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.)TONER FOR DEVELOPING ELECTROSTATIC IMAGE,

" >AWFARATUS UNIT AND IMAGE FORMING METHOD

FIELD OF THE INVENTION AND RELATED ART _

The present invention relates to a toner for
deneloping electrostatic images used in image forming
methode,'such as electrophotography_or electrostatic
recording, particularly a toner suitable foriheat and
pressure fixation, and also an apoaratus unit
including_the toner and an image forming method using
Hitherto,  a large number.of electrophoto-

graphic processes have been known, inclusive of those

disclosed in U.S. Patents Nos. 2,297,691; 3,666;363;

and 4,071,361. In these processes, in general, an
electrostatic 1atent'ima§e is formed on a |
photosensitive.member comprising a photoconductive.
material by various means, then the latent image is
developed With a toner, and the resultant toner image
.is, after being directly or indirectly transferred
onto a transfer(-receiving) materiallsuch as paper.
etc., as desired, fixed by heating, pressing, of :
heating'and pressing, or with solvent-vapor to obtain

a copy or print cafrying a fixed toner image. A

~portion of the toner“remaining_on-the photosensitive

member without being transferred is cleaned by various

means, and the above mentioned steps are_repeated for
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a subsequent cycle of 1mage formation.

As for the step of fixing the toner 1mage
onto a sheet material such as paper Wthh is the final
step in the above process, various methods and
apparatus have been developed of which the most

popular one is a heat and pressure fixation system

Ius1ng hot rollers.

In the heat and pressure fixation system

' u31ng hot rollers, a transfer material carrying a

toner 1mage to be fixed is passed through the hot
rollers, while'a“surface of a hot roller having a
releasability with the toner is caused to contact the
toner image surface of the transfer material under
pressure, to fix the toner image. 1In this method, as
the hot roller surface and the toner image-on thei

transfer material contaCt each other under a pressure,

~a very good heat efficiency is attained for melt-

fixing the toner image onto the transfer material to |

afford quick fixation.

Different toners are used for different

models of copying'machines and printers. The

difference primarily arises from differences in fixing
speed and fixing temperature. More specifically, as
the heating roller surface and the toner 1mage in a

molten state contact each other under pressure, the

'fixability and the gloss of a resultant fixed image“

are greatly affected by the fixing speed:and'
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: temperature is set to be lower in case of a slow

-3-

temperature. Generally, the heating roller surface

»
-

fixing speed and set to be higher in case of a fast

_fixing speed. This is because a substantially

‘constant heat quantity has to be supplied from a

heating roller to theftoner'in_order_to fix the toner
to a transfer material regardless of a difference in
fixing speed. _' |

| In case_where a differept quantity of heat
is supplied to the transfer material, a different
gloss is providedwto the resultant image. For
ekaméle; when a transfer material is passed through a
fixing device, the heating roilér'temperaturé is
gradually_loweréd to result in a difféfence in heat

quantity between the leading end and thé trailing end

‘of the transfer material, so that a gloss difference

arises between the ends qf'a:resultant_image. This is
1iéb1e to proﬁide an awkward imp:ession especially in’
a full-colof image. Further, in the case of
dontinuous_image formation on a large number of
sheéts, a iowéring in témperature of the heating
roller is ‘caused, whereby a difference in gloss can
dcéur between the images formed at the initial stage
and the images formed at the final stage of the |
continuous_image.formation in_spme casés.'

In order to solvé'the abovg-mentioned.-

problem, there has been proposed tq use a crosslinked =
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binder resin so as to suppress the fluidization in a

molteu state. However, as the crosslinking degree,of

binder resin is increased the quick meltability of

the toner 1s lowered SO that the toner cannot be

i readily fixed unless the heating roller temperature 1s'

sufficiently high. Accordingly, as fixation
performances, there has been desired a toner.capahle_
of"allowing a low-temperature fixation and providing
images of'a constant gloss over a wide temperature
region. | | |

Japanese ‘Laid-Open Patent Application (JP-A)
1- 128071 has disclosed a toner for developing
electrostatic 1mages compr1s1ng a polyester resin as a
binder resin and a spec1f1c storage modulus at 95 °C.
However, it has been further desired to provide a
toner showing a smaller lowering in storage modulus in
a temperature range of 60 - 80 °C, providing fixed
images.of a more uniform gloss.and showing a better
low-temperature fixability.

JP-A 4 353866 has disclosed a toner for

_electrophotography havrng rheological properties

including a storage modulus lowering initiation
temperature in the range of 100 - 110 Oc, a specific
storage modulus at 150 °C and a loss modulus peak -
temperature of-at.least~125 Oc. However, the storage.

modulus 1owering initiation temperature is too high

_and the loss modulus peak temperature is too high, so
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that_it is necessary to.improve_fhe low-temperatdre_
fizability. | S
JP-A 6-59504.has.disclosed a toner

composition compfising'a polyeste: resin of a,specific
_etructﬁre as a binder resin. The toner composition is
also characterized by a specific storage modulos at 70
- 120 °C and a specific loss modulus at 130 - 180 °C.
Because the tOne: does not contaih a low-softehing

point substance as an essential component, the foner

has an inferior low-temperature fixability and is

~ liable to caueewe'}emarkable change in storage'modulus

in a temperature region of 155 °C or higher, thus

-being liable to resuit in a gloss change.

- Further, a copying machine or a printer for
fullfcolor iﬁage formation'is.becominé to be used. A
full-color imege is_generally formedithrodgh e'process
as follows. A photosensitive member'is'oniformly
charged by a primary charger and is exposed imagewise
with lasei light modulated by a magenta image signal
besedfon an.originel to form en electrostatic image.on
the photosensiiive member,_which is developed by using

a magenta developing device-conteinihg a magenta toner

'to forma magenta toner image. The magenta3toher image

~ on the photosensitive member is then transferred to a

transferred material conveyed thereto difectly or-
indirectly via an intermediate transfer member.

The.photosensitive.member after'developing of .
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the'eiectrostatic image and transfer of the toner

image is charge-removed by a charge-removing charger,

" cleaned by a cleaning means and then again charged

by the primary charger, followed by a similar process

for formation of a cyan toner image and transfer of

‘the cyan toner image onto the transfer materialihaving_

received the'magenta toner image. Further, similar
development is performed'with respect to yeliow color
and black color, thereby to transfer four color toner
images onto the transfer material.  The transfer
material carrYing the'fourfcolor toner images is
sﬁbjected-to fixation under application of heat -

and pressure by a fixing means to form a full-color
imaQe. |

In recent years, an image-forming apparatns

'performing an image forming method as described above

not only is used as a'bnsiness coﬁier for simply
reproducing an original but also has heen used as a
printer, typically a laser beam printer, for computer
output and a.personal copier for individual users.

In addltlon to such uses as representatively
sat1sf1ed by a 1aser beam pr1nter, the appllcatlon of_
the basic image formlng mechanism to a plain paper:
faosimilelapparatus has been remarkably developedi

For_such uses, the image forming apparatus
has been required to be smaller in size and weight and

satisfy higher speed, higher quality and higher
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reliability.' Accordingly,.the apparatus has been

composed of simpler elements in various:respects.‘,As

. a result, the toner used therefdr is required_to.show

higher performances so that an excellent apparatus
canhot be achieved without an improvement in toner
perfcrmanée. Further,.in accordance with'vérioﬁs
needs for.copying and printing, a greétér.demand'iS'
urQed for color image formation, and a highef imagé

quality and a higher resolution are required for

faithfully reproducing an.original color image. In
- view of these réqﬁirements, a toner used in such a .
‘color image forming method is required to exhibit good

_.color—mixihg chéracteristic on heating,

" In the case of a fixing device for.d color
image forming apparatus, a piurality of toner layers
including those of magenta toher, cyan tdner,_yeliow
toner andlbléck toner, are formed on a transfer-
receiving material, so that the offsét is liable to be -

caused as a result of an increased toner layer

thickness:

Hitherto, in order to prévent the attachment
of a toner onto é fixing roller surface, it has been
practiced to compose the roller surface of a material,

such as a silicone rubber or a fluorine-containing

_ resin,'showing excellent réleasabiiity against a

toner, and coat the roller surface with a film of a

liquid showing a high releasability, such as silicone
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oii br a fluorine-containinglqii, for the purpose of
p:evenfing offset andldéterio;ation of the roller
surface. 'Hoﬁever, such a méasure, though very
effective fbr preventing téner offset, requires an._
eqﬁipment for'suppiying the offset-preventing liquid
and complicates the'fixing_device. o
The transfer(-receiving) material carrying_a_

toner image to be fixed by such a'fixing device may

_generally comprise various types of paper, coated

paper, and plastic film. In recent years,
transparency films for an overhead projector (OHP

films) have been fTeQuently used‘fdr presentation,

-efc. An OHP film, unlike paper, has a low oil-

absorption capacity_and'éarries a substantiéi amount
of oil on the OHP film after fixation. Silicone oil
is liable to be eﬁéporated 6n heéat application to soil
the interior of the éppafatﬁs and'reqﬁires.a necessity

of treating the recovered oil. Accqrdingly, based on

a concept of dispensing with a silicone oil_applicatbr

andlsupplying an offset-preventing liquid from the
inside of the toner on heating, it has been préctiéed'
to add a release agéﬁt, such as low-molecular weight
polyethylene.or low-mo;ecular ﬁeightmpolypropylené'in
the toner. However, in case where such'a_release'_ |
agent is’added in a large quantity so as to exhibit a
sufficient effect, the release agenf is liable to |

cause a'filming-onto the photosensitive'member'surféce



10

15

25

-9~

" and soil the surface of a carrier or a developing

sleeve, thus causing imagé'déterioration. .
Accordingly, it has been practiced to incorporate in

the toner a release ageht in a small amount not

~causing image detérioration_and_supplying a small

amount of a release o0il or clean the toner attached
onto the fixing roller by a winding-up type cleaning
web or a cleaning pad. ' o
| However, in view of recent demand for a. -

further smgller, lighter and more reliable aéparatus,
it is pieferréd¢t5 diSpénsé with even such auxiliary
means. ’

| - Further, in a full-color image forming

apparatus using non-magnetic color toners, a two-

- component tybe.developer comprising a non-magnetic

color toner and a magnetic carrier is generally used
to develope electrostatic'imagés according to the
magnetic brush developing scheme. In the magnetic
brush;developing method using a twofcqmponent type
developer, it is necessary to:adjuét a constant mixing
ratio between the toner énd the cérrier,'so thét the
deVelobing dévice equipped with such means is liable
to be large in size. Agcordingly,lin order to provide
a sﬁali-size full-éolor image forming apparatus, it is
desirable to use avdevéloping device (apparatus unit)’
éapable of developing electrostatic images according

to the non—magnetic_mono—cbmponent developing scheme,
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e.g., as shown in Figure 6, which however requires a

: non—magnetic color toner that can exhibit a continupous

image forming.characteristic for a large numbér of
sheets while enduring a-préSSure ahg abrasicn by a
toner.application roller 18 acd ah elastic blade 19,
is less liable to cause offset even.when fixed by
using a heating rollér not supplied with an offset-~
presenting liquid and exhibits gocd color_mi#ing_

characteristic.

SUMMARY OF THE ‘INVENTION

A generic object of the present invention is

“to providé a toner for developing electrostatic images

having solved the above-mentioned problems.

A more specific object of the présent
invention is to provide a toner for developing
electrostatic images having excellent_low-temperature
fixability and anti-offset charactefistic and also a
modcrate gloss value.

'”Ahother object of tﬁe.présent-invention is to
p:ovide'a non-magnetic color tcner suitable for the |
non-magnetic monocomponent-type development scheme:and
exhibiting excellent continuous image forming
characteristic on a lérger.ntmbef of sheets.

| Another object of the pfesent invention is to
érovide a non-magnetic cclor toner having moderate

gloss value and color-mixing characteristic.
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Another object of the present invention is to

provide a non-magnetic coior toner suitable for the

oil-less heat and pressure fixation scheme.
A further object of the preseht'invention is
to provide an apparatus unit inoluding a toner as

described above.

A still further object of the present

‘invention is to provide an image forming method usihg

a toner as described above.
Another object of the present invention is to

provide an image forming method for forming multi-

. color or full-color images including an oil-less:

heat and pressure fixation scheme.

Another object of the present invention is to
provide an image forming method for forming multi-
color or.fullecolor images including a non-magnetic
mono-component.develooing_step using a non-magnetic .
color toner, | |

Acéording to the preseat invention, there is

provided a toner for developing an electrostatic

image,'comprising: 100 wt. parts of a binder resin, 1
- 150 wt. parts of a colorant and.5 - 40 wt. parts of
a low-softenlng point substance, wherein the toner has
a storage modulus at 60 °C (G'gg) and a
storage modulus at 80 °C-(G'30) prov1d1ng a ratio
(G'GO/G'BO) of at least 80, and
a storage modulus at 155 Sc (G'155) and a
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storage modulus at 190 oc (G'lgo) prov1d1ng a ratio

(G'155/G'190) of 0 95 - 5, Y

According to another aspect of the present

.invention, there is provided an apparatus unit,

detachably mountable to an apparatﬁs main assembly,
comprising:_the above-mentioned toner, a developing

sleeve, a toner application means dispesed to pressf

the developing sleeve, and an outer casing for

enclosing the toner, the developihglsleeve and the
toner apblication means.

According to a fu:ther asbect of the present
invention, there is provided an image forming method,
eomprising: | |

forming an'electrostatic image on an image—
beafing member,

developing the electrostatic image with the

above-mentioned toner having a triboelectric charge to

form a toner 1mage,

transferr1ng the toner image onto a transfer

material via or without via an intermediate transfe:

member, and

fixing the toner image onto the transfer

‘member under application of_heat and pressure.

These and other objects, features and

advantages of the present inventioh will become more

apparent upon a consideration of the following

description of the preferred embodiments of the
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present invention taken in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing a storage modulus
curve, a loss modulus curve and a tan'(S)icurve of a
toner'according to the invention.

Figures 2 and 3 are respectively a éraph

‘showing a storage modulus. curve, a loss modulus curve

and a tan (8) curve'of'a'comparative toner.
Figure 4 is a graph showing a DSC heat-
absorption.curve of a low-softening point substancé.
| Figure 5 is an illustration of an image .
forming apparatus for practicing an'image forming.
method according to the'invention. K
| Figure 6 is a schematic illustration of an

embodiment of the apparatus unit according to the

invention. -

Figures 7 and 8 are respectively a
schematic sectional illustration of a form of toner

particles.

DETAILED DESCRIPTION OF THE INVENTION .
The tongr:for_de§eloping eiectrostatic images
according to the-present invention accomplishes a low-

temperature fixability aﬁd a suppression of glqss

_(value) change at different fixing temperatures by
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satisfying charactéristic viscoélastiditiés including

a storage modulus at 60 °C (G'gy) and a storage

modulus at 80 °C (G'gq) providing a.ratio (G'60/G780)
of at least 80, énd a sforage modulus at 155 °c
(G'155) and a storage modulus at 190 °C (G'lgo) of
0.95 - 5.0. | |

_ In the toner of’the present invénfion, G'e0-
G'go and ratio (G'gg/G'gg) represent combined storage
ﬁodulus characteristics of the bihdér resin and 16w- '
softening point sﬁbstance in a state of trahsition

from a glass state or glaés_tranSition state where

- deformation is not readily caused by an external
'stress to a deformable state. A ratio (G'gqg/Ggg) of

at least 80 means that the toner causes an abrupt

lowering in elasticity in the course of heatihg from

60 °C to 80 ©°C, and allows good low-temperature

.fixétion in the heating and'pressing fixation step, so
‘that the toner image can be well fixed onto a fransfer

- material f:dm immediately after a start of power

supply to an apparatus main body in a cold

'ehvironment._ The ratio (G'gp/G'gp) may preferably be

100 to 400, more preferably 150 to 300.

Further, the toner according to the present

. invention contains 5 - 40 wt. parts, preferably 12 -
;35 wt. parts, of a loﬁ-softening point substance, per
. 100 wt. parts of a binder resin; i.e., a larger

proportion than in a conventional toner for heat-
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pressure-fixation, so that the 16w-temperature
fixability can be further improved. In the case of a’
nonemagnetic toner, the low-softening poiht substance.

may preferably be contained ih a proportion of 11 - 30

wt. % of the toner. In the case_of a low-softening

point substance having a releasability, such as wax,

~the offset_phénomenon can be well suppressed because

of an improved high-temperature offset characteristic,

even if an offset-preventing agent, such as silicone

oil, is not applied onto the heating'rqlier'surface.

The toner according to the present invention

"may preferably show a G'50'of 1x108 --1x1010 dyn/cmz,

more p:eferably 2x108 - 9x109 dyn/cmz, further
preferably 3x108 - 5x109 dyn/cm?, so as to exhibit
good continuous image forming characteristic on a -
large number of sheets while enduring pfessure and
abrasion in the developing device. |

It is further preferred that the toner
according to the presentlinvention provides a loss
modulus curve showing a maximum (G"pax) of at least
1x102 dyﬁ/cmz, more preferably 1x109 - 1x101° dyn/cmg;n
in é.températurelfange of 40 - 65 °C, so as to exhibit

improved anti-blocking performance and continuous

image forming characteristic. It is further preferred

to show a loss modulus at 40 °C'(G"4o) giving a'ratid

(G"pax/G"40) Of at least 1.5.

There is generally found a correlation
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'between the storage modulus of a toner at a fixing

temperature and a gloss value of the fized image.  For

example, a higher toner storage modulus provides a
lower gloés value of a fixed toner image, and a lower

témperature-dependent change in storage modulus

‘results in a smaller change in gloss value.

Accordingiy; the ratio (G'155/G'1§0) provides.én
effective measure for'evaluating the degree df gloés_
value change of fixed toner images'corresponding fo a
chénge in fixing temperature arpund 180 ©c.

The G'155/G'199 of the toner accbrding to the
preéent invention 1is set to be in the range of 0.95 -
5, more preferably 1 -5, s0 as fo provide a smaller
gloss value change in responée to a fixing temperatufe
change. Further, in order to prbvide'a'color—mixing
characteristic while retaining the anti-offset |

characteristic, the toner méy preferably have G'jgg of

'1x103 - 1x104 dyn/cmz._

. In order to provide a better anti-offset
cha:é¢teri$tic and a smaller gloss change in fixed
images, the binder resin may p:eferably have a
tefrahydrofﬁran-insoluble mafter'content (THF-
insoluble content) of 0.1 - 20 wt. %, more preférablf-
1 - 15 wt. . - | |

The binder resin for theltoner of the present

invention may for example comprise: polystyrene;

'homopolymers of styrehe derivétives,'such.as poly-p-
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chlorostyrene and polyvinyltoluene; styrene ¢opolymers

such as stYrene-p¥chlorostyrene copolymer, stYrené;
’ #

. vinyltoluene copolymer, styrene-vinylnaphthalene

copolymer, styreneeacrylate copolymer, stjrene—

methacrylate copolyher,_styrene-methyl-a-

_ chloromethacrylate'copdlymer, styrene-acrylonitrile

copolymer, styrene-vinyl methyl ether copolyme:,
styrene-vinyl ethyl ether copolymer, styrene-vinyl
methyl ketone copolymer, styrene-butadiene copolymer,

styrene-isoprene copolymer and styrene—acrylonitrile—

‘indene copolymer: “acrylic resin, methacrylic resin,

polyvinyl acetate,  silicone resin, polyester resin,

polyamide resin, furan resin, epoxy resin énd xylene

resin. Thése resins may be used singly or in
combination of two or more species.

As a.principal ébmponént of the binder resih,
it is preferred to use a styrene copolymer which is a

copolymer of styrene and another vinyl monomer, in

view of'thé deve1oping and fixing performances.

Examples of the comonomer constituting such a
styrene copolymer together w;th styrehe monomer may

include other vinyl monomers inclusive of:

- monocarboxylic acids having a dbubie bond and

derivative thereof, such as'acryiic acid, methyl

acrylate, ethyl acrylate, butyl_adrylate, dodecyl

acrylate, octyl acrylate, 2—ethy1hexY1_acrylate,

phenyl acrylate} methacrylié acid, methyl
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methecrylate, ethyl methacrylate, butyi methacrylate,
octyl methacrylate; acrylonitrile, methacrylonitri}e,'
and acrylamide; dicarbokylic_aoids havihg_a double
bond ‘and derivatives thereof, such as maleic acid,
butyl maleate, methyl maleate and dimethyl maleate;
vinyl esters, such as vinyl chloride, Vinyl eoetate,
and vinyl benzoate; ethylenic olefins, such as |
ethylene,.propylehe'and butylene; vinyl.ketooes, euch
as vinyl methyl ketone and_vinyl.hexyl ketone; and |
vinyl ethers, such as vinyl methyl ether, vinyl ethyl
ether, and vinyl isobutyl ether. _These vinyl monomers
may be osed a10ne,or in mixture of two or morefspecies
in combination with ‘the styrene monomer. _ |

It is preferred that the styrene copolymer is
crossllnked with a crosslinking agent, such as
divinylbenzene,-in order to provide the resultant :
toner with a broader fixable temperature regioo-and an
1mproved anti- offset characterlstlc.

The crossllnking agent may principally be a
compound having two or more double bonds.susceptible
of ooLymerizatiOn, examples of which may include:
aromatic divinyl compounds, such as_divinylbenZene,
and'divinylnaphthalene; carboxylic acid esters having
two double bonds, such asrethylene glycol diacrylate,

ethylene glycol dimethacrylate and 1,3-butanediol

_dimethacrylate; divinyl compounds, such as -

divinylanilene, divinyl ether, divinyl sulfide and
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divinylsulfone; and cempounds having three or more

vinyl groups; These may be used S1ngly or in mlxture.

In the case of u51ng a blnder res1n

'comprising principally a crosslinked styrene N

" copolymer, the binder resin may preferably contain a

THF-so0luble component provzdlng a molecular welght
dlstr1but;on according to gel permeation chromatograph

(GPC) showing a main peak in a molecular weight region

‘of 3x103 - 5x104 and a sub-peak or shoulder in a

molecular weight region of at least 105.' It is

- further preferréd“to have totally 2 or more sub-

peak(s) and/or shoulder(s) in the mdlecular weight

- region of at least 105. The binder resin comprising

principally a styrene copolymer may preferably contain

a THF-insoluble content of 0.1 - 20 wt. %, preferably

1 - 15 wt. %.

The THFkinsoluble'content refers to a weight
percentage pf sn ultra high—mglecular weight polymer
cqmponent (substantially a cfosslinked polymer) |
insoluble in'sdlventeTHF. The THF insoluble content
referred to herein is based on values measured in the
following manner. _ _

0.5 - 1.0.g of a toner saméle is;weighed (at
Wi g) and placed_in a.cylindrical filter paper (e;g.,
"No. 86R",. available from Toyo Roshi K.K.), which is

mounted on a Soxhlet's extractor. Then, the sample is

subjected to 6 hours of extraction with 100 - 200 ml
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- of SOlvent'THF -and the solhble'Content eXtracted'with'

THF is subjected to evaporatlon of THF and drled qnder

vacuum for several hours at 100 °C to be welghed (at
Wy g). Based on the measured values and the weight
(W3 g) of the components, such as the pigment and the

wax, other than the resin component the THF 1nsolub1e_

.content is calculated by the following equatlon..

THF insoluble content (wt. %)
= {[W~(W3+W3)1/(W1-W3)} x 100
In the ease of a binder resin comprising a

polyester resin; the binder resin may preferably have
such a molecula: weight distribution that it shows at
least one peak in almOIecﬁlar'weight region of 3x103 -
5x104 and contains 60 - 100 wt. % of a component |
having a molecular weight of at most 10°. It is
further preferred that at least one peak is.present in
a molecular weight region of 5x10° - 2x104.

It is also preferred to usé a styrene
copolymer and a polyeeter resin in mikture. For
ekanple, it is preferred to uSe_a oombination of a -

crosslinked styrene copolymer and a non-crosslinked

polyester'resin,'or a combination of a crosslinked

styrene copolymer and a crosslinked polYester'resin in

'view of the fixability, anti-offset characteristic and

color-mixing perfo:mance of the toner.
A polyester resin is exceilent in fixability

and clarity and is suitable for a color toner
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requiring a good color mixing characteristic.
It is particularly preferred to use a non-

crosslinked or crosslinked polyester resin obtained by -

'_copolycondensatiOn between a bisphenol derivative

represented by the formula of:

CH3 ' :

H@Rﬂ@%@o_ﬂmy_ﬁ ,_
| L

‘wherein R denotes an ethylene or propylene group, X

and y are independently a positive integer of 1 or

larger with the-proviso that the average of x+y is in

the range of 2 - 10, or a substitution thereof, and a
carboxylic acid compbnent comprising a.carboxylic acid
having at least two carboxylic groups, or an acid
anhydride or a lower alkyl ester thereof, such as

fumaric acid, maleic acid, maleic anhydride, phthalic

| acid, terephthalic acid, trimellitic acid or

pyromellitic acid.

The polyester resin may preferably have an

'acidfvalue (AV) of 1 - 35 mgKOH/g, more préferably 1 -

20 mgKOH/g, further preferably 3 - 15 mgKOH/g, so as

to provide é stable toner chargeability under various

environmental conditions.
Examplés of the low-softening point substanéé

used in the toner for developing electrostatic images'

according to the present'invention may include:

paraffin-Wax,'polyolefin wax, microcrystalline wax,
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polymethylene wax such as Fischer-Tropshe wax, amide

wax, higher aliphatic acid, long-chain alcohol, ester
wax, and derivatives the;eof such as grafted products

and block compounds. It is preferredlto remove a 1ow—'

. mOlecular_weight fraction from the low-softening point '

substanqe to provide a bSC heat absorption curve
having a sharp maximum hgat—absorption peak.

| Preferred examples of the wax (low—éofteﬁing
point substance) may include: linear'alky1 a1coh¢1s,
linear aliphatic.acids, linear acid amides, linear
esters and montane derivatives each having 15 - 100
carbon atoms. It .is also preferred to remové

impurities, such as liquid aliphatic acid from the

waxes in advance.

A preferred clasé of the_wax_domponent used
in the present invention may include a_low-molegular
weight alkylene éolymer_wax obtained through
pqumerization oflan alkylene-by radical
Qolymériiation undef a high pressure or in the
preéénce of a Ziegler catalyst'ﬁnder'a low pressure;
an aikylene polymer obtained by_thermél decomposition
of_an aikylene polymer of a high molecular weight; a

ffaCtionatipn product obtaihed by fractionating a low-

molecular alkylene polymer by-produced in alkylene

polymerization, and a polymethylene wax obtained by_
removing a distribution residue from the Atge process

for converting a gas mixture of carbon monoxide and
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'hydrogen to form a hydrocarbon polymer and extracting
 a particular fraction from the distillation residue as

it is or aftef hYdrogenation. These waxes may contain"'

an anti-oxidant added thereto.
The low-softening point substance used in the
present invention may preferably'have a heat-

absorption main peak in a temperature'region-of 40 ~

90 ©C, more preferably 45 - 85 °C, on its DSC heat-

absorption curve. The low-softening point substance .

may preferably be one showing a sharp-melting

characteristic peak as represented by the heat-

ébsorption main péak having a half-value width of at
most 10;°C,_more preferably at most 5 °C. The low-
softening poipt substance may particularly preferably
comprise an ester wéx comprising principélly an ester

compound between a long-chain alkyl alcohol having 15

- 45 carbon atoms and a long-chain alkyl: carboxylic

acid having 15 —'45 carbon atoms.

- Examples of the black colorant used in the

- present invention may'includét carbon black, a

'magnetié material, and a colorant showing black by

colof—mixing of yellow/magenta/cyan_dolorants'as shown
below. | | -

Exampleg of the yellbﬁ colorant may include:
condensed'azo compounds,_isoindblihone compounds,
anthraquinone compounds, azo metal complexes, méthin

compounds and aryiamide compounds.: Specific preferred.
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examples thereof may include C.I. Pigment Yellow 12,
13, 14, 15, 17, 62, 74, 83, 93, 94, 95, 97, 109, 110,
111, 120, 127, 128, 129,-147, 168, 174, 17s6, 180,7181
and 191. | | |
| 'Exampleé of the magenta_colorant may inciude:
condehéed azo compounds, diketopyrro;epy:role
compouhds, anthraquinohe compounds, quinacridone
compounds,_basic dye lake cbmpounds, naphthoi
comppuhds, benzimidazole cpmpounds, thioindigo
compouﬁdé and peryléhe compounds. Specific préferréd
examples thereof may include: C;I. P;gment'Red_Z; 3,
5, 6, 7, 23, 48:2, 48:3, 48:4, 57:1, 81:1, 144, 146,
166, 169, 177, 184;:185, 202, 206, 220, 221 and 254.'-
Examples of the cyan colorant may include:
copper phtﬁalocyanine,compounds and their derivatives,
anthraQuinone compounds and basic dye lake compoﬁnds,-

Specific preferred examples thereof may include: C.I.

 Pigment Blue 1, 7, 15, 15:1, 15:2, 15:3, 15:4, 60, 62,
and 66. |

These colorants may be used singly, in
mixttre-of two or more species or in a state of solid

solution. The above colorants méy be approptiately

selected in view of hue, color saturation, color

vaiue, weather resistance, QHP transparency, and a

dispersibility in toner particles. The above.

colorants may preferably be used in a proportion of 1

- 20 wt. parts per 100 wt. parfs'éf the binder resin. .
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A black colorant compr1S1ng a magnetlc material,

un11ke the other colorants, may preferably be used in

a proportion of 40 - 150 wt. parts per 100 wt. parts
of the binder resin. |

The charge.control_agent used for stabilizing
the triboelectric chargeability of the toner nay
incluce known chargé control agents. The charge
control agent_may preferably be one which is-coiorless

and has a higher charging speed and a property capable

_Of'stably retaining a prescribed charge amount. In

the case of using+the direct‘polymerization for

producing the toner particles of. the present

Anvention, the charge control agent may particularly

preferably be one free from polymerization-inhibiting

properties and not containing a component soluble in

an aqueous medium.

The charge control agent used in the present
invention may be those of negative-type or positive-
typé.:'Specific examples of the'négativé charge
control agent may include: metal -containing ac1d-based
compounds comprlslng ac1ds such as sa11cy11c ac1d

alkylsa11cy11c-ac1d, dialkylsalicylic acid, naphto1c

~acid, dicarboxylic acid and derivatives of these

acids; polymeric_componnds having a side chain

comprising sulfonic acid or carboxylic acid; boron

' compound: urea compounds; silicon compound; and

calixarene. Specific examples of the positive charge
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cont:ol'agent,may include: Quatefnary ammonium saltsf_'
pOiymeric compounds havihg'a side chain comprisinq |
quaterhaiy ammbnium'salts;lguanidine compoundsf a;d' :
imida#ole compounds. - | _

- The charge control agent used in the present
invéntion may preferably bé used in.a proportion of

0.5_— 10 wt. parts per 100 wt. parts of the binder

. resin. .However, the charge control agent is not an

essential componént for the tongr.particles used in
the pfesent invention. The charge control égeht can
be used_as an optional additive in some cases. In the
case of using two-component developing method, it is
possible to utilize triboelectfic charge with a
carrier. In the case of ﬁSing a non-hagnetic one-
coﬁponent_brade coating developing method, it is
possible to omif a charge control agent by positively.
utilizing a triboeiectric charge through friction with
a blade member or a sleeve member.

As a process for producing é toner'according
té_tﬁé-piesent invention,.there may be adoéted a

pulﬁerization process wherein the binder resin, the

-colorant, theilow—softening point substance and other

optional additives such as a charge’control agent and

other internal additives are uniformly kneaded and

_dispersed by a pressuré kneader, an'extruder or a

media disperser, and the kneaded product is

mechanically pulverized or caused to impinge onto a
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target in a jet stream to be pulverized intb a desired

toner particle size level, followed by.claséifiCat;on'

into a narroﬁer particle size distribution to form

‘toner particles. In addition, it is also possible to

adqpt a process fq: directly producing tdner'particles
according to suspension polymerizafion as disclosed in
JP-B 36-10231, JP-A 59-53856, and JP-A 59-61842; a

boﬁndary.assoéiation pfocess wherein fine pafticles of

at least one species are agglomerated into_a desired

particle size as disclosed in JP-A 62-106473 and JP-A

' 63-186253; a diépérsioﬂ poiymerization process for

directly producing toner particles in an agqueous
organic solvent in which the monomer is soluble but
the reéultant polymer is insoluble; and a process for

producing toner particles according to emulsion

‘polymerization as represented by soap-free

polymerization wherein toner particles are directly _

'_fbrmed by polymerization in the presence of a water-~

soluble polymerization initiator.

In a type of the pulverization process,

binder reSihs of a high molecular weight ahd a low

molecular weight are blended, and optionally modified
by changing the sPecies andladditioh'amount of a low-
softening point substance. Thié process is'.
pérticulérly effective in fhe éaée of using bihder

resins ha#ing a hydroxyl Qroup or a carboxylic group,

‘and it is possible to cause a metallic crosslinking by
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adding an organometallic compound or its derivative at_'

the'time of kneading, thereby producing a THF-

ra

insoluble.componént} In thé polymerization process
fof.toner particle production,'it is p:efefred to
incorporate in.an appropriate @ooomer ao appropriate
crosslinking agent and/or resin componeot, and also a
low-softening point substance and a polymerization
initiator} form thé resoltant polymerizable oonOmef
composition into particles; and_potherize the
particles of the oomposition, to form polymerizate

particles (toner particles) in which the low-Softening

. point substance is enclosed within the polymerized

‘binder in-a_sea-island structure.

Such a sea-island structure_in which the low-
softening point substance is enclosed within the
binder resin may suitably be proﬁided by dispersing in

an aqueous .medium glpolymerizable_monomer composition

' obtained by mixing a principal_monomer, a low-

softening point substance having a lower polarity than

the principal monomer and a.small amount of a resin or

_monomer having a higher polarity to provide a core-

shell'structore wherein the low-softening point
substance is coated with the resultant binder resin.
The resu;tant po;yermizable oarticlesimay be:used as
tonér particles'as'they are or after associotion of
very fine particles up to a desired parficle size to

provide toner particles having a,sea—island structure.
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In order to produce toner parfidles of a seefisland
dispersion structure according to the_above—deSCribed

process, it is preferred that at least one species of

low-softening point substance has a melting point

- (maximum heat-absorption temperature'on aIDSC heat

absorption curve) which is lower than the

polymerization temperature, Figures 7 and 8 shew

‘schematic illustration of two representative types of

seafisland structure of toner particles wherein a low-
softening point substance A'is_enelosed as an island_
ﬁithin a sea of"shell-resin (binder resih) B.

By enclosing the low-softening point.
substance in toner barticles, a relativeiy'iarge
amount of low-softening point substance ean be

incorporated within toner particles while suppressing

' the lowering in anti-blocking performance. Further,
"by using a sharp-melting 1ow—softening:point

. substance, it is possible to provide toner particles

having a high mechanical impact strength and yet
cabehle of showing allowétemperature fixability and
good.color mixing performance at the time of heat-
pressure flxatlon.

| -The polymerlzable monomer sultably used for
preducing-toner particles-according to the _
polymerizatlon process may sultably be a v1ny1 type

polymerlzable monomer capable of radxcal

polymerization. The v1ny1-type polymerlzable monomer
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méy be a monofunctional monomer or a polyfunctional

. monomer. Examples of the monofunctional monomer may
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include: styrene;'sfyrene derivatives, such as a-
methylstyrene,-B—methylstyrené, o-methylstyrene, m-
methylstyrene, p-methylstyrene, 2,4-dimethylstyrene,

p-n-butylstyrene, p-tert—butylstyrene, p—-n-~

- hexylstyrene, p-n-octylstyrene, p-n-nonylstyrene, p-n-

décyl styrene, p-n-dodecylstyrene, p'--methoxysi':yrene ’
and p-phenjlstyrene; acrylic monomers,'such'as methyl
acrylate, ethyl acrylate, n-propyl acrylafe, isopropyl
acrylate, h—butfi*acrylate, iso-butyl acrylate, tert-_

butyllacrylate, n-amyl acrylate,. n—hexyl acrylate, 2~

ethylhexyl acrylate, n-octyl acrylate, n-nonyl

acrylate, cyclohekyl.acrylate, benzyl aérylate,

dimethylphosphateethyl acrylate, diethylphosphateethyl

acrylate, dibutylphosphateethyl acrylate, and 2-

benzoyloxyethyl acrylate;.methacrylic monomers} such

~ as methyl methacrylate, ethyl methacrylate, n-propyl

methacrylate, iso-propyl methacrylate, n-

-_butylmethacrylate, iso-butyl methacrylate,'tert-butyl

methacrylate, n-amyl methacrylate, n-hexyl

methacrylate, 2-ethylhexyl methacrylate, n-octyl

" methacrylate, n-nonyl methacrylate, diethylphosphatef

ethyl methacrylate, and dibutylphosphateethyl
methacrylate; methylene aliphatic monocarboxylic acid

esters; vihyl_estérs, Such as vinyl acetate, vinyl

'_prbpionate, vinyl benzoate, vinyl lactate, and vinyl
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~ formate; vinyl ethers, such as vinyl methyl ether,

- vinyl ethyl ether, and vinyl isobutyl ether; and-v;nyil

ketones, such as viny1 methy1.ketone, vinyl hexyl
ketone, and vinyl isopiopyl’ketone.
Examples of the polyfunctional mondmer may_

include: diethylene glycol diacrylate, triethylene

glycol diacrylate, tetraethylene giYcol diacrylate)

'polyethylene glycol diacrylate, 1,6-hexanediol

diacrylate; neopentyl glycol diacrylate, tripropylene
glycol diacryléte,_polypropylene'glycol diacrylété;
2,2'-bis[4-acrYIoiydiethoxy)phenyl]propane,
trimethylprqpane_triacrylate, fetramethylmethane
tetraacrylate, ethylene giycol dimethacrylafe,

diethylene glycol dimethacrylate, triethylene glycoi

_dimethacrylate; tetraethylené glycol dimethacrylate,

"polyethylene glycol_dimethacfylate, 1,3—buty1ehe

glycol'dimethacryléte, 1,6-hexanedioi dimethacrylate,

. neopentyl glycol dimethacrylate, polypropylene glycol

dimethacrylate, 2,2'-bis[4-(methacryloxydiethoxy)-
phenyl]lpropane, 2,2'~bis[4-(methacryloxypolyethoxy)-

phenyl ]propane, trimethylpropane trimethacrylate,

‘tetramethylmethane tetramethacrylate, divinylbenzené,

divinylnaphthalene, and divinyl ether.

In the.present invention, the above-mentioned

monofunctional monomer may be uséd singly or in

combination of two or more species thereof, or

optionally in combination with one“dr'moré'species of
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the polyfunct10nal polymerlzable monomer. The.

polyfunct10na1 polymerlzable monomer may also be used'

| as a crosslinking agent.

The polymerization initiator used for
polymerization of the above-mentioned polymerizable
monomer may be an oil—éolubie iﬁitiato: and/or a
water#soiuble initiator. E#amples of the oil-soluble

initiator may include: azo compounds,fsuch as 2,2'-

azobisisobutyronitrile, 2,2'-azobis-2,4-dimethyl-

valeronitrile, 1,1'-azobis(cyclohexane-l-
carbonltrlle), ‘dand 2,2'-azobis-4-methoxy-2, 4-

dlmethylvaleronitrlle, and peroxide initiators, such

as acetylcyclohexylsulfonyl peroxide, diisopropyl

'perokycarbonate, decanoyl peroxide, lauroyl pefoxide;

stearoyl peroxide, propionyl peroxide, écetyl

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

peroxide, t-bﬁtyl peroxyisobutyrate, cyclohexanone

peroxide, methyl ethyl ketone peroxide, dicumyl

peroxide, t-butyl hydroperoxide, di-t-butyl peroxide,

and cumeme hydroperoxide.

Examples of the water—soluble initiator'may_
include: ammonium persulfate, potassium pérsuifate,
2,2'-azobis(N,ﬁ'—dimethyleneisobutyroamidine)
hydrochloric acid salt, 2,2‘—azobis(2-amidinopropané)

hydrochloric acid salt, azobis(isobutyiamidine)

hydrochloric acid salt, sodium 2,2'-azobisisobutyro-.

nitrilesulfonate, ferrous sulfate and hydrogen
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- peroxide.

In the present invention, it is possime;.;to
further add a chain transfei_agenf, a polyﬁerization
inhibitor, etc., in'order to contfol the degrée of
pblymeriZation of the polymerizable monomer.

The toner according to the present invention
may particularly preferabiy be produced throuéh the
suspension polymerization process by which a

particulate toner having a small particle size of 3 -

‘8 um can be easily produced with a uniformly

controlled shépé and a sharp particle size o
distribution. It-is also possible to suitably apply

the seed pplymerization process whereih.once—obtained

" polymerizate particles are caused to adsorb a mononmer,

which is furtﬁer polymerized in the presghce of a
polymerizafion initiator. It is also possible to
include a polar compound in the monomer adsorbed by
dispersion or dissolution.

| In case whére the toner aééording to the
preéent invention is produced'tﬁrough the suspension
polymgrizafion, toner'particles may.bé produced
directly in the following manner. Into a

polymerizablé monomer, a low—sqftening point substance

. such as wax, a colorant, a polymerization initiator, a

crosslinking agent and another optional additive are
added and uniformly dissolved or dispersed by a

homogenizer or an ultrasonic dispersing device, to
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form a polymerizable monomer composition, which is

then dispersed and formed into.pafticies_in a ,

 dispersion medium containing a dispersioh stabilizer

by means of an ordinary stirrer, a hpmomixer or a
hpmogenizef preferably under such a condition that
droplets of the polymerizable monomer composition can

have a desired particle size of the resultant toner

| particleé'by controlling stirring_speed and/ér

stirrihg'time. Thereafter, the stirring may be

pontinued in such_a'degree'as to retain'the particles

‘of the polymeriﬁable'mondmer composition thus formed

and prevent the_sedimentation of the particles. - The

'polymérization may be performed at a temperature of at.

least 40 °C, generally 50 - 90 °C, preferably 55 - 85
°C, The temperature can be raised at a later stége of
the polymerization. It is also poséible to subject a 
part of.thé aqueous system to distillatipn in a latter

stage of or after the polymerization in order to

remove the yet-unpolymerized part of the polfmerizable_

monomer and a by-product which can cause an odor in

‘the toner fixation step. After the reaction, the

'produced toner particles are washed, filtered out, and

dried. In the suspension polymerization, it is
generally pfeférped to use 300 - 3000 ﬁt. parts Qf
water as the'dispersibn medium per 100 wt. parts of
the monomer.compbsition.

- In production of toner particles by the
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suspension polymerization using a dispersion

stabilizer, it is preferred to use an inorganic of/and

" an organic dispersion stabilizer in an aquedus

dispersion medium. Examples of the inorganic
dispersion stabilizer may include: tricalcium

phosphate, magnesium phosphate, aluminum phosphate,

zinc phosphate, calcium carbonate, magnesium

carbonate, calcium hydroxide, magnesium hydroxlde,
aluminum hydrox1de, calcium metasilicate, calcium
sulfate, barium sulfate, bentonite, silica, and
alumina. Exampres.of the organic-dispersion
stabilizer may include: polyvinyl alcohol, gelatin,
methyl cellulose, methyl hydroxypropyl cellulose,
ethyl cellulose, carboxymethyl cellulose sodium Salt,
and'starch. These dispersion stabilizers may
preferablﬁ be used in the aqueous dispersion medium in
an amount of 0.2 - 2.0 wt. parts per 100 wt. parts of
the polymerlzable monomer mlxture. _
In the case of us1ng an 1norganlc dlsper31on
stabillzer, a commercially available product can be

used as it is, but it is also possible_to form the

‘stabilizer in situ in the dispetsion medium so as to

obtain fine particles thereof. In the case of

tricalcium phosphate, for example, it is adequate to

blend an aqueous sodium phosphate solution and an

aqueous calcium chloride solution under an intensive

stirring to p:oduce triéalcium phosphaté particles in



10

15

20

25

-36-

the aqueous medium, suitable for'suspenSion
polymerization. In order to effect fine disperéio? of
the dispersion stabilizer; it is also effective t; ﬁse
0.001 - 0.1 wt. % of a surfactant in cbmbination;'
thereby prbmoting the prescribed funcfion of the
Stabilizér. Examples of thg surfactant'may incldde:
sodium dodecylbenzenesulfonate, sodium tetradecyl
sulfate, sodium pentadecyl sulfate, sodium octyl
sulfate,_sodium oieate, sodium laurate,-potassium
stearate, and calcium oieate.

The tonén according to the preseﬁt invention
may preferably have a shape factor SF-1 of 100 - 160,
more preferably 160 - 150, further preferably 100 -
125,

The shape factor SF-1 referred to herein is
based on values measured in the followiﬁg manne:;

Images of 100 toner particles observed through a;field

emission scanning electron microscope (FE-SEM) ("S-

800", available from Hitachi Seisakusho K.K.) at a
magﬁification of, e.g.,.500 aré sampied at random, and
the.image déta of the téner images are inputfed for
analysis into.an'imége analyzer (e;g., "Luzex III",
available from Nireco K.K;)_through an interface,._
whereby the shape factor SF-1 is calculated by thé
following equation:

SF-1 = [(MXING)2/AREA] x (mr/4) % 100,

wherein MXLNG denotes the maximum diameter of a toner
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particle and AREA denotes the projection area'of the
toner particles. The shape factor SF-1 referred'to_
herein is defined.as a number-éverage value of SF:i
values calculated in the above-described manner for
the 160 toher particles seiected_at random. The.shaée
factor SF-1 represents a degree of roundneés, énd a
shape factor SF-1 closer to 100 means that the shape
of a toner particle is closer to a true sphere.

In case where the shape faCtor.SF-l is larger
than 160, the toner particles are substéntially
deviated from spheres but approach indefinite or
irrégularly shapeq particles and corréspondingly show
a lowering ih'transfer efficiency (or transfer ratio).

To the toner according to the present
invention, it is preférred to add an external
additive, examples of which may include: lubricant
powder,'such as teflon powder, zinc stearate powder,

and polyvinylidene fluoride powder; abrasives, such as

. cerium oxide, silicon carbide, strontium silicate,

calqium titanate, and strontium titanate; flowability
improvers, such as silica{_titanium oxide and aluminum.

oxide; anti-caking agents; and electroconductivity—'

- imparting agents, such as carbon black, zinc oxide,

and tin oxide.
It is pérticularly preferred'to use inorganic
fine powder, such as fine powder of silica, titanium

oxide, aluminum qxide, strontium silicate, calcium
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titanate, and strontium'titanate; It is preferred

‘that such inorganic fine powder is hydrophobized with

a hydrophobizing agent, such as a silane coupling
agént, silicone oil dr'a combinatidn of these;

Such an external additive may suitably be
added generally in a proportion of 0.1 - 5 wt. parts
per_lOO wt. parts of-tonef particles.

The toner according to the present invention

may preferably show an agglomeratability'of'l - 30 %,

more preferably 4 - 20 %, in view of the developing

performance. -

In the present invention, it is possible to

produce a non-magnetic cyan toner, a non-magnetic

yvyellow toner, a non—magnetic magenta toner and a non-

. magnetic black toner respectively satisfying the

‘above-mentioned properties by using various non-

magnetic colorants of respective colors, and use the
resultant respective color toners in image forming
apparatus for multi-color image formation or full-
coldr image formation. Ih this instahce, as the
resﬁective color7toners'haVe a charactéristic.of less
deteriorating while enduring preséure and abrasion
force applied.thereto, they can be suitahly tsed in a
non-magnetic méno—compbnent developing dev;ce. The
non-magnetic monocqmponent develoﬁiné device can be
designed ih a compact size compared with a'two-_

component developing device and therefore can provide
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a smaller size of image forming apparatus. Further,

"as the toner a¢cording to the present invention'ig

<

excellent in low-temperature fixability and anti- _
offset characteristic, it is also effective in
providing a simplef and a smaller-size fixing devicéf
in the image_forming apparatus.

A specific example of image forming apparatus
capable'of'using respective color téners accérding_tb
the.présent'invention will now be described with
reference to Figure 5.

Figuré*&%is a schematic sectional view of an
image forming apparatus (copying machine or laser

printer) capable of fbrming a mono-color image, a

multi-color image and a full-color image based on an
‘electrophotographic process. The apparatus includés

an elastic roller 5 of a medium resistivity as an

intermediate transfer member and a transfer belt 10 as
a secondary transfer means.

The apparatus further includes a rotating

'drum;typefelectrophdtographic photoéensitive membér

(heieinafter called “photosensitive member" or
"photosensitive drum®") 1 as an image-bearing member,
which rotétes at a prescribed peripheral speed _
(process speed) in a clockwise direction és.indicated |

by an arrow. The photoéensitive member 1 comprises a

support la and a photosehsitive layer 1b thereon

comprising a photoconductive insulating substance,
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-'sueh as a-Se, CdS, Zn0O,, OPC (erganic photoeonductor),
_ehd a-Si (amorphous siiicon). The photosensitive
member 1 may preferably comprise an_a—Si | a
photosensitive layer or OPC photosensitive layer.

'The organic photosensitive layer may be
composedjof a single layer comprising a charge-
-generating_suhstance and e chergeéfrensporting
substance or may be functioh—sepaiation type'
phefosensitive layer comprising a charge generation
layer and a charge transport layer. The function-
eeparetion typewphotoseﬁsitive layer may preferably
comprise an electroconductive support, a charge -
generation layer,_and'a charge transport layer
arranged in this erder. The organic-photosensitive
layer may prefefably comprise a binder resin, such as
'poiycarbonate resin, poiyester resin or acrylic resin,
because euch'a binder resin is effective in improwving
transferability and cieaning characteristic and is not
'liable to cause toner sticking onto fhe photosensitiVe
member or filming of external additives.

In the present invention, a_charging step may
be performed by using a corona charger which is not in
-contact with the photosenSitive member i or by ueing a
contact charger, such as a charging roller. The |
contact charging‘as_shown in Figure 5 may preferably
be used in view of efficiency df uniform charging,

simplicity and a lower ozone-generating
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characteristic.

The charging'roller'z cbmprises_a core mé;al

'2b and an electroconductive elastic layer 2a

surrounding a periﬁhery of the core metal 2b. The
charging roller 2 is-pressed égainst the
photosensitive membér 1 at a prescribe@ pressﬁre
(pressing-force)'and rotated mating with the rotation
of the phofosensitive member 1.

The charging step using the charging roller
may preferably be performed under process cpnditions
including an apbited pressure of the roller of 5 - 500
g/cm, an AC voltage of 0.5 - 5 kVpp, an AC frequency
of 50 - 5 kHz and a DC voltage of £0.2 - +1.5 kV in
the case of applying.Ac voltage and DC VOltage in
superposition; and.an applied pressure of the roller
of 5 - 500 g/cm and a DC voltage of £0.2 - +1.5 kV in
the case of'appljing DC voltage.

-Other éharging means may include those using
a charging blade or an electroconductive brush. These.
cdnﬁact charging méans are effective in omitting a
high-voltage'or decreasing'the occurrence of ozone.
The_charging roller and charging biade'each used as a
contact chargihg means may preferably comprise an
eléctroconductivg rubber and méy optiohally compriSe a

reieasing film on the surface thereof. The'releasing'

film may comprise, e.g., a nylon-baéed’résin,

polyvinylidene flubride'(PVDF) or polyvinylidene
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chloride (PVDC).

In the course of rotation, the photosensitive

member 1 is uniformly charged to prescribed polarity

and potential by the primary charging roller 2 and

"then exposed to image light 3 from an unshown

imagéwise exposure means (e.g., a sYstem for color
separatidn of a cblqr original'image and focusing .
exposure, or a scanning exéosure system inclﬁding a
laser scanner for outputting a 1aser.beam modified
éorrespohding to time-serial éléctrical digital image'
signals based on image data) to form an electrostatic
latent image corresponding to a first color component'
image (e.g., yellow image)_of the'objective-color
image. .

Then, the elecfrostatic latent image is
devéloped with a yellow toner (as_a first color toner)
in a first devéloping device 4-1. The developing.

device 4-1 constitutes an apparatus unit which is

E detachably mountable to a main assembly of the image

forming apparatus, and an enlarged view théreof'is
shown in Figure 6.

~ Referring to Figu:e's) the developing device
4-1 includes an Quter wall or casing 22 enciosing a
mono-component nén—magnetic.yellow toner 20. Being
half enclosed within the outer wall 22, a developing
sleeve 15 (as a toner-carrying member) is disposed |

opposite to the photosensitive member 1 rotating in an
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indicated arrow a direction and so as to develop the

'electrostatic image on the photosensitive membef';,

with the toner carried thereon, thereby forming a
toner image on'the photosensitive member 1. As shown
in Figure 6, a right half of the developing sleeve 16

is protruded and enclosed in the outer wall 22 and a

'left half thereof is exposed out of the_outer wall 22

and disposed in a lateral position with the

photpsensitive member 1 and so as to be movable in an"
indicated arrbw b direction while'facing the
photosénsitive merber 1. A small gap is left between
the developing sleeve 16 and_the~photosensitive-member
L _

The'toner-carrying'member need not be in a
cylindrical form like the developing sleeve 16, but
can be in an endless belt form driven in rotation or
composed of an electroconductive rubber roller.

_In the ocuter wall 22, an elastic blade 19 (as
an elastic_regulation'membefy is.disposed above the'

developing sleeve 16, and a toner application roller

18 is disposed upstream of the elastic blade“19 in the

rotation direction of the developing sleeve 16. The
elastic regulation member cah also 5é'an elastic
roller.

The elasfic blade 19 is disposed with a

downward inclination toward the upstream side of the

:otation direction of the developing sleeve; and
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peripheral eurface of the developing sleeve; ,

The toner application roller 18 is abutted
rotatably against a.eide_of the developing sleeve 16
opposite tojthe photosensitive member 1.

In the developing_device_4—l havingffhe
above-described structure, the toner application
roller 18 is iotated in an arrow c_direction'to supply

the yellow toner 20 to the vicinity of the developing

"sleeve 16 and, at en abutting-position (nip position)

with the developing sleeve 16, frictionally applies or
attaches the yellow toner 20 onto the developing

sleeve 16.

. Along with the rotation of the developing

- sleeve 16, the yellow toner 20 attached to the-

developing sleeve 16 is caused to pass between the

~elastic blade 19 and the developing sleeve 16 at their

abutting position, where the toner is rubbed with the_

suffaces of both the developing sleeve 16 and the
elastic blade 19 to be provided with a sufficient
triooeleetric charge.

The thus.triboeleefricallyicharged yvellow

toner 20 having passed through the abutting position

"between the developing sleeve 16 and the elastic blade

19 forms a thin layer of yellow toner to be conveyed

to a developing position facing the photosensitive

member 1. At the developing position, the developing'
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SLeeve 16 is supplied with a DC-superposed AC bias

‘-voltage by a bias application means 17, whereby tne'

yeliow toner 20 on the developing sleeve is

transferred and atteched onto the electrostatic imege

on the photosensitive member 1, to form a toner image.
A portion of the yellow toner 20 remaining on-

the developing sleeve 16 without being transferted

‘onto the photosensitive member 1 at the developing

position is recovered into the outer wall 22 while
passing beloﬁ the deVeloping'sleeve 16 along with the
rotation of thé“déveloping sleeve 16.

The recovefed_yellow.toner 20 is peeled apart
frem-the deéelbping sleeve 16 by the toner applieation_
roller 18 at the abutting position with the developing

sleeve 16. Simultaneously therewith, a fresh yellow

‘toner 20 is supplied to the developing sleeve 16 by

the rotation of the toner application'roller 18, and

.the fresh yellow toner 20 is again moved to the

abutting position between the developing sleeve and

_the elastic blade 19.

On the other hand,.most-of the yellow toner
20.pee1ed apart_from_the_developing sleeve 16 is mixed
with the remaining toner 22 in the_buter_wall, whereby
the tfiboelectric charge of the peeled-apart toner is

dispersed therein. A portion of the toner at a

- pogition remote from the toner application roller 18

is gradually supplied to the toner application roller .
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18 by a stirring means 21.

The'toner according to.the pteeent inven#;on
exhibits good developing performance and continuous
image forming characteristic in the above-déséribed
non-magnetic mono-component develbping step. |
| The developing sleeve iG_mey preferably.
comprise an electrocohductive cylinder of a metal or -
alloy, such as aluminum or stainless steel,'but can_be
composed of en electrocohductive cjlinder fofmed of a
resin.compoéition haﬁing sufficient mechanical
stfength and eiécfroconductivity. -The develeping.

sleeve 16 may comprise a cylinder of a metal or alloy

surface-coated with a coating layer of a resin

composition containing electrocenductive fine
particles disbersed thérein. | |

The electroconductive particles may
preferably exhibit a volume resistivity of at most 0.5
ohm.em after compression at 120 kg/cmz. The

eiectroconductive fine particles may preferably

' compxiSe carbon fine particles, a mixture of carbon

fine particles ‘and crystalline'graphite powder, or

crystalline graphite powder. The electroconductive

fine particles may prefetably have a particle size of

0.005 - 10 pm.

'Example of fhe resin material constituting

the resin composition may include: thermoplastic

resins, such as styrene resin, vinyl resin,
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polyethersulfone'résin, polycarbonate resin, |
polyphenylene oxide resin, pOlyamide'ieSin; fludr%ne_
containing resin, cellulosic resin, and aérylic resin;
and thermosetting or photocurable resins, such as

epoxy resin, polyester resin, alkyd resin, phenolic

resin, melamine resin, polyurethane resin, urea resin,

silicone resin, and polyimide resin.
Among the above, it is preferred to use a
resin showing a releasability such as silicone resin

or fluorine-containing resin; or a resin showing

excellent mechanital properties, such as

polyethersulfone, :polycarbonate, polyphenylene dxide,'

-polyamide, phenolic resin, polyester, polyurethane or

styrene resin. Phenolic resin is particularly
prefefred.

The electrocondudtive fine particles may
preferably be used in 3 - 20 wt. parts per 100 wt.
parts of the resin component.

| In the case of us1ng a mixture of carbon f1ne
particles and graphlte partlcles, it is_preferred to
use 1 - 50 wt. parts 6f.carbon fine particles per 100
wt. parts of graphite particles.

The electrocondﬁctive particle-dispersed
:esin coating layer of the sleeve may preferably show
a volume resistivity of 10~ - 10% ohm.cm.
| The image'fotming apparatus shown in Figu:e 5 |

further includes a magenta developing device 4-2, a
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cyan deﬁeloping device 4-3 and a black developing N
device 4-4, each of which may be a non-magnetic mono-

component developing device having a structure simiiar

~ to that of the yellow developing device 4-1 described

above with reference to Figure 6.

However, only the 51a¢k developing device 4-4
can be of a magnetic monocomponent type using'an-
insulating_magnetic toner as desired. .

The intermediate transfer member 5 is driven

_in'rotation at an identical peripheral speed as the -

phdtosensitive'drum 1l in an indicated arrow direction.
The yellow toner imagg-(as a first color
toner image) formed on the phptosensitive drum l_ié.
intermediately transferred onto an outer peripheral
surface of the iﬁtermediate transfer member 5 in the
course oflpassing through a nip position between the-
photosensitive drum 1 and the intermediate fransfer
member 5 under the‘action of a pressure and an
electric field formed by a primary transfer bias
voitage-(e.g., a positive voltage opposite to thg'
pblérity of the toner charge) supplied from a bias
supply meané 6 to thé intermediafé transfer member 5.
The intermediate transfer member can be in.the form of
an endless belt instead of the drum 5 as shown. |

Thereafter, a magenta toner image (secohd

‘color toner image), a cyén toner image (third color

toner image) and a b;ack toner image (fourth color
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toner image) are similarly and successively
transferréd_in'superpdsition onto the intermediaté;'
transfer member 5 to form'théreon a synthetic color

toner image corresponding to the objective color

- image.

The transfer belt 10 (as a secondary transfer-

' means).is wound about é bias roller 11 and a tension

roller 12 having shafts extending in parallel with the

'rotation.axis of the intermediate transfer member 5 so

as to contact a lower peripheral surface of the:

transfer member 5. fThe'bias roller 11 is supplied

“with a prescribed’secondary-transfer-bias.voltage from

a bias supply 23, and the fension roller 12 is
grounded. |

| During the successive transfer of the first
to fourth dolor toner images from the photosensitive
drum 1 to the intermediate transfer member 5, the |
tranSfer—belt 10 and an intermediate transfer member
dleaning rollér 7 may be separéted_from the
intermediate transfer member 5.

| The synthetic color toner image superposedly

transferred onto the intermediaté'transfer member 5'

- may be transferred onto a transfer material P by

abutting the transfer belt 10 against the intermediate
transfer member 5, supplying the transfer material P
from a:paper supply cassette (not'shown) via resist

rollers 13 and a transfer pre—guide 24 to a nip
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- position between the intermediate transfer member 5

ahd'the transfer belt 10 at a préscribed timing, éhd'
simultaneouély_applying a secondary transfer.bias!
(voltage) from the bias supply 23 to the bias roller
11. Under the action of the sécondary'transfer bias,
the.synthetic color tonér image is traﬁsferred from
the intermédiate transfer member 5 fo the transfer
material P. This step is called a secondary'transfer

(step) herein. 'The.secondary-trénsfer may also be

" performed by using a transfer roller suppliéd with a

transfer-biaS"instead of the transfer belt described-
above. _ :

| The transfer material P carryiﬁg the toner
image'transferred thereto is introdﬁced into a heat-
pressure fixing device 25 comprising a heafing roller
14 and a pressing rollef-15 where'the toner imagé is
fixed onto the transfer material P. The toner

according to the present invention can be well fixed

'without applying an offéet—preventing ageht, such as

siiicone-oil;_onto the heating roller.

'_ fhe intermediate transfer membér 5 comprises
a_pipe—like.eleétroéonductive core metal 5b and a
medium resistance-elastic layer 5a (e.g., an elastic _
roller) shrrouﬂding a periphéry of the core metal 55.
The core meta1'5b cén comprise.a blastic pipe coated
by electrocoﬁductive ﬁiating. The medium iesistance—

elastic layer 5a may be a solid layer or a foamed
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material layer in which an électroconductivity-

- imparting substance, such as carbon black, zinc oX}de,
. . ! : P

tin oxide or silicon carbide, is mixed and disperséd
in_an elastic material, such as silicone rubber,
reflon rubber; chloroprene rubber;.urethané rubber or
ethylene-propylene—diene terpolfmer (EPDM), so as to
control an electrié resistance or a volume reSistivity
at a medium resistance level of 109 —_1011 oﬁm;Cm,
particularly 1_07 - 1010 ohm.cm. The intermediate

transfer member-S_is dispoSed dnder the photosensitive

" member 1 so that it has'an axis (dr a shaft) disposed

in parallel with that of the photosensitive member 1
and is in contact with the photosensitive member 1.

The intermediate_transfer.member 5 is rotated in the
direction.of an arrow (cbunterclockwisé directidn) at

a peripheral speed 1dentlca1 to that of the

photosens1t1ve member 1.

After the intermediate transfer of the
respectlve toner 1mage, the surface of the

intermediate transfer member 5 is cleaned, as desired,

' by a'cieaning-means 10 which can be attached to or

detached from the image forming apparatus, In case
where the toner imége is placed on the intermediaté

transfer member 5, the cleaning means 10 is'detached

'or,released from the surface of the intermediéte

transfer:member 5 so as not to disturb the toner

image.
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For example, the cleaning of the intérmediate

transfer member 5 may be perfofmed simultaneously yith

‘the primary transfer from the photosenéitiVe drum 1 to

the intermediate transfer member 5 by transferring the
:esiddal toner on the intermediate transfer member 5

after the secondary t:ansfer back to the

photosensitive drum 1 and recovering the re-

transferred toner by the cleaner 9 of the
photosenéitive drum 1. The mechanism is described
below. |
| | A tbner-imagelfofmed on the intermediate
transfei member 5.is fransferredfonto a transfer
maferial seﬁt to the transfer bélt 10'under the action
of a strong electric field caused by a secondary
transfer bias of a.pblarity opposite fo the charged -

polarity (negative) of the toner image applied to the

. bias roller 11.

At this time, the secondary transfer residual
tonef remaining on the infermediate transfer membef 5
wifhout being transferred to the transfer material P
is frequently charged to a polarity (positive)_reversé
to the ndrmél polarity (negative). However, this doe
not mean thét all thé sécondary transfer residual
tbner-is charged to a reverse polarity (positive), but.
a portion thereof has no charge due to neutralization'
or retains a negative polarity.

Accordingly, a.charging means 7 for charging
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suchfa portion of toner having no charge due to

neutralization or retaining a negative polarity to;a '

reverse polarity of positive is disposed after the

secondary transfer positicn.and before the priﬁary
transfer position. As a result, almost all the
secondary transfer residual toner can be réturned to
fhe photosensitive member 1.

| When the reverse-transfer of the seéondary
transfef résidual toner'to the photosensitive'member'i
ahd'the'primary transfer of the toner image'foimed on

the photosensitive member 1 to the intermediate

transfer member 5 are performed simultaneously, the

-secondary transfer residual toner reversely charged on

the intermediate transfer member 5 and the normal

toner for the primary transfer are not substantially

neutralized with each other at the nip position

between the photoSensitiVe member. 1 and the
intermediate transfer member 5, but the reversely
charged'toner and the normally charged tongr are
transferred td the photosensifive member 1 and the
intermediate transfer member 5, respectively. |
This is because the transfer bias voltage is
sﬁppressed at a low level so as to cause only a wéak_

electric field at the primary transfer:nip between the

‘photosensitive member 1 and the intermediate transfer

member 5,_thereby'preventing the occurrence of

discharge at the nip and the polarity inversion of the
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toner ét the nip.

.Further, as the triboelectrically éhargeq,.
tonér is électricaliy insulating so that porfions_
theieof charged to opposite polarities do not cause
polafity inversion or neutralization in a short time.

-Acdordingly, the secondary transfer residual

- toner charged positively on the intermediate transfer

member 5 is transferred to the photosensitive member

1, and the negatively charged toner image on the

photosensitive member 1 is transferred to the

intermediate tféhéfef member 5, thus behaving
independently from each other.

in'the case of forming aﬁ imagé on one sheet
of transfer material P in response to one image o
formation initiation signal, if is po#sible that{
after the secondary transfer, the toner image transfer
from'the photosensitive membér 1 to the intermediate.
transfer member is not performed, but only thé

secondéry“transfer residual toner reméining on the

intermediate transfer member 5 is reversely

transferred to the photosensitiﬁe member 1.

In a specific embodiment, a cleaning roller 7

'comprising an elastic roller having plural layers may

. be used as a contact charging means for charging the

secondary transfer residual toner on the intermediate
transfer member 5.

-He;einbelow, some methods for measuring the
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properties of toners and low-softening'point

substances reférred to herein will be described.

-

Rheologicallgrogerties of'toners

Measurement is performed by using a visco-
-elasticity measurement appgratus (“Rheometer RDA-II",
avéilable'from'Rheometrics Co.) with respect to a
storage.modulus G', a loss modulus G", a temperature

(Tc) of intersection'between G' and G, and tan (&) in

a temperature range of 30 - 200 °c.

Shearing means: Parallel plates having
diamefers of 7.9 iim for a hign—modulus sample or 25 mm
for a low—modulus'sampig._

Measufemeht sample: A tbnér is.heat-melted
and then molded into a cylindrical sample having a
diameter of ca. 8 mm and a height of 1.5 - 5 mm or a
disk sample having a diameter of ca. 25.mm and a
thickness of 1.5 - 3 mm. | _

Measurement frequency: 6.28 radian/sec;'

Setting of measurement strain: Initial value
is set to 0.1 %, and the measurement is performed
adcording to an automatic measuremenf-mode.

Correction for sample elongation: Performed
by an_automatic_méasﬁrement.mode. .

Measurement temperature: Increased at a rate

of 2 °C/min, from 25 °C to 250 °C.

DSC_heat-absorption peaks (melting points) of low-

softening point substance
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Measurement is performed by ﬁsing a
differential sCanning calorimeter ("DSC-7", availéple'
from Perkin-Elmer Corp.) according to ASTM D-3418-82.
A sample in an amount of.2 - 10 mg, preferably ca..5

mg, is accurately Weighed. The sample is placed on an

aluminum pan and subjected to measurement in a

temperature range of 30 - 200 OCc at a tempefaturé-
raising rate of 10 °C/min in a norm61  | |
temperature/normal humidity envirdnment. A heat-
absorpfion main peak temperature (Tﬁ_#_) and a half-.
value width (a tehmperature width at a half of the
heat-absorption main peak, denoted by W1/z) are

recorded.

Gloss of fixed toner images

Gloss is measured by using a hahdy gloss
meter ("Gloss Meter PG-3D", avéilable from Nippon
Denshoku Kogyo K.K.) at a light inéident angle of 75
deg.
Cross-section of toner particles

Sample toner particles are sufficiently

‘dispersed in a cold-setting epoxy resin, which is then

hardened for 2 days at 40 ©c. The hardened product is
dyed with:trirutheﬁium tetroxide optionally tbgether_
with triosmium tetroxide and sliced_into thin fiakes
by a microtome having a diamond cutter. The résultant
thin flake sample is observed through a transmission

electron microscope to confirm a sectional structure -
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of toner particles. The dyeing-with trifuthenium
tetroxide may preferably be used iﬁ order td provipe a
cbntrast.betWeen the lowfsoftening'point compbund~and
the outer resin by utiiizing.a difference in
crystallinity thérebetﬁeen.

Agglbmeratabilitx (Dag) of toner

‘'The flowability of a toner may be evaluated

by an agglomeratability of the toner measured in the

following manner.

The agglomeratability of a sample toner is

measured by using-a powder tester (available from

' Hosokawa Micron K.K.). On a vibration table, a 400

mesh-sieve, a 200 mesh-sieve and a 100 mesh-sieve are

set in superposition in this order, i.e., so that the

100-mesh sieve having the largest opening is placed at
the uppermpSt'position. _On the sét_sieves, 5 g of a
sample toner is placed, and the sieves are vibrated
for 25 sec at an input voltage to the vibrafion table

of 15 volts. Then, the weights of the toner remaining

- on the respective sieves are measured to calculate the:

agglqmeratability according to the follpwing formula:
Agglomeratability (%) = (a/5 + (b/5) x 0.6 + (c/5)
% 0.2) x 100, wherein IR
._a: weight of toner oﬁ_lOOfmeSh;sieve (g)
b: weight of tonér on 200 meéh—sieve (g)
c: weight of toner on 4OO mesh-sievg (g).

A lower agglomeratability represents a higher
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flowability of toner.

Toner partlcle size distribution

’J

Coulter Counter TA-II or Coulter Multisizer

II (available from Coulter Electronics Inc.) is used

together with an electrolytic solution comprising a
ca. 1 % NaCl aqueous solution which'may be prepared by
dissolving a reagent-grade sodium chloride or

commercially available as "ISOTON-II" (from Counter

- Scientific Japan).

For measurement, into 100 to 150 ml of the

electrolytic sotution, 0.1 to 5 ml of a surfactant

(preferably an alkyl benzenesulfonic acid salt) is
added_as a dispersant, and 2 - 20 mg of a sample is
added. The resultant dispersion of the sample in the
electrolytic solution is subjected to'a-dispersion
treatment by an ultraéonic disperser for ca. 1.— 3
min., and then subjected to measurement of particile
size dlstrlbution by using the above-mentloned
apparatus equipped with a 100 pm—aperture. The volume
and number of toner particles are measured for
respectlve channels to caloulate a volume-basis
distribution and a number-basis distribution of the
toner. From the volume-basis distribution, a weight-
average particle size (D4) of the tooer is calculated
by using'a'central value as e_repreSentatiﬁe for eaCh"
channel. | . |

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

Acid value (AV) (JIS-acid value)

1) Ca. 0.1 - 0.2 g of a sample is accurately
weighed to record its weight at W (g).
2) The sample is placed in an Erlenmeyerzflask'

and 100 cc of a toluene/ethanol (2/1) mixture solution

is added thereto to dissolve the sample. .

3) 'Several dréps of phenolphthalein alcohol
solution is added as an indicator.

4) The solution in the flask is titrated with a

' 0.1N-KOH alcohol solution from.a buret.

The amount of the KOH SOlﬁtibn used for the
titration is denoted by S (ml). A blank test is
performed in parailel to determiné the. amount of the
KOH_solution for the blank titration at B (ml).

5) The aéid value of the sample is calculated by
thelfollowing.formula: _ |
Acid value = (S-B) x f x 5.61/W, wherein f denotes
a factor of the KOH solﬁtion; |
Anti-blocking Qrogertz _
 Ca. iO é'of a éample toner is placed in a 100

cc-plastic cup and left standing fdr 3 days at 50 ©°c.

. The state of the toner is then observed with eyes and
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evaluated_according to the followihg standard;
A: No agglomerate observed. 
B: Agglomerate is 6bserved but readily.
collapsed.

C: Agglomerate is observed but collapsed by

- shaking.

D: Agglomerate can be grasped by fingers and
cannot be collapsed readily. |

Hereinbelow, the present invention will be

"described more specifically based on Examples.

Example 1 =
Styrene monomer : : 165 wtuﬁarts
n-Butyl acrylate monomer 35
Phthalocyanine pigment : 14 "

(C.I. Pigment Blue 15:3)

Linear bolyester resin _ 10 "
| (polycondenéation'between'polyoxfpropylene-
-adducted bisphenol A and phthalic acid; '

AV (acid value) = 8 mgKOH/g)
Dialkyl saiicylic acid aluminum compound

2. "

Divinylbenzene : ' 0.5 *-
Ester wax _ - 30 "

(éster between_czz—alkyl carboxylic
acid and Cyp-alkyl alcohol (Tyg (DSC
main peak) = 75 °C, W, (half-value
width) = 3 °C)



- 10

15

20

25

-61-

. The abdve ingredients were subjected to
dispersion for 3 hours by an attritor, and then'3 yt.

parts of 1auroy1 peroxide'(polymerization initiétor)

was added thereto to formulate a polymerizable monomer

COmposition, which was fhen charged into an aqueous
medium at 70 °C coMpiising 1200_wt. parts of water and
7 wt. parts 6f fricalcium'phosphate and subjected to
formation of particles uhder stirring for 10'min. by a
TK-type homomixer at 10,000 rpm. Thén, the homomixer

was replaced by a propeller stifrihg blade, which was

 stirred at 60'r§m“f0r 10 hours of polymerization."

- After completion of the polymerization; dilute

hydrochloric acid was added to the system to remove :
the calcium phosphate.' Then, the polymerizate was -
washed and.dried to obtain cyan toher parficles ha#ing
a weight-average particle size (D4) ='6.5 am. As.a |
result of microscopic observation of section, the
résﬁltaﬁt cyan toner particles showed a étructure.as
shown in.Figdra 7 wherein the low-softening point
substance (R) was coatedlwith'the outer shell (B).

| 100 wt. parts of fhe'above-prepared cyan
toner particles and 1.5 wt. parts of hydrophobic
siiica fine powder were blended by a Hénschel mixer to
obtain Cyan Toner 1. | |

Cyan Toner 1 showed temperature-dependent

Viscoelastic properties including storage modulus G',

loss modulus G" and tan () as shown in Figure 1.
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Cyan Toner 1 showed SF-1 = 105; cdmprised ca.
12 wt. parts (ca; 12 wt. %:of the toner) of eSter wax
per 100 wt. parts of binder resin compiiéing | |
styrene/n-butyl acrylate copolymer crosslinked with
diviny;benzéne and linear poljester resin, ahd had a
THF-insoluble content (THF ins.) of ca. 10 wt. %
(based on thé binder).

The propefties 6f Cyan Toner'l are shown in

Table 1.

.Comgarative Example 1

Cyan Tdnér 2 was'prepared'in thé same manner
as in E#ample i except that the ester wax wés replaced
by pafaffin wax (Tmb = 63 pC: Wiy = 40 ®c) and the
divinylbenzene was qmitted. - |

Cyan toner 2 showed témperature—dependent
viscoelasticities including storage modulus G', loss
modulus G" and tan (8) as Shown in Figufe 2.

The_bihder resin of Cyan Toner 2 was non-
crosslinked and had no THF-insoluble content. In the
#iscoelasticity measurement, Cyan Toner 2 showed a

remarkable lowering in viscosity and it was impossible

' to measure the viscoelasticities G' and G" above 140

Oc. The properties of Cyan Tdner 2 are aiso Shown in
Table 1 together;with_those of Cyan Toner 1 and other _.

toners.

'Comgarative Example 2

Cyan Toner 3 was prepared in the same manner
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as in Example 1 except that the ester wax was replaced

K
»

by paraffin wax (Tmp. = 63 °c,'w1/2 = 40 °c).
| Cyan Toner 3 showed temperature-depenﬁent

viscoelastiéities including storage modulus G', loss

modulﬁs G" and tan (&) as sbown in Figure 3. Cyan

Toner 3 showed a (G'gg/G'gp) ratio of ca. 20, thus

showing a smaller change in G' on temperature increase

from 60 °C to 80 °c.
Comparative Example 3
Cyan Toner 4 was preparéd in the same maﬁner'
as in Example igeicept that the ester wax was replaced
by polypropylene wax ("Viscol 660P", mfd. by Sanyo
Kasei K.K.:'Tmp. ==137 Oc, W1/2 = 7 dC).
Cyan Toner'4 showed a (G'60/G'80) ratio of
ca. 71.4. |
Comparative Example 4
Cyan Toner 5 was prepared in the same manner
as in Example.l except that the amount of the ester
wax was changed to 5 wt. parts. | |
- Cyan Toner 5 contained 2.4 wt. parts of the
ester wax per 100 wt. parts of:the binder resin. |
Compafatiﬁe Example 5 |
' 'Cyan,Toner 6 was prepared in the samé manner
as in Example .1 except that the amqunt of the ester
wax was changed to 100 wt. parts.
| Cyan Toner 6 contained 47 wt. parts of the

ester wax per 100 wt. parts of the binder resin.
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. Comparative Example 6

CYan Toner 7 was prepared.in the same.maﬁper.
as in Example 1 except that the amount of the
divinylbenzene was chahged to 2 wt. parts.

| Cyan Toner 7 had a THF—insoluble content of
47 wt. %. |
Comparative Example 7
Styrene/n-butyl acrylate/ _
divihylbenzene copolymer 100 wt.parfs
(Mw = 1.63x10°, main peak molecular
'weight (MWfﬁeak) = 2.25x104, THFj g =
13.5 wt. %) |
Linear polyester resin | 5 wt.parts
(Same as iﬁ Example 1) |
Dialkylsalicylic acid aluminum compound
| | 1 wt.éart
Ester wax (Same as in Example 19 | 3 wt.parts
The above ingrediénts were sufficientiy -

blended by a Henschel mixer and melt-kneaded through a

~ twin-screw extruder at ca. 130 ©°C, followed by

cooling, coarse crushing by a hammer mill into ca. 1 -
2 mm, pulverization by an air jet pulverizer and

classification to recover cyan toner particles having

D4 (weight-average Particle'size) of 7.5 pm.

100 wt. parts of the cyan toner particles and
1.5 wt. parts of hydrophobic.silida fine powder were

blended to obtain Cyan Toner 8.
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Comparative Example 8
Cyan Toner 9 was prepared in the same manner
as in Comparative Example 7 except that the amount of

the ester wax was_increased to 15 wt. parts.

10

15

20

25



Table 1

Cyan | G'cy - G'go G’ /G G' G G', /G c" G* tan(8) | D, |SP-1[THF, _{ Binder resin GPC peak or shoulder | Da 3 Anti-
A 155, . 190 155/% 190 40 max 4 ins| 51N ol 9 1
toner! @aym/en?) | tayn/en®) | @yn/end) | t@yn/en) @m/cn?)| tayn/ea) 7oc | /%€ | um) (we.8) |Tolecular weight ** (x10%) | 4 |block
. ' : . Main peak Subgpeak or shoulder |-
: - 210 .
Bx. 1] 1 | 7.1x10% | 3.5x10% | 203.0 |1.3x0% | 3.6x10% 3.6 1.1x10° | 1.8x10%/50.5] 3.2/69 | 6.5 | 105 | 9.6 2.2 15 (8), 110 (S) 4.8 | A
Comp. _ : . _ :
Be. 1] 2 |9.2x107 |3.9x10° | 236 - - - 6.8x10° - 1.6/78 |6.5 | 104 | © 1-8 5.0 1 D
2| 3 |87 |42x0® | 103 [1.exi0? |2.m0 | 7.6 [6.2m0® - 2.1/82 | 6.5 | 104 | 9.6 2.5 | Mis), 00 (8) 40.0 1 D
3] a4 [1.5x10° | 2.1x07 71.4 | 6.1x10% | 5.3x10% 1.1 1.2510° | 2.3x10%767 | 2.9/7%6 [7.8 | 131 | 9.3 2.1 16 (8), 120 (8) 8.0 | C
a| 5 |6.3x10° | 9.4x10° 67.0 |3.5x10% |5.7x10° 6.1 1.0x10° | 2.0x10%/66' | 2.9/73 | 6.4 | 105 | 10.4 2.3 15481, 115 (8) 4.3 | A
s|6 |2.mx10% |2.9x10° | 724 [5.5%10° {810 | 63 7o | - - < [1863 |82 {132 | 85 | ¥ G, MWE 3.0} ¢
617 |7.7%10% | 1.3x107 59.2 |s.ax10? |3.8x10* | 1.4 1.2x10? | 2.0x10%/53 | 2.0/75 |6.6 | 105 | 47.0 3.2 5 ® 5.3 1 A
718 |2.5m0% |3.8x10° | es.8 [8.ami0® [olwi0® | 9.2 |s.wxicd - | 1.763 |7.5 |65 | 0 21136 54.0 | ¢
8|9 [8.5x10% |1.2010" | 70.8 [9.8x10® [1.9x10% | 5.2 [9.1x10® [o.x10%/40 {2.1/68 [7.4 [163 | o 21 | ne 380 | c
*: Dag = agglomeratability
*k:  (S) means the molecular weight of a shoulder.
1
o
T
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Example 2
.. Cyan Toner 1 was charged'in a developing -

device 4-3 (apparatus unit), incorporated in an image

forming apparatus shown in Figure 5 and_subjectéd to

- an image formation test according to a mono-color

- mode. During'a contihuous image formation on 5000

sheets, good cyan4colored fixed images were formed at
a.high density and without fog.' After the 5000.sheéts
of the continuous image formation test, the toner |
application roiler 18, the developing sleeve 16 and '
the elastic blade:19 were free from toner melt-
stickiné,'thus showing a good cohtinﬁous image forming
characteristic. Further, oilless fixation was

performed without applying dimgthylsilicone 0il onto

‘the heating roller 14, no offset was observed.

Further, the fixing temperature was varied in the

‘range of 160 - 190 °C, whereby little change in gloss

value was observed. The results are inclusively shown

‘in Table 2 together with those of Examples appearing

hereinafter.

Coméarative Examples 9 - 16

Image forming tests were formed in the same

.manner as in Example 2 except for using Cyan Tonefs 2
'~ 9 instead of Cyan Toner 1.

- Image densit I.D.

The image density of a solid image portion (a

portion showing a gioss'in the range of 25 - 35 as
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measured by a gloss meter ("PG-3D", available from

-Nippoh_DenshORu Kogyo R.KQ)) is measured by using a

B

Macbeth reflection densitometer (available from

Macbéth Co.). |

Fog .
Based on reflectance values measured by using

a reflectance meter ("REFLECTOMETER MODEL TC-6DS",

‘availablé from Tokyo Denshoku K.K.) while using an

amber filter in case of cyan toner images, fogs are
calculated according to the follo&ihg equation. A
smaller valué-means a 1oﬁer degrée of fog.

Fog (:eflectance) (%) = [reflecténcé of standard
paper (%)] - [reflecténce of non-image portion of a

sample (%)]

Fixihg_initiation temgerature (TFI and Higher offset-~
free temperature (Ty oppl | '
‘A heat-pressure fixing device including a

fluorine resin-surfaced heating roller 14 and a

' pressure roller 15 is used for fixation while varying

the temperatures of the heating roller and the

.pressuré roller at a temperature-controlled increment

of 5 °C. The fixed images at the respective fixing

temperatures are rubbed two times {one reciprocation)

with a lens-cleaning paper under a load of 50 g/cmz,

- and a lowest fixing temperature giving an image

density lowering of 10 % or less after the rubbing is

taken as a fixing initiation temperature (Tgy; (°C)).
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The fixing temperature is successively raiéed
at an increment of 5 °C) and a maximum temperature at
which the'fixing is performed without causing off;et
according to obsérﬁation with eyes.ié taken as a
higher offset-free temperature (Ty opp (°C)).
Evaluation of developing devige during or aftet

continuous image forming test

If an image defect attributable to a

developing device is found in a resultant image, the

'image formation is terminated, and the toner

application roller surface, the developing sléeve
surface and the elastic blade surface are observed
with eyes with respect_to_soiling and melt—stiCking of
toner.

In case where no such.image defects are E
observed during the continuous image forming test, the
application roller surface, the developing sleeve
surface and the elastic blade surface are observed with

eyes_with respect to soiling and melt—sticking of toner

.after the continuous image forming test.. The results

are evaluated according to the followihg standard.
A: Substantially no soiling or toner melt-
sticking.

B: Soiling or toner meltfsticking is observed

~ but noticeable image defects do not occur.

C: Conspicuous soiling or toner melt-sticking

" occurs and image defects occur.



Table 2

- Ty.orF

Higher offset ffee_tehpe’rarture (°C)

) ' * * - ; -
Cyan | Image density Fog Tt Ty OFF" Gloss of final image | Soiling within developing drive
Initial | After | Initial} After (°c) | (°C) |at 160°C | ati190°C |Toner | Developing Ei%itm
5000 5000 : appln. | sleeve - blade
.sheets sheets roller :

Ex. 2 1 1.50 | 1.55 0.5 | 0.7 140 210 11 18 A ‘A a
{Ex. 9 2 1.25 |.0.91 3.2 5.8 140 180 15 - c C c
10 3 1.30 0.98 2.7 5.3 150 210 11 25 c c c
11 | 4 | 1.45 1.35 |- 0.8 2.8 180 210 - 15 A B B
12 5 1.51 1.53 0.5 | 0.6 160 180 |. 8 - A A A
13 6 1.38 1.15 1.8 4.8 140 220 12 35 B c - c

14 | 7 1.56 1.50 0.6 0.9 . 190 220 - 8 A A A
15 8 1.28 0.97 | 3.0 5.6 140 200 10 40 B c o

16 9 1.34 | 1.20 2.5 4.6 160 190 5 38 B c . B .
o * Tprt Fixing initiation temperature (°C)

-0L-
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Example 3

Yellow Toner 1 was prepared in the same -,

&

'manner as in Example 1 except that a yellow colorant

(C.I. Pigment Yelldw 173) was_used instéad of the
phthalocyanine pigment; The properties'therepf are -
shown in Table 3.
Comparative Examgles‘l?--.24

| Yellow Toners 2 - 9 were pfepared in the same
manner as in Comparative Examples 1 - 8,'respective1y,

except that a yellow colorant (C.I. Pigment Yellow

'~ 173) was used iiistead of the phthalocyanine pigment.

The prope:ties theréof are.élsoishown in'Téble 3.
Examéle 4

Magenta Tonér 1 was prepared in thelsame
manﬁer as in Example 1 except that a magenta colorant
(C.I. Pigment Red 122) was used instead of the

phthalocyanine pigmenf.- The properties thereof are

shown in Table 4.

Comparative Examples 25 - 32
Magenta Toners 2 - 9 were prepared in the

same manner as in Comparative Examples 1 - 8,'

,respectively, except that a magenta cplorant (C.i.

Pigment Red 122) was used instead of the

phthalocyanine pigment. The properties.thereof are

also shown in Table 4.

'Exahgle 5

Black Toner 1 was prepared in the same manner
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as in Example 1 except that a black colorant (carbon

.black)'was used instead of thé phthalocyanine pigment.

Comparative Examples 33 - 40

Black Toners 2 -9 were prepared in the same
manner as in cOmparétive Examples 1 - 8, respectively, .
except.that a black colorént (carbon black) was used
instead of the phthélchaﬁine pigment. The properties.

thereof are also shown in Table 5.



Table 3

T tan(s)

ellor/ G'gy , | C'ao , |S'60’%'s0| S'1ss, | S'a90 , |'155/6"190] a0, |max o o | Pa | ST | T yng e o R B onoh, 0o | Dag | el
{@yn/cm®) | (dyn/cn®) (@yn/cm’) | (dyn/cm’) (dyn/cni”) | (@yn/cm”)/°C (ym) (wt. %) - (%)
) Main peak Subgpeak or shoulder
| 210
3 3 3108 3 1.1%10° ° '
B, 3 | 1 |7.2x10% | 3.6x10% | 2000 [1.3x10% | 3.7010 3.5 | 1.9x10° | 1.9x10%/50.5] 3.1/68 | 6.3[106 [ 0.3 | 54 13 (8), 115 (8) 45| a
Bx. 17| 2 [9.1x107 |3.8¢10% | 2300 - - - 6.8x10° - 1.5/77| 6.4/ 105 | 0 1.9 . 6.0 | o
18] 3 [8.2x107 |4.ax10® | 186 [1.ex10® | 2.0 | 9.0 7 |6.1x0° - 2.1/83| 6.3[104 | 9.9 | 12 (8), 120 (S) 3.0 b
19 4 11.2010° |2.0x107 | 60.0 [e.0x10% | s.6x10 | 1l 1.2x10° | 2.4x10%67 [ 2.8/75 ] 7.5]133 | 0.7 ' e
S ; ) s S . 2.3 15 (5), 110 (S) 25.0 | ¢
20| 5 [6.3x10° | 9.3x10 67.7 |3.7x10% | 5.6x10 6.6 |1.110° | 1.9x10%66 |2.9/73| 62|04 | 113 | ,, 1, 156 411 a
. ‘
21| 6 |2.0x10% | 2.9x10 69.0 |5.6x10° | 8.9x10> | 6.3 |7.5x08 | - [laee3| 7.8|135 | 65 1.8 13 ©), 120 (8 8.0 ¢
22| 7 |7.5%x10% [1.5x10° | s0.0 [s.ax10? | 3.oxio? | 14 [1.2x0” [2.x10%85 [2.1/75 ) 6.5( 104 | 450 | 4, 2 & 661 a
23| 8 |2.400® [3.710° | 649 |8.5xi0® | o.ox0? | 9.4 |s2x0® - 1.6/65 | 7.4[166 | 0 Can 18 (g) 8.0l c
20 9 {8.6x10% |1.3x107 | e6.2 [o.7x103 | 1.7x10® | 5.7 [9.2x10% | 9.9x10%50 |2.0/67 | 7.5[ 168 | 0 2.1 7 (s) wol c

—EL_




Table 4

\“:gne"erta S'eo , | Sao, |'eo/S's0| C'1ss, | 190 , {S155/"190| a0, |Cmax , -1 P T ng| B e ions oo qohy o= peg’ biock
ayn/cn?) | -(@yn/cn) (@yn/cn) | (dyn/ca) @m/cel) | @ym/en®) /°C m) (Wt ) _ ®)
_ ! Main peak | Sub-peak or shoulder
. 2105
B. 4| 1 |6.9x108 | 3.3x10° | 209.0 | 1.1x1d | 3.5x10° 3.1 1.1x10° | 1.9x10%/50 | 3.3/68 | 6.0 | 103 | 7.6 2.3 16 (), 100 (S) 6.1| a
Bx. 25| 2 |9.0x107 | 3.5x10° 25.7 - - - 6.0x10% - 1.5/78 | 6.1 | 105 | 0 1.9 - 63.0| D
26 3 |8.3x107 | 4.0x10° 20.8 | 1.4x10t | 1.8x10° 7.8 6.4x108 - 2.2/80 | 6.2 | 1041 5.8 2.5 |17 @, 105 ® 39.0] D
2711 4 |1.3x0° | 1.9x107 68.4 | 5.8x10% | 5.3x10% 1.9 1.0x10° | 2.4x10%67 [ 2.8/75 | 7.6 | 132 | 9.1 2.1 18 (S), 100 (S) 00| ¢
28| 5 |e.6x10® | 1.0x107 | e60.0 |3.7x10% | s.exi0®| 66 1.3%10° | 2.1x10%65 | 2.9/72 | 6.5 | 103 | 10.5 | 2.2 14 (), 110 (S) 54| a
20| 6 {2.0x10% | 2.7x10 74.0 | 5.6x10% | 8.5x10% 6.6 7.5x10° - " |1.9765 { 8.0 | 135 | 6.7 1.8 15 (8), 120 (S) 38.0 | ¢
) 7 |7.9x10% | 1.5x107 51.3 | 5.5x10% | 3.7x10% 1.5 1.3x10% | 1.9%10%/54 | 2.2/74 | 6.4 | 105 | 440 [ 3.5 32 (8) 6.0 a
1| 8 |2.6x10% | 3.6x10° 7.2 |8.0x10% | 8.9x10 9.0 8.0x108 - 1.6/63 | 7.3 | 164 | 0 2.2 80 (s) s0.0 | ¢
2| o lam10® | 1.ax0” | 621 |osxi0® | 1m0®| 7.3 | 8.9x10®| o.sx10%47 | 2.0768 [ 7.1 | 162 | 0 2.2 82 (s) nol c

—yL-




Table 5

Black | G'¢, G's0 . [S'60”%'80| ©'155, | €'190 . |€'155/6"190] 40 . | " pax | fan(8) | Dy |SF-1 |THE;g) Binder resin GRC pesk or shoulder | Dag | Anti-
toner) @yn/ca?) | tayn/cu®) | tayn/a) | @ym/en) @m/cn’)| @yn/en?) 7oc | ™¥°C | umy (wt.) [rolecular welght *»  (x10%) (3 |block
' _ Main peak Sub-peak or shoulder-
. 5| 1 | 6.8x10® | 3.2010% | 213.0 [1.4x10? | 3.7x103 3.8 |1.1x10% | 1.9x10%/51 |3.4/67 61| 103] 5.8 2.0 15 (5), 120 (S) 5.2| a
Bx. 33 2 | 9.3x10" | 3.9x10° 25.8 - - - 6.2x10° - 1.6/78 | 6.3 | 103] o 1.7 - 60.0| b
34 3 | 8.0x107 | 4.5x108 17.8 |1.5x10% | 2.4x10% 6.3 |6.0x08 - 1.9/80 |6.3) 103| 6.4 | 2.1 12 (S), 130 (5) 20| b
35 4 [ 1.9x0° | 2.5x107 76.0 |6.0x10% | 5.8x10° 1.0 [1.3x10° | 2.2x10%66 | 2.7/78 |7.2| 137 | 7.2 | .98 14 (8), 110 (s) 270 | ¢
36 5 | 7.0x10° | 9.5x10° 73.7 |3.9x10% | 5.1x10° 7.6 [1.1x10° | 2.4x10%68 |2.5/75 |6.2] 108| 78| 2.2 15 (S), 120 (8) 48| a
37 6 | 2.0x10% | 2.7x10° 74.1 [5.0x10° [ 8.0x10° | 7.1 |exi0®| . - < |2.0/64 [7.5] 108] 4.0 1.8 14 (S), 110 (S) 20 ¢
38 7 |8.0x10% [ 1.5x107 | * 53.3 |5.5x10% | 3.1x10% 1.8 |1.3x10° | 2.0x10%55 |1.8/73 [6.4| 105 | 43.0 | 3.5 24 (s) 63| a
39| 8 |2.5x10% | 4.0x10% 62.5 |8.6x10° | 9.5x102 9.1 |8.1x10° - 1.8/62 [7.4 | 165 | o 2.15 83 (s) 55.0 | ¢
s0| o |s.ox10® | 1.5x107 59.3 [1.0x10% | 1.8x10° 5.6 [9.5x10% | o.8x10%/48 [2.0/68 [7.4 [ 166 | 0 | 2.2 83 (s) 34.0 | ¢
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Example 6
 Yellow Toner 1, Magenta Toner 1, Cyan Toner 1
and Black Toner 1 weré charged in developing devices

4-1, 4-2, 4-3 and 4-4, respectively, and incorporatéd

in the image forming apparatus similar to the one used -

in Example 1 to effect a full-color mode image forming

test. The results are shown in Table 6.

Comgafative Examples 41 -~ 48

Full-color image forming tests were performed
in the same manner as;in Exémple 6 except for usihg_
Yellow Toners 2°-“9, Magenta Toners 2 - 9, Cyan Toners
2 -9 and.BlaCk Teneré 2 - 9, respectively, in

combination. The results are also shown in Table 6.



Table 6

Color- * .

Gloss

T,

_ — 1 mixability FL | TH.OFF
Yellow | Magenta | Cyan | Black at 160°C |at 190°C | (°C) (°C)
Ex. 6 1 1 1 1 A 17 25 150 210
Ex. 4 2 2 2, 2 A 35 - 155 175
2 | .3 3 3 3 A 15 40 155 200
43 | 4 4 4 4 c -- 15 . 190 210
44| 5 | s 5 | s c 10 - 160 | 180 .
45 | 6 6 6 6 A 25 43 150 210
46 | 7 7 7 7 C - 10 190 | 220
47 8 8 8 8 A 18 48 150 190
48 9. - ]. 9 9 9 B 10 - 160. 180

* Color—mixi.ng characteristic was evaluated at three level by comparison with |

‘the original image by eye observation:
A: good, B: average, C: poor.

fLL-
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Examples 7 -~ 12

Cyan Toners 10 - 15 were'preparéd in ihé/same
manner as.in Example 1 except for changing the species
of pdlYester resin, the amount.bf divinylbenzene. and
the species of wéx. The properties of the toner are
shown in Table 7. |
Examples 13 - 18

_image formiﬁg tests were performéd'iﬁ?éhell'
same manher as in_Example 2 éxcepf for using Cyan
Toners 10 - 15, respectivély,_instead of Cyan Toner 1.

The results are shown in Table 8.



. . * .
. yn/cm®) (@yn/cm”)| {dyn/em®) /°C {um) (wt. %) -
. . ' . : . ' Mainpgak &llggpeak or shoulder

Ex. 7] 10 | 3.9x10% | 2.8x10% 140 [1.5x10* | 4.0x103 3.8 [1.1x10° | 2.2x10%/55 | 3.5/74 | 5.9] 102 | 15.0] 2.5 . 50 (S) 13.0 | B
8] 11 |3.5x10"% 1.0x108 350 [1.0x10% | 4.2x10° 2.4 |9.910% | 1.8x10%58 | 3,1/65 ]| 6.2| 107 | 3.0] 1.5 35 (5) 18.0 | B

9] 12 | 3.0x10"0 | 1.2x108 250 [3.8x10? |3 x104 1.3 1.3x10° | 2.x10%61 | 3.3/75| 6.8 105 | 200] 2.8. | 25 (S), 100 (s) 9.8 | a

10] 13 [5.30° | 2.0x107 | 180 |2.5x10% | 7.8x10° 3.2 [1.210° | 1.9x10%53 | 1.3/80] 6.6 | 113 | 18.0] 2.3 14 (5), 110 (S) 3| a
11| 14 |8.2x10% | 6.6x10° 125- |4.7x10% | 1.0x10% 4.7 |10 | 2.5:0%62 |3.0/78| 6.5 110 | 25.0] 2.9 50 (S) 7.8 | a
12| 15 | a.6x0® | 25x10° | 185 [4isx10® | 1.0x10° .9 |ox10® | 1.exio%65. [ 3.2/68] 67| 105 | os| 25 |25, w0 | se| a

-y o

-6L-



‘Table 8

Cyan | Tmage density "~ Fog | To |Tyope | Gloss of £ifial image | Soiling within developing drive
Initial | After Initial | After (°C) (°c)” | at 160°C | at 190°C | Toner Developing E%gg&;g _
sheets ~ | sheets | . f roller

Bx. 13 | 10 1.53 |1.45 | 1.0 | 1.8 145 | 210 13 20 A A A
14 | 1" 1.56 | 1.38 1.5 2.3 145 200 | 14 25 A B B
15 | 12 1.58 | 1.52 0.7 | 1.0 145 220 8 15 a A A
16 | 13 1.53 | 1.57 0.5 0.8 | 155 210 10 25 A A A
17 | 4. | 1.45 | 1.50 1.2 2,4 | 155 220 1 i2 A A A
9 |15 | 156 | 154 |08 |12 | M0 | 200 4 100 425 & AR
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Example 19 |

| Styrene monomer 1 180 wt.parts
n—Bufyl acrylate monomer | 20 ® |
- Yellow pigment (Pigment Yellow) 18 "
Saturatéd polyester resiﬁ | 10_ "

Dialkylsalicylic acid chromium_compound_
_ -2 )
Divinylbenzene | . | 0.5 -
Tetraethylene glycol dimethacrylate 0.2 "
Ester wax (Tmp = 74 °c,.w1/2 =4%%) 30 v
The above ingredients were subjected to
dispersion for 3 hours by an attritor, and thehxs wt.

parts of 2,2'-azobisisobutyronitrile (polymerization

'initiator) was added thereto to formulate a

polymérizable monomer composition, which was then

ohargod into an aqueous medium at 60 9c comprising

1200 wt. parts of water and 7 wt. parts of sodium

_polyacrylate and subjected to formation of particles

under stirring for 15 min. by a TK-type homomixer at

'12,000 rpm. Theh, the homomixer was replaced by a

“propeller stirring blade, ahd the system temperature

was increased to 70 °C for 10 hours of"polymerization
under stirring at 60 tpm. The polymeiizate particles
in suspension showed a weight-average'particlé éiie
(Dg) of 1 ym.

Then; while_the suspension liquid was

stirred, the pH thereof was adjusted to 4.6 and the
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temperature was adjusted at 85 °C. The pH and the

temperature were maintained fot 7 hours to effect';

o

_associetibh of the particles. The resultant pafticles

were washed with water and dried to obtain yellow

toner particles having a weight-average'particle size

- (Dg) of 6.1 pm. As a result of microscopic

observation, the toner particles showed a sea-island
structure including.e'lbw-softening point substance
(A) dispersed within and coated with an outer shell
resin (B) as shown in Figure 8. |

| 100 wt. parts of the yellow.tOner particles
and 1.5 wt. parts.of titanium oxide fine powder-were

blended by a Henschel mixer to obtain Yellow Toner 10.

Example 20 '

o Styrene'monomer ' _ 170 wt;parts
n-Butyl acrylate monomer ' 30-' "
Magenta pigment (Permanent Red) 13w
Unsaturated polyester'resih 7 ..ﬁ

‘Dialkylsalicylic acid aluminum compound
. . 2 "
 Divinylbenzene | 0.2
Polyethylene wax (Tmp = 128 °C, W,y = 38 °C)
' 1 "
Ester wax (Tmp = 72 °cC, Wysg =5 Oc) 19 v
The above ingredients were eubjected to

dispersion for 3 hours by an attritor, and then 4.5

wt. parts’df_2,2'-aZobis-Z,4-dimethy1va1eronitri1e
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{polymerization initiator) was added thereto to'

formnlate_a polymerizable monomer composition, which

was then charged into an aqueous medium at 65 °C

comprising 1200 wt. parts of water and 8 wt. parts of

tricalcium phosphate and subjected_to formation of

- particles under stirring for 9 min. by a TK-type

‘homomixer at 9,000 rpm. Then, the homomixer was

replaced by a propeller stirring blade, whicﬁ;was
stirred at 70 rpm for'9 hours 6f polymerization.
After completion of the polymerization, dilute
hydrochloric acid‘was added to the system to remove
the calcium phosphate. -Thén, the polymerizate was

washed and dried to obtain magenta toner particles

having a_weight-average particle size (Dyg) = 6.2 pm.

100 wt. parts of the magenta toner particles
and 1.5 wt. parts of titanium oxide fine powder were

blended_by a Hénschel mixer to obtain Magenta Toner

10.
Example 21
: Styrehe monomer ' - 195 wt.parts
'n—Butyl acrylaté monomer 5 -
Magenta pigment (Permanent Red) 19 om
: Low—moleculérhweight polyester | : 10 "

Dialkylsalicylic acid aluminum compound
. 2 114
Divinylbenzene _ : 1.5 "

' Ester wax (Tmp = 79 °C, Wysp = 3 °cy 20 ¢
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| The'above ingredients were subjected to
dispersion for 3 hours by an attritor, and then 3;wt.
pafts of 1aufoy1 peroxide (polymetizetion initiator)t
was added thereto to formulate a polymerizable monomer_

composition, which was then charged into an aqueous

- medium at 70 °cC comprising 1200 wt. parts of water and

7 wt. parts of triealcium phosphate and subjected to
formation of particles under stirring for 8 ﬁin} by a
TK-type homomixer at510(000 rpm. Then, the homomixei'
was replaced by a propeiler stirring blade, which was
stirred at 60 rpm“for 10 hours of polymerization.
After completion of the polymerizatioh, dilute
hydrochloric acid was added to the system to remove
the calcium phosphate. Then, the polymerizate was
washed'and.dried to obtain magenta toner particles
having a weight;avefage particle size (Dg4) = 6.7 pm.

‘ 100 wt. parts of the magenta toner particles
and 1.5 wt. parts of titanium oxide fine. powder were

blended by a Henschel mixer to obtain Magenta Toner

11. _
Exaﬁple 22
Styrene monomer o i 145 wt.parts
n-Butyl acrylate monomer | _ 55 " .
.Phthalocyanine pigment : : 14 "
~ Saturated polyester resin - 10 "

Dialkylsalicylic acid aluminum compound
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Divinylbenzene | ' 1.3 "
Tetraethylene giycel dimethaerylate 0.2 v .
Ester ﬁax (Tmp = 81 ©cC, Wy = 5°) 30 "
The above'ingredients were_subjeeted to
dispersion for 3 hours by an attritor, and then 5 wt.
parte ef 2,2'-azobisisobutyronitrile (polymerization
initiator) was added fhereto to formulate e
polymerizable monomer composition, which Was‘then
charged into an aqueous mediﬁm at 60 °c comprising
1200 wﬁ. parts of water and 7 wt. parts of sodium
polyacrylate and Subjected to formation of particles
under stirring for 15 min. by a TK-type homomixer'at"
12,000 rpm. Then, the homomixer was replaced by a.

propeller stirring blade, and the system temperature

- was increased to 75 °C for 10 hours of polymerization

under stirring at 60':pm._ The polymerizate particles
in suspension showed_a’weight-a&erage particle size'of
1 pym. Then, while fhe suspension liquid was stirred,
the pH thereof was adjusted'to 4.6 and the temperature
wes'adjusted at 85 °C. The pH.and the temperature -
were maintained for 7 hours to effect association of

the particles. The resultant'particles were washed

with water and dried to obtain cyan toner particles

having a weight4average particle size (D4) of 6.2 pm.

100 wt. parts of the eyan toner'particies and

1.5 wt. parts of titanium oxide fine powder were

blended by a Henschel mixer to obtain Cyan Toner 16.
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Example 23
| Styrene monomer - ' S 165.wt.g§rts
n-Butyl acr&late monomer , 35 *
Phthalocyanine pigment . | 14 "¢
Loﬁ-molecﬁlar,weight polyester 10 "

Dialkylsalicylic acid chromium compoﬁnd
. ’ - 2 "
| Divinylbénzené 1.5 "
Amide wax (Tmp = 105 °C, Wy,5 = 30 °C) 30 "

The above ingredients were subjected to
dispersion for 3 ﬁoufs by an attritor, and thén 3 wf;
parts of lauroyl peroxide (polymerizétion initiafor)
was added thereto to formulate a polymgriﬁable monomer
composition, which was then charged into an aqueous
medium at 70 °C comprising 1200 wt. parts of water and
10 wt. parts of tricalcium phosphate and subjected to
formafién of particles'under stirring for 12 min. by a
TK-type homomixérlat 10,000 rpm. Then, the homomixer |
was :epléced-by a propeller stirring blade, which was
stirréd at 60 rpm for 10 hours of polymerization. |
After completion'bf the polymerization, dilute
hydrochioric acid was added to the system to remove
the calcium phosphate. Theh, thé polymefizate.was |
washed and dried_to obtain cyén toner particles haﬁing
a.weight-averagé particle size (D4) = 6.4 um.

100 wt. parté of the cyan fone: particles and .

1.5 wt. parts of titanium oxide fine powder were
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blended by a Henschel mixer to 6btéin Cyan Toﬁér 17.
The toners of Examples 19 - 23 above
(together with those obtained in Comparative Examples
49 - 53.described hereinafter) were subjécted tb.the

following fixing_test and gloss test, and the
evaluation results together wifh some physical
properties are shown in Table 9 below with respect to
various items of which the'evalﬁatién standa¥ds aré

supplemented below Table 9.

Fixing test

In ordérito evaluate the low-temperature

fixability of a toner, a fixing device of a digital

copying machine ("GP-SS“, made-by Canbn'K.K.) was
taken out and re-modeled to be equipped with an
external driver and a temperature controller so as to
rotate'the fixing rollers at a process speed of 50
mm/sec and control the fixing roller temperature in
the range of 100 - 250 °C. The fixing test was

performed in a thermostatic chamber controlled at a

- temperature of 3 - 5 Oc. After confirming that the

fixing rollers reached the chambér_temperature, a

power'was supplied, and a fixing test was performed

immediately after the heating roller (upper roller)

reached 110 ©°C. At this point of time, the pressure

roller (lower roller) was at ca. 70 °C. Then, while

- the heater was energized, the fixing rollers were

‘rotated for 20 min., and then a fixing test was
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performéd. -At this time; the.piessure roller
temperature was ca. 90 Cc. - |
Gloss_ test |

In order to evaluate the gloss stability of a
toner, a fixed'image sample at'a.fixing temperature_of .
155 OC was obsefved with eyés for evaluating a gloss
1owering'between ends and a differehée'from a fixed

image sample at 190 OC. Further, each toner was

subjected to a continuous image forming test on 10,000

sheets by usihg a commerciallf available copying
machine ("FC~-330"; made by Canon K.K.) together with a
process cartridge«(apparatus unit) for non—magnetic
mono—componént development, whereby a degree of gloss
change between an average gloss value at an initiai
stage (on first to ténth sheetS) and a gloss value.ét

the end of continuous forming test was recorded.
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Table 9
Examples 19 20 | 21 | 22 23
Test item \\\\
G'g0/C'g0 145 [122 | 81 | 150 | 80
G'155/G'_190 a 1.2 1.1 1.1 1.4 1.2'
Tc (°C) 68 69 87 | 38 |. 61
1) Fixability :
at 110 °c A A C A | B
2) Gloss : L
lowering - A A A A A
3) Gloss | :
difference A | A A A A
'4) Gloss changel . .
' rate A A A A A
Anti-blocking B B B C B.

[Notes of Tables 9 and 10]
1) Fixability at 110 °C | |

' Fixed images were rubbed two times (one
;eéiprOCation) with a lens éléaning'paper (ﬁdésperﬁ
availablé from Ozu Paper Co. Ltd.) under.a 1oad'of 50
g/cmz, and a lowering in image density due to the
rubbing was recorded fot each fixed image.  The above
fixing test was performed fof a fixed image.dbtained |
immediately after thé héatihg rolier reached'110_°C
and fbr a fixed image obtained after 20 minutes of

blank rotation of'the fixing rollers for.each'toner
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sample to measure a change in lowered image density.

' For a series of sample toners (Examples.lg - 23 agd

Cémparative'Exampies 37 - 41), fhe above test was
preformed,:and the maximum change of a sample among
the samples was taken as the standard (100 %). The
other samples were fafed at four ranks of A ; D based
on the relative change és follows:

A: 0 % to below 25 %,

B: 25 % to below 50_%,

C: 50 % to below 75 %,

D: 75 % to 100 %.

A smaller value of the relative change @eans

a smaller change between a density lowering between
the fixed image obfained imﬁediately affer the heating

roller temperature has reached.llo Oc and the fixed

" image obtained after 20 min. of blank rotation, i.e.,

showing a good fixability (a toner's own fixability)
from the initial stage after a power supply to the

image forming apparatus.

2) Gloss lowering

A gloss lowering between a leading end and a

trailing end of a fixed image sample was measured,'and

the largest lowefing among the samﬁles'was'taken as

the standard (100 %), and the other samples weré rated
according to the following standard based on a
relative gloss lowering:

A: 0 % to below 25 %,
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B: 25 % to below 50 %,
C: 50 % to below 75 %,
" D: 75 % to 100 %.

A smaller value means an image having a more

-uniform gloss.

3) Gloss difference

" A gloss_difference'between a fixed image

-sample at 155 ©C and a fixed image sample at 190 °C

was measured for each toner sample, and largest

difference among the toner samples was taken as the

standard (100 %), and the other toner samples were

rated according td the following standard based on a
relative gloss difference. |
- A: 0 % to below 25 %,

B: 25 % to below 50 %,

C: 50 % to below 75 %,

b: 75 % to 100 %.

A smaller value means a smaller.temperature-_

dependent gloss change.

4),_G10$s change rate

An average gloss value bf'initial fixed
images (Qn 1st to lpth sheefs) and a gloss value of a
fixed'imagé at thé end of a continuous image forming
test on 10600 sheets for each toner sample ﬁere

measured to record a gioss difference therebetween.

- The largest gloss difference among the toner samples

was taken as the standard (100 $), and the other toner
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samples were rated according to fhe following staﬁdérd
"based on a relative gloss difference: , |
A: 0 % to below 25 8,

B: '25.% to below 50 %,

C: 50 % to below 75_%,

D: 75 % to 100 %.

A smaller value means a smaller gloss change

between the initial stage and the last stage of a

- continuous image forming test.

Comparative Example 49

 A yellbetonerjhaving a weight-average
particle Siie'of 6.5 pm was prepared in.the séﬁe-
manner és_in Example 19 except for omitting thg
divinyibenzene used in Example 19.
-‘Comparative Example 50

A yellow toner having a weight-average
particle size of 6.6 pm was prepared in the same
manner as in_Example 19 except for using pdlypropylene
wax (Tmp = 143 °c, Wy/o = 30 °C)-instead of the ester
wax ﬁsed in Example 19. '
Comﬁarative-Examgle 51

-\ yelldw toner having a weight-average
particle size of 6.4 pm was pfepared in the same
manner as in Exampie 19 except for oﬁitting the
divinylbenzene and replacing the ester wax with
polypropylene wax (Tmp = 146 °c, Wy, = 33 o¢y.

Comparative Example 52
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_ - A yellow toner having a wéight—average
particle size of G.Q'pm was prepa;ed in the same ;
manner as in Example 19 except for 6mitting the
divinylbenzene and tetraethylene glycol'dimethacrylate
uéed in Example 19.

Comgarative.Examgle 53

A magenta toner having a weight-average

particle size of 6.6 um was prepared in the same

manner as in Example 20 except for omittiﬁg the
divinylbenzene and replacing the unsaturated polyester
with saturated polyester. |

The toners of Comparative Examples 49 ~ 53 -

were evaluated along with the toners of Examples 19 -

23, and the results thereof are Shown in Table 10

below.
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Table 10
'_Comparétive '
Examples 49 | - 50 .51 52 53
Test item
G'60/G'g0 101 71 74 80 114
G'155/G'190 18 11.05 |9.5 22 26
‘Te (°C) s8 | 61 | 60 | 66 | 71
1) Fixability ,
at 110 °c B D c - C A
2) Gloss o
lowering D A C . D. D
3) Gloss _ ' :
difference D A Cc D D
4) Gloss change
rate D A C "D D
Anti-blocking c " B B B B
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image, comprising:'loo wt. parts of a binder resin, 1

1. A toner for developing an electroétatic

- 150 wt. parts of a colorant and 5 - 40 wt. parts of
a low-softening point substance; wherein the toner has

a storage modulus at 60 °C (G'gp) and a

- storage modulus at 80 °C (G'gy) providing a ratio

(G'gp/G'gg) of at least 80, and
a storage modulus at 155 @c (G'155) and a
storage modulus at 190 °C (G';gg) providing a ratio

(G'155/G'190)'6f'0.95 - 5.

2. - The toner'according to Claim 1, wherein the'

toner shows a ratio (G'go/G'gg) of 100 - 400.

3. The toner according to Claim 1, wherein the

‘toner shows a ratio (G'gg/G'gg) of 150 - 300.

4. The toner according to Claim 1, wherein the

toner shows a ratio (G'155/G'190) ©of 1 - 5.

5. The toner according to Claim 1, wherein the

‘toner has a storage modulus at 190 Cc (Gflgo) of 1x103

- 1x104 dyn/cmz..

6. The toner according to Claim 1, wherein the

toner provides a loss modulus curve giving a maximum
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7. The toner according to Claim 6, wherein the
toner shows a loss modulus at 40 °C of G"4o giving a

ratio (G"ax/G"49) of at least 1.5.

8. The toner according to Claim 1, wherein the

binder resin has a THF-insoluble content of 0.1 -~ 20

wt. %.

9. The toner according to Claim 8, wherein the
binder resin has a THF-insoluble content of 1 - 15 wt.

%.

10. The tonerlaccofdihg to Claim 1, wherein the
binder teéin comprises a crosslinked styrene
copolgmef, and the low-softening point substance
provides a DSC heat-absorption curve showing a heaf-
absqrptién main peak in.a temperature range of 40 - 90

oc‘. '.

11. _Thé toner according to Claim i, wherein'the'_
binder resin compriseé a ciosslinked styrene cépdlymér
and a nonécrpsslinked polyester resin, and the low-
softening point substance provides a DSC heatf_

absorption curve showing a heat-absorptiqn mainnpeak
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in a temperature range of 40 - 90 °C.

12. The toner according to Claim 1, wherein the
binder resin comp:isés a crosslinked styrene
copolymer and a crosslinked polyester resin, and the
iow—sqftening point substance provides a.DSC heatf
absorption curve showing a heat-absorption main peak

in a temperature range of 40 - 90 °cC.

13. The toner according to Claim 1, wherein the

'1ow—softening'p61ht substance provides a DSC heat-

absorption curve showing a heat-absorption main peak
in a temperature range of 45 - 85 °C, the heat-

absorption main peak having a half-value width of at

most 10 °cC.

14. The toner according to Claim 13, wherein the
low-softening point substance shows a heat-absorption

main peak having a half-value width of at most 5 °C.

15. The toner according'to Claim 1, wherein the

'lowésoftening point substance comprises a solid wax.

' 16. The toner according to Claim 1, wherein the
iow-softening point substance comprises a solid ester

wax.’



10

15

20

25

| I

17. The toner according to Claim 1, wherein the

- low-softening poiht substance comprises a solid ester

'wax providing a DSC heat-absorption curve showing a

heat-absorption main'peak in a temperature range of 45

- 85 °C, the heat-absorption main peak baving a half-

‘value width of at most 10 °C.

18. The toner according to Claim 17, wherein the

- 80lid ester wax shows a heat-absorption main peak

having a half-value width of at most 5 °c.

19. The toner according fo.Claim 1, wherein-the_
low-softening point substance comprises a solid
polymethylené wax providing a DSC heat-absorption peak
showing a heét-absorpfion méin;in a temperature range
of 40 - 90 ©C, the heat-absorption peak having a half-

value width of at most 10 °C.

'20. The toner according to Claim 1, wherein the.

'low-soffehing point substance comprises a solid

_polyolefin wax providing_a DSC-heat—abSorption peak

showing a heat-absdrption main in a temperature range

‘of 40 - 90 OC, the heat-absorption peak having a half-

value width of at most 10 °cC.

21. The toner according to Claim 1, wherein the

low-softening point substance comprises a long-chaih
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E alkyl'alcohol'having 15 - 100 carbon atbms'end

‘providing a DSC heat-absorption peak'showing'a heat-

absorption main in a temperature range of 40 - 90 Sc,

the heat-absorption peak having a half-value width of

at most 10 °c.

22. The toner according to Claim 1, wherein the

'foner is in the form of toner particles.containing'll

= 30 wt. $ thereof of the low—softening point

substance. -
23. The_toner according to Claim 22, wherein the

1ow—seftening point substance is'contained in 12 - 35

wt. part per 100 wt. parts of the binder resin.

~24. The toner aecording to Claim 1, wherein the

toner is a non-magnetic cyan toner.

-25. The toner according to Claim 1, wherein the‘

toner is a non-magnetic magente toner.

26. The toner according to Claim 1, wherein the

toner is a non-magnetic yellow toner,

27. The toner according to Claim 1, wherein fhe

toner is a non-magnetic black toner.
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28. An apparafus'unit, detachably'mountable td'an

apparatus main assembly, comprising: a toner, a

4

B developing sleeve, a toner applicafion means disposed

to press the developing sleeve, and_an'outer casing
for enclosing the toner, the developing sleeve and the
toner application means;

wherein the toner comprises 100 wt. parts of

a binder resin, 1 - 150 wt. parts of a colorant and 5

=40 wt; parts of a low~-softening point substance;

and
the torier has a storage modulus at 60 °C
(G'gg) and a storage modulus at 80 °c (G'gg) providing

a ratio (G'gp/G'gp) of at least 80, and a storage

modulus at 155 °C (G'js55) and a storage modulus at

190 ©C (G'jqp) providing a ratio (G';gs/G'1gp)of 0.95
s |

29. The apparatus unit according to Claim 28, -

wherein the developing sleeve comprises a cylinder

formed. of an electroconductive metal or alloy, and the

toner application means comprises a toner application

- roller and an elastic_blade.

30. The apparatus unit according to Claim 28,
wherein the developing sleeve comprises é cylinder
formed of an eléctroconductive métal or alloy, and the

toner application means comprises a plurality of toner
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appliCatidn rollers.

- 31.

wherein

‘The apparatus unit according to Claim 28,

the developing sleeve is coated with a surface

layer comprises a resin and electrbconductive fine

powder diSperSed therein.

" 32.
wherein

400.

33,

wherein

300.

34.
wherein

5.

35.

wheréin

(G'190)

36.

wherein

The apparatus unit according to Claim 28,

the toner shows a ratio (G'gg/G'gg) of 100 -

The apparatus unit according to Claim 28,

the toner shows a ratio (G'gy/G'gg) of 150 -

The apparatus unit according to Claim 28,

the toner shows a rafio (G'155/G'199) of 1 -

The apparatus unit accordihg to Claim 28,
the toner has a storage modulus at 190 °C

of 1x103 - 1x104 dyn/cm )

The appgrétus unit according'to Claim 28,

.the toner provides a loss modulus curve giving'

a maximum (G"_..) of at least 1x10° d_yn/cm2 in a

temperature range of 40 - 65 °C.
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37. The apparatus unit accérding to Claim 36,
wherein the toner shows a loss modulus at 40 °c of

-

G"40 giving a ratio (Gpax/G'gg) Of at least 1.5.

38. The apparatus unit according to Claim 28,
wherein the binder resin has a THF-insoluble content

of 0.1 - 20 wt. %.

39. The apparatus unit according to Claim 38,
wherein the binder resin has a_THF—insdluble content
of 1 - 15 wt. %o - |

*

40. The apparatus unit according to Claim 28,

wherein the binder resin comprises a crosslinked

styrene copolymer, and the low-~-softening point
substance provides a DSC heat-absorption curve showing

a heat-absorption main peak in a temperature range of

40 - 90 °c.

41. The apparatus unit accordiné to Claim 28,
wherein the binder :esin éomprises a crosslinked
styrehe copolymer and a non-crosslinked polyester
resin, and the low-softening point substahce providés.
a DSC heat-absorptiqn cﬁrve showing a heat-absorption

main peak in a temperature range of 40 - 90 °cC.

42. The apparatus unit according to Claim 28,
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‘wherein the bhinder resin comprises a crosslinked

styrene copolymer and a crosslinked polyester resip,-
and the low-softening point substance provides a DSC
heat—absorption curve showing a heat-absorption main

peak in a temperature range of 40 - 90 Oc.

43. The apparatus:unit according to Claim 28,
whereih the iow¥softening pdint substance prcvides a
DSC heat-absorption curve showing a heat-absorption
main peak in a temperature rénge of 45 - 85l°c, the
heat-abso:ption«main pcak having a half-value width of

at most 10 °c. ,

44, The apparatus unit according to Claim 43,

wherein the low-softening point substance shows a

" heat-absorption main peak having a half-value width of

at most 5 °cC.

45. The apparatus unit according to Claim 28[
wherein the low;softening point substance comprises a

solid wax.

46. The appafatus unit according tQ Claim 28,

wherein the low-softening point substance comprises a

solid ester wax.

47. The apparatus unit according to Claim 28,
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wherein thé low-softening point substance_comprises a

solid ester wax providing a DSC heat-absorption curve

_showing a heat-abSorption_main peak in 'a temperature

range of 45 - 85 ©°C, the heat-absorption main peak

having a half-value width of at most 10 °cC.

48. The apparatus unit according to Claim 47,
wherein the soiid ester wax'shows'a heat-absérption '

main peak having a half-value width of at most 5 ©C.

49, The apparatus unit according to Claim 28,
whérein'the:low-softening poinf-subétance comprises a
solid pdlymethylene wax'providing a DSC heat-
absofption peak showing a heaf—absorption'main in a
temperature range of 40 - 90° °C, the heat-absorption

peak having a half-value width of at most 10 °c.

50. The apparatus unit aécording to Claim 28,'

wherein the'lowesoftening point substance comprises a

'solid polyolefin wax providing a DSC heat-absorptibn

peak showing a heat-absorption main in a temperature
range of 40 - 90 9C, the heat-absorption peak having_é

half-value width of at most 10 ©C.

51. The apparatus unit'according to Claim 28,
whérein the lowfsdftening point-sﬁbstance COmp:ises a

long-éhain alkyl alcohol having 15 - 100 qérbon atoms
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"and providing a DSC heat-absorption peak showing a

heat-absorption main in a temperature range of 40’; 90
©c, the heat-absorption peak having a half-value width

of at most 10 °C.

52. The apparatus unit according to Claim 28,
wherein the'toner'is in the form of tonef parficles
containing 11 - 30 wt. % thereof of the low—éoftening

point substance.

53. The apparatus unit according to Claim 52,
wherein the low-softening point substance is contained

in 12 - 35 wt. part per 100 wt. parts of the binder

. resin.

54. The apparatus unit according to Claim 28,

"wherein the toner is a non-magnetic cyan toner.

55, Thé_apparatus unit according to Claim 28,

wherein the toner is a non-magnetic magenta toner.

56. The apparatus unit according to Claim 28,

wherein the toner is a noh-magnetic yéllow toner.

57. The apparatus unit according to Claim 28,

wherein the toner is a non-magnetic black toner.
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'58. An'i@age forming method, cbmprising:'
forming an electrostatic image on én imagg;
bearing member, | _ |
deveioping the electrostatic image with_a
toner having a triboelectric charge to form a toner
image,.

) transferring the toner image onto a transfer
material via or without via an intermediate f:ansfef
member, and |

fixing the toner image onfo the transfer
member under application of heat and pressure;
wherein the toner compriées 100 wt. parts of

a binder resin, 1 - 150 wt.'parts of a colorant and 5

- 40 wt. parts of a low-softening point substance; and

the toner has a storage modulus at 60 °C
(G'go) and a storage modulus at 80 °C (G'gg) providing

a ratio (G‘éO/G‘so) of at least 80, and a storage

modulus at 155 °C (G';55) and a storage modulus at 190

OC (G'y90) Providing a ratio (G';55/G'i9g)of 0.95 - 5.

' 59. The method according to Claim 58, wherein

the electrostatic image is formed on a

‘photosensitive member,

the electrostatic image is developed with a
toner triboelectrically charged by a tonérlapplication

roller to form a toner image on the photosensitive

‘member,

UL
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the toﬁer.image on the photosensitive member
is transferred onto an intermediate transfer_membg;,.
- the toner image on fhe.intermediate transfer
member is transferred onto the transfer material, and
5 '  the toner'iﬁage is fixed onto fhe transfer

material under application of heat'and pressure.

60. The method éccording to Claim 59, wherein the
photosensitive ﬁember is charged by a contaCtléharging
10 . means and then exposed to form the electrostatid'image
thereon. s |
61. The method according to Claim 59, wherein the
intermediate trahsfer member is in the-form of a drum
15 supplied with a voltage, and the surfacé thereof is

cleaned by a cleaning means.

62; The method according to Claim 59, wherein the

intermediate transfer member is in the form of a drum .
20 suppiied"ﬁith a.voltage, and the toner image on thé |

intermediate tfansfer member is transferred to the

transfer material under the action of a transfer belt

supplied with a VOltage, cafrying'the transfer

material and exe;ting alpressing force against the
25 intermediate transfer member via the transfér

material.
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-63. The method according to Claim 59, wherein the

intermediate transfer member is in the form of an ,

_ endless belt supplied with a volrage) and the toner

image on the intermediate transfer is transferred to
the transfer material under the action of a transfer.
roller supplied with a voltage and carrying-fhe
transfer material so as to sandwich the transfer

material together with the intermediate transfer

- member.

" 64. The methéd according to Claim 59, comprising

multi-color or full-color image forming steps

including:

(a) forming a first electreStatic.image on the
photosensitive member, developing the first |
electrostatic image formed on the photosensitive
member with a first toner selected from the consisting
of a yellow toner, a cyan toner, a magenta toner and a
black toner to form a first toner image on the
photosensitive member, and transferring the first
toner image from the photosensitive member onto the
intermediate transfer member, |

'(b)' forming a second elecfrOStatic image on the
photosensitive member, developing the second

electrostatic image with a second toner having a

different color from the first toner to form a second

toner image on the photosensitive member and

T
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trénsferring the'seCOhd tbné; image frbm the
photésensitive member to the intefmediéte transfer
membef, | '
(c) forming a third electrostatic image on the
phbtosensitive member, devéloping thé_third

electrostatic image with a third toner having a

different color from the first and second toners to =

form a third toner image on the-photosensitiée member

and transferring the third toner image from fhe

photosensitive member to the intermediate transfer

member, B

(d). forming a_fourth electrostatic imagé on the
photosensitive member, developing the fourth
electrostatic image with'a fourth toner having a
different coidr from the first to third toners to form
a foufth toner image on the photosensitive member and
transferriﬁg the fourth_toner image from the

'photosensitive'member to the intermediate transfer

"~ member,

(e) transferring the first to fouith tonerfimages
on the'intermediate transfer member onto the transfer
material, and

(f) fixing the firstlto fourth toner images on

the transfer material under application of heat and

'pressure to'form_a'multi-color or full-color image on

the transfer material.
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65. The method'accofding to any of Claims 58 to

64, wherein the toner image on the transfer materi;l

is fixed under application of heat and pressure by

using a heating'rolier to which an offset-prevention

- liquid is not applied.

66. The method according to Claim 65, wherein the
heating roller is surfaced with a fluorine—céntaining

resin.

- 67. The method according to Claim 64, wherein

each of the yellow toner, the cyan toner and the

magenta toner satisfies the properties recited in

Claim 58.

68. The method according to Claim 58, wherein the

toner shows a ratio (G'gg/G'gg) of 100 - 400.

' 69. The method according to Claim 58, wherein the

toner shows a ratio (G'gy/G'gg) Of 150 - 300.

70. The method according to Claim 58, wherein the

toner shows a ratio (G';55/G'j9p) of 1 - 5.

71. The method according to Claim 58, wherein the
toner has a storage modulus at 190 ©cC (Giigo)_of 1x103
- 1x10% dyn/cmz. |
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72. The method according to Claim 58, wherein the

toner provides a loss modulus curve giving a maxihpm
(G“max) of at least 1x1_09 dyn/cm? in a temperature

range of 40 - 65 °cC.

73. The method according to Claim 72, wherein the

‘toner shows a loss modulus at 40 °C of G"40 giving a

~ratio (G"pae/G"40) of at least 1.5.

74. The method according to Claim 58, wherein the

pinder resin has a THF-ihsqluble content of 0.1 - 20

| wt. %.

~75. The method according to Claim 74, wherein the

. binder resin has a THF-insoluble content of 1 - 15 wt.

76. ,Thé method according to Claim 58, wherein ﬁhe
binder resin comprises a crosslinked styrene
copolymer, and the low-softening point”substahce_
prbvidés a DSC heat—absorptioﬁ curve showing a heét—
ahsbfption main.peak in a'tempe:ature rahge of 40 - 90

Cc.

77. The method according to Claim 58, wherein the

bindeér resin comprises a crosslinked styrene copolymer
and a non-crosslinked polyester'resin, and the low-

softening point substance provides a DSC heat-
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absOrption curve showing a heat-absorption main peak

in a temperature range of 40 - 90 °C.

78. The method according to Claim 58, wherein the

- binder resin comprises a crosslinked styrene copolymer

and a crosslinked polyester resin, and the low-.

' softening point substance provides a Dsc'heat-

abSorption curve showing a heat-absorption main peak

- in a temperature range of 40 - 90 °C.

79; The method aCcofding to Claim 58, wherein the
1ow-softening point substance_p:ovides-a DSC heat-
absorption curve showing-a heat-absoiption main peak
in a temperature range of 45 - 85 °C, the heat-
absorption ﬁain peak having a half-value width of at

most 10 °cC.

_80. The method according to Claim 79, wherein the

'low-softehing point substance shows a heat-absorption

main peak having a half-value width of at most 5 °cC.

81. The method according to Claim 58, wherein the

'1ow—softening point substance comprises a solid wéx.'

82. The method according to Claim 58, wherein the
low-softening poinf substance comprises a solid ester

wax. .

* c L M .S *
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83. The method according to Claim 58, wherein the
iow-softehing'point substance comprises a solid esrer
wax providing a DsC heat—absorption curve showing#a
heat absorption maln peak in a temperature range of 45
- 85 9c, the heat—absorptlon main peak having a half-

value width of at most 10 °c.

| 84. The method according to Claim.83, wherein . the
solid ester wax shows a heat-absorption main:peak'
having a half-value width of at most 5 °C.

85. The merhod according to Claim_Sé, wherein the
low-softening point substance comprises a solid
polymethylene wax providing a DSC heat-absorption peak
showing a heat-absorption main in a temperature range
of 40 - 90 °c, the heat-absorption peak having a half-

value_ﬁidth of at most 10 °c.

86. The method according_to Claim 58,'wherein'the
low-softenlng point substance compr1ses a solid
polyolefln ‘wax providing a DSC heat- absorptlon peak
showing a heat-absorptlon main in a temperature range
of 40 - 90 °C, the heat-absorptioﬁ peak having a half-

value width of at most 10 °C.

87. The'method according to Claim 58, wherein the

low-softening poinf subsfance comprises a long-chain
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alkyl alcohol having 15 - 100 carbon atoms and

prov1d1ng a DSC heat-absorption peak show1ng a heat-

absorption main in a temperature range of 40 - 90 OS¢,

the heat-absorption peak having a half-value width of

at most 10 °cC.

'88. The method accordlng to Claim 58,

whereln

toner is in the form of toner partlcles contalnlng

- 30 wt % thereof of the low -softening point

substance.

89.  The method according to Claim 88,

wherein

1ow-seftening point substance is.contaihed in 12 -

wt. part per 100 wt. parts of the binder resin.

90. The method according to Claim 58,

toner is a non-magnetic cyan toner.

91. The method according to Claim 58

toner is a non-magnetic magenta toner.

92. The method according to Claim 58,

toner is a non-magnetic yellow toner.

93. The method according to Claim 58,

toner is a non-magnetic black toner.

wherein

, wherein

wherein

wherein

the
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