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RELATED®.ART, The present invention relates to a toner for 5 devel opi ng

el ectrostati ¢ i miges used+in inmage‘form ng nethods, such as

el ectrophot ography, electrostatic recording or electrostatic printing,
particularly a toner suitable for hot rol Fdr fixation. Hitherto, a |arge

nunber of el ectrophoto- 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 inmage is fornmed on

a phot osensitive nenbeTONERpFORi REVELPRING: SAECTROST AT G | by various

nmeans, then the latent inage is devel oped with a toner, and the resultant
toner image is, after being transferred onto a transfer material such as
paper etc., as_desired, fi eat ing, b j%,' or heating and
pressing, or w Y 530 print carrying a

fixed toner Irmage. The présent invention relates to a toner for

5 developing electrostatic iméges used in image forming
methods, such as electrophotography, electrostatic
recording or electrostatic printing, particularly a
toner suitable for hot roller fixation.

Hitherto, a large number of electrophoto-

10 graphic processes have beén 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-pﬁéioconductive

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

20 vapor to obtafn 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
popular one is a heating and pressing fixation system

using hot rollers or a combination of a heat-resistant

) QM3,13,65-75,9$(%¢
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As for the step of fixing the toner inmage onto a sheet material such as
paper which._is the final step in the above process, various nethods and 25
appar atus have been devel oped, of which the nost popular one is a heating
and pressing fixation systemusing hot rollers or a conbination of a

heat - r esi st ant -2- filmand a fixed exotBerm c heater for heating toner
I mages via the film In the heating and pressing systemusing hot rollers,
a sheet carrying a toner imge to be fixed 5 (hereinafter called "fixation
sheet") is passed through the hot rollers, while a surface of a hot roller
havi ng a rel easdbiimtandj ahfixed exethesmig begtes fort heating toner i nage
surface of the fjxation sheet under pressure, to fix the toner inmage. In
this 10 et hod,1PRI®$ VIR tRY LMy face and the toner image on the

fixation sheet contact eafg:gﬁgeﬁeggggé gnd pressing system using hot

rollers, a sheet_carrying a toner image to be fixed

5 {hereinafter called "fixation sheet") is passed
through the hot rollers, while a surface of a hot
roller having a releasability with the toner is caused
to cohtact the toner image surface of the fixation
sheet under pressure, to fix the toner image. In this

10 method, as the.hot roller surface and the toner image
on the fixation sheet contact each other under a
pressure, a very good heat efficiency is attained for
melt-fixing the toner image onto the fixation sheet to
afford quick fixation. |

15 | In the fixing step, a hot roller surface and
a toﬁer image contact each other in a melted state and
under a pressure, so that a part of the toner is
transferred and attached to the fixing roller surface
and then re-transferred to a subsequent fixation sheet

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

25 fixing speed. This is because a constant heat
quantity is supplied to the toner image for fixation

thereof regardless of a difference in fixing speed.



pressure, a very good heat efficiency is attained for nelt-fixing the toner
i mge onto the fixation sheet to afford quick fixation. 15 I n
the fixing step, a hot roller surface and a toner image contact each ot her
in a nelted state and under a pressure, so that a part of the toner is
transferred and attached to the fixing rolt3r surface and then
re-transferred to a subsequent fixation sheet 20 to soil the fixation
sheet. This is called an of fset phenonenon and is remarkably affected by

the fixing speed and tenperature. Generally, the fixing roller, surface
tenperature is set to be "f‘ﬁ?ﬁ‘?‘?‘ﬁcd’ﬁe W%%I%?i‘{éﬁt’gﬁf&eﬁh‘%ﬁﬁ Rt to be

quanti by 1 s supSITREEEET HB (SIVEA T AR (9% eh CHEr 2ot BRI ess of
f‘sdi frerence indi 4P Sirge telipdiWEd -af ffeldled Bltdedd X@t! on sheet
toner layer contacting the heating roller and a
- 5 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 ah
offset phenomenon in case of a high heating roller
temperature, while a low-temperature offset is liable
10 to occur because of insufficient melting of the
lowermost toner layer in case of a iow heating roller
temperature. |
| In order to solve the above problem, it has
been generally practiced to increase the fixing
15 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
temperature can be somewhat lowered and it is possible
td obviate a high-temperature offset phenomenon of an
20 uppermost toner layer. However, as a véry high
shearing force is applied to the toner layer, there
are liable to be caused several difficulties, such as
a winding offset that the fixation sheet winds about
the fixing roller, the appearance of a trace in the
25 fixed image of a separating member for separating the
fixation sheet from the fixing roller, and inferior

copied images, such as resolution failure of line



deposited in several layers, so that there is liable to occur a large
tenpetaiure di fference between a toner |ayer contacting the heating roller
and a 5 | owernost toner layer particularly in a hot-fixation systemusing a
hi gh heating roller tenperature. As a result, a topnost toner |ayer is
|iable to cause an of fset phenonmenon in case of a high heating roller
tenperature, while a lowtenperature offset is |iable 10 to occur because
of insufficient melting of the |owernost toner layer in case of a | ow

heating roller .tn%e%%q:oa& é@laelft%ﬁ I V&uéhﬁgagoﬁf Br?gglg%h .t has

been generally "pr to 1 ncrease 1x n E8se of a

fast fixing speed in ordg fhi?g?%eﬁﬂﬁhg ﬁfgﬂgé gdoglﬁPﬁgtg StefNt g the

fixation sheet. Accordlng to t t he t|n enperature

can be sorrewhattdrféfterﬁbag@ atld@epqméalﬂé@ogbﬂyais gehe98119rra§éature
of f set phenonenon of an 2 uppernost toner |ayer. However, as a very high

shearing force fmmpn itk teasdieot e $po€d , 188t £on| esbi abl eot volercaused
several difficulties, such as

5 the heating roller temperature and fixing pressure,
thereby effecting the fixation while obviating the
high—tempeiature offset and winding offset. However,
in the case of using such a toner having a low melt
vigscosity in low speed fixation,.an offset phenomenon

10 is liable to be cauéed because of the low viscosity.

Accordingly, there has been desired a toner

which shows a wide fixable temperature range and an
excellqnt anti-offset characteristic and is applicable
from a low speed apparatus to a high speed apparatus.

15 | The use of a smaller particle size toner
allows higher resolution and clarity of images but on
the other handlresults in a lower fixability of
halftone images composed of such small tonef
pafticles. This phenomenon is pronounced in a high-

20 speed fixing system. This is because, in a halftone
image part with a small toner coverage, a toner image
transferred onto a concavity of a fixation sheet
receives little heat and the fixing pressure is
prevented from being applied onto suéh a concavity

25 because of convexities. On the other hand, a halftone
- toner image transferred onto a convexity of a fixation

sheet receives a larger shearing force per toner



a wi nding offset that the fixation sheet wi nds about the fixing roller, the
appearance ©of a trace in the 25 fixed i mage of a separating nenber for
separating the fixation sheet fromthe fixing roller, and inferior copied

i mages, such as resolution failure of |ine -4- inmages and toner
scattering, due to a high pressure. Accoradmgly, in a high-speed fixing
system a toner having a lower nelt viscosity is generally used than in the
case of |low speed fixation, so as to lower 5 the heating roller tenperature
and fixing pressure, thereby effecting the fixation_while obviating the

hi gh- t enper at ure@BEisie heganpadriigacFmadderdpues: layen fdicknesst using

such a toner havjng a |low, melt viscosity in_|ow_speed fixatiqQn, an offset
phenonenon 10 iEh?gaﬁl§°¥%HEémEgﬁsgﬂrEé 0,o% &1 gﬁqmﬁqﬂ%ﬁ;iﬁﬁﬁf
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phenomenon and result in a fixed image of lower image
5 quality.
Japanese Laid-Open Patent Application (JP-A)
1-128071 has disclosed a toner for electrophotography
comprising a polyester binder resin and showing a
'ﬂgpecific storage modulus at 95 °C, which however has
10 left some room for improvement in fixability and anti-
offset characteristic.

JP-A 4-252866 has disclosed a toner for
electrophotography having rheological properties
including a storage modulus lowering initiation

.15 temperature in the range of 100 - 110 ©C, a.specific
storage modulus at 150 Oc and a loss modulus peak
temperature of at least 125 °c. However, the storage
modulus and loss modulus are both too small and the
1oés modulus peak témperature is too high, whereby the

20 low-temperature fixability cannot be improved and the
heat-resistance is low beéause of too small storage
modulus and loss modulus.

JP-A 6-59504 has disclosed a toner for
developing electrostatic images comprising a binder

25 resin of polyester resin having a specific structure
and having a specific storage modulus at 70 - 120 °C

and a specific loss modulus at 130 - 180 ©C. However,



excellent anti-offset characteristic and is applicable froma | ow speed
appar atus to a high speed apparatus. 15 The use of a snaller
particle size toner allows higher resolution and clarity of images but on
the other hand results in a |lower fixability of halftone i mages conposed of
such small toner particles. This phenonenei- s pronounced in a high- 20
speed fixing system This is because, in a halftone imge part wwth a smal
toner coverage, a toner image transferred onto a concavity of a fixation
sheet receives little heat and the fixing pressure is prevented from being
applied onto subacausenoﬁvat#azgebG¢QGQQGOMOdn$n§daﬁ<£; O120PGtand hand,
a hal ftone toner image transferred onto_a convexity of a fixation sheet
recei ves a | arg8r SBAddr Lpgst Bpdulps: atodd0 - 189 “Gor 18 maldeRackiceley

smal | er toner |ayer thickness than a solid inmage portion of a |arger toner
| ayer size magnetic toner cannot be readily fixed at low

temperatures and also an improvement in anti-offset

5 characteristic is desired. The difficulty is
particularly pronounced when such a small-particle
size magﬁétic toner contains a large proportion of
magnetic material. From the rheological viewpoint,
the increase in amount of a colorant in a toner tends

10 to increase the storage modulus and the loss modulus.
Such a toner is liable to show noticeably inferior
fixability in copied image obtained immediately after

- power supply to a copying machine 'in a cold
environment, thus requiring an improQ;ment.

15 ] JP-A 4-358159 has disclosed a developer for
electrophotography comprising a vinyl pélymer and two-
types of polyethylene waxes (and/or two types of
polypropylene waxes having differenf softening
points), of which the one type is added at the time of

20 polymgrization and the other-type is added at the time

| of melt-kneading. However, the waxes used have high
softening points of 100 °C or higher and the
difference between the softening points between the
two types of waxes is as small as 2 - 20 °C, the

25 resultant toner is improved in anti-offset
characteristic but is inferior in low-temperature

fixability.
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thus being liable to cause an offset phenomenon and result

in a

lower inmage 5 quality. Japanese Laid-COpen Patent Application
(JP-A) 1-128071 has disclosed a toner for el ectrophotography conprising a
pol yester binder resin and showing a specific storage nmodulus at 95 [err]C,
whi ch however has 10 left sonme room for imgrovenent in fixability and anti -
of fset characteristic. JP-A 4-252866 has disclosed a toner for

el ectr ophot ography havi ng rheol ogi cal properties including a storage
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fixability, but has low anti-offset characteristic and
anti-blocking characteristic and also a low
flowability.

JP-A 6-130714 has disclosed a toner
comprising a fixing resin of a linear polyester and
release agents including a wax having a softening
poiht similar to that of the linear polyesfer and a
wax having a softening point higher than that of the
linear polyester. The toner has anti-blocking
characteristic and anti-offset characteristic which
are both at levels of practically of no problem, but
has an inferior low-temperature fixability because fhe

waxes used have too high a melting point.

SUMMARY OF THE INVENTION

| 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
electrostatic images showing good fixability even in a
small particle size and an increased content of a

colorant, particularly a magnetic material.



devel opi ng el ectrostatic images conprising a binder 25 resin of polyester
resin having a specific structure and having a specific storage nodul us at
70 - 120 [err]C and a specific loss nodulus at 130 - 180 [err]C. However,
-6- because of a large storage nodulus at 70 - 120 [err]C and a small | oss
nodul us at 130 - 180 [err]C, a snall-partieBe size nmagnetic toner cannot be
readily fixed at |ow tenperatures and also an inprovenent in anti-offset 5
characteristic is desired. The difficulty is particularly pronounced when
such a small-particle size nmagnetic toner contains a |arge proportion of
magnetic material. From tAmothenlobject of cbbeipresent fnventienisatount
of a colorant in a toner tends 10 to_increase the storage nodulus and the

| oss nodul us. SIRFPELIQRrtoner| fpr cdevelpapingcelechrr§takierivagesxability

i copi ed image obtgiped jnrediatel ¥ ool BOVPLes PRLY {ondafORYLYY
affer power supply in a cold environmént.

5 Another object of the present invention is to
provide a toner for developing electrostatic images
capable of showing good fixability for wide ranges of
apparatus including low-speed apparatus to high-speed
apparatus and also showing excellent anti-offset

10 characteristic, anti-block characteristic and
flowability.

Another object of the present invention is to
provide a toner for developing electrostatic images
showing good fixability and good gquality of fixed

15 images even at halftone image portions.

A further object of the present invention is
to provide a toner for developing electrostatic latent
images capable of providing fog-free high-density
toner images for wide ranges of apparatus including

20 low-speed apparatus to high-speed apparatus.

According to the present invention, fhere is
provided a toner for developing an electrostatic
image, comprising: a binder resin, a colorant and a
wax; wherein the toner has

25 (a) a storage modulus at 100 °C (G'jgg) of
1x104 Pa to 5x10 Pa, and

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



environnment, thus requiring_an _inprovenent. 15 JP- A 4-358159 has
dleclosed a. developer for eIectrophotography conprising a vinyl polyner and

two- types of poly hedor two types of pol
havi ng different softe f whi ch the one typ%ﬁfﬁu i éﬁh
time of 20 polynerlzat er-typ8-is added at i

nel t - kneadi ng. e waxes used have hi gh softening points of 100

[err] C or hlgher and the di fference betmeen the sof t eni ng poi nts between
the two types of waxes is as_.snal | % rr]C, the 25 resultant toner
is inmproved in aﬁ??rﬁﬂ?s@?dﬁ%ﬂﬁaéﬁe79s Fc(ﬁuﬂoﬂsPFﬁVéﬂFBB ppnratio

| owt enper at ure 362953 has di scl osed a toner
cont ai ni ng an isé¢ 0bh%f|§ta£?ﬁ'¢ gg *carnauba wax and oxi di zed rice

wax having an acid value @ﬂesg and other objects, features and
advantages of the present invention will become more

5 apparent upon a consideration of the following

description of the preferred embodiments of the

present invention taken in conjunction with the

accompanying drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph showing rheological
properties of a toner according to the present
invention.
Figure 2 is a schematic illustration of an
15 image forﬁing apparatus to which the toner according o
the present invention is applicable.
Figure 3 is an enlarged view of a developing

section of the apparatus shown in Figure 2.

20 DETAILED DESCRIPTION OF THE INVENTION

According to my study, in order to obtain a
toner having an increased content of colorant
(particularly, magnetic material) and a smaller
particle size which can yet show good fixability and

25 anti-blocking characteristic in combination by using a
hot roller fixing device and also good fixability from

immediately after'power supply even in a cold



30. The toner has an inproved |owtenperature 5 fixability, but has | ow
anti_- of f'set ‘characteristic and anti-bl ocking characteristic and also a | ow
flowability. JP-A 6-130714 has disclosed a toner conprising a fixing resin
of a linear polyester and 10 rel ease agents including a wax having a
softening point simlar to that of the |ing@g~ polyester and a wax having a
softeni ng point higher than that of the |inear polyester. The toner has
anti - bl ocking characteristic and anti-offset characteristic which 15 are
both at levels of practically of no problem but has an inferior
| owt enper at ur eehvinbnmeny, bitahas beenwdivendusedessaryt o hisghaa nel ting
poi nt. SUMVARY OF THE | NVENTI ON 20 A generic object of the
present inventibkndert andra¢racdingdyep topegchavipangpecdficost atic i mages
havi ng sol ved the above-nenti oned problens. A nore specific object of the
present inventi 5ReplogicploprerertiBRer for devel oping 25 el ectrostatic
| mges showi n ood fixapjlity eyen.in_a
9 99 Qhe rxeoYogical properties of a toner so far
5 studied have been restricted to those relating to the
fixabilities of a toner in the state of hot rollers
after lapse of some time after power supply thereto,
i.e., in a stand-by state, where an upper roller
;(heating roller) and a lower roller (pressure roller)
10 have been sufficiently heated. It is also desired
however to improve the fixability in a state
immediately after power supply where the lower roller
(pressure roller) has not been sufficiently heated.
The toner according to the present invention
15 is characterized by having a storage modulus at 100 °c
(G'100) ©of 1x104 - leo4 Pa and a ratio of storage
moduli between 60 °C and 70 °C (G'go/G'yq) of at least
30.
According to my study, G'100 depends on a
20 degree of chain entanglement between polymer
components, i.e., between high-molecular weight
components and/or between a high-molecular weight
component and a low-molecular weight component,
constituting a binder resin contained in a toner.
25 G'jpp may be in the range of 1x10% - 5x10% Pa, more
preferably 1x104 - 4.5x104 Pa, further preferably

1.5x10% - 4x10% pa.



smal| particle size and an increased content of a colorant, particularly a
magnetie material . Anot her object of the present invention is to provide
a toner for devel oping electrostatic inages capable of show ng good
fixability frominmediately after power supply in a cold environnent. 5
Anot her object of the present invention is-1b-provide a toner for
devel oping el ectrostatic i mages capable of show ng good fixability for w de
ranges of apparatus including | ow speed apparatus to hi gh-speed apparatus
and al so showi ng excellent anti-offset 10 chajacteristic, anti-block
characteristic and flowatft1igy .e¥erReding opx @i B2 representatthavention is
to provide a toner for devel ostatic inages show ng goo

¥rery

opi.ng el ect d
fixability and QFRRPENERQ lﬂfcl?i%'i eneRE of R FhRathg. | adge

portions. A TUrthel CRlEL cindt' b Fosdt1y WEFSLe0a' fn its molten

state. In case where G'jgg is below 1x104 pa, the
5 entanglement of polymer chains becomes few and the
molten toner can be readily deformed, thus being
liable to lower the anti-offset characteristic.
G'gp and G'yo may be understood to represent
storage moduli of a binder resin in a transient state
10 from its glass state or glass transition initiation
state to a deformable state under applicafion of an
external force. A toner having a large content of
colorant, particularly a magnetic toner containing a
magnetic material as colorant, genéréfly shows a
15 correlation between the colérant content and the
fixability 86 tﬁat an increased content tends to lower
the fixability. The lowering in fixability of a toner
is pronounced at a lower fixing temperature or in a
stéte where the entire fixing device is not uniformly
20 heated even if the fixing temperature is high. More
| specifically, such a loﬁering in toner fixability is
pronounced in a state of the fixing dev;ce immediately
‘after power supply thereto in a cold environment where
the pressure roller is not sufficiently heated. This.
25 phenomenon can be explained based on a larger increase
in storage modulus of a toner cpntaining é colorant

than the binder resin alone.



to provide a toner for devel oping electrostatic |atent inmages capable of
provi dihg fog-free high-density toner inmages for w de ranges of apparatus
i ncluding 20 | ow speed apparatus to high-speed apparatus. According to the
present invention, there is provided a toner for devel oping an

el ectrostatic inmage, conprising: a binder 1t n, a colorant and a wax;

wherein the toner has 25 (a) a storage nodulus at 100 [err]C
(G[err]) of 1x10[err] Pa to 5x10[err] Pa, and (b) a storage nodulus at 60
[err]C (G [err]) and a -9- storage nodulus at 70 [err]C (G 70) providing

aratio (G[err]/G [err] fceprgingdyst i30 haphdrem fpund hap|tthe statiat ures

and advantages of the present invention wl|_ becone nore 5  apparent upon a
consi deration of'60dS g0l df A daportantindex fox, asalyaki nents of

the fixability of a toner at a low temperature,
particularly in a fixing device immediately after
5 power supply thereto in a cold environment.

G'60/G'70 is required to be at least 30 but
may preferably be 35 - 120, further preferably 40 -
110. In case where G'gg/G'79 is below 30, the
fixability of'the toner at a low temperature or in a

10 fixing device immediately after power supply in a cold
environment, is lowered. In case where G'gp/G'9g
exceeds 120, only an uppermost 1a§er of toner
contacting the heating roller is liable to be
excessively melted or deformed when the toner image on

15 a fixat;on sheet (transfer-receivi?g paper) is passed
through the fixing device, thus béing liable fo cause
offset.

G'gp of the toner may preferably be at least
7xio6 Pa, more preferably 1x107 - 5x108 Pa, further

20 preferably 2x107 - 4x108 Pa. A toher having G'gg of
belo_w-7x106 Pa is advantageous in fixation at low
temperatures but is liable to show inferior anti-
blocking and anti-offset characteristics. G'gg of
toner in excess of 5x108 Pa is advantageous in

25 respects of anti-blocking and anti-offset
characteristics but the low-temperature fixability of

the toner can be problematic.



present invention takeﬂ-+n €eﬂjUﬂ€%16ﬁ—mnth t he acconpanyi ng drawi ngs. 10

BR: EF DESCRI' PTI ON OF DRAMVNGS Flgure 1 is a graph shomﬁng rheologlcal
properties of a toner present invention. =

schematic illustratio ﬂEi I form ng appar at us tc tﬂ#ﬂSEEéﬁénggﬁgﬁN
according to the prese applik3ble. Figure § is aR

vi ew of a devel opi ng section of the apparatus shown in Figure 2. 20

DETAI LED DESCR
obtain a toner

PTI ON OF THE | NVENTI ON According to ny study, in order to
havi ng an i ncreased content_ of colorant Partlcularly
Bbod

magneti c materi al ) and a Sdmilarlyna Gizo OLithe

fixability and
hot roller fixi
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power supply eV%%rﬂﬂé}‘B¥é§erab1y 8x10° - 5x10° pa. G'7o of tomer in
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25

excess of 7x106 Pa may lead to a lower fixability at
low temperatures, and G'gg below 6x165 Pa may lead to
a lower anti-offset characteristic.

The toner according to the present invention
may preferably have a loss modulus (G") exhibits a
maximum in a temperature range of 48 ~ 65 °C, more
preferably 49 - 63 °C, further preferably 50 - 60 °C.
A maximum of G" at below 48 °C may lead to a lower
anti-blocking performance, and a maximum of G" at
above 65 °C provides a good anti-blocking
characteristic but may lead to a lower fixability.

The maximum of G" of toner may preferably be
8x107 - 5x108 Pa, more preferably 9x107 - 4x108 Pa,
further breferably 1x108 - 3x108 Pa. A maximum G" of
below 8x10’ Pa may lead to a lower flowability or
océurrence of agglomerate after storage of the toner
for a long period. A maximum G" in excess of 5x108 Pa
may require a large force for melt-deformation of the
toner.

2:The tonér according to the present invention
may preferably exhibit a loss tangent (tan §), i.e., a
ratio of loss modulus/storage modulus (G"/G'), of at
least 0.5 in a temperature range of 60 - 100 °C, and a

maximum tan 8§ of at least 1.5 in a temperature range



-10- environnent, it has been found necessary to use a binder and
aceordi hgl y.'a toner having specific rheol ogi cal properties. The rheol ogi cal
properties of a toner so far 5 studi ed have been restricted to those
relating to the fixabilities of a toner in the state of hot rollers after

| apse of sone tinme after power supply therettd- i.e., in a stand-by state,
where an upper roller (heating roller) and a lower roller (pressure roller)
10 have been sufficiently heated. It is also desired however to inprove the
fixability in a state inmmediately after power supply where the |ower roller
(pressure roller9fnh3 no?8bB6n sihei tovar| paycmpse. pTederobdy sbow ding to
the present invention 15 is characterized by having a storage nngylus at
100 [err]C (G [ ereximgp tanopeip]a.tepperetirepzange afr &4 o db SCerage

nmodul i between 68 %e é'C ang 70 err%CL(ﬁ%[grr]/G [errL)wgf at | east 30.
According to ny St Hé, @Fe ?faﬁiﬁeﬁ s"ofda C- In cas ere the
maximum tan 8 is found at a temperature below 63 °cC,

5 the toner may exhibit inferior anti-blocking and anti-
offset characteristics. In excess of 78 °C, the
fixability may be lowered.

_ The binder resin contained in the toner may
preferably show G'j;pg of 5x103 - 1x105 Pa, more

10 preferably 7x103 - 9x10% Pa, further preferably 1x10%
- 8x104 Pa. G'jgp of binder resin below 5::103 Pa may
lead to a lower anti-offset characteristic of the
toner,- and G'j39¢ in excess of 1x10° Pa may lead to a
lower fixability of the toner.

15 The binder resin used in the toner according
to the present invention may preferably be in the.form
of a resin composition comprising a high-modulus resin
component having G'jgqg of 1x10% - 1x10® Pa and a low-
moﬁulus resin compbnent having G'jg0 of below 1x104

20 Pa.

The G'jgo of the high-modulus resin component
may preferably be 1x104 - 1x106 Pa, more preferably
1.5x10% - 8x105 Pa. Below 1x10% Pa, the resultant
toner may have a low anti-offset characteristic.

25 Above 1x10% Pa, the resultant toner may have a lower
fixability, and the uniform mixing of the high-modulus

and low-modulus resin components may become difficult



20 degree of chain entangl enent between pol yner conponents, i.e., between
hi gh- mot ecul’ar wei ght conponents and/ or between a hi gh-nol ecul ar wei ght
conponent and a | ow nol ecul ar wei ght conponent, constituting a binder resin
contained in a toner. 25 G [err] may be in the range of |x10[err] -
5x10[err] Pa, nore preferably 1x10[err] --a55x10[err] Pa, further
preferably 1.5x10[err] - 4x10[err] Pa. G [err] exceeding 5x104 Pa
represents the presence of nmuch entangl enent of polymer chains, and the
toner cannot be readily defornmed in its nolten state. In case where G [err]
i s bel ow 1x10[ et} 3P $88®8- ent angl ement of pol yner chai ns beconmes few and

the nolten toner can be *ead%é defor ned, thus being Ikable to |l ower the
anti-offset characteristfee %é?? ULlG Eepip, FORROMUBRL MAY: st ood to

e 3 efBikly Shefis 5T BFShbl Bl BasThophete 10 rom it
' preferably 1x102 - 9x103 Pa, further preferably 5x102
5 - 8x10% Pa. If G'ypp is 1x10% Pa or higher, the

‘resultant toner may have a low fixability. Below

1x102 Pa, the resultant toner may have a low anti-

offset characteristic and the uniform mixing of the
“high-modulus and low-modulus resin components may

10 become difficult.

In the case where the binder resin is in the
form of a resin composition comprising a high-moduius
resin component and a low-modulus resin component as
described above, these resin components may preferably

.15 be mixed in weight percentages of 90:10 - 10:90, more
- preferably 80:20 - 15:85, furthef preferably 70:30 -
20:80. If the high-modulus resin component in the
binder resin is below 10 wt. %, the resultant toner
may have a low anti-offset characteristic and, above
20 90 wt. %, the toner may have a low fixability.

The binder resin in the toner may preferably
comprise.a polyester resin or a vinyl resin.

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

25 Dbelow.
The polyester resin used in the present’

invention may preferably comprise 45 - 55 mol. % of



state to a defornmable state under application of an external force. A toner
havi ng. & | afge content of colorant, particularly a magnetic toner
containing a magnetic material as colorant, generally shows a 15
correlation between the colorant content and the fixability so that an

i ncreased content tends to | ower the fixabirll®ry. The lowering in fixability
of a toner is pronounced at a lower fixing tenperature or in a state where
the entire fixing device is not uniformy 20 heated even if the fixing
tenperature i s high. N?re specifjcally sucg a lowering in toner fixability
i s pronounced inag¢gPa eCBPg?ﬂ%nFii?ﬂgsﬁeVi 2 Pﬁged%apglﬁcépter power
supply thereto in_a cold environnent where the pressure roller is not
sufficiently heatRRPORRRE - o5 phenonenon can be expl ai ned based on a | arger

I ncrease in storage ”Dd“|gﬁaﬂﬁléstBEGEhSOQEEBBBﬁgcﬁm@%h%&%”ha&ha” t he

bi nder resin al one. -
include: diols, such as ethylene glycol, propylene

5 glycol, 1,3-butanediol, 1,4-butanediol, 2,3-
butanediol, diethylene glycol, triethylene glycol,
1,5-pentanediol, 1, 6-hexanediol, neopentyl glycol, 2-
ethyl-1, 3-hexanediol, hydrogenated bisphenol A,
bisphenols and derivatives represented by the

10 following formula (A):
CHj

H—¢OR)3- o-@-{:@-o «ROIFH | (a),
CH,

wherein R denotes an ethylene or prdﬁ}lene group, x and
15 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):
H—OR' ¢ 0{D)-0—R'-035-H (B).

20 | CH4 CHg
wherein R' denotes -CH,CH,-, -Cﬂz-éﬂ- or -CHz-é- ,
CHg
x' and y' are iﬁdependently 0 or a positive integer
with the proviso that the average of x'+y' is in the
25 range of 0 ~ 10.

Examples of the dibasic acid constituting at

least 50 mol. $ of the total acid may include



Accordingly, it has been found that the ratio G[err]/G[err] is an

i nportait index for evaluating the fixability of a toner at a | ow
tenperature, particularly in a fixing device imrediately after 5 power
supply thereto in a cold environnent. G[err]/GJ[err] is required to be at
| east 30 but nmy preferably be 35 - 120, ftk%her preferably 40 - 110. In
case where G [err]/GJerr] is below 30, the fixability of the toner at a

| ow tenperature or in a 10 fixing device imrediately after power supply in
a cold environment, is |owered. In case where G[err]/G[err] exceeds 120,

only an upper noPenzepedicarboxylic, Acids nFudte R Rthplis 1agids |jable to
b i vel | t f th g <] 5 fixati
oheet (transt or CEREERHR) bon Ao ARG dackheini AT #hd BRA T Ce. thus
bei liable t ffset. f .the.t. | f bly be at | t
e 115ETS 10 v Mo 0 AL L S gl oo
preferably 2x10behtd aatphd G, Pheradid He i ddt dididid fKaide Ly

7x10[err] Pa is advdntagéous In fixatlon
5 their 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.

10 Examples of polyhydric alcohols may include:
glycerin, pentaerythritol, sorbitol, sorbitan, and
oxyalkylene ethers of novolak-type phenolic resin.
Examples of polybasic carboxylic acids héving three or
more functional groups may include: trimellitic acid,

15 pyromellitic acid, benzophenonetetracarboxylic acid,

" and their anhydride. _
An especially preferred class of alcohol
components constituting the polyester resin is a
bisphenol derivative represented by the above formula

20 (A), and preferred examples of acid components may
include dicarboxylic acids inclusive of phthalic acid,
terephthalic acid, isophthalic acid and their
anhydrides; succinic acid, n-dodecenylsuccinic acid,
and their anhydrides, fumaric acid, maleic acid, and

25 maleic anhydride. Preferred examples of crosslinking
components may include trimellitic anhydride,

benzophenonetetracarboxylic acid, pentaerythritol, and



tenperatures but is liable to show inferior anti- blocking and anti-offset
characteristics. G[err] of toner in excess of 5x10[err] Pa is advantageous
in 25 respects of anti-blocking and anti-offset characteristics but the
| ow-tenperature fixability of the toner.can be problematic. - 13-
Simlarly, G[err] of the toner may preferaltBy be at nost 7x106 Pa, nore
preferably 6x10[err] - 6x10[err] Pa, further preferably 8xl0[err] -
5x10[err] Pa. G[err] of toner in excess of 7x10[err] Pa may lead to a
| ower fixability at 5 |ow tenperatures, and G [err] bel ow 6x10[err] Pa may
lead to a | oner exyalkylene ebhercofrnaoveiakThypeophengddsr @eSdnto t he
present invention may preferably have a | oss nodulus (G') .exhibiting a
oly prabl

maxi mumin a tenperature famgRotyesker EGSFBrFFE,PﬁEF B BP¥RaB y 49 -
63 Lerr] C furtheisRLeleLabiYs 80 tefBebSELLE of THXLMYR o, C 2t below 48
particularly 45 - 85 °c, a number-average molecular
5 weight (Mn) of 1,000 - 56;000, more preferably 1,500 -
20,000, particularly 2,500 - 10,000, and a weight-
average molecular weight (MW) of 3x103 - 3x106, more
preferably 1x10% - 2.5x10%, further preferably 4.0x10%
- 2.0x106,

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-chlorostyrene, 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; vinyl esters, such as vinyl 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



anti - bl ocking perfornmance, and a maxi num of G' at above 65 [err] C provides
a good.anti«bl ocki ng characteristic but may lead to a lower fixability. 15
The maxi nrum of G' of toner may preferably be 8x10[err] - .5x10[err] Pa, nore
preferably 9x10[err] - 4x10[err] Pa, further preferably 1x10[err] -
3x10[err] Pa. A maxi mum G' of bel ow 8x10[ eft¥9-Pa may lead to a | ower
flowability or occurrence of agglonerate after storage of the toner 20 for
a long period. A maximum G' in excess of 5x10[err] Pa nay require a |large
force for nelt-deformation of the tgoner. The toner according to the present

i nvention may pﬂﬁ@gﬁﬁﬂﬁ}459ﬂl%1?§¥¥%ﬂ§¥¥%nﬂﬂﬁﬂa?¥¥JPT%Tr?§?3¥Y§., a 25

{orper at ur o andE RT3 60 SRR RethACE Aoy HEERE PCRpeLRYE cast

1.5 in 2 temer gliadditte, and'ai¥eilandibdtny] nd AHELFRY P ©
acrylates, such as methyl acrylate, ethyl acrylate,

5 n-butyl acrylate, isobutyl acrylate, propyl acrylate,
n-ocfyl acrylate, dodecyl acrylate, 2-ethylhexyl
acrylate, stearyl acrylate, 2-chloroethyl acrylate,
aqd 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 methacfylic acid derivatives, such as
acrylonitfile; methacryronitrile, and acrylamide;
esters of the below-mentioned a,f-unsaturated acids
and diesters of the below-mentioned dibasic acids.

| Examples of an acid value-providing or

20 carboxy group-containing monomer may include:
uhsaturated 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

25 anhydride, itaconic anhydride, and alkenylsuccinic
anhydride; unsaturated dibasic acid half esters, such

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



maximumtan 6 in a tenperature range of 64 - 75 [err]C, further preferably
65. - 73 [erk]C. In case where the maximnumtan [err] is found at a
tenperature below 63 [err]C, 5 the toner may exhibit inferior anti-blocking
and anti- offset characteristics. |In excess of 78 [err]C, the fixability
may be | owered. The binder resin containedag- the toner may preferably show
GJ[err] of 5x10[err] - 1x10[err] Pa, nore 10 preferably 7x10[err] -
9x10[err] Pa, further preferably 1x10[err] - 8x10[err] Pa. G [err] of

bi nder resin bel ow 5x103 Pa may lead to a | ower anti-offset characteristic
of the toner, - amal@after,r mano-medhyd ofithat@inatd, Monerethirld to a | ower
fixability of the toner. 15 The binder resin used in the toner
according to th@lmmgggmaﬁenv§MMmeuﬁxi[ﬂ%ﬁ#ﬁqgﬂ%ﬁﬁxaWQPQTN??QYhﬁof a resin
conposi tion conprising a high-nodulus resin conponent having G [err] of
1x10[err] - 1x1G[t&conate .omene-methyip M@W@é}%%ﬁﬁméﬁ‘ﬂnmhﬁG[err]

of belomllxlo[err] 20 Pa The GJlerr t he hi gh-nodul us resin conponent
may preferably mﬂﬁﬂﬂﬂé' e%ﬂﬁé?ﬂﬁ%ﬁgﬂ%ﬂﬂ?PratE&

5 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,f-unsaturated acid anhydrides, such

“.és crotonic anhydride, and cinnamic anhydride;

10 anhydrides between such an a,f-unsaturated acid and a
lower aliphatic acid; alkenylmalonic acid,
alkenylglutaric acid, alkenyladipié acid, and
anhydrides and monoesters of these acids.

It is also possible to use a hydroxyl group-

15 containing monomer: inclusive of -acrylic or
methacrylic acid ésters, such as 2-hydroxyethyl
acrylate, and 2-hydroxyethyl methacrylate; 4-(1-
hydroxy-1-methylbutyl )styrene, and 4—(1-hydroxy-1—'
mefhylhexyl)styrene.

20 The vinyl resin may have a glass transition
point of 45 - 80 °C, preferably 55 - 70 °C, a number-
average molecular weight (Mn) of 2.5x103 - 5x10%,
preferably 3x103 - 2x104, and a weight-average
molecular weight (Mw) of 1x104 - 1.5x106, preferably

25 2.5x10% - 1.25x106.

It is preferred that the toner binder reéin

has a molecular weight distribution measured by gel



1.5x10[err] - 8x10[err] Pa. Below 1x10[err] Pa, the resultant toner may
have a.tow anti-offset characteristic. 25 Above 1x10[err] Pa, the resultant
toner may have a lower fixability, and the uniform m xi ng of the

hi gh- modul us and | ow nodul us resi n conponents nay becone difficult -15-
in sone cases. The | ow nobdul us resin conpei2dt may preferably have G [err]
of below 1x10[err] Pa, nore preferably 1x10[err] - 9x10[err] Pa, further

preferably 5x10[err] 5 - 8x10[err] Pa. |If GJ[err] is 1x10[err] Pa or

hi gher, the resultant toner may have a low fixability. Below 1x10[err] Pa,
the resul tant tpeEmeakjoRachrempsagzaphy Off fosolmbleccontant: there

uni form m xing of the hi%h-nndulus and | ow-mopdul us resin conponents nmay 10

becone difficul {1-Bn-t BeTddsTalBeLomee oo ghereos din & form of a

: cul et frer ¢ R I
resin composition,conpriging sty 4 rdturan (THF)) such that it

provides peaks at least in a molecular weight region
5 of 2x103 - 4x104, preferably 3x103 - 3x104, more
preferably 3_.5x103 - 2x104, and in a molecular weight
region of 5x10% - 1.2x106, preferably 8x104 - 1.1x106,
more preferably 1.0x105 - 1.0x106.
As another preferred mode, the binder resin

10 may preferably provide a molecular weight distribution
such that a molecular weight region of at most 4.5x104
and a region of a larger molecular weight provide an
areal ratio of 1:9 - 9.5:0.5, preferably 2:8 - 9:1,
further preferably 3:7 - 8.5:1.5. T

15 Examp{es of the wax contained in the toner
may include: aliphatic hydrocarbon waxes, such as loﬁ—
molecular weight polyethylene, low-molecular weight
polypropylene, microcrystalline wax, and paraffin wax,
oxidation products of aliphatic hydrocarbon waxes,

20 such as oxidized polyethylene wax, and block
copolymers of these; waxes containing aliphatic esters
as principal constituents, such as carnauba wax, sasol
wax, montanic acid ester wax, and partially or totally
deacidified aliphatic esters, such as deacidified

25 carnauba wax. Further examples of the release agent
may include: saturated linear aliphatic acids, such as

palmitic acid, stearic acid, and montanic acid;



resin conmponent and a | ow nodul us resin conponent as descri bed above, these
resin cbnpodents may preferably 15 be mi xed in weight percentages of 90:10
- 10: 90, nore preferably 80:20 - 15:85, further preferably 70:30 - 20: 80.

I f the high-nodul us resin conponent in the binder resin is below 10 wt. %
the resultant toner may have a | ow anti-ofR3et characteristic and, above 20
90 wt. % the toner may have a |low fixability. The binder resin in the
toner may preferably conprise a polyester resin or a vinyl resin. The

pol yester resin pr

eferaply used ip,the present j{nvengion . _hav
conposition as WeSRtPHR eésﬂii?ﬁ@fl?hQCSSFye§PE P@skﬁ%ﬁggﬁaq1 ‘or esent
oventlon T PhFASHERAY ;£ PRL Bafoas Raflk; stAR) satubliead oM

alcohols, such as stearyl alcohol, behenyl alcohol,
ceryl alcohol, and melissyl alcohol; polyhydric

5 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

10 amides, such as ethylene-bisolerylamide,
hexamethylene-bisoleylamide, N,N'-dioleyladipoylamide,
and N,N'-dioleylsebacoylamide, aromatic bisamides,
such as m-xylene-bisstearoylamide, and N,N'-
distearylisophthalylamide; aliphatic acid metal salts

15 (generally called metallic sogp), such as calcium
stearate, calcium laurate, zinc stearate, and
magnesium stearate; grafted waxes obtained by
grafting aliphatic hydrocarbon waxes with vinyl
moﬁomers, such as styrene and acrylic acid; partially

20 estefified products between aliphatic acids and
polyhydric alcohols, such as behenic acid
monoglyceride; and methyl ester compounds having
hydroxyl group as obtained by hydrogenating vegetable
fat and oil.

25 A wax preferably used in the present
invention is one allowing the toner accotding to the

present invention to more clearly exhibit the



Exanpl es of the al cohol conponent may include: diols, such as ethyl ene

gl ycol ;*
but anedi ol ,
1, 6- hexanedi ol ,
bi sphenol
formula (A):

propyl ene 5 glycol, 1,3-butanediol, 1,4-butanediol, 2,3-
di et hyl ene glycol, triethylene glycol, 1,5-pentanediol,

neopentyl glycol, 2- ethyl-1, 3-hexanediol, hydrogenated

A, bisphenols and derivatives re@3sented by the 10 fol | ow ng
[err] wherein R denotes an ethyl ene or propyl ene group, X

and

15 y are independently O or a positive integer with the proviso that the
average of x+y is in the range of 0 - 10; diols represented by the
fol | owi ng fOrnup&aggfteFépﬁPczgheological properties. The toner

[err]

wh R denot dy d d I 1
"Neger with { nEOBOIFARS MER AL waFoRAY: A sty 58 Fns #Byidite. of o
- 10, Bxanpl es gf e i 4asi g AGLA 600N Wy Udldea RS (it ellentfdl the

t ot al

acid may

10

15

20

25

scanning calorimeter)) including a heat-absorption

main peak in a temperature region of 60 - 135 °C, more

preferably 60 - 100 °C, in view of the low-temperature

fixability and anti-offset characteristic of the
toner. It is further preferred that the wax-
containing toner provides a DSC curve including a
heat-absorption main peak and a heat-absorption sub-
peak or shoulder in a temperature region of 60 - 135
OC in view of the low-temperature fixability, anti-
offset_characteristic and anti-blocking
characteristic.

In order to provide a DSC curve of a toner
showing a glear heat-absorption peak in the
temperature region of 60 - 135 °C, the wax to be used
is limited. If the melting point of a wax-is defined
as.a temperature giving a maximum heat-absorption peak
on a DSC curve of the wax measured by using a
differential scanning calorimeter in a manner
described hereinafter, it is preferred to use a wax
having a melting point of 60 -~ 135 ©C. It is also
preferred that the wax is functionally separated in
order to provide improved low-temperature fixability
and anti-high temperature offset characteristic. For

this reason, it is preferred to use a wax composed of



-17- benzenedi carboxylic acids, such as phthalic acid, terephthalic acid
and i sophthalic acid, and their anhydrides; alkyldicarboxylic acids, such
as succinic acid, adipic acid, sebacic acid and azelaic acid, and 5 their
anhydrides; C6 - Cl18 al kyl or al kenyl- substituted succinic acids, and

t heir anhydrides; and unsaturated di carboxg4-c acids, such as fumaric acid
mal eic acid, citraconic acid and itaconic acid, and their anhydrides. 10
Exanpl es of pol yhydric al cohols may include: glycerin, pentaerythritol,
sorbitol, sorbitan, and oxyal kyl ene ethers of novol ak-type phenolic resin.
Exanpl es of pol abadeastatvox typesaoifd componentishriaclunding @ flavwet i onal
groups may include: trinellitic acid, 15 pyronellitic acid,

benzophenonet et Mgd§ipexpoiatawag component having ajaelqtisgistilovw v

preferred class of al cohol, .
melting point and a high-melting point wax component

having a relatively high melting point. More
5 specifically, the low-melting point wax component may
preferably have a melting point in the range of 60 -
94 ©°C, more preferably 70 - 90 °C. The high-melting
point wax component may preferably have a melting
point in the range of 95 - 135 °C, more preferably 95
10 - 130 OC, further preferably 100 - 130 °c.

In case where the low-melting point wax
component has a melting point below 60 Oc, the
resultant toner can have a G'j;gpp below 1x104 Pa,
leading to a lower anti-blocking characteristic. 1In

15 case where the high-melting point wax component has a
melting point in excess of 135 Oc, the toner can have
a G'gg/G'yo ratio below 30, leading to an inferior
low-temperature fixability of the toner.
| By using such low~-melting point wax cdmponent
20 and high-melting point wax component in combination,
| it is possible to provide the above-mentioned heat-
absorption main peak and/or heat-absorption sub-peak
or shoulder on a DSC curve of a toner.

It is further preferred to use a wax

25 comprising a low-melting point wax component and a
high-melting point wax component satisfying the

following conditions:



conponents constituting the polyester resin is a bisphenol derivative
represehted-'by the above forrmula 20 (A), and preferred exanpl es of acid
conponents may include dicarboxylic acids inclusive of phthalic acid,
terephthalic acid, isophthalic acid and their anhydrides; succihic acid,
n- dodecenyl succinic acid, and their anhydriglips, fumaric acid, naleic acid,
and 25 nmaleic anhydride. Preferred exanples of crosslinking conponents
may include trinellitic anhydride, benzophenonetetracarboxylic acid,
pentaerythritol, and -18- oxyal kyl ene et her of novol ak-type phenolic
resin. The pol yesteBOr &4 i n@lygpreffygaAty fHaveo £y amsd transition
tenperature of 40 - 90 [err]C particularly 45 - 85 [err]C, a
nunber - aver age nol e@ygpr- T @gﬁm ho) of 1,000 - 50,000, nore preferably
1,500 - 20, 000, partlcularly 500 - 10,000, and a wei ght- average

mol ecul ar melghﬂhewmﬁnoﬂbﬁxEGPGqu-almémH#nQ]PO#nﬁWQf the low-melting

point wax component, and Tmy denotes a melting point
'5 of the high-melting point wax component. It is
further preferred to satisfy:
20 °C g Ty - Ty € 75 °C.
The wax used in the toner according to the
éresent invention may preferably comprise the low-

10 melting point wax component and the high-melting point
wax component in a weight ratio of 1/19 ~ 9/1, more
preferably 1/9 - 8/1, further preferably 1/7 - 7/1.

By satisfying the above-mentioned mixing
ratio, the resultant toner may be provided with

15 further improved low-temperature fixability, anti-
blocking charécteristic and anti-offset characteristic
through contributions of the low-melting point wax
component and the high-melting point wax component.

In addition to the low-melting point wax

20 component, it is possible to incorporate another third
wax component within an extent of not hindering the
effect of the present invention and so as to slightly
adjust the low-temperature fixability, anti-blocking
characteristic or anti-offset characteristic. Such

25 another wax component should preferably be used in an
amount of at most 20 wt. %, if used, and should

preferably have a melting point in the range of 60 -



-

preferably 1x10[err] - 2.5x10[err], further preferably 4.0x10[err] -
2..0x10[%err].: 10 Exanpl es of a vinyl nononer to be used for
providing the vinyl resin may include: styrene; styrene derivatives, such
as o-net hyl styrene, m nethyl styrene, p-nethylstyrene, p-nethoxystyrene, p-
phenyl styrene, p-chlorostyrene, 3, 4-dichleRbstyrene, 15 p-ethylstyrene,

2, 4-di met hyl styrene, p-n-butylstyrene, p-tert-butylstyrene,

p- n- hexyl styrene,” p-n- octyl styrene, p-n-nonyl styrene, p-n-decylstyrene,
and p-n-dodecylst&fgne; et hyl eni cal | y unsat urated nonool efins, such as

et hyl ene, propyl% e,cbutylene, 20 and i sobutyl ene; unsaturated pol yenes,
such as but adi ene; hal ogenated vin

chl oride, vinyl bronide I%nﬁh9fﬁ9P¥¥fhﬁﬁgggaaéP%;ﬂggsggk gg%&@ﬁyggybgﬁere
oot et natr aE8 P52 e BEREARY| af T 0788 WETLBRERY) hpRe SUCT o 22
methacrylate, |3pOpL¥hpfGtaCT Yyohe. Bapeby' slthas” phadterafise - 15

5 wt. parts, per 100 wt. parts of the binder resin. By
using the wax in such a proportion, it becomes
possible to provide the toner with improved low-
temperature fixability, anti-blocking characteristic
and anti-offset characteristic, and also to reduce the

10 amount of wax particles isolated from the toner
particles.

A preferred class of the low-melting point
wax component used in the present invention may
include aliphatic hydrocarbon waxeé'hékihg a long-

15 chain alkyl group with little branching.. Specific
examples thereof may-includé, e.g., a low-molecular
weight alkylene polymer wax obtained through
polymerization of an alkylene by radical
poiymerization under a high pressure or in the

20 presence of a Ziegler catalyst under a low pressure;
an alkylene polymer obtained by thermal decomposition
of an alkylene polymer of a high molécu;ar weight; and
a hydrocarbon wax obtained by subjectihg a mixture gas
containing carbon monoxide and hydrogen to the Arge

25 process to form a polymethylene hydrocarbon mixture
and distilling the hydrocarbon mixture to recover a

residue, optionally followed by hydrogen addition.



-19- nethacryl ate, 2-ethyl hexyl nethacrylate, stearyl nethacryl ate, phenyl

met hacryl at-, di met hyl am noet hyl nethacrylate and di et hyl am noet hyl

met hacryl ate; acryl amesheesmmemr acryl ate, ethyl
e

jab)

at e
acryl ate, isobutyl: acryl ate, n-octyl acr)lBIg SHE --.
acryl ate, 2-ethyl hexy aryl a€2?+ate 2-chl o oethykEv ABEEN
and phenyl acryl ate, ers such as vinyl nethyl e o\ chyl
et her, and vinyl isobutyl 10 ether vi nyl ketones, such as V|nyI nmet hy

ket one, vinyl hexyl ketone, and nethyl |sopropenyl ket one; N-_vinyl
conpounds, such Fé@%mmlmn fl dydrocarhon Wask e, P#‘Gfﬁ#ﬁ@hﬁd@?e and
N-vi nyl pyrrolldone vi nyl napht hal enes; acrylic acid 15 derivatives or

met hacryl i ¢ aci P9 ‘i/\k% thy press SYWSALIRG (MeEhod. B8 1$PLFeREi | e, and

acryl am de; esters of_ the belo nentioned [err]-unsaturated acids and
di esters of the BSHAREA né’rﬂ%g ’:R!{ fractionating

crystallization. As the source of the hydrocarbon

5 wax, it is preferred to use polymethylene waxes as
obtained through synthesis from a mixture of carbon
monoxide and hydrogen in the presence of a metal oxide
catalyst (generally a composite of two or more
species), and waxes synthesized by the Synthol

10 process, the Hydrocol process (using a fluidized
catalyst bed), and the Arge process (using a fixed
catalyst bed) providing a product rich in waxy
hydroéarbon.

The above-mentioned long-chain alkyl group

15 can have a terminal portion substituted with a
hydroxyl group or a functional group derive from a
hydroxyl group, such as carboxyl group, ester group,
ethoxy group or sulfonyl group. A long-chain alkyl
aléohol may be produced as follows. Ethylene is

20 polymerized in the presence of a Ziegler catalyst and,
after the polymerization, oxidized to provide an
alkoxide of the catalyst metal and polyethylene, which
is then hydrolyzed to provide an objective long-chain
alkyl alcohol. The thus prepared long-chain alkyl

.25 alcohol has little branching and a sharp molecular
weight distribution and is suitably used in the

present invention.



Exanpl es of an aci.d val ue-providing or 20 carboxy group-containing nonomner
may, i nel ude:' unsaturated dibasic acids, such as maleic acid, citraconic
acid, itaconic acid, alkenylsuccinic acid, fumaric acid, and nesaconic
acid; unsaturated di basic acid anhydrides, such as mal ei ¢ anhydri de,
citraconi c 25 anhydride, itaconic anhydridegg-and al kenyl succi ni ¢ anhydri de;
unsaturated di basic acid half esters, such as nono-nethyl nal eate,
nmono- et hyl mal eate, nono-butyl -20- nal eate, nono-nethyl citraconate,
nono- et hyl citraconate, nono-butyl citraconate, nono-nethyl itaconate,
mono- net hyl al kenyl succi Aapseferredeiclgssf ofarties hightmedtdngtroint
mesaconate; -unsaturated 5 dibasic acid esters, such as dinethyl naleate and
di met hyl funar a®@x F@F'\Pjﬂﬂmﬁaﬂ’lﬁe&t da thejpresent aqvantian: may d,
met hacrylic acid, cratonic acid, and cinnam c acid; [err]-unsaturated acid
anhydri des, suchnclude aliphatic hydrocarbon waxes having a long-
chain alkyl group with little branching. Specific
5 examples thereof may include, e.g., a low-molecular
weight alkylene polymer wax 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;
10 an alkylene polymer obtained by thermal decomposition
of an alkylene polymer of a high molecular weight; and
a hydrccarbon wax obtained by subjecting a mixture gas
containing carbon monoxide and hydrogen to the Arge
process to form a polymethylene hydrocarbon mixture
15 and distilling the hydrocarbon mixture to recover a
residue, optionally followed by hydrogen addition.
Fractionation of hydrocarbon wax may preferably be
performed by the press sweating method, the solvent
method, vacuum distillation or fractionating
20 - crystallization. As the source of the hydrocarbon
wax, it is preferred to use polymethylene waxes as
obtained through synthesis from a mixture of carbon
monoxide and hydrogen in the presence of a metal oxide
catalyst (generally a composite of two or more
25 species), and waxes synthesized by the Synthol

process, the Hydrocol process (using a fluidized

catalyst bed), and.the Arge process (using a fixed



as crotoni c anhydride, and cinnam c anhydride; 10 anhydrides between such
an [err]-unsSaturated acid and a |ower aliphatic acid; alkenyl mal onic acid,
al kenyl glutaric acid, alkenyladipic acid, and anhydri des and nonoesters of
these acids. It is also possible to use a hydroxyl group- 15 contai ni ng
monomer : inclusive of acrylic or methacryl r@9acid esters, such as

2- hydroxyet hyl acrylate, and 2-hydroxyethyl nethacrylate; 4-(1- '
hydr oxy- 1- met hyl but yl') styrene, and 4-(1-hydroxy-1- nethyl hexyl)styrene. 20
The vinyl resin nqg have a glass transition pgint of 45 - 80 [err]C,

preferably 55 - qatalygt broraviding foPERARSE RAFHhLn( WARYOf
2.5x10[err] - 5x10éerr%, &éeferably 3x10[err] - 2x10[err], and a
wei ght - aver age MYREQFPRFPOR: ght” (Mv) of 1x10[err] - 1.5x10[err], preferably

25 2.5x10[err] - 1.25x10[grr It is preferred that the ner binder resin
has a nol ecul ar wei ght diéﬁ?i%ﬁ??ﬁﬁm géﬁ?gﬂ g?“géFhaln alk¥T’ gPolip

can have a terminal portion substituted with a

5 hydroxyl groups or a functional group derive from a
hydroxyl group, such as carboxyl group, ester group,
ethoxy group or sulfonyl group.

The low-melting point wax component
preferably used in the present invention may

10 preferably have a weight-average molecular weight (Mw)
of 300 -~ 1000, more preferably 350 - 900 and a ratio

- Mw/Mn (number-average molecular weight) of at mdst
2.8, more preferably at most 2.3. The high—meiting
point wax component may preferably have Mw of 500 -

15 15,000, more preferably 650 - 10,000, further
preferably 1,500 - 9,000, and a ratio Mw/Mn of at most
3.0, more preferably at most 2.5. A wax obtained by
combination of the low- and high-melting point wax
cémponents satisfying the above conditions may provide

20 the toner with improved low-temperature fixability,
anti-blocking characteristic and anti-offset
characteristic.

Some preferred combinations of the low- and
high-melting point wax components are enumerated

25 Dbelow.

(1) Combination of a low-melting point

hydrocarbon wax component and a high-melting point



-21- perneation chromatography of a soluble content thereof (i.e., a
filtrat'e frooma solution thereof in a solvent, such as tetrahydrofuran
(THF)) such that it provides peaks at |east in a nolecular weight region 5

of 2x10[err] - 4x10[err], preferably 3x10[err] - 3x10[err], nore preferably
3.5x10[err] - 2x10[err], and in a nol ecul agoaei ght region of 5x10[err] -
1.2x10[err], preferably 8x10[err] - 1.1x10[err], nore preferably
1.0x10[err] - 1.0x10[err]. As another preferred node, the binder resin 10

may preferably provide a nol ecul ar weight distribution such that a

nmol ecul ar wei ghhydegcanboh waxnoomponBrt04 and a region of a larger

nol ecul ar wei ght provide an areal ratio of 1:9 - 9.5:0.5, preferably 2:8 -
9:1, further preferably The log~melting]point hydrocarhom #aXof the wax
contained in the toner may include: aliphatic hydrocarbgon waxes, such as

| ow nol ecul ar GEMBARERS| Pavhpreferabdy. RoVec A 4PnAsICHRE a0 RoSRe,
M oroorystal | ey 1% 80YePRLAhEh 2 RE14T0E0PolRRILE S0°L o RRAtTC
| 5 Mw of 400 - 700, and Mw/Mn of 1.5 - 2.

The high-melting point hydrocarbon wax
component may preferably have a long-chain alkyl group
with little branching, a melting point of 95 - 130 °C,

'Mw of 800 - 2500, and Mw/Mn of 2 - 2.5.

10 (2) Combination of a low-melting point
hydrocarbon wax component and a high-melting point
substituted-alkyl wax component.

The low-melting point hydrocarbon wax
component may preferably be one similar to the one

15 used ih (1) above.

The high-melting point substituted-alkyl wax
componerit may preferably contain at least 50 wt. % of
components having a long-chain alkyl group with little
brénching and including an intra-molecular or terminal

20 substituent group other than hydrogen of preferably
hydroxyl and/or carboxyl. The high-melting point
substituted-alkyl wax component may preferably have a
melting point of 95 - 130 ©C, Mw = 800 - 5000, and |
Mw/Mn = 1.5 - 2.5.

25 (3) Combination of a low-melting point
substituted-alkyl wax component and a high-melting

point hydrocarbon wax component.



20 such as oxidi zed pol yet hyl ene wax, and bl ock copol yners of these; waxes
contairfing .«al i phatic esters as principal constituents, such as carnauba
wax, sasol wax, nontanic acid ester wax, and partially or totally
deacidified aliphatic esters, such as deacidified 25 carnauba wax. Further
exanpl es of the rel ease agent may include: =$dturated |inear aliphatic
acids, such as palnmtic acid, stearic acid, and nontanic acid; -22-
unsaturated aliphatic acids, such as brassidic acid, eleostearic acid and

par N actd; salur al edgl cohol Beatioh SRR A el sy
"auryl am de. sat BPAPEReRr Bdt PrSTaraiy, Rmrdl® B ARk A WA G 0
bi sstearyl am de. -GhBsheRRPha6aREY b oG- oRaln WXyAN R 3eH AT¢ie
branching and including an intra-molecular or terminal
5 substituent group other than hydrogen of preferably
hydroxyl and/or carboxyl. The high-melting point
substituted-alkyl wax component may preferably have a
melting point of 70 - 90 9C, Mw = 400 - 700, and Mw/Mn
= 1,5 - 2.5.
10 The high-melting point hydrocarbon wax
component may preferably be one similar to the one
‘used in (1) above.
(4) Combination of a low-melting point
substituted—élkyl wax component aﬁd“éyhigh-melting
15 point substituted alkyl wax component..

The low-melting pdint substituted-alkyl wax
component may be one similar to the one used in (3)
above.

‘ The high-melting point substituted-alkyl wax
20 comﬁonent may be one similar to the one used in (2)
above.

Some preferred examples of combination of
binder resins used in the present invention are
enumerated below.

25 (1) Combination of a low-modulus vinyl resin and
a high-modulus vinyl resin:

The low-modulus vinyl resin may preferably



10 am des, such as ethyl ene-bi sol eryl am de, hexanet hyl ene- bi sol eyl am de,
N,'N' - di*ol eyl adi poyl am de, and N, N -di ol eyl sebacoyl am de, aronmatic

bi sam des, such as m xyl ene-bi sstearoyl am de, and N, N -

di stearyl i sopht hal yl am de; aliphatic acid nmetal salts 15 (generally called
metallic soap), such as cal cium stearate, -@2cium | aurate, zinc stearate,
and nmagnesi um stearate; grafted waxes obtained by grafting aliphatic

hydr ocar bon waxes with vinyl nononers,. such as styrene and acrylic acid;
partially 20 esterified products between aliphatic acids and pol yhydric

al cohol s, such heveeMenFc5a008 nnﬁ@gﬂ?@erMUéEhaﬁdlméthyﬂobsﬁ¥¥iconpounds
havi ng hydroxyl grogp_as obtained by hydrogenating vegetable fat and oil.
25 A WBXOpr BReKaBl' y00s8d1E¥AOt hB3present invention is one allow ng

the toner according to th sent i_nyentign to nore cl earl xhi.Qit the
9 Tgepkggg-modulus vgny resin may pf@ erably

have Mw = 3x10% - 1.5x10%, Mw/Mn = 1.5 - 20, and G';q
5 = 1x10% - 1x106 pa.
(2) Combination of a low-modulus polyester resin
and a high-modulus polyester resin.
The low-modulus polyester resin may
preferably have Mw = 2000 - 30,000, Mw/Mn = 1.5 - 20,
10 and 1x10% Pa ¢ G'yg90 ¢ 1x10% Pa.
The high-modulus polyester resin may

preferably have Mw = 4x104 - 1x106, Mw/Mn

1.5 - 20,
and G'ygo = 1x10% - 1x10° Pa.
(3) Combination of a low-modulus vinyl resin and
15 & h}gh-modulus polyester resin
The low-modulus vinyl resin of fl) above and
the high-modulus polyester resin of (2) above may be
used in combination.
| (4) Combination of a low-modulus vinyl resin and
20 a high-modulus polyester resin
The low-modulus polyester resin of (2) above
and the high-modulus vinyl resin of (1) above may be
used in combination.
In the combinations of binder resins
25 described in (1) - (4) above, it is also possible to
add a third resin component within an extent of not

hindering the effect of the present invention. Such a



-23- characteristic rheol ogical properties. The toner containing such a wax
may. preferably be one providing a DSC curve (as neasured by using a DSC
(differential scanning calorineter)) including a heat-absorption 5 main
peak in a tenperature region of 60 - 135 [err]C, nore preferably 60 - 100
[err]C, in view of the |owtenperature fixadBtity and anti-of f set
characteristic of the toner. It is further preferred that the wax-

contai ning toner provides a DSC curve including a 10 heat-absorption main
peak and a heat-absorption sub- peak or shoulder, in a tepperature region of

60 - 135 [err] C tHiZH KPHIN (FRMPORRRE HRY 2%rR YIoRbi Fe83R- afti - of f set

haracteri sti tj- bl ockj haracteristic. 15 | der t
ot ovi o & DSC. ¢ RS TCSF ERH o SHOCRSE | kS 26 emtt, BFPIRCRRaK | n 1 ne

Per L ure 10l Bkl af SRl B fpoldie ol 08 4ARILicn! kil
heat - absorpti on ftdkedf ModlPFrétérab Py boCsuPyrdBass €6 LY Me58I30
5 wt. % or less.

In order for the toner according to the
present invention to exhibit the prescribed
rheological_properties, it is important to
appropriately select and combine the pinder resins and

i0 the wax(es), and further to appropriately mix these
materials. Even if the binder resins and the wax(es)
are appropriately selected, if these materials are
mixed in an inappropriate method, it is difficult to
attain the expected good rheological properties.

15 Methods for mixing a binder ;esin and a wax
preferably used for producing the toner according to
the present invention will be described below.

In order to obtain a toner according to the
présent invention exhibiting characteristic

'20' viscoelastic properties, the low-modulus binder resin,
high-modulus binder resin, high-melting point wax
component and low-melting point wax component may be
used in combination and mixed according to various
manners.

25 In a general term, the respective waxes
pulverized, the binder resin, colorant (or magnetic

material), and other optional additives may be blended



differential scanning calorinmeter in a manner descri'bed hereinafter, it is
preferred t-0 use a wax having a nelting point of 60 - 135 [err]C. It is

al so preferred that the wax is functionally separated in 25 order to

provi de inproved |l owtenperature fixability and anti-high tenperature

of fset characteristic. For this reason, it-34-preferred to use a wax
conposed of -24- at |east two types of conponents including a | ow

mel ting point wax conponent having a relatively |ow nelting point and a

hi gh-nel ti ng poi nt wax conponent having a relatively high nelting point.

More 5 specificd?¥y@ higndexy ek R i Hengghel onieent 3Rdytherf Bedbry
have 2 T2 11ng ROLLad HheLR0ge Gle Qs [SHELG FBLE RISl 2Lably 7O -
e POl k"R G el e BBl By REGAD - 1°0

melting point wax component and an optional third wax

5 component in advance. The melt-kneaded wax mixture

may be then added to and mixed with the binder

resin(s). As another method of wax addition, the

binder resin(s) may be dissolved in an organic solvent

under heating, and the wax is added to the solution,

10 followed by evaporation of the solvent to dryness.
Alternatively the binder resin(s) may be hot-melted
without using an organic solvent and then the wax may
be added thereto. As another method of wax addition,
the wax may be added in a step of synthesizing the

15 binder resin(s). Also in this case, the wax
components may be melt-kneaded in advance. As another
method of wax addition, only the low-melting point wax
component may be added to the binder resin(s) in
ad§ance. More specifically, this may be effected by

20 melt-kneading only the binder resin(s) and then adding
the low-melting point wax component thereto; by
dissolving the binder resin(s) in an organic solvent
under heating, adding thereto the low-melting point
wax component and drying the mixture by evaporating

25 the organic solvent; and by adding the low-melting
point wax in a step of synthesizing the binder

resin(s). In this case, the high-melting point wax



In case where the lownelting point wax conponent has a nelting point bel ow
60°[ers]C, the resultant toner can have a G[err] below 1x10[err] Pa,
| eading to a | ower anti-Dblocking characteristic. In 15 case where the
hi gh-nel ti ng poi nt wax conponent has a nelting point in excess of 135
[err]C, the toner can have a G[err]/G [erf¥35fatio below 30, |eading to an
i nferior lowtenperature fixability of the toner. By using such |lownelting
poi nt wax conponent 20 and hi gh-nelting point wax conponent in conbination,
it is possible to provide the above-nentioned heat- absorption main peak
and/ or heat - abs cyqupanent mae e @ddgd tialcthe tondsdy blending ibner. |t
is further preferred to use a wax 25 conprising a | ownelting point wax
conponent and a Wiitgh-the thinflenirrsinits k FeRtriRing the 1 oW-ReEtiRg| owi ng
condi tions: - 25- _ .
point wax component, the colorant (magnetic material),
etc., and melt-kneading the blend.
5 In the toner for developing electrostatic
images according to the present invention, it is
possible to add a charge control agent, as desired, in
order to further stabilize the chargeability thereof.
o The charge control agent may be used in 0.1 - 10 wt.
10 parts, preferably 0.1 - 5 wt. parts, per 100 wt. parts
of the binder resin.

Examples of the charge control agents may
include organometal complexes, chelate compounds and
organic metal salts, inclusive of mono-azo metal

15 complexes, metal complexes or metal salts of aromatic
hydroxycarboxylic acids and aromatic dicarboxylic acid
compounds. ' Other examples may include: aromatic
hydroxycarboxylic acids, aromatic mono- and poly-
carboxylic acids, anhydrides and esters of these

20 acids, and phenol derivatives of bisphenols.

When the toner according to the present
invention is constituted as a magnetic toner, the
magnetic toner may contain a magnetic material,
examples of which may include: iron oxides, such as

25 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,



80 C[err] (T[err] + T[err])/2 [err] 110 C, and T[err] - T[err] [err] 20
[err] C;' wherein TML denotes a nelting point of the |ow nelting point wax
conponent, and T[err] denotes a nelting point 5 of the high-nelting point
wax conponent. It is further preferred to satisfy: 20 [err]C [err] T[err] -,
Tlerr] [err] 75 [err]C. The wax used in the3bener according to the present
I nvention may preferably conprise the low 10 nelting point wax conponent
and the high-nelting point wax conponent in a weight ratio of 1/19 - 9/1,
more preferably 1/9 - 8/1, further preferably 1/7 - 7/1. By satisfying the
above- ment i oned fRehnasrAl; oCoy hEuy oBR t ¥ay %bmeﬁnna§nbesbpoﬁﬁde§1mﬁth 15
further inproved |Low-tenperature fixability, anti-_ blocking,characteristic
and anti-of fset tRharG®t st Pert htounaRn FiBBFiBﬁ§tBFthgfl mel ting
poi nt wax conponegnt and the high-nelting point wax conponent. In addition
to the |OMFnE|ti%B Bt nt wax 20 conponent, it is possible to incorporate

another third wax componeghoih Eii"e2AmBYLE"beOtnBOhallhBESE RELERT a1

5 may include: triiron tetroxide (Fe304), diiron
trioxide (¥-Fe;03), zinc iron oxide (ZnFe;04), yttrium
iron oxide (Y3Feg0;5), cadmium iron oxide (CdFej04),
gadolinium iron oxide (GdjFeg0;5), copper iron oxide
(CuFey04), lead iron oxide (PbFe;50;9)., nickel iron

10 oxide (NiFej;04), neodymium iron oxide (NdFe,0j3),
barium iron oxide (éaFelzolg), magnesium iron oxide
(MgFe;04), manganese iron oxide (MnFej04), lanthanum
iron oxide (LaFeQ3), powdery iron (Fe), powdery cobalt
(Co), and powdery nickel (Ni). Tﬁelébove magnetic

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

| The magnetic material may have an average

20 particle size (Dav.) of 0.1 - 2 pm, preferably 0.1 -~
0.5 pm. The magnetic material may preferably show
magnetic properties when measured by application of 10
kilo-Oersted, inclusive of: a coercive force (Hc) of
20 - 150 Oerstéd, a saturation magnetization (os) of

25 50 - 200 emu/g, particularly 50 - 100 emu/g, and a
residual magnetization (or) of 2 - 20 emu/g.

The magnetic material may be contained in the



effect of the present invention and so as to slightly adjust the

| ow-tenperafure fixability, anti-blocking characteristic or anti-offset
characteristic. Such 25 another wax conponent should preferably be used in
an anount of at nost 20 wt. % if used, and should preferably have a
melting point in the range of 60 - -26=3740 C. In the toner, such a wax
may preferably be used in a proportion of 1 - 20 w. parts, nore preferably
2 - 17 w. parts, further preferably 3 - 15 5 wt. parts, per 100 wt. parts
of the binder resin. By using the wax in such_a proportion, it becones

possible to prdﬂ?@%‘t#ﬂeQcﬂ%ﬁPQW¥¥P$rﬁﬁo¥%d‘l%9p vErpRREESr e fixability,
educe the 10 ORERTSTLNEA0 par {70 BE- | RBFEPecPPF ofPONECE RBFEBaPEI ol c5.
the binder resin.
The toner according to the present invention

5 may also 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 usedlas a
color toner, may contain a dye, examples of which may

10 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. Direét 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 6, C.I.

15 Basic Green 4, and C.I. Basic Green 6. Examples of |
thé pigment may include: Minerél Fast Yellow, Navel
Yellow, Naphthol Yellow S, Hansa Yellow G, Permanent
Yellow NCG, Tartrazine Lake, Molybdenum Orange,
Peimanent Orange GTR, Pyrazolone Orange, Benzidine

20 Orange G, Cadmium Red, Permanent Red 4R, Watching Red
Ca salt, eosine lake; Brilliant Carmine 3B; Manganese
Violet, Fast Violet B, Methyl Violet Lake, Cobalt
BLue, Alkali Blue Lake, Victoria Blﬁe Lake,
Phthalocyanine Blue, Fast Sky Blue, Indanthrene Blue

25 BC, Chrome Green, chromium oxide, Pigment Green B,
Mélachite Green Lake, and Final Yellow Green G.

Examples of the magenta pigment may include:



A preferred class of the lownelting point wax conponent used in the
present* i nvention may include aliphatic hydrocarbon waxes having a | ong- 15
chain alkyl group with little branching. Specific exanpl es thereof nmay
include, e.g., a.low nolecular weight al kylene polyner wax obtai ned through
pol yneri zation of an al kyl ene by radi cal pdd8merization under a high
pressure or in the 20 presence of a Ziegler catalyst under a | ow pressure;
an al kyl ene pol yner obtained by thernmal deconposition of an al kyl ene
pol ynmer of a high nol ecul ar weight; and a hydrocarbon wax_ obtai ned by
subj ecting a m &dre Pg‘é!!n%tlﬁqgnihg Larborft moho@ del arfk Wdrbdentlo the
Arge 25 process to faorm_a pol ynet hyl ene hydrocarbon m xtu elfﬂd gistilling
ol Pone

t he hydrocarbon Yaxthde Y r 0\/1_65r' :}7_r'es]i el,g'orﬁ]tor%ﬂ'd y2 1'oy
B)édr ogen additi %’ 37, ?378', @ﬁCtdoo,naAtf,ontxé),f Jy'drsod:’arﬁ'n g@fx é@’y ﬂ'ef erably
55, 57, 58, 60, 63, 64, 68, 81, 83, 87, 88, 89, 90,

5 112; 114, 122, 123, 163, 202,.206, 207, 209; C.I.
‘Pigment Violet 19; and C.I. Violet 1, 2, iO; 13, 15,
23, 29, 35.

The pigments may be used alone but can also
be used in combination with a dye so as to increase

10 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,
109, 121; C.I. Disperse Red 9; C.I. Solvent Violet 8,

15 13, 14,’21, 27; C.I1. Disperse Violet 1; and basic
dyes, such as C.I. Basic Red 1, 2, 9, 12, 13,.14, 15,
17, 18, 22, 23, 24, 27, 29, 32, 34, 35, 36, 37, 38,
39, 40; C.1. Basic Violet 1, 3, 7, 10, 14, 15, 21, 25,
26, 27, 28.

20 Other pigments include cyan pigments, such as
C.I. Pigment Blue 2, 3, 15, 16, 17; C.I. Vat Blue 6,
C.1. Acid Blue 45, and copper phthalocyanine pigments
represented by the following formula and having a
phthalocyanine skeleton to which 1 - 5 phthalimido-

25 methyl groups are added:



performed by the press sweating nethod, the solvent nethod, vacuum
distili’atioh or fractionating crystallization. As the source of the
hydrocarbon 5 wax, it is preferred to use pol ynet hyl ene waxes as obt ai ned
t hrough synt hesis froma mxture of carbon nmonoxide and hydrogen in the
presence of a netal oxide catal yst (generald% a conposite of two or nore
speci es), and waxes synthesized by the Synthol 10 process, the Hydrocol
process (using a fluidized catalyst bed), and the Arge process (using a
fixed catal yst bedy providing a product rich i n waxy hydrocarbon. The
above- nentioned | dng-chain group 15 fkan have a termnal portion
substituted with ¢ hydroxyl p or a funcfkional group derived froma
hydr oxyl group, suych as oxy gj up, estger group, etho group or
sul fonyl group. A}l ong- JE | cohol jmy bes producedjas foll qws.
Ethylene is 20 pdql yneri ed |Pﬂthe resence of afZiegler ta

after the polyneri|z DAROVI fe an q§¥fxl
met al and pol yet hyj vvh hCu— —- \ 2

5 C//

st akd,
catjal yst

10 : Examples of yellow pigment may include: C.I.
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 colorant may be added in
15 an amount of 0.1 - 60 wt. parts, preferably 0.5 - 50
wt. parts, per 100 wt. parts of the binder resin.
A flowability-improving agent may be blended
'with the toner to improve the flowability of the
toﬁer. Examples thereof may include: powder of
20 fluorine-containing resin, such as polyvinylidene
| fluoride fine powde: and polytetrafluorocethylene fine
powder; fine powdery silica such as wet-process silica
and dry-process silica, fine powdery titaniﬁm oxide
and fine powdéry alumina and treated silica, treated
25 titanium oxide or treated alumina obtained by surface-
treating (hydrophobizing) such fine powdery silica,

fine powdery titanium oxide or fine powdery alumina



is then hydrolyzed to provide an objective |ong-chain alkyl alcohol. The

t hus préparéd |ong-chain alkyl 25 alcohol has little branching and a sharp
nol ecul ar weight distribution and is suitably used in the present

i nventi on. -28- A preferred class of the high-nelting point wax
conponent used in the present invention nmey4®+cl ude aliphatic hydrocarbon
waxes having a long- chain alkyl group with little branching. Specific 5
exanpl es thereof may include, e.g., a | ow nolecular weight alkylene pol ymer
wax obtai ned t hrough pol ynerization of an al kyl ene by radi cal

pol yneri zati on widdr silang gounking agent, ttktaniwerceupling Rgent;
cat al yst under a Iom/pressure 10 an al kyl ene pol yner obtai ned by thernal

deconposi ti on ofSight %9m®1 Fﬁﬂ%ﬂer of a high nolecular weight; and a
hyrocar bon wax obt i ned by, SUPLeCtl g 8,07 5} Y e Bowani i ty-

improving agent includes dry process silica or fumed
5 silica obtained by vapor-phase oxidation of a silicon
halide. For example, silica powder can be produced
according to the method ufilizing pyrolytic oxidation
of gaseous silicon tetrachloride in oxygen-hydrogen
”flame, and the basic reaction.scheme may be
10 represented as follows:

SiCly + 2Hy + Oy — Si0O, + 4HCL.

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

15 compounds such as aluminum chloride or titanium
chloride together with silicon halide compounds. Such
is also included in the fine silica powder-to be used
in the present invention.

| It is preferred to use fine silica powder

20 having an average primary particle size of 0.001 - 2
pm, particularly 0.002 - 0.2 pm.

Commercially available fine silica powder
formed by vapor phase oxidation of a_silicon.halide to
be used in the present invention include those sold

25 under the trade names as shown below.

AEROSIL 130

(Nippon Aerosil Co.) 200



cont ai ni ng carbon nonoxi de and hydrogen to the Arge process to forma
pol.ynmet*hyl efie hydrocarbon m xture 15 and distilling the hydrocarbon m xture
to recover a residue, optionally followed by hydrogen addition.
Fractionati on of hydrocarbon wax may preferably be perforned by the press
sweating nethod, the solvent nethod, vacuwdldistillation or fractionating
20 crystallization. As the source of the hydrocarbon wax, it is preferred
to use pol ynet hyl ene waxes as obtai ned through synthesis froma m xture of
car bon nonoxi de and hydrogen in the presence of a_netal oxide catalyst
(generally a conposite of two or nore 25 species)?ognd waxes synt hesi zed by
the Synthol process, the Hydrocol process (using fluidized catal yst bed),
and the Arge process (using a fixed - 29- catal?gp bed) providing a
product rich in waxy hydrocarbon. OoX 50

TT 600
5 MOX 80
COK 84
Cab-0-8il M-5
(Cabot Co.) MS-7
MS-75
10 HS-5
EH-5
Wacker HDK N 20
(WACKER-CHEMIE GMBH) VvV 15
N 20E
15 - T 30
| T 40
D-C Fine Silica
(Dow Corning Co.)
Fransol
20 (Fransil Co.)

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

25 particularly preferred to use treated silica fine
powder having a hydrophdbicity of 30 - 80 as measured

by the methanol titration test.



The above-nentioned | ong-chain al kyl group can have a term nal portion
substituteds'with a 5 hydroxyl groups or a functional group derive froma
hydr oxyl group, such as carboxyl group, ester group, ethoxy group or

sul fonyl group. The lLownelting point wax conponent preferably used in the
present invention may 10 preferably have a-#2+ght-average nol ecul ar wei ght
(My) of 300 - 1000, nore preferably 350 - 900 and a rati o Mv Wh

(nunber -average nol ecul ar wei ght) of at nost 2.8, nore preferably at nost
2.3. The high-nelting point wax conponent nay preferably have Mv of 500 -
15 15,000, nore preferablSikista -fime @@ovdex rmayrber tmpanbed witboa: 9, 000,
and a ratio MM Mh of at nost 3.0, nore preferably at nost 2.5. A wax

obt ai ned by conth¥dkoRheRicite bFhemical Iy- kEeatingpthat peydezowddRent s
satisfying the above conditions m rovide 20 the toner with_ | nmproved
| owt enper at ur e 3 QEFINgL1igone tﬁ/ﬂgﬂéﬁ"&gc HaFGet e’r'?%‘t’?%"ﬁnﬁlﬁht Tof f set
characteristic. GO LAl P ddsh-A00R 7 480 P11 80°1 ¢ p8lide:

5 Example of such an organosilicone compound
may include: heiamethyldisilazane, trimethylsilané,
trimethylchlorosilane, trimethylethoxysilane,
dimethyldichlorosilane, methfltrichlorosilane,
allyldimethylchlorosilane, allylphenyldichlorosilane,

10 benzyldimethylcholrosilane, bromomethyl-
dimethylchlorosilane, a~chloroethyltrichlorosilane,
B—éhloroethyltriéhlorosi}ane, chloromethyldimethyl-
chlorosilane, triorganosilylmercaptans such as
trimethylsilylmercaptan, triorganosilyl acrylates,

15 wvinyldimethylacetoxysilane, dimethylethoxysilane,
dimethyldimethoxysilane, diphenyldiethoxysilane,
hexamethyldisiloxane, 1,3-divinyltetramethyldi-
siloxane, 1;3-dipheny1tetramethyldisiloxane, and
diﬁethylpolysiloxane having 2 to 12 siloxane units per

20 molecule and containing each one hydroxyl group bonded
to Si at the terminal units, and further silicone
0oils, such as dimethyl silicone o0il. These may be
used alone or as a mixture of two or more.compounds.

It is also possible to use a flowability-

25 improving agent by.treating the above-mentioned dry-~

process silica with an amino group-containing silane

coupling agent or silicone o0il as shown below:



hi gh-nel ti ng poi nt wax conponents are enunerated 25 below (1) Conbination
of *a | e+ neb'ti ng poi nt hydrocarbon wax conponent and a high-nelting point
-30- hydrocarbon wax conponent. The | ow nelting point hydrocarbon wax
conponent may preferably have a | ong-chain al kyl group with little
branching, a nmelting point of 70 - 90 [err}43-5 Mv of 400 - 700, and Mw Mh
of 1.5 - 2. The high-nelting point hydrocarbon wax conponent may preferably
have a | ong-chain alkyl group with little branching, a nelting point of 95
- 130 [err]C, Mwv of 800 - 2500, and MW Mh of 2 - 2.5. 10 (2)

Combi nation of a lownelting point hydrocarbon wax conponent and a

hi gh-mel ti ng poi nt IENCH,CHICEESR(BEH,Y)2x conponent. The |ow nmelting point
hydr ocar bon wax

- H.NCH.CH,CH.Si (OC.Hs)s

CH,

HzNCHzCHzCHzéi (OCH3).
' CHs
HzNCHzCHzNHCHzCHzCHzéi (OCHy)2
H.NCONHCH.CH,CH.Si (OC;Hs)s
H.NCH.CH.NHCH:CH.CH.Si (OCHas),
H,NCH,CH,NHCH,CH.NHCH.CH,CH,Si (OCHys

0 H.C.OCOCH.CHNHCH.CH:CHSi (OCHys

H,C.0COCH,CH,NHCH,CH,NHCH,CH,CH,Si (OCH)»
H:C,O0COCH,CH.NHCH.CH,NHCH.CH.NHCH,;CH.NHCH;CH,CH.Si(OCH,), |
H,COCOCH.CH:.NHCH,CH.NHCH,CH;CH.Si (OCHy)»

15 HG | |
“\\N — CH,CH,CH:Si (OCHa)s
yd

HsC.

HN—O)—Si (OCHD:

@—NHCH:CHzCHzSi (OCHys
20

HzNCHzCH,NHCIIz—@—CHzCHzSi (OCHa)s

HsC '
~N i (OC:Hps
HC /N—©—Sx (OC.Hs)

25



conponent may preferably be one simlar to the one 15 used in (1) above.
The - hi gﬁ-mel"ti ng poi nt substituted-al kyl wax conponent may preferably
contain at least 50 wt. % of conmponents having a | ong-chai n al kyl - group
with little branching and including an intra-nolecular or termnal 20
substituent group other than hydrogen of pr-efs$+sably hydroxyl and/or
carboxyl. The high-nelting point substituted-al kyl wax conponent nay
preferably have a nelting point of 95 - 130 [err]C, Mv = 800 - 5000, and

MV M = 1.5 - 2.5. 25 (3) Conbination of a | ownelting point
substi tuted-al kyl wa ne nd hi.ah- i.ng poi nt hydrocarbon wax
conponent . - 31- Tﬁgﬁﬁgﬁﬁ@yﬁk L@f{@)@t ed- al kyl wax conponent
may preferably contain at | east 40 wt. of conponents having a | ong-chain
al kyl group with IittHNCH,CHNHCH, CH.CH:Si (OCHa)»

HOCH:CHz\

5 /N — CH:CH:CH.Si (OCHs)s
HOCH.CH.

(H.CO)sSiCH:CH,CH, — NHCH,

(H:C;0),SiCH.CH,CH,
| _NH
| (H,C.0):SiCH.CH.CH;
i0
- H.CNHCH,CH.CHSi (OC.Hs)s

H,N (CH;CH,NH),CH.CH.CH,Si (OCHy)s.

H,C — NHCONHC:HSi (OCHy)s
15
20

25




branchi ng and including an intra-nolecular or termnal 5 substituent group
ot her than Hydrogen of preferably hydroxyl and/or carboxyl. The
hi gh-nmel ting point substituted-al kyl wax conmponent may preferably have a
melting point of 70 - 90 [err]C, Mv = 400 - 700, and MW Mh = 1.5 - 2.5. 10
The high-nmelting point hydrocarbon wax conpgient may preferably be one
simlar to the one used in (1) above. (4) Conbination of a |ow nelting
poi nt substituted-al kyl wax conponent and a high-nelting 15 point
substituted al kyl wax conponent. The |ow nelting point substituted-alkyl
wax conponent may be one As ra |sdrl ifconeheidne its eis ipogsSS)bldoue . usdican
hi gh-nmel ting point substituted-al kyl wax 20 conponent nmay be one simlar to
t he one used i n Encdnedd fisshwidridane @ilhaping afpavibrhastorctirei nder
resins used in the present invention are enunerated bel ow.

including an amino group in its side chain as shown

below:

10
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

15 group, aryl group, alkylene group and/or phenylene
group can contain an amino group or anothef
substituent, such as halogen, within an extent of not
impairing the chargeability. m and n denote a
positive integer.

20 Commercially available examples of the amino
group-containing silicone 0il may include the

following:

25



25 (1) Conbination of a | ow nodulus vinyl resin and a hi gh-nodul us

vi hyl rksin:® The | ow nodul us vinyl resin may preferably -32- have Mwv =
5,000 - 50,000, MW M = 1.5 - 20, and 1x10[err] Pa [err] G[err] <

1x10[ err] Pa. The high-nodulus vinyl resin may preferably have Mv =
3x10[err] - 1.5x10[err], MMM = 1.5 - 20,-d46d G[err] 5 = 1x1O0[err] -
1x10[err] Pa. (2) Conbination of a | ow nodulus polyester resin and a

hi gh- nodul us pol yester resin. The | ow nodul us pol yester resin nay
preferably have Mv = 2000 - 30, 000, NM/Nh = 1.5 - 20, 10 and 1x10[err] Pa
[err] Glerr] [ '

preferably have Mv = 4x10 err] - Ax10[ and G [err] =
1x10[err] - 1x10[eTF?dPa tﬂﬁﬁ?ﬁ&tlon of a gﬁﬁpﬁ?ggl?§ Pgiper sin and

iva ent

SF8417 (Toray Silicone K.K.) 1200 3500
5 KF393 (Shin'Etsu Kagaku K.K.) 60 360
KF857 ( " ) 70 830
KF860 ( " ) . 250 7600
KF861 ( " ) 3500 2000
KF862 ( " ) 750 1900
10 KF864 ( " ) 1700 3800
KF865 ( " ). - 90 4400
KF369 ( " ) 20 320
KF383 ( " ) 20 | 320
3-22-3680 « " ) “éb' 8800
15 X-22-380D ( " ) 2300 3800
X-22-3801C ( " . ) 3500 3800
X-22-3810B ( " ) 1300 1700
20 Tﬁe amine equivalent refers to a g-equivalent

per amine which is equal to a value of the molecular
weight of an amino group-containing si;icone oil
divided by the number of amino groups in the silicone
oil.

25 The flowability-improving agent may have a
specific surface area of at least 30 mz/g, preferably

50 m2/g. as measured by the BET method according to



15 a hi gh-nodul us pol yester resin The | ow nodul us vinyl resin of (1) above
and t het hi ghi- nodul us pol yester resin of (2) above may be used in

conbi nation. (4) Conbination of a | ow nodulus vinyl resin and 20 a

hi gh- modul us pol yester resin The | ow nodul us pol yester resin of (2) above
and the high-nmodul us vinyl resin of (1) abd¥ may be used in conbination.
In the conbinations of binder resins 25 described in (1) - (4) above, it is
al so possible to add a third resin conponent within an extent of not

hi ndering the effect of the present inyentjon. .Such a, -33- third resin
conponent nay b@lgryﬂﬁﬁ 4&§9§é%¥9nbolﬁggﬁ QWQH##%ﬁy?%ﬂRFQX;?%xﬁg%ﬁéresin
produced through_a different, process n ditdon a t her eof

shoul d pref erabl“?ybg’esﬁfﬁesiggﬂ @mﬁ“n%()%é gg‘(ﬁd 8 Wt r-rpoms'

preferably 0.1 - 4 wt. parts, per 100 wt. parts of the

toner.

5 The toner according to the present invention
may be prepared by sufficiently blending the binder
resin(s), the wax, a magnetic or non-magnetic
colorant, and a charge control agent or other
additives, as desired, by a blender such as a Henschel

10 mixer or a ball mill, followed by melt-kneading for
mutual dissolution of the resins of the blend, cooling
for solidification of the kneaded product,
pulverization and classification to recover a toner
product.

15 The toner according to the present invention
may preferébly have a weight-average particle size of
3 - 9 pm, more preferably 3 - 8 ym, so as to provide
high resolution and image density, and even such a
sméll—particle size toner can be well fixed under

20 application of heat and pressure.

The toner may be further sufficiently blended
with an external additive such as a flowability-
improving agent having a chargeability to a polarity
identical to that of the toner by a blender such as a

25 Henschel mixer to obtain a toner according to the
present invention, wherein the external additive is

carried on the surface of the toner particles.



5 w. %or less. In order for the toner according to the present invention
to .exhibit £he prescribed rheol ogical properties, it is inportant to
appropriately select and conbi ne the binder resins and 10 the wax(es), and
further to appropriately mx these materials. Even if the binder resins and
the wax(es) are appropriately selected, if48mese materials are mixed in an
| nappropriate nethod, it is difficult to attain the expected good

r heol ogi cal " properties. Met hods for mixing a binder resin and
a wax preferably used for p ucging the to er acco d| the sent

i nvention will be descr|59543 q'Iﬁ’ IOPSH 1SS rﬁ% rding to

the present inventi xNi bl ti acterlstlc 0 VISC | erties,
the | ow nodul us P R t% %mcﬁxar &ﬁrﬁﬁd’ﬁ%s err ‘f?leiﬁa £ Rgl%gg poi nt
wax component a gy in

conbi nati on andg%ef%ytggl?yre%quwﬂ %Efg%gu%%?egrls gﬁ"a In a
general term tReJRHEInY t¢° tHaX$D1lowing methods.

5 1) Rheological properties of toners and binder resins

Measurement is performed by using a visco-
elasticity measurement apparatus ("Rheometer RDA-II",
available from Rheometrics Co.).

Shearing means: Parallel plates having

10 diameters of 7.9 mm for a high-modulus sample or 25 mm
for a low-modulus sample.

Measurement sample: A toner or a binder
resin is heat-melted and then molded into a
cylindrical sample having a diameter of ca. 7.9 mm and

15 a height of 2 - 5 mm or a disk sample having a
diameter of ca. 25 mm andla thickness of 2 - 3 mm.

Measurement frequency: 6.28 radian/sec.

Setting of measurement strain: Initial value
is'set_to 0.1 %, and the measurement is performed

20 accoiding to an automatic measurement mode.

Correction for sample elongation: Performed
by an automatic measurement mode.

Measurément temperature: Increased at a rate
of 1 °C/min, from 25 °C to 150 °C.

25 An example of measurement results is shown in

Figure 1.

(2) Melting point of waxes



pul veri zed, the binder resin, colorant (or magnetic material), and other
opti onal additives may be bIended -34- by a blender, such as a Henschel
m xer, and then nmelt- kneaded to effect the mxing. It is possible to nelt-
knead the | ownelting point wax conponent, the high- nelting point wax
conponent and an optional third wax 5 conped®at in advance. The

mel t - kneaded wax m xture may be then added to and m xed with the binder
resin(s). As another method of wax addition, the binder resin(s) my be

di ssolved in an organic sol vent under heatlng, and the wax is added to the
solution, 10 followed byMeaspseaensnisf perfossedeby Neing fess.

Alternatlvely the binder resin(s) nmay be hot-nelted wthout usin

or gani ¢ sol vent didferentind ﬁ&?nﬂﬁfﬁgbé’aéd’d'é&et%r dt"®SCrY "an Stk glqﬁfhod of
T B o e ol B e b, LR B N b S 6 "
A sample in an amount of 2 - 10 mg,
5 preferably ca. 5 mg, is accurately weighed.
The sample is placed on an aluminum pan and
subjected to measurement in a temperature rahge of 30
- 200 °C at a temperature-raising rate of 10 °C/min in
a normal temperatur@2/normal humidity environment.
10 In the course of temperature increase, a main
peak of heat absorption appears on a DSC curve at a
temperature in the range of 30 - 200 ©C, and the
temperature is taken as the melting point of the wax

Sample.

15 (3) PSC curve of a toner
A DSC cure of a toner in a temperature-
raising stage is obtained in a similar manner as the
above-mentioned melting point measurement for a wax.

(4) Glass transition temperature (Tg) of binder resin

20 Measurement may be performed in the following

manner by using a differential scanning calorimeter
("DSC-7", available from Perkin-Elmer Corp.) according
to ASTM D3418-82. |
A sample in an amount of 5 -~ 20 mg,
25 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



conponents may be nelt-kneaded in advance. As anot her nethod of wax
addi ti oh, o¥ily the | ownelting point wax conponent nmay be added to the

bi nder resin(s) in advance. Mirre specifically, this may be effected by 20
mel t - kneadi ng only the binder resin(s) and then adding the [ow nelting
poi nt wax conponent thereto; by dissolving_g§e binder resin(s) in an
organi ¢ sol vent under heating, adding thereto the |ow nelting point wax
conponent and drying the m xture by evaporating 25 the organic solvent;
and by adding the lownelting point wax in a step of synthesizing the

bi nder resin(s).-1200HPc absa, témpebathraetaisingoratevat 10 26Zminoimonent
may be added to the toner by blending it wth the binder resin(s)

contai ning the |lamoshal ntepperatuce €onprmaht humidityl enwitrofmegheinc
material), etc., and nelt-kneading the blend. 5 In the toner for
devel opi ng el ectpacabhteél with a blank aluminum pan as a reference.

In the course of temperature increase, a main
5 absorption peak appears in the temperature region of
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
10 line passing between the base lines obtained before
and after the appearance of the absorption peak.

(5) Molecular weight distribution of waxes

The molecular weight (distribution) of a
wax may be-measured by GPC (gel permeation
15 chromatography) under the following conditions:
Apparatus: "GPC-150C" (available from Waters Co.)
Column: "GMH-HT" 30 cm~binary (available from
Toso K.K.)
Temperature: 135 °C
20 Solvent: o-dichlorobenzene containing 0.1 % of
ionol.
Flow rate: 1.0 ml/min.
Sample: 0.4 ml of a 0.15 %-sample.
Based on the above GPC measurement, the
25 molecular weight distribution of a sample is obtained
once based on a calibration curve prepared by

monodisperse polystyrene standard samples, and re-



i mges according to the present invention, it is possible to add a charge
controb*age¥it, as desired, in order to further stabilize the chargeability
t hereof . The charge control agent nay be used in 0.1 - 10 wt. 10 parts,
preferably 0.1 - 5 w. parts, per 100 wt. parts of the binder resin.
Exanpl es of the charge control agents may +8t+ude organonetal conpl exes,
chel ate conpounds and organic netal salts, inclusive of nobno-azo netal 15
conpl exes, netal conplexes or netal salts of aromatic hydroxycarboxylic
acids and aromatic di carboxylic acid conpounds. O her exanples may include:
aromati ¢ hydr oxyeatewlgted imrtosa dishnibutienocorrespendingatgokhaitc

aci ds, anhydrides_and esters of these 20 acids, andehenoI derivatives of

bi sphenol s. WherPE ROl vRERY LR USRI+ R TARVEFEien: IPFrPula; Based on
constituted as a magnetic._toner, the na th%c toper may contain a magnetic

material, exanpl €& aﬁ*ﬁ%?PV%&kiﬁk§ﬁ%%._ roATBRtBes, such as 25 magnetite,
gﬁgﬁtggekeangbfeféitﬁ%léé@fagx&gfﬁhgq&iéﬁ@iﬂ&tf@ﬂteranﬁiﬂheQXEggin”EtalS’

5 material or a binder resin in a toner

The molecular weight (distribution) of a
binder resin may be measured based on a chromatogram
obtained by GPC (gel permeation chrométography).

In the GPC apparatus, a column is stabilized

10 in a heat chamber at 40 9C, tetrahydrofuran (THF)
solvent is caused to flow through the column at that
temperature at a rate of 1 ml/min. A sample of a
binder. resin material is once passed through a roll
mill (150 ©°C, 15 min.) to be used.as.; measurement

15 sample. A toner sample is once dissolved in THF and
the solution is filtrated through a 0.2 pm-filter to
recover the filtrate as a sample. GPC sample solution
is prepared in an amount of 50 - 200 pl and at a
coﬁcgntration of 0.05 - 0.6 wt. % and is injected into

20 the column. The identification of sample molecular
weight and its molecular weight distribution is
performed based on a calibration curve_obtained by
using several monodisperse polystyrene samples and
having a logarithmic scale of molecular weight versus

25 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



and Ni, and.alloys of these nmetals with other netals, -36- such as Al,
Co,: Cup*Pb,*My, Ni, Sn, Zn, Sb, Be, Bi, Cd, Ca, M, Se, Ti, Wand V, and
m xtures of the above. Specific exanples of the magnetic material 5 may
include: triiron tetroxide (Fe[err](err]), diiron trioxide
([err]-Fe[err]err]), zinc iron oxide (Zpgglerr](ferr]), yttriumiron
oxide (Y[err]Fe[err]Jerr]), cadmumiron oxide (CdFe[err]Jerr]),
gadoliniumiron oxide (Gd[err]Fe[err](err]), copper iron oxide
(CuFe[err]err]), lead iron oxide (PbFe[err]derr]), nickel iron 10 oxide

(Ni Fe[ err] J er rdpprospiyte Upd iise K Deastldte[ standhear polySeyrenei ron
oxide (BaFe[err](err]), nmagnesiumiron oxide (MyFe[err](Jerr]), manganese
i ron oxide (Nhﬁa@mplééifmclﬁsi+enmﬂanhasérhavbngdmoleaﬁbﬁteweiyhtpowdery
iron (Fe), powdery cobalt (ﬁg#, and poydery néck (Ni)4 The aboye nagnetic
15 material s m9fbeew@ed 61Ty 2r1xk0Tri x481@” of 1¢ ¥bXJP" roPelrpOCies.

Parti cul arl SU|tabI magnet i mat eri al
Y 1.1x1 165,79 6%105 8 6x105 2x10% and 4.48x10%. The

5 detector may be an RI (refractive index) detector.
For accurate measurement, it is appropriate to
constitute the column as a combination of several
commercially available polystyrene gel columns in
order to effect accurate measurement in the molecular

10 weight range of 103 - 2x106. A preferred example
thereof may be a combination of p-styragel 500, 103,
104-and 102 available from Waters Co.; a combination
of Shodex KF-801, 802, 803, 804, 805, 806 and 807
available from Showa Denko K.K.

15 An example of an image forming apparatus to
which the toner according to the present invention is
applicable will now be described with reference to
Figures 2 and 3. The surface of an electrostatic
image-bearing member (photosensitive member) 1 is

20 negatively or positively charged by a primary charger
2 and exposed to light image by analog exposure or
scanning with a laser beam 5 to form an
electrophotographic image thereon (e.g., digital
latent image). The electrostatic image is developed

25 with a magnetic toner 13 contained in a developing
device 9 equipped with a magnetic blade 11 and a

developing sleeve 4 enclosing a magnet 23 having



for the present invention is fine powder of triiron tetroxide or
[err]- dfiroh trioxide. The magnetic material nay have an average 20
particle size (Dav.) of 0.1 - 2 pm preferably 0.1 - 0.5 pm The nagnetic
material may preferably show magnetic properties when neasured by
application of 10 kilo-Cersted, inclusive_gh_ a coercive force (Hc) of 20 -
150 Cersted, a saturation magnetization (as) of 25 50 - 200 emu/g,
particularly 50 - 100 enu/g, and a residual magnetization (or) of 2 - 20
enu/g. The magnetic material nmay be contained in the -37- toner in a
proportion of 1ﬂagn3@@cwboléarN$h Fhef graland acto@ding [tar tas, per 100

e

wt. parts of the binder resin toner according to the present invention
5 may al so cont gevezsatndesgiepmentonodenbpr axaopinad dbvmﬂm@hmndy i ncl ude:
carbon bl ack, titaniumwhite, and
mode. In a developlng zone, an alternating bias
voltage, a pulse bias voltage and/or a DC bias voltage
'5 is applied between an electroconductive substrate 16
of the photosensitive member 1 and the developing
sleeve 4 by a bias voltage application means 12. The
magnetic toner image formed on the photosensitive
member 1 is transferred via an intermediate transfer
10 member (not shown) or directly to a transfer paper P
(transfer-receiving material). More specifically, a
-trahsfer paper P having reached a transfer zone is
charged positively or negatively on its back side (on
a side opposite from the photosensitive member 1) by
15 means of a transfer charger 3, whereby the negatively
or positively charged magnetic foner image on the
photosensitive member 1 surface is electrostatically
transferred onto the transfer paper P. Then, after
being charge-removed by a discharge means 22, the
20 transfer paper P is separated from the photosensitive
member 1, and the toner image thereon is fixed under
application of heat and pressure onto the transfer
paper P when it is passed through a hot pressure
fixing device 7 enclosing a heater 21.
25 ‘ The magnetic toner remaining on the
photosensitive member 1 after the transfer stage is

removed by cleaning means including a cleaning blade



ot her pignents and/or dyes. For exanple, the toner according to the present
i nvent ion, sthen used as a color toner, may contain a dye, exanples of which
may 10 include: C 1. Direct Red 1, C|I. Direct Red 4, C. 1. Acid Red 1, C |
Basic Red 1, C.I. Mordant Red 30, C.I. Direct Blue 1, C.I. Direct Blue 2,
Cl. Acid Blue 9, CI.. Acid Blue 15, C|. Bzigi-c Blue 3, C |I. Basic Blue 5,
C|. Mrdant Blue 7, C 1. Direct Geen 6, C.I. 15 Basic Geen 4, and C. |
Basic Green 6. Exanples of the pignment may include: Mneral Fast Yell ow,
Navel Yellow, Naphthol Yellow S, Hansa Yellow G Permanent Yell ow NCG
Tartrazi ne Lake, 8\Vbl heec photOsengd tiver member O afierGHRe Riegruinges
Orange, Benzidine 20 Orange G Cadm um Red, Permanent Red 4R, Watchi ng Red
Ca salt, eosine sybdecked [togerags exposiBe knnhgapesurg gleans Moy o| et
B, thhyl Viol et Lake, Cobalt BLue, Alkali Blue Lake, Victoria Blue Lake,
Pht hal ocyani ne Bpﬁérgpa§ﬁmQW91BPHé Pﬁ&aﬁ@ﬁ#@h§“ﬂlﬁ9ﬁ2§lﬁ9 hridAges een,

chrom um oxi de, nment C?een B Iac te C?eegaLak and .Fi nal Yel |l ow
Green G Exanple§°‘P1Pﬁé rom the charging

5 step using the primary charger.

Referring to Figure 3, the electrostatic
image-bearing member (e.g., photosensitive drum) 1
comprises a photosensitive layer 15 and an
electroconductive support 16 and rotates in the

10 direction of an arrow. The developing sleeve 4
comprises a non-magnetic cylinder and rotates so as to
move in an identical direction as the surface of the
electrostatic image-bearing member 1 at the developing
zone. Inside the non-magnetic cylindrical sleeve 4, a

15 multi-pole permanent magnet (magnet roll) 23 as a
magnetic field-generating means is enclosed so as not
to rotate. The magnetic toner 13 in the developing
device 9 is applied onto the developing sleeve 4, and
tﬁe magnetic toner particles and triboelectrically

20 charged through friction with the surface of the
developing sleeve 4. An iron-made magnetic doctor
blade 11 is disposed in proximity to the surface of
the cylindrical developing sleeve 4 (with a spacing of
50 ~ 500 pm), thereby forming a magnetic toner layer

25 in a uniformly controlled small. thickness (30 - 300
um) which is equal to or smaller than the spacing

between the photosensitive member 1 and the developing



- 38- C.I. Pignent Red 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16,. 17;*18,-19, 21, .22,-23; -30+-3%--32; 37, 38, 39, 40, 41, 48, 49, 50, 51,
52, 53, 54, 55, 57, 58, 60, 63 64 68 81 83, 87, 88, 89, -qﬂ g 1.2

114, 122, 123, 163, She #9: C.I. Pignment Viol et Td:lAs BEEN
V‘olet 1, 2, 10, 13, The pngents may be u RERLACED can
al so be used I n conbi ye so as to increase 10 the clartty—foer-

provi ding a col or toner for fuII color i mage formation. Exanples of the
magent a dyes may include: oil-soluble dyes, such as C.I. Solvent Red 1, 3,
8, 23, 24, 25, 2gleébe 49at Sthe S@evélopirg Z6Ne.10Phe lPdtatibn Bpegdrse Red
9; C.I. Solvent Violet 8, 15 13, 14, 21, 27; C.|. Disperse Violet 1; and
basi ¢ dyes, suchofistiie|devetopimgdslee?e 4,6 ig2tolgrotidels, surfacs, 22, 23,
24, 27, 29, 32, 34, 35, 36, 37, 38,

speed thereof which is substantially equal to or close

to the surface speed of the photosensitive member 1.
5 The magnetic doctor blade 17 may be formed of a
permanent magnet instead of iron so as to form a
counter magnetic pole. At the developing zone, the
developing sleeve 4 may be supplied with an AC bias or
pulse bias.voltage by the bias voltage application
10 means. The AC bias voltage may have a frequency (f)
of 200 - 4000 Hz and a peak-to-peak voltage (Vpp) of
500 - 3000 volts.
At the developing zone, the magnetic toner
particles are transferred toward the electrostatic
15 1image side under the action of an electrostatic force
exerted by the photosensitive member surface and the
AC or pulse bias voltage.
_ The magnetic iron blade 17 can be replaced by
an elastic blade formed by an elastic material, such
20 as silicone rubber, so as to apply the magnetic toner
on the developing sleeve and regulate the magnetic
toner layer thickness by a pressing force.
Hereinbelow, the present invention will be
~described based on Examples.
25 Example 1
A toner was prepared from the folloﬁing

materials (a) - (f).



39, 40; C 1. Basic Violet 1, 3, 7, 10, 14, 15, 21, 25, 26, 27, 28. 20
Q her pignents include-cyan—pigments, such as C 1. Pignent Blue 2, 3, 15
16, 17; C. 1. Vat Blue 6 C. .:Acid Bhye 45, and copper phtt '"“"ﬂnlne

T n ac
pi gnments represent ed Bﬁl

C

formul a and havi ng THhtSHEEi’cMAslBEE
skeleton to which 1 - 25 metgl groups are| adde®REPLACEPO-
[err] 0 Exanpl es of yetrtow-ptgheni
may include: C. 1. Pignent Yellow 1, 2, 3, 4, 5, 6, 7, 10, 11, 12, 13, 14,
15, 16, 17, 23, 65, 73, 83; C.1. Vat Yellow 1, 13, 20. Such a non-nagnetic
col orant nay be addetia) n liow emodwiusitbidér lresf® wt. part %0 ptepartbly 0.5
- 50 wt. parts, per 100 wt. parts of the binder resin. A

f1 owabi | i ty-inproving ageh$tﬁ§9n%eb%tﬁhd@GrYlate copolymer prepared by

solution polymerization; Tg = 62.1 °C, Mw = 12,300,
Mw/Mn = 2.4, G'y9g9 = 2.3x103 Pa)
5 (b) High-modulus binder resin 30 wt.parts
(Styrene-butyl acrylate copolymer prepared by
suspension polymerization; Mw = 793,600, Mw/Mn = 2.1,
Tg = 60.7 °C, G'j99 = 1.7x10° Pa)

(c) Magnetic material 90 wt.parts
10 (Dav. (average particle size) = 0.2 um)
(@) Mono-azo metal complex : 2 wt.parts

(negative charge control agent)
(e) Low-melting point wax 4 wt.parts
(High-purity low-melting point hydrocarbon |
15 wax prepared by purifying petroleum wax by the press
sweating method; Tmp (melting point) = 75 °C, Mw =
520, Mw/Mn = 1.8)
(f) High-melting point wax synthesized by the
Fischer-Tropshe process; Tmp = 108 °C, Mw = 1080,
20 Mw/Mn = 2.0)
The above materials were pre-blended by a
Henschel mixer and melt-kneaded through a twin-screw
kneading extruder at 130 °C. After cooling, the
kneaded product was coarsely crushed by a cutter mill
25 and pulverized by a fine pulverizer using a jet air
stream, followed by classification to obtain a

negatively chargeable insulating magnetic toner having



with the toner to inprove the flowability of the toner. Exanples thereof
may- i nel ude:” powder of 20 fluorine-containing resin, such as pol yvinylidene
fluoride fine powder and pol ytetrafl uoroethylene fine powder; fine powdery
silica such as wet-process silica and dry-process silica, fine powlery
titani um oxide and fine powdery alum na andstzeated silica, treated 25
titani um oxide or treated alum na obtai ned by surface- treating
(hydrophobi zi ng) such fine powdery silica, fine powdery titanium oxide or
fine powdery al um na £40- with silane coupling agent, titanium coupling
agent, silicone ai weight-a%erageepaeticllessice (Be)f koBaldi hm.y- Thepr ovi ng
agent includes dry process silica or fumed 5 silica obtained by vapor-phase
oxi dati on of a smbgovetikationer Hor 10Qampl.c pagitsi waspblendedawidd dr.€duced
according to the nmethod utilizing pyrolytic oxidation .
wt. part of negative chargeable hydrophobic dry-
process silica (Sggy (BET specific surface area) = 300
5 mz/g) as external additive by mean of a Henschel mixer
- to obtain Magnetic toner (1).
In order to measure the rheological
properties of Magnetic toner (1), the toner was heat-
melted and cast into a cylindrical sample having a
10 diameter of ca. 8 mm and a height of 3 mm. The sample
was fixed on serrated parallel plates of 7.9 um in
diameter and subjected to measurement of temperature-
dependent storage modulus and loss modulus according
to an ordinary method. The measurement results are
15 shown in Figure 1.
The dispersibility of the wax in the toner
was evaluated by observing the toner through an
optical microscope equipped with a polarizer at a low
magnification at ca. 6, whereby only 7 - 8 bright
20 spots indicating the presence of isolated wax
particles were observed with respect to ca. 300 toner
particles in the view field, thus sbwing a good
dispersion state.
The magnetic toner was subjected to 1x105
25 sheets of continuous image formation by using a

digital copier ("GP-SS#, available from Canon X.K.).

The digital copier included a photosensitive



of gaseous silicon tetrachloride in oxygen-hydrogen flame, and the basic
readcti on schliene may be 10 represented as follows: SiC[err] + 2Herr] +
gerr] [err] Siderr] + 4HA . In the above preparation step, it is also
possi ble to obtain conplex fine powder of silica and other netal oxides by
usi ng other netal halide 15 conpounds suchk58s al umi num chloride or titanium
chloride together with silicon halide conpounds. Such is also included in
the fine silica powder to be used in the present invention. It is preferred
to use fine silica powder 20 having an average primary particle size of
0.001 - 2 pm pédrunchaying @ G92mm-gia.[ eluminugy@yddaden coatdad aith fine
silica powder formed by vapor phase oxidation of a_silicon halide to be
used in the pred8nOPChphetosensitiyee lawede sdhe Rhahesensifd ve 4 anes

as shown bel ow. AEROSI L 130 (N ppon Aerosil Co. 200
was charged at -700 volts by g:pﬂ%%ary charger aﬁh

- image-scanned by laser light to form a digital latent
5 image thereon, which was déveloped by a reversal

development mode with the above-prepared negatively.
chargeable magnetic toner (Magnetic toner (1))
triboelectrically charged on a developing sleéve
containing a fixed magnet including four magnetic

10 poles including a developing magnetic pole of 950
gauss.

The developing sleeve was supplied with a DC
bias of -600 volts and an AC bias (Vpp = 800 volts, f
= 1800 Hz). The resultant magnetic toner image on the

15 photosensitive member was electrostatically
transferred onto plain paper by transfer means. After
charge removal and separation from the photosensitive
drum of the plain paper, the plain paper carrying the
maénetic toner image wés passed through hot pressure

20 meahs including a heating roller and a pressure roller
to fix the toner image.

The resultant images showed an image density
of 1.33 at the initial stage (1lst to 10th sheets) and
1.35 at the end of the 10° sheets of the continuous

25 image formation, thus showing substantially no change.
Good image qualities were obtained without causing

image quality charges, such as scattering and



-41- 300 380 OX 50 TT 600 5 MOX 80 CCK

84 Cab-O Si'l M5 (Cabot Co.) M5-7 M5-75 10

HS-5 EH- 5 Wacker HDK N 20 (WACKER- CHEM E GVBH) V 15 N 20E
15 T30 T40 DDC Fine Silica (Dow
Corni ng Co.) . ~59~

thickening of line images. After completion of the
105 sheets of continuous image formation, the OPC
photosensitive drum surface was observed, whereby the
drum surface was found to be accompanied with no

5 attachment of isolated wax or no noticeable damages.
The resultant images also showed no image defects
attributable to damages on the OPC photosensitive
drum. _

Then, the fixing device of the digital copier

10 was removed from the copier, and an'externally driven
fixing device remodeled so as to rotate at a fixing
roller speed of 100 mm/min and equipped with a
temperature controllef s0 as to vary the fixing roller
temperature within the range of 100 - 250 °c. a

15 fixing test was performed in a thermostat vessel
controlled at 3 - 5 9C and, after confirming that the
fixing device assumed the vessel temperature, power
was supplied to the fixing device, so that the fixing
teét was performed immediately after the heating

20 roller (upper roller) reached 110 Oc. . At that time,
the pressure roller (lower roller) assumed a
temperature of ca. 70 °C. Then, while the heater
was energized, the fixing rollers were rotated
continually for 20 min. to effect a fixing test, when

25 the pressure roller (lower roller) showed a
temperature of ca. 90 °cC.

As a result of the above-mentioned fixing



Fransol 20 (Fransil Co.) It is further preferred to use treated
sifica'fine*powder obtained by subjecting the silica fine powder fornmed by
vapor - phase oxidation of a silicon halide to a hydrophobicity-inparting
treatment. It is 25 particularly preferred to use treated silica fine
powder having a hydrophobicity of 30 - 80 aggweasured by the nethano
titration test. -42- Silica fine powder may be inparted with a
hydr ophobicity by chemcally treating the powder with an organosilicone
conpound, etc., reactive with or physically adsorbed by the silica fine
powder. 5 testByarbhlec refsuddantaf icegh imsigeisc ehowestzo dehsigly | ncl ude:
hexanet hyl di sil azane, trinethylsilane, trimethylchlorosilane,
tri met hyl et hoxysidesreass of 8 & dmedisitedr affamihe iRower GHRRYE,
and a density decrease of 13 % after 20 min., thus
showing levels of practically of no problem. When the
5 +toner was left standing for 7 days in a thermostat
vessel controlled at 50 °C to effect an anti-blocking
test, the resultant toner showed slight agglomeration
which however could be easily disintegrated to recover
good flowability.

10 The toner showed a glass transition
temperature (Tg) which was substantially not lower
than that of the binder resins and a DSC curve showing
heat-absorption peaks corresponding to those of the
low-melting point wax and the high-melting point wax

15 when these wéxes alone were subjected to DSC
measurement.

Example 2
Magnetic toner (2) was prepared in the same
manner as in Example 1 except for using a binder resin

20 prepared by dissolving the low-modulus binder resin
and the high-modulus binder resin in an organic
solvent for uniform mixing and distilling off the
organic solvent. The magnetic toner was subjected to
evaluation of image density, fixability and

25 rheological properties in the same manner as in

Example 1. The results are shown in Table 1.

Example 3



al Iyl di et hyl chl orosi | ane, al |yl phenyl di chl orosil ane, 10

benzyl di met*iyl chol rosi | ane, brononet hyl - di et hyl chl or osi | ane,
a-chloroethyltrichlorosilane, [err]-chloroethyltrichlorosilane,

chl oronmet hyl di net hyl - chl orosi |l ane, triorganosilyl nercaptans such as
trimethylsilylmercaptan, triorganosilyl acrcghates, 15 : '

vi nyl'di met hyl acet oxysi | ane, di net hyl et hoxysi | ane, di net hyl di net hoxysi | ane,
di phenyl di et hoxysi | ane, hexanet hyl di si | oxane, 1, 3-divinyltetranethyldi-

si | oxane, 1, 3-di phenyl tetranethyl di sil oxane, and di net hyl pol ysi | oxane
having 2 to 12 sil oxane uMagaeptt EOnewl €30 wasngrepatraedning thec isameec

hydr oxyl group bonded to Si at the termnal units, and further silicone
oils, such as di menher @sl inoFsasple Thexcepdy fos usdadalomdiforas a

m xture of two or nore conpounds. It is also possible to use a flowability-
25 i nprovi ng agemixtyurer o4t thg lpw-apdtingeRointcwaz pndpitbeeddali-ica with

an am no group-containing silane couplin% a%ent or silicone oil as shown
bel ow: melting point wax prepared through melt-mixing and the

5 binder resin mixture prepared in-Example 2. The
results of evaluation of the magnetic toner including
the rheological properties thereof are shown in Table
1.

wExam le 4
10 Magnetic toner (4) was prepared in the same
manner as in Example 1 except for using the binder
resin mixture prepared in the same manner as in
Example 2 but adding simultaneously thereto the melt-
mixture wax of Example 3. The evaluation results are
‘15 also shown in Table 1. |
Example 5

Magnetic toner (5) was prepared in the same
manner as in Example 4 by using the same high-modulus
binder resin, low-melting point wax and high-melting

20 point wax but replacing the low-modulus binder resin

with the following one.

Low-hodulus binder resin (Styrene-acrylic
acid copolymer prepared by sblution polymerization; Tg
= 59.3 °C, Mw = 8,800, Mw/Mn = 2.3, G'ygq = 9.2x102

25 Pa).

The magnetic toner was evaluated in the same

manner as in Example 1. The results are also shown in



-43- Herr]NCHerr]CHerr]CHerr]S (OCHerr])[err]
Herr]NCH err]CH err]CH err]SI (OCCerr]Herr])[err] CHerr] 5
Herr]NCH err]CH err]CH err]Si (OCH err])[err] CH err]

Herr]NCH err]CH err]NHCH err]CH err]CH err]Si (OCH err])[err]

Herr] NCONHCH err] CH err]CH err]Si (OCerrligherr])[err]

Herr]NCH err]CH err]NHCH err] CH err]CH err]Si (OCH err])[err]

Herr]NCH err]CH err] NHCH err]CH err] NHCH err]CH err] CH err] Si

(CCH err])[err] 10 Herr](err]OCOCH err]CH err]NHCH err]CH err]CH err] Si
(CCH err])[err] Table 1.

Herr]Cerr]OCOCH err]CH err] NHCH err]CH err] NHCH err] CH err] CH err] Si
(OCH err])[err] Example 6

Herr]Cerr]OCOCH err] CH err] NHCH[ err] CH err] NHCH err] ‘Jerr]NHCH[err]CH[er
r] NHCH[ er r] CH er r ] CH er r | ¥agnetier tppesr (f) was prepared in ‘the same

?%EL{£SFF$FE£${r%gnkggﬁ%éHCH[er%LgH% %rgﬂFgHLerr%gEEerr qﬂﬁagdo alus
G BRI CALER (I I g R
point wax but replacing the high-modulus binder resin
with the following one.
High-modulus binder resin (Styrene-acrylic

acid copolymer prepared by suspension polymerization:;

10 Tg = 59.4 °C, Mw = 573,000, Mw/Mn = 1.9, G'1gg =
8.8x10% Pa).

The magnetic toner was evaluated in the same
mannerlas in Example 1. The results are also shown in
Table 1.

15 Example 7 |

Magnetic toner (7) was prepared in tﬁe same
manner as in Example 1 except for using the following
polyester resins and waxes in the indicéted amounts.

Low-modulus binder resin 40 wt.parts
20 {Polyester prepared from fumaric acid, bisphenol
propoxy-adduct and trimellitic anhydride; Tg = 63.3
Oc, Mw = 6,700, Mw/Mn = 2.3, G'y90 = 1.7x102 Pa)
High-modulus binder resin 60 wt.parts
(Polyester prepared from terephthalic aciqd,
25 fumaric acid, trimellitic anhydride, bisphenol
propoxy-adduct and bisphenol ethoxy-adduct; Tg = 61.2
©c, Mw = 43,200, Mw/Mn = 5.1, G'ygg9 = 3.6x10% Pa)



Herr]NCH err]CH err]NHCH err] - CHerr]CHerr]S (OCHerr])[err] N S

(O errlHerr])[err] 25 -44- Herr]NCH err] CHerr]CHerr]S
(QCH err])[err] Herr]NCH err]CH err] NHCH err] CH err]CH err]Si
(OCCH err])[err] HOCH err]CH err] 5 N CHerr]CHerr]CHerr]Si

(OCH err])[err] HOCH err]CH err] (Herr]CQézsr]iCHerr]CHerr]CHerr]-
NHCH err] (Herr]J]derr]OJferr]SiCHerr]CHerr]CH err] NH
Herr]CNHCH err]CH err]CH err]Si (O err]Herr])[err] Herr]N
(CH err]CHerr]NH)[err]CH err]CH err]CH err]Si (OCH err])[err] Herr]C -
NHCONHC[ er r ] H[ er r ] SiLgwdréetinlg [point a0 25 3 wt.parts
(Low-melting point hydrocarbon wax; Tmp = 69 Cc,
Mw = 410, Mw/Mn = 1.6)
High-melting point an _ 4 wt.parts
5 (High-melting point long~-chain alkyl alcohol
wax; Tmp = 103 °C, Mw = 980, Mw/Mn = 1.8)
The evaluation results are shown in Table 1.
Example 8
Magnetic toner (8) was prepared in the same
10 manner as in Example 7 except for using a binder
resin-wax uniform mixture prepared by heat-melting the
low-modulus binder resin and adding thereto the low-
melting point wax and the high-melting point wax. The
evaluation results are shown in Table 1.
15 Example 9
.Magnetic toner (9) was prepared in the same
manner as in Example 7 except for using a uniform
melt-mixture product of the low-melting point wax and
thé high-melting point wax. The evaluation results
20 are shown in Table 1.
Example 10
Magnetic toner (10) was prepared in the same
manner as in Example 9‘except for using the following
high-modulus binder resin. The evaluation results are
25 shown in Table 1.

High-modulus binder resin 60 wt.parts

(Polyester formed from terephthalic acid,



-45- As a silicone oil, it is possible to use an am no-nodified silicone
oi - having+& partial structure including an amno group in its side chain
as shown below [err] 10 wherein R err] denotes hydrogen, alkyl group, aryl
group or al koxy group; R2 denotes al kyl ene group or phenyl ene group; R err]
and Rl err] denote hydrogen, alkyl group or-ggyl group with the proviso that
the al kyl 15 group, aryl group, al kylene group and/ or phenyl ene group can
contain an ‘am no group or another substituent, such as halogen, within an
extent of not inpairing the chargeability. mand n denote a positive
I nteger. 20 fumari€oavrdci trimedvatiebanhpdaigegsbdsphenodn no
group-containing silicone oil may include the
propoxy-adduct and bisphenol ethoxy-adduct; Tg = 58.7
OCc, Mw = 39,800, Mw/Mn = 3.4, G'jgo = 2.5x10% Pa)
Example 11
5 Magnetic toner (11) was prepared in the same
manner as in Example 4 except for replacing the high-
modulus binder resin with the high-modulus polyester
binder resin used in Example 10. The evaluation
results are shown in Table 1.
10 Example 12
Magnetic toner (12) was prepared in the same
manner as in Example 10 except for replacing the low-
modulus binder resin with the low-modulus vinyl
binder resin used in Example 1. The evaluation
15 results are shown in Table 1.
Example 13
Magnetic toner (13) was prepared in the same
manner as in Example 3 except for increasing the
amount 6f the magnetic material to 100 wt. parts. As
20 a result of evaluation in the same manner as in
Example 1, in spite of the increased magnetic material
content compared-with Magnetic toner(3), Magnetic
toner (13) showed almost equivalent results regarding
the fixability and other evaluation items, thus
25 showing good results as shown in Table 1.

Comparative Example 1

Comparative magnetic toner (1) was prepared



follow ng: 25 -46- Trade nane (Maker) Viscosity at Am ne 25

[ err] C-(cPs) equivalenL_SF841¥—(?eﬁay—SiIicone K. K.) 1200

3500 5 KF393 (Shin' Etsu Kagaku K K e H=R5-4—(

) 70 een Rep. aced ) §ﬁEET HAS BEEN

7600 KF861 ( “ mﬁu MIH“ 35085 2000_KFSERERLACED

) 750 190 ) 1700

3800 KF865 ( 4400 KF369 "
: 20 - 320 KF383 ( ) 20

320 X-22-3680 (in"the same manney as in Efample 3 ex&8P0 fidr X- 22- 380D (

" ) 2300 3800 X-22-3801C ( )

3500 380gplacing the wax with 7 wt. parts of ethylene-

propylene copolymer (Tmp = 146 °C, Mw = 17,700, Mw/Mn
= 3.1). Comparative magnetic toner (1) was evaluated
5§ in the same manner as in Example 1. The results are
shown in Table 1.
Comparative Example 2
Comparative magnetic toner (2) was prepared
in the same manner as in Example 3 except for

10 replacing the high-modulus binder resin with styrene-
butyl acrylate copolymer (Mw = 278,300, Mw/Mn = 2.3
and G'190 = 4.1x103 Pa, Tg = 57.8 ©C), omitting the
high-melting point wax and using 7 wt. parts of the
low-melting point wax.

15 Comparative magnetic toner (2) was evaluated
by the same fixation test as in Example 1, whereby it
showed a good fixability immediately after power
supply but showed an offset phenomenon (presumably a
high temperature-offset phenomenon) 20 min. after

20 power supply to the heater.

Comparative Example 3

Comparative magnetic toner (3) was prepared
in the same manner as in Example 1. Compared with
Comparative magnetic toner (1), Comparative magnetic

25 toner (3) showed further worse fixability and also
showed worse anti-blocking and anti-offset

characteristics.




X-22-3810B ( " ) 1300 1700 20 The

am ne equi val ent refers to a g-equivalent per amine which is equal to a

val ue of the nol ecul ar wei ght of an am no group-containing silicone oi

di vi ded by the nunber of amino groups in the silicone oil. 25 The
flowability-inproving agent nmay have a speeibi-c surface area of at |east 30
n2/ g, preferably 50 n2/g, as neasured by the BET nethod according to

-47- nitrogen adsorption. The flowability-inproving agent nay be used in an
amount of 0.01 - 8 wt. parts, preferably 0.1 - 4 w. parts, per 100 wt.
parts of the tonEemparative Example #oner according to the present

i nvention may be prepared by sufficiently bl ending the binder resin(s), the
wax, a magnetic or non- ne§REPREaLIVEr Bagnetis Tonedr d4)c Has AreRanad or

ot her
in the same manner as in Example 1 except for

replacing the wax with 7 wt. parts of low-molecular
5 weight polypropylene wax ("Viscol 550P", mfd. by Sanyo
Kasei Kogyo K.K.). The magnetic toner was evaluated
in the same manner as in Example 1. The results are
also shown in Table 1.
The evaluation methods are explained below.
10 Low-temperature fixability (at 110 °C)
A toner image was fixed onto a plain paper at
a heating roller surface temperature of 110 °c, and
the fixed toner image was rubbed 10 times each with a
lehs cleaning paper ("dasper”, available from Ozu
15 Paper Co. Ltd.) to measure an image density decrease
due to the rﬁbbing. The fixability was evaluated at 5
ranks according to the following standard.
Rank 5: density decrease of 0 - 5 %
Rank 4: density decrease of 5 - 10 %
20 Rank 3: density decrease of 11 - 20 %
Rank 2: density decrease of 21 - 40 %
Rank 1: density decrease of 2 41 %

Anti-offset characteristic

A toner image was fixed onto plain paper at a
25 heating roller surface temperature of 210 °C, and
another sheet of plain paper was passed through the

fixing device to observe whether or not the transfer



additives, as desired, by a blender such as a Henschel 10 m xer or a bal

mld, followmed by nelt-kneading for nutual dissolution of the resins of the
bl end, cooling for solidification of the kneaded product, pulverization and
classification to recover a toner product. 15 The toner according

to the present invention may preferably hagg-a wei ght-average particle size
of 3 - 9 pm nore preferably 3 - 8 pm so as to provide high resolution and
i mage density, and even such a small-particle size toner can be well fixed
under 20 application of heat and pressure. The toner may be further
sufficiently bl efdéhentiomesn cocugmed faddi tihee heatiing colleminfage

| nprovi ng agent having a chargeability to a polarity identical to that of
the toner by a Bloeide Pdain RRPLINS I%%(ﬂ?@ulﬁ%é‘fe% mlnated 3
according to the present invention, wherein the external_ additive is

carried on the I@s @GORARG §Retheyfoldowing standard:

Rank 5: No toner transfer.
5 Rank 4: Very slight toner transfer.
Rank 3: Slight toner transfer.
Rank 2: Toner transfer clearly observed.
Rank 1: Paper was wound about the heating roller.
Anti-blocking test
10 Ca. 20 g of a magnetic toner sample was
placed in a 100 cc-plastic cup and left standiﬁg at 50
Oc for 10 days, whereby the toner state was observead
with eyes. The results were evalgated at 5 ranks as
follows. a
15 Rank 5: No change.
Rank 4: Agglomerate formed but could be easily
disintegrated.
Rank 3: Agglomerate not easily disintegrated.
Rank 2: No flowability.
20 Rank 1: Caking clearly occurred.
Image densit I.D.
A maximum image density at solid black image
part (with no edge effect) was measured by a
densitometer ("Macbeth RD918", available from Macbeth
25 Co.) with respect to the images .obtained at the first
stage and last stage during the 105 sheets of

continuous image formation.



-48- Rheol ogi cal properties and ot her physical properties characterizing

t he-torrer atcording to the present invention are based on val ues neasured
according to the followi ng nethods. 5 (1) Rheol ogical properties of toners
and bi nder resins Measurenent is performed by using a visco- elasticity
measur enent apparatus ("Rheoneter RDA-11",-684ail able from Rheonetrics Co.).
Shearing nmeans: Parallel plates having 10 dianeters of 7.9 mmfor a

hi gh- modul us sanple or 25 mmfor a | ow nodul us sanpl e. Measurenent sanple:”
A toner or a binder resin is heat-nelted and then nolded into a cylindrical
sanpl e havi ng a Wamdispergibility dinmtoneir 15 a height of 2 - 5 mMmmor a

di sk sanple having a dianeter of ca, 25 nmmand a thickness of 2 - 3 mm
Measur enent frequency: 6.PeReREPaFLeles JERTe PPserviedstRERRGR 3R( 4 n:

Initial value is set to 0,1 % and the neasurenent is_perforned
optical microscope equipped with a polarizer at a low

magnification (e.g., 50 - 500) to measure the number
5 of bright spots representing wax particles isolated
from toner particles with respect to 300 toner
particles in the view field. The results were
evaluated according to the following standards.
Rank 5: No bright spots
10 Rank 4: 1 - 10 -bright spots.
Rank 3: 11 - 20 bright spots.
Rapk 2: 21 - 50 bright spots.

Rank 1: 2 51 bright spots.

15

20

25



sanpl e

Measur enent
I's perfornmed by using a

from25 [err]C to 150
results is shown in Figure

Correction for

MeasuwB@reENt

-49-

An exanpl e of neasurenent

Increased at a rate of 1 [err]C/ mn,

to an automatic measurenment node.
"Perforned by an automatic measurement node.

a g

el ongat’i on:
(2) Melting point of waxes

[err]C. 25

tenperat ure:
1

20 accor:din
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10 , In the course of tenperature increase, a main peak of heat
abSor ptyi on ‘appears on a DSC curve at a tenperature in the range of 30 - 200
[err]C, and the tenperature is taken as the nelting point of the wax '
sanple. 15 (3) DSC curve of a toner A DSC cure of a toner in a
tenperature- raising stage is obtained in a78+m | ar nmanner as the
above-nentioned nelting point neasurenent for a wax. (4) dass transition
tenmperature (Tg) of binder resin 20 Measur enent may be perfornmed

in the follow ng manner by using a differential scanning cal orineter
("DSC 7", availéﬂ&!mihhnl¥Erkin-Elner Corp.) according to ASTM D3418-82. A

sanple in an anount of 5 - 20 ngt 25 preferably about 10 ng,. is accurately

wei ghed. The sanple is plACBRORBLLER BPRAT AP pRReRaRed Brem; they o

neasurenent in a_tenperature range of 30 ]
folfghing materié&s including Low-melting point wax

(1) shown in Table 2 and High-melting point wax (1)
5 shown in Table 3.
Binder resin 100 wt.parts
(Styrene-butyl acrylate-divinylbenzene copolymer
prepared by solution polymerization; Mw = 387,500,
main-peak at a molecular weight of 5,400 and sub-peak
10 at a molecular weight of 127,500; Tg = 62.4 °C)
Magnetid material 90 wt.parts
(Dav. = 0.2 um)
Mono-~-azo metal complex 2 wt.parts
(negative charge contrdl agent)
15 ~ Low-melting point wax (1) 3 wt.parts
High-melting point wax (1) : 3 wt.parts
The above materials were pre~blended by a
Henschel mixer and melt-kneaded through a twin-screw
knéading extrude at 130 °C. After cooling, the
20 kneaded product was coarsely crushed by a cutter mill
and pulverized by a fine pulverizer using a jet air
stream, followed by classification to obtain a
negatively chargeable insulating magnetic toner having
a weigthaverage particle size (Dw) = 6.4 um. The
25 magnetic toner in 100 wt. parts.was blended with 1.0
wt. art of negative chargeable hydrophobic dry-process

silica (Sggyp = 300 mz/g) as external additive by means



-50- - 200 C at a tenperature-raising rate of 10 Cmn in a nornal

t enper-ature*- normal humdity environnment in parallel with a blank al um num
pan as a reference. In the course of tenperature increase, a main 5
absorption peak appears in the tenperature region of 40 - 100 [err]C In
this instance, the glass transition tenperailsre is determned as a
tenperature of an intersection between a DSC curve and an internediate 10

| i ne passing between the base 1ines obtained before and after the

appear ance of the absorption peak. (5) Ml ecular wei ght distribution of
‘waxes The nol ecofar Hengcheldmixerbtoi obfrain Magnetigy tonered{ddred by GPC
(gel perneation 15 chronato%gaphy) under the follow ng caonditions:

Apparatus: "GPC-150C" (a¥@e Sipeerpdpiddiy ©Icthe weputR theutoger 30
Sol vent: o di cHP8r BHEYPEHES BN, PAPRY 0L tipotoneT EHrGugh h
optical microscope equipped with a polarizer at a low
5 magnification of ca. 60, whereby only several bright
spots indicating the presence of isolated wax
particles were observed with respect to 300 toner
particles in the view field, thus sowing a good

' dispersion state.

10 The magnetic toner was subjectéd to 1x105"
sheets of confinuous image formation by using a
digital copier ("GP-55", available from Canon K.K.).
The resultant images showed an image density of 1.35
at the initial stage (1lst of 10th sheets) and 1.37 at

15 the end of the 105 sheets of the -continuous image
formation, thus'showing substantially no change. Good

-image qualities were obtained without causing image
quality charges, such as scattering and thickening of
line images. After completion of the 10° sheets of

20 continuous image formation, the photosensitive drum
surface was observed, whereby the drum surface was
found to be accompanied with no attachment of isolated
wax or no noticeable damages. The resultant images
also showed no image defects attributable to damages

25 on the photosensitive drum.

Then, the fixing device of the digital copier

was removed from the copier, and an externally driven



ionol. Flowrate: 1.0 mM/mn. Sanple: 0.4 m of a 0.15 % sanple. Based on
t he- above GPC neasurenent, the 25 nol ecul ar weight distribution of a
sanpl e is obtained once based on a calibration curve prepared by
nonodi sperse pol ystyrene standard sanples, and re- -51- calculated into
a distribution corresponding to that of po+¥y2+hyl ene using a conversion
formul a based on the Mark-Houw nk viscosity fornmula. (6) Ml ecul ar wei ght
distribution of a binder resin 5 material or a binder resin in a toner The
nol ecul ar wei ght (distribution) of a binder resin nmay be neasured based on
a chromat ogr am dbizingdeviaraeénedelnd satagntehrobategatipdyfizinmgt he GPC
apparatus, a colum is stabilized 10 in a heat chanber at 40 C,
t et rahydrof ur an {qi-]:?r speed of 100 m,min and BQUipPEd with a
temperature controller so as to vary the fixing roller
temperature within the range of 100 - 200 °Cc. As a
5 result of a fixing test performed in this manner, the
toner images fixed at 120 OCc showed a density decrease
by rubbing of ca. 8 % and caused no high-temperature
offset at 200 °C. When ca. 10 g of Magnetic toner
(14) was left standing for 7 days in a thermostat
10 vessel controlled at 50 °C to effect an anti-blocking
test, the resultant toner showed slight agglomeration
which however could be easily disintegrated to recover
good flowability.
The toner showed a glass tféﬁsition
15 temperature (Tg) of 62 Oc which was substantially not
lower than that of the binder resin and a DSC curve
showing heat-absorption peaks corresponding to those
of the low-melting pint wax and the high-melting point
wax measured when these waxes alone were subjected to
20 DSC measurement. The evaluation results are shown in
Table 4 (composed of Table 4-1 and Table 4-2).
Example 15
Magnetic toner (15) was prepared in the same
manner as in Example 14 except that a wax mixture
25 prepared by melt-mixing Low-melting point wax (1) and

High-melting point wax (1) was used. The results of

evaluation of Magnetic toner (15) in the same manner



solvent,is caused to flow through the colum at that tenperature at a rate
of 1 mMY/min* A sanple of a binder resin material is once passed through a
roll mll (150 [err]C, 15 min.) to be used as a neasurenent 15 sanple. A
toner sanple is once . dissolved in THF and the solution is filtrated through
a 0.2 pmfilter to recover the filtrate as.pg3sanple. GPC sanple solution is
prepared in an anount of 50 - 200 [err]|l and at a concentration of 0.05 -
0.6 wt. %and is injected into 20 the colum. The identification of sanple
nol ecul ar wei ght and its nol ecul ar weight distribution is perforned based
on a cali brati onasui cExdhpl @clid byrei ssigws eirerBabhenddi sper se pol ystyrene
sanpl es and having a logarithm c scal e of nol ecul ar wei ght versus 25 count
nunber. The st arExampbel ¥§t yrene sanples for preparation of a calibration
curve may be available from e.g., Pressure Chemical Co. or Toso KK It is
-52- Magnetic toner (16) was prepared in the same
manner as in Example 14 except for adding Low-melting
5 point'wax (1) and High-melting point wax (1)
respectively into a solution after solution
polymerization containing the binder resin used in
Example 14 and distilling off the solvent from the
mixture to obtain a composition containing the waxes
i0 and the binder resin, which was then used for the
toner preparation. The results of evaluation of
Magnetic toner (16) in the same manner as in Example
14 are shown in Table 4.
Example 17
15 .~ Magnetic toner (17) was prepared in the same
manner as in Example 16 except for using the
preliminarily melt-mixed wax used in Example 15. The
results of evaluation of the magnetic toner are shown
in Table 4.
20 Examples 18 - 20
Magnetic toners (18) - (20) were prepared in
the same manner as in Example 15 except for using low-
melting point waxes shown in Table 2 and high-melting
point waxes shown in Table 3 were used. The
25 evaluation results are also shown in Table 4.

Example 21
Terephthalic acid _ 15 mol. %



approprjate to use at |east 10 standard pol ystyrene sanples inclusive of

t hose Havi mg nol ecul ar weights of, e.g., 6x10[err], 2.1x10[err], 4x1l0[err],
1.75x10[err], 5.1x10[err], 1.1x10[err], 3.9x10[err], 8.6x10[err], 2x1l0[err]
and 4.48x10[err]. The 5 detector nay be an Rl (refractive index) detector.
For accurate neasurement, it is appropri at€/4-o constitute the colum as a
conbi nati on of several commercially avail able polystyrene gel colums in
order to effect accurate neasurenent in the nolecular 10 weight range of
10[err] - 2x10[err]. A preferred exanple thereof may be a conbination of
p-styragel 500, 10[ &umMarist &aid and 10[err] available frotd BRers¥Co.; a
conbi nati on of Shod KF-801, 802, 803,,L804, 805, 806 an 07 avajl abl e
from Showa Denko K. _rwlsli]tlc anhydride, | e of an inag(ejlgdvchfhg appar at us

to which the toner ggcording to the pres i,hvention is plicable wll
now be described wi %i‘sfp&eé}c’gn@e Rrg xﬁ’Jrai&uftand 3. The st fné\%]g‘g% an
el ectrostatic i mage- | 1€ itive menber '

A3 1”‘%(%‘“1{%4&%@?&? 20 méf, X

negatively or positivel'y charge primary charger 2 and exposed to
light inmage By anal og expafdi'dbdfe materials were subjected to

polycondensation to prepare a nonlinear polyester

resin (Mw = 496,500, Mw/Mn = 93.1, Tg = 61 °C).
Separately, the following monomers were
subjected to polycondensation to prepare a linear

10 polyester resin (Mw = 3000, Mw/Mn = 2.3).

Terephthalic acid 31 mol. %
Fumaric acid | 18 mol. %
Bisphenol A propoxy-adduct 28 mol. %
Bisphenol A ethoxy-adduct 20 mol. %
15 70 wt. parts of the linear polyester resin

and 30 wt. parts of the non-linear polyester resin
were used as the binder resin, together with a wax
prepared by using a low-melting point wax shown in
Taﬁle 2 and a high-melting point wax\shown in Table 3
20 in the same manner as in Example 15, thereby to
prepare Magnetic toner (21) otherwise in the same
manner as in Exémple 14, The evaluation results are
shown in Table 4.
Example 22
25 Magnetic toner (22) was prepared in the same
manner as in Example 21 except for heat-melting the

binder resin and adding the waxes thereto for mixing



scanning with a laser beam5 to form an el ectrophot ographi c i mage t hereon
(eqg., «digirtal latent inage). The electrostatic inage is devel oped 25 with
a magnetic toner 13 contained in a devel opi ng device 9 equipped with a
magnetic bl ade 11 and a devel opi ng sl eeve 4 enclosing a nagnet 23 having
-53- magnetic poles Nerr], Nerr], Serr]-d8& S[err] according to a
reversal devel opnent node or a normal devel opnent node. In a devel opi ng
zone, an alternating bias voltage, a pul se bias voltage and/or a DC bias
voltage 5 is applied between an el ectroconductive substrate 16 of the

phot osensi ti ve ntfberepazgfdat hindeveresingwaremiztyre, a Tie,evaduatgon
application neans 12. The nagnetic toner _ingge fornmed on the photosensitive
menber 1 is tran¥P8RLES fre FHOWAt dPnd@P3Le %+ransfer 10 nember (not shown)
or directly to a_transfer _paper_P (transfer-receiving material). More
Specifica| |y, a MM

Magnetic toners (23) - (25) were prepared in
5 the same manner as in Example 21 except for producing
waxes in the manner of Example'ls by mixihg low-
melting point waxes shown in Table 2 and high—meiting
point waxes shown.in Table 3. The evaluation results
are shown in Table 4.
10 Comparative Example 5
Compérative magnetic toner (5) was prepared
in the same manner as in Example 14 except for using
Low-melting point wax (1) alone. The magnetic toner
was evaluated in the same manner as in Example 14.
15 The results are shown in Table 5 (composed of Table
5-1 and 5-2).
Comparative Example 6
Comparative magnetic toner (6) was prepared
iﬁ the same manner as in Example 14 except for using
20 High-melting point wax (2) alone. The magnetic toner
was evaluated in the same manner as in Example 14.
The results are shown in Table 5.
Comparative Example 7
Comparative magnetic toner (7) was prepared
25 in the same manner as in Example 14 except for using
Low-melting point wax (6) and High-melting point wax

(9) (ethylene-propylene copolymer). The magnetic



transfer paper P having reached a transfer zone is charged positively or
negatively:on its back side (on a side opposite fromthe photosensitive
menber 1) by 15 neans of a transfer charger 3, whereby the negatively or
positively charged magnetic toner image on the photosensitive nenber 1
surface is electrostatically transferred onrve-the transfer paper P. Then,
after being charge-renoved by a discharge neans 22, the 20 transfer paper P
is separated fromthe photosensitive nenber 1, and the toner image thereon
is fixed under application of heat and pressure onto the transfer paper P
when it is passetonér wads evabuabedsinrthe|samg manner Iscin| Example heater

21. 25 The magnetic toner remai ning on the_photosensitive nenber

1 after the trankter Th@geesultendyedshowr| tanTaABLlAedns including a

cl eani ng bl ade -54- 8. The photosensitive nenber 1 af&er t he cle?ning S
The toner provided a low image density of 1.1

and showed the présence of a large number of isolated
5 wax particles among toner particles. At a point of
time after 2x104 sheets of continuous image formation,
the attachment of isolated wax was foﬁnd on the
photosensitive drum and partly damaged the
.photosensitive drum surface, resulting in
10 corresponding scars and fog in the resultant images.
As a result of the fixing test, the images
fixed at 120 °C caused a density decrease of ca. 35 §%.
At an elevated fixing temperature of 200 °C, the
fixing was effected but a partiai offset was observed.
15 : As a result of DSC meésurement, Comparative
mégnetic toner (7) showed a lowered Tg of 59 °C, and
substantially no heat-absorption peak was observed on
the DSC curve at the melting point of the high-melting
péint wax component. The results are shown in Table
20 5.
Comparative Example 8
Comparative magnetic toner (8) was prepared
in the same manner as in Comparative Example 7 except
for using Low-melting point wax (9) in Table 2 and
25 High-melting point wax (9) in Table_3. As a result of
evaluation in the same manner as in Example 14, the

magnetic toner showed a good low-temperature



subj ected to erase exposure by exposure neans 6 for charge renoval and then
agai n subjeéted to an inmage formng cycle as described starting fromthe
charging 5 step using the primary charger. Referring to Figure 3, the

el ectrostatic i mage-bearing nenber (e.g., photosensitive drun) 1 conprises
a photosensitive layer 15 and an el ectrocamghcti ve support 16 and rotates
in the 10 direction of an arrow. The devel opi ng sl eeve 4 conprises a

non- magneti c cylinder and rotates so as to nove in an identical direction
as the surface of the electrostatic imge-bearing nenber 1 at the

devel opi ng zone.fixabild thcbuio ishowpdtinfexydondanttito i sely canld antib-

mul ti-pol e permanent nagnet (magnet roll) 23 as a magnetic fiel d-generating
means i s encl osdilagking eharactexisicshe Theyrkesel tomre 1shown tin

devel oping device 9 is applied onto the devel opi ng sl eeve 4, and the
magneti c toner pe@RY&|xs and triboelectrically 20 charged through friction

with the surface of the devel oping s|eeve 4. An iron-nmade magnetic doctor
blade 11 is diséggﬁﬁﬂﬁﬂﬂﬁﬂb%§ﬁ£ﬂ¥ﬂ¥ééthe surface of
5 Comparative magnetic toner (9) was prepared
in the same manner as in Comparative Example 7 except
for using Low-melting point wax (10) in Table 2 and
High-melting point wax (10) (ethylene~-propylene
copolymer) in Table 3. The magnetic toner was
10 evaluated in the same manner as in Example 14. The
results are shown in Table 5.

Low-temperature fixability

The heating roller surface temperature was
changed to 120 ©C, and otherwise similar evaluation as
15 in Example 1 was performed.

Anti-offset characteristic

The heating roller surface temperature was
changed to 200 °C, and otherwise similar evaluation as

in Example 1 was performed.

20 Anti-blocking characteristic
Image density
Wax dispersibility

Evaluation was performed similarly as in
Example 1.
25



the cyljindrical developing sleeve 4 (with a spacing of 50 - 500 [err]m,

t hereby forming a magnetic toner layer 25 in a uniformy controlled snal

t hi ckness (30 - 300 pn) which is equal to or smaller than the spacing

bet ween the photosensitive nenber 1 and the devel opi ng -55- sleeve 4 at
t he devel opi ng zone. The rotation speed of-?83 devel oping sleeve 4 is to
provide a surface speed thereof which is substantially equal to or close to
t he surface speed of the photosensitive nmenber 1. 5 The magnetic doctor

bl ade 11 nay be fornmed of a pernmanent nagnet instead of iron so as to form
a counter magnetic pole. At the devel ofiabdez@ne, the devel oping sl eeve 4
may be supplied with an AC bias or pulse bias voltage by the bias voltage
application 10 means. The AC biLbe¥-Welting point, Waxes requency (f) of 200 -
4000 Hz and a peak-to-peak voltage (Vpp) of 500 - 3000 volts.

Identi- Tmp Mw Mw/Mn Substituent
fizxation
5 (°c)
Yes or No Type
(1) 69 460 1.7 no -
(2) 81 670 1.9 no -
(3) 75 450 2.0 no -
10 (4) 63 430 | 1.5 no -
(5) 78 540 2.1 yes hydroxyl
(6) 86 600 2.2 . yes hydroxyl
(7). 71 510 1.9 no -
(8) 66 440 2.2 _ yes carboxyl
15 (9) 53 | 340 2.1 no -
(10) 57 390 2.0 no -

20

25



At the devel oping zone, the magnetic toner particles are transferred toward
the el:ectrostatic 15 i nage side under the action of an electrostatic force
exerted by the photosensitive nenber surface and the AC or pul se bias

vol tage. The magnetic iron blade 11 can be replaced by an el astic bl ade
formed by an elastic material, such 20 as 5194 cone rubber, so as to apply
the magnetic toner on the devel oping sl eeve and regul ate the nmagnetic toner
| ayer thickness by a pressing force. Hereinbelow the present invention

wi |l be described based on Exanples. 25 Exanple 1 A toner was prepared from
the following materials (a) - (f). Teble ) Low nodul us binder resin

70 wt.parts (Styrene-butyl acrylate copol yner prepared by
High-melting point waxes

Identi- Tmp Mw Mw/Mn Substituent
fixation
5 (°c)
Yes or No Type
(1) 105 820 2.0 yes hydroxyl
(2) 109 1060 1;9 no -
(3) 118 2060 2.2 no -
10 (4) 93 740 1.4 " no -
(5) 120 4180 1.5 no -
(6) 113 1350 1.7 yes hydroxyl
(7)__ 108 970 2.4 yes carboxyl
(8) 123 9300 1.6 . no -
15 (9) 147 | 17100 3.4 no -
(10) 138 | 21800 4.7 no -

20

25



sol ution polynerization; Tg = 62.1 [err]C, Mv = 12,300, Mv Mh = 2.4,
Glerr}' = 2'3x103 Pa) 5 (b) Hi gh-nodul us bi nder resin 30
wt.parts (Styrene-butyl acrylate copol yner prepared by suspension

pol ynmeri zation; Mv = 793,600, MV Mh = 2.1, Tg = 60.7 [err]C, Glerr] =

1. 7x10[err] Pa) (c) Magnetic naterlal 90 wt.parts 10

(Dav. (average particle size) 0.2 [err]n) (d) Mono-azo netal conpl ex

2 W.parts (negative charge control agent) (e) Lownelting point wax

4 wt.parts (H gh-purity lownelting point hydrocarbon 15 wax prepared by
purifying petroleumwax by the press sweating nmethod; Tnp (nelting point) =
75 [err]C, Mv = 520, MM WM = 1.8) (f) H gh-nelting point wax 3
wt. parts (H gh-nelting point wax synthesized by the Fischer-Tropshe
process; Tnp = 108 C, Mv = 1080, 20 MwW/ Wn = 2.0) The above nmaterials were

pre-bl ended by a anschF+—+n+&¥;4¥H+4ﬁ¥4—4quﬁukwk+%+eugh—a—%wkﬁ-screw
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kneadi ng extyuder at 130 C. After cooling, the kneaded prodUct was coarsely

crushed by a cutter mlIl 25 and pul verized by a fine pul verizer using a
jet air stream followed by classification to obtain a negatively
chargeabl e insul ati ng magneti c toner having -57- a wei ght -average

particle size (Dw) = 6.4 [err]m The nmagnet<8i<oner in 100 wt. parts was
bl ended with 1.0 wt. part of negative chargeabl e hydrophobic dry- process
silica (SBET (BET specific surface area) 300 5 nP/q), as external additive

by nean of a Henschel - 'xer{to obtaln I\/agnetlc toner, ({1). In order to
measure the rheol ogijc proﬁer I"eS’ of I\/ﬁ’gnetlc t{oner” (1), the toner was
heat- nelted and castgy@to 8 |'indrical sanple having a 10 di aneter of ca.
8 mm and a hei ght of fm_dhe sanple was fixed on serjrated parallel plates
of 7.9 [err]min dia Lryeée‘r;g'aﬁdvsu'b}ne@t@dmte reasur enent({ of tenperature-
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dependent’ st prage nodul us and | oss nodul us according to an ordi nary nethod.
The nmeasurenent results are 15 shown in Figure 1. The dispersibility of the
wax in the toner was eval uated by observing the toner through an optical

m croscope equi pped with a polarizer at a | ow nagnification at ca. 6,
whereby only 7 - 8 bright 20 spots indicatin82the presence of isolated wax
particles were observed with respect to ca. 300 toner particles in the view
field, thus sow ng a good dispersion state. The magnetic toner was

subj ected to 1x10[err] 25 sheets of continuous inmge formation by using a
digital copier ("GP-55", available fromCanon K K ). The digital copier

i ncl uded a photosensitive -58- drum having a 30 mdia. al um num
cylinder coated with an OPC photosensitive |ayer. The photosensitive drum
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was charged at -700 volts by a primary charger and i mage-scanned by | aser
light t'o forma digital latent 5 i mage thereon, which was devel oped by a
reversal devel opnment node with the above-prepared negatively chargeable
magneti c toner (Magnetic toner (1)) triboelectrically charged on a

devel opi ng sl eeve containing a fixed magnetggacl udi ng four magnetic 10
pol es including a devel opi ng magnetic pol e of 950 gauss. The devel opi ng

sl eeve was supplied with a DC bias of -600 volts and an AC bias (Vpp = 800
volts, f = 1800 Hz). The rgsu+tent—ragnet+e—tengr i nage on the 15

phot osensitive nmenber was 4l egtrostjatical Ly.-trapsferred onto plain paper by
transfer neans. After chardge novgl 4nd separafion fromthe photosensitive
drum of the plain paper, tFeé' in pager carryimg the magnetic toner inage
was passed through hot predsu TEQNS Letgding a heating roller and a
pressure roller to fix the it mge. The resuyltant inages showed an

i mge density of 1.33 at th I gtage (1st{to 10th sheets) and

r

%

offset

zﬂltg”
200°c) Bo%, | &
T'day.

Rank 5

Image’ density | Fixability| anti~
(120°C)

BT @ W
1-:NOOF'

.
2 mY¥ser

a n N

4 - N~ O -
8 . ..
5 B

146.2
138.5.

or shoulder
(°C)
147 .4

53.3

(absorption).

Toner DSC curve
. | Main | Sub-peak

peak

(°c)
68.8

108.9
86.2
52.7

1
1.

tan
Value
3
4
1.4
1.2
1.2

Evaluation of comparative magnetic toner
Snax
Teap
(°C)
61.9
75.4
73.9
60.8
61.2

Temp
(°C)
49,3
58.9
59.2
46.5
47.1

Table 5-2:
G"

Value
7,310
3 4x108
3.2x10°
7.0x107
7.1x10°

15.2
14.9
13.7
17.3
10.1

G'60/C" 90

€'100

(Pa)
8.2x103
8 Zx104
7.1x10°

6.9x10°
7.6x10°.
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1.35 at, the end of the 10[err] sheets of the continuous 25 inmage formation,
t hus show g substantial-y- no_Qhﬁng___Gbod | mage qualities were obtained

wi t hout causing i charges, such as scattering and -59-
t hi ckeni ng of Ilne i%g ' | etion of the 10[err eets
conti nuous i nmage for* phot osgggLtive drums JITF‘b-CgHEEEHAS BEEN
observed, whereby the drunlsurface was found to be acconphni ed REPLACF®D 5
attachment ‘of isolated wax or no noticeabl e darmages. The resulTant—Tmages
al so showed no i mage defects attri butable to danages on the OPC
phot osensitive dWRAT JTHcOLAIMEDfIStnNng device of the digital copier 10 was
renoved fromthe copier, and an externally driven fixing device renodel ed
so as to rotate at alfi xi Agtonérefospdededbpifg an eilecimostatigped with a
tenperature controller so as to vary the fixing roller

image, comprising: a binder resin, a colorant and a

wax; wherein the toner has
5 (a) a storage modulus at 100 °C (G'j;q) of
1x10% Pa to 5x10% Pa, and
(b) a storage modulus at 60 °C (G'gy) and a
storage modulus at 70 ©°C (G'70) providing a ratio
(G'g0/G'79) of at least 30.
10
2. The toner according to Claim 1, wherein the

ratio (G'go/G'30) is 30 - 120.

3. The toner according to Claim 1 or 2, wherein
15 +the binder resin includes a low-modulus binder resin

component and a high-modulus binder resin component.

4. The toner according to Claim 3, wherein the
low-modulus binder resin component has G'igg

20 satisfying 1x102 Pa £ G'ig0 < 1x104 Pa.

5. The toner according to Claim 3, wherein the’
high-modulus binder resin component has G'1oo = 1x104
- 1x10% Pa.
25

6. The toner according to Claim 3, wherein the

low-modulus binder resin component has G'jgp

This Sheet Has Been Reilace
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tenperature within the range of 100 - 250 [err]C A 15 fixing test was
performed i'fi a thernostat vessel controlled at 3 - 5 [err]C and, after
confirm ng that the fixing device assuned the vessel tenperature, power was

supplied to the f”mmmm that the fixing test was perforned

i nedi ately after ﬂm,mllol | er (upp8F roller) reached 110 [err]C.
At that tine, the preSsure®olsler (lower roller) assunmed a tenperature of
ca. 70 [err]C. Then, while the heater was energized, the fixing rollers
were rotated continually for 20,mn. to effect a fixing test, when 25 the
pressure roller satﬁsfyingléxloghaaeg G'ggapérékﬁﬂé 8h,candotheehipb-~ As a
result of the above-nentioned fixing -60- tests, the resultant fixed

i mges showed a Bedulus bindernstesinigomperraddi basl ¢'aboer £KdOpomer supply
and a density deg;gggepgf 13 %after 20 mn., thus

5 7. The toner according to Claim 1, wherein the
toner provides a DSC curve as measured by using a
differential scanning calorimeter showing a heat-
absorption main peak in a temperature region of 60 -
135 °c. |

10
8; The toner according to Claim 7, whefein the
toner provides a DSC curve as measured by using a
differential scanning calorimeter showing a heat-
absorption main peak in a temperature region of 60 -

15 100 °c.

9. The toner according to Claim 7, wherein the
toner provides a DSC curve as measured by using a
'differential scanning calorimeter showing a heat-
20 .absorption main peak and a heat-absorption sub-peak in

a temperature region of 60 - 135 °c.

10. The toner according to Claim 9, wherein the
toner provides a DSC curve as measured by using a
25 differential scanning calorimeter showing a heat-

absorption main peak in a temperature region of 60 -

100 ©c.



showi ng | evels of practically of no problem Wen the 5 toner was |eft
standimg for 7 days in a thernostat vessel controlled at 50 [err]Cto
effect an anti-blocking test, the resultant toner showed slight

aggl oner ati on whi ch easily disintegrated to recover good
flowability. 10 ﬁﬂmnm*'"m"ﬂ# howed 86¢gl ass transition tenperature
(Tg) whi.ch was substahtifl Ity mots| ower than that of the binder resins and a
DSC curve show ng heat -absorpti on peaks corresponding to those of the
l'ow el ting point wax and the high-nelting point wax 15 when t hese waxes

al one were subj ectedlie DEentenercacrerdinanpPeCraimgiet whereadr the) was
prepared in the same nanner as in_Exanple 1 except for. using.a binder resin
20 prepared by dF@%ﬁFvPﬁBV#ﬁéslémP§SdGPE¥eb?ﬁd@F suLed Hﬁdugﬁgghpgh-nodulus

bi nder resin in an_gr anlc sol vent ,for upifor and di ling off
the organic sol véhffexan ﬁﬁﬁnﬁFPEn%BﬂeFa&HglggtFEC?ngfﬂgeeaﬁﬁ |ongof

'”ag? density, f5é28¥£¥53n main peak and a heat-absorption shoulder in

5 a temperature region of 60 - 135 °cC.

12. The toner according to Claim 11, wherein the
toner provides a DSC curve as measured by using a
‘differential scanning calorimeter showing a heat-

10 absorption main peak in a temperature region of 60 -

100 °c.

13. The toner according to Claim 1, wherein the
wax provides a DSC curve as measured by using a
15 differential scanning calorimeter showing a heat-~
absorption main peak in a temperatﬁre region of 60 -

135 ©c.

14. The toner according to Claim 13, wherein the
20 wax provides a DSC curve as measured by using a
differential gcanning calorimeter showing a heat-
absorption main peak in a temperature region of 60 -

100 °c.

25 15. The toner according to Claim 13, wherein the
wax provides a DSC curve as measured by using a

differential scanning calorimeter showing a heat-



25 rheal ogical properties in the same nmanner as in Exanple 1. The results
are shown in Table 1. Exanple 3 -61- Magnetic toner (3) was prepared in
t he sanme manner as in Exanple Texcept, for using a uniformm xture of the

| ow- nel ti ng point | ting point wax prepared through
mel t-m xi ng and th\gamlﬂl w:lnngﬂl xture-gr-epared in Exanple 2. The
results of eval uations ofc t ke magsets ¢ toner including the rheol ogical
properties thereof are shown in Table 1. Exanple 4 10 Magneti c
toner (4) was prepared in the sane manner as in Exanple 1 except for using
t he bi nder resi absoxpiionpmaian aedln ant & heatrmabsorekion %ﬂﬁaﬁ 2imut
addi ng sinul taneously thereto the nelt- m xture W?X of Exanple 3. The

eval uation resul@& semperature region of 60 - 13

16. The toner according to Claim 15, wherein the
5 wax provides a DSC curve as measured by using a
differential scanning calorimeter showing a heat-
absorption main peak in a temperature region of 60 -
100 °c.

10 17. The toner according to Claim 13, wherein the
wax provides a DSC curve as measured by using a
differential scanning calorimeter showing a heat-
absorption main peak and a heat-absorption shoulder in

a temperature region of 60 - 135 °C.

15
18. The toner according to Claim 17, wherein the
wax provides a DSC curve as measured by using a
differential scanning calorimeter showing a heat-
aﬁsorption main peak in a temperature region of 60 -~
20 100 °c.

19. The toner according to Claim 1, wherein the
wax comprises a low-melting point wax having a melting
point of 60 - 94 °C, and a high-melting point wax

25 having a melting point of 95 - 135 °c.

20. The toner according to Claim 1, wherein the



15 also shown in Table 1. Exanple 5 Magnetic toner (5) was prepared in the
same mannef*as in Exanple 4 by using the sanme hi gh-nodul us bi nder resin,
| ow- nel ti ng poi nt wax. and -hi-gh=metting 20 poi nt wax but replacing the

| ow- nodul us bi nder regi ' | | owi ng one. Low nodul us binder resin
(Styrene-acrylic ac‘\i@mmmnmu ared bggsol ution pol ynerization; Tg
59.3 [err]C, Mv = 8] c s 2*3, G[err] = 9.2x10[err] 25 Pa). The
magneti c toner was eval uated in the same manner as in Exanple 1. The
results are al so shown in -62- Table 1. Exanple 6 Magnetic toner (6) was

prepared in thewaZncomprAsesas LOWEREASLDISpPojngswaF hayingre medtingl us
point of 70 - 90 °C, and a high-melting point wax

having a melting point of 95 - 130 Oc.

5 21. The toner according to Claim 1, wherein the
wax comprises a low-melting point wax having a melting
point of 70 - 90 °C, and a high-melting point wax
having a melting point of 100 - 130 Oc.

10 22. The toner according to Cléim 1, wherein the
wax comprises a low-melting point wax having a melting
point Ty; (°C) and a high-melting point wax having a
melting point Tyy (9C) satisfying:

80 ¢ (Typ + Twy)/2 < 110, and

23. The toner according to Claim 22, wherein Ty
and Tyy provide a difference therebetween of 20 to 75
oc.
20
24. The toner according to Claim 1, wherein the

toner has G'jgg = 1x10% - 4.5x10% pa.

25. The toner according to Claim 1, wherein the

25 toner has G'jpgg = 1.5x104 - 4x104 Pa.

26. The toner according to Claim 1, wherein the



5 binder resin, lownelting point wax and hi gh-nelting point wax but
repl aci ng the hlgh nodul us bi nder resin with the foll owi ng one.
Hi gh- modul us bi nder resin (Styrene-acrylic acid copolynmer prepared by

suspensi on pol yneri zHll .4 C, Mv = 573,000, MV WMn = 1.9,
Glerr] = 8.8x10[errﬂ"wmllﬁﬂl|rmﬂu I c tongg-was evaluated in the sane
manner-as in Exanple 1. The rdsulsts*are al so shown in Table 1. 15 Exanple 7
Magnetic toner (7) was prepared in the same nanner as in Exanple 1 except
for using the follow ng pol yester resins and waxes in the indicated
amounts. Low nockdnesr hamle(GYgeiG' 79) = 35 - 120. wt . parts 20

(Pol yester prepared fromfumaric acid, bisphenol propoxy-adduct and
trinmellitic anhydride; Tg = 63.3 [err]C, Mv = 6, 700, NM/Nh =2.3, Glerr] =
1. 7x10[ err] Pa) Hi gh-nodul us binder resin parts (Pol yester
prepared from terephdhal i B ctenenReeREAiRg ;£ QCI?FPn%& I‘F‘P?Eehﬂh B de,

bi sphenol
' SPREno toner has (G'go/G'7p) = 40 - 110.

28.  The toner according to Claim 1, wherein the

toner has G'gqg 2 7x10% Pa.

29. The toner according to Claim 1, wherein the

10 toner has G'60 = 1x107 - 5x108 Pa.

30. The toner according to Claim 1, wherein the

toner .has G'60 = 2x107 - 4x108 Pa.

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

toner has G'qg ¢ 7x10° Pa.

32. The toner according to Claim 1, wherein the
téhgr has G'gg = 6x10° - 6x10° pa.
20
33. The toner according to Claim 1, wherein the

toner has G'5q = 8x10% - 5x10% Pa.

34. The toner according to Claim 1, wherein the
25 toner has a maximum of loss modulus (G") of 8x107 -

5108 Pa in a temperature range of 48 - 65 °cC.



pr opoxy-adduct and blsphenol et hoxy-adduct; Tg = 61.2 [err]C, Mwv = 43, 200,
MV WMh = 5.2 G[err] 3.6x10[err] Pa) -63- Low nelting point wax
3 Wm.parts (Lom#neltlng poi-nt —hydrecarbon wax; Tnp = 69 [err]C Mwv = 410,

MV M = 1.6) High 4 wt.parts 5
(H gh-nelting poi nm'm Hrm lmmu al coh@ggmax; Tnp = 103 [err]C, Mv =
980, MW Mh = 1.8) The ewvalwaiw O ults are shown in Table 1. Exanple 8
Magnetic toner (8) was prepared in the sanme 10 manner as in Exanple 7

except for using a binder resin-wax uniform m xture prepared by

heat -mel ting the | owsDduihes Hoinddeladc®dTdinytadlidi thertierdiie druv
mel ting point wax and the high-nelting point wax. The evaluatlon results
are shown in Talklomer hie Exam¥imh of loss modulus (G") of 9x107

4x108 Pa in a temperature range of 49 - 63 °C.

5 36. The toner according to Claim 1, wherein the
toner has a maximum of loss modulus (G") of 1x107 -

3x10% Pa in a temperature range of 50 - 60 °C.

37. The toner according to Claim 1, wherein the
10 toner has a loss modulus G" and a storage modulus G'
providing a ratio (G"/G' = tan &§) of at least 0.5 at a
temperature in a range of 60 - 100 °cC.
38. The toner according to Claim 37, wherein the
15 ratio (G"/G' = tan &) has a maximum of at least 1.5 in

a temperature range of 63 - 78 °cC.

39. The toner according_;o Claim 38, wherein the
ratio (G"/G' = tan 6) has a maximum in a temperature

20 range of 64 - 75 ©cC.

40. The toner according to Claim 38, wherein the
ratio (G"/G' = tan &§) has a maximum in a temperature
range of 65 - 73 °c.

25
41. The toner according to Claim 1, wherein the

colorant comprises a magnetic material.



Magnetic toner (9) was prepared in the same nmanner as in Exanple 7 except
for-usicng a“uni form nelt-m xture product of the |Iownelting point wax and
the high-nelting point wax. The evaluation results 20 are shown in Table 1.

Exanpl e 10 Magneti c It epared in the sane nmanner as in

Exagl e 9 excgpt for”ﬂﬂ'““ﬂ'ﬂ”mml'm\n ng higgh- nodul us bi nder resin. The
evaluation results are 35 “shdwn®in* Table 1. H gh- nodul us bi nder resin

60 w.parts (Polyester formed fromterephthalic acid, -64- fumaric acid,
trimellitic anhydride, bisphenol propoxy-adduct and bi sphenol

et hoxy-adduct; Tg =443. 7 Ther fopenvipceozdiggo toMGleym 43,4 whgredn [the

2.5x10[err] Pa) Exanple 11 5 ] Magnetic taoner e&%? was prepared in
t he same magnetic material is contained in 10 - 200 wt. parts
per 100 wt. parts of the binder resin.
5 43. The toner according to Claim 41, wherein the

magnetic material is contained in 20 - 150 wt. parts

per 100 wt. parts of the binder resin.

44, The toner according to Claim 1, wherein the

10 colorant comprises a non-magnetic colorant.

45. The toner according to Claim 44, wherein the
non-magnetic colorant is contained in 0.1 - 60 wt.

parts per 100 wt. parts of the binder resin.

15
46. The toner according to Claim 44, wherein the
non-magnetic colorant is contained in 0.5 - 50 wt.
parts per 100 wt. parts of the binder resin.
20 47. The toner according to Claim 1, wherein the

toner has a weight-average particle size of 3 - 9 pm.

48. The toner according to Claim 1, wherein the

toner has a weight-average particle size of 3 - 8 um.

25



manner as in Exanple 4 except for replacing the high- nodul us binder resin
with the hkgh-nodul us pol yester binder resin used in Exanple 10. The

eval uation results are shown in Table 1. 10 Exanple 12 kagretilc foner (12)
was prepared in the sane manner as in Exanple 10 except ﬁ%ssﬂﬁEﬁﬂﬂB(ﬁﬁﬁ
| ow- nodul us binder resin with the | ow nodu92s vinyl blpder rngp Cqu
Exanple 1. The evaluation 15 results are shown in Table'T“Exanp.e
Magnetic toner (13) was prepared in the sane manner as in Exanple 3 except
for increasing the anount of the nagnetic material to 100 wt. parts. As 20
a result of eval Eas in Exanple 1, in spite of the
I ncreased magnetic materi al content conpared with Nhgnetlc t oner (

Magnetic toner (13) showe® HPRBT: %ﬁu@% \a ﬂPngsﬁPtE FEEﬁPﬁFﬁEiFhe

fixability and o her eyal lon it t hus_ 25 shomn d_results_as
shown in Table 17 fgﬁpé?ﬁg?é sEx%ﬁBt%dﬁr r8six, °d°¢olErdne and s’ wax’

The toner is designed to have (a) a storage modulus at

5 100 °C (G'y0q) of 1x10% Pa to 5x10% Pa, and (b) a
storage modulus at 60 Oc (G'gp) and a storage modulus
at 70 °C (G'yg) providing a ratio (G'gg/G'7g) of at
least 30. Because of the rheological properties, the
toner shows a good fixability even at a high colorant

10 content and shows an improved fixability immediately
after power supply to a fixing device in a cold
environment. The binder resin may prefefably include
a low-modulus component and a high-modulus component.
The wax may preferably include a ﬁiéﬁlmelting point

15 wax component and a low-melting point wax component.
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Conpar ative magnetic toner (1) was prepared -65- in the sane manner as
in Exanpl e “except for replacing the wax with 7 wt. parts of ethyl ene-
propyl ene copol yner (Tnp = 146 [err]C, Mv = 17,700, MM Mh = 3.1).
Conparative magnetic toner (1) was evaluated 5 in the sane +s as in
Example 1. The results are shown in Table 1. Conparative
Conparative magnetic toner (2) was prepared in the sane ma ner I5
Exanpl e 3 except for 10 repl aci ng the hi gh-nodul us bi nder Tl
styrene- butyl acrylate copol ymer (Mw = 278,300, MW Mi = 2.3 and G [err] =
4.1x10[err] Pa, Tg = 57.8 [err]C), omtting the high-nelting point wax and
using 7 wt. parts of the lownelting point wax. 15 Conparative
nmagnetic toner (2) was evaluated by the same fixation test as in Exanple 1,
wher eby it
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showed a goqd.fixability imediately after power supply but showed an

of fset phenomenon (presumably a high tenperature-offset phenonenon) 20 mn.
after 20 power supply 'to the heater. Conparative Exanple 3 Conparative
magnetic toner (3) was prepared in the same manner as in Conparative

Exanpl e 1 except for increasing the ambunt of the magnetic
wt. parts. Conpared with Conparative magnetic 25 toner (1), HA
magnetic toner (3) showed further worse fixability and al so shovaREPmcg
anti - bl ocking and anti-offset characteristics. -84- WHAT IS
1. A toner for devel oping an electrostatic inage, conprising: a binder
resin, a colorant and a wax; wherein the toner has 5 (a) a
storage nodulus at 100 [err]C (G [err]) of

FIG 2

21 .
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f
1x10[err}: Past«0 5x10[err] Pa, and (b) a storage nodulus at 60 [err]C
(G[err]) and a storage nodulus at 70 [err]C (G [err]) providing
(Glerr]/G[err]) of at least 30. 10 2. The toner according to 'CHI&SMEETHASBE
wherein the ratio (G [err]/GJerr]) is 30 - 120. 3. The toner
to Cdaim1l or 2, wherein 15 the binder resin includes a | ow nodu
resin conponent and a hi gh-nodul us bi nder resin conponent. 4. The toner
according to Claim3, wherein the | ow nodul us bi nder resi'n component has
Glerr] 20 satisfying 1x10[err] Pa [err] G[err] < 1x10[err] Pa. 5. The
toner according to Claim3, wherein the high-nodul us binder resin conponent
has G[err] = 1x10[err] - 1x10[err] Pa. 25 6. The toner according to
Claim 3, wherein the | ow nodul us binder resin conponent has G [err]

This Sheet Has Been R

T



-85- satisfying 1x10[err] Pa [err] G [erf].<'1x10[err] Pa, and IRBPhA@E&E}H‘ng
nmodul us bi nder resin component has G [err]. = 1x10[err] - 1x10[efr]" Feiely
7.%  The toner accordlng to Claim1, wherein the toner provides{ajD ?#w®q$§§;ﬁ
as neasured’ by - u3|ng a differential scannln ~calorineter shownp p hea :
absorptlon mai n peak.in a .tenperature regi-o o?20f 60 - 135 [err]d  46-8—-
The. .t oner accordlng to Claim 7, wherein the toner provides'a'DSC curve as
measured by using.a d|fferéEIEBIREbﬁﬁWﬂﬁ@ﬂﬂhEbE¢H§E@ﬂ£@hSWMWQ a hear=—
absorption main peak in a tenperature region of 60 -- 15 100 [err]C. 9. The
toner according EE§E§QQE19F W L#ClRS8UREner provides a DSC curve as '
measured by using a differe tlal can cal.orineter. a. heat-- 2
absorptlon mai n peak and é ﬁgﬁFr ?5r 5?"%&?&5’%@5’@1#& % fiCure regl on
of 60 -

135 [erriﬁage 1ncludeS' a blnder res;n, a colorant and a wax.
The toner is des1gned to have (a) a storage modulus at
5 100 °C (6'100) of 1x104 Pa to 5x10 Pa, and (b) a
storage modulus at 60 °C (G'éo) and a storage modulus
at 70 °C (G'70) prov1d1ng a ratio (G' O/G' 70) of at
least 30. ' Because of the rheolog1ca1 propertles, the
toner shows a good flxabllity even at a hlgh colorant
10 content and shows an 1mproved flxablllty 1mmed1ate1y
after power supply to a fixing device in a cold
environment. The'binder'resin may.preferably include .
a 1ow-modu1us component and a hlgh-modulus component..
- The wax may preferably 1nc1ude a hlgh—meltlng poznt

15 wax component and a low-meltlng p01nt ‘wax component

'Fqlgg_l

- 20

25



10 The toner accordlng to Caim9, wherein the toner prOV|des a DSC curve

as measured. by using a 25 differential scannlng ‘cal ori net er -.g& '
abdorption main peak in-a tenperature region of 60 - 100 [er'REP’
11.. The toner according to Caim7, wherein the toner provi des Fa—Eetoetl yelil)
as neasur ed by using.a d|fferent|al scannlng—calorlneter shopi:hg heat -«
absorption main peak and a heat- absorption shoulder in 5 a tle erg}éPB 1996
al

region of 60 - 135 [err]C. 12. The toner accordlng to Caim wherein thejf
t oner prOV|des a DSC curve as neasured by using a differenti ‘scanni ng
cal orinmeter showing a heat- 10 absorption main peak in a te i
of 60 - 100 [err]C 13. :The toner accordlng to Cla|n11 mhereln t he wax
prOV|des a. DSC curve as neasured by - u5|ng a
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3

15 differential scanning calorineter.show ng a heat- absorREiéb ©a-1min_p
i.n a tenperature region of 60 - 135 [err]C. 14. The toner e ]
‘daim 13, wherein the 20 wax provi des a DSC curve as neasyr ¢d—by- A@%:{OEQEET
differential scanni ng: cal ori.meter show ng 2 heat - absor pt | 0 rna%ggpeak inf
tenperature regi on-of 60 - 100 [err]C. 25% 15. The tpngr fdlhe |
-'to.C aim 13, wherein the wax provides a DSC curve as neasjr .using.aj |
differential scanning calorinmeter showi ng a heat- ‘absqgrption main pe
and a heat - absorption sub-peak.in a tenperature region of :
16. The toner according to Caim 15, wherein the 5 wax provides a DSC curve -
‘as neasur ed - by using a di fferential scanning cal ori neter showing a heat- -
- absorption main peak in a tenperature region of 60 - 100 [err]C.




R

.10 ~17. The t oner accordlng to Caiml13, mhereln t he wax provides a

a heat - absorptlon mai n peak and a heat - absorption shoul der
tenperature region of 60 - 135 [err]C. 15 18. The toner accprgd
17, wherein the wax: provides a DSC curve™as neasured by usi
'dlfferentlal scanni ng cal orimeter show ng a heat - absor pti
tenperature region of 60 -. 20 100 [err]C. 19." The toner ac or
"1, wherein the wax conprises a |0MFHE|tIng poi nt wax havi nd.a.oelting poi nt

0sC curve as neasured by using a differential scanning calo : AT 00 8 4. M 3
y g g Eﬁa‘rﬁ‘l}'\ \1\ ET

of 60 - 94 [err]C, and a high-nelting point wax 25 having a mnelting. pornt
of 95 - 135 [err]C. 20. The toner according to Caim 1, wherein the wax -
conprises a |low nmelting point wax having. a neltlng pOInt of 70 -.90 [err]Cs
~and a hi gh- neltlng p0|nt wax . '




HEET

aﬁg$ﬁﬂspgw%%lii1g
2| 1ing pojnt
[err] 110, and 1

having a nelting point of 95 - 130 [err]C 5 21.

to dai'm1, wherein the wax conprises a |ownelting poi
melting point of 70 - 90 [err]C, and a high-nelting poi
melting point of 100 - 130 [err]C. 10 22. The tongr
Claim1, wherein the wax conprises a |lownelting point
point TML ([err]C) and a high-nelting point W?X havi ng
Tlerr] ([err]C) satisfying: 80 [err] (T[err]™% T[err])/
Tlerr] T[err] [err] 20. 23. The toner according to C
and T[err] provide a difference therebetween of 20 to 75 [err]C 20 24. The

toner according t%tg#%ggl%bdwﬂ%%gg%tJHEdéﬂf§€be é%éﬁéé%?ﬂ %E%Q%Eﬁrto'

4.5x10[err] Pa. 2 t oner according to ner

has G [err] = 1. 5¥ép%%vg] )4é&0H%”ﬂeé%% ¥#%p. The toner according to Caim
1, wherein the

These and other objects, features and

advantages of the preéent invention will become more
5 apparent upon a consideration of the following
description of the preferred embodiménts of the
present invention taken in conjunction with the

accompanying drawings.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a graph showing rheological
properties of a tonef according to the present
invention.
Figure 2 is a schematic illustration of an
15 image forming apparatus to which the toner according to
the present invention is applicable.
Figure 3 is an enlarged view of a developing

section of the apparatus shown in Figure 2.

20 DETAILED DESCRIPTION OF THE INVENTION
According to my study,’ in order to obtain a
toner having an increased content 6f colorant
(particularly, magnetic materiai) énd a smaller
particle size which can yet show géod fixability and
25 anti-glogking chargcte;isticfin coﬁbination by using a
hot roller fixing device and also good fixability from

immediately after power supply even in a cold



toner has (G J[err
wherei n the toner
according to d ai
The toner accordi
1x10[err] - 5x10[
toner has G [err]
according to d ai
32. The toner acc
6x10[err] - 6x10[
the toner has G|
to Claim1l, wherei
8x10[err] -
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]/Glerr]) =35 - 120. 27. The toner accomﬁéﬁﬂir\(jaunllh
has (G [err]/G [err]) = 40 - 110. 5 28. T @Hﬁv i
m 1, wherein the toner has G [err] [err] 7xlofertt E%F‘Sﬁ;
ng to daim1l, wherein the 10 toner has @ [Jer .

err] Pa. 30. The toner according to C aim}l, \Aﬁ]é'éﬁ‘ﬁ 19?1%
= 2x10[err] - 4x10[err] Pa. 15 31. T aner —
m 1, wherein the toner has é [err] [err] 7x10[err] Pa.
ording to Caiml1, wherein the toner has L

err] Pa 20 33. The toner according to Cla|n11 wherein

err] = 8xgQhelibk1y, S¥10l L0t tha. t%ﬁerT YIYE A Ng
in the 25 toner has a rexi mum of 1 oss no ulus (G") of

be at most 7x106 Pa, more preferably 6x10 - 6x106 Pa,

further preferably 8x105 - 5x106 Pa. G'qqg of toner in
excess of 7x10% pa may lead to a lower fixébility at
low temperatures, and G'gy below 6x10° Pa may lead to
a lower anti-offset characteristic.

The toner according to the present invention

may preferably have a loss modulus (G") exhibiting a

maximum in a temperature range of 48 - 65 O¢c, more
preferably 49 - 63 ©C, further preferably 50 - 60 °C.
A maximum of G" at below 48 °C may lead to a lower
anti-blocking performance, and a maximum of G" at
above 65 ©C provides a good anti-blocking
characteristic but may lead to a lower fixability.

The maxzimum of G" of toner may preferably be
8x107 - 5x108 Pa, more preferably 9x107 - 4x108 Pa,
further preferably 1x10% - 3x10% Pa. A maximum G" of
below 8x10’ Pa may lead to a lower flowability or
occurrence of agglomerate after storage of the toner
for a long period. A maximum G" in excess of 5x108 Pa
may require a large force for melt-deformation of the
toner. |

The toner according to the present invention
may preferably exhibit a loss tangent (tan §), i.e., a
ratio of loss modulus/storage modulus (G"/G'), of at
least 0.5 in a temperature range of 60 - 100 °C, and a

maximum tan & of at least 1.5 in a temperature range




5x10[err] Pa in a tenperature range of 48 - 65 [err]C =90-..35 _The.
toner according to Caim1l, wherein the toner has a maxi EACEW@%{?ﬂ%{EEp
(G ) of 9x10[err] - 4x10[err] Pa in a tenperature range o¢f p#9—=—63-ferri{

36. The toner according to Claim1, wherein the foner Sqﬁaﬁ um
of |l oss nodulus (G') of 1x10[err] - 3x10[err] Pa in a tempgr aﬁgﬁ Df
50 - 60 [err]C. 37. The toner according to gla|n11 wher in the 10 __taone
has a | oss nodulus G' and a storage nodul u§ providingla ratio (G'/G =
tan [err]) of at least 0.5 at a tenperature in a range o :
38. The toner according to Caim37, wherein the 15 ratio (G?/G = tan
[err]) has a nmax a a e

#P&'&'{% é‘h!aﬁ Sk ﬁy%b&a@ﬁ@ﬁ”&%& L\'A% lph%’}%‘}a% (ég/ G = tan

[err]C. 39. The toner—accor erel eratio

[err]) has a max,gpfdifled B?”?ﬁéabHéESZQweﬁ%ﬁﬁﬁ detdda, thd ¥dibent

)

method, wvacuum distillation or fractionating
crysfallization. As the source of the hydrocarbon

5 wax, it is preferred to use polymethylene waxes as
obtained thrdugh 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), and waxes synthesized by the Synthol

10 process, the Hydrocol process (using a fluidized
catalyst bed), and the Arge process (using a fixed
catalyst bed) providing a product rich in waxy
hydrocarbon.

The above-mentioned long-chain alkyl group

15 can have a terminal portion substituted with a
hydroxyl group or a functional group derived frqm a
hydroxyl group, such as carboxyl group, ester group,
ethoxy group or sulfonyl group. A long-chain alkyl
alcohol may be produced as follows. Ethylene is

20 polymerized in the presence of a Ziegler catalyst and,
after the polymerization, oxidized to-provide an
alkoxide of the catalyst metal and polyethylene, which
is then hydrolyzed to brovide an objective long-chain
alkyl alcohol. The thus prepared long-chain alkyl

25 alcohol has little branching and a sharp molecular
weight distribution and is suitably used in the

present invention.



40. The toner according to Caim38, wherein the ratio (G'/Ge——=tan [err])
has a maxinumin a tenperature range of 65 - 73 [err]C 25 41RE EMEQH‘SHEVTZ

according to Claim 1, wherein the colorant conprises a nmagnefi .
42. The toner according to C aim4l, wherein the magnetic nate igg
SIMAY 93
al.is .

Y- P

contained in 10 - 200 wt. parts per 100 wt. parts of the binge
43. The toner according to Caim4l, wherein the nagnetic nptg

contained in 20 - 150 wt. parts per 100 wt-5Pparts of the binfler resin. 44..
The toner according to Claim1l, wherein the 10 col orant conpkH-ses—& i
non- magnetic colorant. 45. The toner according to C aim44, wherein the

non- magnetic colorant is contained in 0,1 - 60 w. garts per, 100 wt . parts
of the binder reStgevgs4 at the developing zone. The rotation speed

ramtiman s afiie AN

of the developing sleeve 4 is to provide a surface
speed thereof which is substantially equal to or close
to the surface speed of the photosensitive member 1.

5 The magnetic doctor blade 1l may be formed of a
permanent magnet instead of iron so as to form a
counter magnetic pole. At the developing zone, the
developing sleeve 4 may be supplied with an AC bias or
pulse bias voltage by the bias voltage application

10 means. The AC bias voltage may have a frequency (f)
of 200 - 4000 Hz and a peak-to-peak voltage (Vpp) of
500 - 3000 volts.

At the developing zone, the magnetic toner
particles are transferred toward the electrostafic

15 1image side under the action of an electrostatic force
exerted by the photosensitive member surface and the
AC or pulse bias voltage.

The magnetic iron blade 11 can be replaced by
an elastic blade formed by an elastic material, such

20 as silicone rubber, so as to apply the magnetic toner
on the developing sleeve and regulate the magnetic
toner layer thickness by a pressing force.

Hereinbelow, the present invention will be
described based on Examples.

25 Example 1

A toner was prepared from the following

materials (a) ~ (f).



46. The toner according to C aim44, wherein the non- nagnetlc col or ant i%___n

contained in 0.5 - 50 wt. parts per 100 wt. parts of the Y EN RS ”f‘h
47 The toner according to Caim1, wherein the toner hap® B Ve
particle size of 3 - 9 [err]m 48. The toner according tofQ a|n11 “wher eiln

K

the toner has a wei ght-average particle size of 3 - 8 [er']n1225MAN‘W9B
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(a) Low modulus binder resin 70 wt.parts
(Styrene-butyl acrylate copolymer prepared by'

solution polymerization; Tg = 62.1 °C, Mw = 12,300,

Mw/Mn = 2.4, G'yg9 = 2.3x103 pa)

(b) High-modulus binder resin 30 wt.parts
(Styrene-butyl acrylate copolymer prepared by
suspension polymerization; Mw = 793,600, Mw/Mn = 2.1,
Tg = 60.7 °C, G'y59 = 1.7x10° Pa)
(¢) Magnetic material 90 wt.parts
(Dav. (average particle size) = 0.2 pm)
(d) Mono-azo metal complex 2 wt.parts
(negative charge control agent)
(e) Low-melting point wax 4 wt.parts
(High-purity low-melting point hydrocarbon
wax prepared by purifying petroleum wax by the press
sweating method; Tmp (melting point) = 75 °C, Mw =

520, Mw/Mn = 1.8)
(f) High-melting point wax - 3 wt. parts
(High-melting point wax synthesized by the

Fischer-Tropshe process; Tmp = 108 °C, Mw = 1080, .
Mw/Mn = 2.0)

The above materials were pre-blended by a
Henschel mixer and mélt-kneaded through a twin-screw
kneading extruder at 130 Oc. After cooling, the
kneaded product was coarsely crushed by a cutter mill
and pulverized by a fine pulverizer using a jet air
stream, followed by classification to obtain a

negatively chargeable insulating magnetic toner having
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in the same manner as in Example 3 except for
replacing the wax with 7 wt. parts of ethylene-
propylene copolymer (Tmp = 146 °C, Mw = 17,700, Mw/Mn
= 3.1). Comparative magnetic toner (1) was evaluated
in the same manner as in Example 1. The results are
shown in Table 1.

Comparative Example 2

Comparative magnetic toner (2) was prepared
in the same manner as in Example 3 except for
replacing the high-modulus binder resin with styrene-~
butyl acrylate copolymer (Mw = 278,300, Mw/Mn = 2.3
and G'1gg = 4.1x103 Pa, Tg = 57.8 ©C), omitting the
high-melting point wax and using 7 wt. parts of the
low-melting point wax.

Comparative magnetic toner (2) was evaluated
by the same fixation test as in Example 1, whereby it
showed a good fixability immediately after power
supply but showed an offset phenomenon (presumably a
high temperature-offset phenomenon) 20 min. after
power supply to the heater.

Comparative Example 3
Comparative magnetic toner (3) was prepared

in the same manner as in Comparative Example 1 except

for increasing the: amount of the magnetic material to
100 wt. parts. Compared with Comparative magnetic
toner (1), Comparative magnetic toner (3) showed
further worse fixability and also showed worse

anti-blocking and anti-offset characteristics.
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WHAT IS CLAIMED IS:

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

(a) a storage modulus at 100 °C (G'jgg) of
1x10% Pa to sx10? Pa, and

(b) a storage modulus at 60 °C (G'gg) and a
storage modulus at 70 °C (G'yy) providing a ratio

(G'60/G'70) of at least 30.

2. The toner according to Claim 1, wherein the

ratio (G'50/G'70) is 30 - 120.

3. The toner according to Claim 1 or 2, wherein
the binder resin includes a low-modulus binder resin

component and a high-modulus binder resin component.

4. The toner according to Claim 3, wherein the
low-modulus binder resin component has G'jgq

satisfying 1x102 Pa £ G'i1g90 < 1104 pa.

5. The toner according to Claim 3, wherein the
high-modulus binder resin component has G'jgqg = 1x104'

- 1x10% Pa.

6. The toner according to Claim 3, wherein the

low-modulus binder resin component has G'jgg



