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TONER, IMAGE FORMING APPARATUS, APPARATUS UNIT AND FACSIMILE APPARATUS

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, particularly a toner which has been improved in respects of heat-
fixability, anti-offset characteristic and developing performances for electrophotographic images. The
present invention further relates to an image forming apparatus, an apparatus unit and a facsimile apparatus
using such a specific toner.

Hitherto, a large number of electrophotographic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363; and 4,071,361. In these processes, in general, an
electrostatic latent image is formed on a photosensitive member comprising a photoconductive materiat by
various means, then the latent image is developed with a developer comprising a toner, and the resultant
toner image is, after being transferred onto a transfer material such as paper etc., as desired, fixed by
heating, pressing, or heating and pressing, or with solvent vapor to obtain a copy. The residual toner on the
photosensitive member which being transferred is cleaned by various methods, and then the above steps
are repeated.

in recent years, such as electrophotographic image forming apparatus has been used not only as a
copying machine for office work but also as a digital sprinter as an outputting means for a computer and a
facsimile machine and also a graphic copier for producing graphic copies of high definition. <

For this reason, a strict reliability is required of such an image forming apparatus, and a toner used
thersfor is required to show high performances, without which an excellent apparatus is not provided. _-

Among the performances required of a toner for a digital printer or a copler for high definition images,
fixability of thin line images is raised as an important ons. -

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

In the heating and pressing system, a sheet carrying a tonerf image to be fixed (hereinafter called
“fixation sheet") is passed through hot rollers, while a surface of a hot roller having a releasability with the
toner is caused to contact the toner image surface of the fixation sheet under pressure, to fix the toner
image. In this method, as the hot roller surface and the toner image on the fixation sheet contact each other
under a pressure, a very good heat efficiency is attained for melt-fixing the toner image onto the fixation
sheet to afford quick fixation, so that the methed is very effective in a high-speed electrophotographic
copying machine. In this method, howsver, a toner image in a melted state is caused to contact a hot roller
surface under pressure, so that there is observed a so-called offset phenomenon that a part of the toner
image Is attached and transferred to the hot roller surface and then transferred back to the fixation sheet to
stain the fixation sheet. It has been regarded as an essential condition in the hot roller fixation system to
prevent the toner from sticking to the hot roller surface.

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

A printer is generally used to provide 3 - 5 times as many copies as prepared by a copylng machine of
the same level and requires a toner having further better fixing and anti-offset performances,

As for the improvement of the binder resin for a toner, a toner using a crosslinked polymer as the
binder resin has been proposed, e.g., In Japanese Patent Publication JP-B 51-23854. Such a toner using a
crosslinked polymer shows improved antl-offset characteristic and anti-winding characteristic but is caused
to have an increased fixing temperaturs as the degree of crosslinking is increased. Accordingly, it is difficult
fo have a toner showing a low fixing temperature, good anti-offset and antl-winding characteristic and also
good fixability. In order to improve the flxability, it is generally required to use a lowsr molecular-weight
binder resin having a lower softening point. This is contradictory to an Improvement In antl-offset
characteristic, Further, a lowering in glass transition polnyr providing a low softening point leads to an

" undesirable phenomenon of toner blocking during storage.

Further, as a toner comprising a low-molecular weight polymer and a crosslinked pelymer, JP-A 58~
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improved, but it is difficult to satisfy the ‘fixability and the anti-offset characteristic at high performances
because the weight-average molecular weight/number-average molecular weight ratio (Mw/Mn) is as low as

5 3.5 or below and the non-fusible polymer content is as much as 40 - 90 wt. %. Actually, it has been very
difficult to provide a toner with sufficient fixability and anti-offset characteristic unless it is used in a fixing
device equipped with a means for supplying an offset-preventing liquid.

JP-A 60-166958 has proposed a toner comprising a resin component prepared by polymerization in the
presence of a low-molecular weight poly-a-methylstyrene having a number-average molscular weight (Mn)

10 of 500 -1,500. The same patent specification describes that an Mn range of 8,000 - 30,000 is preferred but
a higher Mn for improving the anti-offset characteristic leads to a practical problem in fixability. e

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 10% - 8x10* and 105 - 2x10° in the molscular weight distribution according
to GPC (gel permeation chromatography). The toner exhibits excellent performances in respects of

15 pulverizability, anti-offset characteristic, fixability, anti-filming or anti-melting characteristic on a photosen-
siive member and in'?e forming characteristic but further improvement in anti-offset characteristic and
fixability is desired.

On the other hand, as for physical properties required of a toner, several proposals have been made
with respect to binder resins including: crosslinking by reaction of a polymer comprising a carboxyiic acid

20 with a metal compound (JP-A 57-178248, JP-A 57-178250, etc.) and reaction of a binder comprising a vinyl
monomer and a specific half-ester compound as essential composition units with a polyvalent metal
compound to cause crosslinking with the metal (JP-A 61-110155, JP-A 61-110158). .-

Further, JP-A 83-214760, JP-A 63-217362, JP-A 63-217363 and JP-A 63-217364 disclose reaction of a
polymer having a molecular weight distribution including two portions of a low-molecular weight portion and

25 a high-molecular weight portion with the low-molecular weight portion including a carboxy! group and a
polyvalent metal ion to cause crosslinking (more specifically adding a fiquid dispersion of a metal
compound into a solution after solution polymerization, followed by heating for the reaction). In any method,
however, the reaction between the binder resin and the metal compound or the dispersion of the metal
compound in the binder resin is not sufficient, so that the physical properties required of a toner,

30 particularly the fixing characteristic and the anti-offset characteristic, are not satisfied. Further, as the metal
compound in a large amount is formulated with the binder resin, the metal compound can show a catalytic
action to the binder resin depending on the condition to cause gellation of the binder resin. Accordingly, it is
difficult to determine the productton condition for formulating the metal compound to obtain a desired toner.
Even if the }J,roduction conditions are determined, it is difficult to produce a toner with a good reproduc-

35 ibility.

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

40 Further, JP-A 63-216063 proposes the combination of ionic crosslinking with a metal in the binder resin
and an offset-preventing agent, and JP-A 62-280757 proposes reaction of an acid anhydride group and a
cationic component to form a polar functional group in the binder resin to improve the charging characteris-
tic of a toner. These proposals however have not provided a toner with all required properties, such as anti-
offset characteristic, fixability and developing characteristic. ..

45 JP-A 59-214860 proposes a toner comprising a resin having a specific range of viscoelasticity for
improvement in fixing characteristic and anti-offset characteristic. This toner shows some sffect in respect of
anti-offset characteristic, the combination of a low-temperature fixability and the anti-offset characteristic
have besn unsatisfactory because of too high elasticity and viscosity and too high a frequency-dependence
thereof, _-

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

As described abovs, thers has been demanded a toner having satisfactory fixing performance and anti-

85 offset characteristic which is particularly suitable for development of digital latent images. -

SUMMARY OF THE INVENTION
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problems. f’
A more specific object of the mventlon is to provide a toner showing excsllent fixability and anti-offset
characteristic as well as good image reproducibility and fres from reversal fog.

5 An object of the invention is to provide a toner free from image degradation-6¥en in a long time use. —

An object of the invention is to provide a toner which is fixable at a low temperature, has an exceilent
anti-blocking characteristic and is suitably used in a high temperature snvironment in a small-sized copying
machine.

An object of the invention is to provids a toner which has an excellent anti-offset characteristic and also

10 & good reproducibility.

An object of the invention is to provide a toner which provides a high image density, an excellent thin-
line reproducibility, and a good gradation characteristic. -~

An object of the invention is to provide a toner which stable retains a high image density without being
affected by environmental changes.

15 An object of the invention is to provide an image forming apparatus using such a specific toner. -~

An object of the invention is to provide an apparatus unit using such a spscific toner. - -

An object of the present invention is to provide a facsimile apparatus using such a specific toner.

According to a principal aspect of the invention, thers is provided a toner for developing electrostatic
images, comprising a bmder resin, and a metal salt or a metal complex; wherein the toner has:

20 a dynamic modulus G'120-200 at 120 - 200 °C of 2x108 or higher to below 5x10% [dynefcm?] as measured
in the frequency range of 1x1072 - 1 (Hz);

a loss modulus G 120-200 at 120 - 200 °C of 2x103 or higher to below 5x10° [dyne/cm?] as measured in the

frequency range of 1x1 0'2 1 (Hz); d

a dynamic modulus G200 at 200 °C and a frequency f satisfying an approximated linear relationship
25 accordmg to the least squares method of:

!ogG 200 = a’log*f + log b, e

wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and

a ratio (G 200)/(G 120) of below 0.25 whersin (G 200) denotes a dynamic modulus at 200 °C and (G 120)

denotes a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz).

30 According to another aspect of the invention, there is provided an image forming apparatus, comprising:
an elecirostatic latent imags-bearing member, and a developing device comprising a developer-carrying
member for carrying a toner for developing the electrostatic latent image at a developing station and
conveying the toner to the developing station, and a developer contalnar for containing the toner; wherein
the toner comprises a pinder resin, and a metal salt or a metal complex; wherein the toner has:

35 a dynamic modulus G 120-200 at 120 - 200 °C of 2x10° or higher to below 5x10° [dyne/cm?] as measured
in the frequency range of 1x1072 - 1 (Hz);

a loss modulus G 120-z00 at 120 - 200 °C of 2x10° or higher to below 5x10° [dyne/cm?] as measured in the
frequency range of 1x10"2 1 (Hz);
a dynamic modulus G'200 at 200 °C and a frequency f satisfying an approximated linear relationship

40 accordmg to the least squares method of:
1ogG 200 = a°log*f + log b, 7
wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and
a ratio (G 200/(G'120) of below 0.25 wherein (G 200) denotes a dynamic modulus at 200 °C and (G 120)
denotes a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz).

45 According to another aspect of the invention, there is provided an apparatus unit, comprising: an
electrostatic latent image-bearing member and a developing device for developing the electrostatic latent
image at a developing station; the developing devics comprising a developer container for containing the
toner, and a /aveloper-carrymg member for carrying the foner and conveying the toner to the developing
station;

50 whersin the toner comprlses a binder resin, and a metal salt or a metal complex; whersin the toner has:

a dynamic modulus G 120~200 at 120 - 200 °C of 2x10° or higher to below 5x10° [dyne/cm?] as measured
mthafrequencyrangeof1x10‘2 1 (Hz);

a loss modulus G 120200 at 120 - 200 °C of 2x103 or higher to below 5x10° [dyne/cm?] as measured in the
fraquency range of 1><‘l()‘2 1 (H2);

86 a dynamic modulus G 200 at 200 °C and a frequency f satisfying an approximated linear relationship
accordlng to the |east squares method of: :
j0gG 200 = a° log°*f + log b, .
wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and
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a ratio (G 200)/(G'120) of beiow 0.25 wherein (G'200) denctes a dyfidimic modulus at 200 °C and (G'120)
denotes a dynamic modulus at 120 °C respsctively at a frequency of 1 (Hz);

wherein said developing device is supported integrally together with the image-bearing member to form a
single unit, which can be connected to or released from an apparatus body as desirad.

5 According to another aspect of the invention, there is provided a facsimile apparatus, comprising: an
alectrophotographic apparatus and a receiving means for receiving image data from a remote terminal,
wherein said electrophotographic apparatus comprises: an image-bearing member for bearing a latent
image, and a developing device for developing the latent image, the developing device comprising:

a developer container for contalning a toner wherein the toner comprises a binder resin, and a metal salt or

10 a metal complex; whereln the toner has:

a dynamic modulus G 120-200 at 120 - 200 °C of 2x10° or higher to below 5x10° [dyne/cm?] as measured
in the frequency range of 1x102 - 1 (Hz);

a loss modulus G’ 120200 at 120 - 200 °C of 2x103 or higher to below 5x10° [dyne/cm?] as measured in the
frequency range of 1x1 0‘4 1 (H2);

15 a dynamic modulus G'200 at 200 °C and a frequency f satisfying an approximated linear relationship
accordmg to the least squares method of:
logG 200 = a*log*f + log b,
wherein a denotss a positive number of 0.25 or smaller and b denotes a constant; and
a ratio (G 200)/(G 120) of below 0.25 wherein (G ‘200) denotes a dynamic modulus at 200 °C and (G'120)

20 denotes a dynamic modulus at 120 °C respectively at a fraquency of 1 (Hz).

These and other objects, featurss 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.

25
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the frequency-dependence (0.01 Hz - 1 Hz) of the viscoelasticity at 120 °C
of the toner according to Example 1.
30 Figure 2 is a graph showing the frequency-dependence (0.01 Hz - 1 Hz) of the viscoelasticity at 200 °C
of the foner according to Example 1.
Figures 3 and 4 are graphs showing changes with time in viscoslasticity at 200 °C, and 0.1 Hz and 1 Hz,
respectively, of the toner according to Example 1.
Figure 5 Is a graph showing the frequency-dependence (0.01 Hz - 1 Hz) of the viscoslasticity at 120 °C
35 of the toner according to Example 5.
Figure 6 is a graph showing the frequency-dependence (0.01 Hz - 1 Hz) of the viscoelasticity at 200 °C
of the toner according to Example 5.
Figures 7 and 8 are graphs showing changes with time in viscoslasticity at 200 °C, and 0.1 Hz and 1 Hz,
raspectively, of the tonsr according to Example 5.
40 Figure 9 is an illustration of a checker pattern for evaluating reproducibility of minute dots.
Figure 10 is a graph showing the particle size distribution range for toner particles of 5 microns or
smaller of a preferred class of toner according to the invention.
Figure 11 is a schematic illustration of an embodiment of the image forming method and the image
forming apparatus according to the present invention.
45 Figure 12 is a block diagram showing a system constituting a facsimile apparatus using an image
forming apparatus as a printer thereof.

DETAILED DESCRIPTION OF THE INVENTION

50 It is a characteristic feature of the toner according to the present invention that the toner has a dynamic
modulus G 200 at fraquencies f satisfying an approximated linear relationship according to the least squares
_method of:
log G 200 = a°log*f + log b,
wherein a denotss a positive number of 0.25 or smaller.

56 The value a corresponds to the slopse of a line represented by the above equatlon on a double-
logarithmic scale graph, and a larger |a] (absolute value of a) means a large change in G according to a
fraquency change. As a frequency change can be converted Into a temperature change according to the
time-temperature conversion rule, the relationship can be said in a different expression that a larger [a] leads
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to a larger change in G corresponding to a temperature change.

The thermal characteristic of a toner is significantly related with the fixability. For exhibiting a fixability, a
toner is required to be softened so as to be sufficiently deformed when it is passed through hot rollers
under pressure but not softened excessively so as not to cause a high-temperature offset. Further, the

5 elasticity modulus of the toner is required not to cause foo large a change according fo a change in
temperature so as to provide stable flxmg and anti-offset characteristics. As the toner according to the
present invention has a dynamic modulus G {or G1)120-200 at 120 - 200 °C and a loss modulus G (or G2)~
120-200 at 120 - 200 °C of respectively in the range of 2x10® to below 5x10° dyne/cm? as measured in the
frequency f range of 1x10~2 - 1 Hz, a good fixability is exhibited without causing high-temperature offset at

10 the time of fixing. Further, as the. value a in the equation showing an approximated linear relationship is a
positive number of 0.25 or smaller, the toner shows a moderate change in elasticity modulus according to a
change in temperature at 200 °C or higher, so that it shows stable fixing and anti-offset characteristics even
if there is some fiuctuation in temperature along the rollers at the time of fixation.

The dynamic modulus and loss modulus of the toner according to the present invention does not

15 substantially change with time at 200 °C so that, even if the toner recovered by cleaning by a fixing device
cleaning member is subjected to heat from the fixing rollers for a long time, the recovered toner or
developer does not cause a problem of leakmg out from the cleaning member.

In case where a toner showing a G 120200 below 2:(103 [dyne/cm?] is used, the anti-offset characteris-
tic is insufficient, and in case where a toner showing a G 120200 exceeding 5x10% [dyne/cm?] is used, the

20 low-temperature fixability is insufficient.

The viscoelasticity characterizing the toner of the invention may be measured by means of a rheometer
("IR-200", made by lwamoto Seisakusho K.K.) equipped with 3 cm-dia. parallel plates.

The toner according to the present invention has a ratio (G zoo/G 120) of below 0.25 (and preferably
0.05 or above) based on the dynamic moduli (G 120} at 120 °C and (G 200) at 200 °C at the same frequency

25 (particularly at 1 Hz) In the range of 1x1072 - 1 Hz, and because of this characteristic in combination with
the above-mentioned viscoslastic properties, the toner exhibits sufficient low-temperature fixability, anti-
offset characteristic and anti-blocking characteristic in combination.

Whils various factors are related with the above-mentioned viscoelastic properties of the toner
according to the invention, it is preferred that the toner comprises a binder resin as described below. <~

30 More specifically, it is preferred that the binder resin in the toner of the invention contains a THF
{tetrahydrofuran)-soluble content showing a molscular weight distribution in a GPC chromatogram including
at least one peak in the molecular weight region of from 2,000 to below 15,000 and at least a peak or
shoulder in the molecular weight region of 15,000 to 100,000, contains polymetized units of a carboxyl
group-containing monomer or carboxylic acid derivative monomer, and has a JIS-acld value (A) measured

35 according to JIS K-0070 and a total acid value (B) measured after hydrolysis of the acid anhydride group in
the resin which provide a ratio (A/B) in the rangs of 0.75-0.99. -

The binder resin may preferably contain 5 - 70 wt. parts, further preferably 20 - 60 wt. parts, of 3 THF-
insoluble content per 100 wt. parts of the resin.

When a binder resin is dissolved in a solvent, such as THF, it is divided into a soluble content and an

40 insoluble content. The soluble content can be subjected to measurement of the molecular weight distribu-
tion. When attention is paid to the quantity of the THF-Insoluble content and the position of a peak in the
molscular weight distribution of the THF-soluble content, a binder resin containing no or littte THF-insoluble
content is very disadvantageous in respect of pulverizability in production of a toner through pulverization.
An attempt of improving the pulverizability by simply shifting the position of a psak in the molscular weight

45 distribution of the THF-soluble content on the lower molecular weight side results in inferior anti-offset
characteristic. This proves that it is difficult to satisfy the antl-offset characteristic and the pulverizability in
combination. -

As may be understood from this study, it is very effective to have the bindar resin contaln a certain
amount of THF-insoluble content not only for improving the anti-offset characteristic as is generally

50 contemplated but also for improving the pulverizability. P

From further study on the molscular weight distribution of the THF-squble content, the property
regarding the level {high or low) of fixable temperature (hereinafter simply referred to as “fixability"), the
anti-offset characteristic, the pulverizability, and the anti-blocking characteristic, it has been understood that,
in a binder resin, the THF-insoluble content has a major influence on the anti-offset characteristic, the antl-

55 blocking characteristic and the pulverizability of a kneaded and cooled product at the time of toner
production; the portion having a molecular wsight of below 15,000 of the THF-soluble content has a major
influence on the pulverizability and melt-sticking onto the Inner wall of the pulverizer of the kneaded and
cooled product at the time of toner production, the antl-blockin&gparacteristic. the mesit-sticking onto a
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THF-soluble content has a major influencs on the anti-offset characteristic and the fixability.

More specifically, the binder resin used in the toner of the present invention may preferably have a
THF-insoluble content (gel content) of 5 - 70 wt. %, particularly 20 - 80 wt. %,(based on the binder resin),
contain the remainder of THF-soluble content providing a GPC chromatogram showing at least one peak in
the molecular weight range of 2,000 to below 15,000, particularly 3,000 - 12,000, and at least one peak or
shoulder in the molecular weight range of 15,000 -10,000, particularly 20,000 - 70,000. It is further preferred
that the peak in the molecular weight range of 2,000 to below 15,000 and the peak or shoulder in the
molecular weight range of 100,000 has a molecular weight difference of 5,000 or more, particularly 10,000
or more. -

If the THF-insoluble content in the binder resin exceeds 70 %, the fixing temperature tends to increase
and dispersion of additives in the binder resin tends to become worse. Further, a highly crosslinked portion
is liable to be severed at the time of kneading of the resin to cause an adverse effect to toner designing. If
the THF-insoluble content is below 5%, the toner is liable to cause offsetting and winding about a roller. In
case where the THF-insoluble content is below 5 % and a large content of high molecular weight portion is
contained, the pulverizability is liable to be remarkably impaired. If the THF-soluble content lacks a peak in
the molecular weight range of 2,000 to bslow 15,000 but has a peak in the molecular weight range of
15,000 or above, the resultant toner is liable to have an increased fixing tempsraturs, a narrow fixable
temperature region and worse pulverizability to resuit in a lower productivity. If the peak molecular weight is
below 2,000, the resultant toner can have a remarkably poor anti-offset characteristic and a poor anti-
blocking characteristic. If the peak or shoulder on the other molscular weight region is not in the range of
15,000 - 100,000 but has a value of over 100,000, there is a tendency that the dispersibility of the additives
becomes worse, the fixing temperature increases remarkably and the pulverizability becomes remarkably
worse. If the peak or shoulder is below 15,000, the resuitant toner can have a poor anti-offset characteristic
and a problem in respect of blocking. -

Further, in order to fully satisfy the anti-offset characteristic, it is preferred that the binder resin not only
has an increased THF-insoluble content and an increased proportion of THF-soluble content having a
molecular weight of 15,000 or higher but also contains a metal compound and a carboxy! group capable of
causing a crosslinking reaction with each other. it is further preferred that the carboxyl group is disposed to
be able to form an anhydride group in the molecule so as be rich in capability of crosslinking reaction with
a metal compound. % ’

The crosslinking is promoted by heat, and a part of the carboxyl groups Is involved in crosslinking
reaction with a metal compound and another part of the carboxyl groups is converted into anhydride groups
at the time of melt-kneading for toner production.

Most carboxyl groups in the binder resin are involved in these reactions, the resultant toner is free from
or hardly accompanied with difficulties in respect of chargeability due to environmental conditions,
represented by a decrease in chargeability of a toner due to moisture absorption under high temperature -
high humidity conditions, peculiar to a toner using a binder resin containing a carboxyl group. The
conversion of carboxyl group into anhydride groups is advantageous in respect of providing the binder resin
per se with a sufficient negative chargeability which can lead to a good negative chargeability of the
resultant toner. 4

Further, even if most carboxy! groups are involved in crosslinking or converted into anhydride groups,
the intense polarity of the binder resin is retained, so that the resuitant toner has a good affinity to paper
and a further improved fixability. Accordingly, it is also possible to provide an incrsased Tg (glass transition
point) of the binder resin and also an improved anti-blocking characteristic. P

In order for the toner of the present invention to have a dynamic modulus G'120-200 of 2x10° to below
5x10° as measure at 120 - 200 °C in the freqy,ency range of 1x102 [Hz] - 1 [Hz], it is preferred to use a
binder resin satisfying the above features.

When a copolymer having polymerized units of such carboxyl group-containing monomers or a
composition containing such a copolymer is subjected to suspension polymerization, a part of the
carboxylic anhydride groups are hydrolyzed to provide a mixture of dicarboxylic groups, carboxyl groups
and carboxylic anhydride groups.

These three types of acidic groups in the copolymer or its composition are considered to form various
types of polymer complex through interaction with metal ions from a metal salt or metal complex as another
component of the toner according to the Invention.

Accordingly, the toner binder resin of the present invention is provided with metallic crosslinkages (l.e.,
lonic crosslinkages by the medium of metal elements) dus to such various polymer complexes showing
different bonding strengths and also strong crosslinkages due to polymerizable crosslinking agent. Because

TELIEE g g ———
I5sS Sihimer o -
7 S SITET HAS geEy
iy -_‘/{'f‘\,{:i}

»»..w._._...,.-._.wm

e,



| Mpor T 8hedd &S Been Replaced As for the fixing step, various nethods and

appar a , i ] evel oped, of which the nost popular one is a heating
and pre JJ m n system using hot rollers. In the heating
and pr a sheet carryepg @27enae i nage to be fixed

(hereinafter called "fixation sheet") is passed through hot rollers, while
a surface of a hot roller having a releasability with
of mixing of various crosslinkages showing different crasslinking strengths, a toner having the above-
mentioned unique viscoelastic properties is provided to show excellent anti-blocking characteristic as well
as excellent low-temperature fixability and anti-offset characteristic.

If a low-molecular weight polymer or copolymer having dicarboxylic units is crosslinked with a metal

s ion, the anti-blocking characteristic of the toner can be improved without increasing the Tg of the polymer
or copolymer. As the Tg need not be increased in order to improve the anti-blacking characteristic, it is
possible to render the dynamic modulus and loss modulus measured at 120 °C to be below 5x105
dynecm? -

In case where a polymer or copolymer having a high Tg is used to increase the anfi-blocking

10 characteristic, the dynamic moduius and loss modulus at 120 °C become 5x10° dyne.cm? or abovs, and it
becomes difficult to accomplish low-temperature fixation.

Further, as crosslinkages having various bonding strengths are present in the polymer or copolymer,
the dynamic modulus and loss modulus at 200 °C can be maintained at 2x1038 dyne.cm? or higher, and the
frequency-dependence of the modulus G 200 to 200 °C measured in the frequency range of 1x1072 - 1 [Hz]

15 can bs made extremely small.

As the tonmer according to the present invention contains crosslinkages showing various bonding
strengths in the binder resin as described above, the dynamic modulus and loss modulus at 200 °C thereof
shows substantially no change with time. Hersin, "substantially no change with time™ means that, when the
toner is held at 200 °C for a period of 1 hour, the measured values of the dynamic modulus and loss

26 modulus during the period are within the range of 0.8 - 1.8 times, preferably 0.9 - 1.5 times, those
measured at the initial stage.

If the measured valuss of the dynamic modulus and loss modulus are below 0.8 times the initial values,
the toner is liable to leak out from the cleaning member for the fixing device (roller). If they are above 1.8
times the initial values, the fixing device is liable to be damage when the fixing device is held at a high

25 temperature for a long period.  /

As described above, in the present invention, the carboxyl group content, particularly the content of
dicarboxylic group or its derivative, in the binder resin has a great influsnce on the visco-elasticity of the
toner, and it is preferred to use a binder resin having a JIS-acid value (A) measured according to JIS K-
0070 and a total acid value (B) measured after hydrolysis of the acid anhydride group in the binder resin

50 which provide a ratio (A/B) in the range of 0.75 - 0.99. The binder resin may preferably be meit-kneaded
together with a metal salt or complex. —~~

If the ratio (A/B) is below 0.75, the acid anhydride content is excessive to provide an insuificient
increass in anti-blocking characteristic, thus being difficult to the viscoelastic properties required by the
present invention.

35 If the ratio A/B exceeds 0.99, almost no acid anhydride groups are contained so that the chargeability of
the toner is fiable to be instable, thus causing a problem In image quality.

The total acid value (B) of a binder resin used herein is measured In the following manner. A sample
resin in an amount of 2 g is dissolved in 30 ml of dioxane, and 10 mil of pyridins, 20 mg of
dimethylaminopyridine and 3.5 ml of water are added thareto, followed by 4 hours of heat refluxing for 4

40 hours. After cooling, the resultant solution is titratad with 1/10 N-KOH solution in THF (tetrahydrofuran) to
neutrality with phenolphthalein as the indicator to measure the acid value, which is a total acid value (B).

The above-mentioned 1/10 N-KOH solution in THF is prepared as follows. First, 1.5 g of KOH is
dissolved in about 3 ml of water, and 200 ml of THF and 30 ml of water are added thersto, followed by
stirring. After standing, a uniform clear solution is formed, if necessary, by adding a small amount of

45 methanol if the solution is separated or by adding a small amount of water if the solution is turbld. Then, the
factor of the 1/10 N-KOH/THF solutlon thus obtained is standardized by a 1/10 N-HCI standard solution.

The acid value measurement according to JIS K-0070 is generally as follows,

Reagents as described below are used.

{a) A solvent is prepared as an athyl ether/sthyl alcohol mixturs (1/1 or 2/1) or a benzane/sthyl alcohol

50 mixture (1/1 or 2/1). The solvent Is neutralized with a 1/10 N-KOH ethyl alcohol solution with phenalph-

thalein as the indicator.

(b) A phenolphthalein solution is prepared by dissolving 1 g of phenclphthalein in 100 mi of ethyl alcohol
{95 VIV %).

(e} A N/10-KOH ethy! alcahol solution Is prepared by 7.0 g of potassium hydroxide in as small an amount

66 as possible and ethyl alcohol (95 Viv %) Is added thereto to form 1 | of a mixturs, which Is caused to

stand for 2 - 3 days and flitrated. The solution Is standardized according to JiS K 8006 (Fundamentals
relating to titration among quantitative tests of reagents).

The JIS acid value is measured as followed by using the reagents.
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A sample is accurately weighed, and 100 ml of the solvent and several drops of the phenolphthalein
solution as the indicator are added thereto, followed by sufficient shaking until the sample is completely
dissolved. In case of a solid sampls, it is dissolved by warming on a water bath. After cooling, the solution
is titrated with the N/10 KOH/ethyt alcahol solution until an end point which is judged by continuation of thin
rad color of the indicator for 30 seconds. The acid value A is calculated by the following equation:

= (Bxfx5611)8§, _
wherein B: amount{mi) of the N/10-KOH/ethyl alcohol solution, f: factor of the N/10-KOH/ethy! alcohol
solution, and S: sample weight{(g}.

While the JIS acid value (A) and the total acid value (B) may conveniently be psrformed by using the
binder resin alone, it has bsen confirmed that substantially the same values are obtained with respect to the
toner according to the present invention using the binder resin. '

Herein, the THF-insoluble content refers to a polymer component (substantially a crosslinked polymer
component) which is insoluble in solvent THF (fetrahydrofuran) in the resin composition (binder resin) -
constituting a toner, and it may be used as a parameter for indicating the degree of crosslinking of the resin
composition containing a crossfinked component. -

The THF-insoluble content may be defined as a value obtained in the following manner,

0.5 - 1.0 g of a toner sample is weighed (W;g) and placed in a cylindrical filter paper (e.g., No. 86R
available from Toyo Roshi KK.) and then subjected to extraction with 100 to 200 mi of solvent THF by
using a Soxhlet's extractor for 6 hours. The soluble content extracted with the solvent THF is recovered by
evaporation and dried for several hours at 100 °C under vacuum to measure a weight (Wag) of the THF-
soluble content. On the other hand, the weight (Wsg) of the components, such as the magnetic material
and/or pigment, other than the resin component in the toner is separately measured. Then, the THF-
insoluble content is given by the following equation:

THF-insoluble content (%) = [Wi-(Wa + W3} [W;-W3] x 100 -

The GPC (gel permeation chromatography) measurement and identification of molscular weight cor-
responding to the peaks and/or shoulders may be performed under the following conditions.

A column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (THF) solvent is caused to flow
through the column at that temperature at a rate of 1 ml/min., and 50 - 200 1] of a sampls resin solution in
THF at a concentration of 0.05 - 0.6 wt. % is injectsd. The identification of sampie molecular weight and its
molecular weight distribution is performed based on a calibration curve obtained by using several
monodisperse polystyrene samples and having a logarithmic scale of molecular weight versus count
number, The standard polystyrene samples for preparation of a calibration curve may be those having
molecular weights of, e.g., Bx102, 2.1x103, 4x108, 1.75x10¢, 5.1x10%, 1.1x10°, 3.9x10°, 8.6x10°%, 2x10¢ and
4.48x10° available from, e.g., Pressure Chemical Co. or Toyo Soda Kogyo KK. It is appropriate to use at
least 10 standard polystyrene samples. The detector may be an Rl {refractive index) dstector.

For accurate measurement of molecular weights in the range of 10° - 4x10%, it is appropriate to
constitute the column as a combination of several commercially available polystyrene gel columns. A
preferred example thersof may be a combination of w-styragel 500, 103, 10* and 10° available from Waters
Co.; a combination of Shodex KF-80M, 802, 803, 804 and 805; or a combination of TSK gsl G1000H,
(G2000H, G2500H, G3000H, G4000H, GS000H, G6000H, G7000H and GMH available from Toyo Soda K.K.

The content of a component having a molscular weight of 10,000 or below in the binder resin is
measured by cutting out a chromatogram of the corresponding molecular weight portion and calculating a
ratio of the weight thereof with that of the chromatogram covering the molecular weight range of 10,000 or
higher, to derive the weight % thereof in the whole binder resin including the above-mentioned THF-
insofuble content.

Examples of the polymerizable monomer containing a carboxylic acid group usable in the invention
may include: a,8-unsaturated carboxylic acids, such as acrylic acid and methacrylic acid; «,8-unsaturated
dicarboxylic acids, such as malsic acid and fumatric acid, and their half esters; alkenyldicarboxylic acids,
such as n-butenyisuccinic acid and n-butenyladipic acid, and their half estors,”

Examples of the half esters of the dicarboxytic acids usable In the invention may include: half esters of
«,8-unsaturated dicarboxylic acids, such as monomethyl maleats, monoethyl maisate, monobuty! maleate,
monooctyl maleate, monoallyl maleats, monophenyl maleate, monomethy! fumarate, monoethyl fumarate,
monobutyl fumarate, and monophenyl fumarate; half esters of alkenyl-dicarboxylic acids, such as monobuty!
n-butenylsuccinate, monomethyl n-octenylsuccinate, monoethy!l n-butenyimalonate, monomethyl n-
dodescenylglutarate, and monobutyl n-betenyladipate; and half esters of aromatic dicarboxylic acids, such as
monomethyl phthalate, monoethyl phthalate, and monobutyl phthalate, .

The above-mentioned half-ester of a dicarboxylic acid may preferably be added in a proportion of 1 -
30 wt. %, more preferably 3 - 20 wt. %, of the total monomer constituting the binder resin.
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A half-ester of a dicarboxylic acid as described above may preferably be used in combination with
suspension polymerizatich as a preferred process for production of a binder resin. This is becauss, in the
suspension polymerization system, an acid monomer having a high solubility in an aqueous dispersion
rnedium is not appropriately used but a monomer in the form of an ester having a low solubility is preferred

In order to produce vinyl copolymers with the above-mentloned polymerizable monomer containing * a
carboxylic acid group, and also produce another binder resin component, another vinyl monomer may be
used, examples of which may include: styrene; styrene derivatives, such as o-msthylistyrene, m-methyl-
styrene, p-methylstyrens, p-methoxystyrense, p-phenylistyrens, p-chiorastyrens, 3,4-dichlorostyrens, p-sthyl-
styrens, 2,4-dimsthylstyrene, p-n-butylstyrene, p-tertbutylstyrene, p-n-hexylstyrene, p-n-octylstyrens, p-n-
nonylstyrene, p-n-decylstyrens, and p-n-dodecylstyrene; ethylenically unsaturated monoolefins, such as
ethylene, propylens, butylene, and isobutylene; unsaturated polyenes, such as butadiene; halogenated
vinyls, such as vinyl chloride, vinylidene chloride, vinyl bromidse, and vinyl fluoride; vinyl esters, such as
vinyl acetate, vinyl propionate, and vinyl benzoate; methacrylates, such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, n-butyl methacrylaie, isobuty! methacrylate, n-octyl methacrylate,
dodecyl methacrylate, 2-ethylhexyl methacrylate, stearyl methacrylate, phenyl methacrylate,
dimethylaminoethyl methacrylate, and diethylaminoethyl methacrylats; acrylates, such as methyl acrylate,
ethyl acrylate, n-butyl acrylate, isobutyl acrylate, propyl acrylats, n-octyl acrylats, dodecyl acrylate, 2-
sthylhexyl acrylats, stearyl acrylate, 2-chloroethyl acrylate, and pheny! acrylate, vinyl sethers, such as vinyl
methyl ether, vinyl ethyl ether, and viny! isobutyl ether; vinyl ketones, such as vinyl methy! ketone, vinyl
hexyl ketons, and methyl isopropenyl ketone; N-vinyl compounds, such as N-vinylpyrrole, N-vinylcarbazale,
N-vinylindole, and N-vinyl pyrrolidone; vinyinaphthalenes; acrylic acid derivatives or methacrylic acid
derivatives, such as acrylonitrile, methacryronitrile, and acrylamide; the esters of the above-mentioned «,8-
unsaturated acids and the diesters of the above-mentioned dibasic acids. These vinyl monomers may be
used singly or in combination of two or more spacies. -’

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

It is significant in the present invention thét the binder resin according to the present invention is a
crosslinked polymer obtained by using a crosslinking monomer which may be a monomer having two or
more polymerizable double bonds. Examples thersof may be enumerated as follows. .~

Aromatic divinyl compounds, such as divinylbenzene and divinylnaphthalene; diacrylate compounds
connected with an alkyl chain, such as sthylene glycol diacrylate, 1,3-butylene glycol diacrylate, 1.4-
butanediol diacrylate, 1.5-pentanediol diacrylate, 1,6-hexanediol diacrylate, and neopenty! glycol diacrylate,
and compounds obfained by substituting methacrylate groups for the actylate groups in the above
compounds; diacrylate compounds connected with an alkyl chain including an ether bond, such as
diethylene glycol diacrylate, triethylene glycol diacrylats, tetraethylene glycol diacrylate, polyethylene giycol
#400 diacrylats, polyethylene glycol #600 diacrylate, dipropylene glycoi diacrylate and compounds obtained
by substituting methacrylate groups for the acrylate groups in the above compounds; dlacrylate compounds
connected with a chain including an aromatic group and an ether bond, such as polyoxyethylene(2)-2,2-bis-
(4-hydroxyphenyljpropanediacrylate, polyoxysthylena(4)-2,2-bis(4-hydroxyphenyl)-propanediacrylate, and
compounds obtained by substituting methacryiate groups for the acrylate groups in the above compounds;
and polyester-type diacrylate compounds, such as one known by a trade name of MANDA (available from
Nihon Kayaku K.K.). Polyfunctional crosslinking agents, such as pentasrythritol triacrylate, trimethylethane
triacrylate, tetramethyloimethane tetracrylate, oligosster acrylate, and compounds obtained by substituting
methacrylate groups for the acrylate groups In the above compounds; triallyl cyanurate and triailyt
trimeliitate.

These crosslinking agents may preferably be used in a proportion of about 0.01 - 5 wt parts,
particularly about 0.03 - 3 wt. parts, per 100 wt. parts of the other vinyl rmonomer componaents.

Among the above-mentioned crosslinking monomers, aromatic divinyl compounds (particularly, divinyl-
benzene) and diacrylate compounds connectsd 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-offsst characteristic.

The binder resin according to the present invention may preferably be prepared through a process
which basically includes preparation of a mixture of two or more polymers or copolymers.

in a preferred process, a low-molsecular welght polymer or copolymer having little THF-insoluble content
and being soluble in a polymerizable monomer is dissolved in such a polymerizable monomer or monomer
mixture, followed by polymerization of the monomer or monomer mixturs, to prepare a resin composition
which may be a uniformly blended mixture of the former and the latter polymsrs or copolymers. The low-

molscular weight polymer or copolymsr may be prepared by polymerization, such as bulk polymerization,
or solution polymnerization.




there is observed a so-called of fset phenonenon that a part of the toner

I mge is attached and transferred to the hot roller surface and then
transferred back to the fixation skﬁ:’eéH éo tain the fixation sheet. It has
been regarded as an essential condit 7n27§ hot roller fixation system
to prevent the toner from sticking to the hot roller surface. On

the other handMm1 rSr@fergtﬂJ Wn 4 WAGieb R v&nghthbﬁﬁnefigac brﬂ)blgn‘né}ncohtgﬁig@ aP 3€idl -anhydride
electric li n&&.«quse rfA6d By 3biRon polymerization, the polymer or copolymer is dissolved in a polymerizable
monomer of monomer mixturs to form a monomer composition, and the monomer composition is subjected
to suspension polymerization in an aqueous medium, The low-molecular weight polymer or copolymer

5 prepared by solution polymerization can be further subjected to polymerization together with a monomer or
monomer mixture for providing a high-molecular weight polymer or copolymer. It is preferred to use
emulsion polymerization or suspension polymerization also for providing a polymer or copolymer with a gel
content which is sufficiently crosslinked as to provide a solvent-insoluble content.

The reactive metal compound to be used i in the present mventlon may be those containing metal ions

70 as follows monovalent metal iOﬂS, such as Na L', cs', Ag Hg and Cu’; divalent metal i fons, such as
Ba?’, Mgz ca?', Hg?" , sn2’, Pp?’, Fe?’, Co? .Ni2 and Zn"’ and trivalent fons, such as AB’, Sc3*, Fe?",
ce?’, Ni?*, G and ys*, Among the compounds containing metal ions as described above, those which
are readlly decomposable provide good results. This is assumed to be because the metal jon in such a
compound is thermally decomposed to be in a form readily bonded with a carboxy! group in the polymer or

15 copolymer.

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

Among the organic metal compounds, those containing an organic compound, which is rich in

20 vaporizability or sublimability, as a ligand or a counter ion, are advantageously used. Among the organic
compounds forming coordinate bonds or ion pairs with metal ions, examples of those having the above
property may include: salicylic acid and its derivatives, such as salicylic acid, salicylamide, salicylamine,
salicylaldehyde, salicylosalicyfic acid, and di-tert-butylsalicylic acid; s-diketones, such as acetylacetone and
propionytacetone; and low-molecular weight carboxylic acid salts, such as acetate and propionate.

25 In the toner of the present invention, a known charge control agent may be used according to the usage
thereof, and it is also preferred that the above-mentioned metal complex also functions as a charge control
agent.

For example, azo metal complexes represented by the following formula [i] also function as a negative
charge control agent:

50
[I] [Ar-N = N-ar }©
\ /
X Y'
35 \Y/
M
/ A\
Y X'
© | Af-§ = n-Ar ) KD,
wherein M dsnotes a coordination center metal, inclusive of metal slements having a coordination number
of 6, such as Cr, Co, Ni and Fe; Ar denotes an aryl group, such as phenyl or naphthyl, capable of having a
45 Substituent, examples of whlch may include: nitro, halogen, carboxyl, anilide, and alkyl and alkoxy having 1
- 18 carbon atoms; X, X, Y and Y’ independently denote -0-, -CO-, -NH-, or -NR- (wherein R denotes an
alkyl having 1 - 4 carbon atoms; and K® denotes hydrogen, sodium, potassium, ammonium or aliphatic
ammonium,
Specific examples of this type of complsxes may include the following:
§0
66
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concentrated at a boundary between an exposed part and a non-exposed part
to provide an apparent |ocal increase in surface potential. Particularly
ina digital printer, a latent inage is conposed of ON-OFF binary picture
el ements to cause an intensive congpmt42aRrpA2of electric lines of force at
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Complex

Complex

for constituting an ordi nary anal og i mage.
fixation of such an inage,

Complex [I] —6

in the

Accordingly,
a toner EP 0 427 272 A2
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Basic organic metal complexes represented by the following formula [ll] impart a negative chargeabliity
and may be used In the present invention.
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having further better fixing and anti-offset characteristics is required
at present. A printer is generally used to provide 3 - 5 tines
as nmany copi es as prepared by a copying nmachine of the sane |evel and
requires a toner having further betBR0 424 3i2rA2 and anti - of f set

per f or mances. As for the inprovenent of the binder resin for a
toner, a toner using a crosslinked polyner as the binder resin has been
proposed, e.g., in Japangsgj] H0 @ 1O
Z 0-C
‘ NS

(a) M (a)

\c-o/ \z/
g H,0 / 0,

10 N

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

15

@[ {(capable of having a substituent, such as an

alkyl), x—@ . xgRL . x-@@’ .

X—&EB@§E§§[ (X denotes hydrogen, halogen, or nitro),
OOl |, ol

} .
0 |
R

20

25

(R denotes hydrogen, Ci - Cis alkyl or C1 - Cys alkenyl); Y® denotes a counter ion, such as hydrogen,
sodlumn, potassium, ammonium, or aliphatic ammonium; and Z denotes -O- or -CO°O-.

% Specific examples of this type of metal complexes may inciude the following:
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Pat ent Publication JP-B 51-23854. Such a toner using a crosslinked polyner
shows i nproved anti-offset characteristic and anti-w nding characteristic
but is caused to have an increased fixing tenperature as the degree of
crosslinking is increased. Accordi ngfR/04#%272/A2 difficult to have a toner
showing a low fixing tenperature, good anti-offset and anti-w nding
characteristic and al so good fixability. In order to inprove the

fixability, it i@nq_.g_rég{phlly_rpqui red to use
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a | ower nol ecul ar-wei ght binder resin having a |ower softening point. This
Is contradictory to an inprovenent in anti-offset characteristic. Further,
a lowering in glass transition point for providing a | ow softening point

| eads to an undesirabl e phenomenon &P 0 82n@y2 A2l ocki ng during storage.
Further, as a toner conprising a | ow nol ecul ar
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The above metal complexes may be used singly or in combination of two or more species.:

The metal complex may be added to the toner in a proportion of 0.01 - 10 wi. patts, preferably 0.1 - 5
wt. parts, further preferably 1 - 5 wt. parts, per 100 wt. parts of the binder resin. .

The above metal complex is rich in decomposability and reactivity particularly when it is reacted with
the binder resin at the time of melt kneading than when it is addad at the time of synthesis of the binder
resin. Further, the metal complex Is rich in compatibility or dispersibility in the binder and is advantageously
used for providing the toner with a stable chargeability.

Additives (internal additives and external additives) may be added, as desired, to the toner according to
the present invention. For example, a conventional dye and/or pigment may be used as a colorant.
Ordinarily, a non-magnetic. colorant may be used in a proportion of 0.5 - 20 wt. paris per 100 wt. parts of
the binder resin. Other additives (external additives) may include: a lubricant, such ‘as zinc stearate; an
abrasive, such as cerium oxide or silicon carbide; a flowability-imparting agent or anti-caking agent, such as
colloidal silica or aluminum oxide; and an electroconductivity-imparting agent.

It is also preferred to add 0.5 - 5 wt. % of waxy substance, such as low-molscular weight polyethylene,
low-molecular weight polypropylene, microcrystailine 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 may be constituted as a magnetic toner containing a
magnetic material in its particles. In this case, the magnetic material also functions as a colorant. Examples
of the magnetic material may include: iron oxide, such as magnetits, hematite, and ferrite; metals, such as
iron, cobalt and nickel, and afloys of these metals with other metals, such as aluminum, cobalt, copper,
lead, magnesium, tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganess, selenium,
titanium, tungsten and vanadium; and mixtures of these materials.

The magnatic material may have an average particle size of 0.1 - 1 micron, preferably 0.1 - 0.3 micron,
and may be contained In the toner in a proportion of 20 - 140 wt. parts, preferably 30 - 120 wt. parts, per
100 wt. parts of the resin component.

The toner according to the present Invention may be prepared through a process including: sufficlently
blending the binder resin, the matal salt or metal complex, a magnetic materlal, pigment or dye as the
colorant, and an optional charge control agent and other additives, as desired, by means of a blender such
as 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 mutual solution of the resinous materlals and disperse or dissolve the
magnetic material, pigment or dye therein, and cooling and solldifying the kneaded product, foliowed by
pulverization and classiflcation.

It Is preferred to use the toner according to the present invention together with sllica fine powder
attached to the surface of toner particles in order to improve the charge stability, developing characteristic
and fluldity.
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BET method. The silica fine powder may be added in a proportion of 0.01 - 8 wt. parts, preferably 0.1 -
wt. parts, per 100 wi. parts of the toner.

5 For the purpose of being provided with hydrophobicity and/or controlled chargeability, the silica fine
powder may well have been treated with a freating agent, such as silicone varnish, various modified silicone
varnish, silicone oil, various modified silicone oil, silane coupling agent, silene coupling agent having
functional group or other organic silicon compounds, or in combination with another treating agent.

In view of the developing performance, the toner according to the present invention may preferably be

10 in the form of a magnetic toner, which comprises at least the binder resin, the magnetic material and the
metal salt or metal complex, has a volume-average particle size of 4.5 - 8 microns, preferably 6 - 8 microns,
and has such a particle size distribution that it contains 17 - 60 % by number of magnetic toner particles of
5 microns or smaller, 5 - 50 % by number of magnetic toner particles of 6.35 - 10.08 microns, and 2.0 %
by volume or less of magnetic toner particles of 12.7 microns or larger and satisfies the condition of NV =

15 -0.5N+k (1), wherein N is a number of 17 -60 denoting the content in terms of % by number of the
toner particles of 5 microns or smaller, V is a number denoting the content in terms of % by volume of the
toner particles of 5 microns or smaller, and k is a number of 4.6 - 6.7.

When the volume-average particle size of the toner is below 4.5 microns, the toners coverage on a
transfer paper is liable to be insufficient to provide a low image density, especially in the case of providing

20 an image with a large proportional of image area, such as a graphic image. This is considered to be based
on the same cause by which the central part, of a latent image is developed into & lower density than the
contour portion of the latent image. If the volume-average particle size is above 8 microns, the resolution of
a digital latent image composed of minute spots of 100 microns or smaller becomes insufficient and the
image quality is liable to be deteriorated during successive image formation.

25 If the content of the magnetic toner particles of 5 microns or smaller is below 17 % by number, a
portion of the magnetic toner particles ef fective for providing a high image quality is few and particularly,
as the toner Is consumed during a continuation of copying or printing-out, the effective component is
preferentially consumed fo result in an awkward particle size distribution of the magnetic toner and
gradually deteriorates the image quality. If the content is above 60 % by number, mutual agglomeration of

30 the magnetic toner particles is liable to occur to produce. toner lumps having a larger size than the proper
size, thus leading to difficulties, such as rough image quality, a low resolution, a large difference in density
between the contour and interior of an image to provide a somewhat hollow image.

it is preferred that the content of the patticles in the range of 6.35 - 10.08 microns is 5 -50 % by
number, further preferably 8 - 40 % by number. Above 50 % by number, the image quality becomes worse,

35 and excess of toner caverage is liable to occur, thus resulting in an increased toner consumption. Below 5
% by number, it becormnes difficult to obtain a high image density in some cases.

The contents of the magnetic toner particles of 5 microns or smaller in terms of % by number (N %)
and % by volume (V %) may preferably satisfy the relationship of NV = -0.08N +k, wherein k represents a
positive number satisfying 4.6 < k < 6.7, and N is a number satisfying 17 S N < 60, The preferred range

40 thus defined is shown in Figure 10 as an area within a parallelogram. It is further preferred that 4.8 < k <
6.2, particularly 4.6 S k £ 5.7 and 25 £ N < 60, particularly 30 S N £ 60.

if k < 4.6, magnetic toner particles of 5.0 microns or below are insufficient, and the resultant image
density, resolution and sharpness decrease. When fine toner particles in a magnetic toner, which have
conventionally been considered useless, are present in an appropriate amount, they are effective for

45 achieving closest packing of toner in development and confribute to the formation of a uniform image free
of coarsening. Particularly, these particles fill thin-line portlons and contour portions of an image, thereby to
visually improve the sharpness thereof. If k < 4.6 in the above formula, such component bscomes
insufficient in the particle size distribution, and the above-mentioned characteristics become poor.

Further, in view of the production process, a large amount of fine powder must be removed by
so classification in order to satisfy the condition of k < 4.6. Such a process is however disadvantageous In
yield and toner costs. On the other hand, if k > 8.7, an excess of fine powder Is present, whereby the image
density Is liable to be decreassd. This phenomenon is considered to be caused by attachment of excessive
amount of fine magnetic toner particles with excessive charge onto the developing sleeve, so that carrying

and triboslectrification of nermal magnetic toner are hindered thereby.

55 In the magnetic toner of the present invention, the amount of magnstlc toner particles having a particle
size of 12.7 microns or larger is preferably 2.0 % by volume or smaller, further preferably 1.0 % by volume
or smaller, more preferably 0.5 % by volume or smaller. If the above amount Is larger than 2.0 % by
volumse, these particles are liable to impair thin-line reproduclbility.

t he flméam Rﬁque ¢ tends to be inproved, but it is difficult to
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Coulter counter Model TA-! (available from Coulter Electronics Inc.) is used as an instrument for
measurement, to which an interface (available from Nikkaki K.K.) for providing & number-basis distribution,

5 and a volume-basis distribution and a personal computer CX-1 (available from Canon K.K.) are connected.

For measurement, a 1 %-MaCl aqueous solution as an electrolytic solution is prepared by using a
reagent-grade sodium chioride. For example, ISOTONR-II (available from Coulter Scientific Japan K.K.) may
be used therefor. Into 100 to 150 mi of the electrolytic solution, 0.1 to 5 ml of a surfactant, preferably an
alkylbenzenesulfonic acid salt, is added as a dispersant, and 2 to 20 mg of a sample is added thersto. The

10 resultant dispersion of the sample in the slectrolytic liquid is subjected to a dispersion treatment for about 1
- 3 minutes by means of an ultrasonic disperser, and then subjecied to measurement of particle size
distribution in the range of 2 - 40 microns by using the above-mentioned Coulter counter Model TA-Ii with.a
100 micron-aperture to obtain a volume-basis distribution and a number-basis distribution. From the results
of the volume-basis distribution and number-basis distribution, parameters characterizing the magnetic toner

15 of the present invention may be obtained.

Now, the image forming method and the image forming apparatus according to the present invention
will be specifically explained with reference to an embodiment shown in Figurs 11.

A photosensitive member (drum) 1 surface is charged, e.g., in a negatlve polarity by a primary charger
2, then exposed with image light 5 (e.g., laser light) to form a latent image (e.g., a digital latent image

20 formed by image scanning), and the latent Image is developed (e.g., reversely developed) with a mono-
component-type magnetic developer 10 comprising a magnetic toner contained in a developing device 9
equipped with a magnetic blade 11 and a developing sleeve 4 contalning thersin a magnet. At the
developing station or zone, an alternating bias, a pulsed blas and/or a DG bias is applied between the
photosensitive drum 1 and the developing sleeve 4 by a bias application means 12. A sheet of transfer

25 paper P is conveyed to reach a transfer station, whers the back side (opposite side with respect to the
photosensitive drum) of the transfer paper is charged by a transfor means 3, whereby a developsd image
(toner image) on the photosensitive drum surface is electrostatically transferred. The transfer paper P
separated from the photosensitive drum 1 is sent to a hot pressure roller fixer where the toner image on the
transfer paper P is fixed.

30 Some magnetic toner remaining on the photosensitive drum 1 after the transfer step is removed by a
cleaning device 8 equipped with a cleaning blade. The photosensitive drum 1 is discharged by an erasing
exposure light source 6 and is subjected to a repeating cycle starting with the charging step by the primary
charger 2.

The photosensitive drum (elsctrostatic image-bearing member) comprises a photosensitive layer on an

35 electroconductive substrate and rotates in the direction of the arrow. The developing sleeve 4 as a toner-
carrying member comprising a non-magnstic cylinder rotates so as to move in the same direction as the
electrostatic image-hearing member surface at the developing station. Inside the non-magnetic cylindrical
sleeve 4 Is disposed a multi-polar permanent magnet (magnet roll) so as not to rotate. The magnetic toner
10 in the developing device 9 is applied onto the non-magnstic cylinder 4 surface and the toner particles

40 are provided with, 6.g., a negative charge due tfo friction, e.g., betwsen the developing slesve 4 surface and
the toner particles. The magnetic doctor blade 11 of iron is disposed in proximity with the cylindrical
developing sleeve surface with a gap of about 50 microns to 500 microns and so as to confront ons
magnetic pole of the multi-polar psrmanent magnet, whereby a magnetic toner layer is formed in a thin and
uniform thickness (30 - 300 microns) so that the magnetic toner layer is thinner than the gap between the

45 electrostatic image-bearing member 1 and the developing sleeve 4 at the developing station. The revolution
speed of the developing sleeve 4 is adjusted so that the sleeve surface velocity is substantially the same as
or close to the speed of the elsctrostatic image-carrying surface. it is possible to composs the magnstic
doctor biade 11 of a permanent magnet instead of iron. At the developing station, it is possible to apply an
AC Dbias or a pulsed bias between the developing sleeve 4 and the electrostatic image-bearing member 1

50 surface by the biasing means 12, The AC bias may appropriately comprise a frequency f of 200 - 4,000 Hz
and a peak-to-peak voltage Vpp of 500 - 3,000 V. N

At the developing station, the toner particles are transferred to the electrostatic image side because of
an electrostatic force exerted by the electrostatic Image-bearing member surface and the action of the AC
bias or pulsed bias electric field.

55 Instead of the magnetic doctor biade 11, an elastic blade formed of an elastic material such as silicone
rubber can also be used to apply the toner in a reguiated thickness onto the developing siesve under the
action of a pressing force.

In a case where the image forming apparatus according to the present Invention Is used as a printer for
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facsimile, the laser light 5 may be replaced by exposure light image for printing recelved data. Figure 12 is
a block diagram for iliustrating such an embodiment,

Referring to Figure 12, a controller 511 controls an image reader (or image reading unit) 510 and a
printer 518. The entirety of the controller 511 is regulated by a CPU 517. Data read from the image reader

5 510 is transmitted through a fransmitter circuit 513 to a remote terminal such as anather facsimile machine.
On the other hand, data received from a remote terminal is transmitted through a receiver circuit 512 to a
printer 519. An image memory 516 stores prescribed image data. A printer controller 518 controls the
printer 519. A telephons handset 514 is connected to the recsiver circuit 512 and the transmitter circuit 513.

More specifically, an image received from a line (or citcuit) 515 (.e., image data received a remote

10 terminal connected by the lins) is demodulated by means of the receiver circuit 512, decoded by the CPU
517, and sequentially stored in the image memory 516. When image data corresponding to at least one
page is stored in the image memory 516, image recording or output is effected with respect to the
corresponding page. The CPU 517 reads image data corresponding to one page from the image memory
516, and transmits the decoded data corresponding to one page to the printer controller 518. When the

15 printer controller 518 receives the image data corresponding fo one page from the CPU 517, the printer
controller 518 confrols the printer 519 so that image data recording corresponding to the page is effected.
During the recording by the printer 519, the CPU 517 racsives another image data corresponding to the
next page.

Thus, receiving and recording of an image may bs effected in the above-described manner.

20 In the electrophotographic apparatus, plural members inclusive of some of the above-mentioned
members such as slectrostatic image-bearing member or the photosensitive member, developing apparatus
and cleaning means can be integrally combined to form an apparatus unit so that the unit can be connected
to or released from the apparatus body. For example, at least one of the charging means, developing
apparatus and cleaning means can be integrally combined with the photosensitive member to form a single

25 unit so that it can be freely attached to or released from the apparatus body by means of a guide means
such as a guide rail provided to the body.

Hereinbelow, the present invention will be explained more specifically based on Examples.

s0 Synthesis Example 1

200 wt. parts of cumene was charged in a reaction vessel and heated to the reffux temperature. The
following mixture was added thereto in 4 hours under refluxing of cumene.

% Styrens 74 wt. parts
n-Butyl acrylate 16 wt. parts
Monobutyl maleate 10 wt. parts
Di-tert-butyl peroxide | 6 wt. parts
40

The polymerization was further continued and completed under reflux of cumene (146 - 156 °C),
followed by removal of cumene. The thus obtained non-crosslinked styrene copolymer showed a main peak
at a molscular weight of 5,000 and a glass transition temperature (Tg) of 60 °C. The thus obtained non-

46 crosslinked styrene copolymer in an amount of 30 wt. parts was dissolved in the following monomer mixture
to form a polymaerizable mixturs.

Styrene 48 wi. parts
50 n-Butyl acrylate 20 wt, parts
Monobutyl maleate | 2 wt. parts
Divinylbenzene 0.4 wt. part
Benzoyl peroxide 1.7 wt. parts

&6

170 wt. parts of water contalning 0.1 wt. part of partially saponifled polyvinyl alcohol was added to the
above polymerlzable mixture to form a suspension liquid. Into a reactlon vessel contalning 15 wt. parts of
water and aerated with nitrogen. The above suspension liquid was added and subjected to 6 hours of
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suspension polymerization at 70 - 95 °C. After the reaction, the product was separated by filtration,
dewatersd and dried to obtain a resin composition containing a styrene-n-butyl acrylate-monobutyl maleate
copolymer and also a styrene-n-buty! acrylate-maleic acld-malsic anhydride copolymer. The resultant resin
composition showed a THF-insoluble content of 40 wt. %, a Tg of 59 °C, a JIS acid value (A} of 18.4 and a
ratio (A/B) of 0.80 to the fotal acid value (B), and contained a THF-soluble content giving a GPC chart
showing a peak at a molecular weight of about 5500 and a shoulder at 2 molecular weight of about 3.4x10*.

The THF-soluble content of the resin composition was measured as follows:

About 0.5 g of the resin composition was accurately weighed (Wy g) and placed in a cylindrical filter
paper (28x100 mm, "No. 86R", available from Toyo Roshi K.K.) and then subjected to exfraction with 200
ml of solvent THF for 6 hours by using a Soxhlet's extractor. Each exiraction cycle with THF by the
Soxhlet's extractor took about 4 minutes, The THF-soluble content extracted with THF was recoverad by
evaporation of the THF, dried under vacuum at 100 °C and then weighed (W2 g). The calculation was made
according to the following equation:

THF insoluble content (%) = [Wy - WaJ/W¢ x 100.

The glass transition point (Tg) of the resin was measured according to ASTM D 3418-82 by using a

DSC (differential scanning calorimeter, "DSC-7" available from Perkin-Elmer Corp.)

Synthesis Example g

Styrens 80 wt, parts
n-Butyl acrylate 15 wi. parts
Acrylic acid 5 wt. parts
Di-tert-buty! peroxide | 7 wt. parts

The above ingredients were added dropwise In 4 hours to 200 wt. parts of cumens which had been
heated to the reflux temperature. The solution polymerization was further completed under reflux of curmene
(146 - 156 °C), followed by removal of cumene. The resultant styrene copolymer showed a peak at a
molecular weight of 5200 on the GPC chart and a Tg of 62 °C.

30 wt. paris of the styrene copolymer was dissolved in the following monomer mixiure to form a mixture
solution.

Styrene 47 wt. parts

n-Butyl acrylate 23 wt. parts
Monobuty!l maleate | 1 wt. parts

Divinylbenzene 0.6 wt. part
Benzoyl peroxide 1.5 wi. part

170 wt. parts of water containing 0.1 wt. part of partially saponified polyvinyl alcohol was added to the
above mixiure solution to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water
and aerated with nitrogen, the above suspension liquid was added and subjected to 8 hours of suspension
polymerization at 10 - 95 °C. After the reaction, the product was separated by filtration, dewatered and dried
to obtain a resin composition containing a crosslinked styrene-n-butyl acrylate-monobutyl maleate
copolymer. The thus-obtained resin composition contained 55 wt. % of a THF-insoluble content, showed a
Tg of 54 °C, a JIS acid value (A) of 13.0 and a ratio (A/B) of 0.97 to the total acid value (B), and the THF-
soluble content gave a GPC chart showing a peak at a molecular weight of about 6000 and a shoulder at a
molecular weight of about 3.2x10%.

Synthesis Example 3
Styrene 78 wt. parts
n-Butyl acryiate 14 wt. parts

Monobutyl maleate 15 wt. parts
Di-tert-butyl peroxide | 4 wt, parts

21 THIS SHEET HAS BEEN |
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The above ingredients were added dropwise in 4 hours to 200 wt. parts of xylene which had been

heated to the reflux temperature. The solution polymerization was further completed under refiux of xylens
(138 - 144 °C), followed by removal of xylene. The resultant non-crosslinked styrene copolymer showed a
s peak at a molecular welght of 5500 on the GPC chart and a Tg of 63 °C.
20 wt. parts of the styrens copolymer was dissolved in the following monomer mixture to form a mixture
solution.

10 Styrene 36 wt. parts
n-Butyl acrylate 24 wi. parls
Monobuty! maleate | 3 wi. paris
Divinylbenzene 0.35 wt. part
Bonzoyl peroxide 1.3 wt. parts

i5

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

20 polymerization at 70 - 95 °C. After the reaction, the product was separated by filtration, dewatered and dried
to obtain a resin composition containing a crosslinked styrene-n-buty! acrylate-monobutyl maleate
copolymer. The thus-obtained resin composition contained 30 wt. % of a THF-insoluble content, showed a
Tg of 57 °C, a JIS acid value (A) of 30.5 and a ratio (A/B) of 0.81 to the total acid value (B), and the THF-

soluble content gave a GPC chart showing peaks at molecular weights of about 6000 and about 3.6x10%.
25

Comparative Synthesis Example 1

Styrene 100 wt. paris
Di-tert-butyl peroxide | 10 wt. parts

The above ingredients were added dropwise in 4 hours to 200 wt. parts of cumene which had been
heated to the reflux temperature. The solution polymerization was further completed under reflux of cumene
25 {148 - 156 °C), followed by removal of cumene. The resultant styrene copolymser showed a peak at a
molecular weight of 4000 on the GPC chart and a Tg of 67 °C.
530 wi. parts of the styrene copolymer was dissolved in the following monomer mixture to form a
mixture solution.

40 . Styrene 60 wt. parts

n-Buty! acrylate 20 wt. parts
Benzoyl peroxide | 2 wt. parts

170 wt. parts of water containing 0.1 wt. part of partially saponifled polyvinyl alcohol was added to the
above mixture solution to form a suspension liquid. Into a reaction vesssl containing 15 wt. parts of water
and asrated with nitrogen, the above suspsnsion liquid was added and subjected to & hours of suspension
polymerization at 70 - 95 °C. After the reaction, the product was separated by flitration, dewatered and drled

so o obtain a resin composition containing a polystyrene and a non-crosslinked styrene-n-butyl acrylate
copolymer. The thus-obtained resin composition was soluble in THF, gave a GPC chart showing peaks at
molecular weighis of about 4500 and about 3.0x10%, and showed a JIS acld value (A} of 0.6.

55 Comparative Synthesis Example 2

170 wt. parts of water containing 0.1 wt. part of partially_saponifled polyviny! alcohol was added to the

following monomer mixture to form a suspension liquid. THIS SHFET HAS BERN
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cause crosslinking (nore specifically adding a liquid dispersion of a
net al Styrene [ 69 wt. parts
n-Butyl acrylate 25 wt. parts
Monobutyl majeate { 6 wt. parts
5 Divinylbenzene 0.9 wt. part
Benzoyl peroxide 3 wt. part

into a reaction vessel containing 15 wt. parts of water and aerated with nitrogen, the above suspension
10 liguid was added and subjected to 6 hours of suspension polymerization at 70 - 95 °C. Aifter the reaction,
the product was separated by filtration, dewatered and dried to obtain a cresslinked styrene-n-butyl
acrylats-monobutyl maleate copolymer. The thus-obtained copolymer gave a GPC chart showing a main
peak at a molecular weight of about 17,000 and substantially no peak below a molecular weight of 15,000.
The copolymer also showed a Tg of 60 °C, a JIS acid value (A) of 16.6, a ratio (A/B) of about 1 to the
15 total acid value (B), and a THF-insoluble content of 30 wi. %.

Comparative Synthesis Example 3

20 200 wt. parts of cumene was charged in a reaction vessel and heated to the reflux temperature. The
following mixture was added thereto in 4 hours.

Styrene 72 wt. parts
25 n-Butyl Acrylate 25 wi. parls
Monobutyl maleate 3 wt. paris
- Divinylbenzens 1.0 wt. part
Di-tert-butyl peroxide | 1.0 wt. paris

30

The solution polymerization was further continued for 4 hours under of cumene, followed by removal of
the solvent by ordinary distillation under vacuum to obtain a copelymer.
The copolymer showed a THF-insoluble content of 5 wt. %, peaks at molecular weights of about 17,000
and about 80x10* on the GPC chart, a Tg of 60 °C, a JIS acid value (A) of 8.8 and a ratio (A/B) of 0.66 to
% the total acld value (B).

Example 1

Resin of Synthesis Example 1 100 wi. parts
%0 Magnetic material 70 wt. parts

(numbser-average particle size = 0.19 micron)

Compilex [i]-2 1 wt. part

Low-molecular weight ethyiens-propylens copolymer | 3 wt. parts
45

The above ingredients were sufficiently blended in a blender and melt-kneaded through a two-axls

kneading extruder set at 130 °C. The resultant kneaded product showsd a lower mslt index than

so Ccorresponding kneaded product which was prepared under the same condltion except that the complex ({}-2
was not added.

The kneaded product was cooled. coarssly crushed by a cutter mill, finely pulverized by means of a
puiverizer using jet air stream, and classifled by a fixed-wall type wind-force classifler to obtaln a classlited
powder product. Ultra fine powder and coarse powder were simultaneously and precisely removed fram the

gs Classified powder by means of a multi-dlvislon classifler utllizing a Coanda effect (Elbow Jet Classifier
available from Nittetsu Kagyo K.K.), thereby to obtaln a magnetic toner having a volume-average particls
size of 10 microns.

100 wt. parts of the above toner and 0.6 wt. part of hydrophobic colloldal sl||ca flne powder treated with
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silicone oil were dry-blended with each other to prepare a magnetic toner comprising magnetic toner
particles onto the surface of which the hydrophic colloida! silica fine powder was attached.

The viscoelastic properties of the magnetic toner were measured at 120 °C and 200 °C, and the results
thereof are shown in Figures 1 and 2, respsctively. As shown in these figures, the dynamic modulus G and
loss modulus G were within the range of 2x10% - 5x10° dyne/cm? from 120 °C to 200 °C, and the ratio
G 120/G 200 was below 40. Further, the viscoslastic properties were not substantially changed with time at
200 °C as shown in Figures 3 and 4. The viscoelastic data of the toner are also shown in Table 1 appearing
hersinafter together with those of other Examples.

The magnetic toner was evaluated for image formation by using a printer prepared by remodeling a
commercially available small-size laser beam printer ("LBP-811", made by Canon KK.) so as to provide a
printing speed of 16 sheets (Ad-vertical)/min. The evaluation was performed with respect to the initial image
quality and fixability, and anti-offset characteristic and staining of hot fixing rollers after 5000 sheets of
printing. The developing conditions were as follows:

The closest gap between the laminated OPC photosensitive drum and the developing sleeve (enclosing
a fixed magnet): about 300 microns

The gap between the magnetic blade and the developing sieeve: about 250 microns

The magnetic toner layer thickness on the coated developing sleeve: about 130 microns

Developing bias: AC bias (Vpp: 1600 V, frequency: 1800 Hg), DC bias: -390 V.

The fixability evaluation was performed as follows. The test apparatus was placed in an environment of
normal temperature and normal humidity {temperature: 23 °C, humidity: 60 %). After the apparatus and the
fixing device therein were fully adapted fo the environment, a power was supplied. Immediately after the
waiting time was up, a pattern of 200 micron-wide transverse lines (line width: 200 microns, spacing: 200
microns) was printed on a first shest, which was used for evaluation of the fixability. The fixing was effected
by setting the surface Stemperature of a fluorine resin-coated hot fixing roller at 180 °C. The flxability was
evaluated by rubbing the printed image with a lens cleaning paper (“Dusper”®, made by OZU Paper Co.
Ltd.) for 5 reciprocations under a weight of 100 g and then evaluating the degree of peeling of the toner
image in terms of a decrease (%) in reflection density.

For the evaluation of the anti-offset characteristic, a 100 microns-wide transverse line pattern was
continuously printed on 300 shests by using a fresh fixing roller cleaning pad, then the printing was paused
for 30 seconds and then the printing was resumed. Then, the back-staining on a first sheet after the
resumption was observed for the evaluation.

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

After the above obssrvation, the 100 microns-wide transverss line pattern was continuously printed on
300 shests (A4-vertical), then the printing was paused for 30 seconds and then the printing was resumed.
Then, the back standing on a first sheet after the resumption was again observed for evaluation of the anti-
offset characteristic.

For the above evaluation, bond paper having a surface smoothness of 10 [sec] or below was used as
the transfer paper.

The evaluation standards are shown below. (1) Fixability
o: Good
A: Somewhat inferior but practically acceptable x; Practically not acceptable
{2) Hot fixing rofler staining in the fixing device
o: No stain at all
QA: Slight stain which is almost unnoticeable
A: Noticeable stain but practically acceptable (no offsetting)

x: Conspicuous stain and practically not accepiable (offsetting)
(3) Antl-offset characteristic (back stain after pause)
o: No stain at all
oA: Aimost unnoticeable
A: Stain but practically acceptable
x: Conspicuous stain and practically unacceptable
The evaluation results are summarized in Table 2 appearing hereinafter.

Example g - 4_ Comparative Examples 1 - 3
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however, the reaction between the binder resin and the netal conpound or
the di spersion of the netal conpound in the binder resin is not
sufficient, so that the physical properties required of a toner,
particularly the fixing characteri &i042Z2d2 ke anti - of f set
characteristic, are not satisfied. Further, as the netal conpound in a

| arge anount is fornmulated with the bin r?si& [ A& tiEbLSs 7 FRRLSMpISRS
opers repared-in tha sa a%p1¢e sy
show a cat alw%;tj fgrmuggg ?sgﬁgzdaédﬁréixm rﬂ?é?:;wz gn aaé;; qeeﬂ% s a6 1RO 13RS brefiso
shown in Table 1 and the results of evaluation are shown in Table 2.
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Is in the formof an anhydride structure (i.e., a closed ring structure).
As a result, the crosslinking intensity becones insufficient, thus failing
to provide satisfactory anti-offset Shgﬁggte [stic and fixability.

Further, JP-A 63-216063 proposes t heEF @ ?&ééon of ionic crosslinking
with a netal in the binder resin and an offset-preventing agent, and JP-A
62- 280757 proposes reaction of an acid anhydride group and a cationic
conponent to forma polar functional

Table 2
d Fixability | Anti-offset | Pulverizability” | Hot fixing rotler stain
(after 5000 shests)
Example 1 @) O 0O @)
2 0 O 0] 0
10 3 O O O o
4 o O O O
Comp. Example 1 A X O X
2 % A x A
3 X A X oA
15

* Pulberizability of kneaded product
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group in the binder resin to inprove the charging characteristic of a
toner. These proposal s however

EP 0 427 272 A2
Example 5
5 Resin of Synthesis Example 1 100 wt. parts
Magnetic material 100 wt, parts
Complex [I1-2 0.5 wi. part
Low-molscular weight ethylene-propylene copolymer | 3 wt. part
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have not provided a toner with all required properties, such as
anti-offset characteristic, fixability and devel oping characteristic.

JP- A 59-214860 proposes a toner conprising a resin having a specific range
of viscoelasticity for inprovement ?ﬁof“?g AZharacteristic and
anti-offset characteristic. This toner shows sone effect in respect of
anti-offset characteristic, the conbination of a |owtenperature

fixability and ﬁlg'%bcﬁg'tir{g?egifexié %rs sufficiently blended in a blentisi and melt-kneaded through a two-axis
kneading extruder set at 130 °C. The kneaded product was cooled, coarsely crushed by a cutter mill, finsly
pulverized by means of a pulverizer using jet air stream, and classified by a fixed-wall type wind-force

5 classifier to obtain a classified powder product. Ulira fine powder and coarse powder were simultansously
and precisely removed from the classified powder by means of a multi-division classifier utilizing a Coanda
effect (Elbow Jet Classifier available from Nittetsu Kogyo K.K.), thereby to obtain a magnetic toner having a
volume-average particle size of 6.5 microns.

The thus obtained magnetic toner was subjected to measuremsnt of particle size distribution by means

16 of a Coulter counter Model TA-ll equipped with a 100 microns-aperture and the measured data are shown in
Table 3 appearing hereinafier.

100 wt. parts of the above toner and 1.0 wt. part of hydrophobic colloidal silica fine powder were dry-
blended with each other to prepare a magnetic toner comprising magnetic toner particles onto the surface
of which the hydrophic colloidal silica fine powder was attached.

15 The viscoelastic properties of the magnetic toner were measured at 120 °C and 200 °C, and the results
thereof are shown in Figures S and 6, respectively. As shown in these figures, the dynamic modulus G and
loss modulus G” were within the range of 2x10® - 5x10° dyne/cm? from 120 °C to 200 °C, and the ratio
G'120/G 200 was below 40, Further, the viscoelastic properties were not substantially changed with time at
200 °C as shown in Figures 7 and 8. The viscoslastic data of the toner are also 'shown in Table 4 appearing

20 hereinafter togsther with those of other Examples.

The magnetic toner was evaluated for image formation by using a printer prepared by remodeling a
commercially available small-size laser beam printer ("LBP-81I", made by Canon K.K) so as to form a latent
image with minute spots of down to 50 microns by improving the scanner part and to provide a printing
speed of 16 sheets (Ad-vertical)ymin. The evaluation was performed with respect to the initial image quality

25 and fixability, and anti-offset characteristic and staining of hot fixing rollers after 5000 sheets of printing
similarly as in Example 1.

The minute dot reproducibility represents the reproducibility of a checker pattern as shown in Figure 9
including 100 units square dots each having one side X measuring 80 microns or 50 microns. The
reproducibility was evaluated through a microscope while noticing the clarity (presence or absence of

30 defects) and scattering to the non-image parts.

Example E - g

35 Magnetic toners were prepared in the same manner as in Example 5 except that the resins and metal
complexes were formulated as shown in Table 4. The particle seize distribution data of the magnetic toners
thus prepared are shown in Table 3, the viscoelastic data are shown in Table 4, and the results of
evaluation are shown in Table 5.

40
Example 9

A magnetic toner having a particle seize distribution as shown in Table 3 was prepared similarly as in

Example 5 while reducing the amount of the magnetic material to 80 wt. parts. The magnetic toner in an

45 amount of 100 wt. parts was dry-blended with 0.8 wt. part of colloidal silica fine powder to obtain a

magnetic toner for evaluation. The viscoslastic data of the magnetic toner are shown in Table 4, and the
results of evaluation are shown In Table 5.

so Comparative Example 4 - 6

Magnetic toners were prepared in the same manner as in Example 5 except that the resins and metal
complexes wete formulated as shown in Table 4. The particle seize distribution data of the magnetic toners
thus prepared are shown in Table 3, the viscoelastic data are shown in Table 4, and the results of

56 evaluation are shown in Table 5.
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characteristic have been unsatisfactory because of too high elasticity and
viscosity and too high a frequency- dependence thereof. JP-A
63- 223662 di scl oses a binder resin having a THF-insoluble content of 10 -
60 parts and a THF- sol ubl e cont ent ERBl0cGi2F 272 A2v0 peaks in its nol ecul ar

wei ght distribution for inproved anti-offset characteristic. However,
further inproved |ow tenperature fixability, anti-blocking characteristic
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and anti-offset characteristic are desired so as to be applicable to both
hi gh- speed and | ow speed i mage form ng appar at us. As descri bed
above, there has been demanded a toner having satisfactory fixing
performance and anti- offset characERPi%et 2E2 ‘g%i ch is particularly suitable
for devel opnment of digital |atent imges.

Table 4
8 Formulation Viscoelastic data
Binder resin Organic G’1ZDMAX G'zoomln GlizoMax/ Glzoomn a
metal
complex
" lex.s Syn.Ex.1 100 parts {12 0.5 part | 2.0x105 | 1.7x10¢ 12 0.16
Ex. 6 8yn.Ex.2 100 parts [I]-1 0.8 part] 1.2x10° | 1.2x10* 10 0.19
Ex. 7 Syn.Ex.3 100 parts 132 0.5 part | 4.5x105 | 1.4x10* 32 0.13
Ex. 8 Syn.Ex.1 100 parts [1}-1 0.4 part | 2.0x105 | 3.8x10* 5.2 0.13
15 [I]-1 0.4 part
Ex. @ Syn.Ex. 1 100 parts [I]-2 0.5 part | 2.0x105 | 1.8x10* 11 0.16
Comp. Ex. 4 |Comp. Syn.Ex. 1 100 parts [[I}-2 0.5 part | 1.8x105 | 2.9x10? 620 0.35
Comp. Ex. 5 [Comp. Syn.Ex. 2 100 parts |[1]-2 0.5 part | 1.8x105 | 1.0x108 180 0.30
Comp. Ex. 8 [Comp. Syn.Ex. 3 100 parts |[1]-2 0.5 part | 2.0x10% | 5.7x10? 350 0.35
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- 9- SUMVARY COF THE | NVENTI ON A generic object of the present
I nvention is to provide a toner having sol ved the above-nentioned
probl ens.

EP 0 427 272 A2

Table §

Fixability | Anti-offset [ Pulverization*1| Roller { Dmax '3 _D_ofreproducibility
stain *2

80 um 50 um

=

1.37
1.32
1.33
132
1.35

1.36
135
132

10

©o~N®D G
00000
00000

15 Comp. Ex. 4
5
6

*1: Pulverizability of kneaded product.
*2: Hot fixing roller stain (after 5000 sheets)
*3: Image density Dmax at the initial stage (after 20 sheets)
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A nore specitid shed@hsPBetn Kebladebe i nvention is to provide a toner show ng

excel lent fi | ti- offset characteristic as well as good inage
r epr oduci bi | |T \ ) omrevers An obj ect of the
i nvention is [ t oner frezég‘ég%?ﬁﬁe degradation even in a |long

time use. An object of the invention is to provide a toner
which is fixable at a | ow tenperature, has an

A toner for developirig electrostatic images is constituted fréin a binder resin, and a metal sait or a
metal complex. Through the various interaction betwaen the components, the toner is provided with unique
viscoglastic properties including: a dynamic modulus G 120~200 at 120 - 200 °C of 2x102 or hlgher to below

5 5x10° [dyne/cm?] as measured in the frequency range of 1x10~2 - 1 (Hz); a loss modulus G120-200 at 120
- 200 °C of 2x103 or higher to below 6x10° [dyne/cm?] as measured in the frequency range of 1x1072 - 1
{Hz}; a dynamic modulus G200 at 200 °C and & frequency f satisfying an approximated linear relationship
according to the least squares method of: logG 200 = a‘log*f + log b, wherein a denotes a positive
number of 0.25 or smaller and b denotes a constant; and a ratio (G 200)/(G 120) of below 0.25 wherein

10 (G 200) denctes a dynamic modulus at 200 °C and (G 120) denotes a dynamic modulus at 120 °C
respectively at a frequency of 1 (Hz).

Claims
15
1. A toner for developing elecirostatic images, comprising a binder resin, and a metal salt or a metal
complex; wherein the toner has:
a dynamic modulus G 120~200 at 120 - 200 °C of 2x103 or higher to below 5x10° [dyne/cm?] as measured
in the frequency range of 1x1072 -1 (Hz);
20 aloss modulus G 120-200 at 120 - 200 °C of 2x10° or higher to below 5x105 [dyne/cm?] as measured in the
frequency range of 1x102 1 (Hz2);
a dynamic modulus G'zo0 at 200 °C and a frequency 1 satlsfying an approximated linear relationship
according to the least squares method of:
logG'zou = g*log°f + log b,
25 wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and
a ratio (G 200)/(G 120) of below 0.25 wherein (G 200) denotes a dynamic modulus at 200 °C and (G 120)
dsnotes a dynamic modulus at 120 °C respectively at a fraquency of 1 (Hz).
2. The toner according to Claim 1, which contains a magnetic material.
3. The toner according to Claim 1, wherein the positive number a is 0.05 to below 0.25.
30 4. The toner according to Claim 1, wherein the binder resin shows a molecular weight distribution on its
GPC chromatogram including at least one psak in the molecular weight range of 2000 to below 15,000 and
a peak or shoulder in the molecular weight range of 15,000 to 100,000.
5. The toner according to Claim 1, whersin the binder resin shows a JIS acid value (A) and total acid value
(B) giving a ratio A/B in the range of 0.75 -0.99.
35 6. The toner according to Claim 1, whersin the binder resin contains § - 70 wi. % of a THF-insoluble
content.
7. The toner according to Claim 1, wherein the binder resin contains 20 - 60 wt. % of a THF-insolubls
content.
8. The toner according to Claim 1, wherein the binder resin comprises a copolymer having crosslinkages
40 including a metallic crosslinkage and a polymeric crosslinkage.
8. The toner according to Claim 1, wherein the toner shows a dynamic modulus and a loss modulus
measured while it is held at 200 °C for a period of one hour, which are within the range of 0.8 - 1.8 times
the corresponding values measured at the initial stage of the period.
10. The toner according to Claim 1, wherein the toner shows a dynamic modulus and loss a modulus
46 measured while it is held at 200 °C for a period of one hour, which are within the range of 0.9 - 1.5 times
the corresponding values measured at the initlal stage of the period.
11. The toner according to Claim 1, wherein the binder resin has been melt-kneaded with the metal salt or
metal complex.
12. The toner according to Claim 1, wherein the binder resin comprises a styrene-«,g-unsaturated
50 dicarboxylic acid-«,8-unsaturated dicarboxylic anhydride capolymer.
13. The toner according to Claim 1, whersin the binder resin comprises a styrene-a,B8-unsaturated
dicarboxylic acid-a,f-unsaturated dicarboxylic anhydride copolymer, and a styrene-acrylic acld ester-a,s-
unsaturated dicarboxylic acid half-ester copolymer.
14. The toner according to Claim 13, wherein the binder resin contains 1 - 30 wt. % of polymerized units of
65 an a,B-unsaturated dicarboxylic acid half-sster monomer.
15. The toner according to Claim 13, whereln the binder resin contains 3 - 20 wt. % of polymerized units of
an a,8-unsaturated dicarboxylic acid half-estar monomer.
16. The toner according to Claim 13, wherein the styrene-acryllc acld ester-a,8-unsaturated dicarboxylic
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excel l ent any L@g&mﬁgﬂaﬁamécterlstlc and is suitably wused in a high

t enperat ure e smal | -si zed copying nmachi ne. An
obj ect of the ﬂ”ﬂ E o provide a toner which has an excell ent

anti-offset c

and al soERO0gepa72 Aproduci bility. An

obj ect of the |nvent|on Is to provide a toner which provides a high inmage

density,

an excellent thin-line reproducibility, and a good gradation
acid half-ester copolymer 1§ &fosslinked with a crosslinking monomer.

17. The toner according & Clalm 18, wherein the crosslinking mondme( is divinylbenzene.
18. The foner according to Claim 1, wherein the metal salt comprises an organic metal salt.
19. The toner according to Claim 1, wherein the metal complex comprises an organic metal complex.
5 20. The toner according to Claim 1, wherein the metal complex is an azo metal complex represented by the
formula:

" Ar-N = N-ar | ©®

10 AN Y

15 Y X'

| Az-N = N-arj &

wherein M denotes a coordination center metal having a coordination number of 8; Ar denotes an aryl group

capable of having a substltuent selected from nitro, halogen, carboxyl, anilide, and alky! 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 K°denotes hydrogen, sodium, potassium, ammonium or aliphatic

20

ammonium.
21. The toner according to Claim 1, wherein the metal complex is an organic metal complex represented by
the formula:
[ H,0 1o
?
30
Z l 0-C
S N\ / N\
() M \ (a)
/
Neoo 2 /
35 ‘
L 0  HyO JER O

whersin M denotes a coordination center metal having a coordination number of 8; A denotes

@ (capable of
having a substituent),

T eel. 68l . el

(X denotes hydrogen, halogen, or nitro),
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characteri st H‘ElsSheetHaan ﬁn ObJ ect of the invention is to provide a toner

whi ch stable r Eimage density without being affected by
envi ronnent al g mrm An object of the invention is to provide
an

EP 0 427 272 A2

(R denotes hydrogen, Gi - Cie alkyl or Cy - Cys alkenyl); YO®denotes hydrogen, sodium, potassium,
ammonium, or aliphatic amménium; and Z denotes -0- or -CO* G-,
22. The toner according to Claim 1, whersin the metal complex Is used in a proportion of 0.01 - 10 wt. parts
per 100 wt. parts of the binder resin.
§ 23. The toner according to Claim 1, whersin the metal complex is used in a proportion of 0.1 - 5 wt. parts
psr 100 wt. parts of the binder resin.
24. The toner according to Claim 1, wherein the metal complex is used in a proportion of 1 - § wt. parts per
100 wt. parts of the binder resin.
25. The toner according to Claim 1, which contains 20 - 140 wt. parts of a magnetic material per 100 wt.
10 parts of the binder resin.
26. The tfoner according to Claim 1, which contains 30 - 120 wt. parts of a magnetic material per 100 wt.
parts of the binder resin.
27. The toner according to Claim 1, which comprises a magnetic toner having a volume-average particle
size of 4.5 - 8 microns.
15 28. The toner according to Claim 1, which comprises a magnsetic toner having a volume-average particle
size of 6 - 8 microns.
28. The toner according to Claim 27, wherein the magnsetic-toner has such a particle size distribution that it
contains 17 - 60 % by number of magnetic toner particles of 5 microns or smaller, 5 ~ 50 % by number of
magnetic toner particles of 8.35 - 10.08 microns, and 2.0 % by volume or less of magnetic toner particles of
20 12.7 microns or larger and safisfies the condition of NV = -0.05N +k (1), wherein N is a number of 17 -
60 denoting the content in terms of % by number of the toner particles of 5 microns or smaller, V is a
number denoting the content in terms of % by volume of the toner particles of & microns or smaller, and k
is a number of 46 - 6.7.
30. An image forming apparatus, comprising: an electrostatic latent image-bearing member, and a
25 developing device comprising a developer-carrying member for carrying a toner for developing the
electrostatic latent image at a developing station and conveying the toner to the developing station, and a
developer container for containing the toner; wherein the toner comprises a binder resin, and a metal salt or
a metal complex; whersin the toner has:
a dynamic modulus G'120~200 at 120 - 200 °C of 2x10? or higher to below 5x105 [dyns/cm?] as measured
30 in the frequency range of 1x1072 - 1 (H2);
a loss modulus G'120—200 at 120 - 200 °C of 2x10° or higher to below 5x10° [dyne/cm?] as measured in the
frequency range of 1x10‘2 1 (H2);
a dynamic modulus G200 at 200 °C and a frequency f satisfying an approximated linsar relationship
accordmg to the least squares method of:
35 logG 200 = a*log*f + log b,
wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and
a ratio (G zoo)/(G 120) of below 0.25 whersin (G 200) denotes a dynamic modulus at 200 °C and (G'120)
denotes a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz).
31. The image forming apparatus according to Claim 30, wharein the toner is any one of the toners
40 according to Claims 2 - 29,
32. An apparatus unit, comprising: an electrostatic latent image-bearing member and a developing device
for developing the electrostatic latent image at a developing station; the developing device comprising a
developer container for containing the toner, and a developer-carrying member for carrying the toner and
conveying the toner to the developing station;
45 wherein the toner compnses a binder resin, and a metal salt or a metal complex; whersin the toner has:
a dynamic modulus G 120-200 at 120 - 200 °C of 2x10° or higher to below 5x105 [dyne/cm?] as measured
in the frequency range of 1x1 0~2-1 (Hz);
a loss modulus G’ 120-200 at 120 - 200 °C of 2x10° or higher to below 5x10% [dyne/cm?] as measurad in the
frequency range of 1><10"z 1 (Hz);
50 a dynamic modulus G200 at 200 °C and a frequency f satisfying an approximated finear relationship
according to the least squares method of:
logG'zoo a‘log*f + log b,
wherein a (denotes a positive number of 0.25 or smaller and b denotes a constant; and
a ratio (G 200)/(G 120) Of below 0.25 wherein (G zoo) denotes a dynamic modulus at 200 °C and (G 120)
§5 denotes a dynamic modulus at 120 °C respectively at a frequency of 1 {Hz);
wherein said developing device is supported integrally together with the Image-baarlng member to form a
single unit, which can be connected to or released from an apparatus body as deslred.
33. The apparatus unit according to Clalm 32, wherein the toner_is is any. onmot lhe teeirs according fo
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-1 0- i mge form ng apparatus using such a SpECIfI'ﬂllstSBd’éE}IIasBeen

object of the invention is to provide an apparatus un e Iac
specific toner. An obj ect of the gresent I nv m’lf prOV| de
a facsinile apparatus using such a spB&i42r@72A3ner .

Claims 2 - 29.
34, A facsimile apparatu, tomprising: an electrophotographic appératus and a receiving means for
recsiving image data from a remote terminal, wherein said electrophotographic apparatus comprises: an
image-bearing member for bearing a latent image, and a developing device for developing the iatent imags,
s the developing device comprising:
a developer container for containing a toner wherein the toner comprises a binder resin, and a metal salt or
a metal complex; wherein the toner has:
a dynamic modulus G'120-200 at 120 - 200 °C of 2x10° or higher to below 5x10° [dyne/cm?] as measured
in the frequency range of 1x1 0-2 -1 (Hz);
10 aloss modulus G 120200 at 120 - 200 °C of 2x108 or higher to below 5x10° [dyna/cm?] as measured in the
frequency range of 1x1 0'2 1 (Hz);
a dynamic modulus G200 at 200 °C and a frequency f satisfying an approximated linear reiationship
according to the lsast squares method of:
10gG 200 = a‘log*t + log b,
15 wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and
a ratio (G 200)/(G 120) of below 0.25 wherein (G'200) denotes a dynamic modulus at 200 °C and (G 120)
denotes a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz).
35. The facsimile apparatus according to Claim 34, wherein the toner is any ons of the toners according to
Claims 2 - 29.
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According to a principal aspect of the invention, there is provided a
toner for developing electrostatic inages conprising a binder resin, and
a netal salt or a netal conplex; 2&&; haner has: a
dynam ¢ nmodulus G [err] at 120 - 200 Ferfi % 2x103 or higher to bel ow
5x10[err] [dyne/cnferr]] as neasured in the frequency range of 1x10[err] -
1 (Hz); a loss nodulus Jerr] at 120 - 200 [err]C of 2x10[err]
or higher to below 5x10[err] [dyne/cnferr]] as neasured
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in the frequency range of 1x1O0[err] - 1 (Hz); _ a dynam c nodul us
G 200 at 200 [err]C and a frequency f satisfying an approxi mated |i near

rel ati onship according to the |east s d of: | ogd err]
= a[err]log[err]f + log b, wherein aq%gé%?égﬁta%ositive nunber of 0.25 or
smaller and b denotes a constant; and aratio (Gerr])/(gerr])

of below 0.25 wherein (G [err]) denotes a dynam c nodulus at 200 [err]C
and (G [err])

Log G'(dyne/cm?2), Log G" (dyne/cm?2)
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denotes a dynami c nodulus at 120 [err]C respectively at a frequency of 1

(Hz). According to anot her aspect of the invention,
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there is provided an image form ng apparatus, conprising: an electrostatic
| at ent 1 mage-bearing nenber,

devel oper- carrying nenber for carrying.a_taoner, for devel oping the
o RazLERA,

el ectrostatic | atent
to the devel opi ng station,
toner; wherein

(00021 LV ‘H3INOL DI1LIANTOVYN ' G ATJINYXT)

G 9Old

I mage at a deve

and a devel opi ng device conprising a

8

n and conveying the toner

and a devel oper container for containing the
the toner conprises a binder resin, and a netal salt or

Log G'(dyne/em?), Log G" (dyne/cm?)
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a netal conplex; wherein the toner has: a dynam c nodulus - err]
at 120 - 200 [err]C of 2x103 or higher to bel ow 5x105 [dyne/cnferr]] as
nmeasured in the frequency range of 1 [ .1 (Hz2); a | oss
nodulus G'[err] at 120 - 200 [err]C o?;%fgﬁé%%ﬁ] or higher to bel ow
5x10[err] [dyne/cnferr]] as neasured in the frequency range of 1x10[err] -
1 (Hz); a dynam c nodulus G 200 at 200 [err]C and a frequency f
satisfying an approxi mated |inear

Log G'(dyne/cm?), Log G"(dyne/cm?2)
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rel ati onship according to the | east squares nethod of: - | ogG [err]
= alerr]log[err]f + log b, wherein a denotes a positive nunber of 0.25 or
snaller and b denotes a constant; and aratio
(Glerr])/ (G [err]) of below 0.25 wherfE %42 F2A% 1) denotes a dynanic
nodul us at 200 [err]C and (G 120) denotes a dynami c nodulus at 120 [err]C

respectively«-at a frequency of 1 (Hz). Accor di ngot o anot her
aspect of th%l BY pAti-oAs . . $
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there is provided an apparatus unit, conprising: an
-12- el ectrostatic |atent inmage-bearing nenber and a
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developv%g device for developing the electrostatic |atent inmage at a

devel opi ng station; the devel oping device conprising a devel oper contai ner
for containing the toner, and a devel i jng nenber for carrying

t he toner and conveying the toner to tﬁg%dgggﬁ%%?ng stati on;

wherein the toner conprises a binder resin, and a netal salt or a netal
conpl ex; wherein the toner has:
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a dynam c nodulus G [err]

bel ow 5X10[ err]

at 120 200 [err] C of

_2aoterr] 6’édim Fher! to

[dyne/cnferr]] as neasured

freguency— ange of

| 2
1x10{err]. -1 (Hz); a | oss nodul us '%”[ Edicyi :i%ﬁi-i 200 [err] C of
2x103 or hi gM{S&@H@eM@k@@[err] [ dyne/ cnj eFr]T”“"a“S““Treasm;eds in the
frequency ran mﬁ{ I - 1 (H); ! 1@ pynamyc inodul us err]

at 200 [err] CH cy. f satisfyingjan_ apprOX| mat ed |ii near
TONER, IMAGE FORMING APPARATUS, APPARATUS UNIT AND FACSIMILE APPARATUS
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rel ati onship e |l east squares 10

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, particularly a toner which has been improved in respects of heat-
fixability, anti-offset characteristic and developing performances for electrophotographic images. The
present-invention further relates to an image forming apparatus, an apparatus unit and a facsimile apparatus
using such a specific toner.

Hitherto, a large number of electrophotographic processes have bsen known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363; and 4,071,361. In these processes, in general, an
electrostatic latent irage is formed on a photosensitive member comprising a photoconductive material by
various means, then the latent image is developed with a deveioper comprising 2 toner, and the resuitant
toner image is, after being transferred onto a transfer material such as paper setc., as desired, fixed by
heating, pressing, or heating and pressing, or with solvent vapor to obtain a copy. The residual toner on the
photosensitive member which being transferred is cleaned by various methods, and then the above steps
are repeated.

In recent years, such as electrophotographic image forming apparatus has been used nof only as a
copying machine for office work but also as a digital sprinter as an outputting means for a computer and a
facsimile machine and also a graphic copier for producing graphic copies of high definition.

For this reason, a strict reliability is required of such an image forming apparatus, and a toner used
therefor is required to show high performances, without which an excellent apparatus is not provided.

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

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

In the heating and pressing system, a sheet carrying a toner image to be fixed (hereinafter calied
“fixation sheet™) is passed through hot rollers, while a surface of a hat 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 electrophotegraphic
copying machine. In this method, however, a toner image in a meited stats is caused to contact a hot roller
surface under pressure, so that there is observed a so-called offset phenomenon that a part of the toner
image is attached and transferred to the hot roller surface and then transferrad back to the fixation shest to
stain the fixation sheet. It has been regarded as an essential condition in the hot roller fixation system to
prevent the toner from sticking to the hot roller surface.

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

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

As for the improvement of the binder resin for a toner, a toner using a crosslinked polymer as the
binder resin has been proposed, e.g., in Japanese Patent Publication JP-B 51-23854. Such a toner using a
crasslinked polymer shows improved anti-offset characteristic and antl-winding characteristic but is caused
to have an increased fixing temperalture as the degree of crosslinking is increased. Accordingly, it is difficult
to have a toner showing & ]pw fixing temperature, good antl-offset and anti-winding characleristic and also
good fixability, In order to improve the fixability, it is generally required to use a lower molecular-weight
binder resin having a lower softening point. This is contradictory to an, ;xmprovement in antl-offset
characteristic. Further, a lowering in glass transition point for providing . a 1ow “softening pomt leads lo an,
undesirable phenomenon of toner blocking during storage. * s 5

Further, as a toner comprising a low-molecular weight polymer and a crosslﬁﬂ(ed polymer, JP A 58-
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0Siiti ve nunber

logG [err] = a[erTLIo [err] f + 1log b, whereifn
of 0:25 or snaller Hss BespBendgeda const ant ; ah Slratio
(derr])/(GJerr]) wherein (G[m dynam c
modul us at 200 [erFf | denotes a dynam & fMpHulEE at 1120 [err]C
respectively at a frequency of (Hz); wherei n sai ¢ gevel opi ng
device is supported 2

86558 tor example has proposed a toner comprising a low-molecular weight polymer and a non-fusible
polymer as principal resin componsnts. Accarding to the teaching, the lixability actually tends o be
improved, but it is difficult to satisfy the fixability and the anti-otfset charactaristic at high performances
becauss the weight-average molecular weight/number-avarage molecular weight ratio {Mw/Mn) is as low as i
3.5 or below and the non-fusible polymer content is as much as 40 - 90 wt. %. Actually, it has been very

difficult to provide a toner with sufficient fixability and anti-offset characteristic unless it is used in a fixing

device equipped with a means for supplying an offset-praventing liquid.

JP-A 80-166958 has proposed a toner comprising a rasin compenent prepared by polymerization in the
presence of a low-molecular weight poly-e-methylstyrane having a number-average molecular weight {(Mn)
of 500 -1,500. The same patent specification describes that an Mn range of 8,000 - 30,000 is preferred but
a higher Mn for improving the anti-offset characteristic leads to a practical problem in fixability.

JP-A 56-16144 has proposed a toner comprising a binder resin having at least a maximum in each of
the molecular weight ranges of 103 - 8x10* and 10° - 2¢x10° in the molecular weight distribution according
to GPC (gel permeation chromatography). The toner exhibits excellent performances in respects of
pulverizability, anti-offset characteristic, fixability, anti-filming or anti-melting characteristic on a photosen-
sitive member and image forming characteristic but further improvement in anfi-offset characteristic and
fixability is desired.

QOn the other hand, as for physical properties raquired of a toner, several proposals have been made
with respect to binder resins inciuding: crossiinking by reaction of a polymer comprising a carboxylic acid
with a metal compound (JP-A 57-178249, JP-A 57-178250, etc.) and reaction of a binder comprising a vinyi
monomer and a specific half-aster compound as sssential compgsition units with a polyvalent metal
camgound to cause crosslinking with the metal (JP-A 61-110155, JP-A 61-110188).

Further, JP-A 83-214780, JP-A 63-217362, JP-A 83-217363 and JP-A 63-217364 disclose reaction of a
polymar having a molscular weight distribution including two portions of a low-molecular weight portion and
a high-molecular weight portion with the low-molecular weight portion including a carboxyl group and a
polyvalent metal fon to cause crossiinking (more specifically adding a fiquid dispersion of a metal
compound into a solution after solution polymerization, followed by heating for the reaction). In any method,
however, the reaction between the binder resin and the metal compound or the dispersion of the metal
compound in the binder resin is not sufficient, so that the physical praperties required of a toner,
particularly the fixing characteristic and the anti-offset characteristic, are not safisfied. Further, as the metal
compound in a large amount is formulated with the binder resin, the metal compound can show a catalytic
action to the binder resin depending on the candition to cause gellation of the binder resin. Accordingly, it is
difficult to determine the production condition for formulating the metal compound to obtain a desired toner.
Even if the preduction conditions are detarmined, it is difficult to produce a tener with a good reproduc-
ibility.

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

Further, JP-A 63-216063 proposaes the combination of ionic crosstinking with a metal in the binder rasin
and an offset-praventing agent, and JP-A 62-280757 proposes reaction of an acid anhydride group and a
cationic component to form a polar functional group in the binder resin to improve the charging characteris-
tic of a toner. These proposals however have not provided 2 toner with all required properties, such as anti-
oifset characteristic, fixability and developing characteristic.

JP-A 59-214860 proposes a toner comprising a resin having a specific range of viscoslasticity for
improvement in fixing characteristic and anti-offset characteristic. This toner shows some effect in respect of
anti-offset characteristic, the combination of a low-temperature fixability and the anti-offset characteristic
have bean unsatisfactory becauss of toa high elasticity and viscosity and too high a frequency-dependence
therecf.

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

As described above, there has bean demanded a toner having satistactory fixing performance and anti-
offset characteristic which is particulariy sultable for deveiopment of digital latent images.
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integrally together with the inage-bearing rrenﬂ)ag sh aecfiogmapsingl e unit,
whi ch can be connected to or released froman ap.pa,rmatus.bgdymas desi red.
According to anot her aspect of the invention, | |
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SUMMARY OF THE INVENTION

A generic abject of the present invention is to provide a toner having solved the above-mentioned

problems.
A more specific object of the invention is to pravide a taner showing excellent fixability and anti-offset

characteristic as well as good image reproducibility and free from reversal fog.

An object of the invention is to provide a toner free from image degradation even in a long time use.

An otject of the invention is to provide a toner which is fixable at a low temperature, has an excellent
anti-blocking characteristic and is suitably used in a high temperature environment in a small-sized copying
rmachine.

An object of the invention is to provide a toner which has an excellent anti-offset characteristic and also
a good regioducibility.

An object of the invention is to provide a toner which provides a high image density, an excellent thin-
line reproducibility, and a gced gradation characteristic.

An object of the invention is to provtde a toner which stable retains a high image density without baeing
affected by environmental changes.

An object of the invention is to provide an image forming apparatus using such a spacific toner.

An object of the invention is to provide an apparatus unit using such a specific toner.

An object of the present invention is to provide a facsimile apparatus using such a specific toner.

According to a principal aspect of the invention, there is provided a toner for developing electrostatic
images, comprising a bmder resin, and a metal salt or 2 mstal complex; whersin the toner has:

a dynamic modulus G 120200 at 120 - 200 °C of 2x10? or higher to below 5x10° [dyne/cm?] as measured
in the frequency range of 1x1 02 - 1 (Hz);

a loss modulus G 120200 at 120 - 200 °C of 2x10° or higher to below 5x10% {dyne/cm?] as measured in the
frequency range of 1xi 0‘2 1 (Hz);

& dynamic modulus G'200 at 200 °C and a frequency f satisfying an approximated linear relationship
accerding to the least squares method of:

logG 200 = a~log*f + log b,

wherein a denotes 2 positive number of 0.25 or smaller and b denotes a constant; and

a ratio (G'zoo)l(G 120) of below 0.25 wherein (G zoo) denotes a dynamic madulus at 200 °C and (G 120)
denotes a dynamic modulus at 120 °C respectively at a fraquency of 1 (Hz).

According to ancther aspect of the invention, there is provided an image forming apparatus, comprising:
an electrostatic latent image-bearing member, and a developing device comprising a developer-carrying
membser for carrying a toner for developing the electrostatic latent image at a developing station and
conveying the toner to the developing station, and a developer container for containing the toner; wherein
the toner comgrises a binder resin, and a metal salt or a metal complex; whersin the toner has:

a dynamic modulus Gltza—zuo at 120 - 200 °C of 2x103 or higher to below 5x10% [dyne/cm?] as measured
in the frequency range of 1x1072 - 1 (Hz);

a loss modulus G'y20-200 2t 120 - 200 °C of 2x103 or higher to below §x10% [dyne/cm?] as measured in the
fraquency range of 1x10~2 - 1 (Hz);

a dynamic modulus G200 at 200 °C and a frequency f satisfying an approximated linear relationship
accordmg to the least squares method of:

l0gG 200 = a° log*f + log b,

wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and

a ratio (G zca)/(G 12¢) of below 0.25 wherein (G 200) denotas a dynamic modulus at 200 °C and (G 120)
denates a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz).

According to another aspect of the invention, there is provided an apparatus unit, comprising: an
electrostatic latent image-bearing member and a developing device for developing the electrostatic latent
image at a developing statian; the developing device comprising a developer container for containing the
toner, and a developer-carrying member for carrying the toner and conveying the toner lo the developing
station;
wherein the toner comprises a binder resin, and a metal salt or a metal complex; wherein the toner has:

a dynamic modulus G 1z0-200 at 120 - 200 °C of 2x10? or higher to below 5x10% [dyne/cm?] as measured
in the fraquency range of 1x107% 1 (Hz);

a loss madulus G 120-~z00 at 120 - 200 °C of 2x10° or higher to below 5x10% (dyne/cm?] as measured in the
frequency range of 1x10~2 - 1 (Hz);

a dynamic medulus G200 at 200 °C and a fraquency | satisfying an approximated linear relationship
accordmg to the least squares methad of:

logG 200 = a*log*f + log b,

wherein Ederwotes a positive number of 0.25 or smailer and b denotes a constant; and
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there is provided a facsim | e apparatus, coni AR ”,an-
el ectrophot ographi c apparatus and a rece|V|ng‘hééﬁ%L*or “Pé %lving | mage
data froma renote termnal, wherein said e appar at us

conprises: an imge- bearing menber for bea
devel opi ng device for devel oping the | atent
conpri si ng: a devel oper contauper

mhge, _the
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devgl dpi ng

f or contai ning a tjoner

&7i fade, and a

devi ce
wher ei n

the toner conprises a binder resin, and a netal

a ratio (G'zoo)/(Glr:a) of below 0.25 wherain (G'gaa) danotes a dynamic modulus at 200 °C and (G'lzq)
denotes a dynamic modulus at 120 °C respactively at a fraquency of 1 (Hz);

wherein said developing device is supported intagrally togsther with the image-bearing member to form a
single unit, which can be connected to or released from an apparatus body as desired.

According to another aspect of the invention, there is provided a facsimile apparatus, comprising: an
slactrophotographic apparatus and a receiving means for receiving image data from a remote terminal,
wherein said elactrophotographic apparatus comprises: an image-bearing member for bearing a latent
image, and a developing device for developing the latent image, the developing device comprising:

a developer container for containing a toner wherein the toner comprises a binder resin, and a metal salt or
a metal complex; whersin the toner has:

a dynamic modulus G’mo-zoo at 120 - 200 °C of 2x10° or higher to below 5x10° {dyne/cm?] as measurad
in the frequency range of 1x102 - 1 (Hz2);

a loss modulus G 120 ~z00 3t 120 - 200 °C of 2x103 or higher to below 5x10°5 [dyne/cm?] as measured in the
frequency range of 1x1072 - 1 {Hz),

a dynamic modulus G 2co at 200 °C and a frequency | satisfying an approximated linear relationship
accordmg to the least squares method of:

10gG 200 = a*log*f + log b,

whersin a denotes a positive number of 0.25 or smallar and b denotss a constant; and

a ratio (G zoo)/(G 12¢) of below 0.25 wherein (G 200) denotes a dynamic modulus at 200 °C and (G 120)
denotes a dynamic medulus at 120 °C respectively at a frequency of 1 (Hz).

Thase and other objects, features and advantages of the present invention will become more apparent
upon a consideration of the following description of the preferred embodiments of the present invention
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the frequency-dependence (0.01 Hz - 1 Hz) of the viscoelasticity at 120 °C
of the toner according to Example 1.

Figure 2 is a graph showing the frequency-dependenca (0.01 Hz - 1 Hz) of the visccelasticity at 200 °C
of the toner accerding to Example 1.

Figures 3 and 4 are graphs showing changes with time in viscoelasticity at 200 °C, and 0.1 Hz and 1 Hz,
respectively, of the toner according t¢ Example 1.

Figure 5 is a graph showing the frequency-dependence (0.01 Hz - 1 Hz) of the viscoelasticity at 120 °C
of the toner according to Example 5.

Figure 6 is a graph showing the frequency-dependence (0.0t Hz - 1 Hz) of the viscoelasticity at 200 °C
of the toner according to Example 5.

Figures 7 and 8 are graphs showing changes with time in viscoelasticity at 200 °C, and 0.1 Hz and 1 Hz,
respectively, of the toner according to Example 5.

Figure 9 is an illustration of a checker pattern for evaluating raproducibility of minute dots.

Figure 10 is a graph showing the particle size distribution range for toner particles of § microns or
smaller of a preferred class of toner according to the invention.

Figure 11 is a schematic illustration of an embodiment of the image forming methed and the image
forming apparatus according to the present invention.

Figure 12 is a block diagram showing a system constituting a facsimile apparatus using an image
forming apparatus as a printer thareof,

DETAILED DESCRIPTION OF THE INVENTION

it is a characteristic feature of the toner according to the present invention that the toner has a dynamic
modulus G 200 at fraquencies f satistying an approximated linear relationship according to the least squares
method of:
log G200 = a*log*f + log b,
wherein a denotes a positive number of 0.25 or smaller.

The ‘value a corresponds to the slope of a line representad by the above equation on a double-
logarithmic scale graph. and a larger |a| (absolute value of a) means a large change In G’ according to a
fraquency change. As a frequency change can be converted into a tempsrature change according to the
time-temperature conversion ruls, the ralationship can be said in a ditferent expression that a larger [a] leads
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to a larger change in G corresponding to a temperature change.

The thermal characteristic of a toner is significantly related with the fixability. For exhibiting a fixabifity, a
toner is required to be softened so as o be sufficiently deformed when it is passed through hot rollers
under pressure but not softened excessively so as not to cause a high-temperatura oftset. Further, the
alasticity modulus of the toner is required not to cause too large a change according to a change in
temperature so as to provide stable fixing and anti- offset characteristics. As the toner accordm9 to the
present invention has a dynamic modulus G'(or G1}120-200 at 120 - 200 °C and a loss modulus G (or G2)-
120-200 at 120 - 200 °C of respectively in the range of 2x10° to below 5x10° dyne/cm? as measured in the
frequency f range of 1x10~2 - 1 Hz, a good fixability is exhibited without causing high-temperature offset at
the time of fixing. Further, as the value a in the equation showing an approximated linear relaticnship is a
positive number of 0.25 or smaller, the tGner shows a moderate change in elasticity modulus accerding to a
change in temperatura at 200 °C or higher, so that it shows stable fixing and anti-offset characteristics sven
it there is some fluctuation in temperature along the rolfers at the time of fixation.

The dynamic moduius and loss modulus of the toner according to the present invention does not
substantially change with time at 200 °C so thet, even if the toner recovered by cleaning by a fixing davice
cleaning member is subjected to heat from the fixing rollers for a long time, the recaversd toner or
developer does not cause a problem of leakmg out from the clsaning member.

In case where a toner showing a G 120-200 balow 2x1 0° [dyne/cm?] is used, the anti-offset characteris-
tic is insufficient, and in case where a toner showing a G 120—200 exceeding 5x10° {dyne/cm?] is used, the
low-temperature fixzbility is insufficient.

The viscoelasticity characterizing the toner of the invention may be measured by means of a rheometer
("IR-200", made by Iwamoto Seisakusho K.K)} equipped with 3 cm-dia. parallel plates.

The toner according to the present invention has a ratio (G 2ao/G 120) of below 0.25 (and preferably
0.05 or above) based cn the dynamic moduli (G 120} at 120 °C and (G'200) at 200 °C at the same fraquency
{particularly at 1 Hz) in the range of 1x10™2 - 1 Hz, and because of this characteristic in combination with
the above-mentioned viscaelastic properiies, the toner exhibits sufficient low-temperature fixability, anti-
offset characteristic and anti-blocking characteristic in combination.

While various factors are related with the above-mentioned viscoelastic preperties of the toner
according to the invanticn, it is preferred that the toner comprises a binder resin as described below.

More spacifically, it is preferred that the binder resin in the toner of the invention contains a THF
{tetrahydrofuran)-solubie content showing a molecular weight distribution in @ GPC chromatogram including
at least one peak in the molecular weight reglon of from 2,000 to below 15,000 and at least a peak or
shoulder in the molscular weight region of 15,000 to 100,000, contains polymerized units of a carboxyl
group-containing monomer or carboxylic acid derivative moncmer, and has a JIS-acid value (A) measured
accarding to JIS K-0070 and a total acid value (B) measured after hydrolysis of the acid anhydrice group in
the resin which provide a ratio (A/B} in the range of 0.75 - 0.89.

The binder resin may preferably contain 5 - 70 wt. parts, further preferably 20 - 60 wt. parts, of a THF-
insoluble content per 100 wt. parts of the resin.

When a binder resin is dissoived in a solvent, such as THF, it is divided into a soluble content and an
insoluble content. The soluble content can be subjected to measurement of the molscular weight distribu-
tion. When attention is paid to the quantity of the THF-insoluble cantent and the position of a peak in the
molecutar weight distribution of the THF-soluble content, a binder resin containing no or little THF-inscluble
content is vary disadvantageous in respect of pulverizability in production of a toner through pulverization,
An attempt of improving the pulverizability by simply shitting the position of a peak in the molecular welght
distribution of the THF-soluble content on the lower molecular weight side results in inferior antl-offset
characteristic. This proves that it is difficult to satisfy the anti-offset characteristic and the pulverizability in
combination.

As may be understood from this study, it is very effective to have the binder resin contain a certain
amount of THF-insofuble content not only for improving the anti-ofiset characterlstlc as is genecally
contemplated but atso for improving the pulverizabifity.

From further study on the molecular weight distribution of the THF-soluble coment. the property
regarding the level (high or low} of fixable temperatura (herainatter simply relerred to as “fixability"), the
antl-oftsat characteristic, the pulverizabillly, and the anti-blocking characteristic, it has been understoad that,
in a binder resin, the THF-insoluble content has a major influence on the anti-offset characteristic, the anti-
blacking characteristic and the pulverlzability of a kneaded and cooled preduct at the Ume of taner
praduction; the padion having a moiecular weight of beiow 15,000 of the THF-soluble content has a malor
influence on the pulverizability and melt-sticking onto the inner wall of the pulverizer of the kneaded and
cooled product at the time of toner production, the antl-blocking characteristic, the melt-sticking onto a
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photosensitive member and the tilming: and the portion having a molecular weight of 15,000 or abcve of the
THF-soluble content has 2 major influence on the anti-ofiset characteristic and the fixability.

More spacifically, the binder resin used in the toner of the present invention may preferably have a
THF-insoluble content (gel content) of 5 - 70 wt. %, particularly 20 - 60 wt, % (based on the binder rasin),
contain the remainder of THF-soluble content providing a GPC chromatogram showing at Isast one peak in
the molecular weight rangs of 2,000 to below 15,000, particularly 3,000 - 12,000, and 2t least one peak or
shoulder in the molecular weight range of 15,000 -10,000, particularly 20,000 - 70,000. It is further preferred
that the peak in the molecular weight rangs of 2,000 to below 15,000 and the peak or shoulder in the
malecular weight range of 100,000 has a molecular weight difference of 5,000 or more, panicularly 10,000
or more. .

It the THF-inscluble content in the binder resin exceeds 70 %, the f:xmg temperature tends to increase
and dispersion of additives in the binder resin tends to become worse. Further, 2 highly crosslinked portion
is liable to be severed at the time of kneading of the resin tc cause an adverse effect tc toner designing. If
the THF-insolutle content is below 5%, the toner is lizble to cause ofisetting and winding about a roller. In
case where the THF-insoluble content is below 5 % and a large content of high molecular weight portion is
contained, the pulverizability is liable to be remarkably impaired. If the THF-soluble content lacks 2 peak in
the molecular weight range of 2,000 to below 15,000 but has 2 peak in the molecular weight range of
15,000 or above, the resultant toner is liabie to have an increased fixing temperature, & narrow fixable
temperature regicn and worsa pulverizability to resuit in a lower productivity. If the peak molecuiar weight is
below 2,000, the resultant tonar can have a remarkebly poor anti-ofiset characteristic and 2 poor anti-
blocking characteristic. ) the peak or shoulder on the other molecular weight region is not in the range of
15,000 - 100,000 but has a value of over 100,000, thers is a tendency that the dispersibiiity of the additives
becomes worse, the fixing temperature increzses remarkably and the pulverizability becomes ramarkably
warse. If the peak or shouldsr is below 15,000, the resultant toner can have a poor anii-offset characteristic
and a problem in respect of blocking.

Further, in order to fully satisfy the anti-offset characteristic, it is preferred that the binder resin not only
has an increased THF-insoluble content and an increased proportion of THF-soluble content having a
molecular weight ¢f 15,000 or higher but also contzins 2 metal compound and a carboxy! group capable cf
causing a crosslinking reaction with each other. it is further preferred that the carboxyl group is dispcsed to
be abie to form an anhydride group in the molecule so as be rich in capability of cresslinking reaction with
a metal compound.

The crosslinking i$ promoted by heat, and a part of the carboxy! groups Is involved In crosslinking
reaction with a metal compound and another part of the carboxyl groups is converted into anhydride groups
at the time of melt-kneading for toner production.

Most carboxy! groups in the binder resin are involved in these reactions, the resultant toner is free from
or hargly accompanied with difficulties in respect of chargeability due to snvironmental conditions,
represanted by a decrease in chargeability of a toner due to moisture absorption under high tsmperature -
high humidity conditions, peculiar to a toner using a binder resin containing a carboxyl group. The
conversion of carboxyl group into anhydride groups is advantageous in respect of providing the binder resin
per se with a sufficient negative chargeability which can lead to a good negative chargeability of the
resultant toner.

Further, even if most carbaxyl groups are involved in crosslinking or converted into anhydride groups,
the intense polarity of the binder resin is retained, so that the resuitant toner has a good affinity to paper
and 2 turther improved fixability. Accordingly, it is alsc pessible to provide an increased Tg (glass transition
point) of the binder resin and also an improved anti-blocking characteristic.

in order lor the toner of the present invention to have a dynamic modulus G'12c-200 of 2x10°% to below
5x10° as measurs al 120 - 200 °C in the frequency range of 1x10% [Hz] - 1 [Hz], it is preferred to use a
binder resin satislying the above featurss.

When a copolymer having polymerfzed units of such carboxyl group-containing monomers or a
composition containing such a copolymer is subjected to suspension polymerization, a part of lhe
carboxylic anhydride groups are hydrolyzed lo provide a mixture of dicarboxylic groups, carboxyl groups
and carboxylic anhydride groups.

These thres types of acidic groups in the copolymer or ils composition are considered to lorm various
lypes of polymer complex through intaraction with metal icns from 3 metal salt or metal complex as another
component ¢f the toner according to the invention.

Accordlngly, the toner binder resin of the present invention is provided with metallic crosslinkages (i.e.,
lonic crosslinkages by the medium of metal eloments) due lo such various polymar complexes showing

dilterent bonding strengths and also strong crosslinkages due to polymarizable crossfinking agent, Because
e e
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of mixing of varigus crossfinkages showing diffarent crasstinking strengths, a toner having the abave-
mentioned unique viscoelastic properties is provided to show excellent anti-blocking characteristic as well
as excellent low-temperature fixability and anti-offset charactsristic.

It a low-molecular weight polymer or copolymer having dicarboxylic units is crosslinked with a metal
ion, the anti-blocking characteristic of the toner can be improved without incraasing the Tg of the polymer
or copolymer, As the Tg need not be increased in order to improve the anti-blocking characteristic, it is
possible to render the dynamic modulus and loss modulus measured at 120 °C to be below 5x10S
dyne.cm?,

In case where a golymer or copolymer having a high Tg is used to increase the anti-blocking
characteristic, the dynamic modulus and loss modufus at 120 °C become 5x10% dyne.cm? or above, and it
becomes difficult to accomplish low-temperature fixation.

Further, as crosslinkages having various bonding strengths are present in the polymer or copolymer,
the dynamic medulus and loss modulus at 200 °C can be maintained at 2x10% dyne.cm? ar higher, and the
frequency-dependence of the moduius G'zon to 200 °C measured in the frequency range of 1x1072 - 1 [Hz]
can be made extremely small.

As the toner according to the present invention contains crosslinkages showmg various bonding
strengths in the binder resin as described above, the dynamic modutus and loss modulus at 200 °C thereof
shows substantially no change with time. Hersin, "substantially no change with time" means that, when the
toner is held at 200 °C for a period of 1 hour, the measured values of the dynamic modulus and loss

+ rmedulus during the period are within the range of 0.8 - 1.8 times, preferably 0.2 - 1.5 times, those
measured at the initial stage.

If the measured values of the dynamic modulus and loss modulus are below 0.8 times the initial values,
the toner is liable to leak out from the cleaning member for the fixing device (roller). If they are above 1.8
times the initial values, the fixing device is liable to be damage when the fixing device is held at a high
temperature for & long period.

As described above, in the present invention, the carboxyl group content, particularly the content of
dicarboxylic group or its derivative, in the binder resin has a great influence on the visco-elasticity of the
torer, and it is preferred to use a binder resin having a JIS-acid value (A) measured according to JIS K-
0070 and a total acid value (B} measured after hydrolysis of the acid anhydride group in the binder resin
which provide a ratio (A/B) in the range of 0.75 - 0.99. The binder resin may preferably be melt-kneaded
together with a metal salt or complex.

It the ratio (A/B) is below 0.75, the acid anhydride content is excessive-to provide an insufficient
increase in anti-blocking characteristic, thus being difficult to the viscoelastic properties requ:red by the
presant invention.

If the ratio A/B axceeds 0.99, aimost no acid anhydride groups are contained so that the chargaab:llty of

" the toner is liable to be instable, thus causing a problem In image quality.

The total acid value (B} of a binder resin used herein is measured in the following manner. A sample
resin in an amount of 2 g is dissolved in 30 mi of dioxane, and 10 ml of pyridine, 20 mg of
dimethylaminopyridine and 3.5 ml of water are added thereto, followed by 4 hours of heat refluxing for 4
hours. After cooling, the resultant solution is titrated with 1/10 N-KOH solution in THF {tetrahydrofuran) to
neutrality with phenolphthalein as the indicator to measure the acid valus, which is a total acid value (B).

The above-mentioned 1/10 N-KOH soiution in THF is prepared as follows. First, 1.5 g ot KOH is
dissolved in about 3 mi of water, and 200 ml of THF and 30 ml of water are added thersto, foliowed by
stirring. After standing, a uniform clear solution is formed, If necessary, by adding a small amount of
methanol if the solution is separated or by adding a smail amount of water if the solution is turbid. Then, the
factor of the 1/10 N-KOH/THF solution thus obtained is standardized by a 1/10 N-HCI stancard solution.

The acid value measurement according to JIS K-0070 [s genarally as follows.

Reagents as described below are used.

{a) A solvent is prepared as an athyl ether/ethy! alcehol mixture (1/1 or 2/1) or a benzene/ethy! alcohal
mixture (1/1 or 2/1). The soivent is neutralized with a 1/10 N-KOH ethy! alcohol sclution with phenolph-
thalein as the indicator.

(b) A phenolphthalein solutfon is prepared by dissolving 1 g of phenclphthalsin in 100 mi of ethyl alcohol
(95 VV %).

{c) A N/10-KOH ethyl alcohol solutlon is preparad by 7.0 g of patassium hydroxide in as small an amount
as possible and ethyl alcohol (85 Viv %) is added therato to form 1 t of a mixture, which Is caused to
stand for 2 - 3 days and flltrated. The solution ls standardized according to JIS K 8008 (Fundamentals
relating to litralion among quantitative tests of reagents).

The JIS acid value is measured as followed by using the reagents.
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A sample is accurately weighed, and 100 mi of the solvent and several drops of the phenolphthaisin
solution as the indicator are added thersto, followed by sufficient shaking until the sample is completely
dissolved. In cass of a solid sample, it is dissolved by warming on a water bath, Alter cooling, the solution
is titrated with the N/10 KOH/ethyi aicohol solution until an end point which is judged by continuation of thin
red color of the indicator for 30 seconds. The acid value A is calculated by the following equation:

= (Bxfx5811)/8,
wherein B: amount(mi} of the N/10-KOH/ethyl alcohol solution, f: factor of the N/10-KOHR/ethyl alcohol
sofution, and S: sample weight(g).

While the JIS acid value (A) and the total acid value (B) may convenisntly be performed by using the
binder resin alone, it has been confirmed that substantially the same values are obtained with respect to the
toner according to the present invention using the binder resin.

Herein, the THF-insoluble content refers to 2 polymer component {substantially a crosslinked polymer
component) which is insoluble in solvent THF (tetrahydrofuran) in the resin composition (binder resin)
constituting a toner, and it may be used as a parameter for indicating the degree of crosslinking of the resin
composition containing a crosslinked component.

The THF-insoluble content may be defined as a value obtained in the following manner.

0.5 - 1.0 g of a toner sample is weighed (W;g) and placed in a cylindrical filter paper (e.g., No. 86R
available from Toyo Roshi K.K.} and then subjected to extraction with 100 to 200 mi of solvent THF by
using a Soxhist's extractor for 6 hours. The soluble content extracted with the solvent THF is recovered by

. evaporation and dried for several hours at 100 °C under vacuum to measure a weight (W2g) of the THF-
soluble content. On the other hand, the weight (Wag) of the components, such as the magnetic material
and/or pigment, other than the resin component in the toner is separately measured. Then. the THF-
insoluble content is given by the following equation;

THF-insoluble content (%) = [W;~(W2 + W3)J[W;-Ws}l x 100

The GPC (gel permeation chromatography) measurement and identification of molecular weight cor-
responding to the peaks and/or shoulders may be performed under the following conditions.

A column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (THF) solvent is caused to flow
through the column at that temperature at a rate of 1 mi/min., and 50 - 200 ui of a sample resin solution in
THF at a concentration of 0.05 - 0.6 wt. % is injected. The idantification of sample molecular weight and its
molecular weight distribution is performed based on a calibration curve obtained by using several
monodisperse polystyrene samples and having 2 logarithmic scale of molecular weight versus count
number. The standard polystyrene samples for preparation of a calibration curve may be those having
molecular weights of, e.g., 6x102, 2.1x108, 4x108, 1.75x10¢, 5.1x10¢, 1.1x10°, 3.9x10%, 8.6x10%, 2x10F and
4.48x108 available from, e.g., Pressure Chemical Co. or Toyo Soda Kogyo K.K. It is appropriate to use at
least 10 standard polystyrene samples. The detector may be an Rl (refractive index) detector.

For accurate measursment of molecular weights in the range of 103 - 4x10%, it is appropriate to
constitute the column as a combination of several commercially available polystyrene gel columns. A
preferred example thereof may be a combination of u-styrage! 500, 102, 10¢ and 10° available from Waters
Co.; a combination of Shodex KF-80M, 802, 803, 804 and 805; or a cornbination of TSK gel G1000H,
G2000H, G2500H, G3000H, G4000H, G5000H, GB000H, G7000H and GMH available from Toys Soda K.K.

The content of a component having a molecular weight of 10,000 or below in the binder resin is
measured by cutting out a chromatogram of the corresponding molecular weight portion and caiculating a
ratio of the weight thereof with that of the chromatogram covering the molecular weight range of 10,000 or
higher, to derive the weight % thereof in the whole binder resin including the above-mentioned THF-
insoluble content.

Examples of the polymerizable monomer containing a carboxylic acid group usable in the invention
may include: «,8-unsaturated carboxylic acids, such as acrylic acid and methacrylic acid; «,§-unsaturated
dicarboxylic acids, such as maleic acid and fumaric acid, and their half esters; alkenyidicarboxylic acids,
such as n-butenyisuccinic acid and n-butenyladipic acid, and their half esters.

Examples of the half esters of the dicarboxylic acids usable in the invention may include: half esters of
a.f-unsaturated dicarboxylic acids, such as monomethy! maleate, monosthyl maleats, monabutyl maieate,
monooctyl malsate, monoallyl maleate, monopheny! maleate, monomethy! fumarate, monoethyl fumarats,
monobutyl fumarate, and monopheny! fumarate; half esters of alkenyl-dicarboxylic acids, such as monobuty!
n-butenylsuccinate, monomethyl n-octenylsuccinate, monoethyl n-butenylmalonale, monomethy! n-
dodecsnylgiutarate, and monobutyi n-betenyiadipate; and hall esters of aromatic dicarboxylic acids, such as
monomethy! phthalate. monoethyl phthalate, and monobuty! phthalate.

The above-mentioned half-ester of a dicarboxylic acid may preferably be added In a proportion of 1 -
30 wt. %, more prelerably 3 - 20 wt. %, of the total monomer constiluting the binder resin.

This Sheet Has Been Replaced

[




' e ANDRADRIT GOL
dependence (0.01 Hz - 1 Hz) of the viscoelastiJiﬁwagﬁgu?oo.Fér

C of the
toner according to Exanple 1. Fi gur es and 4 are grbphs showi ng
changes with time in viscoelasticity at 200 [drri] G fardfl ANOSE Hy and 1 Hz,
respectively, of the toner according to Exanplg 1. __quure 5is a

graph showi ng the frequency- dependence (0.01 {Hz = 1 Hz) of thel
viscoelasticity at 120 [err]C of the t gner acdordi ng to Exanplei5.

A half-ester of a dicarbaxylic acid as described above may preferably be used in combination with
suspension polymerization as a preferred process for production of a binder resin. This is becauss, in the
suspension polymerization system. an acid monomer having a high solubility in an agueous dispersion
medium is not appropriately used but a monomer in the form of an ester having a low solubility is preferred.

In order to producs vinyl copalymers with the abave-mentioned polymerizable monomer containing a
carboxylic acid group, and also produce another binder resin componsent, another vinyl monomer may be
used, examples of which may include: styrene; styrene derivatives, such as o-methylstyrene, m-methyl-
styrene, p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-chiorostyrene, 3,4-dichlorostyrene, p-sthyl-
styrene, 2.4-dimethylstyrene, p-n-butylstyrene, p-tertbutylstyrens, p-n-hexylstyrene, p-n-octyistyrene, p-n-
nonyistyrens, p-n-decylstyrene, and p-n-dodecylstyrene; ethylenically unsaturated monoolefins, such as
ethylene, propylens, butylene, and isobutylene; unsaturated polyenes, such as butadiene; halogenated
vinyls, such as vinyl chioride, vinylidene chloride, vinyl bromide, and viny! fluoride; vinyl esters, such as
vinyl acetate, vinyl propionate, and vinyl benzoate; methacrylates, such as methyl methacrylate, ethyt
methacrylate, propyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, n-octyl methacrytate,
dodecyl methacrylate, 2-sthylhexyl methacrylats, stearyl methacrylate, phenyl methacrylats,
dimethylaminoethyl methacrylate, and diethylaminaethy! methacrylate; acrylates, such as methyl acrylate,
ethyl acrylate, n-butyl acrylate, isobuty! acrylate, propyl acrylate, n-octyl acrylate, dodecyl acrylate, 2-
ethylhexyl acrylate, stearyl acrylate, 2-chloroethyl acrylate, and phenyl acrylate, vinyl ethers, such as vinyl
methy! ether, vinyl sthy! ether, and viny! isobutyl sther; viny! ketones, such as vinyl methy! ketone, vinyl
hexyl ketons, and methyl isopropenyt ketene; N-vinyl compounds, such as N-vinylpyrrole, N-vinylcarbazole,
N-vinylindole, and N-vinyl pyrrolidone; vinyinaphthalenes; acrylic acid derivatives or methacrylic acid
derivatives, such as acrylonitrile, methacryronitrile, and acrylamide; the esters of the above-mentioned «,8-
unsaturated acids and the diesters of the zbove-mentioned dibasic acids. These vinyl monomers may be
used singly or in combination of two or more species.

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

It is significant in the present invention that the binder resin according to the present invention is a
crosslinked polymer obtained by using a crosslinking monomer which may be a monemer having two or
more polymerizable doubie bonds. Examples thereof may be enumerated as follows.

Aromatic divinyl compounds, such as divinylbenzens and divinyinaphthaiene; diacryfate compounds
connected with an alkyt chain, such as ethylene glycol diacrylate, 1,3-butylene glycol diacrylate, 1.4-
butanediol diacrylate, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, and neopentyl glycol diacrylate,
and compounds obtained by substituting methacrylate groups for the acrylate groups in the above
compounds: diacrylate compounds connected with an alkyl chain including an ether bond, such as
diethylens glycol diacrylate, tristhylene glycol diacrylate, tetrasthylene glyco! diacrylate, polyethylene glycol
#400 diacrylats, polysthylene glycal #600 diacrylate, dipropylene glycol diacrylate and compounds obtained
by substituting methacrylate groups for the acryiate groups in the above compounds; diacrylate compounds
connected with a chain including an aromatic group and an ether bond, such as poiyoxyethylene(2}-2,2-bis-
(4-hydroxyphenyl)propanediacrylate, polyoxysthylene(4)-2,2-bis(4-hydroxyphenyl}-propanediacrylate, and
compounds obtained by substituting methacrylate groups for the acrylate groups in the above compounds;
and polyester-type diacrylate compounds, such as one known by a trade name of MANDA (available from
Nihon Kayaku K.K.). Polyfunctional crosslinking agents, such as pentaerythritol triacrylate, trimethylethane
triacrylate, tetramethylolmethane tetracrylate, oligoester acrylate, and compounds obtained by substituting
methacrylate groups for the acrylate groups in the above compounds; triallyl cyanurate and triallyl
trimellitate,

These crosslinking agents may preferably be used in a proportion of about 0.01 - 5 wt. parts,
particufarly about 0.03 - 3 wt. parts, per 100 wt. parts of the other vinyl monomer companents.

Among the above-mentioned crosslinking monomers, aromatic divinyl compounds (particutarly, diviny!-
benzens) and diacrylate compeunds 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-oHfset characteristic.

The binder resin according to the present invention may preferably be prepared through a process
which basically includes preparation of a mixturs of two or mare polymers or copolymers.

In a preferred process, a law-molecular weight polymer or copolymer having littte THF-insoluble cantent
and being soluble in a polymerizable monomer is dissolved In such a polymerizable monomer or monomer
mixturs, followed by polymerization of the menomer or monamer mixture, to prepars a resin composition
which may be a uniformly blended mixture of the former and the latter polymers or copolymers. The jow-
molecular weight polymer or copolymer may be prepared by polymerlzation, such as bulk polymerization,
or solution polymerization,
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More preferably, such a low-molecular wsight polymer or copolymer containing an acid arhydride
group is formed by solution polymerization, the polymer or copolymer is dissolved in a polymarizable
monomer or monamer mixture to foarm a monomer compasition, and the monomer composition is subjected
to suspension polymerization in an aqusous medium. The low-molecular weight polymer or copolymer
preparad by solution polymerization can be further subjected to polymerization together with a monomer or
monomer mixture for providing a high-molecular weight polymer or copalymer. It is praeferred to use
emulsion polymerization or suspension polymerization also for providing a polymer or copolymer with a gel
content which 1s sufficiently crosslinked as to provide a soivent-insoluble contant.

The reactive metal compound to be used m the present mvantlon may be those containing metal ions
as follows moncvalent metal ions, such as Na L' : Cs’, Ag Hg and Cu’; divalent metal lOnS. such as

2, Mg2®
Ce’ , N,

, Ca?

.Hg2 .

, Co?’

. Ni2* and an

and trivalent ions, such as AB’,
Cr3” and Y2 . Among the compounds containing metal ions as described above, those which

Sc2’, Fed’,

are readily decomposable provide good results. This is assumed to be because the metal lon in such a
compoeund is thermally decomposed to be in a form readily bonded with a carboxy! group in the polymer or

copolymer,

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

in the polymer or copolymer.

Among the organic metal compounds, those containing an organic compound, which Is rich in
vaporizability or sublimability, as a ligand or a counter lon, are advantageously used. Among the organic
compounds forming coordinate bonds ¢r ion pairs with metal icns, examples of those having the above
property may include: salicylic acid and its derivatives, such as salicylic acid, salicylamide, salicytamine,
salicylaldehyde, salicylosalicylic acid, and di-tert-butylsalicytic acid; 8-diketones, such as acetylacstone and
propionylacetone; and low-molecular weight carboxylic acid salts, such as acetate and propionate.

In the toner of the present invention, a known charge control agent may be used accerding to the usage
thereof, and it is aiso praferred that the above-mentioned metal complex alsa functions as a charge centrol

agent.

For example, azo metal complexes represented by the following formula [1] also function as a negative

charge control agent:

[ Ar-

\
/

\ Ar-

N
X

\
/
Y
N

/

|

\

N~
/

Y
xl

A

N-Ar

/

Ar ‘@

¥,

wharein M denotes a coordination centar metal, inclusive of metal elements having a coordination number
of &, such as Cr, Co, Ni and Fe; Ar denotss an aryl group, such as phenyl or naphthyl, capable of having a
substituent, examples of whlch may include: nitro, halogen, carboxyl, anilide, and atkyl and alkoxy having 1
- 18 carbon atoms; X, X, Y and Y’ independently denote -0-, -CO-, -NH-, or -NR- (wherein R denctes an
alkyl having t - 4 carbon atoms; and K* denotes hydrogen, sodium, potassium, ammonium or ahphatzc

ammonium.

Specific examples of this type of complexes may include the following:
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Basic organic metal complexes repressnted by the following formula [Il] impart a negative chargeability
and may be used in the presant invention.




It is a characteristic feature of the toner according to the present

invention that the toner has a dynam ¢ nodulus G 200=at—f rm1""1=fc;ﬂ‘Jerr(:1es -
satisfying an approxi mated |inear relationship accorldPatAleMie BEbist
squares net hod of: log Jerr] = a[err]log[errff“# tog-tr-wher ei n
a denotes a positive nunber of 0.25 or smaller. 1$hq»uaka¢ @
corresponds to the slope of a line repifsented by tHhe above equatlo@ gn a
doubl e-
(111 H,0 ﬁ 1©
Z 0-C
yd NN
(A} /M\ (a)
| 0 H,0 ) o
wherein M denotes a coordinafion center metal, inclusive of metal slements having a coordination number
of 6, such as Cr, Co, Ni and Fe; A denotaes
(::[ (capable of having a substituent, such as an
x~{§§E§E§i[ (X denotes hydrogen, halogen, or nitro),
, 5
R N
R
(R denotes hydrogen, C: - Cig alkyl or G, - Ciz alkenyl); Y® denotes a counter ion, such as hydrogen,
sodium, patassium, ammonium, or aliphatic ammonium; and Z denotes -0- or -CO* O-.
Specific examples of this type of metal complexes may include the following:
_—
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frequency change. As a frequency change can be converted into a
tenperature change according to the tine-tenperat-tre—eonverston rule, the
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The above metal complexes may be used singly or in combination of two or more species.

hot
se a
oner

The metal complex may be added to the toner in a proportion of 0.01 - 10 wi. parts, preferably 0.1 - §

wt. parts, further preferably 1 - 5 wi. parts, per 100 wt. parts of the binder resin.

The above metal complex is rich in decomposability and reactivity particularly when it is reacted with
the binder resin at the time of melt kneading than when it is added at the time of synthesis of the binder
resin. Further, the metal complex is rich in compatibility or dispersibility in the binder and is advantageously

used for providing the toner with a stable chargeability.

Additives (internal additives and external additives) may be added, as desired, 1o the toner according to
the present invention. For exarmnple, a conventional dye andfor pigment may be used as a colorant.
Ordinarily, a non-magnetic. colorant may be used in a proportion of 0.5 - 20 wt. parts per 100 wt. parts of
the binder resin. Other additives (external additives) may include: a lubricant, such as zinc stearats; an
abrasive, such as cerium oxide or silicon carbide; a flowability-imparting agent or anti-caking agent, such as

colloidal silica or aluminum oxide; and an electroconductivity-imparting agent.

it is also prefsrred to add 0.5 - 5 wt. % of waxy substance, such as low-molecular weight polyethylens,
low-molecular weight polypropylens, microcrystalline wax, carnauba wax, sasol wax or parafiin 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 may be constituted as a magnetic toner containing a
magnetic material in its particles. In this case, the magnetic material also functions as & colorant. Examples
of the magnetic material may include: iron oxide, such as magnetite, hematite, and ferrite; metals, such as
iron, cobalt and nickel, and alloys of these metals with other metals, such as aluminum, cobalt, copper,
lead, magnesium, tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganese, sslenium,

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

The magnetic material may have an average particle size of 0.1 - 1 micron, preferably 0.1 - 0.3 micron,
and may be contained in the toner in a proportion of 20 - 140 wt. parts, praferably 30 - 120 wt. parts. per

100 wt. parts of the resin componsent.

The toner according to the present invention may be prepared through a process Including: sufficlently
blanding the binder rasin, the mstal salt or metal complex, a magnetic material, pigment or dye as the
colorant, and an optional charge contro!l agent and other additives, as desired, by means of a blender such
as 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 mutual solution of the resinous materlals and disperse or dissolve the
magnsetic material, pigment or dye thersin, and cooling and solldifying the kneaded product, followed by

pulverlzation and classification.

It is preferred to use the toner according to the present Invention together with silica fine powder
attached to the surface of toner particles in order to Improve the charge stability, developing characteristic
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The silica fine powder used in the present invention provides good results it it has a specific surface
area of 30 m2/g or {arger, preferably 50 - 400 m?g, as measurec by nitrogen adscrption accarding to the
BET method. The silica fine powder may be added in a proportian of 0.01 - B wt, parts, preferably 0.1 - §
wi, parts, per 100 wt, parts of the toner.

For the purpose of being provided with hydrophobicity and/or controlled chargeabilily, the silica fine
powder may well have been treated with a treating agent, such as silicane varnish, various medified silicone
varnish, silicone oil, various modified silicone ofl, silane coupling agent, silene coupling agent having
functional group or other organic silicon compounds, or in combination with another treating agent.

In view of the developing performance, the toner according to the present invention may preferably be
in the ferm of a magnetic toner, which comprises at least the binder resin, the magnetic material and the
metal saft or metal complex, has a volume-average particle size of 4.5 - 8 microns, prefarably § - 8 microns,
and has such a particle size distribution that it contains 17 - 60 % by number of magnetic toner particles of
5 microns or smaller, 5 - 50 % by number of magnetic toner particles of 6.35 - 10.08 microns, and 2.0 %
by volume or fess of magnetic toner particles of 12.7 microns or larger and satisfies the conditicn of NV =
-0.5N+k (1), wherein N is a number of 17 -60 denoting the content in terms of % by number of the
toner particles of 5 microns or smaller, V is a2 number denoting the content in terms of % by vclume of the
toner particles of 5 microns or smaller, and k is a number of 4.6 - 6.7.

When the volume-average particle size of the toner is below 4.5 microns, the toners coverage on a
transfer paper is liable tc be insutficient to provide a low image density, especially in the case of providing
an image with a large proportional of image area, such as a graphic image. This is considered to be based
on the same cause by which the central part, of a latent image is develeped into a lower density than the
contour perticn of the latent image. If the volume-average particle size is above 8 microns, the resolution of
a digitel latent image composad of minute spots of 100 microns or smaller becomes insutficient and the
image quality is liable to be deteriorated during successive image formation.

If the content of the magnetic toner particles of 5 micrens or smaller is below 17 % by number, a
portion of the magnetic toner particles of fective for providing a high image quality is few and particularly,
as the toner is consumed during a continuation of copying or printing-out, the effective component is
preferentially consumed to result in an awkward particle size distribution of the magnetic torer and
gracdually deteriorates the image quality. If the content is above 80 % by number, mutual agglemeration of
the magnetic toner particles is liable to occur to produce. toner lumps having a larger size than the proper
size, thus leading to difficulties, such as rough image quality, a low resolution, a large difference in density
between the contour and interior of an image to provide a somewhat hollow image.

It is preferred that the content of the particles in the range of 6.35 - 10.08 microns is § -5¢ % by
number, further preferably 8 - 40 % by number. Above 50 % by number, the image quality becomes warse,
and excess of torer coverage is liable to occur, thus resulting in an increased toner consumption. Below $
% by number, it becomes difficult to obtain a high image density in some cases.

The contents of the magnstic toner particles of 5 microns or smaller in terms of % by number (N %)
and % by volume (V %) may preferably satisfy the relationship of NV = -0.05N +k, wherein k represents a
positive number satisfying 4.8 S k £ 6.7, and N is a number satisfying 17 S N S 60, The preferred range

. thus defined is shown in Figure 10 as an area within a paraflelogram. It is further preferred that 4.6 £ k S
6.2, particularly 4.6 S k £ 5.7 and 25 S N 5 80, particularly 30 S N $ 60.

If k < 4.6, magnetic toner particles of 5.0 microns or below are insufficient, and the resultant image
density, resolution and sharpness decrease. When fine toner particles in a magnstic toner, which have
conventionally been considered useless, are present in an appropriate amount, they are sffective for
achieving closest packing cf toner in development and contribute to the formaticn of a uniform imags free
of coarsening. Particularly, these particles fill thin-line portions and contour portions of an image, theraby to
visually imprave the sharpness thereof. If k < 4.6 in the above formula, such component becomes
insufficient in the particle size distribution, and the above-mentioned characteristics becoms poor.

Further, in view of the production process, a large amount of fine powder must be removed by
classification in order to satisfy the condition of k < 4.6, Such a process is however disadvantageous in
yield and toner costs. On the other hand, it k > 6.7, an excess of fine powder is present, whereby the image
density is liable to be decreased. This phenomenon is considered to be caused by attachment of excessive
amount of fine magnetic toner particles with excessive charge onto the developing slesve, so that carrying
and triboelectrification of normal magnetic toner are hindered tharaby,

In the magnetic toner of the present Invention, the amount of magnetic toner particles having a particle
size of 12.7 microns or larger is preferably 2.0 % by volume or smaller, further preferably 1.0 % by volume
or smaller, more preferably 0.5 % by voiume or smaller. if the above amount is larger than 2.0 % by
volume, these particles are ltable to impair thin-line repraduclbility.
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The particle size distribution of a toner is ;ﬁgasured by means of a Coulter counter in the present
invention, while it may ba measured in various manners.

Coulter counter Model TA-\ (available from Cculter Electronics Inc.) is used as an instrument for
measurement, to which an interface (available from Nikkaki K.K.) for providing a number-basis distributicn,
and a volume-basis distribution and a personat computer CX-1 (available from Canon K.K.) are connected.

For measurement, a 1 %-NaCl aqueous solution as an electrolytic solution is pregared by using a
reagent-grade scdium chioride. For example, ISOTON®-H (available from Coulter Scientific Japan K.K.) may
be usec therefor. Into 100 to 150 mi of the elsctrolytic solution, 0.1 tc § ml of a surfactant, preferably an
alikylbenzenesulfonic acid salt, is added as a dispersant, and 2 to 20 mg of a sample is added thereto, The
resultant dispersion of the sample in the electralytic liquid is subjected to a dispersion treatment for about 1
- 3 minutes by means of an ultrasonic disperser, and then subjected to measurement of particle size
distribution in the range of 2 - 40 microns by using the above-menticned Coulter counter Model TA-I{ with a
100 micron-aperture to ottain a voiume-basis distribution and a number-basis distributicn. From the rascits
of the volume-basis distribution and number-basis distribution, parametars characterizing the magnstic toner
of the present invention may be cbtained.

Now, the image forming method and the image forming apparatus according to the present invention
will be specifically explained with reference to an embodiment shown in Figure 11.

A photosensitive member {drum) 1 surface is charged, e.g., in a negative polarity by a primary charger
2, then exposed with image light 5 (e.g., laser light) to form a latent image (e.g., a digital latent image
fermed by Image scanning), and the latent image is developed (e.g., reversely developed) with a mono-
component-type magnetic developer 10 comprising a magnetic toner contained in a developing device 8
equipped with a2 magnetic blade 11 and a devsloping sleeve 4 containing therein a magnet. At the
developing station or zone, an alternating bias, a pulsed bias and/or a DC bias is applied between the
photcsensitive drum 1 and the developing sleeve 4 by a bias application means 12. A sheet of transfer
peper P is conveyed to reach a transfer station, where the back sids {opposite side with respect to the
photosensitive drum) of the transfer paper is charged by a transfer means 3, whereby a developed image
{toner image) on the photosensitive drum surface is elecirosiatically transferred. The transfer paper P
separated from the photosansitive drum 1 is sent to a hot prassure roller fixer where the toner image on the
transfer paper P is fixed.

Some magnetic toner remaining on the photosensitive drum 1 after the transfer step is removed by 2
cleaning device 8 equipped with a cleaning blade. The photosensitive drum 1 is discharged by an erasing
exposure light source 6 and is subjected to a repeating cycle starting with the charging step by the primary
charger 2.

The photesensitive drum (electrostatic irmage-bearing member) comprises a photosensitive layer on an
electroconductive substrate and rotates in the direction of the arrow. The developing sfeeve 4 as a toner-
carrying member comprising a non-magnetic cylinder rotates so as to movs in the same directicn as the
electrostatic image-bearing member surface at the developing station. Inside the non-magnetic cylindrical
slesve 4 is dispesed 2 muiti-polar permanent magnet (magnet rolf) so as net to rotate. The magnetic toner
10 in the deveioping device 9 is applied onto the non-magnetic cylinder 4 surface and {he toner particles
are provided with, e.g., a negative charge dus to friction, s.g., between the developing sleeve 4 surface and
the toner pariicles. The magnetic doctor blade 11 cf iron is disposed in proximity with the cylindrical
developing sleeve surface with a gap of about 50 microns to 500 microns and so as to confront one
magnetic pols of the multi-poiar permanent magnst, whereby a magnetic tonsr layer is formed in a thin and
uniform thickness (30 - 300 microns) so that the magnetic toner layer is thinner than the gap bstween the
elactrostatic image-bearing member 1 and the developing sleeve 4 at the developing station. The revolution
speed of the developing sleeve 4 is adjusted so that the sleeve surface velocity is substantially the same as
or close to the speed of the elsctrostatic image-carrying surface. it is possible to compose the magnetic
doctor blade 11 of 2 permanent magnet instead of iron. At the developing station, it is possible to apply an
AC bias or a pulsed bias between the developing sleave 4 and the electrostatic image-bearing member 1
surfacs by the biasing means 12. The AC bias may appropriately comprise a frequency f of 200 - 4,000 Hz
and a peak-to-peak voltage Vpp of 500 - 3,000 V.

Al the developing station, the toner particies are transfarred to the sleclrostatic image side because of
an electrostatic force exerted by the electrostatic image-bearlng member surface and the action of tha AC
bias ar pulsed tias electric fieid.

Instead cf the magnetic doctor blade 11. an elastic blade formed of an slastic material such as silicone
rubber can aiso be used [o apply the toner in a regulated thickness onta the develaping sieeve under the
action of a pressing force.

In a case where the image forming apparatus according to the present invention is used as a printer for
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facsimile, the laser light 5 may be replaced by exposure light 1magm‘.§mm re 12 is
a block diagram for illustrating such an embodiment.”

Referring to Figure 12, a controller 511 controls an image reader (or image reading unit) 510 and a
printer 519. The antiraty of the cantrafar 511 is requlated by a CPU 517. Data read from the image reader
510 is transmitted through a transmitter circuit 513 to a remota tarminal such as anather facsimile machine.
On the other hand, data received from a remots terminal is transmitted through a receiver circuit 512to a
printer S1S. An image memory 518 stores prescribed image data. A printer controller 518 controls the
printer 519. A telephone handset 514 is connected ta the rsceiver circuit 512 and the transmitter circuit 513.

More specifically, an image received from a line {or circuit) 515 (i.e., image data received a remote
terminal connected by the line) is demadulated by means of the receiver circuit 512, deccded by the CPU
517, and sequentially stared in the image memory §16. When image data corresponding to at least one
page is stored in the image memory 516, image recording or output is effected with respect to the
corresponding page. The CPU 517 reads image data corrasponding to one page from the image memary
516, and transmits the deccded data corresponding to ane page to the printer controiler 518. When the
printer controller 518 receives the image data corresponding to one page from the CPU 517, the printer
controller 518 contrels the printer 519 so that image data recording corresponding to the page is effected.
During the recording by the printer 519, the CPU 517 recaives another image data corresponding to the
next page.

Thus, raceiving and recerding of an image may be effected in the above-described manner.

In the electrophotegraphic apparatus, plural members inclusive of soms of the abcve-mentioned
members such as electrostatic image-bearing membar or the photosensitive member, developing apparatus
and cleaning means can be integrally combined to form an apparatus unit so that the unit can be connected
to or released from the apparatus body. For example, at least cne of the charging means, daveioping
apparatus and cleaning means can be integrally combined with the photosensitive member to form a single
unit so that it can be freely attached to or reieased from the apparatus body by means of a guide means
such as a guide rail provided to the bedy.

Hereinbelow, the presant invention will be explainad more specifically based on Examples.

Synthesis Example 1

200 wt. parts of cumene was charged In a reaction vessel and heated to the refiux temperature. The
tollowing mixture was added thereto in 4 hours under refluxing of cumene.

Styrens 74 wt. parts

n-Butyl acrylate 16 wt. parts
Monobutyl maleate 10 wt. parts
Di-tert-butyl peroxide | 6 wt. parts

The pclymerization was further continued and complsted under reflux of cumens (146 - 158 °C),
followed by removal of cumene. The thus obtained non-crosslinked styrene copolymer showed a main peak
at a molecular weight of 5000 and a glass transition temperature (Tg) of 60 °C. The thus cbtained non-
crassiinked styrane copolymer in an amount of 30 wt. parts was dissolvad in the following monomer mixiure
to form 2 pelymerizable mixturs.

Styrane 48 wt. parts
n-Buty! acrylate 20 wt. parts
Monobutyl malaate | 2 wt. parts
Divinylbenzens 0.4 wt. part
Benzoyl peroxide 1.7 wt. parts

170 wt. parts of water containing 0.1 wt. part of partially saponifled polyvinyl alcohol was added to the
above polymerizable mixture to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of
waler and aerated wilh nitrogen. The above suspension liquid was added and subjected to 6 hours of
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suspension polymerization at 70 - 95 °C. After the reaction, the product was separated by filtration,
dewatered and dried to abtain a resin compasition containing a styrene-n-butyl acrylate-monobuty! maleate
copolymer and also a styrene-n-buty! acrylate-malsic acid-maleic anhydride copolymer. The resultant resin
composition showed a THF-insaluble content of 40 wt. %, a Tg of 59 °C, a JIS acid value (A} of 18.4 and a
ratio (A/B) of 0.90 fo the total acid valus (B), and contained a THF-soluble content giving 2 GPC chart
showing a peak at a molecular welight of about 5500 and a shoulder at a molecular weight of about 3.4x10*,

The THF-solubie content of the resin compaosition was measurad as follows:

About 0.5 g of the resin composition was accurately weighed (W; g) and placed in a cylindrical filter
paper (28x100 mm, "No. 86R", available from Toyo Foshi K.K.) and then subjected to extraction with 200
mi of solvent THF for 6 hours by using a Soxhlet's exiractor. Each extraction cycle with THF by the
Soxhiet's extractor took about 4 minutes. The THF-soluble content extracted with THF was recovered by
evaporation of the THF, dried undar vacuum at 100 °C and then weighed (W7 g). The calculation was made
according to the following equation:

THF insoluble content (%) = [W; - Wa2lW, x 100.

The glass transition point (Tg) of the resin was measured according to ASTM D 3418-82 by using a

DSC (differsntial scanning calorimeter, "DSC-7" availabie from Perkin-Elmer Corp.)

Synthesis Example 2

Styrene 80 wt. parts
n-Butyl acrylate 1§ wt. parts
Acrylic acid 5 wt. parts
Di-tert-buty! peroxide | 7 wt. parts

The above ingredients were added dropwise in 4 hours to 200 wt. parts of cumene which had been
heated to the reflux temperatura. The sclution polymerization was further completed undsr reflux of cumene
(146 - 158 °C}, followed by removal of cumene. The resuitant styrene copolymer showed a peak at 2
molecular weight of 5200 on the GPC chart and a Tg of 62 °C.

30 wt. parts of the styrene copolymer was dissolved in the following monomer mixture to form a mixture
solution.

Styrene 47 wt. parts
n-Butyl acrylate 23 wt. parts
Monobuty! maleate | 1 wt. parts

Divinylbenzens 0.6 wt. part
Benzoyl peroxide 1.5 wt, part

170 wt. parts of water containing 0.1 wt. part of partially saponified polyvinyl alcohol was added tg the
above mixture solution to form & suspension liquid. Into a raaction vessel containing 15 wt. pants of water
and aerated with nitrogen, the above suspension liquid was added and subjected to 6 hours of suspension
polymerization at 10 - 95 °C. After the reaction, the product was separated by filtration, dewatered and dried
to obtain a resin composition containing a crosslinked styrene-n-butyl acrylate-monobutyl maleats
copolymer. The thus-obtained resin composition contained 55 wt. % of a THF-insoluble content, showed a
Tg of 54 °C, a JIS acid vaiue (A} of 13.0 and a ratio (A/B) of 0.97 to the total acld value (B), and the THF-
solutle content gave a GPC chart showing a peak at a molecular weight of about 6000 and a shoulder at a
molecular weight of about 3.2x104,

Synthesis Example g

Styrene 76 wt. parts
n-Butyl acrylate 14 wt. parts
Manobuty! maleate 15 wt. parts

Ol-tert-buty! peroxide | 4 wt. parts
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The above ingredients were added dropwise in 4 hours to 200 wt. parts been
heated to the reflux temperature. The solution polymerization was further completed under reflux of xylene
(138 - 144 °C), jollowed by removal of xylene. The resultant non-crosslinked styrene copolymer showed a
peak at a molecular welght of 5500 on the GPC chart and a Tg of 63 °C.

20 wt. parts of the styrene copolymer was dissolved in the following monomer mixture to form a mixture

solution.
Styrene 36 wt. parts
n-Butyl acrylate 24 wt. parts
Monobutyl maleate | 3 wt. parts
Divinylbenzene 0.35 wt. part
Benzoyl peroxide 1.3 wt. parts

170 wt. parts of water containing 0.1 wt. part of partially saponified polyviny! alcohol was added to the
above mixture solution to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water
and aerated with nifrogen, the abave suspension liquid was added and subjected to 6 hours of suspension
polymerization at 70 - 95 °C. After the reaction, the product was separated by filtration, dewaterad and dried
to obtain a resin composition containing a crosslinked styrene-n-butyl acrylate-moncbutyl maleate
copolymer. The thus-obtained resin composition contained 30 wt. % of a THF-insoluble content, showed a
Tg of 57 °C, a JIS acid value (A) of 30.5 and a ratio (A/B) of 0.81 to the total acid value (B), and the THF-
soluble content gave a GPC chart showing peaks at molecular waights of about 6000 and about 3.6x10%.

Comparative Synthesis Example 1

Styrene 100 wt. parts
Di-tert-butyl peroxide | 10 wt. parts

The above ingredients were added dropwise in 4 hours to 200 wt. parts of cumene which had been
heated to the reflux temperaturs. The solution polymerization was further complsted under reflux of cumene
(146 - 156 °C), followed by removal of cumene. The resultant styrene copolymer showed a peak at a
molecular wsight of 4000 on the GPC chart and a Tg of 67 °C.

530 wt. parts of the styrene copolymer was dissolved in the following monomer mixturs to form a
mixture solution.

Styrene 60 wt. parts

n-Butyl acrylate 20 wt. parts
Benzoyl paroxide | 2 wt. parts

170 wt. parts of water containing 0.1 wt. part of partially saponified polyviny! alcohol was added to the
above mixture solution to form a suspension liquid. Into a reaction vessel containing 15 wt. parts of water
and aerated with nitrogen, the above suspension liquid was added and subjected to & hours of suspension
polymerization at 70 - 95 °C, After the reaction, the product was separated by flitration, dewatsred and drfed
to obtain a resin composition containing a polystyrene and a non-crossiinked styrens-n-butyl acrylate
copolymer. The thus-obtained resin composition was soluble in THF, gave a GPC chart showing peaks at
molecular walghts of about 4500 and about 3.0x10%, and showed a JIS acid value (A) of 0.6.

Comparative Synthesis Example 2

170 wi. parts of water containing 0.1 wt. part of partially saponifled polyviny! aicohol was added to the
following monomer mixture to form a suspension liquid.
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anti- offset characteristic and anti-bl ocking character]
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Styrane 69 wt. parts
n-Butyl acrylate 25 wt. parts S
Monobutyl maleate | 6 wt. parts ot inon
Divinylbenzene 0.9 wt, part
Benzoyl peroxide 3 wt. part

Into a reaction vessel containing 15 wt. parts of water and aerated with nitrogen, the above suspension
liquid was added and subjected to 6 hours of suspension polymerization at 70 - 85 °C. After the reaction,
the product was separated by filtration, dewatersd and dried to obtain a crosslinked styrene-n-buty!
acrylate-monobutyl maleate copolymer. The thus-obtained copolymer gave a GPC chart showing a main
peak at a molecular weight of about 17,000 and substantially no peak below a molscular weight of 15,000.

The copolymer also showed a Tg of 80 °C, a JIS acid value (A) of 16.6, a ratio (A/B) of about 1 to the
total acid value {B), and a THF-insoluble content of 30 wt. %.

Comparative Synthesis Example 3

200 wt, parts of cumene was charged in a reaction vessel and heated to the reflux temperature. The
following mixture was added therato in 4 hours.

Styrene 72 wt. parts
n-Butyl Acrylate 25 wt. parts
Monobutyi maleate 3 wt. parts

- Bivinylbenzene 1.0 wt, part
Di-tert-butyl peroxide | 1.0 wi. parts

The solution polymerization was further continued for 4 hours under of cumens, followed by removal of
the solvent by ordinary distillation under vacuum to obtain a copolymer.

The copolymer showed a THF-insoluble content of § wt. %, peaks at molecular weights of about 17,000
and about 80x10* on the GPC chart, 2 Tg of 80 °C, a JIS acid valus (A) of 8.6 and a ratio (A/B) of 0.66 to
the total acid value (B). '

Example 1
Resin of Synthesis Example 1 100 wt. parts
Magnetic material 70 wt. parts

(number-average particle size = Q.19 micron)

Complex [l1-2 1w, part
Low-molecular waight sthylene-propylens copolymer | 3 wi. parts

The above Ingredients were sufficiently blended in a blender and melt-kneaded through a two-axis
kneading extruder set at 130 °C. The resultant kneaded product showed a lower melt index than
corresponding kneaded product which was preparad under the same condltion except that the complex ({}-2
was not added. ’

The kneaded product was cooled. coarsely crushed by a cutter mill, finely pulverlzed by means of a
pulverizer using jet air stream, and classilied by a fixed-wall type wind-force classifier to obtaln a classttled
powder product. Ultra fins powder and coarse powder were simultansously and precisely removed from the
classified powder by means of a multi-division classifier utllzing a Coanda effact (Elbow Jet Classifier
avallable from Nittetsu Kogye K.K.), thereby to obtain a magnelic toner having a volume-average particie
size of 10 microns.

100 wt. parts of the above tonar and 0.6 wt. part of hydrophobic colloldal silica fine powder treated with
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Whil e various factors are related with the above- FENTTEHEUViSToe] astic
properties of the toner according to the invention, 4% IS erred that
the toner conprises a binder resin as described}bel ow. Mor e
specifically, it is preferred that the binder resinTn the toner pf the

I nvention contains a THF (tetrahydrofuran)-sol uble content show ng a

nol ecul ar wei ght distribution in a GPC ghromat ogram 1 ncl uding at | east one

peak in the m)lsﬁ&)}iu glr weygedr)gcmatwded with each other to prepare a magnetic toner camprising magnelic toner

particles onto the surface of which the hydrophic colloidal silica fine powder was attached.

The viscoslastic properties of the magnetic toner were measured at 120 °C and 200 °C, and the results
thereof are show.n in Figures 1 and 2, respectively. As shown in these figures, the dynamic modulus G and
loss modulus G wers within the range of 2x10% - §x10° dyne/icm? from 120 °C to 200 °C, and the ratio
G'120/G 200 was below 40. Further, the viscoslastic properties were not substantially changed with time at
200 °C as shown in Figures 3 and 4. The viscoelastic data of the toner are also shown In Table 1 appsaring
hereinafter together with those of other Examples.

The magnetic taner was evaluated for image formation by using a printer prepared by remodeling a
commaercially available small-size faser beam printer ("LBP-8I1", made by Canon K.K.) so as to provids a
printing speed of 16 sheets (A4-vertical)/min. The evaluation was performed with respect to the initial image
quality and fixability, and anti-offset characteristic and staining of hot fixing rollers after 5000 sheets of
printing. The developing conditions were as follows:

The closest gap between the laminated OPC photosensitive drum and the developing sleeve (enclosing
a fixed magnet): about 300 microns ’

The gap between the magnetic blade and the developing sleeve: about 250 microns

The magnetic toner fayer thickness an the coated developing sleeve: about 130 microns

Devsloping bias: AC bias {Vpp: 1600 V, frequency: 1800 Hg), OC bias: -390 V.

The fixability evaluation was performed as follows. The test apparatus was placed in an environment of
normal temperature and normal humidity (temperature: 23 °C, humidity: 60 %). After the apparatus and the
fixing device therein were fully adapted to the environment, a power was supplied. Immediately after the
waiting time was up, a pattern of 200 micron-wide transverse lines (line width: 200 microns, spacing: 200
microns) was printed on a first sheet, which was used for evaluation of the fixability. The fixing was effected
by setting the surface Stemperature of a fluarine resin-coated hot fixing roller at 180 °C. The fixability was
evaluated by rubbing the printed image with a lens cleaning paper ("Dusper"®, made by OZU Paper Co.
Ltd) for 5 reciprocaticns under a weight of 100 g and then evaluating the degres of peeling of the toner
image in terms of a decrease (%) in refiection density.

For the evaluation of the anti-offset characteristic, a 100 microns-wide iransverse line pattern was
continuously printed on 300 sheets by using a fresh fixing roller cleaning pad, then the printing was paused
for 30 seconds and then the printing was resumed. Then, the back-staining on a first sheet after the
resumption was observed for the evaiuation.

For the evaluation of the hot fixing roller staining, 2 character pattern with a dot ratio of 4 % was printed
continuously on 5000 sheets {A4-vertical) by using a frash fixing rcller cleaning pad and thereafter the
staining on the surface of the hot fixing raller was observed with eyes.

After the above ohservation, the 100 microns-wide transversa line pattern was continuously printed on
300 shests {A4-vertical), then the printing was paused for 30 seconds and then the printing was resumed.
Then, the back standing on a first shest after the resumption was again obssrved for evaluation of the anti-
offset characteristic.

For the above evaluation, bond paper having 2 surface smoothness of 10 {sec) or below was used as
the transfer paper.

The gvaluation standards ars shown below. (1) Fixability
o: Good
A: Somewhat inferior but practically acceptable x: Practically not accaptable
(2) Hot fixing roller staining in the fixing device
o: No stain at alt
oA: Slight stain which is almost unnoticeable
A: Noliceable stain but practically acceptable (no offsetting)

x: Conspicuous stain and practically nat acceptable (offsatting)
(3) Anti-offset characteristic (back stain after pauss)
o: No stain at all
04: Almest unnoticeable
A: Stain but practically acceptable
x: Conspicuous stain and practically unacceptable
The evaluation results are summarlzed in Table 2 appearing hersinafter.

Example g -4 Comparative Examples 1 - 3
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region of from2,000 to bel ow 15,000 and at | east
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Toners were prapared in the same manner as in Example 1 except that the resins and metal complexes
were formulated (selected and mixed) as shown in Table 1. The viscoelastic data of the toners are also

shown in Table 1 and the resuits of evaluation are shown in Table 2.
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< g Formulation Viscoelastic data |5
= Binder resin | Organic metall G’ ovax” G’ 200min " a | GaoBr20at]| G aomex” G'amia” | Change o |
o> complex 1 Hz with time ; X
Q3 i
o) Ex.1 Syn.Ex.1 100 |[t}-2 1 part 4.0x105 1.2x10% 0.17 0.07 3.2x10° 45x10* | Almost No b e
1
@ parts
.- n Ex.2 Syn.Ex.2 100 | [li}-1 1 part 1.2%10° 1.3x10* 0.22 0.23 1.0x105 9.0x10° Almost No
cu N parts
'S _|_H| Ex3 Syn.Ex.3 100 [11-2 1 part 4.5%x10° 1.5x10* 0.14 0.16 3.5x10° 1.2x10¢ Almost No
m c Ex.4 Syn.Ex.1 100 |{i}2 0.5 part 2.0x10° 4.1x10° 0.14 0.20 1.8x10° 3.4x10* Almost No
© - parts
>0 [} 1 0.5 part
= . Comp. | Comp.Syn. (I}-2 1 part 1.9x10° 3.1x10? 0.35 0.01 1.8x105 2.0x10? Almost No
m n Ex.1 Ex.1 100 parts
TR Comp. | Comp.Syn. {1+2 1 part 1.8x10° 1.0x10% 0.32 0.24 1.5x10° 8.5x%10? Almost No
- 3 Ex2 |Ex.2 100 parts :
s Comp. | Comp.Syn. {i}-2 1 part 2.1x10° 5.8x10? 0.37 0.22 1.0x108 5.1x102% Yes o
M. £x.3 Ex.3 100 parts m —e
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When a binder resin is dissolved in a solvent, such_as. THE.. it &~
i nt.o a ‘'soluble content and an insoluble content. ﬂhgggayubteﬂcgﬁbﬁnt
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Table 2
Fixability | Anti-offsst | Pulverizability* | Hot fixing roller stain
(after 5000 sheets)

Example 1 @) o} o) O

2 O O @) 0

3 0] @) O 0]

4 0] 0 @) @)

Comp. Example 1 A X 0 x
2 X A x A

3 X A x QA

* Pulberizability of kneaded product
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pul verizability in production of a toner through pulverization An _at t enpt
of .inproving the pulverizability by sinply shifting ﬁ €r: D0Sk -ra
peak in the nol ecul ar wei ght distribution of the THF-

50 bei “‘oﬁtent on
the | ower nol ecul ar weight side results in inferior artl-offsegﬁmj ;
characteristic. This proves that it is difficult to{sgtikBylhHess:

.

Bicdus i
anti-offset characteristic and the pulyerizability iin{conbination. i
As may be understood fromthis study, it is

Example &

Resin of Synthesis Example 1 100 wt. parts
Magnetic material 100 wt. parts
Complex ({]-2 0.5 wt. part
Low-molscular weight ethylene-propyiene copolymer | 3 wt. part
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very effective to have the binder resin contain a cert
THF-i nsol ubl e content not only for inproving the anti-
characteristic as is generally contenpl ated but al so flor] |nprOV|ng_%
pul veri zability. From further study on the rollechl hi vdityhd
di stribution of the THF-sol uble content, the property el
(high or Iow of fixable tenperature (B%reinafter sinply referred to as

The above ingredients wera sufficiently blended in a blender and meit-kneaded tnrough a two-axis
kneading extruder set at 130 °C. The kneaded product was cooled, coarsely crushed by a cutter mill, finely
pulverized by means of a pulverizer using jet air stream, and classified by a fixed-wall type wind-force
classifier to obtain a classified powder product. Ultra fine powder and coarse powder were simultansously
and precisely removed from the classified powder by means of a multi-division classifier utilizing a Coanda
affect (Elbow Jet Classifier available from Nittetsu Kogyo K.K.), thereby to obtain a magnetic toner having a
volume-average particle size of 6.5 microns.

The thus obtained magnetic toner was subjected to measurement of particle size distribution by means
of a Coulter counter Model TA-ll equipped with a 100 microns-apertura and the measured data are shown in
Table 3 appearing hereinafter.

100 wt. parts of the above toner and 1.0 wt. part of hydrophabic colloidal silica fine powder were dry-
plended with each other to prepare a magnetic toner comprising magnetic toner particles onto the surface
of which the hydrophic colloidal silica fine powder was attached.

The viscoslastic properties of the magnetic toner were measured at 120 °C and 200 °C, and the results
thereof are shown in Figures 5 and B, respectively. As shown in these figures, the dynamic modulus G and
loss modulus G" were within the range of 2x10% - 5x10° dyne/cm? fram 120 °C to 200 °C, and the ratio
G 120/G 200 was below 40. Further, the viscoelastic properties were not substantially changed with time at
200 °C as shown in Figures 7 and 8. The viscoelastic data of the toner are also shown in Tabie 4 appearing
hereinafter together with those of other Examples.

The magnetic toner was evaluated for image formation by using a printer prepared by remodeling a
commercially avaitable small-size laser beam printer ("LBP-81I", made by Canon K.K.) 50 as to form a latent
image with minute spots of down to 50 microns by improving the scanner part and to provide a printing
speed of 16 sheets (Ad-vertical)/min. The evaluation was performed with respect to the initial image quality
and fixability, and anti-offset characteristic and staining of hot fixing rollers after 5000 sheets of printing
similarly as in Example 1.

The minute dot reproducibility represents the reproducibifity of a checker pattern as shown in Figure 9
including 100 units square dots each having one side X measuring 80 microns or 50 microns. The
reproducibility was evaluated through a microscope while nohcmg the clarity (presence or absence of
defacts) and scattering to the non-image parts.

Example 6- 8

Magnetic toners were prepared in the same manner as in Example 5 except that the resins and metal
complexes wers formulated as shown in Table 4. The particle seize distribution data of the magnetic toners
thus prepared ars shown in Table 3, the viscoelastic data are shown in Table 4, and the results of
evaluation are shawn in Tabls 5.

Example 9

A magnetic toner having a particle seize distribution as shown in Table 3 was prepared similarly as in
Example 5 whils reducing the amount of the magnetic material to 80 wt. parts. The magnetic toner in an
arount of 100 wt. parts was dry-blended with 0.8 wt. part of colloidal silica fine powder to obtain a
magnetic toner for evaluation. The viscoelastic data of the magnetic toner are shown in Table 4, and the
results of evaluation are shown in Table 5.

Comparative Example 4 - &

Magnstic toners were prepared in the same manner as in Example 5 except that the resins and metal
complexes were formulated as shown in Table 4. The particle seize distribution data of the magnetic toners
thus preparsd ars shown in Table 3, the viscoelastic data are shown in Table 4, and the results of
evaluation are shown in Table 5.
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It has been understood that, in a binder resin, the THF-insoluble content
has. a major influence on the anti-offset characteristic,. the.anti.-blocking
characteristic and the pulverizability of a kneadedsgnghripsol gdupr @duct at
the tine of toner production; the portion having __,.eﬂgu])at:.,w.mevl ght of
bel ow 15,000 of the THF-sol uble content has a n®j or J nf | uengcs

he s%ukvérl zer of

pul verizability and nelt-sticking onto g§he inner \/\@I | uotg'

t he kneaded and cool ed product at Lo vomresemrssssresssmms o]
Table 4 _ -
Formulation Viscoelastic data
Binder resin Organic G'1anAx Glznomn G’lzﬂMax"G'moMln a
metal
complex
Ex. 5 Syn.Ex.1 100 parts [1-205 part | 2.0x10° | 1.7x10* 12 0.16
Ex. 6 Syn.Ex.2 100 parts (-1 0.8 part| 1.2x105 | 1.2x10* 10 0.18
Ex.7 Syn.Ex.3 100 parts [1}-2 0.5 part | 4.5x10° 1.4x10* 32 0.13
Ex. 8 Syn.Ex.1 100 parts {i3-1 0.4 part { 2.0x105 | 3.8x10* 5.2 0.13
[11}-1 0.4 part

Ex. 8 Syn.Ex. 1 100 parts [1}-2 0.5 part | 2.0x10% 1.8x10* 11 0.16
Comp. Ex. 4 {Comp. Syn.Ex. 1 100 parts |(1]-2 0.5 part | 1.8x10° | 2.9x10? 620 0.35
Comp. Ex. 5 [Comp. Syn.Ex. 2 100 parts [[I}-2 0.5 part | 1.8x105 | 1.0x103 180 0.30
Comp. Ex. 6 {Comp. Syn.Ex. 3 100 parts |[1]-2 0.5 part [ 2.0x105 | 5.7x10? 350 0.35
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content has a nmjor
fixability.

content) of 5 -

the tinme of toner production,
mel t-sti cking onto a photosensitive
portion having a nolecular weight of 15,000 or above
i nfl uence on the anti-offset

More specifically,
toner of the present invention may prefgiably have a
70 Wt .

%

t he anti-bl ocki ng

menber

and the f

t he bi nder r

characteristic,

1 he vy

chaf :

nlds

Exd-s04

a
£S
T

| ' “Fﬁ@n@e E’Fﬁe{
PTEE%E«THFnSGFqb|e

cter,l sflnpéeﬁ
¥

and tme
't he
bl-e--c'ont ent

[

\> ]

Table 5
Fixability | Anti-offset | Pulverization *t{ Roller { Dmax 3| Dot reproducibility
stain 2 -
80 Lm 50 um

Ex. 5 @] @] O o] 1.37 @] O
8 O O o 0] 1.32 O @]
7 O @] Q 0] 1.33 O O
8 @] @) @] o} 1.32 e} @]
9 O @) o 0] 1.35 o 0oA
Comp. Ex. 4 A x O X 1.36 o @)
5 % A X A 138 | O Q
] T x A X oA 1.32 O @]

*1: Pulverizability of kneaded product.
*2: Hot fixing rolier stain (after 5000 shests)

“3: image density Dmax at the initial stage (after 20 shests)
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particularly 20 - 60 wt. % (based on the binder resin), contain the
remai-nder of THF-sol uble content providing a GPC chronatogram show ng at
|'east one peak in the nolecular weight range of 2,000 to bel ow 15, 000,
particularly 3,000 - 12,000, and at | east one peak_.or...shoulder.i-n-the
nol ecul ar wei ght range of 15,000 - 10,000, parti ptﬂr;@gité mi()@&g;‘ 70, 000.
It is further 12 e :

A toner for developing electrostatic images is constituted from a binder resin, and a metal salt or a
metal complex. Through the various interaction between the components, the toner is provided with unique
viscoelastic properties including: a dynamic modulus G'120-200 at 120 - 200 °C of 2x10° or higher to below
5x10° {dyne/cm?] as measured in the frequency range of 1x10-2 - 1 (Hz); a loss modulus G’ 120-200 at 120
- 200 °C of 2x10? or hlgher to below 5x10% [dyne/cm?] as measured in the frequency range of 1x10~2 - 1
(Hz); a dynamic modulus G 200 at 200 °C and a frequency f satisfying an approximated linear relationship
according to the least squares method of: logG 200 = a'log*f + log b, wherem a denotes a positive
number of 0.25 or smaller and b denotes a constant; and a ratio (G zoo)/(G 120) of below 0.25 wherein
(G zco) denotes a dynamic modulus at 200 °C and (G 120) denotes a dynamic modulus at 120 °C
respectively at a frequency of 1 (Hz).

————
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-21- preferred that the peak in the nol ecul ar [
_ wei ght range of 2,000 to
bel ow 15,000 and the peak or shoulder in the nol ecul ar wei ght range of

%800880 has ﬂlm}mﬂﬂlmulll\mllfht di fference of 5,000 Oﬁf-%ﬁa@%r&ggul Arly
i t ol .

. { 16 AN 897

| PPN

Claims

1. A toner for developing electrostatic images, comprising a binder resin, and a metal salt or a metal
complex; wherein the toner has:

a dynamic modulus G 120-200 at 120 - 200 °C of 2x10% or higher to below 5x105 {dyne/cm?] as measured
in the frequency range of 1x1072 - 1 (Hz);

a loss modulus G"120~200 at 120 - 200 °C of 2x10? or higher to below 5x105 [dyne/cm?] as measured in the
frequency range of 1x102 - 1 (Hz);

a dynamic modulus G 200 at 200 °C and a frequency f satisfying an approximated linear relationship
according to the least squares method of:

logG'zoo = a*log*f + log b,

wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and ,

a rafio (G'zoo)l(G'rzo) of below 0.25 whersin (G'zoo) denotes a dynamic modulus at 200 °C and (G 120)
denotes a dynamic modulus at 120 °C respsctively at a frequency of 1 {(Hz).

2. The toner according to Claim 1, which contains a magnetic matsrial.

3. The toner according to Claim 1, wherein the positive number a is 0.05 to below 0.25.

4. The toner according to Claim 1, wherein the binder resin shows a molecular weight distribution on its
GPC chromatogram including at least one peak in the molecular weight range of 2000 to below 15,000 and
a peak or shoulder in the molecular weight range of 15,000 to 100,000.

5. The toner according to Claim 1, wherein the binder resin shows a JIS acid valus (A) and total acid value
(B) giving a ratio /B in the range of 0.75 -0.99.

6. The toner according to Claim 1, wherein the binder resin contains 5 - 70 wt. % of a THF-insoluble
content. :

7. The toner according to Glaim 1, wherein the binder resin contains 20 - 60 wt. % of a THF-insoluble
content.

8. The toner according to Claim 1, wherein the binder resin comprises a copolymer having crosslinkagss
including a metallic crosslinkage and a polymeric crosslinkage.

9. The toner according to Claim 1, wherein the toner shows a dynamic modulus and a loss modulus
measured while it is held at 200 °C for a period of one hour, which are within the range of 0.8 - 1.8 times
the corresponding values measured at the initial stage of the pericd.

10. The toner according to Claim 1, wherein the toner shows a dynamic modulus and loss a modulus
measured while it is held at 200 °C for a period of one hour, which are within the range of 0.9 - 1.5 times
the corresponding valuss measured at the initial stage of the period.

11. The toner according to Claim 1, whersin the binder resin has been melt-kneaded with the metal salt or
metat complex.

12. The toner according to Claim 1, wherein the binder resin comprises a styrene-a, S-unsaturated
dicarboxylic acid-a,8-unsaturated dicarboxylic anhydride copolymer.

13. The toner according to Claim 1, whersin the binder resin comprises a styrene-a, §-unsaturated
dicarboxylic acid-a,g-unsaturated dicarboxylic anhydride copolymer, and a styrene-acrylic acid ester-a,§-
unsaturated dicarboxyllc acid half-ester copolymer.

14. The toner according to Claim 13, wherein the binder resin contains 1 - 30 wt. % of polymerized units o
an a,§-unsaturated dicarboxylic acid half-ester monomer.

15. The toner according to Claim 13, wherein the binder resin contains 3 - 20 wt. % of polymerized units of
an a.8-unsaturated dicarboxylic acid half-ester monomer.

16. The toner according to Claim 13, wherein the styreng-acrylic acld ester-a, 8-unsaturated dicarboxylic

—_—
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or nore

: _ JHE- 1 asol ubl e content in the Bhﬁﬂp@ Y Jﬁ.ex eeds
70 % the fixi ni;‘!!l h H Jl[l@ds to increase and di s: at ives
in the binder i€ come worse. Further, ;hi hi DS ¢ ked

portion is liable to be severed at the time of kneading bf tAH %%

cause an adverse effect to

is below 5 % the toner is

toner designing. If the TH ﬁ.J.DﬁQLuDL&CJt nt

|iable to cayse offsettinfg and

acid half-ester copolymer Is crosslinked with a cros3linking monomer.

17. The toner according to Claim 16, wherein the crasslinking monomer is divinylbenzenae.
18. The taner according to Claim 1, wherein the metal salt comprises an organic metal salt.

19. The toner according to Claim 1, whersin the metal complex comprises an organic metal compiex.

20. The toner according to Claim 1, wherein the metal complex is an azo metal complex represented by the

formula:

/n\
Y X'
N\

. Ar-N = N-Ar/ K@

wherein M denotes a coordination center metal having a coordination number of 8; Ar denotes an ary! group
capable of having a subsbtuent selected from nitro, halogen, carboxyl, anilide, and alkyl and alkoxy having 1
- 18 carbon atoms; X, X, Y and Y indspendently denote -0-, -CO-, -NH-, or -NR- (whersin R denotes an
alkyl having 1 - 4 carbon atoms; and K®denotes hydrogen, sodium, potassium, ammonium or aliphatic

ammonium,
21. The toner according to Claim 1, wherein the metal complex is an organic metal complex represented by
the formula:
[ H,0 O 1 e
ll
Z
() M (a)

\C_o/'\z/
L g H,0 J O

whersein M denotes a coordination center metal having a coordination number of 8; A denates

@: (capable of

having a substituent),

(X denotes hydrogen, halogen, or nitro),

‘T‘,“ o
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wi ndi ng about—a ToH-er—tn—ease where the THF- i nsol ubl B-acﬁﬁtiﬂméh$ i)

5 %and a larg h nol ecul ar wei ght portijon—+s-eontai-ned
pul'veri zabili tﬂmmﬂmmlmmmnm remarkably inpaired. If it hes THEs Sﬂﬂu"Jb e
content |acks a*pebk in®" hé nolecul ar wei ght range of {2,0 0"t o bel

a peak in the nol ecul ar wei ght range of 15-666-or—above

15, 000 but has

ow

the resultant toner is liable to have a I ncreased fixing tenperature,

narrow fixabl e

(R denotes hydrogen, C; - Cys alkyl or G ™ Cis alkenyl); YO®denotss Rydragen, sodiwum, porassigm,

ammonium, or aliphati¢c ammonium; and Z denotes -O- or -CO*O-,

22, The toner according to Claim 1, wherein the metal complex is used in a proportion of 0.01 - 10 wi. parts
per 100 wt. parts of the binder rasin.

23, The toner according ta Claim 1, wharsin the metal complex is used in a proportion of 0.1 - 5 wt. parts
per 100 wt, parts of the binder rasin.

24, The toner according te Claim 1, wharsin the metal complex is used in a proportion of 1 - 5 wt. parts per
100 wt. parts of the binder resin.

25. The toner according to Claim 1, which contains 20 - 140 wt. parts of a magnetic material per 100 wt.
parts of the binder resin.

26. The toner according to Claim 1, which contains 30 - 120 wt. parts of a magnetic material per 100 wt,
parts of the binder resin.

27. The toner accarding to Claim 1, which comprises a magnetic toner having a volume-avarage particle
size of 4.5 - 8 microns.

28. The toner according to Claim 1, which comprises a magnetic toner having a volume-average particle
size of 6 - 8 microns.

29. The toner according to Claim 27, wherein the magnetic toner has such a particle size distribution that it
contains 17 - 60 % by number of magnstic toner particles of 5 microns or smaller, 5 -~ 50 % by number of
magnetic toner particles of 6.35 - 10.08 microns, and 2.0 % by volume or less of magnetic toner particles of
12.7 microns or larger and satisfies the condition of N/V = -0.05N+k (1), whersin N is a number of 17 -
60 dencting the content in terms of % by number of the toner particles of 5 microns or smaller, V is a
numbe: dencting the contant in terms of % by volume of the toner particles of § microns or smaller, and k
is a number of 4.6 - 8.7.

30. An image forming apparatus, comprising: an electrostatic latent image-bearing member, and a
developing device comprising a developer-carrying member for carrying a toner for developing the
electrostatic latent image at a developing station and convaying the toner to the developing station, and a
developar container for containing the toner; wherein the toner comprises a binder resin, and a metal salt or
a metal comglex; wherein the toner has:

a dynamic mecdulus G’tzo-zoo at 120 - 200 °C of 2x10° or higher to below 5x1 05 [dyne/cm?] as measured
in the frequency range of 1x10~2 - 1 (Hz);

a loss modulus G”gzo-zao at 120 - 200 °C of 2x10° or higher to below 5x10° [dyne/cm?] as measured in the
frequency range of 1x1072 - 1 (Hz);

a dynamic modulus G'zgo at 200 °C and a frequency f satisfying an approximated linear relationship
ac"ordmg to the least squares method of:

logG 20c = 2 log*f + log b,

wherein a deno‘es a positive number of 0.25 or smallar and b denotes a constant; and

a ratio (& 200)/(G 120) of below 0.25 wharein (G 200) denotes a dynamic modulus at 200 °C and (G'120)
denctes a dynamic modulus at 120 °C respectively at a frequancy of 1 (Hz).

31. The image forming apparatus according to Claim 30, wherein the toner is any one of the toners
according to Claims 2 - 29.

32. An apparatus unit, comprising: an electrostatic latent image-bearing member and a developing device
for deveioping the slectrostatic latent image at a developing station; the developing device comprising a
developar container for containing the toner, and a devsloper-carrying member for carrying the toner and
conveying the toner to the developing station;

wherein the torer comprises a binder resin, and a metal salt or a metal complex; whersin the toner has:

a dynamic modulus G 120-200 3t 120 - 200 °C of 2x10% or higher to below 5x10% [dyne/cr?) as measured
in the frequency range of 1x10™2 - 1 {Hz);

a loss modulus G 12¢—2a0 at 120 - 200 °C of 2x10° or higher to below 5x10% [dyna/cm?] as measured in the
frequency range of 1x1072 - 1 (Hz);

a dynamic modulus G200 at 200 °C and a frequency f salisfylng an approximated linear relationship
according to the least squares method of:

logG 200 = a*log°t + log b,

wherein a denoles a positive number of 0.25 or smaller and b denotes a constant; and

a ratio (G zou)/(G'uzo) of balow 0.25 whersin (G'zoo) denotes a dynamic modulus at 200 °C and (Gllzu)
denotes a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz);

wherein said developing device Is supported integrally together with the Image-bearing member to form a
single unit, which can be connected to or released from an apparatus body as deslred.

33. The apparalus unit according to Claim 32, wherein the toner is any ane of the toners according to
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Claims 2 - 29. 36

34. A facsimile apparatus, comprising: an electrophotographic apparatus and a recsiving means for
receiving image data from a remote terminal, wherein said elsctrophotographic apparatus comprises: an
image-bearing member for bearing a latent image, and a developing device for developing the latent image,
the developing device comprising:

a developer container for containing a toner wherein the toner comprises a binder resin, and a metal salt or
a metal complex; wherein the toner has:

a dynamic modulus G 120200 at 120 - 200 °C of 2x10° or higher to below 5x10° [dyne/cm?] as measured
in the frequency range of 1x1072 - 1 (Hz); -

a loss modulus G’ 120-200 at 120 - 200 °C of 2x103 or higher to below Sx105 {dyne/cm?] as measured in the
ﬁequencyrangeof1x1g‘2-1$Hzx

a dynamic modulus G zeo at 200 °C and a frequency f satistying an approximated linear relationship
according to the least squares method of:

IogG‘aoo = a*log*f + log b,

wherein a’denotes a positive number of 0.25 or smaller and b denotes a constant; and ,

a ratio (G zoo)/(Gltzo) of below 0.25 wherein (G'goo) denotes a dynamic modulus at 200 °C and (G 120}
denotes a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz).

35. The facsimile apparatus according to Claim 34, wherein the toner is any one of the toners according to
Claims 2 - 28.
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-22- on the other nolecular weight region is not in the range of 15,000

- 100, 000 but has a value of over 100, 000, therg_lgwgﬂLendeney~%?at t he

di spersibility of the additives beconmes worse, ithe warng*t&hn@ﬁ it ure
i ncreases remarkably and the pul verizability becoﬁ%gﬁ.namapkab#y vorse. |f
i

t he peak or shoul der is bel ow a7

7 i
3 i —
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ABSTRACT
Toner, image formlng apparatus, apparatus unit and facsimile apparatus.

" A toner for developing electrostatic images is constituted from a binder resin, and a metal salt or a metal
complex. Through the various interaction between the components, the toner is provided with unique viscoelastic
properties including: a dynamic modulus G'120-200 at 120 - 200 °C of 2x103 or higher to below 5x105 -
[dyne/cm?] as measured in the frequency range of 1x10™2 - 1 (Hz); a loss modulus G"120~200 at 120 - 200 °C of
2x103% or higher to below 5x1 0% [dyne/cm?] as measured in the frequency range of 1x10~2 - 1 (Hz); a dynamic
modulus G 200 at 200 °C and a frequency f satisfying an approximated linear relationship according to the least
squares method of: logG 200 = a@° Iog‘f + log b, wherein a denotes a posutwe number of 0.25 or smaller and b
denotes a _constant; and a ratio (G zoo)/(G 120) of below 0.25 wherein (G 200) denotes a dynamic modulus at 200
°C and (G 120) denotes a dynamlc modulus at 120 °C respectively at a frequency of 1 (Hz).
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15,000, the resultant toner can have a poor anti-offset characteristic and

a probl-emin respect of bl ocking. Further, in order to fully
satisfy the anti- offset characteristic, it is ptgigiﬁggmLhaLtheabinder
resin not only has an increased THF-insol uble conteni: »-andaanziycy gased
proportion of THF-sol uble content having a nD|ecufﬁtﬁﬁ@Lﬁthﬂi”}S,OOO or
hi gher but also contains a netal conpoupd and a icar boxyl %TQHQ apabl e of
causing a crosslinking reaction with each other. jtj {& JAR T
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Is further preferred that the carboxyl group is disposed to be able to
forman anhydride group in the nolecule so as be rich in capability of

crosslinking reaction with a netal conpound. o TReCTOSSITNKi Ng 'S
pronmoted by heat, and a part of the carboxyl groypssHiglEkedl wedsin
crosslinking reaction with a netal conpound and nq%he%wparr”ﬁf“ he
carboxyl groups is converted into anhydii de groupg at 4 &hesii0®f o
mel t - kneadi ng for toner production. ‘ § LY “”ffﬁme
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Most carboxyl groups in the binder resin are involved in.th eactions,
the resultant toner is free fromor hardly ac oggﬁgﬂggﬁguﬁtgﬁiﬁﬁ iculties
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respect of chargeability due to environnmental conditions, represented by a
decrease in chargeability of a toner due to noisture absorptlon .under high
tenperature - high humidity conditions, pecul i ar t?ﬁa—ﬂ'gpg us& -ai bi nder
resin containing a carboxyl group. The conver si on |oREida P ﬁ%ng into
anhydride groups is advantageous in respect of prAV|prﬂg The blndéri resin
per se with a sufficient negative chargq@bility kﬂ“ >
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whi ch can lead to a good negative chargeability of the resultant toner.
Further, even if nost carboxyl groups are |nvolved |n‘§rossILa<|ng or
converted into anhydride groups, the intenser VeeOF- . nder resin
is retained, so that the resultant toner has i 0 paper and
a further inproved fixability. Accordingly, i b t o provide
an increased Tg (glass transition poing) of t
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resin and al so an i nproved anti-blocking char @@t ASHRENT SHEET
order- f.or the toner of the present invention {orhave-a- d’y'rram’c inodul us
G [err] of 2x10[err] to below 5x105 as neasureg ati]fzown [err]C in the
frequency range of 1x10[err] [Hz] - 1 [Hz], itli$ prefé?’red 0 use a
bi nder resin satisfying the above features. Whernm—a copol yner
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such carboxyl group-containing nononers or a
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Accordingly, the toner binder resin of the present |Inven ﬁﬁhuﬁ&?ﬁﬁﬁvwde

withynetallic crosslinkages (i.e., ionic crosslinkages hy Fh@“ﬁEdLunl~Q?l!
nmetal el ements) due to such various polyner conplexes s dg&te&eftf f
bondi ng strergths and al so strong crosslinkages due to Bol i 75P &t |

crosslinking agent. Because of mixing efi-vari ous crosslink eS| /

T e v !
R e |
TONER, IMAGE FORMING APPARATUS, APPARATUS UNIT

AND FACSIMILE APPARATUS

FIELD OF THE INVENTION AND RELATED ART

5 The present invention relates to a toner for
deVéloping electrostatic images used in image forming
methods such as electrophotography, particularly a
toner which has been improved in respects of heat-
fixability, anti-offset characteristic and developing

10 performances for electrophotographic images. The
present invention further relates to an image forming
apparatus, an apparatus unit and a facsimile apparatus
using such a specific toner. _

Hitherto, a large number of electroéhoto—

15 graphic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363;
and 4,071,361. In these processes, in general, an
electrostatic latent image is formed on a
photosensitive member comprising a photoconductive

20 material by variocus means, then the latent image is
developed with a developer comprising a toner, and the
resultant toner image is, after being transferred onto
a transfer material such as paper etc., as aesired,
fixed by heating, pressing, or heating and pressing, or

25 with solvent vapor to obtain a copy. The residual
toner on the photosensitive member which being

. > transferred is cleaned by various methods, and then the -
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showi ng different crosslinking strengths, a toner having the
above- nenti oned uni que viscoelastic properties is prcvrded*tﬁ~shﬁ

excel l ent anti-blocking characteristic as well as exdeRERACEMENT SHEET

e .

| ow-tenperature fixability and anti-offset characterijstjc:

| ow nol ecul ar wei ght pol ynmer or copol ynmer having dicar qo¥yblewun%g§
crosslinked with a nmetal ion, the anti-dlocking charccterlstlc of
can be inproved wi thout increasing the Tg of the porymwer—or—

t oner

10

15

20

lT

above steps are repeated.

In recent years, such as electrophotographic
image forming apparatus has been used not only as a
copying machine for office work but also as a digital
printer as an outputting means for a computer and a
facsimile machine and also a graphic copier for
producing graphic copies of high definition.

For this reéson, a strict reliability is
required of such an image forming apparatus, and a
toner used therefor is required to show high
performances, without which an excellent apparatus is

not provided.

:I'

Amohg the performances required of a toner for

a digital printer or a copier for high definition
images, fixability of thin line images is r;ised as an
important cne. .

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

In the heating and pressing system, a sheet
carrying a toner image to be fixed (hereinafter called
“"fixation sheet") is passéd 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 f£ix the toner
image. In this method, as the hot roller surface and

-———__.__.
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- 25- copolyner. As the Tg need not be increased in order to inprove the

anti-bl ocking characteristic, it is possible to render
and | oss nodul us

10

15

20

TS

the toner image on the fixation sheet contact each
other under a pressure, a very good heat efficiency is
attained for melt-fixing the toner image onto the
fixation sheet to afford quick fixation, so that the
method is very effective in a high-speed
electrophotographic copying machine. In.this method,
however, a toner image in a melted state is caused to
contact a hot roller surface under pressure, so that
there is observed a so-~called offset phenomenon that a
part of the toner image is attached and transferred to
the hot roller surface and then transferred back to the
fixation sheet to stain the fixation sheet. It has
been regardea as an essential condition in the hot
roller fixation system to prevent the toner from
sticking to the hot roller surface. '

On the othgr hand, in a latent image for a
high definition imagé part, electric lines of force are
concentrated at a boundary between an exposed part ang
a non-exposed part to provide an apparent local
increase in surface potential. Particﬁlarly in a
digita} printer, a latent image is composed of ON-OFF
binary picture elements to cause an intensive
concentration of electric lines of force at the
boundary between an exposed part and a non-exposed
part, sé that the amount of toner atfached to a unit

area of a latent line image composed of picture

elements in the development step is larger than that

s Sheet Has Been Replaced R
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nmeasured at 120 [err]C to be bel ow 5x10[err] dyne.cnferr] In case
where a polyner or copolynmer having a high Tg is used EO'Tﬁcr e
anti-blocking characteristic, the dynam ¢ nodul us and oésﬁﬁw3JF&é Hi=:11p0
[err] C becone 5x10[err] dyne. cn{err] or above, and it bDCGHES' dirfficart to
acconplish |l owtenperature fixation. Furt her, as ¢ripssal 8%ge
havi ng vari ous bonding strengths are pgesent in the po yﬁer or _copolyne#,
t he dynam ¢ nodul us and | oss nodul us at 200

L2

for constituting an ordinary analog image.
Accordingly, in the fixation of such an image, a toner
having further better fixing and anti-offset
characteristics is required at present.

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

As for the improvement of the binder resin for
10 a toner, a toner using a crosslinked polymer as the
binder resin has been proposed, e.g., in Japanese
Patent Publication JP-B 51-23854. Such a toner using a
crosslinked pélymer shows improved anti-offset
characteristic and anti-winding characteristic but is
15 caused to have an increased fixing temperatufe as the
degree of crosslinkiq? is increased. Accordingly, it
is difficult to have é toner sﬂowing a low fixing
temperature, good anti-offset and anti-winding
characteristic and also good fixability. In order to
20 improve the fixability, it is generally required to use
a lower molecular-weight binder resin having a lower
softening point. This is contradictory to an
improvement in anti-offset characteristic. Further, a
lowering in glass transition point for providing a low
25 softening point leads to an undesirable phenomenon of
toner blocking during storage.

Further, as a toner comprising a low-molecular -
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[err]C can be maintai ned at 2x10[err] dyne.cnferr] or hj
frequency-dependence of the nodulus G[err] to 200 [err

@nmﬁmﬁW§dﬁﬁ-th

frequency range of 1x10[err] - 1 [Hz] can be made extrg ~ymSﬁBF+*W"”w
As the toner according to the present invention conta|q3ec5qsskun
show ng various bonding strengths in the binder resin as; L destriBed
the dynam ¢ nodul us and | oss nodul us at.5200 [err]C the eé%wshﬁms““—~“

substantially no change with tinme.
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aov

weight polymer and_a crosslinked polymer, JP-A 58-86558
for example has proposed a toner comprising a low-
molecular weight polymer and a non-fusible polymer as
principal resin components. According to the teaching,
the fixability actually tends to be improved, but it is
difficult to satisfy the fixability and the anti-offset
characteristic at high performances because the weight-
average molecular weight/number-average molecular
weight ratio (Mw/Mn) is as low as 3.5 or below and the
non-fusible polymer content is as much as 40 - S0 wt.
%. Actually, it has been very difficult to provide a
toner with suﬁficient fixability and anti-offset
characteristic unless it is used in a fixing device
equipped with a means for supplying an offsef—
preventing liguid. '

JP-A 60—166%58 has proposed a toner comprising
a resin component prepared by polymerization in the
presence of a lo#—molecular weight poly-X-methylstyrene
having a number-average molecular weight (Mn) of 500 -
1,500. The same patent specification describes that an
Mn range of 9,000 - 30,000 is preferred but a higher Mn
for improving the anti-offset chéfacteristic leads to a
practical problem in fixability.

JP-A 56-16144 has proposed a toner comprising
a binder resin having at least a maximum in each of the
molecular weight ranges of 103 - 8x10% ana 105 - 2x10°

in the molecular weight distribution according to GPC
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"substantially no change with tine" neans that, pher—the~t-orer—isq
200 [err]C for a period of 1 hour, the neasured |VRERISCIENThBHEET

nmodul us and | oss nodulus during the period are thh+ﬁwﬁhewraﬂge-of
1.8 times, preferably 0.9 - 1.5 tines, those neasyred ;ag,. il@p goytial

-6-

(gel permeation chromatography). The toner exhibits
excellent performances in respects of pulverizability,
anti-offset characteristic, fixability, anti-filming or
anti-melting characteristic on a photosensitive member
and image forming characteristic but further
improvement in anti-offset characteristic and
fixability is desired.

On the other hand, as for physical properties

required of a toner, several proposals have been made

‘with respect to binder resins including: crosslinking

by reaction of a polymer comprising a carboxylic acid
with a metal compound (JP-A 57-178249, JP-A 57-178250,
etc.) and reéction of a binder comprising a vinyl
monomer and a specific ha;f-ester compound as essential
composition units with a polyvalent metal cbmpound to
cause crosslinking Yith the metal (JP-A 61-110155, JP-A
61-110156). .

Further, JP-A 63-214760, JP-A 63-217362, JP;R
63-217363 and JP-A 63-217364 disclose reaction of a
polymer having a moclecular weight distribution
including two poftions of a low-molecular weight
portion and a high—moleqular weight portion with the
low-molecular weight portion including a cérboxyl group
and a polyvalent metal ion to cause crosslinking (more
specifically adding a liquid dispersion of a metal
compound into a solution after solution polymerization,

followed by heating for the reaction). In any method,
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modul us are below 0.8 times the initial values, the tomer—rs-iiable to-™
| eak out fromthe cleaning nmenber for the f|X|ng devicg (i
are above 1.8 tines the initial values, the fixing "
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13-4

however, the reaction between the binder resiq and the
metal compound or the dispersion of the metal compound
in the binder resin is not sufficient, so that the
physical properties required of a toner, particularly
the fixing characteristic and the anti-offset
characteristic, are not satisfied. Further, as the
metal compound in a large amount is formulated with the
binder resin, the metal compound can show a catalytic

action to the binder resin depending on the condition

"to cause gellation of the binder resin. Accordingly,

it is difficult to determine the production condition
for formulat;ng the metal compound to obtain a desired
toner. Even if the production conditions are
determined, it is difficult to produce a toqer with a
good reproducibility.

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

Further, JP-A 63-216063 proposes the
combination of ionic crosslinking with a metal in the
binder resin and an offset-preventing agent, and JP-A
62-280757 proposes reaction of an acid anhydride group

and a cationic component to form a polar functional

This Sheet Has Been Replaced  r——rre
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device is liable to be damage when the fixing device is —held-at—a-fi-gh-—
tenperanTé“fﬁﬁ—a~LQng~Qngod. As descri bed aloperi AQiiiNE prieSent
i nventi on ke, .carboxyl group content, particularly theg cen%eﬁﬁme$'“~wn
di car boxy! jim@hise Riplageqder i vative, in the binder redin g?§ pgQr ey
|nfluence€fi Ml asticity of the toner, and it {is eferted” tojuce
a binder r JI S-acid value (A neasured accorérﬁg"fﬁMﬂrﬁr*

K- 0070 and a total acid value (B) nmeasuged after _

group in the binder resin.to improve the charging
characteristic of a toner. These proposals however
have not provided a toner with all required properties,
such as anti-offset characteristic, fixability and

5 developing characteristic.

JP-A 59-214860 proposes a toner comprising a
resin having a specific range of viscoelasticity for
improvement in fixing characteristic and anti-offset
characteristic. This toner shows some effect in

10 respect of anti-offset characteristic, the combination
of a low-temperature fixability and the anti-offset
characteristic have been unsatisfactory because of toco
high elasticity and viscosity and too high a frequency-
dependence thereof.

15 JP-A 63-223662 discloses a binder resin having
a THF-insoluble content of 10 - 60 parts and a THF-
soluble content showing two peaks in its molecular -
weight distribution for improved anti-offset
characteristic. However, further improved low-

20 temperature fixability, anti-blocking characteristic
and anti-offset characteristic are desired so as to be
applicable to both high-speed and low-speed image
forming apparatus.

As de;cribed above, there has been demanded a

25 toner having satisfactory fixing performance and anti-
offset characteristic which is particularly suitable

for development of digital latent images.

e
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hydr ol ysi s—ef—t-he—aci-d—anhydri de group in the binder resin which provide

ratio (A/B)
be nelt-

ratio (A/B)
provi de an

being difficult to the V|scoelast|c proBertles reqU|red;by t he bfesen

i nventi on.

10

15

ﬂus

oBfed0- 75 - 0.99. The binder re§jj‘ "T}:‘&;&“‘p‘]‘(ﬁ? T80y
With a metal salt or conpl ex. REFiALES 1”% he
the acid anhydride content {i § EXCE:
crease in anti-bl ocking chaﬂadt ark St S

SUMMARY OF THE INVENTION

A generic object of the present invention is
to provide a toner having solved the above-mentioned
problems.

A more specific object of the invention is to
provide a toner shoﬁing excellent fixability and anti-
offset characteristic as well as good image
reproducibility and free from reversal fog.

An object of the invention is to provide a
toner free from image degradation even in a long time
use.

An opject of the invention is to provide a
toner which is fixable at a low temperature, has an
excellent anti-blocking characteristic and ie suitably
used in a high temperature environment in a'small—sized
copying machine.

%

An object of the invention is to provide a -
toner which has an excellent anti-offset characteristic
and also a good reproducibility.

An object of the invention is to provide a
toner which provides a high image density, an excellent
thin-line reproducibility, and a“good gradation
characteristic.

An object of the invention is to provide a
toner which stable retains a high imege density without

being affected by environmental changes.

An object of the invention is to provide an




If the ratio A/B exceeds 0.99, alnpbst no acid anhydride.groups.are. .
contained so that the chargeability of the toner Q&?hf@{éﬁr&ﬁéﬁgrk nst abl e,
thus causing a problemin inmage quality. ' ’

-10-

image forming apparatus using such a specific toner.

An object of the invention is to provide an
apparatus unit using such a specific toner.

An object of the present invention is to

5 provide a facsimile apparatus using such a specific
toner.

According to a principal aspect of the
invention, there is provided a toner for developing
electrostatic images, comprising a binder resin, and a

10 metal salt or a metal complex; wherein the toner has:

a dynamic modulus G'y59_509g9 at 120 - 200 °C of
2x103 or hig@er to below 5x10° [dyne/cmzl as measured
in the frequéncy range of 1x10”2 - 1 (Hz);

a loss modulus G“120_260 at 120 - 200 9C of

15 2x103 or higher to below 5%x10° [dyne/cmzl as measured
in the frequency range of 1x1072 - 1 (Hz);

a dynamic modulus G'éoo at 200 ©C and a
frequency f satisfying an approximated linear
relationship according to the least squares method of:

20 logG'y09 = a-log+f + log b,
wherein g_denoteé a positive number of 0.25 or smaller
and b denotes a constant; and ”

a ratio (G'549)/{G'19q9) of below 0.25 wherein
(G'5pp) denotes a dynamic modulus at 200 °C and (G'4,q)

25 denotes a dynamic modulus at 120 °C respectively at a

frequency of 1 (Hz).

According to another aspect of the invention,
is Sheet Has Been Replaced

T e
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The tzﬁzﬂ‘?ﬁﬁ?TTﬁﬂWI“‘tB) of a binder resin used herein is neasured in the
_SM&mmaBmm&mm§g@ple resin in an anount of 2 g is gisselved.in..30.1,

ﬂmg’ﬂiw of pyridine, 20 ng of di met hyl ani np@FFt diFieriing:38r5

- u M| thereto, followed by 4 hours of he t~%efiux5ﬂgwi04 4
hours. After . " !

the resultant solution is
there is provided an image forming apparatus,

-11-

comprising: an electrostatic latent image-bearing
member, and a developing device comprising a developer-
carrying member for carrying a toner for developing the

5 electrostatic latent image at a developing station and
conveying the toner to the developing station, and a
developer contaiﬁer for containing the toner; wherein
the toner comprises a binder resin, and a metal salt or
a metal complex; wherein the toner has:

10 a dynamic modulus G'y59_50¢9 2t 120 - 200 OCc of
2x103 or higher to below 5x10° [dyne/cm2] as measured
in the frequgpcy range of 1x10™2 - 1 (Hz);

a loss modulus G"q5q_200 2t 120 - 200 O¢C of
2x103 or higher to below 5x10° {dyne/cmzl aslmeasured

15 in the frequency range of 1x1072 - 1 (Hz); '

a dynamic mgodulus G’y at 200 OCc and a
frequency f satisfying an approximated linear
relationship according to the least squares method of:

logG'yqg = a*log+f + log b,

20 wherein a denotes a positive number of 0.25 or smaller
and b denotes a constant; and

a ratio (G'ygg)/(G'1z9) Of below 0.25 wherein
(G'59g) denotes a dynamic modulus at 200 ©c and (G'qyq)
denotes a dynamic modulus at 120 OC respectively at a

25 frequency of 1 (Hz).

According to another aspect of the invention,

there is provided an apparatus unit, comprising: an

[
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titrated wwth 1/10 NNKCH solution in THF
wi t h phenol pht hal ei n as
acid value (B)
is prepared as follows. First,
3 mM of water,
foll owed by stirring.

a total
in THF

i f

10

15

20

(tetrahydrofuran) to neutrality
the indicator to nmeasure the acpe—val.le,. ,MhICh s
The above-nentioned 1] FEPNaKGH: 61

1.5 g of KH is dlSSG|VEo;ﬁ:
and 200 m of THF and 30 ml of water are addﬁd Lh&rg&q,
After standing, a uniformclear %OIUtﬁon s ﬁ@fn?d,

-12-~ !
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electrostatic latent image-bearing member and a
developing device for developing the electrostatic
latent image at a developing station; the developing
device comprising a developer container for containing
the toner, and a developer-carrying member for carrying
the toner and conveying the toner to the developing
station;

wherein the toner comprises

a binder resin,

and a metal salt or a metal complex; wherein the toner

“has:

a dynamic modulus G'q549_2099 &t 120 - 200 °C of
2x103 or higher to below 5x10° [dyne/cm2] as measured
in the freguency range of 1x1072 - 1 (Hz); . |

a loss modulus G"{zq_p90 at 120 - 200 °C of
2x103 or higher to below 5x10° [dyne/cm2] as measured
in the frequency range of 1x10™2 - 1 (Hz);

a dynamic modulus G',54 at 200 °C and a
frequency f satisfying an approximated linear
relationship according to the least sqguares method of:

logG'y4q9 = a*log*f + log b,
wherein a denotes a positive number of 0.25 or smaller
and b denotes a constan;; and

a ratio (G',59)/(G'155) of below 0.25 wherein
(G'5qg) denotes a dynamic modulus at 200 °C and (G’454)

denotes a dynamic modulus at 120 °C respectively at a

frequency of 1 (Hz);
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necessary, by

separated or by adding a small anount of water if the sokpkion: ‘\“tuﬁgh
Then, the factor of the 1/10 N-KOH THF sol ution thus oHta .de o
standardi zed by a 1/10 N-HO standard sol ution, The, ag, 1@L @

adding a small amount of nethanol if the olution.is

measur ement according to JIS K- 0070 is generally as fqll ovkl FRA 0N

Reagents as described bel ow are used. -13- (a) A sol vent} iis--prepared.as
et hyl et her/ et hyl

10

15

20

integrally together with the image-bearing member to
form a single unit, which can be connected to or
released from an apparatus body as desired.

According to another aspect of the invention,
there is provided a facsimile apparatus, comprising: an
electrophotographic apparatus and a receiving means for
receiving image data from a remote terminal, wherein
said electrophotographic apparatus comprises: an image-
bearing member for bearing a latent image, and a
developing device for developing the latent image, the
developing device comprising:

a developer container for containing a toner
wherein the toner compfises a binder resin, and a metal
salt or a metal complex; wherein the toner has:

a dynamic modulus G'j59.299 at 120 — 200 °C of
2x103 or higher to below 5%10° [dyne/cmzl as measured
in the frequency ran&e of 1x1072 - 1 (Hz);

a loss modulus G"{50_200 @t 120 - 200 °C of ~
2x103 or higher to below 5x10° [dyne/cm2] as measured
in the frequency range of 1x1072 - 1 (Hz);

a dynamic modulus G'sgq at 200 °C and a
frequency £ satisfying an approximated linear
relationship according to the least squares method of:

loéG'zoo = a<log+'f + log b,
wherein a denotes a positive number of 0.25 or smaller

and b denotes a constant; and

a ratio (G'Zoo)/(G'120) of below 0.25 wherein
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al cohal

2/1).

Tl
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mxture (1/1 or 2/1) or a benzene/ethyl al coh?’r

The solvent is neutralized with F
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{G'5pq) denotes a dynamic modulus at 200 ©C and (G'y,q)
denotes a dynamic modulus at 120 ©C respectively at a
frequency of 1 (Hz).

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

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the frequency-
dependence (0.01 Hz - 1 Hz) of the viscoelaeticity at
120 °C of the toner according to Example 1.

Figure 2 is a graph showing the frequency- .
dependence (0.01 Hz, - 1 Hz) of the viscoelasticity at
200 ©C of the toner according to Example 1.

Figures 3 and 4 are graphs showing changes
with time in viscoelasticity at 200 ©C, and 0.1 Hz and
1 Hz, respective;y, of the toner according to Example
1.

Figure 5 is a graph shewing the frequency-
dependence (0.01 Hz - 1 Hz) of the viscoelasticity at
120 9C of the toner according to Example 5.

Figure 6 is a graph showing the frequency-
dependence (0.01 Hz - 1 Hz) of the Qiscoelasticity at

200 ©C of the toner according to Example 5.




a llmmhol solution with phenol phthalein as the indicator.
(b) A h Qtﬁﬂﬂhaﬂbdﬁw olution is prepared by dlssoIV|ng 1 g of

phenol phi _ m of ethyl alcohol (95 VIV 9 '“Tg ) N
N/ 10- KOH :“& solutlon is prepared by 7.0 ¢ GFFRUAG UMEET |
hydr oxi mal 1 an anDunt as possi bl e and et hyl ?VCUhOV“"QS“VWv %
I s added : R

-15=-

PP SR 8

Figures i and 8 are graphs showing.changes
with time in viscoelasticity at 200 ©C, and 0.1 Hz and
1 Hz, respectively, of the toner according to Example
5.

5 Figure 9 is an illustration of a checker
pattern for evaluating reproducibility of minute dots.

Figure 10 is a graph showing the particle size
distribution range for toner particles of 5 microns or
smaller of a preferred class of toner according to the

10 invention.

Figure 11 is a schematic illustration of an
émbodiment of the image forming method and the image
forming appafatus according to the present invention.

Figure 12 is a block diagram shbwiné a system

15 constituting a facsimile apparatus using an imagé

forming apparatus as a printer thereof.

DETAYTLED DESCRIPTION OF THE INVENTION

It is a characteristic feature of the toner
20 according to the present invention that the toner has a
dynamic modulus G'ZOO at frequencies f satisfying an
approximated linear relationship“according to the least
squares method of:
log G'5gg9 = a*log-f + log b,
2 wherein a denotes a positive number éf 0.25 or smaller.
The value a corresponds to the slope of a line

represented by the above equation on a double-

/—_ﬁffs g"'t;“)l.f;}g bi:\]




thereto to form1 T of a mixture, which is caused to st@& o1y
and flfltlt’r%xtqeﬁasB‘Ehﬁ{ eiti on is standardi zed according to==Jf§‘
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The JIS acid value is neasured as fohlqM&d“by Wﬁél
mpl e is accurately weighed, {and 100 m_of {he
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logarithmic scale graph, and a larger jal (absolute
value of a) means a large change in G' according to a
frequency change. As a frequenéy change can be
converted into a temperature change according to the
time-temperature conversion rule, the relationship can
be said in a different expression that a larger \al
leads to a larger change in G' corresponding to a
temperature change.

The thermal characteristic of a toner is
significantly related with the fixability. For
exhibiting a fixability, a toner is required to be
softened so as to be sufficiently deformed when it is
passed throuéh hot rollers under pressure but not
softened excessively so as not to cause a hiéh—
temperature offset. Further, the elasticit& modulus of
the toner is required not to cause too large a change
according to a chanée in temperature so as to provide
stable fixing and anti-offset characteristics. As th;.
toner according to the present invention has a dynamic
modulus G'(or Gl)ypq_n0p at 120 - 200 °C and a loss
modulus G"(or G2)120_200 at 120 - 200 °c of
respectively in the range of 2x103 to below 5x10°
dyne/cm2 as measured in the frequency f range of 1x10"2
- 1 Hz, a good fixability is exhibited without causing
high-temperature offset at the time of fixing.

Further, as the value a in the equation showing an

approximated linear relationship is a positive number
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of 0.25 or smaller, the toner shows a moderate change
in elasticity modulﬁs according to a change in
temperature at 200 °C or higher, so that it shows
stable fixing and anti-offset characteristics even if
there is some fluctuation in temperature along the
rollers at the time of fixation.

The dynamic modulus and loss modulus of the
toner according to the present invention does not
substantially change with time at 200 °C so that, even
if the toner recovered by cleaning by a fixing device
cleaning member is subjected to heat from the fixing
rollers for a long time, the recovered toner or
developer does not cause a problem of leaking out from
the cleaning member.

In case where a toner showing a G‘120_200
below 2x103 [dyne/cm?] is used, the anti-offset
characteristic is insufficient, and in case where a -
toner showing a G'y54_30¢ exceeding 5x10° [dyne/cm2] is
used, the low-temperature fixability is insufficient.

The viscoelasticity characterizing the toner
of the invention may be measured.by means of a
rheometer ("IR-200", made by Iwamoto Seisakusho K.K.)
equipped with 3 cm-dia. parallel plates.

The toner according to the present invention.
has a ratio (G'5450/G'19g) of below 0.25 (and preferably
0.05 or above) based on the dynamic.moduli (G'120) at

120 °C and (G',5q) at 200 °C at the same frequency
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(particularly at 1 Hz) in the range of 1x1072 - 1 Hz,
and because of this characteristic in combination with
the above-mentioned viscoelastic properties, the toner
exhibits sufficient low-temperature fixability, anti-
offset characteristic and anti-blocking characteristic
in combination.
While various factors are related with the

above-mentioned viscoelastic properties of the toner

according to the invention, it is preferred that the

‘toner comprises a binder resin as described below.

More specifically, it is preferred that the
binder resin;in the toner of the invention contains a
THF (tetrahyarofuran)-soluble content showing a
molecular weight distribution in a GPC chromatogram
including at least one peak in the molecular weight
region of from 2,00Q‘to below 15,000 and at least a
peak or shoulder in the molecular weight region of
15,000 to 100,000, contains polymerized units of a
carboxyl group-containing monomer or carboxylic acid
derivative monomer, and has a JIS-acid value (A)
measured according to JIS K-0070 and a total acid wvalue
(B) measured after hyd;olysis of.the acid anhydride
group in the resin which provide a ratio (A/B) in the
range of 0.75 - 0.99.

The binder resin may preferably contain 5 - 70
wt. parts, further preferably 20 - 60 wt. parts, of a

THF-insoluble content per 100 wt. parts of the resin.




solution, f:
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(B) may conveniently be performed by using the binderjresih-atene,—it
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When a binder resin is dissolved in a solvent,
such as THF, it is divided into a soluble content and
an insoluble content. The soluble content can be
subjected to measurement of the molecular weight
distribution. When attention is paid to the quantity
of the THF-insoluble content and the position of a peak
in the molecular weight distribution of the THF-soluble
content, a binder resin containing no or little THF-
insoluble content is very disadvantageous in respect of
pulverizability in production of a toner through
pulverization. An attempt of improving the
pulverizability by simply shifting the position of a
peak in the m;lecular weight distribution of the THF-
soluble content on the lower molecular weight side
results in inferior anti-offset characteristic. This
proves that it is difficult to satisfy the anti-ocffset
charécteristic and t;e pulverizability in combination.

As may be understood from this study, it is -
very effective to have the binder resin contain a
certain amount of THF-insoluble content not only for
improving the anti-offset characteristic as 1is
generally contemplated but also for improving the
pulverizability.

From further study on the molecular weight
distribution of the THF-soluble content, the property

regarding the level (high or low) of fixable

temperature (hereinafter simply referred to as
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“fixability"), the anti-offset characteristic, the
pulverizability, and the anti-blocking characteristic,
it has been understood that, in a binder resin, the
THF-insoluble content has a major influence on the
5 anti-offset characteristic, the anti-blocking
characteristic and the pulverizability of a kneaded and
cooled product at the time of toner production; the
portion having a molecular weight of below 15,000 of
the THF-soluble content has a major influence on the
10 pulverizability and melt-sticking onto the'iﬁner wall
of the pulverizer of the kneaded and cooled product at
the time of toner production, the anti-blocking
'characteristié, the melt-sticking onto a photosensitive
member and the filming; and the portion haviné a
15 molecular weight of 15,000 or above of the THF~soluble
content has a major {nfluence on the anti-offset
characteristic and thé fixability.
More specifically, the binder resin used in
the toner of the present invention may preferably have
20 a THF-insoluble content (gel content) of 5 - 70 wt. %,
particularly 20 —'60 wt. %,(based on the binder resin},
contain the remainder of THF-soluble content providing
a GPC chromatogram showing at least one peak in the
molecular weight range of 2,000 to below 15,000,
25 particularly 3,000 -~ 12,000, and at least one peak or

shoulder in the molecular weight range of 15,000 -~

10,000, particularly 20,000 - 70,000. It is further
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0.5 - 1.0 g of a toner sanple is weighed (Werr]Jg) and placed in a
cylindrical filter paper (e.g., No. 86R available fromIoyo.Rashi. K. K. __
and tTngRheELHRE Beh Rebldcal extraction with 100 to 200 m of }szat‘&f;q:m,jg
usi ng ¢ xtractor for 6 hours. The sol uble cénteameeij@gte”
W th t! ﬁmﬂg”‘ﬁlﬁ is recovered by evaporation and dii ed for. s,evgi?alf
hour s under vacuumto neasure a weight (VWérr]g) WOF e
THF- sol ubl e ~-21- -
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preferred that the peak in the molecular weight range

of 2,000 to below 15,000 and the peak or shoulder in

the molecular weight range of 100,000 has a molecular

weight difference of 5,000 or more, particularly 10,000
5 or more.

If the THF-insoluble content in the binder
resin exceeds 70 %, the fixing temperature tends to
increase and dispersion of additives in the binder
resin tends to become worse. Further, a highly

10 crosslinked portion is liable to be severed at the time
of kneading of the resin to cause an adverse effect to
toner designing. If the THF-insoluble content is below
5 %, the toner is liable to cause offsetting_and
winding about a roller. 1In case where the THF -

15 insoluble content is below 5 % and a large content of
high molecular weight portion is contained, the
pulverizability is liable to be remarkably impaired. _
If the THF-soluble content lacks a peak in the
molecular weight range of 2,000 to below 15,000 but has

20 a peak in the molecular weight range of 15,000 or
above, the resultant toner is l;able to have an
increased fixing temperature, a narrow fixable
temperature region and worse pulverizability to result
in a lower productivity. If the peak molecular weight

25 is below 2,006, the resultant toner éan have a
remarkably poor anti-offset characﬁeristic and a poor

anti-blocking characteristic. If the peak or shoulder
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on the other molecular weight region is not in the
range of 15,000 - 100,000 but has a value of over
100,000, there is a tendency that the dispersibility of
the additives becomes worse, the fixing temperature
increases remarkably and the pulverizability becomes
remarkably worse. If the peak or shoulder is below
15,000, the resultant toner can have a poor anti-offset
qharacteristic and a problem in respectlof blocking.
Further, in order to fully satisfy the anti-
offset characteristic, it is preferred that the binder

resin not only has an increased THF-insoluble content

and an increased proportion of THF-soluble content

15

20

having a molecular weight of 15,000 or highgr but also
contains a metal compound and a'carboxyl group capable
of causing a crosslinking reaction with each other. it
is further preférred that the carboxyl group is
disposed to be able to form aﬂ anhydride group in thg
molecule so as be rich in capability of crosslinking
reaction with a metal compound.

The crosslinking is promoted by heaﬁ, and a
part of the carboxyl groups is.involved in crosslinking
reaction with a metal compound and another part of the
carboxyl groups is converted into anhydride groups at
the time of melt-kneading for toner production.

Most carboxyl groups in the binder resin are
involved in these reactions, the résultant toner is

free from or hardly accompanied with difficulties in
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respect of chargeability due to environmental

conditions, represented by a decrease in chargeability
of a toner due to moisture absorption under high
temperature - high humidity conditions, peculiar to a

5 toner using a binder resin containing a carboxyl group.
The conversion of carboxyl group into anhydride groups
is'advantageous in respect of providing the binder
resin per se with a sufficient negative chargeability
which can lead to a good negative chargeability of the

10 resultant toner.

Further, even if most carboxyl groups are
involved infgrosslinking or converted into anhydride
groups, the intense polarity of the binder ;esin is
retained, so that the resultant toner has a good

15 affinity to paper and a further improved fixability.
Accordingly, it is also possible to provide an
increased Tg (glass transition point) of the binder _
resin and also an improved anti-blocking
characteristic.

20 In order for the toner of the present
invention to have a dynamic modglus G'120;200 of 2x103
to below 5x10° as measure at 120 - 200 °C in the
frequency range of 1x10~2 [Hz] - 1 {[Hz], it is
preferred to use a binder resin satisfying the above

25 features.

When a copolymer having pélymerized units of

such carboxyl group-containing monomers or a
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composition containing such a copolymer is subjected to
suspension polymerization, a part of the carboxylic
anhydride groups are hydrolyzed to provide a mixture of
dicarboxylic groups, carboxyl groups and carboxylic

5 anhydride groups.

These three types of acidic groups in the
copolymer or its composition are considered to form
various types of polymer complex through interaction
with metal ions from a metal salt or metal complex as

10 -another component of the toner according to the
invention.

Accordingly, the toner binder resin of the
present invention is provided with metallic ,
crosslinkages (i.e., ionic crosslinkages by the medium

15 of metal elements) due to.such various polymer
complexes showing different bonding strengths and also
strong crosslinkages due to polymerizable crosslinking
agent. Because of mixing of various crosslinkages
showing different crosslinking strengths, a toner

20 having the above-mentioned unique viscoelastic
properties is provided to show excellent anti-blocking
characteristic as well as excellent low-temperature
fixability and anti-offset characteristic.

If a low-molecular weight polymer or copolymer

25 having dicarboxylic units is crosslinked with a metal
ion, the anti-blocking characteristic of the toner can

be improved without increasing the Tg of the polymer or .




nunber——The standard polystyrene sanples for preparation of a calibration
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copolymer. As the Tg need not be increased in order &G
improve the anti-blocking characteristic, it is
possible to render the dynamic modulus and loss modulus
measured at 120 ©C to be below 5x10° dyne.cm2.

5 In case where a polymer or copolymer having a
high Tg is used to increase the anti-blocking
characteristic, the dynamic modulus and loss modulus.at
120 ©C become 5x105 dyne.cm2 or above, and it becomes
difficult to accomplish low-~temperature fixation.

10 Further, as crosslinkages having various

bonding strengths are present in the polymer or

copolymer, the dynamic modulus and loss modulus at 200
2

/

OC can be maintained at.2x103 dyne.cm® or higher, and
the frequency-dependence of the modulus G'zod to 200 °c

15 measured in the frequency range of 1x10~2 -t [Hz] can
be made extremely small.

As the ton;; according to the present
invention contains crosslinkages showing various
bonding strengths in the binder resin as described

20 above, the dynamic modulus and loss modulus at 200 ©C
thereof shows substantially no change with time,.
Herein, "substantially no change with time" means that,
when the toner is held at 200 °C for a period of 1
hour, the measured values of the dynamic modulus and

25 loss modulus during the period are within the range of

0.8 ~ 1.8 times, preferably 0.9 - 1.5 times, those

measured at the initial stage.
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If the measured values of the dynamic modulus
'and loss modulus are below 0.8 times the initial
values, the toner is liable to leak out from the
cleaning member for the fixing device (roller). If
5 they are above 1.8 times the initial values, the fixing
device is liable to be damage when the fixing device is
held at a high temperature for a long period.
As described above, in the present invention,
the carboxyl group content, particularly the content of
10 dicarboxylic group or its derivative, in the binder
resin has a great influence on the visco-elasticity of
the toner, gnd it is preferred to use a binder resin
having a JIS-acid value (A) measured according to JIS
K-0070 and a total acid value (B) measured after
15 hydrolysis of the acid anhydride group in the binder
resin which provide a ratio (A/B) in the range of 0.75
'~ 0.99. The binder resin may preferably be melt- -
kneaded together with a metal salt or complex.
If the ratio (A/B) is below 0.75, the acid
20 anhydride content is excessive to provide an
insufficient increase in anti-blocking characteristic,
thus being difficult to the viscoelastic properties
required by the present invention.
If the ratio A/B exceeds 0.99, almost no acid
25 anhydride groups are contained so that the
chargeability of the toner is 1iab1é to be instable,

thus causing a problem in image quality.
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The total acid value (B) of a binder resin
used herein is measured in the following manner. A
sample resin in an amount of 2 g is dissolved in 30 ml
of dioxane, and 10 ml of pyridine, 20 mg of
dimethylaminopyridine and 3.5 ml of water are added
thereto, followed by 4 hours of heat refluxing for 4
hours. After cooling, the resultant solution is .
titrated with 1/10 N-KOH solution in THF
(tetrahydrofuran) to neutrality with phenolphthalein as
the indicator to measure the acid value, which is a
total acid value (B). _

The/above-mentioned 1/10 N-KOH solution in THF
is prepared as follows. First, 1.5 g of KOH is
dissolved in about 3 ml of water, and 200 ml of THF and
30 ml of water are added thereto, followed by stirring.
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 acid value measurement according to JIS K-
0070 is generally as follows.

Reagents as described below are used.

(a) A solvent is prepared as an.ethyl ether/ethyl
alcohol mixture (1/1 or 2/15 or a benzene/ethyl alcohol

mixture (1/1 or 2/1). The solvent is neutralized with

-
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a 1/10 N-XOH ethyl alcohol solution with
phenolphthalein as the indicator.

(b) A phenolphthalein solution is prepared by
dissolving 1 g of phenolphthalein in 100 ml of ethyl
alcohol (95 V/V %).

(c) A N/10-KOH ethyl alcohol solution is prepared
by 7.0 g of potassium hydroxide in as small an amount
as possible and ethyl alcohol (95 V/v %) is added
thereto to form 1 1 of a mixture, which is caused to
stand for 2 - 3 days and filtrated. The solution is
standardized according tc JIS K 8006 (Fundamentals
relating to titration among quantitative tests of
reagents).

The JIS acid value is méasured as followed by
using the reagents.

A sample i3 accurately weighed, and 100 ml of
the solvent and several drops éf the phenolphthalein -
solution as the indicator are added thereto, followed
by sufficient shaking until the sample is completely
dissolved. 1In case of a solid sample, it is dissolved
by warming on a water bath. After cooling, the
solution is titrated with the N/10 KOH/ethyl alcohol
sqlution until an end point which is judged by
continuation of thin red color of the indicator for 30
seconds. The acid value A is calculated by the
following equation:

A=(Bx f x 5.611)/8,

tre et
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wherein B: amount(ml) of the N/10-KOH/ethyl alcchol
solution, f£: factor of the N/10-KOH/ethyl alcohol
solution, and S: sample weight{(g).

While the JIS acid value (A) and the total
acid value (B) may conveniently be performed by using
the binder resin alone, it has been confirmed that
substantially the same values are obtained with respect
to the toner according to the present invention using
the binder resin.

Herein, the THF-insocluble content refers to a
polymer component {substantially a crosslinked polymer
component ) w@ich is insoluble in solvent THF
(tetrahydrofﬁran) in the resin composition (binder
resin) constituting a toner, and it may.be uéed as a
parameter for indicating the degree of crosélinking of
the resin compositiqp containing a crosslinked
conmponent.

The THF-insoluble content may be defined as ;
value obtained in the following manner.

0.5 - 1.0 g of a toner sample is weighed (W1g)
and placed in a éylindrical filter paper (e.g., No. 86R
available from Toyo Roshi K.K.)'énd then subjected to
extraction with 100 to 200 ml of solvent THF by using a
Soxhlet's extractor for 6 hours. The soluble content
extracted with the solvent THF is recovered by

evaporation and dried for several hours at 100 ©C under

vacuum to measure a weight (W,g) of the THF-soluble

it
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(RIS CHEET HAS BERN

such as acrylic



- 32- al kenyl di car boxyl i c acids,

n- but enyl adi pi ¢ aci dThlaﬁﬂdetHhm«:én

such as n-butenyl succinic.
h&desters

Examplesof sibe |

esters of the dlcarb able in the inventi.an. Jmy.. 1.Ng. nlw"
hal f esters of [err]- carboxyllc aci ds, such as, ngye hyl
mal eat e, nonoet hyl nalea e, mal eat e, nDnoqctyM haW@at&
nonoal | yl mal eat e, Bensatanss s mamsrsmet
-30-
content. On the other hand, the weight (W3g) of the
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components, such as the magnetic material and/or
pigment, other than the resin component in the toner is
separately measured. Then, the THF-insoluble content
is given by the following equation:
THF-insoluble content (%) = [Wy = (Wy+W3) 1/ [Wq~W3]
x 100

The GPC (gel permeation chromatography)
measurement and identification of molecular weight
corresponding to the peaks and/or shoulders may be
performed under the following conditions.

A column is stabilized in a heat chamber at 40
O¢, tetrahydrofuran (THF) solvent is c;used to flow
through the column at that temperature at a rate of 1
mi/min., and 50 - 200 pl of a sample resin solution in
THF at a concentration of 0.05 - 0.6 wt. % is injected.
The identification of sample molecular ﬁeight and its-~-
molecular weight distribution is performed based on a
calibration curve obtained by using several
monodisperse polystyrene samples and having a
logarithmic scale of molecular weight versus count
number. The standard polystyrene samples for
preparation of a calibration curve may be those having
molecular weights of, e.g., 6x102, 2.1x103, 4xi103,

1.75x104, 5.1x10%, 1.1x105, 3.9x10°%, 8.6x10%, 2x10% and

4.48x10% available from, e.g., Pressure Chemical Co. or

Toyo Soda Kogyo K.K. It is appropriate to use at least .




monophenyl nmaleate nononet hyl fumarate, nonoethyl fumarate, nonobutyl
fumarate, and q%no henyl fumarate; half esters of aIkAHyL~dFeaLbaxyLLa ......

aci ds, "su i %n- but enyl succi nate, nonomet hy IR ACBEEENWHEET
succinate HLt enyl nal onate, nononet hyl n-jodecenykgkutaLaten
and nDnobu i H{M| adi pate; and half esters of arohaLucaagq jquyﬂlc
aci ds, such as nnnonethyl pht hal ate, nonoet hyl phthalatP éhd ﬁbﬁﬁbuﬂyﬂ
pht hal at e. -31- o i

]

10 standard polystyrene samples. The detector may be
an RI (refractive index) detector.

For accurate measurement of molecular weights
in the range of 103 - 4x105, it is appropriate to

5 constitute the column as a combination of several
commercially available polystyrene gel columns. A
preferred example thereof may be a combination of p-
styragel 500, 103, 10% and 105 available from Waters
Co.; a combination of Shodex KF-80M, 802, 803, 804 and

10 805; or a combination of TSK gel G1000H, G2000H,
G2500H, G3000H, G4000H, G5000H, G6000H, G7000H and GMH
available frqp Toyo Soda K.K.

The content of a component having a.molecular

weight of 10,000 or below in the binder res%n is

15 measured by cutting out a chromatogram of the
corresﬁonding molecular weight portion and calculating
a ratio of the weight thereof with that of the
chromatogram covering the molecular weight range of
10,000 or higher, to derive the weight % thereof in the

20 whole binder resin including the above-mentioned THF-
insoluble content.

Examples of thg polymerizable monomexr
containing a carboxylic acid group usable in the
invention may include: §,8-unsaturated carboxylic

25 acids, such as acrylic acid and methacrylic acid;
o ,8 -unsaturated dicarboxylic acids,-such as maleic acid

and fumaric acid, and their half esters;
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LEREV SN 10
REPLACED



The—abeove- Loned half-ester of a dicarboxylic acid may preferably be
adde?Hi a. proportion of 1 - 30 wt. % nore preferab
the fQhatoht '_ '
adi descri bed above nmay preferably {

dicar%- W [

W th $ 5| ynmerization as a preferred processf for prgdygL§on of a
bi nder resin. ThIS I s because, in the suspension poIVnerﬁZatfoﬂ systenl an
aci d nmononer -32- .
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alkenyldicarboxylic acids, such as n-butenylsuccinic
acid and n-butenyladipic acid, and their half esters.

Examples of the half esters of the
dicarboxylic acids usable in the invention may include:

5 half esters of o,f-unsaturated dicarboxylic acids, such
as monomethyl maleate, monoethyl maleate, @onobutyl
maleate, monooctyl maleate, monoallyl maleate,
monophenyl maleate, monomethyl fumarate, monoethyl
fumarate, monobutyl fumarate, and monophenyl fumarate;

10 half esters of alkenyl-dicarboxylic acids, such as
monobutyl n-butenylsuccinate, monomethyl n-
octenylsuccinate, monoethyl n-butenylmalonate,
monomethyl n-dodecenylglutarate, and monobutyl n-
betenyladipate; and half esters of aromatic

15 dicarboxylic acids, such as monomethyl phthalate,
monoethyl phthalate,.and monobutyl phthalate.

The above-mentioned half-ester of a -
dicarboxylic acid may preferably be added in a
proportion of 1 - 30 wt. %, more preferably 3 - 20 wt.

20 3, of the total monomer constituting the binder resin.

A half-ester of a dica;boxylic'acid as
described above may preferably be used in combination
with suspension polymerization as a preferred process
for production of a binder resin. This is because, in

25 the suspension polymerization system, an acid monomer
having a high solubility in an aqueéus dispersion

medium is not appropriately used but a monomer in the




havi ng a high solubility I n an aqueous dispersion nediumis not
appropriateiy uset uur—a nononer in the

-33-
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form of an ester having a low solubility is preferred.
In order to produce vinyl copolymers with the
above-mentioned polymerizable monomer containing a
carboxylic acid group, and also produce another binder
resin component, another vinyl monomer may be used,
examples of which may include: styrene; styrene
derivatives, such as o-methylstyrene, m-methylstyrene,
p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-
chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene,
2,4-dimethylstyrene, p-n-butylstyrene, p-tert-
butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-n-
nonylstyrene,/p-n-decylstyrene, and p-n-dodecylstyrene;
ethylenicallf unsaturated monoolefins, such as
ethylene, propylene, butylene, and isobutylepe;
unsaturated polyenes, such as butadiene; halogenated
vinyls, such as viny& chloride, vinylidene chloride,
vinyl bromide, and vinyl fluoride; vinyl esters, such _
as vinyl acetate, vinyl propionate, and vinyl benzoate;
methacrylates, such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl methacrylafé, 2-ethylhexyl
methacrylate, stearyl methacrylate, phenyl
methacrylate, dimethylaminoethyl methacrylate, and
diethylaminoethyl methacrylate; acrylates, such as
methyl acrylate, ethyl acrylate, n—bﬁtyl acrylate,

isobutyl acrylate, propyl acrylate, n—octyl acrylate,

[Tiis SHEET *ms séz—b.ii
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yrene,
chl orost yr ene,

ylic acid group, and al so produce r..binder... ge5|n
vinyl nmononer may be used, exanpleslof yhich, By
styrene derivatives, such as o- nethylsiyféne“‘ el
p- met hyl styrene, p-nethoxystyrene p- phenyls&ypene~né-

3, 4-dichl orostyrene, p-et3dd styrene,

PR

dodecyl acrylate, 2-ethylhexyl acrylate, stearyl

acrylate, 2-chloroethyl acrylate, and phenyl acrylate,
vinyl ethers, such as vinyl methyl ether, vinyl ethyl
ether, and vinyl isobutyl ether; wvinyl ketones, such as
vinyl methyl ketone, vinyl hexyl ketone, and methyl
isopropenyl ketone; N-vinyl compounds, such as N-
vinylpyrrole, N-vinylcarbazole, N-vinylindole, and N-
vinyl pyrrolidone; vinylnaphthalenes; acrylic acid
derivatives or methacrylic acid derivatives, such as
acrylonitrile, methacryronitrile, and acrylamide; the
esters of the-above—mentiongd 0,8 -unsaturated acids and
the diesters of the above-mentioned dibasic acids.
These vinyl monomers ﬁay be used singly or in
combination of two or more species.

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

It is significant in the present invention
that the binder resin according to the present
invention is a crosslinked polymer obtained by using a
crosslinking monomer which may bg a monomer having two
or more polymerizable double bonds. Examples thereof
may be enumerated as follows.

Aromatic divinyl compounds, such as
divinylbenzene and divinylnaphthalené; diacryiate
compounds connected with an alkyl chéin, such as

ethylene glycol diacrylate, 1,3-butylene glycol

THIS §UES T HAS BEEN




2, 4- d‘nethy+s+gu4auz~41_n butyl styrene, p-tert- butyl styrene,

ne, n-octyl styrene, p-n- nonylstyrene, p-n- decylstyrene

E?F,ﬂ et hyl eni cal | y unsat urat ed m){'n@@,h
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utyl ene, and isobutylene; uns tug@ié&jﬁ *yéﬂés,;such
‘ : ated vinyls, such as vinyl chlqrnde vi nyl i"dene
chl ori de, V|nyI brom de, and vinyl fluoride; vinyl esﬁersg &&knmg ‘
acetate, vinyl propionate, and vinyl benggpate; -

nyl
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diacrylate, 1,4-butanediol diacry}ate, 1,5-pentanediol
diacrylate, 1,6-hexanediol diacrylate, and neopentyl
glycol diacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate

5 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,
polyethylene glycol #400 diacrylate, polyethylene

10 glycol #600 diacrylate, dipropylene glycol diacrylate
and compounds obtained by substituting methacrylate
groups for the acrylate groups in the above compounds;
diacrylate compounds conngcted with a chain including
an aromatic group and an ether bénd, such as

15 polyoxyethylene({2)-2,2-bis{4-hydroxyphenyl)propanedi-
acrylate, polyoxyeﬁhylene(4)—2,2-bis(4-hydroxyphenyl)—
éropanediacrylate, and compounas obtained by -
substituting methacrylate groups for the acrylate
groups in the above compounds; and polyester-type

20 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
triacrylate, tetramethylolmethane tetracrylate,

25 oligoester acrylate, and compounds obtained by
substituting methacrylate groups for the acrylate

groups in the above compounds; triallyl cyanurate and
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P THIS oh rT iw,q& ;\3 fzﬂ

Fl
LI 1.

.....



nmet hacryl ates, such as nethyl nethacrylate, ethyl nethacrylate, propyl
nmet hacryl ate, n-butyl nethacrylate, isobutyl nethacry_gLe .h-octyl
metTIhaﬁhiiHis qund@ﬂheedyl nmet hacryl ate, 2-ethyl hexyl neth a(ﬂ',,

’ -S1 ear,.

met hacryl ate, di met hyl ani noet hyl | et B j‘éfé?m hal
dlet nethacrylate acryl ates, such as nef Hﬁ} acrylate,'ath*l
acryla acrylate, isobutyl acrylate, propyl] atryﬁat ‘“lﬁﬁﬁcqyl
acrylate -36- ' o]

S

triallyl trimellitate.

These crosslinking agents may preferably be
used in a proportion of about 0.01 - 5 wt. parts,

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

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

10 ether bond may suitably be used in a toner resin in
view of fixing characteristic and anti-offset
characterisgic.

Thé binder resin according tq the present
invention may preferably be prepared through a process

15 which basically includes preparation of a mixture of
two or more polymers or_copolymers.

In a preferred process, a low-molecular weight
polymer or copolymer having littlé THF-insoluble
content and being soluble in a polymerizable monomer is

20 dissolved in such a polymerizable monomer or monomer
mixture, followed by polymerization of the monomer or
monomer mixture, to prepare a résin composition which
may be a uniformly blended mixture of the former and
the latter polymers or copolymers. The low-molecular

25 weight polymer or copolymer may be prepared by
poelymerization, such as bulk polymérization, oxr

solution polymerization.
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More preferably, such a low-molecular weight
polymer or copolymer containing an acid anhydride group
is formed by solution polymerization, the polymer or
copolymer is dissolved in a polymerizable monomer or

5 monomer mixture to form a monomer composition, and the
monomer composition is subjected to suspension
polymerization in an aqueous medium. The low-molecular
weight polymer or copolymer prepared by solution
polymerization can be further subjected to

10 - polymerization together with a monomer or monomer
mixture for providing a high-molecular weight polymer
or copolymerj It is preferred to use emulsion
polymerization or suspension polymerization glso for
providing a polymer or copolymer with a gel'content

15 which is sufficiently crosslinked as to provide a
solvent-insoluble cantent.

The reactive metal compound to be used in the
present invention may be those containing metal ions as
follows: monovalent metal ions, such as Na‘, Li'*, cs*

20 Ag*, Hg* and Cu*; divalent metal ions, such as Ba2*,
Mgz+' Ca2+, Hg2+, Sn2+, Pb2+, Fe2+, Coz+,-N12+ and
zn?*; and trivalent ions, such as a13+, sc3+, redt,
ce3*, Nid*, cr3* and Y3*. Among the compounds
containing metal ions as described above, those which

25 are readily decomposable provide good results. This is
assumed to be because the metal ion.in such a compound

is thermally decomposed to be in a form readily bonded




vinyl ethers, such as vinyl nmethyl ether, vinyl ethyl _ether, and V|nyI
|sobnﬁs)sheeeﬂdaeémkvpmyd ket ones, such as vinyl nethyl kegg,n@ (Y o fgg_gy
ket on |sopropenyl ket one; N-vinyl conpounds; % U h ag N
vi nyl E!lmgﬂ!mﬂmgmyl carbazol e, Nvinylindole, and N VI nyI yrrol | don :
vi nyl acrylic acid derivatives or nethagryl#é a@aﬂgff 3

derivatives, such as acrylonitrile, nethacryronitrilge ,,and acryl ani de;
esters of the above-mentioned [err]-unsd8Burated aci dsj and

with a carboxyl group in the polymer or copolymer.

Among the reactive metal compounds, organic
metal compounds provide excellent results because they
are rich in compatibility with or dispersibility in a

5 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

10  counter ion, are advantageously used. BAmong the
organic compounds forming coordinate bonds or ion pairs
with metal igns, examples of those having the above
property may include: salicylic acid and its§
derivatives, such as salicyiic acid, salicy}amide,.

15 salicylamine, salicylaldehyde, salicylosalicylic acid,
and di-tert-butylsalicylic acid; B-diketones, such as
acetylacetone and propionylacetone; and low-molecular_
weight carboxylic acid salts, such as acetate and
propionate.

20 In the toner of the present invention, a known
charge control agent may be used according to the usage
thereof, and it is also preferred that the above-
mentioned metal complex also functions as a charge
control agent.

P For example, azo metal complexes represented
by the following formula [I] also fﬁnction as a

negative charge control agent:
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(1] [Ar-N = N-Ar )©

l /

X |y
/

\M

/ 1N\

Y x'\

5 | Ar-N = N-Ar ) Kg),

wherein M denotes a coordination center metal,
inclusive of metal elements having a coordination
number of 6, such as Cr, Co, Ni and Fe; Ar denotes an
aryl group, such as phenyl or naphthyl, capable of
10 having a substituent, examples of which may include:
nitro, halogen, carboxyl, anilide, and alkyl and alkoxy
having 1 - 1é 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 X®
15 denotes hydrogen, sodium, potassium, ammonium or
W
aliphatic ammoniumn.

Specific examples of this type of complexes

may include the following:

20
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-0ssHnkrng—monomer whi ch may be a nononmer having two or nore
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Aro onpounds such as divinyl benzene anqd gLVi LnaleHdl e;
dlanEu" nds connected with an alkyl chain, suych™Z §Q¥ %h&l%ﬁé;em
glyc 1, 3- butylene gl ycol I ™
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di acrytate—1;4-butanedi ol
1,6- lﬂﬁ&ﬁ@ﬁﬁhs%ecﬁe ALyl ate,

i T

Complex [I] —4

Complex [XI] —5

Complex [I] —6

di acryl ate,
and neopentyl

1,5 pent anedi ol
gl ycol

-41-
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substituting nmethacrylate groups for the acryl ate

conpounds;
et her bond,
di acryl ate,

di acryl ate conpounds
such as di et hyl ene

gr oups-—- -t he-above._..
connected with an al k | f%t;ﬁdlﬁﬁi%ﬁl ﬁg‘ﬁ"*_ﬁg

gl ycol diacryl ate, tri@thVPEﬁemwgkyee+r
di acryl at e,

di acryl ate,
di acryl ate

the acrylate groups in the above conpoungf; ]

10

15

20

tetraet hyl ene gl ycol polyethygede;ggyﬁgk #4P0
pol yet hyl ene gl ycol #600 diacrylate, dipraopyléne glycor

and conpounds obtai ned by substituting netﬁaé??fafe**groups

| S

Basic organic metal complexes represented by the
following formula [II] impart a negative chargeability

and may be used in the present invention.

[II1 H,0 ﬁ 1O
7 o-C
& S
\\\c-o// \\\Z///

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

[::[ (capablé of having a substituent, such as an

a), GRY . B0l - OB -

X—{EEEEHEE[ (X denotes hydrogen, halogen, or nitro),

i3
| O
~ :
(R denotes hydrogen, C; - Cqg alkyl or C; - C18.
alkenyl); YCDdenotes a counter ion, such aé hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and
Z denotes -0- or -CO+0O-.
Specific examples of this type of metal

complexes may include the following:
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di acryl ate conpounds connected with a chain including an aromatic group
and an ether bond, such as pol yoxyethylene( 2) -2, bLsM(4 Aydroxyphen
) propanedi - acryl ate, polyoxyethylene (4) -2, 2- bi s (4 Arpdr o %ﬁhgmxfru-
propanedi acryl ate, and conpounds obt ai ned by substltuilng neihacryl afe
groups for the acrylate groups in the above conpounds{ ang poLme&Lerqty
di acryl ate conpounds, such as one known by a trade nane offwﬁNﬁAuu ,

yl

pe

(avail able from N hon Kayaku K. K.). 43 e — A
|
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- 36- triallyl trimellitate. These crosslinking agents may
preferably be wused in a proportion of about 0.01 - 5 WF*mpaLLﬁhwm
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particularly about 0.03 - 3 w. parts, per 100 w. par
vi nyl nononer conponents.
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Anong the above-nentioned crosslinking nononers, aronqtlcmdhvthLM*.Mm*q

conpounds (particularly, divinylbenzene) and dlacrylateﬁébnﬁﬁuﬁﬁﬁ SHEET
connected wth a chain including an aronatic group and &h“mﬁtheﬁwb@ndg
suitably be used in a toner resin in view of fixing chahae{ rvggngfgnﬂ
anti-offset characteristic. The bi nder re5|nfadcor i g £ he
present invention may preferably be prgggled through a PIOEETS e mecrmnd
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The above metal complexes may be used singly
or in combination of two or more species.

The metal complex may be added to the toner in
a proportion of 0.01 - 10 wt. parts, preferably 0.1 - S

5 wt. parts, further preferably 1 - 5 wt. parts, per 100
wt. parts of the binder resin.

The above metal complex is rich in
decomposability and reactivity particularly when it is
reacted with the binder resin at the time of melt

10  kneading than when it is added at the time of synthesis
of the binder resin. Furthe;, the metal complex is
rich in compgpibility or dispersibility in the binder
and is advanéageously used for providing the toner with
a stable chargeability. .

15 Additives (internal additives and éxternal
additives) may be aqged, as desired, to the tonerxr
according to the present invention. For example, a
conventional dye and/or pigment may be used as a
colorant. Ordinarily, a non-magnetic colorant may be

20 used in a proportion of 0.5 - 20 wt. parts per 100 wt.
parts of the binder resin. Other additives (external
additives) may include: a lubriéént, such as zinc
stearate; an abrasive, such as cerium oxide or silicon
carbide; a flowability-imparting agent or anti-caking

25 agent, such as colloidal silica or aluminum oxide; and

an electroconductivity-imparting agent.
-
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It is also preferred to add 0.5 - 5 wt. % of .
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whi ch basically includes preparation of a mxture of two or nore polyners
or copol yners. In a preferred process, a IorﬁﬁﬁTe uTaT~we1

pol ymer or copolymer having little THF-insoluble confe apiel! W8T ByEEDI ubl e

in a polynerizable monomer is dissolved in such a poj yperizabie-mo r or
nononer m xture, foll owed by polynerization of the n%nbmgﬁ GIAR gﬂﬁer

m xture, to prepare a resin conposition ghlch may bq afunlforﬁ1§ Ién ed
m xture of the fornmer and- i e

i

waxy substance, such as low-molecular weight
polyethylene, low-molecular weight polypropylene,
microcrystalline wax, carnauba wax, sasol wax or
paraffin wax, to the toner for the purpose of improving

5 the releasability of the toner at the time of hot roller
fixation.

The toner according to the present invention
may be constituted as a magnetic toner containing a
magnetic material in its particles. In this case, the

10 magnetic material also functions as a colorant.
Examples of the magnetic material may include: iron
oxide, such %s magnetite, hematite, and ferrite;
metals, suchjas iron, cobalt and nickel, and alloys of
these metals with other metals, éuch as aluminum,

15 cobalt, copper, lead, magnesium, tin, zinc,'antimony,
beryllium, bismuth,sgadmium, calcium, manganese,
selenium, titanium, tungsten aﬁd vanadium; and mixtur%§
of these materials.

The magnetic material may have an average

20 particle size of 0.1 - 1 micron, preferably 0.1 - 0.3
micron, and may 5e contained in the toner in a
proportion of 20 - 140 wt. parts, preferably 30 - 120
wt. parts, per 100 wt. parts of the resin component.

The toner according to the present invention

25 may be prepared through a process including:

sufficiently blending the binder resin, the metal salt

or metal complex, a magnetic material, pigment or dye
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as the colorant, and an optional charge control agent
and other additives, as desired, by means of a blender
such as a ball mill, melting and kneading the blend by
means of hot kneading means, such as hot rollers, a

5 kneader or an extruder to cause mutual solution of the
resinous materials and disperse or dissolve the
magnetic material, pigment or dye therein, and cooling
and solidifying the kneaded product, followed by
pulverization and classification.

10 It is preferred to use the toner according to
the present invention together with silica fine powder
attached to the surface of toner particles in order to
improve the charge stability, develop;ng“éhagacteristic
and fluidity. _

15 The silica f£ine powder used in the present
invention provides gpod results it it has a specific
surface area of 30 m2/g or larger, preferably 50 - 400.
m2/g, as measured by nitrogen adsorption according to
the BET method. The silica fine powder may be added in

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

For the purpose of being provided with
hydrophobicity and/or controlled chargeability, the
silica fine powder may well have been treated with a

25 treating agent, such as silicone varnish, various
modified silicone varnish, silicone bil, various

modified silicone o0il, silane coupling agent, silene
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coupling agent having functional group or other
organic silicon compounds, or in combination with
another treating agent.
In view of the developing performance, the

5 toner according to the present invention may preferably
be in the form of a magnetic toner, which comprises at
least the binder resin, the magnetic material and the
metal salt or metal complex, has a volume-average
particle size of 4.5 - 8 microns, preferably & - 8

10 - microns, and has such a particle size distribution that
it contains 17 - 60 % by number of magnetic toner
particles of/5 microns or.smaller, 5 - 50 % by number
of magneticltoner particles of 6.35 - 10.08 picrons,
and 2.0 % by volume or less of magnetic tongr particles

15 of 12.7 microns or larger and satisfies the condition
of N/V = -0.5N+k ... (1), wherein N is a number of 17 -
60 denoting the content in terms of % by number of the
toner particles of 5 microns or smaller, V is a number
denoting the content in terms of $ by volume of the

20 toner particles of 5 microns or smaller, and k is a
number of 4.6 - 6.7.

When the volupe—aVeragé particle size of the

toner is below 4.5 microns, the toners coverage on a
transfer paper is liable to be insufficient to provide

25 a low image density, especially in the case of
providing an image with a large probortion of image
area, such as a graphic image. This is considered to
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be based on the same cause by which the central paft'of
a latent image is developed into a lower density than
the contour portion of the latent image. If the
volume-average particle size is above 8 microns, the
resolution of a digital latent image composed of minute
spots of 100 microns or smaller becomes insufficient
and the image quality is liable to be deteriorated
during successive image formation.

If the content of the magnetic Foner
particles of 5 microns or smaller is below 17 % by
number, a portion of the magnetic toner particles
effective fog,providing a high image quality is few and
particularly, as the toner is consumed during a
continuation of copying or printing-out, theleffective
component is preferentially consumed to res&lt in an
awkward particle size distribution of the magnetic
toner and gradually deteriorates the image quality. Ef
the content is above 60 % by number, mutual
agglomeration of the magnetic toner particles is_liable
to occur to produce toner lumps having a larger size
than the proper size, thus leading to difficulties,
such as rough image quality, a iéw resolution, a large
difference in density between the contour and interior
of an image to provide a somewhat hollow image.

It is preferred that the content of the
particles in the range of 6.35 - 10.08 microns is 5 -

50 % by number, further preferably 8 - 40 % by number.
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The reactLue_nELaL—eeﬁﬁﬁﬂﬁd—to be used in the -present invention may be

t hose contal emleﬁﬁ foll ows: nopnoval ent n
Na[err], L|[ gﬁﬁ‘ﬂﬂu _ kAg[rr] Hg[err] and Cu[er

i ons, such as rr] , Caferr] , Hg[err], Snrérr]k EDLQLVF :
Fe[err], Co[er d Zn[err]; and trival ent}ipng,& Stigh! {
Al[err], Sc[err], Fe[err], Ce[err], N[ {r, Crlerr] ang._ Y[ererWAnan It he
conmpounds containing metal ions as descrlbed above, those which are

readi |y deconposabl e provide good results. This is

S

Above 50 % by number, the image quality becomes worse,

and excess of toner coverage is liable to occur, thus

resulting in an increased toner consumption. Below 5 %

by number, it becomes difficult to obtain a high image
5 density in some cases.

The contents of the magnetic toner particles
of 5 microns or smaller in terms of % by number (N %)
and % by volume (V %) may preferably satisfy the
relationship of N/V = -0.05N+k, wherein k represents a

10 positive number satisfying 4.6 ¢ k ¢ 6.7, and N is a
number satisfying 17 ¢ N ¢ 60. The preferred range
thus defined/is shown in Figure 10 as an area within a

parallelogram. It is further preferred that 4.6 ¢ k

fin

6.2, particularly 4.6 ¢ k ¢ 5.7 and 25 ¢ N é 60,
15 particularly 30 ¢ N ¢ 60. .

If k < 4.6% magnetic toner particles of 5.0
microns or below are insufficient, and the resultant _
image density, resolution and sharpness decrease. When
fine toner particles in a magnetic toner, which have

20 conventionally been considered useless, are present in
an appropriate anount, they are effective for achieving
closest packing of toner in devéiopment and contribute
to the formation of a uniform image free of coarsening.
Particularly, these particles fill thin-line portions

25 and contour portions of an image, thereby to visually
improve the sharpness thereof. 1If g < 4.6 in the above
formula, such component becomes insufficient in the.
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assunmed to be because the netal ion in such a conpound is thermally

deconposed to be 1n a formreadily bonded _
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particle size distribution, and the above-mentioned
characteristics become poor.

Further, in view of the production process, a
large amount of fine powder must be removed by
classification in order to satisfy the condition of k <«
4.6. Such a process is however disadvantageous in
yield and toner costs. On the other hand, if k > 6.7,
an excess of fine powder is present, whereby the image
density is liable to be decreased. This phenomenon is
considered to be caused by attachment of excessive
amount of fine magnetic toner particles with excessive
charge onto ;pe developing sleeve, so that carrying and
triboelectrification of normal magnetic toner are
hindered thereby.

In the magnetic toner of the present
invention, the amount of magnetic toner particles
having a particle size of 12.7 microns or larger is _
preferably 2.0 % by volume or smaller, further
preferably 1.0 % by volume or smaller, more preferably
0.5 % by volume or smaller. If the above amount is
larger than 2.0 % by volume, these particles are liable
to impair thin-line reproducibility.

The particle size distribution of a toner is
measured by means of a Coulter counter in the present
invention, while it may be measured in various manners.

Coulter counter Moéel TA—II.(available from

Coulter Electronics Inc.) is used as an instrument for
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measurement, to which an interface (available from
Nikkaki K.K.) for providing a number-basis
distribution, and a volume-basis distribution and a
personal computer CX-1 (available from Canon K.K.) are
connected.

For measurement, a 1 $-NaCl aqueous solution
as an electrolytic solution is prepared by using a
reagent-grade sodium chloride. For example, ISOTONR-TI
(available from Coulter Scientific Japan XK.K.) may be
used therefor. Into 100 to 150 ml of the electrolytic
solution, 0.1 to 5 ml of a surfactant, preferably an
alkylbenzenegulfonic acid salt, is added as a
dispersant, and 2 to 20 mg of a sample is added
thereto. The resultant dispersion of the saﬁple in the
electrolytic liquid is subjected to a dispe&sion
treatment for about,1 - 3 minutes by means of an
ultrasonic disperser, and theﬁ subjected to measurem%ft
of particle size distribution in the range of 2 - 40
microns by using the above-mentioned Coulter counter
Model TA-II with a 100 micron-aperture to obtain a
volume-basis distribution and a number-basis
distribution. From the results”of the volume-basis
distribution and number-basis distribution, parameters
characterizing the magnetic toner of the present
invention may be obtained.

Now, the image forming method and the image

forming apparatus according to the present invention
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counter ion, are advantageously used. Anong the organi.c..conpoungds..f-orm ng
coordi nate bonds or ion pairs wth nmetal ions, exanplgsp q@yﬁh@geg%gy1ng
t he above property may include: salicylic acid and ijt s, deri-vati-wesy such
as salicylic acid, salicylam de, salicylam ne, salidyhahgehg 8, 007
salicylosalicylic acid, and di-tert-butylsalicylic emld f[er Fﬁetoﬁes,
such as acetyl acetone and proplonylaceéﬁgg and | ow e¢ '
carboxylic acid salts, such as acetate

will be specifically explained with reference to an
embodiment shown in Figure 11.
A photosensitive member (drum) 1 surface is

charged, e.g., in a negative polarity by a primary

5 charger 2, then exposed with image light 5 (e.g., laser
light) to form a latent image (e.g., a digital latent
image formed by image scanning), and the latent image
is developed (e.g., reversely developed) with a mono-
component-type magnetic developer 10 comprising a

10 magnetic toner contained in a developing device 9 -
equipped with a magnetic blade 11 and a developing
sleeve 4 cont?ining therein a magnet. At the
developing sﬁation or zone, an alternating bias, a
pulsed bias and/or a DC bias is applied betwéen the

15 photosensitive drum 1 and the developing sléeve 4 by a
bias application means 12. A sheet of transfer paper P
is conveyed to reach a transfer station, where the baqf
side (opposite side with respect to the photosensitive
drum) of the transfer paper is charged by a transfer

20 means 3, whereby a developed image (toner image) on the
photosensitive drum surface is electrostatically
transferred. The transfer paper“P separated from the
photosensitive drum 1 is sent to a hot pressure roller
fixer where the toner image on the transfer paper P is

25 fixed.

Some magnetic toner remaining on the

photosensitive drum 1 after the transfer step is
I itttk kot
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remoﬁeq by a cleaning device 8 equipped with a cleaning
blade. The photosensitive drum 1 is discharged by an
erasing exposure light source 6 and is subjected to a
repeating cycle starting with the charging step by the
primary charger 2.

The photosensitive drum (electrostatic image-
bearing member) comprises a photosensitive layer on an
electroconductive substrate and rotates in the
direction of the arrow. The developing sleeve 4 as a
toner-carrying member comprising a non-magnetic
cylinder rotates so as to move in the same direction as
thg electrostgtic image-bearing member surface at the
developing station. Inside the non-magnetic
cylindrical sleeve 4 is disposed a multi—polgr
permanent magnet (magnet roll) so as not to rotate.

The magnetic toner 10 in the developing device 9 is
applied onto the non-magnetic cylinder 4 surface and
the toner particles are provided with, e.g., a negative
charge due to friction, e.g., between the developing
sleeve 4 surface and the toner particles. The magnetic
doctor blade 11 of iron is disposed in proximity with
the cylindrical developing sleeve surface with a gap of
about 50 microns to 500 microns and so as to confront
one magnetic pole of the multi-polar permanent magnet,
whereby a magnetic toner layer is formed in a thin and
uniform thickness (30 - 300 micronsf so that the

magnetic toner layer is thinner than the gap between

TV 8 zs{r;zg |
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the electrostatic image-bearing member 1 and the
developing sleeve 4 at the developing station. The
revolution speed of the developing sleeve 4 is adjusted
so that the sleeve surface velocity is substantially
the same as or close to the speed of the electrostatic
image-carrying surface. it is possible to compose the
magnetic doctor blade 11 of a permanent magnet instead
of iron. At the developing station, it is possible to
apply an AC bias or a pulsed bias between the
developing sleeve 4 and the electrostatic image-bearing
member 1 surface by the biasing means 12. The AC bias
may approprig;ely comprise a frequency £ of 200 - 4,000
Hz and a peak-to-peak voltage Vpp of 500 - 3,000 V.

At the developing station, the tone£ particles
are transferred to the electrostatic image side because
of an electrostatic force exerted by the electrostatic
image-bearing member surface and the action of the AC_
bias or pulsed bias electric field.

Instead of the magnetic doctor blade 11, an
elastic blade formed of an elastic material such as
silicone rubber can also be used to apply the toner in
a regulated thickness onto the developing sleeve under
the action of a pressing force.

In a case where the image forming apparatus
according to the present invention is used as a printer
for facsimile, the laser light 5 may be replaced by

exposure light image for printing received data.
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Figure 12 is a block diagram for illustrating such an
embodiment.

Referring to Figure 12, a controller 511
controls an image reader (or image reading unit) 510
and a printer 519. The entirety of the controller 511
is regulated by a CPU 517. Data read from the image
reader 510 is transmitted through a transmitter circuit
513 to a remote terminal such as another facsimile
machine. On the other hand, data received from a
remote terminal is transmitted through a receiver
circuit 512 to a printer 519. An image memory 516
stores presc;ibed image data. A printer controller 518
controls the.printer 519. A telephone handset 514 is
connected to the receiver circuit 512 and the
transmitter circuit 513.

More specifically, an image received from a
line (or circuit) 515 (i.e., image data received a -
remote terminal connected by the line) is demodulated
by means of the receiver circuit 512, decoded by the
CPU 517, and sequentially stored in the image memory
516. When image data correspond;ng to at least one
page is stored in the image memory 516, image recording
or output is effected with respect to the corresponding
page. The CPU 517 reads image data corresponding to
one page from the image memory 516, and transmits the’
decoded data corresponding to one pége to the printer

controller 518. When the printer controller 518
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receives the image data corfe§ponding to one page from
the CPU 517, the printer controller 518 controls the
printer 519 so that image data recording corresponding
to the page is effected. During the recording by the
printer 519, the CPU 517 receives another image data
corresponding to the next page.

Thus, receiving and recording of an image may
be effected in the above-described manner.

In the electrophotographic apparatus, plural
members inclusive of some of the above-mentioned
members such as electrostatic image-bearing member oxr
the photosenéitive member, developing apparatus and
cleaning means can be integrally combined to’ form an
apparatus unit so that the unit can be connected to or
released from the apparatus bédy. For example, at
least one of the ch;fging means, developing apparatus
and cleaning means can be integrally combined with the
photosensitive member to form a single unit so that it
can be freely attached to or released from the
apparatu; body by means of a guide means such as a
guide rail provided to the body.- |

Hereinbelow, the present invention will be
explained more specifically based on Examples.

Synthesis Example 1

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

The following mixture was added thereto in 4 hours
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under refluxing of cumene.
Styrene 74 wt. parts
n-Butyl acrylate 16 wt. parts
Moncbutyl maleate 10 wt. parts
Di-tert-butyl peroxide 6 wt. parts

The polymerization was further continued and
completed under reflux of cumene (146 - 156 °C),
followed by removal of cumene. The thus obtained non-
crosslinked styrene copolymer showed a main peak at a
molecular weight of 5,000 and a glass transition
temperature (Tg) of 60 °C. The thus obtained non-
crosslinked sFyrene copolymer in an amount of 30 wt.
parts waé dissolved in the following monomer mixture to
form a polymerizable mixture. | ‘

Styrene 48 wt. parts

n-Butyl acrylate, 20 wt. parts

Monobutyl maleate : ‘ 2 wt. parts -
Divinylbenzene 0.4 wt. part

Benzoyl peroxide 1.7 wt. parts

170 wt. parts of water containing 0.1 wt. part
of partially saponified polyvinyl alcohol was added to
the above polymerizable mixture £§ form a suspension
liquid. 1Into a reaction vessel containing 15 wt. parts
of water and aerated with nitrogen. The above
suspension liquid was added and subjected to 6 hours of
suspension polymerization at 70 - 95 °C. After the

reaction, the product was separated by filtration,
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dewatered and dried to obtain a resin composition
containing a styrene-n-butyl acrylate-monobutyl maleate
copolymer and also a styrene-n-butyl acrylate-maleic
acid-maleic anhydride copolymer. The resultant resin
composition showed a THF-insoluble content of 40 wt. %,
a Tg of 59 °C, a JIS acid value (A) of 18.4 and a ratio
(A/B) of 0.90 to the total acid value (B), and
contained a THF-soluble content giving a GPC chart
showing a peak at a molecular weight of about 5500 and
a shoulder at a molecular weight of about 3. 4x104.

The THF-soluble content of the resin
composition was measured as follows:

Abo;t 0.5 g of the resin composition was
accurately weighed (W; g) and placed in a cyiindrical
filter paper (28x100 mm, "No. 86R", availabie from Toyo
Roéhi K.K.) and theq\squected to extraction with 200
ml of solvent THF for 6 hours by using a Soxhlet's
extractor. Each extraction cycle with THF by the
Soxhlet's extractor took about 4 minutes. The THF-
soluble content extracted with THF was recovered by
evaporation of tﬁe THF, dried under vacuum at 100 O¢
and then weighed (W, g). The calculation was made
according to the following equation:

THF insoluble content (%) = [W; - Wp]1/W; x 100.

The glass transition point (Tg) of the resin

was measured according to ASTM D 3418-82 by using a DSC

(differential scanning calorimeter, "DSC-7" available
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from Perkin-Elmer Corp.)
Synthesis Example 2 "
Styrene 80 wt. parts
n-Butyl acrylate 15 wt. parts
Acrylic acid 5 wt. parts
Di-tert-butyl peroxide 7 wt. parts

The above ingredients were added dropwise in 4
hours to 200 wt. parts of cumene which had been heated

to the reflux temperature. The solution polymerization

"was further completed under reflux of cumene (146 - 156

Oc), followed by removal of cumene. The resultant
styrene copo;ymer showed a peak at a molecular weight
of 5200 on tl'lle GPC chart and a Tg of 62 °cC.

30 wt. parts of the styrene copolymér was

dissolved in the following monomer mixture to form a

mixture solution.

Styrene 47 wt. parts _
n-Butyl acrylate 23 wt. parts

Monobutyl maleate 1 wt. parts
Divinylbenzene 0.6 wt. part

Benzoyl perokide 1.5 wt, part

170 wt. parts of water.éontaining 0.1 wt. part
of partially saponified polyvinyl alcohol was added to
the above mixture solution to form a suspension liquid.

Into a reaction vessel containing 15 wt. parts of water

and aerated with nitrogen, the above suspension liquid

__ggg_ggggg and subjected to 6 hours of suspension
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polymerization at 10 - 95 ©C. After the reaction, the
product was separated by filtration, dewatered and
dried to obtain a resin composition containing a
crosslinked styrene-n-butyl acrylate-monobutyl maleate

5 copolymer. The thus-obtained resin composition
contained 55 wt. % of a THF-insoluble content, showed a
Tg of 54 ©C, a JIS acid value (&) of 13.0 and a ratio
(A/B) of 0.97 to the total acid value (B), and the THF-
soluble content gave a GPC chart showing a peak at a

10 molecular weight of about 6000 and a shoulder at a
molecular weight of about 3.2x104.

Synthesis Example 3

Styrene _ 76 wt. parts
n-Butyl acrylate 14 wt. parts
15 Monobutyl maleate 15 wt. parts
Di-tert-butyl peroxide 4 wt. parts

The above ingredienté were added dropwise in 4
hours to 200 wt. parts of xylene which had been heated
to the reflux temperature. The solution polymerization

20 was further completed under reflux of xylene (138 - 144
O¢), followed by removal of xylene. The resultant non-
crosslinked styrene copolymer sh;wed a peak at a
molecular weight of 5500 on the GPC chart and a Tg of
63 ©c.

25 20 wt. parts of the styrene copolymer was

dissolved in the following monomer mixture to form a

—_—_—
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mixture solution. |
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Styrene 36 wt. parts
n-Butyl acrylate 24 wt. parts
Monobutyl maleate 3 wt. parts

Divinylbenzene 0.35 wt. part

5 Benzoyl peroxide 1.3 wt. parts

170 wt. parts of water containing 0.1 wt. part
of partially saponified polyvinyl alcoﬁol was added to
the above mixture solution to form a suspension liquid.
Into a reaction vessel containing 15 wt. parts of water

10 and aerated with nitrogen, the above suspension liquid
was added and subjected to 6 hours of suspension
polymerization at 70 - 95 Oc. After the reaction, the
product was separated by filtration, dewatergd and
dried to obtain a resin composition contain%ng a

15 crosslinked styrene-n-butyl acrylate-monobutyl maleate
copolymer. The thus-obtained resin composition
contained 30 wt. % of a THF-insoluble content, showed a
Tg of 57 9C, a JIS acid value (A) of 30.5 and a ratio
(A/B) of 0.81 to the total acid value (B), and the THF-

20 soluble content gave a GPC chart showing peaks at
molecular weights of about GOOO_and about 3.6x10%.

Comparative Synthesis Example 1

Styrene 100 wt. parts
Di-tert-butyl peroxide 10 wt. parts
25 The above ingredients were added dropwise in 4

hours to 200 wt. parts of cumene which had been heated

to the reflux temperature. The solution polymerization.
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was further completed under reflux of cumene (146 - 156
9¢), followed by removal of cumene. The resultant
styrene copolymer showed a peak at a molecular weight
of 4000 on the GPC chart and a Tg of 67 °C.

30 wt. parts of the styrene copolymer was
dissolved in the following monomer mixture to form a

mixture solution.

Styrene 60 wt. parts
n-Butyl acrylate 20 wt. parts
Benzoyl peroxide 2 wt. parts

170 wt. parts of water containing 0.1 wt. part
of partially/saponified polyvinyl alcohol was added to
the above mixture solution to form a suspension liquid.
Into a reaction vessel containing 15 wt. parts of water
and aerated with nitrogen, the above suspension liquid
was added and subjected to 6 hours of suspension
polymerization at 70 - 95 ©C. After the reaction, the
product was separated by filtration, dewatered and
dried to obtain a resin composition containing a
polystyrene and a non-crosslinked styrene-n-butyl
acrylate copolymer. The thus-obtained resin
composition was soluble in THF, gave a GPC chart
showing peaks at molecular weigﬁts of about 4500 and
about 3.0x104, and showed a JIS acid value (A) of 0.6.

Comparative Synthesis Example 2

170 wt. parts of water containing 0.1 wt. Qart_

of partially saponified polyvinyl alcohol was added to

r——'“"'"“" P

\
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the following monomer mixture to form a suspension

liquid.
Styrene 69 wt. parts
n-Butyl acrylate . 25 wt. parts
5 Monobutyl maleate 6 wt. parts
Divinylbenzene 0.9 wt. part
Benzoyl peroxide 3 wt. part
Into a reaction vessel containing 15 wt. parts
of water and aerated with nitrogen, the above

10 suspension liquid was added and subjected to 6 hours of
suspension polymerization at 70 - 95 ©C. After the
reaction, thg product was separated by filtration,
dewatered and dried to obtain a crosslinked styrene-n-
butyl acrylate-monobutyl maleate.copolymer.' The thus-

15 obtained copolymer gave a GPC chart showing a main peak
at a molecular weight of about 17,000 and substantially
no peak below a molecular weigﬁt of 15,000, -

The copolymer also showed a Tg of 60 °C, a JIS
acid value (A) of 16.6, a ratio (A/B) of about 1 to the

20 total acid value (B), and a THF-insoluble content of 30
wt., %.

Comparative Synthesis Example 3
200 wt. parts of cumene was charged in a
reaction vessel and heated to the reflux temperature.

25 The following mixture was added thereto in 4 hours.

Styrene . 72 wf. parts
—Butyl Acrylate 25 wt. parts -
This Sheet Has Been Repla {"‘L’,,fx b?iEE"f §"‘fh‘3 RN
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Monobutyl maleate 3 wt. parts
Divinylbenzene 1.0 wt. part
Di-tert-butyl peroxide 1.0 wt. parts

The solution polymerization was further
continued for 4 hours under reflux of cumene, followed
by removal of the solvent by ordinary distillation
under vacuum to obtain a copolymer.

The copolymer showed a THF-insoluble content
of 5 wt. %, peaks at molecular weights of about 17,000
and about 80x10% on the GPC chart, a Tg of 60 °C, a JIS
acid value (A) of 8.6 and a ratio (A/B) of 0.66 to the

total acid value (B).

Example 1
Resin of Synthesis Example 1 100 wt. parts
Magnetic material 70 wt. parts

(number-average ﬁarticle size = 0.19 micron)

Complex [I]-2 . 1 wt. part -

Low-molecular weight ethylene-

propylene copolymer 3 wt. parts

The above ingredients were sufficiently

blended in a blender and melt-kneaded throﬁgh a two-
axis kneading extruder set at 130 Oc. The resultant
kneaded product showed a lower melt index than
corresponding kneaded product which was prepared under
the same condition except that the complex [I1-2 was

not added.

This Sheet Has Been Replaced The kneaded product was cooled. coarsely
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to th proportion of 0.01 - 10 w. parts, pr=ferab4y O ot

w . preferably 1 - 5 w. parts, per 100 ot MAR 99 i
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crushed by a cutter mill, finely pulvefized by means of
a pulverizer using jet air stream, and classified by a
fixed-wall type wind-force classifier to obtain a
classified powder product. Ultra fine powder and

5 coarse powder were simultaneously and precisely removed
from the classified powder by means of a multi-division
classifier utilizing a Coanda effect (Elbow Jet
Classifier available from Nittetsu Kogyo K.K.), thereby
to obtain a magnetic toner having a volume-average

10 -particle size of 10 microns.

100 wt. parts of the above toner and 0.6 wt.
part of hydrophobic colloidal silica fine powder
treated with silicone oil were dry-blended with each
other to prepare a magnetic toner comprising magnetic

15 toner particles onto the surface of which the hydrophic
colloidal silica fine powder was attached.

The viscoelastic properties of the magnetic _
toner were measured at 120 ©C and 200 Oc, and the
results thereof are shown in Figures 1 and 2,

20 respectively. As shown in these figures, the dynamic
modulus G' and loss modulus G'' were within the range
of 2x103 - sx10° dyne/cm2 from 120 °C to 200 °C, and
the ratio G'y,50/G'5g9¢ was below 40. Further, the
viscoelastic properties were not substantially changed

25 with time at 200 ©C as shown in Figures 3 and 4. The
viscoelastic data of the toner are-also shown in Table

1 appearing hereinafter together with those of other




w—parts—ef_the binder resin. The above netal conmplex is rich in
deggﬁﬁg§ﬁ% |t and reactivity particularly when it is regcted.mﬁth t he m
u of the binder resin. Further, the net

b|n time of nelt kneading than when it
wm or dispersibility in the bi nder and is advaﬁt“ageousl—yw

used for providing the toner with a stable chargeablllt
-68 -

Examples.
The magnetic toner was evaluated for image
formation by using a printer prepared by remodeling a
commercially available small-size laser beam printer
5 ("LBP-811", made by Canon K.K.) so as to provide a
printing speed of 16 sheets (A4-vertical)/min. The
evaluation was performed with respect to the initial
image quality and fixability, and anti-offset
characteristic and staining of hot fixing rollers after
10 5000 sheets of printing. The developing conditions
were as follows:
The cloggst gap between the laminated OPC

photosensitive drum and the developing sleeve

(enclosing a fixed magnet): about 300 microns
15 The gap between the magnetic blade and the
developing sleeve: . about 250 microns

The magnetic toner layer thickness on the coated _
developing sleeve: about 130 microns
Developing bias: AC bias (Vpp: 1600 V, fregquency:
20 1800 Hg), DC bias: -390 V.

The fixability evaluation was performed as
follows. The test apparatus was placed in an
environment of normal temperature and normal humidity
(temperature: 23 ©C, humidity: 60 %). After the

25 apparatus and the fixing device therein were fully
adapted to the environment, a power.was supplied.
Immediately after the waiting time was up, a pattern of.
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Additives (internal additives and external additives) may be added, as
deS|nhdsm$MEm$mmR@m@ﬁ according to the present invention. Faor exanple -
conven /or pi gnent may be used as a colora,tﬁ: Q@@ ?u ¥ @¥‘
non- t may be used in a proportion of 0.%§ - .20t Jg;jﬁa
parts of the binder resin. Qher additives ge ﬁtern j

‘?“‘,\

addltlves) may include: a lubricant, such as zinc steargtﬂ 4an ﬁ&ﬁa@fﬁe{
such as cerium oxide or silicon 69—

Sl 2

200 micron-wide transverse lines (line width: 200
microns, spacing: 200 microns) was printed on a first
sheet, which was used for evaluation of the fixability.
The fixing was effected by setting the surface
5 temperature of a fluorine resin-coated hot fixing
roller at 180 °C. The fixability was evaluated by
rubbing the printed image with a lens cleaning paper
("Dusper'®, made by 0ZU Paper Co. Ltd.) for 5
reciprocations under a weight of 100 g and then
10 evaluating the degree of peéling of the toner image in
terms of a decrease (%) in reflection density.
| For the evaluation of the anti-offset
characteristic, a 100 microns-wide transverse line
pattern was continuously printed on 300 sheets by using
15 a fresh fixing'roller cleaning pad, then the printing
was paused for 30 sed¢onds and then the printing was
resumed. Then, the back-staining on a first sheet -
after the resumption was observed for the evaluation.
For the evaluation of thé hot f£ixing roller
20 staining, a character pattern with a dot ratio of 4 %
was printed continuously on 5000 sheets (A4-vertical)
by using a fresh fixing roller cleaning pad and
thereafter the staining on the surface of the hot
fixing roller was observed with eyes.
25 After the above observation, the 100 microns-
wide transverse line pattern was continuously printgd

on 300 sheets (A4-vertical), then the printing was
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carbidn' a flowability-inparting agent or anti-caking agent, such as

coII silica or alum num oxide; and an el ectroconductivity- |npart|ng

10 -
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20

agen ““hSB“n&TP efs also preferred to add 0.5 - 5 wt. % oL
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paused for 30 seconds and then the printing was
resumed. Then, the back standing on a first sheet
after the resumption was again observed for evaluation
of the anti-offset characteristic.

For the above evaluation, bond paper having a
surface smoothness of 10 [sec] or below was used as the
transfer paper.

The evaluation standards are shown below.

(1) Fixability

o: Good

A: Somewhat inferior but practically

acceptable

x: Practically not acceptable
(2) Hot fixing roller staining in the fixing device

o: No stain at all

oA: Slight stain which is almost unnoticeable
A: Noticeable stain but practically acceptable
(no offsetting)
x: Conspicuous stain and'practically not
acceptable (offsetting)
(3) Anti-offset characteristic (back stain after
pause)
o: No stain at all
0A: Almost unnoticeable
A: Stain but practically acceptable
x: Conspicuous stain and p?actically

unacceptable

THIS SLfIF HAS EEEN

H




-4?- waxy substance, such as | ow nol ecul ar wei ght pol yet hyl ene,
W64 thsdBeeneplgded pol ypropyl ene, mcrocrystalline wax, carnauba wax,

saso fln wax, to the toner for the purpose P10V
rele \ e toner at the tinme of hot roller fixctﬁe e 'A

The t g to the present invention -

71— | s

The evaluation results are summarized in Table
2 appearing hereinafter.

Example 2 - 4, Comparative Examples 1 - 3

Toners were prepared in the same manner as in
5 Example 1 except that the resins and metal complexes
were formulated (selected and mixed) as shown in Table
1. The viscoelastic data of the toners are also shown
in Table 1 and the results of evaluation are shown in
Table 2.
10
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seFEHTUﬁT“tffanLunl\L¥ngsten and vanadi um and m xtures of these
s$$@H“Be he magnetic material may have an average particle

S|ze @don, preferably 0.1 - 0.3 mcron, and may be contai ned
in t proportlon of 20 - 140 wt. parts, preferably 30 - 120
Wt . parts of the resin conponent. The toner

accordlng to the present I nvention may be prepared through a process
i ncl udi ng: ' -
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sufficiently blending the binder resin, the nmetal salt or netal conplex, a

magnetic material, pignent or dye - 48-
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Example 5
Resin of Synthesis Example 1 100 wt. parts
Magnetic material 100 wt. parts
Complex [I]-2 0.5 wt. part
5 Low-molecular weight ethylene-
propylene copolymer 3 wt. part

The above ingredients were sufficiently
blended in a blender and melt-kneaded through a two-
axis kneading extruder set at 130 °C. The kneaded

10 product was cooled, coarsely crushed by a cutter mill,
finely pulverized by means of a pulverizer using jet
air stream,fand classified by a fixed-wall type wind-
force classifier to obtain a classified powder product.
Ultra fine powder and coarse powder were simultaneously

15 and precisely removed from the classified powder by
means of a multi-diyision classifier utilizing a Coanda
effect (Elbow Jet Classifier a?ailable from Nittetsu _
Kogyo K.K.), thereby to obtain a magnetic toner having
a volume-average particle size of 6.5 microns.

20 The thus obtained magnetic toner was subjected
to measurement of particle size distribution by means
of a Coulter counter Model TA-II equipped with a 100
microns-aperture and the measured data are shown in
Table 3 appearing hereinafter.

25 100 wt. parts of the above toner and 1.0 wt.
part of hydrophobic colloidal siliéa fine powder were

dry-blended with each other to prepare a magnetic toner'

et ,__,_,‘_."—q
s 5
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as the colorant, and an optional charge control ag
as desired, by neans of a blender such as a bal
kneadi ng the blend by neans of hot kneadi ng neans,
kneader or an extruder to cause nutual solution of
and di sperse or dissolve the magnetic material, p
and cooling and solidifying the kneaded product,
pul verization and cl assifi.cation. —75-

ent and

mll, nelting and

such ag Hot'l LAGTWENS SHET
the resi npus—nateri-ats-
i gment or?dye?%h@ﬁ@iﬁy; ‘
follomedtby T

ot her additi ves,

popana

comprising magnetic toner particles onto the surface of

which the hydrophic colloidal silica fine powder was

attached.

The viscoelastic properties of the magnetic

5 toner were measured at 120 ©C and 200 ©C, and the

results thereof are shown in Figures

5 and 6,

respectively. As shown in these figures, the dynamic

modulus G' and loss modulus G'' were within the range

of 2x103 - 5x10° dyne/cm? from 120 °C to 200 °C, and

10 the ratio G'120/G'200 was below 40.

Purther,

the

viscoelastic properties were not substantially changed

with time at’ 200 ©C as shown in Figures 7 and 8. The

viscoelastic data of the toner are alsp shown in Table

4 appearing hereinafter together with those of other

15 Examples.

The magneﬁic toner was evaluated for image

formation by using a printer prepared by remodeling &

commercially available small-size laser beam printer

("LBP-8II", made by Canon K.K.) so as to form a latent

20 image with minute spots of down to 50 microns by

improving the scanner part and to provide'a printing

speed of 16 sheets (Ad-vertical)/min.

The evaluation

was performed with respect to the initial image guality

and fixability, and anti-offset characteristic and

25 staining of hot fixing rollers after 5000 sheets of

printing similarly as in Example 1.

The minute dot reproducibility represents the
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It is preferredto usSe the toner according to the present invention
t oget her mht,,@s}&iatlﬂa@neeik@acqﬂomder attached to the surfacg -

particles i rove the charge stability, devah@%ﬁguu
characterlsqi '
present inv

The silica fine ppwder  tsed- ﬂn%he
s good results it it has a spekiti su&fagg ar ep
of 30 n2/g or Iarger preferably 50 - 400 nferr]/g, as §
nitrogen adsorptioh according to -76-

?s red by‘“’

repfoducibility of a checker pattern as shown in Figure
9 including 100 units square dots each having one side
X measuring 80 microns or 50 microns. The
reproducibility was evaluated through a microscope

5 while noticing the clarity (presence or absence of
defects) and scattering tc the non-image parts.

Example 6 - 8

Magnetic toners were prepared in the same
manner as in Example 5 except that the resins and metal
10 complexes were formulated as shown in Table 4. The
particle seize distribution data of the magnetic toners
thus prepared are shown in Table 3, the viscoelastic
data are shown in Table 4, and the results of
evaluation are shown in Tgble 5. |
15  Example 9
A magnetic, toner having a particle seize
distribution as shown in Table 3 was prepared similaxly
as in Example 5 while reducing the amount of the
magnetic material to 80 wt. parts. The magnetic toner
20 in an amount of 100 wt. parts was dry-blended with 0.8
wt. part of colioidal silica f;ne powder to cobtain a
magnetic toner for evalpation. The viscoelastic data
of the magnetic toner are shown in Table 4, and the
results of evaluation are shown in Table 5.

25 Comparative Example 4 - 6

Magnetic toners were prepared in the same

manner as in Example 5 except that the resins and metal .
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the BET nethod. The silica fine powder may be added in a proportion of
0.01 - 8 mt. parts, preferably 0.1 - 5 w. parts, per 100 wt. parts of the
t oner. For the purpose of being provided with hydrophobicity
and/or controlled chargeability, the silica fine powd =

treated with a treating agent, such as silicone varn
silicone varnish, silicone oil, various nodified sil
coupling agent, silene

een
i ed

-77-

complexes were formulated as shown in.?able 4. The
particle seize distribution data of the magnetic toners
thus prepared are shown in Table 3, the viscoelastic
data are shown in Table 4, and the results of

5 evaluation are shown in Table 5.

10

15

20

is Sheet Has Been Replaced

i i




other organic silicon

group or
in conmbination with another treating agent.

coupl ing agent having functional
or

conpounds,

-49-
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of magnetic toner particles of 6.35 - 10.08 mcrons, and 2.0 % by vol une
or less of magnetic toner particles of 12.7 mcrons or |arger and
satisfies the condition of NV = -0.5N+k ... (1), wherein Nis a nunber of
17 - 60 denoting the content in ternms of % by nunber of the toner
particles of 5 mcrons or smaller, Vis a nunber denoting the content in
terms of % by volunme of the toner particles of 5 mcrons or smaller, and k

is a nunber of 4.6 - 6.7. -80-
DACEMENT SHERET
: LA
i
ol (1
D
i < O 0 O
dla ©c oo o ¥
Q
3
g
0,
& 5‘ O 0 0 0 O 0O 0 0O
§ <
0
Es)
. Q
/ QL
™
* &~ N ™M AN N O N N [
Mmoo a9 na" o
E — T ™ ™ — — ¢t N
o g
- o~ &
% *® -~ CU
£ 5 8=
- 0O 0 0 0O X q o 9 ¢
3 . ° )
ga i 3
0
; g S o
S 33 3
(R Byd
L 0 0 0 0O 0 X ¥ B ‘p-g
20 g W o
+ ke ~ 5
) Q g )
©
L8 © 0 00O X 4 o &
U4 R /]
5'4-1 W
o o ¥
|
Sy D' = >
43
: K
- ©c 000 O a4 ¥ X ke g\ g
4 8 9 9
2 g
548
N W M~ 0 O et 1N W g n
& 535 - & @
L3
This Sheet Has Been Replaced )
F:\\“""""-«-.\. hd
| TG eyt
! ! PGS SHEET yrem oo
{ AERL A



When the vol une-average particle size of the toner is below 4.5 m crons,
the toners coverage on a transfer paper is |liable to be insufficient to
provide a |lowinage density, especially in the case of providing an inmge
with a large proportion of inmage area, such as a graphic image. This is
considered to e T

Fizat

-8 a -

A toner for developing electrostatic images is

constituted from a binder resin, and a metal salt or a
metal complex. Through the various interaction between

5 the components, the toner is provided with unique
viscoelastic properties including: a dynamic modulus
G'190-200 at 120 - 200 ©C of 2x103 or higher to below
5x10° [dyne/cmz] as measured in the frequency range of
1x1072 - 1 (Hz); a loss modulus G"q59_500 @t 120 - 200

10 °c of 2x103 or higher to below 5x10° [dyne/cm?] as
measured in the frequency range of ‘Ix10'2 -1 (Hz); a
dynamic modﬁius G'9gg at 200 Oc and a frequency f
satisfying an approximated linear relationship
according to the least squares method of: logG'zoo =

15 a-log-f + log b, wherein a denotes a positive number of
0.25 or smaller anakb denotes a constant; and a ratio
(G'50g)/(G'159) of below 0.25 wherein (G'5pg) denotes a
dynamic modulus at 200 °C and (G'120) denotes a dynamic
modulus at 120 ©C respectively at a frequency of 1

20 (Hz).

25
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WHAT IS CLAIMED IS:

S

~aad

1. A toner for developing electrostatic images,
comprising a binder resin, and a metal salt or a metal
complex; wherein the toner has:

a dynamic modulus G'y5q_p9¢ 2t 120 - 200 OC of
2x103 or higher to below 5x10° [dyne/cmzl as measured
in the frequency range of 1x1072 - 1 (Hz);

a loss modulus G"y5q_509 at 120 - 200 °C of
2x103 or higher to below 5x10° [dyne/cmzl as measured
in the frequency range of 1x10"2 - 1 (Hz);

a dynamic modulus G'5gq at 200 °C and a
frequency f';atisfying an approximated linear
relationship according to the least squares method of:

logG'9gg = a*log*f + log b,
wherein a denotes a positive number of 0.25 or smaller
and b denotes a con;tant; and

a ratio (G',gg)/(G'13g) of below 0.25 wherein
(G'9gg) denotes a dynamic modulus at 200 Oc and (G'120)
denotes a dynamic modulus at 120 °C respectively at a

frequency of 1 (Hz).

2. The toner according to Claim 1, which contains

a magnetic material.

3. The toner according to Claim 1, wherein the

positive number a is 0.05 to below 0.25.
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for providing a high image quality is few and partlculquy,
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4. The toner according to Claim 1, wherein the

binder resin shows a molecular weight distribution on

its GPC chromatogram including at least one peak in the

molecular weight range of 2000 to below 15,000 and a

peak or shoulder in the molecular weight range of

15,000 to 100,000.

5. The toner according to Claim 1, wherein the

binder resin shows a JIS acid value (A) and total acid

value (B) giving a ratio A/B in the range of 0.75 -

0.99.

rf.

6. The toner according to Claim 1, wherein the

binder resin contains 5 - 70 wt. ¥ of a THF-insoluble

content.

k-

7. The toner according to Claim 1, wherein the

binder resin contains 20 - 60 wt. % of a THF-insoluble

content.

8. The toner according to Claim 1, wherein the

binder resin comprises a copolymer hawving crosslinkages

including a metallic crosslinkage and a polymeric

crosslinkage.

9. The toner according to Claim 1, wherein the

toner shows a dynamic modulus and a loss modulu
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conpOﬁeHLNLshpreferentlaIIy consuned to result in an awkward particle size
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qual it ””Iﬂ?"y
having a | arger size than the proper size, thus |eading FOMdefTCUTtIeS
such as rough image quality, a |ow resolution, a |arge drfﬁa{;{g

density between the contour and interiorgsz_ i o |

t he magrietrc
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he magnetic toner and gradual ly deteriorates the image
ﬂt&ﬂﬁ i s above 60 % by nunber, nutuahj:q "UﬂETaTTQpW of
icles is liable to occur to propidelfoner ] wips!

O

measured while it is held at 200 °C for a period of one
hour, which are within the range of 0.8 -~ 1.8 times the
corresponding values measured at the initial stage of

the period.

10. The toner according to Claim 1, wherein the
toner shows a dynamic modulus and loés a modulus
measured while it is held at 200 °C for a period of one
hour, which are within the range of 0.9 - 1.5 times the
corresponding values measured at the initial stage of
the period.

A

11. The toner according to Claim 1, wherein the
binder resin has been melt-kneaded with the metal salt
or metal complex.

12. The toner according to Claim 1, wherein the-
binder resin comprises a styrene-¢,8-unsaturated
dicarboxylic acid-,8-unsaturated dicarboxylic

anhydride copolymer.

13. The toner according to Claim 1, wherein the
binder resin comprises a styrene-&,A-unsaturated
dicarboxylic acid-®,8-unsaturated dicarboxylic
anhydride copolymer, and a styrene-acrylic acid ester-

™,8-unsaturated dicarboxylic acid half-ester copolymer.
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14. The toner according to Claim 13, wherein the
binder resin contains 1 - 30 wt. % of polymerized units
of an (,A-unsaturated dicarboxylic acid half-ester

monomer.

15. The toner according to Claim 13, wherein the
binder resin contains 3 - 20 wt. % of polymerized units
of an 0,f-unsaturated dicarboxylic acid half-ester
monomer.

10

16. The toner according to Claim 13, wherein the
styrene-acrylic acid ester-0,f8-unsaturated dicarboxylic
acid half-ester copolymer is crosslinked with a
crosslinking monomer.

15
17. The toner according to Claim 16, wherein the

crosslinking monomer is divinylbenzene.

18. The toner according to Claim 1, wherein the

20 metal salt comprises an organic metal salt.

19. The toner according to Claim 1, wherein the

metal complex comprises an organic metal complex.

25 20. The toner according to Claim 1, wherein the

metal complex is an azo metal complex represented by

the formula:
a This Sheet Has Been Replaced
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-51 - Above 50 % by nunber, the image quality becones worse, and excess

of toner |abTé to occur, thus resulting in an increased toner
consunptl mﬁ nunber it becomes difficult to obtain a hi gh
I mage The contents of the magnetic toner

partlcles mi cr ons or snaller in terms of % by nunber (N %
‘ -85- eray A ‘“"“j:;ﬁ
3 Vil EF”LI
: ' b W\R 199
Ar-N = N-ar |© | 2 ’ ;
\ . ) / st
X Y'
\\v/ - o
M
/N
Y x\\
5 | AT-N = N-ar ) x®

wherein M denotes a coordination center metal having a
coordination number of 6; Ar denotes an aryl group
capable of having a substituent selected from nitro,
halogen, carboxyl, anilide, and alkyl and alkoxy having

10 1 - 18 carbon atoms; X, X', Y and Y¥' independently
denote -0-, -CO-, -NH-, or -NR- (wherein R denotes an
alkyl hav1ng 1 - 4 carbon atoms; and K&Ddenotes

hydrogen, sodlum, potassium, ammonium or aliphatic

.

ammonium.
15
21. The tonerlaccording to Claim 1, wherein the
metal complex is aﬂ organic métal complex represented
by the formula: -
i H,0 il) ]l ®
20 //z\\\ // \\
(a) % (a)
\c-o z/"
{ (ll H,0 ) ®

wherein M denotes a coordination center metal having a
25 coordination number of 6; A denotes I::I (capable of
having a substituent),

_—-@@@@@@@r SSEol
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and 96by*vo+ may preferably satisfy the relationship of NV =
- 0. O5N+k, nts a positive nunber satisfying 4.6 [err] k
[err] 6. 7 d,g@nﬂm satisfying 17 [err] N [err] 60. The preferred
range t hus® defi medn | in Figure 10 as an area within a
parallelogram It is further preferred that 4.6 [err] k [eqr] 6.2, - -
particularly 4.6 [err] k [err] 5.7 and 25 [err] N [err] 60, Rparticcukarlycil
30 [err] N [err] 60. - If k < 4.-@6~ragnetic toner ﬁaq@%&M&%&ﬁw5«61
E

et i m ana,

(X denotes hydrogen, halogen, or nitro),

©

(R denotes hydrogen, C; - Cyg alkyl or C; - Cqg
alkenyl); Yéadenotes hydrogen, sodium, potassium,

ammonium, or aliphatic ammonium; and Z denotes -0- or

~-CO+0-.
10
22. The toner according to Claim 1, wherein the
metal complex is used in a proportion of 0.01 - 10 wt.
parts per 100 wt. parts of the binder resint
15 23. The toner according to Claim 1, wherein the

metal complex is used in a proportion of 0.1 - 5 wt.

parts per 100 wt., parts of the binder resin.

24, The toner according to Claim 1, wherein the
20 metal complex is used in a proportion of 1 - 5 wt.

parts per 100 wt. parts of the binder resin.

25. The toner according to Claim 1, which contains
20 - 140 wt. parts of a magnetic material per 100 wt.

25 parts of the binder resin.

26. The toner according to Claim 1, which contains .
This Sheet Has Been Replaced
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m crons—or_bel ow are insufficient, and the resultant inage density,

resolutlo ness_decrease. Wen fine toner parti@hesmrn-amnagneLLc
t oner, HE- U ﬁq ionally been consi dered usel ess; &fe P esent: {zAT
rate y are effective for achieving clases%~pa€k%ng,of

and contribute to the formation of A unhfopgn 2

an appropr

toner in devel opnment

free of coarsening.

and cont our

portions
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of an inmage, thereby to visually

e

30 - 120 wt. parts of a magnetic materiai per 100 wt.

parts of the binder resin.

27.

The toner according to Claim 1, which

comprises a magnetic toner having a volume-average

particle size of 4.5 - 8 microns.

28.

The toner according to Claim 1, which

comprises a magnetic toner having a volume-average

particle size of 6 - 8 microns.

29.

The toner according to Claim 27, wherein the
7

magnetic toner has such a particle size distribution

that it contains 17 - 60 % by number of magnetic toner

v

particles of 5 microns or smaller, 5 - 50 % by number

of magnetic toner particles of 6.35 - 10.08 micronms,

and 2.0 % by volume or less of magnetic toner particles

-

of 12.7 microns or larger and satisfies the condition

of N/V =

-0.05N+k ... (1), wherein N is a number of 17

~ 60 denoting the content in terms of % by number of

the toner particles of 5 microns or smaller, V is a

number denoting the content in terms of % by volume of

the toner particles of 5 microns or smaller, and k is a

number of 4.6 - 6.7.

30.

An image forming apparatus, comprising: an

electrostatic latent image-bearing member, and a

This Sheet Has Been Replaced
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developing device comprising a devéloper-carrying
member for carrying a toner for developing the
electrostatic latent image at a developing station and
conveying the toner to the developing station, and a
5 developer container for containing the toner; wherein
the toner comprises a binder resin, and a metal salt or
a metal complex; wherein the toner has:
a dynamic.modulus G'120-200 at 120 - 200 °C of
2x103 or higher to below 5x10° {dyne/cmz] as measured
10 in the fregquency range of 11072 - 1 (Hz);
a loss modulus G"y59_99¢ at 120 - 200 °C of
2x103 or higher to below 5x10° [dyne/cm?] as measured
in the frequency rangelof 1x10~2 ~ 1 (Hz); .
a dynamic modulus G'sgo at 200 °C'and a
15 frequency £ satisfjing an approximated linear
relationship according to the least squares method of:
logG',0g = a-log-f + log b, _
wherein a denotes a positive number of 0.25 or smaller
and b denotes a constant; and
20 a ratio (G'5qg)/(G'q3¢) of below 0.25 wherein
(G'5p0) denotes a dynamic modulus at 200 °C and (G'45p)
denotes a dynamic modulus at 120 OCc respectively at a

frequency of 1 (Hz).

25 31. The image forming apparatus according to Claim
30, wherein the toner is any one of the toners

according to Claims 2 - 29.
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particle size distri-bution, and the above-nentioned characteristics becone
poor . mlss}leetﬂawcgﬁﬁfe( in view of the production process, a |arge anpunt
I he

of fine renoved by classification in order jto saf+€4y
condi ti "
and ton other hand, if k > 6.7, an excess]of™fine-powde

Such a process is however dlsadvantég%ﬁﬁﬂiﬁﬁ éy|%H
is present, whereby the imge denS|ty L89L|able to be dec:eTs

phenonenon is

32. An apparatus unit, comprising: an
electrostatic latent image-bearing member and a
developing device for developing the electrostatic
latent image at a developing station; the developing

5 device comprising a developer container for containing
the toner, and a developer-carrying member for carrying
the toner and conveying the toner to the developing
station;

wherein the toner comprises a binder resin,

10 and a metal salt or a metal complex; wherein the toner
has:

a dynamic modulus G'y5p_599 at 120 - 200 ©C of
2x103 or higﬂer to below 5x10° [dyne/cm?] as measured
in the frequency range of 1x10-2 _ 1 {(HEz);

15 a loss modulus G"j,9_5gp at 120 - 200 °C of
2x103 or higher to below 5x105 [dyne/cmzl as measured
in the frequency ra;ge of 1x10~2 - 1 (Hz);

a dynamic modulus G',549 at 200 ©C and a
frequency f satisfying an approximated linear

20 relationship according to the least squares method of:

logG'ygg = a*log*f + log b,
wherein a denotes a positive number of 0.25 or smaller
and b denotes a constant; and

a ratio (G'54g)/(G'159) of below 0.25 wherein

25 (G',pg) denotes a dynamic modulus at 200 °C and (G'g3¢p)
denotes a dynamic modulus at 120 O¢ respectively at a

frequency of 1 (Hz);
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consi dered to_ba.causeel——by—att achnment of excessive anmount of fine magnetic
t oner partlcles mAt ss4ve charge onto the develophﬁ 'srqgvg “So"rhat
carrying an'Hus | cation of normal nmagnetic tan EPi{at i nderied
t her eby. lrragnetlc toner of the present Xri‘veri‘t“r'()ﬁ”' “THE]
anmount of ma rticles having a particle sijzg of #1247 ﬁ?zr@m

or larger is preferably 2.0 % by vol umeg%r smal | er, furtl‘ger ,

wherein said developing device is supported
integrally together with the image-bearing member to
form a single unit, which can be connected to or

released from an apparatus body as desired.

5
33. The apparatus unit according to Claim 32,
wherein the toner is any one of the toners according to
Claims 2 - 29,
10 34, A facsimile apparatus, comprising: an

electrophotographic apparatus and a receiving means for
receiving image data from a remote terminal, wherein
said electrophotographic apparatus compriseg: an image-
bearing member for bearing a latent image, gnd a

15 developing device for developing the latent image, the
develoéing device comprising:

a developer container for containing a toneE
wherein the toner comprises a binder resin, and a metal
salt or a metal complex; wherein the toner has:

20 a dynamic modulus G'y55_59g at 120 - 200 °C of
2x103 or higher to below 5x10° [dyne/cm2] as measured
in the frequency range of 1x10"2 - 1 (Hz);

a loss modulus G"{5q_z00 @t 120 - 200 °C of
2x103 or higher to below 5x10° [dyne/cm2] as measured

25 in the frequency range of 1x10-2 - 1 kHz);

a dynamic modulus G}ZOO at 200 °C and a

frequency f satisfying an approximated linear

(MR | s seeer as e
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preferably 1.0 % by volunme or smaller, nore preferably 0.5 % by. mol.use,

smal | er—tf—the—abeve—anpunt is Iarger than 2.0 % by; vgdgpnh,rhp$$m+
parti cl q;ls@ﬁégtﬁgsgpén@to i mpair thin-1ine reproduci bi E

particle
count er ﬂm
manner s

El ectronics Inc.) is used as an instrusemt for

invention, while it may be rre@sur@d i

~~Fhe
ron of a toner is neasured by; mians q Goul ¥ e

ter counter Mbdel TA-I1 (avail TbILe_LpgmmeetH’—tEr _

relationship according to the least squares method of:
logG'ygq = a+log*f + log b,
wherein a denotes a positive number of 0.25 or smaller
and b denotes a constant; and
5 a ratio (G'54q)/{(G'19q) of below 0.25 wherein
(G'5pq) denotes a dynamic modulus at 200 °C and (G';,q)
denotes a dynamic modulus at 120 ©C respectively at a

frequency of 1 (Hz).
10 35. The facsimile apparatus according to Claim 34,

wherein the toner is any one of the toners according to

Claims 2 - 29,
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TONER, IMAGE FORMING APPARATUS, APPARATUS UNIT
AND FACSIMILE APPARATUS

ABSTRACT OF DISCLOSURE

A toner for developing electrostatic images is
constituted from a binder resin, and a metal salt or a
metal complex. Through the various interaction between
the components, the toner is provided with ﬁnique
viscoelastic properties including: a dynamic modulus
G'120-200 at 120 - 200 °C of 2x103 or higher to below
5x105 [dyne/cm2] as measugeq in the frequency range of
1x1072 - 1 (Hz); a loss modulus G"q12p-200 @t 120 - 200
Oc of 2x103 or higher to below 5x105 {dyne/cm?] as
measured in the frequency range of 1x10~2 - 1 (Hz); a
dynamic modé;us G'590 at 200 °C and a frequency £
sa£isfying an approximated iinear relationship
according to the least squares method éf: logG'zoo =
a-log-f + log b, whérein a denotes a positive number of
0.25 or smaller and‘b denotes a constant; and a ratio-
(G'500)/(G"132¢) of below 0. 25 whereln (G'200! denote;-a
dynamic modulus at 200 °cC and (G' 120) denotes a dynamic

modulus at 120 ©C respectively at a frequency of 1

(Hz).

Figure 1
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1 i D

di stribution, and a vol une-basis distribution and a personal conmputer CX-1

(avai l able from Canon K K.) are connected. For nmeasurenent, a 1
% NaCl aqueous solution as an electrolytic solution is prepared by using a
reagent - grade sodi um chloride. For exanple, 1SOTONerr]-11 (available from

Coulter Scientific Japan K K') may be wused therefor. Into 100 to 150 m of
the electrolytic solution, 0.1 to 5 m of a surfactant preferably an

1 B it |

Log G'(dyne/cm?2), Log G"(dyne/cm?)
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al kyl benzenesul fonic acid salt, is added as a dispersant, and 2 to 20 ny
of a sanple is added thereto. The resultant dispersion of the sanple in
the electrolytic liquid is subjected to a dispersion treatnment for about
1 - 3 mnutes by nmeans of an wultrasonic disperser, and then subjected to
measurenment of particle size distribution in the range.of 2-- 40 mcrons
by using the above-nentioned Coulter counter: Mdel TA-Il wth a 100

m cron-aperture to obtain a

2

- Log G' (dyne/cm?2), Log G" (dyne/cm?2)
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vol une-basis distribution and a nunber-basis distril
results of the volume-basis distribution and nunberib
paranmeters characterizing the nmagnetic toner of thei
be obt ai ned. Now, the image form ng nethod

apparatus according to the present invention
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-54 - will be specifically explained with reference to an enbodi nent

shown in Figure 11. A phot osensitive nenber (drum 1 surface is
charged, e.g., in a negative polarity by a primary
4

Log G'(dyne/cm?), Log G" (dyne/cm?)
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charger 2, then exposed with image light 5 (e.g., laser light) to forma
| atent image (e.g., a digital latent inage fornmed by imge scanning), and
the latent inmage: is devel oped (e.g., reversely devel oped) with a nono-
conponent -type magneti ¢ devel oper 10 conprising a nagnetic toner contained
in a devel opi ng device 9 equipped with a nagnetic blade 11 and. .a.
devel oping sleeve 4 containing therein a magnet. A
station or zone, an alternating bias, a

5
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pul sed bias and/or a DC bias is applied between the photosensitive druml1
and the devel oping sleeve 4 by a bias application neans 12. A sheet of
transfer paper P is conveyed to reach a transfer station, where the back
side (opposite side with respect to the photosensitive drum of the
transfer paper is charged by a transfer neans 3, whereby a devel oped i nmage
(toner image) on the photosensitive drumsurface is electrostatically
transferred. JThe transfer paper P separated fromthe

6
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- 55- renoved by a cleaning device 8 equipped with a cleaning blade. The
phot osensitive drum 1 is discharged by an erasing exposure light source 6
and is subjected to a repeating cycle starting with the charging step by
the primary charger 2. The photosensitive drum (el ectrostatic
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1. Atoner for developing electrostalic images, comprising a binder resin, and a metal salt or a metal complex; wherein
the toner has:

cRRgRsizgari ng

ngﬁg,@&; [ magnet

a dynamic modulus G';aq.509 at 120 - 200 °C of 2-10-2 to below 5 N/em? 2x103 or higher to below 5x 105 dyne/

cm? as measured in the Irequency range of 1x102 - 1 (Hz);

a loss modulus G*)9.200 & 120 - 200 °C of 2-10°2 10 befow 5 N/emn? (2x103 or higher to below 5x105 dyne/

cm?) as measured in the frequency range of 1x102 - 1 (Hz);

a dynamic modulus G54 a4 200 °C and a frequency [ salislying an approximated linear relationship according

to the least squares method of;
J0gG’pqq = @-log-f + log b.

" wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and

a ralio (G'p00)/(G'120) Of below 0.25 wherein (G'yq0) denotes a dynamic modulus at 200 °C and (G', 5o) denotes

a dynamic modulus at 120 °C respeclively at a frequency of 1 (Hz).
2. The toner according to Claim 1, which conlains a magnetic malerial.

3. The toner according to Claim 1, wherein the positive number a is 0.05 to below 0.25.

4. The toner according to Claim 1, wherein the binder resin shows a molecular weight distribution on its GPC chro-
matogram including at least one peak in the molecular weight range of 2000 ta below 15,000 and a peak or shoulder

in the rmolecular weight range of 15,000 to 100,000,

5. The toner according to Claim 1, wherein the binder resin shows a JIS acid value (A) and 1otal acid value (B) giving

a ratio A/B in the range of 0.75 - 0.99.
8. The loner according to Claim 1, wherein the binder resin contains 5 - 70 wt. % of a THF-insoluble content.

7. The toner according to Claim 1, wherein the binder resin contains 20 - 60 wt. % of a THF-insoluble content.

8. The toner according to Claim 1, wherein the binder resin comprises a copolymer having crosslinkages including

a metallic crosslinkage and a polymeric crosslinkage.

9. The toner according to Claim 1, wherein the toner shows a dynamic modulus and a loss modulus measured while
itis heid at 200 °C for a period of cne hour, which are within the range of 0.8 - 1.8 times the corresponding vaiues

measured at the initial stage of the period.

10. The toner according to Claim 1, wherein the toner shows a dynamic modulus and loss 2 modulus measured while
itis held at 200 °C for a period of one hour, which are within the range of 0.9 - 1.5 times the corresponding values

measured at the initial stage of the period.

11. The toner according to Ciaim 1, wherein the binder resin has been melt-kneaded with the metal salt or metal

complex.

12. The toner according to Claim 1, wherein the binder resin comprises a styrene-a,B-unsaturaled dicarboxylic acid-

a.p-unsaturated dicarboxylic anhydride copolymer.

13. The toner according to Claim 1, wherein the binder resin comprises a slyrene-«,-unsaturated dicarboxylic acid-

o, B-unsaturated dicarboxylic anhydride copolymer, and a styrene-acrylic acid ester-«,-unsaluraled dicarboxylic
acid halt-ester copolymer. .
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The maghetie—toener—101N The devel oping device 9 is applied onto the

oo o TN R e oc S et om, forgr ot qﬁiﬁé?ﬁéie%&?ﬁg” o
sI eeve 4 ‘surftacé ahd t hé toner partlchgs The magneti dggi;.-mc~bf elell of

iron is disposed in proximty wth cyllndrlcal de elo,plr;g,
surface with a gap of about 50 microns to 500 nicrons |add so- asi?'
confront one nagnetic pole of the nmulti-polar perna1erh{—ﬁagﬁet~'—«~-—~—

base -.-—-.-

14. The toner according to Claim 13, wherein the binder resin contains 1 - 30 wt. % of polymerized units of an a,p-
unsaturated dicarboxylic acid hall-ester monomer.

15. The toner according to Claim 13, wherein the binder resin contains 3 - 20 wi. % ol polymerized units of an a,B-
unsalurated dicarboxylic acid halt-ester monomer.

16. The toner according 1o Claim 13, wherein the styrene-acrylic acid ester-c,B-unsaturated dicarboxylic acid hail-
ester copolymer is crosslinked with a crosslinking monomer.

17. The loner according to Claim 16, wherein the crosslinking monomer is divinylbenzene.
18. The toner according to Claim 1, wherein the metal salt comprises an organic metal salt.
19. The toner according to Claim 1, wherein the metal complex comprises an organic metal complex.

20. The toner according to Claim 1, wherein the melal complex is an azo metaf complex represented by the formula;

( ar-N = N-Ar | ©
\x. Y‘/
\+/
/t\ .

Y x'\

\Ar-—N = N-Arj K@

wherein M denotes a coordination cenler metal having a coordination number of 8; Ar denotes an ary! group
capable of having a substituent selected from nitro, halogen, carboxyl, anilide, and alky! and alkoxy having 1 - 18
carbon atoms; X, X', Y and Y' independently dencte -O-, -CO-, -NH-, or -NRA- (wherein R denotes an alkyt having
1 - 4 carbon atorns; and K® denotes hydrogen, sodium, potassium, ammonium or aliphatic ammonium.
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21. Thetoner according to Claim 1, wherein the metal complex is an organic matal complex represanted by the formula:

©

~ N

H,0 0
II

Z
NN

\C~0/ \ 4 /

\ |0| HZO ) Y® ’

wherein M denotes a coordination center metal having a coordination number of 6; A denotes

(capable of having a substituent),

(X denotes hydrogen, halogen, or nitro),

,

R

R

(R denoles hydrogen, C, - Cqg alkyl or C, - C,g alkenyl); Y® denotes hydrogen, sodium, potassium, ammonium,
or aliphatic ammonium; and Z denotes -O- or -CO-O-.

22. The toner accarding to Claim 1, wherein the metal complex is used in a proportion of 0.01 - 10 wi. parts per 100
wi. parts of the binder resin.

23. The toner according (o Ciaim 1, whersein the metal complex is used in a proportion of 0.1 - § wt. pars per 100 wi.
parts of the binder resin.

24. The toner according to Claim 1, whersin the metal complex is used in a proportion of 1 - § wa, parts per 100 wi.
parts of the binder resin,

25. The toner according to Claim 1, which contains 20 - 140 wi. parts of a magnetic material per 100 wt, parts of the
binder resin.

26. The toner according to Claim 1, which contains 30 - 120 wi. parts of a magnelic materiai per 100 wi. parts of the
binder resin.

27. The toner according to Claim 1, which comprises a magnetic toner having a volume-average particle size of 4.5 -
8 microns.

28. Tha toner according to Claim 1, which comprises a magnelic toner having a volume-average particle size of 6 - 8
microns.

2S. The toner according to Claim 27, wherein the magnetic toner has such a particie size distribution that it contains
17 - 80 % by number of magnetic toner particles of 5 microns or smaller, 5 - 50 % s by number of magnelic toner
particles of 6.35 - 10.08 microns, and 2.0 % by volume or less of magnetic toner particles of 12.7 microns or larger
and satisfies the condition of N/V = -0.05N+k ... (1), wherein N is a number of 17 - 60 denoting the conlent in terms
of % by number of tha toner particles of § micrans or smaller, V is a number denoling the content in tarms of %
by volume of the toner particles of 5 microns or smaller, and k is a number of 4.6 - 6.7.
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f he el-eetrostattc—image=beari ng nenber 1 and the deve} 3@%5925%.€V6'4»
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the devgl oping staRkAed The revolution speed of the de e
adj ust e 4 sl eeve surface velocity is substanfTartTy the Sqne
or closeéﬂﬁﬂﬁ ﬁ‘\!gﬁﬂ of the electrostatic image-carryi hgisurfac&syit] i
possi bl e WEHCHI#Y magneti c docB8r ~bl ade 11 of a p=rnanent magnet

I nstead of iron.

At the devel oping station, it is pos;|3 eto

30. Animage forming apparatus, comprising: an electrostatic latent image-bearing member, and a developing device
comprising a developer-carrying member for carrying a toner for developing the electrostatic latent image at a
developing station and conveying the toner to the developing station, and a developer container for containing the
toner; wherein the toner comprises a binder resin, and a metal salt or a metal complex; wherein the toner has:

a dynamic modulus G'y4.200 at 120 - 200 °C of 2-10-2 to below 5 N/cm?2 (2x103 or higher to below 5x105 dyne/
cm?) as measured in the frequency range of 1x10°2 - 1 (Hz);

a loss modulus G"59.2g9 @t 120 - 200 °C of 2.10°2 to below 5 Nicm? (2x10? or higher to below 5x105 dyne/
cm?) as measured in the frequency range of 1x10-2 - 1 (H2);

a dynamic modulus G'eq at 200 °C and a frequency f satistying an approximated linear relationship according
to the least squares method of:

109G’ = a-tog- +log b,

wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and
~aratio (G'y0)/(G*,20) Of below 0.25 wherein (G'90) denoles a dynamic modulus at 200 °C and (G'y20) denotes
a dynamic modulus at 120 °C respectively at a tfrequency of 1 (Hz).

31. The image forming apparatus according to Ctaim 30, wherein the toner is any one of the toners according to Claims
2-29

32. An apparatus unit, comprising: an electrostatic latent image-bearing member and a developing device for devel-
oping the electrostatic latent image at a developing station; the developing device comprising a developer conlainer
for containing the toner, and a developer-carrying member for carrying the toner and conveying the loner Lo the
developing slation;

wherein the toner comprises a binder resin, and a metal salt or a metal complex; wherein the toner has:

a dynamic modulus G';5q.209 @t 120 - 200 °C of 2-10-2 to below S N/cm? (2x10° or higher 10 below 5x105 dyne/
cm?) as measured in the frequency range of 1x102 - 1 (Hz);

a loss modulus G"y4.209 at 120 - 200 °C of 2-102 to below 5 N/cm? (2x103 or higher to below 5x10° dyne/
cm?) as measured in the frequency range of 1x10-2 - 1 (Hz);

a dynamic modulus G',qq at 200 °C and a Irequency | satislying an approximated linear relationship according
lo the least squares method of:

l0gG'yqq = @-log- + log b,

wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and

a ralio {G'00)/{G"120) Of below 0.25 wherein (G'po0) denotes a dynamic medulus at 200 °C and {G'; 20} denotes
a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz);

wherein said developing device is supported integrally together with the image-bearing member 1o lorm a
single unit, which can be connecled lo or released rom an apparatus body as desired.

33. The apparalus unit according to Claim 32, wherein the toner is any one of the toners according tc Claims 2 - 29
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‘appty an AC bias or a pul sed bias between the developing sleeve 4 and the
el ectrostatic i nmge- mg\mmer 1 surface by the _a\SL,ng.*rreanst,Z_ —Jhe

AC bi as lsé pBée@kgiJ, corrprl se a frequency f of 208:p: s4r-08 ;

peak-t o- pea 500 - 3,000 V. t fhe . devel Qpl :

stati on, Hmw are tr&¥sferred to the e}—c trostati.L.4 ma

si de because ostatic force exerted by the 6l dctr st atvc |

| mage- bearing rrenber surface and the action of the AC} | oo
34. Alacsimile apparatus, comprising: an electrophotographic apparatus and a receniing s - L2C2INING.IMAGE

H a

data from a remote terminal, wherein said electrophotographic apparalus comprises: an image-bearing member
for bearing a latent image, and a developing device for developing the Iatent image, the developing device com-

prising:

a develcper container for containing a toner wherein the toner comprises a binder resin, and a metal salt or
a metal complex; wherein the toner has:

a dynamic modulus G*;24.209 at 120 - 200 °C of 2-102 to below 5 Nicm? (2x103 or higher ic below §x10% dyne/
¢m?) as measured in the trequency range of 1x10°2 - 1 (Hz);

a loss moculus C*,56.200 8t 120 - 200 °C of 2.10-2 to below 5 Niem? (2x102 or higher to below 5% 105 dyne/
cm?) as measured in the frequency range of 1x102 - 1 (Hz);

a dynarnic modulus G'pqq at 200 °C and a frequency | satistying an approximated linear relationship according
1o the least squares method of:

logG'yqq = @-log- +log b,

wherein a denotes a positive number of 0.25 or smaller and b denotes a constant; and
a ratio (G'a0)/(G*;20) Of below 0.25 wherein (G',qp) denotes a dynamic modulus at 200 °C and (G',,) denates
a cynamic modulus at 120 °C respectively at a frequency of 1 (Hz).

35. Thefacsimile apparatus according to Claim 34, wherein the toner is any one of the toners acccrding to Claims 2 - 29.
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bi as or pul sed bias electric field. I nstead of tHaLedgRet ie!
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TONER, IMAGE FORMING APPARATUS, APPARATUS UNIT

AND FACSIMILE APPARATUS

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, particularly a
toner which has been improved in respects of heat-
fixability, anti-offset characteristic and developing
pgrformances for electrophotographic images. The
present invention further relates to an image forming
apparatus, an apparatué unit and a facsimile apparatus
using such é specific toner.

Hitherto, a large number of electroﬁhoto—
graphic processes have been known, inclusive of those
disclosed in U.S. P;Fents Nos. 2,297,691; 3,666,363;
and 4,071,361. In these processes, in genera}, 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 developer comprising a toner, and the
resultant toner image is, after being transferred onto
a transfer material such as paper etc., as aesired,
fixed by heating, pressing, or heating and pressing, or
with solvent vapor to obtain a copy. The residual
toner on the photosensitive member which being

transferred is cleaned by various methods, and then the -



éxposure !ight i mge for printing received data.
-57- Figure 12 is a block diagramfor illustrating such an

above steps are repeated.

In recent years, such as electrophotographic
image forming apparatus has been used not only as a
copying machine for office work but also as a digital
printer as an outputting means for a computer and a
facsimile machine and also a graphic copier for
producing graphic'copies of high definition.

For this reéson, a strict reliability is
required of such an image forming apparatus, and a
toner used therefor is required to show high
performances, without which an excellent apparatus is
not provided. |

Among the performances required of a toner for
a digital printer or a copier for high definition
images, fixability of thin line images is r;ised as an
important one.

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

In the heating and pressing system, a sheet
carrying a toner image to be fixed (hereinafter called
“"fixation sheet") is passed through hot rollers, while
a surface of a hot roller having a releasability with
the toner is caused to contact the toner image surface
of the fixation sheet under pressure, to fix the toner

-image. In this method, as the hot roller surface and



Referring to Figure 12, a controller 511 controls an i

| mage reading unit) 510 and a printer 519. The entirgty-of . the..conts.el

511 is regul ated by a CPU 517. Data read fromthe inp@&

another facsimle machine. On the otherjhand, data riece
termnal is transmtted through a receivér circuit 512
An i mage nenory 516

transmtted through a transmtter circuit 513 to a rempte«-tenm naawlniuc

mage reader (or
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the toner image on the fixation sheet conff?ﬁ?tﬁﬁﬂT”““"“*—

other under a pressure, a very good heat efficiency is
attained for melt—fixing the toner image onto the
fixation sheet to éfford 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
contact a hot roller surface under pressure, so that
thére is observed a so-called offset phenomenon that a
part of the toner’image is attached and transferred to
the hot roller surface and then transferred back to the
fixation sheet to stain the fixation sheet. It has
been regarded as an essential condition in the hot
roller fixation system to prevent the toner from
sticking to the hot roller surface.

On the other hand, in a latent image for a
high definition image part, electric lines of force are
concentrated at a boundary between an exposed part and
a non-exposed part to provide an apparent local
increase in surface potential. Particﬁlarly in a
digita} printer, a latent image is composed of ON-OFF
binary picture elements to cause an intensive
concentration of electric lines of force at the
boundary between an exposed part and a non—exposed
part, so that the amount of toner attached to a unlt
area of a latent line image composed of picture

elements in the development step is larger than that
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stores prescribed image data. A printer controller 518 controls the

printer 519. A tel ephone handset 514 is connected to the receiver circuit
transmitter circuit 513. Mor e speci j
received froma |line (or circuit) 515 (i.e., imge data celved.,
term nal connected by the line) is denodul ated by neans of the recq

512 and the

circuit 512, decoded by the CPU 517, auq;sequentially stoned EnFrielH ﬁaée
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for constituting an ordinary analog image.
Accordingly, in the fixation of such an image, a toner
having further better fixing and anti-offset
characteristics is required at present.

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

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

Further, as a toner comprising a low-molecular -



516. Wien i mage data corresponding to at | east one page-ts-—stored-in-the
I mge nenory 516, image recording or output is effectledEMARMASPEE:TtO
the correspondi ng page. The CPU 517 reads imge dat ajcaor+espondi-ng-to }|one
page fromthe i mage nenory 516, and transmits the degod
corresponding to one page to the printer controller 5%18.
controller 518 -5-

weight polymer and_a crosslinked polymer, JP-A 58-86558
for example has proposed a toner comprising a low-
molecular weight polymer and a non-fusible polymer as
principal resin components. According to the teaching,
the fixability actually tends to be improved, but it is
difficult to satisfy the fixability and the anti-offset
characteristic at high performaﬁces because the weight-
average molecular weight/number-average molecular
weight ratio (Mw/Mn) is as low as 3.5 or below and the
non-fusible polymer content is as much as 40 - 90 wt.
$. Actually, it has been very difficult to provide a
toner with sufficient fixability and anti-offset
characteristic unless it is used in a £fixing device
equipped with a means for supplying an offsef—
preventing liquid. '

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

JP-A 56-16144 has proposed a toner comprising
a binder resin having at least a maximum in each of the
molecular weight ranges of 103 - 8x10% and 105 - 2x106

in the molecular weight distribution according to GPC



- 58- receives the imge data corresponding to one page from the CPU
517, the printer controller 518 controls the printer 5 -t-hat-.i.mage ..
fdata recordi ng correspondi ng PLADEMERTY SHEET

(gel permeation chromatography). The toner exhibits
excellent performances in respects of pulverizability,
anti-offset characteristic, fixability, anti-filming or
anti-melting characteristic on a photosensitive member
and image forming characteristic but further
improvement in anti-offset characteristic and
fixability is desired.

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

Further, JP-A 63-214760, JP-A 63-217362, JP-A
63-217363 and JP-A 63-217364 disclose reaction of a
polymer having a molecular weight distribution
including two portions of a low-molecular weight
portion and a high—mole;ular weight portion with the
low-molecular weight portion including a carboxyl group
and a polyvalent metal ion to cause crosslinking (more
specifically adding a liquid dispersion of a metal
compound into a solution after solution polymerization,

followed by heating for the reaction). In any method,



to the page is effected. During the recording by the printer 519, the CPU
517 receives another image data corresponding to the next page

Thus, receiving and recording of an inmage may be eff ch J, 1AL ! ,p;T
above-descri bed manner. In the el ectrophotodrap +&”fﬁ'ara?
plural nmenbers inclusive of sone of the above-nentioned] nenbers gucn as
el ectrostatic image-bearing menber or the photosensitj vk renBeR, 1992
devel opi ng apparatus and - :

however, the reaction between the binder resin and the
metal compound or the dispersion of the metal compound
in the binder resin is not sufficient, so that the
physical properties required of a toner, particularly
the fixing characteristic and the anti-offset
characteristic, are not satisfied. Further, as the
metal compound in a large amount is formulated with the
binder resin, the metal compound can show a catalytic
action to the binder resin depending on the condition
to cause gellation of the binder resin. Accordingly,
it is difficult to determine the production condition
for formulating the metal compound to obtain a desired
toner. Even if tﬁe production conditions are
determined, it is difficult to produce a toqer with a
good reproducibility.

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

Further, JP-A 63-216063 proposes the
combination of ionic crosslinking with a metal in the
binder resin and an offset-preventing agent, and JP-A
62-280757 proposes reaction of an acid anhydride group

and a cationic component to form a polar functional



cl eaning means can be integrally conbined to forman apparatus unit so
that the unit can be connected to or released fromthe apparatus bOdthEor
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exanple, at |east one of the charging neans, devel oping v ey
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group in the binder resin to improve the charging
characteristic of a toner. These proposals however
have not provided a toner with all required properties,
such as anti-offset characteristic, fixability and
developing characteristic.

JP-A 59-214860 proposes. a toner comprising a
resin having a specific range of viscoelasticity for
improvement in fixing characteristic and anti-offset
characteristic. This toner shows some effect in
respect of anti-offset characteristic, the combination
of a low-temperature fixability and the anti-offset -
characteristic have been unsatisfactory because of too
high elasticity and viscosity and too high a frequency-
dependence thereof.

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

As described above, there has been demanded a
toner having satisfactory fixing performance and anti-
pffset characteristic which is particularly suitable

for development of digital latent images.



Her ei nbel ow, the present invention will be explained nor e specifically
based on Exanples. Synthesis Exanple 1 : 20D DQTI'MQT‘Ugﬂmne
was charged in a reaction vessel and heated to the Yéﬁ*&%ég 'w%%ara
The followi ng m xture was added thereto in 4 hours o '
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SUMMARY OF THE INVENTION

A generic object of the present invention is
to provide a toner having solved the above-mentioned
problems.

A more specific object of the invention is to
provide a toner showing excellent fixability and anti-
offset characteristic as well a$ good image
reproducibility and free from reversal fog.

An object of the invention is to provide a
toner free from image degradation even in a long time
use.

An object of the invention is to provide a
toner which is fixable at a low temperature, has an
excellent anti-blocking characteristic and ié suitably
used in a high temperature environment in a'small—sized
copying machine.

An object of the invention is to provide a
toner which has an excellent anti-offset characteristic
and also a good reproducibility.

An object of the invention is to provide a
toner which provides a high image density, an excellent
thin-line reproducibiiity, and a good gradation
characteristic.

An object of the invention is to provide a
toner which stable retains a high image density without
being affected by énvironmeﬁtal changes.

An object of the invention is to provide an



-59- under refluxing of cunene. Styrene Srn A
parts n-Butyl acrylate .16 wt. parts Nbnot
10 wt. parts D -tert-butyl peroxide 6 W. parts

pol ymeri zation was further continued and 1
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image forming apparatus using such a specific toner.

An object of the invention is to provide an
apparatus unit using such a specific toner.

An object of the present invention is to
provide a facsimile apparatus using such a specific
toner.

According to a principal aspect of the
invention, there is provided a toner for developing
electrostatic images, comprising a binder resin, and a
metal salt or a metal complex; wherein the toner has:

a dynamic modulus G'q545_509g9 @t 120 -~ 200 °C of
2x103 or higher to below 5x10° [dyne/cm2] as measured
in the frequency range of 1x1072 - 1 (Hz);

a loss modulus G"120_260 at 120 - 260 Oc of
2x103 or higher to below 5x10° [dyne/cm2] as measured
in the frequency range of 1x10™2 - 1 (Hz);

a dynamic modulus G'éoo at 200 °C and a
frequency f satisfying an approximated linear
relationship according to the least sguares method of:

logG'ygg = a+log+f + log b,
wherein a denotes a positive number of 0.25 or smaller
and b denotes a constant; and

a ratio (G'54g)/(G'159p) of below 0.25 wherein
(G'5pg) denotes a dynamic modulus at 200 °C and (G'420)
denotes a dynamic modulus at 120 ©C respectively at a
frequency of 1 (Hz).

According to another aspect of the invention,



conpl eted under reflux of cunmene (146 - 156 [err]C), followed by renoval
of cunmene. The thus obtained non- crosslinked styrene copol ymer showed a

mai n peak at a nolecul ar weight of 5,000 and a gl ass tran&+t|
tenperature (Tg) of 60 C. The thus obtained non- crossl nked

copolynmer in an amount of 30 wt. parts was dissolved in} the “follow ng”
nononer m xture to forma polyneri zablg{thure. Sty r]ede‘&’- FER 958

48 wt. parts
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there is provided an image forming apparatus,

comprising: an electrostatic latent image-bearing

member, and a developing device comprising a developer-

carrying member for carrying a toner for developing the

electrostatic latent image at a developing station and

conveying the toner to the developing station, and a

developer container for containing the toner; wherein

the toner comprises a binder resin, and a metal salt or

a metal complex; wherein the toner has:

a dynamic modulus G'i,5_599 at 120 - 200 °C of

2x103 or higher to below 5x10° [dyne/cm2] as measured

in the frequency range of 1x10"2 -~ 1 (Hz);

a loss modulus G"y50_59g9 at 120 - 200 °C of

2x103 or higher to below 5x10° [dyne/cmZ] as'measured

in the frequency range of 1x1072 - 1 (Hz);
a dynamic modulus G',g5, at 200 °C and a

frequency f satisfying an approximated linear

relationship according to the least squares method of:

logG'5gg = a*log*f + log b,

wherein a denotes a positive number of 0.25 or smaller

and b denotes a constant; and

a ratio (G‘zoo)/(G'120) of below 0.25 wherein

(G'5gp) denotes a dynamic modulus at 200 °C and (G'y,q)

denotes a dynamic modulus at 120 ©C respectively

frequency of 1 (Hz).

at a

According to another aspect of the invention,

there is provided an apparatus unit, comprising:

an



n-Butyl acrylate 20 wt. parts Monobutyl mal eate

Wwt. parts
per oxi de

Di vi nyl benzene 0.4 wt. part Benzoyl
1.7 w. parts 170 wt. parf &g @Wﬁtﬁ Q”
containing 0.1 wt. part of partially saponified polyvijy o) T

added to

t he above polynerizable m xture to forma suspen5|on ugd

Into a reaction vessel containing 15 w. parts of water an&~a§ﬁ§t

ni t rogen.

The above -12-

electrostatic latent image-bearing member and a
developing device for developing the electrostatic
latent image at a developing station; the developing
device comprising a developer container for containing
the toner, and a developer-carrying member for carrying
the toner and conveying the toner to the developing
station;

wherein the toner comprises a binder resin,
and a metal salt or a metal complex; wherein the toner
has:

a dynamic modulus G'q59_59¢ at 120 - 200 °C of
2x10°3 or higher to below 5x10° [dyne/cm2] as measured
in the frequency range of 1x1072 - 1 (Bz);

a loss modulus G"q59_5g¢ at 120 - 200 OcC of
2x103 or higher to below 5x105 [dyne/cm2] as measured
in the frequency range of 1x10"2 - 1 (Hz);

a dynamic modulus G',g5q at 200 °C and a
frequency f satisfying an approximated linear
relationship according to the least squares method of:

logG'ygq = a*log*f + log b,
wherein a denotes a positive number of 0.25 or smaller
and b denotes a constanp; and

a ratio (G'549)/(G'9549) of below 0.25 wherein
(G'5qq) denotes a dynamic modulus at 200 °C and (G';,)
denotes a dynamic modulus at 120 ©C respectively at a
frequency of 1 (Hz);

wherein said developing device is supported



suspension liquid was added and subjected to 6 hours of .suspension
pol ynmerization at 70 - 95 C. After the reaction, the product was separated
by filtration, - 60- o
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integrally together with the image-bearing -member:-tg-—-mw——-
form a single unit, which can be connected to or
released from an apparatus body as desired.

According to another aspect of the invention,
there is provided a facsimile apparatus, comprising: an
electrophotographic apparatus and a receiving means for
receiving image data from a remote terminal, wherein
said electrophotographic apparatus comprises: an image-
bearing member for bearing a latent image, and a
developing device for developiné the latent image, the
developing device comprising: |

-a developer container for containing a toner
wherein the toner comprises a binder resin, and a metal
salt or a metal complex; wherein the toner has:

a dynamic modulus G'y5g_pg9g 2t 120 — 200 °C of
2x103 or higher to below 5%x10° [dyne/cm2] as measured
in the frequency range of 1x1072 - 1 (Hz);

a loss modulus G"y55_509g9 at 120 - 200 °C of
2x103 or higher to below 5%10° [dyne/cm2] as measured
in the frequency range of 1x10'2 - 1 (Bz);

a dynamic modulus G',45q at 200 °C and a
frequency f satisfying an approximated linear
relationship according to the least squares method of:

loéG'zoo = a+log+*f + log b,
wherein a denotes a positive number of 0.25 or smaller
and b denotes a constant; and.

a ratio (G'zoo)/(G'120) of below 0.25 wherein



dewatered and dried to obtain a resin conposition contaijni p
styrene-n-butyl acryl ate-nonobutyl naleate copolynmer an
styrene-n-butyl acrylate-naleic acid-naleic anhydride c p
resultant resin conposition showed a THF-i nsol ubl e cont nt

e 46«-. W'ﬁs.ﬂé a H

Tg of 59 [err]C, a JIS acid value (A) of 184andarat| B),_of 090‘tb
the total acid value (B), and contai ned-a4IHF-sol uble c ntent giving a GPb
chart __..____________J

(G'5gg) denotes a dynamic modulus at 200 °C and (G';,q)
denotes a dynamic modulus at 120 ©C respectively at a
frequency of 1 (Hz).

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 eﬁbodiments of the present
invention taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing the frequency-
dependence (0.01 Hz - 1 Hz) of the viscoelasticity at
120 °C of the toner according to Example 1:

Figure 2 is a graph showing the f;equency—
dependence (0.01 Hz - 1 Hz) of the Viscoeiasticity at
200 °C of the toner according to Example 1.

Figures 3 and 4 are grapbs showing changes
with time in viscoelasticity at 200 ©C, and 0.1 Hz and
1 Hz, respectively, of the toner according to Example
1.

Figure 5 is a graph showing the frequency-
dependence (0.01 Hz - 1 Hz) of the viscoelasticity at
120 °C of the toner according to Example 5.

Figure 6 is a graph showing the frequency-
dependence (0.01 Hz - 1 Hz) of the Viscoelasticity at

200 °C of the toner according to Example 5.



“shomdng a peak at a nol ecul ar wei ght of about 5500 ;
nol ecul ar wei ght of about 3.4x10[err] The THFLSOIU51€“C Nt en
.the resin conposition was nmeasured as foll ows: ' - ’
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the resin conposition was accurately melghed (Werr]g and placed]
cylindrical filter paper (28x100 nmm af 86R', available Trom Toyo
K. K. ) and then subjected to extraction %h

LACENBU dUECS:

200 ni Qf splvent THF f ot

hours by using a Soxhlet's

Figures 7 and 8 are graphs showing changes
with time in viscoelasticity at 200 ©C, and 0.1 Hz and
1 Hz, respectively, of the toner according to Example
5.

Figure 9 is an illustration of a checker
pattern for evaluating reproducibility of minute dots.

Figure 10 is a graph showing the particle size
distribution range for toner particles of 5 microns or
sméller of a preferred class of toner according to the
invention.

Figure 11 is a sdhematic illustration of an
émbodiment of the image forming method and the_image
forming apparatus according to the present invention.

Figure 12 is a block diagram showiné a system
constituting a facsimile apparatus using an image

forming apparatus as a printer thereof.

DETAILED DESCRIPTION OF THE INVENTION

It is a characteristic feature of the toner
according to the present invention that the toner has a
dynamic modulus G'200 at frequencies f satisfying an
approximated linear relationship according to the least
squares method of:

log G'5gg = 2°log+f + log b,
wherein a denotes a positive number-of 0.25 or smaller.

The value a corresponds to the slope of a line

represented by the above equation on a double-




extractor. Each extraction cycle with THF by the Soxhi-et-—s—extr.act.or...
WS ggpvened
143 --ahd-t-hen

about 4 m nutes. The THF- soluble content extracted w
by evaporation of the THF, dried under vacuum at 100 [fe
wei ghed (Werr]g). The calculation was made according
equati on: THF insol uble content (% . = [Werr]
100. The glass transition pointq4Tg) of the ne
according to ASTM D 3418-82 by using a DSC
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logarithmic scale graph, and a larger |al

(absolute

value of a) means a large change in G' according to a

frequency change. As a frequency change

can be

converted into a temperature change according to the

time-temperature conversion rule, the relationship can

be said in a different expression that a

larger |al

leads to a larger change in G' corresponding to a

temperature change.

The thermal characteristic of a

toner is

significantly related with the fixability. For

exhibiting a fixability, a toner is required to be

softened so as to be sufficiently deformed when it is

passed through hot rollers under pressure but not

softened excessively so as not to cause a hiéh—

temperature offset. Further, the elasticit§ modulus of

the toner is required not to cause too large a change

according to a change in temperature so as to provide

stable fixing and anti-offset characteristics. As the

toner according to the present invention
modulus G'(or G1)y50.590 2t 120 - 200 °C

modulus G"(or G2)i5q_20¢ 2t 120 - 200 °C

has a dynamic
and a loss

of

respectively in the range of 2x103 to below 5x10°

dyne/cm2 as measured in the frequency f range of 1x10~2

- 1 Hz, a good fixability is exhibited without causing

high-temperature offset at the time of fixing.

Further, as the value a in the equation showing an

approximated linear relationship is a positive number

ok



(differential scanning calorineter, "DSC 7" avail abl e
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fromPerkin-Elmer Corp.) Synthesis Exanple 2
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of 0.25 or smaller, the toner shows a moderate change
in elasticity modulﬁs according to a change in
temperature at 200 °C or higher, so that it shows
stable fixing and anti-offset characteristics even if
there is some fluctuation in temperature along the
rollers at the time of fixation.

The dynamic modulus and loss modulus of the
toner according to the present invention does not
substantially change with time at 200 ©C so that, even
if the toner recovered by cleaning by a fixing device
cleaning member is subjected to heat from the fixing
rollers for a long time, the recovered toner or
developer does not cause a problem of leaking out from
the cleaning member.

' In case where a toner showing a G'120-200
below 2x103 [dyne/cmzl is used, the anti-offset
characteristic is insufficient, and in case where a
toner showing a G‘120_200 exceeding 5x10° [dyne/cm2] is
used, the low-temperature fixability is insufficient.

The viscoelasticity characterizing the toner
of the invention may be measured by means of a
rheometer ("IR-200", made by Iwamoto Seisakusho K.K.)
equipped with 3 cm-dia. parallel plates.

The toner according to the present invention
has a ratio (G'200/G'120) of below 0.25 (and preferably
0.05 or above) based on the dynamic moduli (G’120) at

120 °C and (G'50q) at 200 °C at the same frequency



Styrene 80 wt. parts n- But yl acryLaLew“m”mmmwm_wh
Ww. parts Acrylic acid 5 w. parts AEPDER e

per oxi de 7 WM. parts The above ingredientjs were-
dropwise in 4 hours to 200 wt. parts of cumene which had peen heated. ?o

the reflux tenperature. The solution polynerization wag fiurtvef<gonpPet eq
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(particularly at 1 Hz) in the range of 1x1072 - 1 Hz,
and because of this characteristic in combination with
the above-mentioned viscoelastic properties, the toner
exhibits sufficient low-temperature fixability, anti-
offset characteristic and anti-blocking characteristic
in combination.

While various factors are related with the
above-mentioned viscoelastic properties of the toner
according to the invention, it is preferred that the
toner comprises a binder resin as described beélow.

More specifically, it is preferred that the
binder resin in the toner of the invention contains a
THF (tetrahydrofuran)-soluble content showing a
molecular weight distribution in a GPC chrométogram
including at least one peak in the molecu1a£ weight
region of from 2,000 to below 15,000 and at least a
peak or shoulder in the molecular weight region of
15,000 to 100,000, contains polymerized units of a
carboxyl group-containing monomer or carboxylic acid
derivative monomer, and has a JIS-acid wvalue (2)
measured according to JIS K-0070 and a total acid value
(B) measured after hyd;olysis of the acid anhydride
group in the resin which provide a ratio (A/B) in the
range of 0.75 - 0.99.

The binder resin may preferably contain 5 - 70
wt. parts, further preferably 20 - 60 wt. parts, of a

THF-insoluble content per 100 wt. parts of the resin.



styrene copol ynmer showed a peak at a nol ecul ar wei ght of—5200.-on-the GRC—,

chart and a Tg of 62 [err]C 30 wt. parts of tHeREPMAEREAT SHNFT
copol yimter was dissolved in the followi ng nmonomer m xturdg te+Feffm-a-mmommn
m xture sol ution. Styrene 47 w . pdrt?g rrn Aok
acryl ate 23 wt. parts Monpput yl nmal eat e IR T o
parts Di vi nyl benzene 0.6 wt. part -

When a binder resin is dissolved in a solvent,
such as THF, it is divided into a soluble content and
an insoluble content. The soluble content can be
subjected to measufement of the molecular weight
distribution. When attention is paid to the quantity
of the THF—insolubie content and the position of a peak
in the molecular weight distribution of the THF-soluble
content, a binder resin containing no or little THF-
insoluble content is very disadvantageous in respect of
pulverizabilitf in. production of a toner through
pulverization. 2An attempt of improving the
pulverizability by simply shifting the position of a
peak in the molecular weight distribution of the THF-
soluble content on the lower molecular weight side
results in inferior anti-offset characteristic. This
proves that it is difficult to satisfy the anti-offset
characteristic and the pulverizability in combination.

As may be understood from this study, it is
very effective to have the binder resin contain a
certain amount of THF-insoluble content not only for
improving the anti-offset characteristic as is
generally contemplated but alsc for improving the
pulverizability.

From further study on the molecular weight
distribution of the THF-soluble content, the property
regarding the level (high or low) of fixable

temperature (hereinafter simply referred to as
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Benzoyl peroxide 1.5 wt. part 179 W- bﬁﬁm Qﬁéﬁivat
containing 0.1 w.. part of partially saponified poly9|ny4 -at-eohol -was
added to the above m xture solution to forma suspen8|on¢h1qUhd¢ Into
reaction vessel containing 15 wt. parts of water and: aerat'ed SRS e :
nitrogen, the above suspension liquid was added and subrecte&~tﬁ~6 ou
of suspensi on -20- i
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"fixability"), the anti-offset characteristic, the
pulverizability, and the anti-blocking characteristic,
it has been understood that, in a binder ;esin, the
THF-insoluble content has a major influence on the
anti-offset characteristic, the anti-blocking
characteristic and the pulverizability of a kneaded and
cooled product at the time of toner production; the
portion having a molecular weight of below 15,000 of
the THF-soluble content has a m%jor influence on the
pulverizability and melt-sticking onto the inner wall
of the pulverizer of the kneaded and cooled product at
the time of toner production, the anti-blocking
" characteristic, the melt-sticking onto a photosensitive
member and the filming; and the portion havin§ a
molecular weight of 15,000 or above of the THF-soluble
content has a major influence on the anti-offset
characteristic and the fixability.

More specifically, the binder resin used in
the toner of the present invention may preferably have
a THF-insoluble contént (gel content) of 5 - 70 wt. %,
particularly 20 - 60 wt. %,(based on the binder resin),
contain the remainder of THF-soluble content providing
a GPC chromatogram showing at least one peak in the
molecular weight range of 2,000 to below 15,000,
particularly 3,000 - 12,000, and at least one peak or
shoulder in the molecular weight range of 15,000 -

10,000, particularly 20,000 - 70,000. It is further



-62- pol ymerization at 10 - 95 [err]C. After the reaction
was separated by filtration, dewatered and dried to obtag]

conposition containing a crosslinked styrene-n-butyl ac
mal eat e
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preferred that the peak in the molecular weight range
of 2,000 to below 15,000 and the peak or shoulder in
the molecular weight range of 100,000 has a molecular
weight difference of 5,000 or more, particularly 10,000
or more.

If the THF-insoluble content in the binder
resin exceeds 70 %, the fixing temperature tends to
inérease and dispersion of additives in the binder
resin tends to become worse. Further, a highly
crosslinked portion is liable to be severed at the time
of kneading of the resin to cause an adverse effect to
toner designing. If the THF-insoluble content is below
5 %, the toner is liable to cause offsetting’and
winding about a roller. 1In case where the THF-
insoluble content is below 5 % and a large content of
high molecular weight portion is contained, the
pulverizability is liable to be remarkably impaired.

If the THF-soluble content lacks a peak in the
molecular weight range of 2,000 to below 15,000 but has
a peak in the molecular weight range of 15,000 or
above, the resultant toner is liable to have an
increased fixing temperature, a narrow fixable
temperature region and worse pulverizability to result
in a lower productivity. If the peak molecular weight
is below 2,006, the resultant toner éan have a
remarkably poor anti-offset characteristic and a poor

anti-blocking characteristic. If the peak or shoulder



copol ymer. The thus-obtained resin conposition contained 55 wt. % of a

THF-i nsol ubl e content, showed a Tg of 54 [err]C, a JS.acid value (A). of

13.0 and a ratio (A/B) of 0.97 to the total acid vaIuRqﬂﬂbFﬁmﬁq $MWJT4F-

sol ubl e content gave a GPC chart showi ng a peak at af rmlecular \API ght | of

about 6000 and a shoul der at a nol ecul ar, wei ght of abcut é

Synt hesis Exanple 3 Styrene 16 mﬂ=~p é sww
-22-

on the other molecular weight region is not in the
range of 15,000 - 100,000 but has a value of over
100,000, there is a tendency that the dispersibility of
the additives becomes worse, the fixing témperature
increases remarkably and the pulverizability becomes
remarkably worse. If the peak or shoulder is below
15,000, the resultant toner can have a poor anti-offset
characteristic and a problem in respect of blocking.

Further, in order to fully satisfy the anti-
offset characteristic, it is preferred that the binder
resin not only has an increased THF-insoluble content
and an increased proportion of THF-soluble content
having a molecular weight of 15,000 or highgr but also
contains a metal compound and a.carboxyl group capable
of causing a crosslinking reaction with each other. it
is further preferred that the carboxyl group is
disposed to be able to form an anhydride group in the
molecule so as be rich in capability of crosslinking
reaction with a metal compound.

The crosslinking is promoted by heat, and a
part of the carboxyl groups is involved in crosslinking
reaction with a metal compound and another part of the
carboxyl groups is converted into anhydride groups at
the time of melt-kneading for toner production.

Most carboxyl groups in the binder resin are
involved in these reactions, the resultant toner is

free from or hardly accompanied with difficulties in



n-Butyl acrylate 14 wt. parts Monobutyl nal eat e
W . parts Di-tert-butyl peroxide 4 wt. part Ppg,ppm'"
ingredi ents were added dropwise in 4 hours to 200 w} "part¥
whi ch had been heated to the reflux tenperature. Thef splution ¢

pol ymeri zation was further conpleted under reflux off xyl e FEIBEE 144
[err]C), followed by renoval of xylene. The resultant{ npn-__crosslinked
styrene-copol yner showed a peak at a -23-

respect of chargeability due to environmental
conditions, represented by a decrease in chargeability
of a toner due to moisture absorption under high
temperature - high humidity conditions, peculiar to a
toner using a binder resin conﬁaining a carboxyl group.
The conversion of carboxyl group into anhydride groups
is advantageous in respect of providing the binder
resin per se with a sufficient negative chargeability
which can lead to a good negative chargeability of the
resultant toner.

Further, even if most carboxyl groups are
involved in crosslinking or converted into anhydride
groﬁps, the intense polarity of the binder ;esin is
retained, so that the resultant toner has a good
affinity to paper and a further improved fixability.
Accordingly, it is also possible to provide an
increased Tg (glass transition point) of the binder
resin and also an improved anti-blocking
characteristic.

In order for the toner of the present
invention to have a dynamic modulus G'454_50q¢ ©f 2x103
to below 5x10° as measure at 120 - 200 °C in the
frequency range of 1x10'2-[Hz] -1 [Hz]; it is
preferred to use a binder resin satisfying the above
features.

When a copolymer having polymerized units of

such carboxyl group-containing monomers or a
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ar weight of 5500 on the GPC chart and a Tg of 63 [err]C.
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m xture to forma mixture solution. “?MJ”f””ﬁﬂ S
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composition containing such a copolymer is subjected to
suspension polymerization, a part of the carboxylic
anhydride groups are hydrolyzed to provide a mixture of
dicarboxylic groups, carboxyl groups'and carboxylic
anhydride groups.

These three types of acidic groups in the
copolymer or its composition are considered to form
various types of polymer complex through interaction
with metal ions from a metal salt or metal complex as
another component of the toner according to the
invention.

Accordingly, the toner binder resin of the
present invention is provided with metallic
crosslinkages {(i.e., ionic crosslinkages by the medium
of metal elements) due to such various polymer
complexes showing different bonding strengths and also
strong crosslinkages due to polymerizable crosslinking
agent. Because of mixing of various crosslinkages
showing different crosslinking strengths, a toner
having the above-mentioned unique viscoelastic
properties is provided to show excellent anti-blocking
characteristic as well as excellent low-temperature
fixability and anti-offset characteristic.

If a low-molecular weight polymer or copolymer
having dicarboxylic units is crosslinked with a metal
ion, the anti-blocking characteristic of the toner can

be improved without increasing the Tg of the polymer or .



- 63- Styrene 36 wt. parts n-Butyl acrylate

24 wt. parts Monobutyl nual eate 3 wt. parts __Divinyl benzene
0.35 wt. part Benzoyl peroxide 1.3 w. + 1170
wt. parts of water containing 0.1 w. part of part]
pol yvi nyl al cohol was added to

-25-

copolymer. As the Tg need not be increased in order to
improve the anti-blocking characteristic, it is
possible to render the dynamic modulus and loss modulus
measured at 120 °C to be below 5x10° dyne.cmZ.

In case where a polymer or copolymer having a
high Tg is used to increase the anti-blocking
characteristic, the dynamic modﬁlus and loss modulué.at
120 ©C become 5x10° dyne.cm2 or above, and it becomes
difficult to accomplish low-temperature fixation.

Further, as crosslinkages having various
bonding strengths are present in the polymer or
copolymer, the dynamic modulus and loss modulus at 200

2 or higher, and

OC can be maintained at 23103 dyne.cm
the frequency-dependence of the modulus G'zod to 200 °cC
measured in the frequency range of 1x10™2 -1 [Hz] can
be made extremely small.

As the toner according to the present
invention contains crosslinkages showing various
bonding strengths in the binder resin as described
above, the dynamic modulus and loss modulus at 200 Sc
thereof shows substantially no change with time.
Herein, “substantially no change with time" means that,
when the toner is held at 200 °C for a period of 1
hour, the measured values of the dynamic modulus and
loss modulus during the period are within the range of
0.8 - 1.8 times, preferably 0.9 - 1.5 times, those

measured at the initial. stage.



t he above m xture solution to forma suspension liquid. Into a reaction

vessel containing 15 wt. parts of water and aerated wth—-fi-tregem—then

.above suspension liquid was added and subjected to 6 hdhEFADEENE R8T o
pol ynmeri zation at 70 - 95 [err]C. After the reaction, th ——pr—ﬁduet ~NES;

separated by filtration, dewatered and dried to obtaihp esnﬂupaﬂﬁo it

containing a crossllnked styrene-n-butyl,gacryl at e- nonpbuit /I mat'eate
copol ymer. The thus-obtained resin conp05|t|on ‘

If the measured values of the dynamic modulus
'and loss modulus are below 0.8 times the initial
values, the toner is liable to leak out from the
cleaning member for the fixing device (roller). If
they are above 1.8 times the initial values, the fixing
device is liable to be damage when the fixing device is
held at a high temperature for a long period.

As described above, in the present invention,
the carboxyl group content, particularly the content of
dicarboxylic group or its derivative, in the binder
resin has a great influence on the visco-elasticity of
the toner, and it is preferred to use a binder resin
having a JIS-acid value (A) measured according to JIS
K-0070 and a total acid value (B) measured after
hydrolysis of the acid anhydride group in the binder
resin which provide a ratio (A/B) in the range of 0.75
- 0.99. The binder resin may preferably be melt-
kneaded together with a metal salt or complex.

If the ratio (A/B) is below 0.75, the acid
anhydride content is excessive to provide an
insufficient increase in anti-blocking characteristic,
thus being difficult to the viscoelastic properties
required by the present invention.

If the ratio A/B exceeds 0.99, almost no acid
anhydride groups are contained so that the
chargeability of the toner is liable to be instable,

thus causing a problem in image quality.

on



contained 30 . % of a THF-insoluble content, showed a Tg of 57 [err]C, a
JIS acid value (A) of 30.5 and a ratio (A/B) of 0.8l po—the—total—actd
val ue (B), and the THF- soluble content gave a GPC cHaREPSMEMTG pEEKS 1at
nol ecul ar wei ghts of about 6000 and about 3.6x10[err] ey
Synt hesi s Exanmple 1 Styrene 100 .{ RAEER 4539 §
D -tert-butyl peroxide 10wt . parts .. The {above i ngredient s
wer e added dropwise in 4 - - i

The total acid value (B) of a binder resin
used herein is measured in the following manner. A
sample resin in an amounﬁ of 2 g is dissolved in 30 ml
of dioxane, and 10 ml of pyridine, 20 mg of
dimethylaminopyridine and 3.5 ml of water are added
thereto, followed by 4 hours of heat refluxing for 4
hours. After cooling, the resultant solution is
titrated with 1/10 N-KOH solution in THF
(tetrahydrofuran) to neutrality with phenolphthalein as
the indicator to measure the acid value, which is a
total acid value (B). .

The above-mentioned 1/10 N-KOH solution in THF
is prepared as follows. First, 1.5 g of KOH is
dissolved in about 3 ml of water, and 200 ml of THF and
30 ml of water are added thereto, followed by stirring.
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 acid value measurement according to JIS X-
0070 is generally as follows.

Reagents as described below are used.

(a) A solvent is prepared as an ethyl ether/ethyl
alcohol mixture (1/1 or 2/15 or a benzene/ethyl alcohol

mixture (1/1 or 2/1). The solvent is neutralized with



hours to 200 wt. parts of cunmene which had been heated to the refl ux
tenperature. The sol ution pol ynerization.
- 64-
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a 1/10 N-KOH ethyl alcohol solution with
phenolphthalein as the indicator.

(b) A phenolphthalein solution is prepared by
dissolving 1 g of phenolphthalein in 100 ml of ethyl
alcohol (95 V/V %).

{c) A N/10-KOH ethyl alcohol solution is prepared
by 7.0 g of potassium hydroxide in as small an amount
as possible and ethyl alcohol (95 V/v %) is added
thereto to form 1 1 of a mixture, which is caused to
stand for 2 - 3 days and filtrated. The solution is
standardized according to JIS K 8006 (Fundamentals
relating to titration among guantitative tests of
reagents).

The JIS acid value is méasured as followed by
using the reagents.

A sample is a;curately weighed, and 100 ml of
the solvent and several drops 6f the phenolphthalein
solution as the indicator are added thereto, followed
by sufficient shaking until the sample 1is completely
dissolved. 1In case of a solid sample, it is dissolved
by warming on a water bath. After cooling, the
solution is titrated with the N/10 KOH/ethyl alcohol
solution until an end point which is judged by
continuation qf thin red color of the indicator for 30
seconds. The acid value A is calculated by the
following equation:

A=(Bxf x 5.611)/8,



was further conpleted under reflux of cunene (146 156 J[err]C, followed
by renoval of cunene. The resultant styrene copol yner trowed—a-peak- aL.q
ol ecul ar wei ght of 4000 on the GPC chart and a Tg of GﬁEFbﬁhJEW”“”uwn
30 wt. parts of the styrene copol yner was dissolved i the*fﬂ%F®MAngw
nmononmer m xture to forma mxture solution. Styrgng {er :
60 w. parts 2g

wherein B: amount(ml) of the N/10-KOH/ethyl alcohol
solution, f: factor of the N/10-KOH/ethyl alcohol
solution, and S: sample weight(g).

While the JIS acid value (A) and the total
acid value (B) may conveniently be performed by using
the binder resin alone, it has been confirmed that
substantially the same values are obtained with-respect
to the toner according to the present invention using
the binder resin.

Herein, the THF-insoluble content refers to a
polymer component (substantially a crosslinked polymer
component) which is insoluble in solvent THF
(tetrahydrofuran) in the resin composition (binder
resin) constituting a toner, and it may be uéed as a
parameter for indicating the degree of crosélinking of
the resin composition containing a crosslinked
component.

The THF-insoluble content may be defined as a
value obtained in the following manner.

0.5 - 1.0 g of a toner sample is weighed (W,g)
and placed in a cylindrical filter paper (e.g., No. 86R
available from Toyo Roshi K.K.) and then subjected to
extraction with 100 to 200 ml of solvent THF by using a
Soxhlet's extractor for 6 hours. The soluble content
extracted with the solvent THF is recovered by
evaporation and dried for several hours at 100 °C under

vacuum to measure a weight (W,g) of the THF-soluble



n-Butyl acrylate 20 wt. parts Benzoyl peroxide 2

Ww. parts 170 wt. parts of water contalnlnngwT;mt~*ﬁaﬁn~wei
partially saponified polyvinyl alcohol was added to &1 AP IEKEST e
solution to forma suspension liquid. Into a reacti n"vessekweﬂﬁtarnlng 15

wt. parts of water and aerated with nitrogen, the bove1$u$pengran il i;qui d
was added and subjected to 6 hours of suspension p Iynerlzatlon at]7c - 95
[err]C. After the reaction, the

~30-
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content. On the other hand, the weight (W3g) of the
components, such as the magnetic material and/or
pigment, other than the resin component in the toner is
separately measureéd. Then, the THF-insoluble content
is given by the following equation:
THF-insoluble content (%) = [W;-(W,+W3)]1/[W;-W;]
x 100

The GPC (gel permeation chromatography)
measurement and identification of molecular weight
corresponding to the peaks and/or shoulders may be
performed under the following conditions.

A column is stabilized in a heat chamber at 40
O¢, tetrahydrofuran (THF) so;vent is caused to flow
through the column at that temperature at a rate of 1
ml/min., and 50 - 200 pl of a sample resin solution in
THF at a concentration of 0.05 - 0.6 wt. % is injected.
The identification of sample molecular weight and its
molecular weight distribution is performed based on a
calibration curve obtained by using several
monodisperse polystyrene samples and-having a
logarithmic scale of molecular weight wversus count
number. The standard polystyrene samples for
preparation of a calibration curve may be those having
molecular weights of, e.qg., 6x102, 2.1x103, 4x103,
1.75x104, 5.1x10%, 1.1x105, 3.9x10%, 8.6x10%, 2x10% and
4.48x10° available from, e.qg., Préssure Chemical Co. or

Toyo Soda Kogyo K.K. It is appropriate to use at least .



product was separated by filtration, dewat er ed and dried to obtain a resin
conposition containing a polystyrene and a non-crosslinked styrene-n-butyl

acryl ate copol yner. The thus-obtained resin conposition”mas*sqtq@tgﬁk
THF, gave a GPC chart showing peaks at nol ecul ar wei ght{s R6PLA{ESIRIT458

about 3.0x10[err], and showed a JIS acid value (A) of 0.6.f“tnnparaf$ve@
Synt hesi s Exanple 2 170 wt. parts of water corta|n1ggggﬁlﬁ%$.g
part -31- ,}

10 standard polystyrene samples. The detector may be
an RI (refractive index) detector.

For accurate measurement of molecular weights
in the range of 10; - 4x106, it is appropriate to
constitute the column as a combination of several
commercially available polystyrene gel columns. A
preferred example thereof may be a combination of p-
styragel 500, 103, 104 and 10° available from Waters
Co.; a combination of Shodex KF-80M, 802, 803, 804 and
805; or a combination of TSK gel G1000H, G2000H,
G2500H, G3000H, G4000H, G5000H, G6000H, G7000H and GMH
available from Toyo Soda K.X.

The content of a- component having a.molecular
weight of 10,000 or below in the binder res%n is
measured by cutting out a chromatogram of the
corresponding molecular weight portion and calculating
a ratio of the weight thereof with that of the
chromatogram covering the molecular weight raﬁge of
10,000 or higher, to derive the weight % thereof in the
whole binder resin including the above-mentioned THF-
insoluble content.

Examples of thg polymerizable monomer
containing a carboxylic acid group usable in the
invention may include: d,B-unsaturated carboxylic
acids, such as acrylic acid and methacrylic acid;
o,8-unsaturated dicarboxylic acids, such as maleic acid

and fumaric acid, and their half esters;



of partially saponified polyvinyl alcohol was added to

-65-

the foll owi ng nononmer m xture to forma suspensi on

-32- |

alkenyldicarboxylic acids, such as n-butenylsuccinic
acid and n-butenyladipic acid, and their half esters.

Examples of the half esters of the
dicarboxylic acids usable in the invention may include:
half esters of ®,8-unsaturated dicarboxylic acids, such
as monomethyl maleate, monoethyl maleate, monobutyl
maleate, monooctyl maleate, monoallyl maleate,
ﬁonophenyl maleate, monomethyl fumarate, monoethyl
fumarate, monobutyl fumarate, and monophenyl fumarate;
half esters of alkenyl-dicarboxylic acids, such as
monobutyl n-butenylsuccinate, monomethyl n-
octenylsuccinate, monoethyl n-butenylmalonate,
monomethyl n-dodecenylglutarate, and monobutyl n-
betenyladipate; and half esters of aromatic
dicarboxylic acids, such as monomethyl phthalate,
monoethyl phthalate, and monobutyl phthalate.

The above-mentioned half-ester of a
dicarboxylic acid may preferably be added in a
proportion of 1 - 30 wt. %, more preferably 3 - 20 wt.
%, of the total monomer constituting the binder resin.

A half-ester of a dicarboxylic acid as
described above may preferably be used in combination
with suspension polymerization as a preferred process
for production of a binder resin. This is because, in
the suspension polymerization system, an acid monomer
having a high solubility in an aqueous dispersion

medium is not appropriately used but a monomer in the



fiquid. Styrene 69 w. parts n-Butyl acrylate

25 wt. parts
Bi vi nyl benzene
wt. part

and aerated wth nitrogen, the above suspension liquid

subjected to 6

Monobutyl mal eat e 6 Ww. parfgs
0.9 wt. part Benzoyl pe
Into a reaction vessel containing 15

hours of

-33-

form of an ester having a low solubility is preferred.
In order to prcduce vinyl copolymers with the
above-mentioned polymerizable monomer containing a
carboxylic acid group, and also produce another binder
resin component, another vinyl monomer may be used,
examples of which may include: styrene; styrene
derivatives, such as o-methylstyrene, m-methylstyrene,
p-methylstyrene, p-methoxystyrene, p-phenylstyrene, p-
chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene,
2,4~dimethylstyrene, p-n-butylstyrene, p-tert-
butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-n-
nonylstyrene, p-n—aecylstyrene, and p-n-dodecylstyrene;
ethylenically unsaturated monoolefins, such as
ethylene, propylene, butylene, and isobutylepe;
unsaturated polyenes, such as butadiene; halogenated
vinyls, such as vinyl chloride, vinylidene chloride,
vinyl bromide, and vinyl fluoride; vinyl esters, such
as vinyl acetate, vinyl propionate, and vinyl benzoate;
methacrylates, such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl methacrylate, 2-ethylhexyl
methacrylate, stearyl methacrylate, phenyl
methacrylate, dimethylaminoethyl methacrylate, and
diethylaminoethyl methacrylate; acrylates, such as
methyl acrylate, ethyl acrylate, n-butyl acrylate,

isobutyl acrylate, propyl acrylate, n-octyl acrylate,



Leact.i-op.t-he

éuspension pol ymeri zation at 70 - 95 [err]C. After the

product was separated by filtration, dewatered and dr ¢dmmggﬁ@¥aaﬁk§,

crosslinked styrene-n- butyl acryl ate-nonobutyl nual eate
t hus- obtained copol yner gave a GPC chart showi ng a npi
nol ecul ar wei ght of about 17,000 and substantially no}p
nol ecul ar wei ght of 15, 000. The copol yner aI;o
[err]C, a JIS" acid value (A)' of 16.6, azgatio (A/B) o

-COpOt-y-rRF- v$he
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about 1 to the

dodecyl acrylate, 2-ethylhexyl acrylate, stearyl

acrylate, 2-chloroethyl acrylate, and phenyl acrylate,

vinyl ethers, such as vinyl methyl ether, vinyl ethyl

ether, and vinyl isobutyl ether; vinyl ketones, such as

vinyl methyl ketone, vinyl hexyl ketone, and methyl

isopropenyl ketone; N-vinyl compounds, such as N-

vinylpyrrole, N-vinylcarbazole, N-vinylindole, and N-

vinyl pyrrolidone; wvinylnaphthalenes; acrylic acid

derivatives or methacrylic acid derivatives, such as

acrylonitrile, methacryronitrile, and acrylamide; the

esters of the above-mentioned ®,8-unsaturated acids and

the diesters of the above-mentioned dibasic acids.

These vinyl monomers may be used singly or

combination of two or more species.

in

Among these, a combination of monomers

providing styrene-type copolymers and styrene-acrylic

type copolymers may be particularly preferred.

It is significant in the present invention

that the binder resin according to the present

invention is a crosslinked polymer obtained by using a

crosslinking monomer which may be a monomer having two

or more polymerizable double bonds. Examples thereof

may be enumerated as follows.

Aromatic divinyl compounds, such as

divinylbenzene and divinylnaphthalene; diacrylate

compounds connected with an alkyl chain, such as

ethylene glycol diacrylate, 1,3-butylene glycol



total acid value (B), and a THF-insol uble content of 30..

Conparative Synthesis Exanple 3 200 wt. parts

charged in a reaction vessel and heated to the reflux

foll owi ng m xture was added thereto in 4 hours. St

72 wt. parts n-Butyl Acrylate 25 wt. par
-35-

diacrylate, 1,4-butanediol diacry}ate, 1,5-pentanediol
diacrylate, 1,6-hexanediol diacrylate, and neopentyl
glycol diacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; diacrylate compounds
connected with an alkyl chain including an ether bond,
such as diethylene glycol diacrylate, triethylene
glycol diacrylate, tetraethylene glycol diacrylate,
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
an aromatic group and an ether bénd, such as
polyoxyethylene(2)-2,2-bis(4-hydroxyphenyl)propanedi-
acrylate, polyoxyethylene(4)-2,2-bis{4-hydroxyphenyl)-
propanediacrylate, and compounas obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; and polyester-type
diacrylate compounds, such as one known by a trade name
of MANDA (available from Nihon Kayaku K.K.).
Polyfunctional crosslinking agents, such as
pentaerythritol triacrylate, trimethylethane
triacrylate, tetramethylolmethane tetracrylate,
oligoester acrylate, and compounds obtained by
substituting methacrylate groups for the acrylate

groups in the above compounds; triallyl cyanurate and



:66- Monobut yl nal eat e 3 wm. parts D vi nyl benzene

1.0 wt. part

D -tert-butyl peroxide 1.0 wt. parts

Ixh ¥
REPLA
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triallyl trimellitate.

These crosslinking agents may preferably be
used in a proportion of about 0.01 - 5 wt. parts,
particularly about 0.03 - 3 wt. parts, per 100 wt.
parts of the other wvinyl monomer components.

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 binder resin according to the present
invention may preferably be prepared through a process
which basically includes preparation of a mixture of
two or more polymers or copolymers.

In a preferred process, a low-molecular weight
polymer or copolymer having little THF-insoluble
content and being soluble in a polymerizable monomer is
dissolved in such a polymerizable monomer or monomer
mixture, followed by polymerization of the monomer or
monomer mixture, to prepare a resin composition which
may be a uniformly blended mixture of the former and
the latter polymers or copolymers. The low-molecular
weight polymer or copolymer may be prepared by
polymerization, such as bulk polymerization, or

solution polymerization.



of cunene,

The sol ution polynerization was further continued for 4 hours under
foll owed by renoval
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refl ux

of the solvent by ordinary distillation
under vacuumto obtain a copol yner. The copolyﬂE{wshomed_a -
THF-insoluble content of 5 wt. % peaks at nol ecul ar weiRiFt ACHHs
17,000 and about 80x104 on the GPC chart, a Tg of 60 [err+{>w
value (A) of 8.6 and a ratio (A/B) of O. 66 to the totad ach% valy

More preferably, such a low—molec;la;yweight
polymer or copolymer containing an acid anhydride group
is formed by solution polymerization, the polymer or
copolymer is dissolved in a polymerizable monomer or
monomer mixture to form a monomer composition, and the
monomer composition is subjected to suspension
polymerization in an aqueous medium. The low-molecular
weight polymer or copolymer prepared by solution
polymerization can be further subjected to
polymerization together with a monomer or monomer
mixture for providing a high-molecular weight polymer
or copolymer. It is preferred to use emulsion
polymerization or suspension polymerization glso for
providing a polymer or copolymer with a gel'content
which is sufficiently crosslinked as to provide a
solvent-insoluble content.

The reactive metal compound to be used in the
present invention may be.those containing metal ions as
follows: monovalent metal ions, such as Na‘, Li%, cs*
Agt, Hg* and Cu*; divalent metal ions, such as Ba2+
Mg2*, ca2*, Hg2*, sn2*, Pb?*, Fe2*, co?*, Ni2t* and
zn*; and trivalent ions, such as a13+, sc3+, red+,
ce3*, wi3*, cr3* ana ¥Y3*. Among the compounds
containing metal ions as described above, those which
are readily decomposable provide good results. This is

assumed to be because the metal ion in such a compound

is thermally decomposed to be in a form readily bonded



Example 1 Resin of Synthesis Exanple 1 100 wt .
mat eri al . 70 wt. parts (nunber - aver
0.19 mcron) Complex [I1]-2 1
Low nol ecul ar wei ght et hyl ene- propyl ene copol yner] ; _
parts The above ingredients were sufficientl y] -'PI ¢RdEdD RE
bl ender and el t-kneaded through a two- _3g_ I i o i

with a carboxyl group in the polymer or copolymer.

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

Among - the organic metai compounds, those
containing an organic compound, which is rich in
vaporizability or sublimability, as a ligand or a
counter ion, are advantageously used. Among the
organic compounds forming coordinate bonds or ion pairs
with metal ions, examples of those having the above
property may include: salicylic acid and its_
derivatives, such as salicylic acid, salicy}amide,
salicylamine, salicylaldehyde, salicylosalicylic acid,
and di-tert-butylsalicylic acid; B -diketones, such as
acetylacetone and propionylacetone; and low-molecular
weight carboxylic acid salts, such as acetate and
propionate.

In the toner of the present invention, a known
charge control agent may be used according to the usage
thereof, and it is also preferred that the above-
mentioned metal complex also functions as a charge
control agent.

For example, azo metal complexes represented
by the following formula [I] also function as a

.negative charge control agent:



axi s kneadi ng extruder set at 130 [err]C. The resultant kneaded product

showed a | ower
pr epar ed under
added.

nmelt index than correspondi ng kneaded product which was
the sane condition except that the conplex [I]-2 was not
The kneaded product was cool ed. coarsely

et
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Rrres vastomrs s iomimin:
| SO AT P U SR |

[T} [Ar-N = N—/Ar 1©
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//Y X{\
| AT-N = N-Ar ¥,

/

wherein M denotes a coordination center metal,
inclusive of metal elements having a coordination
nuﬁber of 6, such as Cr, Co, Ni and Fe; Ar denotes an
aryl group, such as phenyl or naphthyl, capable of
having a substituent, examples of which may include:
nitro, halogen, carboxyl,'anilide, and alkyl and alkoxy
having 1 - 18 carbon atoms; X, X', Y and Y'
independently denote -O-, —-CO-, -NH-, or -NR- (wherein
R denotes an alkyl having 1 - 4 carbon atoms; and K®
denotes hydrogen, sodium, potassium, ammonium or
aliphatic ammoniuﬁ.

Specific examples of this type of complexes

may include the following:



-67 - crushed by a cutter mll, finely pulverized by neans of a

pul verizer using jet air stream and classified by a_fixed-wall type
wi nd-force classifier to obtain a classified pomde@'apg Jh;ﬂgrhﬁg
powder and coarse powder were sinultaneously and pneC|séIy hn
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fromthe classified powder by neans of a nulti-division
utilizing a Coanda effect (El bow Jet

Kogyo K K.),

t her ehy

Classifier
to obtain a nmagnetic toner

classifier
available from N ttetsu.
havi ng a vol une- aver age

particle size of 10 m crons.

100 wt .

parts of the above toner and

0.6 wt.

part of hydrophobic coll oi dal

silicone oil

were dry-blended with each

silica fine powg
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toner particles
fi ne powder was
ragneti c toner
results thereof
t hese figures,

range

of 2x103 -
the ratio G[err]/G[err] was bel ow 40. Egggher

onto the surface of which the hydrophic col | oi dal
at t ached. The vi scoel astic properti.es..of_the_
T

Basic organic metal complexes represented by the
following formula [II) impart a negative chargeability
and may be used in the present invention.
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wherein M denotes a coordination center metal,

Y

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

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

X—EE%@§I§E[ (X denotes hydrogen, halogen, or nitro),

,,

R
(R denotes hydrogen, €y - Cyg alkyl or C; - Cig
alkenyl); YC)denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and
Z denctes -0- or -CO.0-.

Specific examples of this type of metal

complexes may include the following:

silica

were neasured at 120 [err]C and 200 [EenEkRG@nth
are shown in Figures 1 and 2, respec |¢elyuw45mshpMn iin
the dynamc nodulus G and | oss modul Si G, ' WRIe . hthln t he
5x10[err] dyne/cnferr] from 120 Ler ]C td'iﬁﬁfrerruc and
t he



vi scoel astic properties were not substantially changed wth tine at 200
viscoel astic data of the toner

[err]C as shown in Fi gures 3 and 4. The

al so shown in Tabl e
_43_
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- 68- Exanpl es. The magnetic toner was eval uated for inage
formation by using a printer prepared by renodeling a comrercially
avai l able smal | -size | aser beamprinter ("LBP-8I1", made by Canon K K. ) so
as to provide a printing speed of 16 sheets (A4-vertical)/mn. The

eval uation was perforned with respect to the initial
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image quality and fixability, and anti-offset characteristic and staining
of hot fixing rollers after 5000 sheets of printing. The devel opi ng

conditions were as follows: The cl osest gap between the Ianlnated OoPC
phot osensitive drum and the devel opi ng sl eeve (encI05|ﬁg““ Tixe ﬁﬁggn;tj.
about 300 m crons The gap between the magnetic blqufa#B¢WH§

L

about 250 m crons

devel opi ng sl eeve:
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The magnetic toner |ayer thickness on the coated devel oping sl eeve:

about 130 mi crons Devel opi ng bias: AC bias (Vpp: 1600 V, frequency:
1800 Hg), DC bias: -390 V. The fFxabitit+y -
eval uation was performed as follows. The test apparatug RESLANFAGRT BhES

envi ronment of normal tenperature and normal hum dity t enperat-urer23;

[err]C, humidity: 60 %. After the appa&at us and the fi|xi ngy dexigeathet ei
were full y -46- & F UL ibeied ; 3

5 rad

The above.metal complexes may be used singly
or in combination of two or more species.

The metal complex may be added to the toner in
a proportion of 0.01 - 10 wt. parts, preferably 0.1 - 5
wt. parts, further preferably 1 - 5 wt. parts, per 100
wt. parts of the binder resin.

The above metal complex is rich in
decomposability and reactivity particulérly when it 1is
reacted with the binder resin at the time of melt
kneading than when it is added at the time of synthesis
of the binder resin. Further, the metal complex is
rich in compatibility or dispersibility in the binder
and is advantageously used for providing the toner with
a stable chargeability. .

Additives (internal additives and éxternal
additives) may be added, as desired, to the toner
according to the present invention. For example, a
conventional dye and/or pigment may be used as a
colorant. Ordinarily, a non-magnetic colorant may be
used in a proportion of 0.5 - 20 wt. parts per 100 wt.
parts of the binder resin. Other additives (external
additives) may include: a lubricant, such as zinc
stearate; an abrasive, such as cerium oxide or silicon
carbide; a flowability-imparting agent or anti-caking
agent, such as colloidal silica or aiuminum oxide; and
an electroconductivity—impafting agent.

It is also preferred to add 0.5 - 5 wt. % of



adapted to the environnment, a power was supplied. Imrediately after the

waiting tinme was up, a pattern of.
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waxy substance, such as low-molecular weight
polyethylene, low-molecular weight polypropylene,

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 roll
fixation.

The toner according to the present invention
may be constituted as a magnetic toner containing a
magnetic material in its particles. In this case, the
magnetic material also functions as a colorant.
Examples of the magnetic material may include: iron
oxide, such as magnetite, hematite, and ferrite;
metals, such as iron, cobalt and nickel, and alloys of
these metals with other metals, éuch as aluminum,
cobalt, copper, lead, magnesium, tin, zinc,'antimony;

beryllium, bismuth, cadmium, calcium, manganese,

er

selenium, titanium, tungsten and vanadium; and mixtures

of these materials.

The magnetic material may have an average
particle size of 0.1 - 1 micron, preferably 0.1 - 0.3
micron, and may be contained in the toner in a
proportion of 20 - 140 wt. parts, preferably 30 - 120
wt. parts, per 100 wt. parts of the resin component.

The toner according to the present invention
may be prepared through a process including:
sufficiently blending the binder resin, the metal salt

or metal complex, a magnetic material, pigment or dye




200 mcron-wi de transverse lines (line width: 200 mcrons, spacing: 200
m crons) was printed on a first sheet, which was used fror—eval-uat.i.on..of
the fixabilitv. The fixing was effected by setting the|sBERiECEMENT &
tenperature of a fluorine resin-coated hot fixing roller jat—180-fert]
The fixability was evaluated by rubbing the printed inpg \glaﬁha lsens 1
cl eani ng paper ("Dusper", made by OzZU Paper Co. Ltd.) fo M f
reci procations under a wei ght of 100 g afA8-t hen R

s ot s pe e amna]

as the colorant, and an optional charge control agent
and other additives, as desired, by means of a blender
such as 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 mutual solution of the
resinous materials and disperse or dissolve the
magnetic material, pigment or dye therein, and cooling
and solidifying the kneaded product, followed by
pulverization and classification.

It is preferred to use the toner according to
the present invention together with silica fine powder
attached to the surface of toner particles in order to
improve the charge stability, developing éha;acteristic
and fluidity.

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

For the purpose of being provided with
hydrophobicity and/or controlled chargeability, the
silica fine powder may well have been treated with a
treating agent, such as silicone varnish, various
modified silicone varnish, silicone o0il, wvarious

modified silicone o0il, silane coupling agent, silene



eval uating the degree of beeling of the toner inmage in

(% in reflection density. For the eval uation R ?Eﬁ&é% %ﬁi&i

characteristic, a 100 mcrons-wi de transverse |line patterjmwas

continuously printed on 300 sheets by using a fresh fixirng Lalten E@@a
pad, then the printing was paused for 30 seconds and the e printing
resuned. Then, the back-staining on a fi$t sheet aftef] the TEsSUNPLTOM
observed for the eval uation.

I
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coupling agent having functional group or other
organic silicon compounds, or in combination with
another treating agent.

In view of the developing performance, the
toner according to the present invention may preferably
be in the form of a magnetic toner, which comprises at
least the binder resin, the magnetic material and the
metal salt or metal complex, has a volume-average
particle size of 4.5 - 8 microns, preferably 6 - 8
microns, and has such a particlé size distribution that
it contains 17 - 60 % by number-of magnetic toner
particles of 5 microns or.smaller, 5 - 50 % by number
of magnetic toner particles of 6.35 - 10.08 @icrons,
and 2.0 % by volume or leés of magnetic tongr particles
of 12.7 microns or larger and satisfies the condition
of N/V = -0.5N+k ... (1), wherein N is a number of 17 -
60 denoting the content in terms of & by number of the
toner particles of 5 microns or smaller, V is a number
denoting the content in terms of % by volume of the
toner particles of 5 microns or smaller, and k is a
number of 4.6 - 6.7.

When the volume—aberage particle size of the
toner is below 4.5 microns, the toners coverage on a
transfer paper is liable to be insufficient to provide
a low image density, especially in the case of
providing an image with a large proportion of image

area, such as a graphic image. This is considered to



For the evaluation of the hot fixing roller staining, a character pattern
with a dot ratio of 4 % was printed continuously on 5 :
A

(-Ad-vertical) by using a fresh fixing roller cleaning}
the staining on the surface of=the hot fixing roller f S
eyes. After the above observation, the 100 CIopg: ... Qf
transverse |ine pattern was contlnuously 8r|nted Oq Sheeﬁ,¥ 5
(Ad-vertical), then the printing was
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be based on the same cause by which the central part‘of

a latent image is developed into a lower density than
the contour portion of the latent image. If the
volume-average particle size is above 8 microns, the
resolution of a digital latent image composed of minute
spots of 100 microns or smaller.becomes insufficient
and the image quality is liable to be deteriorated
during successive image formation.

If the content of the magnetic toner
particles of 5 microns or smaller is below 17 % by
number, a portion of the magnetic toner particles
effective for providing a high image quality is few and
particularly, as the toner is consumed during a
continuation of copying or printing-out, the effective
component is preferentially consumed to result in an
awkward particle size distribution of the magnetic
toner and gradualiy deteriorates the image quality. If
the content is above 60 % by number, mutual
agglomeration of the magnetic toner particles is liable
to occur to producé toner lumps having a larger.size
than the proper size, thus leading to difficulties,
such as rough image quality, a low resolution, a large
difference in density between the contour and interior
of an image to provide a somewhat hollow image.

It is preferred that the content of the
particles in the range of 6.35 - 10.08 microns is 5 -

50 $ by number, further preferably 8 - 40 % by number.
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paused for 30 seconds and then the printing was resumed. Then,
back standing on a first sheet REPLACE .

t he
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Above 50 % by number, the image quality becomes worse,
and excess of toner coverage is liable to occur, thus
resulting in an increased toner consumption. Below 5 %
by number, it becomes difficult to obtain a high image
density in some cases.

The contents of the magnetic toner particles
of 5 microns or smaller in terms of % by number (N %)
and % by volume (V %) may preferably satisfy the
relationship of N/V = -0.05N+k, wherein k represents a

positive number satisfying 4.6 ¢ k ¢ 6.7, and N is a

number satisfying 17 ¢ N ¢ 60. The preferred range
thus defined is shown in Figure 10 as an area within a

parallelogram. It is further preferred that 4.6 ¢ k

[1%)

6.2, particularly 4.6 ¢ k ¢ 5.7 and 25 ¢ N é 60,
particularly 30 ¢ N ¢ 60. |

If kK < 4.6, magnetic toner particles of 5.0
microns or below are insufficient, and the resultant
image density, resolution and sharpness decrease. When
fine toner particles in a magnetic toner, which have
conventionally been considered useless, are present in
an appropriate amount, they are effective for achieving
closest packing of toner in development and contribute
to the formation of a uniform image free of coarsening.
Particularly, these particles fill thin-line portions
and contour portions of an image, thereby to visually
improve the sharpﬁess thereof. 1If k < 4.6 in the above

formula, such component becomes insufficient in the



after the resunption was agai n observed for evaluation ef-t-he-ant.i-offset

characteristic. For the above eval uation, bond P&k NG T
surface snoot hness of 10 [sec] or below was used as the| t#anster-paper,
The eval uation standards are shown below. (1) Fixability \

[err]: Somewhat inferior but practically
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particle size distribution, and the above-mentioned
characteristics become poor.

Further, in view of the production process, a
large amount of fine powder must be removed by
classification in order to satisfy the condition of k <
4.6. Such a process is however disadvantageous in
vield and toner costs. On the other hand, if k > 6.7,
an excess of fine powder is present, whereby the image
density is liable to be decreased. This phenomenon is
considered to be caused by attachment of excessive
amount of fine magnetic toner particles with excessive
charge onto the developing sleeve, so that carrying and
triboelectrification of normal magnetic toner are
hindered therebf.

In the magnetic toner of the present
invention, the amount of magnetic toner particles
having a particle size of 12.7 microns or larger is
preferably 2.0 % by volume or smaller, further
preferably 1.0 % by volume or smaller, more preferably
0.5 % by volume or smaller. If the above amount is
larger than 2.0 % by volume, these particles are liable
to impair thin-line reproducibility.

The particle size distribution of a toner is
measured by means of a Coulter counter in the present
invention, while it may be measured in various manners.

Coulter counter Model TA-II (available from

Coulter Electronics Inc.) is used as an instrument for
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measurement, to which an interface (available from

Nikkaki K.K.) for providing a number-basis

distribution, and a volume-basis distribution and a

personal computer CX-1 (available from Canon K.K.)} are

connected.

For measurement, a 1 %-NaCl aqueous solution

as an electrolytic solution is prepared by usihg a

reagent-grade sodium chloride. For example, ISOTONR-II

(available from Coulter Scientific Japan

K.X.) may be

used therefor. Into 100 to 150 ml of the electrolytic

solution, 0.1 to 5 ml of a surfactant, preferably an

alkylbenzenesulfonic acid salt, is added

as a

dispersant, and 2 to 20 mg of a sample is added

thereto. The resultant dispersion of the sample in the

electrolytic ligquid is subjected to a dispersion

treatment for about 1 - 3 minutes by means of an

ultrasonic disperser, and then subjected

to measurement

of particle size distribution in the range of 2 - 40

microns by using the above-mentioned Coulter counter

Model TA-II with a 100 micron-aperture to obtain a

volume-basis distribution and a number-basis

distribution. From the results of the volume-basis

distribution and number-basis distribution, parameters

characterizing the magnetic toner of the

invention may be obtained.

present

Now, the image forming method and the image

forming apparatus according to the present invention
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will be specifically explained with reference to an
embodiment shown in Figure 11.

A photosensitive member (drum) 1 surface is
charged, e.g., in a negative polarity by a primary
charger 2, then exposed with image light 5 {(e.g., laser
light) to form a latent image (e.g., a digital latent
image formed by image scanning), and the latent'image
is developed (e.g., reversely developed) with a mono-
component-type magnetic developer 10 comprising a
magnetic toner contained in a developing device 9
equipped with a magnetic blade 11 and a developing
sleeve 4 containing therein a magnet. At the
developing station or zone, an alternating bias, a
pulsed bias and/or a DC bias is applied betwéen the
photosensitive drum 1 and the developing sléeve 4 by a
bias application means 12. A sheet of transfer paper P
is conveyed to reach a transfer station, where the back
side (opposite side with respect to the photosensitive
drum) of the transfer paper is charged by a transfer
means 3, whereby a developed image (toner image) on the
photosensitive drum surface is electrostatically
transferred. The transfer paper P separated from the
photosensitive drum 1 is sent to a hot pressure roller
fixer where the toner image on the transfer paper P is
fixed.

Some magnetic toner remaining on the

photosensitive drum 1 after the transfer step is



-71- The evaluation results are summarized in Table 2 appearing
hereinafter. Exanple 2 - 4, Conparative Exanples 1 - Toner s
were prepared in the sane manner as in e
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removed by a cleaning device 8 equipped with a cleaning
blade. The photosensitive drum 1 is discharged by an
erasing exposure light source 6 and is subjected to a
repeating cycle starting with the charging step by the
primary charger 2.

The photosensitive drum (electrostatic image-
bearing member) comprises a photosensitive layer on an
electroconductive substrate and rotates in the
direction of the arrow. The developing sleeve 4 as a
toner-carrying member comprising a non-magnetic
cylinder rotates so as to move in the same direction as
the electrostatic image-bearing member surface at the
developing station. Inside the non-mégnetic
cylindrical sleeve 4 is disposed a multi—polgr
permanent magnet (magnet roll) so as not to rotate.

The magnetic toner 10 in the developing device 8 is
applied onto the non-magnetic cylinder 4 surface and
the toner particles are provided with, e.g., a negative
charge due to friction, e.g., between the developing
sleeve 4 surface and the toner particles. The magnetic
doctor blade 11 of iron is disposed in proximity with
the cylindrical develop;ng sleeve surface with a gap of
about 50 microns to 500 microns and so as to confront
one magnetic pole of the multi-polar permanent magnet,
whereby a magnetic toner layer is formed in a thin and
uniform thickness (30 - 300 microns) so that the

magnetic toner layer is thinner than the gap between



Exarrpl e 1 except that the resins and netal conpl exes re~terpul-ated..
(sel ected and mixed) as shown in Table 1. The viscoel a Uﬁé*ﬁéﬁﬁ,@ff%ﬁ@"
toners are also showmn in Table 1 and the results of ev Igatlon ~af-e-.8.n omn
in Table 2. ‘ i85 pooosaen L
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the electrostatic image-bearing member 1 and the
developing sleeve 4 at the developing station. The
revolution speed of the developing sleeve 4 is adjusted
so that the sleeve surface velocity is substantially
the same as or close to the speed of the electrostatic
image-carrying surface. it is possible to compose the
magnetic doctor blade 11 of a pérmanent magnet instead
of iron. At the developing station, it is possible to
apply an AC bias or a pulsed bias between the
developing sleeve 4 and the electrostatic image-bearing
member 1 surface by the biasing means 12. The AC bias
may appropriately comprise a frequency £ of 200 - 4,000
Hz and a peak-to-peak voltage Vpp of 500 - 3,000 V.

At the developing station, the tone? particles
are transferred to the electrostatic image side because
of an electrostatic force exerted by the electrostatic
image-bearing member surface and the action of the AC
bias or pulsed bias electric field.

Instead of the magnetic doctor blade 11, an
elastic blade formed of an elastic material such as
silicone rubber can also be used to apply the toner in
a regulated thickness onto the developing sleeve under
the action of a pressing force.

In a case where the image forming apparatus

. according to the present invention is used as a printer
for facsimile, the laser light 5 may be replaced by

exposure light image for printing received data.
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Figure 12 is a block diagram for illustrating such an
embodiment.

Referring to Figure 12, a controller 511
controls an image reader (or image reading unit) 510
and a printer 519. The entirety of the controller 511
is regulated by a CPU 517. Data read from the image
reader 510 is transmitted through a transmitter circuit
513 to a remote terminal such as another facsimile
maéhine. On the other hand, data received from a
remote terminal is transmitted through a receiver
circuit 512 to a printer 5ﬁ9. An image memory 516
stores prescribed image déta. A printer controller 518
controls the printer 519. A telephone handset 514 is
connected to the receiver.circuit 512 and the
transmitter circuit 513.

More specifically, an image received from a
line (or circuit) 515 (i.e., image data received a
remote terminal connected by the line) is demodulated
by means of the receiver circuit 512, decoded by the
CPU 517, and sequentially stored in the image memory
516. When image data corresponding to at least one
page is stored in the image memory 516, image recording
or output is effected with respect to the corresponding
page. The CPU 517 reads image data corresponding to
one page from the image memory 516, and transmits the
decoded data corresponding to one page to the printer

controller 518. When the printer controller.518
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receives the image data‘corre;ponding to one page from
the CPU 517, the printer controller 518 controls the
printer 519 so that image data recording corresponding
to the page is effected. During the recording by the
printer 519, the CPU 517 receives another image data
corresponding to the next page.

Thus, receiving and recording of an image may
be effected in the above-described manner.

In the electrophotographic apparatus, plural
members inclusive of some of the above-mentioned |
members such as electrostatic image-bearing member or
the photosensitive member, developing apparatus and
cleaning means can be integrally combined to'form an
apparatus unit so that the unit can be connectéd to or
released from the apparatus body. For example, at
least one of the charging means, developing apparatus
and cleaning means can be integrally combined with the
photosensitive member to form a single unit so that it
can be freely attached to or released from the
apparatus body by means of a guide means such as a
guide rail provided to the body.

Hereinbelow, the present invention will be
explained more specifically based on Examples.

Synthesis Example 1

200 wt. parts of cumene was charged in a
reaction vessel and heated to the reflux temperature.

The following mixture was added thereto in 4 hours



Exanpl e 5 Resin of Synthesis Exanple 1
mat eri al 100 wt. parts
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under refluxing of cumene.

Styrene 74 wt. parts
n-Butyl acrylate 16 wt. parts
Monobutyl maleate 10 wt. parts
Di-tert-butyl peroxide 6 wt. parts

The polymerization was further continued and
completed under reflux of cumené (146 - 156 °¢),
followed by removal of cumene. The thus obtained non-
crosslinked styrene copolymer showed a main peak at a
molecular weight of 5,000 and a glass transition
temperature (Tg) of 60 ©C. The thus obtained non-
crosslinked styrene copolymer in an amount of 30 wt.
parts was dissolved in the following monomer mixture to
form a polymerizable mixture. | |

Styrene 48 wt. parts

n-Butyl acrylate 20 wt. parts
Monobutyl maleate | 2 wf. parts
Divinylbenzene 0.4 wt. part
Benzoyl peroxide 1.7 wt. parts

170 wt. parts of water containing 0.1 wt. part
of partially saponified polyvinyl alcohol was added to
the above polymerizable mixture to form a suspension
liquid. Into a reaction vessel containing 15 wt. parts
of water and aerated with nitrogen. The above
suspension liquid was added and subjected to.6 hours of
_suspension polymerization at 70 - 95 ©C. After the

reaction, the product was separated by filtration,



Complex [I]-2 0.5 wt. part

et hyl ene- pr opyl ene copol yner E*_ ' ;
above ingredients were sufficiently blended in a bl endgi anﬂmﬂ@+tmkﬁe&ded
through a two- axis kneadi ng extruder set at 130 [err]i: £ The *Ig;n aded
product was cool ed, coarsely crushed by a cutter m |17 f| nel pu1 Veri 4”ed
by nmeans of a pulverlzer using jet alr-SOLean1 and QIaSS|fré6‘by gt}
fixed-wall type w nd-
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dewatered and dried to obtain a resin composition
containing a styrene-n-butyl acrylate-monobutyl maleate
copolymer and also a styrene-n-butyl acrylate-maleic
acid-maleic anhydride copolymer. The resultant resin
composition showed a THF-insoluble content of 40 wt. %,
a Tg of 59 ©C, a JIS acid value (A) of 18.4 and a ratio
(A/B) of 0.90 to the total acid value (B), and
contained a THF-soluble content giving a GPC chart
showing a peak at a molecular weight of about 5500 and
a shoulder at a molecular weight of about 3.4x104.

The THF-soluble content of the resin
composition was measured as follows:

About 0.5 g of the resin composition was
accurately weighed (W; g) and placed in a cyiindrical
filter paper (28x100 mm, "No. 86R", availabie from Toyo
Roshi K.K.) and then subjected to extraction with 200
ml of solvent THF for 6 hours by using a Soxhlet's
extractor. Each extraction cycle with THF by the
Soxhlet's extractor toock about 4 minutes. The THF-
soluble content extracted with THF was recovered by
evaporation of the THF, dried under vacuum at 100 °C
and then weighed (W2 g). The calculation was made
according to the following equation:

THF insoluble content (%) = [W; - WZ]/W1 x 100.
. The glass transition point (Tg) of the resin
was measured according to ASTM D 3418—82 by using a DSC

(differential scanning calorimeter, '"DSC-7" available



force classifier to obtain a classified powder product.

Utra fine powder

and coarse powder were sinultaneously and precisely renoved fromthe

tlassified powder by nmeans of a multi-division classifigrppti] iz o e
Coanda effect (El bow Jet O assifier available fron1Nittetgﬁ¢mKﬁ‘¢@i%ﬁ

thereby to obtain a magnetic toner having,_a vol unme-averag
of 6.5 mcrons. The thus obtai ned magnetic tongr

to measurenent of particle size distribution by neans

.
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from Perkin-Elmer Corp.)

Synthesis Example 2

Styrene 80 wt. parts
n-Butyl acrylate 15 wt. parts
Acrylic acid 5 wt. parts
Di-tert-butyl peroxide 7 wt. parts

The above ingredients were added dropwise in 4
hours to 200 wt. parts of cumene which had been heated
to the reflux temperature. The solution polymerization
was further completed under reflux of cumene (146 - 156
Oc), followed by removal of cumene. The resultant
styrene copolymer showed a peak at a molecular weight
of 5200 on the GPC chart and a Tg of 62 °C.

30 wt. parts of the styrene copolymér was
dissolved in the following monomer mixture ﬁo form a

mixture solution.

Styrene 47 wt. parts
n-Butyl acrylate 23 wt. parts
Monobutyl maleate 1 wt. parts
Divinylbenzene 0.6 wt. part
Benzoyl peroxide 1.5 wt. part

170 wt. parts of water containing 0.1 wt. part
of partially saponified polyvinyl alcohol was added to
the above mixture solution to form a suspension ligquid.
Into a reaction vessel containing 15 wt. parts of water
and aerated with nitrogen, the above suspension liquid

was added and subjected to 6 hours of suspension



of a Coulter counter Mdel TA-I1 equipped with a 100 m mﬂs“»apem«urwewand
the neasured data are shown in Table 3 appearing herei fabEBLACLIITNT SHeT

00 wt. parts of the above toner and 1.0 wt. part of hydrbﬁﬁ@b1ewe€4¢@|dal
silica fine powder were dry-blended with each other to prlep!ar
t oner
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polymerization at 10 - 95 ©C. After the reaction, the
product was separated by filtration, dewatered and
dfied to obtain a resin composition containing a
crosslinked styrené—n-butyl acrylate-moncbutyl maleate
copolymer. The thus-obtained resin composition
contained 55 wt. % of a THF-insoluble content, showed a
Tg of 54 °C, a JIS acid value (A) of 13.0 and a ratio
(A/B) of 0.97 to the total acid value (B), and the THF-
soluble content gave a GPC chart showing a peak at a
molecular weight of about 6000 and a shoulder at a
molecular weight of about 3.2x104.

Synthesis Example 3

Styrene 76 wt. parts
n-Butyl acrylate 14 wt. parts
Monobutyl maleate 15 wt. parts
Di-tert-butyl peroxide 4 wt. parts

The above ingredients were added dropwise in 4
hours to 200 wt. parts of xylene which had been heated
to the reflux temperature. The solution polymerization
was further completed under reflux of xylene (138 - 144
O¢c), followed by removal of xylene. The resultant non-
crosslinked styrene copolymer showed a peak at a
molecular weight of 5500 on the GPC chart and a Tg of
63 °c.

20 wt. parts of the styrene copolymer was
dissolved in the following monomer mixture to form a

‘mixture solution.
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conprising magnetic toner particles onto the
hydr ophic colloidal silica fine powler was attached.
vi scoel astic properties of the magnetic toner were n
and 200 [err]C, and the '

-63-

Styrene 36 wt. parts
n-Butyl acrylate 24 wt. parts
Moncbutyl maleate 3 wt. parts
Divinylbenzene 0.35 wt. part
Benzoyl peroxide 1.3 wt. parts

170 wt. parts of water containing 0.1 wt. part
of partially saponified polyvinjl alcohol was added to
the above mixture solution to form a suspension liguid.
Into a reaction vessel containing 15 wt. parts of water
and aerated with nitrogen, the above suspension liquid
was added and subjected to-6 hours of suspension
polymerization at 70 - 95 Oc. Aafter the reaction, the
product was separated by filtration, dewatergd and
dried to obtain a resin composition contain;ng a
crosslinked styrene-n-butyl acrylate-monobutyl maleate
copolymer. The thus-obtained resin composition
contained 30 wt. % of a THF-insoluble content, showed a
Tg of 57 ©°C, a JIS acid value (A) of 30.5 and a ratio
(A/B) of 0.81 to the total acid value (B), and the THF-
soluble content gave a GPC chart showing peaks at
molecular weights of about 6000 and about 3.6x104.

Comparative Synthesis Example 1

Styrene 100 wt. parts
Di-tert-butyl peroxide 10 wt. parts
The above ingredients were added dropwise in 4
hours to 200 wt. parts of cumene which had been heated

to the reflux temperature. The solution polymerization.
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“results thereof are shown in Figures 5 and 6, respectively. As shown in

t hese figures,
;range of 2x10[err] - 5x10[err] dyne/cnierr] fron1120“%a ngg,
and the ratio G[err]/GJ[err] was bel ow 40. Further,} the LA

the dynam c nodulus G and | oss nodul us G were within the
r] C
YHeth Pg%tlc

properties were not substantially changed with tine jat!"200 [errJC a$ gshown
in Figures 7 and 8. The viscoelastic data of the toneriat% ahsowehomn I n

Table 4 appearing hereinafter together _gisth those of otherimm
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was further completed under reflux of cumene (146 - 156
O¢c), followed by removal of cumene. The resultant
styrene copolymer showed a peak at a molecular weight
of 4000 on the GPC chart and a Tg of 67 °cC.

30 wt. parts of the styrene copolymer was
dissolved in the following monomer mixture to form a

mixture solution.

Styrene 60 wt. parts
n-Butyl acrylate 20 wt. parts
Benzoyl peroxide 2 wt. parts

170 wt. parts of water containing 0.1 wt. part
of partially saponified polyvinyl alcohol was added to
the above mixture solution to form a suspension liguid.
Into a reaction vessel containing 15 wt. parts of water
and aerated with nitrogen, the above suspension liguid
was added and subjected to 6 hours of suspension
polymerization at 70 - 95 °c. After the reaction, the
product was separated by filtration, dewatered and
dried to obtain a resin composition containing a
polystyrene and a non-crosslinked styréne—n-butyl
acrylate copolymer. The thus-obtained resin
composition was soluble in THF, gave a GPC chart
showing peaks at molecular weigﬁts of about 4500 and
about 3.0x104, and showed a JIS acid value (A) of 0.6.

Comparative Synthesis Example 2

170 wt. parts of water containing 0.1 wt. part

of partially saponified polyvinyl alcohol was added to



" Exanpl es. A The magnetic toner was evaluated for image formation

by using a printer prepared by renodeling a comercially available
.small -size |aser beamprinter ("LBP-811", nade by Cenﬁpngg“j3®»a&hm
forma latent image with m nute spots of down to 50 6 gk {

t he scanner part and to provide a printing speed of |
(Ad-vertical)/ mn. The evaluation was perfornmed with neébﬁcty
initial imge quality : -65-
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A

the following monomer mixture to form a suspension

liguid.
Styrene 69 wt. parts
n-Butyl acrylate 25 wt. parts
Monobutyl maleate 6 wt. parts
Divinylbenzene - 0.9 wt. part
Benzoyl peroxide 3 wt. part

Into a reaciion vessel containing 15 wt. parts
of water and aerated with nitrogen, the above
suspension liquid was added and subjected to 6 hours of
suspension polymerization at 70 - 95 ©C. After the
reaction, the product was separated by filtration,
dewatered and dried to obtain a crosslinked styrene-n-
butyl acrylate-monobutyl maleate.copolymer.. The thus-
obtained copolymer gave a GPC chart showing a main peak
at a molecular weight of about 17,000 and substantially
no peak below a molecular weigﬁt of 15,000.

The copolymer also showed a Tg of 60 °C, a JIS
acid value (A) of 16.6, a ratio (A/B) of about 1 to the
total acid value (B}, and a THF-insoluble content of 30
wt. %.

Comparative Synthesis Example 3

200 wt. parts of cumene was charged in a
reaction vessel and heated to the reflux temperature.
The following mixture was added thereto in 4 hours.

Styrene ‘72 wt. parts

n-Butyl Acrylate 25 wt. parts



énd fixability, and anti-offset characteristic and staining of hot fixi

rollers after

5000 sheets of printing simlarly as in Exanple.l..

>
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sThe m nute dot reproducibility represents the RED; ADEMENT SHEET
_ _9 |
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Monobutyl maleate 3 wt. parts
Divinylbenzene 1.0 wt. part
Di-tert-butyl peroxide 1.0 wt. parts

The solution polymerization was further
continued for 4 hours under reflux of cumene, followed
by removal of the solvent by ordinary distillation
under vacuum to obtain a copolymer.

The copolymer showed a THF-insoluble content
of 5 wt. %, peaks at holecular weights ¢of about 17,000
and about 80x10% on the GPC chart, a Tg of 60 °C, a JIS
acid value (A) of 8.6 and a ratio (A/B) of 6;66 to the

total acid wvalue (B).

Example 1

Resin of Synthesis Example 1 100 wt. parts

Magnetic material 70 wt. parts

(number-average particle size = 0.19 micron)

Complex [I}]-2 1 wt. part

Low-molecular weight ethylene-

propylene copolymer 3 wt. parts

The above ingredients were sufficiently

blended in a blender and melt-kneaded through a two-
axis kneading extruder set at 130 ©C. The resultant
kneaded product showed a lower melt index than
corresponding kneaded product which was prepared under
the same condition except that the complex [I]l-2 was

not added.

The kneaded product was cooled. coarsely

| ST AP .



- 76- reproduci bility of a checker pattern as shown in Figure 9
including 100 units square dots each having one side '%"HB&SMLLng,ﬁg
-m crons or 50 microns. The T
m croscope while noticing the clarity (presence or afbs,err@em@fmd.ef_egts)
and scattering to the non-inmage parts. Exanple 6 - §
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crushed by a cutter mill, finely pulver;zed by means of
a pulverizer using jet air stream, and classified by a
fixed-wall type wind-force classifier to obtain a
classified powder product. Ultra fine powder and
coarse powder were simultaneously and precisely removed
from the classified powder by means of a multi-division
classifier utilizing a Coanda effect (Elbow Jet
Classifier available from Nittetsu Kogyo K.K.), thereby
to obtain a magnetic toner having a volume-average
particle size of 10 microns.

100 wt. parts of the above toner and 0.6 wt.
part of hydrophobic colloidal silica fine powder
treated with silicone oi; were dry-blended with each
other to prepare a magnetic toner comprising magnetic
toner particles onto the surface of which the hydrophic
colloidal silica fine powder was attached.

The viscoelastic properties of the magnetic
toner were measured at 120 °C and 200 ©C, and the
results thereof are shown in Figures 1 and 2,
respectively. As shown in these figures, the dynamic
modulus G' and loss modulus G'' were within the range
of 2x103 - 5x10° dyne/cm? from 120 °C to 200 °C, and
the ratio G'q54/G'9gg was below 40. Further, the
viscoelastic properties were not substantially changed
with time at 200 ©C as shown in Figures 3 and 4. The
viscoelastic data of the toner are also shown in Table

1 appearing hereinafter together with those of other
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Magnetic toners were prepared in the same manner as in Exanple 5 except
that the resins and netal conplexes were fornul ated;as--shown_ |n Tabl e 4.
.The particle sei ze distribution data of the nmagneti | %@nqrs MI us,,
are shown in Table 3, the viscoelastic data are sho +n Table &‘ ihd t he
results of evaluation are shown in Table 5. Exanpl é 19 3

magnetic toner having a particle seize _gg_ - ;

PN R e,

Examples.

The magnetic toner was evaluated for image
formation by using a printer prepared by remodeling a
commercially available small-size laser beam printer
("LBP-8II", made by Canon K.K.) so as to provide a
printing speed of 16 sheets (A4-vertical)/min. The
evaluation was performed with fespect to the initial
image quality and fixability, and anti-offset
characteristic and staining of hot fixing rollers after
5000 sheets of printing. The developing conditions
were as follows:

The closest gap between the laminated OPC
photosensitive drum and the developing sleevg
(enclosing a fixed magnet): about 300.microns

The gap bhetween the magnetic blade and the
developing sleeve: about 250 microns

The magnetic toner layer thickness on the coated
developing sleeve: about 130 microns

Developing bias: AC bias (Vpp: 1600 V, fregquency:
1800 Hg), DC bias: -390 V.

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

"Immediately after the waiting time was up, a pattern of.



whil e reducing the anount of the nmgnetic material t Fﬁﬁiﬂﬁﬁ%@?ﬁ%@ggﬁﬁé
‘magnetic toner in an anount of 100 wt. parts was drw-b‘EﬁdeGmmLLh;Q;8f wt .
part of colloidal silica fine powder to obtain a magnetig¢gtpner.for!

eval uation. The viscoelastic data of the magnetic tgnar Fe*%ﬁoﬁﬁﬁip abl e
4, and the results of evaluation are shown in Tabl e|5. " Conparativel
Exanple 4 - 6 -

di stribution as shown in Table 3 was prepared sinilarFy*"aﬁw+ﬂmExaagLe 5

200 micron-wide transverse lines (line width: 200
microns, spacing: 200 microns) was printed on a first
sheet, which was used for evaluation of the fixability.
The fixing was effected by setting the surface
temperature of a fluorine resin-coated hot fixing
roller at 180 °C. The fixability was evaluated by
rubbing the printed image with a lens cleaning paper
("Duspex”@Q made by 0zZU Péper Co. Ltd.) for 5
reciprocations under a weight of 100 g and then
evaluating the degree of peeling of the toner image in
terms of a decrease (%) in. reflection density.

For the evaluation of the anti-offset
characteristic, a 100 microns-wide transverse line
pattern was continuously printed on 300 sheets by using
a fresh fixing roller cleaning pad, then the printing
was paused for 30 seconds and then the printing was
resumed. Then, the back-staining on a first sheet
after the resumption was observed for the evaluation.

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

After the above observation, the 100 microns-
wide transverse liﬂe pattern was continuocusly printed

on 300 sheets (A4-vertical), then the printing was



Magnetlc toners were prepared in the same nanner as |n Exarrpl e 5 except
that the resins and netal.

Sw;;-f?rifj_‘“‘: ;\j{'l‘ ~§> m;g,.ni‘z.z.:..
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paused for 30 seconds and then the printing was
resumed. Then, the back standing on a first sheet
after the resumption was again observed for evaluation
of the anti-offset characteristic.

For the above evaluation, bond paper having a
surface smoothness of 10 [sec]) or below was used as the
transfer paper.

The evaluation standards are shown below.

(1) Fixability

o: Good

A: Somewhat inferior but practically

acceptable

X: Practically not acceptable
{2) Hot fixing roller staining in the fixing device

o: No stain at all

oa: Slight stain which is almost unnoticeable
Al Noticeable.stain but practically acceptable
(no offsetting) .
X: Conspicuous stain and-practically not
acceptable (offsetting)
(3) Anti-offset characteristic (back stain after
pause)
o: No stain at all
04: Almost unnoticeable
A: Stain but practically acceptable
x: Conspicuous stain and practically

unacceptable



conpl exes were fornul ated as shown in Table 4. The particle seize
distribution data of the nagnetic toners thus prepared—are-shown.in_Tabl e
~3, the viscoelastic data are shown in Table 4, and thg REBWCEsweR suset

eval uation are shown in Table 5. - o
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The evaluation results are summarized in Table
2 appearing hereinafter.

Example 2 - 4, Comparative Examples 1 - 3

Toners were prepared in the same manner as in
Example 1 except that the resins and metal complexes
were formulated (selected and ﬁixed) as shown in Table
1. The viscoelastic data of the toners are also shown
in Table 1 and the results of evaluation are shown in

Table 2.
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Example 5
Resin of Synthesis Example 1 100 wt. parts
Magnetic material 100 wt. parts
Complex {I]-2 0.5 wt. part

Low-molecular weight ethylene-

propylene copolymer 3 wt. part

The above ingredients‘were sufficiently
blended in a blender and melt-kneaded through a two-
axis kneading extruder set at 130 ©C. The kneaded
product was cooled, coarsely crushed by a cutter mill,
finely pulverized by means of a pulverizer using jet
air stream, and classified by a fixed-wall type wind-
force classifier to obtain a classified powder product.
Ultra fine powder and coarse powder were simultaneously
and precisely removed from the classified powder by
means of a multi-division classifier utilizing a Coanda
effect (Elbow Jet Classifier a&ailable from Nittetsu
Kogyo K.K.), thereby to obtain a magnetic toner having
a volume-average particle size of 6.5 microns.

The thus obtained magnetic toner was subjected
to measurement of particle size distribution by means
of a Coulter counter Model TA-II equipped with a 100
microns-aperture and the measured data are shown in
Table 3 appearing hereinafter.

100 wt. parts of the above toner and 1.0 wt.

part of hydrophobic colloidal silica fine powder were

' dry-blended with each other to prepare a magnetic tomer -
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constituted froma binder resin, and a netal salt

A toner for devel oping electrostatic inages is

-75-

comprising magnetic toner particles onto the surface of

which the hydrophic colloidal silica fine powder was

attached.

The viscoelastic properties of the magnetic
toner were measured at 120 °C and 200 ©C, and the
results thereof are shown in Figures 5 and 6,
respectively. As shown in these figures, the dynamic
modulus G' and loss modulus G'' were within the range
of 2x103 - 5x10° dyne/em? from 120 °C to 200 °C, and
the ratio G'y,545/G'5gg9 was below 40. Further, the
viscoelastic properties were not substantially changed
with time at 200 ©C as shown in Figures 7 and 8. The
viscoelastic data of the toner are also shown in Table
4 appearing hereinafter together with those of other
Examples.

The magnetic.tqner was evaluated for image
formation by using a printer prepared by remodeling a
commercially available small-size laser beam printer
("LBP-8II", made by Canon K.K.) so as to form a latent
image with minute spots of down to 50 microns by
improving the scanner part and to provide a printing
speed of 16 sheets {(Ad-vertical)/min. The evaluation
was performed with respect to the initial image quality
and fixability, and anti-offset characteristic and
staining of hot fixing rollers after 5000 sheets of
printing similarly-as in Example 1.

The minute dot reproducibility represents the



met al conpl ex.

Through the various interaction between the conponents, the

toner is provided with unique viscoelastic properties_including: a dynamc

-modulus G [err] at 120 - 200 [err]C of 2x10[err] or q$g@ .
5x10[err] [dyne/cnferr]] as measured in the frequency tange UIXT
(Hz); a loss nmodulus G'[err] at 120 -200 [err]C of ZXLOEerr_] or t]l gher to

bel ow 5x10[ err]

[dyne/cnm{err]]:. as mneasured in the [req ancyr}an@eiof

1x10[err] - 1 (Hz);-a dynam c nodulus G200 at 200 [etr]C. and a_frequency
f

repibducibility of a checker pattern as shown in Figure
9 including 100 units square dots each having one side
X measuring 80 microns or 50 microns. The
reproducibility was evaluated through a microscope
while noticing the clarity (presence or absence of
defects) and scattering to the non-image parts.

Example 6 - 8

Magnetic toners were prepared in the same
manner as in Example 5 except that the resins and metal
complexes were formulated as shown in Table 4. The
particle seize distribution data of the magnetic toners
thus prepared are shown in Table 3, the viscoelastic
data are shown in Table 4, and the resulfs of
evaluation are shown in Table 5.

Example 9

A magnetic toner having a particle seize
distribution as shown.in Table 3 was prepared similarly
as in Example 5 while reducing the amount of the
magnetic material to 80 wt. parts. The magnetic toner
in an amount of 100 wit. parts was dry-blended with 0.8
wt. part of colloidal silica fine powder to obtain a
magnetic toner for evalpation‘ The viscoelastic data
of the magnetic toner are shown in Table 4, and the
results of evaluation are shown in Table 5.

Comparative Example 4 - 6

Magnetic toners were prepared in the same

manner as in Example 5 except that the resins and metal -



satisfying an approxi mated linear relationship according to the |east
squares nethod of: logG[err] = a[err]log[err]f + log b, wherein a denotes
-a positive nunber of 0.25 or smaller and b denotes a constant; and a ratio
(Jerr])/(GJerr]) of below 0.25 wherein (G [err]) denotes a dynamc

nodul us at 200 [err]C and (G [err]) denotes a dynam
[err]C respectively at a frequency of 1 (Hz).

-77-
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complexes were formulated as shown in Table 4. The
particle seize distribution data of the magnetic toners
thus prepared are shown in Table 3, the viscoelastic
data are shown in Table 4, and the results of

evaluation are shown in Table 5.
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1. A toner for devel oping electrostaric inmages, conprising a binder resin,
and a netai salt or a netal conplex wherein the toner has: a
cynami ¢ nonulis G [err]at 120-200[err]C of 2-10[err] to below 5 Ncnferr] 2
X 10[err] or higher to below 5 X 10[err] cyne/ cnferr] as measured
in the requency range of 1x10[err] - 1 (Hz): a S . A0 ;U%J&E{$r]
at 120 - 200 [err]C of 2.10[err] to below 5 N cnferr] Cis 0

hi gner to bel ow 5x10[err] cyne/ 790n{err]) as mepsfired in ; %
frequency range of 1 x10[err] - 1 (Hz); a cynafri ¢ AddHER N .[@rrﬂat
200 [err]C and a frequency f salistying an approxi mated kinear. JLelatignsnic

accordi ng to the | east squares nethod of: : l
logG [err] = a[err]log[err]f[err]log b. wnerejn _a_cenctes_a !
positive nunber of 0.25 or snmaller and b cenctes a constant: and a
ratio (G [err]/Jerr])of below 0.25 wherein (G [err]) derotes a dynamc
nodul us at 200 [err]C and (G [err]) denctes a cyram c nodul us at

120 [err]CreSFnc |\ln|\]1 at—a frnqnnnr\y of—1 /!_l-;)_ 2 The-tofrer—aceot |ng
to Caim1, whijch [contjains a nagnetic material .
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3. The toner according to Claim1 wherein the positive nunber a is 0.05 to
bel ow 0.25. 4. The toner according to Claim1l, wherein the binder resin
shows a nol ecul ar wei ght distribution on its GPC chro- mat ogr am
including at | east one peak in the nol ecul ar wei ght range of 2000 to bel ow
15. 000 and a peaK or shoul der in the nol ecul ar wei ght range of 15, 000
to 100,000. 5. The toner according to Cggim 1, wherein the binder resin-
shows a JIS acid value (A) and total acid val ue (B) g|V|ng aratio A/B
in the range of 0.75. 0.99. 6. The toner according Eo;y_ Mt W n the
bi nder resin contains 5 - 70 wt. % of a THF-insol ub
toner according to aim1l1, wherein the binder reS|n:céﬁ ain
% of a THF-inscluble content. 8. The toner according: td%@
the tinder resin conprises a copolyner having crosslinkages 1d] a
metal lic crosslinkage and a polyneric crosslinkage. 9. The toner accof di ng
to daim1l, wherein the toner shows a dynam c nodul us and_a_loss ondullis
measured while it is held at 200 [err]C for a period of one hour, which
are within the range of 0.3 - 1.8 tines the correspondi ng val ues
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nmeasured at the initial stage of the period. 10. The toner according to
Claiml. wherein the toner shows a dynam ¢ nodul us and | oss a nodul us

freasured wnil e it is held at 200 C for a period of one hour,

within the range of 0.9 - 1.5 tinmes the corresponding v

at the initial stage of the period. 11. The toner accof

wherein the binder resin has been nelt-kneaded with the
conplex. 12. The toner according to Clai8) 1. wherein t

conprises a styrene-[err]-unsaturated di carboxylic acid}

[err]-unsaturated di carooxylic anhydrice copolyner. 13

whi ch are
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stal sal't
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The toner accori

to daim1l. wherein the binder resin conprises a slyren

[err]-unsaturat

di carboxylic acid- [err]-unsaturared dicarboxylic anhydride copol ynmer

and a styrene-acrylic ag ¢ Galelrd®iddvaiAY Aol Jceithoe kGges 18C1

hal t - ester copol yner.
constituted from a binder resin, and a me

tal salt or a

metal complex. Through the various interaction between

the components, the toner is provided with unique

viscoelastic properties including: a dynamic modulus

G'y20-200 @t 120 - 200 °C of 2x103 or higher to below

5x10° [dyne/cmzl as measured in the frequ

1x10™2 - 1 (Hz); a loss modulus G“120_200

ency range of

at 120 - 200

Oc of 2x103 or higher to below 5x10° [dyne/cmzl-as

measured in the frequency range of 1x10~2

- 1 (Hz); a

dynamic modulus G'ZOO at 200 °C and a frequency £

satisfying an approximated linear relatio
according to the least squares method of:
a-log-f + log b, wherein a denotes a posi
0.25 or smaller and b denotes a constant;

(G'500)/(G"'150) of below 0.25 wherein (G'

nship

1ogG’300 =
tive number of
and a ratio

200) denotes a

dynamic modulus at 200 °C and (G'120) denotes a dynamic

modulus at 120 ©C respectively at a frequency of 1

(Hz).
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1. A cnerlor ceveioping elecirostalic images, comprsing a binder resin, and a melai sait or a metal comelex; wnerein
ihe ioner nas:

a cynamic meculus G'yag.200 3t 120 - 200 *C cf 2-10°2 10 below 5 N/iem?2 2x103 or higher to teiow 3x 1G5 cyne/
zm? as measurec in the frequency range of 1x10°2 - 1 (Mz);
a icss Meculus G”,,q.200 3 120 - 2CC °C of 2102 10 below 5 N/em?2 (2x10° or higner 1c Seiow 3x:C3 cyne/
em?} as measured i the [reguency range of 1x10°2 - 1 (Hz);

cynamic mccuius G'agq 24 2CC °C anc a frequency | salisiying an agpraxirnalec linear reiaticnsmic acecrging
tc ine !easi squares methea of:

166G "55q = @06+ » log .

wnerein 3 cenclas a posiive aumber of 0.2 or smaller anc b cenctas a censiant; anc
a ralic [G'aegi/(G’;29) of Delow 0.25 wherein (G'agg) cenotes a dynarmic maocuius at 200 °C anc (G’ 54) dencles
a cyramic mceculus at 120 °C raspectiveiy at a lrequency ct 1 {2z},

2. Thetener acceraing ic Claim 1, which centains 2 magnetic material.

3. The locner accerding o Claim 1, wheremn ihe pesitive number 3 18 0.0S ic telow 0.25.

4. The loner 2ccorting (o Claim 1, wherein the binder rasin shows a mclecular weight distributicn cn its GPC chro-
matcgram including atleast cne peak in the molecular weight range of 2C00 o belcw 15,0CC and 2 ceak or shoulder
in the molecular weight range of 15,000 to 1C0,0CC.

5. Theicner accerding to Claim 1, wherein the binder rasin shows a JIS acic vaiue (A) anc tctat acic value (3) gving
a ratio A/8 in the range of 0.75 - 0.99.

6. The ioner accarcing to Claim 1, wherain the bincler resin centains 5 - 70 wt. % of a THF -insciuble centent.
S

-

7. The tener accorcing to Claim 1, wherein the binder resin contains 20 - 80 wt. % of a THF-nscludle content,
g

8. The icner accercing ta Claim 1, wherein the binder resin comprises a copclymer naving cresslinkages including
a metallic crosslinkage anc a pelymeric crosslinkage.

9. The tener according to Claim 1, wherein the toner shows a dynamic modulus and a loss medulus measurec while
it is nelc at 2CQ °C lar a pericd of cne heur, which are within the range of 0.5 - 1.3 times the corresponding values
measured at ihe initial stage of the pericd.

10. The loner accercing to Claim 1, wherein the toner shows a dynamic modulus and icss a8 medulus measured wnile
itis held at 2C0 °C icr a pericd of ane hour, which are within the range of 0.5 - 1.5 times the carresponding vaiues
measured at the mitial stage of the pericg.

11. The tener aczording to Claim 1, wherein the binder resin has been meli-kneacded with the metal sar or melal
smplex.

12, The toner accorcing to Claim 1, wherein the Bincer resin comprises a styrene-a.B-unsaturaled dicarsexylic acic-
«.3-unsaturated cicarooxylic anhydnce copolymer,

13. The tcrer accerging fo Claim 1, wherein the bincer resin compnsaes a styrene-u.B-unsaturated dicarboxylic acic-
o B-unsaturatec cicardoxyhc annydnce ccpolymer, and a styrene-acrylic acic ester-a -unsaturated dicarocxylic
acic halt-ester cceolymer.



14. The toner according to Claim13. wherein the binder resin contains 1 -

30 w / Al I units of an [err]- unsat urated di carboxylic
aci d ha-ﬂﬁ_ mﬁﬁmghbjﬁm 15. The toner according to Caim 13, wherein the
bi nder ' ' - 20 wt. % of poiynerized units of an [err]-

unsat urated di carboxylic acid half-estgr nmononer. 16. The toner according
to daim13. wherein the styrene-cryH6—atid ester-[err]-unsaturated

ci carboxylic acid halt- ester copol ynmer is crosslpnked—wi-th.a ..
crosslinki ng nononer. 17. The toner according to d g§i REBGwhared
crosslinking nononer is divinyl benzene. 18. The tongr aceordi-ng I m

1, wherein the netal salt conprises an organic netal sal;i’t..i 8

14. The toner accorcing to Clarm 13, wherain the binder resin contains 1 - 30 wt. % ol polymerizec unils of an «.B-
unsaturaled dicarboxylic acid haif-ester monomer.

15. The ioner according to Claim 13, wheren the binder resin contains 3 - 20 wt. % cf poiymerized units of an «.B-
unsaturated dicarsoxylic acid haif-aster monomer.

16. The ioner according to Claim 13, wherein the styrene-acrylic acid ester-w,{}-unsaturated cicarsoxylic acid halt-
esier copolymer is crosslinked with a crosslinking moncmer.

17. The lener accercing to Claim 18, wherein the crosslinking monomer is divinylbenzene.

18. The toner according to Claim 1, wheren the metal sait comprises an organic metal sait.

19. The tcner according to Claim 1, wherein the metai complex comprisas an organic metal cemplex.

20. The lener accerding (e Claim 1, wherein the metal complex is an azo metal complex represented by the larmula;

‘ ar-N = N-ar | ©
\x' Y'/
NY
/1N
Y x\

[ AZ-N = N-az) KD

wherein M dencles a coorcination center metal having a coerdination number of 8; Ar denotes an aryl group
capable of having a substituent selected from nitro, haiogen. carboxyl, anilide, and alky! and alkoxy having 1 - 18
carocn atems; X, X, Y anc Y' independently denote -O-, -CO-, -NH-, or -NR- (wherein R denotes an alkyl having
1 - 4 carbon atorms; and K® denotes hydragen, sodium, pctassium, ammenium or aliphatic ammcenium.



19. The- _according to Claim1, wherein the netal conplex conprises an
organi c "H 1 20. The toner according to Claiml, wherein the
hetal co tal conplex represented by the fornula: [err]

wherein M denot es a coord| nation center netal having a coordination nunber

of 6; Ar denotes an aryl group = 84 -
21. Thecner according to Clam 1, wherein the metal ccmplex is an organic metal complex regresented by the formula:
. 3
H,0 fl) Q)

Z 0o-C

SNt / AN

(A) M \ (A)

N, 7}
El:-o 27
|

| 0  Hy0 J) ®

wherein M cenoles a coordination canter metal having a ccorcination number of §; A denotes

(capabtie of having a substituent),

(X cenctes hydrcgen, halogen, or nitro),

X | O

R

@

R

(A denctes hydrogen, C, - Cy4 alkyl or C, - C,4 alkenyl); Y® denotes hydrogen, scdium, potassium, ammenium,
or aliphatic ammonium; and Z denotes -O- or -CO-O-,

22. The toner according to Claim 1, wherein the metal complex is used in a proportion of 0,01 - 10 wt. parts per 100
wi. parts of the binder resin.

23. The toner according to Claim 1, wharein the matal complex is used in a proportion of 0.1 - 5 wi. paris per 100 wt,
parts of the binder resin,

24. The toner according to Claim 1, wherein the metal complex is usaed in a proportion of 1 - S wt. parts per 100 wi,
parts of the binder resin.

25, The tcner according to Claim 1, which contains 20 - 140 wt. parts of a magnelic material per 100 wt. parts of the
bincer resin,

26, The tcner according to Claim 1, which contains 30 - 120 wt. parts ol a magnetic materiai per 100 wi. parts of the
bincer resin.

27. The toner accorcing to Claim 1, which comprises a magnetic toner having a volume-average particle size of 4.5 -
8 microns.

28. The icner according to Claim 1, which comprises a magnetic toner having a volume-average partcle size o § - 8
microns.

29. The toner accorcling to Claim 27, wherein the magnetic toner has such a particle size cistribution thal it contains
17 - 80 % by number of magnaetic toner particles of 3 microns or smailer, 5 - 50 % by number of magnetic toner
paricles of 6.35 - 10.08 microns, and 2.0 % by volume or less of magnetic toner particles of 12.7 microns or larger
and satisfies the condition of N/V = -0.05N+k ... (1), wherein N is a number of 17 - 60 denoting the content in lerms
of % by number of the toner particles of 5 microns or smaller, V is a number denoting tha content in terms of %
by voiumae of the toner panticles of 5 microns or smaller, and k is 3 number of 4.5 - 8.7.
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21. The toner according to ' - wWherein thg rret ar
an organic metal conplex represented by the fornula: [err]

3C.

32.

-
-

Hum |Iuent selected fromnitro, hal*@&%y:: ~|
ﬁwmymgj kOXy having 1 - 18 car bon ”)éz:s"é X,&H
en

i ndepender‘it

-~
N

N~
3

, -NH-, or -NR- (whereih R" déﬁ”O’téf‘S"amalk
r}g(;pa E

“conptr exdi s

- 4 car bon atoms and K[err] denot es hydr Jgen,e $ad

An rage ‘errming agcaratus. comensing: an leciresiatic latent imaga-oeanng rmentcer, and 2 Javeicoing cevice
comsnsing 2 Jevelcoer-1arnying mermear ICr arrying 3 iCner ior Jevelcoing he 2teciresianc aien! image at 2
cevaiccing statien anc convaying the icner (¢ he deveicoing siaticn, anc a savelcger conianer !cr cortaimng hie
icner; wnerain (he iener somorises a Jincer rasin, and 2 melal sait or 2 metai cometex: wnersin iNg icner has:

rarmic Mecuits G'ypq.000 &t 120 - 20C *C of 210210 telow § N/em? (2x 103 or rugher 16 teiow 3x1C5 cyne/
as measurac in the {requency :ange of 1x10°2 - 1 (Hz):

ss mcauius Gy 20.200 8t 120 - 2CC *C i 2.10°2 tc below 5 Niem?2 (2x109 or igher tc telow 3x1C5 cyre/
as measurad in the frequency range of 1x102 - 1 (M)

yramic meculus G'ygq at 200 °C and a irequency { salisfying an approximalac linear ralaticnshic according
2 least sguares metnea of:

fj\

T
4 q

» nm
K| 9(,

o
e

166G 'ypq = @-log i «lcg D,

wnerein a cencles a sesitive number of .25 or smalter and b cenctes a censiant; anc
a rauo (G'agel (G’ 29) of Below 0.25 wherein (G'5g9) dencles a dynamic mecuius at 200 °C anc (G’ 4y) Cenctes
a gynamuc mcdulus at 12C *C respectively at a frequency of 1 {Hz).

e:mage forming apparatus aczarding to Claim 30, wherein the tcner is any cne cf the toners accerding e Slaims
- 268 '

An acgaratus unit, ccmprising: an electrestatic latent image-béaring member and a deveicping device lor devel-
cping the slectrestatic latent image at a develcping staticn; the developing Gevice ccmprising a cevelcper contamer
for centaiming the cner, and a ceveloper-carrying mamber for carrying the lcner and conveying the loner 10 the
ceveicping slaticn;

wherein the ioner comprises a binder resin, and a metal salt or 2 metal complex; wnerein the loner has:

a cynamic meculus G'yag.90q at 120 - 200 *C of 2-10°2 1o below 5 N/em?2 (2x103 cr higher io below 5x 1CS cyne/
cm?) as measured in the frequency range of 1x10°2- 1 (Hz);

a loss mcaulus G 0,300 @1 120 - 200 °C of 2-10°2 to below 5 Niem? (2x103 ar higher to below 5x10° dyne/
cm?) as measured in the frequency range of 1x10-2 - 1 (H2);

a Synarmic medulus G'pgq at 200 °C and a frequency | satisfying an approximated linear relationshig according
{0 the least squares methoc of:

166G’ pgq = a-leg-l +log b,

wnerain 3 dencles a gesitive number cf 0.25 or smaller anc b denctes a censtant; and

2 ralg {Glago)/ (G’ 20) of belaw 0.25 whnerewn (G'ygq) Cenctes a cynamic maeculus at 200 °C anc (G, 54) dencles
a cynamic mcculus at 120 °C respectively at a irequency of 1 (MZ);

wnerain saic cevelcoing device is supported integrally together with the image-bearing membper 1o form a
singte unit, which can be connectecd to or releasad irom an apparatus bocy as cesired,

%
ne sccarzlus unit according to Claim 32, wherain the toner 1s any cne ol the ioners acceraing to Claims 2 - 29.

i



34.

. Thelacsimiie apoaralus acesrcing 1o Claim 34, wherein the 1ener is 2ny ¢ne cf the teners acserding io Claims 2- 28,

v

Wiy~ == o * T

- 86 -

“a coordi-hation center netal having a coaM|m;—0n*;n2yﬂ?gr"~*3
r M “af 2 1' p {

roremte 3

| S—

————————

A facsimue 3ccaralus. CSMENSINgG. an slecirconclegrachic 3c0araius anc 3 Jacaving meaars ior racawing hage

-t
~ ™

zata rem 3 remol@ ermingl. vnerain 331C 2AeCirConCICGrachic 3pcaraiys comensss’ an Tage-gearng memier
for z22nng 3 latent image. 2nc 2 Jevelcging Jevic2 !or Cevaiccing ihe latent mace, e I2vaiccing Savice Zom-

a zaveiccer cenianer 'Sr sSnlaining 2 ioner wnerain the icner 2omorisas 3 Jwder r2sin. anc 2 meial sait er

2 metal comglex: wnearain \he icner nas:

a zynamic meCuius G'gq.200 3¢ 12C - 2€0 >C 3i 2-1C-2 ¢ seiow 3 Niem? (2x104 er gner 1o selew 5x 108 cyne/
cmd)as easurec i the irecuency range of 1302 - 1 (2

icss meculus C", 45,200 21 120 - 200 *C i 2.102 1o selow 5 Niem? {2x3C3 or migher ¢ telow 3x1CS cyne/
cm2} as measured :n jha iraguency range cf 1x1C2 - 1 {Hz):

a synamic meduius G'ygq 2l 260 °C anc a frequency | sausfyng an agpreximates linear r2laticnsig accsraing

{C e ‘east sguaras mehee cft

(u

¢

106G 'ygq = BiicgH + IcG 3,
wriarain 3 dencles a scsitive numBer of 9.25 cr smaller anc & dencles a censtant; anc

a ratic 'f“,co,/(G 20) Of cetow 0.25 wherein (G'yeq) denotes a cynamic meculus at 200 °C anc (G, ) Cenctas
Synamic madulus at 120 °C resgectively at a fregquency cf 1 (Hz).

a
&




[err] (X denotes hydrogen, halogen, or nitro), [err] (R
denotes hydrogen, C[err] - (err] alkyl or err] - Cerr] alkenyl): y[err]
denot es hydrogen, sodium potassium anmmoni um or aliphatic anmoni um
and Z denotes -O or -COO 22. The toner according to Claim1l, wherein
the metal conplex is used in a proportBbr of 0.01 - 10 wt. parts per 100

wt. parts of the binder resin.,
TONER, IMAGE FORMING APPARATUS, APPARATUS—QNI$- e

hr A

AND FACSIMILE APPARATUS Ri f,;m'»mu artefT

ABSTRACT OF DISCLOSURE

A toner for developing electrostat¥e
constituted from a binder resin, and a metal salt or a
metal complex. Through the various interaction between
the components, the toner is provided with unique
viscoelastic properties including: a dynamic modulus
G'120_200 at 120 - 200 °C of 2x103 or higher to below
5x105 [dyne/cm2] as meaﬁured_in the frequency range of
1x1072 - 1 (Hz); a loss modulus G"q5g_2p0 3t 120 - 200
Oc of 2x103 or higher to below 5x105 [dyne/cm?] as
measured in the frequencf range of 1x1072 - 1 (Hz); a
dynamic modélus G'5g9p 2t 200 °C and a freguency f
saﬁisfying an approximated linear relationship
according to the least squares method of: logG‘200 =
a-log-f + log b, wh?rein a denotes a positive number of
0.25 or smaller and.b denotes a constant; and a ratio
(G'500)/(G'15g) of below 0.25 wherein (G'500) denote;.a
dynamic modulus at 200 °C and (G'120) denctes a dynamic

modulus at 120 °C respectively at a frequency of 1

(Hz).

Figure 1



23. The toner according to Claim1l, wherein the netal conplex is used in a

res

proportion of 0.1 - 5 wt. parts per 100 wt. parts of the binder
24. The toner according to Caim1l. wherein the netal
proportion of 1 -5 w. parts per 100 w. partsiof the binder resin.

The toner according to aim1, which contains 20- 140 wt.
per 100 wt. parts of the ST
according to Claim1, which contains 30t 120 wt. parts joFEgl4

magnetic nmateri al

mat eri al per

bi nder r gst

Lk A

pal’ts of a
LA PRl e
at 8HE

in.

conplex is used in a

25.

&1

100 wt. parts of the bi nder resin. 27.; The toneraccotdi
to daimil, which conprses a magnetic toner having a vdl uireyayEERIELS i
S microns. 28. The toner accoridifg to Claim1}

particle size of 45.

-8 m Crons.

ol14

(Do021 LV ‘H3NOL | INdWNVYX3)
(ZH)

‘bai4 Ho"

whi ch conprises a magnetic toner having a vol une-averadge particlre size. ofl
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29. The toner according to Caim27, wherein the magnetic toner has such a

particle size distribution that it contains 17 - 60 % by nunber of
magnetic toner particles of 5 microns or snaller. 5 - 50 % by nunber at
magneti c toner paricles of 6.35 - 10.08 m crons, and 2 0 @bby vol une or

| ess of magnetic toner particles of 12.7 mcrons or“L_ 10 J-sati sfies
the condition of NNV = 0.05N+k ... (1), wherein N |sﬁa”hu 60
denoting the content in terns of @6b¥ nunber of it he foher pa t17¢l s of 5
mcrons or smaller, Vis a nunber denotfng the contient {8 tepnk @f!@b by

volume of the toner particles of 5 mcrons or snalher and k™ |s a munber of
4.6 - 6.7. " B

Log G' (dyne/cm?), Log G" (dyne/cm?)
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- 85- 30 An inmmge forming accaratus. cononsing a f Skttt E;E_M'ggﬁent
i npge- oeari ng nenber and a devel opi ng device conori STy a s mmwey |
devel oper-carrying nenber for carrying a toner for evel ppi ngathen |
el ectrostatic talent image at a devel opi ng statijon and conveyt ng {he
toner to the devel oping station, and a feveloper contai ner Tor coi i hi ng
t he toner wherein the toner conprises a binder resin, and a netal| salt
or a netal conplex wnerein tne toner has: a cyramc
Glerr] at 120 E(WWWTW'QU&Q Rrgor
hi gher to bé¥ow 5X10[err] cyne/ cnferr]) é syred N te

frequency ran of {1x10[err] -1 (H2): a | oss nodulfus Gb[_'e d at
120 - 200[err of 2-&0[err] to bel ow 5 N/cnkerr] (2x10[grr]i or Qi'g r to
bel ow 5X10[ er & cyne/ cr§err]) as neasured in the fireguency range
of 1x 10[err]Z1 (Hz): a cynam c nodulus Gerr] at {200 [err] C and
a frequency satisfying an approxiérat ec li neaé rel ati onshbo acc@' di ng
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[err] wherein a denotes a positive nunber or 0.25 or smaller and
b denotes a constant: and aratip (err])/(GJerr]) of below 0.25
wherein (Jerr]) denotes a cynam c nmodulus at 200 [err]C and (G [err])
denot es a cynam ¢ nodulus at 120 [err]C respectively at a
frequency of 1 (Hz). 31. The inmage fornjng apparatus ageerding

30. wherein the toner is any one of the toners accordi n§ ®E&G i o

29. 32. An apparatus unit, conprising: an electrostati¢ lratent——-- ;

i mge- beari ng nenber and a devel opi ng devi ce for devel -} ! gqi:.. soire |
op' devi i:e

el ectrostatic latent image at a devel oping station; the _defve‘l opi ng

conprising a devel oper contai ner for containing the¢ tomer—and a—
devel oper-carryi ng nmenber for carrying the toner and cofiveying the toner o
t he devel opi ng station; wherein the toner—TONMPrTsSes a binder

resin. and a nmetal salt or a netal conplex: wherein the toner has:

a cynam c nodulus Herr] at 120 - 200 [err]C of 2-10[err] to below 5
Ncnferr] (2 X 10[err] or higher to helow 5x10ferr] dyne/ cnjerr])
as neasured in the frequency ra&g@g&?dmg@{p ,—LQQE%)(.GYHG/C!TIZ) a | oss
nodulus Gerr] at 120 - 200 [err]C of 2- 10[err] to below 5 Ncnferr]
(2x10[err] or higher to biel\bw 5x10[ ered] dyne/ H o o
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‘tn2) as neasured in the frequency range of 1 X 10[err] - 1 (Hz): a
Cynamic nmodulus Jerr] at 200 C and a frequency f satisfying an

approxi mated |inéar relationship according to the | east squares
nmet hod of: [err
wnerein a denotes a positive nunber of 0.25 or snalYerjﬁ@Q” %ﬁ
constant: and aratio (GJlerr])/(derr]) of}b#oam ok eréln

(Gerr]) denotes a dynanic nodul us at Zbo [err]C ané (GrreTrIT denoies

wherei n said devel opi ng device is supported |nlegral “MiJN._D
i mage- bearing nenber to forma single unit |ch ‘can be conneg ted
to or released from an apparatus body as desired. 3. The accaral us_dnit

according to Caim32, wherein the toner is any one 0f the toners accordlng
to Cainms 2 - 29.

Log G'(dyne/cm?2), Log G" (dyne/cm?2)
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- ‘86 - : 34. A facsmie apparatus conori srrrg an el efstar Q@hoit ogr aphi c

apparatus and a receiving neans for receiving |mage - ';Wm_d ita froma
renote termnal wherein said electrophotographi¢ appar at us gom)ﬂ ises an
i mage- ceari ng menber for cearing a tal et it er&iFial and B |
devel opi ng device for devel oping the talent inmage tLhe devel.opingl déw ce
com prising. a sevei coer fcontai ner for coiptaining
a toner vvherel‘ggthe toner conorises a oréjer resil and_a_netal—sakt-or
5 o A:tan 8

% 0:G

° | R R @ g | ©

g c

- S

o

6 ,| o

S aF @) @ C 4.

c

>

S

-Z; _ ) ! 1 1

o 0 20 40 60

<]

g HOLDING TIME (MIN.)
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(EXAMPLE 5 TONER, AT O.I Hz)



a metal conplex: wherein the toner has: a cynam c nodul us
Geerr] 120 - 200 [err]C of 2.10[err] or higher to below 5 X 10[err] cyne/
crferr]) as neasured in the frecuency range of 1 x10[err] -1(Hz)

a loss nmodulus err] at 120-200[err] of 2.10[err] to below 5 Ncnferr]
(2X 10[err]Jor higher to bel ow 5x10[err] cyne/ a loss mlucusC'[err] at
120-200[err]C of 2.10[err] to below 5 NNcnferr] (2X10[err] or higher to

bel ow 5X10[ err] cyne/ X cnferr]) as neasured in the frequency
range of 1x10[err] -1 (Hz): a dynam c nodulus err] at
200[err] C and a frequency f ZE1DY T3 t mated |inear relationship
accordi ng t o Xtjh 5t S S n d\ of :

[err] wner ei ; ? unber of 0.25 or snaller
and b denotes a constant and ratiggf (Jerr])/ (derr]) of
bel ow 0. 25 wherein (Jerr]) : ulus at 200 [err]C and
(Jerr]) denotes [y nagiinodu at 120[err]C C
respectively at a frequqgncy I The facsim | e apparatus
according to Caim34,wherein th ner ny/one of the toners according
to Clains 2-29. DA/
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) Toner, image forming apparatus, apparatus unit and facsimiie apparatus.

@ A toner for developing electrostatic images is constituted from a binder resin, and a metal salt or a metal
complex. Through the various interaction between the components, the toner is provided with unique viscoelastic
properties including: a dynamic modulus G tzo-200 at 120 - 200 °C of 2x103 or higher to below 5x10° -
{dyne/cm?] as measured in the frequency range of 1x10™2 - 1 (Hz); a loss modulus G"120-~200 at 120 - 200 °C of
2x10? or higher to below 5x10° [dyne/cm?] as measured in the frequency range of 1x10~2 - 1 (Hz); a dynamic
modulus G 200 at 200 °C and a frequency f satisfying an approximated linear relationship according to the least
squares method of: 10gG 200 = @ *lag*f + log b, wherein a denotes a pasitive number of 0.25 or smaller and b
denctes a constant; and a ratlo (G 200)/(G 120) of below 0.25 whersin (G 200) denotes-a dynamic modulus at 200
°C and (G'120) denotes a dynamic modulus at 120 °C respectively at a frequency of 1 (Hz).
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