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TONER AND IMAGE FORMING METHOD

FIELD OF THE INVENTION AND RELATED ART

: The present inventioﬁ.relates to a toner for

5 ‘use in an image forming method, such as
electrophotography, electrostatic recording, magnetic
recording and toner jetting, and also an image forming
method using the toner, particularly a toner adopted
for heat fixation and an image forming method using

10 the toner. |

Hitherto, a large number of electrophoto-

graphic érocesses 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

15 electrostatic latent image is formed on a
photosensitive member comprising a photoconductive
material'by various means, then the latent image is
developed with a toner, and the resultant toner image.
is, after being transferred onto a transfer material

20 such as paper etc., via.or without via an intermediate
tranefer member, as desired, fixed by heefingt,_
pressing, or heating and pressing, or with solvent
vapor to obtain a copy or print carrying a fixed tdﬁeg”
image. According to;neceSSity; residual toner ;v}—

25 remaining en the photosensitive member without
transfer is cleaned by wvarious methods. The above
steps are repeated for successive image formation.
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In recent years, such an image forming method
is adopted not only in copying machines for
reproducing originals for office use but also in
printers as output devices for computers and personal
dopiers for individuals.

For this reason, such image forming apparatus
are required to be smaller and lighter in weight and
exhibit higher speed and higher reliability.
Accordingly, mechanical parts constituting the
apparatus tends to be composed of simpler elements.

As a result, the tpner'is on the contrary required to
exhibit a higher performance, and a better image
forming machine cannot be achieved without improvement
in toner performances.

For example, as means for fixing a toner
image onto a recording material,_such as paper,
various methods and apparatus have been deveioped,
including thoée of the pressure-heat fixation scheme
using a heating roller and of the heat fixation scheme
wherein a recording material is pressed by a pressing
member to a heating member wvia a film.

In the heat-fixation scheme using a heating
roller or a film, a surface carrying a toner image of
a recording material or fixation sheet is pressed
against a surface comprising a material exhibiting a
reliability to a toner to be passed in contact

therewith, thereby fixing the toner image onto the
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fixation sheet. In this fixation scheme, as the
heating roller or film surface and the toner image on
the fixation sheet contact each other, a very good
heat efficiency is attained for melt-attaching the
toner image onto the fixation sheet to afford quick
fixation, so that the scheme is very effective in
électrophotographic image forming abparatus.

In the heat fixation scheme, however, in
order to obviate a fixation failure caused by a
lowering in temperature of a heat fixing member due to
passage_of fixation sheets and fixation in a low
temperature environment, it is necessary to increase
the heat capaéity of the heat fixing member, thus
requiring a large power supply. Accordingly, the
realization of lower power consumption while retaining
the fixability depends largely on improvement in toner
performances, particularly an imp;ovement in low-
teméerature fixability of the toner.

In the fixing sfep of, e.g., the pressure-
heat fixation scheme, however, a hot roller surface
and a toner image contact éach other in a melted state
and under a pressure, so that a part of the toner is
transferred ?nd attached to the fixing roller surface
and then re-transferred to a subsequent fixation sheet -
to soil the fixation sheet. .This is called an offset
phenomenon and is remarkably affected by the fixing

speed and temperature. Generally, the fixing roller
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surface temperature is set to be low in case of a slow
fixing speed and set to be high in case of a fast
fixing speed. This is because a constant heat
quantity is supplied to the toner image for fixation
thereof regardless of a difference in fixing speed.

The toner on a fixation sheet is depogited in
several layers, so that thére is liable to occur a
large temperature difference between a toner layer
contacting the heating foller and a lowermost toner
layer particularly in a hot-fixation system using a
high heating roller temperature. As a result, a
topmost toner layer is liable to cause a so~called
high-temperature offset phenomenon in case of a high
heating roller temperature, while a so-called low-
temperature offset is liable to occur because of
insufficient melting of the lowermost toner layer in
case of.a low heating roller temperature.

In order to solve the above problem, it has
been generally practiced to increase the fixing
pressure in case of a fast fixing speed in order to
promote the ;nchoring of the toner onto the fixation
sheet. According to this method, the heating roller
temperature can be somewhat lowered and it is possible
to obviate a high-temperature offset phenomenon of an
uppermost toner layer. However, as a very.high
shearing force is applied to the toner layer, there

are liable to'be caused several difficulties, such as
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a winding offset that the fixation sheet winds about
the fixing roller, and the occurrénce of a trace in
the fixed image of a separating member for separating
the fixation shéet from the fixing roller.

Particularly, in recent years, it has been
required to reduce the length of a leading white
marginal region on a recording sheet in order to
provide a higher image reproducibility as a part of
higher image qualities. However, és the leading while
marginal region is reduced, the fixation sheet is
liable to be wound about the fixing member.
Accordingly, it has been desired to improve the toner
for obviating the winding about the fixing member.

. Accordingly, it has been awaited to develop a
toner which exhibits a low melt viscosity and a good
fixabilify even at low temperatures and is free from
winding or offset in either of high speed - high
pressure fixation and low speed - low pressure
fixation.

Japanese Laid-Open Patent Application (JP-A)
59-214860, JP-A 1-128071, JP-A 1-147465, JP-A 1-
303447, JP-A 4-202307 and JP-A 4-353866 have disclosed
electrophotographic toners haviﬁg_speCific rheological
properties, which have not succeeded in realization of
high degree of fixability and anti-offset property in
combination, and also have left problems of the

winding of the fixation sheet about the fixing roller
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and traces of a separation claw in the resultant
images.
JP-A 3-63661, JP-A 3-63662, JP-A 3-63663, JP-

A 3-118552 and JP-A 3-197669 have disclosed a toner

5 composition containing a resin.(A) having a residual
carboxyl group formed by reaction of.a copolymer of a
styrene monomer, a (meth)acrylate monomer and a
carboxyl group-containing vinyl monomer with a
polyvalent metal compound, and describes that a toner

10 of the composition exhibits good fixability and good
anti-offset property over a wide'fixatioh femperature
range. However, a toner of the composition exhibits a
relatively large difference in dynamic elasticity
between low and high temperatures to cause locally

15 different fixation performances between an upper
portion and a lower portion of a tonmer layer subjected
to fixation, whereby the resultant recording sheet is
liable t0o be curled and wound about the fixing member.
Thus, a room for improvement has been left.

20 JP-A 6-11890 -and JP-A 6-222612 have disclosed
~a toner containing a binder resin composition formed
by reacting a COOH group-containing vinyl resin (A)
and a glycidyl compound (B) and describes that the
toner is applicable to a high-speed machine and

25 exhibits a good balance among fixability, anti-offset
-properties and anti-blocking property. However, the

toner also exhibits a large difference in dynamic
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elasticity and requires a further improvement in
obviating the winding of a recording sheet about the
fixing member.

JP-A 4-199061 has disclosed a toner
comprising at least a resin, a colorant and a metal-
containing compound, and having specific visco-elastic

properties at temperatures of 100 - 200 °c. Jp-a

7-82249 and Japanese Patent No. 2783671 disclose a

toner comprising a resin and a metal salt or metal
complex and having specific visco-elastic properties
at temperatures of 120 ; 200 ©°C. However, these prior
art references fail in disclosing visco-elastic
properties at 160 ©°C and 190 ©C, and the toners
disclosgd therein fail to exhibit performances
peculiarly satisfied by such visco-elastic properties

at 160 ©°C and 190 °C as will be discussed hereinafter.

SUMMARY OF THE INVENTION .

A generic object of the present invention is
to provide a toner having solved the above-mentioned
problems and éapable of exhibiting better
performances.

A more specific object of the present
invention is to provide a toner excellent in
fixability and anti-offset property at low
temperatures.

Another object of the present invention is to
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provide a toner excellent in anti-offset property at
high temperatures.

Another object of the present invention ié to
provide a toner free from winding about a fixing

5 roller.

Another object of the present invéntion is to
provide a toner free from resulting in traces of a
separation c¢law in fixed toner images.

Another object of the present invention is to

10 provide a tdner free f;om fog in fixed images.

Another object of the present invention is to
provide a toner free from causing image white-dropout
due to soiling of a fixing roller.

. Another object of the present invention is to
15 provide a toner excellent in anti-blocking property.

Another object of the presgnt invention is to
provide a toner free from toner melt-sticking onto a
photosensitive member.

A further object of the present invention is

20 to provide an image forming method using a toner as
described above.

According to the present invention, there is
provided a toner comprising: at least a binder resin,
a wax and a colorant,

25 : wherein the toner exhibits visco-elastic
properties including:

(a) a storage modulus G' (160 Oc) of 8.0x102
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- 1.2x10% ra at 160 ©c,

(b) a loss modulus G" (160 °C) of 4.0x10% -
6.0x103 pa at 160 °c,

(c) a loss tangent tansé (160 ©C) = G" (160

5  9C)/G' (160 °C) of 0.1 - 1.5 at 160 ©°C,

(d) a storage modulus G' (190 °C) of 6.0x102
- 1.0x10% Pa at 190 °c,

(e) a loss modulus -G" (190 °C) of 2.0x102 -
4.0x10% Pa at 190 °c, |

10 (£) a loss tangent tansé (190 °C) = G" (190
- 9C)/G' (190 °C) of 0.05 - 1.2 at 190 °c,

(g) G' (160 °c)/G6' (190 °Cc) = 0.5 - 2.0, and

(h) tans (160 °C) > tané (190 °cC).

. According to another aspect of the present
15i invention, there is provided an image forming method,
comprising:

(1) a developing step of.developing an
electrostatic latent image on an image bearing member
with the above-mentioned toner to form a toner image

20 thereon,

(2) a transfer step of transferring the toner
image formed on the'image bearing member onto a
recording material via or without via an intermediate
transfer member, and |

25 (3) a fixing step of héat-fixing the toner
image transferred to the recording material 6nto the

recording material.



commercially introduced for the treatnent of enesis. It has now
surprisingly been found that the conpounds of the invention exert a marked

-10-

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

5 present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph showing visco-elastic
10 properties of a toner according to the invention.

Figure 2 is a 'graph showing'visco?elastic
_properties of a comparative tomner.
| Figure 3 is a GPC chromatogram'for a THF-
soluble content of a toner according to the invention.

15 Figure 4 illustrates an image forming
apparatus capable of practicing an embodiment of the
_image forming method according to the inventionm.

Figure 5 shows an enlarged view of a

developing section of the image forming apparatus
- 20 shown in Figure 4.

Figure 6 illustrates an image forming
apparatus capable of practicing another embodiment of
the image forming method according to the invention.

Figure 7 is a block diagrém of a facsimile

25 apparatus including a printer to which an image
forming method according to the invention is

applicable.
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Figure 8 is a schematic sectional
illustration of.a kneading machine suitable for use in
production of a toner according to the invention.

Figure 9 is a detailed illustration of
paddles in the kneading machine.

Figure 10 illustrates a feed screw (S) in the
screw section of the kneading machine.

Figure 11 illustrates a forward feed paddle

" {R) in the kneading section.

Figure 12.illustrates a residential or non-
feed paddle (W) in the kneading section.

Figure 13 illustrates a reverse feed paddle
(L) in the kneading section. |

; Figure 14 illustrates a paddle arrangement of

a kneading machine applicable to toner production in
the present invention.

Figure 15 illustrates a paddle organization
of a kneading machine used in Example 1.

Figure 16 illustrates a paddle organization

of a kneading machine used in Example 15.

DETAILED DESCRIPTION OF THE INVENTION

The téner according to the present invention
is characterized by, among others, excellent low-
temperéture fixability and anti-low-temperature offset
property because of its characteristic visco-elastic

properties of:
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(a) a storage modulus G' (160 °C) of 8.0:;102
- 1.2x104 Pa, preferably 1.0x103 - 1.0x104 Pa, further
preferably 2.0x103 - 8.0x103 Pa at 160 °c,

(b) a loss modulus G" (160 °C) of 4.0x10% -

5 6.0x103 Pa, preferably 5.0x102 - 5.0x103 Pa, further
preferably 7.0x102 - 3.0x10> Pa at 160 °C, and
| (c) a loss tangent tané (160 Oc) = 6" (160
Sc)/6' (160 °C) of 0.1 - 1.5, preferably 0.1 - 1.0,
further preferably 0.2 - 0.8 at 160 °c.

10 The visco-elastic properties at 160 °C of a
toner affect particularly the fixability at a high
speed or a low temperature. More specifically, the
toner is required to melt quickly because of a short
contact, time between the toner and the heat-fixing

15 member and have an elasticity so as not to cause low-
temperature offset. Because of the above-mentioned
visco-elastic properties at 160 Oc, the toner
according to the present invention can exhibit a good
fixability even in a high-speed fixing system or at a

20 low temperature.

If G' (160 °C) is below 8.0x102 Pa, the
heated and softened toner can only show a low rubber
elasticity, so that the toner cannot be sufficiently
separated from the fixing member, thus causing low-

25 temperature offset onto the fixing member. If G' (160
Oc) exceeds'l.leO4 Pa, the iow—temperature fixability

becomes inferior.
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REPLACED

If G" (160 ©C) is below 4.0x102 Pa, the toner
becomes softened from a lower temperature, thus being '
liable to result in traces of separation claw. If G"
(160 dC) exceeds 6.0x103, Pa a good low-temperature
fixability cannot be attained.
| If tan &6 (160 °C) is below 0.1, the storage
modulus becomes too large relative to the loss
modulus, and the toner excessively shows a property of
aﬁlelastic material, so that the anti-low temperature-
offset property is improved but a sufficient low-
temperature fixability cannot be attained. - If tan &
(160 °C) exceeds 1.5, the toner is caused to have a
high viscosity'andfh relativel§ low rubber elasticity,
so that the toner is liable to cause meit—sticking
onto the photosensitive member, due to heat of
friction with the cleaning blade.

Further, the toner according to the present
invention exhibits excellent fixability and anti-high-
temperature offset property because of its visco-
élastic properties of:

(d) a storage modulus G' (190 °C) of 6.0x102
- 1.6x104 Pa, preferably 8.Ox102 - 8.0x103Pa, further
preferably 1.0x103 - 6.0x103 Pa, at 190 °c, |

(e) a loss modulus G" (190 °C) of 2.0x102 -
4_.0x103 Pa, preferably 3.0x102 - 3.0x103 Pa, further
preferably 4.0x102 - 2.0x103 Pa, at 190 °C, and

'(£f) a loss tangent tans (190 °C) = G" (190
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©¢c)/G' (190 °C) of 0.05 - 1.2, preferably 0.06 - 1.0,
further preferably 0.08 - 0.8, at 190 °c.

The visco-elastic properties at 190 °C of a
toner affect particularly the fixability at a low
speed or a high temperature. More specifically, in'a
low-speed fixing system, the toner contacts the fixing
member for a longer time, so that an upper portion of
the toner layer on the fixation sheet is liable to
attach to the heating roller, thus causing high-
temperature offset. Accordingly, a tdﬁer is required
to exhibit a sufficient elasticity separable from the
fixing member even at high temperatures and a
viscosity allowing the fixation onto thé fixation
sheet. Because of the above-mentioned visco-elastic
properties at 190 ©C, the toner according to the
present invention can exhibit good fixing performances
even in a low-speed fixation system or at a high
temperature.

If G' (190 °C) is below 6.0x102 Pa, the
heated and softened toner can only show a low rubber
elasticity{ so that the toner cannot be sufficiently
separated from the fixing member, thus causing high-
temperature offset onto the fixing member. If G' (190
OC) exceeds 1.0x10% Pa, the toner exhibits too high a
rubber elasticity, so that the toner shows an. inferior
fixability onto the fixation sheet..

If G" (190 °C) is below 2.0x10% Pa, the toner



-2 - . | oconot ory—apparatus;—particularly in the region of the tendon

i nsertions and ten on

i

i

et Has Been Képlaced

H

“‘ | REPLACED

 THIS SHEET HAS BEEN | |

-15-

causes an excessive lowering in viscosity when passing
along the fixing member, thus being liable to attach
onto the fixing member and cause the winding of the
fixation sheet about the fixing member. If G" (190
OC) exceeds 4.0x103 Pa, a good fixability cannot be |
attained.

1f tan & (190 ©C) is below 0.05, the storage
modulus becomes too large relative to the loss
modulus, and the toner excessively shows a property of
an elastic materiai} ép_that the anti-high temperature
offset property is improved, but a sufficient
fixability cannot be attained. If tan & (190 °C)
exceeds 1.2, the toner is caused to have a high
viscosity and a relatively low elasticity, so that the
toner fixability onto.the.fixation sheet and the toner -
releasability from the fixing member are liable to be
insufficient, thus causing high-temperature offset of
the toner onto the fixing member.

Furthér, the toner according to the.present
invention can effectively prevent the winding of the
fixation sheet about the fixing member because of G'
(160 °C)/G" (190 °C) of 0.5 - 2.0, preferably 0.6 -
1.8, further preferably 0.7 - 1.5.

As for a toner iayer on the fixation sheet,
an upper portion closer to the fixing member is easily
heated compared with a lower portion closer to the

fixation sheet. Accordingly, if a toner exhibits
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visco-elastic properties which are remarkably
different depehding on temperature, the upper portion
and the lower portion of a toner layer are not
uniformlf transferred at the time when the toner layer
5 is heated and pressed, thus causing a curling of the
fixation sheet carrying the fixed toner image leading
to the winding of the fixation sheet about the fixing
member in some cases. However, such winding about the
fixing member can be obviated by the toner according
10 to the present invention which exhibits only a small
difference between G' (160 °C) and G' (190 Sc).

I1f G' (160 °C)/G' (190 °c) is below 0.5, the
winding about the fixing member can be prevented, but
a severe downward curling of the fixation sheet can be

15 caused. If G' (160 °C)/G' (190 °C) exceeds 2.0, the
winding of the fixation sheet about the fixing mémber
{particularly a heating roller) is liable to be
caused. The downward curling and the winding of'thé“
fixation sheet are especially noticeably caused when

20 an image having a high image (density) ratio, such as
a solid black image, is fixed.

Further, the toner according to the present
invention can effectively prevent the toner attachment
onto the fixing member because (h) tan &6 (160 °C) >

25 tan & (190 °C).

When a toner is passed along the fixing

member, some portion of the tomer is inevitably offset
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to the fixing member even by a toner of a good
fixability. The offset toner is heated to a
temperature which.is higher than the ordinary toner
fixation temperature because it is held on the fixing
5 member. At this time, as the toner according fo the
present invention retains a storage modulus G'
comparable to that at an ordinary fixation
temperature, the elastic property of the toner is
retained to facilitate the separation of the toner

10 from the fixing member. At the same time, as the
toner has a loss modulus which is lower than that at
an ordinary fixation temperature, the toner is caused
to have a lower viscosity which facilitate the
separation of the toner from the fixing member.

15 In case of tan & (160 °C) < tan & (190 °c),
the toner is accumulated on the fixing member surface
after the use of the fixing member for a long time, so
that the fixed images are accompanied with white
dropout at the corresponding part.

20 It is further preferred that the toner
according to the present invention does not assume a
minimum of tand in a temperature range of 80 ©C - 200
°C, so as to effectively prevent the toner attachment
onto the fixing member.

25 | Visco-elastic properties described herein are
based on values measured under the following

conditions.



nout h, dernmatographia, trenor, respiratory arrhythm a and orthostatic

pr obl ens.

The treatnment of fibronyalgia is very problematic and

unsatisfactory. An effective therapy

10

15

20

25

-18-

Apparatus: Rheometer RDA-II type (available from
Rheometrics Co.)

Sample holder: Parallel plates having a diameter
of 7.9 mm.

Sample: A toner or a binder resin is heat-molded
into a disk of ca. 8 mm in diameter and 2 - 5 mm in
height.

Measurement frequency: 6.28 rad/sec.

Setting of measurement strain: Initially set to
0.1 %, followed by measurement in an automatic
measurement mode.

.Correction of sample elongation: Adjusted in an
automatic measurement mode.

Meagurement temperatures: From 35 ©Cc to 200 ©C at
a temperature-increasing :ate of 2 °C/min.

An example of the measured results for a
toner of the présent invention is shown in Figure 1.
Based on a GPC (gel permeation

chromatography) chromatogram of its THF

(tetrahydrofuran)-soluble content, the toner according

to the present invention may preferably gxpibit such a
molecular Qeight distribution based on a.GPC
chromatogram to provide a main peaklin a molecular
weight region of 3x103 - 4x104 and contain 1.0 - 5.0 %
(by area 6n the chromatogram) of componehts in a
molecular weight range of 1x10° - 2x105, 1.0 - 5.0 %

of components in a molecular weight range of 2x105 -
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5x105, 0.5 - 5.0 % of components in a molecular.weight
range of 5x10 - 1x106, and 0.2 - 6.0 % of components
in a molecular weight range of 1x106 or larger.

If the.tonerlcontains a THF-soluble content

5 satisfying the above-mentioned molecular weight
distribution characterized by definitions of specific
proportions in respective molecular weight regions, it
becomes possible to effectively improve the low-
temperature fixability and anti-high-temperature

10 offset property of the toner. By having a main peak
in a molecular weight region of 3x103 - 4x104, the
toner is provided with an improved low-temperature
fixability. Further, by containing a substantial
amount of components in a molecular weight region of

-15 1x10% or more, the tomer is provided with an improved
anti-high-temperature offset properfy.

Further, by the presence of the components of
intermediate molecular weight regions between the
molecular weight region of 3x103 -.4x104 and the

20 molecular weight region of 1x10® or higher, in
addition to the combonénts in the molecular weight
region of 3#103 - 4x104, the components in the
molecular weight region'of 1x106 or higher and the
crosslinked high-molecular weight components, it is

25 possible to prevent the deterioration of anti-high-
temperature offset property liabie to be caused by a

lowering of the melt-viscosity given by the high-~-
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molecular weight components due to intrusion of low-
molecular weight components having shorter molecular
chains into gaps between the high-molecular weight
components. Particularly, the components in the

5 molécular weight region of 1x10$ - 2x10° exhibits a
good comparability with the low-molecular weight
components and suppresses the migration of the low-
molecular weight components into molecular chains of
the high-molecular weight components. The components

10 in the molecular weight region of 1x105 - 1x106
exhibit good compatibility with the high-molecular
weight components, thus effectively preventing the
intrusion of the low-molecular weight components into
the molecular chains of the high-molecular weight

15 components. Thé components in the molecular weight
region of 2x105 - 5x105 assist the functions of the
components in the lower and higher molecular weight
regions.

As a further effect attained by the presence

20 of the components in the molecular.weight region of
5x105 - 1x106, the components can improve the
dispersion of the low-molecular weight component and
the high-molecular weight component in the toner. The
low-molecular weight component and high-molecular

25 weight component have inherently different melt-
viscosities, so that they ére not readily blended wifh

each other during toner production_by melt-kneading
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under heating, thus being liable to cause localization
of the toner ingredients and providing toner particles
having mutually different molecular weight
distributions. As a result, there can be copresent
toner particles rich in relatively hard high-molecular
weight component and toner particles rich in
relatively soft 1ow-mole¢u1ar weight component, thus
causing an irregularity in toner chargeability leading
to noticeable fog. By the presence of the component -
in the intermediate mblecular weight region of 5x105 -
1x10° promoting the blending between the low-molecular
weight component and the high-molecular weight
component, it becomes possible to prevent noticeable
localiigtion of these components in the toner. As a
result, it becomes posSible to reduce the abnormally
chargeable component in the toner, thus reducing the
fog in the resultant images.

If a main peak is present in a molecular
weight region of below 3x103, the anti-blocking
property of the toner is liable be'inferior, If a
main peak is present in a molecular weight regidn in
excess of 4x104, it becomes difficult to obtain a
sufficient low-temperature fixability. If the
component in the molecular weight region of 1x106 or
higher is present at below 0.2 %, the anti-high-
temperaturé offset property is liable to be inferior.

If the component of 1x106 or higher is present in
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excess of 6.0 %, the low-temperature fixability is
liable to be inferior. If the content of.the
components in the molecular weight regions of 1x105 -

2x105 or 2x105 - 5x105 is less than 1.0 % or the

content in the molecular weight region of 5x105 -

1x10% is below 0.5 %, it becomes difficult to attain
improvements in the anti-high-temperature offset
property and developing performance.  If the content
of the components in the molecular weight region of
12105 - 2x105, 2x105 - 52105 or 5x105 - 1x10° exceeds
5.0 wt. %, the contents of the low-molecular weight
component and the high-molecular weight components are
relatively reduced, the low-temperature fixability or
the anti-high-temperature offset property of the
resultant toner is liable to be inferior, and the
dispersion of starting materials of tonmer is liable to
be insufficient due to failurg in molecular weight
balance, thus resulting ih foner particles having
fluctuation of chargeability and showing inferior
developing performance.

It is further preferred that the binder resin
and the wax in the toner according to the present
invention contain a THF-insoluble content of 1 - 50
wt. %, preferably 1 - 40 wt. %, more preferably 5 - 40
wt. %, further preferably 5 - 35 wt. %, in order to
provide excellentlénti—high—temperature offset

property. Herein, the THF-insoluble content refers to
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a highly crosslinked high-molecular weight component,
which is efféctive in providing the toner with a high
elasticity, thus providing an improved releasability
of the.toner from the fixing member and an iméroved
anti-high-temperature offsét property of the toner.

| If the THF-insoluble content is below 1 wt.
%, the fixed toner image is liable to be wound about
the fixing member. If the THF-insoluble content
exceeds 50 wt. %, the toner is liable to be
excessively hard to damage the photosensitive member
and.cause the toner melt-sticking onto the
photosensitive member.

It is further preferred that the THF-soluble
confent of the toner according to the present
invention provides a GPC chromatogram showing a main
peak in a molecular weight region of 4x103 - 3x10% and
a sub-peak in a molecular weight region of 7x102 -
3x103 so as to provide a further better low-
temperature fixability. If a sub-peak is present in a
molecular weight region of below 7x102, the anti-
blocking property of the resultant toner is liable to

be inferior and, even if a sub-peak not overlapping

with the main peak is present in a molecular weight

region in excess of 3x103, it is difficult to attain.
an improvement in low-temperature fixability. .
If the toner according to the present

invention satisfies the above-mentioned molecular
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weight distribution characteristic in addition to the
visco-elastic properties, it is possible to achieve
the low-temperature fixability, anti—léw—temperature
offset property and anti-high-temperature offset

5 property more effectively.

Further, by preventing the occurrence of
troubles around the fixing device and the latent
image-forming section, the occurrence of paper jamming
is suppressed, thereby improving the reliability of

10 the image forming apparatus inclusive of céntinuous
~ image forming performances.

The molecular weight distribution of THF-
soluble contents of toners described herein are based
on GPC,measurement performed according to the

15 following manner.

In the GPC'apparatus,.a column is stabilized
in a heat chamber at 40 °C, tetrahydrofuran (THF)
solvent is caused to flow through the column at that
temperature at a rate of 1 ml/min., and about 100 pl of

20 a GPC sample solution is injected. The identification
of sample molecular weight and its molecular weight
distribution is perfoimed based on a calibration curve
obtained by uéing several monodisperse polystyrene
samples and having a logarithmic scale of moleqular

25 weight versus count number. The standard polystyrene
samples for preparation of a calibfation curve may be

those having molecular weights in the range of about
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102 to 107 available from, e.g.,'Tosp K.K. or Showa

Denko K.K. It is appropriate to use at least 10

'standard polystyrene samples. The detector may be an

RI (refractive index) detector. For accurate
measurement, it is appropriate to constitute the column
as a combination of several commercially available
pblystyrene gel columns. A preferred example thereof
may be a combination of Shodex KF-801, 802, 803, 804,
805, 806, 807 and 800P; or a combination of TSK gel
G1000H (Hgy), G2000H (Hg; )., G3000H (Hgp), G4000H (Hgp).
G5000H (Hg;), G6000H (Hgp), G7000H (Hyy) and TSK
guardcolumn available from Toso K.K.

The GPC sample may be prepared as fol;ows.

A resinous sample is placed in THF and
left standing for several hours (e.g., 5 - 6 hours).
Then, the mixture is sufficiently shaken until a iump_
of the resinous sample disappears and then further left
standing for more than 12 hours (e.g., 24 hours).at
room femperature. In this instance, a total time of
from the mixing of the sample with THF to the
completion of the standing in THF is taken for at least
24 hours (e.g., 24 - 30 hours). Thereafter, the
mixture is caused to pass through a sample treating
filter having-a pore size of 0.2 - 0.5 am (e.g.{
"Maishoridisk H-25-5", available from Toso K.K.) to
recover the filtrate as a GPC sample. The sample

concentration is adjusted to provide a resin
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concentration within the range of 0.5 - 5 mg/ml.

The THF-insoluble content of a toner is
measured in the following manner.

Ca. 0.5 - 1.0 g of a sample is weighed (at W;
g); placed in a cylindrical filter (e.g., "No. 86R",
available from Toyo Roshi K.K.) and then subjected to
extraction with 200 ml of solvent THF in a Soxhlet's
extractor for 12 hours. The solvent is evaporated
from the extract solution to leave a THF-soluble resin
content, which is dried under vacuum at 100 °C for
several hours and then weighed (at W5 g). The weight
of components, such as a magnetic material or a
pigment, other than the resinous component is
determined (at W3 g). THF-insoluble content (THFjpg )
is calculated as follows:

THFjng. (wt. %) = [Wy-(Wy+W3)]/(W1-W3) = 100.

The foner according to the present invention
may be provided with the above-mentioned specific
visco-elastic properties, e.g., by appropriately
crosslinking the polymer chains of the binder resin.
This may be accomplished by combining plural
crosslinking reactions providing different
crosslinking structﬁres.

Ekamplés of the crosslinking reactions
adoptable in the present invention may include:
copolymerization using a polyfunctional vinyl monomer

having'two or more vinyl groups; polycondensation
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using monomers, at least one of which is
polyfunctional (i.e., fhree_or more functional (e.g.,
hydroxyl or carboxyl) groﬁps; crosslinking between
functional groups of polymer molecules having such a
functional group via a reactive compound capable of
reacting with the functional group; reaction between a
first polymer having a functional group and a secdnd
polymer having a functional group ;eactive with the
functional group of the first polymer; crosslinking by
polycondensation of addition polymer(s); and
crosslinking by addition polymerization of
condensation polymer(s).

Different crosslinking reactions provide
different crosslinking struétﬁres having differences
in various-properfies, such_as degree of crosslinking,
thermal decomposition characteristic, distance between
crosslinking points, length of crosslinkage, and/or
flexibility of crosslinkage (mobility of crosslinking
chain). Accordingly, it is preferred to combine a
plurality of the above-mentioned crbsslinking
reactions to provide the toner according to the
present invention wifh the above—mentiéned specific

visco-elastic properties, i.e., specific elasticity

‘and loss tangent, and maintenance of storage modulus

and decrease in loss tangent on temperature increase
to a high temperature.

Such plural crosslinking reactions including
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first crosslinking and second crosslinking may be
performed at the time of either binder resin
preparation or toner preparation, or alternatively at
the time of binder resin preparation and also

5 subsequent toner preparation. It is also possible
that such first and second crosslinkings separately.
Preferred method may include: a method comprising the
first.crosslinking in the binder resin preparation and
the second crosslinking in the toner preparation; a

10 method comprising the first crosslinking in the binder
resin preparation and the first and the second
crosslinkings in the toner preparation; and a method
comprising the first and second crosslinkings in the
toner preparation. It is particularly preferred to

15 adoﬁt either the method comprising fhe first
crosslinking in the binder resin preparation and the
second crosslinking in the toner preparation, or the
method comprising the first crosslinking in the binder
resin preparation and the first and second

20 crosslinkings in the toner preparation.

In the present invention, it is preferred to
produce a toner containing a binder résin having at
least two different types of crosslinkages formed by
using a resin having a crosslinkage through a first |

25 linking and subjecting to the resin to a- second
crosslinking, in order to provide improved fixability,

improved anti-offset property, improved anti-blocking
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property, improved releasability from the
photosensitive member and prevention of fixing foller
soiling.

In order to improve the releasability,
separability and anti-curling stability, prevent the
traces of separation claw and reduce the fog of fixed
images or recording sheets carrying the fixed images,
it is particularly preferred to effect a first
crosslinking to form a crosslinked resin having a
functional group, and then effect a second
crosslinking during the toner preparation by melt-
kneading the crosslinked resin together with other
toner ingredients inclusive of a reactive compound or
a reactive polymer reactive with the functional group
of the crosslinked resin, a wax and a colorant to form
a crosslinkage between the functional groups of the |
crosslinked resin via the reactive compound or the
reactive polymer.

This is because the thus-provided toner
containing the resin provided with two types of
crosslinkages exhibits the above-mentioned viscosity,
elasticity and temperature-dependent changes thereof
which are ideally harmonized with thermal behaviors of
the toner and the toner image required at the time of
fixation in the heat-fixing system.

. As a method for préparing the toner having

the above-mentioned specific visco-elastic properties
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according to the present invention, it is particularly
preferred to effect a first crosslinking by reacting a
resin having an acid group with a reactive compound or

polymer, and then further effect a second crosslinking

to provide a crosslinkage via a second reactive

compound or polymer.
The first crosslinking may preferably be

performed by: copolymerization using a polyfunctional

- vinyl monomer, polycondensation using monomers, at

least one of which is polyfunctional; crosslinking
between functional groups of polymer molecules having
such a functional group via a reactive compound

capable of reacting with the reactive group; reaction

-between a first polymer having a functional group and

a second polymer having a functional group reactive
with the functional group of the first polymer; graft
reaction using alpolymerization initiator;
crosslinking by polycondensation of addition
polymer(s); or crosslinking by addition polymerization
of condénsation polymer(s).

Particularly preferred modes of the first
crosslinking may include: crosslinking between |
functional groups of polymer molecules having such a
functional group via a reactive compound capable of
reacting with the reactive group; and reaction between
a first polymer haﬁing a functional group and a second

polymer having a functional group reactive with the
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functional group of the first polymer.

Preferred examples of the second crosslinking
may include: crosslinking between functional groups of
polymer molecules having such a functional group via a
reactive compound capéble of reacting with the
reactive Qroup; reaction between a first polymer
having a functional grou? and a second polymer having
a functional group reactive with the functional group
of the first polymer.

It is particularly prefeired to effect the
second crosslinking by crosslinking between functional
groups of polymer molecules having such a functional
group via a reactive compound capable of reacting with
the reagctive group.

The second crosslinking may preferably. be
effected during the melt-kneading for toner
preparation.

Examples.of the functional group contributing
to the crosslinking may inclnde: carboxyl, acid
anhydride, ester susceptible of trans-esterification,
hydroxyl, amino, imino, glycidyl, epoxide, active
methylene, double bond, cyano, isocyanate, and vinyl.
The crosslinking may be effected by a bonding reaction
between these functional groups to form an ester bond,
amide bond, imide bond or carbon-to-carbon bond,
thereby forming é crosslinkage between polymer chains

at the time of binder resin preparation or melt-
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kneading for toner.preparation to provide the wvisco-
elastic properties characterizing the toner of the
present invention. It is also possible to form a
cross-linkage between functional groups of polymer
chains having such a functional Qfoup via a reactive
compound, such as acid, alcohol, amine, imine,
epoxide, acid anhydride, ketone, aldehyde, amide,
ester, lactone, or lactam. This may also be performed
during the binder resin preparation or melt-kneading
for toner preparation. It is also possible to effect
a crosslinking during the melt-kneading for toner
preparation by a coordinate bond or ion bond wvia a
métal of metal-containing compound, such as.a metal
salt, a metal complex or an organo—me{allic compound;
or an ester bond or amide bond via a nitrogen-
containing compound, an epoxy compound, an alcohol
compound or a carboxylic acid compouhd. A
particularly preferred form a crosslinking may be
performed by using a binder resin, such as a polyester
resin or vinyl resin, having an acid Qroup (such as
carboxyl or acid anhydride), a.hydroxyl group, an
amino group, an imino group or a.glycidyl group, and
forming a crosslinkage via a glycidyl compound, an
amine compound, an epoxy compound, a carboxylic acid

compound or an alcohol compound, or via a metal of a

'metal salt, a metal complex or an organometallic

compound. It is particularly preferred to include
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plural forms of such crosslinkages.

It is particularly preferred to prepare a
toner having the above-described visco-elastic
properties and molecular weight distribution by

5 subjecting a resin having an acid group to a
crosslinking ia a reactive compound,.such as a
glycidyl compound, and further to a crosslinking via
a metal of a metal-containing compound or a second
reactive compound.

10 A crosslinkage via a glycidyl compound may be
introduced into a binder resin, e.g., by mixing in
solution a copolymer of a glycidyl group-containing
vinyl monomer and a styrene monomer with a copolymer
of a v%nyl monomer containing an acid group such as

15 carboxyl or acid anhydride and a styrene monomer. The
above-mentioned desirable visco-elastic properties of
the toner may be provided by using-such a binder
resin, if desired, with further crosslinking with
other toner ingredients in the melt-kneading step for

20 toner preﬁaration; Such a glycidyl group-containing
copolymer may preferably have a weight-average
molecular weight (Mw) of 4x103 - 1x105, more
preferably 5x103 - 5x104, based on molecular weight
distribution according to GPC.

25 Examples of glycidyl group—contaiging vinyl
monomer may include: glycidyl acrylate, glycidyl

methacrylate, B-methylglycidyl acrylate, B-
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methylglycidyl methacrylate, allyl glycidyl ether, and
allyl B-methylglycidyl ether.

Such a glycidyl compound may preferably be
used in an amount of 0.05 - 10 eguivalents, preferably
0.1 - 5 equivalents, per mol of a functional group,
such as acid group.

The metal-containing compound for providing a
crosslinkage may be a metal salt or a metal complex.
Examples of metal ions contained theréin may include:
mono-valent metal ions, such as Na‘, ni*, k*, cs*,
Ag*, Hg*, and Cu*; divalent metal ions, such as BeZ?*,
Ba2+, M92+’ Ca2+, Hg2+, Sn2+, Pb2+, Mn2+, Fe2+, Ce2+,
Niz+, and Zn2+; tri-valent ions, such as A13+, Sc3+,
Fe3*, y3*, co3*, wi3*, cr3* and v3*; and tetra-valent

4+ ana zrit.

ions, such as Ti

Among such metal—containing compounds,
organometallic compounds are preferred because of good
mutual solubility or dispersibility within a polymer
so that the crosslinking therewith is allowed to
uniformly proceed in the polymer, thereby providing
better results.

Among such organometallic compounds, those

containing an ofganic compound rich in wvolatility or

sublimability as a ligand or a counter ion may be

' advantageously used. Examples of such organic

compounds may include: salicylic acid and derivatives

thereof, such as salicylic acid, salicylamide,
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salicylamine, salicylaldehyde, salicylosalicylic acid,
and di-tert-butylsalicylic acid; diketones, such as
acetylacetone and propionacetone; low-molecular weight
carboxylic acid salts, such as acetic acid salt and
propionic acid salt; hydroxycarboxylic acids; and
dicarboxylic acids.

Other pfeferable ligands may include: azo
compound derivatives, heterocyclic compounds such as
imidazole derivatives and aromatic compounds in view
of mutual solubility with'the binder resin and
influence on the developing performance.

The metal-containing compound may preferably
be contained in 0.01 - 20 wt. parts, more preferably
0.1 - 1Q wt. parts, per 100 wt. pérts of the binder
resin. Below 0.01 wt. part, the contribution thereof
to the crosslinking may not be significant, and in
excess of 20 wt. parts, the chargeability of the
resultant toner is liable to be unstable, thus being
liable to fail in stable developing performance in
cohtinuous image_formation.

The reactive compound other than the metal
containing compound and usable for providing a
crosslinkage may preferably be a compound having at
least two functional groups which may be identical or
different and selected from hydroxyl groups, epoxide
groups and amide Qroups (in.a sense of including imino

group), preferably be such an aromatic compound or a
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nitrogen-containing heterocyclic compound in a sense’
of including a compound including plural aromatic
rings or heterocyclic rings having such a functional

group bonded with an arbitrary bonding group. Taking

‘amino group for example, examples of such compounds

may include: aliphatic, alicyclic and aromatic amines;
aliphatic aromatic amines; polynuclei amines,
inclusive of ether-type amines, hydiocarbon—type
amines and fluoreneamine; imide-type amines; alkyl
ester-type amines; and amines represented by the

following formula (1):

Y Y
HZN-@X@NHZ (1),

wherein, X represents a direct bond or an arbitrary
bonding group; and Y denotes an arbitrary optional
substituent, preferably alkyl, fluoroalkyl or
thioalkyl.

Incidentally, other reactive compounds may
include fhose indicated by replacing both (or either
one) of the amino groups (NH;) in the formula (1) with
hydroxyl, epoxide or carboxyl group.

The crosslinking via such a reactive compound
may be effected, e.g., by melt-kneading a polymer
having a functionai group in the presence of a
reactive compound ﬁnder a high shearing force, or by
melt-kneading a polymer including a crosslinked_

polymer component in the presence of a reactive
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compound. As a result, the resultant toner is
provided with various structures of crosslinkages
providing the prescribed visco-elastic properties and
molecular weight distribution.

5 In addition to the above, it is also possible
to use a crosslinking monomer for effecting a
crosslinking during polymerization for providing a
binder resin. Such a érosslinking monomer may
principally be a vinyl monomer having at least two

10 polymerizable double bonds and it may be preferable to-
use two or more species of such a crosslinking monomer
in combination in some cases.

Specific examples of such a crosslinking
monomer, may include: aromatic diviﬁyl compounds, such

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

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

25 glycol diacrylate, tetraethylene glycol diacrylate,

- polyethylene glycol #400 diacrylate, polyethylene

glycol #600 diacrylate, dipropylene glycol diacrylate
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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 bond, such as

polyoxyethylene(2)~-2,2-bis(4~hydroxyphenyl Jpropanedi-

acrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-
propanediacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; and pblyester-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, trimethylolethane
triacrylate, trimethylolpropane triacrylate,
tetramethylpropane triacrylate, tetramethylolmethane
tetracrylate, oligoester acrylate, aﬁd compounds
obtained by substituting methacrylate groups for the
acrylate groups in fhe above compounds; triallyl_
cyanurate and triallyl trimellitate.

As a component for effecting the crosslinking
during.the polycondensation, it is possible to include
a polyhydric alcohol or/and a polybasic acid each
having three or more functional groups also
functioning as a crosslinking component in combination
with the above mentioned alcohol ané acid.

Examples of such polyhydric alcohols may

include: sorbitol, 1,2, 3,6-hexanetetrol, 1,4-
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sorbitane, pentaerythritol, dipentaerythritol,
tripentaerithritol, 1,2,4-butanetriol, 1,2,5-
pentanetriol, glycercl, 2Z2-methylpropanetriol, 2-
methyl-1,2,4-butanetriol, trimethylolethane,

5 trimethylolpropane, and 1,3,5-trihydroxybenzene.

Examples of polybasic carboxylic acids may
include: trimellitic acid, pyromellitic acid, 1,2,4-
benzentricarboxylic acid, 1,2,5-benzentricarboxylic
acid, 2,5,7-naphthalenetricarboxylic acid, 1,2,4-

10 naphthalenetricarboxylic acid, 1,2,4-butanetri-
carboxylic acid, 1,2,5-hexanetricarboxylic acid,
1,2,5—hexanétricarboxflic acid, 1,3-dicarboxyl-2-
methyl-2-methylenecarboxypropane, tetra(methylene-
carboxy;)methane, 1[2,7,8-octanetetracarboxylic acid,

15 empole .trimer acid, and their anhydrides and_lower
alkyl esters; and also tetracarboxylic acids
represented by the following formula (C):

HOOCCH-X-CHCOOH
HOOCCH, CH,COOH (C)

20 (wherein X is an alkylene or alkenylene group having 1
- 30 carbon atoms and capable of having one or more
side chains of one or more carbon atoms) and anhydride
and lower alkyl esters thereof.

Examples of the initiator used for graft

25 crosslinking may include: t-butylperoxy-2-

ethylhexanoate, cumyl perpivalate, t-butyl

peroxylaurate, benzoyl peroxide, lauroyl peroxide,
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octanoyl peroxide, di-t-butyl peroxide, t-butylcumul
peroxide, dicumul peroxide, 2,2'-azobisisobutylo-
nitrile, 2,2'-azobis(2-methylbutyro-nitrile, 2,2'-
azobis(2,4-dimethylvaleronitrile), 2,2'-azobis(4-
methoxy-2,4-dimethylvaleronitrile), 1,1l-bis(t-
butylperoxy)-3,3,5~-trimethylcyclohexane, 1,l1-bis(t-
butylperoxy)cyclohexane, 1,4-bis(t-butylperoxy-
carbonyl)cYclohexane, 2,2-bis(t-butylperoxy)octane, n-
butyl-4,4-bis(t-butylperoxy)valerate, 2,2-bis(t-
butylperoxy)butane, 1,3-bis(t-butylperoxyisopropyl)- -
benzene, 2,5-dimethyl-2;5-di(t-butylperoxy)hexane,
2,5~-dimethyl-2, 5~-di(benzoylperoxy)hexane, di-t-
butyldiperoxyisophthalate, 2,2-bis(4,4-di-t-butyl-
peroxycyclohexyl )propane, di-t-butylperoxy-a-
methylsuccinate, di-t-bﬁtylperoxydimethylglutarate,
di-t—butylperoxyhexahydroterephfhalate, di-t-
butylperoxyazelate, 2,5-dimethyl-2,5-di-(t-
butyléeroxy)hexane, diethylene glycol-bis(t-
butylperoxycarbonate), di-t-butylperoxytrimethyl-
azipate, tris(t-butylperoxy)triazine, and vinyl-
tris(t-butylperoxy)silane. These initiators may be
used singly or in combination in an amount of at least
0.05 wt. part, preferably 0.1 - 15 wt. parts, per 100
wt. parts of the monomer.

The polyester resin used in the present
invention may be constituted as follows.

Examples of the resin having a functional
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grdup may include: vinyl polymers, polyester resin,
epoxy resin, polyamide resin, polyurethane resin,
silicone resin, phenolic resin, polyvinyl butyral
resin, rosin, modified rosin, terpene resin, aliphatic
or alicyclic hydrocarbon resin, aromatic petroleum
resin, natural resin-modified maleic acid resin, and
furan resin. These resins may be used singly or in
mixture. A part or all of such resins constituting
the binder resin may be provided with a functional
group. Vinyl polymers and polyester resins are
particularly preferred.

For example, a vinyl polymer-type binder
resin may be provided with an acid group by using a
carboxylic acid monomer or a carboxylic acid
derivative monomer, examples of which may include:
maleic acid, citraconic acid; dimethylmaleic acid,
itaconic acid, alkenylsuccinic acid and anhydrides of
these; unsaturated dibasic acids, such as fumaric
acid, mesaconic acid and dimethylfumaric acid, and
monoesters of such unsaturated dibasic acids; acrylic
acid, methacrylic acid, crotonic acid, cinnamic acid
and anhydrides of these; a,B-unsaturated acids
described above, and anhydrides with lower aliphatic
acids, and anhydrides of such a,B-unsaturated acids
alkenylmalonic acid, alkenylglutaric acid,
alkenyladipic acid, and anhydride and monoesters of

these.
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Among the above, it is particularly preferred
to use a monoester of a,f-unsaturated dibasic, such as
maleic acid, fumaric acid or succinic acid, acrylic
acid or methacrylic acid as a monomer for providing an
acid group to the binder resin used in the present
invention. Preferred examples of such monoesters may
include: monomethyl maleate, monoethyl maleate,
monobutyl maleate, monooctyl maleate, monoallyl -
maleate, monophenyl maleate, monomethyl fumarate,
monoefhyl fumarate, monobutyl fumarate, monophenyl-
fumarate, monobutyl n-butenylsuccinate, monomethyl
n-octenylsuccinate, monoethyl n-butenylmalonate,
monomethyl n-dodecenylglutarate, and monobutyl
n-butenyladipate.

Examples of vinyl monomers as comonomers for
providing vinyl polymers having an acid group tdgether '
with a carboxylic acid (derivative) monomer as
described above may include: styrehe; styrene
derivatives, such as o-methylstyrene, m-methylstyrene,
p—-methylstyrene, p-methoxystyrene, p—phenylstyréné, P-
chlorostyrene, 3,4-dichlorostyrene, p-efhylstyrene,
2,4-dimethylstyrene, p-n-butylstyrene, p-tert-
butylstyrene, p-n-hexylgtyrene, p-n-octylstyrene, p-n-
nonylstyrene, p-n-decylstyrene, and p-n-
dodecylstyrene; ethylenically unsaturated monooclefins,
such as ethylene, propylene, butylene, and

isobutylene; unsaturated polyenes, such as butadiene;



wherein one.of Rerr], Rerr] and Rlerr] is hydrogen, alkyl(1-6C),
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halogenated vinyls, such as vinyl chloride, vinylidene
chloride, Vinjl bromide, and vinyl fluoride; vinyl
esters, such as vinyl acetate, vinyl propionate, and
vinyl benzoate; methacrylate, 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 methacrylafe; acrylates, such as
methyl acrylate, ethyl-acrylate, n-butyl acrylate,
isobutyl acrylate, propyl acrylate, n-octyl acrylate,
dodecyl acrylate, 2-ethylhexyl acrylate, stearyl
acrylate, 2-chloroethyl acrylate, and phenyl acrylate,
vinyl ethers, such as vinyl methyl ether, vinyl ethyl
ether, and vinyl isobutyl ether; wvinyl ketones, such
as vinyl methyl ketone, vinyl hexyl ketone, and methyl
isopropenfl 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, methacrylonitrile, and acrylamide.
These vinyl monomers may be used singly or in
combination of two or more species.

Among these, a combination of monomers
providing styrene-based éopolymers and styrene-

acrylate-based copolymers may be particularly



hydr ogen or al kyl (1-6C), provided that Zis not (d) when nis 0 and Y is
NR[ err] or (wwth X) N-A-C,
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preferred.

It is also possible to use a crosslinking
vinyl monomer having two or more polymerizable double
bonds as a portion of comonomers for providing vinyl

5 polymers having an acid group together with a
carboxylic acid (derivative) monomer as described
above. Such a crosslinking vinyl monomér may be
selected from the above-mentioned list of crosslinking
monomers.

10 Such a crosslinking vinyl monomer may
preferably be used in a proportion of ca. 0.01 - 5.0
wt. parts, more preferably 0.03 - 3.0 wt. parts, per
100 wt. parts of the other monomers. Below 0.01 wt.
part, a substantial contribution thereof to the

15 crosslinking thereby cannot be expected. Above 5.0
wt. parts, excessive crosslinkage may be incorporated,
thus being liable to invite deterioration of
fixability and dispersibility of other tomner
ingredients in the binder resin.

20 As described above, the above-mentioned

- specific visco—elastic properties may be provided to
the toner écéording to.the present invention by
appropriately combining the selection and/or contfol
of the binder resin composition, the types of the

25 first and second crosslinking reactions, the points of

" time for effecting the first and second crosslinking

reactions, and the conditions of the first and second
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crosslinking reactions. However, for tﬁe purpose of
commercial production of toners, it is desired to
produce a high-performance toner at a high
productivity. |

In view of this, thé toner according to the
present invention may particularly preferably be
formed through a two-stage crosslinking process
wherein the first crosslinking reaction is effected at
least in the step producing a binder'resin and the
second crosslinking reaction is effected in the step
of melt-kneading the binder resin with other toner
ingredients for toner production. It is further
preferred that the first crosslinking reaction is
effected in the binder resin production step and also
successively in the melt-kneading step.

The two-stage crosslinking process allows the
production of the tonér according to the present
invention having the specific visco-elastic properties
by combining a plurality of crosslinking reactions
having'mutually.different reaction speeds while
controlling the crosslinking states formed by the

respective crosslinking reactions. Particularly, as

the second crosslinking reaction is effected in the

melt-kneading step for toner production, the
temperature and shearing force applied to the toner
composition can be strictly controlled by kneading

conditions of the kneading machine to adjustively
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provide desired visco-elastic properties within the
specified fange of the present invention.

The kneading conditions of the kneading
machine can be appropriately selected so as to provide
desired properties depending on the composition to be
kneaded, i.e., the binder resin, wax, crosslinking
agent and other ingredients.

| Depending on the types of crosslinking
reactions and binder resin, it is also possible to
adopt a one-stage crosslinking process wherein.the
first and second crosslinking reactions are both
effected in the melt-kneading step for toner
production, instead of the two-stage crosslinking

process.

As for the most preferred combination of the

crosslinking reactidﬁé, the first crosslinking

reaction comprises a relatively slow reaction between
a polymer having a carboxyl group and a compound (or
polymer) having a glycidyl group or hydroxyl group,
i.e., a reaction between the carboxyl group and the
glycidyl or hydroxyl group, and the second
crosslinking reaction comprises a relatively fast
reaction between a polymer having a carboxyl group and
a glycidyl or hydroxyl group formed after the
crosslinking reaction, and a metal-containing or a
nitrogen-containing compound having an amino or imino

group, including a reaction between the carboxyl group



In R2, alkyl(1-7C) is preferably al kyl (1-4C), nore preferably nethyl,

al kenyl (3-6C) is preferably al kenyl (3-4C), al kynyl (3-10C) is preferably
al kynyl (3-4C), cycloal kyl (3-7C) is preferably cycl oal kyl (3-60),

cycl oal kyl (3-7C) al kyl (1-4Cy is preferably
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and the metal atom, metal ion, or amino or imino
group.
It is difficult to sufficiently cause the
relatively slow first.crosslinking reaction in the
5 melt-kneading step in a controlled manner. On the
other hand, the relatively fast second crosslinking
reactién is liable to proceed excessively when
performed in the binder production step. As a result,
in both cases, it is difficult to form a toner having
10 the visco-elastic properties prescribed in the present
invention.
Accordingly, in the above-mentioned
combinatioh of_the first crosslinking reaction between
a carboxyl group-containing polymer and a glycidyl
15 group or hydroxyl group-containing compound (or
polymer), and the second crosslinking reaction between
a polymer having a carboxyl group and a glycidyl or
hydroxyl group formed by the first crosslinking
reaction and a metal-containing compound or a nitrogen
20 " (i.e., amino or imino group)-containing compound, the
two-stage crosslinking process capable of easily
controlling the respective crosslinking reactions is
preferred than the one-stage crosslinking process.
By optionally controlling different
25 crossiinking reactions for providing specific forms of
crosslinkages of resins through such a two-stage

crosslinking process, the resultant toner can be



cycl oal kyl (3-6C) net hyl, phenyl al kyl (1-3C) is preferably benzyl,

al kyl (1-6C)carbanyl is preferably al kyl (1-4C)carbonyl,

al kyl (1- 6C) oxycarbonyl is preferably al kyl (1-4C)oxycarbonyl and

di al kyl (1- 6C) car banmoyl and -sul fanonyl are preferably dinethyl carbanoyl

-sul famoyl .

10

15

20

25

-48-

provided with the specific visco-elastic properties in
a controlled manner while achieving the good
dispersion state 6f toner ingredients, whereby a toner
exhibiting excellent performances can be produced
stably and at a high productivity.

The vinyl polymer-type binder resin used in
the present invention may be prepared by solution
polymerization, bulk polymerization, suspension
polymerization or emulsion polymerization in the
presence of a polymerization initiator.

Such a polymerization initiator may be
appropriately selected from the above-mentroned list
of initiators used for graft crosslinking. In the
polymerization for providing the'binder resin, such a
polymerization initiator may preferably be used in a
broportion of at least 0.05 wt. part, more preferably
0.1 - 15 wt. parts, per 100 wt. parts of the
monomer(s) constituting the binder resin.

It is also preferred to use a polyester resin
as the binder resin. A preferred composition of such
a polyester resin is described below. |

Examples of a dihydric alcohol component may
include: diols, such as ethylene glycol, propylene
glycol, 1,3-butanediol, 1,4-butanediol, 2,3-
butanediol, diethylene glycol, triethylene lecol,
1,5-pentanediol, 1,6-hexanediol, neopentyl glycol,

2-ethyl-1, 3-hexanediol, hydrogenated bisphenol A,

and
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bisphenols and derivatives represented by the
following formula (&): |

CH3

|
H—{OR}x—O{C:>%T<<:>}O—{RO%yrH (A),
CH3 :

wherein R denotes an ethylene or propylene group, x and
y are independently 0 or a positive integer with the
proviso that the average of'x+y is in the range of 0 -

10; diols represented by the following formula (B):

10 |
H—(OR'-)-x-O@O—(-R'—O«)-?—H (B),

CH3 . CH3

wherein R' denotes -CHZCHZF, .—CHZ-CH- or -CHz—C—

. H3

15 x' and y'.are independently 0 or a positive integer
with the proviso that the average of x'+y' is in the
range of b - 10.

A dibasic acid component may be a dibasic

acid or derivative thereof, examples of which may

20 include benzenedicarboxylic acids, such as phthalic
acid, terephthalic acid and isophthalic acid, and
their anhydrides and lowef alkyl esters:
alkyldicarboxylic aéids, such as sucéinic acid, adipic
acid, sebacic acid and azelaic acid, and their

25 anhydrides and lower alkyl esters; alkyl br alkenyl-

substituted succinic acids, and their anhydrides and

lower alkyl esters; and unsaturated dicarboxylic



R4 in (a) is preferably hydrogen or alkyl (1-4C), nore preferably nethyl
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acids, such as fumaric acid, maleic acid, citraconic
acid and itaconic acid, and their anhydrides, and
derivatives of these.
It is preferred to use a polyhydric alcohol
5 or/and a polybasic acid each having three or more
functional groups also functioning as a crosslinking
component in combination with the above mentioned
alcohol and acid.
Examples of such polyhydric alcohols may
10 includeﬁ sorbitol, 1,2,3,6-hexanetetrol, 1,4-
sorbitane, pentaerythritol, dipentaerythritol,
tripentaerithritol, 1,2,4-butanetriol, 1,2,5~
pentanetriol, glycerol, 2~-methylpropanetriol, 2-
methyl-1,2,4-butanetriol, trimethylolethane,
15 . trimethylolpropane, and 1,3,5-trihydroxybenzene.
Examples of polybasic carboxylic acids may
include: trimellitic acid, pyromellitic acid, 1,2,4-
benzentficarboxylic acid, 1,2,5-benzentricarboxylic
acid, 2,5,7-naphthalenetricarboxylic acid, 1,2,4-
20_ naphthalenetricarboxylic acid, 1,2,4~butanetri-
carboxylic acid, 1,2,5-hexanetricarboxylic acid,
1,2,5~-hexanetricarboxylic acid, 1,3-dicarboxyl-2-
methyl-2-methylenecarboxypropane, tetra(methylene-
carboxyl)methane, 1,2,7,8~octanetetracarboxylic acid,
25 empole trimer acid, and their anhydrides and lower
alkyl esters; and also tetracarboxylic acids

represented by the following formula (C):
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HOOCCH-X-CHCOOH

HOOCéHz éHZCOOH (C)

(wherein X ié an alkylene or alkenylene group having 1
- 30 carbon atoms and capable of having one or more
side chains of one or more carbon atoms) and anhydride
and lower alkyl esters thereof.

The polyester may desirably comprise 40 - 60
mol.%, preferably 45 - 55 mol. % of alcohol component
and 60 - 40 mol. %, preferably 55 - 45 mol. % of acid
component. The polyfunctional component may be used
in a proportion of 5 - 60 mol. % of the total
components.

Examples of the wax used in the present
invention may include: paraffin wax and its
derivatives, montan wax and its dérivatives,
microcrystalline wax and its derivatives, Fischer-
Tropsche wax and its derivatives, polyolefin wax and
its derivatives, and carnauba wax and its derivatives.
The derivatives include oxides, block copolymers with
vinyl monomers and graft-modified products.

In additioh to the above, it is also possible
to use alcohol, aliphatic écid; ester, ketone,
hardened castor oil and its derivative, vegetable wax,
animal wax, mineral wax or petrolactam.

Preferred examples of waxzes used in the
present invention may include: paraffin waxes; low-

molecular weight polyolefin formed by polymerization



10

15

20

25

-52-

of olefin by radical polymerization or ih the presence
of a Ziegler catalyst, énd by-products in such
polymerization; low-molecular weight polyolefin formed
by thermal decomposition of high-molecular weight
polyolefin; distillation residue from hydrocarbons
synthesized from a gaseous mixture of carbon monoxide
and hydrogen in the presence of a catalyst, or waxes
obtained from hydrocarbons formed by hydrogenating
such distillation residues; estersf montan
derivatives; and aliphétic acids purified by removal
6f impurities.“ It is possible to add an anti-oxidant
to those waxes.

A particularly preferred class of waxes may
include: paraffin waxes, products obtained by
polymerizing olefins, such as ethylene: in the
presence of a Ziegler catalyst and bf—products from
the polymerization; waxes based on hydrocarbons having
up to several thousands carbon atoms, preferably up to
1000 carbon atoms, such as Fischer-Trapshe-wax.

It is also preferred to use a wax prodﬁct
having a narrower molecular weight distribution by
fractionating the above-mentioned waxes according to
press sweating, solvent method, vacuum distillation,
super critical gas extraction or fractional
crystallization (such as melt-crystallization or
crystal filtration). It is also possible to subjéct

such a wax product after fractionation to oxidation,



Preferably one of Rlerr], Rerr] and Rerr] in (c) and (d) is nethyl and
the two others are hydrogen. Mre preferably Rerr] is nethyl and R err]
and R err] are hydrogen. Wien X + Y together are GC-(CHerr])[err]-CH mis
preferably 2. : '
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block copolymerization.or graft-modificatidh. For
example, the fractionation may be applied for removal
of a low-molecular wéight component or extraction of a
low-molecular weight component, optionally followed by

5 removal of a low-molecular weight component, so as to
provide an arbitrary molecular weight distribution.

The wax used in the present invention may

preferably have such a molecular weight distribution
as to provide a humber—average molecﬁlar weight (Mn)

10 of 200 - 1200, more preferably 250 - 1000, a weight-
average molecular weight (Mw) of 300 -~ 3600, more
preferably 350 - 3000, and an Mw/Mn ratio of at most
3, more preferably at most 2.5, particularly
preferably at most 2.0. .

15 . If the wax has an Mn of below 200 or an Mw of
below 300, it becomes difficult to obtain a sufficient-
improvemenf in anti-offset property. In case of Mn
exceeding 1200 or Mw exceedihg 3600, it becqmes
difficult to obtain a sufficient improvement in

20 fixability. In case of Mw/Mn exceeding 3, it becomes
difficult ﬁo achieve the improvement in fixability and
anti-offset property in combination as well as the
maintenance of storage stability.

The molecular weight (distribution)lof a

25 wax may be measured by GPC under the following

conditions:

Apparatus: "GPC-150C" (available from Waters Co.)
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Column: "GMH-HT" 30 cm-binary (available from
Toso K.K.) |

Temperature: 135 °C

So;vent: o—-dichlorobenzene containing 0.1 % of
ionol. |

Flow rate: 1.0 ml/min.

Sample: 0.4 ml of a 0.15 %-sample.

Based on the above GPC measurement, the
molecular weight distribution of a sémple is obtained
once based on a calibration curve prepared by
monodisperse polystyrene étandard samples, and re-
calculated into a distribution corresponding to that
of polyethylene using a conversion formula based on
the Mark-Houwink viscosity formula.

A GPC sample may be prepared in the following
manner.

A wax sample is placed in o-dichlorobenzene
in a beaker heated on a heater set at 150 °C to
dissolve the sample. After the sample is dissolved,
the sample solution is placed in a filter unit and set
in the GPC apparatus so that a GPC sample at a
concentration of 0.15 wt. % having passed through the
filter unit is supplied for the GPC measurement.

The wax used in the present invention may
preferably have a melting point of 70 - 155 ©C and a
melt-viscosity at 160 °C of at most 500 mPa.s, more

preferably a melting point of 75 - 140 °C and a melt-



Wen Z is of formula (a) or (b), nis preferably 0.- When Z is of formula
(c) or (d), nis preferably 1.
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viscosity at 140 ©°C of at most 500 mPa.s, particularly
preferably a melting point of 75 - 125 ©C and a melt-
viscosity at 120 °C of at most 500 mPa.s.

If the melting point of the wax is below 70

5 ©c, the anti-blocking property of the resultant toner
is liable to be inferior. In excess of 155 ©C, it
becomes difficult to achieve the improvements in
fixability and anti-low-temperature offset property.
If the wax has a melt-viscosity at 160 OC in excess of

10 500 mPa.s, it becomes difficult to achieve the
improvement in toner releasability.

The melting point of a wax referred to herein
is based on values measured by using a differential
scahni&g calorimeter ("DSC-7", available from Perkin-

15 Elmer Corp.) according to ASTM D3418-82 in the
followiﬁg manner.

A sample in a weight of 2 - 10 mg, preferably
ca. 5 mg, is accurately weighed, placed in an aluminum
ran and then subjected to a DSC measurement at a

20 temperature-raising rate of 10 °C/min. in a
temperature range of 30 - 200 °C while using a blank
aluminum pan as a reference.

During the temperature increase, a heat-
absorption main peak is obsérved on a DSC curve in the

25 temperatﬁre range of 30 - 200 °C. The peaktop
temperature of the heat-absorption main peak is taken

as a melting pdint referred to herein.
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The melt-viscosity of a wax referred to
herein is based on valﬁes measured by using a rotary
viscometer ("VT-500", available ffom Haake Co.) with
respect to a sample held in container placed on a
temperature-regulated oil both adjusted at a
prescribed temperature (e.g., 160 °C) for measurement
under a shear rate of 6000 s'1 while using a sensor of
PK1l, 0.5 deg. |

In the present invention, the wax may
preferably be uséd in 0.1 - 15 wt. parts, more
preferably 0.5 - 12 wt. parts, per 100 wt. parts of
the binder resin. It is possible to use a plurality
of waxes in combination so as to provide a total
amount .as mentioned above.

The toner according to the present invention'
can contain a colorant comprising any suitable pigment
or dye. For example, suitable examples of the pigment
may include: carbon black, aniline black, Naphthol
Yellow, Hansa Yellow, Rhodamine Lake, Alizarin Lake,
red iron oxide, Phthalocyanine Blue, and Indanthrene
Blue. Such a pigment may be used in an aﬁount
necessary to provide a required optical density of
fixed image, e.g., 0.1 - 20 wt. parts, prefgrably 0.2
- 10 wt. parts, per 100 wt. parts of the binder resin.
For similar purpose, a dye may be used. There are,
for example, azo dyes, anthraquinone dyes, xanthene

dyes and methin dyes, which may be added in 0.1 - 20
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wt. parts, preferably 0.3 - 10 wt. parts, per 100 wt.
parts of the binder resin.

The toner according to the present invention
can also be formed as a magnetic toner by containing a
powdery magnetic material which can also function as a
colorant. Examples of such a powdery 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 another
element, such as aluminum, copper, lead, magnesium,
tin, zinc, antimony, beryllium, bismuch, cadmium,
calcium, manganese, selenium, titanium,'tungsten and
vanadium, and mixtures of these.

« The magnetic material may preferably have a
number-average particle size of at most 2 pm, more
preferably 0.1 - 0.5 pm. In excess of 2 pm, it
becomes difficult to exhibit a sufficient coloring
power. The number-avérage particle size of a magnetic
material may for example be determined by measuring
longer-axis diameters of 100 particles selected at
random on photographs taken at a magnification of
2x104 - 5x104 through a transmission microscope and
taking an average of the measured long-axis diameters
by using a digitizér, etc.

Such a magnetic material may preferably be
contained in 20 - 200 wt. parts, more preferably 40 -

150 wt. parts, per 100 wt. parts of the binder resin



[err]
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in the toner.

If the content of the magnetic material is
below 20 wt. parts, it is difficult to attain a
sufficient coloring power, and in excess of 200 wt.

5 parts, the fixability is liable to be impaired.

The magnetic material may preferably.have
magnetic particles as measured by application of
7.96x102 kA/m including a coercive force (Hc) of 1.6 -
23.9 kA/m, a saturation magnetization (og) of 50 - 200

10 Amzlkg, and a residual magnetization (o) of 2 - 20
am?/kg. |

By satisfying the above-mentioned magnetic
properties, the magnetic material may provide a
magnetic toner capable'of providing fog-free images

15 having a high image den#ity and excetlent in
resolution and gradation characteristic.

The toner according to the present invention
may prefefably further contain a positive or negative
charge control agent.

.20 Examples of the positive charge control agents
‘may include: nigrosine and modified éroducts thereof
with aliphatic acid metal salts, etc., onium salts
inclusive of quaternary ammonium salts, such as
tributylbenzylammonium l-hydroxy-4-naphtholsulfonate

25 and tetrabutylammonium tetrafluoroborate, and their
homologous inclusive of phosphonium salts, and lake

pigments thereof; triphenylmethane dyes and lake
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pigmenfs thereof (the laking agents including, e.g.,
phosphotungstic acid, phosphomolybdic acid,
phosphotungsticmolybdic acid, tannic acid, lauric
acid, gallic acid, ferricyanates, and ferrocyanates):
higher aliphatic acid metal salts; diorganotin oxides,
such as dibutyltin'oxide, dioctyltin oxide and
dicyclohexyltin oxide; and diorganotin borates, such
as dibutjltin borate, dioctyltin borate and
dicyclohexyltin borate. _These may be used Singly or
in mixture of.two or more species. Among these, it is
preferred to use a triphenylmethane lake pigment.

Examples of the negative charge control agent
may include: organic metal complexes, chelate
compounds, monoazo metal complexes, acetylacetone
metal complexes, organometal complexes of aromatic
hydroxycarboxylic acids and aromatic dicarboxylic
acids, metal salts of aromatic hydroxycarboxylic
acids, metal salts of aromatic poly-carboxylic acids,
and anhydrides and esters of such acids, and-phénol
derivatives, such as bisphenols.

The toner according to the present invention
may preferably have a weight-average particle size
(D4) of 4 - 10 pm, more preferably 5 - 9 pm.

If the weight-average particle size of the
toner exceeds 10 pm, the toner coverage on the
resultant toner image is liable to-be excessive, thus

resulting in inferior thin-line reproducibility, and



Dependi ng on the nature of the substituents defined above, asymmetric
carbons may be present in the nolecule. This is the case for exanple when X
+ Y together are CGA-CH Al optical isoners and their m xtures including
the racemic m xtures are part of the
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result in traces of separation claw. Below 4 pm, the
toner coverage is liable to be insufficient, thus
resulting in a decrease in image density especially in
a large area image, and result in the winding of the

5 recording sheet about the fixing member.

The weight-average particle size and particle
size distribution of a toner may be measured according
to the Coulter counter method, e.g., by using Coulter
Counter Model TA-~II or Coulter Multisizer II

10 (available from Coulter Electronics Inc.) together
with an electrolytic éolution comprising a ca. 1 %
NaCl aqueous solution which may be prepared by
dissolving a reagent-grade sodium chloride or
commercially available as "ISOTON~II" (from Counter

15 Scientific Japan). For measurement, into 100 to 150
ml of the electrolytic solution, 0.1 to 5 ml of a |
surfactant (preferably an alkyl benzenesulfonic acid
salt) is added as a dispersant, and 2 - 20 mg of a
sample is added. The resultant dispersion of the

20 sample in the electrolytic solution is subjected to a
dispersion treatment by an ultrasonic disperser for
ca. 1 - 3 min., and then subjected to measurement of
particle size distribution by using the above-
mentioned apparatus equipped with a 100 um-apefture.

25 The volume and number of toner particles ﬁavihg |
particle sizes of 2.00 pm or larger are measured for

respective Channels to calculate a volume-basis
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distribution and a number-basis distribution of the
toner. From the volume-basis distribution, a weight-
average particle size (D4) of the toner is calculated
by using a central valué as a representafive for each
channel.

The channels used include 13 channeis of 2.00
- 2.52 pm; 2.52 - 3.17 pm; 3.17 - 4.00 pm; 4.00 - 5.04
pm; 5.04 - 6.35 pm; 6.35 -~ 8.00 pm; 8.00. - 10.08 pm,
10.08 - 12.70'ﬁm; 12.70 - 16.00 pm; 16.00 - 20.20 pm;
20.20 - 25.40 pm; 25.40 - 32.00 pm: and 32.00 - 40.30
pm.

It is preferred to use the toner according to
the present invention together with silica fine powder
externally blended therewith in 6rder to improve the
charge stability, developing characteristic fluidity,
and durability.

The silica fine powder may preferably have a
specific surface area of 30 mz/g or larger, preferably
50 - 400 mz/g, as measured by nitrogen adsorptibn
according to the BET method. The silica fine powder
may be aaded 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 chargeablllty, the
silica fine powder may well ‘have been treated with a

treating agent, such as silicone varnish; modified



present the exo or endo configuration. The exo/endo nomenclature is well
known in the literature. Again, both exo and endo forns and their m xtures
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silicone varnish, silicone o0il, modified silicone oil,

silane coupling agent, silane coupling agent having

functional group or other organic silicon compounds.

It is also possible to use two or more treating agents
5 in combination.

The toner according to the present invention
can further contain other additives, inclusive of:
powdefy lubricants, such as polytetrafluoroethylene
powder, zinc stearate powder and polyvinylidene

10 fluoride powder, with polyvinylidene fluoride powder
as a particularly preferred one; powdery abrasives,
such as cerium oxide powder, silicon carbide powder
and strontium titanate powder, with strontium titanate
powder as a particularly preferred one; flowability-

15 improving agents, such as titanium oxide powder and
aluminum oxide powder, which afe preferably
hydrophobized; anti-caking agent; electroconductivity-
imparting agents, such as carbon black powder, zinc
oxide powder, antimony oxide powder and tin oxide

20 powder; and developing rerformance~improver agents,

| such as white fine particles and black fine particles
of opposite polarity, respectively in relatively small
amounts.

The toner eccording to the present invention

25 may be used for providing a mono-component type
developer or a two-component type developer.. In the

case of providing a two-component type developer, the
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toner may be blended with carrier powder in a ratio
suitable for providing a toner concentration of 0.; -
50 wt. %, preferably 0.5 - 10 wt. %, further
preferably 3 - 10 wt. %.

The carrier used for this purpose may be
known ones, inclusive of powdery magnetic materials,
such as iron powder, ferrite powder and nickel powder:;
glass beads; and resin coated materials formed by

coating such carrier materials with a resin, such as

fluorine-containing resin, vinyl resin or silicone

resin.

The toner according to the present invention .

may be prepared through a process including:

suffic%gntly blending the binder resin, the wax, a
colorant, such as pigment, dye and/dr a magnetic
material, a metal-containing compound, and an optional
charge control agent and other additives, as desired,
by means of a blender such as a Henschel mixer.or a
ball mill, melting and kneading the blend by means of
hot kneading means, such as hot rollers, a kneader or
an extruder to cause melt-kneading of the resinous
materials and disperse or dissolve the wax, pigment or
dye therein, and cooling and solidifying the kneaded
product, followed by pulverization and classification.
The thus obtained toner may be.further
blended with other external additives, as desired,

sufficiently by means of a mixer such as a Henschel
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mixer to provide a toner for developing electrostatic
images.

In the present invention, it is particularly

.significant as mentioned above to use a binder resin

having a functional group and a reactive compound and
subject thése materials to crosslinking during the
melt-kneading step for toner production; For
effectively causing the crosslinking, it is important
to appropriately set the heating temperature and the
paddle or screw organization of the kneading machine

so as to provide a high resin temperature during the

'kneading and a long residence time of the resin in the

knéading machine.

. More specifically, it is preferred to form a
kneading section by combining a reverse feed paddle,.a
forward feed paddle and a residential or non-feed
paddle and provide the resin under kneading with an
elevated temperature due to its self-heat generatioﬁ
by setting the kneading machine temperature at a low

level and kneading the resin under application of a

‘high shearing force.

In order to simply raise the temperature of
resin under kneading, it may be sufficient to increase
the kneading machine set temperature, but in this
case, it is difficult to apply a sufficient shearing
force to the resin required for good material

dispersion, so that it is difficult to achieve a
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uniform crosslinking in the kneading machine, thus
being liable to result in fluctuation of crosslinking
degree. Accordingly, an appropriate design of paddle
organization is significant.

Figures 8 - 13 illustrate an organization of
a twin-screw extruder as a preferred example of
kneading machine suitably applicable in the melt-
kneading step for producing the toner according to the
present invention.

Figure 8 is a schematic side sectional
illustration of such a twin-screw extruder, and Figure
9 is a detailed illustration of screws as viewed from
the above of the extruder. Referring to these
figuregg the extruder includes two screw-or paddle
shafts 52 driven by a motor and enclosed within a
heating cylinder 51 which is provided with a vent
(hole) 53 and a supply port 54 disposéd below a feed
hopper 56, and an extrusion port 56. As shown in

Figure 8, each screw or paddle shaft is divided into

pluralities of screw sections and kneading sections

disposed alternately. Each screw section is
constituted by a feed screw (S) as shown in Figure 10,
and each kneading section may be constituted by one or
an appropriate combination of a forward feed paddle
(R) (Figure 11), a residential or no feed paddle (W)
(Figure 12) and a reverse feed paddle (L) (Figure 13,.

Another screw or paddle shaft arrangement is
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illustraed in Figure 14 in a simplified form.

In preferred embodiments of such a twin-screw
extruder, at least one kneading section is provided
with a no-feed paddle (W) and/or a reverse feed paddle

5 (L) in_order to enhance the kneading action in a
controlled manner. Examples of such a preferred
embodiment are shown in Figures 15 and 16 in parallel
with Figure 14.

Now, an embodiment of the image forming

10 method according to the present invention will be
described with reference to Figures 4 and 5. The
surface of an electrostatic image-bearing member
(photosensitive.member) 1 is charged to a negative
potential or a positive potential by a primary charger

. 15 2 and exposed to image light 5 as by analog exposure

or laser beam scanning to form.an electrostatic image
{e.g., a digital latent image as by laser beam
scanning) on the photosensitive member. Then, the
electrostatic image is developed with a magnetic toner

20 13 carried on a developing sleeve 4 acoording to a
reversal development mode or a normal development
mode. The toner 13 is initially supplied to a vessel
of a developing device 9 and applied as a layer by a
magnetic blade 11 on the developing sleeve 4 .

25 containing therein.a magnet 23 having magnetic poles
N;, Np, 8, and S,. At the development zone, a bias

electric field is formed between the electroconductive
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substrate 16 of the photosensitive member 1 and the
developing sleeve 4.by applying an alternating bias, a
pulse bias and/or a DC bias voltage from a bias
voltage application means 12-to the developing sleeve
4.

The magnetic toner image thus formed on the
photosensitive member 1 is transferred via or without
via an intermediate transfer member onto a recording
material (recording paper) P. When recording paper P
is conveyed to a transfér position, the back side
(i.e., a side opposite to the photosensitive member)
of the paper P is positively or negative;y charged by
a transfer charger 3 to electrostatically transfer the
negatiyely or positively charged magnetic toner image
on the photosensitive member 1 onto the recording
paper P. Then, the recording paper P carrying the
toner image is charge-removed by discharge means 22,
separated from the photosensitive member 1 and
subjected to heat-pressure fixation of the tongr image
by a hot ﬁressure roller fixing device 7 containing
therein heaters 21. |

Residual magnetic toner remaining on the
photosensitive member 1 after the transfer step is
removed by a cleaning means comprising a cleaning
blade 8. The photosensitive member 1 after the
cleaning is charge-removed by erase exposure means 6

and then again subjected to an image forming cycle
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starting from the charging step by the primary charger
2.

The electrostatic image bearing member or
photosensitive member in the form of a drum 1 may
comprise a photosensitive layer.15 formed on an
electroconductive support 16 (Figure 5). The non-
magnétic cylindrical developing sleeve.4 is rotated so
as to move in an identical direction as the
photosensitive member 1 surface at the developing
position. Inside the non—magnetiglcylindrical
developing sleeve 4, a multi-polar permanent magnet
{magnet roll) 23 is disposed so as to be not rotated.
The magnetic toner 13 in the developing device 9 is
applieg onto thg developing sleeve 4 and provided with
a triboelectric change due to friction between the |
developing sleeve 4 surface and the magnetic toner
particles. Further, by disposing an iron-made
magnetic blade 11 in proximity to (e.g., with a gap of
50 - 500 uym from) the developing sleeve 4 surface so
as to be opposite to one magnetic pole 6f the multi-
polar permanent magnet, the magnetic toner is .
controlled to be in a uniformly small thickness (e.g.,
30 - 300 pm) that is identical to or smaller than the
clearance between the photosensitive member 1 and the
developing sleeve 4 at the developing position. The
rotation speed of the developing sleeve 4 is

controlled so as to provide a circumferential velocity
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identical or close to that of the photosensitive
member 1 surface. The iron blade 11 as a magnetic
doctor blade can be replaced by a permanent magnet so
as to provide a counter magnetic pole. At the
developing position, an AC bias or a pulse bias
voltage may be applied to the developing sleeve 4 from
a bias voltage application means 12. The AC bias
voltage may preferably have a frequency f of 200 -
4,000 Hz and a peak-to-peak voltage vpp of 500 - 3,000
volts.

Under the action of an electrostatic force on
the photosensitive member surface and the AC bias or
pulse bias electric field at the developing position,
the magnetic toner particles are transferred onto an
electrqstétic image on the photosensitive member 1.

It is,alsé possible to replace the magnetic
blade with an elastic blade comprising an elastic
material, such as silicone rubber, so as to apply a
pressing force for applying a magnetic toner layer on
the developing sleeve while regulating the magnetic
toner layer thickness.

Because of the above-mentioned specific
visco-elastic properties, the toner according to the.¥
present invention may exhibit particularly
advantageous effects when'uséd in a high speed machine_
having a process speed of preferably 200 mﬁ/sec or

larger.
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In the image forming method according to the
present invention, the photosensitive member may
comprise amorphous silicon (a-Si), an 6rganic
photoconductor (OPC), seleniﬁm, or other inorganié

5 photoconductors. In view of the stability of latent
image potential during continuous image formation, it
is preferred to use a-Si or OPC aﬂd”is especially
preferred to a-Si when used in a high-speed machine as
described above'requiring a severe durability of the

10 photosensitive member.

Another image forming method to which the
toner according to the present invention is'applicable
will now be described with reference to Figure 6.

Referring to Figure 6, the surface of é

15 photosensitive drum 101 as an electrostatic image-
bearing member is charged to a negative polarity by a
contact (roller) charging means 119 as a primary
‘charging means and exposed to image scanning light 115
from a laser to form a digital electrdstatic latent

20 image on the photosensitive drum 10l1. The digital
latent image is developed by a reversal development
mode with a magnetic toner 104 held in a hopper 103 of
a developing device equipped with a developing sleeve
108 (as a toner-carrying member) enclosing a multi-

25 polar permanent magnet 105 and an elastic regulating
blade 111 as a toner layer thickness-regulating |

member. As shown in Figure 6, at a developing region
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D, an electroconductive substrate of the
photbsensitive drum 101 is grounded, and the
developing‘sleeve 108 is supplied with an altermating
bias, a pulse bias and/or a direct current bias from a
bias voltage application means 109 When a recording
material P is conveyed and arrives at a transfer
position, a backside (opposite to the photosensitive
drum) of the recording material P is charged by a
contact {roller) transfer means 113 as a transfer
means connected to a voltage application means 114,
whereby the toner image formed on the photosensitive
drum-101 is transferred onto the recording material P.
The recording material P is then separated from the
photosgnsitive drum 101 and conveyed to a hot pressure
roller fixing device 117 as a fixing means, whereby
the toner image is fixed onto fhe recording material
P.

A portion of the magnetic toner 104 remaining
on the photosensitive drum 101 after the transfer step
is removed by a cleaning means 118 having a cleaning
blade 118a. If the amount of the residual toner is
little, the cleaning stép can be omitted. The
photosensitive drum 101 after the cleaning is charge-
removed by erasure exposure means 116, as desired, and
further subjected a series of the above-mentioned
steps starting with the charging step by the contact

(roller) charging means 119 as a primary charging
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means.

In the above-mentioned series of steps, the
photosensitive drum 101 (i.e., an electrostatic image-
bearing member) compriseé a photosensitive layer and
an electroconductive substrate, and rotates in a
direction of an indicated arrow. The developing

sleeve 108 as a toner-carrying member in the form of a

. non—-magnetic cylinder rotates so as to move in a

direction to the surface-moving direction of the
photosensitive drum 101 at the developing region D.
inside the developing sléeve 108, a multi-polar
permanent magnet (magnet roll) 105 is disposed so as
not to rotate. The magnetic toner 104 in the
developer vessel 103 is app;ied onto the developing
sleeve 108 and provided with a triboelectric charge
of, e.g., negative polarity, due to friction with the
developing sleeve 108 surface and/or other magnetic
toner particles. Further, the elastic regulation
blade 111 is elastically pressed against the
developing sleeve 108 so as to regulate the toner
layer in a uniformly small thickness (30 -~ 300 pm)
that is smaller than a gap between the phofosensitive
drum 101 and the developing sleeve 108 in the
developing regibn D. The rotation speed of the
developing sleeve 108 is adjusted so as to provide a
surface speed thereof that is substantially equal or

close to the surface speed of the photosensitive drum
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101. 1In the developing regidn D, the developing
sleeve 108 may be supplied with a bias voltage
comprising an AC bias, a pulse bias on an AC-DC
superposed bias from the bias wvoltage appliéation
means 109. The AC bias may have f = 200 - 4000 Hz and
Vpp = 500 ~ 3000 volts. At the developing region, the
magnetic toner is transferred onto the electrostatic
image side under the action of an electrostatic force
on the photosensitive drum 101 surface and the
developing bias voltage.

| In case where an image forming apparatus as
described above is used as.a printer for facsimile,
the above-mentioned image exposure'means corresponds
to thag for printing'received data. Figure 7 shows
such an embodiment by using a_block diagram.

Referring to Figure 7, a controller 131

controls an image readef (or image reading unit) 130
énd a printei 139. The entirety of the controller 131
is regulated by a CPU (central processing unit) 137.
Read data from the image reader 130 is transmitted
through a transmitter circuit 133 to another terminal -
such as facsimile. On fhe other hand, data received
from another terminal such as facsimile is transmitted
through a receiver circuit 132 to the printer 139. An
image memory 136 stores prescribed image data. A

printer controller 138 controls the printer 139. 1In

"Figure 7, reference numeral 134 denotes a telephone
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set.

More specifically, an image received from a
line (or circuit) 135 (i.e., image information
received from a remote terminal connected by the line)
is demodulated by means of the receiver circuit 132,
decoded by the CPU 137, and sequentially stored in the
image memory 136. When imége data corresponding to at
least one page is stored in the image memory 136,
image recording is effected with respect to the
corresponding page. The CPU 137 reads image data
corresponding to one page from the image memory 136,
and transmits the décoded data corresponding to one
page to the printer_controller 138. When the printer
controller 138 receives the image data corresponding
to one page from the CPU 137, the printer controller
138 controls the printer 139 s6 that image data
recording corresponding to the page is effected.
During the recording by the printer 139, the CPU 137
receives anofher image data corresponding to the next
page.

Thus, redeiving and recording of an'image méy
be effected by means of the apparatus shown in Figure
7 in the above-mentioned manner.

As describéd above, because of the specific
visco-elastic'properties; the toner according. to the
present invention is excellent in low-temperature

fixability and anti-offset property and can be
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suitably used in a high~speed fixation system. If the
THF-soluble content of the toner is set to have a
specific molecular weight distribution, particularly
with respect to contents of components in intermediate
molecular weight regions, the fixability and anti-
offset property as well as the fog-prevention
performance of the toner can be further improved.
[Examples]

Hereinbelow, the present invention will be
described more specifically basedlon Examples, which
should not however be construed to limit the scope of
the invention in any way.

{Copolymer Synthesis Example 1)

Glycidyl acrylate 20 wt. part(s)
Styrene 70 "
n-Butylacrylate 10 "

2,2-Bis(4, 4-di-t~-butylperoxy-
cyclohexyl )propane 1.0 "

The above ingredients were placed.togéther
with 300 wt. parts of xylene in a four-necked flask
and subjected to 6 hours of reaction under xylene
refluxing. After the reaction, the solvent was
removed to obtain Copolymer (A) which exhibited a
weight-average molecular weight (Mw) of 1.2x104
according to GPC measurement. |
(Copolymer Synthesié Exémple 2)

Glycidyl acrylate 40 wt. part(s)
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Styrene 50 "
n-Butylacrylate 10 "
2,2-Bis(4,4-di—t—butylperoxy—
cyclohexyl)propane 1.0 "
5 | Copolymer (B) (Mw = 1.3x104) was prepared in
the same manner as in Copolymer Synthesis Examplé 1
except for using the above ingredients.

(Copolymer Synthesis Example 3)

Glycidyl acrylate 10 wt. part(s)
10 Styrene 80 "
n-Butylacrylate . 10 "

2,2-Bis(4,4—di-t—butylpgroxy—
cyclohexyl )propane 1.0 "
Copolymef {C) (Mw = 1.1x104) was prepéred in
15 the same manner as in Copolymer Synthesis Example 1
except for using the above ingredients.
{Copolymer Synthesis Example 4)

Styrene 63 wt. part(s)

n-Butylacrylate _ 25 "
20 ' Monobutyl maleate 12 "
Di-tertbutyl peroxide 1.5 "

200 wt. parts of xylene was placed in a foqr—
necked flask and, after sufficient aeration with
nitrogen, heated to its reflux temperature under

25 stirring. Into the flask containing the xylene under
refluxing, the aﬁove ingredients were added dropwise

in 4 hours, and thereafter the polymerization was
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completed under xylene refluxing, followed by solvent
removal, to obtain Copolymer (D)} (Mw = 3500).

{Copolymer Synthesis Example 5)

Styrene 69 wt. part(s)
n-Butylacrylate 25 "
Methacrylic acid 6 "
Di-tertbutyl peroxide . 1.5 "

200 wt. parts of xylene was placed in a four-
necked flask and, after sufficient aération with
nitrogen; heated to its reflux temperature under
stirring. Into the flask containing the xylene under
refluxing, the above ingredients were added dropwise
in 4 hours, and thereafter the polymerization was
completed under.xylene refluxing, followed by solvent
removal, to obtain Copolymer (E) (Mw = 3800).

[Binder Synthesis Example 1]

Styrene 84 wt. part(s)
n-Butyl acrylate 16 "
Di~tert-butyl peroxide 2 "

The above ingredients were added dropwiée in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
éufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to complete
the polymerization. Thén, 6 wt. parts of Coéolymer
(A) and 28 wt. parts of Copolymer (DS were added to

the reaction mixture, followed by dissolution,
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stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 1.

[Binder Synthesis Examéle 2]

Styrene 84 wt. part(s)
n-Butyl acrylate 16 " '

Di-tert-butyl peroxide 1.8 "
i The above ingredients were added dropwise in

4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen .and heated to
refluxing, followed by 2 hours of reaction to complete
the polymerization. Then, 6 wt. parts of Copolymer
(A) and 28 wt. parts of Copolymer (D) were added to
the reaction mixture, followed by dissolution,
stirring to effect qroéslinking under xylene refluxing
and solvent removal to recover Binder resin 2.

[Binder Synthesis Example 3]

Styrene : 84 wt. part(s)
n-Butyl acrylate . 16 "
Di~tert~-butyl peroxide | ' 2.2 "

The ébove ingredients were added dropwiéé in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to .complete
the polymerization. Then, 8 wt. parts of Copolymer

(A) and 35 wt. parts of Copolymer (D) were added to
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the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 3.

[Binder Synthesis Example 4]

Styrene' 84 wt. part(s)
n-Butyl acrylate 16 "
Di-tertQhutyl peroxide 2.3 "

The above ingredients were added dropwise in
4 hours to 300 wt. parts of xylené under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hoﬁrs of feaction to complete
the polymerization. Then, 5 wt. parts of Copolymer
(C) anq,zo wt. parts of Copolymer (E) were added to
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder reéin 4.

[Binder.Synthesis Example 5]

Styrene ' 84 wt. part(s)
n-Butyl acrylate 16 " |
Di-tert-butyl peroxide 1.6 "

The above ingredients were added dropwisé in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reéction to complete

the polymerization. Then, 8 wt. parts of Copolymer
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(A) and 35 wt. parts of Copolymer (D) were added to
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 5.

[Binder Synthesis Example 6]

Styrene 84 wt. part(s)
n-Butyl acrylate 16 "
Di-tert-butyl peroxide ' 3 "

The above ingredients were added dropwise in
4 hours to 300 wt. parts of xylene under stirring

which had been placed in a four-necked flask,

‘sufficiently aerated with nitrogen and heated to

refluxing, followed by 2 hours of reaction to complete
the polymerization. Theh, 5 wt. parts of Copolymer
(A) and_20 wt. parts of Copolymer (D) were added to
the reaction mixture, followedlby dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 6.

[Binder Synthesis Example 7]

Styrene 86 wt. part(s)
n-Butyl acrylate 14 "
Di-tert-butyl peroxide 1 "

The above ingredients were added dropwise in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask, -
sufficiently aerated with nitrogen and heated to

refluxing, followed by 2 hours of reaction to complete



4,5,6,7-tetrahydro-5-[( -nethyl-indol -3-yl)carbonyl ] benzi m dazol e;
(+)-10-nethyl -7-(5-nethyl - 1H i m dazol -4-yl met hyl ) -6, 7, 8, 9-t et r ahydr opy

10

15

20

25

-81-

the polymerization. Then, 6 wt. parts of Copolymer
(A) and 28 wt. parts of Copolymer (D) were added to

the reaction mixture, followed by dissolution,

stirring to effect crosslinking under xylene refluxing

and solvent removal to recover Binder resin 7.

[Binder Synthesis Example 8]

Styrene ' 84 wt. part(s)
n-Butyl acrylate . 16 .
Di~tert-butyl peroxide 2.7 "

The above ingredients wefe added dropwise in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
reflux;ng, followed by 2 hours of reaction to complete
the polymerization. Then, 6 wt. parts of Cbpolymérl
(A) and 28 wt. parts of Copolyher (D) were added to
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 8.

[Binder Synthesis Example 9]

Styrene 84 wt. part(s)
n-Butyl acrylate 16 "
 Di4tert—buty1 peroxide . 2.8 "

The above ingredients were added dropwise in
4 hours to 300Jwt. parts of xylene under stirring
which had been placed in a four-necked flask,

sufficiently aerated with nitrogen and heated to
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refluxing, followed by 2 hours of reaction to complete
the polymerization. Then, 8 wt. parts of Copolymer
(C) and 35 wt. parts of Copolymer (D) were added to
the reaction mixture, followed by dissoiution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Bindér resin 9.

[Binder Synthesis Example 10]

Styrene : 84 wt. part(s)
n-Butyl acrylate 16 "
Di-tert-butyl peroxide 1.2 "

The above ingredients were added dropwise in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to complete
the polymerization. Then, 5 wt. parts of Copolymer
(B) and 20 wt. parts of Copolymer (D) were added to
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 10.

[Binder Synthesis Example 11]

Styrene 84 wt. part(s)
n-Butyl acrylate 16 " |
Di-tert-butyl peroxide 2.7 "

The above ingredients were added dropwise in
4 hours to 300 wt. parts of xylene under stirring

which had been placed in a four-necked flask,



The unexpected efficacy of the compounds of the invention in the treatnent
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sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to complete
the polymerization. Then, 5 wt. parts of Copolymer
(C) and 20 wt. parts of Copolymer (E) were added to
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 11.

[Binder Synthesis Example 12]

Styrene 84 wt. part(s)
n-Butyl acrylate 16 n
Di-tert-butyl peroxide 1.5 "

The above ingredients were added dropwise in -
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated.with nitrogen and heated to
refluxing, followed by 2 hours of reaction to complete
the polymerization. Then, 6.5 wt. part of
divinylbenzene, 5 wt. parts of Copolymer (A) and 28.
wt. parts of Copolymer (D) were added to the reaction
mixture, followed by dissolution, stirring to effect
crosslinking undér xylene refluxing and solvent
removal to recover Binder resin 12.

[Binder Synthesis Example 13]

Styrene ' : 84 wt. part(s)
n-Butyl acrylate 16 "
Di-tert-butyl peroxide 2 - "

The above ingredients were added dropwise in



In these clinical trials, anmbulatory patients suffering fromclinically

di agnosed fibronyalgia are tested using the 10 cm vi sual anal ogue scal e
for patient self rating (O =

-84-

4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to complete
5 the polymerization. Then, 6 wt. parts of Copolymer
(C) and 35 wt. parts of Copolymer (D) were added to
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing

and solvent removal to recover Binder resin 13.

10 '[Binder'Synthesis E#amplé 14] _
Styrene . ' 84 wt. part(s)
n-Butyl acrylate 16 "
Di-tert-butyl peroxide 2.4 "

The above ingredients were added dropwise in

15 4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitfogen and heated to
refluxing, followed by 2 hours of reaction to complete
the polymerization. Then, 10 wt. parts of Copolymer

20 (A) and 22 wt. parts of Copolymer (D) were added té
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 14.
[Binder Synthesis Example 15] _

25 Styrene : 84 wt.. part(s)

n-Butyl acrylate 16 "

Di-tert-butyl peroxide - 2.4 "



no pain; 10 = severe pain), the "pain score" (pain severity scale) at
various body sites and the digital dolorineter tenderness score at 24
tender points, according to nethods described by W MJler and J.
Lautenschl ager in Z. Rheumatol 49: 11-21 (1991). A tender point is a

| ocal i zed area of intense pain on deep pal pation. Additionally the patients
are -85-

The above ingredients were added dropwise in

4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to

5 refluxing, followed by 2 hours of reaction to complete-
the polymerization. Then, 6 wt. parts of Copolymer
(A) and 28 wt.'parts of Copolymer (D) were added to
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing

10 and solvent removal to recover Binder resin 15.

[Binder Synthesis Example 16]

Styrene 84 wt. part(s)
n-Butyl acrylate 16 "
Di-tert-butyl peroxide 1.3 "

15 _ The above ingredients were added dropwise in’

4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four—-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to complete
20 the polymerization. Then, 12 wt. parts of Copolymer'
({C) and 28 wt. parts of Copolymer (D) were added to
the reaction mixfure, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to reéover Binder resin 16.
25 [Binder Synthesis Example 17]
Styrene ' 84 wt. part(s)

n-Butyl acrylate 16 "



asked to fill a formwith respect to functional /vegetative synptons which
are evaluated as marked (3), noderate (2), mld (1) or absent (0) . These
synpt ons i ncl ude: .
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Di-tert-butyl peroxide 4 "
The above ingredients were added dropwise in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,

5 sufficiently aerated with nitrogen and heated to-
refluxing, followed by 2 hours of reaction to complete
the polymerization. Then, 5 wt. parts of Copolymer
(C) and 35 wt. parts of Copolymer (E) were added to
the reaction mixture, followed by dissolution,

10 stirring to effect crosslinking under xylene refluxing
and solvent removal to -recover Binder resin 17.

[Binder Synthesis Example 18]

Styrene 84 wt. part(s)
n-Qutyl acrylate 16 "

15 Di-tert-butyl peroxide 0.5 "
Divinylbenzene 0.5 "

The above ingredients were added dropwise
info 200 wt. parts of water containing 0.2 wt. part of
incompletely saponified polyvinyl'alcohol under

20 vigorous stirring to form a suspension liquid. The
system was then subjected to 8 hours of suspension
polymerization at 80 Oc. After the reaction, the
polymerizate was washed with water, de-watered and
dried to recover Binder resin 18.

25 [Binder Synthesis Example 19]

| Styrene ' . 84 wt. part(s)

n-Butyl acrylate 16 "
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Di-tert-butyl peroxide 4 "
The above ingredients were added dropwise in

4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to compléte
the polymerization. Then, 2 wt. parts of Copolymer ..
(C) and 20 wt. parts of Copolymer (D) were added to
the reaction mixture, followed by diésolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 19.

[Binder Synthesis Example 20]

Styrene _ 84 wt. part(s)
n-Butyl acrylate 16 "
Di-tert-butyl peroxide 0.7 "

The above ingredients were added dropwise in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to complete
the polymerization.' Then, 8 wt. parts-of Copolymer
(B) and 35 wt. parts 6f Copolymer (D) were added to
the reaction mixture, followed by dissolution,
stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 20.
[Binder Synthesis Example 21]

Styrene 84 wt. part(s)
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n-Butyl acrylate 16 "
Di-tert-butyl peroxide 2 "
The above ingredients were added dropwise in

4 hours to 300 wt. parts of xylene undef stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heated to
refluxing, followed by 2 hours of reaction to complete
the polymerization. Then, 10 wt. parts of Copolymer
(B) and 44 wt. parts of Copolymer (D)-were added to
the reaction.mixture, followed by dissoliution,
stirring to effect crosslinking under xylene refluxiﬂg
and solvent removal to recover_Binder resin 21.

[Binder Synthesis Example 22]

Styrene 84 wt. part(s)
n-Butyl acrylate 16 " .
Di-tert-butyl peroxide 3 "

The above ingredients were added dropwise in
4 hours to 300 wt. parts of xylene under stirring
which had been placed in a four-necked flask,
sufficiently aerated with nitrogen and heatéd to
refluxing, followed by 2 hours of reaction to complete
the polymgrization{ Then, 3 wt. parts of Copolymer

(A) and 15 wt. parts of Copolymer (D) were added to

‘the reaction mixture, followed by dissolution,

stirring to effect crosslinking under xylene refluxing
and solvent removal to recover Binder resin 22.

[Binder Synthesis Example 23]
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Copolymer (D) ' 30 wt. part(s)
Styrene 45.65 "
n-Butyl acrylate ' 20 "
Monobutyl maleate 4.0 "
Divinylbenzene 0.35 "
Benzoyl peroxide 1.0 "

Di-t-butylperoxy-2-ethylhexanoate 0.5 "

The above ingredients were added dropwise
into 200 wt. parts of water containing 0.2 wt. part of
incompletely saponified polyvinyl alcohol undér
vigorous stirring to form a suspension liquid. The
system was then subjected to 8 hours of suspension
polymerization at 80 ©°C. After the reaction, the
polymerizate was washed with water, de-watered and
dried to recover Binder resin 23.

%Example 1>
Binder resin 1 100 wt. part(s)
Triiron tetroxide 1 90 "
(number-average particle size (Dn) = 0.2 pm,
Hc = 8.2 kA/m, og = 86.5 Am?/kg,
. = 9.1 Am/kg)

G, =

Triphenylmethane lake pigment 2 "
Salicylic acid aluminum complex 0.5 "
Polyethylene wax 1 : 6 "

(melting point (Tmp) = 77 ©C, melt-viscosity
at 160°C (Vigp°c) = 8 mPa.sec)

The above ingredients were preliminarily
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blended and then melt-kneaded through a twin screw
extruder having a paddle organization as shown in
Figure 15 including kneading sections.(Lnl and Ln2)
provided with non-feed paddles (W) and a reverse feed
paddle (L) in addition td a forward feed paddle (R) -
and having a set cylinder temperature of 150 Oc. The
thus-kneaded product was cooled, coarsely crushed by a
cutter mill and then finely pulverized by a pulverizer
using a jet air stream, followed by classification by
a pneumatic classifier to obtain black fine powder
(Toner 1) having a weight-average particle size (D4)
of 7.0 mm. The visco-elastic properties, GPC
molecular weight distribution and some other

properties (including THF-insoluble content (THF;pg

(wt. %)) and weight-average particle size (D4)) of

Toner 1 are shown in Table 1 together with those of
other toners prepared in the following Examples.
Graphs showing visco-elastic properties and a GPC
chromatogram of Toner 1 are.shown in Figures 1 and 2,
respectively.

100 wt. parts of Toner 1 prepared above was
externally blended with 0.8 wt. part of positively
chargeable hydrophobic colloidal silica fine powder A
(BET specific surface area (Sggy) = 95 m2/g) to
prepare positively chargeable Magnetic toner.1
carrying the colloidal silica fine powder on the

surface of toner particles. Magnetic toner 1 was then
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subjected to tests for evaluating low-temperature
fixability, anti-offset property, fixing roller
soiling, anfi—blocking property and developing
performance.

As a result, Magnetic toner 1 exhibited-good
low-temperature fikability and anti-offset property,
and was free from causing the winding of fixation
sheet about the fixing roller or traces of separation
claws in the resultant fixed images. The resultant
images exhiﬁited a good fog-free level at the initiai
stage and on a 50000-th sheet of continuous image
formation. No problem was observed regarding the
anti—blockihg property or tone melt-sticking onto the
photosensitive member. The results of evaluation are
summarizeq in Table 2 apéearing hereinafter together
with those 6f other toners preéared and evaluated in
the following Examples.

The details of the evaluation tests are as
follows.

Test machine

A commercially available electrophotographic
copying machine having a structure as shqwn in Figure
4 and equipped with a fixing roller surfaced with a
polytetrafluorcethylene (PTFE) resin léyer ("NP6750",
mfd. by Canoh K.K.) was remodeled by using a
negatively chargeable a-Si photosensitive'drum and

biés power supply adapted therefor so as to allow the
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use of a positively chargeable toner.
Fixing performances

The fixing device of the above-remodeled test
device was taken out to provide a heating roller-type
external fixing device allowing wvariable fixing
temperatures, which was used to effect the low-
temperature fixability and anti-offset property tests.

The external fixing device was set to provide
a nip of 8.5 mm and a process speed of 400 mm/sec.
The fixing temperatures were set in the range of 100 -
245 ©C at increments of 5 OC each, and fixed images at
the respective ‘temperatures were rubbed with a lens
cleaning paper at a load of 50 g/cm2 to determine the
lowest_jixing temperature giving an image density
lowering of at most 10 % as a fixing initiation
temperature (TFI)' Further, as the fixing temperature
was increased, the lowest temperature free from offset
was determined as a'low-temperature offset-free

(initial) point (Toffset.min) and the highest

temperature free from offset was determined as a high-

temperature offset-free (end) point (Toffset.max)‘
Developing performance, Toner melt-sticking, Anti-
fixing roller winding and Separation claw trace

A continuous image formation on 50,000 sheets
was performed by using ca. 300 g of a toner charged in
the above—mentioned test machine (remodeled "NP6750")

to evaluate image fog at the initial stage and on the
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50,000-th sheet, and melt-sticking onto the
photosensitive member, and winding of fixing sheet
about the fixing roller and separation claw traces on
solid black image when reproducing such solid black
images after the continuous image formation on 50,000
sheets.

Fog was determined as a difference between
the whitenesses of a blank white recording paper and
the white recording paper on which a s0lid white image
was formed based on whiteness values measured by a
reflectometer (available from Tokyo Denshoku K.K.).

The melt-sticking on the photosensitive
member was evaluated with eyes according to the
following standard.

A: No toner melt-sticking was observed at all on
the photosensitive member.

B: Slight toner melt-sticking was observed on
the photosensitive member but was not recognized on
the resultant images.

C: White spot-like image dropouts were observed
in solid black images.

D: Image dropouts in the form of spots to
shooting stars were observed on solid black imaQes.

Winding about the fixing roller and the
separation claw trace were evaluated by reproducing a
wholly solid black image on A4-size paper sheets

except for a leading white margin width of 4.5 mm-



The statistical analysis of the results is effected according to the
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according to the following standards.
(Winding about the fixing roller)

A: Recording sheets after the fixation were
smoothly discharged._ﬁ

B: Recording sheets after the fixation were
discharged without problem while relying on the
separation claws.

C: Recording sheets aftér the fixation and
discharge were accompanied with twist.

D: Recording sheets after the fixation caﬁsed
paper jamming.
(Separation claw trace)

A: No separation claw trace was observed at ail
on the ;ixed (solid black) images.

B: The'fixed images were accompanied with 1 - 2
slight trace lines of separation claws.

C: The fixed images were accompanied with 3 - 4
slight trace lines of separation claws.

D: The fixed images were accompanied with 5 - 6
clear trace lines'of separation claws.
Fixing roiler soiling

An image formation test similar to the one

performed for evalﬁating the toner-melt-sticking was
performed on 50,000 sheets by reproducing a lattice
pattern including a combination of longitudinal and
transverse lines each in a width of.0.2 mm and drawn

in a density of 2 lines/cm. Thereafter, the toner



In one such trial the conpound of the invention was conmpound A and 17
patients were treated orally during 5 days, with 2x5 ng daily. Ei ght of .
t hose were found to be very good responders ([err] 40% i nprovenent in the
vi sual anal ogue score), with the follow ng
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attachment on the fixing roller and the influence
thereof for causing while drdpout on solid black
images were observed to allow an evaluation according:
to the following standard.

5 A: No soiling was observed at all on the fixing
roller.

B: Slight lines of attached toner were observed
on the fizing roller but no influence thereof was
observed on the resultant images.

10 C: White dropout lines were observed in the
solid black imageé at a rate of about 1 line per 5 cm-
width. _

D: White dropout lines were observed in the
solid black images at a rate corresponding to that on

15 the original lattice image. '

Anti-blocking property

Ca. 10 g of a toner sample was placéd in a
100 cc-plastic cup and left standing at 50 °C for 3
days. The state of the toner was thereafter evaluated

20 with eyes.

A: Nq agglomerate was observed.

B: SOme agglomerate was observed but readily
collapsed.

C: Some agglomerate was observed but was

25 collapsed by shaking.

D: Agglomerate éould be gripped and was.not

collapsed readily.
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<Example 2>
Binder resin 2 100 wtf part(s)
Triiron tetroxide 1 90 "
Monoazo metal cpmplex : 2 Y
Salicylic acid aluminum complex 0.5 "
Polyethylene wax 2 6 "

(Tmp = 150 °C, V (160 °C) = 15 mPa.s)

Black fine powder (Toner 2) (D4 =.7.2 pm)
having properties shown in Téble 1 wés prepared from
the above ingredients otherwise in the same manner as
in Example 1.

106 wt.'paits of Toner 2 prepared above was
externally blended with 0.8 wt. part of negatively
chargeable hydrophobic colloidal siliéa fine powder B

(S = 160 mZ/g) to prepare negatively chargeable
BET ; .

-Magnetic toner 2, which was evaluated with respect to

items identical to those evaluated in Example 1 by
using the commercially available electrpphotographic
copying apparatus having a structure as shown in
Figure 4 and adapted for using a negatively chargeable
toner ("NP6750", mfd. by Canon K.K.) without the
remodeling with respect to the phofosensitive member
or the bias power supply.' The results and are shown
in Table 2 together with those obtained in the
following Examples.

<Example 3>

Binder resin 3 100 wt. part(s)



‘pain score (p = Q.014)3 in the dolorinetry (p': 0. 0208 for the average
pressure triggering pain and p = 0.0346 for the nunber of tender points)
and in the evaluation of the vegetative synptons (p = 0.0109).
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Triiron tetroxide 1 90 "
Triphenylmethane lake pigment _ 2 "
Salicylic acid aluminum complex 0.5 "
Polyethylene wax 3 _ 6 "
5 (Tmp = 85 °C, V (160 °C) = 9 mPa.s)

Black fine powder (Toner 3) (D4 = 6.8 pm) was
prepared from the above ingredients otherwise in the
same manner as in Example 1. 3

100_wt. parts of Toner 3 waé externally
10 blended with 0.8 wt. part of positively chérgeable
colloidal silica A to form positively chargeable
Magnetic toner 3, which was evaluated in the same

manner as in Example 1.

<Example 4>

15 Binder resin 4 100 wt. part(s)
Triiroﬁ tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Salicylic acid aluminum complex 0.5 "
Polyethylene wax 1 6 "

20 Black fine powder (Toner 4) (D4 = 6.9 um) was

prepared from the above ingredients otherwise in the
same manner as in Example 1.
100 wt. parts of Toner 4 was externally
blended with 0.8 wt. part of positively.chargeable
25 colloidal silica A to form positively chargeable
Magnetic toner 4, which was evaluated in the same

manner as in Example 1.
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<Exampie 5>
Binder resin 5 ' 100 wt. part(s)
Triiron tétroxide 1 90 "
Triphenylmethane lake pigﬁent 2 "
Acetylacetone iron complex 0.5 "
Polyethylene wax 1 6 "

Black fine powder (Toner 5) (D4 = 7.0 pm) was
prepared from the above ingredients otherwise in the
same manner as in Example 1.

100 wt. parts of Toner 5 was externally
blended with 0.8 wt. part of positively chargeable
colloidal silica A to form positively chargeable
Magnetic toner 5, which was evaluated in the same
manner .as in Example 1.
<Example 6>

Binder resin 6 100 wt. part(s)

Triiron tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Salicyiic acid aluminum complex 0.5 "
Polypropylene wax 4 6 "

(Tmp = 135 °C, V (160 °C) = 215 mPa.s)

Black fine powder (Toner 6) (D4 = 6.8 pm) was
brepared from the above ingredients otherwise in the
same manner as in Example 1.

100 wt. parts of Tonerls was externally
blended with 0.8 wt. part of positively chargeable

colloidal silica A to form positively chargeable



responders ([err] 40%inprovement in the visual analogue score or in the
pain score) with the followng results: .
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Magnetic toner 6, which was evaluated in the same
manner as in Example 1.

<Example 7>

Binder resin 7 100 wt. part(s)
5 Triiron tetroxide 1 90 "

Triphenylmethane lake pigment 2 "

Acetylacetone iron complex 0.7 "

Polyethylene wax 1 6 "
| Black fine powder (Toner 7) (D4 = 7.1 pm) was
10 prepared from the above ingredients otherwise in the
same manner as in -Example 1.

100 wt. parts of Toner 7 was exfernally
blended with Q.8 wt. part of positively chargeable
colloiq§1 silica A to form positively chargeable

15 Magnetic toner 7, ﬁhich was evaluated in the same
manner as in Example 1.

<Example 8>

Binder resin 8 100 wt. part(s)
Triiron tetroxide 1 90 "

20 Triphenylmethane lake pigment 2 "
Acetylacetone i;on complex 0.5 "
Polyethylene wax 1 6 "

Black fine powder (Tbner 8) (P4 = 7.0 pm) was
prepared from the above ingredients otherwise in the
25 same manner as in'Example 1.
100 wt. parts of Toner 8 was externally'

blended with 0.8 wt. part of positively chargeable



A significant inprovenent was observed in the visual anal ogue scale (p<
0. 0003, the score decreasing from7.6 to 2.6), in the pain score (which
decreased from55.8 to 22.6) and in the dolorinmetry (p< 0.06 for the
average pressure triggering pain, which passed from1.91 to 2.24 kp, and p<
0.02 for the nunber of tender points which passed from19.4 to 14.2).
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colloidal silica A to form positively chargeable
Magnetic toner 8, which was evaluated in the same
manner as in Example 1.

<Example 9>

5 Binder resin 9 S 100 wt. part(s)
Triiron tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Acetylacetone iron complex 0.1 "
Polyethylene wax 3 6_ "

10 ' Black fine powder (Toner 9) (D4 = 6.8 pm) was

prepared from the above ingredients otherwise in the
same manner as in Example 1.
100 wt. parts of Toner 9 was externally
blended with 0.8 wt. part of positively chargeable
15 colloidal silica A to form positively chargeable
Magnetic toner 9, which was evaluated ih the same
manner as in Example 1.

<Example 10>

Binder resin 19 100 wt. part(s)
20 _ Triiron tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Salicylic écid aluminum complex 1.0 "
Polyethylene wax 5 6 "

(Tmp = 74 ©°C, V (160 ©°C) = 7 mPa.s)
25 Black fine powder (Toner 10) (D4 = 7.2 pm)
was prepared from the above ingredients otherwise in

the same manner as in Example 1.
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100 wt. pa;ts of Toner 10 was externally
blended with 0.8 wt. part of positively chargeable
colloidal silica A to form positively chargeable
Magnetic toner 10, which was evaluated in the same
ménner as in Example 1. |

<Example 11>

Binder resin 11 | 100 wt. part(s)
Triiron tetroxide 1 | 90 "
Triphenylmethane lake pigment 2 "
Salicylic acid aluminum complex 0.3 "
Polypfopylene wax 4 6 "

Black fine powder (Toner 11) (D4 = 7.1 pm)
was prepared from the above ingredients otherwise in
the sam¢ manner as in Exémple 1.

100 wt. parts of Toner 11 was externally
blended with 0.8 wt. part of positively chargeable
colloidal silica A to form positively chargeable
Magnetic toner 11, which was evaluated in the same
manner as in Example 1.

<Example 12>

- Binder resin 12 | 100 wt. part(s)
Triiron tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Salicylic acid aluminum complex 0.7 "
Polyethylene wax 1 6 "

Black fine powder (Toner 12) (D4 = 7.0 pm)

was prepared from the above ingredients otherwise in
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the same manner as in Example 1.

100 wt. parts of Toner 12 was externally
blended with 0.8 wt. part of positively chargeable
colloidal silica A to form positively chargeable
Magnetic toner 12, which was evaluated in the same
manner as in Example 1.

<Example 13>

Binder resin 13 100 wt. part(s)
Triiron tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Acetylacetone iron complex _ 0.7 "
Polyethylene wax 1 3 "
Polyethylene wax 3 3 A

Black fine powder (Toner 13) (D4 = 6.9 pm)
was prepared from the above ingredients otherwise in
the same manner as in Example 1.

100 wt. parts of Toner 13 was externally
blended with 0.8 ﬁt. part of positively chargeable
colloidal silica A to form positively chargeable
Magnetic toner 13, which was evaluated in the same
manner as in Example 1.

<Example 14>

Binder resin 14 100 wt. part(s)
Triiron tetroxide 1 90 "
Monoazo metal complex _ 2 .
Salicylic -acid aluminum complex 0.5 "

Polyethylene wax 3 6 n



9 - Al so the vegetative and functional synptons inproved significantly.
For exanpl e
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Black fine powder (Toner 14) (D4 = 7.0 pm)
was prepared from the above ingredients otherwise in
the same manner as in Example 1.
100 wt. parts of Toner 14 was externally
5 blended with 0.8 wt. part of negatively chargeable
colloidal silica A to form negatively chargeable
Magnetic toner 14, which was evaluated in fhe same
manner as in Example 2.
<Example 15>
10 Black fine'powder (Toner 15) (D4 = 7.1 pum)
was prepared in the same manner as in Exaﬁple 1
except for using a kneading machine having a paddle
organization as shown in FIgure 16 having kneading
secfions provided with increased numbers of
15 reverse feed paddles (L) and non-feed paddles (W)
while setting the entire cylinder temperature to
170 °c.
100 wt. parts 6f Toner 16 waé externally
blended with 0.8 wt. part of positively chargeable
20 colloidal silica A to form positively chargeable
Magnetic toner 16, which was evaluated in the same
manner as in Example 1.
<Example 16>
Black fine powder (Toner 16) (D4 = 7.0 pm)
25 was prepared in the same manner as in Example -1 except
for using Fischer Tropsche wax 6 (Tmp = 105 Oc, Vv (160

OC) = 11 mPa.s) instead of Polyethylene wax 1 used in



significative inprovenents were observed in the synptons sl eep disturbances

(p< 0.006),
(p< 0.008),

cold hands or feet (p< 0.002), headaches (p< 0.03), paresthesia
tachycardi a/arrhythm a (p< 0.006) and periodic respiratory

di stress (p< 0.006).
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Example 1.

100 wt. parts of Toner 16 was externally
blended with 0.8 wt. part of positively chargeable
colloidal silica A to form positively chargeable
Magnetic toner 16, which was evaluated in the same
manner as in Example 1.
<Example 17>

Black fine powder (Toner 17) (D4 = 7.1 pm)
was prepared in the same manner as in Example 1 except
for using Triiron tetroxide 2 (Dn = 0.18 ym, Hc = 11.5
kA/m, og = 8.25 Am%.kg, oy = 12.1 Am?/kg) instead of
Triiron tetroxide 1 used in Examplg 1.

100 wt. parts of Toner 17 was exterﬁally
blended, with 0.8 wt. part of positively chargeable
colloidal silica A to form positively chargeable
Magnetic toher 17, which was evaluated in the same
manner as in Example 1.
<Example 18>
| Positively chargeable Magnetic toner 18 was
prepared in the same manner as in Example 1 except
that 100 wt. parts of Toner 1 was éxternally blended
with 0.8 wt. part of positively chargeable silica fine
powder B (Sggp = 125 mZ/g) instead of positively
chargeable silica fine powder A used in Example 1.
Magnetic toner 18 was evaluated in the ‘same manner as
in Example 1.

<Comparative Example 1>



Surprisingly in these trials the achieved inprovenent of both pain and
vegetative synptons | asted several weeks after therapy.
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Binder resin 15 100 wt. part(s)
Triiron tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Polyethylene wax 1 6 "

Black fine powder (Toner 19) (D4 = 6.8 1m)
was prepared from the above ingredients otherwise in
the same manner as in Example 1.

100 wt. parts of Toner 19 was.externally
blended with 0.8 wt. part of positiveiy chargeable
colloidal silica A to form positively chargeable
Magnetic toner 19, which was evaluated in the same
manner as in Example 1. Magnetic toner 19 exhibited
inferior anti-low temperature offset property and
anti-high temperature offset property than Magnetic
toner 1 of Example 1. ?urther, Magnetic toner 19
resulted in the winding of fixation sheet about the
fixing roller. The results of evaluation are
inclusively shown in Table 1 together with those of
Examples described above and Comparative Examples
described below.

<Comparative Example 2>

Binder resin 16 100 wt. part(s)
Triiron tetroxidell 90 "
Monoazo iron complex 2 "
Salicylic acid aluminum complex 1.0 "
Polyethylene wax 1 6 "

Black fine powder (Toner 20) (D4 = 7.1 um)



In still another trial the conpound of the invention was conpound B and a
doubl e-blind study was carried out with 20 patients. The patients received

orally 2x8 ng/day of the conpound during 5 days and after a pause of 2
days, 2x500 ny/day paracetanol during 5
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was prepared from the above ingredients otherwise in
the same manner as in Example 2.
100 wt. parts of Toner 20 was externally
biended with 0.8 wt. part of negatively chargeable
5 colloidal silica B to form negatively chargeable
Magnetic toner 20, which was evaluated in the same
manner as in Example 2. Magnetic toner 20 exhibited
inferior low-temperature fixability than Magnetic
toner 2 of Example 2, further caused.the winding of
10 the fixation sheet about the fixing roller, resulted
in traces of separation claws in the fixed images and
also caused white image dropout attributable to the
soiling of the fixing roller.

<Comparative Example 3>

15 Binder resin 17 100 wt. part(s)
Triiron tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Acetylacetone iron complex | 0.3 "
Polyethylene wax 1 6 u

20 Black fine powder (Toner 21) (D4 = 6.8 pm)

was prepared from the above ingredients otherwise in
the same manner as in Example 1. |
100 wt. parts of Toner 21 was externally
blended with 0.8 wt. part of positively chargeable
25 colloidal silica A to form positively chargeable
Magnetic toner 21, which was evaluated in the same

manner as in Example 1. Magnetic toner caused



days (or vice-versa dependi ng on random sation). Eleven patients were f.ound

to be very good responders to conpound B according to the definition given
above, with the follow ng results:
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the winding of the fixation sheet about the fixing
roller and traces of éeparation claws on the fixed
images, and'also exhibited inferior anti-blocking
property.

<Comparative Example'4>

Binder resin 18 ' 100 wt. part(s)
Triiron tetroxide 1 90 "
Triphenylmethane lake pigment 2 "
Polyethylene wax 1 6 "

Black fine powder (Toner 22) (D4 = 7.1 pm)
was prepared from the above ingredients otherwise in
the same manner as in Example 1. |

100 wt. parts of Toner 22 was externally
blended with 0.8 wt. part of positively chargeable
colloidal silica A to form positively chargeable
Magnetic toner 22, which was evaluated in the same
manner as in Example 1. Magnetic tomner 22 exhibited
inferior low-temperature fixability than Magnetic
toner 1 of Example 1, and further resulted in white
image dropout attributable to soiling of the fixing
roller and winding of the fixation sheet about the
fixing roller.

<Comparative Example 5>

Binder resin 19 100 wt. part(s)
Triiron tetroxide 1 90 .
Triphenylmethane lake pigment "2 "

Salicylic acid aluminum complex 0.5 "



A significant inprovenent was observed in the visual anal ogue scale (p =
0.003), in the pain score (p = 0.022), in the dolorimetry (p = 0.008 for
the average pressure and p = 0.018 for the nunber of tender points) and |n
the evaluation of the vegetative synptons
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Polyethylene wax 1 6 "
Black fine powder (Toner 23) (D4 = 6.9 um)
was prepared from the above ingredients otherwise in
the same manner as in Example 1.

5 ' 100 wt. parts of Toner 23 was.externally
blended with 0.8 wt. part of positively chérgeable
colloidal silica A to form positively chargeable
Magnetic toner 23; which was evaluated in the same
manner as in Example 1. Magnetic toner 23 resulted

10 in winding of the fixation sheet about the fixing
roller and also exhibit inferior anti-blocking
property.

<Comparative Example 6>

Binder resin 20 | 100 wt. part(s)
15 Triiron tetroxide 1 90 "
Monocazo iron'complex 2 n
Acetylacetone iron complex 1 _ "
Polypropylene wax 4 6 "

Black fine powder (Toner 24) (D4 = 7.2 pm)
20 was prepared from the above ingredients otherwise in
the same manner as in Example 2.

100 wt. parts of Toner 24 was externally
blended with 0.8 wt. pért of negatively chargeable
colloidal silica B tb form negatively chargeable

25 Magnetic toner 24, which was evaiuated in the same
manner as in Example 2. Magnetic toner 24 exhibited

an inferior low-temperature fixability than Magnetic



(p 0. 003). Under paracetanol, no significant inprovenment was observed
in

t he vi sual anal ogue scal e

~-109-
toner 2 of Example 2.
<Comparative Example 7>
Binder resin 21 | 100 wt. part(s) .
Triiron tetroxide 1 | 90 "
5 Triphenylmethane lake pigment 2 "
| Acetylacetone iron complex 1 "
Polyethylene wax 1 6 "

Black fine powder (Toner 25) (D4 = 6.9 pm)
was prepared from the abové ingredieﬁts otherwise in
10 the same manner as in Example 11
100 wt. parts of Toner 25 was éxternally
blended with 0.8 ﬁti part of positively chargeable
colloidal silica A to form positively chargeable
Magneti¢g toner 25, which was evaluated in the same
15 manner as in Example 1. Magnetic toner 25 exhibited
inferior low-temperature fixability, anti—high-
temperature offset property and fog-suppression
performances at the initial stage and on 50,000-th
sheet than Magnetic toner 1 of Example 1. Magnetic
20 toner 25 also resulted in toner melt-sticking onto the
photosensitive member and white image dropout
attributable to soiling of the fixing roller.

<Comparative Example 8>

Binder resin 22 100 wt. part(s)
25 Triiron tetroxide 1 90 "
Monoazo iron complex 2 "

. Polyethylene wax 1 6 "



and in the pain score. In the.dolorineter, the results were significantly
negati ve (decrease of pressure triggering pain, p = 0.028; increase of
nunber of tender points, p = 0.029). o
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Black fine powder (Toner 26) (D4 = 7.0 pm)
was prepared from the above ingredients otherwise in
the same manner as in Example 2.

100 wt. parts of Toner 26 was externally
blended with_0.8 wt. part of negatively chargeable
colloidal silica B to form negatively chargeable
Magnetic toner 26, wh;ch was evaluated in the same
manner as in Example 2. Magnetic toner 26 exhibited
inferior anti-high-temperature offset property and
fog-suppression performances at the initial stage and
on 50,000 sheet than Magnetic toner 2 of Example 2.

<Comparative Example 9>

Binder resin 23 | 100 wt. part(s)
Triiron tetroxide 1 _ 90 "
Salicylic acid chromium complex 2 ",
Polypropylene wax 4 6 "

Black fine powder (Toner 27) (D4 = 7.2 pm)
was prepared in the same manner as in Example 1 except
for kneading the above ingrgdients in the.same twin-
screw extruder as used in Example 1 while setting the
entire cylinder temperature at 110 °cC.

100 wt. parts of Toner 27 was externally
blended with 0.8 wt. part of negatively chargeable
colloidal silica B fo form positively chargeable
Magnetic toner 27, which was evaluated in the.same

manner as in Example 2.

As a result, Magnetic toner 27 resulted in



Agai n, the good results achieved with conpound B | asted several weeks
treatnent, during which the general condition of the patients was
significantly inproved. ' -
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inferior performances regarding suppression of
separation claw traces and winding of fixation about

the fixing roller.
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The conpounds of the invention are therefore useful in.the treatnent of
fi bronyal gi a. :

Table 2: Performance evaluation results

Fixing perioimance Tmage tog (%)

ggmpoﬁx Tp 1. Toffset.min loffset.max Leacial om - gli’gg%ng %Eggra- gtf:iling lé%}:;:ing Abrl%tl:}-:
o : : 50000-th roller craw  fizing
(’cy . (°C) {°c) sheet trace . roller
Ex. 1 140 135 »250 0.7 0.8 3 A A A A
"2 150 140 »250 0.8 0.9 A A A A A
"3 145 135 245 1.7 1.8 A A A A A
"4 40 135 240 1.4 1.6 B B ¢ A A
"5 155 15 25 1.3 1.4 A A A C A
* g 150 140 45 1.4 1.5 A 3 A A C
n g 155 145 »250 1 1.2 A A A A A
" g 140 135 »250 0.9 1 A A A B B
'y 145 150 240 1.8 2 B B A A B
" 10 155 145 245 L5 L7 3 2 A 3 B
"1l 150 140 240 0.8 1 B C C A B
" 12 155 145 »250 0.9 1 A A A A A
" 13 155 145 »250 0.8 1 B B A B A
" W 13 w 1 12 & A A ¢ B
"15 140 135 ¥250 0.9 0.9 1 i 3 A i
" 16 145 140 >250 0.3 0.4 A A A A A
T17T 140 135 »250 0.5 0.6 A A A A A
" 18 140 135 »250 0.9 0.8 A A A A A
B om0 150 20 0.8 09 ¢ B A A ¢
"2 170 155 YL 1 1.2 D D D A A
"3 140 135 5250 1.1 1.3 D D ¢ ¢ D
"y 180 165 245 1.3 1.5 c A D A A
"5 150 140 45 1.4 1.6 ¢ A A A D
3 190 175 U5 1.1 1.4 B A A C A
L I ¥ 160 25 2.6 2.9 B A D D A
'3 150 160 25 2.9 3.2 C B A A B
' g 155 150 245 1.2 1.1 c D A B A
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1. A tornéf comprising: at least a binder resin,

WHAT IS CLAIMED 1S:

a wax and a colorant,
wherein thé toner exhibits wvisco-elastic
5 properties including:
(a) a storage modulus G' (160 °C) of 8.0x102
- 1.2x10% pa at 160 °c,
(b) a loss modulus G" (160 °C) of 4.0x102 -
6.0x103 pa at 160 °c,
10 (c) a loss tangent tans (160 °cj = G" (160
9c)/G' (160 °C) of 0.1 - 1.5 at 160 °C,
(d) a storage modulus G' (190 ©C) of 6.0x_102
- 1.6x10% pa at 190 °c,
. (e) a loss modulus G" (190 °C) of 2.0x102 -
15  4.0x103 Pa at 190 °c,
(f) a loss tangent tand (190 °C) = G" (190
©c)/Gt (190 °C) of 0.05 - 1.2 at 190 °c,
(@) G' (160 °C)/G' (190 °C) = 0.5 - 2.0, and
(h) tansé (160 °C) > tans (190 °C).
20
2. The toner according to Claim 1, having (a) a
storage modulus G' (160 Oc) of.1.0x103 - 1.0x104 Pa at
160 ©°c,
(b) a loss modulus G" (160 °C) of 5.0x102 -
25  5.0x103 Pa at 160 °C, and
(c) a loss tangent tand (160 °C) = G" (160
oc)/G' (160 °C) of 0.1 - 1.0 at 160 °C.
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3. The toner according to Claim 1; having (d) a
storage modulus G' (190 °C) of 8.0x102 - 8.0x103 Pa at
190 °c, -

(e) a loss modulus G" (190 °C) of 3.0x102% -
3.0x103 Pa at 190 °C, and

(£f) a loss tangent tans (190 ©C) = G" (190
©C)/G' (190 °C) of 0.06 - 1.0 at 190 °c.

4. The toner according to Claim 1, having (i) no
minimum of tand in the temperature range of 80 - 200

Oc.

5. The toner according to Claim 1, having (a) a
storage modulus G' (160 °C) of 1.0x103 - 1.0x104 Pa at
160 °c, |

(b) a loss modulus Gf (160 °C) of 5.0x102 -
5.0x103 Pa at 160 °c,

(c) a loss tangent tans (166 Oc) = G" (160
©c)/G' (160 °C) of 0.1 - 1.0 at 160 °c,

(d) a storage modulus G' (190 °C) of 8.0x102
- 8.0x103 Pa at 190 °c,

(e) a loss modulus G" (190 °C) of 3.0x102 -
3.0x103 pa at 190 °c,

(£f) a loss tangent tans (190 ©C) = G" (190
©C)/G' (190 °C) of 0.06 = 1.0 at 190 °C, and -

(i) no minimum of tané in the temperature

range of 80 - 200 °c.



For this indication the appropriate dosage will, of course, vary dependi ng

upon, for exaaneruLhe___ﬂpgggg_ggployed t he host-—~'r’maf”ﬂ"i5(‘1’”“f‘“-——"~

adm ni stration nat ure and severity of the Lot HRBebER, (ﬁreated

An indi cated daﬂiﬂh t he range usual | '
il <> = S
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6. The toner according to Claim 1, having (g) a

ratio G' (160 °C)/G' (190 °C) of 0.6 - 1.8.

7. The toner according to Claim 1, having (g) a

5 ratio G' (160 °C)/G' (190 ©C) of 0.7 ~ 1.5.

8. The toner according to Claim 1, containing a
THF-soluble content which has such a molecular weight
distribution based on a GPC chromatogram as to provide

10 a main peak in a molecular weight region of 3x103 -
4x104_and contain 1.0 -~ 5.0 % (by area on the
chromatogram) of components in a molecular weight
range of_1x105 - 2x105, 1.0 - 5.0 % of components in a
molecular weight range of 2x105 - 5x105, 0.5 - 5.0 %

15 of components in a molecular weight range of 5x105 -
1x105. and 0.2 - 6.0 % of components in a molecular'

weight range of 1x106 or larger.

9. The toner according to Claim 1, wherein the
20 binder and the wax contain a THF-insoluble content of

1 - 40 wt. %.

10. The toner according to Claim 1, having such a
molecular weight distribution based on a GPC
25 chromatogram as to provide a main peak in a molecular
weight region of 3x103 - 4x10% and contain 1.0 - 5.0 %

(by area on the chromatogram) of components in a



used for known indications such as enesis and is typically= T2 e =G |
to about 50 ng, conveniently adm nistered, for example; im glVla doﬁbBEﬂm

to four tines a m “Il"ﬁ“lage formor in sustyiaed iekease 1&@& |
Ll o RN

lmolecular weight range of 1x10° - 2x105, 1.0 - 5.0 %

of components in a molecular weight range of 2x105 -
5x105, 0.5 - 5.0 % of components in a molecular wéight
range of 5x10° - 1x106, and 0.2 - 6.0 % of components
5 in a molecular weight range of 1x106 or larger, and
the toner containing 1 - 40 wt. % of the binder and

the wax as a THF-insoluble content.

11. The toner according to Claimhl, wherein the
10 binder resin includes at least one type of
crosslinkage formed through crosslinking reactions
selected from the group consisting of:
:copolymerization using a polyfunctional vinyl monomer
having two or more.vinyl groups; pblycondensation
15 ‘using monomers, at least one of which is |
polyfunctional; crosslinking between functional groups
of polymer molecules having a functional group via a
reactive compound capable of reacting with the
functional group; reaction between a first polymerxr
20 having a functional group and a second polymer having
a functional group reactive with the functional group
of the first polymer:; crosslinking.by polycondehsation
of addition polymer(s); and crosslinking by addition
polymerization of condensation polymer(s).
25
12. The toner accoxding to Claim 1, wherein the

binder resin includes a first type of crosslinkage



The conpounds of the invention may be adm ni stered by any conventi onal
route, in particular enteraIL¥~_QL§Lgrably orally e—g~-n-the faormof

tabl ets or capsul €s; or parenterally, e.g. in the faqrm of |njectable

sotuttonsor S gl AT i~ —
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formed during production of the binder resin, and a
second type of crosslinkage formed during mixing of
the binder resin with other toner ingredients for

toner production.

13. The toner according to Claim 1, wherein the
binder resin includes a first type of crosslinkage

formed during production of the binder resin, and a

'during melt-kneading of the binder resin with other

toner ingredients for toner production, and a second

type of crosslinkage formed during the melt-kneading

of the binder resin with other toner ingredients for

- toner production.

© .

14. The toner according to_Claim 1, wherein the
binder resin has at least two types of crosslinkages

formed by subjecting a resin having a first type of

crosslinkage through a first crosslinking reaction to

a second crosslinking reaction.

15. The toner according to Claim 1, wherein the

binder resin has been obtained through a first

crosslinking by reacting a resin having an acid grbﬁp

with a reactive compound or polymer, and then a second

crosslinking to provide a crosslinkage via a second

reactive compound or polymer.

-——-_.ﬁ.

BEEN




The present invention also provides pharmaceutical conpositions conprising
t he npounds in association wth at |east one pharnaceutical carrier or

i Tuent o ) O O
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16. The toner according to Claim 1, wherein the
binder resin includes a first type of crosslinkage
formed by a.firét crbééiinking reaction and a second
type of crosslinkage formed by a second crosslinking

5 reaction; |
wherein the first crosslinking reaction is
selected from the group consisting of copolymerization
using a polyfunctional vinyl monomer; polycondensation
using monomers, at least one of which is
10 polyfunctional; crosslinking between functional groups
of polymer molecules having such a functiopal group
via a reactive compound capable of reacting with the
reactive group; reaction between a first polymer
having .a functional group and a second polymer having
15 . a functional group reactive with the functional group
of the first polymer; graft reaction using a
polymerization initiator; crosslinking by
'polfcondensation of addition polymer(s); and
crosslinking by addition polymerization of
20 condensation polymer(s); and
the second crosslinking reaction is selected
from the group consisting of crosslinking between
functional groups of polymer molecules having such a
functional group via a reactive compouhd cabable of
25 reaéting with the reactive group; and reaction between
a first polymer having a functional group and a second

polymer having a functional group reactive with the



treatment of fibronyal gia. Such conpositions may be manufactured in
conventional manner. Unit dosage fornms may contain for exanple from about
0.01 ng to about 25 Ny of—the—eenpound.

A i
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functional group of the first polymer.

17. The toner accoxding to Claim 1, wherein the
binder resin includes a first type of crosslinﬁage
5 formed by a first crosslinking reaction, and a second
type of crosslinkage formed by a second crosslinking
reaction,
wherein the first crosslinking reaction is
. selected from the group consisting of crosslinking -
10 between functional groups of polymer molecules having
such a functional group via a reactive compound
capable of reacting with the reactive group;.and
reaction between a first polymer having a functicnal
group and a second polymer having a functional group -
15 reactive with the functional group of the first
polymer; and |
| the second crosslinking reaction is
crosslinking between functional groﬁps of polymer
molecules having such a functional group via a
20 reactive compound capable of reacting with the

reactive group.

18. The toner'according to Claim 17, wherein the
second crosslinking is effected during melt-kneading
25 of a précursor resin of the binder resin and other

toner ingredients for toner production.



The invention further provides the use of a conpound of the invention for
t he manufacture of a pharmaceutical conposition for the treatnent of

fibromnyal gi a.
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19. The toner according to Claim 1, wherein the

binder resin includes polymer chains having functional

' groups which are bonded via an ester bond, an amide

bond, an imide bond or a carbon-to-carbon bond to form

a crosslinkage.

20. The toner according to Claim 1, wherein the
binder resin includes polymer chains having functional
groups which are bonded via a compound selected from
the group consisting of acids, alcohols, amines,
imines, epoxides, écid anhydrides, ketones, aldehydes,
amides, esters, lactones and lactams to form a |
crosslinkage.

.

21. The toner according to Claim 1, wherein the
binder includes polymer chains having acid groups
which are bonded via a compound selected from the
group consisting of glycidyl compounds, amine
compounds, imine compounds, epoxy compounds,
carboxylic acid compounds, alcohol compounds, metal
salts, metal complexes, and organometallic compounds

to form a crosslinkage.

22. The toner according to Claim 21, wherein the
binder resin include polymer chains having acid groups
bonded via a glycidyl compound and has been formed by

reaction between (i) a glycidyl group-containing



The invention futhernore provi des a nethod for the treatnent of
flbronyalgla |n_a_subLeQL_Ln~need_of such treatnent, whic
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'cbpolymer'inclﬁding glycidyl groﬁp-containing vinyl

monomer units and styrene monomer units, and (ii) an
acid group-containing copolymer including acid group-
containing vinyl monomer units and styrene monomer

units.

23. The foner according to Claim 22, wherein the
glycidyl group-containing copolymer has a weight-

average molecular weight of 4x103 - 105.

24. The toner according to Claim 22, wherein said
glycidyl group-containing monomer is selected from the
group consisting of glycidyl acrylate, glycidyl

methacrylate, B—methYlglycidyl acrylate, B~

methylglycidyl méthécrylate, acryl glycidyl ether, and

allyl glycidyl ether.

25. The toner according to Claim 22, wherein said
glycidyl compound is used in 0.05 - 10 equivalents per

mol of the acid groups.

26. The toner according to Claim 21, wherein said
metal salt or metal complex includes a mono-valent
metal ion selected from the group consisting of Na*,

Li*, k*, cs*, Ag*, Hg' and cu®.

27. The toner according to Claim 21, wherein said
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metal salt or metal complex includes_a divalent metal
ion selected from the group consisting of Be2*, BaZ*,
M92+’ , Hg2+, Sn2+, Pb2+, Mn2+, Fe2+, Ca2+, N12+ and
an2*, |

28. The toner according to Claim 21, wherein said
metal salt or metal complex includes a trivalent metal
ion selected from the group consisting of A13*, sc3*,

Fe3*, v3+, co3*, ce3*, Ni3*, cr3* ana v3*.

29. The toner according to Claim 21, wherein said
metal salt or metal complex includes a tetravalent

metal ion of Tit or Zr4+

30. The toner according to Claim 1, wherein the
binder resin includes a crosslinkage formed by a
crosslinking vinyl monomer having two or more

polymerizable double bonds.

31. The toner according to Claim 30, wherein said
crosslinking vinyl monomer has been used in 0.01 - 5.0

wt. parts per 100 wt. parts of other vinyl monomers.

'32. The toner according to Claim 1, wherein the
wax has such a molecular weight distribution as to
provide a number-average molecular weight (Mn) of 200

- 1200, a weight—average molecular weight (Mw) of 300
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- 3600, and a ratio Mw/Mn of at most 3.

33. The toner according to Claim 1, wherein the

wax has such a molecular weight distribution as to
5 provide a numbei—average molecular weight (Mn) of 250
- 1000, a weight-average molecular weight (Mw) of 350

- 3000, and a ratio Mw/Mn of at most 2.5.

34. The toner according to Claim 1, wherein the

10 wax has a melting point of 70 - 155 ©cC.

35. The tone: according to Claim 1, wherein the
wax has a melting point of 75 - 140 °c.
15 36. The toner'according to Claim 1, wherein the
wax has a melt-viscosity at 160 °C of at most 500

mPa.s.

37. The toner according to Cléim 1, wherein the
20 wax has a melt-viscosity at 140 ©°C of at most 500

mPa.s.
38. The toner according to Claim 1, wherein the
wax is contained in 0.1 - 15 wt. parts per 100 wt.

25  parts of the binder resin.

39. The toner according to Claim 1, wherein the
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wax is contained in 0.5 - 12 wt. parts per 100 wt.

parts of the binder resin.

40. The toner according to Claim 1, which is a
magnetic toner containing a magnetic material as the

colorant.
41. The toner according to Claim 40, wherein the
magnetic material comprise magnetic particles having a

number-average particle size of at most 2 um.

42. The toner according to Claim 40, wherein the

magnetic material has magnetic particles as measured

by application of 7.96x102 kA/m including a coercive
force (Hc) of 1.6 - 23.9 kA/m, a saturation
magnetization (og) of 50 - 200 Amz/kg, and a residual

magnetization (o.) of 2 - 20 Amz/kg.

43. The toner according to Claim 40, wherein the
magnetic toner contains 20 - 200 wt. parts of the

magnetic material per 100 wt. parts of the binder

resin.

44. The toner according to Claim 1, having a

weight-average particle size (D4) of 4 - 10 pm. -

45. The toner according to Claim 1, containing
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silica fine powder externally blended therewith.

46. An imagé forming method, comprising:

(1) a developing step of developing an
electrostatic latent image on an image bearing member
with a toner to form a toner image thereon,

(2) a transfer step of transferring the toner
image fofmed on the image bearing member onto a
recording material wvia or without via an intermediate
transfer member, and

(3) a fixing step of heat-fixing the toner

image transferred to the recording material onto the

‘recording material,

- wherein the toner comprises at least a binder
resin, a wax and a colorant,
and the toner exhibits visco-elastic
properties includiné:
| (a) a storagé modulus G' (160 ©C) of 8.0x102
- 1.2x10% pa at 160 °c, |
(b) a loss modulus G" (160 °C) of 4.0x102 -
6.0x103 Pa at 160 °c,
(c) a loss tangent tans (160 °C) = G" (160
Scy)sG' (160 °C) of 0.1 - 1.5 at 160 °c,
(d) a storage modulus G' (190 Oc) of 6.0x102
- 1.6x10% Pa at 190 °c,
"~ (e) a loss modulus G" (190 °C) of 2.0x102 -
4.0x103 Pa at 190 °c,
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(£) a loss tangent tans (190 °C) = G" (190
Oc)/G' (190 °C) of 0.05 - 1.2 at 190 °c,

(g) G' (160 °c)/G' (190 °C) = 0.5 -'2.0, and

(h) tans (160 °C) > tand (190 °cC).

47. The method according to Claim 46, wherein in
the developing step, the electrostatic latent image
held on the image bearing member is developed with a
layer of a mono-component developer comprising the

10 toner carried in a thickness regulated by a developer
layer thickness regulation means on a developer-
carrying member disposed opposite to the image-bearing
member.

.

15 48. The method according to Claim 47, wherein the
monocomponent developer layerlon the developer-
carrying member is formed in a thickness that is
smaller than a minimum gap between surfaces of the
image-bearing member and the developer-carrying member

20 at a developing region.

49. The method according to Claim 48, wherein in
the developing step, the electrostatic image is
developed under application of a bias voltage to the

25 developer~carrying member.

50. The method according to Claim 49, wherein the
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bias voltage comprises an alternating voltage

superposed with a direct current voltage.

51. The method according to Claim 46, wherein the
image-~bearing member compfises an electrophotographic

photosensitive member.

52. The method according to Claim 51, wherein the

image-bearing member comprises a photoconductor

. selected from the group consisting of amorphous

silicon, organic photoconductor and selenium.

53. The method according to Claim 46, wherein the
image bearing member comprises a photoconductor member
comprises a photoconductor selected from amorphous

silicon and organic photoconductor.

54. The method according to Claim 46, operated at

a process speed of at least 200 mm/sec.

55. The method according to Claim 46, wherein the

toner is a toner according to any of Claims 2 - 45.
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ABSTRACT OF THE DISCLOSURE

A toner exhibiting good fixing performances
even at a high process speed is formed of a binder
resin, a wax and a colorant. The toner is especially

5 characterized b¥ visco-elastic properties including:
(a) a storage modulus G' (160 °C) of 8.0x102 - 1.2x10%
Pa at 160 °C, (b) a loss modulus G" (160 °C) of |
4.0x102 - 6.0x103 Pa at 160 °C, (c) a loss tangent tané
(160 °c) = 6" (160 °C)/G' (160 °C) of 0.1 - 1.5 at 160

10 Oc, (4) a storage modulus G' (190 Oc) of 6.0x102 -
1.6x10%4 Pa at 190 °C, (e) a loss modulus G" (190 °C)
of 2.0x102 - 4.0x103 Pa at 190 °C, (£f) a yloss tangent
tand (190 °C) = G" (190 °C)/G' (190 °C) of 0.05 - 1.2
at 190 °c, (g) G' (160 °C)/G' (190 °C) = 0.5 - 2.0,

15 and (h) tans (160 °C) > tans (190 oc).
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TONER AND IMAGE FORMING METHOD

ABSTRACT OF THE DISCLOSURE

A toner exhibiting good fixing performances
even at a high process speed is formed of a binder
resin, a wax and a colorant. The toner is especially
characterized by visco—elasticlproperties including:
(a) a storage modulus G' (160 °C) of 8.0x10% - 1.2x10%
Pa at 160 °C, (b) a loss modulus G" (160 9C) of
4.0x10% - 6.0x103 Pa at 160 °C, (c) a loss tangent tand
(160 °c) = 6" (160 °C)/G' (160 °C) of 0.1 - 1.5 at 160
©c, (d) a storage modulus G' (190 °C) of 6.0x10% -
1.6x10% Pa at 190 °C, (e) a loss modulus G" (190 °C)
of 2.0x10% - 4.0x103 Pa at 190 °c, (£) a yloss tangent
tans (190 °c) = G" (190 ©°C)/G' (190 °C) of 0.05 - 1.2
at 190 °c, (g) G6' (160 9c)/G' (190 °C) = 0.5 - 2.0,
and (h) tané (160 °C) > tané (190 °C).

'No figure suggested
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WHAT IS CLAIMED IS:
1. A toner comprising: at least a binder resin,

a wax and a colorant,

wherein the toner exhibits visco-elastic
properties including:

(a) a storage modulus G' (160 °C) of 8.0x102
- 1.2x10% pa at 160 °c, |

(b) a loss modulus G" (160 °C) of 4.0x10% -
6.0x103 Pa at 160 °c,

(c) a loss tangent tané (160 ©C) = G" (160
Oc)/G' (160 °C) of 0.1 - 1.5 at 160 °c,

(d) a storage modulus G' (190 °C) of 6.0x102
- 1.0x10* Pa at 190 °c,- -

(e) a loss modulus G" (190 °C) of 2.0x102 -

- 4.0x103 Pa at 190 °c,

(f) a loss tangent tans (190 ©C) = G" (190

~ 9¢)/G' (190 °C) of 0.05 - 1.2 at 190 °c,

(g) G' (160 °Cc)/G* (190 °Cc) = 0.5 - 2.0, and
(h) tané (160 °C) > tans (190 °C).

2. The toner according to Claim 1, having (a) a
storage modulus G' (160 °C) of 1.0x103 - 1.0x10% Pa at
160 °c,

(b) a loss modulus G" (160 °Ci of 5.0x102 -
5.0x103 Pa at 160 °C, and

(c) a loss tangent tand (160 °C) = G" (160
Oc)/G6' (160 °C) of 0.1 - 1.0 at 160 ©cC.
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6. The toner according to Claim 1, having (g) a
ratio G' (160 °C)/G' (190 °C) of 0.6 - 1.8.

7. The toner according to Claim 1, having (g) a

ratio G' (160 °C)/G' (190 °C) of 0.7 - 1.5.

8. The toner according to Claim 1, containigg a
THF-soluble content which has such a molecular weight
distribution based on a GPC chromatogram as to provide
a main peak in a molecular weight region of 3x103 -
4x10% and’ contain 1.0 - 5.0 % (by area on the
chromatogram) of components in a molecular weight
range of 1x105'- 2x105, 1.0 -~ 5.0 % of components in a
molecular weight range of 2x10° - 5x105, 0.5 - 5.0 %
of‘pbmponenfs in a molecular weight range. of 5x105 -
1x105, and 0.2 - 6.0 % of components in a molecular

weight range of leo6 or larger.

9. The toner according to Claim 1, wherein the
binder and the wax contain a THF-insgluble content of

1 - th. %.

10. The toher according to Claim 1, having such a
molecular weight distribution based on a GPC
chromatogram as to provide a main peak in a molecular
weight.region of 3x103 -'4x104 and contain 1.0 - 5.0 %

(by area on the chromatogram) of components in a
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molecular weight range of 1x10° - 2x105, 1.0 - 5.0 %
of components in a molecular weight range of 2x10° -
5x105, 0.5 - 5.0 % of components in a molecular wéight
range of 5x105 - lx106, and 0.2 - 6.0 % of components
in a molecular weight range of 1x106 or larger, and
the toner containing 1 - 50 wt. % of the binder and

the wax as a THF-insoluble_content,

11. The toner according to Claim-l, wherein the
binder resin includes at least one type of
crosslinkége formed through crosslinking reactions
selected from the group ;onsisting of:.
.copolymerizatipn using a polyfuﬁctional vinyl monomer
having two or more vinyl groups; polycondensation
using monomers, at least one of which is

polyfunctional; crosslinking between fuhctional groups

- of polymer molecules having a functional group via a

reactive compound capable of reacting with the
functional group; reaction between a first polymer
having a functional group and a second polymer having
a functional group reactive with the functional group
of the first polymer; crosslinking by polycondensation
of addition polymer(s); and crosslinking by addition

polymerization of condensation polymer(s).

12. The toner according to Claim 1, wherein the

binder resin includes a first type of crosslinkage
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formed during production of the binder resin, and a

second type of crosslinkage formed during melt-

‘kneading of the binder resin with other toner

ingredients for toner production.

13. The toner accérding to Claim 1, wherein the
binder resin includes a first type of crosslinkage
formed during production of the binder resin, and a
during melt-kneading of the binder résin with other
toner ingredients for toner production, and a second
type of crosslinkage fofmed during tﬁe melt-kneading
of the binder resin with other toner ingredients for

toner production.

14. The toner according to Claim 1, wherein the
binder resin has_at ieast fwo types of crosslinkages
formed by subjgcting a resin having a first type of
crosslinkage through a first crosslinking reaction to

a second crosslinking-reaction.

15. The toner according to Claim 1, wherein the
binder resin has been obtained through a first
crosslinking by reacting a resin having an acid group
with a reactive compound or polymer, and then a second
crosslinking to provide a crosslinkage via a second

reactive compound or polymer.
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copolymer including glycidyl group-containing vinyl
monomer units and styrene monomer units, and (ii) an
acid group~containing copolymer including acid group-
containing vinyl monomer units and styrene monomer

units.

23. The toner according to Claim 22, wherein the
glycidyl group-containing copolymer has a weight-

average molecular weight of 4x103 - 105.

24. The toner according to Claim 22, wherein said
glycidyl group4containing monomer is selected from the
group consisting of glycidyl acrylate, glycidyl
methacrylate, ﬁ~methylglycidyl_acrylate, B—
methylglycidyl methacrylate, allyl glycidyl ether, and

allyl R-methylglycidyl ether.

25. The toner according to Claim 21, wherein said
glycidyl compound is used in 0.05 - 10 equivalents per

mol of the acid groups.

26. The toner according to Claim 21, wherein said
metal salt or metal complex includes a mono-valent
metal ion selected from the group consisting of Na®t,

Li*, x*, cs*t, Ag*, Hg+ and Cu®.

27. The toner according to Claim 21, wherein said
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metal salt or metal complex includes a divalent metal
ion selected from the group consisting of Be2+, Ba2+,

Mg**, Ca®, Hg**, Sn*, Pb**, Mn**, Fe*, Ce®, Ni®*" and Zn¥.

28. The toner according to Claim 21, wherein said
metal_salt or metal complex includes a trivalent metal
ion selected from the group consisting of A13%, sc3*,

Fedt, v3+, co3*, ce3*, Ni3*, cr3* ana v3*.

29. The toner according to Claim 21, wherein said
metal salt or ﬁetal complexninCIudes a tetravalent

metal ion of Ti* or zrdt.

30. The toner according to Claim 1, wherein the
binder resin includes a crosslinkage formed by a
crosslinking vinyl monomer having two or more

polymerizable double bonds.

31. The toner according to Claim 30, wherein said
crosslinking vinyl monomer has been used in 0.01 - 5.0

wt.,parté per 100 wt. parts of other vinyl monomers.

32. The toner according to Claim 1, wherein the
wax has such a molecular weight distribution as to
provide a number-average molecular weight (Mn) of 200

- 1200, a weight-average molecular weight (Mw) of 300
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bias voltage comprises an alternating voltage

superposed with a direct current voltage.

51. The method according to Claim 46, wherein the
image-bearing member comprises an electrophotographic

photosensitive member.

52. The method according to Claim 51, wherein the
image-bearing member comprises a photoconductor
selected from the group consisting of amorphous

silicon, Organic'photoconductor and selenium.

53. The method according to Claim 46, wherein the

image bearing member comprises a photoconductor selected

from amorphous silicon and organic photoconductor.

54. The method according to Claim 46, operated at

a process speed of at least 200 mm/sec.

55. - The method according to Claim 46, wherein the

toner is a toner according to any of Claims 2 - 45,
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TONER AND IMAGE FORMING METHOD

ABSTRACT OF THE DISCLOSURE

A toner exhibiting good fixing performances
even at a high pfocess speed is formed of a binder
resin, a wax and a cblorant. The toner is especially
characterized by visco-elastic properties including:
(a) a storage modulus G' (160 9C) of 8.0x102 - 1.2x10%
Pa at 160 °C, (b) a loss modulus G" (160 °C) of
4.0x102 - 6.0x103 Pa at 160 °C, (c) a loss tangent tans
(160 °C) = G" (160 °C)/G' (160 °C) of 0.1 - 1.5 at 160
Oc, (d) a storage modulus G' (190 °C) of 6.0x102 -
1.0x10* Pa at 190 °C, (e) a loss modulus G" (190 ©cC)
of 2.0x102 - 4.0x103 Pa at 190 9C, (£) a yloss tangent
tans (190 ©C) = G" (190 ©C)/G' (190-°C) of 0.05 - 1.2
at 190 °¢c, (g) G' (160 °c)/G' (190 °C) = 0.5 - 2.0,
and (h) tans (160 °C) > tans (190 °c).

‘No figure suggested



