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transferred onto a transfer material such as paper, as desired, fixed by various fixing methods to obtain a

10 copy. The fixing methods may include a pressure fixing system of passing between at least two metal
rollers, an oven fixing system of passing in a heated atmosphere given by an electric heater, a hot roller
fixing system of passing hot rollers as the most popular system at present, and a fixing system using a film
as disclosed in U.S. Patent No. 5,149,941,

: In the heat-fixing system using such hot rollers, a sheet | carrymg a toner image to be fixed (hereinafter

16 called "fixation sheet") is passed, while the surface of a hot roller having a releasability with the toner is
caused to contact the toner image surface of the fixation sheet under pressure, to fix the toner image. In
this method, as the hot roller and the toner image on the fixation sheet contact each other under a pressure,
a very good heat efficiency is attained for meli-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

20 method, however, a toner image in a melted state is caused to contact a hot roller 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 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 fo
the hot roller. .

25 In the hot-roller fixing, a relatively long time is required from turning on the power supply for.the heater
until the hot rollers are heated to a temperature suitable for fixation, thus requiring not a short time (waiting
time) for providing a hard copy in office work. Thus, the waiting time causes a time loss and lowers the
efficiency of the office work. Varlous proposals have been made in order to shorten the waiting time and
improve the efficiency of fixation in the hot-roller fixing system. Regarding a binder resin in order to improve

20 the fixability of a toner, it is required that the viscosity of the toner on melting is lowered to provide a large
adhesion area with the fixation sheet, so that the glass transition temperature (Tg) and molecular weight of
the binder resin for the toner are required to be lowered.

If the Tg and molecular weight of the binder resin are simply lowered, the above-mentioned offsst is
liable to occur. In this way, the low-temperature fixability and anti-offset characteristic are generally

35 contradictory, so that it is not easy to develop a toner satisfying these requirements simultaneously.

As a binder resin satisfying the above requirements, Japanese Patent Publication (JP-B) 63-32182 and
JP-B 63-32382 have proposed a binder resin havirg two- peaks In & molecular .weight distribution as
measured by gel permeation chromatography (GPC). The binder resm has been ~designed to improve the
fixability by its low-molecular weight component and improve the anti-offsst characteristic by its high-

40 molecular Weight component, thus showing excellent performances. However, further lowering in molecular
weight causes a decrease in developing performance of the resultant toner and an increase in volatile
matter content within the toner. Accordingly, a toner having a further increased fixability and suitably used
in the hot-roller fixing system while avoiding the above difficulty is desired.

In recent years, the recording method using electrophotography has extended its applicability including

45 office use and private or home use. For such use, if the toner retains a large residual monomer or solvent
content, unpleasant odor is evolved at the time of image formation or fixing, so that a toner with a reduced
residual monomer or solvent content is desired.

In recent years, a contact charging means has been developed in place of a corona charging system to
be used in electrophotographic apparatus so as to prevent occurrence of ozone under high voltage

50 application for forming electrostatic images on a photosensitive member surface. In an electrophotographic
apparatus using such contact charging means, the occurrence of ozone is almost prevented so that it
becomes possible to omit an ozone filter. In this case of using no ozone filter, however, the problem of odor
evolved from a developer is liable to occur noticeably.

In order to reduce the residual monomer content in a toner, several methods may be raised, inclusive of

s5 the use of an increased amount of polymerization initiator for producing a binder resin, a prolonged period
of distillation for removing the solvent under a reduced pressure after such such polymerization, or a high-
temperature kneading under a reduced pressure for producing a toner. These methods for reducing the
residual monomer content are accompanied with several difficulties. For example, a simple increase in
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apparatus, etc. As is briefly mentioned hereinbefore, however, the corona discharger is accompanied with
difficulties, such as necessity of applying a high voltage and occurrence of a large quantity of ozone.

Accordingly, in recent years, it has been considered to use a contact charging means instead of a
corona discharger. More specifically, such contact charging means may be constituted by an electrocon- -

15 ductive roller, as a charging member, which is supplied with a voltage and is caused to contact a
photosensitive member as a member to be charged, thereby charging the photosensitive member surface
to a prescribed potential. By using such a contact charging means, it is possible to use a lower voltage and
reduce the amount of ozone generation in comparison with a corona discharger.

In an image forming apparatus using a step of electrostatically transferring a toner image formed on a

20 latent image-bearing member (photosensitive member) to a transfer-receiving medium in a sheet form, such
as paper, it has been proposed to use a transfer device in the form of a roller, etc., supplied with a bias
voltage to be pressed against a latent image-bearing member in the form of, e.g., a rotatable cylinder or an
endiess belt so as to pass a transfer-receiving medium therebetween and transfer a toner image on the
latent image-bearing member onto the transfer-receiving medium as disclosed, e.g., in Japanese Laid-Open

25 Patent Application (JP-A) 59-46664.

In contrast with transfer means utilizing corona discharge, such a transfer device can enlarge an area of
contact of the transfer-receiving medium onto the latent image-bearing member by regulating the pressure
of the transfer roller exerted against the latent image-bearing member, thersby positively supporting the
transfer-receiving medium under pressure at the transfer position. As a result, it is possible to reduce a

30 synchronization failure due to a conveyer for transfer-receiving medium and minimize transfer deviation due
to loop or curl of the transfer-receiving medium. Accordingly, it is possible to easily comply with the
requirements of shorter conveying passage for transfer-receiving media and a smaller diameter of latent-
image bearing member as required in compactization of such image forming apparatus in recent years.

. However, in the case of using contact charging means as described above, there arises a problem of

85 charging failure unless a sufficient contact with the member to be charged is ensured. There is also a
problem that, if a developer component remains on the surface of a photosensitive member at the abutting
position exerting a certain pressure by the charging member against the photosensitive member, the
developer component remaining on the surfaces of the charging member and the photosensitive member
are stuck thereat, thus adversely affecting the latent image formation and developing.

40 In the apparatus adopting abutting transfer disclosed in JP-A 59-46664, it is necessary to apply a
certain pressure against the transfer device as a transfer current is supplied at the abutting position. When
such an abutting pressure is applied, the pressure is also applied to. the toner image on the latent image-
bearing member, thus being liable to cause agglomeration.

Further, in case where the surface of the latent image-bearing member is éomposed of a resin, the

45 toner agglomerate contacting the latent image-bearing member is also liable to stick to the abutting
surfaces of the latent image bearing member and the fransfer device.

When such phenomena occur, various difficulties can be encountered, such as a lack in a latent image
formed and a transfer dropout, leading to formation of defective toner images.

50 SUMMARY OF THE INVENTION

A generic object of the present invention is to provide a toner for developing electrostatic images and
an image forming method having solved the above-mentioned problems.
A more specific object of the present invention is to provide a toner for developing slectrostatic images
65 showing excellent low-temperature fixability and anti-offset characteristic as well as excellent developing
performance, which foner contains little volatile matter such as a residual monomer and is less liable to
evolve an odor.

THIS SHEET HAS BEEN
REPLACED




¥ 4

fixability by its | ow nol ecul ar wei ght conponent and i nfhioSlect Been Replaced
anti-offset characteristic by its high- nolecul ar weight “m tmulu“\s
showi ng excel | ent performances. HOBRO&75 88 UARher | oweri ng

wei ght causes a decrease in devel opi ng performance of t-4- the resul tant
n

toner .and anAn'om rr c% %te fI tne Vr%ée%% J \llee{iﬁgait ttqe&rgﬁ enéneljﬁag%lm )f?té'gilf’ Imtehg%tﬁ rplaerf 5 14 ller
Accor di nglfb\(in o %abﬁa%f!cﬁgplﬁn vlvjlﬁ s‘loerreni f 1 eawaeltm time & (i;l.g%% %’[? Igr Oél - .
used in t%h?g%;oégsg_ er tixing system e AT n .f' gRA&° & 14 _P ?/-l s
desired. In Kn@ﬁ&ntsbjéé&%i the ;%E%ntrl &\Qﬁoq' i0g 'EPDHHQ 4 BRiNG Sévglg i:';%gO QIQQ ogghrcaﬂxggeshas
ext endegd ichaifiigRtle YA1RIS fnbtter bdhteht Sich 9s fégi‘fﬂﬁa?ﬁoﬁ%r 3 mﬁ%éit%fi‘ aftt b -gﬁqgucﬁs fid
For such wsual kdivehi¥id haiHgliitk 8t NS a | arge residual mononer or "Sol vent
content, UND| RARRHbjeQNSthd SresHOhVERbNAL 1 Bevidd BPinbe iMRME Je%@%&doﬂapan% with
fixing, seudphededdddrOsDEd as¥zbrd cdor'of H&RHor! €SI dual nononer~or sol ven
A further object of the present invention is to provide a toner for developing electrostatic images
10 suitable for use in an image forming method adopting contact charging means and transfer means including
an abutting transfer roller, which toner is free from sticking onto the surfaces of the charging means and the
photosensitive member and can provide toner images of excellent image qualities continually for a long
period.
According to the present invention, there is provided a toner for developing an electrostatic image,
15 comprising a binder resin, and a magnetic material and/or a colorant, wherein
the binder resin (a) comprises a styrene resin polymerized in the presence of a poly-functional
- polymerization initiator, (b) provides a molecular weight distribution on a GPC chromatogram showing a
maximum (P1) in a molecular weight range of 3.5x10% - 5x10* and a maximum (P2) or shoulder in a
molecular weight range of at least 1x10°, and (c) contains 15 wt. % or less of a resin component in a
20 molecular weight range of at most 3x103, and
the toner contains at most 100 ppm of styrene and benzaldehyde. :
According to another aspect of the present invention, there is provided an image forming method,
comprising:
charging an electrostatic latent image-bearing member by abutting a charging member supplied with a
25 voltage to the electrostatic latent image-bearing member;
exposing the charged electrostatic image-bearing member to light to form an electrostatic latent image
thereon; '
developing the electrostatic latent image with the above-mentioned toner to form a toner image thereon;
transferring the toner image onto a transfer-receiving material while pressing the transfer-recsiving
30 material by a transfer member supplied with a voltage against the toner image, and _
fixing the toner image transferred to the transfer-receiving material onto the transfer-receiving material
by a hot roller having a core metal thickness of at most 1 mm. _
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
35 taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of an image forming apparatus for practicing an embodiment of the
40 image forming method according to the present invention. '
Figure 2 is a GPC chromatogram of a toner binder resin used in Example 1 of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

45 The binder resin in the toner according to the present invention is characterized by showing a molecular
weight distribution on a chromatogram of GPC (gel permeation chromatography) showing a peak
(maximum) in a molecular weight region of 3.5x10% - 5x10* and a peak (maximum) or shoulder in a
molecular weight region of at least 1x10°. Herein, the shoulder means a point on a GPC chromatogram
which provides an extreme point on a curve given by differentiating the GPC chromatogram.

50 The maximum in the molecular weight region of 3.5x10° - 5x10* provides a toner showing a good
fixability and a good pulverizability in a pulverization step for providing the toner, and the maximum or
shoulder in the molecular weight region of at least 1x10° provides a good anti-offset characteristic.

A resin component in the molecular weight range of at least 1x10° and providing a maximum or
shoulder in the range provides a better anti-offset characteristic if it is contained in a larger proportion, but

65 an excess thereof can hinder the fixing performance. In the molecular weight distribution according to GPC,
the resin component in the molecular weight range of at Isast 1x10° may preferably be 5 - 50 wt. %, more
preferably 10 - 50 wt. %. Below 5 wt. %, good anti-offset characteristic cannot be achieved in some cases,
and it becomes difficult to prevent toner flowout through a cleaning member provided to a fixing device. On
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productlon and a large shearing force is applied to the polymer, thus causing severance of the polymer

10 components to provide a tendency of lowering the molecular weight of the high molecular weight
component as a whole. As a result, the binder resin in the toner is liable to have a molecular weight
distribution which is lower as a whole than that of the binder resin as a starting material of the toner, so that
the molecular weight distribution of the binder resin as the toner material does not completely correspond to
the anti-offset characteristic of the resultant toner.

15 According to our study, if the number of radical-generating functional groups in the poly-functional
polymerization initiator is increased, the molecular weight distribution of the binder resin as the toner
material can be shifted to a higher molecular weight side and the molecular severance of the high-molecular
weight component during melt-kneading for toner production cannot be readily caused, so that a resin
component having a molecular weight of at most 3x10® cannot be readily formed. As a result, the resultant

20 toner is provided with a better anti-offset characteristic than a toner obtained by using a starting binder resin
produced by using a polymerization initiator having less functional groups. It is also possible to reduce the
residual monomer content in the starting binder resin by using a polyfunctional polymerization initiator
having a larger number of functional groups.

The presence of a maximum in the molecular weight range of 3.5x10° - 5x10* in the GPC molecular

25 weight of 3.5x10% - 5x10* in the GPC molecular weight distribution is preferred in view of the toner fixability
and pulverizability in the pulverization step for toner production. The position of the maximum at a lower
molecular weight side in the molecular weight distribution favors a lower temperature fixation. In view of
anti-blocking characteristic, it is preferred that the maximum is present in the molecular weight region of
5x103 - 5x10*. A low-molecular weight component having a molecular weight of below 5x10° is liabie to

30 adversely affect the developing performance, etc. If the maximum is present at a molecular weight below
5x10% and the amount of such a low-molecular weight component is increased, the anti-offset characteristic
is adversely affected, and several difficulties are liable to be encountered, such as occurrence of blocking,
occurrence of toner sticking onto the drum surface, and occurrence of melt-sticking onto the inside of toner
production apparatus. Further, the toner can stick to a toner-carrying member (developing sieeve) or

35 triboelectricity-imparting member (coating blade or coating roller) to lower the triboelectricity-imparting
ability, thus impairing the developing performance. If the position of the lower molecular weight side
maximum is shifted beyond a molecular weight of 5x10*, a poor fixability results.

The component having a molecular weight of at most 5x10* favors the fixability and may preferably
occupy 30 - 95 wt. %, further preferably 40 - 90 wt. %, in the molecular weight distribution. Below 30 wt. %,

40 it is difficult to obtain good fixability, and poor pulverizability is liable to result in-the pulverization step for
toner production. On the other hand, in excess of 95 wt. %, it becomes difficult to obtain a sufficient anti-
offset characteristic.

The content of a low-molecular weight resin component providing a maximum in the molecular weight
range of 3.5x10% - 5x10* is increased in order to provide a good low-temperature fixability. Accordingly, the

45 residual monomer content and residual by-products at the time of synthesizing the resin component greatly
affect the residual monomer content and by-products in the total resin.

if the reduction in residual monomer content in the toner is aimed at simply by mcreasmg the
polymerization initiator amount and controlling the production conditions so as to reduce the residual
monomer content in the low-molecular weight resin component, the molecular weight distribution of the low-

50 molecular weight resin component becomes broad and the content of a resin component having a
molscular weight of at most 3x10° corresponding to the foot of the low-molecular weight component peak is
increased, thus being liable to result in a low toner chargeability and a lowering in image density.

The resin component having a molecular weight of at most 3x10°® may preferably be at most 15 %,
more preferably at most 13 %, further preferably at most 10 %.

§5 It has been discovered preferable that the low-molecular weight resin component providing a maximum
in the molecular weight range of 3.5x10% - 5x10* is prepared by polymerization in the presence of at least
two different polymerization initiators including a polymerization initiator A having a longer half-life and a
polymerization initiator B having a shorter half-life and under a condition providing hali-lives 74 and. g,
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It is further preferred that the polymerization temperature for producing the low-molecular weight resin
component is in the range of 75 - 145 °C, and the polymerization initiator B having a shorter half-life shows
a half-life 7g at the polymerization temperature of at least 0.1 hour, further preferably 0.5 - 10 hours.
15 The ratio ra/rg between the half-lives 7, and rg of the polymerization initiator A having a longer half-life
and the polymerization initiator B having a shorter half-life may preferably be in the range of 2 to 5x103.
it is further preferred to adopt such a combination that the polymerization temperature for producing the
low-molecular weight resin component is in the range of 75 - 145 °C and, at the polymerization temperature,
the polymerization inittator B having a shorter half-life shows a half-life 7g of 0.5 - 3 hours and the
20 polymerization initiator A having a longer half-life shows a half-life 74 of 2 to 60 hours providing a ratio ra/7s
of 2 to 5x102.
The amounts of the polymerization initiators A and B and the ratio therebetween may be determined in
view of the molecular weight distribution of the resultant low-molecular weight resin component, the kinds of
monomers therefor and the production conditions. The total amount of the polymerization initiators A and B
25 may preferably be 0.1 - § wt. parts per 100 wt. parts of the polymerizable monomer(s) for synthesizing the
low-molecular weight resin component providing a maximum in the molecular weight range of 3.5x10° -
5x10*. The ratio of the polymerization initiator Afthe polymerization initiator B may be in the range of 0.01 -
100, preferably 0.1 - 10.
It is preferred to use a polymerizable vinyl monomer as the polymerizable monomer for providing the
30 low-molecular weight resin component (i.e., a low-molecular weight vinyl resin). The thus-produced vinyl
resin may preferably comprise a styrene resin, preferred examples of which may include styrene homo-
polymer, styrene-acrylate copolymer, and styrene-methacrylate copolymer.
By using the above-described method, it is possible to reduce the residual monomer content in the
toner. According to the present invention, the content of styrene monomer and benzaldehyde is required to
35 be at most 100 ppm in the toner. It is preferred that the benzaldehyde content is at most 10 ppm as it
evolves a peculiar and strong odor. The residual styrene monomer content may preferably be at most 50
ppm. In case where an acrylic monomer ((meth)acrylate or {meth)acrylic acid) is used as a comonomer, the
residual acrylic monomer content may preferably be at most 30 ppm.
By reducing the residual monomer and by-produced benzaldehyde contents, not only the occurrence of
40 odor is suppressed during a copying operation but also the so-called filming or melt-sticking is also
suppressed as the sticking of toner particles onto the photosensitive member becomes difficult. The filming
or melt-sticking has been liable to occur particularly in an apparatus including a contact charging and/or a
contact transfer device, but the phenomenon can be suppressed by reducing the residual monomer and
benzaldehyde contents in the toner.
45 We have also found that the reduced residual monomer content leads to reduction of toner particles
and silica powder attached to a transfer roller and reduction of free silica accumulated on a stay in a
developing device.
The reason for the above phenomena has not been fully clarified as yet. However, it may be considered
that the residual monomer contributes to isolation of the silica powder from the toner particles, and the
50 reduction of the residual monomer has led to the isolation of the silica powder.
The determination of the residual monomer and benzaldeshyde content may be performed by gas
chromatography, e.g., in the following manner.
2.55 mg of N,N-dimethylformamide (DMF) is used as the internal standard and 100 ml of acetone is
added thereto to form a solvent containing the internal standard. Then, 400 mg of a toner sample is
55 dissolved in a portion of the solvent to form a 10 ml solution. The solution is then subjected to 30 min. of
ultrasonic vibration, followed by 1 hour of standing and filtration through a 0.5 um-filter. Then, 4 wl of the
sample solution is injected to a gas chromatograph.
The conditions for the gas chromatography may include the following.
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Standard samples obtained by adding the objective monomer in varying amounts into the DMF-acetone
solution in the same amount as the sample solution are similarly subjected to gas chromatography to
determine the weight ratio/areal ratio between the monomer and the internal standard DMF with respect to
the standard samples containing varying amounts of the objective monomer.

Alternatively, the measurement by gas chromatography may be performed in a similar manner as
above by using toluene as the internal standard and tetra-hydrofuran as the solvent.

The polymerization initiator used in the present invention may be an ordinary oil-soluble initiator,
examples of which may include: peroxide initiators, such as acetylcyclohexyisulfonyl peroxide, isobutyry!
peroxide, diisopropyl peroxydicarbonate, 2-ethylhexyl peroxydicarbonate, 2,4-dichlorobenzoy! peroxide, t-
butyl peroxypivarate, 3,5,5-trimethylhexanoyl peroxide, octanoyl peroxide, octanoy! peroxide, decanoyl
peroxide, lauroyl peroxide, stearoy! peroxide, propionyl peroxide, succinic acid peroxide, acetyl peroxide, 1-
butyl peroxy-2-ethylhexanoate, benzoyl peroxide, parachlorobezoyl peroxide, t-butyl peroxyisobutyrate, t-
butyl peroxymaleic acid, t-butyl peroxylaurate, cyclohexanone peroxide, t-butyl-peroxyisopropylcarbonate,
2,5-dimethyl-2,5-dibenzoyi-peroxyhexane, t-butyl peroxyacstate, t-butyl peroxybenzoate, diisobutyl diperox-
yphthalate, methyl ethyl ketone peroxide, dicumyl peroxide, 2,5-dimethyl-2,5-di-t-butylperoxyhexane, t-butyl
cumyl peroxide, t-butyl hydroperoxide, di-t-butyl peroxide, 2,5-dimethyl-2-5-di-t-butylperoxyhexane,
diisopropylbenzene  hydroperoxide, paramenthane hydroperoxide, pinane hydroperoxide, 2,5-
dimethylhexane-2,5-dihydroperoxide, and cumeme hydroperoxide; and azo-type initiators, such as 2,2'-
azobisisobutyronitrile, 1,1'-azobiscyclohexane-1-carbonitrile, 2,2'-azobis-4-methoxy-2,4-dimethyl-valeronitrile,
and 2,2'-azobis-2,4-dimethylvaleronitrile. These initiators may be used singly, or in combination of two or
more species, or in combination with a polyfunctional radical polymerization initiator, as desired.

In order to produce a high-molecular weight styrene resin component which is preferably used in the
present invention, it is preferred to use a poly-functional polymerization initiator, by which it is possible to
produce a higher molecular weight styrene resin component providing a satisfactory anti-offset characteris-
tic.

Examples of poly-functional polymerization initiator usable in the present invention may include:
di-functional radical polymerization initiators, such as 1,1-bis(t-butylperoxy)-3,3,5-trimethylcyclohexane, 1,1-
bis(t-butylperoxy)cyclohexane, 1,4-bis(f-butylperoxycarbonyl)cyclohexane, 2,2-bis(t-butylperoxy)-octane, n-
butyl-4,4-bis(t-butylperoxy)valerate, 2,2-bis(-butylperoxy)butane, 1,3-bis(t-butylperoxyisopropyl)benzene,2,5-
dimethyl-2,5-di{t-butylperoxy)-hexane, 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-butylperoxycyclohexyl)propane, di-t-
butyl peroxy-a-methylsuccinate, di-t-butyl peroxydimethyliglutarate, di-t-buty! peroxyhexahydroterephthalate,
di-t-butyl peroxyazelate, 2,5-dimethyl-2,5-di{t-butylperoxy)-hexane, diethylene glycol-bis({t-butylperoxycar-
bonate), and di-t-butyl peroxytrimethyladipate; tri-functional radical polymerization initiators, such as tris(t-
butylperoxy)iriazine, and vinyltris(t-butylperoxy)-silane; and other poly-functional radical polymerization
initiators, such as 2,2-bis(4,4-di-t-butylperoxycyclohexyl)propane, copolymerizates of t-butylperoxyallyicar-
bonate (e.g., "Hyper B" and "Hyper G" series available from Nippon Yushi K.K.), and copolymerizates of t-
butylperoxymaleic acid.

These poly-functional polymerization initiators may be used singly or in combination of two or more
species, or in combination with a mono-functional polymerization initiator, as desired. The poly-functional
polymerization initiator may be used in a proportion of 0.01 - 5 wt. %, preferably 0.05 - 3 wt. %, of the
monomer(s) giving a high-molecular weight styrene resin providing a maximum or shoulder in the molecular
weight region of at least 1x105.

The molecular weight (distribution) of a binder resin may be measured based on a chromatogram
obtained by GPC (gel permeation chromatography) in the following manner.

In the GPC apparatus, a column is stabilized in a heat chamber at 40 °C, tetrahydrofuran (T HF) solvent
is caused to flow through the column at that temperature at a rate of 1 ml/min., and 50 - 200 u! of a GPC
sample solution adjusted at a concentration of 0.05 - 0.1 wt. % is injected. The identification of sample
molecular weight and its molecular weight distribution is performed based on a calibration curve obtained
by using several monodisperse polystyrene samples and having a logarithmic scale of molecular weight
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Showa Denko K.K.; or a combination of TSK gel G1000H, G2000H, G2500H, G3000H, G4000H, G5000H,

10 GB000H, G7000H, and GMH available from Toso K.K.

In the present invention, the weight percentage of each resin component in the total binder resin may
for example be obtained in the following manner.

The weight percentage of the resin component in the molecular weight range of at most 3x103 is
measured as an areal percentage of a component in a molecular weight range of 4x102 - 3x102 with respect

75 1o the total area of component in a molecular weight range of 4x102 or larger, respectively based on the
GPC chromatogram of the binder resin (THF-soluble). In case where any THF-insoluble is present, the
weight percentage of the respective components measured with respect to the THF-soluble within the toner
binder resin is corrected by taking the THF-insoluble into consideration. For example, the above-obtained
areal percentage of the component in the molecular weight range of 4x10? - 3x108 is multiplied by the THF-

20 soluble percentage for correction in order to obtain the weight percentage of the component in the total
binder resin.

An example of such a GPC chromatogram is shown in Figure 2.

The binder resin of the present invention may preferably comprise a styrene polymer or a styrene
copolymer. Herein, the styrene polymer means a polymer (homopolymer or copolymer) of only one or more

25 of styrene-type monomers, i.e., styrene and its derivatives, and the styrene copolymer means a copolymer
of a styrene-type monomer and another comonomer.

More specifically, examples of the styrene-type monomer may include: styrene; and styrene deriva-
tives, such as o-methylstyrens, m-methyistyrene, p-methylstyrene, p-methoxystyrene, p-phenyistyrene, p-
chlorostyrene, 3,4-dichlorostyrene, p-ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene, p-tertbutyistyrene,

30 p-n-hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p-n-decylstyrene, and p-n-dodecylstyrene.

Examples of the comonomer for providing the styrene copolymer may include ethylenically unsaturated
monoolefins, such as ethylene, propylene, butylene, and iscbutylene; unsaturated polyenes, such as
butadiene; halogenated vinyls, such as vinyl chlorids, vinylidene chioride, vinyl bromide, and viny! fluoride;
vinyl esters, such as vinyl acetate, vinyl propionate, and vinyl benzoate; methacrylates, such as methyl

35 methacrylate, ethyl methacrylate, propyl methacrylate, n-butyl methacrylate, isobutyl methacrylate, n-octyl
methacrylate, dodecyl methacrylate, 2-sthylhexyl methacrylate, steary! methacrylate, phenyl methacrylate,
dimethylaminosthyl methacrylate, and diethylaminoethyl methacrylate; acrylates, such as methyl acrylate,
ethyl acrylate, n-butyl acrylate, isobutyl acrylate, propyl acrylate, n-octyl acrylate, dodecyl acrylate, 2-
ethylhexyl acrylate, stearyl acrylate, 2-chlorosthyl acrylate, and pheny! acrylate, vinyl ethers, such as vinyl

40 methyl ether, vinyl ethyl ether, and vinyl isobutyl ether; vinyl ketones, such as vinyl methyl ketons, vinyl
hexyl ketone, and methyl isopropenyl ketone; N-vinyl compounds, such as N-vinylpyrrole, N-vinylcarbazole,
N-vinylindole, and N-vinyl pyrrolidone; vinylnaphthalenes; acrylic acid derivatives or methacrylic acid
derivatives, such as acrylonitrile, methacryronitrile, and acrylamide; esters of a,8-unsaturated acids and
diesters of dibasic acids. These comonomers may be used singly or in combination of two or more species.

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

Aromatic divinyl compounds, such as divinylbenzene and divinyinaphthalene; diacrylate compounds
connected with an alkyl chain, such as ethylene glycol diacrylate, 1,3-butylene glycol diacrylate, 1,4-
butanediol diacrylate, 1,5-pentanediol diacrylate, 1,6-hexanediol diacrylate, and neopenty! glycol diacrylats,

50 and compounds obtained by substituting methacrylate groups for the acrylate groups in the above
compounds; diacrylate compounds connected with an alkyl chain including an ether bond, such as
diethylene glycol diacrylats, triethylene glycol diacrylate, tetrasthylene glycol diacrylate, polysthylene glycol -
#400 diacrylate, polysthylene glycol #6800 diacrylate, dipropylens glycol diacrylate and compounds obtained
by substituting methacrylate groups for the acrylate groups in the above compounds; diacrylate compounds

55 connected with a chain including an aromatic group and an ether bond, such as polyoxyethylene(2)-2,2-bis-
(4-hydroxyphenyl)propanediacrylate, polyoxyethylene(4)-2,2-bis(4-hydroxyphenyl)-propanediacrylate, and
compounds obtained by substituting methacrylate groups for the acrylate groups in the above compounds;
and polyester-type diacrylate compounds, such as one known by a trade name of MANDA (available from
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in an amount less than the binder resin within an extent not adversely affecting the effect of the present
invention.
Examples of such another resinous compound may include: silicone resin, polyester, polyurethane,
15 epoxy resin, polyvinyl butyral, rosin, modified rosin, terpene resin, phenoclic resin, aliphatic or alicyclic
hydrocarbon resin such as low-molecular polyethylene or low-molecular weight polypropylene, aromatic
petroleum resin, chlorinated paraffin, paraffin wax, etc.
The binder resin used in the present invention may be obtained through polymerization, such as bulk
polymerization, solution polymerization, suspension polymerization, or emulsion polymerization.
20 The toner for developing electrostatic images according to the present invention can further contain a
charge control agent, as desired, for further stabilizing the chargeability.
Charge control agents known in the art at present may include the following.
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 complexes of aromatic hydroxycarboxylic acids and aromatic dicarboxylic acids. Other examples may
include: aromatic hydroxycarboxylic acids, aromatic mono- and poly-carboxylic acids, and their metal salts,
anhydrides and esters, and phenol derivatives, such as bisphenols.
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
3o ftributylbenzylammonium 1-hydroxy-4-naphtholsuifonate and tetrabutylammonium tetrafluoroborate, and their
homologous inclusive of phosphonium salts, and lake pigments thereof; triphenylmethane dyes and lake
pigments thereof (the laking agents including, e.g., phosphotungstic acid, phosphomolybdic acid,
phosphotungsticmolybdic acid, tannic acid, lauric acid, gallic acid, ferricyanates, and ferrocyanates); higher
aliphatic acid metal salts; acetylacetone metal complexes; diorganotin oxides, such as dibutyltin oxide,
35 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 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.
40 The silica fine powder used in the present invention provides good results if it has a specific surface
area of 30 m?/g or larger, preferably 50 - 400 m?/g, as measured by nitrogen adsorption according to the
BET method. The silica fine powder may bs 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 chargeablhty, the silica fine
45 powder may well have been treated with a treating agent, such as silicone varnish, modified silicone
varnish, silicone oil, modified silicone oil, silane coupling agent, silane coupling agent having functional
group or other organic silicon compounds. It is also preferred to use two or more freating agents in
combination.
Other additives may be added as desired, inclusive of: a lubricant, such as polytetrafluoroethylene, zinc
50 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, aluminum oxide, hydrophobic titanium oxide or hydrophobic 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
s5 white or black fine particles having a polarity opposite to that of the toner particles as a development
characteristic improver.
It is also a preferred embodiment of the present invention to incorporate within the toner a waxy
substance, such as low-molecular weight polyethylene, low-molecular weight polypropylene, microcrystal-

10 THIS SHEET HAS BEEN

REPLACED




remains on the surface of a phot osensitive nmenber at the acedy,
exerting a certain pressure by -8- the chargi ng nenber
phot osensitive nenber, the devel opER 0&8H8%hARAt remai ni ng

t he chargi ng nenber and the phot osensitive nmenber are stuck thereat thus

d ly affecting the | t ] f or mat | n th
appar at us ' ecﬁaiaraﬁ’nsmﬁ-ﬁ% " gD wen"'ég?a@%ﬁt%ﬁ% A5 8%%%%“9 Y g e

necessary c Er ehé?f ney accor mg;ttoa{éla thsel} ¥ l\‘rlern 2 bn Snglxedh g t oAby erqg \6& rEgedaaé a%wo-

t ransfer
om onen dev Io e th:s ) to LA {he %a é)r po e(?r;'na e& other so
abutting ‘1 a[d@ a'tn?he i’onlﬁﬁ A, (r)eégé;bl 9!

[ mage on 1;, e ent rrage gearl ng me er ?fhu e| ng

aggl oner at T Ofbe chrHELB&S for thid plrBoss gﬁ!@f& 8 kﬁm ond!lehdfes O wﬁlaﬁniﬂﬁéﬁﬂ% powder having

i mage-b eaHa&&néﬁ‘? & as! iron pOWHRE $ér d@r, afBhidkel powder and carriers obtained by coating these
powders with a resin, such as a fluorine-containing resin, a vinyl resin or a silicone resin.

10 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 also functions as a colorant. Examples
of the magnetic material may include: iron oxide, such as magnetite, hematite, and ferrite; metals, such as
iron, cobalt and nickel, and alloys of these metals with other metals, such as aluminum, cobalt, copper,
lead, magnesium, tin, zinc, antimony, beryllium, bismuth, cadmium, calcium, manganese, selenium,

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

The magnetic material may shave an average particle size of 0.1 - 2 um, preferably 0.1 - 0.5 um. The
magnetic material may preferably show magnetic properties under application of 10 kilo-Oersted, inclusive
of: a coercive force of 20 - 150 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 about 20 - 200 wt. parts, preferably 40 - 150 wt. parts, per 100 wt. parts of the resin component.

The toner according to the present invention can contain a colorant which may be an appropriate
pigment or dye. Examples of the pigment may include: carbon black, aniline black, acetylene black,
Naphthol Yellow, Hansa Yellow, Rhodamine Laks, Alizarin Lake, red iron oxide, Phthalocyanine Blue, and
Indanthrene Blue. These pigments are used in an amount sufficient to provide a required optical density of

25 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. parts, preferably 1 -
10 wi. parts, per 100 wt. parts of the binder resin.

The toner according to the present invention may be prepared through a process including: suffi cuently

30 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 of a
blender such as a Henschel mixer or a ball mill, melting and kneading the blend by means of hot kneading
means, such as hot rollers, a kneader or an extruder to cause melting of the resinous materials and
disperse of dissolve the magnetic material, pigment or dye therein, and cooling and solidifying the kneaded

35 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.

An embodiment of the image forming method according to the present invention will be described with
reference to Figure 1 illustrating an apparatus therefor.

40 The apparatus includes a rotating drum-type electrostatic image-bearing member (hereinafter referred
to as "photosensitive member™) 1, which basically comprises an electroconductive substrate 1b of, e.g.,
aluminum and a photoconductive layer 1a disposed on the outer surfacs thereof and rotates at a prescribed
peripheral speed (process speed) in a clockwise direction as illustrated on the drawing.

In this embodiment, the photosensitive member comprises an organic photoconductor (OPC) and is

45 constituted as a photosensitive drum having an outer diameter of 30 mm.

The apparatus also includes a charging roller 2 which comprises a metal core 2b and an electroconduc-
tive elastomer layer 2a disposed on the outer surface thereof. The charging roller 2 is pressed against the
photosensitive member 1 at a certain pressing force and rotates following the rotation of the photosensitive
member 1. The charging roller 2 is supplied with a voltage from a charging bias supply 3 and thereby

50 changes the surface of the photosensitive member 1 t0 a prescribed polarity and potential. Then, the
photosensitive member is illuminated with imagewise exposure light 4 to form an electrostatic latent image
thereon, which is then developed into a toner image by a developing device 5.

In this embodiment, the charging roller 2 has an outer diameter of 16 mm, and the electroconductive
rubber 2a comprises styrene-butadiene rubber (SBR) surfaced with a resin principally comprising a nylon

s6 resin. The charging roller 2 has a hardness of 64 degrees (ASKER-C). A prescribed voltage is applied to the
core metal 2b of the charging roller 2 from a DC power supply 3 which can be superposed with an AC
voltage.
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cffb%mng blade 9 is liable to be deposited and accumulated, thus resulting in charging irreguiarity and fog.
Accordingly, the charging roller 2 may preferably be equipped with a cleaning mechanism 2c which
contacts the charging roller 2 at a penetration of preferably at least 0.5 mm only in operation thereof.

The photosensitive drum 1 after the transfer of a toner image is generally cleaned by a cleaning
member such as a cleaning blade or roller to remove the residual toner or other dirt, thus resulting in a
clean surface to be again subjected to image formation thereon.

Such a cleaning operation may be performed in parallel and simultanecusly with the charging,
developing and/or transfer operation in electrophotography.

The apparatus further includes a transfer roller 6 which basically comprises an electroconductive
elastomer layer 6a surfacing a core metal 6b. The transfer roller 6 is pressed against the photosensitive
member 1 at a certain pressing force and rotated at a peripheral speed which is equal to or different from
that of the photosensitive member. A transfer-receiving material 8 is conveyed between the photosensitive
member 1 and the transfer roller 6 and simultaneously therewith the transfer roller 6 is supplied with a bias
voltage of a polarity opposite to that of the toner from a transfer bias voltage supply 7, whereby the toner
image on the photosensitive member is transferred onto the surface of the transfer-receiving material.

In this embodiment, the transfer roller 6 has an outer diameter of 16 mm, and the electroconductive
elastomer layer 6a comprises foamed ethylene-propylene-diene terpolymer (EPDM). The transfer roller 6
has a hardness of 30 degrees (ASKER-C). The transfer roller 6 may preferably be abutted against the
photosensitive member 1 at a pressure of at least 0.5 g/cm, more preferably 3 - 100 g/cm, in terms of a
linear pressure [g/cm] (= a total force applied to the transfer roller [g¥length of abutment [cm]).

The transfer roller 6 may be supplied with a DC voltage of 3.5 - 7.0 KV in terms of an absolute value.

On the transfer roller 6, a portion of the toner and toner additive scattered from the developing device to
the photosensitive member or having slipped by the cleaning blade 9 is liable to be deposited and
accumulated, thus resulting in difficulties, such as transfer dropout, transfer failure or transfer irregularity.

Therefore, it is preferred to apply a voltage of a polarity opposite to that used for transfer to the
transfer-receiving member 8 in order to clean the transfer roller. The DC voltage applied for the purpose
may preferably be 3.5 - 7 kV in terms of an absolute value.

The transfer roller 6 may further preferably be equipped with a cleaning mechanism 6c.

Then, the transfer-receiving material 8 carrying a toner image is conveyed to a fixing device 11 which
basically comprises a heating roller 11a enclosing a halogen heater and an elastomeric pressure roller 11b
pressed against the heating roller 11a. Being passed betwseen the rollers 11a and 11b, the toner image is
fixed onto the transfer-receiving material and is outputted as an image product.

More specifically, referring to Figure 2, the heating roller 11a of the heating device comprises a core
metal 14 within which a heater 12 is enclosed, and the core metal 14 is surfaced with a resin layer 13. The
pressure roller 11b comprises a core metal 16 surfaced with an elastomer layer 15.

In the image forming method according to the present invention, it is preferred to minimize the heat
capacity of the heating roller 11a so as to shorten the waiting time, and the core metal 14 of the heating
roller 11a may preferably be formed in a thickness of at most 1 mm. The core metal 14 comprises any
metal or alloy as far as appropriate strength and stability are ensured but may preferably comprise carbon
steel.

The heating roller 11a may preferably be coated with a layer 13 of a resin showing good releasability,
examples of which may include fluorine-containing resin, silicone resin and amide resin.

The fixing roller may preferably be equipped with a cleaning mechanism, such as a cleaning web or a
cleaning pad, of which a cleaning web 11c as shown is preferred.

The image forming method according to the present invention may suitably be applied in a system
wherein a transfer-receiving material is passed between the rollers 11a and 11b at a speed (process speed)
of at least 150 mm/sec (corresponding to a feed rate of 22.5 sheets of A4 vertical size/min.).

In this embodiment, the surface of the photosensitive member 1 is cleaned with a cleaning mechanism
9 provided with a cleaning blade pressed in a counter direction against the photosensitive membsr to
remove the dirt such as residual toner after the transfer, and is charged-removed by a discharging exposure
device 10 to be subjected to repetitive image formation.
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at 90 °C. Thereafter, the product was cooled, washed with water and dried to obtain a high-molecuiar weight
polymer, which is referred to as binder resin A and provided a molecular weight distribution by GPC
showing a peak (P2) at a molecular weight of 5.1x10°.
Then, the above polymerization vessel was charged with 800 parts of xylene and heated under nitrogen
15 stream and stirring to 140 °C. At the temperature, a mixture of 84 parts of styrene, 16 parts of butyl
acrylate, 0.9 part of di-t-butyl peroxide (DTBP, half life = 1.6 hours at 140 °C) as a polymerization initiator
B, and 0.2 part of p-methane hydroperoxide (half-life = 5.0 hours at 140 °C), was added dropwise in two
hours by using a continuous dropping device, followed by 4 hours of polymerization to obtain a solution of a
low-molecular weight polymer (binder resin B) which provided a molecular weight distribution by GPC
20 showing a peak (P1) at a molecular weight of 1.0x10*.
Into the above polymer solution (containing 70 parts of the binder resin B), 30 parts of binder resin A
and 4 parts of low-molecular weight polypropylene (weight-average molecular weight (Mw) = about 10%)
were dissolved and mixed in 4 hours under sufficient stirring at 100 °C, followed by removal of the solvent
by vacuum distillation (about 20 mmHg, about 40 °C, for 24 hours) and 1 hour of heating at 80 °C under
25 vacuum (about 20 mmHg), to obtain toner binder resin I.

0 880!‘!

Comparative Synthesis Example 1

The same polymerization vessel as used in Synthesis Example 1 was charged with 800 parts of xylene

30 and heated under nitrogen stream and stirring to 140 °C. At the temperature, a mixture of 84 parts of
styrene, 16 parts of butyl acrylate and 1.0 part of di-t-butyl peroxide (DTBP) as a polymerization initiator
was added dropwisé in 4 hours to obtain a solution of a low-molecular weight polymer (binder resin C)
which provided a molecular weight distribution by GPC showing a peak (P1) at a molecular weight of
1.0x10%.

35 With the above polymer solution, (containing 70 parts of the binder resin C), 30 parts of the binder resin
A and 4 parts of the low-molecular weight polypropylene were mixed in the same manner as in Synthesis
Example 1 to obtain a toner binder resin Il

The toner binder resin |l was further treated under vacuum at 80 °C for 2 hours to obtain a toner binder
resin liL

Comparative Synthesis Example 2

A binder resin E was prepared in the same manner as in Comparative Example 1 except that the
amount of di-t-butyl peroxide (DTBP, polymerization initiator) was increased to 1.5 parts. The binder resin E
45 showed a peak (P1) at 0.9x10*. In the same manner as in Synthesis Example 1, 30 parts of the binder resin
A and 4 parts of the low-molecular weight polypropylene were mixed with the polymer solution containing
70 parts of the binder resin E, followed by removal of the solvent to obtain a toner binder resin V.

Comparative Synthesis Example 3

50
A binder resin F was prepared through polymerization in the same manner as in preparation of the
binder resin A in Synthesis Example 1 except that the polymerization initiator was changed to 0.2 part of
- 2,2"-azobis(2,4-dimethylvaleronitrile) and the suspension polymerization was performed for 9 hours at 80 °C.
The binder resin F provided a molecular weight distribution by GPC showing a peak (P2) at a molecular

s5 weight of 2.5x105.

Then, a solution of the binder resin B was prepared in the same manner as in Synthesis Example 1,
and the solution containing 70 parts of the binder resin B was mixed with 30 parts of the binder resin F and
4 parts of the low-molecular weight polypropylene and treated under vacuum in a similar manner to obtain a

13
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10 Then, a binder resin H was preparsd through polymerization in the same manner as in preparation of
the binder resin B in Synthesis Example 1 except that a mixture of 85 parts of styrene, 15 parts of butyl
acrylate, 4.0 parts of DTBP (polymerization initiator B) and 1.0 part of 2,5-dimethylhexane 2,5-dihydroperox-
ide (half-life at 140 °C = 30 hours, polymerization initiator A) was added into 800 parts of xylene in 2 hours,
followed by 8 hours of polymerization. The binder resin H showed a peak (P1) at a molecular weight of

15 0.4x10*. 1

Then, similarly as in Synthesis Example 1, 30 parts of the binder resin G and 4 parts of the low-
molecular weight polypropylene were mixed with the polymer solution containing 70 parts of the binder
resin H, followed by removal of the solvent to obtain a toner binder resin VI.

20 Synthesis Example 3

A four-necked flask (polymerization vessel) equipped with a nitrogen-infroducing pipe, a condenser, a
stirrer and a thermometer was charged with 200 parts of deionized water, 80 parts of styrene, 20 parts of n-
butyl acrylate and 0.13 part of 2,2-bis(4,4-tert-butylperoxycyclohexyl)propane as a poly-functional poly-
25 merization initiator, and the content was subjected to 25 hours of suspension polymerization at 90 °C.
Thereafter, the product was cooled, washed with water and dried to obtain a high-molecular weight polymer,
which is referred to as binder resin A and provided a molecular weight distribution by GPC showing a peak
(P2) at a molecular weight of 8.0x10°.
Then, similarly as in Synthesis Example 1, a solution containing the binder resin B was prepared, and
30 30 parts of the binder resin J and 4 parts of the low-molecular weight polypropylene were mixed with the
polymer solution containing 70 parts of the binder resin H, followed by removal of the solvent to obtain a
toner binder resin VIl

Comparative Synthesis Example 4

35
Styrene ' 76 part(s)
Butyl acrylate 23 "

© _
Divinylbenzene 0.3 "

Di-tert-butyl peroxide. 0.8 "
45 |

The above ingredients were added dropwise in 4 hours to 200 parts of xylene heated to the reflux
temperature, followed by 4 hours of polymerization under reflux of the xylene (138 - 144 °C) to complete
the polymerization and removal of the xylene by raising the temperature up to 200 °C under vacuum,

50 thereby to obtain a resin VIIL.
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The above ingredients were added dropwise in 2 hours to 200 parts of xylene heated 80 - 80 °C,
followed by 6 hours of polymerization under reflux of the xylene to complete the polymerization and

removal of the xylene by raising the temperature up to 200 °C under vacuum, thereby to obtain a resin IX.

15 Example 1

Binder resin VII 100 part(s)
20 Triiron tetroxide (average particle size = 0.2 um) 90"
Nigrosine : 2"

The ‘above ingredients were sufficiently blended in a blender and melt-kneaded through a twin-screw
kneading extruder set at 80 °C. The kneaded product was cooled, coarsely crushed by a cutter mill, finely

25 pulverized by a pulverizer using jet air and classified by a multi-division classifier utilizing the Coanda
effect, to obtain black fine powder (magnetic toner) having a weight-average particle size of 8.5 um.

100 parts of the resultant black fine powder (magnetic toner) and 0.6 part of positively chargeable
hydrophobic dry-process silica were blended in a Henschel mixer to obtain a positively chargeable
magnetic toner carrying the silica powder attached to the toner particles.

30 0.2 g of the thus-obtained magnetic toner was dissolved in 20 ml of THF (tetrahydrofuran) and the
solution was filtered to remove the magnetic material and other insoluble matter. Substantially no styrene
resin remained insoluble in THF. The solution was subjected fo GPC (gel permeation chromatography)
measurement. The resultant GPC chromatogram is shown in Figure 2 and the results are summarized in
Table 1 appearing hereinafter.

35 A succession image formation test of 20000 sheets of A4-size plain paper were performed by using an
image forming apparatus shown in Figure 1 under the following set of conditions:

[Charging roller]

40 abutting pressure against the photosensitive member: 50 g/cm,
applied voltage: -1400 volts (DC)

[Transfer roller]

45 abutting pressure against the photosensitive member: 20 g/cm
applied voltage: -6000 volts (DC)
peripheral speed difference with the photosensitive member: 0
Abutting pressure of the cleaning blade: 20 g/cm

so [Developing bias voltage]

AC: Vpp = 1300 volts, Vf = 1800 Hz
DC: Vdc = -210 volts
Distance between the photosensitive member and the developer-carrying member: 300 um
85 Hot fixing rolier: comprising a 0.8 mm-thick core metal cylinder of carbon steel coated with a PTFE
layer and containing two halogen lamps inside thereof, and the external surface thereof being regulated to a
prescribed temperature (approximately 160 - 200 °C).
Pressure roller: comprising a 1 mm-thick core metal cylinder of carbon steel coated with a 2 mm-thick
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Then, the above image forming apparatus was remodeled by removing the fixing device and used to

10 form unfixed images on plain paper sheets. On the other hand, the removed fixing device was used as an
external fixing device of a variable temperature-type to effect a fixing test and an offset test of the unfixed
images.

The external fixing device was adjusted to have a nip of 4.0 mm and a process speed of 200 mm/sec.
The fixing test was performed at various controlled temperatures in the temperature range of 100 - 250 °C

.15 at a temperature increment of 5 °C so as to fix the unfixed images. The resultant fixed images were rubbed
with a lens cleaning paper ("Dasper”, mfd. by Ozu Paper Co., Ltd.) under a load of 50 g/cm? and the
lowermost temperature giving a decrease in image density after the rubbing of at most 2 % was taken as a
fixing initiation temperature. As a result, the fixing initiation temperature was as low as 170 °C and the offset
initiation temperature was as high as 250 °C, thus showing an excellent anti-offset characteristic.

20 Then, the image forming apparatus was used to continuously form 100 sheets of A3-size images and
then left standing for 30 ssc., followed by forming 5 sheets of A3-size solid white images. From the degree
of soiling or dirt on both sides of the copied sheets, the offset toner flowout characteristic was evaluated
whereby no dirt was observed on either side, thus showing excellent offset toner flowout-preventing
characteristic.

25 The above magnetic toner was left standing in at 50 °C in a drier to evaluate the anti-blocking
characteristic, whereby utterly no problem was conceived in this regard.

These results are summarized in Table 3.

Example 2

A toner was prepared and evaluated in the same manner as in Example 1 except that the binder resin |
was used instead of the binder resin VII.
The results are shown in Tables 1 - 3.

35 Example 3

A toner was prepared and evaluated in the same manner as in Example 1 except that the binder resin
VI was used instead of the binder resin VIl
The resulis are shown in Tables 1 - 3.

Example 4

The toner prepared in Example 1 was evaluated by image formation in a commercially available
copying machine ("NP-2020", mfd. by Canon KKK.).
45 From the outset, excellent images having a high image density of 1.40 were obtained. Even after
20x10* sheets of successive copying, excellent images showing an image density of 1.37 and free from fog
or filming were obtained. Little odor was evolved.

Comparative Examples 1 - 6

50
Toners were prepared and evaluated in the same manner as in Example 1 except that the binder resin
VIl was replaced by the binder resin II, 1ll, IV, V, VIl and IX, respectively.
The results are shown in Tables 1 - 3.

56
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10 o: Not occurred
Al Slightly occurred
' Occurred

Dirt on transfer roller

15
o: None or very slight
OA: A little dirt
A: Substantial dirt

20 Silica accumulation on stay (of developing device)

o: Very little
0A: Little
A: Relatively much

25
Odor (at the time of copying)

o: Good
A: Slight odor
30 X Qdor

Residual monomer

. o: Not detected
35 10>: Less than 10 ppm

45

50
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Evaluation standards of items in Table 3 are as follows:

Image dirt due to offset toner flowout

- 85

o: Substantially no
OA: Slight dirt
A: Some dirt
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As described above, the toner according to the present invention containing a specific binder resin and

10 only little residual monomer show excellent low-temperature fixability as well as excellent anti-offset
characteristic. Further, when used in an image forming method adopting a hot roller fixation system using a
hot roller having a core metal thickness of at most 1 mm, the toner realizes shorter waiting time and higher
speed electrophotographic process.

Further, the toner according fo the present invention contains little volatile matter such as residual

75 monomer, thus evolving little odor at the time of copying.

Further, by using the above image forming method utilizing the toner, it is possible to provide an image
forming apparatus evolving little toner odor. Further, the toner is less sticky onto the charging member and
photosensitive member and provides images with excellent image qualities and high image densities and
free from fog for a long period.

20 A toner for developing an electrostatic image is composed by a binder resin, and a magnetic material
and/or a colorant. The binder resin (a) comprises a styrene resin polymerized in the presence of a poly-
functional polymerization initiator, (b) provides a molecular weight distribution on a GPC chromatogram
showing a maximum (P1) in a molecular weight range of 3.5x10° - 5x10* and a maximum (P2) for shoulder
in a molecular weight range of at least 1x10°%, and (c) contains 15 wt. % or less of a resin component in a

25 molecular weight range of at most 3x10%. Further, the toner contains at most 100 ppm of styrene and
benzaidehyde.

Gl R 0
* C L M s *

30 1. A toner for developing an electrostatic image, comprising a binder resin, and a magnetic material
and/or a colorant, wherein _ ' '
the binder resin (a) comprises a styrene resin polymerized in the presence of a poly-functional
polymerization initiator, (b) provides a molecular weight distribution on a GPC chromatogram showing a
maximum (P1) in a molecular weight range of 3.5x10° - 5x10* and a maximum (P2) or shoulder in a
35 molecular weight range of at least 1x10°, and (c) contains 15 wt. % or less of a resin component in a
molecular weight range of at most 3x10%, and
the toner contains at most 100 ppm of styrene and benzaldehyde.

2. The toner accbrding to Claim 1, wherein the poly-functional polymerization initiator has three or more
40 radical-generating functional groups. : '

3. The toner according to Claim 1, wherein the poly-functional polymerizatibn initiator has four or more
radical-generating functional groups.

45 4. The tfoner according to Claim 1, wherein the poly-functional polymerization initiator is a radical
polymerization initiator selected from the group consisting of 1,4-bis(t-butylperoxycarbonyl)-cyclohex-
ane, 2,2-bis(4,4-di-t-butylperoxycyclohexyl)-propane, and tris(t-butylperoxy)triazine.

5. The toner according to Clairh 1, wherein the binder resin contains 5 - 50 wt. % _of a component in a
50 molecular weight range of at least 1x10°.

6. The toner according to Claim 1, wherein the binder resin contains 10 - 50 wt. % of a component in a
molecular weight range of at least 1x105.

55 7. The toner according to Claim 1, wherein the binder resin provides a maximum (P1) in a molecular
weight range of 5x10° - 5x10%.

21 | {13 SHEET HAS BEEN
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anti-offset c ] s adversely affected, and several aiTki T
are liable to be encountered, suERO&SHEAMRrence of bl ocking, occurrence of
toner sticking onto the drum surface, and occurrence of nelt-sticking onto
the i ns'é.jeTRJ to‘m&nﬁ: or&ﬁf&ue:éitnoﬂ. vﬁBgﬁrtﬁé lﬂﬁl erFrglJirE Q&%ﬂinstﬁ%otsp% Cvt Q/;J‘%f ﬁ\tel rgéfn to a
toner - car r YA \hndie malskeN }gggreﬁl,%q;(gg Hgs Lriboel ectricity-inmparting
menber (coating blade or coating To er% ?o [ oner the _
triboel &gt fhe tohet- dcBR@AG b Biaitd,! wHedbin e biddr TBGH Edrfkihs I YE WPRL BB the resin
per f 0§ mManc gomgohent i GheAstdchibOWbight rahdd®r baNRH 3@l ecul ar wei ght si de maxi mumis
shifted beyond a nol ecul ar wei ght of 5x10[err], a poor fixability results.
The conprNERY tofsA4tddaling t6T0kIRT1) Whéreil@ePiderabsiméontains akésin d¥RPbneobiaingd thloufmvor s
the fixabi péigryerigdiioh ifBthe Dirésbfdeadt| af 16¥6ICHMAYpoRtherizafidn iMtiator¥0indluding e polyMienitiba bl y
‘40 - 90 W initiator A having a longer half-life 74 and a polymerization initiator B having a shorter half-life 7

10 providing a ratio r4/rg of at least 1.5.

11. The toner according to Claim 1, wherein the binder resin comprises a mixture of a high-molecular
weight styrene resin and a low-molecular weight vinyl resin.

15 12. The toner according to Claim 11, wherein the high-molecular weight styrene resin has been obtained
through polymerization in the presence of a poly-functional polymerization initiator.

‘i3. The toner according to Claim 11, wherein the high-molecular weight styrene comprises a styrene-
acrylate copolymer obtained through polymerization in the presence of a poly-functional polymerization
20 initiator.

14. The toner according to Claim 11, wherein the high-molecular weight styrene comprises a styrene-
methacrylate copolymer obtained through polymerization in the presence of a poly-functional poly-
merization initiator.

25

156. The toner according to Claim 11, wherein the low-molecular weight vinyl resin comprises a styrens

resin.

16. The toner according to Claim 11, wherein the binder resin comprises 10 - 70 wt. parts of the high-
30 molecular weight styrene resin and 90 - 30 wt. parts of the low-molecular weight vinyl resin.

17. The toner according to Claim 11, wherein the binder resin comprises 20 - 60 wt. parts of the high-
molecular weight styrens resin and 80 - 40 wt. parts of the low-molecular weight vinyl resin.

35 18. The toner according to Claim 1, wherein the binder resin comprises a mixture of a high-molecular
weight styrene resin providing a maximum in the molecular weight range of at least 1x10° and obtained
through polymerization in the presence of a poly-functional polymerization initiator, and a-low-molecular
weight vinyl resin providing a maximum in the molecular weight range of 3.5x10® - 5x10* and obtained
through polymerization in the presence of at least two polymerization initiators including a polymeriza-

40 tion initiator A having a longer half-life 75 and a polymerization initiator B having a shorter half-life 7
providing a ratio ra/rg of at least 1.5.

19. The toner according to Claim 18, wherein the high-molecular weight styrene resin has been obtained
through polymerization in the presence of a poly-functional polymerization initiator in an amount of 0.01
45 - 5 wt. % of a polymerizable monomer providing the high-molecular weight styrene resin.

20. The toner according to Claim 18, wherein the high-molecular weight styrene resin has been obtained
through polymerization in the presence of a poly-functional polymerization initiator in an amount of 0.05
- 3 wt. % of a polymerizable monomer providing the high-molecular weight styrene resin.
50 : :
21. The toner according to Claim 18, whersin the low-molecular weight vinyl resin has been obtained
through polymerization at a polymerization temperature of 75 - 145 °C in the presence of a
polymerization initiator B having a half-life 7g at least 0.1 hour at the polymerization temperature.

55 22. The toner according to Claim 18, wherein the low-molecular weight vinyl resin has been obtained
through polymerization at a polymerization temperature of 75 - 145.°C in the presence of a
polymerization initiator B having a half-life 75 0.5 - 10 hours at the polymerization temperature.
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% in the nolecular weight distribution. Below 30 wt. % it mllm“l“l““rul “ﬂll
obtain good fixability, and poor pulverizability is Iiable
pul verization step for toner produEPQ&T5890A2t he ot her hand, % nexées? o

95 wt. % it becones difficult to obtain a sufficient antl-offset
characterigtic. The cqnt  of | ow- nol ecul ar  wei resin

ot ovt i ng 2 TERAREPARY RO 10 ctp R HRpe 2 A5 oRpersaten Hpraie 1 2 5000
5X10[ er r] 2'45 Aenﬁﬁﬁaa%g gdu{gn Oélg%r i hé) 9 \{Ijledl%w-mo%&ﬂg vbe?w' Elﬁ gsrmaﬂﬁrﬁ‘]cn obtained

fixability. g atlo Q)Pt7§ fsence :If
by- pr odyict s ea.y sor a1t B ﬁam i psgof 9 fodis's raa RhtioR e !
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reduction in residual nononer content In the toner 1S al ned at S|nply by
i ncreasi N@s!t AR wHal 2eBkihg BLAIAR 2, Wnbrei ki ratR TRANE 28 8bocont rol [ ing the
production conditions so as to reduce the residual nononmer content in the
| ow ol g @b.aTheWohed ibcordifpl 0 CIAMPEB) @hdrein ttAECIoWIoRGUAr AWeight Vit tresih Bds! el bbtaifledO
t he | ow nol emidhgh powristidations ie te [pre36rEP 0NAE poliireRiRatios inliEtoB h Za0® in a total amount of 0.1
- 5 wi. parts per 100 wt. parts of a polymerizable monomer providing the low-molecular weight vinyl
resin.

15 27. The toner according to Claim 26, wherein the polymerization initiators A and B are used in a weight
ratio (A/B) of 0.01 - 100. .

28. The toner according to Claim 26, wherein the polymerization initiators A and B are used in a weight
ratio (A/B) of 0.1 - 10.

29. The toner according to Claim 1, wherein the benzaldehyde content in the foner is at most 10 ppm.
30. The toner according to Claim 1, wherein the styrene content in the toner is at most 50 ppm.

25 31. The toner according to Claim 1, further containing 0.5 - 10 wt. parts of a waxy substance per 100 wt.
parts of the binder resin.

32. An image forming method, comprising:
charging an electrostatic latent image-bearing member by abutting a charging member supplied
30 with a voltage to the electrostatic latent image-bearing member;
exposing the charged electrostatic image-bearing member to light to form an electrostatic latent
image thereon;
developing the electrostatic latent image with a toner to form a foner image thereon, the toner
comprising a binder resin, and a magnetic material and/or a colorant, wherein
35 the binder resin (a) comprises a styrene resin polymerized in the presence of a poly-functional
polymerization initiator, (b) provides a molecular weight distribution on a GPC chromatogram showing a
maximum (P1) in a molecular weight range of 3.5x103 - 5x10* and a maximum (P2) or shoulder in a
molecular weight range of at least 1x10°%, and (c) contains 15 wt. % or less of a resin component in a
molecular weight range of at most 3x103, and
40 the toner contains at most 100 ppm of styrene and benzaldehyde;
transferring the toner image onto a transfer-receiving material while pressing the transfer-receiving
material by a transfer member supplied with a voltage against the toner image, and
fixing the toner image transferred to the transfer-receiving material onto the transfer-receiving
material by a hot roller having a core metal thickness of at most 1 mm.
45
33. The image forming method according to Claim 32, wherein the electrostatic latent image is developed
with a toner according to any of Claims 2 to 31.

50
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the content of a resin conponent having a nol ecul ar wei ght of at nost
3x10[err] corresponding to the foot of the | ow nol ecul ar wei ght conponent
peak is increased, thus being |iabFBO5588ARt in a | ow toner -17-
chargeability and a lowering in image density. The resin conponent having a

nol ecul ar wei ght of at nost 3x10[err] may preferably be at—most—315 % rpre—
preferably at nost 13 % further preferably at nost 10 It has beﬁ '

di scovered preferable that the | ow nol ecul ar weight resin Ct Been Replaced
providing a maxi mumin the nol ecul ar wei ght range of 3.5x10[ " “Irll |II
5x10[err] is prepared by polynerization in the presence of

different polynerization initiators including a polynerization initiator A
having a | onger half-life and a polynerization initiator B having a shorter

hal f-1ife and under a condition providing half-lives [err] and [err]
respectively, of the

FIG |
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polynerization initiators at the polynerization tenperature satisfying a
ratio [err] of at least 1.5 and is_used to constitute a toner for

devel opi ng el ectrostatic i mages fofP Q8&BA% A%hi ng t he above objects  More
specifically, according to a result of our extensive stud%hkmhen t he

| ow- nol ecul ar wei ght: resin conponent providing a maxi mum i t Has BesnuReplaced
wei ght region of 3.5x10[err] - 5x10[err] is produced by pol i

the presence of at least two different polynerization initi g
the polynerization initiators A and B descri bed above, it is easy to
provi de a peak in the nol ecul ar wei ght -18- distribution showi ng a sharp
| ow- nol ecul ar wei ght side than the maxi nrum and thus providing a content of

at nost 15 % of the component having a nol ecul ar wei ght of at nobst 3x1083.
As a result, it is possible to
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prbbide;a'toner‘mdth sufficient devel opi ng performance and fi xi ng

characteristic as well as a reduced residual nononmer conte B BTOSG P |
It is further preferred that the polynerization tenperatur}uwxmﬁhﬁﬁgﬁ T
t he t ow nol ecul ar wei-ght resin conpenent is in the range of (75 - 145
[err]C, _and the pol ynerization initiater-B having a shortef halQf MAReWgHow
a half-Tife [err] at the polynerization tenperature of at fefst 0.1 hour
further preferably 0.5 - 10 hours. The ratio [err] betweenjthe half-TTIVES
[err] and [err] of the polynerization initiator A having allonger half-life

and t he polynerlzatT@MERnEQRaEEWEEDthGn§L§C§R©STéTIﬁaIMAGEfe may

preferably be in the range of 2 to 5x erré is further preferred to
adopt such a conbi‘nation th%HDt%MA%%I§QéM tMEﬁHpenperature for producing
t he | ow nol ecul ar wei ght -resin conponent is in the range of 75 - 145 [err]C
and, at the polynerization tenperature, the polynerization initiator B

navi ng-a hopef 3L i BohgAoR b ebbASh Rk O O - 2

The present invention relates to a toner for

use in electrophotography, electrostatic recording,
etc., and an image fbrming method using the toner.

Hitherto, a large number of electrophoto-~
graphic processes have been known, ;nclusive of those
disclosed in U.S. Patents Nos. 2,297,69Ll; 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 wvarious 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, as desired, fixed by wvarious fixing
methods tq‘obtain‘a copy. The fixing methods may’
include a pressure fixing system of passing between at
least two metal rollers, an oven fixing system of
passing in a heated atmosphere given by an electric
heater, a hot rollef fixing system of passing hot
roller as the most popular system at present, and a
fixing system using a film as disclosed in U.S. Patent
No. 5,149,941.

In the heat-fixing system using such hot

rollers, a sheet carrying a toner image to be fixed
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hours and the pol ynerization initiator A having a |onger
half-l1ife [err] of 2 to 60 hours -19- providing a ratio
5x10[err]. The anobunts of the polynerization initiators A
rati o therebetween may be determined in view of the nolecula
distribution of the resultant |ow nolgcul ar weight resin c
ki nds of nononers therefor and the production conditions.
of the polynerization initiators A and B may preferably be
parts per 100 wt. parts of the polynmerizabl e nononer(s) for synthe3|2|ng
t he | ow not kenbinafeeghtal Padn” Eorpoient shearirdi 1g pagssdpuwhibet he

nol ecul ar wei ght range of 3.5x10[err] - 5x10[err]. The ratio of the

pol ymeri zathensuniEbcat of A hbe polyeerhaaingna mellieasabiBittgy be in the
range of 0.01 - 100, preferably 0.1 - 10. It is preferred to use a

pol yneri zakithvihgl toner is caused to contact the toner image

he total anopunt

surface of the fixation sheet under pressure, to fix
the toner image. In this method, as the hot roller
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 fixa#ion, so that the
@ethod is very effective in a high-speed
electrophotographic copying machiné. In this method,
however, a toner image in a melted state is caused to
contact a hot roller 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 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.

In the hot-roller fixing, a relatively long
time is required from turning on the power supply for
the heater until the hot rollers are heated to a
temperature suitable for fixation, thus requiring not
a short time (waiting time) for prowviding a hard copy
in office work. Thus, the waiting time causes a time

loss and lowers the efficiency of the office work.



nononer as the polynerizabl e nononer for providing the | REPhA@ENﬁ%HTQHEJ
resin conponent (i.e., a low nolecular weight vinyl resi{n)- e

t hus- produced vinyl resin may preferably conprise a styrdng rePgMAR 1997
preferred exanpl es of which may include styrene honopol yner,
styrene-acryl ate copol yner, and styrepne- nethacryl ate copol . :

t he above-described nethod, it is possible to reduce the fesidual nono
content in the toner. According to the present invention, ontent of
styrene nononer and benzal dehyde is required to be at nost 100 ppmin the
toner. |t Viagrious Z0ropmsefler hadret ibatent imadeenizal aledwdeta aitarfieri s at nost 10
ppmas it evolves a peculiar and strong odor. The residual styrene nononer
cont ent nibhepsfidriygd \tine anddsipm¥epiihe |ef Thaskenderat an acryl i ¢ nononer

((neth)ac&xlatq or (nmeth)acrylic acid) is used as a
ixation in the hot-roller fixing system. Regarding a

I ng

binder resin in order to improve the fixability of a
toner, it is required that the viscosity of the toner
on melting is lowered to provide a large adhesion area
with the fixation sheet, so that the glass transition
temperature (Tg) and molecular weight of the bihder
resin for the toner are required tolbe lowered.

If the Tg and molecular weight of the binder
resin are simply lowered, the above-mentioned offset
is liable to occur. In this way, the low-temperature
fixability and anti-offset characteristic are
generally contradictory, so that it is not easy to
develop a toner satisfying these requirements
simultaneously.

| As a binder resin satisfying the above

requirements, Japanese“Patent Publication-{(JP=B) 63-
32182 and JP~B 63-32382 have proposed a binder resin
having two peaks in a molecular weight distribution
as measured by gel permeation chromatography (GPC).
The binder resin has been designed to improve the
fixability by its low-molecular weight component and
improve the anti-offset characteristic by its high-
molecular weight component, thus showing excellent
performances. However, further lowering in molecular

weight causes a decrease in developing performance of
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ppm By reducing the residual nononer and by- produced
contents, not only the occurrence of odor is suppressed |ddri®é
operation but also the so-called filmng or nmelt- stickijnggis al so

suppressed as the sticking of toner pgrticles onto the photosensitive
menber becones difficult. The filmng or nelt-sticking hhs be |

occur particularly in an apparatus including a contact chargi ng and/or a
contact transfer device, but the phenonenon can be suppressed by reducing

t he resi duahemyesuwtantd thaezalaaahgae iaeHearies im Wdlatidre matderhave al so
found that the reduced residual nmononer content |eads to reduction of toner

particl es awhtsrt od hdwd&heattonelred Becd rdiargiyer a ddmr darabingduct i on of
free silica accumul ated on a stay in a devel oping device. The reason for
the above pghéwartdes Hasneatsededi xablilly tyl @and issd tablyetusadoviever, it may be
the hot-roller fixing system while avoiding the above
- difficulty is desired.
In recent years, the recording method using
electrophotography has extended its applicability
including office use and private or home use‘ For
such use, if the toner retains a large residual
monomer or solvent content, unpleasant odor is evolved
at the time of image formation or fixing, so that a
toner with a reduced residual monomer or solvent
content is desired.
In recent years, a contact charging means has
been developed in place of a corona.charging system to
be used in electrophotographic apparatus so as to
prevent occurrence of ozone under high voltage
application for forming electrostatic images on.a
photosensitive member surface. In an
electrophotographic apparatus uSing such contact
charging means, the occurrence of ozone is almost
prevented so that it becomes possible to omit an ozone-
filter. In this case of using no ozone filter,
however, the problem of odor evolved from a developer
is liable to occur noticeably.
In order to reduce the residual monomer

content in a toner, several methods may be raised,
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considered that the residual nononmer contributes to -
the silica powder fromthe toner particles, and the reducf
resi dual nononer has led to the isolation of the silica p
determ nati on of the residual nnnonersand benzal dehyde coft gnt may be
perfornmed by gas chronmat ography, e.g.;”7in the follow ng :
N, N-di net hyl fornmam de (DMF) is used as the internal standgrd an

acetone is added thereto to forma solvent containing the Tnternal

standard. ThelusiQd €3 hedukRng ggmh%ae%s@é%%w%&n'& a portion of the

solvent to rorma 10 m sol ution. e solution is subjected to 30 mn.

of Ul L1 3508l pHidbiiaideae folikaued Dol I rduq{ o DD AMANEdyd Pt on

through a 0.5 [err]mfilter. Then ﬁlon i's
injected t@ »r@APNgOPRESHB2BE distillation for removing the

solvent under a reduced pressure after such such
polymerization, or a high-temperature kneading under a
reducéd pressure for producing a toner. These méthods
for reducing the residual monomer content are
accompanied with several difficulties. For example, a
simple increase in polymerization initiatér‘amount
causes difficulties in molecular weight distribution
of the resultant polymer, such as an increase in low-
molecular weight component and broadening of peaks in
the molecular weight distribution and can result in
poor developing performances. The prolonged period of
distillation under a reduced pressure for removing the
solvent after the polymerization is accompanied with
difficulties, such as a long-time occupation of the
production apparatus- and-an--increased energy
consumption requiring a large heat energy and can
cause a lowering in molecular weight of the resin due
to depolymerization (decomposition of the polymer).
The high-temperature kneading under a reduce pressure
for production of a toner is liable to cause a
degradation of the other components of the toner, such
as wax, thus fesulting in, e.g., poor dispersibility
of the components.

A corona discharger has been conventionaily



The conditions for the gas chromatography may include the {REPLAGEMENT SHEET
Capillary colum (30 mx 0.249 nmm internal surface theredf [Perng coated
with a 0.25 [err]mthick layer of a separating agent (DBWAX| r@dMAR 1998 WV
Scientific, US. A)) Detector: FID (flanme ionization detecfar), nitrogen
pressure: 0.45 kg/cnferr] Injectionra-enp.: 200 [err]C, Def -
200 [err]C. The colum tenperature is raised from50 [err]IC at a rate of 5

[err]Cmn. for 30 mn. -22- Preparation of calibration=turve. Standard
sanpl es obtai ned by addi ng the objective nononer in varying anounts into
t he DVF- USe& Gfe S AhATHMG MeaRs dane lamirnPhketedieardi®l e sol ution are

simlarly subjected to gas chronatography to determ ne_the wei ght
ratio/aréﬁPQ%ﬁQQ§¢xﬁ§&ﬁﬂ1ﬁ%u§S briefly mentioned hereinbefore,

however, the corona discharger is acdompanied with
difficulties, such as necessity of applying a high
voltage and occurrence of a large quantity of ozone.

Accordinglyﬁ in recent years, it has been
considered to use a contact charging means instead of
a corona discharger. More specifically, such contact
charging means may be constituted by an
electroconductive roller, as a charging member, which
is supplied with a voltage and is caused tb contact a
photosensitive member as a member to be charged,
thereby charging the photosensitive member surface to
a prescribed potential. By using such a contact
charging means, it is possible to use a lower voltage
and reduce the amount of ozone generation in
comparison with a corona discharger.

In an image forming apparatus-using a step of
electrostatically transferring a toner image formed on
a latent image-bearing member (photosensitive member)
to a transfer-receiving medium in a sheet form, such
-as paper, it has been proposed to use a transfer
device in the form of a rollef, etc., supplied with a
bias wvoltage to be pressed against a latent image-
bearing member in the form of, e.g., a rotatable
cylinder or an endless belt so as to pass a transfer-

receiving medium therebetween and transfer a toner



mononer and the internal standard DMF with respect to thégghpl
contai ning varying anounts of the objective nononmer. AltaRfh
measur enent by gas chromat ography may be perfornmed in a Si
above by using toluene as the internal standard and tetra
sol vent. The polynerization initiator-Used in the present
an ordinary oil-soluble initiator, exanples of which may
initiators, such as acetyl cycl ohexyl sul fonyl peroxide, is§butyryl
di i sopropyl peroxydi carbonate, 2-ethyl hexyl peroxydi carbonate, 2,
4-dich|oroH@%¥&§l Qﬁd%ﬁﬁeqttiﬂ%ﬂeiﬁﬁ%ﬁﬁﬁﬁv%$%?éF qnto sthe

% .

trimethylh | de, t apoyl I d t I i de, d I

per oxi de, AR e R GRS RO BorhraLosBiont oyt "HBroxi e, succi hi c
id ' t i d t - hut vl - 2- b I

per ox| de.  PTSRRTEF GG Ea e AeREroreHeR fy TR b T BRe e - but 1

peroxymal ei ¢ acid, ti&“ﬁéﬂtéggénﬁdfﬁ"54§hsfer means utilizing.

corona discharge, such a transfer device can enlarge

an area of contact of the transfer-receiving medium
onto the latent image~bearing member by regulating the
pressure of the transfer roller exerted against the
latent image-bearing member, thereby positiveiy
supporting the transfer—receiving medium under
pressure at the transfer position. As a result, it is
possible to reduce a synchronization failure due to a
conveyer for transfer-receiving medium and minimize
transfer deviation due to loop or curl of the
transfer-receiving medium. Accordingly, it is
possible to easily comply with the requirements of
shorter conveying passage for transfer-receiving media
and a smaller diameter of-latent-image bearing member
as required in compéctization of such image forming
apparatus in recent ysears.

However, in the case of usiang contact
charging means as described above, there arises a
problem of charging failure unless a sufficient
contact with the member to be charged is ensured.
There is also a problem that, if a developer component
remains on the surface of a photosensitive member at

the abutting position exerting a certain pressure by
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- 23- cycl ohexanone peroxi de, t-butyl-peroxyisopropyl- carb e
2, 5-di met hyl - 2, 5- di benzoyl - per oxyhexane, t-butyl peroxyace} lgﬂﬁﬂﬂﬁg¥ﬁﬁﬁﬁﬂ

per oxybenzoate, diisobutyl diperoxyphthal ate, methyl ethyl}kgtone raxi de
- YRR,

di cunyl peroxide, 2,5-dinethyl-2,5-di-t- butyl peroxyhexane
peroxi de, t-butyl hydroperoxide, di_gt-butyl peroxide, 2,5-dipethyl-2-5-
di -t - butyl peroxyhexane, diisopropyl benzene hydroperoxi de, paranent hane
hydr oper oxi de, pi nane hydroper oxi de,

235-dinethy!hexane-2,5-dihydroperoxide,_and cunene hydroper oxi de; and
azo-type thd idrigihg Héeubeds agad sz UbleS g St ¢ 1vd Genddr -
azobi scycl ohexane-1-carbonitrile, 2,2'-azobis-4-

met hoxy- Zhe devatlogery dopanidnt Irenaand iy Mn azlobi surfaces of
2,4-dinmethylvaleronitrile. These initiators may be used singly, or in
conbi nat ithre cfhanging members@edd dhe Ehatosmndi tiee arenbeh a&gol yf uncti onal

radical stuck thereat, thus adversely affecting the latent
image formation and developing.

In the apparatus adopting abutting transfer
disclosed in JP-A 59-46664, it is necessary to apply a
certain pressure against the transfer device as a
transfer current is supplied at the_abutting position.
When such an abutting pressure is applied, the
pressure.is also applied to the toner image on the
latent image-bearing member, thus being liable to
cause agglomeration.

Further, in case where the surface of the
latent image-bearing member is composed of a resin,
the toner agglomerate contacting the latent image-
bearing member is also liable to stick to the abutting
surfaces of the latent image-bearinng member and the
transfer device.

When such phenomena occur, various
difficulties can be encountered, such as a lack in a

latent image formed and a transfer dropout, leading to

formation of defective toner images.

SUMMARY OF THE INVENTION

A generic object of the present invention is

to provide a toner for developing electrostatic images



pol ynmeri zation initiator, as desired. In order to produce=g e
wei ght styrene resin conponent which is preferably used i|iREhe WAL
invention, it is preferred to use a poly- functional poty

I zation
initiator, by which it is possible to produce a hi gher noj{e uthMAﬁigﬁn
styrene resin conponent providing a stisfactory anti-off§et
characteristic. Exanples of poly-functional polynerization i
in the present invention -may include: = -24- di-function
pol ynerization initiators, such as

1, 1- bi s(t -dnd yapeinage- SoBmdagr methbyll byeliohesaleed the above-

1, 1-bi s(t-butyl peroxy)cycl ohexane, 1, 4-bis(t-butyl-

per oxycar beegtiogeioheghhemns2, 2- bi s(t-butyl peroxy)- octane, '

n- butyl -4, 4-bi s(t-butyl peroxy)val erate, 2, 2-bis(t-butyl peroxy)butane,

1, 3-bi s(t-butyl per okymorgogPEep}ELEcAPdnst of the present

2, 5-di net hyl -2, 5-di (t-butyl peroxy)- .
invention is to provide a toner for developing
electrostatic images showing excellent low-~temperature
fixability and anti-offset characteristic as well as
‘excellent developing performance, which toner contains
little volatile matter such as a residual monomer and
is less liable to evolve én odor.

Another object of the present invention is to
provide an image forming method adopting a hot-roller
fixing system capable of complying with shortening of
the waiting time and higher speed of
electrophotographic process.

Another object of the present invention is to
provide a toner for deveioping electrostatic images
containing little volatile matter content, such as
residual monomer, decomposition product, by-products,
and residual solvent and having little odor.

A further object of the present invention is
to provide an image forming method accompanied with
suppressed odor, such as ozone odor or toner odor.

A further object of the present invention is
to provide a tonér for developing electrostatic images
suitable for use in an image forming method adopting

contact charging means and transfer means including an

abutting transfer roller, which toner is free from



hexane, 2, 5- dlnethyl 2,5-di (t-butyl peroxy) hexane,

2,5-dinethy| 2, 5- dl(benzoylperoxy)hexane di-t-butyl- dip
2,2-bis(4,4-di-t-buty|peroxy- cycl ohexyl ) propane, di-t-but
per oxy-a- net hyl - succinate, di-t-butyl peroxydlnethylgluta,a e@ﬁﬂWﬁg‘gatyh
per oxyhexahydr ot erepht hal ate, di-t- bﬁé per oxyazel at e, ] i -
2,5-dimethyl -2,5-di(t-butyl peroxy)- xane, diethyl ene 4
gl ycol - bi s(t- butylperoxycarbonate) and di-t-butyl peroxytrli net.
tri-functional radical polynerization initiators, such as trls(t-

but yI per oxy) bick 4 BfroafileVEDXEaLLLSEE éu&ykasrzgwg m¥ah@ngnqand ot her

pol y-functi ona I cal polynmerization initiato such

2,2- b'S(4tﬂedbhbt09HEEEEQGQXMEMEEQh3&&'EEhQ@%@%ud@PRﬁﬁ%ﬁeﬁhééEES of

t- butyl peroxyal | yl carbonate (e.g., "Hyper Hyper G' séries avail able
from N ppgs &iebiiKknk. imagadqfaam!d@ﬁ_rbéatesm@fnty tréizy lapeoagy el ei ¢ aci d.
These pol y-functional polynerization initiators my be used singly or in
conbi nati par@bdttwo or nore species, or in conbination with a nono-

According to the present invention, there is
provided a toner for developing an electrostatic
image, comprising a binder resin, and a magnetic
material and/or a colorant, wherein

the binder resin (a) éompr;ses a styrene
resin polymerized in the presence of a poly-functional
polymerization initiator, (b) provides a molecular
weight distribution on a GPC chromatogram showing a
maximum (Pl) in a molecular weight range of 3.5x103 -
5x104 and a maximum (P2) or shoulder in a molecular
weight range of at least lxlOS, and {(c) contains 13
wt. % or less of a resin component in a molecular
weight range of at most 3x103, and

the toner contains at most 100 ppm'of styrféne
and benzaldehyde.

'According to another aspgct of the present
invention, there is provided an image forming method,
comprising:

.charging an electrostatic latent image-
bearing member by abutting a charging member supplied
with a voltage to the electrostatic latent image-~
bearing member;

exposing the charged electrostatic image-



-25- functional polynerization initiator, as desired. iy, *ndWBSEEET
pol ymeri zation initiator may be used in a proportion of O. 1[ %
preferably 0.05 - 3 wt. % of the nononer(s) giving a high- egglmmvﬁ@bht
styrene resin providing a maxi mum or shoulder in the nol ecul ar melght
region of at least 1x10[err] The nolegyl ar weight (distribufilemy—et—ar

bi nder resin may be neasured based on~a chromat ogram obt ai ned by GPC (gel
perneati on chromat ography) in the followi ng manner. In the apparatus, a
colum is stabilized in a heat chanber at 40 [err]C, tetrahydrofuran (THF)
sol vent isbeawnied membeawtbhiegyplh therfoehuai 1ddtdlositamaeyature at a rate
of 1 mM/mn., and 50 - 200 [err]l of a GPC sanple solution adjusted at a
concentr at Leteott Gmage thetreoh; % is injected. The identification of sanple
nol ecul ar weight and its nol ecul ar weight distribution is perforned based
on a calibration cudeweloping the electrostatic latent image

with the above-mentioned toner to form a toner image
thereon;

transferring the toner image onto a transfer-
receiving material while pressing the transfer-
receiving material by a transfer member éupplied with
a voltage against the toner image, and

fixing fhe toner image transferred to the
transfer-receiving material onto the transfer-
receiving material by a hot roller having a core metal
thickness of at most 1 mm.

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

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic illustration of an
image forming apparatus for practiéing an embodiment
of the image forming method according to‘the present
invention.

Figure 2 is a GPC chromatogram of a toner

binder resin used in Example 1 of the present
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obt ai ned by using several nonodi sperse pol ystyrene sanples a
| ogarithm c scal e of nolecul ar wei ght versus count nunber. T
pol ystyrene sanples for preparation of a calibration curve m
from e.g., Pressure Chemical Co. or Toso K. K. It is approprié
| east 10 standard pol ystyrene sanpl esjpncl usive of those havil
wei ghts of, e.g., 6x10[err], 2.1x10[err], 4x10[err], 1.75x10[ ¢
5.1x10[err], 1.1x10[err], 3.9x10[err], 8.6x10[err], 2x10[err] L.
4.48x10[err]. The detector may be an Rl (refractive index) detector. For
accurate nemasegnetpent, it is appropriate to constitute the colum as a
conbi nation of several commercially avail able polystyrene gel colums in
order to effect accurate neasurenent in the nol ecul ar wei ght range of
10[err] - 4x10[err] A prefgrred exgnple t hereof may be a conbination of

[err]-styrBE8AL ON] avail able from Waters Co.
a

<

The binder resin in the toner according to
the preseﬁt invention is characterized by showing a
molecular weight distribution on a chromatogram of GPC
(gel permeation chromatography) showing a peak
(maximum) in a molecular weight region of 3.5:<lO3 -
leO4 and a peak (maximum) or shoulder in a molecular
weight region of at least lxlOsf Herein, the shoulder
means a point on a GPC chromatogram which provides an
extreme point on a curve given by differentiating the
GPC chromatogram.

The maximum in the molecular weight region of
3.5x103 - 5x10% pro&ides a toner showing a good
fixability and a good pulverizability in a
pulverization step for providing the toner, and the
maximum or shoulder-in-the-molecular weight region of
at least 1x10°3 provides a good anti-offset
characteristic. |

A resin component in the molecular weight
range of at least 1x105 and providing a maximum or
shoulder in the range provides a better anti~offset
characteristic if it is éontained in a larger
proportion, but an excess thereof can hinder the
fixing performance. In the molecular weight

distribution according to GPC, the resin component in
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conbi nati on of Shodex KF-801, 802, 803, 804 and 805 avail & éﬁjﬁ;ﬁﬁﬁngT_
Denko K. K.; or a conbination of TSK gel GLO00OH, G2000H, G ; 1-”@”H§ﬂﬁ%

- 4000H, Gb000H, G6000H, Gr000H, and GWH available from Toqo{K. K. In the

~present invention, the weight percentage of each resin conp ndhe MAR 9% -
total binder resin may for exanple he obtained in the folljoy ng manner. The
wei ght percentage of the resin conﬁ&@ént I n the nol ecul ar B i
at nmost 3x10[err] is neasured as an areal percentage of afconponent in a

mol ecul ar wei ght range of 4x10[err] - 3x10[err] with respect to the total
area of i ul i rggg f rj] or larger,-
respectiggggagggggI%ﬁafﬁgbggcr%ﬁﬁgﬁéggéﬁgﬁio t?ﬁgégfﬁhg?;resin' .

(THF-sol ghbehrabl Ca3€ shesy aAY, B wdienlgil o dabh iy 69P1 .5¢ he wei ght
percentage of the“respective conponents neasured wth respect to the
THF-sol upke wi thigailhe st QREr ¢0i dRJa anti~offset characteristic

cannot be achieved in some cases, and it becomes
difficult to prevent toner flowout through a cleaning
member provided to a fixing device. On the other
hand, in excess of 50 wt. %, the liability of
impairing the fixability is pronounced. In order to
enhance the anti-offset characteristic while retaining
the fixability, it is preferred to shift the maximum
or shoulder in the molecular weight distribution
toward a higher-molecular weight side and provide the
resin component with a higher molecular weight.

In order to obtain such a high molecu;ar
weight resin component, it is preferred to effect
polymerization in the presence of a polyfunctional
polymerization initiator. The polyiunctional
polymerization initiator may preferably have at least
three functional groups generating radicals, more
preferably four or more functional groups. According
to our study, a very strong internal friction acts
during melt-kneading for toner production, and a large
shearing force is applied to the polymer, thus causing
severance of the polymer components to provide a
tendency of lowering the molecular weight of the high
molecular weight component as a whole. As a result,

the binder resin in the toner is liable to have a
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-27- resin is corrected by taking the THF-insoluble into cHUHLAIRERR pEEET
exanpl e, the above-obtained areal percentage of the conponenf1n the
nol ecul ar wei ght range of 4x10[err] - 3x10[err] is multipl}|ed g @hR HFF-
sol ubl e percentage for correction in order.to obtain the I ght per cent agel
of the conmponent in the total binder re§4 . An exanpl e of o R e
chromatogramis shown in Figure 2. The b

.......

2
. b U
der resin of thejpresent

i nvention may preferably conprise a styrene polymer or a styrene copol yner.
Herein, the styrene polyner neans a polymer (honopolymer or copolymer) of

only one or M¥re®hlstYwElgnt YREsPIONBISn dnfch S5YISREradyl 41S

deri vati ves,

and the styrene copol yner neans a copolyner of a styrene-type

monomer and agvdhertRanvERAEIof MHE BDedeFi £8siX, agxanptestDigt he styrene-

t ype nononer

may include: styrene; and styrene
material of the toner, so that the molecular weight

distribution of the binder resin as the toner material
does not éompletely'correspond to the anti-offset
characteristic of the resultant toner. |

According to our study, if the number of
radical-generating functional groups in the poly-
functional polymerization initiator is increased, the
molecular weight distribution 6f thé binder resin as
the toner material can be shifted to a higher
molecular weight side and the molecular severance of
the high-molecular weight component during melt-
kneading for toner productién cannot be readily
caused, so that a resin component having a molecular
weight of at most 3x103 cannot be readily formed. As
a result, the resultant toner is provided with a
better anti-offset characteristi¢c than a” toner’
obtained by using a starting binder resin produced by
using a polymerization initiator having less
functional groups. It is also possible to reduce the
residual monomer contént in the starting binder resin
by using a polyfunctional polymerization initiator
having a larger number of functional groups.

The presence of a maximum in the molecular

weight range of 3.5%103 - 5x10% in the GPC molecular

weight of 3.5x103 - 5x10% in the GPC molecular weight
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derivatives, such as o-nethylstyrene, m nethyl styrene, p- fﬁﬁﬂhgjfﬁﬁﬂ%SHFLr
p- met hoxyst yrene, p-phenylstyrene, p- chlorostyrene, 3,4-di dhlTorostyrene,
p-ethyl styrene, 2,4-dinethylstyrene, p-n-butylstyrene, p-tiert-géNAR 1997
butyl styrene, p-n-hexylstyrene, p-n-octylstyrene, p-n- norylstyrene
p-n-decyl styrene, and p-n- dodecyl styrene. Exanples of the c '
provi di ng the -28- styrene copol yr may include ethylenically

unsat urated nonool efins, such as ethyl ene, propyl ene, butytt and
I sobutyl ene; unsat urat ed polyenes such as but adi ene; halogenated vi nyl s,

such as vidudechboti de 1| ghdddlanta ol pidlps o b Drggide. and vinyl

fluoride; vinyl esters acetate, vinyl propionate, and vinyl
benzoate; FBEARCIVERIHSa SeiCHe A5z B ity MBd heks aieerfwﬂomt hacryl ate,

propyl nethacrylate, n-butyl nethacrylate, isobuty
step for toner production. The posztlon of the
maximum at a lower molecular weight side in the
molecular weight distribution favors a lower
temperature fixation, In view of anti-blocking
characteristic, it is preferred that the maximum is
present in the molecular weight region of leO3 -
5x104. A low-molecular weight component having a
molecular weight of below 5x103 is liable to adversely
affect the developing performance, etc. If the
maximum is present at a molecular weight below 5x103
and the amount of such a low-molecular weight
component is increaéed, the anti-ofiset characteristic
is adversely affected, and several difficulties are
liable to be encountered, such as occurrence of
bloéking, occurrenée of toner sticking onto the drum
surface, and occufrence of melt-sticking onto the
inside of toner production apparatus. Further, the
toner can stick to a toner-carrying member (developing
sleeve) or triboelectricity-imparting member (coating
blade or coating roller) to lowgr the
triboelectricity—imparting'ability, thus impairing the
developing performance. If the position of the lower
molecular weight side maximum is shifted beyond a
molecular weight of 5x104, a poor fixability results.

The component having a molecular weight of at



-

met hacryl ate, n-octyl nethacrylate, dodecyl nethacryl at
nmet hacryl ate, stearyl nethacrylate, phenyl nethacryl ate,
nmet hacryl ate, and di et hyl am noet hyl mnethacryl ate; acryl aj eg
acrylate, ethyl acrylate, n-butyl acrylate, isobutyl acryl &
acrylate, n-octyl acrylate, dodecyl grylate 2- et hyl hexyl
stearyl acrylate, 2-chloroethyl acryl and phenyl acry
ethers, such as vinyl nmethyl ether, vinyl ethyl ether, aneg=wiiy

et her; vinyl ketones such as V|nyI nmet hyl ketone, vinyl hexyl ket one, and
net hyl i sppsepgRilo tha%Q‘s el #Y lka®9 TR Ehd %Hﬁhéﬁ&s iyl pyrrole, N
vinyl carbazol e, N-vinylindole, and N-vinyl pyrrolidone; vinylnaphthal enes;
acrylic ascduger i30atl ¥os wl. REt FagithbirC paeifé iy afd w30 such as
acrylonitrile, methacryronitrile, and acryl am de; esters of

[err] - unsatuia etheadicdecldrdweibdts dilstribution. Below 30 wt.

%, it is difficult to obtain good fixability, and poor
pulverizability is liable to result in the
pulverization step for toner production. On the other
hand, in excess of 95 wt. %, it becomes difficult to
obtain a sufficient anti-offset characteristic.

The content of a loﬁ—molecular weight resin
component providing a maximum in the molecular weight
range of 3.5x103 - leO4 is increased in order to
provide a good low-temperature fixability.
Accordingly, the residual monomer content and residual
by-products at the time of synthesizing the resin
component greatly affect the residual monomer content
and by-products in the totallresin.

If the reduction in residual monomer content
in the toner is aimé&d at simply by increasing the
polymerization initiator amount and controlling the
production conditions so as to reduce the residual
monomer content in the low-molecular weight resin
component, the molecular weight distribﬁtion of the
low-molecular weight resin component becomes broad and
the content of a resin component having a molecular
weight of at most 3x103 corresponding to the foot of
the low-molecular weight component peak is increased,

thus being liable to result in a low toner
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MENT SHERT
-29- dibasic acids. These conmononers may be used singly oot
of two or nore species. The binder resin used in the pres g wggﬁ %97 c4n
include a crosslinking structure, as desired, obtained by} u % ;
crosslinki ng nononer, exanples of which are enurer ated he e anlnml }
Aromatic divinyl conmpounds, such as divinyl benzene and di? |nylnaphthalene
di acryl ate conpounds connected with amp7al kyl chain, such =
di acrylate, 1, 3-butylene glycol diacrylate, 1, 4-butanediol diacrylate,
1, 5- pent anedi ol diacryl ate, 1,6-hexanedi ol diacrylate, and neopentyl glycol
di acryl ate, and conpounds obtai ned by substituting methacrylate groups for
the acryl acbaggeapslibyt Aadadokeweshpguhis imdigec denstidysonpounds connect ed
with an al kyl chain_including an ether bond, such as diethylene glycol
di acryl ate, tr|ethyWBﬁer@ﬁyéoPOGPQEﬁyKahéVIF@tﬁa@@ﬂﬁﬁ@ﬁérgﬂyéahtdlacrylate
polyethylene g§ycol 400 di acryl ate, polyethylene glycol #600 diacrylate,

dlpropylené g c8953|§§ a@éY preferably be at most 15 %, more
preferably at most 13 &, further preferably at most 10
%.

It has been discovered preferable that the
low-molecular weight resin component providing a
maximum in the molecular weight range of 3.5x103 -
5x104 is prepared by polymerization in the presence of
at least two different polymerization initiatoré
including a polymerization initiator A having a longer
half-life and a polymerization initiator B having a
shorter half-life and under a condition providing
half-lives tp and rg, respectively, of the
polymerization initiators at the polymerization
temperature satisfying a ratio tp/tg of at least 1.5
and is used to constitute a toner for developing
electrostatic images for accomplishing the above
objects.

More specifically, according to a result of
our extensive study, when the low-molecular weight
resin component providing a maximum in the molecular
weight region of 3.5x103 - leO4 is produced by
polymerization in the presence of at least two
different polymerization initiators includiang the
polymerization initiators A and B described above, it

is easy to provide a peak in the molecular weight
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and conpounds obtai ned by substituting nethacryl ate gro&ﬂﬁﬁﬂﬁﬂﬁ@ﬂéY$§3;
groups in the above conpounds; diacrylate conpounds conphefted with a_ch
including an aromatic group and an ether bond, such as {-{ Qg&MAR 097
pol yoxyet hyl ene(2) - 2, 2- bi s(4- hydr oxyphenyl ) propanedi - agryl ate,
pol yoxyet hyl ene(4) - 2, 2- bi s(4- hydroxyphenyl ) - propanedi agr yate—and

- conpounds obt ai ned by -30- substiggting nethacryl ate |groups for_the
acrylate groups in the above conpounds; and pol yester-type diacryl ate
compounds, such as one known by a trade name of MANDA (avail able from N hon
Kayaku K. K.). Pol yfunctional crosslinking agents, such as pentaerythritol
triacryl adéstribnsinnl ehhwhngt ai abaybal ev-motl egmd ey weli gbthadde
tetracrylate, oligoester acrylate, and conpounds obtained by substituting
met hacr yl fhangitbgpraksmuphangc thrst ergrddpag g coatepdyefcd¥pounds;
triallyl cyanurate and

most 15 % of the component having a molecular weight

of at most 3x103. as a result, it is possible to
provide a toner with sufficient developing performance
and fixing characteristic as well as a reduced
residual monomer content and less odor.

It is further preferred that the
polymerization temperature for producing the low-
molecular weight resin component is in the range of 75
- 145 °C, and the polymerization initiator B having a
shorter half-life shows a half-life tg at the
polymerization temperature of at least 0.1 hour,
further preferably 0.5 - 10 hours.

The ratio tp/tp between the half-lives t and
Tg of the polymerization _ initiator A having a longer
half-life and the polymerization initiator B having a
shorter half-life Tmay preferably be in the range of 2
to 5x107.

It is further preferred to adopt such a
combination that the polymerization temperature for
producing the low—moleculér weight resin component is
in the range of 75 - 145 Oc and, at the polymerization
temperature, the polymerization imitiator B having a
shorter half-life shows a half-life tg of 0.5 - 3
hours and the polymerization initiator A having a

longer half-life shows & half-life tp of 2 to 60 hours
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triallyl trinellitate. These crosslinking agents may pref¢rgety
a proportion of about 0.01 - 5 wt. parts, particularly abg
parts, per 100 wt. parts of the other vinyl nonomer conpor
present invention, the high-nol ecul ar weight styrene resirn
t he presence of a poly-functional polynerization initiator
nol ecul ar wei ght resin conponent providi-ig-a maxi numin th L S- VI N
wei ght range of 3.5x10[err] - 5x10[err] may be blended in a weight ratio of
10 - 70 90 - 30, preferably 20 - 60 80 - 40. The above-descri bed bi nder
resin can be blended with another resinous conpouryl as described below in

an anmount | es®TONFAiNE Hinatde rTedite WLt # FarP®xb@ent not adversely

affecting the effect of the present inventian. . -31- L. _
The amounts of the polymerization initiators

A and B and the ratio therebetween may be determined
in view of the moleéular weight distribution of the
resultant low-molecular weight resin component, the
kinds of monomers thérefor and the production
conditions. The total amount of the polymerization
initiators A and B may preferably be 0.1 - 5 wt. parts
per 100 wt. parts of the polymerizable monomer(s) for
synthesizing the low-mdlecular_weight resiﬁ component
providing a maximum in the molecular weight range of
3.5x103 - 5x1047 The ratio of the polymerization
initiator A/the polymerization initiator-B may be in
the range of 0.01 - 100, preferably 0.1 - 10.

It is preferred to use a polymerizable wvinyl
monomer as the polymerizable monomer for providing the
low-molecular weight resin component (i.e., a low-
molecular weight vinyl resin). The thus-produced
vinyl resin may preferably comprise a styrene resin,
preferred examples of which may include styrene
homopolymer, styrene-acrylate copolymer, and styrene-
methacrylate copolymer.

By using the above-described method, it is
possible to reduce the residual monomer content in the
toner. According to the present invention, the
content of styrene monomer and benzaldehyde is

required to be at most 100 ppm in the toner. It is
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Exanpl es of such another resinous compound nmay include: si|H-COREk8ShRrrrmmrm
pol yest er, pol yurethane, epoxy resin, polyvinyl butyral, rjﬁﬂﬁJ“ﬂﬁﬁENT@éﬁ_;ﬂ
rosin, terpene resin, phenolic resin, aliphatic or allcycl crhydrocarton
resin such as | ow nol ecul ar pol yet hyl ene or |'ow nol ecul ar ywe gB 997
pol ypropyl ene, aromatic petroleumresin, chlorinated paraffihp 65Mé$f 2
wax, etc. The binder resin used in thezpresent invention n@y_he_nbLaLaed__
through pol yneri zation, such as bul k pol ynerization, solutjon

pol yneri zati on, suspension polymerization, or enulsion pol yrert+zattomr—The
toner for devel oping electrostatic inmages according to the present

i nventi on cpneferrkdr tbant 8ha henhaldehgdet cohtagentis at desitr ad, for
further stabilizing the chargeability. Charge control agents known in the
art at presPR® R8yitnevodweshs perhdianganExsmrong odorhe Magative charge
control agent may include: organic netal conplexes and chel ate conpounds

i ncl usi ve ofFefbABazosk¥ranecBapPRREscontent may preferably be at

most 50 ppm. 1In case where an acrylic monomer
((meth)acry;ate or (meth)acrylic acid) is used as a
comonomer, the residual acrylic monomer content may
preferably be at most 30 ppm.

By reducing the residual monomer and by-
produced benzaldehyde contents, not only the
occurrence of odor is suppressed during a copying
operation but also the so-called filming or melt-
sticking is also suppressed as the sticking of toner
particles onto the photosensitive member becomes
difficult. The filming or melt-sticking has been
liable fo occur particularly in an apparatus including
a contact charging and/or a contact transfer device,
but the phenomenon can be suppressed by reducing the
residual monomer and benzaldehyda contents in the
toner.

We have also found that the reduced residual
-monomer content leads to reduction of toner particles.
and silica powder attached to a transfer roller and
reduction of free silica accumulated on a stay in a
developing device.

The reason for the above phenomena has not
been fully clarified as yet. However, it may be

considered that the residual monomer contributes to



acetyl acetone netal conpl exes, and organonetal conpl exes of j&
hydroxycarboxylic acids and aromatic di carboxylic acids. O H&texies::
i nclude: aromatic hydroxycarboxylic acids, aronmatic nono- " arfd .

pol y-carboxylic acids, and their netal salts, anhydrides and §st@é6MAREDT7
phenol derivatives, -32- such as bisphenols. Exanples of |tHe positive
charge -control agents may include: nig2asi ne and nodified prfod - -
with aliphatic acid netal salts, etc., oniumsalts inclusivg of quarternary
amoni um salts, such as tributyl benzyl anmoni um
1- hydr oxy- 4- napht hol sul fonate and tetrabutyl ammoni um tetrafl uoroborate, and
t hei r honol é§edatien @fi theofsidhiespponiden Faam thenddneice pi gments t hereof ;
tri phenyl nethane dyes and | ake pignents thereof (the |aking agents

i ncl udi ng, @3Ftigiesspraduidsn irtedgtd o fiwigsidualagiopomer

has led to the isolation of the silica powder.

The determination of the residual monomer and
benzaldehyde content may be performed by gas
chromatography, e.g., in the following manner.

2.55 mg of N,N-dimethylformamide (DMF) is
used as the internal standard and 100 ml of acetone is
added thereto to form a solvent containing the
internal standard. Then, 400 mg of a toner sample is
dissolved'in a portion of the solvent to form a 10 ml
solution. The solution is then subjected to 30 min.
of ultrasonic vibration, followed by 1 hour of
standing and filtration thfbugh a 0.5 pm-filter.

Then, 4 pl of the sample solution is injected to a gas
chromatograph.

The conditions for the gas chromatography may
include the following. |

Capillary column (30 m x 0.249 mm, internal
surface thereof being coated with a 0.25 pm-thick
layer of a separating agent (DBWAX, mfd. by J & W
Scientific, U.S.A.))

Detector: FID (flame ionization detector),
nitrogen pressure: 0.45 kg/cmz. |

Injection temp.: 200 °C, Detector temp.: 200 ©cC.
The column temperature is raised from 50 °C at a rate

of 5 9%C/min. for 30 min.




phosphot ungsti cnol ybdic acid, tannic acid, lauric acid, galll FEQ«Q%@ENT‘SHEE{
ferricyanates, and ferrocyanates); higher aliphatic acid net a5 .
acetyl acetone nmetal conpl exes; diorganotin oxides, such as djb télt‘{g@fs 7
oxi de, dioctyltin oxide and dicycl ohexyltin oxide; and di orghnpt ® épgs,
such as dibutyltin borate, dioctyltin borate and dicycl ohexy{t|in borate
These may be used singly or in mxtu~gzef two or nore specie$. Anong these,
ni grosi ne conpounds and organi c quarternary amoni um sal ts aie._pakti-cttarty
preferred. It is preferred to use the toner according to the present
I nvention together with silica fine powder blended therewith in order to
i nprove the ch&@mgeageddion ©f cddvidragilog cwavect eristic and fluidity. The
silica fine powder used in the present invention provides good results if
it has a specific Stagglans Famrdes eptefimeg e rdding dhe ar ger,
preferably 50 - 400

objective monomer in varying amounts into the DMF-

acetone solution in the same amount as the sample
solution are similarly subjected to gas chromatography
to determine the weight ratio/areal ratio between the
monomer and the internal standard DMF with respect to
the standard samples containing varying amounts of the
objective monomer.

Alternatively, the measurement by gas
chromatography may be performed in a similar manner as
above by using toluene as the internal standard and
tetra-hydrofuran as the solwvent. |

The polymerization initiator used in the
present invention may be an ordinary oii-soluble
initiator, examples of which may include: peroxide
initiators, such as acetylcyclohexylsulfonyl peroxide,
isobutyryl peroxide, ‘diisopropyl peroxydicarbonate,
2-ethylhexyl peroxydicarbonate, 2,4-dichlorobenzoyl
peroxide, t-butyl peroxypivarate, 3;5,5-
trimethylhexanoyl peroxide, octanoyl peroxide,
octanoyl peroxide, decancyl peroxide, lauroyl
peroxide, stearoyl peroxide, propionyl peroxide,
succinic acid peroxide, acetyl peroxide, t-butyl

- peroxy-2-ethylhexanoate, benzoyl peroxide,
parachlorobezoyl peroxide, t-butyl peroxyisobutyrate,

t-butyl peroxymaleic acid, t-butyl peroxylaurate,




nerr] /g, as measured by nitrogen adsorption accordi ng tol&fs Bt h@@EEfg
The silica fine powder may be added in a proportion of 0.0§M "'iﬂ3$§fks, T '
preferably 0.1 - 5 w. parts, per 100 wt. parts of the tongr || For the, .
pur pose of being provided with hydrophobicity and/or contr 1|¢c0.6-MAR--419‘57
chargeability, the silica fine powder may well have been triegted with a
treating agent, such as silicone-varni-%3- nodified silicong varni sh,
silicone oil, nodified silicone oil, silane coupling agent,{ sil ..C.OUR-Ng-:
agent having functional group or other organic silicon conpounds. It is

al so preferred tqQ use two or nore treating agents in conbination. O her
addi ti ves m&Y PERRRARPRS REFANIGE . ARV P OXE JARFIRETT, such as

pol ytetrafl uorq-_ ethyl inc.ste e, Qr_pol yvinylidene fluoride, of

whi ch pol yviT®A FFE 1 2riT %?Y;}T‘%g't’r“r"e’&efgﬁf’%‘o‘r 'Wﬁ’%’fﬁff’?as ceri um

oxi de, siligg%éﬁgpide or.sif.onidum titanate, of which strontiumtitanate
a

is preferret a ov?aebxfcf’ﬁiﬁe}t.r?pa ‘i uatd{ t?é%?f&??%%z‘%?‘iea'ni um oxi de,
alu”‘num(”“é¥§SABG¥§¥”H¥BéE$§§§H¥HHEate, methyl ethyl ketone

peroxide, dicumyl peroxide, 2,5-dimethyl-2,5-di-t-

W A

butylperoxyhexéne, t-butyl cumyl peroxide, t-butyl
hydroperoxide, di-t-butyl peroxide, 2,5-dimethyl-2-5-
di-t-butylperoxyhexane, diisopropylbenzene
.hydroperoxide, paramenthane hydroperoxide, pinane
hydroperoxide, 2,5-dimethylhexane-2,5-dihydroperoxide,
and cumeme hydroperoxide; and azo-type initiators,
such as 2,2'-azobisisobutyronitrile, 1,1'-
azobiscyclohexane-~l-carbonitrile, 2,2'-azobis-4-
methoxy-2,4~-dimethyl-valeronitrile, and 2,2'-azobis-
2,4~-dimethylvaleronitrile. These initiators may be
used singly, or in combination of two or more species,
or in combination with a polyfunctional radical
polymerization initiator, as desired.

In order to produce a high-molecular weight
styrene resin component which is preferably used in
the present invention, it is preferred to use a poly-
functional polymerization initiator, by which it is
possible to produce a higher molecular weight styrene
resin component providing a satisfactory anti-offset
characteristic.

Examples of poly-functional polymerization

initiator usable in the present invention may include:




oxi de or hydrophobi c al um num oxi de, of which a hydrophobic 9Q&
preferred; an anti-caking agent, and an el ectroconductivity- {w
agent, such as carbon bl ack, zinc oxide, antinony oxide, or q Béqng‘llé
is also possible to use a small anobunt of white or black 3¢- R 1997
particles having a polarity opposite to that of the toner pafjtlcles as a
devel opnment characteristic inprover. FRé4i~s also a preferred pnbodi ment of
the present invention to incorporate within the toner a waxylsubstance.
such as | ow nol ecul ar meight pol yet hyl ene, |OMFHD|6CU|ar wei ght

pol ypropyl epe n1croc%éita |.i.ne. wax, carnau paraffin

wax in an aftBuftRGrie Tegigel BQP‘VE‘eﬁé‘F n&/vtlm'f)tiﬁ%o \c%flaxtsﬁlé:hbl nder
nglPérThe %P%;Oa%&%ﬁ ggggggeg§69re§e%t VEUL L LA R JUD Wi th

1,1-bis(t-butylperoxy)cyclohexane, 1,4-bis(t-butyl-

peroxycarbonyl)cyclohexane, 2,2-bis(t-butylperoxy)-
octane, n-butyl-4, 4-bis(t-butylperoxy)}valerate,
2,2-bis(t~-butylperoxy)butane, 1,3-bis(t-butylperoxy-
isopropyl)benzene, 2,5-dimethyl-2,5-di(t-butylperoxy)-
hexane, 2,5-dimethyl-2,5-di(t-butylperoxy)hexane,
2,5-dimethyl-2,5~-di(benzoylperoxy)hexane, di-t-butyl-
diperoiyisophthalate, 2,2-bis(4,4-di-t-butylperoxy-

- cyclohexyl)propane, di-t-butyl peroxy-a-methyl-
succinate, di-t-butyl peroxydimethylglutarate,
di-t-butyl peroxyhexahydroterephthalate, di-t-butyl
peroxyazelate, 2,5-dimethyl-2,5-di(t-butylperoxy)-
hexane, diethylene glycol-bis(t—butylpefoxycarbonate),
and di-t-butyl peroxytrimethyladipate; tri-functional
radical polymerization initiators, such as tris(t-
butylperoxy)triézine, and vinYl—tris(t—butyiperoxy)-
silane; and other poly-functional radical
polymerization initiators, such as 2,2-bis(4,4-di-t-
butylperoxycyclohexyl)propane, copolymerizates of
t-butylperoxyallylcarbonate (e.g., "Hyper B" and
"Hyper G" series available from Nipédn Xushi K.K.),
and copolymerizates of t-butylperoxymaleic acid.

These poly-functional polymerization
initiators may be used singly or in combination of two

or more species, or in combination with a mono-




conponent developer. In this instance, the toner and the carKEﬂJﬂlﬂﬁﬂﬁTSHﬁET
be m xed with each other so as to provide a toner concentratfign of 0.1 - 50
Ww. % preferably 0.5 - 10 wt. % further preferably 3 - 10{w]. 06 MARe 1997
carrier used for this purpose may be a known one, exanples qf jwhich may

I ncl ude: powder havi ng nmagneti sm such as iron powder, ferritepomter —armd—
ni ckel powder and carriers obtai ned-®6-coating these powderg 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, thefnpghérrelnpedymerigeddonydaitdtan, 2eddevired. The s MAR 1997

-35- Exanples of the magnetic material may include: iragn
. ”Bo y-functional polymerization initiator may be used

in a proportion of 0.01 - 5 wt. %, preferably 0.05 - 3
wt. %, 0of the monomer(s) giving a high-molecular
weight styrene resin providing a maximum or shoulder
in the molecular weight region of at least 1x105.

The molecular weight (distribution) of a
binder resin may be measured based on a chromatogram
obtained by GPC (gel permeation chromatography) in the
following manner.

In the GPC apparatus, a column is stabilized
in a heat chamber at 40 °C, tetrahydrofuran (THF)
solvent is caused to flow through the column at that
temperature at a fate of 1 ml/min., and 50 - 200 pl of
a GPC sample solution adjusted at a concentration of
0.05 - 0.1 wt. % is injected. The identification of
sam?le 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 moleculér
weight versus éount number. The standard polystyrene
samples fqr preparation of a calibration curve may be
available from, e.g., Pressure Chemical Co. or Toso
K.K. It is appropriate to use at least 10 standard
polystyrene éémples inclusive of those h;ving
molecular weights of, e.g., 6x102, 2.1x103, 4x103,
1.75x10%, 5.1x104, 1.1x105, 3.9x105, 8.6x105, 2x106




n AT T ey
oxi de, such as magnetite, hematite, and ferrite; netals, ' éﬁﬁ@ﬁngHﬂET
cobalt and nickel, and alloys of these netals with other l's, such as
al um num cobalt, copper, |ead, magnesium tin, zinc, anti {y. 0 64AR 997
bi smut h, cadm um cal cium nanganese, selenium titanium tuggsten and
vanadi um and mixtures of these materials. The magnetic matlerT ar Tmay trave-
an average particle size of 0.1 - 2 [@er]m preferably 0.1i-_0.5 [err]m
The magnetic material may preferably show rmagnetic properties under '
application of 10 kilo- Cersted, inclusive of: a coercive force of 20 - 150
Cersted, a saturation.magnetization of 50 - 200 enu/g, and a residual
magnet i zat pod 4. 48x1080 efhegdeteetpsgmeyi bengreRlal( nedyFas&ivent ai ned in
the toner in_a proportion of _about 20 - 200 wt. parts, preferably 40 - 150
wt. parts, 1peexiofehectpart sFOF AFEUFaEPnMEGFHFARRt . TRE &8ner according to
the present invention ggn contain . a colorant which nmay be an appropriate

pi gment or 2BPEOPEXENH &8 GPUSHE THtGmERe Y IAfy& combination

of several commercially available polystyrene gel

columns in order to effect accurate measurement in the
molecular weight range of 103 - 4x106. A preferred
example thereof may be a combination of p-styragel
500, 103, 10% and 10° available from Waters Co.; a
combination of Shodex KF-801, 802, 803, 804 and 805
available from Showa Denko K.K.; or a combination of
TSK gel G1000H, G2000H, G2500H, G3000H, G4000H,
G5000H, G6000H, G7000H, and GMH available from Toso
K.K. |

In the present invention, the weight
percentage of each resin component in the total binder
resin may for example be obtained in the following
manner.

The weight percentage of the resin coméonent
in the molecular weight rénge of at most 3x103 is
measured as an areal percentage of a component in a
molecular weight range of 4x102 - 3x103 with respect
to the total area of component in a molecular weight
range of 4x102 or larger, respectively based on the
GPC chromatogram of the binder resin (THF-soluble}.

In case where any THF-inscluble is present, the weight
percentage of the respective components measured with

respect to the THF-soluble within the toner binder



carbon bl ack, aniline black, acetylene black, Naphthol Yel
Yel | ow, Rhodam ne Lake, Alizarin Lake, red iron oxide; Phthal
and | ndant hrene Bl ue. These pignments are used in an anpunt sjufffi
provide a required optical density of the fixed -36- i mages

added in a proportion of 0.1 - 20 w. parts, preferably 2 -
per 100 wt. parts of the binder resin.gfxanples of the dye
dyes, ant hraqui none dyes, xanthene dyes, and nethi ne dyes, '

added in a proportion of 0.1 - 20 w. parts, preferably 1 - 10 wt. parts,
per 100 wt. parts of the binder resin. The toner according to the present
I nventi on negsbe psepareectéd obghtakpngcths THERLdsoajubiaf Lhtoently

bl endi ng the binder resin, the wax, a netal salt or netal conplex, a

col orant, scensidephghent, Bgrs endmplea thgneboverabtrined amrdain

percentage of the component in the molecular weight
range of 4x10% - 3x103 is multiplied by the THF-
soluble percentage for correction in order to obtain
the weight percentage of the component in the total
binder resin.

An example of such a GPC chromatogram is
shown in Figure 2.

The binder resin of the present invention may
preferably comprise a styrene polymer or a styrene
copolymer. Herein, the styrene polymer means a
polymer (homopolymer or copolymer) of only one or more
cf styrene-type monomers, i.e., styrene and its
derivatives, and the styrene copolymer means a
copolymer of a styrene-type monomer and another
comonomer.

More specifically, examples of the styrene-
type monomer may include: styrene; and styrene
derivatives, such as o-methylstyrene, m-methylstyrene,
p-methylstyrene, pfmethoxystyrene, p-phenylstyrene, p-~
chlorostyrene, 3,4-dichlorostyrene, p~-ethylstyrene,
2,4-dimethylstyrene, p-n-butylstyrene, p-tert-
butylstyrene, p-n-hexylstyrene, p-n-octylstyrene, p-n-
nonylstyrene, p-n—decylétyrene. and p-n-
dodecylstyrene.

Examples of the comonomer for providing the



.
optional charge control agent and other additives, as desi BBy e AT
a bl ender such as a Henschel mxer or a ball mll, neltingkaH jJ,ﬁﬂideﬁlg£
bl end by neans of hot kneadi ng neans, such as hot rollers,| g Rneader or a
extruder to cause nelting of the resinous materials and di speréﬁm 1997
di ssolve the magnetic material, pignment or dye therein, arld{cooling and

~solidifying the kneaded product, follgwed by pul verizatior drd e
classification. The thus obtained toner nmay be further bl gnded with other
external additives, as desired, sufficiently by neans of MXer—Such as a
Henschel m xer to provide a toner for devel oping electrostatic imges. An,
enbodi nentstofréhe copgeyriar Mayw IRiludk ethy@llenfe£DIEi Ng to the present
invention will be described with reference to Figure 1 illustrating an
appar at us unsaturated monoolefins, such as ethylene, propylene,

g 1

butylene, and isobutylene; unsaturated polyenes, such
as butadiene; halogenated vinyls, such as vinyl
chloride, vinylidene chloride, vinyl bromide, and
vinyl fluoride; vinyl esters, such as vinyl acetate,
vinyl propionate, and vinyl benzoate; methacrylates,
such as methyl methacrylate, ethyl methacrylate,
propyl methacrylate, n-butyl methacrylate, isobutyl
methacrylate, n-octyl methacrylate, dodecyl
methacrylate, 2-ethylhexyl methacrylate, stearyl
methacrylate, phenyl methacrylate, dimethylaminoethyl’
methacrylate, and diethylaminoethyl methacrylate;
acrylates, such as methyl acrylate, ethyl acrylate,
n-butyl acrylate, isobutyl acrylate, propyl acrylate,
n~-actyl acrylate, dodecyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate, 2~chioroethyl acrylate,
and phenyl acrylate; viayl etheTs, such as vinyl
methyl ether, vinyl ethyl ether, and viayl isobutyl
ether; vinyl ketones, such as vinyl methfl ketone,
vinyl hexyl ketone, and methyl isopropenyl ketone;
N-vinyl compounds, such as N-vinylpyrrole, N-
vinylcarbazole, N-vinylindole, and N-vinyl
pyrrolidone; vinylnaphthalenes; acrylic acid
derivatives or methacrylic acid derivatives, such as
acrylonitrile, methacryronitrile, and acrylamide;

esteis of a,B-unsaturated acids and diesters of
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A Y ¥ FFS
therefor. The apparatus includes a rotating drumtype ele 7~f.€§“§ggg”
| mage- bearing menber (hereinafter referred to as "photosersijti ve menber™)
1, which basically conprises an el ectroconductive substraﬁe}lbﬂfﬁﬁwﬂl%wz

al um num

L]

and a phot oconductive | ayer la disposed on the o’ténguLface

thereof and rotates at a prescribed peripheral speed (profess speedy™

cl ockwi se direction as illustrated on the drawing. In thi
phot osensitive nmenber conprises an GF@&nic phot oconductor (OPC) and is

~efrbodi.nent |

thef

constituted as a photosensitive drum having an outer dianeter of 30 nm The

apparatus al so includes a charging roller 2 which conprises a netal

and an el
.t her eof .

1 at a cergpaidyfii

phot osensitive nmenber 1. The charging roller 2 is supplied with a volt

froma charging

The binder resin used in the present
invention can include a .crosslinking structure, as
desired, obtained by using a crosslinking monomer,
examples of which are enumerated hereinbelow..
Aromatic divinyl compounds, such as
divinylbenzene and divinylnaphthalene; diacrylate
compounds connected with an alkyl chain, such as
ethylene glycol diacrylate, 1,3-butylene glycol
diacrylate, 1,4-butanediol diacrylate, 1,5~pentanediol
diacrylate, 1l,6~hexanediocl diacrylate, and neopentyl
glycol diacrylate, and compounds obtained by
substituting methacrylate groups for the acrylate
groups in the above compounds; diacrylate compounds
connected with an alkyl chain iancluding an ether bond.
such as diethylene glycol diacrylate, triethylene
glycol diacrylate; -tetraethylene glycol diacrylate,
polyethylene glycol #400 diacrylate, polyethylene
glycol #600 diacrylate, dipropylene glycol diacrylate
and compounds obtained by substituting methacrylate
groups for the acrylate groups in the above compounds;
diacrylate compounds connected with a chain including -
an aromatic group and an ether bond, such as
polyoxyethylene(2)-2, 2~-bis(4-hydroxyphenyl)propanedi-
acrylate, polyoxyethylene(4)f2,2-bis(4-hydroxyphenyl)-

propanediacrylate, and compounds obtained by

age

core 2b

h ' I | ; f
PRECHY tfgiovol oS5 Bingr ey Btk MR BIRE T Ve remer
iR T GARE R &HdLidoWi ng the rotation of the



bi as supply 3 and thereby changes the surface of the photos
1 to a prescribed polarity and potential. Then, the photose
is illumnated with i magewi se exposure light 4 to form an '
el ectrostatic | atent imge thereon, which is then devel opedji 6?%%? Z
| mage by a devel oping device 5. In this enbodi nent, the cha g ng

has an outer dianeter of 16 mm and th@oelectroconductlve r
conprises styrene-butadi ene rubber (SBR) surfaced with a re |n pr|n0|pally
conprising a nylon resin. The charging roller 2 has a hardn of—67

degr ees (ASK R- rescribed voJtage is appli to th ore netal 2b of
the chargi ig* Fi ?€§£ Tﬁﬁ%ﬁ?fybﬁgﬁ gEﬁﬁBFygg mﬁgﬁha55ﬁfﬁg ©super posed with
an AC volta h I b b ai nst the
photosen3|t g%u%en%%rgéga é?%r% Sna g%&§g5%g @

diacrylate compounds, such as one known by a trade

name of MANDA (available from Nihon Kayaku K.K.).
Polyfunctional crosslinking agents, such as
pentaerythritol friacrylate, trimethylethane
triacrylate, tetramethylolmethane tetracrylate,
oligoester acrylate, and compounds obtained b}
substituting methacrylate groups for the acrylate

' groups in the above compéunds:_triallyl cyanurate and
triallyl trimellitate.

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

In the present invention, the high-molecular
weight styrene resin polymerized in the presence of a
poly-functional polymerization initiator and the low-
molecular weight resin component providing a maximum
in the molecular weight range of 3.5x103 - 5x10% may
be blended in a weight ratio of 10 - 70 : 90 - 30,
preferably 20 - 60 : 80 - 40.

The above-described binder resin can be
blended with another resinous compound as described
.below.in an amount less than the binder resin within
an extent not adversely affecting the effect of the

present invention.

lit



£

g/cnferr], preferably 10 - 100 g/cm and supplied with a éﬁ%ﬂ&ﬁﬁ}ﬁ@ﬂlfgﬁk

Vto 1.5 kVin terns of an absol ute value. The AC vol tage| nged not b
superposed but, when used, nay preferably be adjusted to heBIE MAR ﬁ@gk
vol tage of 500 - 5000 V and a frequency of 50 - 3000 Hz. Pnjthe charging
roller 2, a portion of the toner or external additive to fhe toner having
slipped by a cleaning blade 9 is |liablkgito be deposited ahd_accumil ated e
thus resulting in charging irregularity and fog. Accordingly, the charging
roller 2 may preferably be equipped with a cl eaning mechani sm 2c which
contacts the charging roller 2 at a penetration of preferably at |east
0.5 mmonly in operaEkenpiheref suTheaphbhesenestinogsdcompouadt er t he

transfer of a toner inmage is generally cleaned by a cleanin
may include: silicone resin, polyester, polyurethane,

je3}

epoxy resin, polyvinyl butyral, rosin, modified rosin,
terpene resin, phenolic resin, aliphatic or alicyclic
hydrocarbon. resin such as low-molecular polyethylene
or low-molecular weight polypropylene, aromatic
petroleum resin, chlorinated paraffin, paraffin wax,
etc.

The binder resin used in the present
invention may be obtained through polymerization, sﬁch
as bulk polymerization, solution polymerization,
suspension polymerization, or emuision polymerization.

The toner for developing electrostatic images
according to the present invention can further contain
a charge control agent, as desired, for further
stabilizing-the chargeability.

Charge control agents known in the art at
present may include-the following.

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
complexes of aromatic hydroxycarboxylic acids and

romatic dicarboxylic acids. Other examples may
include: aromatic hydroxycarboxylic acids, aromatic
mona- and poly-carboxylic acids, and their met;l

salts; anhydrides and esters, and phenol derivatives,



PA

menber such as a cleaning blade or roller to renove the rjg§ EMENE SHEET
other dirt, thus resulting in a clean surface to be agairn ett-0

i mge formation thereon. Such a cl eaning operation may bgq Eer n '
o B 99 .
I

paral |l el and sinultaneously with the charging, devel opind &
operation in el ectrophotography. The apparatus further incliudes.a transfeér
roller 6 which basically conprises an-®ctroconductive gl astoner |ayer 6a
surfacing a core netal 6b. The transfer roller 6 is pressetg—agarnst—the

phot osensitive nmenber 1 at a certain pressing force and rotated at a

peri pheral speed which is equal to or different fromthat of the

phot osensi t i SCReH LSNPS er -recei ving material 8 is conveyed between
t he photosensitive nmengber 1 and_ the transfer roller 6 and simnultaneously
therewith the transfeF*3mpies &f ihe BRRFIEVS ER2EIDi GRNTVEPE RELES o

polari 1y oppost e, gbat, of Lhe fonel (X0 2,17 ANSLEL b1 a3, Yol 20e supplY

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



phot osensitive nenber is transferred onto the surface of th
transfer-receiving material. -40- In this enbodi nent, theRkP
roller 6 has an outer dianmeter of 16 nmm and the el ectroconqu

el astonmer | ayer 6a conprises foaned ethyl ene- propyl ene-di efe it
(EPDM . The-transfer roller 6 has a hardness of 30 degrees (
transfer roller 6 may preferably be aiB3-+ed agai nst the photlos

menber 1 at a pressure of at least 0.5 g/cm nore preferably _1200 g/cm

in terms of a linear pressure [g/cnj (— a total force appli e—tre

transfer roller [g]/length ofléputnent [cnl). The transfer_roller 6 my be
suppl i ed wWiSHrEREE %’Eﬂ‘%a‘b@ I of A o Jpngein PERRRTW LS Gbsotl e val ue.

On the transi roll er 6, ortion of the_toner_ and toner additive
scattered % rﬁtfﬁ§cﬂﬁ@§?ﬁﬁ ¥ nitrogen adsorption according to

the BET method. The silica fine powder may be added in
a proportion of 0.0 - 8 wt. parts, preferably 0.1 - 5
wt. parts, per 100 wt. parts of the toner.

For the purpose of beiﬁg provided with
hydrophobicity and/or controlled chargeability, the
silica fine powder may well have bheen treated with a
treating agent, such as silicone varnish, modified
silicone varnish, silicone oil, modified silicone o0il,
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, sﬁch as polytetrafluoro-
ethylene, zinc stearate or polyvinylidene fluoride, of
which polyvinylidene "flusride is preferred; an
abrasive, such as cerium oxide, silicon carbide or
strontium titanate, of which strontium titanate is
preferred; a flowability-imgarting agent, such as
titanium oxide, alﬁminum oxide, hydrophobic titanium
oxide or hydrophobic aluminum oxide, of which a
hydrophobic one is preferred; an anti—caking agent, and
an electrocénductivity-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



device to the photosensitive nenber or having slipped q s
9 is liable to be deposited and accunul ated, thus resulﬁﬁﬁﬁmﬂﬁ ﬁ(
difficulties, such as transfer dropout, transfer failurfe

irregularity. Therefore, it is preferred to apply a volt
opposite to that used for transfer to the transfer-rece
order to clean the transfer roller. Jhe.DC voltage appl

may preferably be 3.5 - 7 kVin terns of an absol ute vajue. The-transfer

nagﬂgg%ef'8
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roller 6 may further preferably -41- be equi pped w t F~e—ctearm Ty

mechani sm 6¢c. Then, the transfer-receiving material 8wfarrying a toner
i mge i s chiweypartiches i kaningeyipelddithi obpbasteatbytbatpofses a heating

roller 1la enclosing a hal ogen heater and an el astoneric pressure
the toner particles as a developrient characteristic

improver.

Tt is also a prefefred embodiment of the
present invention to incorporate within the toner a
waxy Substance, such as low-molecular weight
polyethylene, low-molecular weight polypropylene,
microcrystalline wax, carnauba wax, sasol wax, or
paraffin wax in an amount of 0.5 - ;0 wt. parts per
100 wt. parts of the binder resin.

The toner according to the pfesent invention
can be mixed with carrier powder to be used as a twp-
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 - 10
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 aé 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 also functions as a colorant.



roller 11b pressed agai nst the heating roller 1la. Being tween the
rollers 1la and 11b, the toner inmage is fixed onto the tr '

material and is.outputted as an inage product. Mre specifl
to Figure 2, the heating roller 1lla of the heating devicejc
metal 14 within which a heater 12 is enclosed, and the cofe
surfaced with a resin layer 13. The prgssure roller Ilb c a_co
nmetal 16 surfaced with an el astoner Iéﬁir 15. In the i magg forn1ng nmet ho

according to the present invention, it is preferred to m hés-ze=ibe.heal . |
capacity of the heating roller 1la so as to shorten the waiting tinme, and

the core maalngdfedlof Mendiefdil 10! ddlerild lly PLREEEAD! ViREn T Ored In 2

t hi ckness of at nost 1 mm The core nmetal 14 conprises any netal or alloy
as far as appi@P)iicn Sis ef@detite Stddt1ite Ar&n@nserededut may preferably
conprise carbon steel. The heating roller 1la may preferably be coated with
a layer 13 mdt#l 4 essiics hasvi Dfoyootbbalt and nickel, and alloys of

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

The magnetic material may have an average
particie size of 0.1 - 2 ﬁm, preferably 0.1 - 0.5
pm. The magnetic material may preferably show
magrnietic properties under application of 10 kilo-
Oersted, inclusive of: a coercive force of 20 - 150
Qersted, 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 about 20 - 200 wt. parts, preferably 40
- 150 wt. parts, per 100 wt. parts of the resin
component.

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



rel easability, exanples of which may include fluorine- 0 6-MAR--1907_—42
containing resin, silicone resin and am de resin. The fixin%*g J&,%Q' \
preferably be equi pped with a cleaning mechani sm such as a} I Rg—weh-

a cleaning pad, of which a cleaning web 11c as shown is preflerred Tﬂﬁ 557
i mage form ng nmethod according to theqgesent invention may {suit BIW\ é
applied in a systemwherein a transfer-receiving material is| passed-betnweend
the rollers 1la and 11b at a speed (process speed) of at | eafst 0 mmi sec
(corresponding to a feed rate of 22.5 sheets of A4 vertical pize/m R J——f
this enbodiiites ! end tidnare lddde DA Qs 4t Mdn NefTery L iz cl eaned with
a cl eaning nechanism9 provided with a cleaning blade pressed in a counter
directi on agai nertde piwfeasabist t2 ve I®E WIS 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. parts, preferably 1 - 10 wt. parts,
per 100 wt. parts of the binder resin.

The toner according to the. present invention
may be prepared thtough 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
optional charge control agent and other additives, as
desired, by means of a blender such as a Henschel
mixer or a ball mill, melting and kneading the blend
by means of hot kneading means, such as hot rollers, a
kneader or an extruder to cause melting of the
resinous materials and disperse or dissolve the ~
magnetic material, pigment or dye therein, and cooling
and solidifying the kneaded product, 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.

An embodiment of the image forming method




to remove the dirt such as residual toner after the transfefprarrisr =

charged-renoved by a di scharging exposure device 10 to be s
repetitive inmage formation. Hereinbel ow, the present inventliof
descri bed nore specifically based on Exanpl es whi ch however
construed to I|n1t the scope of the ifivention in any way. | ,
description, "part(s)" used to describe a formul ation are al

with a nitrogen-introducing pipe, a condenser, a stirrer an

was char gegcdbtdi POt PthS §Ee§Eﬁﬁ"&ﬁ¥ihﬂ¥6&Tw1§Q par&ssetiségrene, 20
parts of n-butyl acrylate and 0.40 part of tetra-functional

1, 4- bi s(t-butyl pefoxyacs boayFigutycl ohexeser4tiky an appakytdgnctional
pol ymeri zati on

therefor.

The apparatus includes a rotating drum-type
electrostatic image-bearing member (here;nafter
referred to as “photosenéitive member®) 1, which
basically comprises an electroconductive substrate 1b
cf, e.g., aluminum and a photoconductive layer la
disposed on the outer surface thereof and rotates at a.
prescribed periphé;al speed (process speed) in a
clockwise direction as illustrated on the drawing.

In this embodiment, the photosensitive member
comprises an organic photoconductor (OPC) and is
constituted as a photosensitive drum having an outer
diameter of 30 mm.

The apparatus also includes a charging roller
2 which comprises a metal core 2b and an
electroconductive elastomer layer 2a disposed on the
outer surface thereof. The charging roller 2 is
pressed against the photosensitive member 1 at a
certain pressing force and rotates following the
rotation of the photosensitive member 1. fhe charging
roller 2 .is supplied with a voltage from a charging
bias supply 3 and thereby changes the surface of the
photosensitive member 1 to a prescribed polarity and
potential. Then, the photosensitive member is

illuminated with imagewise exposure light 4 to form an




initiator, and the content was subjected to 25 hours of suspeﬂsken o
pol ymeri zation at 90 [err]C. Thereafter, the product was-co An@ﬁh@ﬁb i
with water and dried to obtain a high-nol ecul ar- wei ght. pol yefi== -
referred to as binder resin A and provided a nol ecul ar wei gijt dLst%@%yﬁé
by GPC showi ng a peak (P2) at a nol ecul ar wei ght of 5. 1x10[err].'36‘ A %fe
above pol yneri zation vessel was charg%%'mﬁth 800 parts of xy\l g¢nre.and. heated
under nitrogen streamand stirring to 140 [err]C. At the tedperature, a

m xture of 84 parts of styrene 16 parts of butyl acryl ate, O=9-part—efu.

PR 4448 B e s L as

polynerlz I on |n| ane hy roperOX|de

(hal f-1ifeazya18p Qﬁuiﬁté‘t %léfrﬁ%ol ﬂg%&gﬁ | 88yl 40 hours by

using a contl nuous dropplng evl ce polynerlzatlon

to obtain a 50'Ut'OﬂnOEh@s'@Mb&@iﬁéﬂ%artﬂé'Hﬁhr%@béggblggknﬂeﬁaées'” B)

whi ch provided a nolecular wei ght distribution ow ng a peak (P1)
at a nol ecghapupBr0At aRbtdr03¥£0i 8 kh, and the electroconductive

rubber 2a comprises styrene-butadiene rubber (SBR)
surfaced with a resin principally comprising a nylon
resin. The charging roller 2 has a hardness of 64
degrees (ASKER-C). A prescribed wvoltage is applied to
the core metal 2b of the charging roller 2 from a DC
power supply 3 which can be superposed with an AC
voltage.

| The charging roller 2 may be abutted against
the photosensitive member 1 at a pressure of 5 - 500
g/cmz, preferably 10 -~ 100 g/cm, and supplied with a
DC wvoltage of 200 V to 1.5 kV in terms of an absolute
value.

The AC voltage need not be superposed but,
when used, may preferably be adjusted to a peak-to-
peak voltage of 500 - 5000 V and a frequency of 50 -
3000 Hz. '

On the charging roller 2, a portion of the
toner or external additive to the toner having slipped
by a cleaning blade 9 is liable to be deposited and
accumulated, thus resulting in charging irreqularity
and fog. Accordingly, the charging roller 2 may
preferably be equipped with a cleaning mechanism 2c¢

which contacts the charging roller 2 at a penetration



-44- Into the above polyner solution (containing 70 parts
resin B), 30 parts of binder resin A and 4 parts of |ow no e
pol ypr opyl ene (wei ght -average nol ecul ar wei ght (My) = abouy
di ssol ved and mi xed in 4 hours under sufficient stirring
foll owed by renoval of the solvent by-.yacuumdistillation {(

about 40 [err].C, for 24 hours) and 1 hour of heating at 8( [err]C under"
vacuum (about 20 nmHg), to obtain toner binder resin I|. ‘ EMO.

Synthesis Exanple 1 The same pol ynerization vessel as used fn SyntheS|s
Exanpl e 1 waf phafereablytdt 808apard s5 ohmxghkpeiandpleatédnunder nitrogen
streamand stirring to 140 [err]C. At the tenperature, a m xture of 84
parts of styheneofl6 parts of butyl acrylate and 1.0 part of di-t-butyl
peroxi de (DTBF) as a gglgﬂgééégﬁéfglve drum 1 after the transfer
of a toner image is generally cleaned by a cleaning
member such as a cleaning blade or roller to remove
the residual tonér or other dirt, thus resulting in a
clean surface to be again subjected to image formation
thereon.

Such a cleaning operation may be performed in
parallel and simultanecusly with the charging,
developing and/or transfer operation iﬁ
electrophotography.

The apparatus further includes a transfer
roller 6 which basically comprises an
electroconductive elastomer layer 6a surfacing a core
metal 6b. The transfer roller 6 is pressed against
the photosensitive member 1 at a certain pressing
force and rotated at a peripheral speed which is equal
to or different from that of the photosensitive
member. A transfer-receiving material 8 is conveyed
between the photosensitive member 1 and the transfer
roller 6 and simultaneously therewith the transfer
roller 6 is supplied with a bias voltage of a polarity -
opposite to that of the toner from a transfer bias
voltage supply 7, whereby the toner image on the
photosensitive member is transferred onto the surface

of the transfer-receiving material.



| ow- nol ecul ar wei ght pol ymer (binder resin C) which provided &
wei ght distribution by GPC showi ng a peak (P1) at a nol ecul r ¢}
1.0x10[err]. Wth the above pol ynmer solution, (containing 7
bi nder resin C), 30 parts of the bindgg-resin A and 4 parts}ofi.
| ow- nol ecul ar wei ght pol ypropyl ene were m xed in the sane nner as in
Synthesis Exanple 1 to obtain a toner binder resin Il. - A5—Fhe—~tonet—
bi nder resin Il was further treated under vacuumat 80 [err]C for 2 hours
to obtain a toner biIadehikesmbodihentonuacatireasfeit kedilerEsampke 2 A

bi nder resin E was prepared in the sane nanner as in Conparative Exanple 1
except thakent batarodiameftedi off- A6t ywim, pandxithe EDEBR romonduertiizeat i on

.elastomer layer 6a comprises foamed ethylene-
propylene-diene terpolymer (EPDM). The transfer
roller 6 has a hardness of 30 degrees (ASKER-C). The
transfer roller 6 may preferably be abutted against
the photosensitive member 1 at a pressure of at least
0.5 g/cm, more preferably 3 - 100 g/cm, in terms of a
linear pressure [g/cm] (= a total force applied to the
transfer roller [g]l/length of abutment [cm]).

The transfer roller 6 may be supplied with a
DC wvoltage of 3.5 - 7.0 KV in terms of an absolute
value.

On the transfer roller 6, a portion of the
toner and toner additive scattered from the developing
device to the photosensitive member or having slipped
by the cleaning blade 9 is liable to be deposited and
accumulated, thus resulcting in difficulties, such as
transfer dropout, transfer failure or transfer
irreguiarity.

Therefore, it is preferred to apply a voltage
of a polarity oppoéite to that used for transfer to
the transfer-receiving member 8 in order to clean the
transfer roller. The DC voltage applied for the
purpose may preferably be 3.5 - 7 kV in terms of an
absolute value.

The transfer roller 6 may further preferably



initiator) was increased to 1.5 parts. The binder resin E shopegs
(P1) at 0.9x10[err]. In the sane manner as in Synthesis Exanpj

of the binder resin A and 4 parts of the |ow nol ecul ar wei ght}:
were m xed with the polyner solution containing 70 parts of t
resin E, followed by renoval of the solvent to obtain a toner
| V. Conparative Synthesis Exanple 3 A%lnder resin F was pregarted—t-hr.ough
pol ymeri zation in the same nanner as in preparation of the bijnder resin A
in Synthesis Exanple 1 except that the polynerization initiatorwas—ehenrged.m.
to 0.2 part,of 2,2'-a obiﬁé2,4-dine1h | val eronitrile) and the suspension

pol ymer i zat PBneFREP %%f%? ¢ FOre NG rRecRaBBESRPEL C. The binder resin F

i ded | | ight, distributi by. GPC showi k (P2 t
ol ecul ar wei ght of BLERTOTE TRt “He Gkt (1T nBereFRel i nder rebi n B vas
prepared ingLpe, a0 "BEREE ARadd EQQ££ﬁ§é§e5k@8pgef%xing device

11 which basically comprises a heating roller 1lla

enclosing a halogen heater and an elastomeric pressure
roller llb pressed against the heating roller 1lla.
Being passed between the rollers lla and 1lb, the
toner image is fixed onto the transfer-receiving
material and is outputted as an image product.

More specifically, referring to Figure 2, the
heating roller lla of the heating device comprises a
core metal 14 within which a heater 12 is enclosed,
and the core metal 14 is surfaced with a resin layer
13. The pressure roller 1llb comprises a core metal 16
surfaced with an elastomer layer 15.

.In the image forming method according to the
present invention, it is preferred to minimize the
heat capacity of~the Hheatihg ro;ler-lla so as to
shorten the waiting time, and the core metal 14 of the
heating roller lla may preferably be formed in a
thickness of at most 1 mm. The core metal 14
comprises any metal or alloy as far as appropriate
strength and stability are ensured but may éreferably
comprise carbon steel.

The heating roller lla may preferably be
coated with a layer 13'of a resin showing good

releasability, examples of which may include fluorine-
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-46- and the solution containing 70 parts of the binder reg&n
with 30 parts of the binder resin F and 4 parts of the |oﬁﬁﬁ¢w.
pol ypropyl ene and treated under vacuumin a sinilar manner {t§ obtarn a
toner binder resin V. Synthesis Exanple 2 A binder resin G SOH% gb
through polynerization in the same man ﬁ as in preparation ¢f the bin er
resin A in Synthesis Exanple 1 except “#hat the pol yneri zat i| Ol
changed to 0.4 part of tris(t-butyl peroxy)triazine and thejsuspension

pol ynmeri zati on was perforned for 8 hours at 80 [err]C. The BbimderTestm G-

provi ded a eah%sahaagwgsgbferrfii;ﬁ&é'PQSE _ERG shodengedspeak (P2) at a

nol ecul ar wei ght of resin was prepared

through pol ynerizati @Rei Rikhg SEERLERNARY a§efara5@9a5@tbaﬁlagehhe bi nder
resin B in Synthesis Exanple ﬁ except that

with a cleaning mechanism, such as a cleaning web or a

cleaning pad, of which a cleaning web llc as shown is
preferred.

The image formiﬁg method according to the
present invention may suitably be applied in a system
wherein a transfer-receiving material is passed
between the rollers lla and 1lb at a speed (process
speed) of at.least 150 mm/sec (corresponding to a feed
rate of 22.5 sheets of A4 vertical size/min.).

In this embodiment, the'surface of the
photosensitive member 1 is cleaned with a cleaning
mechanism 9 provided with a cleaning blade pressed in
a counter direction against the photosensitive member
to remove the dirt such as residual toner after the
tranéfer, and is charged-removed by a discharging
exposure device 10 to be subjected to repetitive image
formation.

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

description, "part(s)" used to describe a formulation

are all by weight.

Synthesis Example 1

A four-necked flask (polymerization vessel)



a mxture of 85 parts of styrene, 15 parts of butyl acryl at god. O
DTBP (pol ynerization initiator B) and 1.0 part of 2,5-dinet
di hydroperoxide (half-life at 140 [err]C = 30 hours, polyne -
initiator A) was added into 800 parts of xylene in 2 hours,} DILOWzEKQ§ ;
hours of pol ynerization. The binder resin H showed a peak (Pl a6 MAR 1 9
nol ecul ar wei ght of 0.4x10[err]. Theﬁﬁ3§inilarly as in Synthesis Exanple 1
30 -47- parts- of the binder resin Gand 4 parts of the | pw nolecular
wei ght pol ypropyl ene were m xed with the pol ynmer sol ution chataining.Z0

~J

L e S N e P
(pol ymeri a4 80n ¥&5Sel) s EAH PPeLh M & Nefe PhOKOOED - L 0L T QHUEI DY PiPE, a

with 200 parts of deionized water, 80 parts of

—h

styrene, 20 parts of n-butyl acrylate and 0.40 part of
tetra-functional 1,4-bis({t-butylperoxycarbonyl)-
cyclohexane (HTP) as a poly-functional polymerization
initiator, and the content was subjected to 25 hours
of suspension polymerization at 90 Oc. Thereafter,
the product was cooled, washed with water and dried to
obtain é high-molecular weight polymer, which is
referred to as binder resin A and provided a molecular
weight distribution by GPC showing a peak (P2} at a
molecular weight of 5.1x105.

Then, the above polymerization wvessel was
charged with 800 parts of xylene and heated under
nitrogen stream and stirring to 140 9C. At the
temperature, a mixture of 84 parts of styrene, 16
patts of butyl acrylate, 0.9 part of di-t-butyl
peroxide (DTBP, half life = 1.6 hours at 140 9C) as a
polymerization initiator B, and 0.2 part of p-methane
hydroperoxide (half-life = 5.0 hours at 140 °C), was
added dropwise in two hours by using a continuous
dropping device, followed by 4 hours of polymerization
to obtain a solution of a lowfmoleculaf weight polymer
(binder resin B) which provided a molecular weight

distribution by GPC showing a peak (Pl} at a molecular
weight of 1.0x10%.



condenser, a stirrer and a thernoneter was charged with 200 p RELART [ENTSEEH
dei oni'zed water, 80 parts of styrene, 20 parts of n-butyl acryl @te and 0.13
part of 2,2-bis(4,4-tert-butyl peroxycycl ohexyl)propane as a pbl -Eﬁ@ﬁgﬁoﬁgv
polynerization initiator, and the content was subjected to 25} hpurs o
suspensi on polynerization at 90 [err]C Thereafter, the produ¢t bwas—eeseted;
washed with water and dried to obtai n44-hi gh- nol ecul ar wei gh{ pol yner,
which is referred to as binder resin A and provided a nol ecul Wetrgnt

di stribution by GPC showi ng a peak (P2) at a nol ecul ar wei ght of
8.0x10[err]. Then, simlarly as in Synthesis_Exanple 1, a_.solution
cont ai ni ng the bindZPtPe§Pﬁ BPRYE BPiB@FédFO&HE%ﬁﬁ g&PP§a6PlPﬁe bi nder

i f.the | L ecul i.ght__pol | i xed
W th the paPyRBECEo0R B BORERRnRG L0 0ar rO G o RBRSFesin H
followed by LeRo%aln@' 4' B3 -3Q Y80 hOmdRER oF WG P! Ner resin VI

polypropylene (weight-average molecular weight (Mw) =

about 104) were dissolved and mixed in 4 hours under
sufficient stirring at ldO ©c, followed by removal of
the solvent by vacuum distillation (about 20 mmHg,
about 40 °C, for 24 hours) and 1 hour of heating at 80
©C under vacuum (about 20 mmHg), to obtain toner

binder resin I.

Comparative Synthesis Example 1

The same polymerization vessel as used in
Synthesis Example 1 was charged with 800 parts of
xylene and heated under nitrogen stream and stirring
to 140 °C. At the temperature, a mixture of 84 parts
of styrene, 16 parts of butyl acrylate and 1.0 part of
di-t-butyl peroxide (DTBP) as a polymerization
initiator was added dropwise in 4 hours to obtain a
solution of a low-molecular weight polymer (binder
resin C) which provided a molecular weight
distribution by GPC showing a peak (Pl) at a molecular
weight of 1.0x10%.

With the above polymer solution, (containing
70 parts of the binder resin C), 30 parts of the
binder resin A and 4 parts of the low—molécular weight
polypropylene were mixed in the same manner as in

Synthesis Example 1 to obtain a toner binder resin II.



-48- Conparative Synthesis Exanple 4 Styrene it
76 part(s) Butyl acrylate 23 Divinygb ’
0.3 Di-tert-butyl peroxide 0.8 " The above}i hgD&IMERt 997er
added dropwi se in 4 hours to 200 parts of xylene heated tojthe reflux
tenperature, followed by 4 hours of poLﬁgerization under rpf OX O e
xylene (138 - 144 [err]C) to conplete The polynerization and_renoval of the
xyl ene by raising the tenperature up to 200 [err] C under vacuum thereby Yo
obtain a resin VIII. Conparative Synthesis Exanple 5 Styrene

73 part(s) Butyl acryf@leoner binder resin 11 waé Ehr%ﬂ%%‘é@@é%a@erox'de

0.8 The above ingredients were added dropw se 1n 2 hours to 200 parts

of xyl ene hagi@slr 8Pacudf d4€r8d Cc fabt operbLHys 6t808HEa9h ROLYMEF | zati on

.under reflux of
binder resin III.

D

Comparative Synthesis Example 2

A binder resin E was prepared in the same
manner as in Comparative.Example 1 except that the
amount of di-t~butyl peroxide (DTBP, polymerization
initiator) was increased to 1.5 parts. The binder
resin E showed a peak (Pl) at 0.9x104. In the same
manner as in Synthesis Example 1, 30 parts of the
binder resin A and 4 parts of the low-molecular weight
polypropylene were mixed with the polymer solution
containing 70 parts of the binder resin E, followed by
removal of the solvent to obtain a toner binder resin
Iv.

Comparative Synthesis Example 3

A binder resin F was prepared through
polymerization in the samé manner as in preparation of
the binder resin A in Synthesis Example 1 except that
the polymerization initiator was changed to 0.2 part
of 2,2'-azobis(2,4~-dimethylvaleronitrile) and the
suspension polymerization was performed for 9 hours at
80 9C. The binder resin F provided a molecular weight
distribution by GPC showing a peak (P2) at a molecular
weight of 2.5x105.

Then, a solution of the binder resin B was

prepared.in the same manner as in Synthesis Example 1,



the xylene to conplete the polynerization and renoval of the

raising the tenperature up to 200 [err] C under vacuum thereb}
resin I X. Exanple 1 Binder resin VII 100
Triiron tetroxide 90 (average particle s
[err]m N grosine 46 2 -49- Th
i ngredients were sufficiently blended ™ a bl ender and nelt-
a'twi n- screw kneadi ng extruder set at 80 [err]C. The kneade
cool ed, coarsely crushed by a cutter mll, finely pulverized Dy=
pul veri zer Jis NGhd 5 AL B HiHE S ld# -y iiik.cl assifier
utilizing the Coan?aoﬁﬂf’lgg{], ‘1o obftlglgﬁ t?lb?c{r%’gl]ne powder (rnagnetic toner)
having a weidhin ay 480G Nald Wil S @t of [€id |Binder resin F

and 4 parts of the low-molecular weight polypropylene
and treated under vacuum in a similar manner to obtain
a toner binder resin V.

Synthesis Example 2

A binder resin G was prepared through
polymerization in the same manner as in preparation of
the binder resin A.,in Synthesis Example 1 except that
the polymerization initiator was changed to 0.4 part
of tris(t-butylperoxy)triazine and the suspension
polymerization was performed for 8 hours at 80 Sc.

The binder resin G provided a molecular weight
distribution by GPC showing a peak (P2) at a molecular
weight of 6.0x10°.

Then, a binder resin H was prepared thrqugh
polymerization in the same manner as in preparation of
the binder resin B in Synthesis Example 1 except that
a mixture of 85 parts of styrene, 15 parts of butyl
acrylate, 4.0 parts of DTBP (polymerization initiator
B) and 1.0 part of 2,5-dimethylhexane 2,5-
dihydroperoxide (half-life at 140 °C = 30 hours,
polymerization initiator A) was added into 800 parts
of xylene in 2 hours, followed by 8 hours of
polymerization. The binder resin H showed a peak (Pl)
at a molecular weight of 0.4x10%.

Then, similarly as in Synthesis Example 1, 30




100 parts of the resultant black fine powder (magnetic tonerggwRd. &
of positively chargeabl e hydrophobic dry-process silica were bt
Henschel mixer to obtain a positively chargeabl e magneti c tope} carL%iQ%,
the silica powder attached to the toner particles. 0.2 g of {hk ©&MAR 997
thus- obt ai ned magnetic toner was dissghbved in 20 ml of THF _
(tetrahydrofuran) and the solution was filtered to renove the magnetic
material and other insoluble matter. Substantially no styreng_resin

remai ned insoluble in THF. The solution was subjected to GPC (gel

per meat i onpak-@neiroghaPBY haBPagHESHER! andha pasH#st 33 +HRCiehomat ogramis
shown in Figure 2 and the results are summari zed in Table 1 appearing

her ei naf t emolAcailecessiqhti pagepobrakhenweee! mike200Q@sheet s of Ad-size
pl ai n paper were performed by using an i nage form ng apparatus shown in
Fi gure 1 updlwymicre solution containing 70 parts of the binder

resin H, followed by removal of the solvent to obtain
a toner binderlresin VI.

Synthesis Example 3

A four-necked flask (polymerization vessel)
equipped with a nitrogen-introducing pipe, a
condenser, a stirrer and a thermometer was charged
.with 200 parts of deionized water, 80 parts of
styrene, 20 parts of n-butyl acrylate and 0.13 part of
2,2-bis(4,4~-tert-butylperoxycyclohexyl )propane as a
poly-functional polymerization initiator, and the
content was subjected to 25 hours of suspension
éolymerization at 90 °C. Thereafter, the product was
cooled, washed with water and dried to obtain a high-
molecular weight polymer, which is referred to as
binder resin A and provided a molecular weight
distribution by GPC showing a peak (P2} at a molecular
weight of 8.0x10°.

Then, simiiarly as in Synthesis Example 1, a
solution containing the binder resin B was prepared,
and 30 parts of the binder resin J and 4 parts of the
low-molecuiar weight polypropylene were mixed with the
polymer solution containing 70 parts of the binder
resin H, followed by removal of the solvent to obtain |

a toner binder resin VII.



-50- follow ng set of conditions: [Charging roller] abuttln'”“i“”“f
agai nst the photosensitive nmenber: 50 g/cm applied voltage: RE _“;
(DC) [Transfer roller] abutting pressure against the photos n<*TTV€“WﬁWﬁ§FW

20 g/ cm applied voltage: -6000 volts (DC) peripheral -speed
t he photosensitive nenber: O Abuttlryadaressure of the cleanlnc
g/ cm [ Devel opi ng bias voltage] AC. Vpp = 1300 volts, Vf =1 0d
-210 volts Distance between the photosensitive menber and the

devel oper-carrying menber: 300 [err]m Hot fixing roller: colfprsimg a 0. 3

mm t hi ck @f@éﬁﬂvéﬂ}'ﬁsi@ %&@@ sf eel coated wth a PTFE | ayer and
contai ning two hal ogen |'anps 1 nside thereof,

Styrene 76 part(s)
Butyl acrylate 23 "
Divinylbenzene 0.3 "
Di-tert-butyl peroxide 0.8 "

The above ingreﬁients were added.dropwise in
4 hours to 200 parts of xylene heated to the reflux
temperature, followed by 4 hours of polymerization
under reflux of the xylene (138 -~ 144 9C) to complete
the polymerization and removal of the xylene by
raising the temperature up to 200 O¢c under vacuum,
thereby to obtain a resin VIII.

Comparative Synthesis Example 5

Styrene 73 part(s)
Butyl acrylate 24 "
Di-tert-butyl peroxide 0.8 .

The above ingredients Qere added dropwise in
2 hours to 200 parts of xylene heated 80 - 90 c,
followed by 6 hours of po;ymerization under reflux of
the xylene'to complete the polymerization and removal
of the xylene by raising the temperature up to 200 Oc

under vacuum, thereby to obtain a resin IX.

Example 1
Binder resin VII : 100 part(s)
Triiron tetroxide 90 "

(average particle size = 0.2 pm)

Nigrosine 2 "



and the external surface thereof being regulated to a prescrigh
tenperature (approximately 160 - 200 [err]C). Pressure rol | efRELD
a 1 mmthick core netal cylinder of carbon steel coated withia

silicone rubber |ayer. Process speed: 200 mmsec. As a resullt

copying of the 20000 -51- sheets, immges having excellentll ~
qualities and high densities were obtained. Table 2 appearing het i
summari zes the results of evaluation of inage density, fog, f{ilmng,. .di

= uilis e

Ll

on the transfer roller, anount of silica accunul ated on the stay of the =
devel opi ng device, reSheéuabomentnmgredaehest wete BufifaRglentng odor at the
time of fixing. The odor at the time of fixing was evaluated as a relative
test by 3 pahéended ifthenplehdezbend medde kiheadiedy tappaigal &S twas -

screw kneading extruder set at 80 ©C. The kneaded
product was cooled, coarsely crushed by a cutter mill,
finely pulverized by a pulverizer using jet air and
classified by a multi-division classifier utilizing
the Coanda effect, to obtain black fine powder
(magnetic toner) having a weight-average particle size
of 8.5 pm.

100 parts of the resultant black fine powder
(magnetic toner) and 0.6 part of positively chargeable
hydrophobic dry-process silica were blended in a.
Heﬁschel mixer to obtain a positively chargeable
magnetic toner carrying the silica powder attached to
the toner particles.

0.2 g of the thus-obtained magnetic toner was
dissolved in 20 ml of THF (tetrahydrofuran) and the
solution"was filtered to remove the magnetic material
and other insoluble matter. Substantially no styrene
resin remained insoluble in THF. The solution was
subjected to GPC (gel permeation chromatography)
measurement. The resultant GPC chromatogram is shown
in Figure 2 and the results aré summarized in Table 1
appearing hereinafter.

A succession image formation tést of 20000
sheets of A4-size plain paper were performed by using

an image forming apparatus shown in Figure 1 under the



R LR

renodel ed by renoving the fixing device and used to form unfg
pl ai n paper sheets. On the other hand, the renoved fi xing del
as an external fixing device of a variable tenperature-type !
fixing test and an offset test of the unfixed i mages. The exye
device was adjusted to have a nip of 450 mm and a process spgedl..of 200 .
mm sec. The fixing test was perfornmed at various controlled e i
the tenperature range of 100 - 250 [err]C at a tenperature iperenrent--of-5 - .-
[err]C so as to fix the unfixed i nages. The resultant fixed I nmages Were
rubbed withfallewsngl sasi 6g psReit{ohesper”, nfd. by Ozu Paper Co., Ltd.)
under a load of 50 g/cnferr], and the | owernost tenperature giving a
decrease i n{Chaggidgnsolyeafter the rubbing of at nost 2 % was taken as a
fixing initiation tenperature. As a résult, the -52-

' abutting pressure against the photosensitive

member: 50 g/cm,

applied voltage: -1400 wvolts (DC)
{Transfer roller] |

abutting pressure against the photosensitive
member: 20 g/cm

applied voltage: -6000 volts (DC)

peripheral speed difference with the
photosensitive member: 0O

Abutting pressure of the cleaning blade: 20 g/cm
[Developing bias voltage]

AC: Vpp

1300 volts, V£ = 1800 Hz

DC: Vdc -210 volts

Distance between the photosensitive member and the
developer-carrying member: 300 pm

Hot fixing roller: comprising a 0.8 mm-thick core
metal cylinder of carbon steel coated with a PTFE
layer and containing two halogen lamps inside thereof,
and the external surface thereof being regulated to a
prescribed temperature (approximately 160 - 200 °C).

Pressure roller: comprising a 1 mm-thick core
metal cylinder of carbon steel coated with a 2 mm-
thick silicone rubber layer.

Process speed: 200 mm/sec.

As a result, even after copying of the 20000
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fixing initiation tenperature was as low as 170 [err]C and th
initiation tenperature was as high as 250 [err]C, thus show n
anti-of fset characteristic. Then, the imge form ng apparat us
continuously form 100 sheets of A3-size inmages and.then |eft
30 sec., followed by formng 5 sheetsspf A3-size solid white
the degree of soiling or dirt on both sides of the copied shge
of fset toner flowout characteristic was eval uated whereby noj{dirt was
observed on either side, thus showi ng excellent offset toner ===

f 1 owout - pretvesitt $ N gl mége A Cierind | excdlerrboliragaggatlctieseandas | ef t
standing in at 50 [err]Cin a drier to evaluate the anti-bl ocking

char act er ilstglt, demei ehys e ez | gbtaipedbl em was conceived in this regard.
These results are sumari zed in Table 3. Exanple 2 A toner was prepared and
eval uated in the sdf@bhanheappearingkepeébnafterepummphaizebethender

results of evaluation of image density, fog, filming,
dirt on the transfer roller, amount of silica
accumulated on the stay of the developing device,
residual monomer content in the toner and odor at the
time of fixing. The odor at the time of'fixing was
evaluated as a relative test by 3 panelists.

Then, the above image‘formiﬁg apparatus was
remodeled by removing the fixing device and used to
form unfixed images on plain paper sheets. On the
other hand, the removed fixing device was used as an
external fixing device of a variable temperature-type
to effect a fiking test.and an offset test of the
unfixed images.

The external fixing device was adjusted to
have a nip of 4.0 mm and a process speed of 200
mm/sec. The fixing test was performed at various
controlled temperatures in the temperature range of
100 - 250 °C at a temperature increment of 5 °C so as
to f£ix the unfixed images. ' The resultant fixed images
were rubbed with a lens cleaning paper ("Dasper", mfd.
by Ozu Paper Co., Ltd.)} under a load of 50 g/cmz, and
the lowermost temperature giving a decrease in image
density after the rubbing of at most 2 % was taken as

a fixing initiation temperature. As a result, the



resin | was used instead of the binder resin VII. The results '
Tables 1 - 3. Exanple 3 A toner was prepared and eval uated i nj& _“A£¥mﬂﬂ¢
manner as in Exanple 1 except that the binder resin VI was used I NS
the binder resin VII. -53- The results are shown in Table

e?o&ﬁﬂzir

Exanpl e 4 The toner prepared i n Exanp-82t was eval uated by i

in-a comrercially available copying machine ("NP-2020", nfd. {b 2 7=Ye NN
K/K). Fromthe outset, excellent inages having a high imge/ den5|ty of

1. 40 were oht.ai.ned. Even after 20x10[err] sheets of successive ¢copying,
excel | ent %é SHMTHG AR heFeedatyrey Was B3 2uh@S id@ Comrtog or

L|tt| odor was evol ved. Conparative Examples 1 - 6
filmng WeT & Obt f%e initiation temperature was ég)hlgh as 250 np

Oc, thus showing an excellent anti-offset
characteristic.

" Then, the image forming apparatus was used to
continuously form 100 shéets of A3-size images and
then left standing for 30 sec., followed by forming S
sheets of A3-size solid white images. From the degree
of soiling or dirt on both sides of'the copied sheets,
the offset toner flowout characteristic was evaluated
whereby no dirt was observed on either side, thus
showing excellent offset.toner flowout-preventing
characteristic.

The above magﬁetic toner was left standing in
at 50 °C in a drier to evaluate the anti-blocking
characteristic, whereby utterly no problem was
conceived in this regard.

These results are summarized in Table 3.
Example 2

| A toner was prepared and evaluated in the
same manner as in Example 1 except that the binder
resin I was used instead of the binder resin VII.

The results are shown in Tables 1 - 3.

Example 3

A toner was prepared and evaluated in the
same manner as in Exampie 1 except that the binder

resin VI was used instead of the binder resin VII.



Toners were prepared and eval uated in the same manner as in BEpsspl-o—l

except that the binder resin VIl was replaced by the binder r ¢k 'CE@E%HTSHEET
IV, V, VIII and | X, respectively. The results are shown in TaBl g T3

-54- [err] -55- [err] -56- Eval uation standards of respgcti ' ﬁmw

in Table 2 are as foll ows: -§3~ Y)%MtA 97

O TR RO PP toin v yra e e o

The results are shown in Tables 1 - 3.
Example 4 |

The toner prepared in Example 1 was evaluéted
by image formation in a commercially available copying
machine ("NP-2020", mfd. by Canon K.K.).

From the outset, excellent images having a
high image density of 1.40 were obtgined. Even after
20x104 sheets of successive copying, excellent images
showing . an image density of 1.37 and free from fog or
filming were obtained. Little odor was evolved.
Comparative Examples 1 - 6

Toners were prepared and evaluated in the
same manner as in Example 1 except that the binder
resin VII was replaced by the binder resin II, III,

Iv, Vv, VIII and 1X, respectively.

The results are shown in Tables 1 - 3.
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Jerr]: Substantially no [err]: Sonme Xx:. Substantial ag mﬁﬁﬁﬂgﬁﬂq"f f“ﬂif
descri bed above, the toner according to the present I nventidn odigaa s <o
specific binder resin and only little residual nononmer showle CQjéiﬂ&

| ow-tenperature fixability as well as excellent anti- offse 1997
characteristic. Further, when used L$6gn | mage form ng net hod-ac
hot roller fixation systemusing a hot roller having a core}netal
of at nost 1 nm the toner realizes shorter waiting tinme an
el ectrophot ographi ¢ process. Further, the toner according~to the present
i nvention contains Ebbth@t!@haétéﬁdﬂﬁaéebfsﬁéhp@%tﬁaéld%éhs”@ﬁonﬁr t hus
evolving little odor at the time of copying. Further, by using the above
i mge fornraple 2- 3%e as follows:

thlckness

Fogq
o: no fog
oA: Slight fog
Al Conspicuous fog

Ax: Conspicuous and severe fog

o: Not occurred
A: Slightly occurred
Xx: Occurred

Dirt on transfer roller

o: None or very slight

oA: A little dirt

Al Substantial dirt
Silica accumulation on sta of developing device

o: Very little

oa: Little

Al Relatively much
Odor ét the time of co

o: Good

A Slight odor

x: Odor

Residual monomer

o: Not detected

10>: Less than 10 ppm



met hod utilizing the toner, it is possible to provide an inmage
apparatus evolving little toner odor. Further, the toner is | ept
onto the chargi ng nmenber and photosensitive nmenber and provide
excel l ent inmage qualities and high inage densities and free frp
| ong period. A toner for devel opi ng an’/el ectrostatic imge is
bi nder resin, and a magnetic material and/or a colorant. The {bi'Trdet
(a) conprises a styrene resin polynerized in the presence of 4 poly-
furicti onal polynerization initiator, (b) provides a nol ecul ar wel ght
di stribution on a GPC chromat ogram showi ng a maxi rum (P1) in a nol ecul ar

wei ght range of 3.5x10[err] - 5x10[err] and a maxi mum (P2) or shoulder in a
mol ecul ar wei ght” range of at |east 1x10[err], and (c) contains 15 w. % or

| ess of a resin conponent in a nolecular weight range of at nost 3x10[err].

oM

C rrposedﬂ%yﬁg?

:—r\o| n

Further, the_toner contains at nost 100 ppm of styrene and benzal dehyde.
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-60- Cainms: 1. Atoner for developing an electrostatic inmg
bi nder resin, and a magnetic material and- /or a col orant,
bi nder resin (a) conprises a styrene resin poly- nerized in
a poly-functional poly- nerization initiator, (b) provides
wei ght distribution on a GPC chronat Q@ggam showi ng a nmaxi mumj|( .
nol ecul ar wei ght range of 3.5 X 10[err]-5x 10[err] and a maXi mrum (P2) or
shoul der in a nolecular weight range of at least 1 x 10[err]5amt—{t)
contains 15 wt. %or less of a resin conponent in a nol ecul ar wei ght range
of at nost 3 X 10[ erEdaluattidies taoi@drasoifaiitend 10Statid) Prpeof styrene
and benzal dehyde. 2. The toner according to claim1l, wherein the poly-
functi onal ol fokroasation initiator has three or nore radical -generating
functional groups. '

Image dirt due to offset toner flowout

o: Substantially no

OA: Slight dirt

A Some dirt

X: Substantial dirt
Blocking

o: Utterly no

oa:  Substantially no

A Some

x: Substantial agglomeration -

As described above, the toner according to
the present invention containing a specific binder
resin and only little residual monomer show excellent
low-temperature fixability as well as excellent anti-
offset characteristic. Further, when used in an image
forming method adopting a2 hot roller fixation system
using a hot roller having a core metal thickness of at
most 1 mm, the toner realizes shorter waiting time and
higher speed electrophotographic process.

Further, the toner according to the present
invention contains little volatile matter such as
residual monomer, thus evolving little odor at the
tihe of copying.

Further, by using the above image forming



3. The toner according to claim1l, wherein the poly- functi

pol ynmeri zation initiator has four or nore radical -generati ng ENIEAT CUEET
groups. 4. The toner according to claim1, wherein the pon-RF'P ik dray 1 SHEET

pol ynmeri zation initiator is a radical polyneri- zation initija okHé %%9
fromthe group consisting of 1,4-bis(&sSkutyl peroxycarbonyl) ¢y
2,2-bis(4,4- di-t-butyl peroxycycl ohexyl) propane, and tris(t-b tyl -

peroxy)triazine. 5. The toner according to claim1l, wherein|the binder

resin conta % of conponent in a nolecu- |ar welght-range of
at least 1 &a%B? PFW&éZI?ﬁetESnEPnSECOF§|hg Posslidile to whmeveéda the binder

resin contaLps 0 % of a_copponent _in a nol ecu- |ar weight range of
at least 1 §H16ﬁggg]fw%ml?ﬁeaPBﬁé?ggﬁcﬁYGFN@nﬂb1@N&lm tongirepdon. t he bi nder
resin provi ggs+geBX nnle r weight range of 5 x 10[err]-5
X lg[err] t8 Thef?oﬁggngég%%dl 6SCF§FHE¥ °ﬂ?@r§hth%érFingFr resinht
contains a one in e nol ecul ar wei

Cange of atmﬁgﬁ%r gnwtghd%B%eﬁgftis 3d provides images g

with excellent image qualities and high image
densities and free from fog for a long period.

A toner for developing an electrostatic image
is composed by a binder resin, and a magnetic material
and/or a colorant.. The binder resin (a) comprises a
styrene resin polymerizéd in the presence of a poly-
functional polymerization initiator, (b) provides a
molecular weight distribution on a GPC chromatogram
showing a maximum (Pl) in a molecular weight range of
3.5x103 - 5x10% and a maximum (P2) or shoulder in a
molecular weight range of at least lxlOs, and (c)
contains 15 wt. % or less of a resin component in a
molecular weight range of at most 3x103. Further, the

toner contains at most 100 ppm of styrene ‘and

benzaldehyde.



9. The toner accordigg to claim '1, V\,here| n”"mltmmm”"”,",cont ai ns at .

nost 3 X 10[err]. he toner according to clalm 3

nost 10 wt. % of m a in the nolectl al wei ght raR

the binder resin c conmponent obtained through p frer i zatlon
_in the presence of at |east two polynefPzation initiators inclfidin® GMAR tvsv
pol ynmeri zation initiator A having a longer half-life [err] and|a

polymeriza- tion initiator B having a shorter half-life [err] proviarng =a
ratio [err] TatI I 5..11. The toner according to claim i __wherein

t he bi nder S°'xture of a high-nol ecul ar wei ght styrene
Claim 11, wher otn the. KEBRENEPEcOEXPLRRIfi Ser Plect 2PeAtiRas been obtai ned
through po'!HE&E?aEbBBriEleeapB?38Q96r8élﬁ,p%ﬁ% Eyg%gnetlc
material and/or a colorant, wherein
the binder resin (a) comprises a styrene
resin polymerized in the presence of a poly-functional
polymerization initiator, (b) provides a molecular
weight distribution on a GPC chromatogram showing a
maximum (Pl) in a molecular weight range of 3.5x103 -
Sx].O.4 and a maximum (P2) or shoulder in a molecular
weight range of at least 1x105, and (c)_contains 15
wf. % or less of a resin component in a molecular
weight range of at most 3x103, and
the toner contains at most 100 ppm of styrene

and benzaldehyde.

2. The toner according to Claim 1, wherein the
poly-functional polymerization initiator has three or

more radical-generating functional groups.

3. The toner according to Claim 1, wherein the
poly-functional polymerization initiator has four or

more radical-generating functional groups.

4. The toner according to Claim 1, wherein the
poly-functional polymerization initiator is a radical

polymerization initiator selected from the group

THIS SHEET HAS BEEN
REPLACED




. ' I - ————
tional polymerization initiator. 13. The t LMMH’HHU Ei CRE?EA@ MENT Eiftnm
wherei n the high-nol ecul ar wei ght styrene H!aﬂl I ! 4t " EEN] SHEET

rene-acryl ate cdpslS
of a poly-functio q tion initiator.
claim1l, wherein i

presence of a poly-functional poly- nerization initiator.

according to claim 11, wherein the |ow nol ecul ar wei

bi nder resin

i 0570, Wt , he hi gh- nol.ecul i gh
Styrane r SSPALARR¥8D530 0 DA < RO FBOREH RO BRIHE ARG 7 ny

17. The toner accordi

as BeanRepledd t hr ough pol ynmeri za- tion in
14. The toner

cul ar-6&rght styrene resin co

rene- met hacryl at e copol yner obtai hed through poly- nerizatioh in the

Lall [ t vinyl
conpri ses %9%?&?Eh§gr€§iHe41%?5ﬁﬁébPBﬁ%PeEEEEF&FHQn?gQEIain111, wherein the
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15 Mre—torer

resin

resin.

s o fic "REHe RETECT _ |
2060 ui . ‘RAPPENET PR FFORL CABREELPEFOREI GRE AL Rene resi n and 8O- 40 w.

parts of

5.

The toner according to Claim 1, wherein the

binder resin contains 5 - 50 wt. % of a component in a

molecular weight range of at least lxlOS.

6.

The toner ,according to Claim 1, wherein the

binder resin contains 10 - 50 wt. $ of a component in

a molecular weight range of at least 1x105.

7. The

S

binder resin

welght range
8. The
binder resin
component in
3x103.
9. The
binder resin
component in
3x103.

10. The

toner according to Claim 1, wherein the
provides a maximum (Pl) in a molecular
of 5x103 - 5x10%.

toner according to Claim 1, wherein the
contains at most 13 wt. % of the resin

the molecular weight range of at most

toner according to Claim 1, wherein the
contains at most 10 wt. % of the resin

the molecular weight range of at most

toner according to Claim 1, wherein the

THIS SHEET HAS BEEN
REPLACED




t he | ow nol ecul ' in. 18. MH’M&“I, ﬂmmh toclaiml,
wherein the binder resin conprises a m xt C{REP "MENT SH

styrene resin pr%‘ﬁmzi‘m pm in the no- I%cdl a® wéight: fa it SHEE
least 1 x 10[err] hrough pol ynerization in the}pfe 0 :
pol'y-func- tional I ni tbat-or, and a | ow nol ecu & 6%”@5@2{99?

wei ght vinyl resin providing a maximumin the nolecu- |ar we g range of
3.5 X10[err]-5X10[err] and obtai ned through pol ynerization ijn the presence
of .at least two polynerization initiators including a poly tZ-at-en

LINLY = v 3y

initiator Aimdemgesiompataialsi a resipecoppanend Pdt@edza- tion
initiator B having a shorter half-life [err] providinqha ratio [err] of at
| east 1.5. thgroupie padn@e @@ did@mdn Fhe arpsegrcavdd & EhityR- nol ecul ar
wei ght styrene resin has been obtained through pol ynerization in the
presence qu;xmggpqqpﬁgn initiators including a podlymerization

initiator A having a longer half-life tp and a

polymerization initiator B having a shorter half-life

tg providing a ratio ta/tg of at least 1.5.

11. The toner according to Claim 1, wherein the
binder resin comprises a mixture of a high-molecular
weight styrene resin and a low-molecular weight vinyl

resin.

12. The toner according to Claim 11, wherein the
high-molecular weight styrene resin has been obtained
through polymerization in the presence of a poly-

functional polymerization initiator.

13. The toner accoiding to Claim 11, wherein the’
high-mélecular weight styrene comprises a styrene-
acrylate copolymer obtained through polymerization in
the presence of a poly-functional polymerizatioq

initiator.

14. The toner according to Claim 11, wherein the
high-molecular weight styrene comprises a styrene-
methacrylate copolymer obtained through polymerization

in the presence'of a poly-functional polymerization
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tional polynerizati Tt HAa—-an armt”““ (imlﬂlmmm
pol yneri zabl e non vi ding the high- H mll : Sk

20. The toner accggg hedd s e PlEceis  wher ei*n thethi gh-nol+edul REREA" MENT SHEETf
styrene resin has:% 'umu hrough pol yneri zation in thhefpfesenc Brreameey
pol y-func- tional ! initiaéd# in an anmount of 0.p5 3CN5MAﬁ6ﬁ%7
a polynerizabl e nononer providing the high- nolecul ar wei ght stlyrene resin’
21. The toner according to claim18, wherein the | ow nol ecul gr ' b _
resi-n has been obtained through polynerization at a polyneriZation tenpera-. |
ture of 75[etP}ti85P&rr] C. in the presence of a pol ymerization |nrtrator— f

having a half-life [err] at least 0.1 hour at the polynerization
tenperature. 22. The toner according to claim 18, wherein the | ow nol ecul ar

i gh i nyl Lp h b bt ai ned.th h | ' ' .
bol ymor i zat 1 on' t Sper 409t GPBSR! SFPBAHEE 1R8] SLALICL o APRESHPetBRce of a
ol yrer i zat | g, o LaLIL B, 0RYER0vBaPR! Fablihe fiph 355218 cung at the

poly- merizatron tenpefrature
resin.

}%)tha
iSt iy

16. The toner according to Claim 11, wherein the
binder resin comprises 10 - 70 wt. parts of the high-
molecular weight styrene resin and 90 - 30 wt. parts

of the low-molecular weight vinyl resin.

17. The toner according to Claim 11, wherein the
binder resin comprises 20 - 60 wt. parts of the high-
molecular weight styrene resin and 80 - 40 wt. parts

of the low-molecular weight vinyl resin.

18. The toner according to Claim 1, wherein the
binder resin comprises a mixture of a highfmolecular
welight styrene resin providing a maximum in the
molecular weight range of at least lxlO5 and obtained
through polymerizatioh'in the presence of a poly-
funétional polymerization initiator, and a low-
molecular weight vinyl resin providing a maximum in
the molecular weight range of 3.5xlO3 - leo4 and
obtained through polymerization in the presence of at
least two polymerization initiators including a

polymerization initiator A having a longer half-life
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23, e m—fﬂwm ﬂlﬂljﬂllLllluﬂlllm =

as’ been *obt]aipe

18, wherein the In,w—sm:klé@lﬂe ht vinyl resin _

pol ynmeri zati on at “ n tenpera- ture of 75[err]-}145 . 1N

t he presence of a ; i nitP4ror B having a hal f-1{ Roi997
0.5-3 hours at the nerlzatlon tenperature, and a pol yner ' I niti

ator A having a haIf-Ilfe [err] of 2-60 hours at the pol y- ri zation =
initiator. eto er according.to. ¢ wherein the . lerr] is

2"\ o 800, Th 284 5 mﬁslfﬁﬁé?naawa?ﬁart% oitiils - <hRErErn  he :

Iomfnnlecuhgifmql th§'§¥§v£8§h8 Qa§ah§8nﬁ §tors khﬁ%%gg Eogynerlzatlon

in the presence™0 Meri’= zani on i a total
anount of 0.1-5 wt.

19. The toner according to Claim 18, wherein the
high-molecular weight styrene resin has been obtained
through polymerization in the presence of a poly-
functional polymerization initiator in an amount of
0.0l - 5 wt. % of a polymerizable monomer providing

the high-molecular weight styrene resin.

20. The toner according to Claim 18, wherein the
high-molecular weight styrene resin has been obtained
through polymerization in the presence of a poly-
functional polymerization initiator.in an amount of
0.05 - 3 wt. % of a polymerizable monomer providing

the high-molecular weight styrene resin.

21. The toner according to Claim 18, wherein the -’
low~molecular weight wvinyl resin has been obtained
thrbugh polymerization at a polymerization temperature
of 75 - 145 °C in the presence of a polymérization
initiator B having a half-life tg at least 0.1 hour at

the polymerization temperature.

22. The toner according to Claim 18, wherein the
low-molecular weight vinyl resin has been obtained

th:ough polymerization at a polymerization temperature
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parts per 100 wt. parts of a pot ylllﬂ—l zabl e ﬂﬂwﬂ!ﬂ li Q'HE
| ow- ol ecul ar  wei gthis $hda¥as BES . The y i

wherein the pol yneri ors A and B are used in a w
(A/B) of 0.01-100. Wﬂlﬂﬂta ccording to claim26, whergqi
pol ynerization initi are U¥ed in a weight ratio

0.1-10. 29. The toner according fo claim1, wherein the benz
content in the toner is at nmost 10 ppm 30. The t oner accordi

wherein the re e ent .i,n the toner i st 50 m_31.
Accor di ng € STcl 125 ur Al OB D. O 10 WL PRRFt&obr 3 vy

subst ance pq_rm%g_% é)q{atvsi r}}%bﬂt el sr 32. 163‘nh6 ttorm ng

nmet hod, conpri si ng: char gl ng an elec tl% at ent I mage- earlng mem ber

by abut t i NG & eC B9 RN %éf&ﬂéh a voltage to the electrostatic
| at ent i mage-bedri ng nenber; exposing the charged el ectrostatic
| mage- bearing

clalntl

23. The toner according to Claim 10, wherein the
ratio tp/tg at the polymerization temperature is 2 to

5000.

24. The toner according to Claim 18, wherein the
low-molecular weight vinyl resin has been obtained
through polymerization at a polymerization temperature
of 75 ~ 145 ©C in the presence of a polymerization
initiator B having a half-life tg of 0.5 -~ 3 hours at
the poiymerization temperature, and a polymerization
initiator A havng a half-life ty of 2 - 60 hours at

the polymerization initiator.

25. The toner accordingto Claim 24, wherein the

ratio tp/tg is 2 to 500.

26. The toner according to Claim 18, wherein the
low-molecular weight vinyl resin has been obtained
through polymerization in the presence of the
polymerization initiators A and B in a total amount of
0.1 - 5 wt. parts per 100 wt. pérts of a polymerizable
monomer providing the low-molecular weight vinyl

resin.
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menber to light to fp ectrostatic |la ) uliHU!n;
the electrostatic | g%ﬁEgﬂeé‘ﬂ{a?heeﬁk ?-ced: toner“t“(!" ,(,),r " I1i
the toner conpris- IijuMEﬁM

col orant, wherein th (a) conprises a styrene resi

in, and a magnetic materi al
merized in the presence of a poly-funciéonal pol ynerization inj
provi des a nol ecu- |ar weight distribution on a GPC chromat ogr

g9
and

“5fE AR 197
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Aam showi ng a =~
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or_

(b)

maxi nrum (P1) in a nol ecul ar weight range of 3.5 X 10[err]-5 X 18fe++

and _a

maxi num ( P2) or)257houl er in a nol ecul ar wei of at |lea tell X
in a

nol ecul ar wei ght range .of at .most 3X 10[ery]., .and the, t.oner caqntai ns at
nmost 100 pp,ﬂog-rl’mﬁ é-oéhd-rﬁerﬁ.ﬂ:'o&‘esnédénd’ B are used in a we:.gth%

t ra
10[err], and (c) ‘contdtndOPSTyAcenrGindedS ad‘“?%e'n “D§TsdRe

ratio (A/B) of 0.01 - 100.

28. The toner according to Claim 26, wherein the

polymerization initiators A and B are used in a weight

ratio (A/B) of 0.1 - 10.

29. The toner according to Claim 1, wherein the

benzaldehyde content in the toner is at most 10 ppm

30. The toner according to Claim 1, wherein the

styrene content in the toner is at most 50 ppm.

31. The toner according to Claim 1, further

containing 0.5 - 10 wt. parts of a waxy substance per

100 wt. parts of the binder resin.

32. An image forming method, comprising:

charging an electrostatic latent image-

bearing member by abutting a charging member supplied

with a voltage to the electrostatic latent image-
bearing member;

~ exposing the charged electrostatic image-
bearing member to light to form an electrostatic
latent image thereon;

developing the electrostatic latent image

e
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supplied with a v acethe t oner i nmge, and" f i %irfg t
transferred to th e|V|ng material onto the tran
material by a hot a corebietal thickness of at

R Wm :J!ﬂﬂliﬂ!llﬂlmmmm

o qm 33.

t he- i mage form ng nmet hod according to claim 32, wherein the
pol ynmeri zation initiator has three or nore radical -generating

on functlonal

‘o

met hod according,to claim 32, mhereln the

34. Th f
Dol v Tunct | AR BoRpREF 24t FORD Ai CPACS, LHAGST bUPTEPhmFDs toner
radi cal - generating.function groups. 35.. The_im nmage forn1n? t hod
accordi ng t §° 9P§|%1 Pgeﬁ ffig BOI?nFuﬁcpﬁgﬁgllﬁbﬁﬁ§§F 2at

tion initiator

is a radi cal 8?8¥r rbéa%gggtlnbhe?g%r sel ected fromthe group consisting of

1,4-bis(t- buPy oxycarbonyl) cyc ex- ane,

2, 2-bis(4,4-di-t-but |
R SR . S sl LB 08B2128¢ a styrene

resin polymerized in the presence of a poly-functional
polymerization initiator, (b) provides a molecular
weight distribution on a GPC chromatogram showing a
maximum (Pl) in a molecular weight range of 3.5x103 -
leo4 and a maximuq (P2) or shouldgr in a molecular
weight range of af least 1x105, and (c) contains 15
wt. % or less of a resin component in a molecular
weight range of at most 3x103, and

the toner contains at most LOO ppm of styrene
and benzaldehyde;

transferring the toner image onto a transfer-
receiving material while préssing the transfer-
receiving material by a transfer member supplied with
a voltage against the‘tonér image, and

fixing the toner image transferred to fhe
transfer-receiving material onto the transfer-
receiving material by a hot roller having a core metal

thickness of at most 1 mm.

33. The image forming method according to Claim
32, 'wherein the electrostatic latent image is

developed with a toner according to any of Claims 2 to

31.
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at least 1 X 10[err]. 37. The image formng nethod | ai m 32,
wherein the binder resin contains 10- 50 g\/( % of a mol ecul ar
wei ght range of at least 1 X 10[err].~ The i mage form ng net hod
according to clain132 wherei n the binder resin provides a maxi mum (P1) in

a nol ecul ar Weiegf r form ng
met hod accor dlpwﬁqcpﬁ D%‘#ﬁ' wherei n %%ﬁ%%%%{.fé é&“’%% oﬁé #@% most 13
wt. %of the resin conmponent in the nol ecular weight range of at nost 3 X

10[err]. 40. The inage form ng nethod according to claim 32, wherein the
bi nder resin contains at nost 10 wt. % of the resin conponent in the

nmol ecul ar “eh%’%triaﬁtg%ffrﬂ%t D'f%\%& o§g§810[ err]. 41. The imge form ng net hod
according to der resin contains a resin conponent
obtained through pol yqerigzald ¢ BetBeoRiGeeREr dfedrostatic image

is composed by a binder resin, and a magnetic material

36. The image form ng nethod according to claim3 in the b| nder
resin contains 5-50 wt. %of..a com. ponent in a ﬁ laced, nge of

and/or a colorant. The binder resin (a) comprises a
styrene resin polymerized in the presence of a poly-
functional polymerization initiator, (b) provides a
molecular weight distribution on a GPC chromatogram
showing a maximum (Pl) in a molecular weight range of
3.5x103 - 5x104 and a maximum (P2) or shoulder in a
molecular weight range of at least 1x105, and (c)
contains 15 wt. % or less of a resin component in a
molecular weight range of at most 3x103 Further, the
toner contains at most 100 ppm of styrene and

benzaldehyde.

FIGURE 1
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| east two polynerization initiators including a polyner- -6

initiator A having a longer half-life [err] and a polynerizat|3Hﬁh$ﬁnﬁggﬂ} 5ﬁFJ1
B having a shorter half-life [err] providing a ratio [err] of ht[Teast 1.5.

42. The image form ng nethod according4tao claim32, wherein th blgqanR'ﬁ§/
resin conprises a mxture of a high- nolecular weight styrene fesin and a

| ow- nol ecul ar wei ght vinyl resin. 43. The inmage form ng nethodj ateordrng—to
claim42, wherein the high-nol ecul ar wei ght styrene resin has peen obtai ned

t hrough pol yneri zation in the presence of a poly-functional polymerization
initiator. 44. The image form ng nmet hod according to claim42, wherein the

hi gh- nol ecul ar wei ght styrene resin com prises a styrene-acryl ate

copol ymer obt ai ned through polyneri zation in the presence of a

pol y-functi onal polynerization initiator.

D

FIG |



45. The image form ng nethod according to claim42, wherein thg !
hi gh- nol ecul ar wei ght styrene resin com prises a styrene-net Jﬂ#ﬂgﬂﬂENT‘SHEET
copol ymer obt ai ned through pol ynerization in the presence of bol y- f unc-
tional polynerization initiator. 46. Thg i_mage forning method|atcQ@GMAR 1397
claim42, wherein the | ow nol ecul ar weight vinyl resin com pj{iges a _
styrene resin. 47. The image form ng nethod according to cl ai 2, WhEr el n
the binder resin conprises 10-70 wt. parts of the high-nol ecufar wei ght
styrene resin and 90-30 w. parts ot the | ow nol ecul ar wei ght vinyl resin.
48. The image form ng nethod according to claima42, wherein“the binder
resin conprises 20-60 w. parts of the high-nolecular weight styrene resin
and 80-40 w. parts of the | ow nol ecul ar weight vinyl resin. 49. The i mage

form ng nethod according to claim 32, wherein the binder resin conprlses a
m xture of a high-
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- 66- mol ecul.ar wei gt u styrene resin providing a maxi mum i
wei ght range of at m Ill]ﬂ)

in the presence of a im“mm I Hi

| ow- nol ecul ar wei ght vi *nyl® ré&sif prow ding a maxi mumin th
wei ght range of 3.5X 10[err]-5X 10[ errkgand obtai ned .t hrou
In the presence of at |east two polynerization initiators
pol ymer igaliign initiator A having a longer half-life [err]]
pol yneriza- tion i nltlator B haV| ng a shorter hal f-I ife [eMTProviding a
ratio [err] of at s;. 1.5, =3 rmn th cording to
claim49, wherein ‘t h {ﬁ edc"i}f SP F -rt %“%ﬁs beengobt ai ned.
t hrough pol yner?@m%ﬂngri’»? S5 i88ih dadod %aW “pol yneri zati on
initiator in an/ermaucolorang. whesemt % of a pol ynerizabl e nononer providing

t he hi gh-nol ecul aﬂxe‘"@kxﬂdﬁér aésme(me) ¢ Imse§Ja sthenienegsin foly-ng net hod
according to claim hgrb ﬁ.fnd’éﬁiﬂlt é;[tyyrene resin has
been obt ai ned throu&e r\()mer g&oq_n pgﬁﬁad%er}.cemolecular _

weight distribution on a GPC chromatogram
showing a maximum (P1) in a molecular weight
range of 3.5X 103-3X 10% and a maximum (P2) or
shoulder in a molecular weight range of at least
1< 103, and (c) contains 13 wt. % or less of a resin
component in a molecular weight range of at most
3 103, and

the toner contains at most 100 ppm of styrene and

benzaldehvde.

2. The toner according to claim 1, wherein the poly-
functional polymerization initiator has three or more

- radical-generating functional groups.

3. The toner according to claim 1, wherein the poly-
functional polymerization initiator has four or more
radical-generating functional groups.

- 4. The toner according to claim 1, wherein the poly-

functional polymerization initiator is a radical polymeri-

zation initiator selected from the group consisting of
1,4-bis(t-burylperoxycarbonyl)cyclohexane, 2,2-bis(4,4-
di-t-butylperoxycyclohexyl)propane, and tris(t-butyl-

peroxy)triazine. -

§. The toner according to claim 1, wherein the binder
resin contains 3-30 wt. % of 2 component in 2 moiecu-
lar weight range of at least 1 105.

6. The toner according to claim 1, wherein the binder
resin contains 10~50 wt. % of a component in 2 molecu-
lar weight range of ac least 1 105,

7. The toner acyording to claim 1, whersin the binder
resin provxdes a maximum (P1) in a molecular weight
range of 5 103-5 10%.

8. The toner according to claim 1, wherein the binder
resin contains at most 13 wt. % of the resin component
in the molecular weight range of at most 3 X 103.

9. The toner according to claim 1, wherein the binder
resin contains at most 10 wt. % of the resin component

" in the molecular weight range of at most 3 X 103.
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3 . _
of a pol.y-functional polynerization i n|t t L (VA
of a polynerizabl e nononer providing the mﬂb Il’HIE njﬂﬂ!ﬂm ogREPLALH ;“e, Sﬁf{f.hf
resin. 52. The image ‘form ng met hod accordl

| ow nol ecul ar wei ght vinyl resin has been obtained through pofy égzgu 9,

at a polynerization tenperature of 75]gy]-145[err] C in thejpfe € o

poly- merization initiator B having a ha f-life [err] at | eas 1_hour —at
t he pol yneri zati er forn, hccording to
cIa|Pn4g wher |Oﬂ{ mow@;rlﬁy){ q%%du\% t Vi ? reS| nb asqgen_cbta. 1g|cu
t hrough pol yrreel?"PgFro e 2 %ncpg?'%%? [err]-145[err]
C. in the presei¥ U&fh b6n9nza@¢nzxatnhmpr¢ﬁmr@t’ aBlmthgOa hal f-1ife
[err] 0.5-10 hopolyméritidonoinititosAtineiudiagpar %Sdlyﬁae&ﬁn&he I mage form ng
met hod accor di rimﬁ&ocr'&'umﬁg hallRGifE 'aacifbbl z9e pol ymerization
tenpera- ture ig.2 %ﬁ 2ol Wﬁ?“;ﬁ _g TTSI accord| ng to
cl ai m 49, V\/nerel A RS, S & H‘ &5 %een obt ai ned
t hrough pol ymer rd 4T3 51 zation
. The toner acuordmg to claim 1, wherein the
bmder resin comprises a mixture of a high-molecular
weight styrene resin and a low-molecular weight vinyl
resin.
2. The toner according to claim 11, wherein the
high-molecular weight styrene resin has been obtained
through polymenzauon in the presence of a poly-func- -
tional polymerization initiator.
13. The toner according to claim 11, wherein the
high-molecular weight styrene resin comprises a sty-
- rene-a.crylate copolymer obtained through polymeriza-
tion in the presence of a poly-functional polymenzanon
initiator.
14. The tomer according to claim 11, wherein the
high-molecular weight styrene resin comprises a sty-
rene-methacrylate copolymer obtained through poly-
mer@zation in the presence of a poly-functional poly-
merization initiator. .
15. The toner according to claim 11, wherein the
lou_r-molecular weight vinyl resin comprises a styrene
resin.
- 16. The toner according to claim 11, wherein the
binder resin comprises 10-70 wt. parts of the high-
molecular weight styrene resin and 90~30 wt. parts of
the low-molecular weight vinyl resin.
17. The toner according to claim 11, wherein the
binder resin comprises 2060 wt. parts of the high-
molecular weight styrsne resin and 80~40 wt. parts of
the low-molecular weight vinyl resin.
18. The toner according to claim 1, wherein the
binder resin comprises a mixture of a high-molecular
weight styrene resin providing a maximum in the mo-
lecular ‘weight range of at least 1< 105 and obtained
through polymerization in the presence of a poly-func-
tional polymerization initiator, and a low-molecular




- 67 - &enpératﬁr?‘o*fﬁ"ﬁf‘err‘]—r&%e C. in the presence of a pol y-

neri zation |n|t|am,ﬁ,wmmnlf-llfe [err] of 0.5-3 hour

pol yneri zation te ol ymerization initiator A h
half-1ife [err] of 2-%0 hodts %at *the pol ymerization tenperatu
i mge form ng method according to claim,55 wherein the ratio

500. 57. The inmage form ng nethod according to claim49, wheré
| ow- nol ecul ar wei ght vinyl resin has been obtained through pol

otal anobunt

in the presence Weightevimyilynesin peaviding ai mazimnm m dkeimOieaun

01;] 0I 1-5 wlt p?rm et heormaapgftsj),f( 183pPiYICer iazwab | ebwained e o TNng
t he | ow nol ecu ndetd 4%t Rg/grEt ho
according to cI aﬁhr% Igl)éh‘zatua?%%o l%t | orb‘i;&qi%(g{o%A and B are

ed in a we ht
used | I_g initz ator hzwmcr a longer f-hfe r42nd a polymeriza-

tion initiator B having a shorter half-life 3 providing a
rato r4/75of at lmst 1.5.

19. The toner according to claim 18, wherein the
high-molecular weight styrene resin has been cbtained
through polymenzauon in the presence of a noly-func-
uonal polvmenzauon initiator in an amount of 0.01-3
wt. % of a polymerizable monomer providing the high-
molecular weight styrene resin.

20. The toner according to claim 18, wherein the
high-molecular weight styrene resin has been obuained
:hrough polymerization in the presence of 2 poly-func-
tional polymerization initiator in an amount of 0.05-3
wt. % of a polymerizable monomer providing the high-
molecular weight styrene resin.

21. The torer according to claim 18, wherein the
low-molecular weight vinyl resin has been obtained
through polymenzauon at a polymerization tempera-
ture of 75°-143° C. in the presence of a polymerization
initiator B having a half-life 75 at least 0.1 hour at the
polymerization temperature.

22. The toner according to claim 18, wherein the -

low-molecular weight vinyl resin has been obtained
through polymerization at a polymerization tempera-
ture of 75°-145° C. in the presence of a polymerization
initiator B having a half-life 730.5-10 hours at the poly-
merization temperature.

23. The toner according to claim 10, wherein the
ratio 74/73 at the polymerization temperature is 2 to
5000. .

24. The toner according to claim 18, wherein the
low-molecular weight vinyl resin has been obtained
through polymerization at a polymerization tempera-
ture of 75°-143° C. in the presence of a polymerization
initdator B having a half-life 73 of 0.5-3 hours at the
polymerizaton temperature, and a2 polymerization initi-
ator A having a half-life 74 of 2-60 hours at the poly-
merization initiator.

25. The tomer according to claim 24, wherein the
ratio r4/7gis 2 to 300. '



o5 ey form ng retned eccord: o (AN ONRTIN

0.01-10. 60. The image form ng nethod accdrdifng“t o" clfai m 32,
benzal dehyde content in the toner is at nost 10 ppm 61. The
met hod according to claim32, wherein t styrene content in
at nost 50 ppm 62. The |mage form ng hod according to cla
the toner further ai ns art sub

parts of the bi nd-eg ﬁon%% a%ﬁé é‘@ Ff?r"fﬂr‘@ n’é’ﬁ%ﬁ

32, wherein thelawesmglenplasnweight vinybresin hasapbgem o

e'r.el —n t he
gpo fJUL9ep

tHe toner is

ce per 100 wt.

ding to crarm
64. The inmage

for ni ng net hod geugh polymerkzatonda, thbf[mcsemcd: bfthpohymerirenber i s
suppl i ed w th %8&&&&&:0&:‘3 i BIROZ th@lNAGuAP Rl a9 oar ding to claim

63, wherein the C
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provxdmc the low-molecular weight vinyl resin.

27. The toner according to claim 26, wherein the
polymerization initiators A and B are used in a weight
ratio (A/B) of 0.01-100.

28. The toner according to claim 26, wherein the
polymerization initiators A and B are used in a2 weight
ratio (A/B) of 0.1-10.

29. The toner accerding to claim 1, wherein the benz-
aldehyde content in the toner is at most 10 ppm.

30. The toner according to claim 1, wherein the sty-
rene content in the toner is at most 30 ppm.

31. The toner according to claim 1, further containing

0.5-10 wt. parts of a2 waxy substance per 100 wt. parts of .

the binder reasin.
32. An image forming method, comprising:
charging an electrostatic latent image-bearing mem-
ber by abutting a charging member supplied with 2

voltage to the electrostatic latenr image-bearing -

member;
exposing the charged electrostatic' image-bearing
member to light to form an electrostatic latent
image thereon;
developing the electrostatic latent image with a toner

to form 2 toner image thereon, the toner compris-

ing a binder resin, and a magnetzc matenal and/or

a colorant, wherein

the binder resin (a) comprises a styrene resin poly-
merized in the presence of a poly-functional
polymerization initator, (b) provides a molecu-
lar weight distribution on 2 GPC chromatogram
showing a maximum (Pl) in a molecular weight
range of 3.5 103-5X 10* and a maximum (P2) or
shoulder in a2 molecular weight range of at least
1x 105, and (c) contains 15 wt. % or less of 2
resin component in 2 molecular weight range of
at most 3X 103, and

the toner contains at most 100 ppm of styrene and
benzaldehyde;



66. The i nmage form ng nethod according to the char gi ng
menber is supplied with DC voltage and AC mﬂmﬁn“ =t i Y
form ng nethod according to claim63, wherekn e cont ac *chargiﬁl" F Yy mSZ{EE
conprises a charg- ing roller. 68. The image fornming nmethod acdorfding t
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claim 67, wherein the charging roller ¢ supplied with DC volt-
The image form ng method according to c4a|m67 wherein the chafg] ng roIIer ,

is supplied with A % Qhe?sneif&ﬁagmofmaha&rnwdew accpr biag-t-o-
claim67, wherein t §n‘ ! taEe and AC = .
vol tage. 71. The i ma a| mS2 whereimthie e
transfer menber corrpmﬁéglaé by angmﬁif%mcm upphed witll

voltage agamst the toner image, and

fixing the toner image transferred to the transfer-
receiving material onto the transfer-receiving
material by a hot roller having a core metal
thickness of at most | mm.

33. the image forming method according to claim 32,
wherein the poly-functional polymerization initiator has
three or more radical-generating functional groups.

34. The image forming method according to claim 32,
wherein the poly-functional polymerization initiator has
four or more radical-generating functional groups.

35. The image forming method according to claim 32,
wherein the poly-functional polymerization initiator is a
radical polymerization initiator selected from the group
consisting of 1,4-bis(t-butylperoxycarbonyl)cyclohex-
ane, 2.2-bis(4,4-di-t-butylperoxycyclohexyl)propane
and tris(t-butylperoxy)triazine. :

36. The image forming method according to claim 32,
wherein the binder resin contains 5-50 wt. % of 2 com-
ponent in a molecular weight range of at least 1 X 105%.

7. The image forming method according to claim 32,
wherein the binder resin contains 10-30 wt. % of 2
compcsment in a molecular weight range of at least
1x10
- 38. The image forming method accordxng to claim 32,
wherein the binder resin provides 2 maximum (Pl) in 2
molecular weight range of 3 103-3 X 10%.

39. The image forming method according to claim 32,
wherein the binder resin contains at most 13 wt. % of
the resin component in the molecular weight range of at
most 3 X 105.

40. The image forrmng method according to claim 32,
wherein the binder resin contains at most 10 wt. % ot‘
the resin component in the molecular weight range of at
most 3 X 103,

41. The image forming method according to claim 32,
wherein the binder resin conrains a resin component
obtained through polymerization in the presence of at
least two polymerizadon initiators including a polymer-



ler. 72. The image form ng rrethlm mnnmlﬂﬁ | ai m 32, wher
transfer nmenber conprises a rot . 73. The i
met hod according to claim32, whereinthé® tfansfer nenber cor
endl ess belt. 74. The inmage form ng nethod according to clai 2, 1 9hksiei195s l
the transfer menber is supplied wth_ volt- age. 75. The i e formng |
nmet hod according to claim 71, wherein e transfer roller is |sUpptied-wrta—
DC voltage. 76. The image form ng nmethod according to claim 32, wherein the :
chargi ng menber is a contact chargi ng neans and the transfer nenber Cr
conprises a transfer roller. 77. The image form ng nmethod according to

claim 76, wherein the contact charging neans conprises a charg- ing roller.

ization initiator A having a longer half-iife ¢ and a
polymerization initiator B having a shorter half-life ¢z
providing a rauo t4/tg of at least L.5.

42. The image forming method according to claim 32,
wherein the binder resin comprises a mixture of 2 high-
molecular weight styrene resin and a low-molecular
weight vinyl resin.

43. The image forming method according o claim 42,
wherein the high-molecular weight styrene resin has
been obtained through polymerization in the presence
of a poly-functional polymerization initiator.

44. The image forming method according to claim 42,
wherein the high-molecular weight styrene resin com-
prises a styrene-acrylate copolymer obtained through
polymerization in the presence of a poly-functional
polymerization initiator.

45. The image forming method according to claim 42,
wherein the high-molecular weight styrene resin com-
prises a styrene-methacrylate copolymer obtained
through polymerization in the presence of a poly-func-
tional polymerization initiator.

46. The image forming method according to claim 42,
wherein the low-molecular weight vinyl resin com-
prises a styrene resin.

47. The image forming method according to claim 42,
wherein the binder resin comprises 10-70 wt. parts of
the high-molecular weight styrene resin and 50-30 wt.
parts of the low-molecular weight vinyl resin.

48. The image forming method according to claim 42,
wherein the binder resin comprises 20~-60 wt. parts of
the high-molecular weight styrene resin and 80—0 wt.
parts of the low-molecular weight vinyl resin. '

49. The image forming method according to claim 32,
wherein the binder resin comprises a mixture of a high-
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molecular wetght styrene resin providing a maximum in
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the molecular weight range of at least 1X 109 and ob- !

‘tained through polymerization in the presence of a poly-

functional polymerization initiator and a low-molecular

weight vinyl resin providing 2 maximum in the molecu-
lar weight range of 3.5X103-5X10* and obtained
through polymerization in the presence of at least two
polymerizadon initiators including a polymerization
initiator A having a longer half-life t4 and a polymeriza-
tion initiator B having a shorter half-life tg providing a
ratio t4/tz of at least L.5.

50. The image forming method according to claim 49,
wherein the high-molecular weight styrene resin has
been obtained through polymerization in the presence
of a poiy-functional polymerization initiator in an
amount of 0.01-3 wt. % of a polymerizable monomer
providing the high-molecular weight styrene resin.

51. The image forming method according to claim 49,
wherein the high-molecular weight styrene resin has
been obtained through polymerization in the presence
of a polv-functional polymerization initiator in an
amount of 0.05-3 wt. % of a polymerizable monomer
providing the high-molecular weight styrene resin.

52. The image forming method according to claim 49,
wherein the low-molecular weight vinyl resin has been
obtained through polymerization at a polymerization
temperature of 75°-145° C. in the presence of a poly-

merization initiator B having a half-life tz at least 0.1

hour at the polymerization temperature.

33. The image forming method according to claim 49,
wherein the low-molecular weight vinyl resin has been
obtained through polymerization at a polymerization
temperatura of 75°-145° C. in the presence of 2 poly-
merization initiator B having a half-life t3 0.5-10 hours
at the polvmerization temperature. _

54. The imags forming method according to claim 49,

wherein the ratio t4/tg at the polymerization tempera-

ture is 2 to 3.0CO. .

53. The imags forming method according to claim 49,
wherein the low-molecular weight vinyl resin has been
obtained through polymerization at a polymerization
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temperature of 75°-145° C. in the presence of a poly-
merization initiator B having a half-life t30f 0.5-3 hours
at the polymerization temperature and a polymerization
initiator A naving a half-life t4 of 2-60 hours at the
polymerization temperature.

56. The image forming method according to claim 35,
wherein the ratio t4/tgis 2 to 500.

§7. The image forming method according to claim 49,
wherein the low-molecular weight vinyl resin has been
obtained through polymerization in the presence of the
polymerization initiators A and B in a total amount of
0.1-3 wrt. parts per 100 wt. parts of a polymerizable
monomer providing the low-molecular weight vinyl
resin.

58. The image forming method according to claim 57,
wherein the polymerization initiators A and B are used
in a weight ratio (A/B) of 0.01-100.

59. The image forming method according to claim 57,
wherein the polymerization initiators A and B are used
in a weight ratio (A/B) of 0.01-10.

60. The image forming method according to claim 32,
wherein the benzaldehyde content in the toner is at
most 10 ppm.

61. The image forming method according to claim 32,
wherein the styrene content in the toner is at most 50
ppm.

62. The image forming method according to claim 32,
wherein the toner further contains 0.5-10 wt. parts of a
waxy substance per 100 wt. parts of the binder resin.

63. The image forming method according to claim 32,
wherein the charging member is a contact charging
means.

64. The image forming method according to claim 63,
wherein the charging member is supplied with DC
voltage. o

65. The image forming method according to claim 63,
wherein the charging member is supplied with AC
voltage.

66. The image forming method according to claim 63,
wherein the charging member is supplied with DC
voltage and AC voltage.
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67. The image t6rming method according to claim 63,
wherein the contact charging means comprises a charg-
ing roller.

68. The image forming method according to claim 67,
wherein the charging roller is supplied with DC volt-
age.

69. The image forming method according to claim 67,
wherein the charging roller is supplied with AC volt-
age. .

70. The image forming method according to claim 67,
wherein the charging roller is supplied with DC voltage
and AC voltage.

71. The image forming method according to claim 32,
wherein the transfer member comprises a transfer rol-
ler.

72. The image forming method according to claim 32,
wherein the transfer member comprises a rotatable cyl-
inder. : .

73. The image forming method according to claim 32,
wherein the transfer member comprises an endless belt.

74. The image forming method according to claim 32,
wherein the transfer member is supplied with DC volt-
age. |

75. The image forming method according to claim 71,
wherein the transfer roller is supplied with DC voltage.

76. The image forming method according to claim 32,
wherein the charging member is 2 contact charging
means and the transfer member comprises 2 transfer
roller.

77. The image forming method according to claim 76,

wherein the contact charging means comprises 2 charg-
ing roller.
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TONER FOR DEVELOPING ELECTROSTATIC IMAGE AND IMAGE
FORMING METHOD

ABSTRACT OF THE DISCLOSURE

A toner for developing an electrostatic image
is éomposed by a binder resin, and a magnetic maﬁerial
and/or a coloranﬁ. The binder resin (a) comprises a.
styrene resin polymerized in the presence of'é poly-
functional polymerization initiator, (b)'provides a
moleéular weight distribution on a GPC chromatogram
showing a maximum (Pl) in a molecular weight range of
3.5x103 -_5x104 and a maximum (P2) or shoulder in a
molecular weight range of at least 1x105, and (c)
contains 15 wt. % 6r less of a resin component in a
molecular weight range of at most 3x103. Further, the
toner contains at most 100 ppm of styrene and

benzaldehyde.

FIGURE 1




