight-average

15 particle size of 8 microns. The cooled kneaded product
showed a good pulverizability without over-
pulverization and with little occurrence of fine
powder. Further, no melt-sticking of pulverized
product was observed in the pulverizer. Data for

20 evaluating the pulverizability are summarized in Table
2 appearing hereinafter. The pulverizability of the
kneaded product was evaluated by a pulverizer using a
jet air stream of 2 m3/min and a pressure of 5 kg/cm2
in térms of the processing capacity per unit time. The

25 fine powder amount was measured by using a Coulter
counter (Model TA-II, available from Coulter

Electronics, Co.) and a 100 micron-aperture after
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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
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, 806, 807 and 800P", available from Showa
Denko K.K.). The measured data regarding the
molecular weight distribution of the toner binder resin -
are shown in Tables 3 and 4.

100 wt. parts of the above-prepared magnetic
toner and 0.6 wt. part of hydrophobic colloidal silica
were blended with each other to prepare a developer |
which was then evaluated using a commercially available
high-speed electrophotographic copying machine at a
rate of 82 A4 size sheets/min. ("NP-8580", mfd. by
Canon K.K.) with respect to fixability, toner flowout
preventing characteristic, image quality and
durability. In addition to these results, the
storability and the result of 5x105 sheets-copying test
are shown in Tables 5 and 6. Throughout the copying -
test, images having a high density (1.35 - 1.40) and

free from fog were stably obtained. The images were



-76- Evaluation standards Storability, Di schargeab
Di schargeable as it is. A Fair. D schargeable aft
x: Poor. Not dischargeable w thout sufficient shakihg. Anti-offse
characteristic Image stain: o: Good. No stain A Fadin. 03 MARWH stain
X: Poor. Conspicuous stain. Wb stain: _geo0: Good.
Fair. Noticeable stain. x: Poor. Stain and accu
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| ared

faithful to the original and showed excellent dot-
reproducibility and thin line-reproducibility. The
storability (anti-caking characteristic) was evaluated
by planing about 1.5 kg of the toner in a 3 liter-
plastic bottle, leaving the bottle standing for 1 day
at 50 ©°C and then observing the dischargeability of the
toner from the bottle. The fixability was evaluated
after placing the test apparatus in an environment of
low temperature - low humidity (15 ©C - 10 %) overnight
so as to fully adapt the test apparatus and the fixing
device therein and then making continuously 200 sheets
of copied images, of which the copied image on the 200-
th sheet was used for evaluation of the fixability by
rubbing the image with a lens cleaning paper ('"Dusper"
(trade name), mfd. by 0zZU Paper Co., Ltd.)} for 10
reciprocations under a weight of about 100 g. Then,
the degree of peeling of the toner image was evaluatéd
in terms of a decrease (%) in reflection density. The
anti-offset characteristic was evaluated by taking
continuously 200 sheets of copied images, then taking
intermittently sheets of copied images for 3 minutes at
intervals of 30 seconds per sheet, and then observing
whether images were stained or not. Further, the
degree of staining of the cleaning web incorporated in
the fixing device was evaluated.

As a result, the toner showed a good

storability in terms of dischargeability, a good

rhgm#$W$E?$¥ETn;. 5

10

Little stain. j[err]:



toner materi al .

15 20 25 [err] -77- As descfihedlabove; :t.he tioner

. . XS L L R
according to the present invention shows excelleng WEOLnanceswgs-shomn
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fixability without causing offset and no re-flowout of

the toner material from the cleaning web in the fixing

device.

Example 2
Resin composition B 100 wt.parts
Magnetic iron oxide 80 "

Di~tert-butylsalicylic acid
Cr complex 2 "
Low-molecular weight ethylene-
propylene copolymer 3 e
A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner aslin
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated ii

the same manner as in Example 1. The evaluation

results are shown in Tables 5 and 6.

Example 3
Resin composition C 100 wt.parts
Magnetic iron oxide 80 "

Di-tert-butylsalicylic acid

Cr complex 2 "
Low-molecular weight ethylene-

propylene copolymer 3 "

A magnetic toner having a weight-average



bel ow because it contains a binder resin having|apspegrfigT gHEETul ar wei ght
e Ve DU 7

di stri bution.

5 (1) Fixable at a | ow t enpgr gt-e—and—freejf fom i mage

stains due to toner flowout froma fixer cleaninginenper % Causi ng no
t

melt-sticking or filmng on a toner-carryi ng nerfbdr ¢ m*%

ensi §i ve

menber even in 10 a hi gh-speed copying O printiind_system . (3).-5how ng
excel l ent anti-bl ocking characteristic and good |storability. (4) €ausing

little over-pulverization or nelt- sticking regdrdl-ess—ef—good
pul veri zati on.

15 (5) Causing little fine powder at the tinme of

pul veri zation gagde 58Pui 89z8 8008 RILHYARLI wasYprepared by using the

10
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20

above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated in
the same manner as in Example 1. The evaluation

results are shown in Tables 5 and 6.

Example 4
Resin composition E 100 wt.parts
Magnetic iron oxide 80 "

Di-tert-~butylsalicylic acid
Cr complex ' 2 "
Low-molecular weight ethylene-
propylene copolymer 3 "

A magnetic toner having a weight-average
particle size of 8 miérons was prepared by using the.
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated in
the same manner as in Example 1. The evaluation
results are shown in Tables S5 and 6.

Example 5
Resin composition G 100 wt.parts

Magnetic iron oxide 80 "



(6) Causing little fine powder and excellent in devel oping perfornancedagd
durability. A toner for devel opi ng an el ectr ost g-e—t+rage20 rovi de
d é@ﬁN@réﬁﬁé% |

as a pulverized mxture including a binder resin HEALAC
resin is characterized by a nol ecul ar weight disftrifbution on a GP¢

‘he bi nder

N

chromat ogram of its tetrahydrofuran (THR)ggo0l ublje regi@ﬁggn‘gem I fcl udi ng
t

bel ow 15 % of a resin conponent 25 in a noleculfr] weig

5000 and at
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regi oy af at nost

|l east 5 wt. % of a resin conponent ih wotecut-ar~Wei ght regi on
of at |east 5x106 and showi ng a main peak

Di-tert-butylsalicylic acid
Cr complex 3 wt.parts
Low-molecular weight ethylene-
propylene copolymer 3 "

A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated in
the same manner as in Example 1. The evaluation
results are shown in Tables 5 and 6.

Comparative Example 1

" Resin H 100 wt.parts
Magnetic iron oxide 80 "
Di-tert-butylsalicylic acid

Cr comélex 2 "
Low-molecular weight ethylene-
propylene copolymer 3 "

A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material'
is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4. A

developer was prepared from the toner and evaluated in



REPLACEMENT SHEET 79 08 FEB 1999 in a nol ecul ar wei ght region_of 5000
to 5x10[err]. The THF-sol uble resin conponent i M¥quqﬁﬂﬂeight
region of at |east 5x10[err] is extrenely enrichad %@%’a;nﬁLiﬁkreading
step during the toner production, so as to effectidely prevent taqner

fl owout froma nenber for cleaning a fi§5%g rollef.i O3IRER @T SHEET
-80- CLAI M5 !

the same manner as in Example 1. The evaluation
results are shown in Tables S and 6. The toner
material caused slight over pulverization, showed a
poor classification efficiency and resultant in a

5 slight degree of sticking of the pulverization product
in the pulverizer. Compared with the toner in Example
1, the toner showed somewhat inferior toner
dischargeability and toner flowout preventing
characteristic. In the durability test, increases in

10 fog and melt-sticking were observed.

Comparative Example 2

Resin I 100 wt.parts
Magnetic iron oxide 80 "
Di-tert-butylsalicylic acid
15 Cr complex 2 "
Low-molecular weight ethylene-
propylene copolymer 3 "
A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
20 above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight
distribution data are shown in Tables 3 and 4. " A
developer was prepared froﬁ the toner and evaluated in
25 the same manner as in Example 1. The evaluation
results are shown in Tables 5 and 6. Remarkable

crosslinking was caused to provide much non-filtered



r. A toner for devel oping an electrostatic inmage, lL.nder
resin and a col orant, wherein the binder resin s ﬁgight
distribution on a GPC chromatogramof its tetrah drofuréﬁ“(TFF#*soLu- bl e
resin content including below 15% of a resin com or@ﬁtmi@ 199 I‘eéul ar
wei ght region of at nost 5,000 and at |east 5% ept in a

nol ecul ar wei ght region of at |east 5X 106 and show ng kiin a
nol ecul ar wei ght region of 5,000 to [err] wherei
acid value attributable to acid anhydride groups of at nost

(i) a weight mateeage thse deswl tiRigin Ofn Ririlca FiaBiNlithe CHedahdleed

based on the GPC chromatogram 2. The toner according to claim1l, wherein

sai d of much acid anhydride excessive charge was encountered
during the durability test to resulting a lower image
density in some images.

S5 Comparative Example 3

Resin A 100 wt.parts
Magnetic iron oxide 80 "
Low-molecular weight ethylene-

propylene copolymer ' 3 "

10 A magnetic toner having a weight-average
particle size of 8 microns was prepared by using the
above ingredients otherwise in the same manner as in
Example 1. The pulverizability of the toner material
is shown in Table 2, and the molecular weight

15 distribution data are shown in Tables 3 and 4. A
developer was prepared from the toner and evaluated in
the same manner as in Example 1. The evaluation |
results are shown in Tables 5 and 6. Because the
component having a molecular weight of at least 5x108

20 was little and the molecular weight distribution showed
a narrow distribution in the range of from the high-
molecular weight region to the ultra-high-molecular
weight region, the toner flowout-preventing

characteristic was inferior.



bi nder resin is a vinyl polyner, a vinyl copolyner or a mxture thereof. 3.
The toner according to claiml, wherein said binder resin conprises a vinyl

copol ymer conposition. 4. The toner according to clai
bi nder resin conprises a mxture of a crosslinked vi

non- crossl i nked vinyl copolymer. 5. The tgner accordijng

sai d binder resin conprises a m xture of "% %rossl i nk
and a non-crosslinked styrene copoly- ner. 6. The to
1, wherein said binder resin contains a crosslinkage
| i nki ng agent having at |east two vinyl groups. and
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el ectrostatic crosslinkage forned by a carboxylic group and a netal ion of
two or nmore valences. 7. The toner according to claim1, wherein said

bi nder resin shows a nol ecul ar wei ght di stribution in- -

resin conponent in the nol ecul ar weight region of at | eladtEPEASEMENTeBHEET 4.

The toner according to claim1, wherein said binder resj nf Shows a noreguliar

wei ght distribution in- cluding 8-25% of a@’Tesin conporfe 013 Fﬁﬁﬁ%edul;}ar
clai , i

_ﬁdQng

wei ght region of at least 5 X 106. 9. The toner accordijn
10-30% of a resin conponent in the nol ecul ar wei ght of’[err] to 5 X [errP

wherein said binder resin shows a nol ecul ar wei ght di stfri
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REPLACEMENT SHEET - 81 - 10. The toner according to claiml1, wherein said
bi nder resin shows a nol ecular weight distribution in- cluding 2-14% of a
resin conmponent in the nolecular weight region of at m)st 5000, 10-30% of a

resin com ponent in the nolecular weight region of 5 PRV ‘}9 n
3-20% of a resin conponent in the nol ecuhgr wei ght eQEEir#\‘“&'uaf ’é‘g ti5 X
106. 11. The toner according to claim1, wherein sai F-resin hasla
car boxyl group and contains an or- 03 MAR 1697
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gani c netal compound el ectrostatically |inkable with the carboxylic group.
12. The toner according to claim1l, wherein-said binder resin shows a

nol ecul ar wei ght distribution showing a main peak in a nol ecul ar wei ght
region of [err] to 5 X [err]. 13. The toner according to claim1, wherein

sai d binder resin shows a nol ecul ar weight distribution in..ckd g1at

| east 40% of a resin conponent in a mold@r |ar K(SE) abh BiﬁEEgOO to
[err]. 14. The toner according to claim1l, wherein -t resdin shows
a nol ecul ar weight distribution in- cluding 2-14% pf}a re%@p inent i n
t he nol ecul ar wei ght region of at nost 5000, at |egs resi
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conponent in the nol ecul ar wei ght region of 5000 to 105, and 7-30% of a

resin conponent in the nol ecular weight region of at |east 5X 106. 15. The

toner according to claim1, wherein said binder resin has a JIS acid vg) ue

of 2-100 kgKOH g. 16. The toner according to claim1, wherejn_sa-e—-pifider
T Sy EED

Lhtt-abl et 0 he

resin has a JIS acid val ue of 5-70 ngKOH,g. 17. The t fTigip|ACENE
claiml1l, wherein said binder resin has an acid val ue &

d
wherein said binder resin contains a styrene-maleic add , K

Storability, Dischargeability

o: Good. Dischargeable as it is.
A: Fair. Dischargeable after a little shaking.
5 x: ?oor. Not dischargeable without sufficient
shaking.

Anti-offset characteristic

Image stain: o: Good. No stain
A: Fair. A little stain.
10 x: Poor. Conspicuous stain. _
Web stain: o: Good. Little stain.
A: Fair. Noticeable stain.
x: Poor. Stain and accumulated

toner material.

15

20

25



bi nder resin contains a styrene-naleic acid ester copoly- ner. 20. The
toner according to claim1l, wherein said binder resin contains a
styrene-nmal ei ¢ anhydri de co- polyner. ~21. The toner aces ‘g&*\
1, wherein said binder resin contains a non-crosslinked SRWQ_-__, :
hal f ester copolymer and a styrene-maleic.acid hal f estér{topol yner
crosslinked with divinylbenzene. 22. The t'oner according #o gkausR %97
wherein said colorant conprises a magnetic material.
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23. The toner according to claim1l, wherein said colorant conprises carhaon

bl ack. 24. The toner according to claiml, wherein said
carboxyl group or acid anhydride group and contains an dr

%E&ﬁﬁmﬂm

conpound reac- tive with the carboxyl group or acid anhydrii de group, !

The toner according to claim 24, wherein f?Jd organi c ngt
azo netal conplex repre- sented by the fo

| @3nMARNE s

[err] mhereln}M

ow ng fornul &

is a coordination center nmetal selected fromthe group conS|st|ng of [err]

Ti, V, G, Co; N and Fe; Ar is a substituted or unsubst

X, X, Yand Y are | ndeRerfaidd ibea RSIAE, SBlE A Sifbof ra%&fﬁt@'cﬁbothe

10

15

20

25

present invention shows excellent performances as shown
below because it contains a binder resin having a
specific molecular weight distribution.

(1) Fixable at a low temperature and free from
image stains due to toner flowout from a fixer cleaning
member,

(2) Causing no melt-sticking or filming on a
toner-carrying member or photosensitive member .even in
a high-speed copying or printing system. )

(3) sShowing excellent anti-blocking characteristic
and good storability.

(4) Causing little over-pulverization or melt-
sticking regardless of good pulverization.

(5) Causing little fine powder at the time of
pulverization and showing a good productivity.

(6) Causing little fine powder and excellent in.

developing performance and durability.

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 below 15 & of a resin component
in a molecular weight region of at most 5000 and at
least 5 wt. % of a resin component in a molecular

weight region of at least 5x10°® and showing a main peak



e tos iy

y* hayrng;ﬂ-4

consisting of -0-, -CO, -NH, or -NR Werein Ris
carbon atons; and AE is a cation selected fromthe g
hydr ogen ion, sodiumion, potassiumion, anmoniumio
anmoni um i on. 26. The toner according tggglai m 24,
metal compound is an organic acid netal com plex repr

follow ng formula: [err] wherein Mis a coordinatifo

sel ected fromthe group consisting of C. Co, N and|Fe;

)

in a molecular weight region of 5000 to 5x106. The
THF-soluble resin component in the molecular weight
region of at least 5x106 is extremely enriched during a
melt-kneading step during the toner production, so as
to effectively prevent toner flowout from a member for

cleaning a fixing roller.

This Sheet Has Been Rerlaced
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tuted or unsubstituted aryl group; Y[err] is a cation_se- lectedf+efnthe
group consisting of hydrogen ion, so- diumion, pot3as tmgmr@ﬂ“Tdﬁﬁﬁﬁljn1io
and al i phatic anmmoni um Z is a nmenber sel ectied- the gr

consi sting-0 tm‘ﬂ“ ‘ﬁ‘“ \! m toner according to @%Wn a waxy
substance is f 28. The i&ner accor di grein
sai d binder resih shoms a nol ecul ar wi ght” dstri buti n the GeC
chromat ogram showi ng a nmaxi rum in the nol ecul ar weight region of at ljeast
5 X [err]. 29. Tbe toner according to claim 1, wherkLn the-FdE—sotutste

resin content afad heg befAEED 6581 shows a wei ght-average  nol ecul ar
wei ght (Mw) of

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
5 GPC chromatogram of its tetrahydrofuran (THF)-soluble
resin content including below 15 % of a resin component
in a molecular weight region of at most 5000 and at
least 5 wt. &% of a resin component in a molecular
weight region of at least 5x10% and showing a main peak
10 in a molecular weight region of 5000 to 10°. .
2. The toner according to Claim 1, wherein said
binder resin comprises a vinyl polymer, a vinyl
copolymer or a mixture thereof.
15
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
20 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

25 styrene copolymer and a non-crosslinked styrene

1 r.
copolyme This Sheet Has Been

I



6X [err]-2X [err] 30. The toner according to clain
THF-sol ubl e ré§Th“content of the_binder resin shows%gpﬁﬂﬁﬁgﬁgaggﬁnge

nol ecul ar wei g

f at nost 4x[err]. 31. Thg tijoner according to claim
1, wherein the g ‘BHM mg content of the bijnderQ3ecMAR W8bwg d4n Mh of

m nost 3X[err] .«

ccordingato claimil,{ wherein the

THF- sol ubl e resin content of t'he bi nder ? Sin shows an WMh of at nostf 2.5 X
[err].. 33. The toner according to claim1, wherein_the THE-soluble.resin
content of the binder resin shows an MV Mh ratio of at | east 125.

10

15

20

25

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
including 7 ~ 30 % of a resin component in the

molecular weight region of at least 5x106.

8. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution
including 8 - 25 % 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 10 - 30 % of a resin component in the

molecular weight of 10° to 5x106.

10. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution
including 2 - 14 8% of a resin component in the
molecular weight region of at most 5000, 10 - 30 % of a

resin component in the molecular weight region of 105

This Sheet Has Been Replaced
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34. The toner according to claim1, wherein the THF- gpi@%ﬁmnswt&
of the binder resin shows.an MM Vh ratio of at |east |17

toner according to claiml, mhereln t he THF-sol ubl e riegin content h
bi nder resin shm“ﬂﬂjmﬂmﬁ | ecul ar wei ght (M) Joff 83 Eé@ﬁ%
The toner accor ereln he THF-sol uldl g resin conten
the binder resin shows“an"MJ M? ratio of at nost 40. [37. The toner
according to claim1l1, wherein the

to 5x106, and 3 - 20 % of a resin component in the

molecular weight region of at least 5x108,

11. The toner according to Claim 1, wherein said
S 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
10 Dbinder 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
15 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
20 binder resin shows a molecular weight distribution
including 2 - 14 $ of a resin component in the
molecular weight region of at most 5000, aﬁ least 45 %
of a resin component in the molecular weight region of
5000 to 10°, and 7 - 30 % of a resin component in the

25 molecular weight region of at least 5x1 0S.

15. The toner according to Claim 1, wherein said

This Sheet Has Been Rep
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THF-sol ubl e resin content of the binder resin shows.an. MzLdMa |aL1 f 5-30.

38. The toner according to claim1l, wherein the bi
THF-i nsol ubl e resin conponent iF a proportion of

as a resi- due \“ﬁm “ﬁlﬂ g a pore size of
bi nder resin |Sﬁ“““€lﬂl“ | I 0 provi dg a conce
the mixture is |®&ft® stand- |ng f or abouf %0 hour s

then subjected to filtration by using the filter.
to claim38, wherein the THE-i nsoluble resin conp

nﬂg}rhﬁ(}éﬁ’aﬁﬂ'fc%nf él s a

at
a.
ntr
at

st—t0" W %4 nbasur ed

at‘?{éﬁ"@ G?g;é’ﬁrrp; i natnrc?le

ute and

39. The toner accaqrding

Fa¥ ="

+
it

~s—contairned in a

pro- portion ofj fiefOsésif) Mhs aﬂ).'.rﬂst&eié'@&'fﬁersf'ﬂ -4900 TRgxbBPS!

according to claim 38, wherein t

16. The toner according to Claim 1, wherein said

binder resin has a JIS acid value of 5 - 70 mgKOH/q.

)

17. The toner according to Claim 1, wherein said
binder resin has an acid wvalue attributable to acid
anhydride group of at most 10 mgKOH/g.

10 18. The toner according to Claim 1, wherein said

binder resin has an acid value attributable to acid

anhydride group of below 6 mgKOH/g.

19. The toner according to Claim 1, wherein said

15 binder resin contains a styrene-maleic acid half ester

copolymer.

20. The toner according to Claim 1, wherein said

binder resin contains a styrene-maleic acid ester

20 copolymer.

21. The toner according to Claim 1, wherein said

binder resin contains a styrene-maleic anhydride

copolymer.
25

22. The toner according to Claim 1, wherein said

binder resin contains a non-crosslinked styrene-maleic

This Sheet Has Been RTlace
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THF-i nsol ubl e resin conponent is substantially zero ji mitte: blnder re5|n
41. The toner accor claim3l1 wherein the binddr in shows a i

nol ecul ar wei ght di ﬂ mwwm”m# GPC chr omat ogram ézss g& dr&ofuran
(THF) - sol u- bl e re BHeMlidi ng 2 to 15% of W o4 dent
in a nolecular weight region of at nost 5g8Q0 and 5 t 30960f t.he sijn
conponent in a nol ecular weight region of at |east 5 X 106. CL M *
0 3 MAR 1997 -84-

acid half ester copolymer and a styrene-maleic acid

half ester copolymer crosslinked with divinylbenzene.

23. The toner according to Claim 1, wherein said

5 colorant comprises a magnetic material.

24, The toner according to Claim 1, wherein said

colorant comprises carbon black.

10 25. The toner 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.

15 26. The toner according to Claim 25, wherein said
organic metal compound comprises an azo metal complex

represented by the following formula:

”

Ar-N = N-ar] ©
\
x| y!
\
20 M
/t\
Y | x'
Ar-N = N-ar] A9 ,
N

wherein M denotes a coordination center metal,
inclusive of metal elements having a coordination

25 number of 6, such as Sc¢, Ti, V, Cr, Co, Ni and Fe; Ar
denotes an aryl group, such as phenyl or naphthyl,

capable of having a substituent, examples of which may

—
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i ncl ude:

- NR-

f or mul a:
net al

ni tro, halogen;—car boxyl ,
18 carbon atons;
(wherein R

denot es hydr ogen,
The toner according to Cla|n125 wher ei n gl

I
conprises an organic acid neta : .
o [err] wherein M denotes a coordination center

NI A
el enment s haV|ng a coordi nation nunber of 6, shehR—asS—Cr—co;

and al kyl..and alkoxy hayi

EREFALCERENT SHERH

T e
*Sodi um ammoniumor aljp ;g@&%gﬁgg

I d organjc

ani |l ide,

10 conpl ex representej . |
or metal, inclusije of
Oy Ca. N and

Fe; A denotes [LBFipdesapibre,ohalagieng 2a3WoKyll, UBRli1 1de, and alkyl

and alkoxy having 1 - 18 carbon atoms; X, X', Y and Y*

independently denote -0-, -CO-, -NH-, or -NR- (wherein

R denotes an alkyl having 1 - 4 carbon atoms; and A®

5 —-denotes hydrogen, sodium, potassium, ammonium or

aliphatic ammonium.

27. The toner according to Claim 25, wherein said

organic metal compound comprises an organic acid metal

10 complex represented by the following formula:
[ HO 0 Je
2 o-C
\lr/ \
(a) M (a)
. 1T\ e
C”Z-O

15 L O Hy0 Jje

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

capable of having a substituent,

2° %r SCOGRECCOMES Sy

(X denotes hydrogen, halogen, or nitro),

| ®
! QL0
25
R
{R denotes hydrogen, Cy - Cqg alkyl or €y - Cqg
This Sheet Iili\ilreelnli{el}ililced



@ee\peﬁ’ hy@i?bg n, Cl1 -
1t er-i-on:3 such as

20 (X denotes hydrogen, hal ogen, or nitro), 25
C18 al kyl or €Ci----Cl8 .__alkenyl); Y[err] denote

o7

hyd n, SOdI ot assi um amioni um or al i phat anmoni u / denot es
%l) rg?e_ E]l‘ ”'um{m'lm oner according td gﬂﬁﬂéﬁ We nia waxy
subst ance |s £ ’ ﬂﬂt29. The tgener acdonding to,_ , wher ei n
sai d

et

alkenyl); Y® denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium: and

Z denotes -0- or -CO+0O-.

5 28. The toner according to Claim 1, wherein a waxy

substance is further contained.

29. The toner according to Claim 1, wherein said
binder resin shows a molecular weight distribution on
10 the GPC chromatogram showing a maximum in the molecular

weight region of at least 5x109.

30. The toner according to Claim 1, wherein the
THF-soluble resin content of the binder resin shows a

15 weight-average molecular weight (Mw) of 6x10° - 2x107.

31. The toner according to Claim 1, wherein the
THF-soluble reéin content of the binder resin shows a

number-average molecular weight (Mn) of at most 4x104.

20
32. The toner according to Claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mn of at most 3x104.
25 33. The toner according to Claim 1, wherein the

THF-soluble resin content of the binder resin shows an

Mn of at most 2.5x10%4.
. This Sheet Has Been R
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bi nder resin shows a nolecul ar weight distributiop-on.1l0.the GPC _
chromat ogram showi ng a nmaxi rumin the nol ecul ar IRFM Adegi on of aty | east

5x106. 30. nﬂ“ :}I gto daim1, whereijn the—FH~sol uble iresin
content of ﬂ*l ﬁmjmﬁmm I hows a 15 wei ght - avey egg%gﬁu veiight (Mw)
of 6x10[err] * Zx10[efr]% 31. The toner accordingd tjo MhR 1 aérdin the
THF- sol ubl € resin content of the bi nder~8&sin sh ~a.nunber - averiage

nol ecul ar wei ght (M) of at nost 4x104. 20 32. he toner according to
Claim1, wherein the THF-sol uble resin content of ' - shows an

\/\Nﬂe?];i ‘;‘t t gst SX1Q £ T lphéoner atcordilfy 1O8E1 46k O J1itte Ot @idn 1,

THF-soluble resin content of the binder resin shows an

Mw/Mn ratio of at least 12S5.

5 35. The toner according to Claim 1, wherein the
THF-soluble resin content of the binder resin shows an

Mw/Mn ratio of at least 170.

36. The toner according to Claim 1, wherein the
10 THF-soluble resin content of the binder resin §hows a

Z-average molecular weight (Mz} of at least 2x107.

37. The toner according to Claim 1, wherein the
THF-soluble resin content of the binder resin shows an -

15 Mz/Mw ratio of at most 40.

38. The toner according to Claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mz/Mw ratio of 5 - 30.

20

39, 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

25 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
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THF-sol ubl e resin content of the binder resin shOVﬁwaﬂrkh:qf:afjﬁQst
2. 5x104 34. The toner_according to Caim1, wharékE LﬁﬂnﬁdﬁHﬁiggruble
resin content of the binder resin shows an MV Vh ratfi'co ot at Teast 125. 5

35. The toner

of the binder i
according to Cla|n11 wherein the 10 THEYSO! ubl e rfedi-A—eont-entmoi-) tT

bi nder resin shoms a7

10

15

20
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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
tetrahydrofuran (THF)-soluble resin content including
below 15 % of a resin component in a molecular weight
region of at most 5000 and at least 5 wt. % of a resin
component in a molecular weight région of at least
Sx106 and showing a main peak in a molecular wq}ght

region of 5000 to 10°.

43. The process according to Claim 42, 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.

44. The process according to Claim 42, 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.

45. The process according to Claim 42, wherein the
binder resin contains a THF-insoluble resin component
in a proportion of at most 10 wt. % measured as a

re51due on a filter having a pore size of 0.45 - 0. 5
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Z- average nol ecul ar wei ght (Mz) of at | east 2x10'3‘+ﬂif;_;; Laccdrding to
Caim1l, wherein the THF-sol ubl e_resin content of ﬁﬁéhﬁ?ﬁﬂﬂY r93|n shows an

15 M/ Mwvratio of ’HIQBMO 38. The toner accoyding to Caiml, wherein

t he THF-sol ubl e r
- 30. 20 39. The ton

ﬂm lm;e bi nder resin{ shops MARMISFW rdtio of 5

Cla|n1 , wher ki t he bi nder riesin

contains a THF-insoluble resin conponent I'n a proportromof~atriost; 10 wt.
% nmeasured as a residue on a filter having a porejsize of 0.45 - 0.5 25
m cron when the binder resin is mxed with THF to provide a concentration

of 5 ng/mM and mieronxivhes ithe binder resin is mixed with THF to

10

15

20

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.

46. The process according to Claim 45, whéfein the
THF-insoluble resin component is contained in a

proportion of at most 10 wt. % in the binder resin.

47. The process according to Claim 45, wherein the
THF-insoluble resin component is substantially zero in

the binder resin.
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| eft standing for about 30 hours at roon1tenper§ﬁ8F@?3'—Classlfylng t he
resul tant pul verized product to obtain a toner} fsaid toner codprlsing
bi nder resin and a colorant; wherein the bindef fegizpaRows7a nol ecular 5

wei ght distribution on a GPC chromat ogram of ifs tetrahydroquan

(THF) -sol ubl e resin content including ow 15} %of—a Te&sT M conponent

nol ecul ar wei ght
conmponent in
main peak in
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ABSTRACT

in a

regi on of at npost 5000 and at{least 5 wt. % of resin

N BrEbHo AT R SIMAGE AN CPROGESHOW Ng &

OF THE DISCLOSURE

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 below 15 % of a resin component

in a molecular weight region of at most 5000 and at

least 5 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 5x10%. The

THF-soluble resin component in the molecular weight

region of at least 5x10°8 is extremely enriched during a

melt-kneading step during the toner production, so as

to effectively prevent toner flowout from a member for

cleaning

FIGURE 1

a fixing rollér.
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region of 5000 to 10[err]. 43. The process according to Caim42, wherein a
THF- i nsol ubl e conponent in the resin conposition is 15 converted into a

THF-sol ubl e conponent under the action of the shearin E@g&pr_.,g,y# Ao
mel t - kneadi ng. 44. The process according to C aim42, areyditteShedt gd
9
llea
b

m xture i s kneaded under the action to the 20 sheari force so as tg
provi de a peak in the mol ecul ar wei ght= rlegi on of at stO 3MARewp9T onja
GPC chromat ogram of the binder resin. 45. The proces ccording to Ciafm
42, wherein the 25 binder resin contains a THF-i nsol e resimn-conmponhe

a proportion of at nost 10 wt. % neasured as a residt

pore size of 0.45 - 0.5
§
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t
on.a filter having
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Thi s Sheet Has Bee m cron when the binder resinis mxed with THF to
provide a concentration of 5 ng/m and the m xture is left standing for
about 30 hours at roomtenperature and then subjected to filtration by
using the filter. 5 46. The process according to Caim45, wherein the
THF-i1 nsol ubl e resin conponent is contaiped in a prope+tion. of at nost 10

w. %in the binder resin. 10 477 2TRe process a@ébt@mﬁfﬂos;ggﬂ 45,
wherein the THF-insol ubl e resin conponent is substantifatty-—zete—n
03 MAR 1997
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CLAIMS :

I. A toner for dcvc!opmg an clcctresa- wCEIPT....H!.'.‘.Z """"
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- SEPLACEMENT SHEET
ble resin content including below 15% of a resin com-
ponent in a molecular weight region of at most 5,000 21 JUL 1997
and at least 5% 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 5,000 to 10,
wherein the binder resin has an acid value atributable
to acid anhydride groups of at most 10 mgKOH/g and ..
(i) a weight average molecular weight of at least 57108
as calculated based on the GPC chromatogram.

2. The toner according to claim 1, wherein said
binder resin is a vinyl polymer, a vinyl copolymer 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 a2 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 a 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 crossiinkage 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 in-
cluding 7-30% of a resin component in the molecular
weight region of at least 5 108,

8. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 8-25% of a resin component in the molecular
weight region of at least 5 108,

9. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 10-30% of a resin zomponent in the molecular
wc1ght of 105t0 5 10°

HIl\II\ \\\I\\ ML Th,inﬁﬁi I fm
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10. The toner according to claim 1, wherein said

binder resin shows a molecular weight distribution in-
cluding 2-14% of a resin component in the molecular | REPLACEMENT SHEET |
weight region of at most 5000, 10-30% of a resin com- ‘
poaent in the molecular weight region of 105 w0 5x 105, 21 JUL 1997
and 3-20% of a resin component in the molecular
weight region of at least 5 108,

11. The toner according to claim 1, wherein said
binder resin has a carboxy! group and contains an or-
ganic metal compound eicz:trosratxca.uy 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% 1o S X 0%,

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 2 molecu-
lar weight region of 5000 to 10°.

14. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 2-14% of a resin component in the molecular
weight region of at most 5000, at least 45% of a resin
component in the molecular weight region of 5000 to
105, and 7-30% of a resin component in the molecular
weight region of at least 5% 108.

15. The toner according to claim 1, wheremn said
binder resin has a JIS acid value of 2-100 kgKOH/g.

16. The toner according to claim 1, wherein said
binder resin has a JIS acid value of 5-70 mgKOH/g.

17. The toner 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.

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.
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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 REPLACEWMT SHEET
ester copolymer crosslinked with divinylbenzene. e

22. The toner according to claim 1, wherein said 21 JUL 1997 ‘I

colorant comprises a magnetic material.
23. The toner according to claim 1, wherein said ,
colorant comprises carbon hlack. : —
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.
25. The toner according to claim 24, wherein said
organic metal compound is an azo metal complex repre-
sented by the following formula:

(Ar—N == N—Ar 3\

VRN
SO

\AI-N= N— Ar /

wherein M is a coordination center metal selected from’
the group consisting of Sc, Ti, V, Cr, Co, Ni and Fe; Ar
is a substituted or unsubstituted ary} group; X, X', Y and
Y’ are independently a member selected from the group
comsisting of —O—, —CO—, —NH—, or —NR—
Wherein R is an alkyl having 1-4 carbon atoms; and
A& is a cation selected from the group consisting of
hydrogen ion, sodium ion, potassium ion, ammonium
ion and aliphati¢ ammonium ion.

26. The toner according to claim 24, wherein said
organic metal compound is an organic acid metal com-
plex represented by the following formula:

e
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wherein M is a coordination center metal selected from
the group consisting of Cr, Co, Ni and Fe; A is a substi-
tuted or unsubstituted aryl group; Y& is a cation se- -
lected from the group consisting of hydrogen ion, so-
dium ion, potassium ion, ammonium ion and aliphatic
ammonium ion, and Z is a member selected from the
group coasisting —O— or —CO.0—.

27. The toner according to claim 1, wherein a 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 10,

29. The toner according to claim 1, wherein the.
THF-soluble resin content of the binder resin shows 2
weight-average  molecular  weight -~ (Mw) of
6 106-2x 107.
 30. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows a
number-average molecular weight (Mn) of at most
4 104.

31. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mn of at most 3 X 104,

32. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mn of at most 2.5X 104

33. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mw/Mn ratio of at least 123,

34. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an’
Mw/Mn ratio of at least 170.
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35. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows a
Z-average molecular weight (Mz) of at least 2 107.

36. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mz/Mw ratio of at most 40.

37. The toner according to claim 1, wherein the
THF-soluble resin conteat of the binder resin shows an
Mz/Mw ratio of 5-30. _

38. 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 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.

39. The toner according to claim 38, wherein the
THF-insoluble resin component is contained in a pro-
poruon of at most 10 wt. % in the binder resin.

40. The toner according to claim 38, wherein the
THF-insoluble resin component is subsr.a.ntxally Zero in
the binder resin.

41. The toner according to _claxm 1 wherein the
binder resin shows 2 molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-solu-
ble resin content including 2 to 15% of the resin compo-
nent in a molecular weight rcgion of at most 5,000 and
5 10 30% of the resin component in 2 molecular weight
region of at least 5 108.
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TONER FOR DEVELOPING ELECTROSTATIC IMAGE AND PROCESS
FOR PRODUCTION THEREOF

ABSTRACT OF THE DISCLOSURE

A tonef 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 moiecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-soluble |
resin content including below 15 % of a resin component
in a molecular weight region of at most 5000 and at
least 5 wt. % of a resin component in a molecular
weight region of at least 5x10% and showing a 9ain peak
in a molecular weight region of 5000 to 5x108. The
THF-soiuble resin component in the molecular weight
region of at least 5x106 is extremely enriched during a
melt-kneading step during the toner production, so as
to effectively prevent toner flowout from a member for

cleaning a fixing rollér.

FIGURE 1
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in a molecular weight region of 5000 to S5x1 0%. The
THF-soluble resin component:‘ in the molecular weight
region of at least 5x10% is extremely enriched during a
melt-kneading step during the toner production, so as

to effectively prevent toner flowout from a member for

cleaning a fixing roller.
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I. A toner for developing an electrostatic image,
comprising: a binder resin and a colorant, wheretn the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-solu-
ble resin content including below 5% of a resin com-
ponent in a molecular weight region of at most 5,000
and at least 5% of a resin component in a molecular
weight region of at least 5 104 and showing a main
peak in a molecular weight region of 5,000 to 105,
wheretn the binder resin has an acid value atiributable
to acid anhydride groups of at most 10 mgKOH/g and. .
(i) a weight average molecular weight of at least 5x10°
as calculated based on the GPC chromartogram.

2. The toner according to claim 1, wherein said
binder resin is a vinyl polymer, a vinyl copolymer 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 copolyzer.

5. The toner according to claim 1, wherein said
binder resin comprises a mixture of a crosslinked sty-
rene copolymer and a 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 a2 metal ion of two or more valences.

7. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 7-30% of a resin component in the molecular
weight region of at least 5 104,

8. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 8-25% of a resin component in the molecular
weight region of at least 5 X [0S,

9. The toner according to claim 1, wherein said
binder resin shows a molecular weight diseribution in-
cluding 10-30% of a resin component in the molecular
weight of 105 to 5§ 109.
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10. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding 2-14% 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 5 109,
and 3-20% of a resin component tn the molecular
weight region of at least 5 106,

11. The toner 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 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 t0 5 10%.

13. The toner according to claim 1, wherein said
binder resin shows a molecular weight distribution in-
cluding at least 409% 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 2-14% of a resin component tn the molecular
weight region of at most 5000, at least 45% of a resin
component in the molecular weight region of 5000 to
105, and 7-309% of a resin component in the molecular
weight region of at least 5 108.

15. The toner according to claim 1, wherein said
binder resin has a JIS acid value of 2-100 kgKOH/g.

16. The toner according to claim 1, wherein said
binder resin has a JIS acid value of 5-70 mgKOH/g.

17. The toner according to claim 1, wherein said
binder resin has an acid value attributable to acid anhy-
dride group of below é mgKOH/g.

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

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.
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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 divinyibenzene.

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 hlack.

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.

25. The toner according to claim 24, wherein said
organic metal compound is an azo metal complex repre-
sented by the following formula:

Ar—N === N—Ar )

<

M
VRN
Y /I\ X
/ AN
\Ar—-:\’= N—Ar }

A8

wherein M is a coordination center metal selected from’
the group consisting of S¢, Ti, V, Cr, Co, Niand Fe; Ar
is a substituted or unsubstituted aryl group; X, X', Y and
Y’ are independently a member selected from the group
consisting of —O0—, —CO—, —NH—, or —NR—
Wherein R is an alkyl having 1—4 carbon atoms; and
A is a cation selected from the group consisting of
hydrogen ion, sodium ion, potassium ion, ammonium
ion and aliphati¢c ammonium ton.

26. The toner according to claim 24, wherein said
organic metal compound is an organic acid metal com-
plex represented by the following formula:
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wherein M is a coordination center metal selected from
the group consisting of Cr, Co, Ni and Fe; A is a substi-
tuted or unsubstituted aryl group; Y@ is a cation se-
lected from the group consisting of hydrogen ion, so-
dium ion, potassium ion, ammonium ion and aliphatic
ammonium ion, and Z is a member selected from the
group consisting —O— or —CO.0—.

27. The toner according to claim 1, wherein a 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 5 106.

29. The toner according to claim 1, wherein the.
THF-soluble resin content of the binder resin shows a
weight-average  molecular  weight - Mw) of
6 106-2x 107.

30. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows a
number-average molecular weight (Mn) of at most
4104

31. The toner according to claim 1, wherein the.
THF-soluble resin content of the binder resin shows an
Mn of at most 3 X 104

32. The toner according to claim 1, wherein the.
THF-soluble resin content of the binder resin shows an
Mn of at most 2.5 104,

33. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mw/Mn ratic of at least 125.

34. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mw/Mn ratio of at least 170.
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35. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows a
Z-average molecular weight (Mz) of at least 2 107.

36. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mz/Mw ratio of at most 40.

37. The toner according to claim 1, wherein the
THF-soluble resin content of the binder resin shows an
Mz/Mw ratio of 5-30. _ :

38. 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 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 ts left stand-
ing for about 30 hours at room temperature and then
subjected to filtration by using the filter.

39. The toner according to claim 38, wherein the
THF-insoluble resin component is contained in a pro-
porton of at most 10 wt. % in the binder resin.

40. The toner according to claim 38, wherein the
THF -insoluble resin component is substantially zero in
the binder resin.

41. The toner according to claim 1 wherein the
binder resin shows a molecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-solu-
ble resin content including 2 to 15% of the resin compo-
nent in a molecular weight region of at most 5,000 and
5 to 309 of the resin component in 2 molecular weight
region of at least 5 108.
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TONER ?Oﬁ DEVELOPING ELECTROSTATIC IMAGE AND PROCESS
FOR PRODUCTION THEREOF

ABSTRACT OF THE DISCLOSURE

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 moiecular weight distribution on a
GPC chromatogram of its tetrahydrofuran (THF)-soluble
resin content including below 15 % of a resin component
in a molecular weight region of at most 5000 and at
least 5 wt. % of a resin component in a molecular
weight region of at least 5x10% and showing a Tain peak
in a molecular weight region of 5000 to 5x106. The
THF;soluble resin component in the molecular weight
region of at least 5x10°8 is extremely enriched during a
melt-kneading step during the toner production, so as
to effectively prevent toner flowout from a member for

cleaning a fixing roller.

FIGURE 1



