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@ Toner for developing electrostatic image and heat-fixing method.

@ A toner for developing elecirostatic images is prepared from a binder resin and a hydrocarbon wax. The
toner is provided with improved fixability and anti-offset characteristic by controlling the thermal characteristic of
the hydrocarbon wax so as to provide a DSC (differential scanning calorimeter) curve, showing an onset
tempeorature of heat absorption in the range of 50 - 110 °C and at least one heat absorption peak P1 in the range
of 70 - 130 °C giving a peak temperature Tpy on temperature increase, and showing a maximum heat evolution
peak temperature in the range of Tpy = 9 °C on temperature decrease. Correspondingly, the toner provides a
DSC curve showing a rising temperature of heat absorption .of at least 80 °C, an onset temperature of heat
absorption of at most 105 °C and a heat absorption peak temperature in the range of 100 - 120 °C, respectively
on temperature increase, and showing a heat evolution peak temperature in the range of 62 - 75 °C and a heat
evolution peak intensity ratio of at least 5x10~2 on temperature decrease.
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fixing at OneIrhe presgn? invention relates to a toner for developing electrostatsc images used in image forming
methods, such as electrophotography electrostatic recording and magnetic recording, suitable for heat

5 fixation and a heat-fixing method using the toner.

Hitherto, a large number of electrophotographic processes have been known, inclusive of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363; and 4,071,361. In these processes, in general, an
electrostatic latent image is formed on a photosensitive member comprising a photoconductive 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 étc., as desired, fixed by heating, pressing, or heating
and pressing, or with solvent vapor to obtain a copy. The residual toner on the photosensitive member
without being transferred is cleaned by various methods, and then the above steps are repeated.

In recent years, such an electrophotographic image forming apparatus has been used not only as a
copying machine for office work but also as a printer as an outputting means for a computer and a copier

15 for personal use.

Accordingly, a smaller size, a smaller weight, a higher speed and a higher reliability are being seriously
sought, and a machine tends to be composed of simpler mémbers. As a result, a toner is required to show
higher performances, and an excellent machine cannot be satlsfactonly operated if improved toner
performances are not accomplished. '

20 Regarding the step of fixing a toner image onto a sheet such as paper, various methods and apparatus
have been developed, inclusive of those based on the heat-fixing system using hot rollers, and the heat-
fixing method of pressing a toner image onto a shest by a heating member by the medium of a film.

In the heat-fixing system using such hot rollers or a film, a sheet carrying a toner image to be fixed

- (hereinafter called "fixation sheet") is passed, while the surface of a hot roller or a film having a releasability

25 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 or film surface and the toner image on the fixation sheet
contact each other under a pressure, a very good heat efficiency is attained for melt-fixing the toner image
onto the fixation sheet to afford quick fixation, so that the method is very effective in a high-speed
electrophotographic copying machine. In this method, howsver, a toner image in a melted state is caused to

30 contact a hot roller.or film 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 or film 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 heat-fixing system to prevent the toner from sticking to the hot roller or film
surface.

35 In order to prevent a toner from stlcklng onto a fixing roller surface, it has been convent:onally 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 the offset and fatigue of the roller surface. This method is
very effective for preventing offset but requires a device for supplying such an offset preventing liquid, thus

40 resulting in complication of a fixing apparatus.

Further, this is contrary to the demand for a smaller and lighter apparatus and can sometimes soil the
inside of the apparatus due to vaporization of the silicone oil, etc. Therefore, based on a concept of
supplying an offset-preventing liquid from inside toner particles under heating instead of using a device of

- supplying silicone oil, there has been proposed to incorporate a release agent, such as low-molecular

45 weight polyethylene or low-molecular weight polypropylene. Addition of such a release agent in an amount
exhibiting a sufficient effect leads to other practical problems, such as filming onto a photosensitive
member, soiling of the surface of a carrier or a toner-carrying member, such as a sleeve, and deterioration
of developed images. Accordingly, there has been adopted a combination of adding a release agent in an
amount small enough to avoid deterioration of developed images into toner particles'and supplying a small

50 amount of a release oil or using a cleaning device including a web used little by little to be wormed up for
removing offset toner.

However, in view of recent demands for a smaller, hghtar and more reliable apparatus, |t is desired to
remove even such an auxiliary device. This cannot be complied with, unless the toner performances, such
as fixability and anti-offset characteristic, are further improved. Thus, it is difficult to provide such an’

s5 excellent toner without further improvement of a binder resin and a release agent ini a toner.

The addition of waxes as a release agent in toner particles is known, as disclosed in, e.g., Japanese
Laid-Open Patent Application (JP-A) 52-3304, JP-A 52-3305, JP-A 57-52574, JP-A H3-50558, JP-A H2-
79860, JP-A H1-109359, JP-A 62-14166, JP-A 61-273554, JP-A 61-94062, JP-A 61-138259, JP-A 60-
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Thus, any conventional toner containing a wax cannot fulfill all the required performances at a

satisfactory level but has involved some problem. For example, some toner is excellent in high-temperature

10 offset and developing performance but leaves a room for improvement with respect to low-temperature
fixability. Some toner is excellent in low-temperature offset and low-temperature fixability but is somewhat
inferior in anti-blocking characteristic or results in a lower developing performance at an elevated tempera-
ture within an apparatus. Some toner is insufficient in satisfaction of anti-offset characteristic at both low and
high temperatures.

15 A toner containing a low-molecular weight polypropylene (e.g.. "Viscol 550P", "Viscol 660P", sfc.) is on
the market but has left a room for further improvement in anti-offset charactenstlc and fixability.

Further, JP-A 56-16144 has proposed a toner containing a binder resin which shows at least one
maximum in each of the molecular weigh region of 108 - 8x10* and 105 - 2x105. The toner is excellent in
pulverizability, anti-offset characteristic, fixability, anti-melt sticking or -filming onto a photosensitive member

20 and image forming characteristic, but further improvements in anti-offset characteristic are still desired. '

SUMMARY OF THE INVENTION

An object of the present invention is to provide a toner having solved the above problems.
25 A more specific object of the invention is to prowde a toner exoellent in fixability and anti-offset
characteristic at low temperatures.
Another object of the invention is to provide a toner excellent in fixability and anti-offset characteristic at
high temperatures.

Another object of the invention is to provide a toner excellent in anti-blocking characteristic and free .

30 from deterioration in developing performance even left standing for a long period.

Ancther object of the invention is to provide a toner excellent in resistance to a temperature elevation in
an apparatus.

A further object of the invention is to provide a heat-fixing method using a toner as described above.

According to the present invention, there is provided a toner for developing electrostatic image,

85 comprising a binder resin and a hydrocarbon wax, wherein the hydrocarbon wax provides a DSC curve, as
measured by a differsntial scanning colorimeter, showing an onset temperature of heat absorption in the
range of 50 - 110 °C and at least one heat absorption peak P1 in the range of 70 - 130 °C giving a peak
temperature Tpy on. temperature increase, and showing a maximum heat evolution peak giving a peak
temperature in the range of Ty *+ 9 °C on temperature decrease.

40 According to another aspect, the present invention provides a toner for developing slectrostatic images,
comprising a binder resin and a hydrocarbon wax; wherein the toner provides a DSC curve as measured by
a differential scanning calorimeter, showing a rising temperature of heat absorption of at least 80 °C, an
onset temperature of heat absorption of at most 105 °C and a heat absorption peak temperature in the
range of 100 - 120 °C, respectively on temperature increase, and showing a heat evolution peak giving a

45 heat evolution peak temperature in the range of 62 - 75 °C and a heat evolution peak intensity ratio of at
"loast 5x10~2 on temperature decrease. : '

According to still another aspect, the present invention provides a heat-fixing method, comprising an
image of a toner as described above carried by a toner-carrymg member onto the toner-carrying member
by a contact-heatmg means.

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

BRIEF DESCRIPT_ION OF THE DRAWINGS

the invention (Figure 1), wax F3 according to a comparative example (Figure 3), toner 11 according to the
invention (Flgure 5) and wax A2 according to the invention (Figure 18).

Figures 1, 3, 5 and 18 respecti\lely show DSC curves on temperature increase of wax A3 according to -
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invention (Figure 6), and wax A2 according to the invention g:igure
Figures 7 - 10 and 15 - 17 each show a heat absorption peak portion of a DSC curve on temperature
5 increase. : .
Figures 11 - 14 each show a heat evolution peak portion of a DSC curve on temperature decrease for
illustration of a heat evolution peak intensity ratio.
Figure 20 shows a GPC chromatogram showing a molecular weight distribution for illustration of H1, H2
and H3.
10 Figure 21 is an illustrative view of an embodiment of the fixing apparatus for practicing the heat-fixing
method according to the invention. '

DETAILED DESCRIPTION OF THE INVENTION

15 By analyzing data obtained by subjecting a toner to differential scanning calorimetry by using a DSC
(differential scanning calorimeter), it is possible to know a thermal behavior of a toner. More specifically,
from such data, it is possible to know heat transfer to and from a toner and changes in state of the toner.
For example, it is possible to know whether or not offset phenomenon can be obviated and what are
thermal influences during storage and actual use, inclusive of the anti-blocking characteristic and the effect

20 of heating on the developing performance of the toner.

From a DSC curve on temperature increase, it is possible to observe a state change of a toner under
heat application and heat absorption peaks accompanying the transfer, melting or dissolution of the wax
component. ' -

The toner according to the present invention is characterized by having an onset temperature (OP) of at

25 most 105 °C, preferably in the range of 90 - 102 °C, whereby the toner is provided with excellent low-

. temperature fixability. On the other hand, if the onset temperature exceeds 105 °C, the toner is caused to
have a higher temperature for plasticity change in a short time range, thus being inferior in anti-offset
characteristic at low temperatures and fixability. :

Further, the toner is characterized by having a heat absorption peak temperature in the range of 100 -

30 120 °C, preferably 102 - 115 °C, whereby good fixability and anti-offset characteristic at high temperatures
is ensured. If the heat absorption peak temperature is below 100 °C, the wax component dissolves in the
binder resin before the temperature becomes high, so that it becomes difficult to obtain sufficient anti-offset
characteristic of high temperatures. On the other hand, if the heat absorption peak temperature exceeds 120
°C, it is difficult to obtain sufficient fixability. '

35 A toner binder resin used for heat-fixing enters a viscoelastic region susceptible of fixation from about
100 °C and, if the wax component is melted in the temperature region, the resin is provided with an
increased plasticity and an improved fixability, and the release effect is sufficiently exhibited to provide an
improved anti-offset characteristic. As a result, paper carrying the toner image after fixation does not adhere
to the fixing roller or film, thus unnecessitating reliance on a separation claw to be free from traces of the

40 claw. Also the pressing roller is not stained and winding about the pressing roller is obviated. Provided that
the above conditions are satisfied, another peak can be present in another region. .

It is further preferred that the toner has an heat absorption peak showing a rising {initiation) temperature
(LP) of at least 80 °C, further preferably at least 90 °C, so as to provide a better anti-blocking characteristic.
Below 80 °C, the toner is liable to start causing a plasticity change in a long time range from a relatively low

45 temperature, thus showing inferior storability and inferior developing performance at higher temperatures.

. From DSC curves on temperature decrease, it is possible to observe the state at normal temperature
and state changes under cooling of a toner, and heat evolution peaks accompanying the solidification or
crystallization and other phase transition of the wax component. The toner according to the invention is

- characterized by having a heat evolution peak temperature in the range of 62 - 75 °C, preferably 65 - 72 °C,

50 whereby good fixability and anti-blocking characteristic are ensured. Above 75 °C, the temperature range for
keeping the wax in a molten state becomes narrow to show inferior fixability. Below 62 °C, the toner is liable
to cause blocking or sticking, and the plasticity of the binder resin is retained down to a low temperature. As
a result, the fixed image can be accompanied with traces of claw at the paper discharging part and sheets
carrying toner images can be attached to each other on the discharge tray.

55 The toner is further characterized by having a peak intensity ratio of at least 5x10~3, preferably at least
10x1072, further preferably at least 12x10™3, particularly preferably at least 15x10~2. A higher peak
intensity ratio is related with a wax component having a higher density, a higher crystallinity or a higher
hardness, and a toner having less blocking characteristic and excellent triboslectric chargeability. Below
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Elmer Corp. In this case, it is approprlate to use a sample weight of about 10 - 15 mg for a toner sample or
about 2 - 5 mg for a wax sample.

10 The measurement may be performed according to ASTM D3418-82. Before a DSC curve is taken, a
sample (toner or wax) is once heated for removing its thermal history and then subjected to cooling
{temperature decrease) and heating (temperature increase) respectively at a rate of 10 °C/min. in a
temperature range of 0 °C to 200 °C for taking DSC curves. The temperatures or parameters charactenzmg
the invention are defined as follows.

15 1) Regarding a heat absorption peak of a toner (absorbed heat is taken in the positive (or upward)

direction):

The rising temperature (LP) is defined as a temperature at which the peak curve clearly separates
from the base line, i.e., a temperature at which the differential of a peak curve begins to increase from a
steady positive value or a temperature at which the differential of a peak curve turns from a negatlve toa

20 positive. Specific examples are shown in Figures 5 and 7 - 10.

The onset temperature (OP) is a temperature at which a tangential line take at a point giving the
largest differential on a peak curve intersects the base line. Specific examples thereof are also shown in
Figures § and 7 - 10. '

The peak temperature (PP) is a temperature at which a maximum peak in the region of 120 °C or

25 below assumes a peak top.

2) Regarding a heat evolution peak of a toner (evolved heat is taken in the negative (or downward)
direction):

The peak temperature is a temperature at whrch a maximum peak assumes a peak top.

The peak intensity ratio is defined by AH/AT. For this purpose, two tangential lines are taken at

30 points giving maximum and minimum differentials on the above peak to provide two intersections with:

the base line. The temperature difference between the two intersections is denoted by AT. On the other -
hand, AH denotes a height of the peak top from the base line per unit weight of the sample in terms of
mW/mg and is obtained by dividing a measured peak height on a DSC curve by a sample weight.
Specific examples thereof are shown in Figures 6 and 11 - 14. Accordingly, a higher peak intensity ratio

35 corresponds to a sharper peak if an almost identical weight of sample is used.

Wax parameters may be defined similarly and some definitions are supplemented as follows.

3) Regarding a heat absorption peak of wax (absorbed heat is taken in the positive direction):

Specific examples are shown in Figures 1, 3 and 5.

Peak temperature of heat absorption peak (PP) refers to a temperature at which any peak assumes a

40 peak top in the temperature region of 70 - 130 °C on temperature increase.

_ Half-value width Wy, of a maximum heat absorption peak refers to a temperature drfference over
which a heat absorption peak spans at a half height of a maximum heat absorption. peak. If the peak
giving Wy is continuously present above the base line, the peak need not have a height exceeding the

half height all over the half-value width W,.. Specific examples for taking Wy are shown in Figures 15 -

4 - 17. :

Onset temperature (OP) refers to a temperature at which a tangential line taken at a point first giving '
a maximum differential on a peak curve intersects the base line. This is somewhat different frc from the
definition of the onset temperature of a toner.

4) Regarding a heat evolution peak (evolved heat is taken in the negative direction):

50 Specific examples are shown in Figures 2, 4 and 6.

Peak temperature refers to a temperature at which a maximum peak on temperature decrease
assumes a peak top.

The hydrocarbon wax used in the present invention may comprise, e.g.: a low-molecular weight
alkylene polymer obtained through polymerization of an alkylene by radical polymerization under a high
ss pressure or in the presence of a Ziegler catalyst under a low pressure; an alkylene polymer obtained by
thermal decomposition of an alkylene polymer of a high molecular weight; and a hydrocarbon wax obtained
by subjecting a mixture gas containing carbon monoxide and hydrogen to the Arge process to form a
hydrocarbon mixture, distilling the hydrocarbon mixture to recover a residue and extracting a specific
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recovered.

As the source of the hydrocarbon wax, it is preferred to use hydrocarbons having up to several hundred
carbon atoms (followed by hydrogenation to obtain an objective product) as obtained through synthesis
from a mixture of carbon monoxide and hydrogen in the presence of a metal oxide catalyst (generally a
composite of two or more species), e.g., by the Synthol process, the Hydrocol process (using a fluidized
catalyst bed), and the Arge process (using a fixed catalyst bed) providing a product rich in waxy
hydrocarbon, and hydrocarbons obtained by polymerizing an alkylene, such as ethylene, in the presence of
a Ziegler catalyst, as they are rich in saturated long-chain linear hydrocarbons and accompanied with few
and small branches. It is further preferred to use hydrocarbon waxes synthesized without polymerization
because of their structure and molecular weight distribution suitable for easy fractionation. As for a desired
molecular weight distribution, the hydrocarbon wax may preferably have a number-average molecular
weight (Mn) of 550 - 1200, particularly 600 - 1000; a weight-average molecular weight (Mw) of 800 - 3600,
particularly 900 - 3000; and an Mw/Mn ratio of at most 3, further preferably at most 2.5, particularly
preferably at most 2.0. it is also preferred that the wax shows a peak in a molecular weight region of 700 -
2400, further 750 - 2000, particularly 800 - 1600. By satisfying such molecular weight distribution, the
resultant toner is provided with preferable thermal characteristics. If the molecular weights are smaller than
the above-described ranges, the toner is excessively affected thermally and is liable to be inferior in anti-
blocking characteristic and developing performance. In excess of the above molecular weight ranges, an
externally supplied heat is not utilized effectively so that it becomes difficult to attain excellent fixability and
anti-offset characteristic. ' S

As for other properties, the hydrocarbon wax may have a density at 25 °C of at least 0.93 g/cm3,
preferably at least 0.95 g/cm3, and a penetration of at most 5x10™!' mm, preferably at most 3x10~' mm,
more preferably at most 1.5x10™' mm, particularly preferably at most 1.0x10™" mm. Outside these ranges,
the properties are changed excessively at low temperatures to provide inferior storability and developing
performance. The wax may desirably have a crystallinity of at least 80 %, preferably at least 85 %, in view
of its uniformity, so that it does not adversely affect the triboelectric chargeability and is dispersed in a state
of easy phase separation suited for exhibiting a release effect to provide excellent anti-offset characteristic.

Further, the wax may have a melt viscosity at 140 °C of at most 100 cp, preferably at most 50 cp,
particularly preferably at most 20 cp. f the melt viscosity exceeds 100 cp, the plasticizing effect -and
release effect are inferior to adversely affect the fixability and anti-offset characteristic. The wax may
preferably have a softening point of at most 130 °C, particularly at most 120 °C. In excess of 130 °C, the
temperature for exhibiting a particularly effective release effect becomes high and the anti-offset char-
acteristic is adverssly affected.

Further, the wax may have an acid value of below 2.0 mgKOH/g, preferably below 1.0 mgKOH/g. In’
excess of the range, the wax is caused to have a large interfacial adhesion with the binder resin as another
component of the toner to be liable to cause insufficient phase separation under melting, thus being liable to
fail in showing good release effect and anti-offset characteristic at high temperatures, and also liable to
adversely affect the triboelectric chargeability, developing performance and durability. of the resultant toner.

The hydrocarbon wax may be contained in an amount of at most 20 wt. parts, more effectively 0.5 - 10
wt. parts, per 100 wt. parts of the binder resin. )

The molecular weight distribution of hydrocarbon wax may be obtained based on measurement by GPC
(gel permeation chromatography), e.g., under the following conditions: o

Apparatus: "GPC-150C" (available from Waters Co.)

Column: "GMH-HT" 30 cm-binary (available from Toso K.K.)

Temperature: 135 °C

Solvent: o-dichiorobenzene containing 0.1 % of ionol.

Flow rate: 1.0 ml/min.

Sample: 0.4 mi of a 0.15 %-sample.

Based on the above GPC measurement, the molecular weight dls’mbutlon of a sample is obtained once
based on a calibration curve prepared by monodisperse polystyrene standard samples, and recalculated
into a distribution corresponding to that of polyethylene using a conversion formula based on the Mark-
Honwink viscosity formula. '

The density and softening point referred to herein are based on measurement according to JIS K6760
and JIS K2207, respectively. '

ThlS Sheet Has Been Replaced .
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contained in 1 g of a sample and is based on measurement according-to JIS K5902.
The crystallinity is based on measurement by X-ray diffraction. A crystal provides a very sharp peak
" 10 and an amorphous material provides a very broad peak, respectively, in the X-ray diffraction pattern. In case
of a sample comprising a crystalline part and an amorphous part, the crystallinity refers to the proportion of
" the crystalline part of the sample. The total scattering intensity of X rays (intensity of interferential scattering
except for the Compton scattering) is always constant regardiess of the weight ratio between the crystalline
and amorphous parts. Accordingly, the crystallinity x (%) is calculated by the following equation:
15
X (%) = [lc/ic +la)] x 100,

wherein Ic denotes a scattering intensity peak area attributable fo the crystalline part of a sample and la

denotes a scattering intensity peak area attributable to the amorphous part of the sample.
20 A preferred embodiment of the toner according to the present invention is characterized by comprising
" . a binder resin, and a hydrocarbon wax which provides a DSC curve as measured by a differential scanning
calorimeter, including at least one heat absorption peak P1 giving a peak temperature Ty in the range of 70
- 130 °C, preferably 80 - 120 °C, on temperature increase and a maximum heat evolution peak giving a
peak temperature in the range of Tpy £ 9 °C on temperature decrease. _
‘25 From a DSC curve of a wax on temperature increase, it is possible to observe a state change of the
wax under heat application and heat absorption peaks accompanying the melting or another phase transition

of the wax.

If a heat absorption peak is present in the temperature region of 70 - 130 °C, preferably 80 - 120 °C,
further preferably 95 - 120 °C, particularly preferably 97 - 115 °C, good fixability and anti-offset characteris-

30 tic are satisfied with respect to the resultant toner. if there is a peak temperature only in the region of below
70 °C, the wax has too low a melting temperature, thus failing to provide a sufficient anti-offset characteristic
at high temperatures. Iif there is a peak temperature only in the region of above 130 °C, the wax has too
high a meilting temperature, thus failing to provide sufficient anti-offset characteristic and fixability at low
temperatures. In other words, if there is a-peak temperature in the above-mentioned range, it becomes easy

35 to satisfy a balanceé of anti-offset characteristic and fixability. In case where a maximum peak is present in
the temperature region of below 70 °C, a similar behavior is attained as in the case where there is a peak
temperature in the temperature region. Accordingly, a peak can be present in the temperature region but, in
that case, the peak should be smaller than a peak in the temperature region of 70 - 130 °C.

Further, the wax may preferably have an onset temperature of a heat absorption peak in the range of 50

40 - 110 °C, further preferably 50 - 90 °C, particularly preferably 60 - 90 °C, whereby satisfactory developing
performance, anti-blocking characteristic and low-temperature fixability are ensured. If the peak onset
temperature is below 50 °C, the wax property-changing temperature is too low, thus resulting in a toner
which is inferior in anti-blocking characteristic and developing performance at an elevated temperature. If
the onset temperature is above 110 °C, the wax property-changing temperature is too high, thus fallmg to

45 provide a sufficient fixability.

From a DSC curve of a wax on temperature decreass, it is possnble to observe a state change under
cooling or a state at normal temperature of the wax, and heat evolution peaks accompanying the
solidification, crystallization or transition of the wax. A maximum heat evolution peak in the course of
temperature decrease is a heat evolution peak accompanying the solidification or crystallization of the wax.

so |f the heat evolution peak is present close to a heat absorption peak accompanying the melting of the wax
on temperature increase, this means that the wax is rather uniform in respect of its structure and molecular
weight distribution. The temperature difference may desirably be at most 9 °C, preferably at most 7 °C,
particularly preferably at most 5 °C. By minimizing the temperature difference, the wax is provided with
sharp-meiting characteristics, inclusive of hardness at low temperatures, quick meltability and a large

55 decreass in melt viscosity on melting, thus providing a good balance among developing performance, anti-
blocking characteristic, fixability and anti-offset characteristic. It is preferred that the maximum heat
evolution peak is present in the temperature region of 85.- 115 °C, particularly 90 - 110 °C.
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The binder resin for the toner of the present invention may for example be composed of: homo-

5 polymers of styrene and derivatives thereof, such as polystyrene, poly-p-chlorostyrene and polyvinyl-
toluene; styrene copolymers such as styrene-p-chlorostyrene copolymer, styrene-vinyltcluene copolymer,
styrene-vinylnaphthalene copolymer, styrene-acrylate copolymer, styrene-methacrylate copolymer, styrene-
methyl-a-chloromethacrylate copolymer, styrene-acrylonitrile copolymer, styrene-vinyl methyl sther
copolymer, styrene-vinyl ethyl ether copolymer, styrene-vinyl methyl ketone copolymer, styrene-butadiene

10 copolymer, styrene-isoprene copolymer and styrene-acrylonitrile-indene copolymer; polyvinyl chloride,
phenolic resin, natural resin-modified phenolic resin, natural resin-modified maleic acid resin, acrylic resin,
methacrylic resin, polyvinyl acetate, silicone resin, polyester resin, polyurethane, polyamide resin, furan
resin, epoxy resin, xylene resin, polyvinyl butyral, terpene resin, chmarone-indene resin and petroleum
resin.

15 ~ Preferred classes of the binder resin may include styrene copolymers and polyester resins.

Examples of the comonomer constituting such a styrene copolymer together with styrene monomer
may include other vinyl monomers inclusive of: monocarboxylic acids having a double bond and derivative
thereof, such as acrylic acid, methyl acrylate, ethyl acrylate, butyl acrylate, dodecyl acrylate, octyl acrylate,
2-ethylhexyl acrylate, phenyl acrylate, methacrylic acid, methyl methacrylate, ethyl methacrylate, butyl

20 methacrylate, octyl methacrylate, acrylonitrile, methacrylonitrile, and acrylamide; dicarboxylic acids having a
double bond and derivatives thereof, such as maleic acid, butyl maleate, methyl maleate and dimethyl
maleate; vinyl esters, such as vinyl chloride, vinyl acetate, and vinyl benzoate; ethylenic olefins, such as
ethylene, propylens and butylene; vinyl ketones, such as vinyl methyl ketone and vinyl hexyl ketone; and
vinyl ethers, such as vinyl methyl ether, vinyl ethyl ether, and vinyl isobutyl ether. These vinyl monomers

25 may be used alone or in mixture of two or more species in combination with the styrene monomer.

It is possible that the binder resin inclusive of styrens polymers or copolymers has been crosslinked or
can assume a mixture of crosslinked and un-crosslinked polymers.

The crosslinking agent may principally be a compound having two or more double bonds susceptible of
polymerisation, examples of which may include: aromatic divinyl compounds, such as divinylbenzene, and

so divinylnaphthalene; carboxylic acid esters having two double bonds, such as ethylene glycol diacrylate,
ethylene glycol dimethacrylate and 1,3-butanediol dimethacrylate; divinyl compounds, such as divinylaniline,
divinyl ether, divinyl sulfide and divinylsulfone; and compounds having three or more vinyl groups. These
may be used singly or in mixture.

Another preferred embodiment of the toner according to the present invention is characterlzed by

35 showing a molecular weight distribution on a GPC chromatogram providing at least one peak in a molecular
weight region of 3x10° - 5x10* and at least one peak in a molecular weight region of at least 10° and
including at least 50 % of a component having a molecular weight of at most 10°; and containing a
hydrocarbon wax which provides a DSC curve including at least one heat absorption peak P1 showing a
peak temperature Tpy in the range of 70 - 130 °C on temperature increase, and a maximum heat evolution

40 ' peak giving a peak temperature in the range of Tpy = 9 °C.

Herein, the molecular weight distribution of a toner is based on measurement by GPC (gel permeation
chromatography) of the THF (tetrahydrofuran)-soluble content (mostly composed of the binder resin) of a
toner, and the percentage value refers to 0 % by weight of a component concerned with respect to the
THF-soluble content based on the integrated area on a GPC chromatogram.

45 A resin component having a molecular weight of at most 5x10* is a component prmcupally controlling

" the fixability and blocking characteristic, and a resin component having a molecular weigh of at least 10°
principally controls the offset characteristic at a high temperature. By appropriately blending these
components, it is possible to provide a good balance of fixability and anti-offset characteristic. By
incorporating a specific wax component, the toner is provided with effectively improved performance.

50 As described, the toner is characterized by showing a molecular weight distribution on its GPC
chromatogram providing at least one peak in the molecular weight region of 3x103 - 5x10*, preferably 3x10°
- 3x10*, particularly preferably 5x10° - 2x10*. It is preferred that the peak in this region is the largest peak
so as to provide a good fixability. Below 3x10%, good anti-blocking characteristic cannot be attained. Above
5x10*, good fixability cannot be attained.

55 It is preferred that at least one peak is present in the molecular weight region of at least 105, preferably
3x10° - 5x108, and it is particularly preferred that the largest peak in the molecular weight region of at least
10° is present in the limited molecular weight region of 3x105 - 2x10° so as to provide a good anti-offset
characteristic at high temperatures. A larger peak molecular weight in this region leads to a better anti-offset
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i nVol ved ASGHE? cRdr&Ri&I® is kHaf the component in the molecular weight region of 10° or below occupies at
least 50 %, preferably 60 - 90 %, particularly preferably 65 - 85 %. By satisfying this condition, a good
fixability is exhibited and the effect of the wax component is sufficiently exhibited, thus providing a good
10 balance of fixability and anti-offset characteristic. Below 50 %, sufficient fixability is not attained and also the
pulverizability becomes inferior. Above 90 %, offset is liable to be caused at high temperatures.

It is also preferred that the wax component provides a DSC curve as measured by a differential
scanning calorimeter, including at least one heat absorption peak P1 in the temperature region of 70 - 130
°C, further preferably 80 - 130 °C, particularly preferably 90 - 120 °C, so as to provide good fixability and

75 anti-offset characteristic. As the wax melts in the temperature region to plasticize the binder resin, thus
giving good fixability and showing release effect to provide improved anti-offset characteristic at low and
high temperatures. The wax shows an effective plasticizing effect with respect to the component having a
molecular weight of at most 10°, particularly at most 5x10*, and provides a good fixability when a GPC
peak is present in the molecular weight region of 3x10° - 5x10* and the component having a molecular

20 weight of at most 10° occupies at least 50 wt. %. However, with respect to a component having a molecular
weight of below 3x103, too large a plasticizing effect is exhibited, thus resulting in an inferior anti-blocking
characteristic, so that it is preferred that a GPC peak of the binder resin is present in the above molecular
weight region. If the wax peak temperature is below 70°C, a plasticizing effect is exhibited from a low-
temperature to provide an inferior anti-blocking characteristic and to be liable to fail in exhlbltmg a release

25 effect at high temperatures because the wax melts at a relatively low temperature. In the case of the wax
peak temperature being below 90 °C, an inferior anti-blocking characteristic is liable to result but, if a resin
component having a molecular weight of 10° or higher is present, the component suppresses the plasticity
of the low molecular weight portion to compensate for the anti-locking characteristic. Further, an inferior
anti-offset characteristic is liable to result at high temperatures but some latitude is given with respect to the -

30 high-temperature offset characteristic because of the elasticity of the high molecular weight component. On
the other hand, a DSC peak can be present in the temperature above 130 °C but, in this case, the wax
melting temperature is excessively high to result in inferior fixability and “anti-offset charactenstlc at low -
temperatures if no DSC peak is present in the region of at most 130 °C.

On a DSC curve on temperature decrease, heat evolution peaks accompanying solidification or

35 crystallization of the wax are observed. If the heat evolution peak is present close to a heat absorption peak
on temperature increase, this means that the wax is uniform. The temperature difference may preferably be
at most 9 °C, particularly at most 7 °C. By minimizing the temperature difference, the wax becomes sharply
melting, causes clear phase separation at high temperatures to show effective release effect, and provides
an excellent anti-offset characteristic. Further, as the toner is dispersed in a uniform state in the toner

40 particles, the triboelectric chargeability is not adversely affected, thus providing excellent developing
performance. Although the dispersion in the binder resin becomes somewhat difficult, because the phase

- separation is readily caused, but the presence of a resin component having a molecular weight of at least
105 increases the melt viscosity to improve the dispersibility in the binder resin.

The wax component may preferably provide a DSC curve including a maximum heat absorption peak

45 having a half-value width of at least 10 °C, particularly at least 15 °C, whereby good low-temperature
fixability and anti-offset characteristic at low and high temperatures. if the rising temperature is of a heat
absorption peak is low, the wax property-changing temperature becomes low so that it is possible to lower
the temperature for plasticizing the binder resin. Accordingly, it is possible to improve the fixability and anti-
offset characteristic at low temperatures. If the ending temperature of a heat absorption peak is high, the

50 temperature for completing wax melting becomes high so that the anti-offset characteristic at high
temperatures can be improved. Further, a higher heat absorption peak provides a larger change in wax at
the temperature. Accordingly, if the maximum heat absorption peak has a larger half-value width, the wax
operates effectively for a wider temperature range to provide a wider anti-offset region and improved low-
temperature fixability. In case where the half-value width is below 10 °C, a high-temperature anti-offset

55 characteristic is exhibited but inferior fixability results if the peak temperature is high and, if the peak
temperature is low, a low-temperature anti-offset characteristic is attained but inferior high-temperature anti-
offset characteristic results, so that it becomes difficult to take a balance between low-temperature and high-
temperature performances. In determining a half-value width, if a peak or peaks are continuously present

10
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accomplished when the peak(s) continues over a range of at least 10 °C, preferably at least 15 °C, at a .

§ height of at least 1/2 of the maximum peak height to provide a required half-value (as shown in Figures 16 .
and 17).

Another preferred embodiment of the toner according to the present invention is characterized by
showing a molecular weight-distribution on a GPC chromatogram providing at least one peak (P1) in a
molecular weight region of 3x10® - 5x10* and at least one peak (P2) in a molecular weight region of at least

70 10° and including at least 50 % of a component having a molecular weight of at most 10°; and providing a
DSC curve including a heat absorption peak showing an onset temperature of at most 105 °C and a peak
temperature in the range of 100 - 120 °C, and a heat evolution peak showing a peak temperature in the
range of 62 - 75 °C and a heat evolution peak intensity ratio of at least 5x10™2 on temperature decrease.

It is further preferred that the toner shows a molecular weight distribution by GPC providing at least one

15 peak (P1) in a molecular weight region of 3x10° - 5x10* and at least one peak (P2) in a molecular weight
region of at least 10° such that a maximum peak height (H1) in the lower molecular weight region (of 3x103
- 5x10*), 2 maximum peak height (H3) in the higher molecular weight region (of at least 10°), and a
minimum height (H2) between the peaks satisfy the relations of: H1:H2:H3 = 3-25:1:1.5-12 and H1 > H3. '

It is further preferred that the heights H1, H2 and H3 satisfy the relation of H1:H2:H3 = §-20:1:2-10,

20 more preferably H1:H2:H3 = 8-18:1:2-6, so as to provide good fixability and anti-offset characteristic.

In case where H1 is below 3, H3 is above 12 or H1 S H3, good fixability is not attained. In case where
H1 is above 25 or H3 is below 1.5, good anti-blocking characteristic and anti-offset characteristic are not
satisfied (see Figure 20).

The binder resin satisfying the above-mentioned molecular weight distribution may for example be

25 prepared in the following manner.

A polymer (L) having a main peak in the molecular weight region of 3x10® - 5x10* and a polymer (H)
having a main peak in the molscular weight region of 10° or containing a gel component, are prepared by
solution polymerization, bulk polymerization, suspension polymerization, emulsion polymerization, block
copolymerization, graft polymerization, etc. These polymers (L) and (H) are subjected to melt kneading,

30 wherein a part or all of the gel component is served to provude a THF-soluble compound in the molecular
weight region of at least 10° measurable by GPC.

Particularly preferred methods may be as follows. The polymers (L) and (H) are separately prepared by
solution polymerization and one is added to the solution of the other after the polymerization. One of the
polymers is prepared by polymerization in the pressure of the other. The polymer (H) is prepared by

35 suspension polymerization, and the polymer (L) is formed by solution polymerization in the presence of the
polymer (H). After the polymerization of the polymer (L) in solution polymerization and, into the solution, the
polymer (H) is added. The polymer (H) is formed by suspension polymerization in the presence of the
polymer (L). By these methods, it is possible to obtain a polymer mixture including the low-molecular
weight component and the high molecular weight component uniformly mixed with each other.

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

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

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

50 by the polymerization.

The reaction temperature may depend on the solvent and initiator used and the polymer or copolymer
to be produced but may suitably be in the range of 70 - 230 °C. In the solution polymerization, it is
preferred to use 30 - 400 wt. parts of a monomer (mixture) per 100 wt. parts of the solvent It is also
preferred to mix one or more other polymers in the solution after completion of the polymerization.

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

Of these, in the emulsion polymerization method, a monomer almost insoluble in water is dispersed as
minute particles in an aqueous phase with the aid of an emulsifier and is polymerized by using a water-

1
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in the emulsion polymerization, however, the emulsifier added is liable to be incorporated as an impurity

10 in the polymer produced, and it is necessary to effect a post-treatment such as salt-precipitation in order to
recover the product polymer. The suspension polymerization is more convenient in this respect.

On the other hand, in the suspension polymerization method, it is possible to obtain a product resin
composition in a uniform state of pearls containing a medium- or high-molecular weight component
uniformly mixed with a low-molecular weight component and a crosslinked component by polymerizing a

15 vinyl monomer (mixture) containing a low-molecular weight polymer together with a crosslinking agent in a
suspension state.

The suspension polymerization may preferably be performed by using at most: 100 wt. parts, preferably
10 - 90 wt. parts, of a monomer (mixture) per 100 wt. parts of water or an aqueous medium. The dispersing
agent may include polyvinyl alcohol, partially saponified form of polyvinyl alcohol, and calcium phosphate,

20 and may preferably be used in an amount of 0.05 - 1 wt. part per 100 wt. parts of the aqueous medium
while the amount is affected by the amount of the monomer relative to the aqueous medium. The
polymerization temperature may suitably be in the range of 50 - 95 °C and selected depending on the
polymerization initiator used and the objective polymer. The polymerization initiator should be insoiuble or
hardly soluble in water, and may be used in an amount of 0.5 - 10 wt. parts per 100 wt. parts of the vinyl

25 monomer (mixture). _

Examples of the initiator may include: t-butylperoxy-2-ethylhexanoate, cumyl perpivalate, t-butyl perox-
ylaurate, benzoyl peroxide, lauroyl peroxide, octanoyl peroxide, di-t-butyl peroxide, t-butylcumul peroxide,
dicumul peroxide, 2,2'-azobisisobutylonitrile, 2,2--azobis(2-methylbutyronitrile, 2,2--azobis(2,4-dimethyl-
valeronitrile), 2,2'-azobis(4-methoxy-2,4-dimethylvaleronitrile), 1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohex-

30 ane, 1,1-bis(i-butylperoxy)cyclohexane, 1,4-bis(t-butylperoxycarbonyl)cyclohexane, 2,2-bis(t-butylperoxy)-
octane, n-butyl-4,4-bis(t-butylperoxy)valerate, 2,2-bis(t-butylperoxy)butane, 1,3-bis(i-butylperoxyisopropyl)-
benzene,2,5-dimethyl-2,5-di(t-butylperoxy)hexane, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane, di-t-butyl-
diperoxyisophthalate, 2,2-bis(4,4-di-t-butyiperoxycyclohexyl)propane, di-t-butylperoxy-a-methylsuccinate, di-

. t-butylperoxydimethylgiutarate, di-t-butylperoxyhexahydroterephthalate, di-t-butylperoxyazelate, 2,5-

35 dimethyl-2,5-di-(t-butylperoxy)hexane, diethylene glycol-bis(t-butylperoxycarbonate), -  di-t-
butylperoxytrimethyl-azipate, tris(t-butylperoxy)triazine, and vinyl-tris(t-butylperoxy)silane. These initiators
may be used singly or in combination.

In the present invention, the molecular weight distribution by GPC (gel permeation chromatography) of
the toner may be measured by using THF (tetrahydrofuran) in the following manner.

4 A GPC sample is prepared as follows.

‘A resinous sample is placed in THF and left standing for several hours (e.g.. 5 - 8 hours). Then, the
mixture is sufficiently shaked until a lump of the resinous sample disappears and then further left standing
for more than 12 hours (e.g., 24 hours) at room temperature. In this instance, a total time of from the mixing
of the sample with THF to the completion of the standing in THF is taken for at least 24 hours (e.g., 24 - 30

45 hours). Thereafter, the mixture is caused to pass through a sample treating filter having a pore size of 0.45 -

' 0.5 um (e.g., "Maishoridisk H-25-5", available from Toso KK.; and "Ekikurodisk 25CR", available from
German Science Japan K.K.) to recover the filtrate as a GPC sample. The sample concentration is adjusted
to provide a resin concentration within the range of 0.5 - 5 mg/ml.

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

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

55 102 to 107 available from, e.g., Toso K.K. or Showa Denko K.K. It is appropriate to use at least 10 standard
polystyrene samples. The detector may be an Rl (refractive index) detector. For accurate measurement, it is
appropriate to constitute the column as a combination of several commercially available polystyrene gel
columns. A preferred example thereof may be a combination of Shodex KF-801, 802, 803, 804, 805, 806,

12
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invention 1S Tﬂé)toﬁi-rg&o g to the present invention can further contain a negative or positive charge control
agent.

5 Examples -of the negative charge control agent may include: orgamc metal complexes and chelate
compounds inclusive of monoazo metal complexes acetylacetone metal complexes, and organometal
complexes of aromatic hydroxycarboxylic acids and aromatic dicarboxylic acids. Other examples may
inciude: aromatic hydroxycarboxylic acids, aromatic mono- and poly-carboxylic acids, and their metal salts,
anhydrides and esters, and phenol derivatives, such as bisphenols. Among the above, monoazo metal

10 complexes are preferred. _

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

15 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 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 organic

20 quarternary ammonium salts are particularly preferred. '

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

The silica fine powder used in the present invention provides good results if it has a specific surface

. area of 30 m2/g or larger, preferably 50 - 400 m?/g, as measured by nifrogen adsorption according to the

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

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

30 group or other organic silicon compounds. It is also preferred to use two or more ftreating agents in
combination.

Other additives may be added as desired, inclusive of: a lubricant, such as polytetrafluorosthylene, zinc
stearate or polyvinylidene fluoride, of which polyvinylidene fluoride is preferred; an abrasive, such as cerium _
oxide, silicon carbide or sirontium titanate, of which strontium titanate is preferred; a flowability-imparting . . =

35 agent, such as titanium oxide or aluminum oxide, of which a hydrophobic one is preferred; an anti-caking -
agent, and an electroconductivity-imparting agent, such as carbon black, zinc oxide, antimony oxide, or tin
oxide. It is also possible to use a small amount of white or black fine particles having a polarity opposite to
that of the toner as a development characteristic improver.

The toner according to the present invention can be mixed with carrier powder to be used as a two-

40 component developer. In this instance, the toner and the carriéer powder may be mixed with each other so
as to provide a toner concentration of 0.1 - 50 wt. %, preferably 0.5 - 10 wt. %, further preferably 3 - 5 wt.
%. .

The carrier used for this purpose may be a known one, examples of which may include: powder. having
magnetism, such as iron powder, ferrite powder, and nickel powder and carriers obtained by coating these

45 powders with a resin, such as a fluorine-containing resin, a vinyl resin or a silicone resin.

The toner according to the present invention can be constituted as a magnetic toner containing a
magnetic material in its particles. In this case, the magnetic material can also function as a colorant.
Examples of the magnetic material may include: iron oxide, such as magnetite, hematite, and ferrite; metals,
such as iron, cobalt and nickel, and alloys of these metals with other metals, such as aluminum, cobalt,

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

The magnetic material may have an average particle size of at most 2-um, preferably 0.1 - 0.5 um
further preferably 0.1 - 0.3 um. _

The magnetic material may preferably show magnetic properties under application of 10 kilo-Oersted, '

s5- 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.
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Examples of the dye may include: azo dyes, anthraquinone dyes xanthene dyes, and methme dyes,
which may be added in a proportlon of 0.1 - 20 wi. parts, preferably 0.3 - 10 wt. parts, per 100 wt. parts of

10 the binder resin.

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

16 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 toner for developing electrostatic images.

20 The toner according to the present invention may be fixed under heating onto a transfer material, such
as plain paper or a transparent shest for providing a transparency for an overhead projection (OHP), by
using a contact heat-fixing means.

The contact heat-fixing means may include, for example, a fixing device including a heating and
pressing roller or a fixing device, e.g., as shown in Figure 21 including a fixedly supported heating member

25 1 and a pressing member 5 disposed opposite to the heating member so as to press a transfer 6 material
against the heating member by the medium of a film 2.

In the fixing device shown in Figure 21, the heating member 1 has a linear heating part 9 which has a
smaller heat capacity than a conventional hot roller and the heating part may preferably be heated to a
maximum temperature of 100 - 300 °C.

30 The film 2 disposed between the heating member 1 and the pressing member 5 may comprise a 1 -
100 um-thick heat-resistant sheet which may for example be a sheet of a heat-resistance polymer, such as
polyester inclusive of PET (polyethylene terephthalate), PFA (tetrafluoroethylene-perfluoroalkyl vinyl ether
copolymer), PTFE (polytetrafluoroethylene), polyimide or polyamide, a sheet of a metal such as aluminum,
- or a laminate sheet of a metal sheet and a polymer sheet.
35 The film 2 may preferably comprise a release layer andlor a low-resistivity Iayer in addition to the heat-
resistant sheet. v

A more specific embodlment of the fixing devuce is described with reference to Figure 21. oy

A low-heat capacity linear heating member 1 comprises an aluminum substrate 10 measuring 1.0 mm
in thickness, 10 mm in width and 240 mm in length embedded within an insulating material 12 and a

40 heating part 9 of a resisting material applied in a width of 1.0 mm on the aluminum substrate 10 to which a
current is supplied from its both longitudinal ends. More specifically, pulse signals of DG 100 V and a cyclic
period of 20 mm are applied with a pulse width varying generally in the range of 0.5 msec - 5 msec
depending on desired temperature and energy discharge based on signals from a temperature-detecting
element 11. In contact with the heating member 1 controlled with respect to the discharge energy and

45 temperature, the fixing film 2 may be moved in the dirsction of an arrow.

A specific example of the fixing film 2 may include an endless film comprising a 20 um-thick heat-
resistant film of, e.g., polyimide, polyether imide, PES, PFA, coated on its side contacting the transfer
material 6 with a 10 um-thick release layer comprising a fluorine-containing resin, such as PTFE or PFA, to

. which an electroconductive substance is added. Generally, the total thickness may preferably be below 100

50 um, more preferably below 40 um. The film 2 may be driven without wrinkle or slackening in the arrow
direction under tension by a drive roller 3 and a mating roller 4.

A pressing. roller 5 having an elastomeric layer of, e.g., silicone rubber having a good releasability, is
disposed opposite to the heating member 1 so as to apply a total pressure of 4 - 20 kg against the heating
member 1 by the medium of the film 2 while rotating to move in association with the film 2. A yet-unfixed

55 toner image 7 on a transfer material is guided by an inlet guide 8 to the fixing posuhon where a fixed image
is formed under heating as described above.

In the above embodiment, the fixing film 2 is described as an endless film but can be a film having
ends spanning between a sheet-feeding shaft and a winding shaft.

14



péak P1 in the range of 70 - 130 [err]C giving a peak 20 tenperature
T[err] on tenperature increase, and show ng a maxi mum heat evol ution
peak giving a peak tenperature in the range of T[err] 9 [err]C on

t enper at ure decr ease. EP 0831B%0iA1g t 0 anot her aspect, the

pr esent I nvention provides a toner for devel opi ng 25 electrostatic
| mges, conprising a binder resin and a h%drocarbon wax; wherein the

toner provi n%%%ché 'Sﬁige"iice _"Si"Q:_‘hF’\i}‘@ film, m%%&wga:; ﬁsd 1 3nfigge ferming agpargtsiusige a
cal (_)r et éP ' ﬁgeinbelo@vgth?rxnglsg:fmg;lgo% ill blzlé'ieféﬁ%:ﬁé\me spelfci;ically based on Examples.

6§ Preparation of waxes

Waxes A1, B1, C1, D1 and E1 used in Examples 1 - § and waxes F1, Gi, Ht and 11 used in
Comparative Examples 1 - 6 were prepared in the following manner.

Hydrocarbon wax F1 (comparative) was synthesized by the Arge process, and waxes A1, B1 and C1

10 (invention) were respectively prepared by fractionai crystallization of the wax F1. Wax G1 (comparative) was
prepared by oxidizing hydrocarbon prepared by the Arge process.

Wax H1 (comparative) of a relatively low molecular weight was prepared by polymerizing ethylene at a
low pressure in the presence of a Ziegler catalyst, and wax D1 (invention) was prepared by fractional
crystallization of the wax H1 for removing a low-molecular weight component to some extent. Wax 1

15 (comparative) of a higher molecular weight was prepared by similar polymerization, and wax E1 (invention)
was prepared by fractional crystallization thereof for removal of low-molecular weight fraction.

The properties of these waxes are summarized in the following Tables 1 - 3.

20
THIS SHEET HAS BEEN |
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absorption of at least 80 [err]C, an onset tenperature of heat ;
absorption of at nost 105 [err] C and a heat absorption peak tenperature
in the range of 100 - 120 5 [erréC, respectively on tenperature increase,

and show ng a heat evolution B &I&%i”gﬂ@l a heat evol ution-peak

tenperature in the range of 62 - 75 C and a heat evol uti on peak
intensity ratio of at |east 5x10[err] on t enper af Y g . '
According to still another aspect, ¢Lli§a 1 Present i Wem'%%ﬁggii%
heat -fi xi ng net hod, conprising an Image of a tonker_as i L e ve
carried by a toner-carryipgr roHEi¥cteristiRCot Vigkes carrying nmenber by a
cont acg-heati ng neans. 15° - These and other objects, features and
advant ages of__the present invention will becone nore
Wax On heating . ' On cooling
10 On set | Absorption Max. heat-| Temp.
temp. peak temp.+* evolution difference
peak temp.
°cy |  (°0) (°c) (°c)
15
: Al 67 104, 112 103 1 (104-103)
Bl 69 106, 113 105 . . | 1 (106-105)
© c1 . 64 101, 112 102 .| 1 (102-101)
D1 62 105, 11 : 107 2 (107-105)
El 88 116 110 6 (116-110)
2B e e e e Y ]
KCONP )
Fl 66 82, 107 96 11 (107-96)
30 ’ R
Gl 65 83, 105 94 11 (105-94)
H1 42 101, 114 104 3 (104-101)
35 I1 94 126 114 112 (126-114)
© * The underlined data refers to a maximum heat-

absorption peak temperature.

50
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apparent upon a consideration of the follow ng description of the

preferred enbodi nents of the present invention taken in conjunction
with the 20 acconpanying draw ngs. BRI EF DESCRIFPH-OM DRAW
Figures 1, 3, 5 and 18 respectivel FPHR31 980A1 cur vgs Hdh %ET)EHA’St BEEN
I ncrease of wax A3 according to 25 the invention (Figure lﬂgmm@EgFS

according to a conparative exanple (Figure 3), tone
the invention (Figure 5 and wax A2. a%%ﬂhgln to the
. e

Molecular Weight Distribution of Waxes.

0 Wax Mn Mw Mw/Mn Mp
Al 790 1300 1.65 1110
Bl ~ 900 1400 1.56 1320

® Cl1 650 1100 1.69 960
D1 580 1200 2.07 1050

20 El 610 1650 2.70 . 1580

(Comp. ) |

25 '
F1 560 870 1.55 630
Gl 480 840 1.75 600

20 | H1 450 1150 2.56 500
11 720 3000 4.17 2000

35

50
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i nvention (Figure 18). Figures .2, 4, 6 and 19 respectively

show DSC curves on tenperature decrease of wax A3 according to t he
invention (Figure 2), wax F3 according to a 5 conparatjve exanple (Figure
4), toner 11 according to t heEP \aSABBOAT (Fi gure 6), oA

according to the i nvention (Figure 19). e gnd

15 - 17 each show a heat absorption{ggak portion of-a
tenperature 10 increase. Table 3¥jgures 11 - 14 each Show-a—hea
evol ution peak portion of a DSC curve on tenperature decrease for

illustration of a heat evol uti JirqROEEIes LEiWgxes [atio. 15
Flgure520 shows a GPC chromat ogram showi ng a

Wax Penetra- | Density | Melt Softening| Acid

tion o viscosity | point value
10 _ 10" 1nm g/¢m3 cP Sc mgKOH/g
Al 0.5 0.96 | 15 117 0.1
15 B1 0.5 0.96 | 18 118 0.1
c1 0.5 0.96 .13 115 - 0.1
) 1.5 0.9 | 11 ‘116 0.1
“ El 1 0.97 | 28 120 | 0.1

25 {(Comp. )

F1 1.5 0.94 10 110 - 0.1
Gl 3 0.96 8 102 10.0
” H1 2 0.95 15 | 122 0.1
11 1 0.97 80 128 0.1

35

Preparation of binder resins

Synthesis Example 1
) Styrene 80 wt.part(s)
Butyl acrylate _ 20 "
2,2-Bis(4,4-di-t-butylperoxy-
50

cyclohexyl )propane 0.2 - "

A polymer A1 was prepared from the above materials by suspension polymerization. .
55 ' ' : :
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nmol ecuf ar wei ght distribution for illustration of Hi, H2 and H3.

Figure 21 is an illustrative view of an enbodi ny e _fixing.
apparatus for practicing the 20 heat-fixing nethod JH&?GHEgrQQSt

i nventi on. DETAI LED DESCRI PRPCANSTS90 | NVENT| ON  pepy g y
anal yzi ng data obtained by subjecting a toner toO diffoSPpEgJ ni ng
calorinetry by using a 25 DSC (differential scanning calorineter), it is

possi bl e to know $t¥renml behavior of a toner. Mre 82 wtspact{sgally,

fromsuch data, it _is possible to know
_ Butyl acrylate - 18 *

§ Di-t-butyl peroxide 2.0 o

A polymer B1 was prepared from the above materials by solution polymerization in xylene, and the
polymers A1 and B1 were mixed in solution in a weight ratio of 30:70 to obtain a binder resin 1.
10 '
Synthesis Example 2

Styrene 80 wt.part(s)

15 '
Butyl acrylate - 20 "
Benzoyl peroxide F0.25 "

20

A polymer C1 was prepared from the above materiais by suspension pplymerizatibn.

25 . Styrene : 83 wt.part(s)
Butyl acrylate 17 "
Di-t-butyl peroxide : 2.5 "

30

A polymer D1 was prepared from the above materials by solution pblymerization in xylene, and the
polymers C1 and D1 were mixed in solution in a weight ratio of 25:75 to obtain a binder resin 2.

35 Synthesis Example 3

Styrene _ 80 wt.part(s)
0 Butyl acrylate = 20 "
Benzoyl peroxide ' . 0.2 "
45 _ : '
. A polymer E1 was prepared from the above materials by suspension polymerization.
Styrene . : 82 wt. pért (s)
50 - Butyl acrylate - 18 "
Di-t-butyl peroxide 3.0 "
55 A polymer F1 was prepared from the above materials by solution polymerization in xylene, and the

polymers E1 and F1 were mixed in solution in a weight ratio of 40:60 to obtain a binder resin 3.
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-10- heat transfer to and froma toner and changes in state of

the toner. For exanple, it is possible to know whet her or set

phenonmenon can be obviated and what are ther mal —4-rHtTEHGE

storage and actual 5 use, inclusFB& 1 9¥0Alanti - bl pERNY chapagterisyic

and the effect of heating on the devel opi ng per ¢ e

t oner. thesi egrom a DSC curve on tenperatureTTcCrease, it S

possi bl e state change of a toner under 10 heat application

and heat absorption peaks acconpanying the transfer, nelting or

di ssol ution of . ﬁ; X conponent . The _toner according to

the prgsent |nvent|% r&’ﬁ‘ 8 -part(s)
Butyl acrylate 20 "

Benzoyl peroxide 0.3 "

10
A binder resin 4 was prepared from the above materials by solution polymerization in xylene.

Synthesis Example 5§

15
A binder resin 5 was prepared by mixing in solution the polymes A1 and B1 in a weight ratio of 60:40.

Synthesis Example 6

20

Polymer Bl 25 wt.part(s)
Styrene 59.8 "
2
Butyl acryiate _ | 15 "
30 Divinylbenzene a 0.2 "
Benzoyl peroxide S 0.5 "

36 :
A binder resin 5 was prepared from the above materials by suspension polymerization.

50 .
\
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i S cha’ract n onset tenperature (OP) 15 of at nobst 105
[err]C pre %ﬁﬁr]@m E’ccgnge of 90 - 102" [err]C Wnereb

i's provided IN gl | oW - erature fixah

hand, if the era’ture EB(@ggblgml@B [err]

to -have a higher tenperature for plasticity change i !

range,-thug being inferior in anti-offset char ac Ic at | ow

t enper at ur fixability. Further, the toner is
characterized by having a heat absorption peak tenperature in the
range of 100 Bintley [eesinC 1l preferably 102 - 1151Q@rwi (pardespby good
25 fixalylity and anti-offset characteristic at high tenperatures is
ensured.” | f the hiagnetds domash qxide t enperat ureB9®s betow 100 [err]C,

t he wax conponent _ .
o (Da (average particle size) = 0.25 pm,

" Og (saturation magnetization) = 80 emu/g,
under 10 kOe, o, (residual magnetization)

= 10 emu/g, Hc (coercive force) = 120 Oe

15 (Oersted))
Nigrosine ' 2 n
Wax Al_ - - 4 "

20

The above ingredients were blended preliminarily and melt-kneaded through a twin-screw kneading
extruder set at 130 °C. The kneaded product was cooled, coarsely crushed, finely pulverized by a pulverizer
25 using jet air, and classified by a wind-force classifier to obtain a toner 1 having a weight-average particle
size of 8 um. The toner was subjected to the GPC measurement and DSC measurement to provide results

as shown in Tables 4 and 5 appearing hereinafter.

Examples 2 - §
30
Toners 2 - § were prepared in the same manner as in Example 1 except that binder resins and waxes
shown in Table 6 were respectively used. The results of the GPC measurement and DSC measurement of
the toners are also shown in Tables 4 and 5. Y

35 Comparative Examples 1 - 4

Comparative toners 1 - 4 were prepared in the same manner as in Example 1 except that binder resins
and waxes shown in Table 6 were respectively used. The results of the GPC measurement and DSC
measurement of the toners are also shown in Tables 4 and 5.

-Comparative Example 5

A comparative toner 5 was prepared in the same manner as in Example 1 except that the wax was

omitted. The results of the GPC measurement and the DSC measurement of the toner are also shown in
45 Tables 4 and 5. The heat absorption peak shown in Table 5 for the toner originated from the binder resm
and similar peaks were also observed with respect to the other toners.

Each of the above toners and comparative toners in an amount of 100 wt. parts was blended with 0.6
wt. part of a positively chargeable hydrophobic colloidal silica to obtain a developer, which was then
subjected to the following tests.

50
Fixing and offset test

Each developer was charged in a commercially available copying machine ("NP-1215", mfd. by Canon

K.K.) to obtain yet-unfixed images which were then subjected to fixing and offset test by passing through an

56 external hot roller fixing device capable of temperature control and comprising a teflon-coated upper roller

' and a silicone rubber-coated lower layer under the conditions of a nip = 3.0 mm, a linear pressure = 0.5
kg/cm and a process speed = 50 mm/sec within a temperature range of 100 - 230 °C at an increment of 5

°C for temperature control. For evaluation of low-temperature offset and fixability, paper of 80 g/m? was

21
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-11- 1 blnder resin before the tenperature becones
hi gh, so t eﬁ |ff|cult to obtain - suf fi

characteris : t enperatures. On the other 5

absorption’ e excee&? 01% W¥AlIC it is LAGE]

obt ai n suff|C|ent flxablllty A t oner bi Stn used for
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exhi bi % t;b g of below 10 %. Offset was evaluated by eye observation to measure lower offset-free points and

10

15

20

25

30

50

higher offset-free points between which offset was not caused. The results are summarized in Table 6 which
shows the fixing initiation temperature (Tr), 2 density lowering between before and after rubbing after fixing
at 150 °C, a lower offset-free temperature (Tor), @ hlgher offset-free temperature (Torw) and a non-offset
range (Tnonott = Toru - TOFL)

Anti-blocking characteristic

About 20 g of each developer was placed in a 100 cc-plastic cup and left standing for 3 days at 50 °C.
Thereafter, the anti-blocking ‘characteristic was evaluated by eye observation based on the following
standards. '

Excellent (©@): No agglomerate is observed.

Good (O): Agglomerate is observed but collapses easily. _

Fair (A): Agglomerate is observed but is collapsed by shaking.

Non-acceptable (X): Agglomerate can be grasped and is not collapsed easily.

The results are also shown in Table 6.

Developing performance

About 100 g of each developer was placed in a 500 cc-plastic cup and left standing for 3 days at 45 °C.
Then, the developer was charged in a commercially available copying machine ("FC-5II", mid. by Canon
K.K.) to evaluate the developing performance in terms of image density and fog. The results are shown in
Table 6, wherein the symbols for evaluation of fog were as follows:

©: excellent, O: good,

A: fair, X: not acceptable

The above test is used as a slmulatlon test for evaluatmg the durability against a temperature elevation
in a machine and the stability under long-term standing.

Further, each of the developers obtained from the toners 1-5 of the invention was charged in.a
commercially available electrophotographic copying machine ("FC-2", mfd. by Canon K.K.)) and used for

image formation. At an environmental temperature of 7.5 °C, a first copy immediately after turning on the Col

power was obtained with a good fixability (density decrease: below 5 %) without low-temperature offset.

At an environmental temperature of 23.5 °C, after continuous image formation on 50 post cards, the
developer was used for image formation on paper of 52 g/m2, whereby no offset was observed due to
temperature elevation at ends of the fixing device. As a resuit of copying test at an environmental
temperature of 32.5 °C, clear images were always formed to use all the toner up without causing melt-
sticking or blocking at the cleaner part.

Exémple 1A
Binder resin 6 | 100 wt.part(s)
Magnetization oxide | 85 " |
(same as in Example 1)
N'igrosine . - 2 "
Wax Al . | 4 "

A toner 6 having a weight-average particle- size of 8 um was prepared from the above ingredients
otherwise in the manner as in Example 1. According to the GPC measurement, the toner 6 showed a

22



pfovi de an inproved anti-offset characteristic. As a resul t, paper
carrying the toner image after fixation, 15 does not adhere to the fixing

roller or film thus unnecessit té\g&)éqeolréance on a separation claw to
be . free fromtraces of the claw pressi ng roller is not
stained and wi ndi ng about the pressing roller is obviated. Provided
that the aRQXsu alk QRfbibPRSudHeS Ral kol 83noPlRlBh PRl sRAR De Present

i n anot her parts of the tgner as :1 nj §5 ergartpcrf %E&E;{h@‘g Egafdalté]ﬁa 1ioOSﬁ:i’Jm Qas
an hea& VOB b | devbidp 5194dH afi:oﬁ\hnﬁﬂcfaﬂ; dvhifabib 'c achme NFRSEET Jid! b§
(LP) of atciRakik)oh Jl%hﬁll)ﬂneni Bf 157 BB che A ﬁhwl ﬂ@%cl&psthg whd Soppied
as 1O PrsOViighea SowelinkSaftePlinin: in the stantbyOsktd, Was 63@ FoR GUcBIskidd imBge 1B A0 56 shebiBe

toner is of A3-didediahdoriplpdi i@ § phEbHS Witk dabcaﬁabesl Wefe fORAGHOWithbit ofisdt @RDwith good
fixability (density decrease = 12 %) even on the 150- the sheet. As a result of successive copying of 2x10*
sheets, good images having image densities of 1.32 - 1.36 and free from fog were obtained without melt

sticking.
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-12- ¢ time range froma relatively | ow tenper e...thus »
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and state changes under cooling of a toner, and heat evol ution peaks
acconpanyi ng the solidification or - crystallization and other phase
transition of the wax eonpopert—IFHre—t-onrer—accordi-rg—to t he invention
S 10 characterized by} hgving] a heat evol uti on peak
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ténperature in the range of 62 - 75 C, preferably 65 ° - 72 [err]C

wher eby good fixability and anti - bl ocki ng characterjistic are..ensur
Above 75 [err]C, the tenpera q@g&i for keepi ngTHiBeSHEEX HAS BEEN
mol t en 15 state beconmes narrow ow "Merior fixapili t YREPLAGED  Beljow
62 [err]C, the toner is liable to cause bl ocki ng or- e '

the plasticity of the binder resin is retained dowmn to a | ow
tenperature. As a resul {, {Jhe TiXed mage cam be accompani ed with
traces of claw at 20[t hg paper] di scharging part and sheets jcarrying
t oner | mages can|be aft ached to each other on the discharge
tray. s The toﬁe.ris further characterized by hgvi ng a
peak intensity ratio of jat %a 1 epr rgrefgrablg < 25 gt | east
10x10[err], further prefergb yvat ~east -1 le[e ], « parfticularly
preferably at |east 15xLQg«erm] EAQI GG & ST 3 et
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péak Vn%euaiiy ratio is related with a wax conponent

having a j he asﬁ&‘hé @.hlgher crystallinity or a
and a to Iocklng characteristic j
triboelept ablllty ERPSH 8808 err], th
have i nfer |ng characteristic and is
devel opi ng perfornance particularly at an elevated tenperature. This
S particularly prongunced when the peak tenperature is | ower ed.
Further, the toner is lijabl g to cquse
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Ex.
Comp
Ex. 1

55 Preparation of waxes

Waxes A2 B2, C2 and D2 used in Examples 6 - 9 and wax E2 used in Comparative Examples 8 and 9
were prepared as follows. ' '
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120 sticking onto the photosensitive nmenber. The DSC

measurenment for characterizing the present inven

eval uate heat transfer to and froma toner and o §B¥%§%fﬁi ,
and therefore shoul d be perfor GB@ 53} 9%@@Adg an i nfer nal R i

I nput conpensation-type differential scannjng calorlneter mhlch shows a
hi gh accuracy based on the neasurenent r|nC|

avgl | abl e y B2 andne3 {inypntips) wergpbiain ég? y e ‘ze tﬁe irge pmcetsh&i
Per ki n- El rpet V@br'-'k‘l? nvention) jwes obfaiged frgm pgy P?) 'ﬁet & t&e i m 'g[.gﬁigﬂﬁ::"zaﬂo ygthyﬁ
wei ght of PEsense © BZ@Q'iﬁaﬁBﬂf F"?Wtw s WERANC Y of a

ASTV D41, 53 REPUPLCt hesoe A GEGert A oy 1RBF . m{‘%c‘” Tor e

toner or wax) is
once heated for renoving its thernal

Table 7-1

10 DSC characteri_stics of waxes

Wax | (Tygp)max | Typp Wi/2 Ar (Tonset JHA
" (°c) (°c) (°c)

A2 83 81 21 2 64
20 B2 82 88 17 6 66 -

Cc2 102 103 24 1 68
- D2 102 99 36 3 57

Comp . .

E2 | 103 89 7 14 26
30

(Tggp)max: Maximum heat-evolution peak

35 temperature on cooling.

Tyap: Heat-absorption peak temperature on heating

corresponding to (Tygp)max.

40 . : .
Wy /2: Half-value width of the maximum heat
evolution peak.
s . AT: Temperature difference(= |(Typp)max-Tyapl)

(Tonset)ml: Onset temperature of the heat

absorption peak.
50

-
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25 history and then subjected to cooling (tenperature
‘heati ng .(tenperature increase)
in a tenperature

[err]C m n.
[err]C for taking DSC curves.
characterizing the
heat absorption peak of a toner

(or upward)

defi ned as

a .

direction):

decrease) and

respectively at a rate of 10

TheEP 0 531 89&)61 atures or

i nvention are defined as follo
5 (absorbed heat is taken iRgRLIAGEDOSI ti

Table 7-2he rising tel

range of 0 [err]C to 200
araneters
THIS 1l). Regaw

Molecular weight distribution of waxes

Wax Mn Mw Mw/Mn
0 a2 490 720 1.47
B2 450 670 1.49
s C2 800 1270 1.59
D2 470 900 1.91
Comp. .
20 E2 910 5630 6.19
25
Table 8
w Properties of .waxes :
Wax |(Penetration | Density | Melt Softening Crystal-
-1 3 viscosity | temp. linity
35 10" "mm- g/cm cP °c 0%
A2 2.0 0.94 6 95 89
w0 B2 4.0 0.94 5 93 89
c2 0.5 0.96 14 110 88
_ D2 3.0 0.95 9 117 91
45 - .
“{Comp.|
E2 4.5 0.93 180 105 75

50

55
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ténperature at which the peak curve clearly separates fromthe base
line, i.e., a tenperature at which the 10 differential of a peak curve

begins to increase froma stea e value or a te
whi ch the differential of a pe%ﬁ’@gﬁ/@oﬁl‘rns from

a

positive. Specific exanples are shown in Figures 5 \ i .
The onset b EORSERL Qe S IS @ tenperature at iwhi ché l'ine
t ake - largest differential>~onh a peak curve
|ntersectss%m§msaﬁmpgqse line. Specific exanples thereof are also shown
I n Figures 20 The Peak tenperature (PP) is a
t enper atgur e at which a maxi mum peak in the region of 120 [err]C or
t)glng\r/v assunessq:yg.%qllé t op. 2) Begardl ng a heaé0 ev\l/é)olgéllz_gpss)eak of a

n-Butyl acrylate 20 "

10 2,2-Bis(4,4~-di-t-butylperoxy- | _
cyclohexyl )propane | 0.2 "

15
A polymer A2 was prepared from the above materials by suspension polymerization.

Styrene - 83 wt.part(s)
20 ) '

Butyl acrylate 17 "

Di-t-butyl peroxide 1.0 »

25
A polymer B2 was prepared from the above materials by solution polymerization in xylene, and the
polymers A2 and B2 were mixed in solution in a weight ratio of 30:70 to obtain a binder resin 7.

Synthesis Example 8

30

Styrene 80 wt.part(s)
n-Butyl acrylate _ . 20 "

35
2,2-Bis(4,4-di-t-butylperoxy-

cyclohexyl )pr_:o_pane 0.1 "

40
A polymer dz was prepared from the above materials by suspension polymerization.
» Styrene ) 84 wt.part(s)
' Butyl acrylate . 16 '
ﬁi-t-butyl peroxide 0.8 .

50 , : :
A polyme_r D2 was prepared from the above materials by solution polymerization in xylens, and the
polymers C2 and D2 were mixed in solution in a

55
Sheet Has Been Replaced
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25 dlrectlon :

(évol ved he t.ake t he negative (or downward).
The Peak et é%ﬂi alka tenperature at whi ch a ) ﬁm SSUes
a peak top. The Peak i 0 I
defi ned. by For trEPsO&rr%M two t
t aken at p0|nts g|V|ng maxi mum and mi ni mum di f{f er S on the above
peak to .provide two 5 intersections with the base |line. The tenperature
G 1 1 er onSHes Exseplerd noiah30q of 257218 PO AP et o by |

] Styrene ' 80 wt.part(s)

n-Butyl acrylate 20 "

2,2-Bis(4, 4-di-t-butylperoxy-

10 - cyclohexyl )propane 0.2 .

A polymer E2 was prepared from the above materialé by suspension polymerization.
15 : :

Styrene 82 wt.part(s)
Butyl acrylate 18 ' "

20 Di-t-butyl peroxide : 4.0 "

A polymer F2 was prepared from the above materials by solution polymerization in xylene, and the
polymers E2 and F2 were mixed in solution in a weight ratio of 40:60 to obtain a binder resin 9.
Synthesis Example 10

Styrene 80 wt.part(s)
30 Butyl acrylate 20 "
_ Di-t-butyl peroxide 0.5 "

35 o
A binder resin 10 was prepared from the above materials by solution polymerization in xylene.

" Synthesis Example 11

40 : .
Polymer B2 30 wt.parf( s)
étyrene " 44.7 "

45 Butyl acrylate ' ' 25 "
Divi nYlbenzene. 0.3 *

50 . ) :
_ Di-t-buty}.péroxy—z-ethyl-

hexanoate . 0. 7 "

55

A binder resin 11 was prepared from the above materialé by suspension polymerization.

30



[&rr]T. On the other hand, [err]H denotes a height of the pe top

fromthe base line per unit weight of the S 3P SH@gF@@ﬂBBQn11VVng
and is obtained by dividing a 10 neasured peak gﬁt ﬁﬂ#@EQSC cufve by a
sanple wei ght. Specific exanpERO 68h88®AT ar¢ showdl-i Ff gures 6
and 11 - 14. Accordingly, a higher peak ~intensity ratio corresponds
to a sharper peak if an al nost identical weight of sanple is used.

15 E araneters may be defined simlarly and some
definitions are suppl enented as foll ows. ©3) Regarding a heat
absorption peak offindey aeAdmell = heat is takenl®® whepapti(sive
direction): . Specific exanples are shown in Figures 1, 3 20
and 5. Magnetdq ixoma%kd® e of heat absorp8@on pBak (PP)

10

15

. 20

25

35

50

55

(Da = 0.25 pm, o5 = 80 emu/g under 10 kOe,

o, = 10 emu/g, Hc = 120 Oe)
Nigrosin | : 2 "
Wax Al | 4 .

The above ingredients were blended preliminarily and melt-kneaded through a twin-screw kneading
extruder set at 130 °C. The kneaded product was cooled, coarsely crushed, finely pulverized by a pulverizer
using jet air, and classified by a wind-force classifier to obtain a toner 1 having a weight-average particle
size of 8 wm. The toner was subjected to the GPC measurement to provide results as shown in Table 9
appearing hereinafter. '

Examples 7 - 9

Toners 7 - 9 were prepared in the same manner as in Example 6 except that binder resins and waxes
shown in Table 10 were respectively used. The results of the GPC measurement are also shown in Table 9.

Comparative Examples 6 and 7

Comparative toners 6 and 7 were prepared in the same manner as in Example 6 except that binder
resin and waxes shown in Table 10 were respectively used. The results of the GPC measurement are also
shown in Table 9. '

Comparative Example 8

A comparative toner 8 was prepared in the same manner as in Example 8 except that the wax was
replaced by a low-molecular weight polypropylene wax ("Viscol 5560P", mfd. by Sanyo Kasei Kogyo K.K.).

Each of the above toners and comparative toners in an amount of 100 wt. parts was blended with 0.6
wt. part of a positively chargeable hydrophobic colioidal silica to obtain a developer, which was then
subjected to the fixing and offset test and evaluation of the anti-blocking characteristic and developing
performance in the same manner as in Example 1 except that the fixing and offset test was performed

-under the varied conditions of a nip = 4.5 mm, a linear pressure of 0.6 kg/cm? and a process speed of 90

mm/sec, and the developing performance was evaluated without the standing at 45 °C.
The resuits are shown in Tables 10 and 11.

[ ——
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refers to a tenperature at which any peak assunes a peak top in the

tenperature region of 70 - 130-[err]C on tenperature increase. 25
Hal f-val ue width Werr] of a maxi num heat absorption peak-refers to a
tenperature difference ove EP5311890 Aleat alpRIPSHERT p¥SkBEdhhs at a
hal f - 16- hei ght of a maxi mumjheat qugmgglon ppak. If

t he peak giving Werr] is continuously pres e

line, the peak need not have a hei ghtrabieeei ng t he hal f hei ght al

over the half-value width Werr]
Molecular weight distribution of toners

Toner | 3x103-5x10%4 | 2105 peak | <105 weight
peak# fraction (%)
10 . | |
Ex. 6 6 10,500 610,000 76
Ex. 7 7 12,800 670,000 80
5 Ex. 8 8 5,700 580, 000 69
Ex. 9 9 10,400 600,000 77
Ex.10| 10 15,400 2,800,000 63
20 .
Comp. | Comp.
Ex. 6| 6 10,600 590, 000 77
Comp. | Comp.
- |ex. 7| 7 10,300 570,000 78
Comp. ; Comp.
Ex. 8] 8 110,500 610,000 76
30

* The underline refers to a maximum peak.

35

50
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15 - 17,

5'Specific exanples for taking Werr] are shown in Figures ..
Onset tenperature (OP) refers to a tenperature al TS SREE HﬁBQE‘EfEN'

line taken at a poi nt first givi ng a maxi mum di f j erent E’PLAQED 10
curve intersects the base line. ThFRO0i531 8¥Ahhat Linff 816
definition of the onset tenperature of a toner. 4) Regardl ng a
heat  evol uti on peak (evolved heat is taken in the negative direction):
15 Specific exanples_are shown in Figures 2, 4 and 6.
Peak tenperature refers to a ftenperatufe at whr cha maxXiprum peak on
tenperature decrease assunes fa ‘o Pepk top. 20 The hydrocar bon
wax usedsin the present o
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i hventd on n may conprise, e g.: a |low mol ecul ar wei ght THIS SHilEky;J;A%n ot y mer
obt ai nedmthHébtgﬂsﬂe%Li( rldzatlon of an al kyl ene [by rap“_:pﬁl D,

pol yneri z Eressure or in the prese aL-a Ziepl er
cat al yst lm pressure P 8533889 Adne pol ymrer obt ai ned by

t her mal an al kyl ene polyner of a high nmol ecul ar

wei ght; and a hydrocarbon wax qbtai ned by -17-

subj ecting a m xture gas contalfngrjg cprbon nonoxi de ~and] hydrogen to the
Arge process to forma hydrocalb@n m xture, distilling fhe hydrocarbon

m xture to recover
5

Fog

©POe O 1« 60g

10

Image density

.3
1.36

.3

.3

l3

.3

.32

15

20

Table 11

Storability and develdping performance
Anti-blocking Developing performa
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" Examples 10 - 13, Comparative Exampies 9 - 11

Each of the yet-unfixed toner images of the toners 6 - 9 and comparative toners 6 - 8 formed in
Examples 6 - 9 and Comparative Examples 8 - 8 was subjected to fixing and offset test by using an
50 external fixing device as shown in Figure 21 including a heating member 1 and a pressing roller 5 disposed
opposite to the heating member to press a transfer material onto the heating member 1 by the medium of a
fixing film 2. The fixing film 2 was an endless film comprising a 20 um-thick polyimide film coated with a 10
um-thick release layer of a fluorine-containing resin to which an electroconductive substance was added.
The pressing roller 5 comprised silicone rubber and was used to apply a total pressure of 10 kg at a nip of
s5 4.0 mm and a process speed of 90 mm/sec. The film was driven under tension by a drive roller 3 and a
* mating roller 4, and the linear heating member 1 of a low heat capacity was temperature-controlled by
applying energy pulses thereto. The evaluation of fixing performances were performed in the same manner

as in Example 8 and the results thereof are shown in Table 12 below.

34



a’resi‘due and extracting a specific fraction fromthe 5 residue'

Fracti onation of wax nmay be perfornmed by the e net hod, the
sol vent net hod, vacuum distillation or fracti nﬂfﬁSr&leEﬂ'yliA&alBEEfzt i on.
According to appropriate comnbi nati &P @531 980sA1 fract |Rgpmgggn met pods for

renoval of a | ow nol ecul ar 10 wei ght fraction, ett: bon of
wax is recover ed. . As the source of the hydrocarbon wax,
it is ‘preferred to use hydrocarbons having up to several hundr ed
carbon atons (followed by h robegati nto 15 obtain an objjective product)
as obtai ned through synt he$i® fr¢ma m xture of carbon jnmonoxi de and
hydrogen in the presence of ja nPtaI oxi de catal yst (generally a
conposi t%e of two or nore SpdCIGS) e.q.
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by the' Synthol process, the Hydrocol process (using a 20 fluidized

catal yst bed), and the Arge process (using a fi xed catal yst bed)
providing a product rich in waxy - hydr ocar bon, hydracarbons

obt ai ned by pol yneri zi ng an EPRE32980 Aduch as é'HP&/ISHE’éT HAS BEEN
presence of a Ziegler catalyst, as they are rjch i pEappggmt ed fong-

25 chain Jinear, hydrocarbons and acconpanied with —
branches ¥R ¥ ¢ ir t her preferred to use hydr ocar bon waxes synt hesi zed
wi t hout pol ynerization - 18- because of their structure and

nmol ecul ar wei ghBinder redint dilbuti on suitable for eary ¢ Sy i on. As

for
5 Magnetization oxide . : 80 "

(same as in Example 6)

o 3, S—Di-t—hutylsal icylic acid

Cr complex ' 1 "
Wax A2 | - 4 o
15

A toner 10 having a weight-average particle size of 8 um was prepared from the above ingredients
otherwise in the manner as in Example 6. The toner 10 showed GPC data as shown in Table 9 above.
100 wt. parts of the toner was blended with 0.6 wt. part of hydrophobic colloidal silica to obtain a
20 developer. The developer was charged in a commercially available copying machine "NP-8582", mfd. by
Canon K.KK.). In an environment of 15 °C, the copying machine in a sufficiently cooled state was supplied
with a power and, after 5 min. in the standby state, was used for successive image formation on 200 sheets
of A3-size transfer paper (80 g paper), whereby good images were formed without offset and with good
fixability (density decrease = 5 %) even on the 200-th sheet. As a result of successive copying of 2x10*
25 sheets, good images having image densities of 1.38 - 1.46 and free from fog were obtained without melt
sticking.

Preparation of waxes

30 Waxes A3, B3, C3, D3 and E3 used in Examples and waxes F3 G3, H3 and I3 used in Comparative
Examples were prepared in the following manner.

Hydrocarbon wax F3 (comparative) was synthesized by the Arge process, and waxes A3, B3 and C3
(invention) were respectively prepared by fractional crystallization of the wax F3. Wax G3 (comparative) was
prepared by oxidizing hydrocarbon prepared by the Arge process.

35 Wax H3 (comparative) of a relatively low molecular weight was prepared by polymerizing ethylene at a .
low pressure in the presence of a Ziegler catalyst, and wax D3 (invention) was prepared by fractional
crystallization of the wax H1 for removing a low-molecular weight component to some extent. Wax 13
(comparative) of a higher molecular weight than the wax H3 was prepared by similar polymerization, and

~ wax E3 (invention) was prepared by fractional crystallization thereof for removal of low-molecular weight

40 fraction.

The properties of these waxes are summarized in the following Tables 13 - 15,

‘50
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a desfred nol ecul ar weight distribution, the hydr ocar bon wax may

preferably have a nunber-average- 5 nol ecul ar weight (M) of 550 - 1200,
particularly 600 . - 1000; a WEIggt average no qggig of
800 3600, particularly 900 EP8&8b98%AL an My Mh a“{g}’%ﬁ at
nost 3, further preferably at nost 2.5, part lcular A Eﬂerably at
nost 2.0. It is also 10 preferred that the wax shows a peak 1na
mol ecul ar wei ght regi on of Rable 2UY0, further 750 - 2000,
particularly 800 - 1600. B satlsfylng such nol ecul ar wei ght
“distribution, the resul t?l?%: i@t Waxes \ith preferable
thermal characteristics. If the 15 nol ecul ar wei ghts are smaller than
the abo?/e_d_‘%{:r_: bcgi rﬂngeS, Jhﬂ innnr |Q er\oocl \LDIA_L Q'F'Fnr\f DL
thermal |y _Wax and i b | |aQL$ to Qf inferiqgqr in antbnblocfing
10 On set Absdrption Max. heat-| Temp. _
temp. peak temp.* | evolution difference
peak tenp.
(°c) (°c) (°c) (°c)
15 ’ - ' .
a3 66 105, 112 - 0104 1 (104-104)
B3 68 107, 113 | 106 1 (107-106)
20 c3 62 | 104, 112 105. . | 1 (105-104)
D3 . 61 | 104, 116 106 2 (106-104)
E3 _ 86 117 111 6 (117-111)
25 .
FComp.)
%0 F3 65 81, 106 95 |11 (106-95)
G3 - 67 - 83, 104 96 11 (110-96)
H3 40 103, 116 105 2 (105-103)
> 13 95 125 113 12 (125-113)
40

*# The underlined data refers to a maximum heat-

absorption peék temperature.

50
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‘charactteristic and . devel opi ng performance. In EXCGSﬁﬂ £ ﬁ SE%’N bove
nol ecul ar wei ght ranges, an externally 20 supgl é§ %é%@%ﬁ% t@tilized
effectively so that it becones difficult tq_attai Llent '
fixability and anti - of f seEPEhSHIAMOMi stic. " As for
ot her properties, the hydrocarbon wax may have a density at 25
[err]C of at least 0.93 g/cnferr] 25 preferably at |east 0.95
g/cnferr], and a penetration of Tabke st 5x10[err] nmm preferably at
most 3x10[err] mm nore | preferably at nost 1.5x10[err] nmm
particul arly : Molecular Weight IBistribution of Waxes
) _
Wax Mn Mw Mw/Mn Mp
10 o
A3 780 1280 1.64 1100
B3 910 1410 1.55 1330
15 Cc3 620 | 1050 1.69 980
D3 570 | 1170 2.05 1030
E3 630 1750 2.78 1670
20 . .
(Comp.) '
25 F3 . 540 830 1.54 600
G3 510 | 850 1.67 610
H3 470 1120 2.38 490
30 .
' 13 750 3200 4.27 2100
35
40
45
50
e
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preferably at nost 1.0x10[err] mm OQutside these ranges, the properties
are changed excessively at |ow tenperatures to prqQyide |nfer| or
storability and devel opi ng performance. The wax ng —have a b5
crystallinity of at |east 80 % prER@53bPY AL | east 85

its uniformty, so that it does not adversely af f'ee e
chargeability and Is dispersed in a state of easy phase separa
suited for exhibiting a rel ease ef el ?ol%row de 10 excellent anti-offset

characteristic. Fur!; her #@e oﬁoga\x/ have a melt viscosity at
140 [err] C of at nost 100 cp, pre’f%‘?%f) At %88 cp, particularly
preferably at nost 20 cp. If the nelt - viscosity exceeds 100 cp, the

pl asti cf zi ng—effect—pmd—t5—T%
affect the | yay i xabiddret A | Birsfts JoHefb? 20t o b5EbEns ARt MeXa
_ - tion viscosity | point value
0 10" 1om g/cm3 cP | ©c mgKOH/g
{ a3 0.5 0.96 14. 116 0.1
5 B3 0.5 0.96 18 118 0.1
c3 0.5 0.96 12 114 0.1
D3 1.5 0.96 12 118 0.1
2 E3 | 1 0.97 30 122 0.1
s |(Comp.)
F3 1.5 0.94 8 108 0.1
G3 2 0.96 10 105 10.0
%0 H3 2 0.96 15 120 0.1
13 1 0.97 88 129 0.1
35

50

This Sheet Has Been Replaced

" - R IIIl




may pr%ferably have a softening point of at nost 130 [err] C
particularly at nost 120 [err]C. In excess of 130 [err]C t he
temperature for exhibiting a particularly 20 effe ve rel ease effect

becones high and the anti - OFP 9581 89 ALct er i st [ THIS

af f ect ed. Further, the wax may have ah aci 0

bel ow 2.0 ngKOH/ g, preferably beIOM/l 0 ngKOH g. In ’

range, t 15 s caused to have a large 25 interfacial adhe5|on h the
bi nder resin as anot her conponent of the toner to be liable to cause

i nsuf ficient phas&tyneneaibutyluratryXetd icgpolymer 100 wt.part(s)

-20-
5 (copolymerization wieght ratio

= 80:20, Mn = about 10%)
0 Magnetic iron okide ' 80 "

(Da = 0.25 pm, og = 80 emu/g
under 10 kOe, o, = 10 emu/g,

15 Hc = 120 Oe)
Nigrosin ' B 2 "
Wax A3 . - 4 ]

20

The above ingredients were blended preliminarily and. melt-kneaded through a twin-screw kneading

extruder set at 130 °C. The kneaded product was cooled, coarsely crushed, finely pulverized by a pulverizer

25 using jet air, and classified by a wind-force classifier to obtain a toner 11 having a weight-average particle

size of 8 um. The toner was subjected to the DSC measurement to provide results as shown in Table 16

appearing hereinafter. The DSC curves on heating and coding of the toner 11 are shown in Figures 5 and 5,
respectively.

30 Examples 16 - 19

Toners 12 - 15 were prepared in the same manner as in Example 15 except that waxes B3 - E3 were
respectively used. The results of the DSC measurement of the toners are also shown in Table 16.

35 'Comparative Examples 9 - 12

Comparative toners 9 - 12 were prepared in the same manner as in Example 15 except that waxes F3 -
13 were respectively used. The results of the DSC measurement of the toners are also shown in Table 16.

40 Comparative Example 13

" A comparative toner 13 was prepared in the same manner as in Example 15 except that the wax was
omitted. The results of the DSC measurement of the toner are also shown in Table 16. The heat absorption
peak shown in Table 18 for the toner originated from the bmder resin and similar peaks were also observed

45 with respect to the other toners.

- Comparative Example 14

A comparative toner 14 was prepared in the same manner.as in Example 15 except that the wax was
50 replaced by a low-molecular weight polypropylene wax ("Viscol §50P", mfd. by Sanyo Kasei Kogyo K.K.).

' Each of the above toners and comparative toners in an amount of 100 wt. parts was blended with 0.6
wt. part of a positively chargeable hydrophobic colloidal silica to obtain a developer, which was then
subjected to the fixing and offset test and evaluation of the anti-blocking characteristic and developing
performance in the same manner as in Example 1 except that the fixing and offset test was performed

55 under the varied conditions of a nip = 4.0 mm, a linear pressure of 0.4 kg/cm? and a process speed of 45
mm/sec. -
The results are shown in Tables 17 and 18.
hect Has Been Replaced
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béi ng Tiable to fail in show ng good rel ease effect and anti - of f set

characteristic at high tenperatures, and al sj ‘ d'i. t-o—& |y
affect the triboelectric chargeability, deve gbsni r 166 nBikdle and
durability 5 of the resultant tondP 0531990 A1 __Th ACErar borj wax may
be contained in an =~ anmount of at nost 20 wt. parts, nor 1vely 0.5
- 10 wt. parts, per 100 wt. parts of the binder resin. The
nol ecul ar wei ght distribution of 10 hydrocarbon wax nay be obtai ned based
on neasur enent by C (gel| perneation chronat ography), e.g|], under
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Wat er s Csjo.) ¢ol e " HT" 30 cm'binary (avail able ffom
su?"" _
ggleanan 2vve e
o
pla={anla2 Sg™Mz-te
- | o
10. - rr
o| &
. 0|+
o
g
Of*x ~
15 & O O O © W N L I . T T
o rg: O~ Y Vi W YW OV~ )
) .
b B+
g
o
+ L P
& o
20 4 d-0|8282C 8528849
(o] o~ Ll I - - - Ll
o E
0
0 -L( .
H g‘
25 4 g -
~ W PO A ™ O - M W 1N «— <P m
: 2 0 ) N O o ©O O ™~ &~ O =N N (0]
o O Y - - - -~ -
O (] . p i—‘!
.. ol @ g B
A .
r-3 )
S 8 %
5 <&
2] gl o '34 q
. o] ¥ &
o ~ §
35 s 0O A O~ T ® mlr—ltoloomm -r-u.s
-;::_ WO h © ™ O ~l sl No o - E‘j
- - i 5
~ g 4
' (V" -|8 i%
M M ,m M oM L P
@ ;E S MOAM mOEHS6 . g 3
£ oo
. -,—Nm.vm AN O -~ M %ﬁ
1 ¥] L ol L A Ll A [ 3] &=
P ) : * %
g b~ -
o U 2.0
& 5 ¥
& 0P
50
&5 ' ' ' .This Sheet Has Been Replaced

41



15 Toso K. K) Tenperature: 135 [err]C Sol vent :

o-di chl orobenzene containing 0.1 % of I onol . .0
m/mn. 20 Sample: 0.4 m of a 0.15 % sanpl e ed on
t he above GPC neasurenent, the EPQH3ROE0AI wei ght—d
sanpl e i s obtained once based on a calibration curve prepa y
nmonodi sperse pol ystyrepe standard sanples, and re- 25 calculated into a
di stribution corresponbin¢ to thpt of polyethylene using a cpnversion
formul a based on the Me§k- Hohwi nk viscosity formul a.
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221 F —————The density and softening point referred to her ei n
are based on neasurenent CCOI’dI ng to JI'S K6760 d.-J)-S-2287,
respect i VillsiSheet Has Been Xeb sced The penetrations of wageis Bifiar red HEN

erein 5

20

Table 18
Storability and developing performance

25

are based “mm“l accor di ng ER &5 8800M wher eby RepLAGEBSt yrusi having a
coni cal ti] er of about 1 mm an or 9
degrees is caused to penetrate into a sanple for 5 sec. under a
prescri bed wei ght of 1 at _a sanple tenperature -of 25 [err] C. The
10 neasured value is expressed ih the unit of 0.1 nm The
nmelt viscosity is based onjnggsur prment by using a Brookfiel{d-type
vi sconeter by using 10 2 lof L& BRI Ot & LgPY Jurs @f 1440 [err]C
and a shear g g _
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Examplee 20 - 24, Comparative Exa_mples 15-19
50 Each of the yet-unfixed toner images of the toners 11 - 15 and comparative toners 9 - 13 formed in -

Examples 15 - 19 and Comparative Examples 9 - 13 was subjected to fixing and offset test by using an
external fixing device as shown in Figure 21 including a heating member 1 and a pressing roller 5 disposed
opposite to the heating member to press a transfer material onto the heating member 1 by the medium of a
fixing film 2. The fixing film 2 was an endless film comprising a 20 um-thick polyimide film coated with a 10
55 . um-thick release layer of a fluorine-containing resin to which an electroconductive substance was added.
The pressing roller 5 comprised silicone rubber and was used to apply a total pressire of 8 kg at a nip of
3.5 mm and a process speed of 50 mm/sec. The film was driven under tension by a drive roller 3 and a
mating roller 4, and the linear heating member 1 of a low heat capacity was temperature-controlied by

43



rate 6f 1.32 rpm 15 The acid value refers to an anount (ng) of

pot assi um hydroxi de required for neutralizing the acid group cont ai ned
in 1 g of a sanple and.is based on measur enep I S K5902.
The crystallinity is based on nedBRIO6AELAAY 20 %’Sa%ﬁéﬁffgg%cﬂ ﬁ@r. A
crystal provides a very sharp peak and an apor phddEPLAGRM i al Jor ovi des
a very broad peak, respectively, in the X-ray ditfrractlo
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-22- 7 scatterin | al ways constant regardl ess of the wei ght
rati o bet vbisSh ri ne and  anor phous ‘parts. Accordingly, the
crystalllny calcul ated by the follown
X (9 = [I--c \ERD 831 990AIdenot es 9 ygt?ﬁif $r$§5‘M ity
peak area attrlbutable to t he crystalline part a.s
|l a denotes_a scattering-intensity peak area attributable to the
anor phous F@MPled% the sanple. 10 A preferred embodi ment of the
t oner according - to the present invention is characterized by
Styrene-butyl acrylate (80:20)
5 copolymer (Mn = about 104) | 100 wt.part(s)
Copper phthalocyanine (colorant) 4 v
Quaternary ammonium organic salt 1 "

10

(positive charge control agent)

Wax A3 - 3 "

15

A toner 16 having a weight-average particle size of 8 um was prepared from the above ingredients
otherwise in the same manner as in Example 15. The toner 16 provided DSC data as shown Table 20
appearing hereinafter. The toner 16 in an amount of 100 wt. parts was blended externally with 1.0 wt. part of

20 positively chargeable hydrophobic colloidal silica fine powder to form a toner. The toner in 10 wt. parts was
- further blended with 100 wt. parts of ferrite carrier coated with a resin mixture of styrene-acryhc resin and
fluorine-containing resin to obtain a developer.

The developer was charged in a commerclally available electrophotographic copying machine including
a fixing device as shown in Figure 21 ("FC-2", mfd. by Canon K.K.) and used for image formation. At an

25 environmental temperature of 7.5 °C, a first copy immediately after turning on the power was obtained with
a good fixability (density decrease: below 5 %) without low-temperature offset. '

At an environmental temperature of 23.5 °C, after continuous image formation on 50 post cards, the
.developer was used for image formation on paper of 52 g/m?, whereby no offset was observed due to
temperature elevation at ends of the fixing device. As a result of copying test at an environmental

30 temperature of 32.5 °C, clear blue images were always formed to use all the toner up without causing melt-
sticking or blocking at the cleaner part. During the operation, the temperature in the apparatus was
measured whereby 48 °C was measured in the neighborhood of the developing device- and 52 °C was
measured in the neighborhood of the cleaner. Further, a cartridge was left standing at 40 °C for 2 weeks
and then evaluated for image formation, whereby clear blue images free of fog were obtained.

35
Example 26

- Styrene-butyl acrylate (82:18)

S copolymer (Mn = about 10%) 100 wt.part(s)
Magnetic ion oxide (Da = 0.25 pm) 60 "
' - Monoazo Cr complex ' 1 "

(negative charge control agent)
Wax A3 | 4 "

50

A magnetic toner 17 having a weight-average particle size of 12 um was prepared from the above
ingredients otherwise in the same manner as in Example 15. The toner 17 provided DSC data as shown
Table 20 appearing hereinafter. The toner 17 in an amount of 100 wt. parts was blended externally with 0.4

s5 wt. part of hydrophobic colloidal silica fine powder to form a developer.

The developer was charged in a commercially available laser beam printer us:ng a hot roller fi xmg
device ("Laser Shot B408", mfd. by Canon K.K.) and tested for image formation after removing the cleaning
pad for the fixing roller. -



cénpri §ing a binder resin, and a hydrocarbon wax whi ch provi des a DSC
curve as neasured by a - differential scanni ng orineter, including

at | east one heat 15 absorption peak Pl giving a ﬁ?’[err]
in the range of 70 - 130 [ cEP)pG3190@A2r ably 90 - 1ZREFF%Q£[
tenperature increase and a maxi num heat evol ution pesak LN peak

tenperature in the range of T[err] err% on_tenperature decrease
20 As ryesuit of heslrst popydeshat ap W!XW‘H}?" Iippearaiyre ok 7.5 °C, goog fxabilitys(densify .
possi bl edﬁgeﬂiﬁ%PWséb'é'ﬂ%ﬁ‘@thelﬁaﬁﬁe the wax under heat applicati on
and heat ab® Gpidgg Fontaining th Q%\’R'Qpeéd@ﬁ F'H%a'tﬂ’e Crlor £iegksand Jnedt ayelvataghiars

tr ansi t i C?H iV H'B mation i 2n environment of %‘ dlie o8, 1o, Jmages haying: ot
in the® Imesed iﬁ wpaoR: };‘aﬁedm'wut TS?IS‘FQ?%T S BN oA Ry 0
[err]C, ﬂﬂ"{"ﬂ 8’1"% %/" 9./ PeETg ER particul arly |

Example 27
0 Polyester | 100 wt.part(s)
(bisphenol A-type diol/terephthalic
5 ' ' acid/trimellitic acid (50/45/5 'by weight)
' - condensate, Mn = about 5000)
Magnetic iron oxide (Da =.0.25 pm) 80 "
20 '
'3,5-Di-t-butylsalicylic acid
25 Cr complex 1 "

30 .

A magnetic toner 18 having a weight-average particle size of 8 um was prepared from the above
ingredients otherwise in the same manner as in Example 15. The toner 18 provided DSC data as shown
Table 20 appearing hereinafter. The toner 18 in an amount of 100 wt. parts was blended externally with 0 6
wt. part of hydrophobic colioidal silica fine powder to form a developer.

35 The developer was charged in a commercially available copying machine using a hot roller fixing device
("NP8582", mfd. by Canon K.K.). In an environment of 15 °C, the copying machine in a sufficiently cooled
statoe was supplied with a power and, after 5 min. in the standby state, was used for successive image -
formation on 200 shests of A3-size transfer paper (80 g paper), whereby good images were formed without
offset and with good fixability (density decrease = 8 %). As a result of successive image formation of solid

40 black images, no winding-up was caused and the claw trace was only slight. :

As a result of copying test of 20000 sheets in an environment of 32.5 °C, fog-free images having image
densities of 1.38 - 1.40 were obtained without causing melt-sticking.

: This Sheet Has Been Replaced. .
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-23- preferably 97 - 115 [err]C, good fixability and anti - of f set

characteristic are satisfied with respect to t he resuttant._toner. If
there is a peak tenperature only in the region of é’I’S)\&rZE) [,ngrsrk N he
wax has too low 5 a nelting tenpeERQSHM 90AL failing to pREPLA@EQ
sufficient anti-offset characteristic at high -terrp ot tr-es.
IS a peak tenperature only in the region of above 130 [err]C, the wax
has too high a melting teng to provide 10—
sufficient anti-offset charactprig$t@c ahd fixabilit
- i) heet Has Been Replaced. .
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Example 28

The toner 11 was evaluated by using a commercially available electrophotographic copying machine.
As a result of the first copy test at an environmental temperature of 7.5 °C, good fixability (density
55 decrease: 7 %) was obtained without offset.
As a result of successive copying of 10000 sheets in an envnronment of 32.5 °C, fog-free images having
image densities of 1.36 - 1.41 were obtained continuously. No melt sticking was caused and the staining of
the fixing roller cleaning pad was very litle. When images were successively formed on 200 sheets of B5-

47



at l:eaw tenperatures. In other words,.
t he abdﬂ&ShmHasﬂvst@a rede, it beconed e

y
antl-off mlu" [] erlstic andfiXabiIity.
peak is t enper at bel ow 70 [err] C; aS|mIar
behavi or 'I's attaine in the uéﬁoéggg%gre there is a peak tenperature:

in the terrperature regi on. Accordingly, a peak can be present i

the t e%%&@pﬁb@ﬂlﬂ%d iinfheitayy tomafbr, imads wal fonR&Pln AXe! Hindi& papd
than a gm@knd HighttiRperature offs31WAR calstd Bue/t6 BiripBratife elevition atKRiRg tofidr'ehds.
Further, tANenerfox déulopiRg Bibcrostitic imdlRY B prpar@dfiéth a binder rdsIERES RYdrdcBrbeH wak. hﬁat o
absor pt foRdt iPeralided with Bﬁprévadl BRbify and anti-ofiét chadad@ridti€ by dontrolling tHelthgrma IcRdravienl Yy 50
- 90 4 efig $tGhe hytfrocambi watibdsd to fedvitibal DS iditleféntial Sdandirgy dalofineted) @iirdd) howing an
sati sf aortsetrtympkeateré ophaatabisarption limmhe exbge 6fB0i--1150 0-Aridragleast one heat absorption peak P1
in the range of 70 - 130 °C giving a peak temperature Tp; on temperature increase, and showing a
maximum heat evolution peak temperature in the range of Tpy * 9 °C on temperature decrease.
.Correspondingly, the toner provides a DSC curve showing a rising temperature of heat absorption of at least
10 80 °C, an onset temperature of heat absorption of at most 105 °C and a heat absorption peak temperature
in the range of 100 - 120 °C, respectively on temperature increase, and showing a heat evolution peak
temperature in the range of 62 - 75 °C and a heat evolution peak intensity ratio of at least 5x10™2 on
temperature decrease. ' '

15 Claims

1. A toner for developing electrostatic image, comprising a binder resin and a hydrocarbon wax, wherein
the hydrocarbon wax provides a DSC curve, as measured by a differential scanning colorimeter,
showing an onset temperature of heat absorption in the range of 50 - 110 °C and at least one heat

20 absorption peak P1 in the range of 70 - 130 °C giving a peak temperature Tp; on temperature increase,
' and showing a maximum heat evolution peak giving a peak temperature in the range of Te; £ 9 °C on
temperature decrease.

2. The toner according to Claim 1, wherein said hydrocarbon wax shows an onset temperature of heat
25 absorption of 50 - 90 °C.

3. The toner acoordihg to Claim 1, wherein said hydrocarbon wax shows an onset temperature of heat
absorption of 60 - 90 °C.

. 30 4. The toner according to Claim 1, wherein said hydrocarbon wax provides at least one heat absorption
peak P1 in the temperature range of 90 - 120 °C on temperature increase.

6. The toner according to Claim 1, wherein said hydrocarbon wax.shows an onset temperature of 60 - 80
°C and provides at least one heat absorption peak in the range of 80 - 120_ °C on temperature increase.
35
6. The toner according to Claim 1, whereln said hydrocarbon wax has a number-average molecular weight
(Mn) of 550 - 1200.

7. The toner according to Claim 1, wherein said hydrocarbon wax has a number-average molecular weight
40 {Mn) of 600 - 1000.

8. The toner according to Claim 1, wherem said hydrocarbon wax has a weught-average molecular weight
{Mw) of 800 - 3600. )

45 9. The toner according' to Claim 1, wherein said hydrocarbon wax has a weight-average molecular weight
(Mw) of 800 - 3000.

10. The toner according to Claim 1, wherein sa:d hydrocarbon wax has a number-average molecular weight
{Mn) of 550 - 1200, and an Mw Mn ratio of at most 3. )
50 :
11. The toner according to Clalm 1, wherein said hydrocarbon wax has a number-average molecular weight
(Mn) of 500 - 1000, and an Mw/Mn ratio of at most 2.5.

12. The toner according to Claim 11, wherein said hydrocarbon wax has an Mw/Mn ratio of at most 20.
55 .
13. The toner according to Claim 1, wherein said hydrocarbon wax provides a GPC chromatogram showing
a peak in a molecular weight range of 700 - 2400.



characteristi C and owterrperature fixability are | THIS SHEET HAS BEEN

- 24- This TPI #e peak onset tenmperature is pel ow REFLACED T er r]|C,
t he wax p g tenperature is too |ow, . thus resulting in a
t oner vvh| in anti- EP 0581 8%kAhg characteristic and devel opi ng
per formance at an eI evated tenperature. I|f the onset tenperature is
above 110 the wa ropert chan I ng tenperature i s t 00 hi '
Chus fa ;% wmje/mép i ' nd ot it poger B
DSC cur v Pi?g ed due to temperature elevation at fixing roller ends. '

A toner eve oping electro atlc |mages is prepared from a binder resin and a hydrocarbon wax. The

toner is provnded with improved fixability and anti-offset characteristic by controlling the thermal characteris-
s tic of the hydrocarbon wax so as to provide a DSC (differential scanning calorimeter) curve, showing an
onset temperature of heat absorption in the range of 50 - 110 °C and at least one heat absorption peak P1
in the range of 70 - 130 °C giving a peak temperature Tp; on temperature increase, and showing a
~maximum heat evolution peak temperature in the range of Tey £ 9 °C on temperature decrease.
Correspondingly, the toner provides a DSC curve showing a rising temperature of heat absorption of at least
- 10 80 °C, an onset temperature of heat absorption of at most 105 °C and a heat absorption peak temperature
in the range of 100 - 120 °C, respectively on temperature increase, and showing a heat evolution peak
temperature in the range of 62 - 75 °C and a heat evolution peak intensity ratio of at least 5x10~2 on

~ temperature decrease.

15 Claims

1. A toner for developing electrostatic image, comprising a binder resin and a hydrocarbon wax, wherein
the hydrocarbon wax provides a DSC curve, as measured by a differential scanning colorimeter,
showing an onset temperature of heat absorption in the range of 50 - 110 °C and at least one heat

20 absorption peak P1 in the range of 70 - 130 °C giving & peak temperature Tp; on temperature increase,
and showing a maximum heat evolution peak giving a peak temperature in the range of Tpy + 9 °C on
temperature decrease.

2. The toner according to Claim 1, wherein said hydrocarbon wax shows an onset temperature of heat
25 absorption of 50 - 90 °C.

3. The toner accordmg to Claim 1, wherein said hydrocarbon wax shows an onset temperature of heat
absorption of 60 - 90 °C.

30 4. The toner according to Claim 1, wherein said hydrocarbon wax provides at least one heat absorption
peak P1 in the temperature range of 90 - 120 °C on temperature increase.

5. The toner according to Claim 1, wherein said hydrocarbon wax shows an onset temperature of 60 - 90
°C and provides at lsast one heat absorption peak in the range of 90 - 120 °C on temperature increase.
35 : ' '
6. The toner according to Claim 1, wherein said hydrocarbon wax has a number-average molecular weight
{Mn) of 550 - 1200.

7. The toner according to Claim 1, wherein said hydrocarbon'wax has a 'number-average molecular weight -
40 {Mn) of 600 - 1000. :

8. The toner according to Claim 1, wherein said hydrocarbon wax has a weight-average molecular welght
(Mw) of 800 - 3600.

45 9. The toner according to Claim 1, whersin said hydrocarbon wax has a weight-average molecular weight
(Mw) of 800 - 3000.

10. The toner according to Claim 1, wherein said hydrocarbon wax has a number-average molecular weight |
(Mn) of 550 - 1200, and an Mw.Mn ratio of at most 3.
50
11. The toner according to Claim 1, wherein said hydrocarbon wax has a number-average molecular weight
(Mn) of 500 - 1000, and an Mw/Mn ratio of at most 2.5.

12. The toner according to Claim 11, wherein said hydrocarbon wax has an Mw/Mn ratio of at most 2.0.

55
13. The toner according to Claim 1, wherein said hydrocarbon wax provides a GPC chromatogram showing

a peak in a molecular weight range of 700 - 2400. .
i I
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absorption peak in the temperature range of 85 - 120 °C.

-

10 17. The toner according to Claim 1, wherein said hydrocarbon wax provides a DSC curve showing a heat
absorption peak in the temperature range of 97 - 115 °C.

18. The toner according to Claim 1, wherein said hydrocarbon wax provides a maximum heat evolution
peak in the temperature range of Tp; £ 7 °C on temperature decrease.
15 :
19. The toner according to Claim 1, wherein said hydrocarbon wax provides a maximum heat evolution
peak in the temperature range of Tpy £ 5 °C on temperature decrease.

20. The toner according to Claim 1, wherein said hydrocarbon wax provides a maximum heat evolution
20 peak in the temperature range of 85 - 115 °C on temperature decrease.

21. The toner according to Claim 1, wherein said hydrocarbon wax provides a maximum heat evolution
peak in the temperature range of 90 - 110 °C on temperature decrease.

25 22. The toner according to Claim 1, wherein said hydrocarbon wax is contained in an amount of at most 20
wt. paris per 100 wt. parts of the binder resin.

23. The toner according to Claim 1, wherein said hydrocarbon wax is contained in an amount of 0.5 - 10 wi.
parts per 100 wt. parts of the binder resin.
30 . _
24. The toner according to Claim 1, wherein said binder resin comprises a styrene copolymer.

25. The toner according to Claim 1, wherein said binder resin comprises a polyester resin.

35 26. _The toner according to Claim 1, wherein the toner shows a hydrocarbon wax distribution on a GPC
chromatogram providing at least one peak in a hydrocarbon wax region of 4x10% - 5x10* and at least
one peak in a molecular weight region of at least 10° and including at least 50 % of a component
having a molecular weight of at most 10°.

40 27. The toner according to Claim 26, wherein the toner provides a GPC chromatogram showing a peak in
the molecular weight region of 3x102 - 3x10*.

28. The toner according to Claim 26, wherein the toner provndes a GPC chromatogram showing a poak in
the molecular weight region of 2x103 - 2x10*.

29. The toner according to Claim 26, wherein the toneér provides a GPC chromatogram showing a peak in
the molecular weight regron of 3x10° - 2x10°,

30. The toner according to Claim 26, wherein the molecular weight distribution on a GPC chromatogram
50 includes 60 - 90 % of the component having a molecular weight of at most 105.

31. The toner according to Claim 26, wherein the molecular weight distribution on a GPC chromatogram
includes 65 - 85 % of the component having a molecular weight of at most 105.

55 32. The toner according to Claim 1, wherein said hydrocarbon wax provides a maxrmum heat evolution-

peak having a half-value width of at least 10 °C. _ : :
I
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34. The toner according to Claim 26, wherein the toner shows a molecular weight or a GPC chromatogram
5 such that a maximum peak height H1 in the molecular weight region of 3x103 - 5x10*, a maximum peak
height H3 in the molecular weight region of at least 10° and a minimum height H2 between the peaks

satisfy the conditions of: H1:H2:H3 = 3-25:1:1.5-12, and H1.> H3.

35. The toner according to Claim 34, wherein the heights H1, H2 and H3 satisfy the condition of H1:H2:H3
10 = 5-20:1:2-10.

36. The toner according to Claim 34, wherein the heights H1, H2 and H3 satisfy the condition of H1:H2:H3
= 8-18:1:2-6.

15 37. The toner aceording to Claim 1, wherein said hydrocarbon wax comprises a wax synthesized from
carbon monoxide and hydrogen.

38. A toner for developing electrostatic images, comprising a binder resin and a hydrocarbon wax; whersin
the toner provides a DSC curve as measured by a differential scanning calorimeter, showing a rising
- 20  temperature of heat absorption of at least 80 °C, an onset temperature of heat absorption of at most
' 105 °C and a heat absorption peak temperature in the range of 100 - 120 °C, respectively on
temperature increase, and showing a heat evolution peak giving a heat evolution peak temperature in
+ the range of 62 - 75 °C and a heat evolution peak intensity ratio of at least 5x10~3 on temperature
_ decrease.
25 _ _
39. The toner according to Claim 38, whersin the toner provides a rising temperature of heat absorption of
at least 90 °C on temperature increase. '

40. The toner accordmg to Claim 38, wherein the toner provides a heat evolution peak intensity ratio of at
30 least 10x1073 on temperature decrease.

41. The toner according to Claim 38, wherein the toner provides a rising temperature of heat absorption of
at least 90 °C on temperature increase, and a heat evolution peak intensity ratio of at least 10x10~2 on
temperature decrease.

35 . o

42. The toner according to Claim 38, wherein the toner provides a onset temperature of heat absorption in

the range of 90 - 102 °C. :

43. The toner according to Claim 38, wherem the toner provides a heat absorption peak temperature in the
40 range of 102 - 115 °C.

~ 44. The toner according to Clalm 38, wherein the toner provides a heat evolution peak temperature in the
range of 65 - 72 °C.

45 45. The toner according to Claim 38, wherein the toner provides a heat evolution peak intensity ratio of at
least 12x10™2,

46. The toner accordmg to Clalm 38, wherein the toner provides a heat evolution peak intensity ratio of at
least 15x1073.
50
47. The toner accordlng to Claim 38, whersin said hydrocarbon wax has a number-average molecular
weight (Mn) of 550 - 1200.

_ 48. The toner according to Claim 38, wherein said hydrocarbon wax has a number-average molecular
55 weight (Mn) of 600 - 1000. '

49. The toner according to Claim 38, wherein said hydrocarbon wax has a weight-average molecular weight

(Mw) of 800 - 3600. .
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10 53. The toner according to Claim 52, wherein sald hydrocarbon wax has an Mw/Mn ratio of at most 2.0.

54. The toner according to Claim 38, whersin said hydrocarbon wax provides a GPC chromatogram
showing a peak in a molecular weight range of 700 - 2400.

15 B5. The toner according to Claim 38, wherein said hydrocarbon wax provudes a GPC chromatogram
showing a peak in a molecular weight range of 750 - 2000.

56. The toner according to Claim 38, wherem said hydrocarbon wax provides a GPC chromatogram
showing a peak in ‘a molecular welght range of 800 - 1600.
20 .
67. The toner according to Claim 38, wherein said hydrocarbon wax shows a melt viscosity of at most 100
cp at 140 °C,

- 58. The toner according to Claim 38, wherein said hydrocarbon wax shows a melt viscosity of at most 50
25 cp at 140 °C.

§9. The toner according to Claim 38, wherein said hydrocarbon wax shows a melt viscosity of at most 20
cp at 140 °C. )

30 60. The toner according to Claim 38, wherein said hydrocarbon wax is contained in an amount of at most
"~ 20 wt. parts per 100 wt. parts of the binder resin.

61. The toner according to Claim 38, wherein said hydrocarbon wax is contained in an amount of 0.5 - 10
wt. parts per 100 wt. parts of the binder resin.
35 : -
62. The toner according to Claim 38, wherein said hydrocarbon wax comprises a wax synthesized from
carbon monoxide and hydrogen.

63. The toner accordlng to Claim 38, wherein said bmder resin comprises a styrene copolymer.
0 .
64. The toner according to Claim 38, wherem said binder resin comprises a polyester resin.

65. A heat-fixing method, comprising:
heat-fixing a toner image carried by a toner-carrying member onto the toner carrying member by a
45 contact-heating means;
wherein the toner comprises a binder resin and a hydrocarbon wax, and provides a DSC curve, as
measured by a differential scanning calorimeter, showing a rising temperature of heat absorption of at
least 80 °C, an onset temperature of heat absorption of at most 105 °C and a heat absorption peak
tempoerature in the range of 100 - 120 °C, respectively on temperature increase, and showing a heat
§0 evolution peak giving a heat evolution peak temperature in the range of 62 - 75 °C and a heat evolution
peak intensity ratio of at least 5x10~2 on temperature decrease

66. The method according to Claim 65, wherein said toner is any one of the toners accordmg to Claams 39
- 64,

67. The method according to Claim 65, wherein said contact-heating means comprises heating rollers.
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- 26

PROsite @9. rg eatl Ggfmg TPQEPS,CATPises & heating mombein e -

member S0 'as to press the ioner-carrymg
member agai ing member wnth a film dlsposed between the toner carrying-member and the

heating member.

The method according to Claim 68, wherein said heating member has a heatmg partat a temperature
of 100 - 300 °C.

The method according to Claim 68, whersin said film has a heat-resistant layer and a release layer.

The method according to Claim 68, wherein said film has a heat-resistant layer comprising a polyimide
and a release layer comprising a fluorine-containing resin.

. The method according to ‘Claim 68, wherein said pressing member presses the film against the film at

a total pressure of 4 - 20 kg.

A heat-fixing method, comprising:

heat-fixing a toner image carrled by a toner-carrying member onto the toner carrying member by a
contact—heatmg means;

wherein the toner comprises a binder resin and a hydrocarbon wax; and the hydrocarbon wax
provides a DSC curve, as measured by a differential scanning colorimeter, showing an onset tempera-
ture of heat absorption in the range of 50 - 110 °C and at least one heat absorption peak P1 in the
range of 70 - 130 °C giving a peak temperature Te; On temperature increase, and showing a maximum
heat evolution peak giving a peak temperature in the range of Tpy £ 9 °C on temperature decrease.

The method according to Claim 73, wherein said toner is any one of the toners accordirrg to Claims 2 -
37. '

The method according to Claim 73, wherein said contact-heating means comprises heating rollers.

The method according to Claim 73, wherein said contact-heating means comprises a heating member
and a pressing member disposed opposite to the heating member so as to press the toner-carrying
member against the heating member with a film disposed between the toner carrying-member and the
heating member.

The method according to Claim 78, wherein sald heating member has a heating part at a temperature
of 100 - 300 °C.

The method according to Claim 76, wherein said film has a heat-resistant layer and a release layer.

The method according to Claim 76, whersin said film has a heat-resistant Iayer comprising a polylmlde
and a release layer comprising a fluonne-contammg resin.

The method according to Clarm 76, wherein said pressing member presses the film against the film at
a total pressure of 4 - 20 kg. :
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criosslinked or ‘can assume a mxture of crosslinkeg
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[err]C Herein, the nol ecul ar weight distribution of 5 a
toner is based on neasurenent by GPC (gel perneation chr omat.ogr aphy)
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appropriately bl ending these conponents, it is possible to provide a

good bal ance of fixability and 20 anti-offset ch T ti By

i ncorporating a speci fic wax conponent, the tgﬂﬂs ﬁ@ r%ﬁ SEBN i t h
~effectively inproved performance. EP0531990A1 A s8EP D the foner is
characterized by showi ng a nol ecul ar wei ght distribution© (s GPC -
25 chromat ogram provi ding at | east one peak in the = . nol ecul ar wei ght -
region of 3x10[err] - 5x10[err], preferably - 3x10[err] - 3xl1lO0[err],
particularly preferably 5x10[err] - 2x10[err]. :
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It is preferred that the peak in this region is the | ar gest peak so -

as to provide a good fixability. Bel ow 3x10[err], good anti-bl ocki ng

" characteristic cannot be attai ned. Above-5x10[%r goot—+xahility
cannot .be 5 attained. ' EP 0 5311980/AY prefe rgiié tSHgETéiASI'BEB\t one
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pressure but can adversely affect the fixability ~—because of _a | ar ge
el asticity when used in combination wi th hot rfoiHI®rS&HEEHtHASIBERN Ng a
pressure. 20 Accordingly, when used in conbinatign w thgpmthDol I er
applying a relatively | ow pressure, EPD 533 9a®Al preferret—tha he

| argest peak in the nol ecul ar wei ght region of at |east 10[err] IS
- present in the region of 3x10[err] - 2x10[err] and constitutes the
second largest 25 peak in the entire nolecular weight range so as to
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characferistic is that the conponent in the nol ecul ar wei ght region

of 10[err] or bel ow occupies at |east 50 % preferably 60 - 90 %

particularly preferably 65 - 85 % By satisfying this condition, a

good fixability is 5 exhi bi t ed ERrOI5311880a1f ect of the wax conponent is

sufficiently exhibited, thus providing a good bal ance of fixability
- and anti-offset characteristic. Below 50 % sufficient fixability

is not attained and al so t he pul verizability becones inferior.

Above 90 % 10 offset is liable to be caused at high tenperatures.

It is also preferred that the wax conmponent provi des a DSC curve as

nmeasured by a differenti al ' scanni ng | orineter,.including at |east

oné heat absorptlon.peak P1 in the THISC SREMAT BAb 7 [of_ 70
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20 [err]C So as te-provide go

amtif-of fset chara¢teristic. As the wax

r4gijonp BAMAY 8397 cii z¢ the bi nderyresin,
anjd |show ng

i'5tTc at | ¢w and hi gh tenperaturgs Thg wax
efff ective plasticizing effect with respect to
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a nol ecul ar wei gIONER RORTDHEVELOPING EIHCIYRASTATIA | GE rTost =

5x10[err],

and provides a good © 25 fixability when a GPC peak is

pr esent in t he nol ecul ar HEATHFIIRING MBRTHODDf 3x10[err] - 5x10[err] and
t he conponent havi ng a nol ecul ar wei ght of at nost 10[err] occupies

10

15

20

25

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a toner for

developing electrostatic images used in image forming

‘'methods, such as electrophotography electrostatic

recording and magnetic recording, suitable for heat
fixation and a heat-fixing method using the toner.
Hithertoi a large numbef of electrophoto-
graphic processes have been known, inclusiée of those
disclosed in U.S. Patents Nos. 2,297,691; 3,666,363;
and 4,071,361. 'In these processes, in general, an
electrostatic latent image is formed on a
photosensitive member comprising a photoconductive

material by various means, then the latent image is

developed with a toner, and the resultant toner image

is, after being transferred onto a transfer material

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

pressing, or heating and pressing. .‘or with solvent
vapor to obtain a copy. The residual toner on the
photosensitive member without being transferred is
cleaned by varigds methods, and then the above steps
are repeated.

| In recent years, such an electrophotographic
image forming apparatus has been used not oﬁly as a

copying machine for office work but alsoc as a printer




-3 p gast S0 wt. % However, with respect to a conponent
ha_lﬂ%iécﬁﬁﬂﬂfu i ght of below 3x10[err], too large a

pl Bsticizing effect]is exhibited, thus resulting in an inferior

anii | big MAYg199ar pct eri stic, 5 se2that it is preferred that a GPC peak
of {t he bi nder esin is present in the above nol ecul ar wei ght region.

| f |t le—wax peak tenpprature is below 70[err]C, a pl asticizing effect

i siexhibited froma-iow tenperature to provide an inferior

anti-bl ocki B§ an 00tpuitiogemeanisc fard at computieabland @ feddiem foahi biti ng

a release effect at high tenperatures because the wax nelts at a
rel ati vel y P8RSO8@del&Cure. In the case of t he wax peak tenperature

bei ng below 90 [err]C, an
Accordlngly, a smaller size, a smaller

weight, a higher speed and a higher reliability are

S5 being seriously sought, and a machine tends to be
composed of simpler members. As a result, a toner is
"required to show higher performances, and an excellent
machine cannot be satisfactorily operated if improved
toner performances are not accomplished.

10 Regarding the step of fixing a toner image
onto a sheet such as paper, various methodé and
apparatus have been developed, iﬁclusive of those
based on the heat-fixing system usihg hot rollers, and
the heat-fixing method of pressing a toner image onto

15 a sheet by a heating member by the medium of a film."

In the heat-fixing system using such hot
rollers or a film, a sheet carrying a toner image fo
be fixed (herginafter called "fixation sheet") is
passed, while the surface of a hot roller or a film

20 '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 or film surface and the
toner image on the fixation sheet contact each other

25 undef a pressure, a very good heat efficiency is
attained for melt-fixing the toner image onto the

fixation sheet to afford quick fixation, so that the



v 280 ORI

i nf rﬁ@ﬁjﬁﬁﬁﬁﬁhﬁ7”5§n characteristic is liable to 15 result but, if a
resiin [Conponent haviing a nol ecul ar wei ght of 10[err] or higher is

pregert, 25hgA¢ a93bnen suppresses the plasticity of the | ow nol ecul ar
wei ght portion tfo conpensate for -Bre anti-| ocki ng

charjac st T FUrthdr, an inferior anti-offset 20 characteristic is
liabj e to result_at hilgh tenperatures but sone latitude is given with
r espect to the high-tenperature offset characteristic because

of the el ast methpdofist Nerksi gfifactdvel an weihdigh-speed conponent. On the

ot her hand, a_DSC peak can be 25 present in the tenperature above 130
Terr]C but, ehechirephotographie copyiRgx mAShingy t petsitiMethOdycessi vel y

hi gh toresult in inferior fixability and anti-offset
however, a toner image in a melted state is caused to

contact a hot roller or film surface under pressure,

5 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 or film surface and
then transferred back to the fixation sheet to stain
the fixation sheet. It has been regardéd as one of

10 the important conditions in the heat-fixing system to
prevent the toner from sticking to the hot.roller or
film surface.

In order to prevent a toner from sticking

onto a fixing roller surface, it has been

15 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

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

25 . Further, this is contrary to the demand for a
smaller and lighter apparatus and can sometimes soil

the inside of the apparatus due to wvaporization of the



-32 REPLACEWENTSHBET sttic at | ow tenperatures if no DSC peak is present
in §hg reglon of af npst 130 [err]C : On a DSC curve on '
t enpet a ? se,{ heat evol ution peaks acconpanyi ng solidification
or {5 crys §Tllza ijon, of the wax are obgerved. |If the heat evol ution
peak ks—present—elosel to a heat absorption - peak on tenperature

I ncrease, this neans fthat the wax Is uniform The tenperature

di f ferencée nmay preférably be at nost 9 [err]C, particularly at nost 7

[err]C. By <gDliconeieihg ehe.telperafare, dbéedennea thecepx bécones
sharply nelting, causes clear phase separation at high

10

15

20

25

supplying an offset-preventing liquid from inside
toner particles under heating instead of using a
device of supplying silicone o0il, there has been
proposed to incorporate a release agent, such as low-

molecular weight polyethylene or low-molecular weight

‘polypropylene. Addition of such a release agent in an

amount exhibiting a sufficient effect leads to other
practical problems, such as filming onto a
photosensitive mghber, soiling of the surface of a
carrier or a tbner—carrying member, such aé a sleeve,
and deterioration of developed images. Accordingly,
there has been adopted a combination of adding a
release agent in an amount small enough to avdid
deterioration of developed images into toner particles
and supplying a smaLl amount of a release o0il or using
a cleaning device including a web used little by
little to be wormed up for removing offset toner.
However, in view of recent demands for a
smaller, lighter and more reliable apparatus, it is
desired to remove even such an auxiliary device. This
cannot be complied with, uniess the toner
performances, such as fixability and anti-offset
characteristic, are further improved. Thus, it is
difficult to provide such an excellent toner without
further improvement of a binder resin and a release

agent in a toner.



tenperatures. effective rel ease effect, and provi des an

exc BT s9fHTS4t characteristic. Further, as the toner is
m:;ﬁﬂ¥%ﬁl" qumaﬁfscrmstate 15 in the toner particles, the triboelectric
charjgeabi l ity is not] adversely affectea5-thus provi di ng excel | ent

degv Io%#dﬂﬁﬁéﬁngrnarce. Al t hough the dispersion in the binder resin
bedcames_sonewhat difficult, because the phase separation is readily 20
caused, but the pregence of a resin conponent having a nol ecul ar wei ght
ofLat-least-10[.err] i FBpeadditinn pfl waxes gss@Halease jaganfan he
dispersibility in the binder resin. . _ The wax conponent may
preferably pF%VPHePértiglﬁsclﬁuFF@WPHCﬁﬁdﬁﬁ§QiQﬁﬁérﬁRnrﬁ%ﬁ-ebsorption peak

i - ' t least 10 [err]C,
having a hall, y2 88e"1.81d-8hel Patdat A2p15tatTon (Jp-a) 52-3304,

JP-A 52-3305, JP-A 57-52574, JP-A H3-50559, JP-A H2-

5 79860, JP-A H1-109359, JP-A 62-14166, JP-A 61-273554,
JP-A 61-94062, JP-A 61-138259, JP-A 60-252361, JP-A
60-252360, and JP-A 60-217366.

Waxes have been used to provide a toner
improved in anti-offsetachaEécteristic at low or high
10 temperature and fixability_at a low temperature.
These performances may be improved but the.addition of
waxes can lead to adverse effects, such as
deterioratién of anti-blocking property, deterioration
of developing perfofmance when expoéed to heat on an

13 occasion of an elevation in temperature within a-
copier, and deterioration in developing performance
due to bleeding of the wax during standing for a long
term.

Thus, any conventional toner_containing a wax
20 cannot fulfill all the required performances at a
satisfactory level but has involved some problem. For
example, some toner is excellent in high-temperature
offset and developing performance but leaves a room
for improvement with respgct to low-temperature

25 fixaﬁility. Some toner is excellent in low-

temperature offset and low-temperature fixability but

is somewhat inferior in anti-blocking characteristic



p rﬁEﬁ%C arkeagt 15 [err] C, whereby good | ow o

- 33— tufe fixability and anti-offset characteristic at | ow
amd jhi gh tenperat%ras. If the rising tenmperature is of a heat absorption
paalk i241MAY %6 wax property-changi n§-tenperature becormes |ow so that
51]if§ is possible {o Iomer the tenperature for plasticizing the binder
resin. Accordingly possible to inprove the fixability and
anti-of fset eratures. |If the ending .

tenperature of* rﬁﬁ%?g%giéf%LiBﬂeﬁeéﬁvéggBFﬁﬁ pefgormance at an

10
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elevated temperature within an apparatus. Some toner
is insufficient in satisfaction of anti-offset
characteristic at both low and high temperatures.

A toner containiﬁg a low-molecular weight
polypropylene (e.g., "Viscol 550P", "Viscol 660P",
etc.) is on the market but has left a room for further
improvement in anti-offset characteristic and
fixability.

Further', JP-A 56-16144 has proposed a toner
containing a binder resin which shows at 1éast one
maximum in each of the molecular weigh region of 103 -
8x104 and 105 - 2x106. The toner is excellent in
pulverizability, anti-offset characteristic,
fixability, anti-melt sticking or -filming onto a
photosensitive member and image forming
characteristic, but further improvements in anti-

offéet characteristic are still desired.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a toner having solved the above problems.

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

Another object of the invention is to provide

a toner excellent in fixability and anti-offset



10 t@npe{aguﬁegfor conpletlng wax melting becomes high so that the

an of-+set—charact efri stic at high t enperatures can be i nproved.

FuLtwer & QJ%%Z helat absorption peak provides a | arger change in wax
at | t he 24 M4 rat ur-e. Accordingly, i¥74¢he maxi num heat 15 absorption
pegak has a larger half-value wdth; the wax operates effectively for a
W gler tenperature rapge to provide a w der anti-offset region and

i m erature fixability. In case where the half-val ue
width is belSWrBF R §tic AthiRioh SRAPSEJFET@Fti -of fset 20 characteristic
I's exhibited but inferior fixability results |f the eak te erature is
high and, if the Apelh ?Eﬂﬂﬁ#%&?ﬂ%ﬁ|Eh?oﬁPV%th9¥tbﬁp ESRti - of f set

characterlstlc i's attm|¥§¥tnn inferi er at re an i -of fset
char act eri st® & q.rb%{”ngc nt in ané leoclglng charac erz.s{‘.I &

free from deterioration in developing performance even

S5 1left standing for a long period.

Another object of the invention is to provide
‘a toner excellent in resistance to a temperature
elevation in an apparatus.

A further object of the invention is to

10 provide a heat-fixing method uéing a toner as

described above. |

According to the present invention,_there is
provided a toner for developing electrostatic image,
comprising a binder resin and a hydrocarbon wax,

15 wherein the hydrocarbon wax provides a DSC curve, as
measured by a differential scanning colorimeter,
showing an onset temperature of heat absorption in the
range of 50 - 110 °C and at least one heat absorption
peak Pl in the range of 70 - 130 °C giving a peak

20' temperature Tp; on temperature increase, and showing a
maximum heat evolution peak giving a”peak teméerature
in the range of Tpy * 9 OC on temperature decrease.

| According to another aspect, the present
invention provides a toner for developing

25 elecfrostatic images, comprising a binder resin and a
hydrocarbon wax; wherein the toner provides a DSC

curve as measured by a differential scanning



25 that it bepdtEPsfoE%Eilcatitit g take a bal ance between | ow-t enper at ur e

and hi gh-t enppr gt orepert or ngncies. I n determ ning a hal f-val ue w dth,
if a peak or pepk ' _ -34-
continuously pr 2#?&?ﬁ‘@97 a hei ght atga m ni num bet ween peaks is at
| east 1/4 of {h

the | argest) peak height as a neasure),
a part of the curve constltu;lng t he conti nuous peaks can assune a 5
hei ght bel ow rium peak height (as shown in Figure 15) but
t he obj ect cfakawrinetamntshowing i@rrising stemperatdeetofchgatcconpl i shed

when t he peak(s) o
absorption of at least 80 “C, an onset temperature of

heat absorption of at most 105 °C and a heat
absorption peak temperature in the range of 100 - 120

s ©c¢, respectively on temperature increase, and showing
a heat evolution peak giving a heat evolution peak
temperature in the range of 62 - 75 °C and a heat
evolution peak intensity ratio of at least Sx10'3 on
temperature decrease. |

10 Accordiﬁg to still another aspect, the
present invention provides a heat-fixing méthod,
comprising an image of a toner as described above
carried by a toner-carrying member onto the toner-
carrying member by a contact-heatiné means.

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

20 accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1, 3, 5 and 18 respectively show DSC
curves on temperature increase of wax A3 according to

25 the invention (Figure 1), wax F3 according to a
comparative example (Figure 3), toner 11 according to

the invention (Figure 5) and wax A2 according to the



conti nues
[err]C, at
provi de a
Anot her pr
i nvention
on a GPC

nmol ecul ar WET ght region of 3x10[err] - 5x10[err] and at |east.

(P2) in a noliaeehtionei(digureoilgn .of at | east
| east 50 % of a conponent having

3. a- v rige ot at; | east 10 [err] C, preferably at least 15
“ei ght of at il gast 1/2.of the 10 maxi num peak height to
I eubpreg slyaghz val e (as shown in Figures 16 and 17).
eferred enbod? nt} of the tongrL according to the present
s=efraractertz y showi ng a nol ecul ar wei ght-di stribution
15 chromat ogram priovi di ng. at | east one peak (Pl) in a

one peak

10[ err] and including at
a nol ecul ar wei ght of at nost 10[err];

and providing a DSC 2 gutes 2,ndl,ud agpda Ut ate Almatriptd Ion gieak DEOW ng an

onset tenperature of at nost 105 [err] C and a peak

range of 100curi2s omr rdefperatureh@@icrease of wax A3 according to

10

15

the invention (Figure 2), wax F3 according to a
comparative example (Figure 4), toner 11 according to
the invention (Figure 6), and wax A2 according to the
invention (Figure 19).

Figures 7 - 10 and 15 - 17 each show a heat

absorption peak portion of a DSC curve on temperature

&

increase.

Figures 11 - 14 each show a heat evolution
peak portion of a DSC curve on temperature decrease
for illustration of a heat evolution peak intensity
ratio.

Figure 20 shdwé a GPC chromatogram showing a

molecular weight distribution for illustration of HI,

H2 and H3.

20

25

Figure 21 is an illustrative view of an
embodiment of the fixing apparatus for practicing the

heat-fixing method according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

By analyzing data obtained by subjecting a
toner to differential scanning calorimetry by using a
DSC tdifferential scanning calorimeter), it .is
possible to know a thermal behavior of a toner. More

specifically, from such data, it is possible to know

tenperature in the
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evol ttﬂwmpedk“shOMAng?a peak tenperature in the range of 62 - 75 :
[errJCjand a heat evolutlon peak intensity 25 ratio of at |east 5x10[err]
on t npeqp@m,qrggqrease It is further preferred that the
t one shoms a nDIEcuIar wei ght distglbution by GPC providing at
- 35- Feast—one peak (P1) in a nol ecul ar wei ght region of 3x10[ err]
- 5x{0[err] and at Ieast one peak (P2) in a nol ecul ar wei ght regi on of
at least 10[err] SUCh that a maxi nrum peak height (HL) in the | ower
nmol ecul ar V\Ehe‘ﬁﬁ tfansipontd cﬂn&xﬂfk@mra]tenéxl@:[zércl]x&ngas maxi shatgeak
hei ght (H3

J (F8) of the toner. For example, it is possible to know

whether or not offset phenomenon can be obviated and
what are thermal influences during storage and actual
S use, inclusive of the anti-blocking characteristic and
the effect of heating on the developing performance of
the toner.
From a DSC curve on temperature increase, it
is possible to observe a state change of a toner under
10 heat application*and heat absorption peaks
accompanying the transfer, melting or dissolution of
the wax component.
The toner according to the present invention
is characterized by having an onset temperature (OP)
15 of at most 105 °C, preferably in the range of 90 -~ 102
°C, whereby the toner is provided with excellent low-
temperature fixability. On the other hand, if the
onset temperature exceeds 105 ©C, the toner is caused
to have a higher temperature for plasticity change in
. 20 a short time_range, thus being inferior in anti-offset
characteristic at low temperatures and fixability.
Further, the toner is characterized by having
a heat absorption peak temperature in the range of 100
' -.120 °C, preferably 102 - 115 °C, whereby good
25 fixability and anti-offset characteristic at high
temperatures is ensured. If the heat absorption peak

temperature is below 100 °C, the wax component



i ﬁEéUthﬁéﬁ %%ﬁﬁémlar wei ght region (of at |east -10[err]), and a
ninihunlnelgﬁt (Hz) bet ween the peaks - satisfy the relations of:

HY: H2 \a?@ 11.45-12 and H1 > H3. 10 It is further
preferredqé t he hei ghts Hi, H2 and- H3 satisfy the relation of

HYf: H2sHa—=—5=-20-1+2- 10, nore preferably Hl: H2: H3 = 8-18:1:2-6, so as

t provi de good |fixability and anti-offset characteristic. 15

| N~Tase where HL Is below 3, H3 is above 12 or H1 [err] H3, good
fixability iddssmlvas dimdthe |bimtese resimbimeord the abexnpeldtwreH3 i s bel ow
1.5, good anti - bl ocki ng characteristic and anti-offset characteristic
are not sat ibgidames Juglni B i) it Jgecomes difftheubtntierobtaim sati sfying

t he above- nmenti oned nol ecul ar wei ght distribution may for
sufficient anti-offset characteristic of high

temperatures. On the other hand, if the heat
5 absorption peak temperature_exceeds 120 ©c, it is
difficult to obtain sufficient fixability.

A toner binder resin used for heat-fixing
enters a viscoelastic region susceptible of fixation
from about 100 ©°C and, if the wax component is melted

10 4in the temperaturé region, the resin is provided with
an increased plasticity and an improved fiiability,
and the release effect is sufficiently exhibited to
provide an improved anti-offset characteristic. Aas a
result, papér carrying the toner image after fixation

15 doés not adhere to the fixing roller or £ilm, thus
-unnecessitating reliance on a separation claw to be
free from traces of thé claw. Alsc the pressing
roller is not stained and winding about the preésing
roller is obviated. Provided that the above

20 conditions are satisfied, ancther peak can be present
in another region.

It is further preferred that the toner has an -
heat absorption peak showing a rising (initiation)
temperature (LP) of at least 80 °C, further preferably

25 at least 90 Oc, so as to provide a better anti-
blocking characteristic. Below 80 °C, the toner is

liable to start causing a plasticity change in a long



ex fmpl e Ne", DT SNAre n the foll ow ng manner. A polymer (L)
ha i@%ﬁéewﬁ~%’g%égg;n t he . nol ecul ar wei ght region of 3xl10[err] -

5xi0Jerr] and a polyper 25 (H) having a main peak in the nol ecul ar wei ght

regi pn24 MA@ err] or containing a gqlp.conponent, are prepared by
sofkution polynerizatjon, bul k polynerization, - 36-

sugpersTonmpofymeri zati on, emul sion pol yneri zati on, bl ock
copol yrmerization, grhft polymerization, etc. These polyners (L) and (H)
are subjectetime mahge from a relatively low temperature, thus

showing inferior storability and inferior developing
performance at higher temperatures.
From DSC curves on temperature decrease, it
5 is possible to observe the state at normal temperature
and state changes under cooling of a toner, and heat
evolution peaks accompanying tﬁe solidification or
crystallization and other phase transition of the wax
component. The toner according to the invention is
10 characterized by‘having a heat evolution peak
temperature in the range of 62 - 75 °C, preferably 65
- 72 °c, whereby good fixébility and anti-blocking
chéracteristic are ensured. Above 75 °C, the
temperature range for.keeping the wax in a molten
15 state becomes narrow to show inferior fixability.
Below 62 °C, the toner is liable to éause blocking or
sticking, and the plasticity of the binder resin is
retained down to a low temperature. As a result, the
fixed image can be accompanied with traces of claw at
20. the paper ﬁischarging part and sheets carrying toner
images can be attached to each other on the discharge
tray.
The toner is further characterized by having
a peak intensity ratio of at least 5x10'3, preferably
25 at léast 10x10"3, further preferably at least 12x10_3,

particularly preferably at least 15x10'3. A higher

peak intensity ratio is related with a wax component
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kneadi ng, |Wagketbi: ’”abt=dr all of the gel component 5 is served to
provi de a Fﬁﬁsﬁfuﬁlﬁ“ébnaound in the nol ecul ar wei ght regi on of at

| east 10] - GPC. Particularly preferred
nmet hods na beﬁegﬁg&agPolﬁows. The polypgrs (L) and (H) are separately 10

prepared b Egiulpon*pe%yﬁerlzation and’one I s added to the solution of
the other after the polynerigation. One of the polymers is prepared by
pol ymer i zat-er=t1+==""Th€ pressure of the other. The polyner (H is
prepared by nSNSRRNY Qﬁdﬁéﬂraﬂﬂszﬁy org ﬁ&hé@%ﬁ_ﬁét’ﬂ?hni@y(é} 4s formed by
sol ution polymerization in the presence of the polyner (H). After the
pol yneri zat ilGigher Hrddesolatiera (tdndh ti?@&iﬁ%ODeﬁgwlfBékiﬂél on and,

into the solution, the polyner (H) is added polymer (H) is f or med
by suspeHSI@maxdqﬂﬁrﬂﬁfmc(HndrExcelIent triboelectric

-

chargeability. Below 5x10'3, the toner is caused to
5 have inferior anti-blocking characteristic and is
adversely affected in deveioping performance,
'particularly at an elevated temperature. This is
particularly pronounced when the pegk“temperature is
lowered. Further, the toner is liable to cause
10 sticking onto thegphotosensitiéé member.

The DSC measurement for characterizing the
present invention is used to evaluate heat transfer to
and from a toner and observe the behavior, and
therefore should be performed by using an interhal

15. heating input compensation-type differential scanning
calorimeter which shows a high accuracy based on the
measurement principle. A commercially évailable
example thereof is "DSC-7" (trade name) mfd. by

_Perkin—Elmer Corp. In this case, it is appropriate to

20 use a sample weight of abou; 10 - 15 mg for a toner
sample or about 2 ~- 5 mg for a wax sample.

The measurement may be performed according to
ASTM D3418—82.. Before a DSC curve is taken, a sample
(toner or wax) is once heated for removing its thermal

25 history and then subjected to cooling (temperature
decrease) and heating (temperature increase)

respectively at a rate df 10 °C/min. in a temperature
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_ Iy ) |l ymer (L). By these nethods, it S possible'to
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SLILE Xtur

e including the | ow- nol ecul ar wei ght conponent

hi gh nol ecul gr wei ght conponent uniformy mxed with each
24 MAY 997 Iin it he bul k polyrreri4zation, it is possible to 25

obt aijn | ow nol ecul gr jwei ght polyner'ﬁ&'berforning t he pol ynerization
at afig q0 as to accelerate the term nation reaction, but
thergis. a - 37- difficulty that

the reaction gopt (¥ d didd 1598 ©°c '#br taking DSC curves. The
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temperatures or parameters characterizing the
invention are defined as*follows.

1) Regarding a heat absorption peak of a toner
(absorbed heat is taken in the positive (or upward)
direction): .

The rising temperature (LP) is defined as a
temperature at which the peak curve clearly separates
from the base line, i.e., a temperature at which the
differential of'é peak curve begins to increase from a
steady positive value or a temperature at thch the
differential of a peak curve turns from a negative to
a positive. Specific examples are shown in Figures 5

and 7 - 10.

The onset temgeraturé {(OP) is a temperature

at which a tangential line take at a point giving the
largest differential on a peak curve intersects the
base line. Specific examples thereof are also shown
in Figures 5 and 7 - 10.

The peak temperature (PP) is a temperature at
which a maximum peak in the region of 120 9C or below
assumes a peak top.

2) Regarding a heat evolution peak of a toner
(evolved heat is taken in the negative (or downward)
direétion):

The peak temperature is a temperature at

which a maximum peak assumes a peak top.
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t hefs tﬂpﬁogbﬂoﬁyﬁéFl ation, it is possible to obtain a | ow nol ecul ar
wei h_mpﬂ]ynﬁf’ﬁr~cpp | ymer under noderate conditions by utilizing a

r adijcal ngfer function depending on a solvent used or by

sel qcti émaﬁ =ri zation initiator gfsthe reaction t enper at ur e.
Accqrdingly, the soliufion polynerization Is preferred for preparation
of ‘oW nol ecul ar weifght pol ymer or copolyner used in the binder resin
of t ention. The solvent used in the solution

polynerlzatlon may forThsappak intendetyyrango is dedlinedebycunene,

cel |l osol ve acetate, isopropyl al cohol, and benzene.

It

use xyl ene, AEW&DLuenerothmsnpuepbae,atwbytangenmdaﬁeﬂimbstame. The
pol ymer produced

sol vent may be appropriately sel ected dependi ng on the
by the pol ynetakenidh. points giving maximum and minimum

differentials on the above peak to provide two

5 intersections with the base line. The temperature

difference between the two intersections is denoted by

AT. On the other hand, AH denotes a height of the

peak top from the base line per unit weight of the

sample in terms of mW/mg and is obtained by dividing a

10 measured peak height on a DSC curve by a sample

weight. Specific examples thereof are shown in

Figures 6 and 11 - 14. Accordingly, a higher peak

intensity ratio corresponds to a sharper peak if an

almost identical weight of sample is used.

15. Wax parameters may be defined similarly and

some definitions are supplemented as follows.

3) Regarding a heat absorption peak of wax (absorbed

heat is taken in the positive direction):

Specific examples are shown in Figures 1, 3

20 and 5.

Peak temperature of heat absorption peak (PP)

refers to a temperature at which any peak assumes a

peak top in the temperature region of 70 - 130 °C on

temperature increase.

25 Half-value width erz of a2 maximum heat

absorption peak refers to 'a temperature difference

over which a heat absorption peak spans at a half

Is preferred to
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The rpapt+on t‘*en’per”atur}c may depend on the solvent and initiator used
and thejp W%? opol yner to be produced but nmay suitably be in the
ranget o g%f ég@?e

In the solution polynerization, it is
pr ef ef r ed.-t-0.-use~30 4 0 wt. parts of ~&6mononer (m xture) per 100 wt. .
partstof the solvent. If is al so preferred to m x one or nore other

pol y mes=s>=rm—" ution after conpletion of the pol ynerization.

n order to produgecd i QLLTRLECHEL: YRl horson RUN™T APRAGHL" @ 0°
giving W1/2 is continuously present above the base
line, the peak need not have a height exceeding the
half height all over the half-value width wl/z.

5 Specific examples for taking wl/z are shown in Figures
15 - 17.

Onset temperature (OP) refers to a
temperature at which a tangential line taken at a
point first giving a maximum differential on a peak

10 curve intersects *the base ;ine. This is somewhat
different from the definition of the onset-temperature
of a toner.

4) Regarding a heat evolution peak (evolved heat is
taken in the negative direction): |

15 Specific examples are shown in Figures 2, 4
and 6.

Peak temperature refers to a temperature at
which a maximum peak on temperature decrease assumes a
peak top.

20 The hydrodérbon wax used in the present
invention may comprise, e.g.: a low-molecular weight
alkylene polymer obtained through polymerization of an
alkylene by radical polfmerizatioh under a high
pressure or in the presence of a Ziegler catalyst

25 undef a low pressure; an alkylene polymer obtained by
thermal decomposition of an alkylene polymer of a high

molecular weight; and a hydrocarbon wax obtained by
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pol ymeri zation omhéusﬁeﬂéioﬁ“ BI merization may preferably be adopt ed.
O these, in thef€milsion pol ypelization nmet hod, a nononer al nost
i nsoluble in t rg@ MAY 97pef sed as minute particles in an aqueous phase
W th t he ai f "an enul'sifikrfand isjpal ynerized by using a
wat er - sol ubl e po zatTOTTThijiator. According to this nethod, the
control of thejlreaction tenperathre Is easy, and the term nation
reaction velocity 15 10 snall because the polynerization phase (an oil
phase of stibgevitiyly &0RAFEGR0FADIcontAIndInY RarbdidinurRixide therein)
constitute a separate phase fromthe aqueous phase. As a result, the
pol yneri zat i andvaydeogen to hteomryd proerensd tid i e Hgﬂmaqpmbdngh 15
pol ymeri zati on degree can be prepared easily.

mixture, distilling the hydrocarbon mixture to recover

a residue and extracting a specific fraction from the

5 residue. Fractionation of wax may be performed by the
press sweating method, the solvent method, vacuum
~distillation or fractionating crystallization.
According to appropriate combination of these
fractionation methods for removal of a low-molecular

10 weight fraction,'Etc. a desired faction of wax is
recovered. -

As the source of the hydrocarbon wax, it is
preferred to use hydrocarbons having up to several
hundred carbon .atoms (followed by hydrogenation to

15 c¢btain an objective product) as obtained through
synthesis from a mixture of carbon monoxide and
hydrogen in the presence of a metal'oxide catalyst
(generally a.composite of two or more species), e.g.,
by the Synthol process, the Hydrocol process (using a

20' fluidized catalyst bed), and the Arge process (using a
fixed catalyst bed) prowviding a product rich in waxy
hydrocarbon, and hydrocarbons obtained by polymerizing
an alkylene, such as ethylene, in the presence of a
Ziegler catalyst, as they are rich in saturated long-

25 chaiﬁ linear hydrocarbons and accompanied with few and
small branches. It is further preferred to use

hydrocarbon waxes synthesized without polymerization
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FurthaePLﬁﬂmﬁEMGISWEﬁﬂ— ation process is relatively sinple, the

pol ymgrtzatton—prodyct is obtained in fine particles, and additives
S s , fajcharge control agent and others can be bl ended
4150 Whe

-such
easijl y

Q)

roducti on. TherefdBe, this nethod can be

advgntiageously usedlif ¢r producti on of a toner binder resin.

I n tfhe emul si on pol yngri zati on, however, the emul sifier added is liable

to Be—trneorporated—as‘an 25 inpurity in the polyner produced, and it is

necessary

becausef o€t theposstrugiurenendusplecudaint Wwelgditpi t ati on

order to recover the product polyner. The

5

10

15

20

25

distribution suitable for easy fractionation. As for
a desired molecular weight distribution, the
hydrocarbon wax may preferably have a number-average
molecular weight (Mn) of 550 - 1200, particularly 600
- 1000; a weight-average molecular weight (Mw) of 800 -
-- 3600, particularly 900 - 3000; and an Mw/Mn ratio of
at most 3, further preferably at most 2.5,
particularly preferably at most 2.0. It is also
preferred that the wax shows a peak in a molecular
weight region of 700 - 2400, further 750 -.2000,
particularly 800 -~ 1600. By satisfying such molecular
weight distribution, the resultant toner is prowvided
with preferable thermal characteristics. 1If the
molecular weights are smallef than the above-described
ranges, the toner is excessively affected thermally
and is liable to be inferior in anti-blocking
characteristic and developing performance. In excess
of the above molecular weight ranges, an externally
supplied heat is not utilized effectively so that it
becomes difficult to attain exceilent fixability and
anti-offset characteristic.

As for other properties, the hydrocarbon wax
may have a dénsity ét 25 °c of at least 0.93 g/cm3,
preférably at least 0.95 g/cm3, and a penetration of
at most 5x10”! mm, preferably at most 3x10~1 mm, more

preferably at most 1.5::10"l mm, particularly



- 39- su'pggawﬁﬁﬂgﬁTj%%PTzation is nore convenient in this :
respect. - “On~tTHe" 0t her hand, in the suspension pol yneri zation .
method, it isip SSi?'?gf%%ﬁbt ih a 5 product resin conposition in a

~contai ni ng algredi um or high-nol ecul ar wei ght

conponent uni florjm y. mi.xed- 4 | ow nol ecul ar weight = conponent and a
crosslinked c onent by polynerlzing a vinyl nononmer (m xture)
containing a |pw mleeutar—"1T0 we .pplyner together with a crosslinking

agent in a PrefgrRiky it s1este 1. OXIO mm. THautsk@enshese pbrpaes: zati on

may preferably be perforned by using at nost 100 w. garts preferably
the properties are changed excessively at 1

temperatures to provide inferior storability and
developing performance. The wax may desirably have a

5 crystallinity of at least 80 %, preferably at least 85
%, in view of its uniformity, so that it does not
adversely affect the triboelecfric chargeability and
is dispersed in a state of easy phase separation
suited for exhibiting a release effect to provide

10 excellent anti-offset characteristic.

Further, the wax may have a melt Qiscosity at
140 °C of at most 100 cp, preferablf at most 50 cp,
particularly preferably at most 20 cp. If the melt
viscosity exceeds 100 cp, the plasticizing effect and

15 release effect are inferior to adversely affect the
fixability and anti-offset characteristic. The wax
may preferably have a softening point of at most 130
Oc, particularly at most 120 ©C. 1In excess of 130 °c,
the temperature for exhibiting a particulafly

20. effective release effect becomes high and thé anti-
offset characteristic is.aaversely affected.

Further, the wax may have an acid value of
below 2.0 mgKOH/g, preferably below 1.0 mgKOH/g. In
excess of the range, the wax is céused to have a large

25 inteffacial adhesion with the binder resin as another
component of the toner toc be liable to cause

insufficient phase separation under melting, thus



REFLACLIAENT SHeeT : '
~—Pari-8—~ O a nmononer (m xture) per 100 15 wt. parts of water or
an {aqueg medi um | The di spersing agent may include polyvinyl alcohol,

[ i#ﬁﬁﬁbgﬁﬂfiad form of pol yvinyl alcohol, and cal ci um phosphat e,
preferably{bg used in an apponat of 0.05 - 1 wt. part per 100
parts of the 20] aqueous medi um while the amount is affected by the
 relative to the aqueous nedi um The
pol ymeri zation tenperature may suitably be in the ~range of 50 - 95 C
and sel ect ed;eiepentiaglenteohfail iposhowingagood relemseoefiieet and the
objective 25 polyner. The polynerization initiator should be I nsol ubl e
or hardly sdwﬁgl%n?h'Q§f§$F gharagyepésbitedat high &empewetures,0.5 - 10

wt. parts per 100 wt._parts ] )
and also liable to adversely affect the triboelectric

chargeability, developing performance and durability
5 of the resultant toner.
The hydrocarbon wax may be contained in an
‘amount of at most 20 wt. parts, more effectively 0.5 -
10 wt. parts, per 100 wt. parts of the binder resin.
The molecular weight distribution of
10 hydrocarbon wax may be obtained based on measurement
by GPC (gel permeation chromatography). e.é., under
the following conditions:
Apparatus: "GPC-150C" (available from Waters Cd.)

Column: "GMH-HT" 30 cm-binary (available from
15 Tosoc K.K.)

Temperature: 135 °C
Solvent: o-dichlorobenzene containing 0.1 % of
ionol.
Flow rate: 1.0 ml/min.
20. Sample: 0.4 ml of a 0.15 %-sample.

Baéed on the above GPC measurement, the
molecular weight distribution of a sample is obtained
once based on a calibration curve prepared by
monodisperse polystyrene standard samplés, and re-

25 calcﬁlated into a distribution cofresponding to that
of polyethylene using a conversion formula based on

the Mark-Honwink viscosity formula.
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- 404 REP”“@P“?K&“VFﬁyI mononer (mi xture). Exanpl es of the
I ni i ator may i ncl uge t - but yl per oxy- 2- et hyl hexanoate, cunyl .
per pi yal 24 MAY 1997- but yl peroxyl aurate, benzoyl peroxide, lauroyl 5
per ¢xijde, octanoyl pefoxide, di-t-butyl-3kfoxide, t - butyl cunmul peroxi de,
di cynuTperoxide, 2, 2] - -azobi si sobutylonitrile,
2, 2'\-azobi s(2-net hyl but yr o- nitrile,

2,2 -azobi s(2, 4-di net hyl val eronitrile), 2,2 -

azobi s(4- met hoxy- 2, 4- diretdgnsiterand t39fegning jpoigy referred to
bi s(t-butyl peroxy)-3,3,5-trinethyl cycl ohexane, 1, 1-

bi s(t - but yl pSrBEARRFBHRASHR O1 BMedsurement according to JIS K6760

and JIS K2207, respectively.
The penetrations of waxes referred to herein

5 are based on measurement according JIS K-2207 whereby
a styrus having a conical tip with a diameter of about
"1l mm and én apex angle of 9 degrees is caused to
penetrate into a sample for 5 sec. under a prescribed
weight of 100 g at a sample temperature of 25 °C. The

10 measured value is expressed in the unit of 0.1 mm.

The melt viscosity is based on meésurement
by using a Brookfield-type viscometer by using 10 ml
of a sample at a temperature of 140 °C and a shear
rate of 1.32 rpm.

15 The acid value refers to an amount (mg) of
potassium hydroxide required for neutralizing the acid
group contained in 1 g of a sample and is based on
measurement according to JIS k5902.

The crystallinity is based on measurement by

20- X-ray diffraction. A crystal provides a very shérp
peak and an amorphous material provides a very broad
peak, respectively, in the X-ray diffraction pattern.
In case of a sample comprising a crystalline part and
an amorphous part, the crystallinity refers to the

25 propértion of the crystalline part of the sample. The
total scattering intensity of X rays (intensity of

interferential scattering except for the Compton



but yhgremorycar beayt ) cycl ohexane, 2, 2-bis(t-butyl - per oxy) oct ane,

n- pupyt~-4-4--bi-s(t-but yl per oxy) val er at e, 2, 2-bi s(t-butyl peroxy) but ane,
1, B3-pig(t-butyl erbx&- 15 i sopropyl ) benzene,

2, - i F‘#ﬁ‘r’-éﬁ- i (jt - butyl peroxy)- ~ —zhexane,

2, 5-di_met hyl - 2-, 5-|/di|( benzoyl per oxy) hexane, di -

t -put yl di per oxyi sopHht hal ate, 2, 2-bis(4, 4-di-t-butyl-

peroxyeyetohexyl ). pane, di-t-butyl peroxy-a- met hyl succi nat e,

di -t - but yl peaatys migidy | ig lAbwagse, coftant regardless of the

di -t - butyl per oxyhexahydr ot er epht hal ate, di-t- but yl per oxyazel at e,

2, 5-di net hylwe2lghiirgtio betwrey| pre oxyysiexbhine dandhgmenphgisgcol - bi s(t -
but yl per oxycar bonate), di-t-butyl peroxytrinethyl - azi pat e,

tris(t-butylRAFtSy) theeerdingkynd Vheyerystaliinkty-sul¥) pésoxy)si | ane.
These T o N Gl T¥ed by the Fo1Toutng Squationr™ "at!on

5 x (%) = [Ic/(Ic+lIa)] x 100,
wherein Ic denotes a scattering intensity peak area
‘attributable to the crystalline.part of a sample and
Ia denotes a scattering intensity peak area
_attributable to the amorphous part of the sample.

10 _ A'prefer}ed embodiment of the toner according
to the present invention is characterized ﬁy
comprising a binder resin, and a hydrocarbon wax which
provides a DSC curve as measured by a differential
scanning calorimeter, includiné at least one heat

15 absorption peak Pl giving a peak temperature TPl in
the range of 70 - 130 ©C, preferably 90 - 120 °C, on
temperature increase and a maximum heat evolution peak
giving a peak temperature in the range of TPl + 9 S¢c
on temperatufe decrease.

29 From a DSC curve of a wax on temperature
increase, it is possible to observe a state change of
the wax under heat application and heat absorption
peaks accompanying the melting or another phase
transition of the wax.

25 i If a heat absorption peak is present in the
temperature region of 70 - 130 °C, preferably 90 - 120

Oc, further preferably 95 - 120 °C, particularly
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-41- wei gh ISt T Bbut 1 on] by GPC (gel perneation chr omat ogr aphy) of
the toner mayfb ﬁl‘bﬁﬁé‘) y sk ng THF (tetrahydrofuran) in the
fol | owi ng manhe .%ﬁﬁ 7 GPC saddte is prepared as follows. 5

A resinous sa ' +n [THF and | eft standing for several hours
(e.g., 5 - 6 hours). -Then,Jthe m xture is sufficiently shaked until a
| unp of tff ?isappears and then further |eft

standi ng forPTRASKENLR 9% hoths J&. (9008 Eheapiiisy and anti-

offset characteristic are satisfied with respect to

In the presen Rﬁﬁéﬁﬁﬁﬂﬂjsﬁﬁ?

the resultant toner. 1If.there is a peak temperature
only in the region of below 70 °C, the wax has tco low

5 a melting temperature, thus failing to provide a
sufficient anti-offset characteristic at high
-temperatures. If there is a péak temperature only in
the region of above 130 ©C, the wax has too high a
melting temperature, thus failing to provide

10 sufficient anti-offset characteristic and fixability
at low temperatures. In other words, if tﬁere is a
peak temperature in the above-mentioned range, -it
becomes easy to satisfy a balance of anti-offset
characteristic and fixability. In case where a

15 maximum.peak is present in the.temperature region of
below 70 °C, a similar behavior is attained as in the
case where there is a peak temperature in the
temperature region. Accordingly, a peak can be
present in the temperature region but, in that case,

20 the peak shcuid be smaller than a peak in the
temperature region of 70 - 130 Sc.

Further, the wax may preferably have an onset

temperature of a heat ahsorpfion peak in the range of
50 - 110 °C( further preferably 50 - 90 °c,

25 Pa;ticularly preferably 60 ~ 90 °C,_whereby
‘satisfactory developing performance, anti-blocking

characteristic and low-temperature fixability are



REPLACERICNT SHEET . - Ly
10 |r gem-t-erperatus-g. |In this instance, a total tine of fromthe m xing
of JthHe sanmple with|THF to the conpletion of the standing in THF is

t aken féﬁWQﬁYﬁ@%kt 24 hours (e.g., 24 - 30 hours). Thereafter, the
myture is _caused §ojpass through a sanphg_treating 15 filter having a
porje size of 0.45 - 0.5 pm(e.qg., "Mai shoridi sk H 25-5", available from
Todeo—k—K——ahd tEki kurodi sk 25CR', avail able from Gernman Sci ence Japan
K.K) to recover the filtrate as a GPC sanple. The sanpl e concentration
i s adj usted tenguradde Bfrekenpedk onseentempepaturehis bBeowasge of 0.5 -
5 nmg/m. In the GPC apparatus, a -colum is stabilized in a
heat chanber €. 4thé ewak propertpydhahging @mBeratureoligenboi sowaused to

fl ow through the columm at that tenperature at a rate of 1 m/mn., and
about 100 ul thus 2fesulPingaiml @ tohetriwhich isj énfediofhéni dabi+fication

blocking characteristic and developing performance at
S an elevated temperature. If the onset temperature is
above 110 °C, the wax property—chaﬁging temperature is
too high, thus failing to provide a sufficient
fixability.
| From a DSC curve of a wax on temperature
10 decrease, it is possible to observe a state change
under coeling or a state at normal temperafure of the
wax, and heat evolution peaks accompanying the
solidification, crystallization or transition of the
wax. A maximum heat evolution peak in the course of
15 temperature decrease is a'heat'evolution peak
accompanying- the. solidification or crystallization 6f
the wax. If the heat evolution peak is present close
to a heat absorption peak accompanying the melting of
the wax on temperature increase, this means that the
26 'wax is réther uniform in respect of its structure and
molecular weight distribution. The temperature
difference may desirably be at most ¢ Sc, preferably
at most 7 °c, particularly preferably at most 5 °C.
By minimizin§ the temperature difference, tﬁe wax is
25 provided with sharp-melting charécteristics; inclusive
of hardness at low temperatures, quick meltability and

a large decrease in melt viscosity on melting, thus



of saﬁ%ﬁ%ﬁpr§ru' ﬁ'3HME|ght and its nol ecul ar wei ght ‘distribution is

per florjmed baséd on a dalibration curve

-42- 24 By abged by using several nonodi sperse pol ystyrene sanpl es
and lhavi ng a ogarlthn1c scal e of nol ecyar wei ght versus count nunber.
The [st*ancdard- rene sanpl es for preparation of a calibration curve
may fbe 5 those having nol ecul ar weights in the range of about 10[ err]
to 10[err|] available from é.g., Toso K K' or Showa Denko K. K. It is

appropri ate igroEidly leadod balandy i qeleBdyiRGepeafdtRsncde
detector may be an
anti-blocking characteristic, fixability and anti-
offset characteristic. It is preferred that the
maximum heat evolution peak is present in the
5 temperature region of 85 - 115 Oc, particularly 90 -~
110 °c.

The hydrocarbon wax may be used in an amount
of at most 20 wt. parts, more effectively 0.5 - 10 wt.
parts, per 100 wt. parts of the binder resin, and can

10 be used together'with another wax component unless it
adversely affects the present invention. .

The binder resin for the toner of the
present invention may for example be composed of:
homopolymers of styrene and derivatives thereof, such

15§ as polystyrene, poly-p-chlorostyrene and

- polyvinyltoluene; styrene copolymers such as étyrene-é—
chlorostyrene copolYmer, styrene-vinyltoluene
cqpolymer, styrene~-vinylnaphthalene copolymer, styrene-
acrylate copolymer, styrene-méthacrylate copolymer,

20 styrene-methyl-~a-chloromethacrylate copolymer, styrene-
acrylonitrile copolymer, styrene-vinyl methyl ether
copolymer, styrene-vinyl ethyl ether copolymer,
styrene-vinyl methyl ketone copolymer, styrene-
butadieﬁe copolymer, styrené—isopfene copolymer and

25 styréne-acrylonitrile-indene copolymer; polyvinyl
chloride, phenolié resin, natural resin-modified

phenolic resin, natural resin-modified maleic acid
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R (refractive inﬁgxaﬁ;éréérﬁﬁiJFbr accurate 10 measurement, it is
appropriate to ¢onstitute the col um as a conbi nation of several
commercial ly avai llal? 4 MAY 19971 y$t yrene gel columms. A preferred exanple

t her eof may {be a conbi nati oh 6f Shodex KF-801, 802, 803, 804, 805,
806, 807 and. 8QOPor a comnbrnat{on of-2fSK gel 15 GLOO0OH (H err]), G2000H
(Herr]), G3000 (Herr]), Gb000H (H err]), G6000H

(H err]), GrO00H (Herr]) and TSK guardcol um avail able from Toso K K

The toner according to the present inventiaqn can further contain a
negative or PESEPIvECEHALGe TeS3 NeoMEtRaCHFdHC resin, POlyvinglhi i es of the

negat v chalge, sonlr o S, resd T Aol LGRS JEIL SOUBlEXe anc

polyamide resin, furan resin, epoxy resin, xylene
resin, polyvinyl butyral, terpéne resin, chmarone-

5 indene resin and petroleum resin.

Preferred classes of the binder resin may
"include styrene copolymers and polyester resins.
Exampies of the comonomer constituting such a

styrene copolymef together with styrene monomer may

10 include other vinyl monomers inclusive of:
monocarboxylic acids having a double bond énd
derivative thereof, such as acrylic acid, methyl
acrylate, ethyl acrylate, butyl acrylate, dodecyl
acrylate, octyl acrylate, 2-ethylhexyl acrylate, phenyl

15 acrylate, methacrylic acid, methyl me;haéiylate, ethyl
methacrylate, butyl méthacrylate, octyl methacrylate,
acrylonitrile, methacrylonitrile, and acrylamide;
dicarboxylic acids having a double bond and derivatives
thereof, such as maleic acid, butyl maleate, methyl

20 maleate and dimethyl maleéte; vinyl esters, such as
vinyl chloride, vinyl acetate, and vinyl benzoaﬁe;
ethylenic olefins, such as ethylene, propylene and
butylene; vinyl ketones, such as vinyl methyl keténe
and vinyl hexyl ketone; and vinyl ethers, such as vinyl

25 meth}l ether, vinyl ethyl ether, and wvinyl isobutyl
ether. These vinyl monomers may be used alone or in

mixture of two or more species in combination with the
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acet yj aget-orre-nmet-al--conpl exes, and organonetal 25 conpl exes of aromatic

hydr okycat,b i cilds| and aromati ¢ di carboxylic acids. O her exanples
i ﬁéf%%a onfatli ¢ hydr ox
L. 0000,

ycar boxylic acids, aromatic
‘ : olfy- carboxylic acids, and their netal sal ts,
anhyd}li des and esters, |and phenol deri~?di ves, such as bi sphenols. Anong
the a " I conpl exes are preferred. 5 Exanpl es
of the positive charge control agents may i nclude: nigrosine and

nodi fi ed proncts t her eof
styrene monomer.

It is possible that the binder resin
inclusive of styrene polymers or copolymers has been
crosslinked or can assume a mixture of crosslinked and

5 un-crosslinked polymers.

The crosslinking agent may principally be a
compound having two or more double bonds susceptible of
pqumgrization, examples of which may include: aromatic
.divinyl compounds, such as divinylbenzene, and

10 divinylnaphthalégé: carboxylic acid esters having.two
double bonds, such as ethylene glycol diac?ylate,
ethylene glycol dimethacrylate and 1, 3-butanediol
dimethacrylate; divinyl.compounds, such as
divinylaniline, divinyl ether, divinyl sulfide and

18 divinylsulfone; and compounds having three or more
vinyl groups. These maf be used singly or in mixture.

Another preferred embodiment of the toner
according to the present invention is characterized by

. showing a molecular weight distribution on a GPC

20 chromatogram providing at least one peak in a
molecular weight region of 3x103 - 5x10% anad at least
one peak in a molecular weight region of at least 10s
and including at least 50 % of a component having a
molecular weight of at most 105; and containing a

25 hydrﬁcarbon wax which provides a DSC curve including
at least one heat absorption peak Pl showing a peak

temperature Tp; in the range of 70 - 130 °C on



with aI|phatlc@aﬁgdvn9$alpsalf§, etc., oniumsalts i ncl usive of
quarternary nnDnLunlsalts Su¢h as tributyl benzyl anmoni um

1- hydroxy-4 qaphtholsulfonat 10 and tetrabutyl anmoni umtetrafl uoroborate,
and their hond¥dgansogmcliusi ve of phosphonium salts, and | ake

pi gnents thedeqf; triphenyl methane dyes‘%ﬁﬁ | ake pi gnments thereof (the
| aki ng agentg including, €.7., phosphot ungsti c acid, phosphonol ybdic
acid, 15 phdsphotungsticnolybglic acid, tannic acid, lauric acid,
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These may be @ged singly or in mxture of two or nore

‘Herein, the molecular weight distribution of
5 a toner is based on measurement by GPC (gel permeation
chromatography) of the THF (tet;ahydrofuran)-soluble :
content (mostly composed of the binder resin) of a
toner, and the percentage value refers to 0 % by

weight of a component concerned with respect to the
10 THF-solublé confént based on the integrated area on a
GPC chromatogram. .

A resin component having a molecular weight
of at most 5x104 is a component principally
controlling the fixability and blocking

15 characteristic, and a resin cqmponent having a
molecular weigh of at least 105 principally controls
the offset. characteristic at a high temperature. By
appropriately blending these components, it is
possible to provide a good balance of fixability and

20 anti-offset characteristic. By incorpo;ating a
specific wax component, the toner is provided with
effectively improved performance. |

As described, the toner is characterized by
show1ng a molecular welght distribution on its GPC

25 chromatogram providing at least one peak in the
molecular weight region of 3x103 - 5x104, preferably

3x103 - 3x10%, particularly preferably 5x103 - 2x10%.



sp ES, .  ATDNY $@§§e, ni gr osi ne conpounds and organic quarternary

amohfum.sal f'd Af¥ particularly preferred. It is preferred to

usq tfhe toner accofdiing to 25 the present invention together with silica

fire {podedAY 199d! ¢nded therewith in order to inprove the charge

st gdbill ity, devel opilng characteristic am@¥ uidity. _ _

- 44- —  ThHe silica fine powder used in the present I nvention

prdvi des if it has a specific surface grga oftSO'n{err]/g
) ' - r ni trogen

g&so?}r:)?ie{:)’n g ?;S.r&?%l elfgg'reddfct):%at thne{ %rera]k/ %.’n atshirrsearséjgi%n 1¥s the J

largest peak so as to provide a good fixability.

Below 3x103,'good anti-blocking characteristic cannot
be attained. Abo&e 5x104, good fixability cannot be
5 attained.
It is preferred that at least one peak is
"present in the molecular weight region of at least
105, preferably 3x10° - 5x106, and it is particularly
preferred thét the largest peak in the molecular'.

10 weight region of at least 105 is present in the
limited molecular weight region of 3x10° —-2x105 so as
to provide a gbod anti-offset characteristic at high
temperatures. A larger peak molecular weigﬁf in this
region leads to a better anti-offset at high

15 temperatures and may be suiéﬁﬁly used when used in
combination'with hot rollers capable of applying a
pressure but can adversely affect the fixability
because of a large elasticity when used in coﬁbination
with hot :ollers not applying a pressure.

20 Accordingly, when used in combination with hot rollers
applying a relatively low pressure, it is most
preferred that the largest peak in the molecular
weight region of at least 10s is present in the region
of 3x105 - 2x106 and constitutes the second largest

25 peak'in the entire molecular weight range so as to
provide a good balance of the anti-offset

characteristic and the fixability. Another
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5 thgfgkiiaﬁﬂﬁgﬁi; hg silica fine powder may be added in a - pt opor ti on
of 10.101 - 8 wt. pantg, preferably 0.1 - 5 w. parts, per 100 wt. parts
of |t He 2d&rdAY 1997 For the purpose of being provided with
hydr dphobi city and/jon controlled chargeability, the 10 silica fine powder
mayf wel T have béen treated with a r8ati ng agent, such as silicone
varlnish, nodified silicone varnish, silicone oil, nodified silicone
oil, silane coupling agent, silane coupling agent having functi onal

group or othghagég%gggs%gkig%nt%%%pgg%gﬁﬁgpégﬁhgif%zgﬁg) Jﬁi§#%§$ to use

tgg_or oS Ay be |gg doas o Siyad i.ncl usive of:_ .a.lubri t, such as
Sol Iy:i Ie;/(raZf Fﬁégﬁggh@ gggtlﬁs}l g%e,lozi ¢ gteé'grap cé‘P"&ﬁ f\ﬁ r‘mais(}:e???]fﬁ'uori de, of
preferably 60 - 90 %, particularly preferably 65 - 85
%. By satisfying this condition, a good fixability is
5 exhibited and the effect of the wax component is
sufficiently exhibited, thus providing a good balance’
of fixability and anti-offset characteristic. Below
50 %, sufficient fixability is not attained and also
the pulverizability becomes inferior. Above 90 %,
10 offset is liable ;o be caused at high temperatures.
It is also preferred that the wax.component
provides a DSC curve as measured by a differential
scanning calorimeter, including at least one heat
absorption_peak Pl in the temperature region of 70 -
15 130 °c, fur:her preferably 80 - 130 °c, particularly
preferably 90 - 120 °C, so as to provide good
fixability and anti-offset characteristic. As the wax
melts in the temperature region to plasticize the
. binder resin, thus giving good fixability and showing
20 release effect to provide improved anti-offset
characteristic at low and high temperatures. The wax
shows an effective plasticizing effect with respect to
the component having a molecular weight of at most
105, particularly at most 5x104, and provides a good
25 fixaﬁility when a GPC peak is present in the molecular

weight region of 3x103 - 5x104 and the component

having a molecular weight of at most 10° occupies



20 wﬁ““ 'oiyV|nyIﬂdéne fluoride is preferred; an abr-asive, such as

certi um oxi de, S|[|¢oh car bi de or strontiumtitanate, of which strontium
tiganateqipsay 1g97pr¢f rred; a flowability-inparting agent, such as

tidanmi um oxi de or n1nun1OX|de of mhlfg.a 25 hydrophobic one is

pr ¢f érred—an c ki ng agent, and n el ectroconductivity-inparting
agent, such as carbo bl ack, zinc oxide, antinony oxide, or tin oxide.

It I's - 45- al so possible to use a small anmount of white

or black  df NG YELAS. MY Nibde R ATkhi¥h OPROSELE L8 Lhat of

component having a molecular weight of below 3x103,

too large a plasticizing-effect is exhibited, thus
‘resulting in an inferior anti-blocking characteristic,
5 so that it is preferred that a GPC peak of the binder
resin is present in the above molecular weight region.
‘If the wax peak temperature is below 70°C, a
plasticizing effect is exhibited from a low-
temperature to provide an inferior anti-blocking_

10 characteristic aﬁd to be liable to fail in exhibiting
a release effect at high temperatures becaﬁse the wax
melts at a relatively low temperature. In the case of
the wax peak temperature being below 90 ©C, an
inferior anti-blocking characteristic is liable to

15 result but,-if a resin component having a molecular
weight of 105 or higher is present, thelcomponent
suppresses the plasticity of the low molecular weight
portion to compensate for the anti-locking
characteristic. Further, an inferior anti-offset

20 characteristic is liable to result at high
temperatures but soﬁe latitude is given with respect
to the high-temperature offset characteristic because
of the elasticity of the high molecular weight
component. On the other hand, a DSC peak can be

25 presént in the temperature above 130 ©C but, in this
case, the wax melting temperature is excessively high

to result in inferior fixability and anti-offset
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t he toner as i&dﬁV@LﬁpﬂE_mwéhéracteristic i mprover. ' The toner
accordi ng tJ the present i nvention 5 can be mxed with carrier powder to
be used as g tpwoz 4 fAyc@gponent developér. In this instance, the toner and
t he carrierépq er may be mi:xdd with each other so as to provide a

t oner conceryt r atT oHTGFOTT jf w. %=32- preferably 0.5 - 10 wt. %
further prefierably.3 - 5 10 wt. % The carrier used for this
pur pose may be a known one, exanples of which may include: powder
havi ng magnetism .such _as iron powler. ferrite powder angd nickel powder
and carrier§%aﬁ%ﬁﬁﬁﬁfﬁﬁ}?: E{Eé? %P??ﬁﬁﬁ?iﬁﬁmgfsnﬂaPﬁcap?é i ¥ such as a
fluorine- Pl | 1% ' | N silicone resin.

The "t oner a(,pgg%gaplng ]tmo%éeeﬁs)ér%soerﬁta/fl %éen ‘?%#1 136 g%h be constituted as a
magnetic toner contaidy MY gsC curve on temperature decrease, heat

evolution peaks accompanying solidification or

5 crystallization of the wax are observed. If the heat
evolution peak is present close to a heat absorption
‘peak on temperature increase, fhis means that the wax
is uniform. The temperature differencé may preferaﬁly
be at most 9 ©C, particularly at most 7 °C. By

10 minimizing the te;perature difference,.the wax becomes
sharply melting, causes clear phase separafion at high
temperatﬁres to show effective ;elease effect, and
provides an excellent anti-offset characteristic.
Further, as the toner ig.dispersed in a uniforh state

15 in the toner particles, the triboelectric
chargeability is not adversely affected, thus
providing excellent developing performance. .Although
the dispersion in the binder resin becomes somewhat

. difficult, because the phase separation is readily

20 caused, but the presence of a resin componént having a
molecular weight of at least 105 increases the melt
viscosity to improve the dispersibility in the binder
resin.

The wax component may preferably provide a

25 DSC éurve including a maximum heat absorption peak

having a half-value width of at least 10 ©c,

particularly at least 15 ©C, whereby good low-



nagnet;cJHHterlal |n t{S particles. In this case, ‘the 20 magnetic materi al
can al so- fainction-as.a colorant Exanpl es of the magnetic material may
|nclude iron oxi de,; such as magnetite, hematite, and ferrite;

met al s; sueh asii T6R, cobalt and nickel,_and all oys of t hese netal s

W th oiher netals, sqch ‘as al um num 2% Cobal t, copper, |ead, magnesi um
tin, zjnc, antlnDny beryllium bisnmuth, cadmi um cal cium nanganese,
selenlbﬁ+w%+hankuny tundsten and vanadi um and
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temperature fixability and anti-offset characteristic
at low and high temperatures. If the rising
temperature is of a heat.gbsorption peak is low, the
wax property-changing temperature becomes low so tﬁat
5 it is pdssible to lower the temperature for
plasticizing the binder resin. Accordingly, it is
-possible to improve the fixability and anti-offset
characteristic at low temperatures. If the ending
temperature of a heat absorption peak is high, the
10 température for c;mpleting'wax melting becomes high so
that the anti-offset characteristic at higﬁ
temperatures can be improved. Further, a higher heat
absorption peak provides a larger change in wax at the
temperature. Accordingly, if the méximum heat
15 absorption peak has a larger half-value width, the wax
operates effectively for a wider temperature range to
provide a wider anti-offset region and improved low-
- temperature fixability. In case where the half-value
. width is below 10 ©C, a high-temperature anti-offset
20 characteristic is exhibited but inferior fixability
results if the peak temperature is high and, if the
peak temperature is low, a low-temperature anti-offset
characteristic is attained but inferior high-
temperature anti-offset characteristic results, so
25 that it becomes difficult to take a balance between
low-temperature and high-temperature performances. In

determining a half-value width, if a peak or peaks are



m xtures of| REBEEHHTSr CAFS. The magnetic material may have an
~aver age dartTcre—srzeof fat nost 2 [err]m  preferably 0.1 - 0.5

[err]m furtrerzﬁr@‘g“?rﬁ@y 0j1 - 0.3 pm 5 The magnetic materi al
may prefergblly Show magneti c properties under application of 10 kil o-
Cersted, inclhest : chefcive force3df 20 - 30 Cersted, a
saturationjmgneti zati on of $0 - 200 enu/ g, and a resi dual

magneti zation or 2 -—26—emiy. The 10 nmagnetic naterial may be contained
in the toner in a froportion of 20 - 200 w . arts,,gteferably 40 - 150
w. parts, pEmtignopslpRrasentibb-fesid E%h%%ﬁegF a fmihlmum The toner

according tqQ the present invention n_coptain_a.colorant which may be
an appropﬂzﬂ%¥wﬁéirﬁ tl%raﬁyggaSt 178"0% @ﬁeEﬂﬁﬁﬁpgg §F-Bne pi gment nmay

i ncl ude: ca[tqg largest) peak height-as a measure), a part of the

curve constituting the continuous peaks can assume a

5 height below 1/2 of the maximum peak height (as shown
in Figﬁre 15) but the object of the present invention
“is more effectively accomplished when the peak(s)
continues over a range of at least 10 Oc, preferably
at least 15 °C, at a height of at least 1/2 of the

10 maximum peak heiéht to provide a required half-value
(as shown in Figures 16 and 17). '

Another preferred embodiment of the tonerxr
according to the present invention is characterized by
showing a molecular weight-distribufion on a GPC

15 chromatogram providing at least one peak (Pl) in a
molecular weight region of 3x103 - 5x10% and at least.
one peak (P2) in a molecular weight region of at least
105 and including at least 50 % of a component having
; molecular weight of at most 105; and providing a DSC

20 curve including a heat absorption peak showing an
onset temperature of at most 105 Oc and a peak
temperature in the range of 100 - 120 °C, and a heat
evolution peak showing a peak temperature in the range
of 62 - 75 °C and a heat evolution peak intensity

25 rati6 of at least 5x10~3 on temperature decrease.

It is further preferred that the toner shows

a molecular weight distribution by GPC providing at



{ REPLACE™ITMT SHECT | -
bl ack, pn[TTne dbtack;~acefyl ene bl ack, Naphthol Yellow, - Hansa Yel | ow,
Rhodam pe QEF é@]ﬁé rin Lake, red iron oxi de, Pht hal ocyani ne Bl ue, and
| ndant hf en ﬁ Thelse pignents are used in an amount sufficient to
provi def a-+equi-red-—optiicyl density of the fixed images, and may be
added ijh a proportion of (0.1 - 20 w. parts, preferably 2 - 10 wt.
parts, per 100w —parts-of the bi nder resin. 25 Exanpl es of
the dye may include: azo dyes, ant hr aqui none dyes, xanthene dyes, and

met hi ne dyegeast owdi plakay Plg added ndleulHPWdigHt Ofedidn -0£0 W .

10

15

20

25

3x103 - 5x104 and at least one peak (P2) in a
molecular weight region of at least 105 such that a
maximum peak height (Hl1) in the lower molecular weight
region (of 3x103 - 5x10%), a maximum peak height (H3)
in the higher molecular weight region (of at least
aos), and a minimum height (H2) between the peaks
satisfy fhe relations of: H1:H2:H3 = 3-25:1:1.5-12 and
H1 > H3.

It is fuéther preferred that the heights H1,
H2 and H3 satisfy the relation of H1:H2:H3 ; 5-20:1:2-
10, more preferably H1:H2:H3 = 8-18:1:2-6, so as to
provide good fixability and anti-offset
characteristic.

In case where Hl is below 3, H3 is above 12
or Hl ¢ H3, good fixabiiity is not attained. In case
where Hl1 is above 25 or H3 is below 1.5, good anti-

blocking characteristic and anti-offset characteristic

_are not satisfied (see Figure 20).

The binder resin satisfying the above-
mentioned moiecular weight distribution may for
example be prepared in the following manner.

A polymer (L) having a main peak in the
molecular weight region of 3x103 - 5x104 and a polymer
(H) héving a main peak in the molecular weight region
of 10s or containing a gel component, are prepared by

solution polymerization, bulk polymerization,
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bi nder rggpuACFz ﬁT ‘SHEET
may be}preparet Luuuug£

ly 0.3 - 10 wt. parts, per 100 wt. . parts of the

The toner according to the present invention
process including: 5 sufficiently blending the
bi nder {r ¢si n, ﬁ&ﬁ netal salt or nmetal conplex, a colorant, such
as ipilg Q£ﬁgn r a magnetic m¥erial, and an optional charge
control eqent and _othed additives, as desired, by neans of a bl ender
such a§ a Henschel 10 mijxer or a ball mll, nelting and kneadi ng t he bl end
by nearns.of—het nuUQUIIEh#W%WB such as hot rollers, kneader or an

extruder to SLRRENTHIT | ¥We¥*ﬁ?tl°“fe%ﬁ?&ﬁ%??m@%}Y%?Eléiﬁlﬁ?sperse or
dissol ve tr“%lockrgggm?§ﬁér1te{1on, EEQ o §me¥1za 58! Ng&nd cooling

These polymers (L) and (H) are subjected to melt

kneading, wherein a part or all of the gel component

5 is served to provide a THF-soluble compound in the
molecular weight region of ét least 105 measurable by -
~GPC.

Particularly preferred methods may be as

follows. The polymeré (L) and (H) are separately

10 prepared by solution polymerization and one is added-
to the solution of‘the other after the polfmerization.
One of the polymers is prepared by polymerization in
the pressure of the other. The polymer (H) is
prepared by suspension polymerization, and the polymer .

15 (L) is fqrmed by solution polymerization in the
presence of the polymer (H). After the polymerization
of the polymer (L) in solution polymerization and,
into the solution, the polymer (H) is added. The
polymer (H) is formed by suspension polymerization in

20 the presence of the polymer (L). By these methods, it
is possible té obtain a polymer mixture_including the
low-molecular weight component and the high molecular
weight component uniformly.mixed with each other.

In the bulk polymérization, it is possible to

ZS.obtaiﬁ a low-molecular weight polymer by performing

the polymerization at a high temperature so as to

accelerate the termination reaction, but there is a



15 aﬁaﬁéalldrty!ng the kneaded product, followed by pul veri zation and
cl asgi f 1§ Mt The thus obtained toner may be further

bl ende 1t h ekternal additives, as desired, sufficiently by
meang fvélhm&eﬁkﬁzuch hs a Henschel 20 mixer to provide a toner for
develjoping electrostatic i mges. -37~ The toner according to
the gresent invention | may be fixed under heating onto a transfer

mat enti-al sueh—as—pl ai n paper or a transparent sheet for 25 providing
a transparency _for an overhead projection (oHP), usi ng a cont act
heat - fi xi ng #ebfkculty that the rpactipm.ePnkeal- %Fxﬁﬁﬁfﬁﬁaﬁg-naﬁninclude,

the solution polymerization, it is possible to obtain
a low-molecular weight polymer or copolymer under
moderate conditions by utilizing a radical chain

5 transfer function §epending on a solvent used or by
selecting the polymerization initiator or the reaction’
temperature. Accordingly, the solution polymerization
is preferred for preparation of a low-molecular weight
polymer or copol¥mer used in the binder resin of the

10 present invention.

The solvent used in the solution
polymerization may for example include xylene,
toluene, cumene, cellosolve acetate, isopropyl
alcohol, and benzene. It is preferfed to use xylene,

15 toluene or cumene for a styrene monomer mixture. The
'solvent may be appropriately selected depending on the.
polymer produced by the polymerization.

The reaction temperature may depend on the
solvent and initiator used and the polymer or

20 copolymer to be produced but may suifably be in the
range of 70 - 230 ©C. 1In the solution polymerization,
it is preferred to use 30 - 400 wt. parts of a monomer
{mixture) per 100 wt. parts of the solwvent. It is
also preferred to mix one or more other polymers in

25 the éolution after completion of the polymerization.

In order to produce a high-molecular weight

polymer component or a gel component, the emulsion



-48 pee o fotr eperplie, a fixing device including a heating and

pr els Sj-ng.f aifixing device, e.g., as showmn in - Figure 21

i ncj uding a fixedly qupported heating nmenber 1 and a pressing nmenber 5
di sposed 4oBP¥s¥92 tlo {the 5 heating nenber so as to press a transfer 6

(7))

“matler} al agai ngt |t he heating nenber38 the nediumof a film 2.
In the 1 xing deviceshown in Figure 21, the heating nmenber 1 has a
| i near..heating part 9 which has a snmaller heat capacity than a

conventional hgt roller 10 and the heating _part na referably be heated
o a | maxPRIMEEIFELIOR SToFIRREnS 1490 RAdumes izdtion may Y 1he ) m 2

di sposed bet%ﬁ%?g&%%lge t Wopted.

Of these, in the emulsion polymerization

method, a monomer almost insoluble in water is

5 dispersed as minute particles in an aqueous phase with
the aid of an emulsifier and is polymerized by using a
‘water-soluble polymerization initiator. According to
this method, the control of the reaction temperature
is easy, and the termination reaction velocity is

10 small because the polymerization phase (an oil phase
of the vinyl monomer possibly containing a bolymer
therein) constitute a separate phase from the aqueous
prhase. As a result, the polymerization wvelocity
becomes large and a polymer having a high

15 polymerization degree can be prepared easily.
Further, the polymerization process is relatively
simple, the polymerization product is obtained in fine
partiﬁles, and additives such as a colorant, a charge
control agent and others can be blended easily for

20 toner production. Therefore, this method can be
advantageously used for production of a toner binder
resin.

In the emulsion polymerization, however, the

emulsifier added is liable to be incorporated as an

25 impufity in the polymer produced, and it is necessary
to effect a post-treatment such as salt-precipitation

in order to recover the product polymer. The
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T ressing nenber 5 may conprise a 1 - 100 pmthick
n? EJ bi §ta tsﬁlgﬁg _

heat: e; mhich may for 15 exanple be a sheet of a

hea -reS|stance pol A such as pol yester inclusive of PET

( pol y@&hid anm97 tier epht hal ate), PFA (tetrafl uoroethyl ene-

per {1 uoroal kyl V|hyl ether copol yner) ~38¥FE (pol ytetrafl uoroethyl ene),
p IyTﬁfﬂéwﬁr“pUPVa a 20 sheet of a netal such as alum num or a

I nat e sheet of a nmetal sheet and a pol ynmer sheet. - The
film2 may preferably conprise a rel ease | ayer and/or a lowresistivity
layer in ademepPemsion polymerheatiessistmoreshoeveniht in this A nore
speci fic enbodi nent of the fixing device is described with reference to
Fi gure 21. respect. A | ow heat capacity linear heating nenber 1

On the other hand, in the suspension

polymerization method, it is possible to obtain a

S product resin composition in a uniform state of pearls
containing a médium— or high-molecular weight
component unifofmly mixed with a low-molecular weight
component and a crosslinked component by polymerizing
a vinyl monomer (mixture) containing a low-molecular

10 weight polymer'tdééther with a crosslinking agent in a
suspension state.

The suspension polymerization may preferably

be performed by using at most 100 wt. parts, preferably
10 - 90 wt. parts, of a monomer (mixture) per 100

15 wt. parts of wafer Oor an aqueous medium. The
-dispersing agent may include polyvinyl alcohol,
partially saponified form of polyvinyl alcohol, and
calcium phosphate, and may preferably be used in an
amount of 0.05 - 1 wt. part per 100 wt. parts of the

20 aqueous medium while the amount is affected by the
amount of the monomer relative to the aqueous medium.
The polymerization temperature may suitably be in the
range of 50 - 95 ©C and selected depending on the
polymerization initiator used and the objective

25 polymér. ‘'The polymerization initiator should be
insoluble or hardly socluble in water, and may be used

in an amount of 0.5 - 10 wt. parts per 100 wt. parts



-49- '”pppISQS an:- ahug1nun1substrate 10 neasuring 1.0 mmin

t hi ckness}, | gnd 240 nmin length enbedded within an
insulatin naagg&ﬁ&‘ég d.a heating part 9 of a resisting materia
applied i t % 1.10 mm on the al um num substrate 10 to which
current i upplied fromd tis both | ongit®uadi nal ends. - More
specifically, pulse signals of DC 100 V and a cyclic period of 20 nm
are appl i edwith—a—putsewWdt h varying generally in the range of 0.5

neec - 5 meeg¢ ¥QEQQQ§EHJquﬁﬂmﬂﬁﬁhﬁﬂgu&%ﬁﬁeratUre and energy di scharge

10

15

20

25

Examples of the initiator may include:
t-butylperoxy~-2-ethylhexanoate, cumyl perpivalate,
t-butyl peroxylaurate, benzoyl peroxide, lauroyl
peroxide, octanoyl peroxide, di-t-butyl peroxide,
t-butylcumul peroxide, dicumul peroxide, 2,2'-
-azobisiscbutylonitrile, 2,2'-azobis{Z2-methylbutyro-
nitrile, 2,2'-~azobis(2,4-dimethylvaleronitrile), 2,2°'-
azobis(4-methoxy-2,4~-dimethylvaleronitrile), 1,1~
bis(t-butyiperox;)-3,3,S-trimethylcyclohexane, 1,1-
bis(t-butylperoxy)cyclohexane, 1l,4-bis(t- '
butylperoxycarbonyl)cyclohexane, 2,2-bis(t-butyl-
peroxy)octane, n-butyl-4,4-bis(t-butylperoxy)valerate,
2,Z;bis(t—butylperoiy)butane, 1, 3-bis(t-butylperoxy-
isopropyl )benzene, 2,5-dimethyl-2,5-di(t-butylperoxy)-
hexane, 2,5-dimethyl-2,5-di(benzoylperoxy)hexane, di-
t-butyldiperoxyisophthalate, 2,2-bis(4,4-di-t-butyl-
peroxycyclohexyl)propane, di-t-~butylperoxy-a-

methylsuccinate, di-t-butylperoxydimethylglﬁtarate,

~di-t-butylperoxyhexahydroterephthalate, di-t-

butylperoxyazelate, 2,5-dimethyl-2,5-di-(t-
butylperoxy)hexane, diethyiene glycol-bis(t-
butylperoxycarbonate), di-t~butylperoxytrimethyl-
azipate, tris(t-butylperoxy)triazine, and vinyl-
tris(f-butylperoxy)silane. These initiators may be
used singly or in combination.

In the present invention, the molecular

a
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baséﬂﬁbﬁhéhgﬂhw§lf¥on1a t enper ature-detecting el enent - 11. In contact

wi fhfthe heating nenber 1 controlled ~wth respect to the discharge
ener;yzqggpye@gyer@re, the fixing film2 may be noved in the direction
offap 15 arrow. ! A specific_exanple of the fixing film2 may
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A GPC sample is prepared as follows.

5 A resinous sample is placed in THF and
left standing for several hours (e.g., 5 - 6 hours).
-Then, the mixture is sufficiently shaked until a lump
of the resinous sample disappears and then further left
standing for more than 12 hours (e.g.. 24 hours) at
10 room temperature: In this instance, a total time of
from the mixing of thg sample with THF to fhe
completion of the standing in THF is taken for at least
24 hours (e.g., 24 - 30 hours). Thereafter, the
mixture is caused to pass through a sample treating
15 filter having a pore size of 0.45 - 0.5 mum (e.g.,
"Maishoridisk H-25-5", available from Toso K.K.; and
"Ekikurodisk 25CR", available from German Scieqce Japan
K.K.) to recover the filtrate as a GPC sample. The
. sample concentration is adjusted to provide a resin
20 concentration within the range of 0.5 - 5 mg/ml.

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

25 a GPC sample solution is injected. The identification
of sample molecular weight and its molecular weight

distribution is performed based on a calibration curve
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mﬁﬁggkéﬁﬁgﬁwﬁw#aving an el astoneric | ayer of, e.g., silicone rubber
9od .. __ relieasability, is disposed opposite to the heating

iﬁgﬁﬁ%swﬁ% apply a total pressg§chﬁ 4 - 20 kg 5 against the

g, menber 1 by tthe medium of the TTIm 2 while rotating to nove in

ociation with thei{film 2. A yet-unfixed toner image 7 on a transfer

obtained by using several monodisperse polystyrene
samples and having a logarithmic scale of molecular
weight versus count number. The standard polystyrene
samples for preparation of a calibration cﬁrve may be

5 those having molecular weights in the range of about
102 to 107 available from, e.g., Toso K.K. or Showa
Denko K.K. It is appropriate to use at least 10
standard polystyrene samples. The detector may be an
RI (refractive index) detector. For accurate

10 measurement, it ig appropriate to constitute the column
as a combination of several commercially avéilable
polystyrene gel columns. A preferred example thereof.
may be a comhination of Shodex KF-801, 802, 803, 804,
805, 806, 807 and 800P; or a combination of TSK gel

15 G10Q0H (Hgy)., .G2000H (Hygy), G3000H (Hgy). G4000H (Hgp),
G5000H (Hgyp), G6000H (Hgp), G7000H (Hgy) and TSK
guardcolumn available from Toso K.K.

The toner according to the present invention
can further contain a negative or positive charge

20 control agent.

Examples of the negative charge control agent
may include: organic metal complexes and chelate
compounds inclusive of monoazo metal complexes
acetylacetone metal complexes, and organometal

25 compiexes of aromatic hydroxycarboxylic acids and
aromatic.dicarboxylic acids. Other examples may

include: aromatic hydroxycarboxylic acids, aromatic



where a fixed irmg§qmggﬁgquﬂggpd r heating as 10 described above.
In the above enpog+rertr—t-he—++xing film2 is - descri bed as an endl| ess

filmbut can beja}film havi ends spanni ng between a sheet - feedi ng
shaft and a W n@"héi-‘yh 1 Such a fixing device using a
fixing film may be generallly kpplied3to an image form ng apparatus

using a toner, puch as a copying chine, a printer or a facsimle

appar at us. w, the present invention will be 20
descri bed more sp |ca |y base n Examl es. Pr aration of waxes
Waxes A, BIT® Eﬁ aﬁa Icﬁ§§8xyglﬁx3 ngﬁs and theix mefalaxes F1, GL, HL
and |1 used égl@mﬁnﬁ%‘f?des Eéam%ltg%s:} F W%recar %Darrl%%tllr\]retshe_

fol | ow ng nmanner-:
such as bisphenols. Among the above, monoazo metal

complexes are preferred.

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

10 and tetrabutylaméonium-tetrafluoroborate, and their
homologous inclusive of phosphonium salts, énd lake
pigments thereof; triphenylmethane dyes and lake
pigments thereof (the laking agents including, e.gq..
phosphotungstic acid, phosphomolybdic acid,

15 phosphotungsticmolybdic acid, tannic acid, lauric acid,
gallic acid, ferricyanates, and ferrocyanates); higher
aliphatic acid metal salts; diorganotin oxides, such as
dibutyltin oxide, diocty;tin oxide and dicyclohexyltin
oxide; and diorganotinlborates, such as dibutyltin

20 borate, dioctyltin borate and dicyclohexyltin borate.
These may be used singly or in mixture of two or more
species. Among these, nigrosine compounds and organic
quarternary ammonium salts are pérticularly preferred.

It is preferred to use the toner according to

25 the éresent invention together with silica fine powder

blended therewith in order to improve the charge

stability, developing characteristic and fluidity.



25 wax F1 (conmparative) was - synthesized by the Arge
pr ocgss B1 and Cl (invention) were respectively prepared
by -51- fractional crystallization of the wax F1
Vax Gl 24 MAmeoati Ve) was prepared by oxidi zi ng hydrocarbon pr epar ed
by thejArge process. Wax Hyg4(conparative) of a relatively | ow
5 nobecCUrar Werght—wasj prepared by pol ynerizing ethyl ene at a | ow
presgure _in the presenge of a Ziegler
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_ The silica fine powder used in the present
invention provides good results if it has a specific
surface area of 30 m2/g or larger, preferably 50 - 400
mZ/g, as measured by nitrogen adsorption accofding to
the BET method. The silica fine powder may be added in
a proportion of 0.01 - 8 wt. parts, preferably 0.1 - &
wt. parts, per 100 wt. parts of the toner.

For the purpose of being provided with
hydrophobicity and/or controlled chargeability, the
silica fine powder may well have been treated with a
treating agent, such as silicone warnish, médified
silicone varnish, silicone o0il, 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.

Other additives may be added as desired,
inclusive of: a lubricant, such as polytetrafluoro-
ethyléne, 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
hydréphobic one is preferred; an anti-caking agent, apd
an electrocdnductivity-imparting agent, such as carbon

black, zinc oxide, antimony oxide, or tin oxide. It is
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The properties of these waxes

are summari zed___.15.J.n.thefellei ng Tables 1 - 3. 20
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also possible to use a small amount of white or black
fiﬁe particles having a polarity opposite to that of
the toner as a development characteristic improver.

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

2

wt. %.

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

The toner according to the present invention

can be constituted as a magnetic toner containing a

. magnetic material in its particles. In this case, the

magnetic material can also function as a colorant.
Examples of the magnetic material may include: iron
oxide, such as magnetite, hematite, and ferrite:
metals, such as iron, cobalt and nickel, and alloys of
these metals with other metals, such as aluminum,
cobait, copper, lead, magnesium, tin, zinc, antimony,
beryllium, bismuth, cadmium, calcium, manganese,

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

The magnetic material may have an average
pafticle size of at most.2 pm, preferably 0.1 - 0.5
pm, further preferably 0.1 - 0.3 pm.

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 materiai may be contained in the toner in a
proportion of 20 -~ 200 wt. parts, preferabiy 40 -~ 150
wt. parts, per 100 wt. parts of the resin component.

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

Examples of the pigment may include: carbon
black, aniline black, acetyiene 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 6f the fixed images,
and may be added in a proportion of 0.1 - 20 wt. parts,
preferably 2 - 10 wt. parts, per 100 wt. parts of the
binder resin.

Examples of the dye may include: azo dyes,
anthraquinone dyes, xanthene dyes, and methine dyes,

which may be added in a proportion of 0.1 - 20 wt.
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The toner accord;ng to the present invention
may be prepared through a process including:

5 sufficiently blending the binder resin, the wax, a
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 6f a blender such as a Henschel

10 mixer or a ball m&ll, melting and kneading the blend
by means of hot kneading means, such as hof 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

15 and solidifying the kneaded product, followed by
pulverization and classification.

The thus obfained toner may be further
blended with other external additives, as desired,
sufficiently by means of a mixer such as a Henschel

20 mixer to provide a tqner for developing electrostatic
images.

The toner according to the present invention
may be fixed under heating onto a transfer material,
such as plain paper or a transparent sheet for

25 providing a transparency for an overhead projection
(OHP), by using a contact heat-fixing means.

The contact heat-fixing means may include,
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for examﬁle, a fixing device including a heating and
pressing roller or a fixing device, e.g., as shown in
Figure 21 including a fixgdly supported heating member
1 and a pressing member 5 disposed opposite to the
heating member so as to press a transfer 6 material
lagainst the.heating member by the medium of a film 2.
- ' In the fixing device shown in Figure 21, the
heating member 1 has a linear heating part 9 which has
a smaller heat capacity than a conventional hot roller
and the heating:p;rt may preferably be heated to a
maximum temperature of 100 - 300 °c.

The film 2 disposed between the heating
member 1 and the pressing member 5 may comprise a 1 -
100 pm-thick heat-resistant sheet which may for
example be a sheet of a heat-resistance polymer, such
as-polyestér inclusive of PET (polyethylene

terephthalate), PFA (tetrafluoroethylene-

perfluorocalkyl vinyl ether copolymer), PTFE

. {(polytetrafluorcethylene), polyimide or polyamide, a

sheet of a metal such as aluminum, or a laminate sheet
of a metal sheet and a polymer sheét.

The film 2 may preferably comprise a release
layef and/or a ldw-resistivity layer in addition to
the heat-resistant sheet.

A more specific embodiment of the fixing
device is described with reference to Figure 21.

A low-heat capacity linear heating member 1

1300
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comprises an aluminum substrate 10 measuring 1.0 mm in
thickness, 10 mm in width and 240 mm in length
embedded within an insulating material 12 and a

heating part 9 of a resisting material applied in a

5 width of 1.0 mm on the aluminum substrate 10 to which

a current is supplied from its both longitudinal ends.
-More specifically, pulse signals of DC 100 V and a
cyclic period of 20 mm are applied with a pulse width

varying generally in the range of 0.5 msec - 5 msec

'10 depending on desired temperature and energy discharge

based on signals from a temperature—detecting element
11. In contact with the heating member 1 controlled
with respect to the discharge energy and temperature,

the fixing film 2 may be moved in the direction of an

15 arrow.

A specific example of the fixing film 2 may
include an endless film comprising a 20 pm-thick heat-

resistant film of, e.g., polyimide, polyether imide,

- PES, PFA, coated on its side contacting the transfer

20 material 6 with a 10 pm~thick release layer comprising

a fluorine-containing resin, such as PTFE or PFA, to
which an electroconductive substance is added.
Generally, the total thickness may preferably be below

100 pm, more preferably below 40 pm. The film 2 may

25 be dfiven without wrinkle or slackening in the arrow

direction under tension by a drive roller 3 and a

mating roller 4.

ERIENTABEET 1. 56 1320 Cl 650 1100
" D1 580 1200 2.07 1050 10
618 5 yay 2.70 1580 (Conp.) F1
LA T 630 - GL 480 840 1.75
5% e HL——d [450 1150 -49-2.56 500 11
3000 4.17 2000 20
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A pressing roller 5 having an elastomeric
layer of, e.g., silicone rubber having a good
releasability, is dispose@lopposite to the heating
member 1 so as to apply a total pressure of 4 - 20 kg

5 against the heating member 1 by the medium of the film
2 while rotating to move in association with the film -
-2. A yet-unfixed toner image 7 on a transfer material
is guided by an inlet guide 8 to the fixing position
where a fixed image is formed undef heating as

10 described above.

In the above embodiment, the fixing film 2 is
described as an endless film but can be a film having
ends spanning between a sheet-feeding shaft and a
winding shaft.

15 ' Such a fixing device using. a fixing film may
be generally applied to an image forming apparatus
using a toner, such as a copying machine, a printer or
a facsimile apparatus.

HereinbéloW,_the present invention will be

20 described more specifically based on Examples.
Preparation of waxes

Waxes Al, Bl, Cl, Dl and El used in Examples
1 - 5 and waxes F1, Gl, Hl and Il used in Comparative
Examples 1 - 6 were prepared in the following manner.

25 - Hydrocarbon wax Fl (comparative) was
synthesized by the Arge process, and waxes Al, Bl and

Cl (invention) were respectively prepared by
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fractional crystallization of the wax Fl. Wax Gl
(comparative).was prepared by oxidizing hydrocarbon
prepared by the Arge process.

Wax H1 (comparative) of a relatively low
molecular weight was prepared by polymerizing ethylene
at a low pressure in the presence of a Ziegler
-catalyst, and wax D1 (invention) was prepared by
fractional crystallization of the wax H1 for removing
a low-molecular weight component to some extent. Wax
Il (combarative) of a higher molecular weight was
prepared by similar polymerization, and wax E1
(invention) was prepared by fractional crystallization
thereof for removal of low-molecular weight fraction.

The properties of these waxes are summarized

in the following Tables 1 - 3.



25 o So——Preparation of binder resins - Synthesis Exanple 1
Styr epe‘*&f’u‘@t?‘fﬁa_f%-i‘_;:zr*.;:;:}' 80 wt.part(s) Butyl acrylate
20 "R 2725 Bils (14, 4- di - t - but yl per oxy- - cycl ohexyl ) propane
0.2 'oop Ay 4 f
- I}
Table 1
DSC Characteristic of Waxes
Wax On heating On cooling
5
On set | Absorption Max. heat-{ Temp.
temp. peak temp.* evolution difference
peak temp.
(°c) (°c) (°c) (°c)
Al 67 104, 112 103 . 1 (104~-103)
Bl 69 106, 113 105 . . 1 (106-105)
10 S
Cl 64 101, 112 102 ) 1 (102-101)
D1 62 105, 11 107 2 (107-105)
El 88 116 110 6 (116-110)
(Comp. )
15
Fi 66 82, 107 96 11 (107-96)
Gl 65 83, 105 94 11 (105-94)
H1 42 101, 114 104 3 (104-101)
Il 94 126 114 12 (126-114)
20

* The underlined data refers to a maximum heat-

absorption peak temperature.

25



repar

ed fromthe above material s by suspension

pol yngr i ' 'NT eurET $tyrene 82 w.part(s) 10
But yI afﬁiéﬁg%xhr\”W“r | 18 Di -t-butyl peroxide

2.0 A pol yngr Bl was prepared fromthe above materi al s by
sol utijont p2yMAY igniin xylene, and-53- the polyners Al and Bl were

m xed fin solution in @ |15 weight ratio of 30:70 to obtain a binder resin

1. ynt hesi s Exanpl ¢ 2 Styrene 80

wt . par ) Butyl lacryl ate 20 " Benzoyl
per oxi de 0.25 " JPable 2 A polyner O was prepared from
t he above mat eri al s by suspension_pol yneri zation. Styrene

83 wt.part(s)

Molecular

eight Distribution of Waxes

s Wax Mn Mw Mw/Mn Mp
Al 790 1300 1.65 1110
Bl 300 1400 1.56 1320
Cl 650 1100 1.69 960
D1 580 1200 2.07 1050
10 El 610 1650 2.70 1580
(Comp.)
Fl 560 870 1.55 630
Gl 480 840 1.75 600
15 H1 450 1150 2.56 500
‘Il 720 3000 4 .17 2000
20

25



Butyl acrylate 17 D -t-butyl peroxide
2.5 "-,%ﬁjﬂn_‘w,mq pol ymer D1 was prepared fromthe above _
by splIRRPLORESITy fEETZ4ti on in xyl ene, and the polyners Cl1 and DI were
m xed fn SOIution TR 4 - 56- wei ght rati
obt aj ni anhi r siin i2. Synt hesi s Eénaple 3 Styrene
80 .pa??&@ ¥i1957 Butyl acrylate 20
Table 3
Properties of Waxes
Wax Penetra- | Density | Melt Softening| Acid
tion viscosity | point value
3 -1 3 o
10 *mm g/cm cP C mgKOH/g
Al 0.5 0.96 15 117 0.1
Bl 0.5 0.96 18 118 0.1
Cl 0.5 0.96 13 115 0.1
10 D1 1.5 0.95 11 116 0.1
El 1 0.97 28 120 0.1
(Comp.)
F1 1.5 0.94 10 110 0.1
15 Gl 3 0.96 8 102 10.0
H1l 2 0.95 15 122 0.1
Il 1 0.97 80 128 0.1
20

25

materi al s

o of 25:75 to -




5 Benzoyl peetextche PP 0.2 A pol yner E1 was
prepared fromit tﬁ?h&ﬁ%}gm Sﬂﬁt drials by suspension polynerization.
Styrene : o 82 wt.part(s) Butyl acrylate

18 10 Di -%-du Y1997 dg 3.0 A pol ymer F1
was prepared fyol ?ELMgbove 1 lmaterrafs by sol ution polynerization in
xyl ene, and i 301" 1tand F1 were mxed in solution in a

wei ght ratio of 40:60 to obtaina binder resin 3. 15 Synthesis Exanple 4

Styrene i 1 e pinder reggngﬂ.part(s) Butyl acrylate

20 0.3 " _ A bi nder
resin 4.mass @R@éfg é£g igelabove 20 materials by solution
pol yreri zat : -
Styrene ) 80 wt.part(s)
Butyl acrylate 20 "
5 2,2-Bis(4,4-di-t-butylperoxy-
cyclohexyl }propane 0.2 "

A polymer Al was prepared from the above

materials by suspension polymerization.

Styrene 82 wt.part(s)
10 Butyl acrylate 18 "
bi-t-butyl peroxide 2.0 o

A polymer Bl was prepared from the above
materials by solution polymerization in xylene, and
the polymers Al and_Bl were mixed in solution in a

15 weight ratio of 30:70 to obtain a binder resin L.

Synthesis Example 2

Styrene 80 wt.part(s)
Butyl acrylate 20 "
Benzoyl peroxide 0.25 "

20 A polymer Cl was prepa;ed from the above

materials by suspension polymerization.

Styrene 83 wt.part(s)
Butyl acrylate 17 f
Di-t-butyl peroxide 2.5 "

25 ' A polymer D1 was prepared from the above

materials by solution polymerization in xylene, and

the polymers Cl and D1 were mixed in solution in a



Synt hesi A binder resin 5 was prepared by mxing in

sol ution -#+~and Bl in a weight ratio of 60:40. 25

Synt hesi Pol yner B1 25 :
w . part ( ne 59.8 -57-
Butyl acy 15 -56-  Divinyl benzene

0.2 '

weight ratio of 25:75 to obtain a binder resin 2.

Synthesis Example 3

Styrene ) 80 wt.part(s)
Butyl acrylate' 20 "
5 Benzoyl peroxide 0.2 "

A polymer El was prepared from the above

-materials by suspension polymerization.

Styrene | 82 wt.part(s)
Butyl acrylate _ 18 "
10 Di-t-butyl peroxide 3.0 "

A polymer Fl was prepared from thé above
materials by solution polymerization in xylene, and
the polymers El1 and Fl were mixed iﬁ solution in a
weight ratio of 40:60 to obtain a binder resin 3.

15 Synthesis Example 4

Styrene : 80 wt.part(s)
Butyl acrylate 20 "
Benzoyl peroxide . 0.3 "

A binder resin 4 was prepared from the abové
20 materials by solution polymerization in xylene.
Synthesis Example 5
A binder resin 5 was prepared by mixing in
solution the polymes Al and Bl in a weight ratio of
60:40.

25 ngtﬁesis Example 6

Polymer Bl - 25 wt.part(s)

Styrene ' | 59.8 "



BenzoylﬂéérQXFgex UnLT 0.5 ' A binder resin 5 was

prepare?mffowrthe above! 5 materials by suspension polynerization.

Exanplie i1 der resin 1 100 wt. part(s)

Magnetfi |$3rf”‘®)'< @(j} 80 (Da (average particle size)

= 0. 2§ . [érr] (saturation mBdnetization) = 80 enu/qg,

under {10 kOe, [err] (resi dual nagneti zation) = 10 emu/ g, Hc

( coer Cive—foreer—=—=i26—-0Ce (Cersted)) Ni gr osi ne

2 15 Wax Al 4 . The above

i ngredients mereBBF¥ﬁd€8rylatErelininarily and el t #neaded t hrough a

tw n-screw ksggghggbg§%ruder set at 130 [err]C Epe kneaded product
Benzoyl peroxide 3 0.5 "

A binder resin 5 was prepared from the above

5 materials by suspension polymerization.

Example 1
Binder resin 1 100 wt.part(s)
Magnetic iron oxide 80 "

{Da (average particle size) = 0.25 pm,
10 Oy (saturation magnetization) = 80 emu/g,
under 10 kOe, Or (residual magnetizafion)

= 10 emu/g, Hc (coercive force) = 120 Oe

(Oersted))
Nigrosine . 2 "
15 Wax Al ' 4 "

The above ingredients were blended
preliminarily and melt-kneaded through a twin-screw
kneading extruder set at 130 °C. The kneaded product
was cooled, coarsely crushed, finely pulverized by a

20 pulverizer using jet air, and classified by a wind-
force classifier to obtain a toner 1 having a weight-
average particle size of 8 pm. The toner was
subjected to the GPC measurement and DSC measurement
to provide results as shown in Tables 4 and S

25 appeéring hereinafter.

Examples 2 - 5

Toners 2 - 5 were prepared in the same manner
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as in Example 1 except that binder resins and waxes
shown in Table 6 were respectively used. The results
of the GPC measurement and DSC measurement of the
toners are also shown in Tables 4 and 5.

Comparative Examples 1 - 4

Comparative toners 1 - 4 were prepared in the

same marnner as in Example 1 except that binder resins

and waxes shown in Table 6 were respectively used.
The results of the GPC measurement and DSC measurement
of the toners are also shown in Tables 4 and 5.

Comparative Example 5

A comparative toner 5 was prepared in the
same manner as in Example 1 except that the wax was
omitted. The results of the GPC measurement and the
DSC measurement of the toner are also shown in Tables
4 and 5. The heat absorption peak shoﬁn in Table 5
for the toner originated from the binder resin and
similar peaks were also observed with respect to the
other toners.

Each of the above toners and comparative
toners in an amount of 100 wt. parts was blended with
0.6 wt. part of a positively chargeable hydrophobic
éolloidal silica to obtain a developer, which was then

subjected to the following tests.

25 Fixing and offset test

Each developer was charged in a commercially

available copying machine ("NP-1215", mfd. by Canon

Examples 2 - 5



as in Exanple mmﬁnﬁ’haﬁbbtﬁ er resins and waxes shown in Table 6

were respecti vgl ~Ftr s lts . of the GPC neasurenent and DSC
measur enment of}t e ?”ﬁb? al so shown in Tables 4 and 5. 5
Conpar ati ve Ext B‘I‘A Conparative toners 1 - 4 were
prepared in the |__sane nanr in Exsgpl e 1 except that binder resins
and waxes showh in Table 6 were yespectively used. The results of the
GPC neasur enent... g nt 10 of the toners are also shown in
Tabl es 4 and 5. Conpar ati ve Exanple 5 A conparative toner
5 was preparfed.in tchebtainget nanficxedisinagés awpiehlwexeephetthat t he wax
was omtted. The results of the GPC neasurenent and the 15 DSC

measur ement fbigntedbir Hixing sandoivsetn Tapteby pasgipgdtBroupgh heat
absorption peak shown in Table 5
-an external hot roller fixing device capable of
temperature control and comprising a teflon-coated

5 upper roller and a silicone rubber-coated lower layer
under the conditions of a nip = 3.0 mm, a linear
‘pressure = 0.5 kg/cm and a process speed = 50 mm/sec
within a temperature range of 100 - 230 ©°C at an
increment of 5 °C for temperature control. For

10 evaluation of low-temperature offset and fixability,
paper of 80 g/m2 was used and, for evaluation of high-
temperature offset and fixability, paper of 52 g/m2
was used. The fixability was evaluated by rubbing the
toner image with a lens cleaning paper ("Dasper"

15 (trade name), made by Ozu Paper Co., Ltd.).under a
weight of 50 g/cm2 and then evaluating the degree of
peeling of the toner image. A fixing initiation
temperature was defined as a temperature giving a

- decrease in reflection density after rubbing of below

20 10 3. Offset was evaluated by eye observation to
measure lower offset-free points and higher offset-.
free points between which offset was not caused. The
results are summarized in Table 6 which.shows the
fixing initiation temperature (TFI); a density

25 lowefing between before and after rubbing after fixing
at 150 ©C, a lower offset-free temperature (TOFL)' a

higher offset-free temperature (Tggy) and a non-offset



fo ﬁEHﬁEQHEMYdﬁHQWn$ted fromthe binder resin and simlar peaks were

al 4o rebserved wrtinr ¢spect to the ot her toners. 20 - Each of

t hg 3bog n apd}conparative toners in an anmount--of 100 wt. parts
was QI eigé%}&(ﬁ?f? 0.6 wt. part of a positively chargeabl e hydrophobic
colil didal..silica to ¢btain a devel oper, 2@ich was t hen subj ected to the
following tests. 25{Fixing and of f set "P&st Each devel oper was
char gee—+ar—a—cormercral | y avai |l abl e copyi ng machi ne ("NP-1215", nfd. by

Canon
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range (Tpon-off = TorFr — TorL)-

Anti-blocking characteristic

About 20 g of each developer was placed in a
100 cc-plastic cup and left standing for 3 days at 50
OCc. Thereafter, the anti-blocking characteristic was
evaluated by eye observation based on fhe following
-standards.

Excellent (®): No agglomerate is observed.

Good (Q): Agglomerate is observed but
collapses easily.

Fair (A): Agglomerate is observed but is
collapsed by shaking.

Non-acceptable (X): Agglomerate can be
grasped and is not collapsed easily.

The results are also shown in Table 6.
Developing performance

~ About 100 g of each developer was placed in a
500 cc-plastic cup and left standing for 3 days at 45
OC. Then, the developer was charged in a commercially
availéble copying machine ("FC-5I1", mfd. by Canon.
K.K.) to evaluate the developing performance in terms
of image density and fog. The results are shown in
Table 6, wherein the symbols for evaluation of fog
were as follows:
@t: excellent, Q: good,
A: fair, X: not acceptable.

The above test is used as a simulation test
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' K») ‘““f'o pbtain yet-unfixed i mages which were then subj ect ed
I"Ag Tand” oTTge test by passing through an external hot roller

£l xil n&%gg&ewﬁapab e of tenperature control and conprising a

t ro ted ipper roller and a silicone rubber-coated | ower |ayer
undeés..the—e ong of a nip = 3.0 nMen-linear pressure = 0.5 kg/cm
and a process speed}{= 50 mm1 sec within a tenperature range of 100 - 230
[ err{C~ar—an rncrement of 5 [err]C for tenperature control. For 10
eval uation of |owtenperature offset and fixability, paper of 80

g/ nMerr] wasfapeavalitating theldrrabhl bty haghinst at sepeearfugeof f set and

fixability,

paper of 52 g/ n2 was used. The fixability was eval uated by

rubbi ng t he elevatian 1%6‘“%##@ apd¢ stheeghinkg 1piye undemadpag-

10

15

20

25

term standing.
Further, each of the developers obtained from
the toners 1-5 of the invention was charged in a

commercially available electrophotographic copying

.machine ("FC-2", mfd. by Canon K.K.) and used for

image formation. At an environmental temperature of
7.5 9°Cc, a first copy immediately after turning on the
power was obtained with a good fixability (density
decrease: below S %) without lowftemperatufe offset.
At an environmental temperature of 23.5 °c,
after continuous image formation on 50 post cards, the
developer was used for image formation on paper of 52
g/mz, whereby no offset was observed due to
temperature elevation at ends of the fixing device.
As a result of copying test at.an environmental

temperature of 32.5 ©C, clear images were always

- formed to use all the toner up without causing melt-

sticking or blocking at the cleaner part.

Example 1A
Binder resin 6 100 wt.part(s)
Magnetization oxide 85 "

{same as in Example 1)
Nigrosine 2 "
Wax Al 4 "

A toner 6 having a weight-average particle



15 (trades ,narm)
g/ cn? and rt»ir}er’f eval
fixing |nut| ation, ,
decreasé iin sfséf fect:

e s T

,,rvﬁoﬁes?by Czu Paper Co., Ltd.) under a wei ght of 50

uafﬂngithe degree of peeling of the toner image. A
nﬁerature was defined as a tenperature giving a
Q"gn density after rubbing of below 20 10 % Offset was

eval uat ed iby eye.ohservatiion to nmeagpre | ower offset-free points and

hi gher of fset-

free pélnts bet ween whi ch offset was not caused. The

resul t s ‘arewsumari-zed-in-Tabl e 6 whi ch shows the fixing initiation

tenperature (TFIl),
after fixingize ot
hi gher offset-free

a density 25 |owering between before and after rubbing
8l50n [vas |fiepaledef roinf the- Abeget éngeedients( T[err]),
tenperature (T[err]) and a non-offset

otherwise in the manner as in Example 1. According to

the GPC

measurement, the toner 6 showed a molecular

weight distribution including a peak Pl at 1.52x104

5 and a peak P2 of 2.55x106.

0.5 wt.

100 wt. parts of the toner was blended with

part of hydrophobic colloidal silica to obtain

a developer. The developer was charged in a

commercially available copying machine "NP-3825", mfd.

10 by Canon K.K.). In an environment of 15 ©C, the

copying

machine in a sufficiently cooled state was

supplied with a power and, after 5 min. in the standby

state, was used for successive image formation on 150

sheets of A3-size transfer paper (80 g paper), whereby

15 good images were formed without offset and with good

fixability (density decrease = 12 %) even on the 150-

the sheet. As a result of successive copying of 2x104

sheets,

good images having image densities of 1.32 -

-1.36 and free from fog were obtained without melt

20 sticking.

a
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pAaS . obfajneagrn h a good fixability (density decr ease:

10 power
% Wit Hoft MO tlenper at ure of f set . At an

bel ow b

envir01 ntal tenperatjurle of 23.5 [err]C, ' after continuous inage
format) on @# MAYPIS9F darids, the devel oper was used for image
format) on on paper of {5 15 g/nigér whereby no offset was observed
due to Tenpergture el evation ends of the fixing device.

As a rlesult of copying tfest at an environnent al t enper at ure of
32.5 [err]C, clear images were al ways formed to use all the toner
up without cBMSIdWhE#RId -of waxes20 sticking or blocking at the cleaner

part. anpl e Bi nder resin 6

100 wt. part(s) Waxes Azhhﬂﬁettzaéh&nngxhggd in Examples 682 "’
(sane as in Exanple 1) Ni gr osi ne 2

9 and wax E2 used in Comparative Examples 8 and 9 were
prepared as follows.
5 Waxes A2, B2 and C2 (invention) were obtained
from hydrocarbon synthesized by the Arge process, and
‘Wax D2 (invention) was obtained from polyethylene
obtained by ;ow-pressure polymerization in the
presence of a Ziegler catalyst. Wax EZ (comparative)
10 was prepared by thermal decomposition of pblyethylene.
The properties of the waxes are sﬁmmarized in the

following Tables 7-1, 7-2 and 8.



Wax Al - 4 ! A toner 6

havi rg—e—wet-ght—average particle -62- - size of 8 [err]muwas

pr epar BEPEALSMERheSHBOVE i ngredients otherwise in the manner as in
Examyl ¢ T, Accordi ngi{teo t he GPC neasurenent, the toner 6 showed a

nmol equliar 4 @gqggt di stribution includgfg a peak Pl at 1.52x104 5 and a
peak {P3 % JM [edr]. 100 wt. parts of the toner was bl ended
wth{ ~8—5—wt—mpatt-off hydrophobic colloidal silica to obtain

10

15

20

Table 7-1

DSC characteristics of waxes

Wax | (Tygp)max Tyap wl/z AT (Tonset)HA
(°C) (°c) (°c)

A2 83 81 21 2 64

B2 82 88 17 6 66

c2 102 103 24 1 ' 68

D2 102 99 36 3 57
Comp. .

E2 103 89 7 14 26

(Tygp)max: Maximum heat-evolution peak

temperature on cooling.

Tyap: Heat-absorption peak temperature on heating
corresponding to (Tygp)max.

Wl/zz Half-value width of the maximum heat

- evolution peak.

AT: Temperature différence(: [ (Tggpp)max-Typpl)
(Tonset)HA: Onset temperature of the heat

absorption peak.



a devel oper.

(8b

gopdl e fixabii
sheéet. As a result o
haw

~The devel oper

was charged in a
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commercially avail abl e

n13825", 10 by Canon K K. ). In an environnent of

[REPLACEMENTe SHEET clopyi ng machine in a sufficiently cooled state was
SUppEt Wt Hg

;ugggg,%k(?/@%er b

r and, after 5 mn. in the standby state, was used

formation on 150 _gg_sheets of A3-size transfer paper
15 good i nages were fornmed without offset and with

density decrease = 12 % even on the 150- t he

- successi ve copying of 2x104 sheets, good inages

wi thout nelt

mrg-TTEyE-déensities of 1.32 -

Tablle 3p-2nd free fromfog were obtained
20 sticking.

Molecular weight distribution of waxes

Wax Mn Mw Mw/Mn
5 .
A2 490 720 1.47
B2 450 670 1.49
Cc2 800 1270 1.59
D2 470 900 1.91
Comp. :
10 E2 210 5630 6.19
Table 8
15 Properties of waxes
Wax |Penetration | Density | Melt Softening Crystal-
-1 3 viscosity | temp. linity
10 “mm g/cm cP Sc %
A2 2.0 0.94 6 85 89
20
B2 4.0 0.94 5 93 89
c2 0.5 0.96 14 110 88
D2 3.0 0.95 9 117 91
Comp.
E2 4.5 0.93 180 105 75
25
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Preparation of binder resins

Synthesis Example 7

Styrene 80 wt.part(s)
n-Butyl acrylate | 20 "
5 2,2-Bis(4,4-di-t~butylperoxy-
cyclohexyl)propane 0.2 "

A polymer A2 was prepared from the above

materials by suspension polymerization.

Styrene 83 wt.part(s)
10 Butyl acrylate 17 "
Di-t-butyl peroxide 1.0 "

A polymer B2 was prepared from the above
materials by solution polymerization in xylene, and
the polymers A2 and B2 were mixed in solution in a
15 weight ratio of 30:70 to obtain a binder resin 7.

Synthesis Example 8

Styrene 80 wt.part(s)
n-Butyl acrylate 20 "
2,2-Bis(4,4-di-t-butylperoxy-

20  cyclohexyl )propane 0.1 "

A polymer C2 was.prepared from the above

materials by suspension polymerization.

Styrene 84 wt.part(s)
Butyl acrylate 16 "
25 Di-t-butyl peroxide 0.8 "

A polymer D2 was prepared from the above

materials by solution polymerization in xylene, and
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- 66- Preparation of waxes

BeBL AR Y, §@%Tand D2 used in Exanples 6 - 9 and wax E2 used in

-
"

et==ve~Examl 4s 8 and 9 were prepared as foll ows. 5

d]C2 (invention) were obtained from hydr ocar bon
t He tArge process, and _70_V\ax D2 (invention) was obtained

10

15

20

25

the polymers C2 and D2 were mixed in solution in a
weight ratio of 25:75 to obtain a binder resin 8.
Synthesis Example 9
Styrene 80 wt.part(s)
n-Butyl acrylate 20 "
2,2¥Bis(4,4—di-t-butylperoxy-
cyclohexyl )propane 0.2 "
A polymer E2 was prepared from the above

materials by suspension polymerization.

Styrene 82 wt.part(s)
Butyl acrylate 18 "
Di-t-butyl peroxide 4.0 - "

A polymer F2 was prepared from the above
materials by solution polymerization in xylene, and
the polymers EZ and F2 were mixed in solution in a
weight ratio of 40:60 to obtain a bindér resin 9.

Synthesis Example 10

Styrene 80 wt.part(s)
Butyl acrylate 20 "
Di-t-butyl peroxide 0.5 "

A binder resin 10 was prepared from the above
materials by solution polymerization in xylene.

Synthesis Example 11

Polymer B2 | . 30 wt.part(s)
Styrene 44.7 "
Butyl acrylate 25 "

- Divinylbenzene 0.3 "
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(Tonset ) HA

Wax

0.7 [}

A binder resin 1} was prepared from the above

materials by suspension

Example 6

Binder resin 7

Magnetic iron oxide

polymerization.

100 wt.part(s)

80 "

(Da = 0.25 pm, og = 80 emu/g under 10 kOe,
Op = 10 emu/g, Hc = 120 Oe)
Nigrosin 2 "
Wax Al 4 o

The above ingredients were blended
preliminarily and melt-kneaded through a twin-screw
kneading extruder set at 130 °C. The kneaded product
was cooled, coarsely crushed, finely pulverized by a
pulverizer using jet air, and classi%ied by a wind-
force classifier to obtain a toner 1 having a weight-

average particle size of 8 nm. The toner was

~ subjected to the GPC measurement to provide results as

shown in Table 9 appearing hereinafter.

Examples 7 - 9

Toners 7 - 9 were prepared in the same manner
as in Example 6 except that binder resins and waxes
shown in Table 10 were respectively used. The results
of tﬁe GPC measurement are also shown in Table 9.

Comparative Examples 6 and 7

Comparative toners 6 and 7 were prepared in

of
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ey CuEET | 64 B2 82 88 17 . 6

o REPLACEET Sifgs) 103 24 1 68 D2 102

9 36 13 57 10 Conp. E2 103 89

7 ‘ ZHWNMAY 1997 | 26 ( THEp) max:  Maxi num heat - evol uti on peak

1 Lgnperapgig on cpol i ng. T[ er@B- Heat - absorpti on peak tenperature
of heating  ~ corresponding to (T[err]) max. Wlerr]: Half-value
wirdt h. of _the nmeaxi-wn heat evol ution peak. 20 [err]T: Tenperature

L)nax-T[err]) .
same’ manner as in Example 6 except that binder

resin and waxes shown in Table 10 were respectively
used. The results of the GPC measurement are also
shown in Table 9.

Comparative Example 8

A comparative toner 8 was prepared in the

'same manner as in Example 6 except that the wax was

replaced by a low-molecular weight polypropylene wax
{("Viscol 550P", mfd. by Sanyo Kasei Kogyo K.K.)}.

Each of the above toners and comparative
toners in an amount of 100 wt. parts was biended with
0.6 wt. part of a positively chargeable hydrophobic
colloidal silica to obtain a developer, which was then
subjected to the fixing and offset test and evaluation
of the anti-blocking characteristic and developing
performance in the same manner as in Example 1 except
that the fixing and offset test was performed under

the varied conditions of a nip = 4.5 mm, a linear
2

" pressure of 0.6 kg/cm® and a process speed of 90

mm/sec, and the developing performance was evaluated
without the standing at 45 °cC.

The results are shown in Tables 10 and 11.



(Tonset)HA Onset tenperature of the heat absor ption peak.

R ELAT T AUEET | Table 7-2 Mol ecul ar wei ght
bty oM of “Wakes Wax M Mv Mv/ Vh 5
o 90 720 1. 47 B2 450 670
1.49 ¢ 4 Moy 1g7 Q2 800 12793 1.59
= N
S
Table 9

Molecular weight distribution of toners

Toner | 3x103-5x10% | »10% peak | <10° weight
peakx _ fraction (%)
5
Ex. 6 6 10,500 610,000 76
‘Ex. 7 7 12,800 670,000 80
Ex. 8 8 5,700 58Q¢,000 69
Ex. 9 9 10,400 600,000 77
10 |Ex.10 10 15,400 2,800,000 63
Comp. | Comp.
Ex. 6| 6 10,600 . 590,000 77
Comp. { Comp.
Ex. 7 7 10,300 570,000 78
Comp. | Comp. . ’
1Ex. 8 8 10,500 610,000 76
15

% The underline refers to a maximum peak.
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Conp. E2 4.5 0.93 180 . 105 75
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T

Styreme e ! 83 mﬁ.part(s) 10 Butyl acrylate
17 %iwxz .wt butylgperOX|de .0 A pol yner
B2 wag grepared fron1bh¢ above material s by sol ution polymerization
in xyllernie, 2&ndAY 557 the pol ymers A2 and B2 were mixed in solution in a
15 weijght ratio of 30: 70 .to obtain a bipger resin 7. Synt hesi s
Exanplje 877 Stynene 80 wt.part(s)

n- But yil__: QQJLMP _ f 20 "

2,2-Bis(4,4-di-t-butyl peroxy- 20 cycl ohexyl ) propane

0.1 " Examples 10 A p3l yCempSPavdvepExpampdesf 9om tllie above

mat eri al s by suspensi on pol yneri zati on. Styrene

84 wt.part(s) Each of the yet-unfixed toner images of the

'{1

toners 6 - 9 and comparat;ve toners 6 ~ 8 formed in
Examples 6 - 9 and Comparative Examples 6 - 8 was

5 subjected to fixing and offset test by using an
external fixing device as shown in Figure 21 including
-a heating member 1 and a pressing roller 5 disposed
opposite to the heating member to press a transfer
material onto the heating member 1 by the medium of a

10 fixing film 2. The fixing film 2 was an endless film
comprising a 20 pm-thick polyimide film coated with a
10 pm-thick release layer of a fluorine-containing
resin to which an electroconductive substance was
added. The pressing roller 5 comprised silicone

15. rubber and was used to apply a total pressure of 10 kg
at a nip of 4.0 mm and a process speed of 90 mm/sec.
The film was driven under tension by a drive roller 3
and a mating roller 4, and the linear heating member 1

- of a low heat capacity was temperature-controlled by

20 applying energy pulses thereto. The evaluation of
fixing performances were performed in the same manner
as in Example 6 and the results thereof are shown in

Table 12 below.



But yl acryl ate 16 25 Di -t-butyl peroxide
0.8 A_polymer D2 was prepared fromthe above

mat eri aj ﬁm,ﬁgﬁggm gﬁrppl merization in xy ene, and -70-

t he poly were mxed in solution in a wei ght ratio of
25:75 tp bh%ﬁ @ nder resin 8. Synt hesi s Exanple 9

Styrene AY 1 80 w.part(s) 5 ~ n-Butyl acrylate
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cydj fffi&klﬁnﬁa v | 0.2 A polymer E2 was

pr pQQ? "“é&éﬁh ngﬂbcve mat eri al s by suspensi on pol ynerizati on. 10

St yir eine 7 - 82 wt.part(s) . . Butyl acrylate

18 24 MAY 1997 Di -t-butyl peroxide 4.0

A. mer_F2 was pdegared fromthe abouvg_ materials by solution

polynerlzatlon in xyliene, and 15 the“pol yners E2 and F2 were nixed in

SOl Wwi-t-aa-d-A-a Mei ght ratio of 40:60 to obtain a binder resin 9.

Synt hesi s Exanpl e 10 Styrene 80

W . part(s) gxample 14BuUtyl acrylate 20 20

Di-t-butyl peroxide — 0.5 A binder resin 10 was

prepared fromtBenabeveesin 11 100 wt.part(s)
Magnetization oxide . 80 "

(same as in Example 6)

5 3,5-Di-t-butylsalicylic acid
Cr complex 1 "
Wax A2 4 "

A toner 10 having a weight-average particle
size of 8 nm was prepared from the above ingredients
10 otﬁerwise in the manner as in Example 6. The toner 10
showed GPC data as shown in Table 9 above.
100 wt. parts of the toner was blended with
0.6 wt. part of hydrophobic colloidal silicé to obtain
a developer. The developer was charged in a
15 commercially available copying machine "NP-8582", mfd.
bj Canon K.K.). 1In an environment of 15 O¢c, the
copying machine in a sufficieﬁtly cooled state was
supplied with a power and, after 5 min. in the standby
"state, was used for successive image formation on 200
20 sheets of A3-size transfer paper (80 g paper), whereby
good images were formed without offset an¢ wifh good
fixability (density decreaée = 5 %) even on the 200-
th sheet. As a result of successive copying of 2x104
sheets, good images having image densities of 1.38 -
25 1.46 and free from fog were obtained without melt

sticking.



s g

mat ek ﬁ‘b aifzi-oh pol ymeri zation in xyl ene. Synt hesi s Exanple 11
Po|yh£§agz Xﬁfoi MJT 30 wt.part(s) 25 Styrene
4437 ﬁ acryl ate 25
Dm:F | dd MR E97 0.3
-3 4 Do E-putyl peroxy-2-ethyl hexanoat e
0.7 "7 TR binder resin 11 was prepared fromthe above
3

Preparation of waxes

Waxes A3, B3, C3, D3 and E3 used in Examples
and waxes F3, G3, H3 and ‘I3 used in Comparative
Examples were prepared in the following manner.

Hydrocarbon wax F3 (comparative)} was

synthesized by the Arge process, and waxes A3, B3 and

‘C3 (invention) were respectively prepared by

fractional crystallization of the wax F3. Wax G3

(comparative) was prepared by oxidizing hydrocarbon

10 prepared by the Arge process.

Wax H3 (comparative) of a relatively low
molecular weight was prepared by polymerizing ethylene
at a low pressure in the presence of a Ziegler

catalyst, and wax D3 (invention) was prepared by

15 fractional crystallization of the wax Hl for removing

a low-molecular weight component to some extent. Wax
I3 (comparative) of a higher molecular weight than the
wax H3 was prepared by similar polymerization, and wax

E3 (invention) was prepared by fractional

20 crystallization thereof for removal of low-molecular

weight fraction.
The properties of these waxes are summarized

in the following Tables 13 - 15.



materials by suspension polynerization. 5 Exanple 6 Bi nder resin 7

10G™ e L2 - Magnetic iron oxide 80 "

(Da @ﬁﬁfﬁé é%rb%ﬁ [érr] = 80 ermu/g under 10 kCe, [err]= 10
em/iI Fb = 120 [err]e) 10 Nigrosin 2

WA PMAY 597 The above ingredients
werie , bIended preL|n1nar|Iy and neltskneaded through a tw n-screw
kn@adlng ‘extruder~set at 130 [err]C. The kneaded product 15 was cool ed,
codr.sel.y. crushed, flnely pul veri zed by a pul veri zer using jet air, and
classified by a mnndl force cl aggpflieer13 o obtain a toner 1 having a
wei ght - average particle size of 8 [err]m The toner was - subjected

to the GPC neasurenment toDgCOChMaddRdilstiasS of Waxes

Wax On heating On cooling
5
On set | Absorption Max. heat-| Temp.
temp. peak temp.=* evolution difference
° ° peak temp.
(-C) (7C) (°c) (°c)
A3 66 105, 112 104 1 (104-104)
B3 68 107, 113 106 1 (107-106)
10 1.
C3 62 104, 112 105 . 1 (105-104)
D3 61 104, 11 106 2 (106-104)
E3 86 117 111 6 (117-111)
_________________________________________________________ .
(Comp. )
15 ;
F3 65 81, 106 95 11 (106-95)
G3 67 83, 104 96 11 (110-986)
H3 40 103, 11le 105 2 (105-103)
I3 95 125 - 113 12 (125-113)
20

* The underlined data refers to a maximum heat-

absorption peak temperature.



20 shown in Table 9 appearing hereinafter. Examples 7 - 9

- were prepared i.n the sanme manner as in Exanple 6 except

t BaRERIABERT: HT e nd waxes shown in Table 10 were respectively used.
The ot »ié%-’%? the GPC rreasurerrent_ealr_e al so shown in Table 9.

Sttt
arative Examples 6 and 7 Conparative toners 6 and 7 were
e ar@ MAY 1997 | 7p- the sanme manner as in Exanple 6 except
er

Table 14

Molecular Weight Distribution of Waxes

Wax Mn Mw Mw/Mn | Mp
5
A3 780 1280 - 1.64 1100
B3 910 1410 1.55 1330
C3 620 1050 1.69 980
D3 570 1170 - 2.05 | 1030
10 E3 630 1750 2.78 1670
(Comp.)
F3 540 830 1.54 600
G3 510 850 1.67 610
15 H3 470 1120 2.38 - 4890
I3 750 3200 4.27 2100
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ended mnth

i} v

coftordal

asur enent

re5|n and waxes shown in Table 10 were respectively

are al so

A conparative toner 8 was prepared

used. :The
shown in Table 9.

manner as in Exanple 6 except that the wax was

Kasei Kogy
e

0.6 wt.

characteristic and devel opi ng
Exanpl e 1 except

under

10

15

o KK).

10

| ecul ar wei ght pol yghapyl ene wax
Each of the above

toners in an anount of 100 wt.

(" Vi scol

parts was

part of a positively chargeabl e hydrophobic
silica to obtain a devel opgpreWisch was t hen
to the fixing and offset test and eval uation

subj ect ed

15 of the anti-blocking

5

Propertfiesf ofWakes N the sane nmanner as in
that the fixing and offset test was perforned

Wax Penetra- | Density | Melt Softeningi Acid
tion viscosity | point value
10" 1om g/cm3 cP Sc mgKOH/g
A3 0.5 0.96 14 116 0.1
B3 0.5 0.96 18 118 0.1
C3 0.5 0.96 12 114 0.1
D3 1.5 0.96 12 118 0.1
E3 1 0.97 30 122 0.1
(Comp.)
F3 1.5 0.94 8 108 0.1
G3 2 0.96 10 105 10.0
H3 2 0.96 15 120 0.1
I3 1 0.97 88 129 0.1




the varied.condi.tions of a nip = 4.5 M a linear pressure of 0.6
i ] dHFEOCEss speed of 90 20 mm sec, and the devel oping

kg/
peH

Tab

1 uat ed wi t hout the standlng at 45 [err]C.
-73-

The 4,/‘?115}%[?997*10’\“ in Tables 10 and 11.
e 9=

Vb ecul ar wei ght dlggg_butlon of toners

Tonér |-3x10Lerr]-5xl0f err] >10[ err] peak <10[err] wei ght

peal

10

15

20

25

fraction (%

Example 15

Styrene-butyl acrylate copolymer 100 wt.part(s)
(copolymerization w;eght ratio
= 80:20, Mn = about 10%)
Magnetic iron oxide 80 "
(Da = 0.25 pm, og = 80 emu/g
under 10 kOe, op = 10 emu/qg,
Hc = 120 Oe)
Nigrosin _ 2 b
Wax A3 4 "

The above ingredients were blended

preliminarily and melt-kneaded through a twin-screw

- kneading extruder set at 130 Oc. The kneaded product

was cooled, coarsely crushed, finely pulverized by a
pulverizer using jet air, and classified by a wind-
force classifier to obtain a toner 11 having a weight-
average particle size of 8 pmm. The toner was

subjected to the DSC measurement to provide results as

" shown in Table 16 appearing hereinafter. The DSC

curves on heating and coding of the toner 11 are shown
in Figures 5 and 5, respectively.

Examples 16 - 19

Toners 12 - 15 were prepared in the same
manner as in Example 15 except that waxes B3 - E3 were
respectively used. The results of the DSC measurement

of the toners are alsoc shown in Table 16.



Ex. 6 6 610, 000 76 Ex. 7 7 12, 800
670, 000 | X. 8 8 5, 700 580, 000 69

Ex. 9 600, 000 77 10 Ex. 10 10 15, 400
2, 800, 00 Conmp.  Conp. Ex. 6 6 10, 600

590, 000 onmp.  Conp. Ex. 7 7 10, 300

570, 000 1 Jonp.  Conp. -84- Ex. 8 8 10, 500

610, 000 b 76 15 * The underline refers to a naxi num peak

Comparative Examples 9 - 12

Comparative toners 9 - 12 were prepared in
the same manner as in Example 15 except that waxes F3
- f3 were respectively used. The results of the DSC

5 measurement of the toners are also shown in Table 16.

Comparative Example 13

A comparative toner 13 was prepared in the
same manner as in Example 15 except that the wax was
omitted. The results of the DSC measurement of the

10 toner are also shown in Table 16. The heat absorption

- peak shown in Table 16 for the toner origiﬁated from
the binder resin and similar peaks were also observed
with respect to the other toners.

Comparative Example 14 -

15 A comparative tqpe; 14 was prepared in the
same manner as in Example 15 except that the wax was
replaced by a low-molecular weight polypropylene wax
("Viscol 550P", mfd. by Sanyo Kasei Kogyo K.K.).

Each of the above toners and comparative

20 toners in an amount of 100 wt. parts was blended with
0.6 wt. part of a positively chargeable hydrophobic
colloidal silica to obtain a developer, which was then
subjected to the fixing and offset test and evaluation
of the anti-blocking characteristic and developing

25 perférmance in the.same manner as in Example 1 except
that the fixing and offset test wés perforﬁed under

the varied conditions of a nip = 4.0 mm, a linear



-75-

24 MAY 1997
b o -85~

pressure of 0.4 kg/cm2 and a process speed of 45

mm/sec.

The results are-shown in Tables 17 and 18.
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10 fixing g

[err] mthi clﬁﬁﬁbﬁfifﬁ*} ae‘*;!fffaTm coated with a

conprisihg a 20
10 [err]mthick rel ease | ayer

film2 was an endless film

of a fluorfi
was adddd.
used to applly
process spe
drive roll
of a lowh
pul ses thereto.
t he sanme manner
Tabl e 12 bel ow.
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resin to which an el ectroconductive substance

ggflrg roller 5 conprh§ed silicone 15 rubber and was
pre<s re of 10 kg at anip of 4.0 nrmand a

The filmwas driven under tension by a

and a natlng roller 4, and the linear heating nenber 1

aeT Ty Was tenperature-controlled by 20 applying energy
The eval uation of fixing performances were performed in

as.in Exanple 6 and the respylts thereof are shown in
aQ
o
=
o]
] .
H OO O nn © O QO O NN O © O
ge [=A T~ Y - < T - B - < -~ 2 I s e L
Yt
Wy
Q
I
[~
o Q
[} =
w | e«
Lol
44
o
1 - e~ in o O O O vy N N O O O
-t B O]l 0o 0o o © SN O NN O DN
o Q ¢ N NN NN = = = N =
S| &~
<
o e~ N OO To TR+ N — N -~ R~ Y |
= Q - e = (N ™~ = N M N <
Q o L B B I Lo S R »x
o~ ]
>
g
o
- [0}
o =i
~— >
=R}
> o o
& >yme b
- | Hgo &
=~ | -~ O M ™M N W~ M M ST DN O >
i | U e g ~—t
al o - Q
S| 0D 1=
“iliaoauc
o-f o
[ =
H o ~10 Q Q v O O O N n O O o2}
Gy O NN &N N N ™ NN N ™M O L]
£~ o - e e = e e e i ]
~ =
St
* <
v —t
b M M MMM ™Mo Mm MmN S0 =2
L] < @M O Q[ = QO = = Q u 0
= £ v
9
- N M T w0 A QD - N M =
Ll o i Ll L o e 1
3
S & o & Q
] 1] QU O -t
= [~ g
Q o Q0
& & (SIS g
[N
(=]
0y
N O ™~ O NN NN Q = N M [Tq]
= e, = = = e - e e ™ - «®
joF
L 2 E.
o O x
= (&>




Exanpl e

0 —~
N~ o»
S
o
s _
o O Le'l ©® auou e €l
= O 9€° 1L 0 €1 zl zl
v | ZAN] v teH Lt iL
® v ZLl X €9 ot ot
[ee)
! v A v €d 6 avuol} | ¢ °xd
*dwop | *duwo)
O se°l © ed st 6l
o) cet @) €a vl gl
® sE° i o) (o) €l Ll
© gBE" L © td cl 9l
.H ©® geE" L © Ev Ll xsuoy | 6L °Xd
X ~
W m _ bogd | A3ysuesp obeur
P :
1,rn W souruwxogyaad Hurdoraaag | Buryoorq-TIUVy xepm aauoy,
2~ | .
ﬁ i aouewrojxad bBuydoraaAap pue AJITITqRIOlS
gL @21qeq

-77-
14



108 00 48 - 80 (same as in Exanple 6) 5
awhu”y~ aJLcyLlc acid Cr conpl ex _

4 A toner 10 having a
verhdEip &@Vlc]e size of 8 pmwas prepared fromthe above
ients 10 ot her e in the mannerg@s in Exanple 6. The toner 10
C dat'a as™s own in Table 9 above 100 wt. parts of
the tbner-was -hlended with 0.6 wt. part of hydrophobic colloidal silica
to obtain a devel oper. The devel oper was charged in a 15 comrercially
avai |l abl e cEREmg QU ne INP-Ciniaratide ExamPpye£ansn-Ki&. ). In an
environnent of 15 [err]C, the copying machine in a sufficiently cool ed
state was suppl | eshom tdE achxo vt -aundf i 0éd etohe il Dmagast b€ shandby

toners 11 - 15 and comparative toners 9 - 13 formed in
Examples 15 - 19 and Comparative Examples 9 - 13 was
5 subjected to fixing and offset fest by ﬁsing an
external fixing device as shown in Figure 21 including
-2 heating member 1 and a pressing roller 5 disposed
opposite to the heating member to .press a transfer
material onto the heating member 1 by the medium of a
10 fixing film 2. The fixing film 2 was an endless film
comprising a 20 pm-thick polyimide film_coéted with a
10 pm~thick release layer of a fluorine-containing
resin to which an electroconductive substance was
added. The pressing roller 5 comprised silicone
15 rubber and was used to apply a total pressure of 8 kg
at a nip of 3.5 mm and a process speed of 50 mm/sec.
The film was driven under tension by a drive roller 3
and a mating roller 4, and the linear heating member 1
"0of a low heat capacity was temperature-controlled by
20 applying energy pulses thereto. The evaluation of
fixing performances were performed in the same manner
as in Example 15 and the results thereqf are shown in
Table 19 below.
As is understood from Tables 15 - 19, the
25 -tonefs containing waxes A3 - C3 showed further
improved performances than the toners containing the

alkylene polymer-type waxes D3 and E3.



state,.was _used for successive inage formation on 200 20 sheets of A3-size
transfﬁg‘p;gpgpe“j %(p,ang per), whereby good i mages were fornmed w t hout
of f spt =2 -4 A2 ~GO. fixability (density decrease = 5 % even on the
200- t sheet . a result of successive copying of 2x10[err]
sheel s &ﬁ)MAYrﬁQQZs h' ing i mage densiti 69%T 1.38 - 25 1.46 and free from
fog hefe_obtained wift hout nelt sti cki ng. Prepar ati on
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Wax és Rl A0BEY HEFHEE dind E3 used in Exanpl es and waxes F3, G3, H3 and
| 3 s TH Conparatjve =  Exanples were prepared in the foll ow ng manner
5 2 4 Rggar bon wax F3 (conparative) was synt hesi zed by the Arge
prodegs, and waxes A3} B3 and C3 (invention) were respectively prepared
by Rt ygtal lization of thgiuwax F3. Wax G3 (conparative)
was |prepared by oxidi zi ng hydrocarbon 10 prepared by the Arge process.
Wax ofnparative) of a relatively | ow nol ecul ar wei ght was prepared
by pol ynerizing et hyl ene at a low pressure in the presence of a Ziegler
catal yst, angx#mp1&326i nvention) was prepared by 15 fractional
crystallization of the wax HL for renoving a | ow nol ecul ar wei ght
conponent to songtegxépatbu¥tl acrylate (80:20)
copolymer (Mn = about 104) 100 wt.part(s)
Copper phthalocyanine (colorant) 4 "
5 Quaternary ammonium organic salt 1 *

(positive charge control agent)
Wax A3 3 "
A toner 16 having a weight-average particle
size of 8 pm was prepared from the above ingredients

16 otherwise in the same manner as in Example 15. The
toner 16 provided DSC data as shown Table 20 appearing
hereinafter. The toner 16 in an amount of 100 wt.
parts was blended externally with 1.0 wt. part of
positively chargeable hydrophobic colloidal silica

15 fine powder to form a toner. The toner in 10 wt.
parts was further blended with 100 wt. parts of
ferrite carrier coated with a resin mixture of
styrene-acrylic resin and fluorine-containing resin to
obtain a developer.

20 The developer was charged in a commercially
available electrophotographic copying machine |
including a fixing device as shown in Figure 21 ("FC-
2", mfd. by Canon K.K.) and used for image formation.
At an environmental temperature of 7.5 ©C, a first

25 copy'immediately after turning on the power was
obtained with a good fixability (density decrease:

below 5 %) without low-temperature offset.
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At an environmental temperature of 23.5 Oc,
after continuous image formation on 50 post cards, the
- developer was used for image formation on paper of 52
g/mz, whereby no offset was observed due to
5 temperature elevation at ends.of the fixing device.
As a result of cépying test at an environmental
-temperature of 32.5 S¢c, clear blue images were always
formed to use all the toner up without causing melt-
sticking or blocking at the cleaner part. During the
10 operation, the temperature in the apparatus was
measured whereby 48 OCc was measured in the.
neighborhood of the developing device and 52 OC was
measured in the neighborhood of the cleaner. Further,
a cartridge was left standing at 40 Oc for 2 weeks and
15 then evaluated for image formation, whereby clear blue
images free of fog were obtained;

Example 26

- Styrene-butyl acrylate (82:18)

copolymer (Mn = about 104) 100 wt.part(s)
20 Magnetic ion oxide (Da = 0.25 um) 60 "
| Monoazo Cr complex 1 "

(negative charge control agent)
Wax A3 4 "
A magnefic toner 17 having a weight-average
25 particle size of 12 pm was prepared from the above
ingredients otherwise in the same manner as in Example

15. The toner 17 provided DSC data as shown Table 20

hi gher nol ecul ar wei ght than the wax H3 was
: | yneri zation, and wax 'E3 (invention) was prepared
ct1onal 20 Ccrylstal lization thereof for renmoval of |ow nolecul ar

The propertles of these waxes are summari zed



Vx| REPLAGZNENT Quidrpal i ng On cooling 5 On
set | pAoserptronr—-—-AK. heat- Tenp. t enp. peak tenp.*
evoluti Avk{gﬁrema . L peak tenp.
([er]cg]“‘4 erf1D ([err] Q) ([err]

A3 i 66 105, 112 . 104 1 (104-104) B3

68 107, 113 A 106 1 (¥~ 106) 10 C3 62

104 =452~ 10 1 (105-104) D3 61 - 104, 116
106 2 (106-104) E3 86 117 111
85(117_1ﬁ)(f(gg_egg%g%n%e)reé%after.lz?’ Theytoner P’Z?,J:.nlm gnllbur%gesof 96

11 (110-96 H3 Q 103. 1 . 05 2
(10g_103) ) 100 V§' parts wa§%§ﬁended eﬁgﬁfnéf&y with 91% wt. past

(125-113) of hydrophobic colloidal silica fine powder to form a
developer.

5 The developer was charged in a commercially
available laser beam printer using a hot roller fixing
-device ("Laser Shot B406", mfd. by Canon K.K.) and
tested for image formation after removing the cleaning
pad for the fixing roller.

10 As a result of the first copy test at an
environmental temperature of 7.5 ©cC, good fixability
(density decrease: 3 %) was obtained without offset.

A cartridge containing the developer was left
standing at 40 °C for 2 weeks and then evaluated for

© 15 successive image formation in an environment of 32.5

Sc, whereby fog~free clear toner images having image
densities of 1.35 - 1.40 were obtained without melt-
sticking until the toner was used up. .Further, no
staining was observed on the heating roller or
20 Dpressing roller.
Example 27
Polyester 100 wt.part(s)
(bisphenol A-type diol/terephthalic |
acid/trimellitic acid (50/45/5 by weight)
25 condensate, Mn = about 5000)

Magnetic iron oxide (Da = 0.25 um) 80 "
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ita refers to a maxi num heat - absor ption
Table 14

A3 780 1280 1.64
I | -94- |

3,.5-Di-t-butylsalicylic acid
Cr complex | N
Wax A3 _ 3 "

A magnetic toner 18 having a weight-average
particle size of 8 mm was prepared from the above
ingredients otherwise in the same manner as in Example

-15. The toner 18 provided DSC data as shown Table 20
appearing hereinafter. The toner 18 in an amcunt of
100 wt. parts was blended externally with 0.6 wt. part
of hydrophobic colloidal silica fine powder to form a
developer.

The developer was charged in a commercially
available copying machine using a hot roller fixing
device ("NP8582", mfd. by Canon K.K.). In an
environment of 15 °C, the copying machine in a
sufficiently cooled state was supplied with a power
and, after 5 min. in the standby state, was used for
successive image formation on 200 sheets of A3-size
transfef paper (80 g paper), whereby good images were
formed without offset and with good fixability
(density decrease = 8 %). As a result of successive
image formation of solid black images, no winding-up
was caused and the claw trace was only slight.

As a result of copying test of 20000 sheets
in an environment of 32.5 ©C, fog-free images having
image densities of 1.38 - 1.40 were obtained without

causing melt-sticking.
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z RESAGNMT GMRER : .
Tabl e 15 REE§=EG:F;L_,_ N 5@1.“;:T Properties of Waxes Vax
Penetra- Densijt Mel t poftening Acid . ’ tion
viscosity point| 24 MAY 1997 10[ err] mm g/crerr]
cP | myKOH g A3 0.5 0. 96 14
116 0.1{ B3 0.5-96- 0.96 18 118
0.1 d3 0.5 0. 96 12 114 0.1 10
D3 1.5 0. 96 12 118 0.1 E3
1 0.97 30 122 0.1 (Conp.) F3
1.5 0. ample 28 108 0.1 15 &3 2
0. 96 10 105 10.0

The toner 11 was evaluated by using a
commercially available e;ectrophotographic copying
machine.

5 As a result of the first copy test at an
environmental temperature of 7.5 ©cC, good fixability

- (density decrease: 7 %) was obtained without offset.

As a result of successive copying of 10000
sheets in an environment of 32.5 ©C, fog-free images

10 having image densities of 1.36 - 1.41 were obtained
continuously. No melt sticking was caused and the
staining of the fixing roller cleaning pad was very
little. When images were successively formed on 200
sheets of B5-size transfer paper (80 g/mz) and,

15  immediately thereafter, image was formed on A3-size
transfer paper (52 g/mz), no high-temperature offset
was caused due to temperature elevation at fixing
roller ends. |

A toner for developing electrostatic images

20 is prepared from a binde;lresin and a hydrocarbon wax.

The toner is provided with improved fixability and
anti-offset characteristic by controlling the thermal
characteristic of the hydrocarbon wax so as to provide

- a DSC (differential scanning calorimeter) curve,

25 showing an onset temperature of heat absorption in the

range of 50_- 110 ©°C and at least one heat absorption



15 120 - 0.1 |3
129 0.1 - -83-
yrene- butyl acrylate copolyner 100 w. part(s)
(copol yneri (fynqg97eghtiratio = 80:20, M1 = about 10[err])
5 agne |yl?{pon ox} de 80 " (Da = 0.25
[err]m =@ Geml g under 10 kQCe, [err] = 10 emu/g,
. 97-

peak Pl in the range of 70 - 130 ©C giving a peak
temperature Tpj on temperature increase, and showing a
maximum heat evolution peak temperature in the range
of Tp; # 9 °C on temperature decrease.
Correspondingly, the toner provides a DSC curve
.showing a rising temperature of heat absorption of at
least 80 ©C, an onset temperature of heat absorption
of at most 105 ©C and a heat absorption peak
temperature in the range of 100 -~ 120 Oc, respectively
on temperature increase, and showing a heat evolution
peak temperature in the range of 62 - 75 ©C and a heat
evolution peak intensity ratio of at least 5x10'3 on

temperature decrease.



Hc = Ni grosin 2 ! 10
Wax 4 " The above

i ngrefi ents prelimnarily and nelt‘kneaded through a
tw n- Fem;fvﬁﬁﬁwek.;Ed ng extruder set at 130 [err]C

r duct

was ¢ oL_d _coarselyderushed, finely p?gierl zed by a gﬁeenliﬁﬁ:
usi ngljet air, and clasflfled by a win force cl aln_
a tonen;il-havwﬁg*a*merght- average particle size o
t oner was subj ected to the DSC neasurenent to prOV|de results as
shown in TaMEATI A S SHMEMED I8 ei nafter. The DSC 20 curves on heating
and coding of the toner 11 are shown in Figures 5 and 5,
respectively. 1. Edepgestas developing electrostatifeigage.- 15 were
prepared in the sang

comprising a binder resin and a hydrocarbon wax,

s )

wherein_the hydrocarbon wax provides a DSC curve, as
5 measured by a differential scanning colorimeter,
showing an onseﬁ temperature of heat absorption in the
range of 50 - 110 °C and at least one heat absorption
peak Pl in the range of 70 - 130 ©C giving a peak
temperature Tp; on temperature increase, and showing a
10 maximum heat evolution peak giving a peak temperature

in the range of Tp; + 9 °C on temperature decrease.

2. The toner according to Claim 1, wherein said
hydrocarbon wax shows an onset temperature of heat

15 absorption of 50 -~ 90 °cC.

3. - The toner according to Claim 1, wherein said
hydrocarbon wax shows an onset temperature of heat

absorption of 60 - 90 Sc.

20
4, The toner according to Claim 1, wherein said
hydrocarbon wax.provides at least one heat absorption
peak Pl in the temperature range 0f 90 - 120 °C on
temperature increase.
25 |

S. The toner according to Claim 1, wherein said

hydrocarbon wax shows an onset temperature of 60 - 90

A NRRR O SRR THIS SHEET AAS BEEN

REPLAGED




nannerf%§ yipl e ‘15 except that waxes B3 -——E3-were 25—respectivel y
used #hg_ suf'ts.. of | thd DSC nmeasur enent of--the toners are al so
shown i Tabl e 16. fm=Qma}hstch

Conpar gtfve EXEaNnpIceg 9 12 Conpar mn l/va 12 were
preparediin t he sane-nanner as in nple 1 xes F3

|3 weré respectively used The results the DSC 5 neasurenent of the

toners'are.also..shown ¥ Tabl e 16. Cbnparat|ve Exanpl e 13
OC and provides at least one heat absorption peak in

the range of 90 - 120 OC on temperature increase.

6. The toner according to Claim 1, wherein said
5 hydrocarbon wax has a number-average molecular weight

(Mn) of 550 - 1200.

7. The toner according to Claim 1, wherein said
hydrocarbon wax has a number-average molecular weight

160 (Mn) of 600 - 1000.

8. The toner according to Claim 1, wherein said
hydrocarbon wax has a weight-average molecular weight
(Mw) of 800 - 3600.

15

9. The toner according to Claim 1, wherein said

hydrocarbén wax has a weight-average molecular weight

(Mw) of 900 - 3000.

20 10. The toner according to Claim 1, wherein said
hydrocarbon wax has a number-average molecular weight

(Mn) of 550 - 1200, and an Mw.Mn ratio of at most 3.

11. The toner according to Claim 1, wherein said
25 hydrocarbon wax has a number-average molecular weight

(Mn) of S00 - 1000, and an Mw/Mn ratio of at most 2.5.

_— 3
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s prepared in the sane‘ﬁﬁﬁﬁér‘as—%nﬁExaﬁﬁ+e 15

S omtted. The results of § asurenent of
the 1( shown in Table 16. The heat a en Rep
shown i he toner originated from ﬂﬂﬂ ﬂ and
si mi | af b pbser ved whQ0r respect to
Conpar ¢ |5 A conparative toner 14 was prepared I n
t he sane _nmanner _as_i h Exanple 15 except that the wax was repl aced
by a | ow nol ecul ar wei ght pol ypropyl ene wax ("Viscol 550P", nfd. by

Sanyo Kasei Kofge KTRE) toner according=gd Gkaimel hpoveereirrsaifd

conparative _20 topers in an anount Qf 100 w. arts mas | ended with
0.6 wi. paPFa5PeaTRen: MaFelRs in @%%(mré ot nost 2.6

13. The toner according to Claim 1, wherein said
5 hydrocarbon wax provides a GPC chromatogram showing a

peak in a molecular weight range of 700 - 2400.

14. The toner according to Claim 1, wherein said
hydrocarbon wax provides a GPC chromatogram showing a

10 peak in a molecular weight range of 750 - 2000.

15. The toner according to Claim 1, wherein said
hydrocarbon wax provides a GPC chromatogram showing a

peak in a molecular weight range of 800 - 1600.

15
. 16. The toner according to Claim 1, wherein said
h&&rocarbon wax provides a DSC curve showing a heat
absorption peak in the temperaturé range of 95 - 120
Oc.
20
17. The toner according to Claim 1, wherein said
hydrocarbon wax provides a DSC curve showing a heat
absorption peak in the temperature range of 97 - 115
Oc.
25

18. The toner according to Claim 1, wherein said

hydrocarbon wax provides a maximum heat evolution peak

] ET HAS BEEN
IR R " e
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The results arg shown in _Table 7 and 18.

10

15

20

25

in the temperature range of Tp; + 7 °C on temperature

decrease.

19. The toner according to Claim 1, wherein said
hydrocarbon wax pkofides a maximum heat evolution peak

in the temperature range of Tp; + 5 ¢ on temperature

decrease.

20. The toner according to Claim 1, wherein said
hydrocarbon wax provides a maximum heat evolution peak
in the temperature range of 85 - 115 °C on temperature

decrease.

21. The toner according to Claim 1, wherein said
hydrocarbon wax provides a maximum heat evolution peak

in the temperature range of 90 -~ 110 Oc on temperature

decrease.

22. The toner according to Claim 1, wherein said
hydrocarbon wax is contained in an amount of at most

20 wt. parts per 100 wt. parts of the binder resin.

23. The toner acco;ding to Claim 1, wherein said
hydrocarbon wax is contained in an amount of 0.5 - 10

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

24. The toner according to Claim 1, wherein said

JTETELTHL LY - [T st s ok |

REPLAGED
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binder resin comprises a styrene copolymer.

25.

binder resin comprises a polyester resin.

26.

The toner according to Claim 1, wherein said

The toner according to Claim 1, wherein the

‘toner shows a hydrocarbon wax distribution on a GPC

chromatogram providing at least one peak in a

hydrocarbon wax region of 4x103 - leO4 and at least

one peak in a molecular weight region of at least 10s

and including at least 50 % of a component having a

molecular weight of at most 105.

27.

The toner according to Claim 26, wherein the

toner provides a GPC chromatogram showing a peak in

the molecular weight region of 3x103 - 3x10%4.

28.

The toner according to Claim 26, wherein the .

toner provides a GPC chromatogram showing a peak in

the molecular weight region of 2x103 - 2x10%4.

29.

The toner according to Claim 26, wherein the

toner provides a GPC chromatogram showing a peak in

the molecular weight region of 3x10° - 2x106.

30.

The toner according to Claim 26, wherein the

molecular weight distribution on a GPC chromatogram

-

AR R AR AR

THIS SHEET HAS BEEN
'REPLACED




- 88-
Exanpl
t oner 4

R I

10

20

25

includes 60 - 90 % of the component having a molecular

weight of at most 105.

31. The toner according to Claim 26, wherein the
molecular weight distribution on a GPC chromatogram
includes 65 - 85 % of the component having a molecular

weight of at most 105.

32. The toner according to Claim 1, wherein said
hydrocarbon wax provides a maximum heat evolution peak

having a half-value width of at least 10 °C.

33. The toner according to Claim 1, wherein said
hydrocarbon wax provides a maximum heat evolution peak

having a half-value width of at least 15 °C.

34. .The toner according to Claim 26, wherein the
toner shows a molecular weight or a GPC chromatogram
such that a maximum peak height H1l in the molecular
weight region of 3x103 - 5x104, a maximum peak height
H3 in the molecular weight region of at least 10s and
a minimum height H2 between the peaks satisfy the

conditions of: H1:H2:H3 = 3-25:1:1.5-12, and Hl > H3.

35. The toner according to Claim 34, wherein the
heights H1, H2Z and H3 satisfy the condition of
H1:H2:H3 = 5-20:1:2-10.
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Examples-15 .19 and Conparative Exanples 9 - 13 was 5 subu erted to fixing

and ng§ggmzﬁsﬁhwyfu3|ng an external fixing device as shown in Fi gure

21} pel-dei-ng~~----g hpati ng menber 1 and a pressing roller 5T Shea MeeuRephced
opao>|te et ng nmenber to press a transfer mat er.

heat ﬁéw%%z by the mediumof a 10-f@4&ing film2. The fiﬂlum“ p J
wasg &mmendJeSSJLLijn conprising a 20 [err]mthick polyim m coat e
with a 10 [err]mthick release layer of a fluorine-containing resin
t o -whi-eh—arr—eteet+oeonduct i ve substance was added. The pressing roller

5 conprised sil B&one Thes hansheraceardiatg teedCiaimpptty wheoseah phessure of 8
kg at a_nip of 3.5 mmand a process speed of 50 mm sec. The film

was driven Bedehtsesdi.ofidyand dff\,%aﬁfkﬁﬁért%e condh@ignnefing roller 4, and

the |inear heatln%.nenbe 1
HL 8-18:1:2-6.

5 37. The toner according to Claim 1, wherein said
hydrocarbon wax comprises a wax synthesized from

carbon monoxide and hydrogen.

38. A toner for developing electrostatic images,
10 comprising a binder resin and a hydrocarbon wax;
wherein the toner provides a DSC curve as ﬁeasured by
a differential scanning calorimeter, showing a rising
temperature of heat absorption of at least 80 °C, an
onset temperature of heat absarption of at most 105 ©¢
15 and a heat absorption peak temperature in the range of
100 - 120 ©c, respectively'on temperature incredse,
and showing a heat evolution pezk giving a heat
evolution peak temperature in the range of 62 - 75 °C
and a heat evolution peak intensity ratio of at least

20 5x10~3 on temperature decrease.

39. The toner according to Claim 38, wherein the
toner provides a rising temperature of heat absorption
of at least 90 ©C on temperature increase.

25 |
40. The toner according to Claim 38, wherein the

toner provides a heat evolution peak intensity ratio

* c L N S *




Tooapag¢i ty was tenperature-controlled by 20 applylng ener gy
uﬂE@ﬁhﬁh&ﬁgvgg%Lh eval uation of fixing peFhiothenk em@wrforned in

same nanner as in Exanple 15 and the res e shomm in
As i s understood fr the 25

all e Rel997
239M xes A3 - C3 showed 'fl f her formances

tiorter s contai ni nd Vv
corftai ni ng the al kyl ene polyner type waxes D3 and ES.

of at least 10x10~3 on temperature decrease.

41. The toner according to Claim 38, wherein the
toner provides a rising temperature of heat absorption

5 of at least 90 °C on temperature increase, and a heat
evolution peak intensity ratio of at least 10x10"3 on’

“temperature decrease.

42. The toner according to Claim 38, wherein the
1¢ toner provides a onset temperature of heat absorption

in the range of 90 - 102 °cC.

43, The toner according to Claim 38, wherein the
toner provides a-heat absorption peak temperature in

15 the range of 102 - 115 °cC.

44. The toner according to Claim 38, wherein the

toner provides a heat evolution peak temperature in

the range of 65 - 72 °cC.
20
45. The toner according to Claim 38, wherein the

toner provides a heat evolution peak intensity ratio

of at least 12x1073.

25 46. The toner according to Claim 38, wherein the

toner provides a heat evolution peak intensity ratio

of at least 15x10~3.
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47. The toner according to Claim 38, wherein said

hydrocarbon wax has a number-average molecular weight

(Mn) of 550 - 1200.

48. The toner according to Claim 38, wherein said

hydrocarbon wax has a number-average molecular weight -

"(Mn) of 600 - 1000.

49. The toner according to Claim 38, wherein said

hydrocarbon wax has a weight-average molecular weight

(Mw) of 800 - 3600.

50. The toner according to Claim 38, wherein said

hydrocarbon wax has a weight-average molecular weight _5 

(Mw) of 900 - 3000.

51. The toner according to Claim 38, wherein said

hydrocarbon wax has a number-~average molecular weight

(Mn) of 550 - 1200,

and an Mw/Mn ratio of at most 3.

52. The toner according to Claim 38, wherein said’

hydrocarbon wax has a number-average molecular weight

(Mn) of 500 - 1000,

and an Mw/Mn ratio of at most 2.5.

53. The toner according to Claim 52, wherein said

hydrocarbon wax haé an Mw/Mn ratio of at most 2.0.

% e L mos
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si e n@h; ,_errmﬁiﬁhs" repared fromthe above ing‘éﬂ?enrs——iﬁ—etﬁmﬁ¥WSe in
t he H%IUQ' g]uhs-ranxgnple 15. The t oner q% ded DSC data as
sha TabIe 20 pe i ng her ei nafter. The tone ﬂﬁt of 100
W 2 L% QE£ eénded externally mntq é I |t|vely
char eable hydrophgbrc colloidal silica 9 frne p toner.
Thg toner in 10 w. parts was further blended with 100 w. parts of

f ericitecaLt bdd With a resin mxture of styrene acrylic res%ﬂ
and fluori ne-contagi ni resin to ptain a_devel gper. e
devel oper was ch ged%ﬁ? t?ﬁﬁﬁmﬁ?ﬁ%ﬁé) d toaggFFﬂbﬁ eWEGFFth§F6§raphrc

. 21 ("FC
> nfa. by ChRseReEY R %%‘H%‘%Q?ME%&?_%Pﬁﬁe?gﬁg@ahnSEpgiﬁg 2
e“VifO“”E”tabé&E“¥H*§‘H&ié&ulaé‘&é?éﬁélrgnéérék 700 - 2400.

5 55. The toner according to Claim 38, wherein said
hydrocarbon wax provides a GPC chromatogram showing a

peak in a molecular weight range of 750 - 2000.

56. The toner according to Claim 38, wherein said
10 hydrocarbon wax provides a GPC chromatogram showing a

peak in a molecular weight range of 800 - 1600.

57. The toner according to Claim 38, wherein said
h&drocarbon wax shows a melt viscosity of at most 100

15 cp at 140 ©c.

58. The toner according to Claim 38, wherein said

hydrocarbon wax shows a melt viscosity of at most 50

cp at 140 ©c.

20
59. The toner according to Claim 38, wherein said
hydrocarbon wax shows a melt viscosity of at most 20
cp at 140 °c.
25 60. The toner according to Claim 38, wherein

said hydrocarbon wax is contained in an amount of at

most 20 wt. parts per 100 wt. parts of the binder

THIS SHEET HAS BEEN
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25 copy i mmedi ate %ﬂﬂﬂﬂﬂﬂgﬂ?1 t he power was obtained with a good
fixability (densifyRBRIAUERENT oi"r.Jbal ow5 % wit houtmﬁe——

of f set. [ | f This Sheet Has At an
envi ronment al tenpenat 5 brr] C, a ter

formati on on 50 pg@s %QMH@?, devel'b% was use m ,E@EW tion
on paper of 52 eby no offset was o

tenperature el evati on at ends of th¢ fixi ng devi ce. As a result of
copyi ng test alsf; FTOTITENT al

‘61. The toner according to Claim 38, wherein said
hydrocarbon wax is contained in an amount of 0.5 - 10

5 wt. pérts per 100 wt. parts of the binder resin.

62. The toner according to Claim 38, wherein said
hydrocarbon wax comprises a wax synthesized from
carbon monoxide and hydrogen.

10
63. The toner according to Claim 38, wherein said

binder resin comprises a styrene copolymer.

64. The toner'according to Claim 38, wherein said

15 binder resin comprises a polyester resin.

65. A heat-fixing method, comprising:
heat-fixing a toner image carried by a toner-
carrying member onto the toner carrying member by a
20 gontact—heating means; |
wherein the toner comprises a biﬁder raesin
and a hydrocarbon wax, and provides a DSC curve, as
measured by a differential scanning calorimeter,
showing a rising temperature of heat absorption of at
25 least 80 Oc, an onset temperature of heat absorption
of at most 105 °C and a heat absorption peak

temperature in the range of 100 -~ 120 ©c, respectively
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t he devel dpitrg=devrteand 53 [err] C was109- neasured in th of'
the cl eangr. Further, afcartridge was left standing at 40 [err]C for
weeks and ~I5 then evaluated for image formation, mhereby clear bl ue

e iP5 i, (Pl SRS

w t

angg;o(S) %gak %lb@gaeglﬁeg%negé&g%l%gapeé%:¥%A$%¢é§g1%9§10 ¥ ge contro
agent) range of 62 - 75 °C and a heat evolution peak

intensity ratio of at least 5x10-3 on temperature

5 decrease.

66. The method according to Claim 65, wherein
said toner is any one of the toners according to
Claims 39 - 64.

10 _
67. The method according to Claim 65, wherein

said contact-heating means comprises heating rollers.

68. The method according to Claim 65, wherein
15 said contact-heating means comprises a heating member
and a pressing member disposed opposite to the heating
member so as to press the toner-carrying member
against the heating member with a film disposed

between the toner carrying-member and the heating

20 member.

69. The method according to Claim 68, wherein
said heating member has a heating part at a
temperature of 100 - 300 ©c.
25 |
70. The method according to Claim 68, wherein

said film has a heat-resistant layer and a release

O O | TS SHEET =
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Wax AB REF GENT SHEET 4 /-\ magnetic—toner 17
having rght ‘average; 25 particle size of 12 r s prepared from
t he ap gﬂgn@ dHemts ot herwi se in the same ﬁble
15. Tne tone 8 ovr ed DSC data as shown Tabl e _
- 93- Lo appear+ng—har ei nafter. The toner 17 in 100 wt .
partsjwas bl ended exterinally with 0.4 mll art of hydrophobrc coIIordaI
siIica“ﬁﬁﬁembﬁﬁﬁer*ro“fornra devel oper.

layer.

71.- The method according to Claim 68, wherein
said film has a heat-resistant layer comprising a
5 polyimide and a release layer comprising a fluorine-

containing resin.

72. The method according to Claim 68, wherein
said pressing member presses the film against the film

10 at a total pressure of 4 - 20 kg.

73. A heat-fixing method, comprising:
heat-fixing a toner image carried by a foner-
carrying membef onto the toner carrying member by a
15 contact-heating means;
wherein the toner comprises a binder resin
and a hydrecarbon an: and the hydrocarbon wax
provides a DSC curve, as meaeured by a differential
scanning c¢olorimeter, showing an onset temperature of
20 heat absorption in the range of 50 - 110 °C and at
least one heat absorption peak Pl in the range of 70 -
130 °c giving a peak temperature Tp; on temperature
increase, and showing a maximum heat evolution peak
giving a peak temperature in the range of Tp; % 9 °C

25 on temperature decrease.

74. The method according to Claim 73, wherein

R R [ St 1S |
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5 PL!LH_Jiﬁicﬁﬁdﬁl ber was charged in a conmercially

bea 'd inter using & hot roller fixing device (" Laser

by Canon2 & MAY 1247d tested for image formation after réfg enReplac"d"
cl eanilng pad fo he fixing roller. -14G- As ar lﬂﬂln
firgt copy test at an environmental tenperature of 7.5 |

fixdbility (depnsity decrease: 3 % was obtai ned w thout offset Lo
A cartrldge contalnlng t he devel oper was |eft standing at 40 [err]C for -~
2 weeks and satd tomeévaisdahgr onk5ofuthes HonersegEcdodimgite i n an

envi ronnment of 32.5 [err]C, whereby fog-free clear toner images having

i mage defitgimes2of 3735 - 1.40 were obtained without nelt- sticking
until the toner was used up. Further, no st ai ni ng was observed on the

heating roller or
75. The method according to Claim 73, wherein

5 said contact-heating means comprises heating rollers.

76. The method according to Claim 73, wherein
said contact-heating means comprises a heating member
and a pressing member disposed opposite to the heating

10 member so as to press the toner-carrying member |
against the heating member with a film disposed
between the toner carrying—-member and the heating

member.

15 77. The method according to Claim 76, wherein
said heating member has a heating part at a

temperature of 100 - 300 Sc.

78. The method according to Claim 76, wherein
20 said film has a heat-resistant layer and a release

layer.

79. The method according to Claim 76, wherein
said film has a heat-resistant layer comprising a
25 polyimide and a release layer comprising a fluorine-

containing resin.
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20 pregsj

100 wt
aci d/ t
5000)

3,5-Di
3

g’_}\atﬁf SHEET

litic aC|d~15

24 MAYOI097i ¢ |
_butylsallcyly

Fxanpl e 27 Pol yest er
(bi sphenol A-type diol/terephthalic

D/ 45/ 5 by weight) 25 condensate, M = about
fon oxide (Da = 0.25 [err]m 80 -94-
aci d Cr ebld ex Vax A3

The method according to Claim 76, wherein
- said pressing member presses the film against the film

at a total pressure of 4 - 20 kg.

Sheet Has Been Replaced:

i
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mag; E?%EPQA@@I&EHT £8z¢mvi ng a wei ght-average 5 particle size of 8 [err]m
was pi "ed“fronTthﬁ dbove inngredi'énts ‘ot herwi se in the same manner as
in EX % lé toner 18. provided DSC data as shown Table 20
appeay iijng ﬁé?@/ ?Zer The toner 18 in an anount of 100 wt. parts was
bl ended..external ly wijth 0.6 wt. part 1%9 of hydrophobic colloidal silica
fine jpowder to forma devel oper. The devel oper was charged

t he copying maching_in_a upplied wth a
power and, aft

successi ve i mage formati on on

i n a ‘commerctatty vai %an a hot roller fixing
device ("NP8582", nfd. by T vironment of 15 [err]C,

A toner for developing electrostatic images
is prepared from a binde; resin and a hydrocarbon wax.
The toner is provided with improved fixability and

5 anti-offset characteristic by controlling the thermal
characteristic of the hydrocafbon wWax so as to provide
a DSC (differential.scanning calorimeter) curve,
showing an onset temperature of heat absorption in the
range of 50 - 110 ©C and at least one heat absorption

10 peak Pl in the range of 70 - 130 ©C giving a peak
temperature Tp; on temperature increase, and showing a
maximum heat evolution peak temperature in the range

- of Tpy; % 9 OC on temperature decrease.

Correspondingly, the toner provides a DSC curve

15 showing a rising temperature of heat absorption of at
least 80 °C, an onset temperature of heat absorption
of at mosf 105 °C and a heat absorption peak
temperature in the range of 100 - 120 Sc, respectively
on temperature increase, and showing a heat ewvolution

20 Ppeak temperature in the rangé of 62 - 75 °C and a heat
evolution peak intensity ratioc of at least 5x10™3 on

temperature decrease.

Figure 5
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i l|||I||II LA




tran T-qutsu IP per), whereby good inmages were 20 formed w thout

of fs g5 W g ifxability (density decrease = 8 %9. As a result
of sucEssive gel formation of solid black i:nages, no w ndi ng-up

was chu e@t?f@;{tmnl W trace was only slight. As a result of
copyi hgitest of 20000f sheets 25 in an environnent of 32.5 [err]C, fog-free
| mage aivi rage| densities of 1.38-- 1.40 were obtai ned without

causi hg nel t-sticking...
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[err]

The ton
el ectro
first c
fi xabi |
As are

=rﬂ’fl Was‘ éé?/athja{ e
bh tographlc copyi

Dp WA 1987
~ (density}d
;u‘ “<oF ST

e

- 96- Exanpl e 28
by using a comercially avail abl e
ng machi ne. 5 As a result of the
envi ronnmental tenperature of 7.5 [err]C, good
ecrease: 7 % was obtained without offset.
copyi ng of 1006%

16.0

- 14.0

HEAT FLOW (mw)

HEAT FLOW (mW)
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sheets_in _an environnent of 32.5 [err]C, fog-free images 10 having i mage

densi _,,i%3_,§fﬁg;§fg§ﬁ€,~.gr;;?‘4; wer e obt ai ned continuously. No nelt sticking

was ¢ S §tai ning of the fixing roller ¢leaning pad was very |

A
littlp. W‘f.gen | mages werge successively formed on 200 sheets of B5-size
transfer @ablAY(B97¢g/inflerr]) and, 15 imediately thereafter, image was
formed pn A3-size ¢ tiransfer paper (52-3g/ nferr]), no high-tenperature
offset — ~was calsed ,due to tenperature elevation at fixing - roller
ends. Luse s mom e At gner for devel oping electrostatic images 20 i's
prepared froma binder resin and a. hydrocarbon wax. The toner is
provided with inproved fixability and anti-offset characteristic by
Contrgg! 119 the thermal - ChgRERPt ] ThieRimibi) BR"ERTIRG v so a5 to
. 2.0 - — :
1.8 PEAK TEMP. (PP)
L&}
% 1.4F _
z 2 - RISING TEMP. (LP)
3 )
~ L0
& (]
. l&- 0.8¢ 5 —
‘-:‘:-‘ - 0.6 ONSET TEMP. (OP}
0.4]
o.2p
0.0t : . . —
25.0 . 50.0 75.0 100.0 125.0 " 150.0
TEMPERATURE (°C)
TONER 11 (INVENTION) ON COOLING
5.0 '
4.5¢ :
. 4.0 ' T '
- a
; 3.5 . /
E _\ } , . .
; 3.0 _
aH
S a.sf
o . |
2.0 _
3
T |5 |
0.5¢
°.° d el 2 N 1
: as5.0 50.0 75.0 100.0 " 125.0 - 150.0
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- a DeG-(-.di.fferential scanning calorineter) curve, 25 show ng an onset
t enper AERLACEIEFNTegHERIb]or ption in the range of 50 - 110 [err]C and at
e FHt ijon -97- peak P1 in the range of.

| east
70 -
and 9
T[err

hgw

]

provi

des a DSC curve

at-absol
130 %g@kfﬁﬁ(h{g a peak tenperature T[err] on tenperature increase,

mlheat evol ution peak tenperature in the range of
[t gnper at ure decr easé- Correspondi ngly, the toner
ghowi ng a rising tenperature of heat absorption of at

HEAT ABSORPTION PEAK TEMP. (PP)

1 - } L.
RISING TEMP. (LP) QNSET TEMP. (OP)

FIG. 7

HEAT ABSORPTION PEAK TEMP. (PP)

RISING TEMP. ONSET TEMP.
(LP) _. (OP) .

FIG 8

HEAT ABSORPTION PP




erature of heat absorption of at nost 105
njpeak tenperature in the range of 100 - 120
erature increase, and showi ng a heat evolution
of 62 - 75 [err]C and a heat evolution peak
x10[err] on tenperature decrease.

devel opi ng -8t ectrostati ¢ i mages, conprising a
n wax: wherein the toner provi des a DSC
erential scanning calorinmeter show ng a rising

| east 80 [err }Q,ﬂﬁa‘g?_{_;_
[err]Cand'af.
[err]C, regpecti vel y ont
peak tenpefat urd4 iMAaxt a7 ahg
intensity fatfio of at |eas
-98- . dafms TR

bi nder restn. a _hydrocar
curve as neasured by a
tenperature of heat

0

HEAT EVOLUTION
PEAK INTENSITY RATIO

~ . HEAT EVOLUTION
_ _— PEAK INTENSITY RATIO

'\'"T.,AT,__ | /

\lia

— aH

FIG. Il FIG. I2
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least...80. [err] C, . being the tenperature at which the peak
curve separ af efLrbinEhe shage | ine, an onset t enperature of heat
absorption of @Et=#ost=105--arr{] C and a heat absorption peak tenperature in
the range of 1{00.@-. M ,ﬂ_lgf [lerr] C, respectively on tenperature increase,
and show ngJa it h‘égt ’@/d‘?" i é-n 'peak giving a heat evol ution peak

absorption of- at

t enperat ure irfx-i-.:h&z..{..za.ngew..,gi_‘?G - 75 [err]-@ and a heat evol ution peak

intensity rdtio of at |east 5Xl0[err] on tenperature decrease, being
defined by [EFtfH~~fer+}F—whérein the hydrocarbon wax provi des a DSC
curve, as neasured by a differential scanning calorinmeter, show ng an

onset tenperature of heat absorption in the range of 50 to 110 [err]C 2.
The toner according to Claim 1. wherein the toner provides a rising
temperature of heat absorption of at HBASt ABSORPAEIONC on tenperature
increase. 3. The toner according to O ains r x@er. ' ﬁp’e téner

provi des a heat evolution peak intensity ;ﬁyg f"?% @:é%fo ATY NlO[err]
on tenperature decrease, 4. The toner acgo ‘Hg f 3. wherein the

toner provides a heat ebol ution peak intg\sity ratio of at least 1
2X10[err]. 5. The temef according to CI 3, Wherein the toner provides a

heat evol ution peak i@tensity ratio of 15X10[err]. 6. The toner
according to any of the{Clainms 1 to 5, ‘he toner provides an onset
tenperature of heat absorption in
toner according to arg pf the C ai-ns 14t 0 qrein the toner provides a
heat absorption peak fefperature i e 0 2 [ . 8.
The toner according t:"_(') any of the da . V\h‘eﬁr%?hﬁ%&eétgﬁﬁ&provi des
a heat evol ution peaketg¢nperature in ge of 65 - 72 [err]C. 9.
The toner according hny of the i k erein said hydrocarbon

i 0 200. 10. The

a

~ wax has a nunber-averagf Worecurar
Qn. wax has
TALOE WIDTH

toner- according to Claim9, wherein sai
nunber - aver age nol ecul af wei ght (vn) of

TEMPERATURE (°C)

FI1G. 15

HEAT ABSORPATION

‘4 | 5 P MAX
3 |

E *

3

-

L.

- 3

<

u P,

Wi

TEMPERATURE (°C)

FIG.'|6_



11. The toner

rpg- \f the Cléims 1 to 10 wherein said
hydr ocar bon

A4l IH,
ﬂﬁﬁb 3 D_L-QV rage nol ecul ar wei ght (My) of 800 -

3600. 12. Thg t er accordl ng tjo Caim 11. wherein said hydrocarbon wax
has a wei ght - avel age paiye99y ar ight (Mw) of 900 - 3000. 13. The

t oner accordin any of t he ims 1 to 8 wherein said hydrocarbon wax
has a nunber - aye motecurar wei ght7< Mn) of 550 - 1200. and an Ms Mh
ratio of at no$t 3. 14. The tonkr according to any of the Clains 1 to 8.
wherei n sai d hydrocar bon wax has a nunber-average nol ecul ar wei ght (M)

of 500 - 1000, and an MM Mh ratio of at nobst 2.5. 15. The toner according
to any of the Clains 1 to 14. wherein said hydrocarbon wax has an Mv M
ratio of at nost 2.0. 16. The toner according to any of the Clains 1 to

15, wherein said hydr og:'ar bon wax pr o%ﬂ? g#ghﬁewatlogr am show ng a

peak in a nol ecul ar wei ght range of

-99- 17. The toner accorging to C aim 16, whePeMRAXsai d hydr ocar bon wax
provi des a GPC chronmat ogram showi ng a peak j in a nolecular wei ght range
of 750 - 2000. '
3
£
3
|
T
= (P.P.)
Wi/
TEMPERATURE (°C)
WAX A2 (INVENTION) ON HEATING
18.0F
16.0
< kol A
Y |
- 12.0pF ) ) Y
g . . t
S lO.QF
- 8.0
g #
% 6.0r . 1
4.0t o _ -
1
2.0t Wi
0.0 1 [ : 1 s el
0.0 25.0 50.0 75.0 I100.0 125.0 1S0.0
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P
—

18. The tonend a¢k Of ULy t@,f(,;‘lTal m 16. wherein said hydrocarbon wax provides
a GPC chronatfogLan $B%; ,ng‘_‘f ak in a nol ecul ar wei ght range of 800 -
1600. 19. The[toner- accordi 'lg to any of the Clains 1 to 18, wherein said
hydr ocar bon DAL A t {viscosity of at nost 100nPaferr]s (100cp)
at 140 [err] @ | 20. The tonef. fccarding to Caim 19. wherein said

hydr ocar bon X SHOWs & MBIt v[scosity of8-at nost 50 nmPa[ err]s (50cp)

at 140 [err] @....21l..The toner faccording to Caim 19, wherein said
hydrocarbon wax shows a nelt viscosity of at’ mpst 20 nPaferr]s (20cp)

at 140 C 22. The toner according to any of the Claims 1 to 21, wherein

N

sai d hydrocarbon wax is contained in an anount of at nost 20 Ww. parts
per 100 wt. parts of the binde S gto Caim

22, wherein said hydrocarbon V\g&'&lgshcréon ENE]EW mngﬁ quﬂél 5 - 10 wt,
parts per 10013% par-ts—of—tie—brnder—restm ' Ng

to any of the C ains
synt hesi zed f
to any of the dains

1 to 23, wherein said hydrocar bon wax conpri ses a|wax
carbon nonoxi de and hydrogen. 25. The toner accofding
1 to 24, wherein said binder resin conprises a styrene
copolynmer. 263 TWeOoner according to any of the Clains 1 to 24, wher¢in

said binder regn coprises a polyester resin. 27, The toner according to
any of the d armsl20to 26, ne nyarocar pgnt wax provi des a DSC
curve, as neas@® ed by a different scanni-ng col orinmeter, show ngj{at

| east one heat %b@eﬁ tion peak P1 in theyrange of 70 - 130[err]C g{ vi ng
a peak tenperature err] on tenperature\ ncreas¢, and showi ng a maxi mim

erature in the range of T[erf]

heat evol uti-onped®piving a peak tenpe
[err] 9[err]C t epper ature- decrease. 28 The joner according to dafm
27. wherein samml ocar bon wax shows an enperature of heat
absor ption 4.0
2.0
0.0 ; — . . . |
c.0 25.0 50.0 75.0 100.0 125.0 150.0

TEMPERATURE (°C)

FIG I9

MOLECULAR WEIGHT
DISTRIBUTION BY GPC

2 | | P1 500
LOG MOLECULAR WEIGHT

FIG. 20



“of 50 - 90 [err G,
hydr ocar bon wax|
90 [err]C.  30.
sai d hydrocarbo

according to Claim28. wherein said
perature of heat absorption . of 60 -
ing to any of the Clains 27 to 29. wherein
af' east one heat absorption peak Pl in
the tenperature 1P0j [err] C on tenperature increase; 31. The
toner according ““ﬁ?‘ﬁf‘ih@rﬁﬁ ns 27 t830. wherein said hydr ocar bon wax
provi des a DSC ,urgg‘§homnng_ a heat absorption peak in the tenperature
range of 95 - 120 [err]C 2™"The toner according to C aim31. wherein
sai d hydrocarbon wax provides a DSC curve showi ng a heat absorption
peak in the tenperature range of 97 - 115 [err]C.  33. The toner according
- to any of the Clains 27 to 32. wherein said hydrocarbon wax provides a
maxi mum heat ‘evolution peak in the tenperature range of T[err] 7
[err]C on tenperature decrease. 34. The toner according to C aim 33,
wherei n said hydrocarbon wax provides a maxi num heat evol ution peak in the
tenperture range of T[err] 5 [err]C on tenperature decrease. 35. The
- toner according to any of the Clainms 27 to 32, wherein said hydrocarbon wax
provi des a maxi num heat - evol ution peak in the tenperature range of 85- -
., 115 [err] C on tenperature decrease. 36. The toner according to C ai m 35,
wherein said hydrocarbon wax provides a maxi num-heat evolution peak in the




o st

REPLACEMENT SHEET ) __-100

tenperature range of 90 - 110[err]C on tenperature de} rm i<t bner
according to any of the Clainms 1 to 36, wherein the t ﬁgEM%E Sﬂﬁ‘ft

hydr ocar bon wax distribution on a GPC chr omat ogr 3Védl ng at apt
one peak in a hydrocarbon wax region ofggXiO[err] - 5XI1D ] 1Hnd99?t epst
one peak in a nol ecul ar weight region of at |east{ 1 {prr] and_incl ufdi ng

at | east 50 % of a conponent having a nol ecul ar i ght of at nost
10[err]. ciaid®. The toneraccording to Caim 37, whereil tonerprovidest a
GPC chr omat ogr am showi nga peak in the nol ecul ar wei ght regi on of

3X10[ errj. A 3wdo]daveidping eld@rostalia ena@nadmpdsig@bilien (esin@nh BYAIPERRT way: wiggein ijhienasi n
the toner progivestlSCaruRPEs mbasanmbyoditereniEhssanning calofseatat shawing A @sing temneRuERq} |hea*
wei ght  r egiabaerpidn X 8§t €9 1G being ¢ 1pjperpiule at whidh the paak CE'&?\%PN%E&%:'GF‘&PH ef"ef

t he O ai s €PereiyrePhhealpagrption ofah@ogt (’.ﬂ?e pif BgaLRbSorpioppRek an

a . peak '*’'% F?épﬂ‘r?j!P'ée'l‘Jlea‘Fef 'Pasﬁ ngp ajeal § Oétpl pea &
The roneraé%’l??ﬁi“?fg‘ ‘P%’aﬁﬁ? qu %; ak'&{ﬁég [J;.eas %E° fe f%ag' E.

dl stri bUt I 8 e?e?ft [scanmn o) |met f, S ?‘Imaft'l :hyﬁgj §§fh ab oi@on lﬂlﬂ FI %‘ f(ﬂmnén
havi ng a Mol eQUr AT e °aI!1t' ? t?Lb err toner according to
daimaly WhehRd Bechliffg rsehaﬁwlmrre.mb q,hsr TN rraug teﬁrBerQﬁ\'eaf Hel Go I BRAI 06130

i ncl udes 65c°ntempe,§5 he conmponent having a nol ecul ar wei ght of at
nost 10[err]. 43. The toner according to any of the Cainms 27 to 42,

wher ei N 3.aiTHe By b@O@MY RITIAAXT @2Mhkreie heaonemp@vidana heabhgvolution peakdrftansity ¢oavio pte%l@asf
havi ng a habXx1o¥ah eepasttatt becodaseat | east 10 [err]C.  44. The toner accordi ng
to Claim43, wherein said hydrocarbon wax provides a maxi nrum heat aes\t/%Jx%_J on

pea k h avfn g'he toner according to Claim 3, wherein the toner provides a heat evolution peak intensity ratio of at le
5. The toner according to Claim 3, wherein the toner provides a heat evolution peak intensity ratio of at least 15X1 g3,

6. Thetoner according to any of the Claims 1 to 5, wherein the toner provides an onset temperature_ of heal absarption
in the range of 90 - 102 °C,

7. The toner according to any of the Claims 1 to 8, wherein the toner provides a heat absorption peak temperature
in the range of 102 - 115 °C.

. 8. The toner according to any of the Claims 1 to 7, wherein the toner provides a heat evolution peak temperature in
the range of 65 - 72 °C.

9. The toner according to any of the Claims 1 to 8, wherein said hydrocarbon wax has a number-average molecular
weight {Mn) of 550 - 1200.

" 10. The toner according to Claim 9, wherein said hydrocarbon wax has a number-average molecular weight (Mn) of
600 - 1000. .

11. The toner according to any of the Claims 1 to 10 wherein said hydrocarbon wax has a weight-average molecular
weight (Mw) of 800 - 3600.

12. The toner according to Claim 11, wherein said hydrocarbon wax has a weight-average molecular weight {Mw) of
800 - 3000.

13. The toner according to any of the Claims 1 lo 8 wherein said hydrocarbon wax has a number-average molecular
weight (Mn) of 550 - 1200, and an Mw/Mn ratio of at most 3. .

14. The toner accarding to any of the Claims 1 to 8, wherein said hydrocarbon wax has a number-average molecular
weight (Mn) of SO0 - 1000, and an Mw/Mn ratio of at most 2.5.

1S. The toner according to any of the Claims 1 to 14, wherein said hydrocarbon wax has an Mw/Mn ratio of at most 20

16. The toner according to.any of the Claims 1 to 15, wherein said hydrocarbon wax provides a GPC chromatogram
showing a peak in a molecular weight range of 700 - 24C0.

| O A



§ LY LAVLIVILIML Wil

a.hél f-value width of at least 15 [err]C.  45. The'toner cordin any
'% $a gl db7a
t

of the Clains 37 to 45, wherein the toner shows a nol ect
chro- mat ogram such that a maxi mum peak height HL in e nnlecul ar
wei ght region of 3X10[err] - 5X10[err],_a maxi mum pgak height H3 in th
nmol ecul ar wei ght region of at |east 1'0[%? r1 and a m ni md |
t he peaks sTatisfé . tQ:e,co ditions of: Hl:H2: H3 = 3égc5éhr1: 1:'05r' 1%ﬁ H
H3. 46. 'Thee ORI o AT I e I 2 e Wt heT GRS P - T Fg =
5-20: 2-10. "%7° rewet'gon%?gg@cora? ng to Cl aim45, wherein the heights HI,
H2and H3 188tk 3t alcBRing Rk e Wnddin Hb nydifeabibh wak pfviéh a6 GromatBGamAnowing a peak
heat - f i Xi NG, fMR&IMOMEs weighiRigk 21938 1600, heat-fixing a toner inmge carried by a
toner-carrying nenber onto the toner. carrying nenber by a contact-heating

MEANS: 19, The toner WRGHIRG 1B ady YEihk OBIRE 1 to8.avhbiIA 8did HBREUEENRGX $howSd e fscdsity! Atlnbt s
1 to 47. 4BomFRle1008d) Blodowccording to C aim 48, wherein said

cont act-heating neans conprises heating rollers. 50. The method accordi ng
t 0 C ai m2dJhe whreagpringla CEimCi@nharein sdidhrteagonmanshowsameh viseosity of atyaest JomParsdFtiorir
and a prest140°C. jng nenber di sposed opposite to the heating nenber so as
to press the toner carrying nenber against the heating = nenber with a
film di sBbSBHOMERRRERT P HBI™ ridprein 53¢ RYPRGUR BRSO LR Aol HEFORY 843 TIRF PEnfiges20ce)
51. The net?htd Gccordi ng to Cl aim 50, wherein said heating nenber has a

heati ng | B’? rﬁe %er gcc%r%g %rar%igé;e: ::g%inéla\%?oﬁ_. e\'glge?%\ ?aﬁ hﬁ%’ Ja'n:b]og: Wﬁx i? 'ntéi-ll;ggam ?F&n%%f\i( of at

and H:lR >

accordingt as a heat-resistan ayer

and a rel easét g’bg%s r51§6 e net bog accor di ng to Caimb52. wherein said

filmhas,g hedhe b&Siahb A biaih 23 Gherkiff SR ydrbdiboR wlOk Yriind€ inR dméunt of 0.57-@b KB Skhs

| ayer conproeSiongt. park blisybindg-rssit ai ning resin. 54. The nethod according to

any of the Clainms 50 to 53, wherein said pressing nenber presses the

t oner - cars.yhegner according to any of the Claims 1 to 23, wherein said hydrocarbon wax comprises a wax synthesized
from carbon monoxide and hydrogen.

25. The toner according to any of the Claims 1 to 24, wherein said binder resin comprises a styrene copolymer.

26. The toner according to any of the Claims 1 to 24, wherein said binder resin comprises a polyester resin.

27. The toner according to any of the Claims 1 to 26, wherein the hydrocarbon wax provides a DSC curve, as measured
by a differential scanning colorimeter, showing at least one heat absorption peak P1 in the range of 70 - 130 °C
giving a peak temperature T,, on temperature increase, and showing a maximum heat evolution peak giving a

peak temperature in the range of Tpy £ 9°C on temperature decrease.

28, The toner according to Claim 27, wherein said hydrocarbon wax shows an onset temperature of heat absorption
of 50 - 90 °C.

29. The toner according to Claim 28, wherein said hydrocarbon wax shows an onset téemperature of heat absorption
of 60 - 90 °C.

30. The toner according to any of the Claims 27 to 29, wherein said hydrocarbon wax provides at least one heat
absorption peak P1 in the temperature range of 90 - 120 °C on temperature increase:

31. The toner according to any of the Claims 27 to 30, wherein said hydrocarbon wax provides a DSC curve showing
a heat absorption peak in the temperature range of 95 - 120 *C.

32. The toner according to Claim 31, wherein said hydracarbon wax provides a DSC curve showing a heat absorption
peak in the temperature range of 97 - 115 °C. :

33. The toner according to any of the Claims 27 1o 32, wherein said hydrocarbon wax provides a maximum heat
evolution peak in the temperature range of T,, 7 °C on temperature decrease.

34. The toner according to Claim 33, wherein said hydrocarbon wax provides a maximum heat evolution peak in the
temperture range of T,; + 5 °C on temperature decrease. :

35. The toner according 10 any of the Claims 27 to 32, wherein said hydrocarbon wax provides a maximum heat
evolution peak in the lemperature range of 85 - 115 *C on temperature decrease.

36. The toner according to Claim 35, wherein said hydrocarbon wax provides a maximum heat evolution peak in the
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npnber agai nst the heating nenber at a total pressurguoid.-.20.kg

7.

38.

39.

41.

42.

46.

47.

49.
50.
§1.

s2.

53.

54.
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temperature range of 90 - 116 %G on lemperature decraasa.

The toner according to any of the Claims 1 to 386, wherein the toner shows a hydrocarbon wax distribution on a
GPC chromatogram providing at least one peak in a hydrocarbon wax region of 4X103 - 5X104 and al least one
peak in a molecular waight region of at least 105 and including at least SO % of 2 component having a molecular
weight of at most 105.

The toner according to Claim 37, wherein the toner provides a GPC chromatogram showinga peak in the molecular
weagnl region of 3X109 - 3X10%.

The toner according to Claims 37 or 38, wherein the toner provides a GPC chromatogram showing a peak in the
molecular weight region of 2X107 - 2X104.

. The toner according to any of the Claims 37 to 39, wherein the toner provides a GPC chromatogram showing a

peak in the molecular weight region of 3X105 - 2X108.

The toner according to any of the Claims 37 to 40, wherein the molecular weight distribution of a GPC chromatogram
includes 80 - 90 % of the component having a molecular weight of at most 108,

The toner according to Claim 41, wherein the molecular weight distribution on a GPC chromatogram includes 65
- 85 % of the component having a molecular weight of at most 105,

. The toner according to any of the Claims 27 to 42, wherein said hydrocarbon wax provides a maximum heat

avolution peak having a half-value width of at least 10 °C.

. The toner according to Claim 43, wherein said hydrocarbon wax provides a maximum heat evolution peak having

a half-vaiue width of at least 15 °C.
Tha toner according to any of the Claims 37 1o 45, wherein the toner shows a molecular weight on a GPC chro-
matogram such that a maximum peak height H1 in the molecular weight region of 3X103 - 5X104, a maximum

peak height H3 in the molecular weight region of at least 105 and a minimum height H2 between the peaks sausfy
the conditions of: MH1:H2:H3 = 3-25:1:1.5-12, and H1 > H3.

The toner according to Claim 45, wherein the heights H1:H2:H3 = 5-20:1:2-10.

The toner according to Claim 45, wherein the heights H1, H2 and H3 satisfy the condition of H1:H2:H3: =8-18:1:2-6.

. A heat-fixing method, comprising:

heat-fixing 2 toner image carried by a toner-carrying member onto the toner carrying member by a contact-heating
means:

whaerein the toner is a toner according to any of the Claims 1 to 47.
The method according to Claim 48, wherein said contact-heating means comprises heating rollers.
The method according to Claim 49, wherein said contact-heating means comprises a heating member and a press-
ing member disposed oppaosite to the heating member so as to press the-toner-carrying member against the heating
member with a film disposed between the toner carrying-member and the heating member.

The method according to Claim 50, wherein said heating member has a heating part at a temperature of 100 -300
°C.

The method according to Claims 50 or 51, wherein said film has a heal-resistant layer and a release layer.

The method according to Claim 52, wherein said film has a heat-rasistant layer comprising a polyimide and a
releass layer comprising 2 fluorine-containing resin.

The method according to any of the Claims 50 to 53, wharein said pressing member presses the toner-carrying

member against the healing member at a total pressure of 4 - 20 kg.
* € L M s %
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HEAT-FIXING METHOD
A toner for developing electrostatic images
is prepared from a Einde; resin and a hydrocarbon wax.
The toner is provided with improved fixability and
anti-offset characteristic by controlling the thermal
cha:acte:istic of the hydrocarbon wax s as tc provide
a DOSC (differential scanning calorimeter) cucve,

showing an cnset temperaturse ¢of heat absorption in the

- range of 50 - 110 SC and at least one heat abserption

peak PL in the range of 70 - 130 °C giving a peak

tempe:atufe Tp; on température'increase. ind'showing a

- maximum heat evclutxon peak tempera ure in the. :ange-
et TPI +£.¢ 9C on tempe:atu:e dec:ease.

_Correspcndingly, the toner prcvides a nsc curve

showing a rzsing-temperatu:e'of heat absorption of at
least 80 ©C, an onset temperature of heat absarpﬁion
of at mosf 105 °C and a heat absorption peak
temperature in the range of 100 - 120 SC, respectively
cn temperaturs iﬁcrease, and showing a heat evolution
peak temperature in the range of §2 - 75 9C and a heat
evglution peak intensity ratic of at least 5x10~3 on

temparature decreasae.

Figure 5



