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@ Toner for develofqlng electrostatic image and fixing method.

@ A toner for developing an electrostatic image is constituted by a binder resin and a colorant The binder resin
_is characterized by containing at least 20 wt. % of an extraction residue after 8 hours of extraction and below 20
wt. % of an extraction residue after 72 hours of extraction respectively by Soxhlet exiraction with tetrahydrofuran.
The toner shows a dynamic modulus “and a loss modulus, respectively at 200 °C and 0.1 Hz, which are-
“substantially unchanging with time. The properties provide the toner with a harmonization of antu-offset
characteristic and fixability as well as stable vuscoelastuclty under heating. '

EP 0 488 360 A1

ey
s

o 2
A 0

Rank Xerox (UK) Business Services . ©  §




60423 5~ 1
materi a# by various neans, then the latent inage is devel oped VQ h a toner,
ﬁgd the: resul t.ant toner inmage is,, after being transferred ont b AV er

terial such'as paper etc., as des-iE?’ede:isﬁ% by heating, pressing, or
heating and pressing, or with solvent vapor to obtain a copy. As for the
step of fixing the toner inmage onto a sheet material such as paper which is
the final step in the above pri@cess, variousl2net hods and apparatus have

been devel oped, of which the—Rgst popul ar ofife is a heating and pressing
fixation system using hot @ . eyt i ng and pressing system a
sheet - 2- : :

This Sheet Has Been Replaced

2 o [ THIS SHEET HAS.BEEN

REPLACED



cartyind a toner inmage to be fixed (hereinafter calledfixation sheet™) is
passed t hrough hot rollers, while a surface of a hot roIII},grShgg@ms@ge 1aced
rel easability with the toner is caugp@ 4s8 3g@Ryact the ton

of the fixation sheet under pressure, to fix the toner wﬁml
met hod, as the hot roller surface and the toner inmage on

cont act eaGHELDIOFETHEUNVENTIGN ANB SELATED ARTVery good heat efficiency |s
attained for melt-frxing the toner Tnage onto the fixation sheet to afford
qui ck fi xati OThe mesedthiatentiongelates kvoal taner foe tavelepifige elbdtrestaticrimagel i ugéy- mpmegb forming
el ect r ophotmethodsy Isuch @soggatmghotoarephy e . electrostatic printing, rpadiculdily veetpeer  sudablediorehot iretierg e
in a nel ¢ edixatiomiaed 4 fixinganethed using sudne Weer. a hot rol |l er surface under pressure,
so t hat t her etitherio (s largeenimiers of elediiophdtographic:progesseso have dieen Haawng iqg[ggiye of thosee

t oner i nag@lsplgsegth é@q@gtemddogrw;ﬁ@r 13£686.863; and 4,071,361. In these processes, in general, an
electrostatic latent image is formed on a photosensitive member comprising a photoconductive material by

various means, then the latent image is developed with a toner, and the resultant toner image is, after being

10 transferred onto a transfer material such as paper etc., as desired, fi xed by heating, pressing, or heatirg
and pressing, or with solvent vapor to obtain a copy.

As for the step of fixing the toner image onto a sheet material such as paper which is the final step in
the above process, various methods and apparatus have been developed, of which the most popular one is
a heating and pressing fixation system using hot rollers.

15 In the heating and pressing system, a sheet carrying a toner image to be fixed (hereinafter called
"fixation sheet") is passed through hot rollers, while a surface of a hot roller having a releasability with the
toner is caused to contact the toner image surface of the fixation sheet under pressure, to fix the toner
image. In this method, as the hot roller surface and the toner image on the fixation sheet contact each other
under a pressure, a very good heat efficiency is attained for melt-fixing the toner image onto the fixation

20 sheet to afford quick fixation, so that the method is very effective in a high-speed electrophotographic
copying machine. In this method, however, a toner image in 2 melted state is caused to contact a hot roller
surface under pressure, so that there is observed a so-called offset phenomenon that a part of the toner
image is attached and transferred to the hot roller surface and then transferred back to the fixation sheet to
stain the fixation sheet. It has been regarded as one of the important conditions in the hot roller fixation

25 system to prevent the toner from sticking to the hot roller surface.

In order to prevent a toner from sticking onto a fixing roller surface, it has been conventionally practiced
to compose the roller surface of a material showing excellent releasability against the toner (e.g., silicone
rubber or fluorine-containing resin) and further coating the surface with a film of a liquid showing a good
releasability such as silicone oil so as to prevent offset and fatigue of the roller surface. This method is very

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

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

35 also practiced to add a was, such as low-molecular weight polyethylene or low-molecular weight poly-
propylene. The use of wax is effective in prevention of offset but on the other hand is liable to provide the
toner with an increased agglomeratability, an unstable chargeability and a deterioration in durability.
Therefore, various proposals have been made for improving the binder resin.

For example, it is known to increase the glass transition temperature (Tg) and the molecular weight of a

40 toner binder resin so as to improve the molten characteristic of the toner for the purpose of offset
prevention.

Japanese Patent Publication (JP-B) 51-23354 has proposed a moderately crosslinked vinyl polymer by
addition of a crosslinking agent and a molecular weight controller, and JP-B 55-6805 has proposed a toner
composed from an a,g8-ethylenically unsaturated monomer and having a board molecular weight distribution

45 represented by a weight-average molecular weight/number-average molecular weight ratio of 3.5 - 40. It has
been also proposed to use a resin blend including a vinyl copolymer having specified Tg, molecular weight
and gel content.

The toners by these proposals actually provide a fixable temperature range (defmed as a difference
between the offset-initiation temperature and the lowest fixable temperature) which is wider than that of a

s0 toner comprising a single resin having a narrow molecular weight distribution.

A toner obtained by crosslinking a polyester resin in place of vinyl resins as described above and
adding an offset-preventing agent has also been proposed (JP-A 57-208559).

Further, JP-A 58-116043 has proposed a toner using a resin which is obtained by polymerizing a vmyl
monomer in the presence of a reactive polyester resin to cause crosslinking, addition and grafting during

55 the polymerization, thus providing a resin having an increased molecular weight.

JP-A 60-123850 has proposed a toner using a resin obtained by simply blending a polyester resin with
two types of vinyi resins having a gel content of at least 20 % and a gel content of below 10 %. The toner
shows a satisfactory fixability but the offset-preventing characteristic is insufficient. If the content of the vinyl
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It has been proposed to react a vinyl polymer having a carboxyl group with a metal compound to cause
crosslinking by JP-A 57-178249, JP-A 57-178250, etc. It has been proposed to react a vinyl resin
comprising a vinyl monomer and a special half ester compound with a polyvalent metal compound to cause
crosslinking by JP-A 61-110155, JP-A 61-110158, efc. Further, JP-A 63-214760, JP-A 63-217362, JP-A 63--
217363, etc., have proposed to form a resin having a molecular weight distribution separated into two
portions, i.e., a portion having a low molecular weight and a portion having a high molecular weight so that
the low molecular weight portion is caused to contain a special half ester compound having a carboxyl
group which is reacted with a polyvalent metal ion. However, at present, any of the above methods has not
succeeded in satisfying various properties required of a toner, particularly anti-offset characteristic required
in a high-speed machine.

In order to solve the above-mentioned problems, our research group has proposed the use of a special
resin which has been prepared by adding a low-molecular weight resin during suspension polymerization
(JP-A 63-223662). Even a toner prepared according to this proposal cannot show a sufficient fixability when
used in a high-speed copying machine operated at a high speed of 80 or more A4-size sheets/minute and
is found to cause a toner flowout through a cleaning member abutted to the fixing roller, thus being liable to
stain the transfer material such as paper.

in a high-speed machine exceeding 80 sheets/min, even if an offset amount per sheet is very slight, a
considerable amount of offset residue can be accumulated on the fixing roller due to a large number of
sheets passing therethrough, so that the fixing apparatus can cause a trouble thereby. In order to remove
the slight amount of offset residue, a fixer cleaning member such as a silicone rubber-made cleaning roller
or a web is disposed abutting to the fixing roller. A conventional toner binder resin has been designed so as
to provide a low-temperature fixability and an anti-offset characteristic and has not been desired so as to
provide a high melt-viscosity even at as high a temperature as exceeding 200 °C. Further, the toner material
attached to the fixer cleaning member remains for a long period at a set temperature of the fixing roller to
cause a lowering in melt viscosity. As a result, when the fixing roller temperature exceeds 200 °C due to
overshooting in excess of the set temperature thereof, e.g., at the time of turning on the copying apparatus,
the attached foner material causes a remarkable decrease in melt viscosity and is thus re-transferred to the
fixing roller to stain the toner image-receiving sheet.

SUMMARY OF THE INVENTION

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

A more specific object of the present invention is to provide a toner and a fixing method free from toner
flowout from a cleaning member for a fixer such as a fixing roller.

Another object of the present invention is to provide a toner and a fixing method showing sufficient anti-
offset characteristic without impairing the fixability.

Anocther object of the present invention is to provide a toner and a fixing method showing excellent

' performances in successive copying on a large number of sheets.

According to the present invention, there is provided a toner for developing an electrostatuc image,
comprising: a binder resin and a colorant, wherein the binder resin contains at least 20 wt. % of an
extraction residue after 6 hours of extraction and below 20 wt. % of an extraction residue after 72 hours of
extraction respectively by Soxhlet extraction with tetrahydrofuran (THF), and the toner shows a dynamic
modulus and a loss modulus, respectively at 200 °C and 0.1 Hz, which are substantially unchanging with
time.

According to another aspect of the present invention, there is provided a fixmg method comprising:

feeding a toner-receiving material carrying a toner image on a surface thereof, the toner comprising a
binder resin and a colorant, wherein the binder resin contains at least 20 wt. % of an extraction residue after
6 hours of extraction and below 20 wt. % of an extraction residue after 72 hours of extraction respectively
by Soxhlet extraction with tetrahydrofuran (THF), and the toner shows a dynamic modulus and a loss
modulus, respectively at 200 *C and 0.1 Hz, which are substantially unchanging with time;

passing the toner-receiving material carrying the toner image between a heated fixing roller and a
pressing roller to fix the toner image under heatmg and pressmg ‘onto the surface of the toner-recsiving
material; and

4 - | THIS SHEET HAS BEEN
: REPLACED




to ‘prevent offset and fatigue of the roller surface. This nethod is ver d
effective for preventing offset but requires a device for* © o _
of fset- preventing liquid, thus re [ | onpl i cation ﬂ
apparatus. Therefore, it is not nei@séﬁ?éﬁ]ﬁési rable to p

by supplying anh offset- preventing liquid, but a toner having a broad fixing
tenperature rgng E( %8 4uﬂ£€edntﬁa@ﬂ£dung%é€§@? characteristic is rather
desired at pr % ob}e&s StedtiES 5 admmeés helpPosbrt Mvbrlin Al bELdRe nitrd dhparnt

i ncreased &h6ASH aérétfoa( of thb faﬁﬁ.né)esganﬁ 5 8f 16 ProtdnB® SmbAAInkAR & tHPSreseRttiffdntdon

| ow- ol ecykdin Wsnjulittion R & bdd¥hSiGinddrakifgd: NOI ecul ar wei ght pol ypropyl ene.
The use pf wax is effective in prevention of offset but on the other hand

is |iable saEepbpegcrIETIORDF EDRAWINGS an | ncreased aggl oneratability,

Figure 1 is a schematic illustration of an apparatus for practicing the fixing method of the present'
invention.
10 Figure 2 is an illustration of a Soxhlet's extractor for practicing the Soxhlet extraction.

DETAILED DESCRIPTION OF THE INVENTION

“The Soxhlet extraction residue with THF in the present invention is a polymer or resin component,

15 which cannot be readily extractable with THF or is insoluble in THF, in a toner binder resin and corresponds

fo an ultra-high molecular weight resin component and a highly crosslinked resin component in the binder
resin. '

A resin component has a smaller solubility in THF if it has a larger molecular weight. An ulira-high
molecular weight resin component is not extracted with THF in a short time and cannot be fully extracted in

20 6 hours by Soxhlet extraction.

In the Soxhlet extraction, the extract passes through the filter mesh, but an ultra-high molecular weight -
molecule requires a long time in passing the filter and also hinders passing of another ultra-high molecular
weight molecule, so that it causes a delay of extraction.

On the other hand, a highly crosslinked molecule is not readily dissolved due to its steric hindrance

25 and, even if dissolved, takes a long time to pass the filter and also hinders the passing of another molecule.
It also fails to pass the filter in some cases.
. Further, a highly crosslinked molecule, if it has a high molecular weight, can no longer be dissolved in
THF but constitutes a gel content with respect to THF.
. Thus, the Soxhlet exiraction may be regarded as a measure of mobility of polymer molecules in a
30 solvent. If the content of a resin component having a large mobility is increased, the extraction may be
performed in a short time to leave a smaller extraction residue. Reversely, if the content of a resin
component having a small mobility is increased, the extraction time becomes long. A resin component
having an even smaller mobility cannot be extracted.

The molecular mobility in a solvent can be correlated with a molecular mobility under a thermally

35 molten state. Thus, the magnitude of mobility in a solvent may be regarded as corresponding to the
magmtude of mobility in a thermally molten state.

- A large mobility in a molten state leads to easy melt-deformation of the toner, thus causing a difficulty
in offset prevention. If the mobility is decreased to some extent, the melt-deformation of toner is suppressed
so that offset can be prevented but it is difficult to prevent toner flowout from a cleaning member for a fixing

40 roller. By further decreasing the mobility, the toner flowout can be effectively prevented. if the mobility is
excessively lowered, the meit-deformation characteristic of the toner is impaired to hinder the toner fixation.

When the 8 hour-extraction residue is 20 wt. % or more, the toner is provided with a mobility capable of
proventing the toner flowout from a fixing roller cleaning member.

In case where the 6 hour-extraction residue of a toner is substantially less than 20 wt. %, e.g., less than

45 1 wt. %, sufficient anti-offset characteristic cannot be attained. When the extraction residue in the range of
from 1.0 wt. % to below 20 wt. %, anti-offset characteristic may be attained but it is difficult to prevent the
toner flowout from a fixer cleaning member.

When the extraction residue after 72 hours of extraction is less than 20 wt. %, the toner flowout from a
fixer cleaning member can be prevented without impairing the fixability. When the 72 hour-exiraction

~ 60 residue as well as the 6 hour-extraction residue is 20 wt. % or mors, the toner flowout can be prevented but
the toner fixability is also impaired.

in order to satisfy the anti-offset characteristic and the fixability in combination, the 6 hour-extractlon
residue may will be 20 - 80 wt. %, preferably 25 - 70 wt. %, and the 72 hour-extraction residus is less than
15 wt. %.

s5 It is also preferred that the toner binder resin contains more than 5 wt. % of a THF-solution flltenng
residue as measured in the following manner.
- A toner and THF are mixed with each other so as to provide a toner concentratuon of a about 5 mg/mi,
and the mixture is left standing for several hours (e.g., about 5 - 6 hours) at room temperature. Then, the

5 - . *THIS SHEET HAS BEEN
- REPLACED




an ‘unstabl e chargeability and a deterioration in durabilit yhis SikeerHs Been Replaced
various proposals have been made for inproving the binder
exanple, it is known to increase the glass transition tenpefglmmwlu

t he nol ecul ar wei ght of a toner bER@®I88368AM so as to inprov
characteristic of the toner for the purpose of offset prevention. Japanese
Pat ent Publication (JP-B) 51-23354 has oposed a noderately crosslinked
vinyl polmiwe iggufiiciently shaked 4 2l ofghe 5’"?! oprs I?F‘ﬁ on, futhgr left -3t “gh ﬁi;:_l ar
wei ght cdr8IhPs (e.gu?d howsipindbs isignge eastl%l‘ '6‘§'ét',?° fhe sample wi to the

completion of the standing in THF is taken for at urs (e. g ours) Thereafter, the mixture
is caused to pass through a sample treating filter having a pore size of 0.45 - 0.5 micron (e.g.,

5 "Maishoridisk H-25-5", available from Toso K.K.; and "Ekikurodisk 25CR" available from German Science
Japan K.K.) to recover a filtering residue on the filter. It is preferred that the THF-filtering residue thus
measured constitutes more than 5 wt. % of the bmder tesin so as to effectively prevent the toner flowout
from the fixer cleaning member.

In case where a large-mobility component giving a good fixability and a small-mobility component

10 giving a good anti-offset characteristic are contained in a good balance, it is possible that the 6 hour-
extraction residue is two times the 72 hour-extraction residue or more, whereby it becomes possible to
effectively satisfy the fixability and the anti-offset characteristic in combination. In order to provide the toner
with an appropriate mobility, it is further preferred that the 6 hour-extraction residue is 2 - 30 times the 72
hour-extraction residue.

5 In case where the ratio is below two, the component having a large mobility is liable to be insufficient,
thus tending to lower the toner fixability. In case where the ratio exceeds 30, the component having a small
mobility is liable to be insufficient, thus tending to provide a somewhat inferior effect. of preventing the toner
flowout from a fixer clearing member in some cases.

A resin component extractable in a short time contains a large proportion of a component effectlve for

20 fixation, and a resin component requiring a long time for exiraction contains a large proportion of
component effective for preventing offset and the toner flowout.

The residual component is very effective for preventing the toner flowout but can impair the toner
fixation it it is contained in a large proportion.
As described above, a resin component exiractable in a short time has a low degres of crosslinking or a

25 low molecular weight. A resin component extractable in a long time has a low degree of crosslinking
although it may have an ultra-high molecular weight. Further, a non-extractable component is a highly
crosslinked component.

A resin component having an ulira-high molecular weight and a relatively low crosslinking degree can
: provide a toner with a melt characteristic resisting the offset and the toner flowout. It is not advantageous

30 however to provide a toner with an unnecessarily high elasticity to hinder the fixation. The toner binder resin

. according to the present invention is considered to provide a toner with an elasticity because of
entanglement of molecular chains and a little crosslinkage, thus showing a soft elasticity.

Accordingly, the binder resin shows an elasticity necessary for preventing the toner flowout at a high
temperature. Further, even at a relatively low temperature, the binder resin retains a soft elasticity and does

35 not hinder the toner deformation, thus providing a good fixability. .

It is very difficult to obtain such a resin composition having an ultra-high molecular weight and a
relatively low crosslinking degree only by polymerization. if it is tried to obtain such a component only
through polymerization, a highly crosslinked component is produced.

A highly crosslinked component has an unnecessarily high elasticity than is required of resisting the

40 toner flowout. Thus, such a highly crosslinked component is considered to show a hard elasticity and shows
a strong elasticity at a relatively low temperature, thus hindering the toner deformation to cause an ill effect
to fixation.

The toner binder resin according to the present invention is characterized in that a high molecular
weight component therein shows a mobility which does not substantially change with time when held at a

45 high temperature. This is represented by a factor that the toner has a dynamic modulus and a loss modulus
‘as measured at 200 °C and 0.1 Hz which are substantially unchanging with time, more specifically that the
modulic measured after holding at 200 °C are below two times, preferably 0.5 to below 2 times, further
preferably 0.8 - 1.8 times, those before the holding. ' '

_ The mobility change with time of the toner binder resin attached to the fixer cleaning member lads to

so the following difficulties. If the change rate exceeds 2, the toner material attached to the fixer cleaning -
member or a thermistor contacting the fixing roller is caused to have an excessively high viscoelasticity and
a small mobility and is very ngld thus damaging the fixing roller or hindering effective cleaning of the fixing
roller.

On the other hand, if the change rate is below 0.5, the viscoelasticity is excessively lost and results ina

55 toner material having a large mobility and being soft, thus tending to cause image staining due to toner.
flowout from the fixer cleaning member.

It is preferred that the toner shows a dynamic modulus of 1x10% - 1x105 dyn/cm? and a loss modulus of

1x102 - 5x10* dyn/cm? and the dynamic modulus is larger than the loss modulus, so that the toner shows a
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In case where the toner has a dynamic modulus exceeding 1x10° dyn/cm? and a loss modulus
exceeding 5x10* dyn/cm?, the fixation characteristic is adversely affected.

The characteristic resin component constituting the binder resin used in the present invention may for

10 example be prepared in the following manner.

A polymer having a functional group, such as a carboxyl group or hydroxyl group, and comprlsmg a
crosslinked high-molecular weight component is melt-kneaded together with a compound, e.g., a metal
containing compound, reactive with the functional group of the polymer under the action of a shearing force.
At this time, the crosslinked high-molecular weight component of the polymer is severed and re-crosslinked

15 to obtain an ultra-high-molecular weight resin component. Further, the mobility of the toner can be
moderated by appropriately utilizing the entanglement of polymer chains in the molten state, crosslinkage,
and interactions between functional groups and between a functional group and a polar group in the internal
additives.

It is possible to effect the above process durmg toner production. For this purpose, the above-

20 mentioned polymer and the compound may be melt-kneaded together with other additives such as another
resin,a magnetic material and a colorant.

The extraction residue according to Soxhlet extraction referred to herein may be measured in the
following manner.

About 0.5 g of a resinous sample is weighed and placed in a cylindrical filter paper (e.g., "No. 86R"

25 having a size of 28 mm-dia. x 100 mm-H, available from Toyo Roshi K.K.) and then subjected to exiraction
with 200 ml of solvent THF (tetrahydrofuran) in a Soxhlet's extractor. The extraction is performed for &
hours and 72 hours separately. At this time, the reflux rate is controlled so that each THF extraction cycle
takes about 4 - 5 minutes. After the extraction, the cylindrical filter paper is taken out and sufficiently dried
to weigh the extraction residue. The extraction residue content (wt.%) may be calculated as: (W2/W1) x 100,

30 wherein Wy denotes the weight of the resin content in the original sample, and W. denotes the weight of
the resin content in the extraction residue. For example, in case where the resinous sample is a magnetic
toner, the weight Wy is obtained by subtracting the weight of the THF-insoluble content such as the
magnetic material and the pigment from the total sample toner weight, and the weight W is obtained by
subtracting the weight of the THF-insoluble content such as the magnetic material and the pigment from the

35 weight of the extraction residue.

An example of the Soxhlet's extractor is shown in Figure 2. In operation, THF 14 contained in a vessel
15 is vaporized under heating by a heater 22, and the vaporized THF is caused to pass through a pipe 21
and guided to a cooler 18 which is always cooled with cooling water 19. The THF cooled in the cooler 18 is
liquefied and stored in a reservoir part containing a cylindrical filter paper 16. Then, when the level of THF

40 exceeds that in a middle pipe 17, the THF is discharged from the reservoir 17, the THF is discharged from
the reservoir part to the vessel 15 through the pipe 17. During. the operation, the toner or resin in the
cylindrical filter paper is subjected to extraction with the thus circulating THF.

Crosslinking with a metal has been proposed heretofore. A principal component of a binder resin of a
toner generally has a molecular weight of at most about 105. Crosslinking of a resin component having such

45 a molecular weight does not provide a characteristic resin component contained in the toner according to
the present invention. A toner using such a crosslinked resin’ component may show an anti-offset
characteristic but cannot show an effect of preventing toner flowout from the fixer cleaning member or
results in a noticeable change with time.

The binder resin used in the present invention may preferably comprise a vinyl polymer, a polyester or

50 a graft-copolymer of an unsaturated polyester and a vinyl monomer which contains a high molecular weight
component having a molecular weight exceeding 105 and/or a crosslinked high molecular weight compo-
nent, has an acid value and has been obtained through a process such as bulk polymerization, solution
polymerization, emulsion polymerization, block copolymerization or graft copolymerization.

It is also preferred that the crosslinked high-molecular weight component comprises a polymer

s6 containing a component insoluble in a solvent (i.e., a gel content). The gel content may preferably be

. contained in a proportion of 10 - 60 wt. %. The gel content may also be measured according to the above-
described Soxhlet extraction method as a 8 hour-extraction residue since the gel content shows little
change with time of extraction. '
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proposed (JP-A 57-208559). Further, JP-A 56-116043 has pr opcEhisSheet HesResn Replaced .
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grafting during the polynerization roviding a resin having an
I ncreased nol ecul ar weight.. JP-A 60- 123850 has proposed a toner using a
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crosslinkage and hardness, thus resulting in damage of the fixing roller or failure in cleaning function of the
5 fixing roller cleaning member.
It is also possible to mix the above polymer or polymer composition with another vinyl polymer,
polyester, polyurethane, epoxy resin, polyvinyl butyral, rosin, modified rosin, terpene resin, phenolic resin,
aliphatic or alicyclic hydrocarbon resin, aromatic petroleum resin, halo-paraffin and paraffin wax.
in case where the binder resin constituting the toner according to the present invention comprises a
10 vinyl polymer, a vinyl copolymer or a mixture of these, examples of the vinyl monomer providing the binder
- resin may include: styrene; styrene derivatives, such as o-methylstyrene, m-methyistyrene, p-methyl-
styrene, p-methoxystyrene, p-phenyistyrene, p-chlorostyrene, 3,4-dichiorostyrene, p-ethyistyrens, 2,4-
dimethylstyrene, p-n-butylistyrene, p-tert-butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene,
p-n-decylstyrene, and p-n-dodecylstyrene; ethylenically unsaturated monoolefins, such as ethylene, pro-
15 pylene, butylene, and isobutylene; unsaturated polyenes, such as butadiene; halogenated vinyls, such as
viny! chloride, vinylidene chloride, vinyl bromide, and vinyl fluoride; vinyl esters, such as vinyl acetate, vinyl
propionate, and vinyl benzoate; methacrylates, such as methyl methacrylats, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl methacrylate, n-octyl methacrylate, dodecyl methacrylate, 2-
ethylhexyl methacrylate, stearyl methacrylate, phenyl methacrylate, dimethylaminoethyl methacrylate, and
20 diethylaminoethyl methacrylate; acrylates, such as methyl acrylate, ethyl acrylate, n-butyl acrylate, isobuty!
acrylate, propyl acrylate, n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl acrylate, stearyl acrylate, 2-
chloroethy! acrylate, and phenyl acrylate, vinyl ethers, such as vinyl methyl ether, vinyl ethyl ether, and
vinyl isobutyl ether; vinyl ketones, such as vinyl methyl ketone, vinyl hexyl ketone, and methyl isopropeny!
ketone; N-vinyl compounds, such as N-vinylpyrrole, N-vinylcarbazole, N-vinylindole, and N-vinyl pyr-
25 rolidone; vinylnaphthalenes; acrylic acid derivatives or methacrylic acid derivatives, such as acrylonitrile,
methacryronitrile, and acrylamide; the esters of the above-mentioned a,8-unsaturated acids and the diesters
of the above-mentioned dibasic acids. These vinyl monomers may be used singly or in combination of two
or more species.
Among these, a combination of monomers providing styrense-type copolymers and styrene-acrylic type
30 copolymers may be particularly preferred.

It is possible to provide the vinyl polymer used in the present invention with an acid value by
incorporating therein a monomer having an acid group, examples of which may include: unsaturated dibasic
acids, such as maleic acid, citraconic acid, itaconic acid, alkenylsuccinic acid, fumaric acid, and mesaconic
acid; unsaturated dibasic acid anhydrides, such as maleic anhydride, citraconic anhydride, itaconic anhy-

35 dride, and alkenylsuccinic anhydride; half esters of unsaturated dibasic acids, such as monomethyl maieate,
monoethyl maleate, monobutyl maleats, monomethyl citraconate, monoethyl citraconate, monobutyl
citraconate, monomethyl itaconate, monomethyl alkenylsuccinate, monomethyl fumarate, and monomethyl
mesaconate; and unsaturated dibasic acid esters, such as dimethyl maleate and dimethyl fumarate. Further,
there may also be used: «,8-unsaturated acids, such as acrylic acid, methacrylic acid, crotonic acid, and

40 cinnamic acid; a,8-unsaturated acid anhydrides, such as crotonic anhydride and cinnamic anhydride;
anhydes between such «,8-unsaturated acids and lower fatty acids; alkenylmalonic acid, alkenylglutaric
acid, alkenyladipic acid, and anhydrides and monoesters of these acids.

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

45 present invention. Specific examples of the monoesters may include: monomethyl maleate, monoethyl
maleate, monobutyl maleate, monooctyl maleate, monoallyl maleate, monophenyl maleate, monomethyl -
fumarate, monoethyl fumarate, monobutyl fumarate, monophenyl fumarate, monobutyl n-butenylsuccinate,
monomethyl n-octenylsuccinate, monoethyl n-butenylmalonate, monomethyl n-dodecynylglutarate, and
monobutyl n-butenyladlpate

50 - The crosslinking monomer may principally be a monomer havmg two or more polymerizable double
bonds.

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

Aromatic divinyl compounds, such as divinylbenzens and divinylnaphthalene; diacrylate compounds

55 connected with an alkyl chain, such as ethylene glycol diacrylate, 1,3-butylene glycol diacrylate, 1,4~
butanediol diacrylate, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, and neopentyl glycol diacrylate,
and compounds obtained by substituting methacrylate groups for the acrylate groups in the above
compounds; diacrylate compounds connectéd with an alkyl chain including an ether bond, such as
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thon Kayaku K.K.). Polyfunctional crosslmki_ng agents, such as pentaerythritol triacrylate, trimethylethane
triacrylate, tetramethyloimethane tetracrylate, oligoester acrylate, and compounds obtained by substituting

70 methacrylate groups for the acrylate groups in the above compounds; triallyl cyanurate and triallyi
trimellitate.

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

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

15 benzene) and diacrylate compounds connected with a chain including an aromatic group and an ether bond
may suitably be used in a toner resin in view of fixing characteristic and anti-offset characteristic.

It is preferred that the binder resin has an acid value (as measured according to JIS K-0070) of at most
100 mgKOH/g. In case where the binder resin mainly comprises a vinyl polymer, the acid value may
preferably be 2 - 70 mgKOH/g, further preferably 5 - 60 mgKOH/g. If the acid value is below 2 mg/KOH, the

20 re-crosslinking does not sufficiently occur.

In case where the binder resin mainly comprises a polyester-type polymer, it is preferred that the acid
value is at most 100 mgKOH/g, particularly at most 50 mgKOH/g. When the acid value exceeds 100
mgKOH/g, the chargeability of the toner is liable to be affected by environmental conditions, and thus the
developing performance is affected by a change in environmental conditions.

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

Examples of the dihydric alcohol may include: ethylene glycol, propylene glycol, 1,3-butanediol, 1,4-
butanediol, 2,3-butanediol, diethylene glycol, tristhylene glycol, 1,5-pentanediol, 1.6-hexanediol, neopentyl
glycol, 2-ethyl-1,3-hexanediol, hydrogenated bisphenol A, brsphenols and derivatives represented by the
followrng formula (A):

30

CH
. 3 _
H—(-OR-)T‘—O-@'-A-@—O—(-RO-)Y—H | (a),
35 y H3

wherein R denotes an ethylene or propylene group, x and y are independentiy 0 or a positive integer with
the proviso that the average of x+y is in the range of 0 - 10; and diols represented by the following formula
40 (B)

H—OR 5 0«O)-0—R ' -OF5H | (B), -

wherein R' denotes -CH2CHz-,

_ CH~ CH
o0 ' 3 I 3
-CHZ—CH— or "CHZ"_C" .

CH4

x' and y' are independently 0 or a positive mteger wrth the proviso that the average of x'+y' is in the range
of 0 - 10.

Examples of the dibasic acid may include dicarboxylic acids and derivatives thereof including: _
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proposed trgnsfs(ﬁgéghgsgegek aBavi ng a nol ecul ar wei ght distribution separated

into two po portion having a | ow nol ecular weight and a
portion _havl “]Hlm MHMECU' ar Wgp h1?39 gﬂ‘ hat the | ow nol ecul ar wei ght
portion is in a special h ester conpound having a

carboxyl group which is reacted with a polyval ent netal ion. However, at
present, paiRéndaicarb&@licrEiiéesudk ab QAthialib AGidefephilic G6dl @kl istbhthalic- 2id, &Rl héif Jrihipg
vari ous [Ki@4Redr tidwRH alky? Gtors CakyldiicaBodyRgdids, §ueh bé eutciait layid,catipic- afd sebacic acid and
char act era&did @cid,estidi théid anhydritied) iagd 1o @lilyl nas®brs; ralkenyl- nor Cefigisuccinic &l \sacht &se n-
abov e- nenbdeearebuccinic acid and n-dodecyl acid, and their anhydrides and lower alkyl esters; and unsaturated
s dicarboxylic acids, such as fumaric acid, maleic acid, citraconic acid and itaconic acid, and their anhydrides
and lower alky! esters.
It is preferred to also use polyhydric alcohols having three or more functional groups and polybasic
acids having three or more acid groups.
Examples of such polyhydric alcohol havmg three or more hydroxyl groups may include: sorbitol,
10 1,2,3,6-hexanetetrol, 1,4-sorbitane, pentaerythritol, dipentaerythritol, tripentaerythritol, 1,2,4-butanetriol, 1,2,5-
pentanetriol, glycerol, 2-methylpropanetriol, 2-methyl-1,2,4-butanetriol, trimethylolethane, trimethylolpropane
and 1,3,5-trihydroxybenzene.
Examples of polybasic carboxylic acids having three or more functional groups may include polycarbox-
ylic acids and derivatives thereof including: trimellitic acid, pyromeliitic acid, 1,2,4-benzenetricarboxylic acid,
15 1,2,5-benzenstricarboxylic acid, 2,5,7-naphthalenetricarboxylic acid, 1,2,4-naphthalenetricarboxylic acid,
1,2,4-butane tricarboxylic acid, 1,2,5-hexanetricarboxylic acid, 1,3-dicarboxyl-2-methyi-2-methylenecarbox-
ypropane, tetra(methylenscarboxyl)methane, 1,2,7,8-octanetetracarboxylic acid, Empol trimer acid, and their
anhydrides and lower alkyl esters; and tetracaboxylic acids represented by the formula:

20 _ HOOCCH-X-CHCOOH

HOOCCH, CH,COOH

25 (X denotes a Cs to Cao-alkylene group or alkenylene group having at least one side chain havmg at least
three carbon atoms), and their anhydrides and lower alky! esters.
The polyester resin used in the present invention may preferably be constituted from 40 - 60 mol. %,
more preferably 45 - 55 mol. %, of the alcohol component and 60- 40 mol. %, more preferably 55 - 45 mol.
%, of the acid component respectively based on the total of the alcohol and acid components. Further, the
30 total of the polyhydric alcohol and the polybasic acid each having three or more functional groups may
preferably constltutes 5 - 80 mol. % of the total alcohol and acid components constituting the polyester
resin.
The method of the JIS acid value measurement is explained hereinbelow.
- 10 g of a sample resin is weighed and placed in a 200 to 300 ml-Erlenmeyer flask, and an
35 ethanol/benzene (= 1/2) mixture is added thereto to dissolve the resin. If the resin is not readily dissolved,
a small amount of acetone may be added. The resultant solution is titrated with a preliminarily standardized
N/10O KOH/aleohol solution with phenolphthalein as the indicator. The acid value is calculated from the
consumption of the KOH/alcohol solution based on the following equation:

# Acid value = vol (ml) of KOH/alcohol x N x 56.1/sample weight,

wherein N denotes the factor of the N/10 KOH/alcohol solution.
The metal-containing compound reactive with the resin component ln the present mventlon may be
. those containing metal ions as follows: divalent metal ions, such as Ba2', Mg2 Ca2 Hg?', sn?’, Pb2",
4 Fe?',Co?", N2’ and Zn?"; and trivalent ions, such as AR”, S¢3', Fe3”, Ce3’, Ni#*, Cr¥" and Y?'. _
Among the above metal compounds, organic metal compounds provide excellent results because they
are rich in compatibility with or dispersibility in a polymer and cause a crosslinking reaction uniformly in the
polymer or copolymer.
Among the organlc metal compounds, organic metal complexes or organic metal salts containing an
s0 organic compound, which is rich in vaporizability or sublimability, as a ligand or a counter ion, are
advantageously used. Among the organic compounds forming coordinate bonds or ion pairs with metal ions,
examples of those having the above property may include: salicylic acid and its derivatives, such as
salicylic acid, salicylamide, salicylamine, salicylaldehyde, salicylosalicylic acid, and’ di-tert-butylsalicylic
acid; g-diketones, such as acetylacetone and propionylacetone; and low-molecular weight carboxylic acid
s5 salts, such as acetate and propionate.
In case where the organic metal complex is a metal complex, it can also function as a charge control
agent for toner particles. Examples of such a metal complex include azo metal compilexes represented by
the following formula [1}:

10
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of a special resin which
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10 | | Ar-N = N-ar | 29 ,

wherein M denotes a coordination center metal, inclusive of metal elements haVing a coordination number

of 8, such as Sc, Ti, V, Cr, Co, Ni, Mn and Fe; Ar denotes an

aryl group, such as phenyl or naphthyl,

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

ammonium or aliphatic ammonium.

Specific examples of this type of complexes may include the following:
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Organic metal complexes represented by the following formula [l] impart a negative chargeability and may
be used as the organic metal compound in the present invention. _
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wherein M denotes a coordination center metal, inclusive of metal elements having a coordination number

of 6, such as Cr, Co, Ni, Mn and Fe; A denotes

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

(X denotes hydrogen, haiogen, alkyl, or nitro),

oper | ener
]

R

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

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

The addition amount of the organic metal compounds to the toner particles may be varied depending
on the specific binder resin used, the use or nonuse of a carrier, the colorant for the toner and the reactivity
of the metal compounds with the resin but may generally be 0.01 - 20 wt. %, preferably 0.1 - 10 wt. %,
more preferably 1 - 5 wt. %, of the binder resin including the non-reacted portion thereof.

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

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

Examples of such known negative charge control agent may include: organic metal complexes and
chelate compounds inclusive of monoazo metal complexes as described above, acetylacetone metal

14
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homologous inclusive of phosphonium salts, and lake pigments thereof; triphenyimethane dyes and lake
pigments the_reof {the laking agents including, e.g. phosphotungstic acid, phosphomolybdic acid,
phosphotungsticmolybdic acid, tannic acid, lauric acid, gallic acid, ferricyanates, and ferrocyanates); higher

10 aliphatic acid metal salts; diorganotin oxides, such as dibutyltin oxide, dioctyltin oxide and dicyclohexyltin
oxide; and diorganotin borates, such as dibutyltin borate, dioctyltin borate and dicyclohexyltin borate. These
may be used singly or in mixture of two or more species. Among these, nigrosine compounds and
tetraammonium salts are particularly preferred.

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

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

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

20 For the purpose of being provided with hydrophobicity and/or controlled chargeability, the silica fine
powder may well have been treated with a treating agent, such as silicone varnish, modified silicone
varnish, silicone oil, modified silicone oil, silane coupling agent, silane coupling agent having functional

" group or other organic silicon compounds. It is also preferred to use two or more treating agents in
combination. . '

25 Other additives may be added as desired, inclusive of: a lubricant, such as polytetrafiuorosthylene, zinc
stearate or polyvinylidene fluoride, of which polyvinylidene fluoride is preferred; an abrasive, such as cerium
oxide, silicon carbide or strontium titanate, of which strontium titanate is preferred; a flowability-imparting
agent, such as titanium oxide or aluminum oxide, of which a hydrophobic one is preferred; an anti-caking
agent, and an electroconductivity-imparting agent, such as carbon black, zinc oxide, antimony oxide, or tin

30 oxide. It is also possible to use a small amount of white or black fine particles having a polarity opposite to
that of the toner as a development characteristic improver.

It is also preferred to add 0.5 - 5 wt. % of a waxy substance, such as low-molecular weight
polyethylene, low-molecular weight polypropylene, low-molecular weight propylene-ethylene copolymer,
microcrystalline wax, carnauba wax, sasol wax or paraffin wax, to the toner for the purpose of improving the

35 releasability of the toner at the time of hot roller fixation.

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

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

The toner according to the present invention can be constifuted as a magnetic toner containing a
magnetic material in its particles. In this case, the magnetic material can also function as a colorant.

45 Examples of the magnetic material may include: iron oxide, such as magnetite, hematite, and ferrite; metals,
such as iron, cobalt and nickel, and alloys of these metals with other metals, such as aluminum, cobalt,
copper, lead, magnesium, tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganess, selenium,
titanium, tungsten and vanadium; and mixtures of these materials.

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

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

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

55 pigment or dye. ' C .

Examples of the pigment may include: carbon black, aniline black, acetylene black, Naphthol Yellow,
Hansa Yellow, Rhodamine Lake, Alizarin Lake, red iron oxide, Phthalocyanine Blue, and Indanthrene Blue.
These pigments are used in an amount sufficient to provide a required optical density of the fixed images,
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substantial ly unchanging with tinme; passing ‘the toner-recei vi ngumggmsaéeenR

carrying the toner inage between a heated fixing roller and a p
roller to fix the toner imge und heat | -9- and pressing B,mmm I”,”m
surface of the toner-receiving magér“@s“ﬁﬁa cleaning the fixin

surface with a cleaning nenber. These and ot her objects, features and

advant age; dg,fay Qfg‘%‘ﬁae REEibectid 8761 050 W %Jnst}ﬁ&?%ﬂpi@w@%rrﬁmoo% riflof the

consi der ow ng description o e preferred enbodi nents of

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

s the binder resin.

The toner according to the present invention may be prepared through a process including: sufficiently
blending the binder resin; the organic metal compound such as the metal salt or metal complex, a colorant,
such as pigment, dye and/or a magnetic material, and an optional charge control agent and other additives,
as desired, by means of a blender such as a Henschel mixer or a ball mill, meiting and kneading the blend

10 by means of hot kneading means, such as hot rollers, a kneader or an extruder to cause melting of the
resinous materials and disperse or dissolve the magnetic material, pigment or dye therein, and cooling and
solidifying the kneaded product, followed by pulverization and classification.

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

15 In the melt-kneeing step for producing the toner of the present invention, it is effective to perform the
kneading in a low temperature melting state so as to apply a high shearing force to the molten polymer to
sever the highly crosslinked high molecular weight component and then cause re-crosslinking with a metal-
containing compound to form an ultra-high-molecular weight component. '

An embodiment of the flxmg method according to the present invention will now be described with

20 reference to Figure 1.

In a fixing apparatus shown in Figure 1, a yet-unfixed image composed of a toner 9 is fixed onto a
toner-receiving sheet 8 while the sheset 8 carrying the toner image 9 is passed between a fixing roller 7 and -
a pressing roller 8 having a surface elastic layer 5 and pressed against the fixing roller 7 with an appropriate
nip. The fixing roller 7 contains a heat-generating source 4 such as a halogen heater inside thereof and

25 comprises a coating resin layer 1 as the uppermost layer on a core metal 3 by the medium of a primer
layer 2. The coating resin layer 1 comprises a film or tube of, e.g., a silicone rubber or a fluorine-containing
resin. Preferred examples of the fiuorine-containing resin may include: tetrafluoroethylene-perfluoroalkyl
vinyl ether copolymer, polytetrafluoroethylene (PTFE) and hexafluoropropylene-tetrafiuoroethylene
copolymer. A cleaning member comprising a web 13 impregnated with a release agent, such as silicon oil,

30 is used to apply the release agent onto the fixing roller 7 and remove the toner attached to the fixing roller 7
to clean the fixing roller surface.

The web 13 of the cleaning member is gradually fed from a feed roller 12, pressed against the fixing
roller 7 by a pressing member 11 and then wound up about a wind-up roller 10. When the heat-melting
properties of the toner are inadequate, the toner material standing on a part of the web 13 abutted to the

35 fixing roller 7 is caused to flow out by heat applied from the fixing roller 7 to stain the fixing roller surface.

The cleaning member can also be suitably constituted as one including a cleaning pad or a cleaning
roller in addition to the one using a cleaning web as described above. The. cleaning web, cleaning pad or
cleaning roller can be impregnated with a release agent as described above, or such impregnation can be
omitted.

40 The fixing roller surface temperature may preferably be 150 - 250 °C, more preferably be 150 - 230 °C.
the pressing roller 6 may preferably be pressed agamst the fixing roller 7 so as to exert an abutting
pressure of at least 1 kg/cm2,

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

_ Synthesis Examples of binder resins for use in toners are explained, in which the glass transition

45 temperatures (Tg) of the resins were measured by using a differential scanmng calorimeter (DSC) ("DSC-
7", available from Perkin-Elmer Co.) in the following manner.

A sample resin in an amount of 5 - 20 mg, preferably about 10 mg, is accurately weighed and placed in
an aluminum pan (an empty pan being used as a reference). The measurement is performed in a normal
temperature - normal humidity- environment at a temperature raising rate of 10 °G/min within a temperature

50 range of 30 °C to 200 °C. A heat absorption main peak is generally found in the range of 40 - 100 °C.

-Based on the heat absorption curve, a first base line is drawn before an initial slope leading to the main
peak and a second base line is drawn after a final slope descending from the main peak. A medium line is
drawn substantially in parallel with and with equal distances from the first and second base lines, whereby
the medium line and the heat absorption curve form an intersection with each other. The temperature at the

55 intersection is taken as the glass fransition temperature (Tg °C).

The values of Tg thus measured, JIS acid values and 8 hour-extraction residues for the binder resins
obtained in Synthesis Examples are summarized in Table 1 appearing after Synthesis Examples.

* | THIS SHEET HAS BE\;NJ
: REPLACED _

o WO



i nvention taken in conjunction with the acconpanyi ng draw ngs. BRI EF

DESCRI PTION OF THE DRAWNGS Figure 1 is a schematic illustration of an
apparatus for practicing the fixi ngh;r&wg?d)h the present invention. Figure
2 is an illustration of a Soxhlet's extracCtor for practicing the Soxhl et
extraction. DETAILED DESCRI PTI ON OF THE | NVENTI ON The. Soxhl et extraction

residue wwth THE i.n the present jpnvention is-a polyner or resin conponent,

whi ch cannot 5gﬂﬂaﬂa§¥§—£¥$$ggﬁatle with THF or is insoluble in THF, in a

toner binder resi n rresponds to an ul tra-high eghl ' resin
56 Eels - MBegu! Gt BELes)

~conponent and a hi osslinked resin component in the bind resin.
5 O -Methylstyrene _ 6.00
n-Butyl acrylate 23.00 "
0 Mono-n-butyl maleate 4.00. "
Divinylbenzene 0.80 "
Benzoyl peroxide' 3.00 “

15
Into a mixture of the above ingredients, 170 wt. parts of water containing 0.12 wt. part of partially
saponified polyviny! alcohol was added, and the resultant mixture was vigorously stirred to form a
suspension liquid. Into a reaction vessel containing 50 wt. parts of water and purged with nitrogen, the
above suspension liquid was charged and subjected to 8 hours of suspension polymerization at 80 °C. After
20 the completion of the reaction, the product was washed with water, de-watered and dried to obtain a resin
A. The resin A showed a JIS acid value, a 6 hour-extraction residue and a glass transition temperature (Tg)
as shown in Table 1 appearing hereinafter.

Svynthesis Example 2

25 : . .
‘Styrene _ 67.15 wt.part(s)

X -Methylstyrene 6.00 "
o n-Butyl acrylate 23.00 "
Mono-n-octyl maleate 2.85 "
35
Ethylene dimethacrylate ' 1.00 wt.part(s)
Benzoyl peroxide ' 3.00 . "
.0 ;
A resin B was prepared from the above ingredients otherwise in the same mannér as in Synthesis
Example 1. B :
45

50.

This Sheet Has Been Replaced
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A fesin'conponent has a smaller solubility in -10- THF if |t has a d

| ar ger nol ecul ar weight. An ultra-high nol ecul ar weight re Iy N Sl
not extracted with THF in a short Epiquannot be fully H

hours by Soxhl et extraction. In the Soxhlet extraction, the

through the filter nmesh, but an ultra-high nol ecul ar weight nol ecule

requires a |l dHd® d & émhthe filter and al so hinders passing of
anot her uItrgﬁﬂ%ék—ﬂéieégﬁéiLmerght mol ecul e, so that it causes a delay of
extraction. On thgyldid hand, a highly crosslinked gg. g5 wt.part(s) .

5 n-Butyl acrylate 28.00 "
Mono-n-butyl maleate 5.00 "
o Divinylbenzene B 0.35 "
Benzoyl peroxide 1.50 "

Di-tert-butyl peroxy-2-ethyl-

15 - hexanoate - : 0.50 "

A resin C was prepared from the above ingredienté otherwise in the same manner as in Synthesis
Exampile 1.
20 '

Synthesis Example 4

Styrene. ' 68.75 wt.part(s)
2 n-Butyl acrylate 28.00 "

Acrylic acid : 3.00 "

Divinylbenzene : 0.25 "

30
Di-tert-butyl peroxy-2-
ethylhexanocate 3.00 "

35 :
A resin D was prepared from the above ingredients otherwise in the same manner as in Synthesis

Example 1.
o Synthesis Examp;e S _
Styrene | - 67.75 wt.part(s)
n-Butyl'acrylaﬁe o 23.00 "
® Mono—n-butfl maleate 8.00 "
Divinylbenzene 1.25 "
Di-tert-butyl peroxide 0.60 "

. 60

A mixture of the above ingredients was added dropwise in 4 hours to 200 weight parts of xylene under
heating. The polymerization was further completed under xylene refluxing, followed by removal of the
xylene under a reduced pressure and an elevated temperature (200 °C) to prepare a resin E. '

55 - The properties of the resins A - E prepared in the above Synthesis Examples are inclusively shown in
the following Table 1. - _ o :
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'rr_DI'ecuIé I's not readily dissolved due to its steric hindrance—and;- even if
di ssol ved, takes a long tine to pass the filter d aIE I n ers({he

passi ng of another nolecule. It al m pas = 75 epl"‘cesome
cases. Further, a highly crossli nk% iﬁﬂt% mol ecul ar
wei ght, can no | onger be dissolved in THF but con cont ent
with respect to THF. Thus, the Soxhlet gghdaction may be regarded as a
nmeasure of nobility of poI ynmer nolecules 1n a solvent. If the content of a

resin conponent hgwhg—a—targe—rebty—+s—tnereased—the—extractyon may be

performed in a shqrt tinme to |eave aPORRIies@f e89%  act i on resi due. Rever sel Y,
IL the content of |apshs| nus asaPRLE (thgkoMy) 1)J 6 #ir-Sffadton fesibid () )| Tg CCNET eased,
the A 85 _ 32.1 59
B 7.1 256 . 59
c 16.3 73 58
"0 D 23.2 208 59
E 25.9 : 0.0 58
s Example 1
Resin A | 100 wt.parts
Magnetic iron oxide 60 "
20 Di-tert-butylsalicylic acid
Cr complex 2 "

Low-molecular weight ethylene-
25 .

propylene copolymer 3

The above ingredients were preliminarily blended and melt-kneaded through a twin-screw extruder set

30 at 110 °C and having a kneading zone incorporating a backward screw. The kneaded product was cooled,

coarsely crushed, finely pulverized by means of a pulverizer using jet air stream and classified by a wind-

force classifier to obtain a magnetic toner having a weight-average particle size of 11 microns. The dynamic

visco-elasticity characteristics under sinewave vibration (frequency: 0.1 Hz) of the magnetic toner were

measured at 200 °C by means of a rheometer ("IR-200", available from Iwamoto Seisakusho K.K\)

35 remodeled so that the measurement could be performed between parallel plates of 30 mm in diameter and
with a gap of about 1 mm therebetween.

The extraction-residue resin component and viscoslastic characteristics of the magnetic toner are
shown in Table 2. '

100 wt. parts of the above magnetic toner and 0.4 wt. part of hydrophobic colloidal silica were blended

40 with each other to form a developer.
The developer was evaluated by an electrophotographuc copier ("NP-8580", mfd. by Canon KK.)
. equipped with a fixing apparatus as shown in Figure 1 with respect to fixability and the effect of preventing
‘toner flowout from the cleaning member for the fixing roller. The surface temperature of the fixing roller was
~ controlled so that the upper limit temperature was about 200 * C. The fixing speed was about 484 mm/sec.
45 The cleaning member was composed of a web of nonwoven cloth impregnated with silicone oil, and the
web was moved at a rate of 0.1 mm per fixation of one A3-size sheet.

The fixability was evaluated in the following manner. The fest apparatus was placed in an envuronment
of low temperature-low humidity (15 °C, 10 %) overnight so as to fully adapt the test apparatus and the
fixing device therein and then making continuously 200 sheets of copied images. The surface temperature

s0 of the fixing roller was 195 °C initially and 155 °C at the time of copying the 200-th shest. The copied
image on the 200-th sheet was used for evaluation of the fixability by rubbing the image with a lens
cleaning paper ("Dusper” (frade name), mfd. by OZU Paper Co. Lid.) for 10 reciprocations under a weight
of about 100 g. Then, the degree of peeling of the toner image was evaluated in terms of a decrease (%) in
reflection density. The anti-offset characteristic was evaluated by taking continuously 200 sheets of copied

s5 images, then taking intermittently sheets of copied images for 3 minutes at intervals of 30 seconds per
sheet, and then observing whether images were stained or not. Further, the degree of staining of the
cleaning web incorporated in the fixing device was evaluated.

As a result, the toner showed a good storability in terms of dlschargeablhty, a good flxablllty without
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-1'1 - éxtraction tine becomes long. A resin conponent having an even
smal l er nobility cannot be extracted. The nol ecular nmobility in a sol vent
can be correlated with a nDIeCuIarlpgg%éié% Pnder a thermally nolten state.
Thus, the nmagnitude of nobility i F may be regarded as
corresponding to the magnitude of nobility in a thermally nolten state. A

| arge mobL Lk oftsht 23d RPleliERout BﬁﬂeetoJle?ﬂ\q idi Rorft 18 1edRidt el 3 dMcdf the
toner, thus %Je%af’iln f ﬁ é(ed' dhd% ﬂﬁ&&uu&&%}! 13l was ﬁi%@d Eini e b&eﬁt
decr easedc&p?m&%’f@ of 6hé Al-sizd RReetP'sbe HSbA BRA nBfhaP orh%ﬁg copying BB dF BB
that ~of f Sgleetsilih f8CovRIIAY HBLRHhid3Udn thd fikiRy roller by observing fixed images. As a result, no stam
s appeared in fixed images even at the time of copying of 10,000 sheets, and no damage was observed on
the fixing roller. The evaluation results are summarized in Table 3.

Example 2

0 Resin B | 100 wt.parts
Magnetic iron oxide 60 "

15
tert-Butylhydroxynaphthoic acid

Cr complex 2 wt.parts
20 Low-molecular weight ethylene-
propvlene copolymer 3 "
25 A magnetic toner was prepared from the above ingredients otherwise in the same manner as in

Example 1 and evaluated in the same manner as in Example 1. The properties and evaluation results of the
toner are shown in Tables 2 and 3, respectively.

Example 3
30
Resin C 100 wt.parts
Magnetic iron oxide 60 "
% Di-tert-butylsalicylic acid
Cr complex 2. "

Low-molecular weight ethylene-
"

propylene copolymer - 3

A magnetic toner was prepared from the above ingredients otherwise in the same manner as in
45 Example 1 and evaluated in the same manner as in Example 1. The properties and evaluatlon results of the
toner are shown in Tables 2 and 3, respectively. '

50
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difficult to prevent toner flowout from a cl eani ng menber f@f; sBeef a4 BBG Replaced

roller. By further decreasing the mobility, the toner flowou .
effectively prevented. If the nobili té i s excessively | owereHmﬂanm!‘IH“
mel t - def ormati on characteristic of EMB4B®HAAls inpaired to

t oner flxatlon. When the 6 hour-extraction residue is 20 wt. % or nore, the
toner is provided with a nobility capable of preventing the toner flowout
froma fixing r@&@P_]@_ffani ng nmenber. In case where the 6 hour-extraction

residue of a toner is substantially less than 20 w . 6 Ies than 1
w. % sufficient aR@s¥ifRet characteristic cannot be };1 ?aY’ﬁe en the
extraction residue in the range of frgm 1.0 wt. %to bel gw 20 wt. %
anti - of fset Magnetic iron oxi

_ Monoazo Cr complex 2 "

Low-molecular weight ethylene-
10

propylene copolymer 3 "

A magnetic toner was prepared from the above ingredients otherwise in the same manner as in
15 Example 1 and evaluated in the same manner as in Example 1. The properties and evaluation results of the
toner are shown in Tables 2 and 3, respectively.

Comparative Example 1
20 :

Resin A 100 wt.parts
Magnetic iron oxide 60 "
25 ' Low-molecular weight ethylene-
propylene copolymer | 3 "
30 A magnetic toner was prepared from the above ingredients otherwise in the same manner as in

Example 1 and evaluated in the same manner as in Example 1. The properties and evaluation resuits of the .
toner are shown in Tables 2 and 3, respectively.

The highly crosslinked component was severed but no-recrosslinking was caused so that all the resin .
component was exiracted in 8 hours. In the test, images were stained due to toner flowout.

35
Comparative Example 2
Resin C | 100 wt.parts
“ Magnetic iron oxide _ 60 .
Monozo Cr complex o 1 "
Di-tert-butylsalicylic acid |

- Cr complex : 1 s

Low-molecular weight ethylene-

50 propylene copolymer - 3 "

The above ingredients were preliminarily blended and melt-kneaded through a twin-screw extruder set

at 150 °C having a kneading zone incorporating only a forward screw. The kneaded product was cooled,

ss coarsely crushed, finely pulverized by means of a pulverizer using jet air stream and classified by a wind-
force classifier to obtain a magnetic toner having a weight-average particle size of 11 microns.

100 wt. parts of the above magnetic toner and 0.4 wt. part of hydrophobic colloidal silica were blended

with each other to form a developer, which was then evaluated in the same manner as in Example 1. The
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-12- characteristic may be attained but it is difficult to prevent the
toner flowout froma fixer cleaning nmenber. When the extraction residue
after 72 hours of extraction is less than 20 w. % the toner flowout from
a fixer cleaning nenber can be pr EPLMREBE{Ahout inpairing the fixability.
When the 72 hour-extraction resi due as well as the 6 hour -extraction

[gﬁle(rju1?| ;(%BE?O wt ’ e m)re %':t:gr}y%rr?)f O\Aoutabte;ie% pre ted but |%g
fgglr gﬁéer E:ross (1:'%- ggc arwg % Prﬂ %%érsg@ eﬂQ illty r|o ggre?ﬁu @
hour-e&tr

Comparative Example 3

Resin E _ 100 wt.parts
10 Magnetic iron oxide . 60 "
Monoazo Cr Complex : 1 "

; Di-tert-butylsalicylic acid

Cr complex 2 "

Low-molecular weight ethylene-

20 propylene copolymer 3 "

A magnetic toner was prepared from the above ingredients otherwise in the same manner as in

Example 1 and evaluated in the same manner as in Example 1. The properties and evaluation results of the

25 toner are shown in Tables 2 and 3, respectively. An excessively highly crosslinked component was

contained to cause a thermal change with time and the toner material contacting the fixing roller became
rigid to damage the fixing roller.

30
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residue’is less than 15 wt. % It is also preferred that the toner binder
resin contains nore than 5 wt. % of a THF-solution filtering residue as
nmeasured in the foll ow ng manner. Ail___l;ﬁr‘lg#agg THF are mixed with each ot her
so as to provide a toner concentrat bout 5 ng/ M, and the m xture
is left standing for several hours (e.g., about 5 - 6 hours) at room
tenperature. Then, the mixture is sufficiently shaked until a lunp of the

toner di sappears and t hep—ortherteit—standingfor—nore than 42 hours
(e.g., 24 hours). In this instarce, a total tineifromthe mxing of the
sanple with THF to the cpnpletighjofy tiye fanging i ;THr ig taken for at
| east 24 hours (e.g., 24Na 30 1? s} Thereaftrery the _~- o
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-13- mikture is caused to pass through a sanple treating fitter taving a
pore size of 0.45 - 0.5 micron (e.g., "Mishoridisk H 25-5", 1&Vai.LaRL Bech ce
Toso K K.; and "Eki kurodi sk 25CR", avail abl e from Ger man SC|en

to recover a filtering residue on 'ER@488 B60AT |t s preferred: mmﬂ
THF-filtering residue thus nmeasured constitutes nore than 5 mﬁ

bi nder resin so as to effectively prevent the toner f1 owout fromthe flxer
cl eani ng nenber. |n case wiabdea J:ar Evatotiany ampdent giving a good
fixability and a small-nobility conponent giving a good anti-offset
characteristic—arecontained in a good balapnce it is possible that the 6

hour - gxtract lon resi dgﬁ‘%xla :|.tlv:\|.lotyt | mD'STc;[nheer 2 hou{ﬂgggélagéér?g testx*
flowout* '
o Ex. 1 15 o no problem
Ex. 2 16 o ditto
Ex. 3 17 o - ditto
15 Ex. 4 19 b - ditto
Conp.
20 Ex. 1 16 x **1
2 24 .0 **2
3 19 o **3

25

o * Image stain due to toner flowout was evaluated.
o: No image stain. |
A: Slight image stain but ptactiéally

35 acceptable. |

x: Noticeable image stain.

40
**1; Image sfain occurred due to ¢leaning
failure on the fixing roller. ’
% *%2: Fine scars occurred on the fiking roller.
**3:; Image stain occurre_d due to scars on the
o fixing roller.

As described above, accordmg to the toner and the fixing method of the present invention, the following
advantages are attained.
(1) Free from the toner flowout from the fixer cleaning member.
55 (2) The fixing roller is not damaged by the toner material attached to parts contacting the fixing roller.
(3) Sufficient anti-offset characteristic is accomplished without impairing the fixability.
A toner for developing an electrostatic image is constituted by a binder resin and a colorant The binder
resin is characterized by containing at least 20 wt. % of an extraction residue after 6 hours of extraction and

24 | THIS SHEET HAS BEEN \
REPLACED




resi due

flxablllty
provide th
that the 6
residue. |
mobi lity i
fixability
smal | nobi
sonmewhat i

5

10

16

20

Offnis BRYEHas WBAIRRPYced t becomes possible to effectively satisfy the

of fset characteristic in conbination. In order to
%ﬂ m MM‘Wn appropriate nobilit is further preferred

on resi due FRO 2“83QDA¥|nes the 72 hour-extraction
n case where the ratio is below two, the conponent haV|ng a large

§e|l t nsuﬂft q@: hus tend 0w
et:? ?}Ecg? n B\ ne Sh ?sé rta 7 uu an ItEass |ve| ag‘ %}Eﬁg%&d Ot:'
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Claims’

1. A toner for developing an slectrostatic image, comprising: a binder resin and a colorant, wherein the
binder resin contains at least 20 wt. % of an extraction residue after 6 hours of extraction and below 20
wt. % of an extraction residue after 72 hours of extraction respectively by Soxhlet extraction with
tetrahydrofuran (THF), and the toner shows a dynamic modulus and a loss modulus, respectively at 200

*C and 0.1 Hz, which are substantially unchanging with time.

2. The toner according to Claim 1, wherein the extractlon residue after 6 hours is at least 2 times the

extraction residue after 72 hours.

3. The toner according to Claim 1, wherein the toner shows a dynamic modulus of 1x102 - 1x10° dyn/cm?
and a loss modulus of 1x102 - 5x10* dyn/cm? as respectively measured at 200 *C and 0.1 Hz, and the

dynamic modulus is larger than the loss modulus.

4. The toner according to Claim 1, wherein the extraction residue after 6 hours is 20 - 80 wi. % of the

binder resin.

"6. The toner according to Claim 1, wherein the extraction residue after 8 hours is 25 - 70 wt. % of the

25

-

50

55

_ binder resin.

6. The toner according to Claim 1, wherein the extraction residue after 72 hours is below 15 wt. % of the

binder resin.

7. The toner according to Claim 1, wherein the extraction residue after 8 hours is 2 - 30 times the

extraction residue after 72 t_lours.

8. The toner according to Claim 1, wherein the moduli measured after holding the toner for 60 min. at 200

°C are below two times the moduli before the holding.

9. The toner according to Claim 1, wherein the moduli measured after holding the toner for 60 min. at 200

°C are within the range of from 0.5 to below 2 times the moduli before the holding.

10. The toner according to Claim 1, wherein the moduli measured after holding the toner for 60 min. at 200

* C are within the range of 0.8 - 1.8 times the moduli before the holding.

11. The toner according to Claim 1, wherein said binder resin comprises a vinyl polymer, a vinyl

copolymer, or a mixture thereof.

12. The toner according to Claim 1, wherein said binder resin comprises a crosslinked vinyl polymer, a

crosslinked vinyl copolymer, or a mixture thereof.

13. The toner according to Claim 1, wherein said binder resin comprises a styrene polymer, a styrene

copolymer, or a mixture thereof.

14. The toner according to Claim 1, wherein said binder resin comprises a crosslinked styrene polymer, a

crosslinked styrene copolymer, or a mixture thereof.

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

or a mixture thereof having a JIS acid value of at most 100 mgKOH/g.

16. The toner according o Claim 1, wherein said binder resin comprises a vinyl polymer, a vinyl copolymer

or a mixture thereof having a JIS acid value of 2 - 70 mgKOH/g.
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a short time contains a |arge proportlon of a conponent effect ﬂ",”"”l”"’
and the toner flowout. The resi-dual conponent is very effective for

fixati.on, and a resin conponent n&? a Iong time for extr
pfe"ef‘““m%o ’%Er ld Q924 .%&Bue"&@rﬁ‘ﬂ%%lsr%g fod Astheckd %%'é%&dfﬁgﬁd&n nWith

d 0.1

-14-. flxer cl earing rrenber in some cases. A resin conponent m Been Replaced .
contains a large proportion of co WALt ve for preventing o
cont ai ned to‘ﬂgr% OL syrahicHioHlus Biea. thdulu?

R o kg 2 A bas 'es%zftgmnt% ey
degree pf cros Ch nki ng aP't houg'h |t Pmy ave an %"?rua- gt ' |

Claims . o E

1. A toner for developing an electrostatic image, comprising: a binder resin and & colorant, wherein the
‘binder resin contains at least 20 wt. % of an exiraction residue after 6 hours of exiraction and below 20
10 wt. % of an extraction residue after 72 hours of extraction respectively by Soxhlet extraction with-
- tetrahydrofuran (THF), and the toner shows a dynamic modulus and a loss modulus, respectively at 200

. C and 0.1 Hz, which are substantrally unchanglng with time.

" 2, The toner according to Claim 1, wherein the extraction residue after [ hours is at least 2 times the
T8 _extraction residue after 72 hours _ .

' 8 The toner according to Claim 1, wherein the toner shows a dynamic modulus of 1x103 1x105 dyn/cmz
and a loss modulus of 1x102 - 5x10* dyn/cm? as respectively measured at 200 *C and 0.1 Hz, and the -
dynamic modulus is larger than the loss modulus.

20 : :
4. The toner accordmg to Claim 1 wherem the extractlon resrdue after 6 hours is 20 80 wt. % of the
binder resm

‘5. The toner accordmg to Clarm 1, whereln the extracnon residue after 6 hours is 25 - 70 wt. % of the
25 binder resin.

6. The toner accordmg to Cla:m 1, wherem the extractlon resldue after 72 hours is below 15 wt. % of the"
- binder. resin. : : .

30 7. The toner according to Claim 1, _wherem the extract:on residue after 6 hours is 2 - 30 times the
' extraction residue after 72 hours. :

8. The toner according to Clarm 1, wherein the moduli measured after holdmg the toner for 80 min. at 200 ' .

°C are below two trmes the moduli before the holdlng :

35 - - : :

9. The toner accordmg to Clalm 1; wherein the moduli measured after holdlng the toner for 60 min. at 200
°C are within the range of from 0. 5 to below 2 times the moduli before the holding. '

10. The toner aocordmg to Clalm 1, whereln the moduli measured after holdmg the toner for 60 min. at 200
40 * C are within the range of 0.8 - 1.8 hmes the moduli before the holdmg

11. The toner accordmg to Claim 1, wherem sard blnder resin compnses a vinyl polymer, a vinyl
copolymer, or a mixture thereof. : : .

45 12. The toner accordmg to Claim 1, wherem sard binder resm comprlses a crosslmked vmyl polymer a
crosslinked vinyl copolymer, or a mixture thereof. :

13. The toner according to Clalm 1, wherem said- blnder resin oomprlses a styrene polymer, a styrene
copolymer, or a mixture thereof. :
50 _ . .
14. The toner accordmg to Claim 1, whereln sard blnder resin oompnses a crosslmked styrene polymer.
crosslinked styrene oopolymer, ora mrxture thereof

15. The toner according to Claim 1, wherem sard bmder resin comprises a vinyl polymer, a vmyl copolymer -

55 or a mixture thereof having a JIS acid value of at most 100 mgKOH/g

16. The toner according to Clalm 1, wherein said binder resin comprises a vinyl polymer, a vinyl copolymer '
or a mixture thereof havmg a JIS acid value of2- 70 mgKOng
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nol'ecul &r weight. Further, a non-extractabl e component is - Has Been Replaced
crosslinked conmponent. A resin corrponent having an ultra- h| g I m“lﬂ Iul
wei ght and a relatively | ow crosslinking degree can provide

melt characteristic resisting the RSYQ48&36Af t he toner flowout. is not
advant-ageous however to provide a toner with an unnecessarily hi gh

| ast t d bi nder resin accordi
or osent | Tt P°'§§ a??é; e ol %g 5?@9;%'95 eesd VT BT BT iopgpr
because of Eht &Y TR af"ga ac' He 95 |ittle crossli nkage, thus
show ng A4 %3 toner acéo?dmg to Claim 1, wherein said binder resin comprises a polyester resin.
5

19. The toner according to Claim 1, wherein said binder resin comprises a polyester resin having a Jis
acid value of at most 100 mgKOH/g.

20. The toner according to Claim 1, ‘wherein said binder resin comprises a polyester resin having a JIS
10 acid value of at most 50 mgKOH/g. :

21. The toner according to Claim 1, wherein said binder resin contains an ultra-high molecular weight
component formed by melt-kneading a resin material containing a THF-insoluble and highly crosslinked
high molecular weight having a carboxyl group together with a metal-containing compound linkable with

15 the carboxyl group to sever the crosslinked high molecular weight component and cause re-crosslinking
of the severed crosslinked high-molecular weight component with the metal-containing compound.

.22. The toner aécording to Claim 1, wherein said binder resin contains an azo metal complex represented
by the following formula:

20
(Ar-N = N-Ar ] ©
. | \X\M/Y'
- ¢
%0 | | | AT-N = N-\Ar‘ A%,

wherein M denotes a coordination center metal, inclusive of metal elements having a coordination
number of 8, such as Sc, Ti, V, Cr, Co, Ni and Fe; Ar denotes an aryl group, such as phenyl or
35 naphthyl, capable of having a substituent, examples of which may include: nitro, halogen, carboxyl,
- anilide, and alkyl and alkoxy having 1 - 18 carbon atoms; X, X', Y and Y independently denote -O-,
-CO-, -NH-, or -NR- (wherein R denotes an alkyl having 1 - 4 carbon atoms; and A® denotes hydrogen,

sodium, potassium, ammonium or aliphatic ammonium. :

40 23. The toner according to Claim 1, wherein said binder resin contains an organic acid metal complex
represented by the following formula: '

| - mpo o e
45 ' i

7 0-C
m/ \M/ \(A)

50 | | c-0
R
\ 0  H,0 Je

55 wherein M denotes a coordination center metal, inclusive of metal elements having a coordination
number of 6, such as Cr, Co, Ni and Fe; A denotes ' .
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elasticity. Accordi ngly, the binder resin shows an el astiet+tyrecessary for
preventing the toner flowout at a high tenperature. Further. enpal

relatively |ow tenperature, the binder resin retains a soft ]?e&R fgoed
does not hinder the toner deforrratlﬁ'hoﬂégﬂﬁlow ding a good Iﬂ “mm
is very difficult to obtain such a resin conposition having

nol ecul ar weight and a relatively |ow crosslinking degree only by

pol ynerization. if it is tried to obtain _s@a conmponent only through

pol yneri zation, a highly crosslinked conpo i's produced. A highly
crosslinked conponent has an unnecessarily high elasticity than S reqU|red

of resisting éaﬂ?blé&?'ﬂﬂng sgm}&m Thus, such a hi ghl y

@@@@f%@'%@t

(X denotes hydrogen, halogen, or nitro),

R

10

20 : R

(R denotes hydrogen, C; - Cis alkyl or Ci - Ciz alkenyl); Y® denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and Z denotes -O- or -CO*O-.
25
24. A fixing method comprising:
feeding a toner-receiving material carrying a toner image on a surface thereof, the toner comprising
a binder resin and a colorant, wherein the binder resin contains at least 20 wt. % of an exiraction
residue after 6 hours of exiraction and below 20 wt. % of an exiraction residue after 72 hours of
30 extraction respectively by Soxhlet extraction with tetrahydrofuran (THF), and the toner shows a dynamic
modulus and a loss modulus, respectlvely at 200 °C and 0.1 Hz, which are substantially unchanging
with time;
passing the toner-receiving material carrying the toner image between a heated flxmg roller and a
_ pressing roller to fix the toner image under heating and pressing onto the surface of the toner-receiving
35 material; and
cleaning the fixing roller surface with a cleaning' member.

25. The fixing method according to Claim 24, wherein the fixing roller surface is cleaned with a cleaning
web.

26. The fixing method according to Clalm 24 wherein the fixing roller surface is cleaned with a cleaning
_ web impregnated with silicone oil.

27. The fixing method according to Claim 24, wherein the fixing roller surface is cleaned with a cleaning
45 pad. :

28. The fixing method according to Claim 24, wherein the fixing roller surface is cleaned with a cleaning
*  pad impregnated with silicone oil.

0 29. The fixing method according to Claim 24, wherem the ﬂxmg roller surface is cleaned with a cleamng
roller.

30. The fixing method according to Claim 24, wherein the fixing roller surface is cleaned with a cleaning
‘roller impregnated with silicone oil.
65 .
31. The fixing method according to Claim 24, wherein the toner image is fixed under contact with the fixing
- roller having a surface temperature. of 150 - 250 °C.

f i
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vely | ow tenperature, thus hindering the toner
ffect to fixation. The toner binder resin

crossl i hked c-ﬂgmggﬁgsﬂegniﬁ&l jdered to show a hard elasticity and shows a

strong el asti cCi
deformation to “ m
accordi ng tot

nt i ofFPiG:488880&1t eri zed in that a high

nmol ecul ar wei ght conponent therein shows a nmobility which does not
substanti al | change with tine when held at a high tenperature. This is

represent%d

f"%{'gf%'PB oqorsing 19 flaim 24y whergin e ?f"%fy'ﬁ% '%f"ﬁB sRreuSoniRrtavity the dixieg

modul us as AEFJEYER %{’ffa"fdﬂ“‘teéar“f'?@@?\dz@ ¢ Hz which are - 16-
subst ant I&. LI'Me H)Qggh%gﬂoéq gco\cla\ll'ldltng tg CIFE m 2£m vr/h%re?rp t?rg IttgnerC ?rlnagg is fixed under heating and an
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34,

a7.

41.

42.

44.

47.

49.

abutting pressure of at least 1 kg/cm? acting between the fixing roller and the pressing roller.

The fixing method according to Claim 24, wherein the extraction residue after 8 hours is at least 2
times the extraction residue after 72 hours.

The fixing method acoordihg to Claim 24, wherein the toner shows a dynamic modulus of 1x10° - 1x105
dyn/cm? and a loss modulus of 1x10? - 5x10* dyn/cm? as respectively measured at 200 °C and 0.1 Hz,
and the dynamic modulus is larger than the loss modulus.

.. The fixing method according to Claim 24, wherein the extraction resndue after 6 hours is 20 - 80 wi. %

of the binder resin.

The fixing method according to Claim 24, wherein the extraction residue after 8 hours is 25 70 wt. %
of the binder resin.

The fixing method according to Claim 24, wherein the extraction residue after 72 hours is below 15 wt.
% of the binder resin.

The fixing method according to Claim 24, wherein the extraction residue after 6 hours is 2 - 30 times
the extraction residue after 72 hours. '

The fixing method according to Claim 24, wherein the moduli measured after holding the toner for 60
min. at 200 °C are below two times the moduli before the holding. :

The fixing method according to Claim 24, wherein the moduli measured after holding the toner for 60
min. at 200 °C are within the range of from 0.5 te below 2 times the moduli before the holding.

The fixing method according to Claim 24, wherein the moduli measured after holding the toner for 60
min. at 200 °C are within the range of 0.8 - 1.8 times the moduli before the holding.

The fixing method according to Claim 24, wherein said blnder resin comprises a vinyl polymer, a vinyl
copolymer, or a mixture thereof.

The fixing method according to Claim 24, wherein said binder resin comprises a crosslinked vinyl
polymer, a crosslinked vinyl copolymer, or a mixture thereof.

The fixing method according to Claim 24, wherein said binder resin comprises a styrene polymer, a
styrene copolymer, or a mixture thereof.

The fixing method according to Claim 24, wherein said binder resin comprises a crosslinked styrene
polymer, a crosslinked styrene copolymer, or a mixture thereof.

The fixing method according to Claim 24, wherein said binder resin comprises a vinyl polymer, a vinyl
copolymer or a mixture thereof having JIS acid value of at most 100 mgKOH/g.

The fixing method according to Claim 24, wherein said binder resin comprises a vinyl polymer, a vinyl
copolymer or a mixture thereof having a JIS acid value of 2 - 70 mgKOH/g.

The fixing method according to Claim 24, wherein said binder resin comprises a vinyl polymer, a vinyl
copolymer or a mixture thereof having a JIS acid value of 5 - 60 mgKOH/g.

The fixing method according to Claim 24, wher'ein said binder resin corhprises a polyester resin.

. The fixing method according to Claim 24 wherein said binder resin comprises a polyester resin having
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that the modulic measured after holding at 200 [err]C arebeLn\A/fm tines,
preferably 0.5 to below 2 tines, further preferably 0 8 - 1 8 tlrres those

before the holding. The nmobility change wt he
‘attached to the fixer cleaning rrerrbEROI‘l&QiQGQMthe foI I ovm ng Imuuulﬁ"
t

If the change rate exceeds 2, the toner material attached
cl eani ng nenber _or a t ermstor contacting the fixing roller is cause

have an excesas‘f'%é‘T"il"afﬁ'PQhat\ﬂ%‘(?gF‘&gWEl ty and a smal | m)bl lity and is very
rigid, thus eri fective cleani ing o

e 1§ xi ngo% oiipding dgh jgp A% e i B car B b S Bt o8 ey
the fixing o’ﬁ? ?{cm\?g’ﬁp% é%r e

vi scoel ast i cit ?%d‘é%?(? 9and results in a toner material having
a large rmgé.l 'f'hteXm%"%ethod according to Claim 24, wherein said binder resin contains an ultra-high molecular
weight component formed by melt-kneading a resin material containing a THF-insoluble and highly
crosslinked high molecular weight having a carboxyl group together with a metal-containing compound
linkable with the carboxyl group to sever the crosslinked high molecular weight component and cause
10 re-crosslinking of the severed crosslinked high-molecular weight component with the metal-containing
compound.

54. The fixing method accordlng to Claim 24, wherein said binder resin contains an azo metal complex
represented by the following formula:
15

r-N = N:/ 1€
\_x l o
20 \/
/T\
Y | xt
2 | { Ar-N = N—>r, a9,

wherein M denotes a coordination center metal, inclusive of metal elements having a coordination
number of 6, such as S¢, Ti, V, Cr, Co, Ni and Fe; Ar denotes an aryl group, such as phenyl or

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

35 §5. The fixing method according to Claim 24, wherein said binder resin contains an organic acid metal
complex represented by the following formula:

4 H20 0] e
“ 2 o !I:
NN\
() M”  (a)
. Neo” TN,
50 wherein M denotes a coordination center metal, inclusive of metal elements having a coordinatioﬁ

number of 6, such as Cr, Co, Ni and Fe; A denotes

-

capable of having a substituent,
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being soft, thus tending to cause i mage staining due to toner flowout from
the fixer cleaning nenber. It is preferred that the toner shows a dynam c
nodul us of 1x10[err] - 1x10[err] dyn/cnferr] and a | oss nodul us of

1x10[ err] - 5x10[err] dyn/cnierr] ERM0488880aInam ¢ nodul us is larger than
the | oss nodul us, so that the toner shows a desirable viscoelasticity

W t hout causing toner offset and the toner materi-al attached to the fixer
cl eani ng - nenber shows the best preferred viscoelasgicity preventing the
toner flowout from_@&gr gﬂ_@ﬁ , X . ln a@@@ a toner

has a dynam ¢ nodul

5 _
(X denotes hydrogen, halogen, or nitro),

B 'g'

15

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

20
ks
30
35
40
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bel‘ow 1x10[err] dyn/cnferr] or a |l oss nodulus of below 1x10[err] dyn/cn®,
or the dynamic nodulus is smaller than the |oss nodulus, the toner nmaterial
accunul ated on the fixer cleaning nmenber tends to cause the toner flowout.
In case where the toner has a dynargERO0488I860LA1 exceedi ng 1x10[err]
dyn/cnierr] and a | oss nodul us exceeding 5X10[err] -dyn/cnferr], the
fixation characteristic is adversely affected. The characteristic resin
conponent constituting the binder resin used in the present invention may
for exanple be prepared in the follow ng manner. A polynmer having a
functional group, such as a carboxyl group or hydroxyl group, and
conprising a crosslinked hi gh-nol ecul ar wei ght conponent is nelt- kneaded
together with-a conmpound, e.g., a netal

10 12

FIG. |

Sheet Has Been Replaced
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cont ai ni ng conpound, reactive with the functional group of the polyner
‘under the action of a shearing force. At this tinme, the crosslinked

hi gh- nol ecul ar wei ght conponent of .the polyner is severed and
re-crosslinked to obtain an ultra-hEgQ-488136@Atar wei ght resin conponent.
Further, the nmobility of the toner can-be noderated by appropriately
ut|||2|ng the entangl enent of polynmer chains in the nolten state,
crosslinkage, and interactions between functional groups and between

-18- a functional group .and a polar group in the internal additives. It is
possible to effect the above process

'(_ZIQ

—
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_durlng toner production. For this purpose, .the above- nenti pot-y rrel

the conpound may be nelt-kneaded together mnth ot her additi eBEBMEHW§NTESEET
anot her resin,a magnetic material and a col orant. The extradtifon re5|due
according to Soxhlet extraction referred to herei'n may be ngagu g

fol  owi ng manner. About 0.5 g of a resinqus sanple is weighgd la placed I n
a cylindrical filter paper (e.g., "No. 86R' having a size of{ A8—rm-gia—x
100 mmH, available from Toyo Roshi K. K. ) and then subjected to extraction

with 200 ml of solvent. THF (tetrahydrofuran) in a Soxhlet's ‘extractor. The
extraction is perfor n@ONER FORhDEVELOPINGD BIROTROSIATER cIMAGBY this tine,

the reflux rate is controlled so that each THF extraction. cycle t akes about
"4 - 5 minutes. After the extracti 8D FIXING METHOD

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a toner for
developing electrostatic images used in image forming
methods, such as eiect:ophotography or electrostatic
printing, particularly a toner suitable for hot roller
fixation, End a fixing method using such a toner. |

| Hitherto, a large number of electroéhoto-

' graphic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363;
and 4,071,361. 1In these processes, in general, an
electrostatic latent image is formed on a
photosensitive member'comprising a photoconductive
material by various means, then the latent image is.
developed with a toner, and the.resultant toner image
is, after beiﬁg transferred onto a transfer material
such:as paper etc., as desired, fixed by heating,
preeéing, or heating and pressiﬁg, or with solvent
vaper to obtain a copy.

As for the step of fixing the toner image onto
a sheet material such as paper which is the final step
in the above process, various methods and apparatus
have been developed, of which the most popular one is a
heating and pressing fixation system using hot rollers.

In the heating ahd pressing system, a sheet



the cylindrical filter paper is taken out and sufficientiy arT

: : \ ed 'L_U_nvy_ei fr————
the extraction residue. The extraction residue content (w.?9 H%éyﬂgéﬁthJSHEET

calcul ated as: (Werr]/Werr]) x 100, wherein Werr] denotes}tpe weight of
the resin content in the original sanple, and W2 denotes the | oltf FRB 9P
resin content in the extraction resi due.2For ‘exanple, in cas ere tﬁe
resi nous sanple is a nagnetic toner, the weight Werr] is o +9

|
ar 1'icu LI

by subtracting the weight of the THF-insol ubl e content such fs the nagnetic

material and the pignent fromthe total sanple toner weight, and_ the Wwergnt
W2 is obtai nedanrsity raactomer timagei thtbef fiked THreratnafibps called

“"fixation sheet") is passed through hot rollers, while
a surface of a hot roller having a releasability with
the toner is caused to contact the toner image surface
. of the fixation sheet under pressure, to fix the tomner

image. In this methdd,'as the hot roller surface and
the toner image on the fixation sheet contact each !
other under a pressure, a very good heat efficiency is
attained fér melt-fixing the toner image onto the
fixation sheet to afford quick fixation, so that the
method is very effective in a high-speed
electrophotographic copying machine. 1In this ﬁethod,
however, a toner image in a melted state is caused to
contact a hot roller su:face under pressure, so that
there is observed a so-called offset phenomenon that a
part of the toner image is attached and trénsferrgd to
'the'hot roller surface and then transferred back to éﬁe
fixation sheet to stain the fixation sheet. It has
been regarded as one of the important conditions in the
hot ngller fixation system to prevent the toner from
sticking to the hot roller surface.

In order to prevent a toner from sticking onto

a fixing roller surface, it has been conventiqnally
practiced to compose the roller surface of a material
showing excellent releasability against the toner
- (e.g., silicone rubber or fluorine-containing fesin)

and further coating the surface with a film of a liquid



content such as the nmagnetic material and the pignment fron1the.mefght-of

the extraction residue. An exanple of the Soxhlet's extractor| g5 s ROWIT TIT——
Figure 2. In operation, THF 14 contained in a vessel 15 is v p&%?i"*@ﬁ@gﬁﬁt T

heating by a heater 22, and the vaporized THF is caused to pgsg through a
pi pe 21 and guided to a cooler 18 which ig_always cooled wi th goo2Brigg

19. The THF cooled in the cooler 18 is liquefied and stored ijnja reservoir
part containing a cylindrical filter paper 16. Then, when theg |ever—of—FHF

. exceeds that in a mddle pipe 17, the THF is di scharged fromithe reservoir

- 17, the THF i s showirsy gedgdodnreleasaistl Yoy rspeht asosihbconesoelillsot Asough .
" the pipe 17. During the operation, the toner or resin in the cylindrical
filter paper | +suevent offset rand i Satigue ofiethéusobierusurfagetHr.

This method is very effective for preventing offset but

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

Therefore, it is not.necessarily desirable to
prevent the offset by supplying an offset-pfeventing
liqﬁid, bﬁt a toner haﬁing a broad fixing temperature
range and excellent in anti-offset characteristic is
rather desired at present. For this reason, in order
to provide a toner with an increased releasability, it
has been also practiced to add a was, ‘such as low-
moleéular weight polyethylene or low-molecular weight
polypropylene. the usé of wax is effective in
prevention of offset but on the other hand is liable to
prqvide the toner with an incrgased agglomeratabiliti,
an unstable chargeability and a deterioration in
durability. "Therefore, various proposals have been
mad?;for improving the binder resin.

For example, it is known to increase the glass
transition temperature (Tg) and the mo;ecular weight of
a tgner binder resin so as to improve the molten
characteristic of the toner for the purpose of offset
prevention;

Japanese Patent Publication (JP-B) 51-23354

‘has proposed a moderately crosslinked vinyl polymer by




Crosslinking wwth a netal has been proposed heretofore. A pr i-ncipal

conponent of a binder resin of- a toner generally has a nol ec IamIWQEQEMTQHEET,
at nost about 10[err]. Crosslinking of a ‘resin conponent having—stctr=

nol ecul ar wei ght does not provide a characteristic resin co he

contained in the toner according to the-gresent invention. Ajt )nre}:a 15:58@997
such -20- a crosslinked resin conponent may show an anti - ¢f Lset
characteristic but cannot show an effect of preventing toner|flowout from
the fixer cleaning nenber or results in a noticeable change
bi nder resin usddition hef pa ecepsslinkingoagent and a molecular weight

controller, and JP-B 55-6805 has proposed a toner
composed from an B -ethylenically unsaturated monomer
and having a boafd molecular weight distribution
represented by a weight-average molecular
weight/number-average molecular weight ratio of 3.5 -
40. It has been also proposed to use a resin blend_
including a vinyl copolymer having specified fg,
molecular ﬁeight and gel content.

The toners by these proposals actually provide
a fixable temperature rénge (defined as a difference
between the offset-initiati;n temperature and the
‘lowest fixable temperature) wﬁich is wider than that of

. a toner comprising a single resin having a narrow
molecular weight distribution.

A toner obtained by crosslinking a polyester
resin in place of vinyl resins as described above ané'
adding an offset-preventing agent has also been
proposed (JP-A 57-208559).

' Further, JP-A 56-116043 has proposed a toner
usiné a resin which is obtained by polymerizing a vinyl
monomer in the presence of a reactive polyester resin
to cause crosslinking, addition and grafting during the
POlyﬁerization, thus providing a resin having an
increased molecular weight.

JP-A 60-123850 has propdsed a toner using a

resin obtained by simply blending a polyester resin



may preferably conprise a vinyl polyner, a polyester or a graft- copolyner
of an unsaturated polyester and a vinyl nonomer which contaijns a'h gh,w

nmol ecul ar wei ght conponent having a nol ecul ar wei ght exceedlng 0] =T 0

and/ or a crosslinked high nol ecul ar wei ght conponent, has arn

pol yneri zation, enul sion polynerization, block copol yneri zatii

copol yneri zation. It is also preferred that the crosslinked high-nol ecurar
wei ght conponent conprises a polyner containing a conponent [in

-4,

aci d val ue and
has been obtained through a process suchsas bul k pol yneri zat|i gn, 2 8t 1199V

dn or graft

c.H!"l.T

sol vent (i.e. W-‘atlgetW@ohreﬁs)Of Thbngbl reéﬁMnﬂlmquO@eB@rlalﬂQﬂQ%‘%d?ﬁ ai ned.
in a proportion-of 10 - el content may al so be neasured

accordi ng to tde }®agk- 2Qe§c?~¥1§eﬂ %%hF@Pték‘ttr o2& bedovet!fod -as S hour -

toner shows a satisfactory fixability but the offset-

preventing characteristic is insufficient. If the

content of the vinyl resin having a gel content of at

least 80 % is increased in order to improve the anti-

‘offset characteristic, the offset-preventing effect is

-improved but the fixability is lowered on the other

hand. It is impossible to provide a sufficient anti-

offset characteristic by simply incorporating a vinyl

resin having a gei content of below 10 %.

It has been proposed to react a vinyl polymer

"having a carboxyl group with a metal compound to cause

crosslinking by JP-A 57-178249, JP-A 57-178250, etc.

It has been proposed to react a vinyl resin comprising

a vinyl monomer and a special half ester compound with

a polyvalent metal compound to cause crosslinking by

JP-A 61-110155, JP-A 61-110156, etc. Further,

JP-A 63~

214760, JP-A 63-217362, JP-A 63-217363, etc., have

propoéed to form a resin having a molecular weight

/

distribution separated into two portions, i.e., a

portion having a low molecular weight and a portion

having a high molecular weight so that the low

molecular weight portion is caused to contain a special

half ester compound having a carboxyl group which is

reacted with a polyvalent metal ion. However,

at

present, any of the above methods has not succeeded in




extraction residue since the gel content shows little change with time of

extraction. Anong the above-descri bed pol'yners, a vinyl
particularly preferred because of a noderate reactivity.

pol ymer having a | ow degree of crosslinkage can cause a vigofo s reaction
-21- and is liable to cause a relativelg_fast reaction even
cl eani ng nenber to have increased crosslinkage and hardness,

pol yer——+s

A JIEPEAERMENTy SHEET

in danmage of the fixing roller or failure in cleaning functifo
fixing roller cleaning nmenber. It is also possible to m x tHe. above pol yner

thus resu?@?%g

satisfying various properties reguired of a toner,
particularly anti-offset characteristic required in a
high-speed machine.

In order to solve the above-mentioned
problems, our research group has proposed the use of a
special resin which has been prepared by adding a low-
molecular weight resin durirg suspension polymerization
(JP;A 63-223662). Even a toner prepared accordin§ to
this propoéal cannot show a sufficient fixability when
used in a high-speed coéying machine operated at a high
speed of 80 or mcre Ad-size sheets/minuté and is found.
to cause a toner flowout through a cleaning member
abutted to the fixing roller, thus being liable tc
stain the transfer material such as paper.

In a high-speed machine exceeding 80
sheets/min, even if an offset amount per sheet is very
slight, a considerable amount of offset residue can be
accunulated on the fixlng roller due to a large number
of sheets passing therethrough, so that the fixing
apparétus can cause a trouble thereby. 1In order to
remove the slight amount of offset residue, a fixer
cleaning member such as a silicone rubber-made cleaning
roller or a web is disposed abutting to the fixing

roller. A conventional toner binder resin has been

"designed so aé to provide a low-temperature fixability

and an anti-offset characteristic and has not been

desired so as to provide a high melt-viscosity even at
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or polymer conposition with another vinyl polynmer, polyester polyurethane
epoxy resin, polyvinyl butyral, rosin, nodified rosin, terpen®REPEACEMENT SHEET
phenolic resin, aliphatic or alicyclic hydrocarbon resin, arjonatie
petrol eumresin, halo-paraffin and paraffin wax. In case whdr tggﬁgégder
resin constituting the toner according tg-the present inventjidn SRY 4
vinyl polynmer, a vinyl copolyner or a mxture of these, exanpl

vi nyl nmonomer providing the binder resin may include: styrere;
derivatives, such as o-nethyl styrene, mnethyl styrene, p-net :
p- met hoxyst yr ea®, hpghhangemperaturepasc exwessting: 200 PC. diRwrthes: yr ene,
p-ethyl styrene, 2,4-dinethylstyrene, p-n-butylstyrene, p-tert-

butyl styrene, Bbf- kergrsmptepdalpa fe@r cleaning

s.of the
styrene

member remains for a long period at a set temperature
of thé fixing roller to cause a lowering in melt
viscosity. As a result; when the fixing roller
temperature exceeds 200 °C due to overshooting in
bxcess of the set temperaturo thereof, e.g., at the
time of turning on the copying apparatgs,=the attached
toner ma;etial causes a remarkable decrease in melt
viscosity and is thus re-tfansferred to the fixing

roller to stain the toner image-receiving sheet.

SUMMARY OF THE INVENTION

A generic object of the preéent invention is
to provide a toner and a fixing method having solved
the above-mentioned problems.

A more specific object of the present
invention is to provide a toner and a fixing method
free from toner flowout from a cleaning member for a
fixerisuch as a fixing roller.

| Another object of the present invention is to
provide a toner and a- fixing method showing sufficient
anti-offset characteristic without impairing the
fixability.

Another object of the present invention is to
provide a toner and a fixing method showing excellent

‘performances in successive copying on a large number of




nonyl styrene, p-n-decyl styrene, and p-n-dodecyl styrene; eth
unsaturated nonool efins, such as ethylene, propylene, butyl
i sobutyl ene; unsaturated pol yenes, such as butadi ene; hal og
such as vinyl chloride, vinylidene chloride, -22- vinyl

vinyl fluoride; vinyl esters, such as viigyl acetate, vinyl

vi nyl benzoate; nethacryl ates, such as nethyl nethacryl ate,
met hacryl ate, propyl nethacrylate, n-butyl nethacrylate, is

met hacryl ate, n-octyl nethacrylate, dodecyl nethacrylate, 2-

nmet hacryl ate, sheetgl. net hacryl ate, phenyl

According to the present invention,

ylenically

nao and
pnBE RACVAIBNT SHEET
Dr T g and
Dr Opi d
A hﬁ’é‘% 1997
()] TEVE
et hyl hexyl. -

there is

provided a toner for developing an electrostatic image,

comprising: a binder resin and a colorant, wherein the

binder resin contains at least 20 wt. & of an

extraction residue after 6 hours of extraction and

‘below 20 wt. % of an extraction residue after 72 hours

of extraction respectively by Soxhlet gxtraction with

tetrahydrdfuran (THF), and the toner shows a

dynamic

modulus and a .loss modulus, respectively at 200 ©C and

0.1 Hz, which are substantially unchanging with time.

According to another aspect of the present

invention, there .is provided a fixing method

comprising:

feeding a toner-receiving material carrying a

toner image on a surface thereof, the toner comprising

a binder resin and a colorant, wherein the binder reéin

contains at;least 20 wt. % of an extraction residue

after 6 hours of extraction and below 20 wt.

% of an

extrabtion residue after 72 hours of extraction

respectively by Soxhlet extraction with tetrahydrofuran

(THF)}-and the toner shows a dynamic modulus

and a loss

modulus, respectively at 200 °C and 0.1 Hz, which are

substantially unchanging with time;

passing the toner-réceiving material carrying

the toner image between a heated fixing roller and a

pressing roller to fix the toner image under

heating



met hacryl ate, di met hyl ami noet hyl nethacryl ate, and di et hyl ami_noet hyl

net hacryl ate; acrylates, such as nethyl acrylate, ethyl acrylaﬁgﬁﬁgEgEka%&ET
acrylate, isobutyl acrylate, propyl acrylate, n-octyl acryl afeg—do ﬂﬁy'I

acryl ate, 2-ethyl hexyl acrylate, stearyl acrylate, 2-chloroeghyl acryl ate,
and phenyl acrylate, vinyl ethers, such ag_vinyl nethyl etheq, |vid§ FE& 697

et her, and vinyl isobutyl ether; vinyl ketones, such as vinyl fethyl

ket one, vinyl hexyl ketone, and nethyl isopropenyl ketone; Njvinyl

conmpounds, such as N-vinyl pyrrole, N-vinylcarbazole, NVinylindale and

N-vi nyl pyrrol i dndepreissingaphtoalthec surfacd iof atiel thmen-atecskving

nmet hacrylic acid derivatives,

such as acrylonitrile, nethacryronitrile, and

acryl am de; thematewialgf ande above-nentioned [err]-unsaturated aci ds and
the diesters of the above-nentioned di basic acids.

cleaning the fixing roller surface with a
cleaning member.

These and other 6bjects, features and
advantages of the present invention will become more
apparent upon a consideration of the following
description of the preferred embodiments of the present
invention taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1'is a schematic il;ustration of an
apparatus for piacticing the fixing method of the
present invention.

Figure 2 is an illustration of a Soxhlet's

extractor for practicing the Soxhlet extraction.

DETAILED DESCRIPTION OF THE INVENTION

; The Soxhlet extraction residue with THF in the
preéent invention is a polymer or resin component,
which cannot be readily extractable with THF or is
insoluble in THF, in a toner binder resin and
corfesponds to an ultra-high molecular weight resin
component and a highly crosslinked resin component in

the binder resin.

A resin component has a smaller solubility in



These vinyl nonomers may be used singly or in conbination ef—¢

A
vT L' A Ay

nor e. speci es. Anpong these, a conbi nation of nononers providﬁﬁ@LkﬂﬁﬁﬁHﬁeSH&ﬁﬁa

copol ymers and styrene-acrylic -23- type copolyners ma

preferred. It is possible'to provide the vinyl polyner usqd {i r n
o SRR L

cinic acid,

Vavwald
o

invention with an acid value by incorporgging therein a
acid group, exanples of which may include: unsaturated di
as naleic acid, citraconic acid, itaconic acid, alkenylsu
fumaric acid, and nmesaconic acid; unsaturated di basic aci -
as THF if it has a larger molecular weight. An ultra-high

- molecular weight resin component is not extracted
with THF in a short time and cannot be fully extracted
in 6 hours by Soxhlet extraction.

In the Soxhlet extraction, the extract passeé
through the filter mesh, but an ultra-high molecular
height molecule requires a long time in passing the
filter and also hinders passing of another ultra-high

molecular ﬁeight molecule, so that it causes a delay of
' )

extraction.

On the other hand, a highly crosslinked
molecule is not readily dissolved due to its steric
hindrance and, even if dissolved, takes a long time to
pass the filter and also hinders the passing of another
molecule. It also fails to pass the filﬁer in some
cases.

Further, a highly crosslinked molecule,'if it
has a high molecular weight, can no longer be dissolved
in THF but constitutes a gel content with respect to
THF.

| Thus, the Soixhlet extraction may be regarded
as a measure of mobility of polymer molecules in a
solvent. If the content of a resin component having
a large mobility is increased, the. extraction may bg
performed in a short time. to leave a smaller extraction
residue. Reversely, if the content of a resin

component having a small mobility is increased, the
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mal ei ¢ anhydride, citraconic anhydride, itaconic anhydride, |ahdfuy

‘an
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al kenyl succi ni ¢ anhydri de; half esters of unsaturated di basiic{acids;such

as nononet hyl
citraconat e,

nonoet hyl citraconate, nonobutyl citraconate, WD
| taconate, nononet hyl al kenyl succi nate, Jqgnonet hyl funmarate

mal eat e, nonoet hyl mal eate, nonobutyl mal eatej Ao
DY Yo7

mesaconat e; and unsaturated dibasic acid esters, such as difrethyl naleate

and di et hyl

fumarate. Further, there may al so be used: [err[-unsaturated

acids, such as acrylic acid, nmethacrylic acid, crotonic acid, and cinnam c
aci d; [err]-unextuagtionatimenblegdmesed.orgich Rscasin orvnpamenytirhavingd

ci nnam ¢ anhydri de; anhydes between such [err]-unsaturated acids and | ower
fatty acids; aPReRyPRaBBAldexcmgbilityhwagnatarke extractedkenyl adi pi ¢ acid,
and anhydri des and nnno%%ggrs of '

molecular mobility in a solvent can be
correlated with a molecular mobility under a thermally
molten state. Thus, the magnitude of mobility in a

solvent may be regarded'as cofresponding to the

‘magnitude of mobility in a thermally molten state.

A large mobility in a molten state leads to
easy melt-deformation of the toner, thus'cauéing a
difficulty in offset prevention. If the mobility is
decre;sed to some extent, the meltfdeformation of toner
is suppressed so that offset can be prevented but it is
difficult to preyent toner flowout from a cleaning
member for a fixiﬁg roller. By further decreasing the
mobility, the toner flowout can be effectively
prevented. If the mobility is excessively lowered, the
melt-deformation characteristic of the toner is )
impaired to hinder the toner fixation.

When the 6 hour-extraction residue is 20 wt. %
or moie,~the toner is provided with a mobility capable
of péeventing the toner flowout from a fixing roller
cleaning_member.

In case where the 6 hour-extraction residue of
a- toner is substantially less than 20 wt. %, e.g., less
than 1 wt. s, sufficignt anti-offset characteristic
cannot be attained. When ﬁhe extraction residue in the

range of from 1.0 wt. % to below 20 wt. %, anti-offset
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t hese acids. Anong the above, it is particularly preferred[tqﬂﬁgggﬁqm-ér
nonoesters of [err]-unsaturated dibasic acids, -24- such as-iEleic acl
fumaric acid and succinic acid as a nononer for providing the binder resin
~used in the present invention. Specific exanples of the nohoest28 6997
I ncl ude: nononet hyl nmal eate, nonoet hyl nﬁ%eate, nonobut yl feat e,
nonooctyl mal eate, nonoal lyl mal eate, ndbhdphenyl nal eate, nonet hyl
fumarat e, nonoethyl fumarate, nonobutyl fumarate, nonophenyl-funmarate
nonobut yl n-but enyl succi nate, nononet hyl n-octenyl succi nate, nonoet hyl

n'bUtenylnaloﬂ@ﬁffacteristic may be attained but it is difficult to

prevent the toner flowout from a fixer cleaning member.

When the extraction residue after 72 hours of
extraction is less than 20 wf. %, the toner flowout
from a fixer cleaning member can be prevented without
impairing the fixability. When the 72 hour-extraction
fesidue as well as the 6 houf-extraction residue is 20
wt. % or more, t@e toner flowout can be prevented but
the toner fixability is also impaired.

In oxder to satisfy the anti-offset
characteristic and the fixability in combination, the 6
hour-extraction residue may will be 20 - 80 wt. %,
preferably 25 - 70'ﬁt. %, and the 72 hour-extraction
residue is less than 15 wt. %.

It is also preferred that the toner binder
resin contains more than 5§ wt. % of a THF-solution
filtering residue as measured in the following manner.

A toner and THF are mixed with each other so
as tqurovide a toner concentration of a about 5 mg/ml,
and ;ﬁe mixture is left standing for several hours
(e.g., aboﬁt S - 6 hours) at room temperature. Then,
the mixture is sufficiently shaked until a'lump of the
toner disappears and then further left standing for
more than 12 hours (e.g., 24 hours).. In this instance,

~ a total time 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
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nmononet hyl

n- dodecynyl gl utarate, and nonobutyl n-butenyl adi ate The

crosslinking nononer may principally be a nononer having twp npfﬁupTcpﬁET
pol ymeri zabl e doubl e bonds. The binder resin used in the praseﬂ%~hnven (a2l

may preferably include a crosslinking structure obtained byj usi
crosslinki ng nonomer, exanpl es of which_age enunerated here f E%MrEB‘ﬂ97
Aromatic divinyl conmpounds, such as divinyl benzene and di vihyln

di acryl ate conmpounds connected with an al kyl chain, such as} ethyl ene glycol

di acrylate, 1, 3-butylene glycol diacrylate, 1, 4- butanedlol

apht hal ene;

: _ tH-aerylate, o
1, 5- pent anedi GhiRtacé Yist fausdel- hexgagél Qhréuaﬁr ¥l ahdplandreeaiarf yl gl ycol

di acryl ate,

and conpounds obt ai ned

y substituting nethacrylate groups for

the acrylate filter having a pore size of 0.45 - 0.5 micron (e.g.,

“Maishoridisk H-25-5", available from Toso K.K.; and
"Ekikurodisk 25CR"Y,available from German Science Japan
K.K.) to recover a filtering residue on the filter. It

is preferred that the THF-filtering residue thus

'measufed constitutes more than 5 wt. % of the binder

resin so as to effectively prevent the toner flowout
from the fixer cleaning member.

In case where a large-mobility component

" giving a good fixability and a small-mobility component

giving a good anti-offset characteristic are cdntéined
in a good balance, it is possible that the 6 hour-
extraction residue is two times the 72 hour-extraction
residue or more, wheréby it becomes possible to
effectively satisfy the fixability and the anti-offset
characteristic in combination; In order.to provide the
toner with an appropriate mébility,,it'ié further
prefe:red that the 6 hour-éxtraction residue is 2 - 30
timeglthe 72 hour-extraction residue.

| In case where the ratio is below two, the
component having a large mobility is liable to be
insufficient; thus tending to lower the toner
fixability. In case where the ratio exceeds 30, the
component having a small mobility is liable to

be insufficient, thus tending to provide a somewhat

inferior effect of preventing the toner flowout from a
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groups in the above conmpounds; diacrylate conmpounds connect
chai n including an ether bond, -25- such as diethyl ene
diacrylate, triethylene glycol diacrylate, tetraethylene gliy ~ch-aet-
pol yet hyl ene gl ycol #400 diacrylate, polyethylene glycol #g0C ngﬁﬁéé%bfi
di propyl ene glycol diacrylate and conpoungg_obtai ned by suljst]it
met hacryl ate groups for the acrylate groups in the above cgniaunds;
di acryl ate conpounds connected with a chain including an arlomat i c group and
an et her bond, such as
polyoxyethylenefﬂiei 2leagfidghmenbeyphangbmer easesdi - acryl ate,
pol yoxyet hyl ene(4) - 2, 2- bi s(4- hydroxyphenyl)

A resin component extractable in a short time

i

éontains a large proportion of a component effective
for fixation, and a resin component requiring a long
time for extraction contains a large proportion of
component effective for preventing offset and the toner
' flowout. .

The residual component is very effective for
preventinQ the toner flowout but can impair the toner
fixation it it is contained in a large proportion. -

As described above, a resin component
extractable in a short time has a low degree of
crosslinking or a low molecular weight. A resin

'component extractable in a long.time has a low deéree
of crosslinking although it'may have an ultra-high
molecular weight. Further, a non-extractable component
is a highly.croéslinked component. -

A resin component having an uitfa-high
molecular weight and a relatively low crosslinking
degrée can provide a toner with a melt characteristic
reéisting the offset and the toner flowout. It is not
advantageous however to provide a toner with an
unnecessarily high elasticity to hinder the fixation.
The toner binder fesin according to the present
invention is considered to provide a toner with an
elasticity because of entanglement of moleculér chains

and a little crosslinkage, thus showing a soft
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propanedi acryl ate, and conpounds obtained by substituting nmethacrylate

groups for the acrylate groups in the above conpounds; and pPohy&Skelsz "
di acryl ate conmpounds, such as one known by a trade nane of WA %ﬁﬁ g@a??ﬁﬁﬁST

from N hon Kayaku K. K.). Polyfunctional crosslinking agents such as
~pentaerythritol triacrylate, trinethyletA&ae triacrylate, 28 FEB 1997
tetranet hyl ol net hane tetracryl ate, oligoester acrylate, andfcpnpounds
obt ai ned by substituting nethacryl ate groups for the acryl ale groups 1T1nm Th
above conpounds; triallyl cyanurate and triallyl trinellitate._ These

b ass et a

crosslinking a9 %ﬂf Eighy preferably be used in a proportlon of about 0.01 -

5 w. parts, particular arts 100 wt. parts of
t he ot her vinyl nDnonerk§8ﬂﬁ§ﬁ8ﬁ ¥, the blnd resid ¥nows alf -

elasticity necessary for preventing the toner flowout
at a2 high temperature. .Further, even at a relativély
low temperature, the binder reéin retains a soft
elasticity and does not hinder the toner deformation,
thus providing a good fixability. |

' It is very difficult to obtain such a resin
compositioh'having an ultra-high molecular weight and a
relatively low crosslinking degree only by -
polymerization.  if it is tried to obtain such a
component only through polymerization, a highly
crosélinked coMponenf is produced.

A highly crosslinked component has an
unnecessarily high.elasticity than is required of
resisting the toner flowout. Thus, such a highly
crosslinked component is considered to show a hard

. elasticity and shows a strong elasticity at a
relatively low temperature, thus hindering the toner
deforhatiog to cause an ill effect to fixation.

: The toner binder resin according to the
present invention is characterized in that a high
molecular weight component therein shows a mobility

~which does not substantially change with time when held.
at a high temperature. This is represented by a factor .
that the toner has a dynamic modulus and a loss modulus

as measured at 200 °C and 0.1 Hz which are



Anong t he above-nentioned crosslinking  -26- nononers, aropatic.divinyl

conmpounds (particularly, divinylbenzene) and diacryl ate ConpbdmdshcqupchgQﬁ
with a chain including an aromatic group and an et her bond Ny “sthi=t-abt-

used in a toner resin in view of fixing characteristic and nt
characteristic. It is preferred that theghi nder resin has a 4 Q%N€€5é9ﬁﬁs
measured according to JI'S K-0070) of at nost 100 ngKOH g. | 1§ dase.where the;

bi nder resin mainly conprises a vinyl polyner, the acid val-e may
preferably be 2 - 70 ngKOH g, further preferably 5 - 60

substantlally unchanging with time, more specifically
that the modulic measured after holding at 200 °C are
below two times, preferably 0.5 to'below 2 times,
further preferably 0.8 - 1.8 times, those before the
holding. | |

The mobility change with time of the toner
binder resin attached fo theifixer cleaning member lads
to the following difficulties. If the change rate
exceeds 2, the toner material attached to the fixer
éleaning member or a thermistor contacting the fixing
roller is caused to have an excessively high
viscoelasticity and a small ﬁobility and is very rigid,
thus damagihg the fixing rollef or hindering éffective
cleaning of the fixing roller.

On the other hand, if the change rate is below
0.5, the viscoelasticity is excessively .lost and
results in a toner material having a large mobiliﬁy énd
‘being soft, thus tending to cause image staining due to
toner flowout from tﬁe-fixer cleaning member;

It is preferred that the toner shows a dynamic
modulés of 1x103 - 1x103 dyn/cm2 and a loss modulus of
1x102 - sx104 dyn/cm2 and the dynamic modulus is larger
than the loss modulus, so that the toner shows a
desirable viscoelaétigity without causing tonef offset
and the toner matéfial attached to the fixer cleaning

- member shows the best preferred viscoelasticity

preventing the toner flowout from the fixer cleaning



ngKOH/ g. |If the acid value is below 2 ng/ KOH, the re- crosdIiukl}
sufficiently occur. In case where the binder resin nmainly co:Dm
pol yester-type polyner, it is preferred that the acid val ud iis at nost 100
mgKOH g, particularly at nost 50 ngKOH g. Wien the acid valiug eX8dER 19430
ngKOH g, the chargeability of the toner_jg_liable to be affieqted by
environmental conditions, and thus the devel opi ng performarjce s affecred
by a change in envi r onnent al ‘condi tions. The pol yester resiin_used in the |
present invention may be constituted as follows. Exanples of the dihydric
al cohol may i ngdmbskex-, et hyl ene gl ycol, propyl ene glycol, 1, 3-butanediol,

1, 4- butanediol, 2,3-butanediol, diethylene gl ycol, triethylene egcoI,

1, 5- pent anedi ol , 1, 6- hekaneais®| where a toner has a dynamic modulus of

below 1x103 dyn/cm2 or é loss modulus of below 1x102
dyn/cmz, or the dynamic modulus is smaller than the
loss modulus, the toner material accumulated on the
fixer cleanigg member tends to cause the toner flowout.

In case where the taner has a dynamic modulus
exceeding _1.x105 dyn/cm2 and a loss modulus eiceeding
sx104 dynlémz, the fixation characteristic is adversely
affected.

The characteristic resin component
constituting the binder resinlused in the present
invention may for example be prepared 'in the following
manner.

A polymer having a functional group, such as a
carboxyl group or hydroxyl group, and comprising a
crosslinked high-molecular weight component is melt-
kneaded together with a cémpound, e.g., a metal
conta;ning compound, reactive with the functional group
of thé polymer under the action of a sheéring force.

At this time, the crosslinked high-molecular weight
component of the polymer ié severed and re-crosslinked
to obtain an ultra-high-molecular weight resin
component. Further, the mobility of the toner”can be
moderated by appropriately utilizing the entanglement
of polymer chains in the molten state, crosslinkage,

and interactions between functional groups and between



-27- neopentyl glycol, 2-ethyl-1,3-hexanediol, hydrogenated pigphgaq ;
bi.sphenol s and derivatives represented by 'the foll ow ng forrul dﬁ%@@%@i?WEﬁf
wherein R denotes an ethyl ene or propylene group, x and y aregfﬁaependenFTVT
0 or a positive-integer with the proviso that the average off Y+ 28FE® b
range of 0 - 10; and diols representedlg-the follow ng forgulja (B): [err] 1
wherein R denotes -CHerr]CHerr]-, -CHerr]-CH or -CHgrr[-CG X
y' are independently O or a positive integer with the provi $a.thai the
average of x'+y' is in the
a functional group and a polar group in the internal

H

et

additives.

It is possible to.effect the above process
during toner production. For this purpose, the #bove—
mentioned polymer and the compound may be melt-kneaded
together with other additives such as another_resin,a
ﬁagnetic material and a colorént.

The extraction residue according to Soxhlet
extraction ieferred to herein may be measured in
the followihg manner.

About 0.5 g of a resinous sample is weighed
and placed in a cylindrical filter paper (e.g., “No.
86R" having a size of 28 mm-dia. x 100 mm-H, available
from Toyo Roshi K;K.) and then subjected to
extraction with 200 ml of solvent THF (tetrahydrofuran)
in a Soxhlet's extfactor. The extraction is performed
for.6 hours and 72 hours separately. At this time, éhe
reflux rate is controlled so that each THF extraction |
cycle takes abqut.4 - 5 minutes. After the extraction,
the célindrical filter paper is taken out and
sufficiently dried to weigh the extraction residue.

The extraction residue content (wt.%) may be calculated
as: (W2/W1) x 100, wherein W, denotes the weight of the
resin content in the original sample,-and W, denotes
the weight of the resin content in the extraction
residue. For exémple, in case where the resinous

sample is a magnetic toner, the weight Wy is obtained




range of 0 - 10. Exanples of the dibasic acid may include dj
aci ds and derivatives thereof including: benzenedi carboxylig
phthalic acid, terephthalic acid and isophthalic acid, and
or | ower al kyl esters; alkyldicarboxylic acids, such as suc
adi pic acid, sebacic acid and azel aic aghg. and their anhyd

L BTV, SHEET

Plr anhydri des
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i dles and | ower

al kyl esters;
acid and n-do
esters; and u
aci d,

al kenyl - or al kyl succinic acid, such as n- dofletenytsuccimic™
decyl acid, and their -28- anhydrides and | pwer al kyl

nsat urated di carboxylic acids, such as fumaric acid, maleic
by subtracting the weight of the THF-insoluble content

such as the magnetic material and the pigment from the
total sample toner weight, and the weight Wy is
obtained by subtracting the weight of the THF-insoluble

content such as the magnetic material and the pigment

~ from the weight of the extraction residue.

An example of the Soﬁhlet's eitractor is shown

in Figure 2. 1In operation, THF 14 contaiﬁed in a
vessel 15 is vaporized under heating by a heater 22,
and the vaporized THF is caused to pass through a pipe
21 and guided to a cooler 18 which is always cooled
with cooling water 19. The THF cooled in the cooler 18
is liquefied and stored in a reservoir part containing
a cylindrical filter paper-16. Thén, when the level of
THF exceeds that in a middle pipe 17, the THF is
discharged from the reservoir 17, the THF is discharged
from the reservoir part to the vessel 15 through thef
pipe 17. During the operation, the toner or resin in
the cylindrical filter paper is subjected to extraction
with ‘the thus circulating THF.

| Crosslinking with a metal has been proposed
heretofore. A principal component of a binder resin of
a toner generally has a molecular weight of at most
about 102, Crosslinking of a resin component having
such a molecular weight does not provide a
characteristic resin component contained in the toner

according to the present invention. A toner using such



citraconic acid and itaconic acid, and their anhydrldes an

esters.

dmLeme+~a+k@4-——-
It is preferred to also use pol yhydric al cohol s havitaBLATEHERT OBHEET

nmore functional groups and pol ybasic acids having three orj noreacTd

gr oups.

2- et hyl -

1,3,5- tri hydrwn&mw]enﬂceimqﬂmsc@ﬁpqmézybamay showoan| antieofifskdvi ng
three or

Exanpl es of such pol yhydric al cohol having three ;nqgﬁ H@%V'
groups may include: sorbitol, 1,2,3,6-hexgnetetrol, 1,4-sdr e,
pentaerythritol, dipentaerythritol tripentaerythritol, |
1,2,5-pentanetriol, glycerol, 2- nethylpropanetrlol

1,2,4-butanetriol, trinethylolethane, trimethyl ol propame—anmd

nore functional groups may include pol ycarboxylic acids and

derivatives t ehaxgctieristiqijout cannot show an effect of preventing

toner'flowout from the fixer cleaning member or results
in a noticeable change with time.

The binder resin used in the present invention

T may preferably comprise a vinyl polymer, a.polyester or
a graft-copolymer of an unsaturated polyester and a
vinyl monomer which contains a high molecular weight
component having a molecular weigﬁt exceeding 105
and/or a crosslinked high molecular weight component,
has an acid value and has been obtained through a
process such as bulk polymerization, solution
polymerization,'emulsion polymerization, block
copolymerization or graft copolymerization.

It is also preferred that the crossllnked
high-molecular weight component comprises a polymer
containing a component insoluble in.a solvent (i.e., a
gel content). The gel content may preferably
be contained in a proportion of 10 - 60 wt. %. The gel
content may also be measured according to the above-
descéibed Soxhlet extraction method as a 6 hour-
extraction residue since the gel content shows little
change.#ith time of extraction.

Among the above-described polymers, a vinyl
polymer is particularly preferred because of a moderate
reactivity. A pélyester-type polymer having a low

degree of crosslinkage can cause a vigorous reaction



trimellitic acid, ronellitic acid, 1,2,4- benzenetricarhoXyld ﬁ&QgL, -
1,2,5-benzenetrica?%oxylic acid, 2,5,7-naphthal enetricarb xéﬁrﬁgéﬁﬁ@f_$ﬂif
1,2, 4- naphthal enetricarboxylic acid, 1,2, 4-butane tricarh

1, 2, 5- hexanetri carboxylic acid, '

1, 3-di car boxyl - 2- et hyl - 2- met hyl enecar boxgpropane, :
tetra(nethyl enecarboxyl) nethane, 1,2,7,8- octanetetracarbdx
trimer acid, and their anhydrides and | ower al kyl esters; jand - 29-

tetracaboxylic acids represented by the fornula: [err] (X denotes a C[&ff]
to Clerr]-al kyl 8R@ SﬁoggaBﬂeaFReﬁ9P§ﬁea relatively fast reaction even

on the fixer cleaning member to have increased
crosslinkage and hardness, thus rgsulting in damage of
the fixing roller or failure in cleaning function of
the fixing roller cleaning member.

It is also possible to mix the above polymer

- or polymer composition with another vinyl polymer,

_ polyester, polyurethane, epoxy resin, polyvinyl
butyral, rosin, modified rosin, terpene resin, phenolic
resin, aliphatic or alicyclic hydrocarbon resin,
aromatic petroleum resin, halo-paraffin and paraffin
wax.

In case where the binder resin constituting
the toner according to the present invention comprises
a vinyl polymer, a vinyl copolymer or a mixture of
these, examples of the vinyl monomer providing the
binder resin may include: styrene; styrene derivativé;,
such as o-methylstyrene, ﬁ-methylstyrene, p-methyl-
styrene, p-methoxystyrene, p-phenylstyrene, P-
chlofosty:ene, 3,4-dichlorostyrene, p-ethylstyrene,
2,4¥aimethylstyrene, p-n-butylstyrene, p-tert-
butylstyrene, p—n-hexylstyrene, p-n-octylstyrene, p-n-
nonylstyrene, p4n-decylstyrene, and p-n—dodeéylstyrgne;
ethflenically unsaturated monoolefins, such as
ethylene, propylene, butylene, and isobutylene;
unsaturated polyenes, such as butadiene; halogenated

vinyls, such as vinyl chloride, vinylidene chloride,



group having at |east one side chain having at |east three 32 gq,
and their anhydrides and | ower- al kyl esters. The pol yester F imA
the present invention may preferably be constituted from 40j
nmore preferably 45 - 55 nol.. % of the al cohol conponent ani

{EET
-1 60 mol
IO @
more preferably 55 - 45 nol. % of the aghd conponent respe t vgjy baseg %
il |

the total of the al cohol and acid conponents. Further, the
pol yhydric al cohol and the pol ybasic acid each having threefor nor e
functional groups may preferably constitutes 5 - 60 nol. % of the total

al cohol and acygngbnpesaide,canat vidylnElube idel;y @ingl lesters,Tismaket hod of.
the JI'S acid val ué neasurenent is expl ai ned herei nbel ow. -

as vinyl acetate, vinyl propionate, and vinyl benzoate;

methacrylates, such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, n-butyl
methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl methacrylate, 2-ethylhexyl
.methacrylate, stearyl methacrylate, phenyl
methacrylate, dimethylaminoethyl methacrylate, and
dlethylaminoethyl methacrylate; acrylates, such as
methyl acrylate, ethyl acrylate, n—butyl acrylate, |
isobutyl acrylate, propyl acrylate, n-octyl acrylate,
dodecyl acrylate, 2-ethy1hexy; acrylate, stearyl
acrylﬁte, 2-chloroethyl acrylate, and phenyl acrylate,
vinyl ethers, such as vinyl methyl ether, wvinyl ethyl
ether, and vinyl isobutyl ether; vinyl kétones, such as
vinyl methyl ketone, vinyl hexyl ketone, and methyl
isopropenyl ketone; N-vinyl compounds, such és |
N-vinylpyrrole, N-vinylcarbazole, N-vinylindole, and
N-vinyl pyrrolidone; vinylnaphthalenes; acrylic acid
deri?atives or methacrylic acid derivatives, such as
acryioﬁitrilé, methacryronitrile, and.acrylamide; the
esters of the above-mentioned *8 -unsaturated acids and
the diesters of the above-mentioned dibasic acids.
These vinyl monomers may be used singly or in
combination of two or more. species.

Among ﬁhese, a combination of monomers

providing styrene-type copolymers and styrene-acrylic



2 - 10 g of a sanple resin is weighed and placed in a 200 to 300

thereto to dissolve the resin. If the resin is not readi

m.- Erl enmeyer flask, and an ethanol /benzene (= 1/2) ”‘Xt“qe)*s'@¢9§§r~%kET

smal | amount of acetone may be added. The resultant sol utit

with a prelimnarily standardi zed N 10 K@slal cohol sol uti dn jwi 28 FEB- B9
phenol phthal ein as the indicator. The acid value is calcuH ted fromthe

oﬁ is titrated

consunption of the KOH al cohol solution based on the foll & ng equation
Aci d val ue = vol (m) of KOH al cohol x N x 56.1/sanpl e weiight

)

type copolymers may  be partlcularly preferred.

' It is possible to provide the vinyl polymer
used in the present invention with an acid value by
incorporating therein a monomer having an acid group,
‘examples of which may include: unsaturated dibasic

~acids, such as maleic acid, citraconic acid, itaconic
écid, alkenyléuccinic acid, fumaric acid, and mesaconic
acid; unsaturafed dibasic acid anhydrides, such as
maleic anhfdride, citraconic anhydride, itaconic
anhydride, and alkenylsuccinic anhydride; half esters
of unsaturated dibasic acids; such as monomethyl
maleate, monoethyl maleate, monobutyl maleaﬁé,
monomethyl citraconate, monoethyl_citraéonate,-
monobutyl citracoﬁate, monomethyl itaconate, monomethyl
alkenylsuccinate, monomethyl fumarate, and monomethyl
mesaconate; and unsaturated dibasic acid eéters{ such
as dimethyl maleate and dimethyl fumarate. Further,
tt_lere may also be used: o8 -unsaturated acids, such as
acrylic acid, methacrylic acid, crotonic acid, and
cingémic acid; o8 -unsaturated acid anhydrides, such as
crotonic anhydride and cinnamic anhydride; anhydes
between such &,B-unsaturated acids and lower fatty
acids; alkenylmalonic acid, alkenylglutaric acid,
alkenyladipic acid, and anhydrides‘and monoesters of
these acids.

Among fhe above, it is particularly preferred

to use monoesters of O,A-unsaturated dibasic acids,



wherein N denotes the factor of the N 10 KOH al cohol sol utiof. pdi@ceENT SHEET
net al - cont ai ni ng conpound reactive with the resin conponent §n.

i nvention may be those containing netal ions as follows: divalént netal
ions, such as Ba[err], My[err], Ca[err], Hg[err], Sn[err], e 1997
Fe[err], Co[err], N [err] and Zn[err]; and trivalent ions, sych as AfJerr].
Scl[err], Fe[err], Ce[err], NJerr], Crr@ﬂr] and y[err] Anorjg the above
nmet al compounds, organic nmetal conpounds provide excellent r :
they are rich in conpatibility with or dispersibility in a polynmer and
cause a crossl | thgs”?n% %i?:naléQHfor 71 qocﬁa@%ué&:ﬁ%%’{@ Among
the organic nefa Al conp tzﬁ

COI’TpOUﬂ orga exes or organi c ne salts

containing an gr gafiomerOFopu ?:Qos)i’ﬁ'ﬁﬁ the 'bc._i.*hdé} MARAT 8Hdd 1y e

present invention. Spécific examples of the monoesters

may include: monomethyl maleate, monoethyl maleate,
monobutyl maleate, monooctyl maleate, monoallyl

; maleate, monophenyl maleate; monomethyl fumarate,
monoethyl fumafate, mdnobutyl.fumarate, monophenyl
fumarate, monobutyl n-butenylsuccinate, monomethyl
n-octenylsuccinate, ﬁqnoethyl n-butenylmalonate,
monomethyl n-dodecynylglutarate, and monobutyl
n—butenﬁladipate. |

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

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

Aromatic divinyl compounds, such as
diviqylbenzene and divinylnaphthalene; diacrylate
compéunds connected with an alkyl chain, such as
ethylene glycol diacrylate, 1,3-butylene glycol
diacrylate, 1,4-butanediol diacrylate, 1,5-pentanediol
diacrylate, 1,6-hexanediocl diacrylate, and neopentyl
glycol diacrylate, and compounds obtiined by
substituting methacrylate groups for the acrylate
groups in the above compounds; diacrylate compoudds

connected with an alkyl chain including an ether bond,




'sublinability, as a ligand or a counter ion, are advantageously used. Anmpng

t he organi ¢ conpounds form ng coordi nate bonds or ion pair

i ons, exanpl es of those having the above property may incl

acid and its derivatives, such as salicylic acid, salicyIaEide
[

sal i cyl am ne, -31- salicyl al dehyde, sakicylosalicylic atid, 28nfEB 992t
butylsalicylic acid; [err]-diketones, such as acetylaceton and

propi onyl acet one; and | ow nol ecul ar melght carboxylic aC|d1 s, such™—as
~acetate and propionate. In case where the organic netal compl ex_is a netal
conpl ex, it caguehsasfdbethphene glgbelgdiaerylalte, triethylene

glycol_diacrylate, tetraethylene glycol diacrylate,
polyethflene glycol #400 diacrylate, polyethylene
glycol #600 diacrylate, dipropylene glycol diacrylate
and compounds obtained by substituting methacrylate
groups. for the acrylate groups in the above compounds;
'diacrylate compounds connectéd with a chain including |
"an aromatic group and an ether bond, such as
polyoxyetﬁylene(Z)-Z,2-bis(4-hydroxyphenyl)propanedi-
acrylate, pdlyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-
propanediacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; and polyester-type
diacrylate compounds, such as one known by a trade name
of MANDA (available from Nihon Kayaku K K.).
Polyfunctional crosslinking agents, such as
peﬁtaerythritol triacrylate, trimethylethane
triacrylate, tetramethylolméthane tetracrylate,
oligoester acrylate, and compounds obtained by
subséituting methacrylate groups for the acrylate'
groﬁps-in the above compounds; triallyl cyanurate and
triallyl trimellitate;.

These crosslinking agents may preferably be
qséd in a proportion of about 0.01 - 5 wt. parts,
particularly about 0.03 - 3 wt. parts, per 100 wt.
parts of the other wvinyl monomer components.

Among the above-mentioned crosslihking



agent for toner particles. Exanples of such a netal conpl ex+-nel-ude—aze—————m—

- metal conpl exes represented by the following formula [1]: [¢r&I*IAREFENH SMEET
denot es a coordination center metal, inclusive of metal elejents™naving a

coordi nation nunber of 6, such as Sc, Ti.2¥.- C,” Co, N, Nhg;a.dgg;ﬁm
denotes an aryl group, such as phenyl or naphthyl, capable @f jh ||$ a
substituent, exanples of which may include: nitro, hal ogen, jc

ani | ide, and al kyl and al koxy having 1 - 18 carbon atons; X} X, Y and Y' 1
i ndependent |y dﬂﬂﬂbﬁerék,aréﬁhtieh&ﬁvinyl-bEmp@whéseKpathé&dauﬂaan”aTkVT‘*“"“
having 1 - 4 carbon atons; and Alerr] denotes hydrogen; sodium potassium

amoni um or al i @girinylbenvenein aspediacrydatapcompoundsi conmpeeted conpl exes

with a chain including an aromatic group and an
ether bond may suitably be used in a toner resin_in
view of fixing charaéteristic and anti-offset
characteristic.

It is preferred that the binder resin has an
acid valqe (as measured according to JIS K-0070) of at
most 100 mgKOH/g. In case where the binder resin
mainly comprises a vinyl polymer, the acid value may
preferably be 2 - 70 mgKOH/g, further preferably 5 - 60
mgKOH/g. If the acid value is below 2 mg/KOH, the re-
crosslinking does not sufficiently occur.

In.case'wheré the binder resin mainly

- comprises a polyester-type polymer, it is preferred
that the acid value is at most 100 mgKOH/g, |
particularly at most 50 mgKOH/g. When the acid valiae
exceeds 100 mgKOH/g, the chargeabiiity of the toner is
liable to be affected by environmental conditions, and
thus. the developing performance is affected by a change
in énvironmental conditions.

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

Examples of the dihydric alcohol may iﬁclude:-
ethylene glycol, propylene glycol, 1,3-but§nediol, 1,4-
butanediol, 2,3-butanediol, diethylene glycol,

triethylene glycol, 1,5-pentanediol, 1,6-hexanediol,



may include the follow ng: REPLACEMENT SHEET - 32- Cbnbh~

-33- [err]
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neopentyl glycol, 2-ethyl-1,3~hexanediol, hydrogenated
bisphenol A, bisphenols and derivatives represented by

the following formula (A):

CH
3 |
H—O0R}—0~O)-C~(O)-0—RO¥5-H o,
CHj |

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;.and diols represented by the following formula (B):
B—OR S5~ 0~O)-0—R'-O¥5—H - (B),

CHy fﬁ

wherein R' denotes -CH,CH,-, -CH,-CH- or ~CHy-C-
CH4

x' and y' are indépendently 0 or a positive integer

with the proviso that the average of x'+y' is in the

range of 0 - 10.

Examples of the dibasic acid may include
dicarboxylic acids and derivatives thereof including:
benzenedicafboxylic acids, such as phthalic acid,
terephthalic acid and isophthalic acid, and their
anhydrides or lower élkyl estérs; alkyldicarboxylic
acids, sﬁch as succinic acid, adipic acid, sebaéic acid
and azelaic'acid, and their anhydrides and lower alkyl

esters}_alkenyl— or alkylsuccinic acid, such as n-

dodecenylsuccinic acid and n-dodecyl acid, and their



Organic netal conplexes represented by the follow ng form &k T pestcas
negative chargeability and may be used as the organic metdl “CQrhoGHdTi SHadre
present invention. [err] wherein Mdenotes a coordi nationjcdnter netar; ==
inclusive of nmetal elenents having a coordination nunber @f :6,23l1@h§ W
Co, Ni, M and Fe; A denotes (capable of_dgving a substitgept, such as an
al kyl ), , [err] X : (X denot es hydr ofjen;, thatogefr——d |
al kyl, or nitro), (R denotes hydrogen, Clerr] - (Jerr] alkyl _or CL - (Jerr];
al kenyl); Y[err] denotes a counter .ion, such as hydrogen, sodium !
pot assi um ammuanhydridtesaldmghdidwemnaikkylinestexs 7 ardowesateraged.- co O .

The above organic netal conpounds may be used . .

dicarboxylic acids, such as fumaric acid, maleic acid,

i
!
;

citraconic acid and itaconic acid, and their anhydrides
and lower alkyl esters.

It is preferred to also use polyhydric
alcohols having three or more functional groups and
'poiybasic acids having three or moré acid groups.

Examples of such polyhydric alcohol having
three or more hydroxyl groups may include: sorbitol,
1,2,3,6-hexanetetrol, 1,4-sorbitane, pentaerythritol,
dipentaerythritpl, tripentaérythritoi, 1,2,4-
butanetriol, 1,2,5-~pentanetriol, glycerol, 2-
methylpropanetriol, 2-methyl-1,2,4-butanetriol,
trimethylolethane,.trimethylolpropane and 1,3,5-
trihydroxybénzene.

Examples of polybasic carboxylic acids having
three or more functional groups may include | )
. polycarboxylic'acids and derivativeé thereof including:

trimellitic acid, pyromellitic acid, 1,2,4-
benzénetricarboxylic acid, 1,2,S—benzenetriéarboxylic
aci&,-2,5,7-naphthalenetricarboxylic acid, 1,2,4-
naphthalenetricarboxylic acid, 1,2,4-butane
tricarboxylic acid, 1,2,5-hexanetricarboxylic acid,
1,3-éicarboxyl-2—methyl-2-methylenecarboxypropane, -
tetra(methylenecarboxyl )methane, 1,2,7,8~
octanetetracarboxylic acid, Empol trimer acid, and

their anhydrides and lower alkyl esters; and



singly or in conbination of two or nore species. The addition anount of the
or gani c net al -35- conmpounds to the toner particles may be varied

dependi ng on the specific binder resin used, the use or nohugeri @l

EWENT SHEET

carrier, the colorant for the toner and the reactivity of {he~retat
compounds with the resin but may generally be 0.01 - 20 wt | % Y
zg sﬂﬁéﬁﬁgfigp g

net

0.1 - 10 wm. % nore preferably 1 - 5 wi¢“% of the binder {re
t he non-reacted portion thereof. The above-nenti oned organiic

HOOCCH-X-CHCOOH

HOOCCH, CH,COOH

(X denotes a Cg to Cyp-alkylene group or alkenylene

group having at least one side chain having at least

three carbon atoms), and their anhydrides and lower

-alkyl esters.

The polyester resin used in the present

invention may preferably be constituted from 40 -~ 60

mol. %, more preferably 45 - 55-mol.'%, of the alcohol

component and 60- 40 mol. %, more preferably 55 - 45

mol. %, of the acid component respectively based on the

total of the alcohol and acid -components. Further, the

total of the polyhydric alcohol and the polybasic acid

each having three or more functional groups may

preferably constitutes 5 - 60 mol. $ of the total

alcohol and acid components constituting the polyester

resin.

The method of the JIS acid value measufement

is explained hereinbelow.

2 - 10 g of a sample resin is weighed and

placed in a 200 to 300 ml-Erlenmeyer flask, and an

ethanol/benzene (= 1/2) mixture is added thereto _

to dissolve the resin. If the resin is not readily

dissolved, a small amount of acetone may be added.

The

resultant solution is titrated with a preliminarily

standardized N/10 KOH/aLcohol solution with

A

or organic netal salt shows excellent conpatibility and diﬂgZLiLELLity to
provide a toneg pihBaBoryERbCacids represented by the formuitars T

i
b

b

g



chargeability, particularly when it is reacted with the binder_resin at the
tizme of nelt-kneading. As described above,” the organic netal @EH@%E& SHEET
organic netal salt as a crosslinking conponent can be al so ysqe—as—a A
control agent, but it is also possible to use another chargd dontrol a ent
as desired, in conbination. Such another _charge control agert na?sf

exanpl e be a known negative or positive‘éﬁarge control agentt #{Exanpl es of
such known negative charge control agent may include: organijc netal ' i
conpl exes and chel ate conpounds incl usive of nobnoazo netal Ceanexeswasm..,..!

described;abov he ggigxggggkggeage ﬁg g g&%g@g% gﬂE | exes

of aromatic hy I'OXycC i c acids an aromatic xyllc aC| s. O her

exanpl es may i pghudeatdBOFRbIC th¥dEOREGRDRIOH IoE %@iedaeor?/faemmdl

solution based on the following equation:

Acid value = vol (ml) of KOH/alcohol x N
x 56.1/$ample weight,
wherein N denotes the factor of the N/10 KOH/alcohol
solution.

The metal-containing compound reactive with
the resin component in thé present invention may be
‘those containing.metai ions as follows: divalent metal
ions, such as Ba2*, Mg2*, ca2*, Hg2*, sn2*, pPb2*, Fel*,

c°2+’ Ni?* 2+

and zn2*; and trivalent ions, such as Al3*,

sc3*, rFe3*, ce3*, Ni3*, cr3* and ¥3*.

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

Among the organic metal compounds, organié
metai compléxes or organic metal salts containing an
organic compound, which is rich in vaporizability or
sublimability, as a ligand or a counter ion, are
advantageously used. Among the organic compounds
forming coordinate bonds or ion pairé with metal ions,
examples of those having the above property may
include: salicylic acid and its derivatives, such as

salicylic acid, salicylamide, salicylamine,



nono- and pol y-carboxylic acids, and their netal salts, -3 AF '

and esters, and phenol derivatives, such as bisphenols. ExappR 4. AGEMENE SHEET
positive charge control agents may include: nigrosine and npd{Tied products
t hereof with aliphatic acid netal: salts, etc., oniumsalts {n |_l2$8"r:t30f997
quarternary anmoni um sal ts, such as trilutylbenzyl amoni um
1- hydr oxy- 4- napht hol sul fonate and tetrabutylanmoniumtetrafifu — !
t hei r honol ogous inclusive of phosphoniumsalts, and | ake pjgnents thereof; |
tri phenyl met hane dyes and | ake pignments thereof (the |aking-agents T

i ncluding, e.galicylaldehyde, salicylosalicylic acid, and di-tert-

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

In case where the organic metal complex is a
metal complex, if can also fhnction as a charge control
égent for toner pafticles. Examples of such a metal
complex include azo metal complexes represented by the
following fﬁrmula [I]:

(X1 (Ar-N = N:—/Ar 19
N | ¢
\{/
M
/t\

Y X

(AT-N = N-ar J 29,

wherein M denotes a 6odrdination center metal,
inclusive of metal elements having a céordination
number of 6, such as Sc, Ti, V, Cr, Co; Ni, Mn and Fe; Ar
denotes an aryl group, such as phenyl or naphthyl, _
capable qf having a substituent, examples of which may
inclu@é::nitro, halogen, carboxyl, anilide, and alkyl
and alkoxy having 1 - 18 carbon atoms; X, X', Y and Y'
independently denote -0-, -CO-, -NH-, or -NR~ (wherein
R denotes an alkyl having 1 - 4 carbon atoms; and A
denotes hydrogen, sodium, potassium, ammonium or

aliphatic ammonium.

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



— T e,

phosphot ungsti ¢ acid, phosphonol ybdi ¢ acid, phosphot u'ngsti-crml rogrcacr y—oy
tannic acid, lauric acid, gallic acid, ferricyanates, and ferr cﬁ@r{ffﬁwﬁﬂ' SHEET
hi gher aliphatic acid netal salts; diorganotin oxides, such asfdibutyltin

oxide, dioctyltin oxide and dicycl ohexyltin oxide; "and di organgtiin dgrgg

such as dibutyltin borate, dioctyltin boraté&34m dicycl ohexyltin bc?rjgte. w97
These may be used singly or in mxture of two or nore species. jA e
ni grosi ne conpounds and tetraammoniumsalts are particularly pgeferred. It

is preferred to usemhv\ag?e;cop%meac ot{ii ng to the present invention fogether
ifc

with silica fine po bl ended t'hérew in order- to improve the charge
stability, devel oping characteristi a@l uidity. e gﬁl ©a fine powder
des od result f it has a specific

N=N
o
N\

used in the present invention prov

Complex (r} —» r

AN /o |
_ /Ct

(&) T \o
g

Complex(1] —3




-37- surface area of 30 nferr]/g or larger, preferably 50

as neasured by nitrogen adsorption according to the BET ne
fi ne powder may be added in a proportion of 0.01 - 8 wt. p:
0.1 - 5w. parts, per 100 wt. parts of the toner. For the
provi ded wi th hydrophobicity and/or controlled chargeabilit
fine powder may wel |l have been treated w +B3a treating ager
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silicone varnish, nodified silicone varnish, silicone oi
silicone oil, silane coupling agent,
functional group or other organic silicon conpounds.

Complex [1] —4

Complex [I] —§

Complex [IX] —6.
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It is also preferred to use two or nore treating agents in coffIati on

O her additives may be added as desired, inclusive of: a |ubr a@ﬂﬁﬁ£§w@ﬁI§@EET
pol ytetrafl uoro- ethylene, zinc stearate or polyvinylidene fl yiofide, of

whi ch polyvinylidene fluoride is preferred; an abrasive, suchiaf oag Fg® 1997
oxide, silicon carbide or strontiumtidi3pate, of which strontfulntitanate
Is preferred; a flowability-inparting agent, such as titani unjoxrde ot

al um num oxi de, of which a hydrophobic one is preferred; an apti-caking

agent, and an el ectroconductivity-inparting agent, such asﬁiar on bl ack,

zinc oxide, Smdamdiey metade conpleres rercesented pxothesiPhlevwigduse a
smal | anmount of white or. black fine partjcles havi 'f golarit& 9pgpsite to
t hat of formula {II] impart a negative chargeability and ma e

used as the organic metal compound in the present

invention.
(xrx1 ~ H,0 (I? 1e
z o-C
of Sl w
Neo [ s |
- g H,0 A¥®

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

E:j:,(capable of having a substituent; such as an

. X-Eé}éﬁéi[ (X denotes hyarogen, halogen, -alkyl, or nitro),
©'© ' o @
| ! ‘_‘i

(R deﬁotes hydrogen, C; - Cqg alkyl or C; - C4g
alkenyl); Y® denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium;.and
z.denoﬁes -0~ or -CO+0O-.

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

The addition amount of the organic metal



-38- the toner as a devel opnent characteristic inprover. It 5 a50
preferred to add 0.5 - 5 wt. %of a waxy substance, such as§|§aﬁ%§$@%ﬂfé#557
wei ght pol yet hyl ene, | ow nol ecul ar wei ght pol ypropyl ene, Io@#%nnlecular
wei ght propyl ene-et hyl ene copol ynmer, microcrystalline wax, ¢anngu@FEm97
sasol wax or paraffin wax, to the toner fy_ the purpose of iingroving the
releasability of the toner at the time of hot roller fixation! -
according to the present invention can be m xed with carrier powder to be

used as a two- conponent developer. - In this instance, the toner and the
carrier powder componds >ted tlie tormah midteiicles asay be varied

dependihg on Ehe specific binder resin used, the use or

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

reactivity of the.metal compounds with the resin but

may generally be 0.01 - 20 wt. %, preferably 0.1 - 10
~wt. %, more preferably 1 - 5 wt. %, of the binder resin

'including the non-reacted portion thereof.

Thé.above-mentioned organic metal complex or
organic-métal salt shows excellent compatibility and
dispersibility to provide a toner with a stable
chargeability, particularly when it is reacted with the
binder resiﬁ at the time of melt-kneading.

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

charge control agent.

Examples of such known negative charge control
agen; may include: organic metal complexes and chelate
compounds inclusive of monoazo metal complexes as
described abové, acetylacetone metal complexes, and
organometal complexes of aromatic hydroxycarboxylic
acids and aromatic dicarboxylic acids. Other examples

may include: aromatic hydroxycarboxylic acids, aromatic

mono- and poly-carboxyl;c acids, and their metal salts,



to provide a toner concentration of 0.1 - 50 wt. % preferably 0.5 - 10 w_. )
% further preferably 3 - 5 wt. The carriér used for this pule?§$£ﬁwE Sﬁ%ﬁw.
known one, exanples of which may include: powder having magngt | 5M--such—as
iron powder, ferrite powder, and nickel powder and carriers bbjained by
coating these powders with a resin, such as a fluorine-containi n@%’&ﬁﬁﬂm
vinyl resin or a silicone resin. The tome}éaccording to the présent
i nvention can be constituted as a magnetic toner containing a nagnetic ;
material in its particles. In this case, the magnetic material can also———-—"

function as a GohgidANae P! Gt &ls | "EndPGRSALE HBEEVAGLVERY bichuds: Tron

bisphenols.
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Examples of the positive charge control égents
may include: nigrosine and modified products thereof
with aliphatic acid metal salts, etc., onium salts

. inclusive of ‘quarternary ammonium salts, such as
'tributylbenzylammonium 1-hydroxy-4-naphtholsulfonate
and tetrabutylammonium tetrafluoroborate, and  their
homologous inclusive of phosphonium salts, and lake
pigments thereof; triphenylmethane dyes and lake
pigments thereof (the laking agents including, e.g.,
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 Eor%tes,'such as dibutyltin
borate, dioctyltin borate and dicyclohexyltin borate.
Thesg may be used singly or in mixture of two or more
épéqies. Among these, nigrosine compounds and
tetraammonium salts are particularly preferred.

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

The siiica fine powder used in the present

invention provides good results if it has a specific



cobalt and nickel, and alloys of these netals with other SHeh—as

al um num cobalt, copper, |ead, magnesium tin, zinc, antino ylllun}
bi smut h, cadm um cal ci um nanganese, selenlun1 titanium tungste Sand> 97
vanadi um and m xtures of these materi al®¥7-The magnetic mater.ial. nmay _have i
an average particle size of 0.1 - 2 mcron, preferably 0.1 - .0.5 mcron.

The magnetic material may preferably show nmagnetic properties-under - - -
application of 10 kil o- Cersted, clusive of: a coercive _force of 20 - 30

Cersted, a satspzffacs angmof z%ﬂllt!) @foaolarqec.eﬁﬁﬁgera‘n"&ya 50esi 499
magneti zati on ci 2 - 20 emu/g. _The
/g9, as measured by nitrogen adsorption according to

-39- oxide, such as magnetite, hematite, and ferrite; netalsﬂLguwnnggmmnogﬂEEr

the BET method. The silica fine powder may be added in
a proportion of 0.01 - 8 wt. parts, preferably 0.1 - 5
wt. parts, per 100 wt. parts of the toner.

For the purpose of being provided with.
hydrophobicity and/or controlled chargeability, the
silica fine powder may well have been treated with a
treating aéent, such as silicone varnish, ﬁodified
silicone varnish, silicone o0il, modified silicone oil,
silane coupling.agent, silane coupling agent having
functional group or other organic silicdn compounds.

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

Other additives may be added as desired,
inclusive of: a lubricant, such as polytetrafluoro-
ethylene, zinc stearate or polyvinylidene fluoride, of
whiéh polyvinylidene fluoride is prefefred; an
abrasive, such as cerium oxide, silicon carbide or
stronéium titanate, of which strontium titanate is
preférred; a flowability-imparting agent, such as
titanium oxide or aluminum oxide, of which a
hydrophobic one is preferred; an anti-caking agent, and
an electroconductivity-impa:ting agent, such as carbon
black, zinc oxide, antimony oxide, or tin oxide. It is
also possible to use a small amount of white or black |

fine particles ha?ing a polarity opposite to that of



magnetic material may be contained in the toner in a proportiLon. 0f 202200
w. parts, preferably 40 - 150 wt. parts, per 100 w. parts ofpgphﬁ;mmﬂnSHEET
conponent. The toner according to the present i nvention can 1La.u = 1
col orant which may be an appropriate pignent or dye. Exanpl ¢ Epﬁﬁ

pi gnent may include: carbon black, aniline black, acetylene cz Bhpﬁ%l
Yel | ow, Hansa Yel |l ow, Rhodam ne Lake ABBzarin Lake red iro Qdee A

Pht hal ocyani ne Bl ue, and | ndanthrene Bl ue. These pigments are used |n-an
anount sufficient to provide a required optical density of the fixed

| mages, ““0he toner as a development characteristic improver.

It is also preferred to add 0.5 -5 wt. % of a
. waxy substance, such as low-molecular ﬁeight

polyethylene, low-molecular weiéht polypropylene, low-
molecular weight propylene-ethylene copolymer,
microcrystalline wax, carnauba wax, sasol wax or
paraffin wax, to the toner for the purpose of improving
the releasability of the toner at the time of hot
roller fixﬁtion.

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

The_carrier_used for this purpose may be a
known one, e#amples of which may include: powder having
magnet;sm, such as iron powder, ferrite powder, and
nicke;.powder and carriers obtained by coating these
powders with a resin, such as a fluorihe-containing
resin, a vinyl resin or a silicoﬁe resin.

The toner aécording to the presenf invention
can be constituted as a magnetic toner containing a
magnetic material in its particles. 1In this case, the
magnetic material can also function as a colorant.

Examples of the magnetic material may include: iron



and may be added in a proportion of 0.1 - 20 w. parts, preferably 2 - 10
wt. parts, per 100 wt. parts of the binder resin. Exanples of t@ﬂﬂg¥9%@@VSHEET
include: azo dyes, anthraquinone dyes, xanthene dyes, and meth

whi ch may be added in a proportion of 0.1 - 20 w. parts, pre e 2&¥ 0.3 - gs
10 wt. parts, per 100 wt. parts of the binder resin. The tone §EBg1998d
the present invention may be prepared through a process inclufih e
sufficiently blending the binder resin, the organic netal coWaound such as '
the netal salt or nmetal conplex, a colorant, such as pignent, tdye andlor. .a_
magneti c naterlakidemdsanhop5|magheth&kgehamaﬁmﬁegn;ﬂd R itider

additives, as desired, by neans of a bl ender such as a Henschel m xer or a

bal | niII, neytmggaﬁgd such as iron, cobalt and nickel, and alloys of

these metals with other metals, such as aluminum,
cobalt, coppér, lead, magnesium, tin, zinc, antimony,
beryllium, bismuth, cadmium, calcium, manganese,
selenium, titanium, tungsten and vanadium; and mixtures
" of these materials. _

The magnetic material may have an average
particle'éize of 0.1 - 2 micron, preferably 0.1 - 0.5
micron.

The magnetic material may preferably show
magnetic propgrties under application of io kilo-
Oersted, inclusivé of: a coercive force of 20 - 30
Oersted, a saturation magnetization of 50 - 200 emu/g,
and a résidual magnetization of 2 - 20 emu/g. The
magnetic material may be contained in the toner in a
proportion of 20 - 200 wt. parts, preferably 40 - 156i
wt. parts, per 100 wt. parts of the resih component.

The toner according to the present invention
can éontain a colorant which may be an appropriate
pig&ent or dye.

Examples of tﬁe pigment may include: carbon
black, aniline black, acetylene black, Naphthol Yellow,
Hénéa Yellow, Rhodamine Lake, Alizarin Lake, red iron
oxide, Phthalocyanine Blue, and Indanthrene Blue.
These pigments are used in an amount sufficient to

provide a required optical density of the fixed images,



kneadi ng the bl end by neans of hot kneadi ng nmeans, such as hot
kneader or an extruder to cause nelting of the resinous materi
di sperse or dissolve the magnetic material, pignment or dye thef el
cooling and solidifying the kneaded product, followed by pul ve

classification. The thus obtained toner_pgy be further bl ended

and 'a

n ]
! aglﬁaﬁégnﬁ . :
: er . .~
external additives, as desired, sufficiently by neans of a m xer such as a
Henschel m xer to provide a devel oper for devel oping el ectrostatic i nages. "

In the nelt-kneeing step for producing the -41- toner of the present
invention, it andeahdgcbévadded in a proportion of 0.1 - 20 wt. parts,

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

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

Tﬁe toner according to the present invention
may be prepared.through a procéés including:
sufficiently blending the binder resin, the organic
metal compound such as the metal salt or metal complex,
a colorant, such as pigment, dye and/or a magnetic
material, and an 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
knea@ing the blend by means of.hot kpeading meané, such
as hot rollers, a kneader or an extruder to cause
melting of the resinous materials and dispersé or
dissqive the magnetic material, pigment or dye therein,
and cooling and solidifying the kneaded product,
followed by pulverization and classification.

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

In the melt-kneeing step for producing the



performthe kneading in a |l ow tenperature nelting state so
hi gh shearing force to the nolten polyner to sever the high
hi gh nol ecul ar wei ght conponent and then cause re-crosslinki
nmet al - cont ai ni ng conpound to form an ultra-high- nolecul ar
conponent. An enbodi ment of the fixingJggtthod according to t
i nvention will now be described with reference to Figure 1.
apparatus shown in Figure 1, a yet-unfixed i mage conposed of

g!(ﬁ osstTTked

heﬁ‘“@tshr:ré‘a w |

n a fixing i
—-a—tomer—9—T5

S REe! Em@MQhTaSH‘ET

fixed onto a toner-receiving sheet 8 while the sheet 8 carrying the toner
“image 9 is patemerbefwthe presenty invdndrichanik alpreflechivelter 6 having.
a surface elastic layer 5 and pressed against the fixing roller 7 mnth an

appropri ate npgripoga the kgeading: in & rkempeRaturpe fiebiing state
so as to apply a high shearing force to the molten
polymer to sever the highly crosslinked high molecular
weight component and then cause re-crosslinking with a
metal-containing compound to form an ultra-high-
molecular weight component. |
An embodiment of the fixing method according

to the preéent invention will now be describea with
reference to Figure 1.

| In a fixing apparatus shown in Figure 1, a
yet-unfixed image composed of a toner 9 is fixed onto a
tonerJreceiving sheet 8 while the sheet 8 carrying the
toner image 9 is péssed between a fixihg roller 7 and a
pressing roller 6 having a surface elastic layer 5 and
pressed against the fixing roller 7 with an appropriate
nip. The fixing roller 7 contains a heét—generating"
source 4 such as a halogen heater inside thereof and
comprises a coating resin layer 1 as the uppermost
1ayer/§n a core metal 3 by the mediﬁm of a primer layer
2. The coating resin layer 1 comprises a film or tube
of, e.g., a siiicone rubber or a fluorine-containing
resin. Preferred examples of the fluorine-containing
resin may include: tetrafluoroethylene-perfluoroalkyl
vinyl ether copolymer, polytetrafluoroethylene (PTFE)
and hexafluoropropylene-tetrafluoroethylene copolymer.

A cleaning member comprising a web 13 impregnated with



source 4 such as a hal ogen heater inside thereof and conprise QAL -
resin layer 1 as the uppernost |layer on a‘core netal 3 by the éﬁﬁﬁﬁﬁ?%$Q;SHEET
prinmer |ayer 2. The coating resin-layer 1 conprises a filmorjtpube of,

e.g., a silicone rubber or a fluorine-containing resin. Prefefrgd2&bkEB 997

of the fluorine-containing resin may inclygle: i
tetrafl uoroet hyl ene-perfluoroal kyl vinyl ether copolyner, .
pol yt etraf |l uoroet hyl ene (PTFE) and hexafl uoropropyl ene-tetrafluoroethylene .. ..:
copolymer. A cl eaning nmenber conprising a web 13 inpregnated with -42- a

rel ease agent, sundlesseiagenn, osichiasusillitonapply ifhecusefle

the fixing roller 7 and renove
' the release agent onto the fixing roller 7 and
the toner attached to the fixing roller 7 to ¢

fixing roller surface.

&oca2ppdyt onto

remove

lean the

The web 13 of the cleaning.member is gradually

fed from a feed roller 12, pressed against the

fixing

'roller 7 by a pressing member 11 and then wound up

about a wind-up rollef 10. When the heat-melt

ing

propertieé of the toner are inadequate, the toner

material standing on a part of the web 13 abut

ted to

the fixing roller 7 is caused to flow out by heat

applied from the fixing roller 7 to stain the

roller surface.

fixing

The cleaning member can also be suitably

constituted as one including a cleaning pad or
cleaning roller in addition to the one using a

web as described above. The cleaning web, cle

a
cleaning

aning_gad

or cleaning roller can be impregnated with a release

agent as described above, or such impregnation
omitted.
The fixing roller surface temperature

preferably be 150 - 250 °C, more preferably be

can be

may

150 -

230 °C. the pressing roller 6 may preferably be

pressed against the fixing roller 7 so as to e
abutting pressure of at least 1 kg/cmz.
Hereinbelow, the present invention wi

described in more detail based on Examples. F

xert an

11 be
irst of



the toner attached to the fixing roller 7 to clean the fixi
surface. The web 13 of the cleaning nenber is gradually fed
roller. 12, pressed against the fixing roller 7 by a pressin
t hen wound up about a wind-up roller 10. Wen thé heat-nelt
of the toner are inadequate, the toner pggerial standing on
web 13 abutted to the fixing roller 7 is caused to flow out
fromthe fixing roller 7 to stain the fixing roller surface

)

REETACEVIENT, SHEET

renrber 11 and |

nh POFEB 19 | |
ajpart of the 3 °*
by—trear—appl T ed

The cleaning. .

menber can al so be suitably constituted as one including a cleaning pad or

-a cl eani ng roldldr, iSynthisiorExampbes oo bindgrarekéasi fgrwaiseasndescri bed

above. The cl eaning web, cleaning pad or cleaning roller can be inpregnated
with a rel easdoners are explained, in which the glass transition

temperatures (Tg) of the resins were measured by using

a differential scanning calorimeter (DsSC) ("Dsc-7",

available from Perkin-Elmer Co.) in the following

manner.

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

preferably about 10 mg, is accurately weighed and

placed in an aluminum pan (an empty pan being used as a

reference). The measurement is performed in a normal

temperature - normal humidity environment at a

temperature raising rate of 10 °C/min within a

temperature range of 30 ©C to 200 °C. A heat

absorption main peak is- generally found in the range of

40 - 100 °c.

Based on the heatlabsorption curve, a first

base line is drawn before_an initial slope leading to

the main peak and a second base line is drawn after a

final slope descending from the main peak. A medium .

line is drawn substantially in parallel with and with

equal distances from the first and second base lines,

whereby the medium line and the heat absorption curve

form an intersection with each other. The temperature

at the intersection is taken as the glass transition

temperature (Tg °C).

‘The values of Tg thus measured, JIS acid

values and 6 hour-extraction residues for the binder



agent as described above, or such inpregnation can be onmitted X]
rqoller surface tenperature may preferably be 150 - 250 [err] . REBLAGEMENT SHEET
preferably be 150 - 230 [err]C. the pressing roller 6 may prdfdrably be ]

pressed against the fixing roller 7 so as to exert an abuttingjpreg SFEG‘lgW
at i nvention w Il lbe described

| east 1 kg/cnferr]. Hereinbel ow, the p¥esent i

In nore detail based on Exanples. First of -43- all, SyntHests—Exampt-es-—
of binder resins for use in toners are explained, in which tHe gl ass

transition tenper ture%t(a'li eci)fir{ hseyr'esi ns were gfasured b

resins O nthesis Examples are sXmHgkgged in
Table 1 appearing after Synthesis Examples.

Synthesis Example 1

Styrene 66.20 wt.part(s)
O -Methylstyrene 6.00 v
n-Butyl acrylate | .23.00 "
Mono-n-butyl maleate 4.00 . "
Divinylbenzene 0.80 "
Benzoyl peroxide . 3.00 “

Into a mixture of the above ingrediénts, 170
wt. parts of water cbntaining 0.12 wt. part-of
partially saponified polyvinyl alcohol was added, and
the result#nt mixture was vigorously stirred to form a
suspension liquid. Into a reaction vessel containing
50 wt. parts of water and purged with nitrogen, the
above suspension liquid was charged and subjected_to 8
hours of suspension polymerization at 80 °C. After the
completion of the reaction, the product was washed with
water, de-watered and drigd to obtain a resin A. The
resiﬁ A showed a JIS acid value, a 6 hour-extraction
res{due and a glass transition temperature (Tg) as
shown in Table 1 appearing hereinafter.

Synthesis Example 2

Styrene 67.15 wt.part(s)
{-Methylstyrene 6.00 "
n-Butyl acrylate 23.00 "

Mono-n-octyl maleate 2.85 "



-

a differential scanning calorineter (DSC) ("DSC 7", availa
Perkin-Elner Co.) in the followi ng manner. A sanple resin

- 20 ng, preferably about 10 ng, is accurately wei ghed and
al um num pan (an enpty pan being used as a reference). The

FECLACTHENT, SHEEL

pl aced in an

performed in a normal tenperature - norrdiS-hum dity enviropnent at a

tenperature raising rate of 10 [err]C/min within a tenpera

neaQ8 EEBN19 s

1
ure tange or 30 ;
[err]Cto 200 [err]C. A heat absorption nmain peak is gener@lly found in.the.t

range of 40 - 100 [err]C. Based on the heat absorption curve, a first base

line is drawn bef oE&h¥deng dimethagsyladadi ng to the nal PHEk-BdEtESLecond

base line is drawn_after _.a final, sl ope descendi ng fron1§q§dnain"peak. A

medi um Benzoyl peroxide

A resin B was prepared from the above

ingredients otherwise in the same manner as in

Synthesis Example 1.

Sznthésis Example 3

Styrene _ 66.65
n-Butyl acrylate 28.00
Mono-n¥buty1 maleate 5.00
Divinylbenzene 0.35
Benzoyl peroxide | ' 1.50

Di-tert-butyl peroxy-2-ethyl-

hexanoate . 0.50

wt.part(s)

A resin C was prepared from the above

ingredients otherwise in the same manner as in

Synthesis Example 1.

Synthesis Example 4

Styrene 68.75
n-Butyl acrylate 28.00
Acrylic acid 3.00
6ivinylbenzene 0.25

Di-tert-butyl peroxy-2-

ethylhexanoate . 3.00

wt.part(s)

A resin D was prepared from the above

ingredients otherwise in the same manner as in

Synthesis Example 1.



line is drawn substantially in parallel with and with equal
the first and second base |ines, whereby the medi umline ang
absorption curve forman intersection with each other. The t
the intersection is taken as the glass transition tenperatur

.{#e+aﬁee%4w
RRQASERENT ‘~HEFT
yerat ur e  at

[ I@7
The val ues of Tg thus neasured, JI'S acid “ues and 6 hour-r:xtragglﬁgéng

resi dues for the binder REPLACEMENT SHEET - 44- resins obtjaitred—i#&
Synthesis Exanples are summarized in Table 1 appearing after; Synthesis
Exanpl es.  Synt hgsh$hEX3UP E&abple 5
Styrene _ 67.75 wt.part(s)
n-Butyl acrylate 23.00 "
Mono-n-butyl maleate 8.00 .
Divinylbenzene | 1.25 "
Di-tert-butyl peroxide 0.60 "

A mixture of the above ingredients was added

dropwisé in 4 hours to 200 weight parts of xylene under

heating. 'The polymerization was further éompleted

under xylene refluxihg, followéd by removal of the

xylene under a reduced pressure and an elevated

temperature (200 ©°C) to prepare a resin E.

The properties of the resins A - E prepared in

the above Synthesis Examples are inclusively shown in

the following Table 1.

Table 1: Properties of resins

Resin JIS acid wvalue 6 Hr-extraction

Tg (°C)
~ (mgKOH/g) residue (%)
a 8.5 | 32.1 59
B 7.1 25.6 59
C 16.3 | 41.3 58
D 23.2 . 29.8 59
E 25.9 , 0.0 58

— n



Styrene - 66.20 w.part(s) [err] -Methylstyrene

6..00 n-Butyl acrylate 23. 00 Mono- n- but yI et . K

4. 00 Divi.nyl benzene ~ 0.80 Benzoyl pe,o§§§£§€&‘NfSLEtT
3.00 Into a mxture of the above ingredients, 170 wt. parts of water
containing 0.12 wt. part of partially safdh fied polyvinyl |al c@®IFEBIT7
added, and the resultant m xture was vigorously stirred tojforma )
suspension liquid. Into a reaction vessel containing 50 wi parts of water
and purged with nitrogen, the above suspension liquid was charged and .. ... .
subj ected to sEXamPdecsl suspension pol ymerization at 80 [err]C. After the

conpletion of the reagtiqn, the product was washed w th water, dg-watered
and dried to obtai "8 edin A The {bawkt.pargs

Magnetic iron oxide 60 "

Di-tert-butylsalicylic acid

Cr complex 2 "
Low-molecular weight ethylene-

propylene éopolymer 3 "

The above ing:ediehts were preliminarily
blended and.meii-kneaded through a twin-screw extruder
set at 110 °C and having a kneading zone incorporating
a backward screw. The kneaded product was cooled,
coarsely crushed, finely pulverized by means of a
pulverizer using jet air stream and classified by a
wind—force-cléssifier to obtain a magnetic toner having
a weight-average particle size of 11 microns. The
dynamic visco-elasticity characteristics under sinewave
vibration (frequency: 0.1 Hz) of the magpetic toner
were measured at 200 °C by means of a rheometer ("IR-
200", available from iwamoto Seisakusho K.K.)
remodeled so that the measurement could be performed
betw;en parallel plates of 30 mm in diameter and wifh a -
gap of about 1 mm therebetween.

The extraction-résidue fesin component and
viscoelastic ch#racteriétics of the magnetic toher are
shown.in Table 2.

100 wt. ﬁﬁrts of the above magnetic toner and

0.4 wt. paré of hydrophobic colloidal silica were



resin A showed a JI'S acid value, a 6 hour-extraction residue and a gl ass

transition tenperature (Tg) as shown in Table 1 appearing

Synt hesi s Exanple 2 Styrene

TEEW

[err]-Methyl styrene 6. 00 n-Butyl acr
23. 00 Mono-n-octyl nuleate 2.85
di met hacryl ate 1.00 w. part(s% Benzoyl  per oxi de;

w&'ﬁff (%EET"}

-45- Eth | QB FER ; i

1997

3.00 Aresin B was prepared fromthe above |ngred|ents othermTSE“rn~the

sane nmanner as in

blended with each other to form a developer.

The developer was evaluated by an

J—

v g,

electrophotographic copier ("NP-8580", mfd. by Canon

K.K.) equipped with a  fixing apparatus as shown in .

Figure 1 with respect to fixability and the effect of

preventing toner flowout from the cleaning member for

‘the fixing roller. The surface temperature of the

" fixing roller was controlled so that the upper limit

temperature was about 200 °C The flxing speed was

about 484 mm/sec. The cleaning member was compesed of

a web of nonwoven cloth impregnated with silicone o0il,

and the web was moved at a rate of 0.1 mm per fixation

of one A3-size sheet.

The flxabllity was evaluated in the following

manner. The test apparatus was placed in an

environment of low temperature-low humidity (15 ¢, 10

%)'overnight so as to fully adapt the test apparatus

and the fixing device therein and then making

continuously 200 sheets of copied images.

The surface

temperature of the fixing roller was 195 9c initially

and 155 ©C at the time of copying the 200-th sheet.

The copied image on the 200-th sheet was used for

evaluation of the fixability by rubbing the image with

a lens cleaning paper ("Dusper" (trade name), mfd. by

0%U Paper Co. Ltd.) for 10 reciprocations under a

weight of about 100 g. Then, the degree of peeling of

the toner image was evaluated in terms of a decrease



'Synthésis Exanpl e 1. Syhthesis Exanpl e 3 Styrene

66.65 wt.part(s) n-Butyl acrylate 58. 00 | REPLACEMENT SHEET
Mbno- n-butyl nual eate . 5. 00 Divi nyl benzene ‘ -
0. 35 Benzoyl peroxide _ ' 1.50 Di-tert-butyj EB 1997 |
peroxy- 2-et hyl - hexanoat e 0.50 A'rési%etfmas
prepared fromthe above ingredients ot he#se in the sane maﬁncr &S+

Synt hesis Exanple 1. Synthesis Exanple 4 Styrene

68.75 w.part(s) n-Butyl acrylate 28. 00 ACTYTTC

acid

(%) in reflecti%np%ensféy. The anti-offset
characteristic was evaluated by taking continuously 200
sheets of copied images, then taking intermittently
sheets of copied images for 3 minutes at intervals of
30 seconds per sheet, and then observing whether images
were stained or not. Further, the degree of staining
‘of the cleaning web incorporated in the'fixing device
was evaluated.

As a result, tﬁe toner showed a good
storability in terms of dischargeability, a good
fixability without causing §ffset and no re<flowout of
the toner material from the cleaning web in the fixing
device.

Then, the cleaning web was stopped, and an
intermittent copying test was performed at an
intermittent copying rate of one A4—size sheet/7 sec
instead of a normal continuous copying rate of 80 a
A4-size sheets/min to evaluaée the staining on the
fixing roller by observing fixed images. As a result,
no sggin appeared in fixéd images even at the time of
copying of 1q,000 sheets, and no damage was observed on
the fixing roller. The evaluation résuits are
summarized in Table 3. |

Example 2

Resin B . 100 wt.parts

Magnetic iron oxide 60 "




D vi nyl benzene - 0.25 Di-tert-butyl perdxys & ACA

et hyl hexanoat e 3.00 Aresin D was prepar g TFQh?PE,°H&Fr
above ingredients otherwi se in the sane nmanner as in Synthe<|5 Exanpl e 1.
-46- Synthesis Exanple 5 Styrene : 67.78 FEB 1997
wt.part(s) n-Butyl acrylate -50- 23. 00 Mono-n4bytyl nal eate

8. 00 Di vinyl benzene ' 1.25 Di-tert-butylf peroxXide

0. 60 :

tert-Butylhydroxynaphthoic acid
Cr complex _ 2 wt.parts
Low-molecular weight ethylene-
propyleﬁe copolymer 3 "
A magnetic toner was prepared from the above
ingredients otherwise in the same manner as in Example
"1 and evaluated in the same manner as in Example 1.

The properties and evaluation results of the toner are

'shown in Tables 2 and 3, respectively.

Example 3
Resin C . 100 wt.parts
Magnetic iron oxide 60 "

Di-tert-butylsalicylic acid
Cr complex ; . 2 "
Low-molecular weight ethyiene-
propylene copolymer 3 "
A magnefic toner was prepared from the above
ingredients-otherwise in the same manner as in Example
1 and evaluated in the same manner as in Example 1.

The properties and evaluation results of the toner are

shown in Tables 2 and 3, respectively.

Example 4
Resin D , 100 wt.parts
- Magnetic iron oxide 60 "
Monoazo Cr copplex 2 f

Low-molecular weight ethylene-

propylene copolymer 3 .



A nmixture of the above ingredients was added dropwise in 4 h uﬁs-ténﬁbﬁ SHEET:
wei ght parts of xylene under heating. The polynerization wasg further
conpl et ed under xylene refluxing, followed by renpoval of the X)|Q?g’Qﬁﬂ%WTi
reduced pressure and an el evated tenperature (200 [err]C) to prepare a

resin E. The properties of the resins A_giE prepared in the abéve—Synthesrs
Exanpl es are inclusively shown in the following Table 1. Tablje 1

Properties of resins Resin JI'S acid val ue 6 Hr-extraction 19
([err] O (rrgKO—l/g) residue (% A 8.5 32.1
59 B A magnetic2®oher was prep&idefrOm the 13bgve

41. 3 58 D 23. 2 29. 8

ingredients otherwise in the same manner as in Examg%e
1 and evaluated in the same manner as in Example 1.
The properties and évaluation results of the toner are
shown in Tables 2 and 3, respectively.

Comparative Example 1

Resin A 100 wt.parts .
Magnetic iron oxide - 60 w o
Low-mdlgcular weight ethylene- -

propylene cobolymer' 3 "

A magnetic toner was prepared from the above
ingredients otherwise in the same mannér as in Example
1 and evaluated in the same manner as in Example 1.
The properties and evaluation results of the toner are
shown in Tables 2 and 3, respectively.

The highly crosslinked component was severed
but no-recrosslinking was caused, so that all the fesin
component was extracted in 6 hours. In the test,

images were stained due to toner flowout.

Compérative Example 2

Resin C 100 wt.parts
Magnetic iron oxide 60 “
Monozo Cr complex 1 "

Di-tert-butylsalicylic acid
Cr complex ' 1 "
Low-molecular weight ethylene-

propylene copolymer , 3 "




E 25.9 0.0 58  -47- Exanple 1 Resin A
100 wt. parts Magnetic iron oxide 60 D -te

acid Cr conpl ex 2 Low nol ecul ar
propyl ene copol yner S 3. The above i ngredient
prelimnarily blended and nelt-kneaded idy ough a twi n-scre

110 [err] C and havi ng a kneadi ng zone incorporating a back
"kneaded product was cool ed,

The above ingredients were preliminarily——""""
blended and melt-kneaded_through a twiﬁ—screw_extruder
set at 150 °C having a kneading zone incorporating only
a forward screw. The kneaded product was cooled,
coarsely crushed, fihely-pulverized by means of a
pulverizer using jet air stream and classified by a
wind-force classifier to obtain a magnetic toner having
a weight-average particle size of 11 microns.

160 wt. parts of the above magnetic toner and
0.4 wt. part of hydrophobic colloidal silica were
blended with each other to form a developer, which was
then evaluated in the same manner as in Example 1. The
properties and evaluatioh results of the toner are
éhown in Tables 2 and 3, respectively. Re-crosslinking
was effected, while the severance of the highly
crosslinked component was insufficient, to result in a
highly crosslinked high-molecular weight componenﬁ. As
a result, the fixability was deteriorated and the

fixing roller began to be damaged.

Compafative Example 3

Resin E ' ' 100 wt.parts
Magnetic iron oxide 60 "
Monoazo Cr Complex 1 "

Di-tert-butylsalicylic acid
Cr complex : 2 "
Low-molecular weight ethylene-

propylene copolymer 3 "



coarsely crushed, finely pulverized by neans of a pul veri zer
stream and classified by a wind-force classifier to obtain a
havi ng a wei ght -average particle size of 11 nicrons. The dyn
visco-elasticity characteristics under sinewave vibration (f
Hz) of the magnetic toner were neasured at 200 [.err]C by neah
rheonmeter ("IR 200", avail able fron1|m§ to Sei sakusho K K.
t hat the neasurenent coul d be perforned”bétween parallel plal

mi c

etu%fzsmww
stof a g
ered 3o

es of 30 nmin. _.

dianeter and with a gap of about 1 mmtherebetween. The extra

ction-residue

resin conponent and viscoelastic characteristics of the magnetic toner are.

shown in Table 2. 100 }‘\"It 8F§§PE§°OE°H&%E rq;é;_&v%%a CEt&etha

part of hydrophobic co Silica

nabévd wt .

ingredients otherwise .in the same manner as in Example

1 and evaluated in the same manner as in Example 1.

The properties and evaluation results of tbe to

shown in Tables 2 and 3, respectively. An exce

ner are

ssively

highly crosslinked component was contained to cause a

thermal change with time and the toner material

contacting the fixing roller became rigid to damage the

fixing roller.
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eval uated by an el ectrophot ographi ¢ copi er- (" NP-8580",

-48- blended wth each other to forma devel oper. The devel oge
SH

equi pped with a fixing apparatus as shown in Figure 1 W|th r ect to

fixability and the effect of preventing toner f#gv\om fromthe cl 28 ¢E@ 1997
nmenber for the fixing roller. The surface tenpérafure of the ifijxing roller
‘was controlled so that the upper limt tenperature was about ’Zoe—fer'r*]'e’”“"
The fixing speed was about 484 mmisec. The cl eaning nmenber was conposed of _

~a web of nonwovén cloth |rrpregnated with silicone oil, and t he " Web was
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of one A3-size sheet. The fixability was evaluated in the foll.ow.ng.
The .test apparatus was placed in an environnent of |ow tenp raﬁutﬂﬁﬂﬁﬁﬁi SHEET
humidity (15 [err]C, 10 % overnight so as to fully adapt th pest

apparatus and the fixing device therein and then maki ng cont n‘uogig g\,\ﬁ?
sheets of copied images. The surface tenperature of the f|X|Eg F

195 [err]Cinitially and 155 [err]C at T time of copying t ?nn t.h
sheet. The copied i nage on the 200-th sheet was used for eva uation of the ;
fixability by rubbing the image with a |ens cl eani ng paper (' Euepe+“~ffraﬂe -

nfd. by OQZU P d ht of .
About 100 g. Then, the degrBblS Yol PraturEERE PRRRIER (0T % oVal Dot e

I mage was eval uat ed
in terns. of a decrease

Fixability Toner Intermittent test**

flowout¥*
Ex. 1 15 o no problem
Ex. 2 16 _ o . ditto
Ex. 3 17 o _.ditto
- Bx. 4 19 b ditto
- Comp.
Ex. 1 16 x *%q
2 24 . S« *%2
3 19 o *%3

* Image stain due to toner flowout was evaluated.
o: No image stain. _
Az Slight image stain'bﬁt practically
acceptable.

X3 Noticeable image stain.

**15

Image stain occurred due to cleaning
failure on the fixing roller.
**2: Fine scars occurred on the fixing roller.
**3: Image stain occurred due to scars on the

fixing roller.



REPLACENMENT SHEET -49 0 i \ i i . i Pi"_/‘,{”MFMf SHEET
-49- (% in reflection density. The anti-of fsét
characteristic was eval uated by taking continuously 200 sheet s of copi ed
i mages, then taking intermttently sheets of copied i mages f r.§ 3218 FEBew9AL
intervals of 30 seconds per sheet, and then observing mhether i mages were

.stained or not. Further, the degree of staining of .the cleaning-weh

i ncorporated in the fixing device was eggLuated. As a resulti.the t oner )
showed a good storability in terns of dischargeability, a good fixability
wi t hout causing offset and no re-flowout of the toner material fromthe
cleaning web in the fixing -

As described above, according to the toner and

the fixing method of the present inventiog, the
following advantages are attained.

(1) Free from the toner flowout from the fixer

" cleaning member.

(2) The fixing roller is not démaged by the toner
material attached to parts contacting the fixing
roller. |

(3) sSufficient anti-offset characteristic is

accomplished without impairing the fixability.

A toner for developing an electrostatic image
is constituted by a binder resin and a colorant The
binder reéin is characterized by containing at ieast 20
wt. § of an extraction residue after 6 hours of
extraction and below 2Q wt. % of an extraction residue
after 72 hours of extraction respectively by Soxhlet
extraction with tetrahydrofuran. The toner shows é :
_dynamic modulus.and a loss modulus, respectively at 200
O¢c ané 0.1 Hz, which are substantially unchanging with-
time: The properties provide the toner with a
harmonization of anti-offset characteristic and

fixability as well as stable viscoelasticity under

heating.



devi ce. Then t he cleanln veb was stopped, and an intermtient copying

test was perhﬁscﬁhwe aS ermttent copying rate of one A4RSPZEERd -‘?téE"
sec instead tlnuous copying rate of 80 A4- SIZﬂ heets
evaluate the e fixing roller by observing fijedq im

esult, no stal n appeared in fixed |mag_%? even at the tinejof CZ)Q%E%‘IQW
10,000 sheets, and no damage was observed on the fixing roll ¢r. The

eval uation results are sunmarized in Table 3. Exanple 2 Regin B

100 w . parts Magnetic iron oxide 60

WHAT IS CLAIMED IS:

1. A toner for developing an.electrostatic image,
comprisiné: a binder resin and a colorant, wherein the
binder.resin contains.at least 20 wt. % of an
extraction residue after 6 hours of extraction and
below 20 wt. %.of an extraction residue after 72 hours
of extraction respectively by Soxhlet extraction with
tetrahydrofuran (THF), and the toner shows a dynamic
modulus and a loss modulus, respectively at 200 °C and

0.1 Hz, which are substantially unchanging with time.

2. The toner according to Claim 1, wherein the
extraction residue after 6 hours is at least 2 times

the extraction residue after 72 hours.

3. The toner according to Claim 1, wherein the
toner shows a dynamic modulus of 1x103 - 1x103 dyn/cx;2
and a loss modulus of 1x102 - 5x10% dyn/cx'n2 as
.respectively measured at 200 °C and 0.1 Hz, and the

.dynamie modulus is larger than the loss modulus.

4. The toner according to Claim 1, wherein the
extraetion residue after 6 hours is 20 - 80 wt. & of

the binder resin.

S. The toner according to Claim 1, wherein the

extraction residue after 6 hours is 25 - 70 wt. % of

[
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-50- tert-Butyl hydroxynaphthoic acid C conpl ex

propyl ene copol yner
epared fromthe above ingre
le 1 and evaluated in the s8

eval uationggsults of the tc
Tables 2 and 3, respectlvely Exanple 3 Resin C

W-. parts Low rrﬂ?hleslubtaraslaengéﬁ]acat hyl ene-

3 " A nagnet
in the sane nan
Example 1. The p

100 wt.parts Magnetic iron oxide
acid Cr conpl ex

the binder resin.

2

60 Di -te

ner are shown i
28 FEB 1997

rtj- butyl salicyl ifci

6. The toner according to Claim 1, wherein the

extraction residue after 72 hours is below 15 wt. % of

the binder resin.

7. The toner according to Claim 1, wherein the

extraction residue after 6 hours is 2 - 30 times the

extraction residue after 72 hours.

8. The toner according to Claim 1, wherein the

moduli measured after holding the toner for 60 min. at

200 ©C are below two times the moduli before the

holding.

9. The toner according to Claim 1, wherein the

moduli measured after holding the toner for 60 min. at

200 ©°C are within the range of from 0.5 to below 2

times the moduli before the holding.

4

10. The toner according to Claim 1, wherein the

moduli measured after holding the toner for 60 min. at

200 9C are within the range of 0.8 - 1.8 times the

moduli before the holding.

11. The toner according to Claim 1, wherein said

binder resin comprises a vinyl polymer,.a vinyl .

* - C L M -5 . %
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Low nol ecul ar wei ght et hyl - propyl ene copol yner
magnetic Toner was prepared fromthe above ingredients othef

3 A

same nanner y@ssred H@epRepladedand eval uated in the sane mannel 55,

1. The prope
and 3, respe
W . parts Mg

atlon results of the toner are shown in Tables 2

V\A Sfe B ;-t n@ G

i
28 FEB® 1997

amﬁmﬂm. he resin B -ss- 60 Monoazo & C(;mol ex

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

S

copolymer, or a mixture thereof.

12. The toner according to Claim 1, wherein

said

binder resin comprises a crosslinked vinyl polymer, a

crosslinked vinyl copolymer, or a mixture thereof.

13. The toner according to Claim 1, wherein

said

binder resin comprises a styrene polymer, a styrene

copolymer,.or a mixture thereof.

14. The toner according to Claim 1, wherein

said

binder resin comprises a crosslinked styrene polymer, a

crosslinked styrene copolymer,: -or a mixture thereof.

-15. The toner according to Claim 1, wherein

binder resin comprises a vinyl polymer, a vinyl

‘copolymer or a mixture thereof having a JIS acid

of at most 100 mgKOH/g.

1%. The toner according to Claim 1, wherein
{
binder resin comprises a vinyl polymer, a vinyl
copolymer or a mixture thereof having~a JIS acid

of 2 - 70 mgKOH/g.

17. The toner according to Claim 1, wherein
binder resin comprises a vinyl polymer, a vinyl

copolymer or a mixture thereof having a JIS acid

said

value

said

value

said

value

RO RO T
* c L ] H *
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-51- A nagnetiC—LgneL—maS—pFepaFed—fron1the above ingredients otherwi se in

the same manner as_in Exanple eval uated in-the sanme pmanper..as.i.n
Exanpl e 1. The pr as atlon results of the tadnegsargMENdVEHEEN
Tables 2 and 3, res | arative Exanple 1 -Resin AI I )

100 wt . parts Magnet -60- 60 Low- rpliecu t
ethyleng- propyl ene copol yner 3 A magneti on@ﬁﬁaggﬁb&ﬁ
prepared fromthe above ingredients otherwise in the sane jreinner as in
Exanple 1 and evaluated in the sane manner as in Exanple 1i The properties
and eval uati on o®s¥l+ s6QfmgR@HI{gner are shown in Tables 2 and—3; o

respectively.

18. The toner according to Claim 1, wherein said

binder resin comprises a polyester resin.

19. .The toner according to Claim 1, wherein said

"binder resin comprises a polyester resin having a JIS

acid value of at most 100 mgKOH/g.

20. The toner according to Claim 1, wherein said
binder resin comprises a polyester resin having a JIS

acid value of at most 50 mgKOH/g.

21. The toner aécording_to Claim 1, wheréin said
binder resin contains an ultra-high molecular weight
component formed by melt-kneading a resin material
containing a TﬁF-insoluble and highly crosslinked hi;h
molecular weight having a carboxyl group together with
a me;al-containing compound linkable with the carboxyl
grogé to sever the crosslinked high molecular weight

component and cause re-crosslinking of the severed

crosslinked high-molecular weight component with the

metal-containing compound.

22. The toner according to Claim 1, wherein said

binder resin contains an azo metal complex represented

by the following formula:

(DRI e somer s e
* [ L M s *
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caused, so that al

test, images were s oner fl owout. Conparative
C mﬁ parts Magnetic -iron oxid
60 Monozo Cr conpl ex . -gh Di -tert-butyl salicylijc :
conpl ex 1 Low nol ecul ar wei ght ethylene~—fw+ﬁ544nﬁ;?“
copol ymer 3 -52- .

([ Ar-N = N-Ar | ©

\x l y!
\ /
LAr—N -Ar a9 ,

The highly crossli h&@s severed but no- recrossllrkuug WeS
}Iﬂ onent was extracted in 6 hoyr SEPUACERARET §HPET

anpl e Z2"RESTI—

ciéa%ﬁ”7

wherein M denotes a coordination center metal,

‘inclusive of metal elements having a coordination

number of 6, such as Sc, Ti, V, Cr, Co, Ni and Fe; Ar

denotes an aryl group, such as phenyl or naphthyl,

capable of having a substituent, examples of which may
include: nitro, halogen, carboxyl, anilide, and alkyl
and alkoxy having 1 ~ 18 carbon atoms; X, X', ¥ and ¥'
independently denote -O-, -CO-, -NH-, or -NR- (wherein
R denotes an alkyl heving 1 - 4 carbon atoms; and a®

denotes hydrogen, sodium, potassium, ammonium or

aliphatic ammonium.

23. The toner according to Claim 1, wherein said

-gbinder resin contains an organic acid metal complex

représented by the following formula:

(A)/ \'/ ™
\c-o/T\z-/
\ g Ho0 w o,

wherein M denotes a coordination center metal,

inclusive of metal elements having a coordination
/

AN O A

REPLACED
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The above imgredrents were prelininarily bl ended and nelt-kneaded through a

twin-screw e s‘{f,ﬂé‘eEH%@eexﬁtepﬁ&G [err] C having a kneading zo chrgﬂ%'ﬁtgmf

only a forwar aded product was cool ed, coar‘ery‘%ﬁﬁ el e
Eul ag a pulverizer using jet air stiregam and
classified by assifier tggehtain-a magnetic tcnezshaﬂﬁﬁgﬁh

finely pulverr

wei ght - average particle size of 11 mcrons. 100 w. parts of ithe above
magnetic toner and 0.4 w. part of hydrophobic colloidal siilita were
bl ended wth each other to forma devel oper, which was then evaluated in.....
the sane mannefiumiser nofx&ppsach. a§herprcperNueandnﬂeevaldamn&ESresults of
the toner are shown in Tables 2 and 3, respectively. Re-crosslinking was
effected, whil he sep%bbacefohavhaghagbhpSCd&ushtnked conponent was

|nsuff|C|ent ezult |n a E

(X denotes hydrogen, halogen, or nitro),

O0X |, el |

(R denotes hydrogeh,'c1 - C4g alkyl-or Cq; -~ Cqg
alkenyl);.ﬁQ denotes a c¢ounter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphatic ammonium; and

Z denotes -0- or -CO+0-.

24, A fixing method comprising:

feeding a toner-receiving material carrying a
toner image on a surface thereof, the toner comprisiﬁé
a binder resin and a colorant, wherein the binder resin
conta;ns at least 20 wt. % of an extraction residue
afte? 6 hours of extraction and below 20 wt. % of an
extraction residue after 72 hours of extraction
respectively by'Soxhlet extraction with tetrahydrofuran
(THF), and the toner shows a dynamic modulus and a loss
modulus, respectively at 200 °C and 0.1 Hz, whieh are
substantially unchanging with time;

passing the toner-receiving material carrying

the toner image between a heated fixing roller and a

* [~ L M S *
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hi ghly crosslinked-high-nolecular wei ght conmponent. As a res

fixability was deterlorated and the fixing roller began to

1 D-tert- butylsa

ble RERHABIENT ‘;HEET

Conpar ati ve Exanppés eplaced 100 wTpaErTs
Magnetic iron OXI ﬂ _ 60 Monoazo Cr Conpl ex : 2§ FEB 1997
conplex_63_ : ; 2 .

Low nol ecul ar wei ght ethylene- propyl ene copol yner
A magnetic toner was prepared fromthe above

pressing roller to fix the toner image under heating
and pressing onto the sufface of the toner-receiving

material; and

cleaning the fixing roller surface with a

cleaning member.

25. The fixing method according to Claim 24,
wherein the fixing roller surface is cleaned with a

cleaning web.

-26. The fixing method according to Claim 24,
wherein the fixing roller surface is cleaned with a

cleaning web impregnated with silicone oil.

-27. The fixing method acdording to Claim 24,
wherein the fixing roller surface is cleaned with a

cleaning pad.

28. The fixing method according to Claim 24,
wherain the fixing roller surface is cleaned with a

cleaning pad impregnated with silicone oil.

.29. The fixing method according to Claim 24,
wherein the fixing roller surface is cleaned with a

cleaning roller.

30. The fixing method according to Claim 24,

'\
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ingredients_otherwise in the sane manner as in Exanple 1 and

-evat-tat-ed =
t he same manner as in Exanple 1. The properties and eval uati orﬂrﬁ"ééﬁst-:“ﬂgﬁoﬁﬁég?
e toner ar@hls%vhﬂaﬂiﬁeﬁ&ml el 2 and 3, respectively. An exceps[Vel'y hignry

~crosslinked c
the toner mat
fixing roller.

11%

ng d_.:
g the f|X|ng roIIer becane rigidjtp danage e i

j ntai ned to cause a thermal chang
err

wherein the fixihg roller surface is cleaned with a

cleaning roller impregnated with silicone oil.

31. The fixing method according'to Claim 24,
wherein the toner image is fixed under contact with the

fixing roller having a surface temperature of 150 - 250

Oc.

32. The fixing method according to Claim 24,
wherein the toner image is fixed under contact with the

fixing roller having a surface temperature of 150 - 230

Oc.

'33. The fixing method according to Claim 24,
wherein the toner image is fixed under heating and an
abutting pressure of at least 1 kg/cm2 acting between

the fixing roller and the pressing roller.

34. The fixing method according to Claim 24,
wheréin the extraction residue after 6 hours is at

least 2 times the extraction residue after 72 hours.

35. The fixing method according to Claim 24,
wherein the toner shoﬁs a dynamic modulus of 1xi03 -
1x10° dyn/cm2 and a loss modulus of 1x102 - 5x10%
dyn/cin2 as respectively measufed at 200 °C and 0.1 Hz,

and the dynamic modulus is larger than the loss
-
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Tabl e 3: EvaIua%mggw& yé&ﬁRghéQPI|lty Toner Internmittent test**
f ] owout * ‘" I" Il IIII no problem Ex, 2 16

0 o : rerdi B L0 HEK SHEET
19 u ditto Conp. Ex. 1 16 ,-'-~; Jﬁﬁ SHEET
**1 2 **2 3 19

**3 * Ihage staln due to toner fl owout v@B-eval uated. o: h%

Sl i ght

]
i mage stain but practically acceptable. x: Noticeab eilnage stain i

| FEB 1T

modulus. . ez

36. The fixing method according to Claim 24,
wherein the extraction residue after 6 hours is 20 - 80

wt. % of the binder resin.

37. The fixing method according to Claim 24,
wherein the extraction residue after 6 hours is 25 - 70

wt. % of the binder resin.

38. The fixing method according té Claim 24,
wherein the extraction residue after 72 hours is below

15 wt. % of the binder resin. .

39. The fixing method according to Claim 24,
wherein the extraction residue after 6 hours is 2 - 30

times the extraction residue after 72 hours.

40. The fixing method according to Claim 24,
wheréin the moduli measured after holding the toner for

60 min. at 200_°C afe below two times the moduli before

the holding.

41, The fixing method accordiné to Claim 24,
wherein the moduli measured after holding the toner for
60 min. at 200 °C are within the range of from 0.5 to
below 2 times the moduli before the holding.

1) 0 | | o T
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**1: Image stain occur+et—due to cleaning failure on the f[XINg Fol SHEET
**2: Fine scars occurre qp the fixing roller. **3: Inmage starn: OELULT ﬁg -

due to scahsShﬁiﬁh roller. -56- As described aboye; according to
the toner.al “\ rret hod of the present invention, thei{fd@g$ FE1p97

advant ages (1) Free from_igg-toner flowout fro nithe fixer :
cl eani ng ne er (2) The fixing roller is not danmaged by thg et eri al
attached to parts contacting the fixing

42. The fixing method according to Claim 24,
wherein the moduli measured after holding the toner for
60 min. at 200 °C are within the range of 0.8 - 1.8
times the moduli before the holding.

43, The fixing method according to Claim 24,
Qhe:ein said binder resin comprises a vinyl polymer, a

vinyl coﬁolymer, or a mixture thereof.

44, The fixing method according to Claim 24,
wherein said binder resin comprises a crosslinked vinyl

polymer, a crosslinked vinyl copolymer, or a mixture

thereof.

45. The fixing method according to Claim 24,
wherein said binder resin comprises a styrene polymef,

a styrene copolymer, or a mixture thereof.

46. The fixing method according to Claim 24,
wherein said binder resin comprises a crosslinked

styrene polymer, a crosslinkgd styrene copolymer, or a

‘mixture thereof.

47. The fixing method according to Claim 24,
wherein said binder resin comprises a vinyl polymer, a
vinyl copolymer or a mixture thereof having JIS agid

value of at most 100 mgKOH/g.
S
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?

roller.

characteri zed
after 6 hours
after

(3) Sufficient anti-offset characteristic is acconpl

i pai ring t hermisisheatiias BéeRepackdner for devel oping an el ectrost atic’ gl ©
constituted by,

72 hours of extraction respectively by Soxhl et extract
t et r ahydr of ur an.

respectively at 200 [err]C and 0.1 Hz, which are substantialtl

i-shed- wn%heﬂf~"*~
FREET

n and a col orant The bi nder resi
| east 20 wt. % of "an extracti
and bel ow 20.g¢~. % of an extract

g e —— ,._.’
on r

2§S £ 1997
0&'\ \A‘ t h
The toner shows a dynam c nodulus and a | oss nodul us,

MBS

with tinme. The propdi cBheriisig tu@tho@eacmraiaghaonchazat 2dn of

anti-offset characteristic and fixability as well

under heating.

as stable V|scoelast|C|ty
wherein said binder resin comprises a vinyl polymer, a

vinyl copolymer or a mixture thereof having a JIS acid

value of 2 - 70 mgKOH/g.

49, The fixing method according to Claim 24,

wherein said binder resin comprises a vinyl polymer, a
vinyl copolymer or a mixture thereof_having a JIS acid

value of 5 - 60 mgKOH/g.

50. fixing method according to Claim 24,

The

wherein said binder resin comprises a polyester resin.

51. The

fiking method according to Claim 24,

wherein said binder resin comprises a polyester resin

having a JIS acid value of at most 100 mgKOH/g.

52. The

fixing method according to Claim 24,
wherein said binder resin conprises a polyester resin

haviﬁg a JIS acid value of at most 50 mgKOH/g.

53. The

fixing method according to Claim 24,
wherein said binder resin contains an ulﬁra-hiéh
molecular weight component formed by melt-kneading a
resin material containing a THF-insoluble and highly
crosslinked high molecular weight having a carboxyl

group together with a metal-containing compound
I
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-57- Clains 1. "Atoner tor developing an electrostatic im ?7§V“H“LSJE§F &
bi nder resin and g SlePtiR Bhen RPIEEEI N t he binder resin cont ihSﬁf(éthE EET
than 80 wt. % of an [ hours of extraction, and (b):at Teast 20
wt. % of an extractum mulﬂlﬁ[ﬁllt er 6 hours of extracti-on, whl%qxgg N97s
(c) below 20 wt. % ofuran-Q%%;extractable mat ter as an
extraction residue after 72 hours of extraction, each saidiektraettortsa :
Soxhl et extraction with tetrahydrofuran; and the toner shols a dynami c ;

-

nodul us and a | oss nodul us, respectively at 200[err]C and O T FZ, Whi Ch are

unchangi ng wi t pihkabler wiltAn@teohy-bokyd gHdud Ho vy ZHd mes after
hol ding for 60 mn. 2. The toner according to Caim1l1, wherein the

extraction rescrdassainked6hiighr molecallareaaiight! idGfpdrentedidicdawse r esi due
after 72 hours. 3. The toner according to Claim1l, wherein the toner shows

a dynani ¢ nodurescopssiitkdng] ofo theNsevieared driosisl[imkdd -hilgh-o[ err]

molecular weight componen£ with the metal-containing

I
r

compound.

54. The fixing method -according to Claim 24,
wherein said binder resin contains an azo metal complex
represented by the following formula:

(Ar-N = N-Ar©

N

whe;ein M denotes a coordination center metal,

4

inclusive of metal eleﬁents having a coordination
number of 6, such as S¢, Ti, Vv, Cr, Co, Ni and Fe; Ar
denotes an aryl group, such as phenyl or naphthyl,
capable of having a substituent, examples of which may
inclgﬁe: nitro, halogen, carboxyl, anilide, and alkyl
and alkoxy having 1 - 18 carbon atoms; X, X', ¥ and Y'
independently denote -0-, -CO-, -NH-, or -NR- (wherein
R denotes an alkyl having 1 - 4 carbon atoms; and A®

denotes hydrogen, sodium, potassium, ammonium or

aliphatic ammonium.

55. The fixing method according to Claim 24,

RN U R W TS SHERT A B
* [ L M S * . !
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dyn/cnierr]) and a loss nodul us of 1x10 er, ﬁe19ed5N/ cnfer ]ig,m@_[agm]wtﬂ

-5x10[err] dyn/cnierr]) as respecth ‘ at 200 [enr

and the dynanmic nodulus is Iarger dulus. 4} The ton
according to Claim1l, wherein the due after 61h0213§56é1%
70 wt. %of the binder resin. 5. The toner accordlng to C4gimil, wherein

the extraction residue after 72 hours is below 15 wt. % of it he bi nder B
resin. 6. The toner according to Caim leggwherein the ext r acti-on—+esi-eue— "’
after 6 hours is 2 - 30 tines the extrac |on residue after 72 hours.
REPLACEMENT SHEET -58- 7. The toner according to Caim1l, wherein the

nmodul i nmeasured after holding the toner for 60 mn. at 200 C are within t he
range of fromPnéréPnbsehodv Bihd&eSreBenmeduthinel ahcoriyanial dicig. 8. The
toner according to Claim1, wherein the noduli neasured after holding-the
toner for 60 nmetabtcad@plerrréprasentetihby the failjewdng) formulag tines the
nodul i before the holding. 9. The toner according to Claiml. wherein said

- binder resin conprises g vinyl polyHg0, aﬁvinj] &pol yner, or a mxture

Z
v
(A)/ \M/ (7)

\ /\z
L A Hy0 w o,

/
wherein M denotes a coordination center metal,

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

capable of having a substltuent,

e@r@@c@@@e@

(X denotes_hydrogen, halogen, or nltro),

Owe
LGP o

(R denotes hydrogen, C; - Cqg alkyl or Cq; - Cqg
alkenyl); ¥® denotes a counter ion, such as hydrogen,
sodium, potassium, ammonium, or aliphati& ammonium; and

Z denotes -0~ or =CO+<0-.

I
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t hereof. 10. The toner according to Cai'm1, wherein said binder resin
conprises a crosslinked vinyl polyner, .a crosslinked vinyl copolymer, or a
m xture thereof. 11. The toner accordlng to Cllaim 1, wherein said binder
resin conprises a styrene polyner, a styrene copolyner, or a mxture
thereof. 12. The toner according to Cwi*® I wherein said binder resin

conpri ses -a crossllnked styre ol r.. a rossllnked styre ol yner,
or b mxture { FERUER FQR DRYELOPING RIEGTROGTATIC DAGE ANR.EEHING | g

bi nder resin c s a vinyl polyner, a vinyl copolyner or a mxture
thereof having a JIS acid value of at nost-100 ngKOH g. 14. The toner
according to Claiml, wherein said binder resin conprises a vinyl polyner,

a vinyl COpO|¥£§—$§§Si_§%§& e reof _having a JIS acid value of 2 - 70

nmgKOH g. 15. 5 H%'DEQEL%SU =m 1, wherein said binder resin

E?gprisgs alvinyL golyggrto '@Xl o%%h %Ebﬁ e xt.ure t ereof haV|ng a
acid value o - e éEﬁQE

wherein said d e est.er e t ner

according to C}g §§?§E§ﬁgggag8 a?d%%?ﬁ%%1¥%§5Q13§§;ﬁi%? oﬁfik) Ser resin

having a JI'S apifla¥s! ¥&sh 35 BRALatteriP$a %Y containing at least 20

wt. % of an extraction residue after 6 hours of

extraction and below 20 wt. % of an extraction residue
after 72 hours of extraction respectively by Soxhlet
extraction wiéﬁ tetrahydrofuran. The toner shows é
dynamic modulus and a loss modulus, respectively it 200
©C and 0.1 Hz, which are substantially unchanging with
time. The properties provide the toner with a

harmonizatiop of anti-offset charactéristic and

fixability as well as stable viscoelasticity under

heating.

Sheet Has Been Replaced
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18. The toner according to Caim1l, wherein said binder re§i e &

pol yester resin having a JI'S acid val ue of at nost 50 ngKOH Eﬁ?@@&%ﬁg%&ﬁET
toner according.to Claim1, wherein said binder resin contgifis an

ul tra-hi gh nol ecul ar wei ght conponent formed by nelt-kneadiing & 8d&EB 1997
mat eri al containing a THF-insol ubl e and ki ghly crosslinked hijgh nol ecul ar
wei ght having a carboxyl group together with a netal -contaijni g conpound
| i nkabl e with the carboxyl group to sever the crosslinked High nplecular

wei ght conponent and cause re-crosslinking of the severed crosslinked

hi gh- nol ecul ar wei ght conponent with the netal -containing conpound. 20. The
toner according to Caiml1, wherein said binder resin contains an azo net al
conpl ex represented by the following formula: [err] wherein M denotes a
coordi nation center netal, inclusive of nmetal elenents having a

coordi nati on nunber of 6, such as Sc, Ti, V, O, Co, Ni and Fe; Ar denotes

an aryl group, such as phenyl or naphthyl, capable of having a substituent,
exanpl es of which may include: nitro, hal ogen, carboxyl, anilide, and al kyl
and al koxy having 1 - 18 caqug atonms: X, X Y andgY independently denote
-0, -CO, -NH, or -NR (wherein R denotes an al kyl having

FIG. 1



-

-59- 1 - 4 carbon atons; and Alerr] denotes hydrogen, sodium potassium

anmoni um or al i phatic ammonium 21. The toner according to @I r=J s Pany
sai d binder resin contains an organic acid netal conplex rebr-ighﬁgwggﬁiﬁggf—
followng fornula: "[err] wherein Mdenotes a coordination ce¢nter netal,
inclusive of metal elements having a coordlination nunber of {6} Q8 FEBS1997,
“Co, N. and Fe; A denotes capable of having a substituent. (K ¢lenotes

hydr ogen, hal ogen, or nitro), [err] (R denotes hydrogen, C érr] - "C[erT]
alkyl or CJerr] - CJerr] alkenyl); Y[err] denotes a counteriion. such as
‘hydrogen, sodium potassium amonium or aliphatic amonium and Z denotes
-O or -COO. 22. Afixing nmethod conprising: feeding a toner-receiving

material carrying a toner imge on a s e thereof, the toner conprising
a binder resin and a col orant, whereinjthg bi nder resin contains:
| /19 :

A\

18

21

'6\‘—\

AL

FIG 2



(a) less than 80 wt.% of an extract |n 6 hours of extractloREPLAC MENT $ EET
l.east 20 wt.% of an extraction residue after 6 hours of ejftifaction, which
contains (c) below 20 w. % of a tetrahydrofuran-non-extragt bi2A ARR 497as
an extraction residue after 72 hours f§ extraction, each $aiid extraction |s
a Soxhl et extraction with tetrahydrofuran; and the toner g$hows a dynam c
modul us and z&@éSFaﬁdlﬁmmmcng@wosfm@Qe TvARE
changi ng W tgedhd® Or change only in a ratio of below 2 tines after hol ding
for 60 mn; passing the toner-receiving material carrying the toner inage
bet ween a heated fixing roller and a pressing roller to fix the toner inage
under heating and pressing onto the surface of the toner-receiving

material; aRdsHRaA ﬁ %feﬁ@bﬁ@éer surface with a cleaning nenber.
23. The fix im22. wherein the fixing roller
surface is cleaned\Mgthghééeggyruhygib? Jheeiééh%%sﬁikﬁ%dlﬁ rding to

Claim22, wherein the fixing roller sur I's cl eane a cl éani ng web
i npregnat ed 1 idbnEH i taAEd Oby - a 25ind b8 ’Eééiﬁgaﬁat BOdoaezan® NgHeo O aim 22,

binder resin is characterized by containing at least 20
wt. § of an extraction residue after 6 hours of
extraction and below 20 wt. % of an extraction residue
after 72 hours of extraction respectively by Soxhlet
extraction witﬁ tetrahydrofuran. The toner shows'a
dynamic modulus and a loss modulus, respectively at 200
©C and 0.1 Hz, which are substantially unchanging with
time. Tﬁe properties provide the toner with-a
harmonization of anti-offset characteristic and
fixability as well as stable viscoelasticity under

heating.

Figure 1

R
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REPLACEMENT SHEET -60- wherein the fixing roller surface is cleaned with a
cl eaning pad. 26. The fixing nethod according to C aim 22.
fixing roller surface is cleaned with a cleaning pad inpr ﬁg %@E&Eﬁ\‘E%HEET
silicone oil. 27. The fixing nmethod according to Caim22| dherein the
fixing roller surface is cleaned withati®aning roller. 38} The JiKiNne7
nmet hod according to Caim22, wherein the fixing roller syrflace is cl eaneq
with a cleaning roller i rrpregnated with silicone oil. 29. |THe=fTxIMg nMethod
according to Caim22, wherein the toner image is fixed urider contact ,
the fixing roller having a surface tenperature of 150 - 250 [err]C. 30. The
fixing method according to Caim 22, wherein the toner inmage is fixed under
contact with the fixing roller having a surface tenperature of 150 - 230
[err]C. 31. The fixing nethod according to Caim 22, wherein the toner
image is digd under heating and an abutting pressure of at least 1
kg/cnmerr] acting between the

1. A toner for developing an electrostatic image, compnsmg a binder resin and a colorant, wherein the binder resin

contains:

(a) less than 80 wt.% of an extract in 6 hours of extraction, and
(b) at least 20 wt.% of an extraction residue after 6 hours of extraction, which contains (¢) below 20 wt.% of
a tetrahydrofuran-non-extractable matter as an extraction residue after 72 hours of extraction,

each said extraction is a Soxhiet extraction with tetrahydrofuran; and the toner shows a dynami¢c modulus and a
loss modulus, respectively at 200°C and 0.1 Hz, which are unchanging with time or change only in a ratio of below
2 times after holding for 60 min, '

2. The toner according to Claim 1, wherein the extraction resxdue after 6 hours is at least 2 times the extraction
residue after 72 hours.

3. The toner according to Claim 1, wherein the toner shows a dynamic modulus of 1x10°2 to 1N/em?2 (1x103 - 1x105
dyn/cm?) and a loss modulus of 1x10- to 0,5N/em?2 (1x102 - 5x10% dyn/em?) as respectively measured at 200 °C
and 0.1 Hz, and the dynamic modulus is larger than the loss modulus.

4. The toner according to Claim 1, wherein the extraction residue after 6 hours is 25 - 70 wt. % of the binder resin.

5. The toner according to Claim 1, wherein the extraction residue after 72 hours is below 15 wt. % of the binder resin.

6. The toner according to Claim 1, wherein the extraction residue after 8 hours is 2 - 30 times the extraction residue
alter 72 hours.

I
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REPLACEMENT SHEET

fixing roller and the pressing roller. 32. The fixing nmethad Ccoralng 0]
Claim 22, wherein the extraction residue after 6 hours is S? ﬁ 19?75
the extraction residue after 72 hours. 33. The fixing netho t! '1
Claim 22. wherein the toner shows a dy I ¢ nmodul us of 1x1 ”'\"M‘n.”}

to INcnferr] (1x10[err]- 10x10[err] d cnerr]) and a | osp nodul us of

1x10[ err]; tfheGnar ;tgig% &% 1 QJ' gl odyli 3- ijggalwr hal lher‘%-ner lrjnqocmnhgtdmio °C are

respecti vel,y,hms% rz,
| arger than the | oss nodul us | Xl ng met hod accor d| ng to Caim 22

wher ei n tgherhe xdnéracdordng 1o @IS:&ndUﬁhe?JlrI 16 m&Uul PklsGred SitedRolding [ 1¥Mer 0G0 in. bi®oBE QQEI‘
resin. 35. wihie theiraoged 01981 B adlesaBLBddGl Hagrd 1B Holdmigm 22, wherein the extraction

residue after 72 hours is below 15 wt. % of the binder resin. 36. The

fixi ng mét hibellopsr eesprdingrg Clein 10verain s@i@ bindafresiedompridesa \@wtepigrodriaginy! capsiyrokaer axhikiere 6
hours is 2t%e®f tjnes the extraction residue after 72 hours. 37. The fixing
met hod according to Claim 22. wherein the noduli nmeasured after holding the
toner for%60® IfPF acqeing tCiaig 1 r‘%q'?‘eé‘rsé'dﬁ}f‘?ﬁﬁ f45in CPRPrisesAfersEinked vigYpelyms: £ Srasdinked 2

times the nﬂlfﬁ?ﬁ"'%@'f%?@"“‘f LM di ng

11. The toner according to Claim 1, wherein said binder resin comprises a styrene polymer, a styrene copolymer, or
a mixture thereof,

12. The toner according to Claim 1, wherein said binder resin comprisas a crossiinked styrene polymer, a crosslinked
styrene copolymer, or a mixture thereof,

13. The toner according to Claim 1, wherein said binder rasin comprises a vinyl polymer, a vinyl copolymer or a mixture
thereof having a JIS acid value of at most 100 mgKOH/g.

14. The toner according to Claim 1, wherein said binder resin comprises a vinyl polymer, a vinyl copolymer or a mixture
thereof having a JIS acid value of 2 - 70 mgKOH/g.

15. The toner according to Claim 1, wherain said binder resin comprises a vinyl polymer, a viny! copolymer or 2 mixture
thereof having a JIS acid value of 5 - 60 mgKOH/g.

16. The toner according to Claim 1, wherein said binder resin comprises a polyester resin.

17. The toner according to Claim 1, wherein said binder resin comprises a polyester resin having 2 JIS acid value of
at most 100 mgKOH/g.

18. The toner according to Claim 1, wherein said binder resin comprises a polyester resin having a JIS acid value of
at most 50 mgKOH/g.

19. The toner according to Claim 1, wherein said binder resin contains an ultra-high molecular weight component
formed by melt-kneading a resin material containing a THF-insoluble and highly crosslinked high molecular weight
having a carboxy! group together with a metal-containing compound linkable with the carboxyl group to sever the
crosslinked high molecular weight component and cause re-crosslinking of the severed crosslinked high-molecular
weight companent with the metal-containing compound.

20. The toner according to Claim 1, wherein said binder resin contains an azo metal complex represented by the
foliowing formuia:

(Ar-N = N-ar]©

4
%

(Ar-N = N-Ar| A%,

wherein M denotes a coordination center metal, inclusive of metal elements having a coordination number of 6,
such as Sc, Ti, V, Cr, Co, Ni and Fe; Ar denoles an aryl group, such as phenyl or naphthyl, capable of having a
substituent, examples of which may include: nitro, halogen, carboxyl, anilide, and alky! and atkoxy having 1 - 18
carbon atoms: X, X', Y and Y' independently denolte -O-, -CO-, -NH-, or -NR- (wherain A denoles an alkyl having

* € L M § %




38. The fixing method according to C aim 22, wherein the no uhEermMENQECBHEET
after holding the toner for 60 nin. at 200 [err]C are W thirn e—+-ahrge—of
0.8 - 1.8 tines the noduli before the holding. 39. The fixing}nmet hod
according to Caim22. wherein said binder resin conprises & vih?ﬁ-ﬂﬂkﬂﬂ%@,
a vinyl copolynmer, or a mxture theréof.” 40. The fixing netHod according.t
Claim22. wherein said binder resin conpri ses a crosslinked yvinyl polyner,

a crossllnked vi nyl copol a mxture thereof. 41. Thelfixing—rethed

accordi ng t'o*EHEITAeos: "Me?%‘f"ﬁs @SP&e“b?"H'HE'r”'P%‘éﬂ"h a’E‘B?fYH"T ¥ liphagic §T‘§)?"€ﬁe
p0| y rrer é? Tﬁt ﬁe‘? Q&o%g tgv\}%lm { irvhererm dlrpbn nu rsr% nl‘t]aerr{‘sea or anic acsdmgl co}néﬁ Sgﬁréﬁﬁr&%ﬁ:@

accor di n er resi'n conprises a c
styrene polyner a crossllnked styrene copol ymer, Qr a mi xture thereof.

- 61 - 7 H20 ﬁ ©
| o-C
(A)/ \M/ \m
N 1N
?l:-o
\ 0  Hy0 J R

wherein M denotes a coordination center metal, inclusive of metal elements having a coordination number of 6,
such as Cr. Co, Ni and Fe; A denotes
capable of having a substituent,

(X denoctes hydrogen, halogen, or nitro),
5 Ow©

R

(R denotes hydrogen. C,-CigakylorC, - C,g alkenyl); Y® denotes a counter ion, such as hydrogen, sodium,
potassium, ammonium, or aliphatic ammonium; and Z denotes -O- or -CO-O-.

22. A fixing method comprising:
feeding a toner-receiving material carrying a toner image on a surface therec!, the toner comprising a binder resin
and a colorant, wherein the binder resin contains:

{a) less than 80 wt.% of an extract in 6 hours of extraction, and

() at least 20 wt.% of an extraction residue after 6 hours of extraction, which contains (c) below 20 wt.% of
a tetrahydrofuran-non-extractable matter as an extraction residue after 72 hours of extraction, '
each said extraction is a Soxhlet extraction with tetrahydrofuran; and

the toner shows a dynamic modulus and a loss modulus, respectively at 200°C and 0.1 Hz, which are un-
changing with time or change only in a ratio of below 2 times after hoiding lor 60 min;

passing the toner-receiving material carrying the loner image between a heated fixing roller and a pressing
roller to fix the toner image under heating and pressing onto the surface of the toner-receiving material; and
cleaning the fixing roller surface with a cleaning member.

23. The lixing method according to Claim 22.
wherein the fixing roller surface is cleaned with a cleaning web.

24. The lixing mathod according to Claim 22,
" wherein the fixing roller surtace is cleaned wilh a cleaning web impragnated with silicone oil.

OO0 ) A

2S. The fixing method a&cording to Claim 22,



43. The fixing nethod according to Caim22, wherein said bi 1d€EPLv\GSMENT SHEET
conprises a vinyl polynmer, a vinyl copolyner or a m xture thprpof—tavrng
JI'S acid value of at nost 100 ngKOH/ g. 44. The fixing nmethod|af éj {9%
Claim 22, wherein said binder resin corrgél ses a vinyl polynmef, aqv F’w 7
copol yner or a mxture thereof having a”JlIS acid val ue of 2 0 ngKOH/ g
45. The fixing method according to claim22. wherein said bi pder resin

conpri ses Qmé/réuﬁ‘h‘ulatu;ﬁ)ﬁ'r&ﬁ@?%&aacé‘ns\élbél-bébwﬁ%ﬂamn@ﬁador a mxture therest—having—e
JI'S acid val ue of - 46. The fixing method according to Claim

22, wher gd. nhéfahdmhhade&ordr@%ma«ﬁqurl ses a polyester resin. 47. The fixing
met hod accenekinge txing @iler suacis cledir@d Sittna cnioh dar intkesgnatedswith siiongeii ses a

pol yester resin having a JI'S acid value of at npbst 100 ngkKOH g. 48. The
fixi ng net Aoalixiag oehadiangprding taFi2iip@R.22, wherein said binder resin conprises a
pol yest er NE@‘?'WhﬁMF&!jeféuf!Pnga’eﬁ“‘GdW&H%féeaﬁﬂ‘gfa‘tef nost 50 ngKOH/ g. 49. The

fixing nmethod according to claim?22,’
28. The fixing method according lo Claim 22,

wherein the fixing roller surtace is cleaned with a cleaning roller impregnated with silicone oil.

29. The fixing method according to Claim 22,
wherein the toner image is fixed under contact with the fixing roller having a surface temperature of 150 - 250°C.

30. The fixing method according to Claim 22,
wherein the toner image is ﬁxed under contact with the fixing roller having a surface temperature of 150 - 230 °C.

31. The fixing method accordmg to Claim 22,
wherein the toner image is fixed under heating and an abutting pressure of at least 1 kg/em? acting between the
fixing roller and the pressing roiler.

32. The fixing methed according to Claim 22,
wherein the extraction residue after 6 hours is at least 2 times the extraction residue after 72 hours.

33. The fixing method according to Claim 22,
wherein the toner shows a dynamic modulus of 1x102N/em? to 1N/em?2 (1x 103+ 1x105 dyn/cm?) and a loss modulus
of 1x103 to 0,5 N/em? (1x102 - Sx10% dyn/cm?) as respectively measured at 200 °C and 0.1 Hz, and the dynamic

modulus is larger than the loss modulus.

The fixing methed according to Claim 22,
wherein the extraction residue after 8 hours is 25 - 70 wt. % of the binder resin.
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35. The fixing method according to Claim 22,
wherein the extraction residue after 72 hours is below 15 wt. % of the binder resin.

36. The fixing method according to Claim 22,
wherein the extraction residue after 6 hours is 2 - 30 times the extraction residue after 72 hours.

37. The fixing method according to Claim 22,
wherein the moduli measured after holding the toner for 60 min. at 200 °C are within the range of from 0.5 to below

2 times the moduli before the holding.
38. The fixing methad according to Claim 22,
wherein the moduli measured after holding the toner for 60 min. at 200 °C are within the range of 0.8 - 1.8 times
" the moduli before the holding.

39. The lixing method according to Claim 22,
wherein said binder resin comprises a vinyl polymer, a viny! copolymer, or 2 mixture thereof.

40. The fixing method according to Claim 22,
wherein said binder resin comprises a crosslinked vinyl polymer, a crosslinked vinyl copolymer, or a mixture thereof.

41. The fixing method according to Claim 22, ’
wherein said binder resin comprises a slyrene polymer, a styrene oopolymer or a mixture thereol.

42, The lixing method according to Claim 22,
whergin said binder resin comprisas a crosslinked styrene polymaer, a crosslinked styrene copolymer, or a mixture

IO




wherei n said binder resin contains an ultra-high nol ecul ar
formed by nelt-kneading a resin material containing a THF i
hi ghly crosslinked high nol ecul ar wei ght having a carboxyl
with a netal -containing conpound |inkable with the carboxyl }grlo 2 Juﬁ

the crosslinked high nol ecul ar wei ght™ cohponent and cause r -dro gl I'ng
of the severed crosslinked high-nol ecul ar wei ght conponent Wi tia—t-ke--petgte—
cont ai ni ng conpound. 50. The fixing nethod according to C aifm 22, wherein

sai d blnggﬁmggﬁfge@gnkaﬁg 18 Bapddd Metal conpl ex represented by TTE
fol | owi NG fuperaH katd bidd8r rkdin AbRBAsBS dvirdyl JAGRG BnyProbdlebldr B Mty \hér 85I hRing ITB héM value
I ncl usi ve o aimeéiado oMt s havi ng a coordination nunber of 6, such as Sc,

Ti.. V, &, Co, N and Fe; Ar denotes an aryl group, such as phenyl or
napht hyl ,44.d'apa<iybe!eb<ﬁdd¢emditmgo glaim st i t uent, exanpl es of which may include:

ni tro, hal odemrinsaichinderxgsin comgrisesiaciny! pelymer. a iRy Eoralyroer ol daeistyre hiergd! nying 2 JIS a@id value
carbon at ores2-78mg¥CHAY and Y' i ndependent|y denote -O, -CO, -NH, or -NR-
(wherein R denotes an aIk I haV|ng 1 - 4 carbon atons: and Alerr] denot es
P ol R RaEr A o s SRR b e i
acid netal coon Eiresented by the follow ng fornul a:

46. The fixing methad according to Claim 22,
whaerein said binder rasin comprises a polyester resin.

47. The fixing method according to Claim 22,
wherein said binder resin comprises a polyester resin having a JIS acid value of at most 100 mgKOH/g.

48. The fixing method according to Claim 22,
wherein said binder rasin comprises a polyester resin having a SIS acid value of at most S0 mgKOH/g.

49. The fixing method according to claim 22,
wherein said binder resin contains an ultra-high molecular weight component formed by melt-kneading a resin
material containing a THF-insoluble and highly crasslinked high molecular weight having a carboxy! group together
with a metal-containing compound linkable with the carboxyl group to sever the crosslinked high molecular weight
camponent and cause re-crosslinking of the severed crosslinked high-molecular weight component with the metal-
containing compound.

§0. The fixing method according to Claim 22,
wherein said binder resin contains an azo metal complex represented by the foliowing formula:

Ar-N = N-—/I-\r‘ o
\.x Y
\-r/

u
/T\

Y X’

| Az-N = N-Ar | A9® ,

wherein M denotes a coordination center metal, inclusive of metal elements having a coordination number of 6,
such as Sc. Ti, V, Cr. Co, Ni and Fe; Ar denotes an aryl group, such as phenyi or naphthyl, capable of having a
substituent, examples of which may include: nitro, halogen, carboxyl, anilide, and alkyl and aikoxy having 1 - 18
carbon atoms: X, X', Y and Y' independently denote -O-, -CO-, -NH-, or -NR- (wherain R denotes an alkyl having
1 - 4 carbon atoms: and A® denotes hydrogen, sodium, potassium, ammonium or aliphatic ammonium,

$1. The fixing methed according to Claim 22,
wherein said binder resin contains an organic acid metat complex reprasented by the following tormula:

I



e

REPLACEMENT SHEET -62 - [err] wherein Mdenotes a coordinati bnRERmCEMENT SHEET
metal, inclusive of netal elenents having a coordi nati on nunpep—of—6t—sueh
as Cr, Co, N and Fe; A denotes capable of having a substitugn err ‘E
denot es hydrogen, hal ogen, or nitro),_[gr] (R denotes hydropeh, 1 1997
Cerr] alkyl or CJerr] - CJerr] alkenyl); Y[err] denotes a cpuater lon

such as hydrogen, sodium potassium ammonium or aliphatic anmonium and Z
. o

denotes -O or -CO. O 52. The toner according to claimb5, whererr—the
extraction residue after 72 hours is 1.0 to 14.2 wt. % of the binder resin.

53. The fixing method accordifg to clai mH3® wberein ghe extraction residue

after 72 hours is 1.0 to 14. 2wt @6of th1 |nd®r resin.
_(A) (A)
\c-o/[\z/
\ H0 ) ¥

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

{X denotes hydrogen, halogen, or nitro),

O | @L© ©
: @@

(R denotes hydrogen, C; - C,g alkyl or C, - C,5 alkenyl); Y® denotes a counter ion, such as hydrogen, sodium,
potassium, ammonium, or aliphatic ammonium; and Z denctes -O- or -CO-O-, .

52. The toner according to claim 5, wherein the extraction residue after 72 hours is 1.0 to 14.2 wt.% of the binder resin.

§3. The fixing method according to claim 35, wherein the extraction residue after 72 hours is 1.0 10 14.2 wt.% of the
binder resin. .

N
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ABSTRACT |

. TONER FOR DEVELOPING ELECTROSTATIC IMAGE

AND FIXING METHOD

- A tomer for'developing an electrostatic image is
constituted by a binder resin and a colorént The
_biﬁder resin is charactérized by containing at ieast
20 wt. % of an extraction residue after 6 hours éf
extraction and below 20 wt. % of an extraction
residue éfter 72 hours of extraction respectively by
Soxhlet extraction with tetrahydfofuran. The toner
shows.a dynamic modulus and a loss modulus,
respectively at 200°C and 0.1 Hz, which are
‘substantially uﬁchanging with time. The properties
provide the toner with a harmonization of anti-offset
characteristic aﬁd fixability as well as stablé-

viscoelasticity under heating.

Figure 1



