5, D TONER FOR DEVELOPI NG ELECTROSTATI C | MAGE FI ELD OF THE | NVENTI ON AND
RELATED ART The present invention relates to a toner for 5 devel opi ng

el ectrostati.c i mages used in image form ng nethods, such as

el ectrophot ography, electrostatic recording or electrostatic printing,
particularly a toner suitable for hot roller fixation. Htherto, a |large
nunber of el ectrophoto- 10 graphi c processés have.beg knomn, I ncl usi ve
of those disclosed in U S. Patents Nos. 2,297, 691, f %4363; and
4,071,361. . In these processes, in general, an electrostatic | atent inmage is

forned on a photosensitive nenber conprising a photoconductive
TONER FOR DEVELOPING ELECTROSTATIC IMAGE

FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a toner for

S developing electrostatic images used in image forming
methods, such as electrophotography, electrostatic
racording or electrostatic printing, particularly a
toner suitable for hot roller fixation.

Hitherto, a large number of electrophoto-

10 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'latent.image is formed on a
photosensitive member comprising a photocondgctive

15 material by various means, then the latent image is
developed with a toner, and the resultant toner image
is, after being transferred onto a transfer material
such as paper etc., as desired, fixed by heating,
pressing, or heating and pressing, or with solvent

20 vapor to obtain a copy or print carrying a fixed toner
image. ]

As for the step of fixing the toner image
onto a sheet material such as paper which is the final
step in the above process, various methods and

25 apparatus have been developed, of which the most
populér one is a2 heating and pressing fixation system

using hot rollers.
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15 material by various neans, then the latent inage is developed with a
toner, and the resultant toner inage is, after being transferred onto a
transfer. material such as paper etc., as desired, fixed by heating,
pressing, or heating and pressing, or with solvent 20 vapor to obtain a
copy or print carrying a fixed toner image. As for the step of fixing the
toner image onto a sheet material such as paper which is the final step in
t he above process,. various nethods and 25 appar at us have been devel oped,
of which the nost popular one is a heating and pressing fixation system
usi ng hot rollers. In the heating and pressing system, a sheet

carrying a toner image to be fixed (hereinafter called
"fixation sheet") is passed through hot rbllers, while
a surface of a hot roller having a releasability with

5 the toner is caused to contact the toner image surface
of the fixation sheet under preésure, to fix the toner
image. In this method, as the hot roller surface and
the toner image on the fixation sheet contact each

? other under a pressure, a very good heat efficiency is

10 attained for melt-fixing the toner image onto the
fixation sheet to afford quick fixation.

It is thever a current state that different
toneré are used for different models of copying
machines and printers. This is primarily because the

15 different models adopt different fixing speeds.and
fixing temﬁeratures.- More specifically, in the fixing
step, a hot roller surface and a toner image contact

o each other in a melted state and under a pressure, SO
=~ that & part of the toner is transferred and attached

20 to the fixing roller surface and then re-transferred .
to a subéequent fixation sheet to soil the fixation
sheet. This is called an offset phenomenon and is
remarkably affected by the fixing speed and
temperature. Generally, the fixing roller surface

25 temperature is set to be low in case of a slow fixing
speed and set to be high in case of a fast fixing
speed. This 1s because a_constant heat quantity is
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-2- In the heating and pressing system a heet carrying a toner inage to be
fixed (hereinafter called "fixation sheet") is passed through hot rollers,
while a surface of a hot roller having a releasability with 5 t he toner
Is caused to contact the toner image surface of the fixation sheet under
pressure-, to fix the toner inmage. In this nethod, as the hot roller
surface and the toner inmmge on the fixation.gheet contact each other under
a pressure, a very good heat efficiency is 10 attained for melt-fixing
the toner imge onto the fixation sheet to afford quick fixation.

supplied to the toner image for fixation thereof
regardless of a difference in fixing speed.

However, the toner on a fixation sheet is
deposited in several layers, so that there is liable

5 to occur a large temperature difference between a
toner layer contacting the heating roller and a
lowermost toner layer particularly in a hot-~fixation
system using a high heating roller tempeggture. As a
result, a topmost toner layer is liable to cause an

10 offset phenomenon in case of a high heating roller
temperature, while a low-temperature offset is liable
to occur because of insufficient melt ing of the
lowerniost toner layer in case of a low heating roller
temperature.

15 In order to solve the above praoblem, it has
been generally practiced to increase the fixing
pressure in case of a fast fixing speed in order to

A . promote the anchoring of the toner onto the fixation
sheet. According to this method, the heating roller

20 temperature can be somewhat lowered and it is possible
to obviate a high-tempe}ature offset phenomenon of an
uppermost toner layer. However, as a very high
shearing force is applied to the toner layer, there
‘are liable to be caused several difficulties, such as

25 a winding offset that the fixation sheet winds about
the fixing roller, the appearance of a trace in the

fixed image of a separating member for separating the
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It is however a current state that different toners are used for different
nodel s of copyi ng nmachines and printers. This is primarily because the 15
di fferent nodels adopt different fixing speeds and fixing tenperatures.
More specifically, in the fixing step, a hot roller surface and a toner

I mmge contact each other in a nelted state and under a pressure, so that a
part of the toner is transferred and attacied 20 to the fixing roller
surface and then re-transferred to a subsequent fixation sheet to soil the
fixation sheet. This is called an of fset phenonenon and is remarkably
affected by the fixing speed and tenperature.. Cenerally, the fixing roller
surface 25 tenpakattpa sReebtffempehe ofixing o 18T a andbvirhiernieg

copied images, such as resolution failure of line
images and toner scattering, due to a high pressure.

Accordingly, in a high-speed fixing system, a

5 toner having a lower melt viscosity is generally used
than in the case of low speed fixation, so as to lower
the heating roller temperature and fixing pressure,
thereby effectiné the fixation while obviating the
high-temperature offset and winding offset. However,

10 in the case of using such a toner having a low melt
viscosity in low speed fixation, an offset phenomenon
is liable to be caﬁsed because of the low viscosity.

Accofdingly, there has been desired a toner
which shows a wide fixable temperature range and an

15 excellent anti-ocffset characteristié andé is applicable
from a low speed apparatus to a high speed apparatus.

On the other hand, in recent years, theré
have been also desired high-quality copy or print
images in accordance with the use of digitalized

20 copying machines and fine toner particles.

More specifically, it has been desired to
obtain a photographic image accompanied with
characters, so that the character images are clear
while the photographic image is excellent in density

25 gradation faithful to the original. Generally, in a
copy of a photographic image accompanied with

characters, if the line density is increased so as to
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speed and set to be high in case of a fast fixing speed. This is because a
constant heat quantity is -3- supplied to the toner image for fixation
t hereof regardless of a difference in fixing speed. However, the toner

fixation sheet

the heating roller and a | owernost toner |ayer particularly in a
hot - fi xation systemusing a high heating roller tenperature. As a

10

20

25

provide clear character images, not only the density
gradation characteristic of the photograph image is
impaired, but also the halftone part thereof are
roughened.

Further, resolution failure (collapsion) of
line images and scattering are liable to be caused at
the time of fixation as described above, so that the
image qualities of the resultant copy images are
rather liable to be deteriorated.

Further, in case where the line image density
is increased, because of an increased toner coverége,

a thick toner image is pushed against a photosensitive

member to be éttached to the photosensitive member in

the toner transfer step, so that a so-called transfer

failure (or a hollow image), i.e., a partial lack

_toner image (line images in this casea), in the

transferred image, is liable to be caused, thereby
providing poor guality of copy images. On the other
hand, in case where thé gradation characteristic of a
photographic image is intended éo be improved, the
density of characters or line images are liable to be
lowered, thus providing unclear images.

The use of a smaller particle size toner can
increase the resolution and clearness of an imagé but
is also liable to be accompanied with various |
difficulties.

First, a smaller particle size toner is
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to occur a large tenperature difference between a toner |ayer contacting



result, a topnost toner layer is |liable to cause an 10 of f set phenonenon
in case of a high heating roller tenperature, while a-[owtenperature
offset is liable to occur because of insufficient nelting of the | owernost
toner |layer in case of a low heating roller tenperature. 15 In
order to solve the above problem it has been generally practiced to
increase the fixing pressure in case of a fas®-fixing speed in order to
“pronote the anchoring of the toner onto the fixation sheet. According to
this method, the heating roller 20 tenperature can be sonewhat | owered

o bos: Tones | bR Phokel e Lk RS SPESLELILS, LI S n B FSIE AL o
This is particularly noticeable in high-speed
fixation. This is because the toner coverage in a
halftone part is little and a portion of toner

5 transferred to a concavity of a fixation sheet
receives only a small quantity of heat and the
pressure applied thereto is also suppressed because of
the convexity of the fixation sheet. A portion of

e toner transferred onto the convexity of the fixation

10 sheet in a halftone part receives a much larger
shearing force per toner particle because of a small
toner layer thickness compared with that in a solid
image part, thus being liable to cause offset or
result in copy images of a lower image quality.

15 Fpg is another problem. If the toner
particle size is reduced, the surface area of a unit
weight of toner is increased, so that the charge
distribution thereof is liable to be broadened to
cause fdg. As the toner surface area is increased per

20 unit weight thereof, the toner chargeability is liable
to be affected by a change in environmental )
conditions.

If the toner particle size is reduced, the
dispersion state of a polar material and a colorant is

25 liable to affect the toner chargeability.

When such a small particle size toner is

T
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shearing force is applied to the toner |layer, there are liable to be caused
several difficulties, such as 25 a wnding offset that the fixation sheet
wi nds about the fixing roller, the appearance of a trace in the fixed image
of a separating nenber for separating the fixation sheet fromthe fixing
roller, and inferior copied i mges, such as resolution failure of |ine

I mges and toner scattering, due to a high p7essure. Accordingly, in a

hi gh-speed fixing system a 5 toner having a lower nelt viscosity is
generally used than in the case of |ow speed fixation, so as to | ower

liable to be excessively charged to cause fog and a
density decrease, particularly in a low-humidity
environment.

Further, in connection with a trend of

5 providing a copying machine with a multiplicity of
functions, such as a superposed multi-color copying of
erasing a part of an image as by exposure and
inserting another image into the erased part, or frame
erasure of erasing a frame part on a copying shéet,

10 fog of a small particle size is liable to remain in
such a part to be erased into white.

When an image is erased by providing a
potential of a polarity opposite-to that of a latent
image potential with respect to a development

15 referencé potential as by irradiation with intense
light from LED, a fuse lamp, etc., the erased part is
liable to cause fog.

N Japanese Laid-Open Patent Application (JP-3)

3-219262, JP-R 3-64766 and JP-A 3-271757 have

20 disclosed a toner having a storage modulus and a loss
modulus in certain ranges, respectively. Such a toner
may have excellent fixability and anti-offset
characteristic under a certain fixing condition but it
is not easy to satisfy fixability ana anti-offset

25 characteristic for various modgis of fixing devices
having remarkably different fixing speeds, fixing

pressures and shearing forces as described above and
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the heating roller tenperature and fixing pressure, thereby effecting the
fixation while obviating the high-tenperature offset and w nding of fset.
However, 10 in the case of using such a toner having a low nelt viscosity
in | ow speed fixation, an offset phenonenon is |iable to be caused because
of the low viscosity. Accordingly, there has been desired a toner which
shows a wi de fixable tenperature range and an 15 excel l ent anti-offset
characteristic and is applicable froma |.gu speed apparatus to a hi gh speed
apparatus. On the other hand, in recent years, there have been al so desired
hi gh-quality copy or print images in accordance with the use of digitalized
20 copyi ng machi nes and fine toner particles.

also to provide sati;factory image qualities.

JP~-A 3-41471 and JP-A 3-188468 have proposed

methods of using a binder resin obtained by severing

the gel content of a polyester resin or a styrene-
5 acrylic copolymer. According to these methods,

however, the resultant toner is caused to have large

percentage changes in storage modulus (G') and loss

modulus (G") as defined hereinafter because of a short

distance between crosslinking points in the polymer
10 chain. Accordingly, the toner is liable to be

inferior in fixability and image quality particularly

at a halftone part.

SUMMARY OF THE INVENTION

15 A gener;c object of the present invention is
to provide a toner for developing electrostatic images
having solved the above-mentioned problems.

A more specific object of the present
invention is to provide a toner for developing

20 electrost;?ic images showing an excellent anti-offset
characteristic without impairing the fixability from a
low fixing speed to a high fixing speed.

Another object of the present invention is to
provide a toner for developing electrostatic images,

25 even in a small ﬁérticle size, capable of showing a

good fixability at a halftone part and providing copy

images of good image quality. This Sheet Has Been R
on e
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More specifically, it has been desired to obtain a photographie inmage
acconpanied with characters, so that the character inages are clear while
t he photographic image is excellent in density 25 gradation faithful to
the original. GCenerally, in a copy of a photographic inmge acconpani ed
with characters, if the |line density is increased so as to -5- provide
clear character images, not only the density gradation characteristic of
t he photograph i mage is |npa|red but al S@the hal ftone part thereof are

Another object of the present invention is to
provide a toner for developing electrostatic images
capable of providing high-density copy images free
from fog from a low to a high process speed.

5 Another object of the present invention is to
provide a toner for developing electrostatic images
capable of providing good images in a low-humidity'
environment and also in a high-humidity environment
without being affected by a change in environmental

10 conditions.

Another object of the present invention is to
provide a toner for developing electrostatic images
capable of providing good images even by a Highéspeed
image-forming apparatus. -

15 Another object of the pfésegt invention is to
provide a toner for developing electrostatic images
having excellent durability and capable of providing
copy images having a high image density and free from
fog even in a long period of continuous image

20 formation.

Another object-of the present invention is to
provide copies of a phofographic image with characters
including clear character images and photographic
images having a density gradation characteristic

25 faithful to the original.

According to the present invention, there is

provided a toner for developing an electrostatic
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roughened. 5 Further, resolution failure (collapsion) of |ine

I mges and scattering are liable to be caused at the tinme of fixation as
descri bed above, so that the inmage qualities of the resultant copy imges
are rather liable to be deteriorated. 10 Further, in case where
the line imge density is increased, because of an increased toner
coverage, a thick toner inmage is pushed against a photosensitive menber to
be attached to the photosensitive nenber in the toner transfer step, so
that a so-called transfer 15 failure (or- hOhoIIOM/lnage) i.e., a partial
| ack toner inmage (line inmages in this case), in the transferred inmage, is

| iable to be caused, thereby

image, comprising: a binder resin and a colorant;
wherein the toner has
a percentage change {G' of at most 50 % as
calculated by the following formula (1):
5 Tgr = (1 - G'g0g/G"1¢) x 100 ce-(1),
wherein (G' denotes a percentage change of storage

modulus, G'ggg denotes a storage modulus at S0 %

strain at 150 °C, and G';y denotes a storage modulus
at 1 % strain at 150 °c,

10 a percentage change Ygw of at most 50 % as
calculated by the following formula (2):

Tge = (1 - G"g9g/G"1¢) x 100 ... (2),
wherein fé« denotes a percentége change of loss
modulus, G"gpg denotes a loss modulus at 50 % strain,

15 and G";¢ denotes a loss modulus at 1 % strain, and
a storage modulus G' of 3x103 - 7x104 dyn/cm2
— in a range of 1 - 50 % strain at 150 °C..

These and other objects, features and

advantages of the present invention will become more
20 apparent upon a consideration of the following
descriptioﬁ of the preferred embodiments of the
present invention taken in conjunction with the

accompanying drawing.

25 BRIEF DESCRIPTION OF THE DRAWING

The sole figure in the drawing is an =
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provi di ng poor quality of copy imges. On the other hand, in case where the
gradation characteristic of a 20 phot ographi c inege.i.s intended to be

i rproved, the density of characters or |line inmges ar
| owered, thus providing unclear inmages. The use of aﬁﬁﬂﬂ §%BQﬂk .%&F s}ze
toner can increase the resolution and cl earness of anj; [ S
also liable to be acconpanied with various difficulti] umm,lﬁm
particle size toner is - 6- :

-1l1l-

DETAILED DESCRIPTION OF THE INVENTION

According to our detailed study; excellent
fixability and anti-offset characteristic are attained
under varying fixing conditions by using a toner

5 having low percentage changes of storage modulus G'
and loss modulus G" corresponding tclchanges in
strain.

The storage modulus G' and loss modulus G"
are physical properties related with the anti-ofiset

10 characteristic and fixability of a toner. 2 smaller
storage modulus G' is liable to result in a lower
anti-offset characteristic, and a larger loss modulus
G" is liable to result in an inferior fixability.

;n a high-speed fixatioh, a higher shearing

15 force is exerted than in a low-speed fixation.

. Accardingly, the toner according to the present
invention having low strain-dependent percentage
changes of storage modulus G' and loss modulus G" can
show excellent anti-offsef characteristic  without

20 impairing the fixability for a low-speed to a2 high
speed image forming apparatus.

The toner according to the invention has a
storage modulus G' in the range of 3x103 - 7x104

"dyn/cm® in the range of 1 - S0 % strain at 150 °C. If

25 the storage modulus G' is smaller than 3x103 dyn/cmz.
a high-temperature offset is liable to occur and, if

the storage modulus G' is larger than 7x104 dyn/cmz,



liable to inpair the fixability of a halftone image. This is particularly
noti ceabl e in high-speed fixation. This is because the toner coverage in a
hal ftone part is little and a portion of toner 5 transferred to a
concavity of a fixation sheet receives only a small quarThiBheetGhs BeRRepRNY
the pressure applied thereto is al so suppressed because iME Ly of
the fixation sheet. A portion of toner transferred onto agﬂ ﬂy!Ff
the fixation 10 sheet in a hal ftone pagﬁzgeceives a nmuc d ring
force per toner particle because of a smal'l" toner |ayer thickness conpared
with that in a solid inmage part, thus being liable to cause offset or
result in copy imges of a |ower image quality.

the fixability is liable to be lowered. Particularly,

in the case of a heat-pressure fixing device using a
high fixing pressure, if the storage modulus G' is
below 3x103 dyn/cm, the high-~-temperature offset is

S liable to occur because of insufficient elasticity.
‘ It is further preferred that the toner has a
percentage change T¢| of 0.1 - 35 &, and a percentage

~ change ¥gn of 0.1 - 35 §.
It is also preferred that the toner has a

10 loss modulus G" in the range of 2x103 - 6x10% dyn/cm2
in the range of 1 - 50 % strain at 150 °C. If the
loss-modulus G" ‘is below 2x104 dyn/cmz, a high
temperature‘offsét is liable to be caused and, if the

2 the fixability

loss modulus G" is above leo4 dyn/cm
15 is liable to be lowered.

Particularly, in the case of using a high
fixing speed and a hot roller having a small diameter
giving a large curvature radius of the hot roller at
the time of discharging paper after the fixation, the

20 satisfaction of the above-mentioned range of the loss
modulus G" is effective for offset prevention.

The binder resin used in the present
invention may comprise a polyester resin, a vinyl
resin or an epoxy resin. It is particularly preferred

25 to use a polyester resin or a vinyl resin in view of
the chargeability and thé fixation characteristic.

In the case where the binder resin comprise a



15 Fog is another problem |If the toner particle size is
reduced, the surface area of a unit weight of toner I ncreased, so that
the charge distribution thereof is liable to be broadened—%emeause—iggT~As_
the toner surface area is increased per 20 uni t melghﬁrthereof t he toner

chargeability is liable to be affected by a change in e wa&mhmd ]
conditions. If the toner particle size |s reduced, the d e of
a polar material and a colorant is 25 iable to affect
chargeability. When such a-small partlcle}%lze toner is applled to
hi gh- speed copyi ng machi ne, the toner is '

poyester resin, it is preferred that the toner has a
storage modulus G' in the range of 4.5x103 - 6.5x10%
dyn/cmz, and it is alsco preferred that the toner has a
loss modulus G" in the range of 3x103 - 5.5x104
S dyn/cmz.
The polyester resin preferably used in the
present invention may have a composition as described
~ below.
The polyester resin used in the present
10 invention may preferably comprise 45 - 55 mol. % of
alcohol component and 55 - 45 mol. % of acid
component.
Examples of the alcoheol component may
include: diols, such as ethylene glycol, propylene
15 glycol, 1,3-butanediol, l,4—but§nediol, 2,3-
butanediol, diethylene glycol, triethylene glycol,
1,5-pentanediol, 1;6—hexanediol, neopentyl glycol, 2-
ethyl—l,3~ﬁexanediol, hydrogenated bisphenol A,
bisphenols and derivétives represented by the
20 following formula (A):

cn3

H—(—OR-)—O@- —@—O—(—RO}——H (A),

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

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



-7- liable to be excessively charged to cause fog and a density decrease,
particularly in a lowhumdity environnment. Further, in connection with a
trend of 5 provi ding a copying nachine with a multiplicity of functi-ens,
such as a superposed nulti-color copying of erasing a part of an inmage as
by exposure and inserting another image into the eraseTthigsheet HasBeenReglaved

erasure of erasing a frame part on a copying sheet, 10 | it |
particle size is liable to remain in suchF part to be ' ite.

H—{OR“+?—O{C:>%O—+R’-OﬁirH (B).
CHy CH4
wherein R' denotes' -CHoCH,-, —CHZ-CH-.or -CHz—é- /
H3
5 x' and y' are independently 0 or a positive integer

with the proviso that the average of x'+y' is in the
range of 0 - 10.

o It is preferred that dibasic acid constitutes
at least 50 mol. % of the total acid. Examples of the

10 dibasic acid may include benzenedicarboxylic acids,
such as phthalic acid, terephthalic acid and
isophthalic acid, and their anhydrides;
alkyldicarboxylic acids, such as succinic acid, adipic
acid, sebacic acid and azelaic acid, and their

15 anhydrides; Cg -~ Cjg alkyl or alkenyl-substituted
succinic acids, and their anhydrides; and unsaturated
dicarboxylic acids, such as fumaric acid, maleic. acid,
citraconic acid and itaconic acid, and their
anhydrides.

20 An especially preferred class of alcohol
components éénstituting the polyester resin is a
bisphenol derivative represented by the above formula
(A), and preferred examples of acid components may
include dicarboxylic acids inclusive of phthalic acid,

25 terephthalic acid, isophthalic acid and their
anhydrides; succinic acid, n-dodecenylsuccinic acid,

and their anhydrides, fumaric acid, maleic acid, and



When an inmage is erased by providing a potential of a polarity opposite-to
that of a latent imge potential with respect to a devel opnent 15
reference potential as by irradiation with intense light fromLED, a fuse
| anp, etc., the erased part is |liable to cause fog. Japanese Lai d- Open

Pat ent Application (JP-A) 3-219262, JP-A 3-64766 and JP—A 3- 4/1?57—have 20

di scl osed a toner having a storage nodulus and a | osf, certaln
ranges, respectively. Such a toner may h §.exce||ent 2

anti-offset characteristic under a certafh fixing con |s not
easy.to satisfy fixability and anti-offset 25 chara vari ous

nodel s-of fixing devices
maleic anhydride.

The polyester resin used for producing the
toner according to the présent invention may
preferably have a glass transition temperature (Tg) of

5 40 - 90 °c, particularly 45 - 85 °C, a number-average
molecular weight (Mn) of 1,000 - 50,000, more
preferably 1,500 - 20,000, and a weight-average

i molecular weight of 3x103 - 1x105, more preferably
4x10% - 9x10%.

10 Examples of a vinyl monomer to be used
for providing the vinyl resin may inclu@e: styrene;
styrene derivatives, such as o-methylstyrene,
m-methylstyrene, p—methylstyrane,.p-methoxystyrene,
-p~phenylstyrene, p-chlorostyr;ne, 3,4~-dichlorostyrene,

15 p~ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene,
p-tert-butylstyrene, p-n-hexylstyrene, p-n-
octylstyrene, p-n-nonylstyrene, p-n-decylstyrene, and
p-n-dodecylstyrene; ethylenically unsaturated
monoolefins, such as ethylene, propylene, butylene,

20 and isobutylene; unsaturated polyenes, such as
butadiene; halogenated vinyls, such as vinyl chloride,
vinylidene chloride, vinyl bromide, and vinyl
fluoride; wvinyl esters, such as Qinyl acetate, vinyl
propionate, and vinyl benzoate: methacrylates, such as

25 methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl

methacrylate, n-octyl methacrylate, dodecyl



havi ng remarkably different fixing speeds, fixing pressures and shearing
forces as descri bed above and al so to provide satisfactory inmage
qualities. JP-A 3-41471 and JP-A 3-188468 have proposed nethods of using a
bi nder resin obtai ned by severing the gel content of &@ polyester resin or a

styrene- 5 acrylic copolynmer. According to these meQefls,mbiOMENSacedt hE
resultant toner is caused to have | arge percentage changgii
nodulus (G ) and | oss nodulus (G') as defi 0 d herei naf trEmHHﬂHH Hlﬁﬂra

short di stance between crosslinking points'Pn the poly

methacrylate, 2-ethylhexyl methacrylate, stearyl
methacrylate, phenyl methacrylate, dimethylaminoethyl
methacrylate, and diethylaminoethyl methacrylate;
acrylates, such as methyl acrylate, ethyl acrylate,

5 n-butyl acrylate, iscobutyl acrylate, propyl acrylate,
n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate, 2-chlorocethyl acrylate,

> and phenyl acrylate, wvinyl gthers, such as vinyl
methyl ether, vinyl ethyl ether, and wvinyl isobutyl
10 ether; vinyl ketones, such as vinyl methyl ketone,
vinyl hexyl ketone, and methyl isopropenyl ketone;
N-vinyl compounds, such as N-vinylpyrrole, N-
vinylcarbazole, N-vinylindole, and N-vinyl
pyrrolidong; vinylnaphthalenes; acrylic acid
15 derivatives or methacrylic acid derivatives, such as
acrylonitrile, methacryronitrile, and acrylamide;
:f esters of the below-mentioned a,B-unsaturated acids
and diesters of the below-mentioned dibasic acids.
Examples of a carboxy group-containing
20 monomer may include: unsaturated dibasic acids, such
as maleic acid, citraconic acid, itaconic acid,
alkenylsuccinic acid, fumaric acid, and mesaconic
acid; un;aturated dibasic acid anhydrides, such as
maleic anhydride, citraconic anhydride, itaconic
25 éﬁﬁ;dride, and alkenylsuccinic anhydride; unsaturated
dibasic acid half esters, such as mono-methyl maleate,

mono-ethyl maleate, mono-butyl maleate, mono-methyl



10 chain. Accordingly, the toner is |iable to be inferior in fixability
and image quality particularly at a halftone part. SUVMARY OF THE | NVENTI ON
15 A generic object of the present invention 1iih‘°éSfxe9 15 Bach Eleplaged
toner for devel oping electrostatic inmages having sol ved L3 oned
probl ens. A nore specific object of the present inventionm kIsRE Nmnm a
toner for devel opi ng 20 el ectrostatic i mages show ng an

anti-of fset characteristic wthout inpaierg_the fixability froma | ow
fixing speed to a high fixing speed. Another object of the present

I nvention is to provide a toner for devel oping el ectrostatic inmages,

= ami?]

citraconate, mono-ethyl citraconate, mono-butyl
citraconate, mono-methyl itaconate, mono-methyl
alkenylsuccinate, monomethyl fumarate, and mono-methyl
mesaconate; unsaturated dibasic acid esters, such as
5 dimethyl maleate and dimethyl fumarate; a,B-
unsaturated acids,.such as acrylic acid, methacrylic
acid, crotonic acid, and cinnamic acid; a,B8-
= - unsaturated acid anhydrides, such as crotonic
anhydride, and cinnamic anhydride; anhydrides between
10 such an ¢, f-unsaturated acid and a lower aliphatic
acid; alkenylmalonic acid, alkenylglutaric acid,
alkenyladipic acid, and anhydrides and monocesters of
these acids. |
The binder resin comprising a vinyl resin may
15 preferably have a glass transition point of 45 - 80
Oc, preferably 55 - 70 °C, a number-average molecular
weight (Mn) of 2.5x103 - Sx104, and a weight-average
molecular weight (Mw) of 1x104 - l.0x106.
In the present invention, it is also possible
20 to add another type of resin, such as polyurethane,
epoxy resin, polyvinyi butyral, modified rosin,
terpene resin, phenolic resin, aliphatic or alicyclic
hydrocarbon resin, or aromatic petroleum resin, as
desired, to the binder resin.
25 In the case of ﬁsing two or more species of
resins in mixture to constitute a binder resin, it is

preferred to preferred to mix resins having different



25 even in a small particle size, capable of showi ng a good fixability'at

a halftone part and providing copy inmages of good inege quality.  -9-
Anot her object of the present invention is to provide a‘Fﬁﬁé? ~—for
devel opi ng el ectrostatic images capabl e of providing h| asﬁ&mﬂ?%kai

i mges free fromfog froma lowto a high process speed e“
Anot her object of the present invention is to provide a t ul
devel opi ng el ectrostatic |nages capable o prOV|d|ng goo

| ow- humi dity -

i

molecular weights in appropriate proportions.
In order to provide the toner having
percentage changes of at most 50 % between strains of
1 %$ and 50 % of storage modulus G' and loss modulus
5 G"*, the properties of a binder resin constituting the
toner constitute an important factor. For this
purpose, it is preferred to use a resin having a
relatively low molecular weight, i.e., a number-
average molecular weight of 1,000 - 50,000, preferably
10 2,000 - 20,000, and a gel resin having a long distance
between crosslinking points in its polymer chain to
provide a binder resin. When the resins having the
above-mentioned properties as the binder resin are
used to produce a toner, the gel resin may be
15 subjected to severance, thereby providing a polymer
component having a long branch chain to suitably
providing small percentage changes.
in case where the polyester resin is used as
a principal binder resin in a toner containing such a
'20 component formed by severance of the gel resin, the
binder resin contained in the toner may preferably
have a number-average molecular weight (Mn) of 1,000 -
50,000, more preferably 1,500 - 20,000, and a weight-
average molecular weight (Mw) of 3x103 - 2x106, more
25 preferably 4x104 - l.leOs. Also, in the case where
the vinyl resin is used as a principal binder resin in

a toner containing such a component formed by



environment and also in a high-humdity environnent w thout being affected
by a change in environnental 10 conditions. Another object of the present
i nvention is to provide a toner for devel oping el ectrostatic inages.
capabl e of providing good i mages even by a hi gh-speed i TigBed BisBediReplaced

apparatus. 15 Anot her obj ect of the present il TirHE
provide a toner for devel oping electrostatic inmages havi | .
durability and capabl e of providing copy 'ggges havi ng a nsity

[
and free fromfog even in a‘long period 6f?Gont i nuous i mage 20 formati on.
Anot her object of the present invention is to

severance of the gel resin, the binder resin contained
in the toner may preferably have a number-average
molecular weight (Mn) of 2,500 - 50,000 and a weight-
average molecular weight (Mw) of 1x10° - 1x106.

S This is presumably for the following reason.

In a case where two types of resins having an

identical molecular weight but having different
distances between crosslinking points in bolymer
chains are respectively subjected to severance to form

10 polymer components, a resin having a longer distance
between crosslinking points provides a polymer
component having ‘a longer branch length. Accordingly,
the branch length is considered to have a large
influence in interaction with a ’low-molecular weight

15 resin when the polymer component is mixed with the
low-molecular weight resin to provide a toner.
Because -0f the presence of such a resin having a long
branch, tﬁe entanglement thereof with a low-molecular
weight resin is stronger than a resin having a short

20 branch. As a result, a toner comprising such a resin
mixture is caused to lowé; the percentage changes of
storage modulus G' and loss modulus G" between those
at 1 % strain and 50 % strain at 150 °C to be below 50
$. When a toner is constituted by a mixture of a

25 linear high-molecular weight resin or a resin having a
structure close thereto and a linear low-molecular

weight resin through the use of a high-molecular



provi de copies of a photographic imge wth characters including clear
character images and photographic inmages having a density gradation
characteristic 25 faithful to the original. According to the present —

invention, there is provided a toner for devel opi ng amisdnegil;@s nﬁtfbcc :

-10- image, conprising: a binder resin and a col orant; ST
has a percentage change [err]G of at nost 50 % as cal ’mﬁ}#
crosslinking points, it is difficult to realize the

followng fornula (1): -20-

weight polymer having a short distance between

percentage changes of at most 50 %.
A polyester resin comprising a gel component
5 having a long distance between crosslinking points may
for example be produced in the following manner:

(1) A linear polyester or a pélyester having a
small gel content is first formed, and then an alcohol
or acid having 3 or more functional groups is added to

10 cause polycondensation.

(2) A polyester having a small gel content is
formed by using an alcohol or acia having three or
more functional groups through utilization of a
difference in polycondensation activity, and a linear

15 or nonlinear polyester and/or an alcohol or acid
having thee or more functiconal groups is added theretdl

-~ for further polycondensation.
A vinyl copolymer resin comprising a gel

component having a long distance may for example be

20 produced by using a crosslinking agent having a long
distance bééween crosslinking functional groups,
examples of which may include diacrylate or
dimethacrylate compounds having an intermediafe alkyl
chain; diacrylate or dimethacrylate compounds having

25 an intermediate alkyl chain including an ether bond;
and diacrylate or dimethacrylate compounds having an

intermediate chain including an aromatic group and an



5 YJerr] = (1 - G50%4G 1% x 100 ' .. (1), wherein

[err] G denotes a percentage change of storage nodul us, G 50% denot es_ a
storage nodulus at 50 %strain at 150 0C, and G [err] % denotes a storage
modulus at 1 % strain at 150 [err]C, 10 a pe'misesné 3}3@&1@1’& J&ed

[err]d err] of at npbst 50 % as cal cul ated by the follow n
[err]G = (1 - G50%G 1% x 100 wherei n a
per cent age change of |oss nodul us, G'50%d tes a |l oss

o

strain, 15 and G'1% denotes a | oss m)duTSgg at 1 %strain, and a storage
nodul us G of 3x10[err] - 7x104 dyn/cnR in a range of 1 - 50 % strain at
150 [err]C. These and ot her objects, features and

ether bond. Among these crosslinking agents, it is
preferred to use a crosslinking agent having a
molecular weight of at least 300 for accomplishing the
object of the present invention.

5 Preferred examples thereof may include:
tetraethylene glycol dimethacrylate, polyethylene
glycol diacrylate, polyoxyethylene-(2)-3,3-bis(4-
hydroxyphenyl )propane diacrylate, and polyoxyethylene
(4)-2,2-bis(4-hydroxyphenyl)propane diacrylate.

10 It is also possible to use a crosslinking
agent having a molecular weight of below 300 in
combination with one having a molecular weight of at
least 300 within an extent not adverse tc the object
of the present invention.

15 Alternatively, it is alsoc possible to mix a
vinyl copolymer having a carboxyl group and/or a
hydroxyl group with a polyester resin for_further
condensation.

A resin composition comprising a mixture of a

20 resin having a relatively low molecular weight of
1,000 - 50,000 and a gel component resin having a long
distance between crosslinking points may for example
be prepared by (1) separately preparing such low-
molecular weight resin_and gel component resin and

25 mixing them; and (2) preparing a polyester resin
composition by adding a diamine or diisocyanate

component, etc., having an effect of broadening the



advant ages of the present invention will becone nore 20 apparent upon a
consideration of the follow ng description of the preferred enbodi-nents—of
the present invention taken in conjunction with the acconpanyi ng draw ng.
25 BRI EF DESCRI PTI ON OF THE DRAW NG The sol e figure &{sheb@rasBaNReplhcddS an
illustration of a Soxhlet extractor. -11- DETAILED fia |THE
| NVENTI ON According to our detail ed study, excellent [ﬁm ‘ : i

|

-22-

molecular weight distribution to (a) a system of
synthesizing a linear polyester or (b) a system of
synthesizing a gel-resin having a long distance
between_crosslinking points.

S The gel component may be severed to provide a
high-molecular weight component having a long branch
during melt-kneading as by a twin-screw kneader, an

= extruder or a pressurized kneader.
In the toner for developing electrostatic
10 images according to the present invention, it is
preferred to add a charge control agent, as desired,
in order to further stabilize the chargeability
thereof. The charge control agent may be used in 0.1
-~ 10 wt. parts, preferably 0.1 - 5 wt. parts, per 100
15 wt. parts of the binder resin.
The charge control agent may for example be
as follows.
Examples of negaﬁive charge contéol agents
may include organometal comélexes and chelate
20 compounds, inclusive of mono-azo metal complexes,
aromatic hydroxycarboxylic acid metal complexes and
aromatic dicarboxylic acid metal complexes. Other
examples may include: aromatic hydroxycarboxylic
acids, aromatic mono- and poly-carboxylic acids, metal
25. salts, anhydrides and esteré of these acids, and
phenol derivatives of bisphenols.

Examples of positive charge control agent for



fixability and anti-offset characteristic are attained under varying fixing
conditions by using a toner 5 havi ng | ow percent age changes of storage
nodulus G and | oss nodulus G' corresponding to changes in strain. The
storage nodulus G and | oss nmodulus G'' are physical properties related
with the anti-offset 10 characteristic and fixability of a toner. A
smal l er storage nodulus G is liable to result in a |ower anti-offset
characteristic, and a larger loss nodulus G' is liable to result in an
inferior fixability. In a hirgh-speed fixatdpn, a higher shearing 15 force
Is exerted than in a | owspeed fixation. Accordingly, the toner according
to the present

providing a positively chargeable toner may include:
nigrosine, triphenylmethane compounds, rhodamine dyes,
and polyvinylpyridine. A color toner may preferably
be prepared by using a binder resin obtained by using

S an amino group-containing carboxylic acid ester, such
as dimethylaminomethyl methacrylate, capable of
providing a positive chargeability in an amount of 0.1 -
40 mol. %, preferably 1 - 30 mol. % of the monomer, oOr
by using a colorless or pale-colored positive charge

10 control agent agent not adversely affecting the toner
hue. Examples of the pocsitive charge control agent
may include quatérnary ammonium salts represented by
the following formulae (A) énd (B):

Formula (A)

15

/

Rb )+
l

s | OO
| .

{ Rc ) Re"

SO;

20 wherein Ra, Rb, Rc and Rd independently denote a Cj -
Ci0 @lkyl group or a substituted phenyl group denoted
by -R'4<:> . R' denoting a C; - C5 alkyl group; and Re

denotes -H, -OH, -COOH or a C1 - Cg alkyl group.

25 T

his Sheet Has Been Repla

LT



I nvention having | ow strain-dependent percentage changes of storage nodul us
G and | oss nodulus G' can show excel lent anti-offset characteristic

wi t hout 20 inmpairing the fixability for a |l owspeed to a high speed i mage
form ng apparatus. The toner according to the invention has a storage
modulus G in the range of 3x10[err] - 7x10[err] dyn/cn2 in the range of 1
- 50 %strain at 150 [err]C. If 25 the storage nmodulus G is smaller
than 3x10[err] dyn/cnferr], a high-tenperadure offset is liable to occur
and, if the storage nmodulus"G is larger than 7x10[err] dyn/cnferr],

Formula (B)

4 Rf \+ SO:—

I
N

; ©
\ / Rg
- wherein Rf denotes C;_g alkyl group, and Rg denotes

-H, -OH, -COCH or a C; - Cg alkyl group.

10 Among the quaternary ammonium salts
represented by the above formulae (A) and (B), it is
particularly preferred to use the compounds of the
following formulae (A)-1, (A)-2 and (B)-1 as a
positive charge control agent in order to provide a

19 good chargeability little affected by an environmental
change. l

Formula (A)-1

C.H, '+ SOs
I

, CHo— N = C, Q)
|
L e

Formula (A)-2

C.Hs + SO
25 |

C(Hg - N - Cqu |
I his Sheet Hag Been Rep, pu!

«@ ) L AT




-1 2- the fixability is liable to be | owered. Particularly, in the case of
a heat-pressure fixing device using a high fixing pressure, if the storage
nodulus G' is below 3x10[err]3 dyn/cm the high-tenperature offset is 5

| iable to occur because of insufficient elasticity. It is further preferred
that the toner has a percentage change [err]derr] of 0.1 - 35 % and a
percentage change [err]G" of 0.1 - 35 % It is also preferred that the
toner has a 10 | oss modulus G' in the r3nge of 2x10[err] - 6x104 dyn/cn®
in the range of 1 - 50 %strain at 150 [err]C. If the loss-nodulus G' is

bel ow 2x10[err] dyn/cnferr], a high tenperature offset is liable to be
caused and, if the

Formula (B)-1 e

This Sheet Has Been Replaced

Ce v 2 T

In the case of constitﬁting a positively
chargeable toner by using a polymer or copolymer of an
10 amino group-containing ester, such as dimethyl
aminomethyl methacrylate, showing a positive
chargeability as'a binder resin component, it is also
-possiblé to.further add a positive charge control
agent or a negative charge control agent, as desired.
15 In case of not using such a-polymer showing a
positive chargeability, it is preferred to add 0.1 -
15 wt. parts, more preferably 0.5 - 10 wt. parts, of a
positive charge control agent per 100 wt. parts of the
binder resin. In the case of using such a polymer or
20 copolymer of an amino group-containing ester, it is
preferred to add at most 10 wt. parts,. preferably at
most 8 wt. parts, of a positive charge control agent
and/or a negative charge control agent, as desired,
for the purpose of providing a good.qhargeability less
29 affected by an environment condition.
When the toner according to the present

invention is constituted as a magnetic toner, the:



| oss modulus G'' is above 6x10[err] dyn/cnferr] the fixability 15 S
liable to be lowered. Particularly, in the case of using a highfixrng—
speed and a hot roller having a small dianeter givingT%
radius of the hot roller at the time of discharging pap
fixation, the 20 satisfaction of the above-nentionedj
nmodulus G' is effective for offset prevention. The bin '

present invention nay conprise a polyester_resin, a vinyl resin or an epoxy
resin. It is particularly preferred 25 1¥use a polyester resin or a
vinyl resin in view of the chargeability and the fixation characteristic.
In the case where the binder resin conprise a

magnetic toner may contain a magnetic material,
examples of which may include: iron oxides, such as
magnetite, hematite, and ferrite; iron oxides
containing another metal oxide; metals, such as Fe, Co.

S and Ni, and alloys of these metals with other metals,
such as Al, Co, Cu, Pb, Mg, Ni, Sn, Zn, Sb, Be, Bi%,
Cd, Ca, Mn, Se, Ti, W and V; and mixtures of the
above.

Specific examples of the magnetic material

10 may include: triiron tetroxide (Fe304). diiron
trioxide (¥-Feg013)., zinc iron oxide (ZnFej04), yvttrium
iron oxide (Y3Fes50y5), cadmium iron oxide (CdFe,0y4),
gadolinium iron oxide (Gd3Fe5012), copper iron oxide.
(CuFep04), lead iron oxide (PbFe;70;9), nickel iron

15 oxide (NiFe504)., neodymium iron oxide (NdFe503),
barium iron oxide (BaFelzolg), magnesium iron oxide
(MgFe;04), manganese iron oxide (MnFe;04), lanthanum
iron oxide (LaFeO3), powdery iron (Fe), powdery cobalt
(Co), -and powdery nickel (Ni). The above magnetic

20 materials may be used singly or in mixture of two or
more species. éérticularly suitable magnetic material
for the present invention is fine powder of triiron
tetroxide or y-diiron trioxide.

The magnetic material may have an average

25 particle size (Dav.) of 0.1 - 2 pm, preferably 0.1 -

0.3 pm. The magnetic material may preferably show

magnetic properties when measured by application of 10



-13-3] poyester resin, it is preferred that the toner-has_a storage nodul us
G in the range of 4.5x10[err] - 6.5x104 2 dyn/cm, and it is also
preferred that the toner has a loss nodulus G in the an of 3x10[err] -
5.5x10[err] 5 dyn/cnferr] The polyester resin prefera _ eplived
present invention nmay have a conposition as described H’ ”f”, {ml yest er
resin used in the present

-27-

kilo-Oersted, inclusive of: a coercive force (Hc) of
20 - 150 Oersted, a saturation magnetization (os) of
50 - 200 emu/g, particularly 50 - 100 emu/g, and a
residual magnetization (or) of 2 - 20 emu/g.

S The magnetic material may be contained in the
toner-in a proportion of 10 - 200 wt. parts,
preferably 20 - 150 wt. parts, per 100 wt. parts of

= the binder resin.
The toner according to the present invention
10 may optionally contain a non-magnetic colorant,
examples of which may include: carbon black, titanium
white, and other pigments and/or dyes. For example,
the toner according to the present invention, when
used as a color toner, may contain a dye, examples of
15 which may include: C.I. Direct Red 1, C.I. Direct Red
4, C.I. Acid Red 1, C.I. Basic Red 1, C.I. Mordant Red
30, C.I. Direct Blue 1, C.I. Direct Blue 2, C.I. Acid
Blue 9, C.I. Acid Blue 15, C.I. Basic Blue 3, C.I.
Basic Blue 5, C.I. Mordaht Blue 7, C.I. Direct Green
20 6, C.I. Basic Green 4, and C.I. Basic Green 6.
Examples of the pigment may include: Chrome Yellow,
Cadmium Yellow, Mineral Fast Yellow, Navel Yellow,
Naphthol Yellow S, Hansa Yellow G, Permanent Yellow
NCG, Tartrazine Lake, Orange Chrome Yellow, Molybdenum
25 Orange, Permanent Orange GTR, Pyrazolone Qrange,
Benz1d1ne Orange G, Cadmium Red, Permanent Red 4R,

Watching Red Ca salt, eosine lake; Brilliant Carmine



10 I nvention may preferably conprise 45 - 55 nol. % of al cohol conponent
and 55 - 45 nol. % of acid conponent. Exanples of the alcohol-conponent-my
i nclude: diols, such as ethylene glycol, propylene 15 gl ycol ,

1, 3-butanediol, 1, 4-butanediol, 2,3- butanediol, dlethmhgﬂgt

triethylene glycol, 1,5-pentanediol, 1, 6- hexanedlol ne

et hyl -1, 3- hexanedi ol , hydr ogenat ed bi sphenol A bi sphen mi mt I ves

represented by the 20 fol |l ow ng fornula CH3 wher

et hyl ene or propyl ene group, x and 25 e I ndependent | y 0 or a positive
i nteger with the

@325

3B; Manganese Violet, Fast Violet B, Methyl Viocolet
Lake; Ultramarine, Cobalt BLue, Alkali Blue Lake,
Victoria Blue Lake, Phthalocyanine Blue, Fast Sky
Blue, Indanthrene Blue BC, Chrome Green, chromium

) oxide, Pigment Green B, Malachite Green Lake, and
Final Yellow Green G.

In case of constituting the toner according
to the present invention as a toner for a two-
component type full color developer, various colorants

10 inclusive of the pigment and dye may be added.

Examples of a magenta pigment may include:
C.I. Pigment Red 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 21, 22, 23, 30, 31,
32, 37, 38, 39, 40, 41, 48, 49, 50, 51, 52, 53, 54,

15 55, 57, 58, 60, 63, 64, 68, 81, 83, 87, 88, 89, 90,
112, 114, 122, 123, 163, 202, 206, 207, 209;.C.I.
s ' Pigment Violet 19; and C.I. Violet 1, 2, 10, 13, 15,
23, 29, 3s.
The pigments may be used alone but can also
20 be used in combination with.a dye so as to increase
the clarity for broviding a color toner for full color
image formation. Examples of the magenta dyes may
include: oil-soluble dyes, such as C.I. Solvent Red 1,
3, 8, 23, 24, 25, 27, 30, 49, 81, 82, 83, 84, 100,
25 109, 121; C.I. Disperse Red 9; C.I. Solvent Violet 8,
13, 14, 21, 27; C.I. Disperse Violet l; and basic

dyes, such as C.I. Basic Red 1, 2, 9, 12, 13, 14, 15,



provriso that the average of x+y is in the range of 0 - 10; diols
represented by the following fornula (B): 5 X' and—y-—are——"
i ndependently O or a positive integer with the proviso that the average of

Xx"+y' is in the range of 0 - 10. It is preferred thalhsglgggﬁgﬁmﬁ&blgmd
constitutes at least 50 nol. % of the total acid. Ex

di basic acid may include benzenedi carboxylic aci ds M!lr @
terephthalic acid and isophthalic acid, and their

al kyl di car boxyl i c acids, such as SUCC|nr@9aC|d adeIC

|c aci d,

10

15

20

17,

39,

18,

40;

26, 27,

22,

C.I.

28.

23,

24,

27, 29,

Basic Violet 1,

32,
3,

34,

7,

35,

10,

36,

14,

37,

38,

15, 21,

25,

C.I.

C.I.

Other pigments include cyan pigments,

Pigment Blue 2, 3, 15, 16,

Acid Blue 45,

17; C.I.

such as

Vat Blue 6,

and copper phthalocyanine pigments

represented by the following formula and having a

phthalocyanine skeleton to which 1 - 5 phthalimide

groups are added:

Y

Examples of yellow pigme

nt may include: -C.I.

Pigment Yellow 1,

2,

14,

20.

15,

16,

17,

23,

3,
65,

4,

5.

6,

73, 83;

7,

C.I.

10,

11,

12,

13,

Vat Yellow 1,

13,

Such a non-magnetic colorant may be added in

an amount of 0.1 - 60 wt.

parts,

preferably 0.5 - 50

wt.

parts,

per 100 wt. parts of t

In the present invention,

he binder resin.

it is also possible

to incorporate one or two or more species of release



acid, sebacic acid and azelaic acid, and their 15 anhydrides; C6 - C18
al kyl or al kenyl -substituted succinic acids, and theiranhydrides—and—
unsat urated di carboxylic acids, such as fumaric acid, maleic acid,

citraconic acid and itaconic acid, and their anhydridhﬁswa@h&&wn&mhq? An

especially preferred class of al cohol conponents consgmﬂiym‘ﬂ"gﬂ yest er
resin is a bisphenol derivative represented by the ab [l mE and
preferred exanples of acid conponents may-ggcl ude dic
i nclusive of phthalic acid,” 25 terephthalic acid, isophthalic acid and
their anhydrides; succinic acid, n-dodecenylsuccinic acid, and their
anhydri des, fumaric acid, maleic acid, and

agent, as desired within, toner particles.

Examples of such a release agent which is
solid at room temperature may include: aliphatic
hydrocarbon waxes, such as low-molecular weight

] polyethylene, low-molecular weight polypropylene,
microcrystalline wax, and paraffin wax, oxidation
products of aliphatic hydrocarbon waxes, such as

- oxidized polyethylene wax, and block copolymers of
these; waxes containing aliphatic esters as principal

10 constituents, such as carnauba wax, sasol wax,
montanic acid ester wax, and partially or totally
deacidified aliphatic esters, such as deacidified
carnauba wax. Further examples of the release agent
may include: saturated linear aliphatic acids, such as

15 palmitic.acid, stearic acid, and montanic acid;
unsaturated aliphatic acids, such as brassidic acid,
eleostearic-acid and parinaric acid; saturated
alcohols, such as stearyl alcohol, behenyl alcohol,
ceryl alcohol, and melissyl alcohol; polyhydric

20 alcohols, such as sorbitol; aliphatic acid amides,
such as linoleylamide, oleylamide, and laurylamide;
saturated aliphatic acid bisamides, methylene-
bisstearylamide, ethylene-biscaprylamide, and
ethylene-biscaprylamide; unsaturated aliphatic acid

25 amides, such as ethylene-bisolerylamide,
hexamethylenejbisoleylamide, N,N'~dioleyladipoylamide,

and N,N'-dioleylsebhacoylamide, aromatic bisamides,



mal ei ¢ anhydride. The polyester resin used for producing_the toner

according to the present invention may preferably have a glass transition
tenperature (Tg) of 5 40 - 90 [err]C, part|cularly 45 - 85 [err]C, a
nunber - aver age nol ecul ar wei ght (M) of 1,000 - 50, 00U ShestRas ﬂeﬁqmﬁbiy

1,500 - 20,000, and a weight-average nDIecuIar wei ght H
1x10[err], nore preferably 4x10[err] - 9x10[err]. 10 Ies of
a vinyl nononer to be used for providing e vinyl resin nay I nc

styrene;

such as m-xylene-bisstearoylamide, and N,N'-
distearylisophthalylamide; aliphatic acid metal salts
(generally called metallic soap), such as calcium
stearate, calcium laurate, zinc stearate, and

5 magnesium stearate; grafted waxes obtained by grafting
aliphatic hydrocarbon waxes with vinyl monomers, such
as styrene and acrylic acid; partially esterified

= products between aliphatic acids and polyhydric
alcohols, such as bhehenic acid monoglyceride; and

i0 methyl ester compounds having hydroxyl group as
obtained by hydrogenating vegetable fat and oil.

A particularly preferred class of release
agent (wax) in the present invention may include
aliphatic alcohol waxes and aliphatic hydrocarbon

15 waxes. The aliphatic alcohol waxes may be represented
by the following formula (C):

Formula (C): ' CH3(CHy),CH,O0H (x = 20 - 250).

Specific eiamples of the wax preferably used
in the present invention may include e.g., a low-

20 molecular weight alkylene polymer obtained through
polymerization of an alkylene by radical
polymerization under a high pressure or in the
presence of a Ziegler catalyst under a low pressure;
an alkylene polymer obtained by thermal decomposition

25 of an alkylene polymer of a high molecula} weight; a
hydrocarbon wax obtained by subjecting a mixture gas

containing carbon monoxide and hydrogen to the Arge



styrene derivatives, such as o-nethyl styrene, m nethyl styrene,

p- met hyl styrene, p-nethoxystyrene, *p-phenyl styrene, p-chlorostyrene,
3,4-dichl orostyrene, 15 p- et hyl styrene, 2, 4-di nmet hylstyrene,

p-n-butyl styrene, p-tert-butylstyrene, p-n-hexylstyrene, p-n- octylstyrene,
p- n-nonyl styrene, p-n-decyl styrene, and p-n-dodecyl st yeqne., nethyl enically
unsat ur ated nonool efins, such as ethyl ene, propylene,ymﬁﬂszﬂﬁkg¥; placed, ¢

i sobutyl ene; unsaturated pol yenes, such q@ ut adi ene; e ﬁ#‘
such as vinyl chloride, vinylidene chlori . vinyl bro i
fluoride; vinyl esters, such as vinyl acetate, vinyl propionate, and vinyl
benzoate; nethacryl ates, such as 25 met hyl nmet hacryl ate, ethyl

methacrylate, pQP¥lss to form a hydrocarbon mixture and distilling

the hydrocarbon mixture to recover a residue; and
hydrogenation products o the above. Fractionation of
wax may preferably be performed by the press sweating
5 method, the solvent method, vacuum distillation or
fractionating crystallization to recover a
fractionated wax. As the source of the hydrocarbon
= wax, it is preferred to use hydrocarbons having up to
several hundred carbon atoms as obtained through
10 synthesis from a mixture of carbon monoxide and
hydrogen in the presence of a metal oxide catalyst
(generally a composite of two or more species), e.g.,
by the Synthol process, the Hydrocol process (using a '
fluidized catalyst bed), and the Arge process (using a
15 fixed catalyst bed) providing a product rich in wazxy
hydrocarbon, and hydrocarbons obtained by polymerizing
an alkylene, such as ethylene, in the presence of a
Ziegier catalyst, as they are rich in saturated long-
chain linear hydrocarbons and accompanied with few
20 branches. It is further preferred to use hydrocarbon
waxes synthesized wifhout polymerization because of
their structure and molecular weight distribution
suitable for easy fractionation.
As for the molecular weight distribution of
25 the wax, it is preferred that the wax shows a peak in
a molecular weight region of 400 - 2400, further 450 -

2000, particularly 500 - 1600. By satisfying such



met hacryl ate, n-butyl nethacrylate, isobutyl nethacrylate, n-octyl

net hacryl ate, dodecyl -16- nethacrylate, 2-eth Ihexyl nmet hacryl at e,
stearyl nethacrylate, phenyl nethacrylate, d|nethylanlnoeTﬁyT“nefhaerylate
and di et hyl am noet hyl methacrylate; acrylates, sugh nethyl acryl ate,
ethyl acrylate, 5 n-butyl acrylate, isobutyl acryﬁ JI pRdplagear y| at e,

n-octyl acrylate, dodecyl acrylate, 2-ethyl hexyl
molecular weight distribution, the resultant toner is

rs, such

acrylate, 2-chloroethyl acrylate, and phenyl acryl
as vinyl '

provided with preferable thermal characteristics.

The release agent, when used, may preferably
be used in an amount of 0.1 - 20 wt. parts,

5 particularly 0.5 - 10 wt. parts, per 100 wt. parts of
the binder resin.

The release agent may be uniformly dispersed
in the binder resin by a method of mixing the release
agent in a solution of the resin at an elevated

10 temperature under stirring or melt-kneading the binder
resin together with the release agent.

The toner according to the present invention
may preferably héve a weight-average particle size of
3 - 10 pm, more preferably 3 - 9 pm, so as to provide

15 high-quality images.

A flowability-improving agent may be blended

o with the toner to improve the flowability of the
toner. Examples thereof, particularly negatively
chargeable ones may include: powder of fluoriné-

20 containing resin, such as polyvinylidene fluoride fine
powder and polytetrafluoroethylené fine powder;
titanium oxide fine péwder, hydrophobic titanium oxide
fine powder; fine powdery silica such as wet-process
silica and dry-process silica, and t;eated silica

25 obtained by surface-treating (hydrophobizing) such
fine powdery silica with silane coupling agent,

titanium coupling agent, silicone o0il, etc.; titanium



met hyl ether, vinyl ethyl ether, and vinyl isobutyl 10 et her; vinyl
ket ones, such as vinyl nethyl ketone, vinyl hexyl ketone, and nethyl
i sopropenyl ketone; N-vinyl compounds, such as N-vinylpyrrole, N
vi nyl carbazol e, N-vinylindole, and N-vinyl. yrrolldqmgsm¥ﬁﬂgge
acrylic acid 15 derivatives or nethacrylic acid deri
acrylonitrile, nethacryronitrile, and acryl am de; esteﬁﬂmm
bel ow menti oned ao-unsaturated acids and_gliesters of t
di basi ¢ aci ds. Exanpl es of -a carboxy group-containing 20 nononer may
i ncl ude: unsaturated di basic acids, such as maleic acid, citraconic acid,
i taconic acid, alkenylsuccinic acid, fumaric acid, and mesaconi ¢

oxide fine powder, hydrophobized titanium oxide fine

h halenes

powder; aluminum oxide fine powder, and hydrophobized
aluminum oxide fine powder.
A preférred class of the flowability-

5 improving agent includes dry process silica or fumed
silica obtained by vapor-phase oxidation of a silicon
halide. For example, silica powder can be produced
according to the method utilizing pyrolytic oxidation
of gaseous silicon tetrachloride in oxygen-hydrogen

10 flame, and the basic reaction scheme may be
represented as follows:

SiCly + 2Hy + 09 —— SiO, + 4HCL.
In the above preparation step, it is also
possible to obtain complex fine powder of silica and

15 other metai oxides by using other metal halide
compounds such as aluminum chloride or titanium

o chloride together with silicon halide compounds. Such
is also included in the fine silica powder to be ﬁsed
in the present invention.

20 " It is preferred to use fine silica powder
having an average pfimary particle size of 0.001 - 2
pm, particularly 0.002 - 0.2 pm.

Commercially available fine silica powder
formed by vapor phase pxidation of a silicon halide to

25 be used in the present invention include those sold

under the trade names as shown below.



aci d; unsaturated di basic acid anhydrides, such-as mal ei c anhydri de,
citraconi c anhydride, itaconic 25 anhydri de, and al kenyl succi ni c

anhydri de;
mal eat e,
citraconate,
i taconat e,
nono- et hyl

nmesaconat e; unsat ur at ed dlb%%lc acid ester
mal eat e and di nethyl fumarate; @&, [err]- ﬂﬂ' I a ,'

di met hyl

unsat urated di basic acid half esters, such as nono-net hyl

nono- et hyl nal eate, nono-butyl nal eate, nono=methyt——m—3f——n

10

15

20

25°

nono- et hyl citraconate, nono-butyl citraconate nDno nethyl
nono- et hyl al kenyl succi nate, nononet hyl

AEROSIL 130
{Nippon Aerosil Co.) 200
300
380
0X 50
TT 600
MOX 80
COK 84
Cab-0-Sil M-5
(Cabot Co.) MS-7
MS-75
HS~S .
EH-5
Wacker HDK N 20
.(WACKER—CHEMIE GMBH) 15
20E

30

R o3z <

40

D~-C Fine Silica

{Dow Corning Co.)
Fransol
(Fransil Co.)

It is further preferred to use treated silica
fine powder obtained by subjecting the silica fine
powder formed by vapor-phase oxidation of a silicon
halide to a hydrophobicity-imparting treatment. It is

particularly preferred to use treated silica fine



unsaturated acids, such as acrylic acid, methacrylic acid, crotonic acid,
and cinnamc acid; a,[err]- unsaturated acid anhydri-des,—such_as crotonic
anhydride, and cinnam c anhydride; anhydrides between 10
a, p-unsaturated acid and a | ower aliphatic acid; alkqﬁybgahgs c acid,

al kenyl glutaric acid, alkenyladipic acid, and anhydri amﬂgﬂ -

these acids. The binder resin conprising a vinyl resi
have a glass transition point of 45 - 80 [err]C, pref | [err] C,
a nunber-average nol ecul ar wei ght (M) of “265x10[err] - 5x10[err], and a
wei ght - aver age nol ecul ar wei ght (Ma) of 1x10[err] - |.0x10[err]. In the
present +invention, it is also possible

powder having a hydrophobicity of 30 - 80 as measured
by the methanol titration test.

Silica fine powder may be imparted with a
hydrophobicity by chemically treating the powder with

5 an organosilicone compound, etc., reactive with or

physically adsorbed by the silica fine powder.

Example of such an organosilicone compound
may include: hexamethyldisilazane, trimethylsilane,
trimethylchlorosilane, trimethylethoxysilane,

10 dimgthyldichlorosilane, methyltrichlorosilane,
allyldimethylchlorosilane, allylphenyldichlorosilane,
benzyldimethylcholrosilane, bromomethyl-
dimethylchlorosiiane; a-chloroethyltrichlorosilane,
B-chloroethyltrichlorosilane, chloromethyldimethyl-

15 chlorosilane, triorganosilylmercaptans such as
trimethylsilylmercaptan, triorganosilyl acrylates,
vinyldimethylacetoxysilane, dimethylethoxysilane,
dimethyldimgthoxysilane, diphenyldiethoxysilane,
hexamethyldisiloxané, 1,3-divinyltetramethyldi-

20 siloxane, 1,3—diphenylteframethyldisiloxane, andl
dimethylpolysiloxane having 2 to 12 siloxane units per
molecule and containing each one hydroxyl group bonded
to Si at the terminal units. These may be used alone
or as a mixture of two or more compounds.

25 It is also possible to use a flowability-
improving agent as a positive chargeability prepared

by treating the above-mentioned dryQprocess silica



20 to add anot her type of resin, such as pol yuret hane;—epoxy resin,
pol yvinyl butyral, nodified rosin, terpene resin, phenolic resiﬁl’?p‘hat e
or alicyclic hydrocarbon resin, or aronatic petrol eumiis%a,__itgé as desired, to

the binder resin. 25 In the case of using i Regmeci es of
resins in mxture to constitute a binder resin, it is}j &ﬁ]ﬂ
preferred to mx resins having different -18- nol € ' I n

appropriate proportions. In order to providg7the toner having

with an amino group-containing silane coupling agent

or silicone oil as shown below:

H.NCH,CH,CH.Si (OCH,).

H.NCH,CH,CH:Si (OC:He)s
CH,

HzNCI-IzCHzC-Hzéi (OCHL):

CH
H.NCH.CHNHCH.CHCH:S1 (OCH:):
H,NCONHCH,CH.CH:Si (OC:H.)
H.NCH.CHNHCH,CH,CHSi (OCHs)s
H.NCH,CH,NHCH,CH,NHCHCH.CH:Si (OCH)s
H.C.OCOCH.CHNHCH.CH.CH:Si (OCHu)s

10

HsC,OCOCH,CH,NHCH,CH,NHCH.CH,CH,Si (OCHs):
H.C.OCOCH,CH,NHCH,CH,NHCH,CH,NHCH.CH.NHCH.CH.CH.Si (OCH.),
H;COCOCH.CH.NHCH,CH.NHCH,CH,CH.Si (OCH3)s
HC,

15

. >N — CH.CH,CH.Si (OCH.)s
e HC, :

HzN-@— Si (OCH)s

20
@—NHCI—LCHzCHzSi (OCH.)s

H,NCH,CH,NHCH, —@—CHZCH‘-Si (OCH.)s

HC

~ .
o /N—©——Sl (OCHs)
Iwc:t{z—@—cachw (OCHy),

HNCIHL,CH.NHCH, —@— CH.LCH:SI (OCH.),

25



per cent age changes of at nost 50 % between strains of 1 % and 50 % of
storage nodulus G' and | oss modul us 5 G', the properties of a blnder
resin constituting the toner constitute an inportant ac orH {
purpose, it is preferred to use a resin having a rel afi ﬁiﬁ

weight, i.e., a nunber- average nol ecul ar weight of 1,
preferably 10 2,000 - 20,000, and a gel resin haV|ng §
bet ween crossllnklng points in its polyner chain to provide a bi nder resi n.
When the resins having the above-nentioned3properties as the binder resin
are used to produce a toner, the gel resin my be 15 subj ected to
severance, thereby providing a polyner conponent having a | ong branch chain
to suitably

HOCH,CH,
N~ CHCH,CHSi (OCH,),
HOCH.CH,
(HzCO) 3SiCH2CHzCHz - N HCHz
S .
(H:C.0):SiCH.CH.CH,
» (HsC,0):SiCH.CH,CH;
HCNHCH.CH.CH.Si (OC.Hs)s
y H.N (CH.CH.NH).CH,CH.CH.Si (OCHx),
HC — NHCONHC.H:Si (OCHy)s |
15
As a silicone oil, it is possible to use an
= amlno—modlfled silicone oil hav1ng a partial structure
1nclud1ng an amino group in its 51de chain as shown
below:
20
[ F g
f i-0 ? i-0
? 2 C H 3
N\ o
25 Rs Ry



provi ding small percentage changes. In case where the polyester resin is
used as a principal binder resin in a toner containing such a 20

conponent formed by severance of the gel resin, the binder resin contained
in the toner may preferably have a nunber-average nol ecul ar wei ght (nh) of
1,000 - 50,000, nore preferably 1,500 - 20,000, and a wei ght- average

nol ecul ar wei ght (Mwv) of 3x10[err] - 2x10[err], nore 25 preferably
4x10[err] - 1.5xlI0[err] Al so, in the case where the vinyl resin is used
as a principal binder resin‘in a toner containing such a conponent forned
by

wherein R; denotes hydrogen, alkyl group, aryl group
or alkoxy group; R, denotes alkylene group Or
phenylene group; Ry and R4 denote hydrogen, alkyl
group or aryl group with the proviso that the alkyl

S group, aryl group, alkylene group and/or phenylene
group can contain an amino group or aﬁother

substituent, such as halogen, within an extent of not

impairing the chargeabiiity. m and n denote a
positive integer.
10 Commercially available examples of the amino
group-containing silicone ¢il may include the
- following:
o

1ac®
.ssheﬁv‘_ X




-19- severance of the gel resin,
may preferably have a nunber-average nol ecul ar wei ght (WMh) of 2,500 -

50,000 and a wei ght- average nol ecul ar wei ght (My) of IXTOofert}——

Ix1gerr].

5

case where two types of
havi ng different distances between crosslinking points

are respectively subjected to severance to_f

resins having an identical nole

t he bi nder

resin contained in the toner

iy

e%* Brgk R‘Qﬁged
f I#N S

This is presumably for the folbﬁyﬁng reason. In

rm10  pol

resin having a |onger distance between crosslinking points prov
pol ymer conponent having a | onger branch |ength. Accordingly, the branch
| ength is considered to have a | arge

Srr

10

20

25

Trade name (Maker) Viscosity at Amine
25 ©¢ (cPs) equivalent
' SF8417 (Toray Silicone K.K.) 1200 3500
KF393 (Shin'Etsu Kagaku K.K.) 60 360
KF857 ( " ) 70 830
KF860 ( " ) 250 7600
KF861 ( " ) 3500 2000
KF862 { " ) 750 1900
KF864 ( " ) 1700 3800
KF865 ( " ) 90 4400
KF369 ( " ) 20 320
KF383 ( " ) | 20 320
X-22-3680 ( " ) 90 8800
X-22-380D ( " ) 2300 3800
X-22-380I1C ( " ) 3500 3800
X-22-3819B ( " ) 1300 1700

The amine equivalent refers to a g-equivalent

per amine which is equal to a value of the molecular

weight of an amino group-containing silicone oil by

the number of amino groups in the silicone oil.

The flowability-improving agent may have a

specific surface area of at least 30 mz/g, preferably

S0 m2/g, as measured by the BET method according to

nitrogen adsorption.

The flowability-improving agent

a

a



influence in interaction with a-1ow nol ecul ar wei ght 15 resi n_when—the

pol ymer conponent is mxed with the | ow nol ecul ar meLghL«fegTﬁ’fo provi de a
toner. Because of the presence of such a resin having a | ong branc

ldae
entangl ement thereof with a |ow nolecul ar weight resingstite . ‘gﬁn a
h a
“l ul us

resin having a short 20 branch. As a result, a toner |
resin mxture is caused to | ower the percentage changes
ostrain at 150
stituted by a mixture of a 25

G' and | oss nodulus G' between those at 1_%%strain and 5
[ERR]C to be below 50 % When a toner is cC

| i near hi gh-nol ecul ar weight resin or a resin having a structure cl ose
thereto and a |inear |ow nolecular weight resin through the use of a
hi gh-mol ecular pay be used in an amount of 0.01 - 8 wt. parts,

preferably 0.1 - 4 wt. parts, per 100 wt. parts of the
toner.
The toner according to the present invention
5 may be prepared by sufficiently blending the binder
resin, a magnetic or non-magnetic colorant, and a
charge control agent or other additives, as desired,
by a blen&er such as a Henschel mixer or a ball mill,
followed by melt-kneading for mutual dissolution of
10 the resins of the blend, cooling for solidification of
the kneaded product, pulverization and classification
to recover a toner product.
The toner may bé‘fufther sufficiently blended
with;an external additive such as a flowability-
15 improving agent having a chargeability to a polafity
identical to that of the toner by a blender such as a
-’ ' Henschel mixer to obtain a toner according to the
present invention, wherein the external additive is
carried on the surface of the toner'particles.
20 Various parameters characterizing the toner
according to the present invention are based on values
measured in the following manner.

(1) Percentage changes ¥G' and ¥G" between strains of

1 & and 50 % of storage modulus G' and loss modulus G"

25 A toner is molded at room temperature under a
pressure of 150 kg/cm2 for 5 min. into a sample pellet

of 25 mm in diameter and 2 mm in thickness.



-20- wei ght polynmer having a short distance between crosslinking points, it
Is difficult to realize the percentage changes of at nost 50 % A polyester
resin conprising a gel conponent 5 having a | ong distance between—"
crosslinking points may for exanple be produced in the fol | owing manper:

(1) A linear polyester or a polyester having a small éhismﬁiii Nﬂifp F‘lst

formed, and then an al cohol or acid having 3 or nore fu

added to 10 cause pol ycondensati on. 43

The sample pellet is disposed between
parallel plates of 25 mm in diameter of a dynamic
analyzer ("RDA-II", available from Rheometrics Co.)
and subjected to application of a sinusoidal

5 oscillation for measurement of G' and G". The
measurement is performed at 150 °C and the frequency
is 1 Hzi The measurement of G' and G" ‘is sequentially
performed at strains in the range of 1 % - 100 %. The
percentage changes Té. and X&n are calculated by the

10 following formulae:

5«
([

[(G'yg - G'508)/G'18] x 100
[1 - (G'g0g/G'yg): x 100
[(G"14 - G"504)/G"15] x 100
{1 - (G"50g/G"12)] x 100

15 (2) Glass transition temperature Tg

-
..C')
t

Measurement may be.- performed in the following
- manner by using a differential scanning calorimeter
("DSC-7", available from Perkin-Elmer Corp.).
A sample in an amount of 5 - 20 mg,
20 preferably about 10 mg, is accurately weighed.
The sample is placed on an aluminum pan and
subjected to measurement in a temperature range of 30
- 200 °C at a temperature-raising rate of 10 °C/min in
a normal temperature - normal humidity environment in
29 parallel with a black aluminum pan as a reference.
In the course of temperature increase, a main

absorption peak appears in the temperature region of



(2) A polyester having a small gel content is fornmed by using an al cohol or
acid having three or nore functional groups -through utilization of a
difference in polycondensation activity, and a linear-15___or nonlinear

pol yester and/or an al cohol or acid having thee or nore functlo‘afﬂgfﬂups

I s added thereto for further polycondensation. A V|nyﬂh€mpam&ggr esin

conprising a gel conponent having a | ong di stance may f i Alat Réced )
produced by using a crosslinking agent hav*gg a |long di / : n .
crosslinking functional groups, exanples of“which may in ; | ate or
di et hacryl at e conpounds having an intermedi ate al kyl chain; diacrylate or
di nmet hacryl ate conpounds havi ng

40 - 100 °c.

In this instance, the glass transition
temperature is determined as a temperature of an
intersection between a DSC curve and an intermediate

9 line passing between the base lines obtained before
and after the appearance of the absorption peak.

(3) Molecular weight distribution

The molecular weight (distribution) of a

binder resin may be measured based on a chromatogram
10 obtained by GPC'(gel permeation chromatography).

In the GPC apparatus, a column is stabilized
in a heat chamber at 40 °C, tetrahydrofuran (THF)
solvent is caused to flow through the column at that
temperature at a rate of 1 ml/min., and 50 - 200 pl of

15 a GPC sample solution adjusted at a concentration of
0.05 - 0.6 wt. % is injected. The identification of

Q@f sample molecular weight and its molecular weight

distribution is perforﬁed based on a calibration curve
obtained by using several monodisperse polystyrene

20 samples and having a_logarithmic scale of molecular
weight versus count number. The standard polystyrene
samples for preparation of a calibration curve may be
available from, e.g., Pressure Chemical Co. or Toso
K.K. It is appropriate to use at least 10 standard

25 polystyrene samples inclusive of those having
molecular weights of, e.gqg., 6x102, 2.lx103, 4x103,

1.75x10%, s.1x10%, 1.1x105, 3.9x109, 8.6x105, 2x106



25 an internedi ate al kyl chain including an ether bond; and diacrylate or

di net hacryl ate conpounds having an internediate chain~FncLungg\§Ergiig?tic
group and an -21- ether bond. Anobng these crosslinkjng agents, Tt
preferred to use a crosslinking agent having a nol ecul S%ﬂgdglgeé;]}( E}t | east
300 for acconplishing the object of the present inventi B aced

Preferred exanpl es thereof nmay include: tetraethyl ene WII/////’/I//”/
di met hacryl ate, pol yet hyl ene gl ycol diacgﬁhgte,
pol yoxyet hyl ene- (2) - 3, 3- bi s(4-

and 4.48x106. The detector may be an RI (refractive
index) detector.
For accurate measurement, it is appropriate
to constitute the column as a combination of several
5 commercially available polystyrene gel columns in
order to effect accurate measurement in the molecular
P weight range of 103 - 2x106. A preferred example
thereof may be a combination of p-styragel 500, 103,
10¢ and 10° available from Waters Co.; a combination
10 of Shodex KF-801, 802, 803, 804 and 805 available from
Showa Denko K.K.; or a combinations of TSK gel G1l000H,
G2000H, G2500H, G3000H, G4000H, GSOOOH, G6000H,

G7000H, and GMH available from Toso K.K.

(4) THF-insoluble content {gel content)

15 The resinous residue_(gel content) of a
sample may be measured by Soxhlet's extraction in the

S following manner. About 0.5 g of a sample is weighed

and placéd in a cylindrical filter paper (e.g.., "No.
86R" having a size of 28 mm x 100 mm, available from

20 Toyo Roshi K.K.) on a Soxhlet's extractor and
subjected to 6 hours of extraction with 200 ml of THF.
At this time, the reflux rate is controlled so that
each THF extraction cycle takes ca. 4 - 5 minutes.
After the extraction, the cylindrical filter paper is

25 taken out and sufficiently dried to weigh the
extraction residue. The gel contenf is calculated as

(Wy/Wy) x 100 (wt. %), wherein W; denotes the sample



hydr oxyphenyl ) pr opane di acryl ate, and pol yoxyet hyl ene

(4) -2, 2-bi s(4-hydroxyphenyl ) propane di acrylate. 10 It is also
possi ble to use a crosslinking agent having a nol eeth-ar—wetrght—oef—bet-ow 300

i n conbination with one having a nol ecul ar wei ght of,. | east 300 within an
extent not adverse to the object of the present inv he mmh%d
further

Alternatively, it is also possible to mix a vinyl co
car boxyl group and/or a hydroxyl group w %h a pol yes
condensation. A resin conposition conprl i'ng a m xture of a 20 resin
having a relatively | ow nol ecul ar wei ght of 1,000 - 50,000 and a gel
conponent resin having a | ong

resin weight and W7 denotes the resin weight in the

extraction residue. For example, the weight W; ¢
refers to a sample toner weight minus the weight of a
non-resinous THF insoluble matter such as a magnetic
5 material and a pigment for a magnetic toner, or a
sample toner weight minus the weight of a non-resinous
THF-insoluble matter such as a pigment for a non-
magnetic toner. Based on the weight W; g and the
weight Wy g dbtained as the extraction residue weight
10 minus the weight ¢f a non-resinous THF-insoluble
matter of the magnetic material and/or the pigment,
the THF-insoluble resin content (gel) content is
calculated as (Wy/W;) x 100 %.
Referring to the sole figure, in operation,
15 THF 14 contained in a vessel 15 is vaporized under
heating by a heater 22, and the vaporized THF is
R - caused to pass through a pipe 21 and guided to a
cooler 18 which is always cooled with cooling water
19. The THF cooled in the cooler 18 is liquefied and
20 stored in a reservoir part containing a cylindrical
filter paper 16. Then, when the level of THF exceeds
that in a middle pipe 17, the THF is discharged from
the reservoir 17, the THF is discharged from the
reservoir part to the vessel 15 through the pipe 17.
25 During the operation, the toner or resin in the
cylindrical filter paper is subjected to extraction

with the thus circulating THF.



di stance between crosslinking points may for exanple be prepared by (1)
separately preparing such [ ow nol ecular weight resin and gel conponent
resin and 25 m xing them and (2) preparing a pelyestei resin conposition
by addi ng a diam ne or diisocyanate conponent, etc,, b GeaiRepibdeéct  Of

is SHERY
br oadeni ng t he -22- ol ecul ar wei ght distributi 6 @2”, 1 R WL em of
synt hesi zing a linear polyester or (b) a system of ﬂh; H AR KRy gel -resin

having a I ong distance between crosslinkingdoints.

Hereinbelow, the present invention will be
described with reference to Production Examples and
Examples for evaluation of image forming performances.

Resin Production Example 1

5 Terephthalic acid | 18 mol. %

n-Dodecenylsuccinic anhydride 25 mol. %

. Trimellitic anhydride S mol. %
= Bisphenol derivative of the above- |

described formula (A)

10 (R = propylene, x + y = 2.2) 52 mol. %

The above ingredients were subjected to poly-

condensation to obtain a polyester (éalled "Polyester

- Resin A") having Mn = 3,000, Mw = 15,000, Tg = 55 °C,
acid value = 35 and THF-insoluble content = 0 % .

15 Tereéhthalic acid © 23 mol. %

n-Dodecenylsuccinic anhydride 23 mol. §

- Trimellitic anhydride 2 mol. %

Bisphenol derivgtives of the above-
described formula (a)
20 (R = propylene, x + y = 2.2) 52 mol. %
The above ingre&ients were subjected to poly-
condensation to obtain a polyester (called "Polyester
Resin B") having Mn = 6,000, Mw = 45,000, Tg = 62 °C,
acid value = 25 and THF-insoluble content = 0 %.
25 Polyester Resin A 100 wt.parts
Polyester Resin B 100 wt.parts

Trimellitic anhydride 8 wt.parts



5 The gel conponent may be severed to provide a high-nol ecul ar

wei ght conponent having a | ong branch during nelt- I.ng as by a
tw n-screw kneader, an extruder or a pressurized kn ader . toner for
devel opi ng electrostatlc 10 | mages according to t ﬁ£§£ t inventton, it

is preferred to add a charge control agent, as desirg

“ qu4%h'further

stabilize the chargeability thereof. The charge con be used
in 0.1 - 10 wt. parts, preferably 0.1 - 5 M. parts, - /vw. parts
of the binder resin. The charge control agént may for exanple as

foll ows. Exanpl es of negative charge control agents

These ingredients were subjected to
polycondensation to obtain a polyester (called
"Polyester Resin I") having Mn = 4,000, Mw = 29,000,
Tg = 58 °C, and value = 30, THF-insoluble content =

S 35 %.

Resin Production Example 2

- 100 wt. parts of Polyester Resin A and 5 wt.
pats of trimellitic anhydride were subjected to
polycondensation to obtain a polyester (called

10 "Polyester Resin II") having Mn = 4500, Mw = 32,000,
Tg = 56 Oc, acid value = 28 and THF-insoluble content
= 20 %.

Resin Production Example 3

A prepolymer was preparad by reacting 1 mol
15 of trimellitic anhydride with 3 mol of a bisphenol
derivative of the above-described formula (A) (R =
s ethylene, x+y = 2.2). Then, 10 wt. parts of the
prepolymer wax pixed with 100 wt. parts of Polyester
Resin A and the mixture was subjected to further
20 polycondensation to obtain a polyester (called
"Polyester Resin III") having Mn = 4,000, Mw = 38,000,
Tg = 56 9C, acid value = 26, and THF-insoluble content
= 28 %.

Resin Production Example 4

25 "Terephthalic acid 24 mol. %
n-Dodecenylsuccinic anhydride 24 mol. %

Bisphenol derivative of the above-



may include organonetal conpl exes and chelate 20 conpounds, inclusive of
nono-azo netal conpl exes, aromatic hydroxycarboxylic_acid netal—eenptexes
and aromatic dicarboxylic acid netal conplexes. Oher exanples ma |chpde:
aromati ¢ hydroxycarboxylic acids, aromatic nono- and piisgphas : B 3k|ds,
metal 25 salts, anhydrides and esters of these acids, _\ i
derivatives of bisphenols. Exanples of positive charge for

provi ding a positively chargeabl e toner_ggy i ncl ude: ni grosine,
tri phenyl met hane conpounds, rhodam ne dyes,

described formula (B) 52 mol. %
(R = propylene, x+y = 2.2)
The above ingredients were subjected to
polycondensation to obtain a polyester ("Polyester
5 Resin C") having Mn = 3,500, Mw = 18,000, Tg = 56 °c,
acid value = 30, and THF-insoluble content = 0 %.
Then, 5 mol % of trimellitic anhydride was
further added to Polyester Resin C and subjected to
polycondensation to obtain a polyester ("Polyester
10 Resin IV") having Mn = 5,800, Mw = 45,000, Tg = 60 °c,

acid value = 22 and THF-insoluble content = 45 %.

Resin Production Example 5

Styrene 85 wt.parts
n-Butyl acrylate 15 wt.parts
15 Di-tert-butyl peroxide 2.5 wt.parts
Toluene 500 wt.parts

The above mixture was subjected to
polymerization to obtain a styrene copolymer resin
(called "Vinyl Resin (a)") having Mn = 5,500, Mw =

20 13,000 and Tg = 60 °cC.

Vinyl resin (a) .100 wt.parts
Styrene 75 wt.parts
n-Butyl acrylate 20 wt.parts
Polyethylene glycol diacrylate 5 wt.parts
25 (crosslinking agent: CH2=CHCOO(C2H4O)nCOCH=CH2,

n =14, Mw = 742)

Benzoyl peroxide 3 wt.parts



and pol yvi nyl pyridine. A color toner may preferably be prepared by using a
bi nder resin obtained by using 5 an am no group-containi ng _carboxylie—
acid ester, such as dinethyl an nonethyl nethacryl ate, capabl e of providing
a positive chargeability in an anpbunt of 0.1 - 40 nol. fsspécchinBadnlRgpldced 30
mol . % of the nmononer, or by using a colorless or pale-coubEREO! e
charge 10 control agent agent not adversely affecting {“EHM |

Exanpl es of the positive charge control agent may i ncl ud y
amoni um salts represented by the follow ng fornmulae (A) and (B): 20

wherein Ra, Rb, Rc and Rd independently denote a Cl - Cl10 al kyl group or a
substituted phenyl group denoted by -R[err] , R denoting a (Jerr] -

Clerr] alkyl group; and & above mixture was dispersed in an aqueous
medium formed by dissolving (1 wt. part of polyvinyl
alcohol in 1000 wt. parts of water and subjected to
suspension polymerization, followed by washing with an

5 NaOH adueous solution to remove the polyvinyl alcohol
to obtain a styrene copolymer-based resin composition

(called "Vinyl Resin V") having Mn = 8,000, Mw =

- 60,000 and Tg = 59 °c.
Resin Production Example 6
10 Resin Production Example 5 was repeated
except for replacing the polyethylene glycol
diacrylate with 4 wt. parts of tetraethylene glycol
dimethdcrylate (Mw = 330) to obtain a resin
composition (called "Vinyl Resin VI") having Mn =
15 7,500, Mw = 72,000 and Tg = 60 °cC.
Resin Production Example 7 (comparative)
w Terephthalic acid 15 mol.%
n-Dodecenylsuccinic anﬁydride 12 mol.%.
Trimellitic anhydride 25 mol.%
20 Bisphenol derivatives of the formula (A)
(R = propylene, x+y = 2.2) - 20 mol.%
(R = ethylene, x+y = 2.2) 28 mol.%

The above ingredients were subjected to poly-
_condénsation to obtain a polyester (called "Polyester

25 Resin VII" (comparative)) having Mn = 4,000, Mw =
35,000, Tg = 60 °C, and THF-insoluble content = 40 %.

Resin Production Example 8 (comparative)




denotes -H,

-OH, -COOH or a C[err] - C5 al kyl group. 25 Formul a ( B)

wherein Rf denotes (Jerr].5 al kyl group, and Rg denotes -H, -OH -COOH ar _a

Gerr] - C5 alkyl group. 10

represented by the above fornulae (A) and (B), it is partmﬁymaamys
to use the conpounds of the follow ng fornmulae (A)-1,

' (A)
positive charge control agent in order to provide a 15

little affected by an environnent al

5
10
15
Q?;
20
25

-50-
Terephthalic acid 10 mol.%
n-Dodecenylsuccinic anhydride 17 mol.%
Trimellitic anhydride 25 mol.%

Bisphenol derivatives of the formula (A)

(R

propylene, x+y = 2.2) 15 mol.%

(R ethylene, x+y = 2.2) _ 33 mol.%
The above ingredients were subjected to poly-
condensation to obtain a éolyester (called "Polyester
Resin VIII" (comparative)) having Mn = 8,000, Mw =
91,000, Tg = 63 °C, and THF-insoluble content = 45 %.

Resin Production Example 9 (comparative)

Resin ‘Production Example 5 was repeatead
except for replacing the polyethylene glycol
diacrylate with 4 wt. parts of triethylene glycol
dimethacrylate (Mw = 286) to obtain a resin
composition (called "Vinyl Resin IX" (comparative))
having Mn = 7,000, Mw = 70,000 and Tg = 58 °C.

Resin Production Example 10 (comparative)

Resin Production Example 5 was repeated
except for replacing the polyethylene glycol
diacrylate with 2 wt. part;.of divinylbenzene to
obtain a resin composition (called "Vinyl Resin X"

(comparative)) having Mn = 6,000, Mw = 80,000 and Tg

60 °c.
Example 1
Polyester Resin I 100 wt.parté

Magnetic iron oxide 90 wt.parts

Among the quaternary ammoni um salts

e@taceéd




‘change. In the case of constituting a positively chargeabl e toner by
using a pol yner or copolyner of an 10 am no group-contai ning ester,—such
as di methyl am nomethyl nethacrylate, showing a positive chargeability as a
bi nder resin conponent, it is also -possible to furthemsmddlhsﬁms&@hw@

charge control agent or a negative charge control agent

In case of not using such a polynmer show ng a positive it is
preferred to add 0.1 - 15 w. parts,rnn;ipreferably 0. of
a .

(average particle size (Dav.) = 0.1 nm,

Hc 115 oersted, og = 80 emu/g,

Or 11 emu/g)
Long-chain alkyl alcohol of the above-
5 described Formula (C) (x = 50) S wt.parts
Mono-azo metal complex 2 wt.parts
{negative charge control agent)
The above ingredients weré pre-mixed by a
Henschel mixer and melt-kneaded through a twin-screw
10 extruder at 130 °C. After cooling, the melt-kneaded
product was coarsely crushed by a cutter mill and
finely pulverized by a jet stream pulverizer, followed
by Elassification by a pneumatic classifier to obtain
a magnetic toner having a weight-average particle size
15 of 6.5 mm. To 100 wt. parts of the magnetic toner,
1.0 wt. paft of hydrophobic dry-process silica (BET
) specific surface area (Sggyp) = 300 m2/g) was
externally added to obtain a magnetic toner.
The thus-obtained magnetic toner was
20 subjected to measurement of storage modulus G' and
loss modﬁlus G" at strains in the range of 1 - 50 % in
the above-described manner to obtain G'j;q = 2.2x10%
dyn/cm2 and G"1¢ = 1.6x104 dyn/cm2 at a strain of 1 %,
and G'gpg = 2.1x10% dyn/cmz, thus giving percentage
25  changes of ¥g/ = 4.5 % and Vg = 6.3 %.
The magnetiéﬁtoner was charged and evaluated

in a re-modeled machine of a commercially available



positive charge control agent per 100 w. parts of the binder resin. In the
case of using such a polyner or 20 copol yner of an am no group-containi ng
ester, it is preferred to add at nost 10 wt. parts, ‘ﬁTéferab+y~aL_nnsl 8
wt. parts, of a positive charge control agent and/or g;ng
control agent, as desired, for the purpose of providin
chargeability |l ess 25 af fected by an environnent con%”ﬂ
toner according to the present invention_,s constitute
toner, the- - 26- : -52-

-

laser beam printer ("LBP-A304", mfd. by Canon K.K.)
under the conditions of a process speed of 50 mm/sec.,
a fixing roller diameter of 20 mm and a fixing
pressure of ca. 1.3 kg/cmz, and also in a re-modeled

S machine of a commercially available copier (“NP—8$82",
mfd. by Canon K.K.) under the conditions of a process
speed of 500 mm/sec, a fixing roller diameter of 60 mm
and a fixing pressure.of ca. 5 kg/cmz). The
evaluation was performed with respect to, e.g., image

10 qualities, fixability and anti-offset characteristic,
whereby good results as shown in Tables 2 and 3
appearing hereimafter were obtained. Regarding the
fixability, the fixing initiation temperature was
lowered by 30 - 40 OCc than the conventional toner both

15 in the loﬁ—speed system and in the high-speed system.

Examples 2 - 4

Magnetic toners were prepared and evaluated
in the same manner as in Example 1 except that
Polyester Resin 1 was replaced by Polyester Resins II

20 - 1V, respectively. The resultant magnetic toners
showed viscoelastic properties as shown in Table 1 and
good performances as shown in Tables 2 and 3.
Examples S5 and 6
Magnetic toners were prepared and evaluated
25 in the same maﬁner as in Example 1 except that
Polyester Resin I was replaced by Vinyl Resins V and

VI, respectively. The resultant magnetic toners



magneti c toner may contain a magnetic material, exanples of which may
i ncl ude: iron oxides, such as nagnetite, hematite, and ferrite; iron oxides
cont ai ni ng anot her netal oxide; netals, such as Fe, Co 5 —aft-N-—and

all oys of these netals with other netals, such as Al Co, Cu, Pb, My, N,
Sn, Zn, Sb, Be, Bi, Cd, Ca, My, Se, Ti, Wand V: and¥{>§ eeniRepldved above.
Speci fic exanples of the nagnetic nmaterial 10 may | ¥ iPpn
tetroxide (Fe3™), diiron trioxide ([err]-Fe[err](er oxi de
(ZnFe2™4), yttriumiron oxide (Y[err]Fe[etsdO[err]), cadm umiron oxide
(CdFe[err]err]), gadoliniumiron oxide (Gd[err]Fe[err](err]), copper
iron oxide. (CuFe[err](err]), lead iron oxide (PobFe[err]derr]), nickel

i ron .

S—8

showed viscoelastic properties as shown in Table 1 and
good performances as shown in Tables 2 and 3.
Regarding the fixability, the toners provided fixing
initiation temperatures which were lower by 30 - 40 °C
5 in the low-speed system and lower by 10 - 20 °C in the
high~-speed system, compared with those obtained by the

conventional toners.

Comparative Examples 1 - 3

Magnetic toners were prepared and evaluated
10 in the same manner as in Example 1 except that
Polyester Resin I was replaced by Polyester Resin VII,
Polyester Resiﬂ A and Polyester Resin VIII (all
comparative). The resultant magnetic toners provided
the results shown in Tables 1 - 3.

1S Comparative Examples 4 and 5

Magnetic toners were prepared and evaluated
- in the same manner as in Example 1 except that
Polyester Resin I was replaced by Vinyl Resins IX and
X (comparative). The resultant magnetic'toners
20 provided the results shown in Tables 1 - 3.

- The toner performances shown in Tables 2 and
3 were evaluated in the madners described below and
basically at 5 levels of excellent {(0), good (0A),
fair (A), rather inferior (Ax) and inferior (x}.

25  Fixability

A sample image after image formation on 1000

sheets was rubbed with a lens cleaning paper to



15 oxide (N Fe2[err]), neodymumiron oxide (NdFe2[err]), bariumiron
oxide (BaFe[err]O[err]), magnesiumiron oxide (MyFe2[err]4), nanganese~iron
oxi de (MiFe2[err]4), |anthanumiron oxide (LaFe®), -powdery iron (Fe),
powdery cobalt (Co),.and powdery nickel (N ). The above gﬂgb&ﬁg&ﬂww

materials may be used singly or in mxture of two or %) T 10

Particularly suitable magnetic material for the present ‘fmaﬂwh fine
powder of triiron tetroxide or [err]-diiraon trioxide. materi a
may have an average 25 particle size (éév.) of 0.1 - 2 [err]n1 preferably
0.1 - 0.3 pm The magnetic material nmay preferably show nmagnetic properties
when neasured by application of 10

measure a density decrease before and after the
rubbing. The image densities were measured by a
refractive densitometer.("Macbeth RD918", mfd. by
Macbeth Co.). A solid image having an image density
5 of 1.1 - 1.5 and a halftone image having an image
" density of 0.4 - 0.7, respectively as measured before
rubbing were evaluated.
The performances were evaluated by a density
decrease and indicated as o (0 - 10 %), oA (11 - 25
10 %), A (26 - 35 %), Ax (36 - 45 %) and x (46 % or
above).

Fixing initiation temperature

The fixing initiation temperature was.
measured by effecting fixation of un-fixed solid black
15 toner images at varying temperatures of the fixing
device and to evaluate the lowest temperature at which
the fixation was effected through confirmation by
rubbing of the fixea images.
The results are shown in Tables 2 and 3 ﬁnder
20 the item of fixability for solid black images, e.g.,
110 °C (Table 2) and 155 ©C (Table 3) for Example 1.

Low-temperature offset

The fixability was evaluated in a low
temperature/low humidity environment (10 Oc/15 %RH).

25 High-temperature offset

The high-temperature offset temperature was

measured as the lowest temperature at which the high-



-27- kilo-Cersted, inclusive of: a coercive force (Hc) of 20 - 150 CQersted,
a saturation nagnetization (as) of 50 - 200 enu/g, particutarly 50 - 100
emu/ g, and a residual magnetization ([err]r) of 2 - 20 eny/lg. 5

The magnetic material may be contained in the toner in aqgﬁ

tHasgn, Qf 10 -
e oo (EDla
200 wt. parts, preferably 20 - 150 wt. parts, per 100 mﬁ.J k i ced
bi nder resin. The toner according to the present inventio ”
optionally contain a non-nagnetic colorant, exanples of which iffde:

carbon bl ack, titanium . -35

temperature occurred as a result of fixing tests at
varying fixing device temperatures.
Web sciling
Soiling of the fixing roller cleaning web was
5 evaluated after image formation and fixation on 1000
sheets each of a solid black image and a halftone

image in a normal temperature/normal humidity

environment (23 ©C/60 %RH) and observing the soiling
of the web by eyes.
10 Maximum image density (Dmax)
The maxiﬁum image density was evaluated
according to the standards of o (21.35), oA (1.25 -
1.34), A(l1.15 - 1.24), Ax (1.00 -~ 1.14) and x
(<1.00).
15 White background fogq
Fog was evaluated by measuring a worst or
'~ maximum reflection density (Ds %) on the white

background after the image‘fo:mation and an average

reflection density (Dr %) of the white background on
20 transfer paper before the image formation.py using a
reflective densitometer ("Reflectometer Model TC-6DS",
mfd. by Tokyo Denshoku K.K.) and evaluated in terms of
fog amount (= Ds - Dr %). The results are indicated
as o (fog amount <1.5 %), oA (1.6 - 2.0 %), A (2.1 -
29 2.5 %), Ax (2.6 - 3.5 %) and x (23.6 %).

Density gradation characteristic

Evaluated by eye observation.



white, and other pignents and/or dyes. For exanple, the toner according to
the present invention, when used as a color toner, may contain a dye,
exanples of 15 which may include: C 1. Direct Red 1, C. 1. Direct Red 4,
Cl. Acid Red 1, C.I. Basic Red 1, C|I. Mrdant Red 30, C.I. Drect Blue 1,
Cl. Drect Blue 2, ClI. Acid Blue 9, C.1. Acid Blue 15, C|. Basic Blue 3,
C.l. Basic Blue 5, C.I. Moxrdant Blue 7, C 1. Drect Geen 20 6, C. I

Basic Green 4, and C. 1. Basic Green 6. Exanples of the pignment may include:
Chrone Yel |l ow, Cadnium Yeliow, M neral F2&" Yellow, Navel Yellow, Naphtho
Yellow S. Hansa Yellow G Permanent Yellow NCG Tartrazi ne Lake, O ange

Chr oire Yel | ow, Mol ybdenum 25 Orange, Permanent Orange GIR, Pyrazol one

Orange, Line scattering

Evaluated by eve observation.

Line collapsion (resolution failure)

Evaluated by eye observation.

5 Winding (offset)

Evaluated by passing solid black images to

observe whether winding offset occurred or not.

Trace
Solid black images were formed to observe
10 whether some traces of a separating member are left on
the fixed images.

—

e

e

e

Been Re?laced



Benzi di ne Orange G Cadm um Red, Permanent Red 4R, Watching Red Ca salt,

eosine | ake; Brilliant Carm ne -28- 3B; Manganese Violet, Fast Violet B,
Met hyl Violet Lake, U tramarine, Cobalt BLue, Alkali Blue Lake, Victoria

Bl ue Lake, Phthal ocyani ne Bl ue, Fast Sky Bl ue, Indanthrene Blue BC, Chrone
G een, chromum5 oxi de, Pignent G een B, Malachite G een Lake, and Fi nal
Yellow Gieen G In case of constituting the toner according to the present
invention as a toner for a two-
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conmponent type full color devel oper, various colorants 10 Thﬂs%kt‘iﬁéﬂe%nﬁiplaced
the pignment and dye nay be added. Exanples of a magenta pi g

include: CI. Pigment Red 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11W"m Huﬂmu
15, 16, 17, 18, 19, 21, 22, 23; 30, 31, 32, 37, 38, 39, 40

51, 52, 53, 54, 15 55 57 58, 60, 63, 64, 68, 81, 83, 87, 88, 89, 90,
112, 114, 122, 123, 163, 202, 206, 207, 209;.C.1. Pignent Vi ol et 19; and

Cl. Violet 1, 2, 10, 13, 15, 23, 29, 35ggJhe pignents may be used al one
but can also 20 be used in conmbination with a dye so as to increase the

clarity for pro 'dingqfi cotor—toner for fuft—cotror i mage 1ornati on.
Exanpl es of the {magent@a|dyes may y
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C 1. Acid Bl ue 45, and copper phthal ocyani ne pignents represented by the
follow ng fornmula and havi ng a phthal ocyani ne skeleton to which 1 - 5

pht hal i m de groups are added: 10 Exanpl es of yell ow pignent nmay incl ude:
Cl. 20 Pignent Yellow 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14, 15, 16,

17, 23, 65, 73, 83; C . Vat YEIIOM/l, 13, 20. Such a non-nagnetic col or ant
may be added in an anmount of 0.1 - 60 parts, preferably 0.5 - 50 25
wt. parts, per 100 wt. parts of the binter resin. In the present i-nvention,
it is also possible to incorporate one or two or nore species of rel ease

A toner for developing an electrostatic image
is constituted by a binder resin and é coi;rant. The
toner is characterized by a percentage change g+ of

9 at most 50 % as calculated by the following formula
(1):

Tar = (1 - G'g0q/G'1g) x 100 ce (1),
wherein Yé. denotes a pe;centage change of storage
modulus, G'ggy denotes a storage modulus at 50 %

10 strain at 150 °C, and G';y denotes a storage modulu
at 1 % strain at 150 °c; a percentage change Téu of at
most S0 % as calculated by the following formula (2):
Tge = (1 - G"50g/G"1g) x 100 cea(2),
wherein (_" denotes a percentage change of loss
15 modulus, G"gpg denotes a loss modulus at 50 % strain,
and G";g denotes a loss modulus at 1 % strain; and a
- storage modulus G' of 3x103 - 7x10% dyn/cm2 in a range
of 1 - 50 % strain at 150 °C. The toner is
characterized by applicability'to a wide variety of
20 image forming apparatus, especially those having

remarkably different fixing speeds.
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-30- agent, as desired within, toner particles. Exanples of such a rel ease
agent which is solid at roomtenperature may includer—at+phattc—hydrocarbon

waxes, such as | ow nol ecul ar wei ght 5 pol yet _ Lt ul ar wei ght
pol ypropyl ene, mcrocrystalline wax, and paraf [ﬂﬁmw“gm‘@!mn products
of aliphatic hydrocarbon waxes, such -s&l-oxidiz et myl ene*wax, and

bl ock copol yners of these; waxes containing aliphatic esters as principal

10 constituents, such as carnauba wax, sasol wax,
What is claimed is:

1. A toner for developing an electrostatic image, compris-
ing: a binder resin and a colorant; wherein the toner has

a percentage change Y. of at most 50% as calculated by
the following formula (1):

Yo=(1-G'son/G"12)X100 (1),

wherein

Yo denotcs a percentage change of storage modulus,
G'soq denotes a storage modulus at 50% strain at 150°
C., and G', 4 denotes a storage modulus at 1% strain at

150° C,,

a percentage chaﬂge Yc- of at most 50% as calculated by
the following formula (2):

Yo 1-G"s0u/C"14)%100 (2),

wherein

Yo~ denotes a percentage change of loss modulus, G54
denotes a loss modulus at 50% strain, and G", o denotes
a loss modulus at 1% strain, and
a storage modulus G’ of 3x10°-7x10" dyn/cm? in a range
P of 1-30% strain at 150° C.

2. The toner according to claim 1, having a Y 0f 0.1-35%
and a Y- of 0.1-35%.

3. The toner according to claim 1, wherein said loss
modulus G" is 2x10°-6x10* dyn/cm?.

4. The toner according to claim 1, wherein the binder resin
comprises 2 polyester resin, wherein the storage modulus G' -
is 4.5x10°-6.5x10* dyn/em?.

S. The toner according to claim 1, wherein the binder resin
comprises a polyester resin, and said storage modulus G’ is
4.5x107-6.5x10* and said loss modulus G" is 3x10°-5.5x
10* dyn/cm?.

6. The toner according to claim 3, wherein the colorant
comprises a powdery magnetic material present in amounts
from 65-200 wt. parts per 100 wt. parts of the binder resin.

'
1



nontanic acid ester wax, and partially or totally deacidified aliphatic
esters, such as-deactdi-fied carnauba wax. Further exanples of the rel ease
agent may include: saturated | | near aliphatic acids, such as 15 pal mtic
acid, stearic ahissheefathmﬁ dc aci d; unsaturated ari Tphat+e—acids, _such as

bra55|d|c aci d, |d and parinaric aC| al cohol s,
such as stearyl al cohol, ceryl ‘m m@ syl
al cohol ; pol yhyd a cohol S, such.as sorbi toI* a d am des,

such as |inol eyl am de, ol eyl-am de, and F uryI am de; saturated aI | phatic

acid bi sam des, nethyl gne- bi ssteary] am de hyl epe-hi s LEapryl am.de, and

et hyl ene- bi scapryl an’de: elﬁ@@&f&%@éé% F%ﬁlﬁlﬂé Sag¥herein the magnetic
material is present in amounts from 70-150 wt. parts per 100

wt. parts of the binder resin.

8. The toner according to claim 1, wherein the binder resin
comprises a vinyl resin, and the storage modulus G’ is
5x10°-7x10* and said loss modulus G" is 5x10°-6x10°
dyn/em?.

9. The toner according to claim 1, wherein the binder resin
comprises a polyester resin; the polyester resin having a
glass transition point of 40°-90° C., a number-average

Lo molecular weight of 1,000-50,000, and a weight-average
e _molecular weight of 3,000~100,000.
~ 10. The toner according to claim 9, wherein the polyester
resin has a glass transition point of 45°-85° C., a number-
average molecular weight of 1,500-20,000, and a weight-
average molecular weight of 40,000-90,000.

11. The toner according to claim 1, wherein the binder
resin comprises a vinyl resin; the vinyl resin having a glass
transition point of 45°-80° C., a number-average molecula.r
weight of 2,500~50,000, and a weight-average molecular
weight of 10,000-1,000,000.

12, The toner according to claim 11, wherein the vinyl
resin has a glass transition point of 55°-70° C.

13. The toner according to claim 11, wherein the colorant

C comprises a powdery magnetic material, which is contained
in 65-200 wt. parts per 100 wt. parts of the binder resin.

14. The toner according to claim 13, wherein the magnetic
material is contained in 70~150 wt. parts per 100 wt. parts
of the binder resin.

15. The toner according to claim 1, wherein the colorant
comprises a non-magnetic pigment or dye.

16. The toner according to claim 15, whercin the colorant
is contained in 0.1-60 wt. parts per 100 wt. parts of the
bindcr resin, |

17. The toner according to claim 16, whercin the colorant
is contained in 0.5-50 wt. parts per 100 wt. parts of the
binder rcsin,

18. The toner according to claim 1, further comprising a
release agent which is solid at room temperature.



25 am des, such as ethyl ene-bisol eryl am de, hexanet hyl ene- bi sol eyl am de,
N, N - d|oleylad|poylan1de _and-N--N -di ol eyl sebacoyl am de, aromatic
bi sam des, —such as m xyl ene- bi sst earoyl am de,;and N, N -

T S

metal li c soap),
and 5 magnesi u fted waxes obt ai rfed “by* gr%ftlng aliphatic

hydr ocar bon waxe nononer s, 8?uch as styrene and acrylic acid,

partially esterified products between™ |phat|c aci ds and pol yhydric

19. The toner according to claim 18, wherein the release
agent comprises a wax selected from the group consisting of
aliphatic hydrocarbon waxes and oxidized products thereof,
aliphatic acid ester waxes, saturated linear aliphatic acid,
unsaturated aliphatic acids, saturated alcohols, polyhydric
alcohols, saturated aliphatic acid amides, saturated aliphatic
acid bisamudes, unsaturated aliphatic acid amides, unsatur-
ated aliphatic biamides, aromatic bisamides, aliphatic acid
metal salts, grafted waxes, partially esterified products
between aliphatic acid and polyhydric alcohol, and aliphatic
acid methyl ester compounds.

20. The toner according to claim 18, wherein the release
agent comprising an aliphatic alcohol wax or an aliphatic
hydrocarbon wax.

21. The toner according to claim 18, wherein the release
agent is contained in 0.1-20 wt. parts per 100 wt. parts of the
binder resin.

22. The toner according to claim 21, wherein the release
agentis contained in 0.5-10 wt. parts per 100 wt, parts of the
binder resin.

23. The toner according to claim 1, having a weight-
average particle size of 3-10 pm.

24. The toner according to claim 23, having a weight-
average particle size of 3-9 um.

25. The toner according to claim 1, wherein the binder
L resin is a polyester resin obtained by forming a linear

polyester or a polyester having a low gel content and then
adding an alcohol or acid having at least three functional
groups to cause polycondensation.

26. The toner according to claim 1, wherein the binder
resin is a polyester resin obtained by forming a polyester
having a low gel content by employing an alcohol or acid
having at least three functional groups and then adding at
least one of (a) a linear or non-linear polyester or (b) an
alcohol or an acid having at least three functional groups for
further polycondensation.

7. The toner according to claim 1, wherein the binder
resin comprises a crosslinked viny! resin with a crosslinking
agent having a molecular weight of at least 300.



al cohol s,
conpounds havi ng hydr oxyl

and oil .
pr esent

such as behenic acid nonoglyceride; and 10 _nethyl ester

A particularly preferred class of release agentrfiygx)

hydrocarbon 15 waxes. The aliphatic : cohol waxes may
the followwing formula (Q: Fornula (C): CHZ)[err]CH[

250). Specific exanples of the wax preferably used in the present

i nvention may include aliphatic al cohol waxes and %%ﬁ eplaced

group as obtai ned by hydrogenating v veg‘T%nﬁTT%fﬂ

Imby

i nvention

may include e.g., a low 20- nolecular weight alkylene polynmer obtained

through pol ynericiais %ﬁjfnﬁﬂ"%
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ABSTRACT OF THE DISCLOSURE

A toner for developing an elect;ostatic image
is constituted by & binder resin and é éolorant. The
toner is characterized by a percentage change g: of
at most 50 % as calculated by the following formula
(1):

Yo = (1 - G'50q/G'1g) x 100 .o (1),
wherein {.. denotes a percentage change of storage .
modulus, G'ggg denotes a storage modulus at SO0 %
strain at 150 °C, and G';4 denotes a storage modulus
at 1 % strain at 150 °C; a percentage change Iz« of at
most 50 % as calculated by the following formula (i):

Tgr = (1 - G"50g/G"1g) x 100 . cea(2),
wherein {g+ denotes a éercentage change of loss
modu%us, G"sgg denotes a loss modulus at 30 % strain,
and G";q¢ denotes a loss modulus at 1 % strain; and a
storage modulus G' of 3x103 - 7x10% dyn/cm2 in a range
of 1 - 50 % strain at 150'6Ct”“fhe toner is
characterized by applicability to a 'wide variety of

image forming apparatus, especially those having

remarkably different fixing speeds.

FIGURE 1



presence of a Ziegler catalyst under a | ow pressure; an al kyl ene pol yner
obt ai ned by thernmal deconposition 25 of an al kyl ene pol ynmer of a high

nol ecul ar wei ght; a hydrocarbon wax obtai ned by subjecting a m xture gas
cont ai ni ng carbon nonoxi de and hydrogen to the Arge -32- process to form
a hydrocarbon m xture and distilling the hydrocarbon m xture to recover a
resi due; and hydrogenation products o +hk above. Fractionation of wax may
preferably be perfornmed by the press sweating 5 nmet hod, the sol vent

met hod, vacuumdi stillation-or
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fractionating crystallization to rgcover-a fraetionated wax.
of the hydrocarbon wax, it is preferféd fd Useihydrocar bopg
several hundred carbon atonms as obtai ned through 10 sy
m xture of carbon nonoxi de and hydrogen in thehﬁr_\
catal yst (generally a conposite of two or nore-¥species),
Synt hol process, the Hydrocol process (using a fluidize

esence

the Arge process (using a 15 fixed cath&ét bed) provi[di NG apretuys

i n waxy hydrocarbon, and hydrocarbons obtained by poly zZin
such as ethylene, in the presence of a Ziegler catalyst,

'n saturated long- chajgykknggh BKGELGATRENS. ACFRGSFRIRAM BN th few
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FIELD OF THE INVENTION AND RELATED ART

The present invention relates to a toner for
developing electrostatic images used in image forming
methods, such as electrophotography, electrostatic
recording or electrostgtic printing, particularly a
toner suitable for hot roller fixation.

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 latent'image is formed on a -
photosensitive member comprising a photocondgctive
material by various means, then the latent.image is
developed with a toner, and the resultant toner image
is, after being transferred onto a transfer material
such as paper etc., as desired, fixed by heating,
pressing, or heating and pressing, ror with solvent
vapor to obtain a copy or print carrying a fixed toner
image. )

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

popular one 1is a heating and pressing fixation system

using hot rollers.

6. 92 6 PEit
dat al yst t;lgﬁ/) )

an al kyl e

As the source



20, branches. It is further preferred to use hydrocarbon waxes
synt hesi zed w thout pol ynerization because of their strupcture and mol ecul ar
wei ght distribution suitable for easy fractionation. As/REP A

wei ght distribution of 25 the wax, it is preferred tHhat/—¢

peak in a nol ecul ar wei ght region of 400 - 2400, furth
particularly 500 - 1600. By satisfying suzh nmol eculfa ﬁ@bé' 9t
distribution, the resultant toner is provided with prefetabl e thernal
characteristics. The rel ease agent, when used, may prejerably

In the heating and pressing system, a shee
carrying a toner image to be fixed (hereinafter called
"fixation sheet") is passed through hot rollers, while
a surface of a hot roller having a releasability with

5 the toner is caused to contact the toner image surface
of the fixation sheet under pressure, to fix the toner
image. In this method, as the hot roller surface and
the toner image on the fixation sheet contact each
other under a pressure, a very good heat efficiency is

10 attained for melt-fixing the toner image onto the
fixation sheet to afford quick fixation.

It is however a current state that different
toneré are used for different models of copying
machines and printers. This is primarily because the

15 different models adopt different fixing speeds.and
fixing teméeratures.- More specifically, in the fixing
step, a hot roller surface and a toner‘image contéct
each other in a melted state and under a pressure, SO
that a part of the toner is transferred and attached

20 to the fixing roller surface and then re-transferred .
to a subéequent fixation sheet to soil the fixation
sheet. This is called an offset phenomenon and is
remarkably affected by the fixing speed and
temperature.. Generally, the fixing roller surface

25 temperature is set to be low in case of a slow fixing
speed and set to be high in case of a fast fixing

speed. This is because a constant heat quantity is



be used in an amount of 0.1 - 20 w. parts, 5 particularly Q.5 -
parts, per 100 wt. parts of the binder resin. The rel ease agqg gi
uni-formy dispersed in the binder resin by a method of m xing H e
agent in a solution of the resin at an elevated 10 t enper af uf e under

stirring or nelt-kneading the binder resin together with the
The toner according to the present invention may preferably |h
wei ght - average particle size of 3 - 10 pm3+ore preferably 3
to provide 15 hi gh-quality inmages. A flowability-inproving
bl ended with the toner to inprove the flowability of the

supplied to the toner'image for fixation thereof
regardless of a difference in fixing speed.

However, the toner on a fixation sheet is
deposited in several layers, so that there is liable

5 to occur a large temperature difference between a

toner layer contacting the heating roller and a
lowermost toner layer particularly in a hot-fixation
system using a high heating roller temperature. As a
result, a topmost toner layer is liable to cause an

10 offset phenomenon in case of a high heating roller
temperature, while a low-temperature offset is liable
to occur because of insufficient melting of the
lowerniost toner layer in case of a low heating roller
temperature.

15 . _ In order to solve the above problem, it has
been generally practiced to increase the fixing
pressure in case of a fast fixing speed in order to
promote the anchoring of the toner onto the fixation
sheet. According to this method, the heating roller

20 temperature can be somewhat lowered and it is possible
to obviate a high—tempe}ature offset phenomenon of an
uppermost toner layer. However, as a very high
shearing force is applied to the toner layer, there

"are liable to be caused several difficulties, such as

25 a winding offset that the fixation sheet winds about

the fixing roller, the appearance of a trace in the

fixed image of a separating member for separating the



t gner.
i ncl ude:

.Exanpl es thereof, particularly negatively chargeabl e ones may .

silica 25

etc.
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powder of fluorine- 20 containing resin, such as ponV|nyI|dene
fluoride fine powder and pol ytetrafl uoroethyl end fine POMBBHT 4 FE ke,
oxi de fine powder, hydrophobic titanium oxide fine powdel;**{¥heldievid
silica such as wet-process silica and dry-process silica
obt ai ned by surface-treating (h

S|I|ca wi th silane coupling agent, tltanldhlcoupllng agent
titani um

and treated

su@d FEBegppwderly
silicone oilf,
oxi de fine powder, hydrophobized titan|um oxrdefinme

ydr ophobi zi ng

fixation sheet from the fixing roller, and inferior
copied images, such as resolution failure of line
images and toner scattering, due to a high pressure.

Accordingly, in a high-speed fixing system, a
toner having a lower melt viscosity is generally used
than in the case of low speed fixation, so as to lower
the heating roller temperature and fixing pressure,
thereby effectin§ the fixation while obviating the
high~temperature offset and winding offset. However,
in the case of using such a toner having a low melt
viscosity in low speed fixation, an offset phenomenon
is liable to be caused because of the low viscosity.

Accordingly, there has been desired a toner
which shows a wide fixable temperature range and an
excellent anti-offset characteristié and is applicable
from a low speed apparatus to a high speed appafatus.

On the other hand, in recent years, theré
have been also desired high-quality copy or print
images in accordance with the use of digitalized
copying machines and fine toner particles.

More specifically, it has been desired to
obtain a photographic image accompanied with
characters, so that the character images are clear
while the photographic image is excellent in density
gradation faithful to the original. Generally, in a
copy of a photographic image accompanied with

characters, if the line density is increased so as to



powder ;s al um num oxi de fine powder, and hydrophobized al uni.num.oxide fine_
powder. A preferred class of the flowability- 5 inproving agent |ncludes
dry: process silica or funmed silica obtained by vapor-phaseoxi:d; n-of -a -
silicon halide. For exanple, silica powder can be produced:: ehEe) ghﬁh
met hod utilizing pyrolytic oxidation of gaseous silicon te‘rachlorldé R R
oxygen- hydr ogen 10 flame, and the basic reaction schene Y Q%kftﬁl
represented as follows: Siderr]4 + 2H er® + O[err] Q[err] ﬁd&
In the above preparation step, it-is also possible to obtain
powder of silica and 15 ot her netal oxides by using other netal halide

provide clear character images, not only the density
gradation characteristic of the photograph image is
impaired, but also the halftone part thereof are
roughened.

5 Further, resolution failure (collapsion) of
line images and scattering are liable to be caused at
the time of fixation as described above, so that the
image qualities of the resultant copy images are
rather liable to be deteriorated.

10 Further, in case where the line image density
is increased, because of an increased toner coverége,
a thick toner image is pushed against a photosensitive
member to be attached to the photosensitive member in
the toner transfer step, so that a éo;c;lled traﬁsfer

15 failure (or a hollow image), i.e., a partial lack
_toner image (line images in this case), in the
transferred image, is liable to be caused, thereby
providing poor quality of copy images. On the other
hand, in case where thé gradation characteristic of a

20 photographic image is intended ;o be improved, the
density of characters or line images are liable to be
lowered, thus providing unclear images.

The use of a smaller particle size toner can
increase the resolution and clearness of an image but

25 is also liable to be accompanied with various
difficulties.

First, a smaller particle size toner is



conmpounds such as alum num chloride or titaniumchloride together with

silicon halide conpounds. Such is also included in the fin TﬂﬁMkH~—7
to be used in the present invention. 20 It is I@L&éﬁﬁiWBSﬂﬁET
fine silica powder having an average primary particle siz f 0.001 -2
particularly 0.002 - 0.2 pm Commercially available fine gili Q§6HQﬂpqu/
formed by vapor phase oxidation of a silicon halide to 25 be used in th

present invention include those sold under the trade nane

liable to impair the fixability of a halftone image.
This is particularly noticeable in high-speed
fixation. This is because the toner coverage in a
halftone part is little and a portion of toner

5 transferred to a concavity of a fixation sheet
receives only a small quantity of heat and the
pressure applied thereto is also suppressed because of
the convexity of the fixation sheet. A portion of
toner transferred onto the convexity of the fixation

10 sheet in a halftone part receives a much larger
shearing force per toner particle because of a small
toner layer thickness compared with that in a solid
image part, thus being liable to cause offset or
result in copy images of a lower image quality.

15 Fog is another problem. If the toner
particle size is reduced, the surface area of a unit
weight of toner is increased, so that the charge
distribution thereof is liable to be broadened to
cause fdg. As the toner surface area is increased per

20 unit weight therecf, the toner chargeability is liable
to be affected by a change in environmental
conditions.

If the toner particle size is reduced, the
dispersion state of a polar material and a colorant is

25 liable to affect the toner chargeability.

When such a small particle size toner is

applied to a high-speed copying machine, the toner is
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liable to be excessively charged to cause fog and a
density decrease, particularly in a low-humidity
environment.

Further, in connection with a trend of
providing a copying machine with a multiplicity of
functions, such as a superposed multi-color copying of
erasing a part of an image as by exposure and
inserting another image into the erased part, or frame
erasure of erasing a frame part on a copying shéet,
fog of a small particle size is liable to remain in
such a part to be erased into white.

When an image is erased by providing a
potential of a polarity opposite-to that of a latent
image potential with respect to a development
reference potential as by irradiation with intense
light from LED, a fuse lamp, etc., the erased part is
liable to cause fog.

Sapanese Laid-Open Patent Application (JP-A)
3-219262, JP-A 3-64766 and JP-A 3-271757 have
disclosed a toner having a storage modulus and a loss
modulus in certain ranges, respectively. Such a toner
may have .excellent fixaﬁility and anti-offset
characteristic under a certain fixing condition but it
is not easy to satisfy fixability and anti-offset
characteristic for various modgis of fixing devices
having remarkably different fixing speeds, fixing

pressures and shearing forces as described above and



Wacker 'HDK N 20 15 ( WACKER- CHEML.E_GVRH) V
15 N20E T 30 T 40 DDC Fine Silica 20 ( Dow CofRH «hﬁggrqu
Fransol (Fransil Co.) It is further preferred to use treated éEE{g;~~ (EET
powder obtai ned by subjecting the silica fine 25 powder fonned by
vapor - phase oxidation of a silicon halide to a hydrophob|C|tﬁ |ﬁﬁdr%wng'
treatment. It is particularly preferred toguse treated S|cha fine

i

also to provide satisfactory image qualities.

JP-A 3-41471 and JP-A 3-188468 have proposed
methdds of using a binder resin obtained by severing
the gel content of a pol&ester resin or a styrene-~

5 acrylic copolymer. According to these methods,
however, the resultant toner is caused to have 1argé
percentage changes in storage modulus (G') and loss
modulus (G") as defined hereinafter because of a short
distance between crosslinking points in the polymer

10 chain. Accordingly, the toner is liable to be
inferior in fixability and image quality particularly

at a halftone part.

SUMMARY OF THE INVENTION

15 A generic object of the present invention is
to provide a toner for developing electrostatic images
having solved the above-mentioned problems.

A more specific object of the present
invention is to provide a toner for developing

20 electrostatic images showing an excellent anti-offset
characteristic without impairing the fixability from a
low fixing speed to a high fixing speed.

Another object of the present invention is to
provide a toner for developing electrostatic images,

25 even in a small ﬁarticle size, capable of showing a
good fixability at a hélftone part and providing copy

images of good image quality.




- 36- powder havi
titration test.

chemcally treating the powder with 5 an organosilicone canpoundL_etc.;
reactive with or physically adsorbed by the silica fine powdel.2E<&mpIier of

such an organosi
trimet hyl sil ane,

ild ane,
tri met hyl chl orosi |l ane, tri%vet hyl et hoxysi | ne%_Iﬁ__"“‘
di met hyl di chl orosi | ane, nethyltrichl orosil ane,

ng a hydrophobicity of 30 - 80 as neasured o
Silica fine powder may be inparted with a hy :

| i cone conpound may include: hexanethyl dis

Another object of the present invention is to
provide a toner for developing electrostatic images
capable of providing high-density copy images free
from fog from a low to a high process speed.

Another object of the present invention is to

. provide a toner for developing electrostatic images

10
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20

25

capable of providing good images in a low-humidity
environment and also in a high-humidity environment
without being affected by a change in environmental
conditions.

Another object of the present invention is to
provide a toner for developing electrostatic images
capable of providing good images even by a high4speed
image-forming apparatus.

Another object of the pfese;t invention is to
provide a toner for developing electrostatic images
having excellent durability and capable of providing
copy images having a high image density and free from
fog even in a long period of continuous image
formation.

Another object-of the present invention is to
provide copies of a photographic image with characters
including clear character images and photographic
images having a density gradation characteristic
faithful to the original.

According to the present invention, there is

provided a toner for developing an electrostatic



al Iyl di net hyl chl orosi | ane, allyl phenyl di chl orosil ane,

benzyl di met hyl chol rosi | ane, brononet hyl - di methyl chl orosi | gne

a-chkoroethyl trichldrosilane, 3-chloroethyltrichlorosilane, REPLACEMENT SHEET
chl oronet hyl di met hyl - 15  chl orosil ane, triorganosilyl nercagtams—stctr=as

trimethyl silylmercaptan, triorganosilyl acrylates,
vi nyl di met hyl acet oxysi | ane, di net hyl et hoxysi | ane, dinethyldinet%gﬁvé?ﬂﬁHe,
20

di phenyl di et hoxysi | ane, hexanet hyl di si | oxangg-1, 3-di vi nyl t gt rlanethyl d
si | oxane, 1, 3-di phenyl tetranethyl di sil oxane, and di net hyl pqgl ysi | oxane
having 2 to 12 siloxane units per nolecul e and contai ni ng eaeh—enre—hy
group bonded to Si at the termnal units. These may be used al one or
m xture of two oimagee compoimdsg: a binder resin and a colorant;
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wherein the toner has

a percentage change Yo« of at most 50 % as
calculated by the following formula (1):

Yor = (1 - G'50¢/G'15) x 100 ... (1),
wherein {G' denotes a percentage change of storage
modulus, G'gpg denotes a storage modulus at 50 %
strain at 150 °C, and G'ig denotes a storage modulus
at 1 % strain at 150 °c,

a percentage change Vs« of at most 50 % as
calculated by the following formula (2):

Tgr = (1 - G"gpg/G"13) x 100 ... (2),
wherein (G« denotes a percentége change of loss
modulus, G“gpg denotes a loss modulus at 50 % strain,

and G"l% denotes a loss modulus at 1 % strain, and

Q g

a storage modulus G' of 3x103 - 7x10% dyn/cm2

in a range of 1 - 50 % strain at 150 °cC.

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

accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

The sole figure in the drawing is an

illustration of a Soxhlet extractor.

S

a .~




25 . It is also possible to use a flowability- inproving agent as
a positive chargeability prepared by treating the above-nentigned

dry-process silica wi th an am no group-containing silane cREPLACENHﬁH“SHEEI

or silicone oil as shown below [err] (OCH err]) [err] [err]
(O err]Herr])3 5 [err] (OCCH err])[err] CH3 [err] (OCH err])l[ 4

") 6 FEB 199/
_11_

DETAILED DESCRIPTION QOF THE INVENTION

According to our detailed study, excellent
fixability and anti-offset characteristic are attained
under varying fixing conditions by using a toner

5 having low percentage changes of storage modulus G'
and loss modulus G" corresponding to changes in
strain.

The storage modulus G' and loss modulus G"
are physical properties related with the anti-offset

10 characteristic and fixability of a toner. A smaller
storage modulus G' is liable to result in a lower
anti-offset characteristic, and a larger loss modulus
G" is liable to result in an inferior fixability.

In a high-speed fixatioh, a higher shearing

15 force is exerted than in a low-speed fixation.

. Accordingly, the toner according to the present
invention having low strain-dependent percentage
changes of storage modulus G' and loss modulus G" can
show excellent anti—offsef characteristic- without

20 impairing the fixability for a low-speed to a high
speed image forming apparatus.

The toner according to the invention has a
storage modulus G' in the range of 3x103 - 7x104

2

"dyn/cm“ in the range of 1 - 50 % strain at 150 °Cc. 1If

25 the storage modulus G' is smaller than 3x103 dyn/cmz,
a high-temperature offset is liable to occur and, if

the storage modulus G' is larger than 7xlO4 dyn/cmz,
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[err] (QCerr]Herr])[err] 10 [err] (OCH err])[err] [err]
OCH OCH OCH
Sqar e bRt s e o e T e AT SHERT
(OCH err])[err] Herr]Cerr] Herr]Nerr]Si (OCHerr])[err] 20f[err]i
(CCHerr]) [err] [err] [err] (OCHerr])[err] 26 FEB 9y/
_12..
the fixability is liable to be lowered. Particularly,

in the case of a heat-pressure fixing device using a
high fixing pressure, if the storage modulus G' is
below 3x103 dyn/cm, the high-temperature offset is
liable to occur because of insufficient elasticity.

It is further preferred that the toner has a
percentage change TGu of 0.1 - 35 %, and a percentage
change ¥gn of 0.1 - 35 %.

It is also preferred that the toner has a
loss modulus G" in the range of 2x103 - 6x104 dyn/cm2
in the range of 1 - 50 % strain at 150 9C. If the
loss-modulus G" is below 2x103 dyn/cmz, a high

temperature'offSet is liable to be caused and, if the

loss modulus G" is above leo4 dyn/cmz,

the fixability
is liable to be lowered.

Particularly, in the case of using a high
fixing speed and a hot roller having a small diameter
giving a large curvature radius of the hot roller at
the time of'discharging paper after the fixation, the
satisfaction of the above-mentioned range of the loss
modulus G" is effective for offset prevention.

The binder resin used in the present
invention may comprise a polyester resin, a vinyl
resin Or an epoxy resin. It is particularly preferred
to use a polyester resin or a vinyl resin in view of
the chargeability and the fixation characteristic.

In the case where the binder resin comprise a



HC . [err]

[err] 15 As a silicone oil, it is possible to use an am no-

Si (OC[err]H[err])[err] 25 [err] (CCH[err])[err]

sili.cone oil having a partial structure including an am no gR&BbA[h e SH:EI

si de chain as shown bel ow. 20
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poyester resin, it is preferred that the toner has a

storage modulus G' in the range of 4.5x103 - 6.5x10%

dyn/cmz, and it is also preferred that the toner has a

loss modulus G" in the range of 3x103 - 5.5x104
dyn/cmz.

The polyester resin preferably used in the
present invention may have a composition as described
below.

The polyester resin used in the present
invention may preferably comprise 45 - 55 mol. % of
alcohol component and 55 - 45 mol. % of acid
component. -

Examples of the alcohol component-may
include: diols, such as ethylene glycol, propylene
glycol, 1,3-butanediol, l,4—but§nediol, 2,3-
butanediol, diethylene glycol, triethylene glycol,
1,5-pentanedicl, 1;6—hexanediol, neopentyl glycol, 2-
ethyl—l,B—ﬁexanediol, hydrogenated bisphenol A,
bisphenols and derivatives represented by the
following formula (A):

cn3

H—eoaa——o@ @o—eaoa—-ﬂ (A),

wherein R denotes an éthylene or propylene group, x and

y are independently 0 or a positlve integer with the
proviso that the average of x+y is in the range of 0 -

10; diols represented by the following formu%a (B):




-39- wherein R err] denotes hydrogen, alkyl group, aryl gro

or al koxy

group; R2 denotes al kyl ene group or phenyl ene group; R err] ?EPL£€§

MENT, SHEET

denat e hydrogen, al kyl group or aryl group with the proviso
5 group, aryl group, al kylene group and/ or phenyl ene grouf

am no group or another substituent, such as hal ogen, withinjfa
n

not inpairing the chargeability. mand n denote a positive
Commerci al ly avail abl e exanpl es of the am npg-

=Y el Py
o

L
T

S
10

eqger.

J

H—{OR'—)—X—O@-O—(R'-O%Y—H (B),
CHs CH;
wherein R' denotes‘—CH2CH2—, —CH2—CH— or —CHz—é— .
H3
5 x' and y' are independently 0 or a positive integer

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

range of 0 - 10.

It is preferred that dibasic acid constitutes

at least 50 mol. % of the total acid. Examples of the

10 dibasic acid may include benzenedicarboxylic acids,

such as phthalic acid, terephthalic acid and

isophthalic acid, and their anhydrides:;

alkyldicarboxylic acids, such as succinic acid, adipic

acid, sebacic acid and azelaic acid, and their

15 anhydrides; Cg - C;g alkyl or alkenyl-substituted

succinic acids, and their anhydrides; and unsaturated

dicarboxylic acids, such as fumaric acid, maleic acid,

citraconic acid and itaconic acid, and their

anhydrides.

20 An especially preferred class of alcohol

components constituting the polyester resin is a

bisphenol derivative represented by the above formula

(A), and preferred examples of acid components may

include dicarboxylic acids inclusive of phthalic acid,

25 terephthalic acid, isdphthalic acid and their

anhydrides; succinic acid, n-dodecenylsuccinic acid,

and their anhydrides, fumaric acid, maleic acid, and




group-containing silicone oil may include the .follow ng: -40- Trade

name ( Maker) Viscosity at Amne 25 [err] C (cPs) equi val ent

SF8417 (Toray Silicone K K.) 1200 3500 5 KF3 Shi-a—Ei-su
Kagaku K. K.) 60 360 KF857 " RET’fAQEMENT SHEET
70 830 KF860 ( ) 250 [ 7600 RKF861—]

( ) 3500 2000 KF862 ( 6 -

) 750 1900 5- 26 FEB 199/

maleic anhydride.

The polyester resin used for producing the
toner according to the present invention may
preferably have a glass transition temperature (Tg) of

5 40 - 90 ©c, particularly 45 - 85 °C, a number-average
molecular weight (Mn) of 1,000 - 50,000, more
preferably 1,500 - 20,000, and a weight-average
molecular weight of 3x103 - 1x105, more preferably
4x10% - 9x10%.

10 Examples of a vinyl monomer to be used
for providing the vinyl resin may include: styrene;
styrene derivatives, such as o-methylstyrene,
m-methylstyrene, p—methylstyrene,_p—methoxystyrene,
-p—phenylstyrene, p—chlorostyr;ne, 3,4-dichlorostyrene,

15 p-ethylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene,
p-tert-butylstyrene, p-n-hexylstyrene, p-n-
octylstyrene, p-n-nonylstyrene, p-n-decylstyrene, and
p-n-dodecylstyrene; ethylenically unsaturated
monoolefinsg, such as ethylene, propylene, butylene,

20 and isobutylene; unsaturated polyenes, such as
butadiene; halogenated vinyls, such as vinyl chloride,
vinylidene chloride, vinyl bromide, and vinyl
fluoride; vinyl esters, such as vinyl acetate, vinyi
propionate, and vinyl benzoate; methacrylateé, such as

25 methyl methacrylate, ethyl methacrylate, propyl
methacrylate, n-butyl methacrylate, isobutyl

methacrylate, n-octyl methacrylate, dodecyl



10 KF864 ( ! ) 1700 3800 KF865

(

A

) 90 4400 KF369 ( ¥ T JERT

320 KF383( ) 20 ézo X- 2e§@éﬁcwﬁm SHEH%
90 8800 15 X-22-380D ( " ) 2300 I

3800 X-22-380IC ( ) 3500 3800 X- p2 3819%5@'997 !

) 1300 1700 20 The anmine equivalent réféers to a

g- equi val ent per amne which is equal to a\Pal ue of the nol e¢ular wel ght of

an am no group-containing silicone oil by the nunber of am n¢_groups in the

silicone-oil. The flowability-inproving agent may have a 25 specific

surface area of al,|east) 80s " Qe AP Methacrylate, stearyl

methacrylate, phenyl methacrylate, dimethylaminoethyl

methacrylate, and diethylaminoethyl methacrylate;

acrylates, such as methyl acrylate, ethyl acrylate,

5 n-butyl acryvlate, isobutyl acrylate, propyl acrylate,

n-octyl acrylate, dodecyl acrylate, 2-ethylhexyl

acrylate, stearyl acrylate, 2-chloroethyl acrylate,

and phenyl acrylate, vinyl ethers, such as vinyl

methyl ether, vinyl ethyl ether, and vinyl isobutyl

10 ether; vinyl ketones, such as vinyl methyl ketone,
vinyl hexyl ketone, and methyl isopropenyl ketone;
N-vinyl compounds, such as N-vinylpyrrole, N-
vinylcarbazole, N-vinylindole, and N-vinyl.
pyrrolidone; vinylnaphthalenes; acrylic acid

15 derivatives or methacrylic acid derivatives, such

acrylonitrile, methacryronitrile, and acrylamide;

as

- esters of the below-mentioned a,-unsaturated acids

and diesters of the below-mentioned dibasic acids.

Examples of a carboxy group-containing

20 monomer may include: unsaturated dibasic acids, such

as maleic acid, citraconic acid, itaconic acid,

alkenylsuccinic acid, fumaric acid, and mesaconic

acid; unsaturated dibasic acid anhydrides, such.as

maleic anhydride, citraconic anhydride, itaconic

25 anhydride, and alkéhylsuccinic anhydride; unsaturated

dibasic acid half esters, such as mono-methyl maleate,

mono-ethyl maleate, mono-butyl maleate, mono-methyl



50 nR/g,. as neasured by the BET nethod according to nitrogen adsorption
The flowability-inproving agent -4 1- may be used in an anDLREEBACEMQMTLSHEE
| He—o1

8 w: parts,
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preferably 0.1 - 4 wt. parts, per 100 w. parts of
The toner according to the present invention 5 may be prepardd{by ) .
sufficiently blending the binder resin, a nmagnetic or non-nagndtifc 26 FEB 1997
colorant, and a charge control agent or other additives, as dedined, by a

bl ender such as a Henschel mixer or a baltlhtll,

i
L.L
LA~}

citraconate, mono-~ethyl citraconate, mono-butyl
citraconate, mono-methyl itaconate, mono-methyl
alkenylsuccinate, monomethyl fumarate, and mono-methyl
mesaconate; unsaturated dibasic acid esters, such as
dimethyl maleate and dimethyl fumarate; a,B-
unsaturated acids,'such as acrylic acid, methacrylic
acid, crotonic acid, and cinnamic acid; a,B-
unsaturated écid anhydrides, such as crotonic
anhydride, and cinnamic anhydride; anhydrides between
such an a,B-unsaturated acid and a lower aliphatic
acid; alkenylmalonic acid, alkenylglutaric acid,
alkenyladipic acid, and anhydrides and monoesters of
these acids. |

The binder resin comprising a vinyl resin may
preferably have a glass transition point of 45 - 80
°C, preferably 55 - 70 °C, a number-average molecular
weight (Mn) of 2.5x103 - 5x104, and a weight-average
molecular weight (Mw) of 1x10% - l.0x105.

In the present invention, it is also possible
to add another type of resin, such as polyurethane,
epoxy resin, polyvinyi butyral, modified rosin,
terpene resin, phénolic resin, aliphatic or alicyclic
hydrocarbon resin, or aromatic petroleum resin, as
desired, to the binder resin.

In the case of using two or more species of
resins in mixture to constitute a binder resin, it is

preferred to preferred to mix resins having different



foll owed by nelt-kneading for nutual dissolution of 10 the resins of the

bl end, cooling for solidification of the kneaded product, pulverization and !
classification to recover a toner product. The toner may et
sufficiently bl-ended with an external additive such as ﬂﬂﬂﬂﬁﬁhﬁhiﬁfﬁﬁﬁﬁg
i mprovi ng agent having a chargeability to a polarity idehtftalr to that df
the toner by a blender such as a Henschel m xer to obtaih Z Egapgbrdirg
to the present sic

surface of the toner particles. 20 Vari ous panatetess
characterizing the toner according to the present inventijon are based on |
val ues neasured in the foll ow ng manner. :

10

15

20

25

i nvention, wherein the exter8ral additive i rried on the

molecular weights in approprlate proportlons

In order to provide the toner having
percentage changes of at most 50 % between strains of
1 % and 50 % of storage modulus G' and loss modulus
G", the properties of a binder resin constituting the
toner constitute an important factor. For this
purpose, it is preferred to use a resin having a
relatively low molecular weight, i.e., a number-
average molecular weight of 1,000 - 50,000, preferably
2,000 - 20,000, and a gel resin having a long distance
between crosslinking points in its polymer chain to
provide a binder resin. When the resins having the
above-mentioned properties as the binder resin are
used to produce a toner, the gel resin may be
subjected to severance, thereby providing a polymer
component having a long branch chain to suitably
providing small percentage changes.

In case where the polyester resin is used as
a principal binder resin in a toner containing such a
component formed by severance of the gel resin, the
binder resin contained in the toner may preferably
have a number-average molecular weight (Mn) of 1,000 -
50,000, more preferably 1,500 - 20,000, and a weight-
average molecular weight (Mw) of 3x103 - 2x106, more
preferably 4x104 - l.leOG. Also, in the case where
the vinyl resin is used as a principal binder resin in

a toner containing such a component formed by

i



(1) Percentage changes [err]G and [err]G between straipns_of 1 % and 50 % -

ad

of storage nodulus G' and | oss nodulus G' 25 I
at roomtenperature under a pressure of 150 kg/cnferr] flor
sanple pellet of 25 mmin dianmeter and 2 mmin thicknesqd.
sanple pellet is disposed between parallel plates of 25
dynam c anal yzer ("RDA-I11", avail able from Rheonetrics and subjecte
to application of a sinusoidal 5 oscillat?on for measfirenen

G'. The

severance of the gel resin, the binder resin contained
in the toner may preferably have a number-average
molecular weight (Mn) of 2,500 - 50,000 and a weight-
average molecular weight (Mw) of 1x10° - 1x108.

5 This is presumably for the following reason.

In a case where two types of resins having an

identical molecular weight but having different
distances between crosslinking points in bolymer
chains are respectively subjected to severance to form

10 polymer components, a resin having a longer distance
between crosslinking points provides a polymer
component having a longer branch length. Acceordingly,
the branch length is considered to have a large
influence in interaction with a low-molecular weight

15 resin when the polymer component is mixed with the
low-molecular weight resin to provide a toner.
Because of the presence of such a resin having a long
branch, tﬁe entanglement theréof with a low-molecular
weight resin is stronger than a resin having a short

20 branch. As a result, a toner comprising such a resin
mixture is caused to lowé; the percentage changes of
storage modulus G' and loss modulus G" between those
at 1 % strain and 50 % strain at 150 °C to be below 50
%. When a toner is constituted by a mixture of a

25 linear high-molecular weight resin or a resin having a
structure close thereto and a linear'low—molecular

weight resin through the use of a high-molecular



measurenent is perfornmed at 150 [err]C and the frequency is 1 Hz. The

measur enent of

of 1 %- 100 %
by the 10 following formulae: [err]G =[(G1%- G50%/
- (G50%G'19:
x 100 15 (2) dass transition tenperature
may be-perfornmed in the follow ng manner by2Qising a differjential scannin

(G'50% G'19% ]

G and G' is sequentially perfornmed at straLnsuLn‘Ihﬂwtange
The percentage changes [err]G and [err] G i
e p g ges [err] [err] @P@ﬁ@amx pEI.. 7

PA R ~a v a4

S e

x 100 [err]G = [(G'1%- G'50%/G 19 X 140
e

calorineter ("DSC-7", available fromPerkin-Elmer Corp.). |A sanple in an

amount ‘of. 5 -.
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20 rrg,

weight polymer having a short distance between

crosslinking points, it is difficult to realize the
percentage changes of at most 50 %.

A polyester resin comprising a gel component
having a long distance between crosslinking points may
for example be produced in the following manner:

(1) A linear polyester or a pélyester having a
small gel content is first formed, and then an alcohol
or acid having 3 or more functional groups is added to
cause polycondensation.

(2) A polyester having a small gel content is
formed by using an alcohol or acié having three or
more functional groups “through utilization of a
difference in polycondensation activity, and a linear
or nonlinear polyester and/of an alcohol or acid
having thee or more functional groups is added theretdh
for further polycondensation.

A vinyl copolymer resin comprising.a gel
component having a long distance may for example be
produced by using a crosslinking agent having a lbng
distance bééween crosslinking functional groups,
examples of which may include diacrylate or
dimethacrylate compounds having an intermediafe alkyl
chain; diacrylate or dimethacrylate compounds having
an intermediate alkyl chain including an ether bond;
and diacrylate or dimethacrylate compounds having an

intermediate chain including an aromatic group and an



20 preferably about 10 ng, is accurately weighed. The sanple is placed. on..
an al um num pan and subjected to neasurenent in a tenperatu R ol KUTHT|
ﬂm{eH]Catatmmmauu&rmmnngeof10[mrM7MniW@§ﬁﬁﬁﬂ;gm*
tenperature - normal humdity environnent in 25 parallel Wth a black .

g

al umi num pan as a reference. In the course of tenperature ihcleageftg B n
absorption peak appears in the tenperature region of -43 0 - 100 C 14
this instance, the glass transition -21-

ether bond. Among these crosslinking agents, it is
preferred to use a crosslinking agent having a
molecular weight of at least 300 for accomplishing the
object of the present invention.

5 Preferred examples thereof may include:
tetraethylene glycol dimethacrylate, polyethylene
glycol diacrylate, polyoxyethylene-(2)-3,3-bis(4-
hydroxyphenyl )propane diacrylate, and polyoxyethylene
(4)—2,2—bis(4—hydroxyphényl)propane diacrylate.

10 It is also possible to use a crosslinking
agent having a molecular weight of below 300 in
combination with one having a molecular weight of at
least 300 within an extent not adverse to the object
of the present invention.

15 Alternatively, it is also possible to mix a
vinyl copolymer having a carboxyl group and/or a
hydroxyl group with a polyester resin for‘further
condensation.

A resin composition comprising a mixture of a

20 resin having a relatively low molecular weight of
1,000 - 50,000 and a gel component resin having a long
distance between crosslinking points may for example
be prepared by (1) separately preparing such low-
molecular weight resin and gel component resin and

25 mixing them; and (2) preparing a polyester resin
composition by adding a diamine or diisocyanate

component, etc., having an effect of brocadening the



tenperat.ure is determned as a tenperature of an intersect Lon..beim&n_a _DSC

curve and an internediate 5 |ine passing between the base Egﬁ §§¢ﬁ$?emgﬁgr
before and after the appearance of the absorption peak. (3?

wei ght distribution The nol ecul ar wei ght (distribution) of blnder esin
may be neasured based on a chromatogram 10 obtai ned by GPC:( ﬁé§§1or
chromat ography). In the GPC apparatus, a colum is stabilige Jn a heat
chanber at 40 OC, tetrahydrofuran (THF) sol’#ent is caused to flow through

the colum at that tenperature at a rate of 1 m/mn. and-59 200 [err]l|

of 15 a GPC sanple solution adj usted at a concentratlon of 0.05 - 0.6 wt. %

Is injected. The 'fggﬁf;é(ﬁgféy% distribution to (a) a system of

synthesizing a linear polyester or (b) a system of
synthesizing a gel-resin having a long distance
between crosslinking points.

5 The gel component may be severed to provide a
high-molecular weight component having a long branch
during melt-kneading as by a twin-screw kneader, an
extruder or a pressurized kneader.

In the toner for developing electrostatic

10 images according to the present invention, it is
preferred to add a charge contrel agent, as desired,
in order to further stabilize the chargeability
thereof. The charge control agent may be used in 0.1
- 10 wt. parts, preferably 0.1 - 5 wt. parts, per 100

15 wt. parts of the binder resin.

The charge control agent may for example be
as follows.

Examples of negaﬁive charge contfol agents
may include organometal complexes and chelate

20 compounds, inclusive of mono-azo metal complexes,
aromatic hydroxycarboxylic acid metal complexes and
aromatic dicarboxylic acid metal complexes. Other
examples may include: aromatic hydroxycarboxylic
acids, aromatic mono- and poly-carboxylic acids, metal

25 salts, anhydrides and esters of these acids, and
phenol derivatives of bisphenols.

Examples of positive charge control agent for



sanpl e pol ecul ar wei ght and its nol ecular weight distribution is performnmed

based on a calibration curve obtained by using several nopeghsperse—————
pol ystyrene 20 sanples and having a logarithm c scal e of &Hﬂ&@ﬁﬁaﬂﬂﬁpﬁﬂﬁﬁT
versus count nunber. The standard pol ystyrene sanples for ' a
calibration curve may be available from e.g., Pressure Ch n1 @JFC$19§7
IS appropriate to use at |east 10 standard 25 g
sanpl es inclusive of those haviny nnleculq? wei ghts of, €. g Rv1fr=rr]
4x10[err], 1.75x10[err], 5.1x 8
8.6x10[err], 2x10[err]

Toso K. K |t

2. 1x10[err],
3.9x10[err],
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yr ene

[err], 1. 1X10[err],

providing a positively chargeable toner may include:
nigrosine, triphenylmethane compounds, rhodamine dyes,
and polyvinylpyridine. A color toner may preferably
be prepared by using a binder resin obtained by using
an amino group-containing carboxylic acid ester, such
as dimethylaminomethyl methacrylate, capable of
providing a positive chargeability in an amount of 0.1 -
40 mol. %, preferably 1 - 30 mol. % of tﬁe monomer, or
by using a colorless or pale-colored positive charge
control agent agent not adversely affecting the toner
hue. Examples of the positive charge control agent
may include gquaternary ammonium salts represented by
the following formulae (A) énd (B):

Formula (A)

l

rti—ra | Q10
| o
Rec Re

wherein Ra, Rb, Rc and Rd independently denote a C; -
Cio @lkyl group or a substituted phenyl group denoted
by —R'4<:> ., R' denoting a C; - Cg alkyl group; and Re

denotes -H, -OH, -COOH or a Cl - Cg alkyl group.



-44- and 4.48x10[err]. The detector may be an Rl (refractive index)

detector. For accurate neasurenent, it is appropriate to constitute the

columm as a conbi nati on of several 5 comerci al | y avai | abl-e—pelysty+ene

gel colums in order to effect accurate neasurenent in the @Eﬁb&é iWET
range of 10[err] - 2x10[err]. A preferred exanpl e thereof y be a

conbi nation of [err]-styragel 500, 10[err]_,10[err] and 10[err] a%glfﬁ@%g)
fromWaters Co.; a conbination 10 of Shodex KF-801, 802, 8§03, and 805
avail abl e from Showa Denko K. K.; or a conbinations of TSK gdl LGLOQOH;

G2000H, @&2500H, G3000H, G4000H, G5000H, G6000H, Gr000H, and |GWH avail abl e

from Toso K K Formula (B)

Rf + SOs —

Reg

wherein Rf denotes C;_g5 alkyl group, and Rg denotes

-H, -OH, -COOH or a C; - Cg alkyl group.

10 Among the quaternary ammonium salts

represented by the above formulae (A) and (B), it is

particularly preferred to use the compounds of the

foliowing formulae (A)-1, (A)-2 and (B)-1 as

a

positive charge control agent in order to provide a

15 good chargeability little affected by an environmental

change.

Formula (A)-1

SOs~

+

. 'C4H9
) ! ’
x ci-n-cr | QIQ
g . CH, -@ OH

Formula (A)-2

C.H, + SO
25 |

oo | OO
l
Cte—<O) CHs




(4) THF-insol uble content (gel content) 15 The resinous residue
(gel content) of a sanple may be neasured by Soxhlet's extraction in the

fol lowi ng manner. About 0.5 g of a sanple is weighed and pl a

cylindrical filter paper (e.g., "No. 86R' having a size of 2§ﬁiﬁ§£§%53E§HEET
avail able from 20 Toyo Roshi K.K.) on a Soxhlet's extractof hnd subjected
to 6 hours of extraction with 200 ml of THF. At this time, the]rg bEBra9k
is controlled so that each THF extracti on-@yele takes ca. 4 ¥ b m nutes.
After the extraction, the cylindrical filter paper is 25 t pkEén out —and
sufficiently dried to weigh the extraction residue. The gel ontent is

cal cul ated as (VQ/VW) X 100 (mﬁ %, wherein Werr] denotes the sanple
Formula (B)

CH, )+ SOs~

I
N

5 ©

In the case of constituting a positively
chargeable toner by using a polymer or copolymer of an
10 amino-group-containing ester, such as dimethyl
aminomethyl methacrylate, showing a positive
chargeability as a binder resin component, it is also
‘possible to~further add a positive charge control
agent or a negative charge control agent, as desired.
15 In case of not using such a-polymer showing a
positive chargeability, it is preferred to add 0.1 -
15 wt. parts, more preferably 0.5 - 10 wt. parts, of a
positive charge control agent per 100 wt. parts of the
binder resin. In the case of using such a polymer or
20 copolymer of an amino group-containing eéter, it is
preferred to add at most 10 wt. parts, preferably at
most 8 wt. parts, of a positive charge control agent
and/or a negative charge control agent, as desired,
for the purpose of providing a gooa.ghargeability less
25 affected by an environment condition.
When the toner according to the present

invention is constituted as a magnetic toner, the




-45- resin weight and W2 denotes the resin weight in the extraction

resi due. For exanpl e, the wei ght W refers to a sanple ght_m pus
the.wei ght of a non-resinous THF |nsgluble matter sugﬁ a;ﬁgﬁ

material and a pignent for a magnetic toner, or a sanplef|t
t he weight of a non-resinous THF-insoluble matter such ag &
non- magnetic toner. Based on the weight Werr] g and theg

obtained as the extraction residue weight-28- ninus thefwet
non-resi nous THF-i nsol ubl e

10

15

20

25

sAgﬁkﬁ N §HEET

magnetic toner may contain a magnetic material,
examples of which may include: iron oxides, such as
magnetite, hematite, and ferrite; iron oxides
containing another metal oxide; metals, such as Fe, Co
and Ni, and alloys of these metals with other metals,
such as Al, Co, Cu, Pb, Mg, Ni, Sn, Zn, Sb, Be, Bi,
Cd, Ca, Mn, Se, Ti, W and V; and mixtures of the
above.

Specific examples of the magnetic material
may include: triiron tetroxide (Fe304). diiron
trioxide (¥-Fej;03), zinc iron oxide (ZnFe504), yttrium
iron oxide (Y3Feg0;7), cadmium iron oxide (CdFe,O0y4),
gadolinium iron oxide (GdjFes0;3), copper iron oxide.
{CuFe,04), lead iron oxide (PbFej5019). nickel iron
oxide (NiFe;04), neodymium iron oxide (NdFe,03),
barium iron oxide (BaFe;50;g), magnesium iron oxide
(MgFe504), manganese iron oxide (MnFe;04)., lanthanum
iron oxide (LaFeO3), powdery iron (Fe), powdery cobalt
(Co), .and powdery nickel (Ni). The above magnetic
materials may be used singly or in mixture of two or
more species. f%rticularly suitable magnetic material
for the present invention is fine powder of triiron
tetroxide or y-diiron trioxide.

The magnetic material may have an average
particle size (Dav.) of 0.1 - 2 pm, preferably 0.1 -
0.3 pm. The magnetic material may preferably show

magnetic properties when measured by application of 10

v
!
i



matter of the nmagnetic material and/or the pignment, the THF-in
content (gel) content is calculated as (V/Werr]) x 100 % R
the -sole figure, in operation, 15 THF 14 contained in a vesgel
vapori zed under heating by a heater 22, and the vaporized THF/i %gg?ed to
pass through a pipe 21 and guided to a cooler 18 which is al 68 1y97
with cooling water 19. The THF cooled in the cooler 18 is |
stored in a reservoir part containing a cyﬁlﬁdrlcal filter p
when the | evel of THF exceeds that in a mddle pipe 17, the TS

di scharged fromthe reservoir 17, the THF is dlscharged fromthe reserv0|r

part to the vessel_ 15 through the | pe 17,
kilo-Oerste inclusive of: a coercive force (Hc) of

20 - 150 Oersted, a saturation magnetization (gs) of
50 - 200 emu/g, particularly 50 - 100 emu/g, and a
residual magnetization (or) of 2 - 20 emu/g.

5 The magnetic material may be contained in the
toner in a proportion of 10 - 200 wt. parts,
preferably 20 - 150 wt. parts, per 100 wt. parts of
the binder resin.

The toner according to the present invention

10 may optionally contain a non-magnetic colorant,
examples of which may include: carbon black, titanium
white, and other pigments and/or dyes. For example,
the toner according to the present invention, when
used as a color toner, may contain a dye, examples of

15 which may -include: C.I. Direct Red 1, C.I. Direct Red
4, C.I. Acid Red 1, C.I. Basic Red 1, C.I. Mordant Red
30, C.I. Direct Blue 1, C.I. Direct Blue 2, C.I. Acid
Blue 9, C.I. Acid Blue 15, C.I. Basic Blue 3, C.I.
Basic Blue 5, C.I. Mordant Blue 7, C.I. Direct Green

20 6, C.I. Basic Green 4, and C.I. Basic Green 6.
Examples of the pigment may include: Chrome Yellow,
Cadmium Yellow, Mineral Fast Yellow, Navel Yellow,
Naphthol Yellow S, Hansa Yellow G, Permanent Yellow
NCG, Tartrazine Lake, Orange Chrome Yellow, Molybdenum

25 Orange, Permanent Orange GTR, Pyrazolone Orange,
Benzidine Orange G, Cadmium Red, Permanent Red 4R,

Watching Red Ca salt, eosine lake; Brilliant Carmine



25 During the operation, the toner or resin in the cylindrical filter

paper is subjected to extraction with the thus circul ating THF. - 46-

Her ei nbel ow, the present invention will be described with re ,ﬁ@?@aﬁ@m*quET
Producti on Exanpl es and Exanpl es for eval uation of inmage for|Mohgfi asielil o
performances. Resin Production Exanple 1 5 Ter epht hal ilc laci d

18 nol . % n- Dodecenyl succi ni ¢ anhydri de 25 mol . % TriblAGH e/
anhydri de 5nml. % -28-

3B; Manganese Violet, Fast Violet B, Methyl Violet
Lake, Ultramarine, Cobalt BLue, Alkali Blue Lake,
Victoria Blue Lake, Phthalocyanine Blue, Fast Sky
Blue, Indanthrene Blue BC, Chrome Green, chromium

) oxide, Pigment Green B, Malachite Green Lake, and
Final Yellow Green G. |

In case of constituting the toner according

to the present invention as a toner for a two-
component type full color developer, various colorants

10 inclusive of the pigment and dye may be added.

Examples of a magenta pigment may include:
C.I. Pigment Red 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 21, 22, 23, 30, 31,
32, 37, 38, 39, 40, 41, 48, 49, S0, 51, 52, 53, 54,

15 55, 57, S8, 60, 63, 64, 68, 81, 83, 87, 88, 89, 90,
112, 114, 122, 123, 163, 202, 206, 207, 209;.C.I.
Pigment Violet 19; and C.I. Violet 1, 2, 10, 13, 15,
23, 29, 35. |

The pigments may be used alone but can also

20 be used in combination with-a dye so as to increase
the clarity for providing a color toner for full color
image formation. Examples of the magenta dyes may
include: oil-soluble dyes, such as C.I. Solvent Red 1,
3,8, 23, 24, 25, 27, 30, 49, 81, 82, 83, 84, 100,

25 109, 121; C.I. Disperse Red 9; C.I. Solvent Violet 8,
13, 14, 21, 27; C.I. Disperse Violet 1l; and basic

dyes, such as C.I. Basic Red 1, 2, 9, 12, 13, 14, 15,



Bi sphenol derivative of the above- described formula (A) 10 (R =
propylene, x +y = 2.2) 52 nol. % The above ing af*Fﬁ%s~M3Lemw_-
subjected to poly- condensation to obtain a pol yester (caIREEuAEI&ﬁﬂﬁﬂ sy

Resin A') having Mnh = 3,000, Mwv = 15,000, Tg = 55 0C, aci
THF-i nsol uble content = 0 %. 15 Terephthalic acid

23 nmol . % n- Dodecenyl succi ni ¢ anhydri de 23 nol F?ﬁgpl
anhydri de 2 nol. % Bisphenol derivati S he
described fornmula (A) 20 (R = propylene, x +y =

nmol . % The above ingredients were subjected to poly-
17, 18, 22, 23, 24, 27, 29, 32, 34, 35, 36, 37, 38,
39, 40; C.I. Basic Violet 1, 3, 7, 10, 14, 15, 21, 25,
26, 27, 28.

Other pigments include cyan pigments, such as
5 C.I. Pigment Blue 2, 3, 15, 16, 17; C.I. Vat Blue 6,

C.I. Acid Blue 45, and copper phthalocyanine pigments
represented by the following formula and ﬁaving a
phthalocyanine skeleton to which 1 - 5 phthalimide

groups are added:

10 ' :
, h ﬁ
N=C ©-N /
c!: N ﬂ | CH,— <
: C
OO0 |\
C/ i \(‘3 O
15 )
| P
L /

Examples of yellow pigmént'may include: -C.I.
20 Pigment Yellow 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13,
14, 15, 16, 17, 23, 65, 73, 83; C.I. Vat Yellow 1, 13,
20.
Such a non-magnetic coloraﬁt may be added in
an amount of 0.1 - 60 wt. parts, preferably 0.5 - S0
25 wt. parts, per 100 wt. parts of the binder resin.
' In the present invention, it is also possible

to incorporate one or two or more species of release




2

condensation to obtain a polyester (called "Polyester Resi <) haV|ng Nh =
6,000, Mw = 45,000, Tg = 62 [err]C, acid value = 25 and T 1
l?. ﬂm aSHEEI

content = 0 % 25 Pol yester Resin A

Polyester Resin B 100 wt. parts Trinellit{c anhydfrde

8 Wm.parts -47- These ingredients were subjected to po y,oQQQngtpgﬁ tjo
obtain a polyester (called "Polyester Resiqy |1") having M|=|4,000, Mv =
29,000, Tg = 58 C, and value = 30, THF-insol uble content F

agent, as desired within, toner particles.

Examples of such a releasé agent which is
so0lid at room temperature may include: aliphatic
hydrocarbon waxes, such as low-molecular weight

5 polyethylene, low-molecular weight polypropylene,
'microcrystalline wax, and paraffin wax, oxidation
products of aliphatic hydrocarbon waxes, such as

oxidized polyethylene wax, and block copolymers of
these; waxes containing aliphatic esters as principal

10 constituents, such as carnauba wax, sasol wax,
montanic acid ester wax, and partially or totally
deacidified aliphatic esters, such as deacidified
carnauba wax. Further examples of the release agent
may include: saturated linear aliphatic acids, such as

15 palmitic acid, stearic acid, and montanic acid;
unsaturated aliphatic acids, such as brassidic acid,
eleostearic.acid and parinaric acid; saturated
alcohols, such as stearyl alcohol, behenyl alcohol,
ceryl alcohol, and melissyl alcohol; polyhydric

20 alcohols, such as sorbitol; aliphatic acid amides,
such as linoleylamide, oleylamide, and laurylamide;
saturated aliphatic acid bisamides, methylene-
bisstearylamide, ethylene-biscaprylamide, and
ethylene-biscaprylamide; unsaturated aliphatic acid

25 amides, such as ethylene-bisolerylamide,
hexamethylene-bisoleylamide, N,N'-dioleyladipoylamide,

and N,N'-dioleylsebacoylamide, aromatic bisamides,



5 35%* Resin Production Exanple 2 100 wt. parts of Pol yeg E
5 w. pats of trinellitic anhydride were subjected to pol yath}

obtain a polyester (called 10 "Polyester Resin |I1") havijhg— 4y
= 32,000, Tg = 56 [err]C, acid value = 28 and THF-i nsol ublfe {can ent
Resin Production Exanple 3 A prepolyner was prepared by rg i
of trinellitic anhydride with 3 nol of a blsphenol derivafi
above-described formula (A) (R = ethyl eneT k#y = 2.2). Th
of the prepolynmer wax m xed with 100 wt. parts of Pol yeste

such as m-xylene-bisstearoylamide, and N,N'-
distearylisophthalylamide; aliphatic acid metal salts
(generally called metallic soap), such as calcium
stearate, calcium laurate, zinc stearate, and

5 magnesium stearate; grafted waxes obtained by grafting
aliphatic hydrocarbon waxes with vinyl monomers, such
as styrene and acrylic acid; partially esterified
products between aliphatic acids and polyhydric
alcohols, such as behenic acid monoglyceride; and

10 methyl ester compounds having hydroxyl group as
obtained by hydrogenating vegetable fat and oil.

A particularly preferred class of release
agent (wax) in the present invention may include
aliphatic alcohol waxes and aliphatic hydrocarbon

15 waxes. The aliphatic alcohol waxes may pe represented
by the following formula (C):

Formula (C): CH3(CH,)4CH,0H (x = 20 - 250).

Specific eiamples of the wax preferably used
in the present invention may include e.g., a low-

20 molecular weight alkylene polymer obtained through
polymerization of an alkylene by radical
polymerization under a high pressure or in the
presence of a Ziegler catalyst under a low pressure;
an alkylene polymer obtained by thermal decomposition

25 of an alkylene polymer of a high molecula} weight; a
hydrocarbon wax obtained by subjecting a mixtufe gas

containing carbon monoxide and hydrogen to the Arge



Resin Arand the m xture was subjected to further 20 pol ycondensation to

obtain a polyester (called "Polyester Resin II11") having M 4 = SN
38,000, Tg = 56 [err]C, acid value = 26, and THF-i nsol ubl e cc;RﬁEEB @Eﬁg%H€§HEET

Resin Production Exanple 4 25 Terephthalic acid

24 nol . % n- Dodecenyl succi ni ¢ anhydri de 24 ol . % Bi phErd 997
derivative of the above- -48- described _formula (B) 52
mol . % -32-

process to form a hydrocarbon mixture and distilling
the hydrocarbon mixture to recover a residue; and
hydrogenation products o the above. Fractionation of
wax may preferably be performed.by the press sweating

5 method, the solvent method, vacuum distillation or

' fractionating crystallization to recover a

fractionated wax. As the source of the hydrocarbon
wax, it is preferred to use hydrocarbons having up to
several hundred carbon atoms as obtained through

10 synthesis from a mixture of carbon monoxide and
hydrogen in the presence of a metal oxide catalyst
(generally a composite of two or more species), e.g.,
by the Synthol process, the Hydrocol process (using a
fluidized catalyst bed), and the Arge process (using a

15 fixed catalyst bed) providing a product rich in waxy
hydrocarbon, and hydrocarbons obtained by polymerizing
an alkylene, such as ethylene, in the presence of a
Ziegier catalyst, as they are rich in saturated long-
chain linear hydrocarbons and accompanied with few

20 branches. It is further preferred to use hydrocarbon
waxes synthesized wifhout polymerization because of
their structure and molecular weight distribution
suitable for easy fractionation.

As for the molecular weight distribution of

25 the wax, it is preferred that the wax shows a peak in

a molecular weight region of 400 - 2400, further 450 -

2000, particularly 500 - 1600. By satisfying such



(R = propylene, x+y = 2.2) The above ingredients were subjected to

polycondensatlon to obtain a polyester ("Polyester 5 Res
= 3,500, Mv = 18,000, Tg = 56 [err]C, acid value = 30, ang

content =
Pol yest er

("Polyester 10 Resin I'V') having WMnh = 5, ggo Mv = 45, 00
acid value = 22 and THF-i nsol ubl e content =45

5 Styrene

15 wt.parts 15 D -tert-butyl peroxide T 2T 5P akdeSan

0 % Then, 5 nol %of trinellitic anhydride was|f]{ 3
Resin C and subjected to polycondensation to obfa n \Y
) 2"’6 ?EE ?ét

% Resin Pro..
85 wt.parts n-Butyl acrylate

molecular weight distribution, the resultant toner is
provided with preferable thermal characteristics.

The release agent, when used, may preferably
be used in an amount of 0.1 - 20 wt. parts,

5 particularly 0.5 - 10 wt. parts, per 100 wt. parts of
the binder resin.

The release agent may be uniformly dispersed
in the binder resin by a method of mixing the release
agent in a solution of the resin at an elevated

10 temperature under stirring or melt-kneading the binder
resin together with the release agent.

The toner according to the present invention
may preferably have a weight-average particle size of
3 - 10 pm, more preferably 3 - 9 pm, so as to provide

15 high-quality images.

A flowability-improving agent may be blended
with the toner to improve the flowability of the
toner. Examples thereof, particularly negatively
chargeable ones may include: powder of fluorine—

20 containing resin, such as polyvinylidene fluoride fine
powder and polytetrafluoroethylené fine powder;
titanium oxide fine pewder, hydrophobic titanium oxide
fine powder; fine powdery silica such as wet-process
silica and dry-process silica, and tpeated silica

25 obtained by surface-treating (hydrophobizing)} such
fine powdery silica with silane coupling agent,

titanium coupling agent, silicone oil, etc.; titanium




Tol uene.

500 wt . parts The above m xture was

subjected to polynerization to obtain a styrene copol yner gesin-(called

"Vinyl Resin (a)") having Mh = 5,500, Mv = 20 13,000 andREH! ﬁCEQﬂQﬁTSHEET

Vinyl resin (a)

75 wt.parts n-Butyl acrylate 20 wt.

chrt
Pol yet hyl ene gl ycol diacryl ate S w.parts 25 i@rF&W%ki
agent: CH2=CHCOQ( C2H40) nCOCH=CH2, n = 14, “BtA~= 742) Benzoy

3 wt.parts

10

15

20

25

100 wt . parts Styrene

-

9

peroxide

oxide fine powder, hydrophobized titanium oxide fine
powder; aluminum oxide fine powder, and hydrophobized
aluminum oxide fine powder.

A preférred class of the flowability-
improving agent includes dry process silica or fumed
silica obtained by vapor-phase oxidation of a silicon
halide. For example, silica powder can be produced
accordidg to the method utilizing pyrolytic oxidation
of gaseous silicon tetrachloride in oxygen-hydrogen
flame, and the basic reaction scheme may be
represented as follows:

SiCly + 2Hy + 09 —— 8i0, + 4HC1.

In the above preparation step, it-is also
possible to obtain complex fine powder of silica and
other metal oxides by using other metal halide
compounds such as aluminum chloride or titanium
chloride together with silicon halide compounds. Such
is also included in the fine silica powder to be Qsed
in the present invention.

.It is preferred to use fine silica powder
having an average primary particle size of 0.001 - 2
pm, particularly 0.002 - 0.2 pm,

Commercially available fine silica powder
formed by wvapor phase pxidation of a silicon halide to
be used in the present invention include those sold

under the trade names as shown below.



-49 - The above m xture was dispersed in an aqueous nedi umig
dissolving (1 w. part of polyvinyl alcohol in 1000 w. F“1REP;L' h 5
subj-ected to suspension polynerization, followed by washi ng pi~tRTaRAS OIIL
NaOH aqueous solution to renove the polyvinyl alcohol to gbtfain a styren

copol ymer - based resin conposition (called "Vinyl Resin V') Haw ﬁd:&&lﬁw
8,000, Mv = 60, 000 and Tg = 59 [err]C. Resin Production fkxanple 6 10

Resin Production Exanple 5 was repeated exé@pt for replacing the
pol yet hyl ene gl ycol diacrylate with 4 w. parts of tetraetiHene

AEROSIL 130
(Nippon Aerosil Co.) 200
300
380
5 0X 50
TT 600
MOX 80
COK 84
Cab-0-Sil M-S
10 (Cabot Co.) MS-7
MS-75
HS-5.
EH-5
Wacker HDK N 20
15 (WACKER-CHEMIE GMBH) v 15

N 20E

D-C Fine Silica
20 (Dow Corning Co.)
Fransol
(Fransil Co.)
It is further preferred to use treated silica
fine powder obtained by subjecting the silica fine
25" powder formed by vapor-phase oxidation of a silicon
halide to a hydrophobicity-imparting treatment. It is

particularly preferred to use treated silica fine'



di ret haerylate (Mv = 330) to obtain a resin corrp05|t|on (called "Vinyl

Resin VI") having Wnh 15 7,500, Mv = 72,000 and Tg = 60 [errig
Producti on Exanple 7 (conparatlve) Terephthallc acid

15 nol . % n- Dodecenyl succi ni ¢ anhydri de 12 mol . % Trifne

anhydri de 25 nol . % 20 Bi sphenol depqi yat ¥ o
the formula (A) (R = propyl ene, x+y 2.2) 20 g%% B W/
et hyl ene, x+y = 2.2) 28 nol-3%The above ingre

subjected to poly- condensation to obtain a polyester (calle
Resin VI1" (conparative)) having Mnh = 4,000, Mv = 35,000, Tg = 60 tfer++&

N,

REPLACE: |
ACEMENT SHEET

Hﬂﬁ;AMﬂJl*____
" Pol yest er 25

and THF-i nsol uble content = 40 %

10

15

20

25

powder having a hydrophobicity of 30 - 80 as measured
by the methanol titration test.

Silica fine powder may be imparted with a
hydrophobicity by chemically treating the powder with
an organosilicone compound, etc., reactive with or
physically adsorbed by the silica fine powder.

Example of such an organosilicone compound
may include: hexamethyldisilazane, trimethylsilane,
trimethylchlorosilane, trimethylethoxysilane,
dimgthyldichlorosilane, methyltrichlorosilane,
allyldimethylchlorosilane, allylphenyldichlorosilane,
benzyldimethylcholrosilane, bromomethyl-
dimethylchlorosiiane; a-chloroethyltrichlorosilane,
B-chloroethyltrichlorosilane, chloromethyldimethyl-
chlorosilane, triorganosilylmercaptans such as
trimethylsilylmercaptan, triorganosilyl acrylates,
vinyldimethylacetoxysilane, dimethylethoxysilane,
dimethyldimgthoxysilane, diphenyldiethoxysilane,
hexamethyldisiloxane, 1l,3-divinyltetramethyldi-
siloxane, 1,3—diphenylte€ramethyldisiloxane, and
dimethylpolysiloxane having 2 to 12 siloxane units per
molecule and containing each one hydroxyl group bonded
to Si at the terminal units. These may be used alone
or as a mixture of two or more compounds.

It is also possible to use a flowability-
improving agent as a positive chargeability prepared

by treating the above-mentioned dry;process silica



Resin Production Exanple 8 (conparative) -50- Terephthalic acid
10 nol . % n- Dodecenyl succi ni ¢ anhydri de 17 nol __Z(LTI’I mellitic

anhydri de 25 nol . % Bi sphenol deri vatl L ey

(A 5 (R = propyl ene, x+y = 2.2) RE BA[: J&%MOS}{LE]

et hyl ene, x+y = 2.2) 33 nol . % The above |n r édi ent s were7
;

subj ected to poly- condensation to obt ain a%.pol yester (call ed2'PbEBewye
Resin VI1I" (conparative)) having M = 8,00 Mv =

!

with an amino group-containing silane coupling agent

or silicone o0il as shown below:

H.NCH.CH.CH.Si (OCHy)s

H.NCHCH,CH:Si (OC:Hs)s
CHy

H,Ncmcmcméi (OCH).

CH, |
HNCH,CH.NHCH,CH:CH.S! (OCHy)»
H,NCONHCH.CH.CH:Si (OCHS)s
H,NCH,CH:.NHCH,CH,CH,Si (OCH.):
H.NCH,CHNHCH,CHNHCH.CH,CHSi (OCHy)s
H.C,OCOCH.CH:.NHCH,CH,CH.Si (OCH)s

10

HsC,OCOCH,CH,NHCH.CH,NHCH,CH,CH.Si (OCHs)s
H.C.OCOCH,CH.NHCH,CH,NHCH.CH.NHCH.CH.NHCH.CH.CH.Si (OCH.)
HsCOCOCH.CH.NHCH,CH,NHCH,CH.CH.S1 (OCHa)s
HsCz\'

N -- CH.CH.CH.Si (OCHa)s

G~

HM—@— Si (OCH)s

@—NHCHzCHzCHzSi (OCH,)»

15

20
HzNCHzCHzNHCHz‘©—CHzCHzSi (OCHS)s

H.C

Ny i i
o —O)—si (OCiH),
HNCH, —((O)—CH:CH:S! (OCHY)s

H,NCH,CH,NHCH, —@——C[-lzCl-I:Si (OCHy)s

25



b
¥

10 91,000, Tg = 63 [err]C, and THF-insol uble content =_45 % Resin

Production Exanple 9 (conparative) Resin Production Exa ared
except for replacing the polyethylene glycol diacrylat ert\l/{\n L‘gggm *E pf
triethylene glycol 15 di mret hacryl ate (Mv = 286) to obtjaifn resi n

conmposition (called "Vinyl Resin I X' (conparative)) havi|ng I\ZﬁfEﬁ ooo, My =
70,000 and Tg = 58 [err]C. Resin Production Exanple 10 (c¢nparative) Rgsijn
Producti on Exanple 5 was repeated 20 excgpt for replaging the
pol yet hyl ene gl ycol d| acrylate with 2 w. parts of divihylhenzene to obtgin
a resin conposition (called "Vinyl Resin X" (corrparatlve)) having M =

6, 000, Mv 80,000 and Tg =

HOCH.CH,
N — CH.CH,CH.Si (OCH.)s
HOCH.CH,
(HzCO) aSlCHzCHzCHz - NHCHz
5 .
(H:C,0):SiCH,CH,CH,
SNH
) i
(HsC.0):SiCH,CH,CH,
H.CNHCH.CH,CH:Si (OC.Hs)s
H.N (CH.CH.NH).CH.CH.CH-Si (OCHs)a
10 )
HsC — NHCONHC,H,Si (OCHy)s
15
As a silicdne 0il, it is possible to use an
amino-modified silicone ¢0il having a partial structure
includihg an amino group in its éide chain as shown
below:
20 -
{ IF ] |C H 3
? 1—0 ? 1 —0
R Z C H 3
I m
N

25 R4 R, n



60 [err]C. 25 Exanpl e 1 Pol yester Resin | 7972 e ,
Wt . parts Magnetic iron oxide 90 mﬁ.partgﬁpLACE&@%n-SHﬁET
(average particle size (Dav.) = 0.1 [err]mHc = 115 oersted, {[err]s = 80
emu/g, [err]r = 11 enu/g) Long-chain al kyl al cohol of the abpvedFEB 1997
described Formula (C) (x = 50) 5 w.parts Mono-azojmgtal conpl ex
2 W.parts

-39~

10

wherein R; denotes hydrogen, alkyl group, aryl group
or alkoxy group: R, denotes alkylene group oOr
phenylene group; Rg and R4 denote hydrogen, alkyl
group or aryl group with the proviso that the alkyl
group, aryl group, alkylene group and/or phenylene
'group can contain an amino group oOr another'.
substituent, such as halogen, within an extent of not
impairing the chargeability. m and n denote a
positive integer.

Commercially available examples of the amino

group-containing silicone oil may include the

-following:

Y



(negative charge control

Henschel m xer and nelt-kneaded through a tw n-screw 10 AT S () =t g 1
[err]C. After cooling, the nelt-kneaded product was coar LAELE&@}#\SGSHEE&B
and finely pulverized by a jet stream pul verijzgr, followed b

classification by a pneumatic classifier to obtain a magretji 2 bdB 9¥vi hg
a wei ght-average particle size 15 of 6.5 [err]m To 10Q w. parts of the

cutter mll

magnetic toner, 1.0 wt.

i TTCa(BET—
specific surface area (SBET) = 300 nferr]/g) was externallly added to obtai

a magnetic toner. The th
nmeasur enment of storage nodulus G and

10

15

20

25

agent) The above ingredients were pre-m xed by a

part of hydrophobi®' dry-process gil

-

us- obt ai ned magnetic toner was 20 subj ected to

Trade name (Maker) Viscosity at Amine

25 OC (cPs) equivalent

SF8417 (Toray Silicone K.K.) 1200 3500
KF393 (Shin'Etsu Kagaku K.K.) 60 360
KF857 ( " ) 70 830
KF860 ( " ) 250 7600
KF861 ( o ) 3500 2000
KF862 ( " ) 750 1900
KF864 ( " ) 1700 3800
KF865 ( " ) 90 4400
KF369 ( " ) 20 320
KF383 ( " ) 20 . 320
X-22-3680 ( " ) 90 8800
X-22-380D ( )y 2300 3800
X-22-3801C ( " ) 3500 3800
X-22-38198 ( " ) 1300 1700

The amine equivalent refers to a g-equivalent

per amine which is equal to a value of the molecular

weight of

+he numbe

specific
50 mz/g,

nitrogen

an amino group-containing silicone oil by

r of amino groups in the silicone oil.
The flowability-improving agent may have a
surface area of at least 30 mz/g, preferably
as measured by the BET method according to

adsorption. The flowability-improving agent



| oss nodulus G' at strains in the range of 1 - 50 %in t
manner to obtain G'1% = 2.2x104 dyn/cnferr] and G 1% = J
dyn/-cnferr] at a strain of 1 % and G 50% = 2.1x10[err]
gi ving percentage 25 changes of [err]G = 4.5 %and [ 4
magneti c toner was charged and evaluated in a re-nodel eg
comercially avail abl e -52- | aser beamprinter ("LBPA

/mﬂerﬂ !

r | @oFE® 3;9%
chine of a
A30Z™ 1oy

Canon K. K.) under the conditions of a proceds speed of %

nm sec., a fixijng

roll'er diameter of 20 mmand a fixing

may be used in an amount of 0.01 - 8 wt.

preferably 0.1 - 4 wt. parts, per 100 wt.

toner.

parts,

parts of the

The toner according to the present invention

5 may be prepared by sufficiently blending

the binder

resin, a magnetic or non-magnetic colorant, and a

charge control agent or other additives,

by a blender such as a Henschel mixer or

as desired,

a ball mill,

followed by melt-kneading for mutual dissolution of

10 the resins of the blend, cooling for solidification of

the kneaded product, pulverization and classification

to recover a toner product.

The toner may bé'further sufficiently blended

with~an external additive such as a flowability-

15 improving agent having a chargeability to a polafity

identical to that of the toner by a blender such as a

Henschel mixer to obtain a toner according to the

present invention, wherein the external additive is

carried on the surface of the toner.particles.

20 Various parameters characterizing the toner

according to the present invention are based on values

measured in the following manner.

(1) Percentage changes ¥G' and UG" between strains of

1 $ and SO % of storage modulus G' and loss modulus G"

25 A toner is molded at room temperature under a

pressure of 150 kg/cm2 for S min. into a

sample pellet

of 25 mm in diameter and 2 mm in thickness.

H
&

H
]
%




pressure of ca. 1.3 kg/cm, and also in a re-nodeled 5 .
commercially avail able copier ("NP-8582", nfd. by Canon K
conditions of a process speed of 500 mi sec, a fixing rol
mm 2 and a fixing pressure of ca. 5 kg/cnferr] ). The eval
performed with respect to, e.g., imge 10 qualities, fi
anti-offset characteristic, whereby good results as shown i
appearing hereinafter were obtained. Regadling the fixalility, the fixing
initiation tenperature was |lowered by 30 - 40 [err] C than j
toner both 15 in the | owspeed systemand in the high-speed system
Exanples 2 - 4

The sample pellet is disposed between
parallel plates of 25 mm in diameter of a dynamic
analyzer ("RDA-II", available from Rheometrics Co.)
and subjected to application of a sinusoidal

5 oscillation for measurement of G' and G". The
measu:ement is performed at 150 Oc and the frequency
is 1 Hz. The measurement of G' and G" is sequentially
performed at strains in the range of 1 % - 100 %. The
percentage changes Tb- and Kéu are calculated by the

10 following formulae:

=4
0]
1]

[(G'l% - G'so%)/G'l%] x 100
[1 - (G'gpg/G'1g): x 100

;Gf_= t(Gul% - G"SO%)/G"l%] x 100
" = [1 - (G"50e/G";)] x 100
15 {2) Glass transition temperature Tg

Measurement may be. performed in the following
manner by using a differential scanning calorimeter
("DSC-7", available from Perkin-Elmer Corp.).

A sample in an amount of 5 - 20 mg,

20 preferably about 10 mg, is accurately weighed.

The sample is placed on an aluminum pan and
subjected to measurement in a temperature range of 30
- 200 °C at a temperature-raising rate of 10 Oc/min in
a normal temperature - normal humidity environment in

25 parallel with a black aluminum pan as a reference.
In the course of temperature increase, a main

absorption peak appears in the tempefature region of




Magnetic toners were prepared and eval uated in the same man|
Exanpl e 1 except that Polyester Resin | was replaced by Pol

20 - 1V, respectively. The resultant nagnetic toners sho Vi scoel ast i ¢
properties as shown in Table 1 and good performances as sho | D oTRbE gy 2

and 3. Exanples 5 and 6 Magnetic toners were prepared and eyval uated 25 I n
the sanme manner as in Exanple 1 except that Pol yester Resin |™was—reptaced

by Vinyl Resins V and VI, respectively. Thét¥esultant nmagnetic toners

40 - 100 Cc.

In this instance, the glass transition
temperature is determined as a temperature of an
intersection between a DSC curve and an intermediate

5 _line passing between the base lines obtained before
and after the appearance of the absorption peak.

(3) Molecular weight distribution

The molecular weight (distribution) of a

binder resin may be measured based on a chromatogram
10 obtained by GPC (gel permeation chrnmatography).

In the GPC apparatus, a column is stabilized
in a heat chamber at 40 °c, tetrahydrofuran (THF)
solvent is caused to flow through the column at that
temperature at a rate of 1 ml/min., and 50 - 200 pl of

15 a GPC sample solution adjusted at a concentration of
0.05 ~ 0.6 wt. % is injected. The identification of
sampleé molecular weight and its molecular weight
distribution is perforned based on a calibration curve
obtained by using several monodisperse polystyrene

20 samples and having a logarithmic scale of molecular
weight versus count number. The standard polystyrene
samples for preparation of a calibration curve may be
available from, e.g., Pressure Chemical Co. or Toso
K.K. It is appropriate to use at least 10 standard

25 polystyrene samples inclusive of those having
molecular weights of, e.g., 6x102, 2.lx103, 4x103,

1.75%10%, s.1x10%, 1.1x105, 3.9x105, 8.6x105, 2x10°6



-53- showed viscoel astic properties as shown in Table 1 and go
performances as shown in Tables 2 and 3. Regarding the fixabi

toners provided fixing initiation tenperatures which were | owef

REPL &am"f""r" SHEET

y 30 - 40

[err]C5 in the |owspeed systemand |ower by 10 - 20 [err]Q in LREFER 1yy7

hi gh- speed system conpared with those obtained by the convent
Conparative Exanples 1 - 3 Magnetic toners were prepared and g

| onal toners.

Vv at trat-et—34-0——i
-1 was

in the sane manner as in Exanple 1 except that Pol yester Resi

-

repl aced by Pol yester Resin VII, Polyester Resin A and Pol yest
(all conparative). The resultant magnetic toners provided

er Resin Vit

and 4.48x106. The detector may be an RI (refractive

index) detector.

For accurate measurement, it is appropriate

to constitute the column as a combination of several

5 commercially available polystyrene gel columns

in

order to effect accurate measurement in the molecular

weight range of 103 - 2x106. A preferred example

thereof may be a combination of p-styragel 500,

103,

10% and 10° available from Waters Co.; a combination

10 of Shodex KF-801, 802, 803, 804 and 805 available from

Showa Denko K.K.; or a combinations of TSK gel

G1000H,

G2000H, G2500H, G3000H, G4000H, G5000H, G600CH,

G7000H, and GMH available from Toso K.X.

(4) THF-insoluble content {(gel content)

15 The resinous residue {(gel content) of

sample may be measured by Soxhlet's extraction

a

in the

following manner. About 0.5 g of a sample is weighed

and placed in a cylindrical filter paper (e.g.,

"No.

86R" having a size of 28 mm x 100 mm, available from

20 Toyo Roshi K.K.) on a Soxhlet's extractor and
subjected to 6 hours of extraction with 200 ml

At this time, the reflux rate is controlled so

of THF.

that

each THF extraction cycle takes ca. 4 - 5 minutes.

After the extraction, the cylindrical filter paper is

25 takén out and sufficiently dried to weigh the

extraction residue. The gel contenf is calculated as

(Wp/Wy) x 100 (wt. %), wherein W; denotes the sample



the results shown in Tables 1 - 3. 15 Conpar ati ve Exanples_4 and 5

Magnetic toners were prepared and evaluated in the sane nahRPp EMEN
Exanmpl e 1 except that Polyester Resin | was replaced by Vipyp—Re&HAs Iﬁ
X (conparative). The resultant nmagnetic toners 20 provi dedithe results
shown in Tables 1 - 3. The toner performances shown in Tables 2 &R&EB3MEr 6
eval uated in the manners descri bed bel ow and basically at b
excel l ent (0),

P

evel s of

A4

good (0A), fair ([err]), ratber inferior (Ax) and inferior

(x). 25 Fixability A sanple image after image formation 1000 sheets
was rubbed with a lens cleaning paper to

10

15

20

25

resin weight and W5 denotes the resin weight in the
extraction residue. For example, the weight W; g
refers to a sample toner weight minus the weight of a
non-resinous THF insoluble matter such as a magnetic
material and a pigment for a magnetic toner, or a
sample toner weight minus the weight of a non-resinous
THF-insoluble matter such as a pigment for a non-
magnetic toner. Based on the weight W; g and the
weight Wy g obtained as the extraction residue weight
minus the weight of a non-resinous THF-insoluble
matter of the magnetic material and/or the pigment,
the THF-insoluble resin content (gel) content is
calculated as (W5/Wji) x 100 %.

Referring to the sble figure, in operation,
THF 14 contained in a vessel 15 is vaporized under
heating by a heater 22, and the vaporized THF is
caused to pass through a pipe 21 and guided to a
cooler 18 which is always cooled with cooling water
19. The THF cooled in the cooler 18 is liquefied and
stored in a reservoir part containing a cylindrical
filter paper 16. Then, when the level-bf THF exceeds
that in a middle pipe 17, the THF is discharged from
the reservoir 17, the THF is discharged from the
reservoir part to the vessel 15 through the pipe 17.
During the operation, the toner or resin in the
cylindrical filter paper is subjected to extraction

with the thus circulating THF.




26 FEB 1997 -54- nmeasure a density decrease before and after the rubbing.

The i nmage densities were neasured by a refractive densitoneter

RD918" ,

1.1 -

1.5 and a hal ftone i nage having an i mage density of
respectively as neasured before rubbing were eval uated. The perfornmances

(" Macbet h

nfd. by Macbeth Co.). A solid inmage having an i EEDESCEBF§ QHEEK

were eval uated by a density decrease and indicated as o (0{- 76 MR8 ¥Ver

(11 -

25

10

15

20

25

—46-
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Hereinbelow, the present invention will be
described with reference to Production Examples and
Examples for evaluation of image forming performances.

Resin Production Example 1

Terephthalic acid 18 mol. %
n-Dodecenylsuccinic anhydride 25 mol. %
Trimellitic anhydride S mol. %

Bisphenol derivative of the above-
described formula (A)
(R = propylene, x + y = 2.2) 52 mol. &
The above ingredients were subjected to poly-

condensation to obtain a polyester (called "Polyester

. Resin A") having Mn = 3,000, Mw = 15,000,"Tg = 55 °C,

acid value = 35 and THF-insoluble content = 0 % .

Terephthalic acid - 23 mol. %
n-Dodecenylsuccinic anhydride 23 mol. %
Trimellitic anhydride 2 mol. %

Bisphenol derivgtives of the above-
described formula (A)
(R = propylene, x + y = 2.2) 52 mol. %
The above ingredients were subjected to poly-
condensation to obtain a polyester (called "Polyester
Resin B") having Mn = 6,000, Mw = 45,000, Tg = 62 °C,
acid value = 25 and THF-insoluble content = 0 %.
Polyester Resin A 100 wt.parts
Polyester Resin B 100 wt.parts

Trimellitic anhydride 8 wt.parts




10 %, A(26 - 35 %, [err]x (36 - 45 % and x (46 %QT above). Fi Xi ng
initiation tenperature The fixing initiation tenperaturé- Wi “rayimern
effecting fixation of un-fixed solid black 15 t oner |ﬁagf~f

b‘_‘- :
gl

— LU
s b

] terrperat.'ur'é *e
1n@@$w11991 :
0 theltem=
{ 4) d.llu J.\J

fixability was

fixed images. The results are shown in Tables 2 and 3 undef
of fixability for solid black images, e.g.74740 [err]C (Tag
[err]C (Table 3) for Exanple 1. Lowtenperature offset The{

evaluated in a | ow
These ingredients were subjected to
polycondensation to obtain a polyester (called
"Polyester Resin 1") having Mn = 4,000, Mw = 29,000,
Tg = 58 Oc, and value = 30, THF-insoluble content =
5 35 %.

Resin Production Example 2

100 wt. parts of Polyester Resin A and 5 wt.
pats of trimellitic anhydride were subjected to
polycondensation to obtain a polyester (called

10 "Polyester Resin II") having Mn = 4500, Mw = 32,000,
Tg = 56 Oc, acid value = 28 and THF-insoluble content
= 20 %.

Resin Production Example- 3

A prepolymer was prepared by reacting 1 mol

15 of trimellitic anhydride with 3 mcl of a bisphenol
derivative of the above-described formula (R) (R =
ethyiene, x+y = 2.2). Then, 10 wt. parts of the
prepolymer wax mixed with 100 wt. parts of Polyester
Resin A and the mixture was subjected to further

20 polycondensation to obtain a polyester (called
"Polyester Resin III") having Mn = 4,000, Mw = 38,000,
Tg = 56 ©C, acid value = 26, and THF-insoluble content
= 28 %.

Resin Production Example 4

25 "Terephthalic acid 24 mol. %
n-Dodecenylsuccinic anhydride 24 mol. %

Bisphenol derivative of the above-



tenperature/low humdity environment (10 [err]C/ 15 9%RH).
H gh-tenperature offset The high-tenperature offset tenpera

neasured as the | owest tenperature at which the high-

occurred as a result of fixing tests at varying fixing devifceg tenperatures
Web soiling Soiling of the fixing roller cleaning web was 5 evabgares 1991 el
I mge formation and fixation on 1000 sheetsifach of a solid bl ack i mage and

a hal ftone

described formula (B)

25

-
| g y-
4
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52 mol. %

(R = propylene, x+y = 2.2)
The above ingredients were subjected to
polycondensation to obtain a polyester ("Polyester

Resin C") having Mn = 3,500, Mw = 18,000, Tg = 56 °cC,

" acid value = 30, and THF-insoluble content = 0 %.

Then, 5 mol % of trimellitic anhydride was
further added to Polyester Resin C and subjected to

polycondensation to obtain a polyester ("Polyester

10 Resin IV") having Mn = 5,800, Mw = 45,000, Tg = 60 °c,

acid value = 22 and THF-insoluble content

Resin Production Example 5

Styrene
n-Butyl acrylate
15 Di-tert-butyl peroxide

Toluene

= 45 %.

85 wt.parts
15 wt.parts
2.5 wt.parts

500 wt.parts

The above mixture was subjected to
polymerization to obtain a styrene copolymer resin

(called "Vinyl Resin (a)") having Mn = 5,500, Mw =

20 13,000 and Tg = 60 °c.
Vinyl resin (a)
Styrene
n-Butyl acrylate

Polyethylene glycol diacrylate

100 wt.parts
7% wt.parts
20 wt.parts

5 wt.parts

25 (crosslinking agent: CH,=CHCOO(C,H40),COCH=CHj,

n = 14, Mw = 742)

Benzoyl peroxide

3 wt.parts



i mge in a normal tenperature/nornal humidity environment (23 [err]d 60

%H) and observing the soiling of the web by eyes. 10 thigfn++na

density (Dnmax) The maxi num i mage density was eval uat ed accoy.
standards of o (21.35), o[err] (1.25 - 1.34), [err] (1.15 -

(1.00 - 1.14) and x (<1.00). 15 \White background fog Fog mwgs J b
nmeasuring a worst or maximumreflection density (Ds % on tjhe WZXP#ﬁ§%ﬁﬁ

background after the image formation and an*&verage refl ectfi

% of the white background on 20 transfer paper before the inmage

ik CE AN SHEET

=2z —terr

I'te
n densitv (Dx

formati on by using a

The above mixture was dispersed in an aqueous

medium formed by dissclving {1 wt. part of polyvinyl

alcohol in 1000 wt. parts of water and subjected to

suspension polymerization, followed by washing with an

5 NaOH aqueocus solution to remove the polyvinyl alcohol

to obtain a styrene copolymer-based resin composition

(called "Vinyl Resin V") having Mn = 8,000, Mw =

60,000 and Tg = 59 °c.

Resin Production Example 6

10 Resin Production Example 5 was repeated

except for replacing the polyethylene glycol

diacrylate with 4 wt. parts of tetraethylene

dimethacrylate (Mw = 330) to obtain a resin

composition (called "Vinyl Resin VI1") having
15 7.500, Mw = 72,000 and Tg = 60 °C.

Resin Production Example 7 {(comparative)

Terephthalic acid
n-Dodecenylsuccinic anﬁydride
Trimellitic anhydride

20 Bisphenol derivatives of the formula (&)

(R propylene, x+y = 2.2)

(R

I}

ethylene, x+y = 2.2)

glycol
Mn =

15 mol.%
12 mol.$%

25 mol.%

20 mol. %

28 mol.%

The above ingredients were subjected to poly-

condensation to obtain a polyester (called "

25 Resin VII" (comparative)) having Mn = 4,000,

Polyester

Mw =

35,000, Tg = 60 O9c, and THF-insoluble content = 40 %.

Resin Production Example 8 (comparative)




reflecti-ve densitoneter ("Reflectonmeter Mdel TC 6DS", nfREP aRy-c:
Denshoku K. K.) and evaluated in terns of fog anount (= = “BS?%EHEET
resuits are indicated as o (fog anount [err]1.5 %, o[erf]{ (1.6 - 2. ,

[err] (2.1 - 25 2.59%, Ax (2.6 - 3.5 9% and x ([err]3]6| %26 PEBSkby
gradation characteristic Evaluated by eye observation. Li ne scatteri
Eval uat ed by eye observation. Line collapsion (resolutiogn

Eval uat ed by eye observati on. -50-
Terephthalic acid 10 mol.%
n-Dodecenylsuccinic anhydride 17 mol.%
Trimellitic anhydride 25 mol.%

Bisphenol derivatives of the formula (A)

5 (R
(R

propylene, x+y = 2.2) 15 mol.$%

ethylene, x+y = 2.2) - 33 mol.%
The above ingredients were subjected to.poly—
condensation to obtain a bolyester (called "Polyester
Resin VII1" {(comparative)) having Mn = 8,000, Mw =
10 91,000, Tg = 63 °C, and THF-insoluble content = 45 %.

Resin Production Example 9 (comparative)

Resin Production Example 5 was repeated
except for replacing the polyethylene glycol
diacrylaté with 4 wt. parts of triethylene glycol

15 dimethacrylate (Mw = 286) to obtain a resin
composition (called "Vinyl Resin IX" (comparative))
having Mn = 7,000, Mw = 70,000 and Tg = 58 °cC.

Resin Producfion Example 10 (comparative)

Resin Production Example 5 was repeated

20 except for replacing the polyethylene glycol
diacrylate with 2 wt. partg'of divinylbenzene to
obtain a resin composition (called "Vinyl Resin X
(comparative)) having Mn = 6,000, Mw = 80,000 and Tg =
60 ©c.

25 Example 1

Polyester Resin 1 100 wt.parts

Magnetic iron oxide 90 wt.parts



5 W nding (offset) Evaluated by passing solid black imges
whet her wi ndi ng offset occurred or not. Trace Solid black i
formed to observe 10 whether sone traces of a separating
on the fixed inmages. -57-
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(average particle size (Dav.) = 0.1 nm,

Hc 115 oersted, o, = B0 emu/q,

S

or 11 emu/q)
Long~-chain alkyl alcohol of the above-~
5 described Formula (C) {(x = 50) 5 wt.parts
Mono-azo metal complex 2 wt.parts
(negative ﬁharge control agent)
The above ingredients were.pre—mixed by a
Henschel mixer and melt-kneaded through a twin-screw
10 . extruder at 130 °C. After cooling, the melt-kneaded
product was coarsely crushed by a cutter mill and
finely pulverized by a jet stream pulverizer, followed
by'classification by a pneumatic classifier to obtain
a magnetic toner having a weight-average particle size
15 of 6.5 ym. To 100 wt. parts of the magnetic toner,
1.0 wt. paft of hydrophobic dry-process silica (BET
specific surface area (Sggp) = 300 mz/g) was
externally added to obtain a magnetic toner.
The thus-obtained magnetic toner was
20 subjected to measurement of storage modulus G' and
loss modﬁlus G" at strains in the range of 1 - 50 % in
the above-described manner to obtain G'j;q = 2.2x10%
dyn/cm? and G"j;g = 1.6x10% dyn/cm? at a strain of 1 %,
and G'ggg = 2.1x10% dyn/cm?, thus giving percentage
25 changes of Ub} = 4.5 % and Tb« = 6.3 %.
The magnetié‘tbner was charged and evaluated

in a re~modeled machine of a commercially available



60 A toner for developing an electrostatic image i s constituyted by a b| nder
resin and a colorant. The toner is characterized by a per cei o
O 5° at nost 50 %as calculated by the following formul a
- G50% G 199 x 100 ...(1), wherein [err]Jerr] den
per cent age change of storage

10

15

20

25

-52-
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laser beam printer ("LBP-A304", mfd. by Canon K.K.)
under the conditions of a process speed of 50 mm/sec.,
a fixing roller diameter of 20 mm and a fixing
pressure of ca. 1.3 kg/cmz, and also iﬁ a re-modeled
machine of a commercially available copier ("NP-8582",
mfd. by Canon K.K.) under the conditions of a process
speed of 500 mm/sec, a fixing roller diameter of 60 mm
and a fixing pressure-of ca. 5 kg/cmz). The
evaluation was performed with respect to, e.g., image
qualities, fixability and anti-offset characteristic,
whereby good results as shown in Tables 2 and 3
appearing hereinafter were obtained. Regarding the
fixability, the fixing initiation temperatuare was
lowered by 30 - 40 OC than the conventional toner both
in the low-speed system and in the high-speed system.

Examples 2 - 4

Magnetic toners were prepared and evaluated
in the same manner as in Example 1 except that
Polyester Resin I was replaced by Polyester Resins II
- IV, respectively. The resultant magnetic toners
showed viscoelastic properties as shown in Table 1 and
good performances as shown in Tables 2 and 3.

Examples 5 and 6

Magnetic toners were prepared and evaluated
in the same manner as in Example 1 except that
Polyester Resin I was replaced by Vinyl Resins V and

VI, respectively. The resultant magnetic toners



nodul us,- G 50% denotes a storage nodulus at 50 % 10 strai fpar 1t
and G'1% denotes a storage nodulus at 1 % strain at 150 [;ﬁ“

formula (2): [err]G = (1 - G'50/G'1% x 100
denotes a percentage change of |oss 15 nodul us, . G'50%
nodul us at 50 % strain, and G 1% denotes a | oss nodul us 2
a storage nodulus G' of 3x10[err] - 7x104 _dyn/cnferr] i nla
% strain at 150 [err] C. The toner is characterized by applicabi
wi de variety of 20 inmage form ng apparatus, especially those having
remarkably different fixing speeds.

showed viscoelastic properties as shown in Table 1 and

@I’QEFIO ygl’ r |

ie‘otes a

good performances as shown in Tables 2 and 3.
Regarding the fixability, the toners provided fixing
initiation temperatures which were lower by 30 - 40 °cC

5 in the low-speed system and lower by 10 - 20 °C in the
high-speed system, compared with those obtained by the
conventional toners.

Comparative Examples 1 - 3

Magnetic toners were prepared and evaluated
10 in the same manner as in Example 1 except that
Polyester Resin I was replaced by Polyester Resin VII,
Polyester Resin A and Polyester Resin VIII (all
comparative}. The resultant magnetic tonefs provided

the results shown in Tables 1 - 3.

15 Comparative Examples 4 and S
Magnetic toners were prepared and evaluated
in the same manner as in Example 1 except that
Polyester Resin I was replaced by Vinyl Resins IX and
X (comparative). The resultant magneticltoners |

20 provided the results shown in Tables 1 - 3.

- The toner performances shown in Tables 2 and
3 were evaluated in the manners described below and
basically at 5 levels of excellent (o), good (oA),
fair (A), rather inferior (Ax) and inferior (x).

25 Fixability

‘A sample image after image formation on 1000

sheets was rubbed with a lens cleaning paper to



What is-claimed is: 1. Atoner for devel oping an el ectrostatic inmage,
conpris- ing: a binder resin and a colorant; wherein the to
per cent age change [err]  of at nobst 50% as cal culated by th
formula (1): [err] (1), wherein [err]/d
per cent age change of storage nodulus, G 50% denotes a stor
50% strain at 150[err] C, and G[err]. denotes a storage
strain at 150[err] C., a percentage change-J4err] of at nos
cal cul ated by

meésure a density decrease before and after the
rubbing. The image densities were measured by a
refractive densitometer'("Macbeth RDI918", mfd. by
Macbeth Co.). A s0lid image having an image density
5 of 1.1 - 1.5 and a halftone image having an image
density of 0.4 - 0.7, respectively as measured before
rubbing were evaluated.
The performances were evaluated by a density
decrease and indicated as o (0 - 10 %), oA (11 - 25
10 %), A (26 ~ 35 %), Ax (36 - 45 %) and x (46 % or
above).

Fixing initiation temperature

The fixing initiation temperature-was.
measured by effecting fixation of un-fixed solid black
15 toner images at varying temperatures of the fixing
device and to evaluate the lowest temperature at which
the fixation_was effected through confirmation by
rubbing of the fixed images.
The results are shown in Tables 2 and 3 under
20 the item of fixability for solid black images, e.g.,
110 ©°C (Table 2) and 155 ©°C (Table 3) for Example 1.

Low-temperature offset

- The fixability was evaluated in a low
temperature/low humidity environment (10 °C/15 %RH).

25 High-temperature offset

The high-temperature offset temperature was

measured as the lowest temperature at which the high-



the following formula (2): [err] (2), wherein [err]
denotes a percentage change of |oss nodulus, G'50% denot es;-a-l-0ss-
at 50% strain, and G'[err] denotes a loss nodulus at 1%&EPRAGCENENT SHEET
storagc nmodulus G of 3x10[err]-7x 10[err] dyn/cnferr] infa - 0
strain at 150[err] C. 2. Thc toner according tOclaima1, avigg.aFé§0$?r
0.1-35% and af[err].. of 0.1-35% 3. The toner according tq gl 911, ere| ni
said loss modulus G' is 2x10[err]-6x10[err}sg8yn/cnierr]. 4. \The toner .
according to cllaim 1, wherein the binder resin conprises pol yester resin,;
wherein the storage nodulus G i

temperature occurred as a result of fixing tests at
varying fixing device temperatures.,

Web soiling

Soiling of the fixing roller cleaning web was
5 evaluated after image formation and fixation on 1000
sheets each of a solid black image and a halftone
image in a normal temperature/normal humidity
environment (23 ©C/60 $RH) and observing the soiling
of the web by eyes.

10 Maximum image density (Dmax)

The maxiﬁum image density was evaluated
according to the standards of o (21.35), oA (1.25 -
1.34), A(1.15 - 1.24), Ax (1.00 - 1.14) and x
(<1.00).

15 White background fogq

Fog was evaluated by measuring a worst or
maximum reflection density (Ds %) on the white
background after the image‘fo;mation and an average
reflection density (Dr %) of the white background on

20 transfer paper before the image formation py using a
reflective densitometer ("Reflectometer Model TC-6DS",
mfd. by Tokyo Denshoku K.K.) and evaluated in terms of
fog amount (= Ds - Dr %). The results are indicated
as o (fog amount 1.5 %), o0& (1.6 - 2.0 %), 4 (2.1 -
25 2.5 %), Ax (2.6 - 3.5 %) and x (23.6 %).

Density gqradation characteristic

Evaluated by eye observation.



is 4.5x -10[err] -6.5x 10[err] dyn/cnferr]. 5. The toner according to claim
1, wherein the binder resin conprises a pol yester resin, and.sald starage

nodutus G is 4.5x10[err]-6.5x10[err] and said |oss nDdqus CREP@AC
3x10[err]-5.5x 10[err] dyrJcn2. 6. The toner according to clai n&%—E&ﬁ$¥;§§EET
e R B

the col orant conprises a powdery magnetic nmaterial present i
65-200 wt. parts per 100 w. parts of the binder resin. -p2
toner according to claimb5, wherein the nagh&tic material is|ptesent in
anounts from 70-150 wt. parts per 100

Line scattering

Evaluated by eye observation.

Line collapsion (resolution failure)

Evaluated by eye observation.

5 Winding (offset)

Evaluated by passing solid black images to
observe whether winding offset occurred or not.
Irace
Solid black images were formed to observe
10 whether some traces of a separating member are left on

the fixed images.




wt. parts of the binder resin. 8 The toner according to claim1l1, wherein
the binder resin conprises a vinyl resin, and the storage 10
5x10[err]-7x10[err] and said | oss nodulus G is 5x10[err]-6X PijﬂjﬁﬂﬂNﬁ‘SHEET
dyn/cnierr]. 9. The toner according to claim1l1l, wherein the pijnder resin
conprises a polyester resin; the polyester resin having a gl psk prafEBtiioh
point of 40[err]-90 C., a nunber-average nol ecul ar wei ght of] 1} 000-50, 000,
and a wei ght-average nol ecul ar wei ght ofcs3, 000-100, 000. 10. Yhe-torer
according to claim9, wherein the polyes?er resin has a glas$ transition

point of 45[err]-85[err] C, a nunber- average nol ecul ar wei ght of
1, 500- 20, 000, and a wei ght- average nol ecul ar wei ght of 40, 000-90, 000.
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11. The-toner according to claim1, wherein the binder re5|nf%¢
vinyl resin; the vinyl resin having a glass transition point}*f
45[err]-80[err] C., a nunber-average nol ecul ar wei ght of 2,
a wei ght -average nol ecul ar wei ght of 10, 000-1, 000, 000. 12. Ty

according to claim 11, wherein the vinyl resin has a gl ass trfn5|t|on P nt
of 55[err]-70[err] C. 13. The toner according to claim 11,
col orant conprises a powdery magnetic mat¥ial, which is cot

65-200 wt. parts per 100wt parts of the binder resin 14 The 15 ,
according to clain1i3,m herein the magnetic material is contained [n 70-150
wt. parts per 100 wj. Farts of the bknder reS|n 15 The t aner accbrding_to
claim1, whereinithe 28 brlant® ° <
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agent conprises a wax selected fromthe group consisting of
hydr ocar bon waxes and oxi di zed products thereof, aliphati
waxes, saturated |inear aliphatic acid, unsat ur at ed al i ph ]
saturated al cohol s, pol yhydric alcohols, saturated aliphafi
saturated aliphatic acid bisam des, unsaturated aliphaticfa
unsatur- ated aliphatic biam des, arongli c bi sam des, aliph

al i phatic

aere—ester
CRLACEMENT SHEET

acC IG dirtesSs

;{?C a ggﬁﬂéta

salts, grafted waxes, partially esterified products betwepnaki-phatic_ aciid

and pol yhydric al cohol, and aliphatic acid nethyl ester cpnpounds. 20. The

toner according to claim 18, wherein the rel ease agent conprisrng—af
al i phatic al cohol wax or an aliphatic hydrocarbon wax. 21. The toner

according to claim 18, wherein the rel ease

A toner for developing an electrostatic image

is constituted by a binder resin and a colorant. The

toner is characterized by a percentage change g of

5 at most 50 % as calculated by the following formula

(1):
Tor = (1 - G'gge/G'yg) x 100

-(1),

wherein Y., denotes a percentage change of storage

modulus, G'gqpg denotes a storage modulus at 50 %

10 strain at 150 °C, and G'19 denotes a storage

at 1 % strain at 150 °C; a percentage change

modulus

TGH of at

most 50 % as calculated by the following formula (2):

{ w = (1 - G"50%/G"1%) x 100 ) .

-(2),

wherein ¥« denotes a percentage change of loss

15 modulus, G"SO% denotes a loss modulus at 50 % strain,

and G"l% denotes a loss modulus at 1 % strain; and a

storage modulus G' of 3x1‘03 - 7x104 dyn/cm2 in a range

of 1 - 50 % strain at 150 °C. The toner is

characterized by applicability'to a wide variety of

20 image forming apparatus, especially those having

remarkably different fixing speeds.



agent i,s contained in 0.1-20 wt. parts per 100 wt. parts of the bi nder
resin. 22. Ihe-teneL~a£chd+ng to claim 21, wherein the 2Nt

,-I
cont ai ned | ts per 100 wt. parts of the bf”if
The toner ﬂiﬂﬁ @m ‘!ﬂu 1, having a weight- averagej
3-10 glm 2 rdlng to claim23, having a q@&;g
particle size of 3- [err]rn1 25. The tadner according t ;cla|n11
the binder resin is a polyester resin obtained by formng
pol yester or a polyester having a | ow gel content and tlen addi ng an
al cohol or acid having at |east three functional groups to cause

pol ycondensat i on.
WHAT IS CLAIMED IS:

1. A toner for developing an electrostatic
image, comprising: a binder resin and a colorant;
wherein the toner has

5 a percentage change ¥g: of at most 50 % as
calculated by the following formula (1):

YG. = (1 - G'gp0g/G'1g) x 100 ... (1),
wherein YG. denotes a percentage change of storage
modulus, G'ggg denotes a storage modulus at 50 %

10 strain at 150 °C, and G'yg denotes a storage modulus
at 1 % strain at 150 °c,

a percentage change Ya« of ét most 50 % as
calculated by the following formula (2):

Ygr = (1 - G"50g/G"1g) x 100 c.(2),

15 wherein { « denotes a percentage change of loss
modulus, G"gpg denotes a loss modulus at 50 % strain,
and G";q denotes a loss modulus at 1 % strain, and

a storage modulﬁs G' bf 3x103 - 7x10% dyn/cm2
in a range of 1 - S0 % strain at 150 °C.

20
- 2. The toner according to Claim 1, having a T

of 0.1 - 35 % and a Ygu of 0.1 - 35 $%.

3. The toner according to Claim 1, having a loss

25  modulus G" of 2x103 - 6x10% dyn/cm?. -'

4 The toner according to Claim 1, wherein the

This Sheet Has Been Rep
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26. The toner according to claim1, wherein the binder resin is a polyester

resin obtained by formng a ol yester having a | ow gel content by enploylng

an al cohol or acid havit Ieﬂm three functional groups \
r

at | east one of ( n-linear polyester or (

an aci d having at ﬁm tional groups for further ]
pol ycondensat i on. he t'bne accordlﬁr?g to claim1l1, whgrdi n26tﬁﬂ)nger
resin conprises a crosslinked vinyl resin with a crosslingki

a nol ecul ar wei ght of at |east 300.

binder resin comprises a polyester resin, and the
toner has a storage modulus G' of 4.5x103 - 6.Sx104

dyn/cmz.

5 S. The toner according to Claim 1, wherein the
binder resin comprises a polyester resin, and the
toner has a storage modulus G' of 4.5x103 - 6.5x104

and a loss modulus G" of 3x103 - 5.5x104 dyn/cmZ.

10 6. The toner according to Claim 1, wherein the
binder resin comprises a vinyl resin, and the toner
has a storage modulus G' of leO3 - 7x104 and a loss

modulus G*" of leO3 - 6x104 dyn/cmz.

15 7. The toner according to Claim 1, wherein the
binder resin ;omprises a polyester resin; the
polyester resin having a glass transition point of 40
- 90 °C, a number-average molecular weight of 1,000 -
50,000, and a weight-average molecular weight of 3,000

20 - 100,000.

8. The toner according to Claim 7, wherein the
polyester resin has a glass transition point of 45 -
85 ©C, a number-average molecular weight of 1,500 -
25 20,000, and a weight-average molecular weight of

40,000 - 90,000. N

This Sheet Has Been Replaced

LD




10

15

20

25

B REPLACEMENT SHERT]

e ———

.

l Illllll llllll Illll M

2% FEB 19597

T e

i 63 ——
9. The toner according to Claim 1, wherein the

binder resin comprises a vinyl resin; the vinyl resin
having a glass transition point of 45 - 80 Sc, a
number-average molecular weight of 2,500 - 50,000, and
a weight-average molecular weight of 10,000 -

1,000, 000.

10. The toner according to Claim 9, wherein the
vinyl resin has a glass transition point of 55 - 70

Oc.

11. The toner according to Claim 9, wherein the
colorant comprises a powdery magnetic material, which
is contained in 65 - 200 wt. parts per 100 wt. parts

of the binder resin.

12. The toner according to Claim 11, wherein the
magnetic material is contained in 70 - 150 wt. parts

per 100 wt. parts of the binder resin.

13. The toner according to Claim 1, wherein the

colorant comprises a non-magnetic pigment or dye.

14. The toner according to Claim 13, wherein the
colorant is contained in 0.1 - 60 wt. parts per 100

wt. parts of the binder resin. —_—

—————
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15. The toner according to Claim 14, wherein the
colorant is contained in 0.5 - 50 wt. parts per 100

wt. parts of the binder resin.

S 16. The toner according to Claim 1, further
comprising a release agent which is solid at room

temperature.

17. The toner according to Claim 16, wherein the

10 release agent comprises a wax selected from the group
consisting of aliphatic hydrocarbon waxes and oxidized
products thereof, aliphatic acid ester waxes,
saturated linear aliphatic acid, unsaturated aliphatic
acids, saturated alcohols, polyhydric alcohols, .

15 saturated aliphatic acid amides, saturated aliphatic
acid bisamides, unsaturated aliphatic acid amides,
unsaturated aliphatic biamides, aromatic bisamides,
aliphatic acid metal salts, grafted waxes, partially
esterified products between aliphatic acid and

20 polyhydric alcohol, and aliphatic acid methyl ester

compounds.

18. The toner according tec Claim 16, wherein the
release agent comprising an aliphatic alcohol wax or

25 an aliphatic hydrocarbon wax.

19. The toner according to Claim 16, wherein the
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release agent is contained in 0.1 - 20 wt. parts per

100 wt. parts of the binder resin.

20. The toner according to Claim 19, wherein the
release agent is contained in 0.5 - 10 wt. parts per

100 wt. parts of the binder resin.

21. The toner according to Claim 1, having a

weight-average particle size of 3 - 10 pm.

22. The toner according to Claim 21, having a

weight-average particle size of 3 - 9 nm.

This Sheet Has Been R

| T




10

15

20

‘TONER FOR DEVELOPING ELECTROSTATIC IMAGE

THIS SHEET HAS BEEN
REPLACED

- 66 -

ABSTRACT OF THE DISCLOSURE

A toner for developing an electrostatic image
is constituted by a binder resin and é éolorant. The
toner is characterized by a percentage change g« of
at most 50 % as calculated by the following formula
(1):

Tor = (1 - G's0e/G'1) x 100 e (1),
wherein Y., denotes a percentage change of storage
modulus, G'ggg denotes a storage modulus at 50 %
strain at 150 °C, and G'1y denotes a storage modulus
at 1 % strain at 150 °c; a percentage change Téu of at
most 50 % as calculated by the following.férmula (i):

Tge = (1 - G"gpg/G"15) x 100 . cea(2),
wherein g i denotes a percentage change of loss
modu{us, G"59g denotes a loss modulus at 50 % strain,
and G"j¢ denotes a loss modulus at 1 % strain; and a
storage modulus G' of 3x103 - 7x104 dyn/cm2 in a range
of 1 - 50 % strain at lSOfécfdnfhe toner 1is
characterized by applicability to é‘wi@e variety of
image forming apparatus, especially those having

remarkably different fixing speeds.

FIGURE 1
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What is claimed is:
1. A toner for developing an electrostatic image, compris-
ing: a binder resin and a colorant; wherein the toner has

a percentage change Y. of at most 50% as calculated by
the following formula (1):

Yo=(1-C'son/G"12,)X100 (1),

wherein

Yo denotes a percentage change of storage modulus,
G504 denotes a storage modulus at 50% strain at 150°
C., and G', 4 denotes a storage modulus at 1% strain at

150° C,,

a percentage change Y. of at most 50% as calculated by
the following formula (2):

Yo-X1-G "soa/C ™12 )%100 (2),

wherein

Yo- denotes a percentage change of loss modulus, G"5q
denotes a loss modulus at 50% strain, and G", & denotes
a loss modulus at 1% strain, and

a storage modulus G' of 3x10°-7x10* dyn/em? in a range
of 1~50% strain at 150° C.

2. The toner according to claim 1, having a 5. 0f 0.1-35%
and a Y- of 0.1-35%.

3. The toner according to claim 1, wherein said loss
modulus G" is 2x10°-6x10" dyn/cm?.

4. The toner according to claim 1, wherein the binder resin
comprises a polyester resin, wherein the storage modulus G' -
is 4.5x10°-6.5x10* dyn/em?.

S. The toner according to claim 1, wherein the binder resin
comprises a polyester resin, and said storage modulus G' is
4.5x10°-6.5x10* and said loss modulus G" is 3x10°-5.5x
10* dyn/em?.

6. The toner according to claim 5, wherein the colorant
comprises a powdery magnetic material present in amounts
from 65-200 wt. parts per 100 wi. parts of the binder resin.
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7. The toner according to claim 5, wherein the magnetic
material is present in amounts from 70-150 wt. parts per 100
wt. parts of the binder resin.

8. The toner according to claim 1, wherein the binder resin
comprises a vinyl resin, and the storage modulus G' is
5x10°-7x10* and said loss modulus G" is 5x10°-6x10*
dyn/cm?.

9. The toner according to claim 1, wherein the binder resin
comprises a polyester resin; the polyester resin having a
glass transition point of 40°-90° C., a number-average
molecular weight of 1,000-50,000, and a weight-average
molecular weight of 3,000-100,000.

10. The toner according to claim 9, wherein the polyester
resin has a glass transition point of 45°-85° C., a number-
average molecular weight of 1,500-20,000, and a weight-
average molecular weight of 40,000-90,000.

11. The toner according to claim 1, wherein the binder
resin comprises a vinyl resin; the vinyl resin having a glass
transition point of 45°-80° C., a number-average molecular
weight of 2,500-50,000, and a weight-average molecular
weight of 10,000-1,000,000.

12. The toner according to claim 11, wherein the vinyl
resin has a glass transition point of 55°-70° C.

13. The toner according to claim 11, wherein the colorant
comprises 2 powdery magnetic material, which is contained
in 65-200 wt. parts per 100 wt. parts of the binder resin.

14. The toner according to claim 13, wherein the magnetic
material is contained in 70~150 wt. parts per 100 wt. pars
of the binder resin.

15. The toner according to claim 1, wherein the colorant
comprises a non-magnetic pigment or dye.

16. The toner according to claim 15, wheretn the colorant
is contained in 0.1-60 wt. parts per 100 wt. parts of the
bindcr resin.

17. The toner according to claim 16, wherein the colorant
is contained in 0.5-50 wt. parts per 100 wt. parts of the
binder resin.

18. The toner according to claim 1, further comprising a
release agent which is solid at room temperature.
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19. The toner according to claim 18, wherein the release
agent comprises a wax selected from the group consisting of
aliphatic hydrocarbon waxes and oxidized products thereof,
aliphatic acid ester waxes, saturated linear aliphatic acid,
unsaturated aliphatic acids, saturated alcohols, polyhydric
alcohols, saturated aliphatic acid amides, saturated aliphatic
acid bisamides, unsaturated aliphatic acid amides, unsatur-
ated aliphatic biamides, aromatic bisamides, aliphatic acid
metal salts, grafted waxes, partially esterified products
between aliphatic acid and polyhydric alcohol, and aliphatic
acid methyl ester compounds.

20. The toner according to claim 18, wherein the release
agent comprising an aliphatic alcohol wax or an aliphatic
hydrocarbon wax.

21. The toner according to claim 18, wherein the release
agent is contained in 0.1-20 wt. parts per 100 wt. parts of the
binder resin.

22. The toner according to claim 21, wherein the release
agent is contained in 0.5-10 wt. parts per 100 wt. parts of the
binder resin.

23. The toner according to claim 1, having a weight-
average particle size of 3-10 um.

24. The toner according to claim 23, having a weight-
average particle size of 3-9 um.

25. The toner according to claim 1, wherein the binder
resin is a polyester resin obtained by forming a linear
polyester or a polyester having a low gel content and then
adding an alcohol or acid having at least three functional
groups to cause polycondensation.

26. The toner according to claim 1, wherein the binder
resin is a polyester resin obtained by forming a polyester
having a low gel content by employing an alcohol or acid
having at least three functional groups and then adding at
least one of (a) a linear or non-linear polyester or (b) an
alcohol or an acid having at least three functional groups for
further polycondensation.

27. The toner according to claim 1, wherein the binder
resin comprises a crosslinked vinyl resin with a crosslinking
agent having a molecular weight of at least 300.
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ABSTRACT OF THE DISCLOSURE

A toner for developing an electrostatic image
is constituted by a binder resin and‘é éoiorant.‘ The
toner is characterizéd by a percentage change g+ of
at most 50 % as calculated by the following formula
(1):

Ter = (1 - G'508/G'1¢) x 100 cea (1),
wherein ¥.. denotes a Percentage change of storage
modulus, G'sggy denotes a storage modulus at S0 %
strain at 150 ©¢, ang G'y¢ denotes a storage modulus
at 1 % strain at 150 ©c; & percentage change Iz« of at
most 50 % as calculated by the following formula (i):

Tor = (1 - G"504/G"14) x 100 . . (2),
wherein Vi denotes a percentage change of loss
modulus, G"s5gq denotes a loss modulus at 50 % strain,
and G";o denotes a loss wodulus at 1 % strain; and a
storage modulus G°* of §x103 - ‘7x104 dyn/cm2 in a range
of 1 - 50 % strain at ISO‘acj'“The toner is
characterized by applicability to a wide variety of
image forming apparatus, especially those having

remarkably different fixing speeds.

FIGURE 1



