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The present inveption relates t¢ a toner for
bping aﬁ"electrostaiig;image, used in an image
hg pracess such as eiectrobhotography,
rostatic recorqiﬁg 6r nagnetic recording, and a

i of fixing the toner.

Related Background Art

Paten

A number of methods as disclosed in U.S.

E No. 2,297,691,-Japanese Patent Publication Nos.

42-23910 and No. 43-24748 and 50 forth are

15 conveLt;onally koown as electrophotography In

general, qopies are obtained by forming an

elect:

rostatic latent imege on @ photosensitive member

by ﬁtﬂlizing a photocqndnctive material, subsequently

develaping the latent;imége by the use of a toner, and

20 transferring the toner image to a transfer medium such |

" as paper if necessarft followed by fixing by the

- action of heat,

. solvent vapor.

pressure, heat-and—-pressure, oOr

The toner that has not transferred to

and h

25 clean

s remained on the photosensitive member is

by various means, and then the above process

is repeated.
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Fiel d.of the invention The present invention relates to a toner for
devel bping an electrostatic inmage, used in an inmage form ng process such
as el ectrophot ography. electrostatic recording or magnetic recording, and
a nethod of fixing the toner. Related Background Art A nunber of
" met hods as %isclosed in U S :

1 _ In recent years, éuch a copying apparatus is
not_qﬁly used as a ¢opyin§ ﬁadhine for off;ce work to?' ..
take lcopies of originals as commonly done, but also
has began to be used in the'field of prinférs serving

5 as outputs of compute?s'éﬁd'in the field of personal

| cooving of private use. f _ T T
” Under such éifcﬁmétances, the appafatus are
fi severgly'sought to Eefmadé small-sized, lightweight
. and highly teliable: _COpéing machines have now been
10 formel of more simpie'comﬁopents in various respects.
_ As a besult, a high.pérfbrmance has become required
for toners, and copﬁiﬁg-mécpineg_are no longer
consiflered excellent uniéés an imprcvemeﬁt in the
perfo:mancé of toners;is échieved.

15 | For example, varlous method or devices have
been developed in relation to the step of fixing a
toner|imsge to a sheéet such as paper. A method most
commonly available'at.preéeﬁt ig the pressure heat
sysieT using a heat roller.

2é The pressure heat éystem using 2 heat roller

: is a method of carrying du@:fixing by causing a tonar
image |surface of an image-receiving sheet té pass the
~ surfage of a heat roiler whdse éurface is formed of a
? material having rgleaﬁability to toner while the
2§ formen is brought into contact with the iatter under

] application of a pressure.. Since in this méthod the
. . . : e ————
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Pat ent No. 2,297,591, Japanese Patent Publication Nos. 42-23910 and No.

43- 24748 and so forth are conventionally known as el ectrophotography. In
general , copijes are obtained by formng an electrostatic |atent inmage on a
phot osensitie menber by utilizing a photoconductive material,
subsequent |y | devel opi ng the | at ent 3i aage by the use of a toner, and
transferringjthe toner imge to a transfer nmedium such as paper if
necessary, fqllomed by fixing by the

1 surface of the heat roller comes into contact with the
toner| image of the imagéfreceivﬁng sheet under
appliLation of a préséure; a very yood thermal

efficiency can be achieved when the toner image is .

5 melt-hdhered onto the image-receiving sheet, so that

£ixing can be carried out rapidly. Thus, this method

__.-._—._—-————-—

. w,w~«-‘;-is very effective in a high—speed electrophotographic

copyihg machines. In thls method, however, since the
surfage of the heat rollep comes into contact with the

10 toner| image under appiicétign of a pressure, part of

. the toner image nay sqmetimes aéhere and transfer to

the surface of the'fixingfréllef, which is re-
transferred to the éuhseqﬁent iiage~receiviﬁg sheaet to
cause|an offset pheqqﬁenon,_resqlting in &

1$ contanination of the imagé—receiving shest. Thus, it
is considered to be one of ésseﬁtial conditions in the
heat raller fixing syétem.ihat'né toner is adhered to
the syrface of the heégt fixing roller.

For the purpbée of not causing the toner to

2¢ édhe: to the surfacé_of anfixing rdller, a measure .
é has bZen hitherto takén such théf the roller surface
~ is formed of & materkél such as silicon rubber or a
; fluorine resin, haviié an éicellent releasagility to
: toner, and, in order to prévent offset and {o prevent
25 fatigue of the rolle} ?urféée, its surface is further

' covered with a thin £illm formed using a fluid having a

This Sheet Has Been Replaced
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action of heat, pressure, heat-and-pressure, or solvent vapor. The toner
that has not transferred to and has remained on the photosensitive menber
cl eaned by various nmeans, and then the above process is repeated.

is

good releasability as exemplified by silicone oil.

: Howevgr,_this method, though effective in view of the

.10

preveTtion of the offset of'tonef, requires a device
for f?eding an anti*éffséi f£luid, and hence has the
probl%m that the fixing device becomes complicated.

L This is in the qppoS;te direction to the
deman‘ for small sige:and light welght. - In some
instalces, the silicoﬁe 011 is evaporated b§ heat to
contaminate the interior of the machine. Now, based
cn the idea that the fluid for preventing offset

should be fed from fhe the inside of a toner without

— @

- use of any apparatus for. feedlng silicone oil, a

15

Fl——h-

method has been proposed in which a release agent such

as a low-molecular poiyethyiene'Or a low-molecular
polypropylene is added iq the toner. Addition of such
a rel ase'agent in a'large-duahtity in order to attain

a sufficient effect may cause filming to the

photosensitive member or result in a contamination of

- the surface of a toner carrf1ng member such as a

20

carrier or a sleeve,-,o that toner images may be

: deteriorated to brinb'ab&uf a problem in practical

" use. |Thus the release agent is added in the toner in

- such 4 small amount that may not cause the

. deterioration of toner images, where a releasing oil

25

is fed in a little amount and a device by which the

toner |that may cause offset is cleaned using a member

-This Sheet Has Been Replaced
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- 2- In recent years, such a copying apparatus is not only used
as a copyin% machine for office work to take copies of originals as
commonly dome, but also has began to be used in the field of printers

"serving asioutputs of conputers and in the field of personal copying of
private use. _ -5.-

1_ such as a web of a wind-up type is used together.

However, takiﬁg account of the recént demand

for small size, llght welght and ‘high reliability, it 3

is neEessary and preferred to remove such a

5‘ supplementary device. Accopdingly, no countermeasure

l cén be completely takén unless the fixing performance
and anti-offget of th§“f6néf“§fe further improved. It

i is diffficult to achieve the improvement unless binder -
resins for toners are Further improved.

1? As a technique concérnihg the improvement of
binder resins af tcﬂeés,“Jabanese Patent Publication
No. 51-23354, for exa@ple,’éroposes a toner in which a
cross+linked polvmef is uéed as a binder resin.
Accorging to the methéd d;sélosed therein, the toner

1? is effective for.thé impfpvement in anti-offset and
wind-around resistance, but on the other hand an

increase in the degree of cross-linking results in an

inerease in the fixiné temperature. Hence it is

difficult to obtain a:tupér‘having a sufficiently low
20 fixing temperature, azsuéeriority in anti—o?fsét and
wind? found resistadce, éﬂd.a sufficient fixing
perfo e. In genefai,'in order to improve the
fixing performance, the binder resin must be made to
bave a low molecular weigﬁt;to'lower its softening
25 point{ This conflicts wiﬁh'the-measure for the

3

improvement of anti—offset. Since the binder resin is

is Sheet Has Been Replaced
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Under

been

such circunstances, the apparatus are severlely sought to be nade
smal | -sized, |ightweight and highly reliable. Cbpylngennchlnes have now

forned of nore sinple.conponents in various respects

are no longer considered excellent unless an |nprovene

As a Tesutt,

a hiigh perfprmance has becone required for toners, E%Eﬂﬁﬁgk&ﬁ&ﬁhgg

performance} of toners is achlevgdG - For exanple

devi ces havge

15

20

25

made to have a low softeging peint, the glase
transition point of:tﬁe fésin is necessarily lowered
to bring about an undesirable phenomenon that blocking
of toner occurs during storage.

To cope with th;s problem, Japanese Patent

- Application- Laid~open No. 55 158340 proposes a toner

AR -

- e ——————s — —— —— —

containing a binder resin comprised of a low-molecular _ -

weighit polymer and a high%mblecular weight polymer.

This hinder resin cén?ach;eve-an improvement in

respect of fixing perforhence, but can not still be
sétisLactcry in resec; of{ahti—offset. It is
difficult for this toher-éo'highly satisfy the anfi¥
offset and fixing per?orﬁanée..

Japanese Patept Aéplication Laid—oﬁeﬁ No. 58—
203453 proposes a_tqner cbnfaining e binder resin
comprised.of a 1ow—£emperature saoftening resin and e
high-temperature softening resin. This biﬁder resin
can achieve an 1mprovement in respect of f;xing
perfgrmance, but cap pot still be satisfactory din
resect of anti-offSet. It is diffzcult for this toner
to highly satisfy the anti-offset and fix:ng
perfgrmance. E

Jepenese Patent Publication No. 6020411

propdses a process for produoing a resin compos;tion
comprising a polymer with a low degree of '

polyner;zation and a polymer with a high degree of .

!
|



-been developed in relation to the step of fixing a t oner I mmge to a sheet
such as paper. A nethod nost comonly avail abl é ar*preseﬂ%~Ls—Lhe_pL_ssure

heat systemusing a heat roller. The press§h§s sten1u5|ng a
heat roller is a method of carrying out fixing by ca ﬂ’cﬁhage
surface of an|image-receiving sheet to pass the surf mm’ '” oIIer
whose surfacelis forned of a

-7 -

1: polymerization. Wh;n;this resin is used a§ a binder:
resin for a toner, fhb resin tends to achieve an
imprcvemeht ih.respéci of=fixing performance, but can
nof still be satisfac%qu.in resect of anti-offset.

S5 Thus {there is much room for improvement.

In relation:tb a toner containing a binder
resin comprised of & ?lend of a low-molecular weightﬁ
polymer and a cross;lénkéd polymer, Japaneée Patent
Application Laid-open No. 58-86558, for example,

1? propokes a toner coﬁprisi@g.a low-molecular weight

J polymer and an insoiublé infusible high—moiecular'
weighf polyner as main reéin co#pqnents. Acqording to
the method disclosed %he;ei;, the fixing performance

% and rindability tegd;to Ee-impioved. However, it is

1$ diffigult to satisfy ?n a'h;gh_perfbrmance both the

anti-pffset and the grinddbility, because the weight

average molecular wé%éht/ﬁumber average molecular
weigh (Mw}Mn} of tﬁe?ldﬁ;malecula;‘weight bolymer is
as small as not moré fhan}3;5 and the content of the
2? insoluble infusible hzgh-mclecular weight polymer is
; as large as from 40 to 90 wt %. Thus, it is very
-diffirult from a practica; viewpoint to givé a toner
%,wéll satisfying thg_f%xiﬁg performance (in ﬁarticular?
' in high-speed fixing), the offeet résistancé and the'
25 grindability unless a;fixiné assembly islprbvided with

a device for feeding én anti—offset fluid. Moreover,




mat eri al

having rel easability to toner while the fornmer is brought

into

contact with the latter under application of 2 )L GRShkERephkdCe 1N this

e ' I\\\lll\\\\\l\l\\ll\

. higher them that in usual instances or heat~kneaded at

the toner must be heat—kneaded at a temperature far

a high shear, because ‘the insoluble infusible high-

: molecylar weight polymer used in.a larger amount turns

. As a result, in the 'instence where it is kneaded at a .

10

15

20

25

toc have a very high melt viscosity as a result of the

heat~ ading carried'out ﬁhen the toner is prepared.

high temperature, the.toner characteristics may be

lowered because of thérqa; decomposition of other
additives. In the inétan&eiwhere it is kneaded at a
high shear, the molecéles of the binder resin may be
excessively cut. Tﬁus,-iﬁeéé is the problem that the
desirgd anti-offset cen be achieved with difficulty.
Japanese Paﬁe#t Application Laid-open No. 60-

166958 pfoposes a tonér cdmprising a resin compositién

obtained by polymerizing monomers in the presencs of a

ldw-molecular.poly(q—ﬁethylstyréne) having a number
average molecular wéi@ht'(nh) of from 500 to 1,500.

In particulér. this publication discloses that

the number average molecular weight (Mn) mey
preferably be in the range of from 9,000 to 30,000.
wWith increase in Mb fpr the purpose of improving

anti—offset, the fixing pérformance of the toner and

the grindability at the time the toner is prepared maylf'

beconle more questionable from a practical viewpoint.

Hence it is difficult;tousaiisfy in a highaperformance




surface of the heat roller cones into contact with the toner inmage of the

| mge-receiving sheet under application of a pressure a very good thernar‘
ef ficiency can be achi eved when the toner inmage is ShrisYheat HayReen Rdphac

i mge-recei ving sheet, so that fixing can be carried out $ ,

this method jis very effectlve in a high-speed electrophoto F
machi nes. Inithis nethod, however, ém nce the

li both the anti-offset end the grindability. Thus, the
toner| having a poor:grindability at the time the tonef
is prepared brings abeut a lowering of production
efficiency, and also &oarse toner particles tend to be

3 ! included into the taner, uhdesirably resulting in

' black|spots around a toner image.

Japanese Patent Application Lazd-cpen No. 56—
16144 | proposes a toneg containing a bkinder resin
compopent having at least one maximum value in each

lé region of a molecular'weiéht of from 10° to 8 x 10t

: and a molecular weight of from 10 to 2 x 106 in the

molecular weight dzstributiou measured by gel

permeation chromatography {GPC}. The toner, however;
is sought to be further improved in f1x1ng performanca

15 and enti-offset. |

Japanese Pateét Application Laid-open No. 63~ .

22366& proposes a tonér coﬁprising g binder resin i)

containing 10 to 60 wt.% of a THF (tetrahydrofuren)-

insoluble matter, hased on the binder resiﬁ; ii)

29 having—a weight avenage hqlecular weight/nuﬁber

average molecular weight (Mw/Mn)} of 2 5, a peak in the

region of a mbleculérfweiéht of from 2,000 to 10,000

" and a peak or shoulder inéthe region of a melecular

.weight of from 15,000:to 10@,000, in the molecular

2§ weight distribution measuﬁee by GPC of a THF-soluble

; mattey, and 1ii) containing:a conmponent with a




surface of the heat roller comes into contact with the -terer—irageunder —
~application of a pressure, part of the toner inmge nay sqﬂgghggﬁmgqg@&ﬁmmd

and transfqr to the surface of the fixing roller, which is
.transferredq to the subsequent | mage-recei vi ng sheet to cau IB ﬂ”m
phenonenon,l resulting in a contam nation of the inmage- rece Sl

Thus, it ils considered to be enggat essenti al condltlons in the heat
roller fixijng systemthat no toner is adhered to

1. molecular weight of net mére than 10,000 iﬂ an amount
of from 10 to 50 % by weight in the binder resin. In
this linstance, the feéiﬁzcan.bring eb;ut a supefiority
in the grindability, fixing performance, filming or
- 5 melt-pdhesion resiéfa%ce:to‘a photosensitive member,
image forming perfotmencé; and anti—offset (in
particular, anti—offset'af the high—temperature side},
but is sought to achi;ve a further improveﬁent in the.‘
anti—offseﬁ and fixin?-ﬁeﬁfermahce of the toné}. In
10 particular, it is difficﬁlt:for'this resin to cope
" with |[the severe con@i;iqn_that both the fixing
performance at a low %empereture and the anti-offset
at a high temperatuie:afe'requifed ta be
simulitaneocusly satisf?édl _
15 ' Ino addition; itlié very difficult.to achieve

both [the properties cbncerned with fixing and the

grindsbility at a high pé:fbrmehce. In particular,
the indability reQuired:when‘toners are prepared is

an important factor fbr ihe:recent trend iﬁ which
20 toners are made to have a smallar partlcle diameter on

accont of the demand for ‘a: higher quality level,

higher resolution and higher fine-line reproduction of

copiid images, and the improvement in the grindability

is vary important from the viewpoint of energy since & -
25 very |large energy is required in the step of grinding.

- The phenOmenon that toner is melt-adhered to




‘the surface ,of the heat fixing rolle For the pufpf Replaced
causi ng the ‘toner to adhere to tﬁe surface of a fixi ng roll mﬁl :

h as silicon rubber or a fluorine resin, having an excellent
Yndi© wd PNES§ é‘@riﬁcﬁ‘iﬂ’é%ﬁgé?a?ﬁ@v*?@ﬁdgf f:éeécéﬂii to prevent

has bi
mat er i
rel gas

fatigue of t

process of copying, there is the step of cleaning the -

- taoner

en hit
al sud

e il
inat

bring:

herto taken such that the roller surface is fo

he roller surface, its surface is-further
toner having a good fixing performance, therefore

ing about a poor grinding efficiency. 1In the

: transfer. Nowadays, frOm the viewpoint of making

t appargtus Small—81zed, light weight and highly

reliable, it has become common to carry out clean1ng

é by ﬁhe use of a blade (i e., blade cleanlng} As

10

fphoto

. photosensitive members have a longer l:fetime,

ensitive member drums are made sma11—31zed and

;sYSteﬂs are made high-speed, the melt-adhesion

resistance and filming resistance to photosensitive

. members have been moreéstrictly required in toners.

15;

In pariticular, amorphoﬁs silicon photosensitive

members having been reeently:put inteo practical use

are veky highly durahlé, and alsc organic

:photoconductive photdsensitive members (0PCs) have

20

?longer lifetimes. Hencée, the peﬁformances regquired in

' toners|have become higﬁer.'

In order to make apparatus small—-sized,

.components must be so designed as to he successfully

‘assembled. This makes small the space through.which

:the air flows. In addxtlon, heat sources for a fixing

25:assembly and an expOSuqe sysgem come very near to &

‘toner

H

hopper or a cleaner. - As a result, toner is

having remained on a photosensitive member after



-4-

met hod,

covered with a thiyn filmforned usinglI a fluid having a
good rel easability as exenplif %

t hough efflective in view of the s

10 .

_éroll £i

20%following problenms thaé sﬁdﬁid be settléd

?heatin_

‘record

éxposed to a high-temperature atmosphere. Hence, no
toner can any longer be put into practical use unless
it has a better blocking resistance. .

For example, the performances required in

toners tonflict with each other in almost all

éropert'es, as in fixiné pérférmance and blocking
;esistaLce, and yet it is iﬁcfeasingly sought and
étudiej to satisfy all pf.fhep in a high performance.
No satisfactory resulisﬁ hbweber, have been obtained.
As prev1ously stated - as a method of f1x1ng a
Evisiblj image of toner to a recordlng medium, the heat-

]x1ng system Js-w;dely used, in which a

ng medium retaining thereon a toner visible

éimage Javing not been'fixéd.ié heated while it is held
1.5§ancl carried between a %eat.iqller maintained at a
ggiven temperature and'é p?egéufé roller having an
gelastiﬁ layer and coming into pressure contact with

:the heat roller.

The heat-roll fix;@g; however, has the

i(l) A waiting time (a time during which an image- -

'forming operation is prohibzted) is required: unt11 the

roller reaches'the'given temperature.

L (2) The heating_roi;er_mﬁst be maintained at a

25: proper| temperature in order to prevent poor fixing

! caused| by the variations of heat-roller températures

d by silicone oil. However,

this

(R
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t he the |n%é¥%&g

prevention of the
“anti-offset fluidj
becomes conpli cat
demand for:
S evappra

snaH

on

eAgs

of fset of toner, regylres a device for .feeding an
and hence has the probl emthat the fixing device "
d. This is in the opposite dlrectlon to the
ize and light weight. In sone instances, the silicone oi

St SORhSPhSPA GRS A0 S Shcot ! besgaanyEe. 1o

I ng fset be fed from
Bt 0o &8 nal factors, and also to prevent

‘the phdnomenon of offset of toner on the heating

froller.

5

%heat ce

This makes it necessary to make large the

pacity of the heating roller or a heater

ielement, which requires a large electric power.

(3)

:over t}

‘medium

10 slowly

‘heating

After the pecbfdiﬁg'medium has been passed
\e heating rollef eed-discharged,*the recording
and the toner -on the recording medium are
cooled because'ef e high temperature of the::

y roller and also because of the atmospheric

temperature having becone higher, resulting in a state

‘in whid
‘Thus, -
15! caused

i ]
:the ro.

‘method
:only a
20’ electr
of fix
Zand ex!
%greatb
;imporh

25 . perfor

th a high adhesion of?the toner is maintained.
there may often dcocur offset, or paper jam

by the winding Gf the recording medium around

ller.
It is earnestly sought to realize a fixing
that has solved~such broblems, and may require

shert waiting time:ené a low consumption of;
ic power while'aehieéiﬁg excellent performance
ing a toner 1ateﬂt-§mage to a recording medium
cellent anti—offeet. Such a fiXIDQ method

y depends on toner propertles, and one of the

ant properties 1s the 1ow-temperature fixing

?ance of toner.

As means for preventzng occurrence of the

e

heet 1as Been Replaced
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use of any apparat.us for feeding siliggne oil, a nethod has been proposed
I n which a rel easg agent such as a Iomfnnlecular pol yet hyl ene or a _
| ow- nol ecul ar  pollypropyl ene is added in the toner. Addition of such a
rel ease agent in | arge quantity in order to attain a sufficient effect
may caude foEfsed |phenbmenphnot dhenfoliloe ingirethods: evel knokm as’
contam nation of |the surface of-a toner carrying nenber such an a
:previoTle stated: (i) The method in which the fixing
:is carried out while applyin§ a release agent such as
.silico e oil to the surface of a heating roller, (11)
5 the method in which a hlgh—molecular welght polymer is
used as a binder resin for toner, and (iii) the method
1n which a wax hav1ng release propertles is
incorporated in a toner.
: {~Iri~the method (1), however, the o0il is heated
10 to generate a smell, and also a dev1ce for feeding. :the
=oil bebomes-necessary to bring about the problem that
the fixlng device becomes complzcated in structure.
In the method (11), although the anti-offset
;of the| toner can be lmgroved( it is difficult to
15§achieve the loﬁ-temperstnre fixing because of a
éconcurrent rise'of.theémelﬁing temperature of the
Etoner. . L _ |
: In respect of the nethod {iii), Japahese
iPatent Pnblications No;_52—3304, No. 52-3305, No. 57-
20: 52574, | No. 53-155655 and No. 58-12580, for ekample:
disclose toners compr1sing a styrene resin and a
spec;flc release agentf
Under existing:cirounstances, however, these
itoners can achieve an lmprovement particularly in

25' regard| to the highrtemoerature side offset phenomenon,

‘but 1ittle improvement:in respect of the low-temperature

This Sheet Has Been Replaced

L I




g _

carrier or a sleeve, so that toner iquﬁf_pay be deteriorated to bring
about a problemin jpractical wuse. Thus 1he rel ease agent is added in the
toner in such a small anobunt that nmay not cause the deterioration of
toner inmages, wherg a releasing oil is fed in a little anobunt and a device
by whi ch 1 he fihdnry| gdetomPenealls endh S&lch Sa CLe8egsle Usi Ng a nenber

‘agent 1s used in a binder having & low-temperature

-melting properties, it is difficult for the release
agent to have the releasing effect at a low -

5 temperature, tending to cause a low—temperature offset
phenoménon. This causeés a -lowering of fixing
%performance, resulting}in'ﬁo achievement of iow-
;temperature fixing perforaénce.

To prevent the high-temperature side offset

1°fphenom non, methods are known in which a high-
:molecular weight polymer ié facorporated in a binder
éresin. The methods are dieclosed, for exampie, in
;JapaneLe Patent Applicatiqu,naid—open No. 5@-134652,
;No. 541114245, No. 55—@6144;:No. 56-158340 and No. 58-
15:203453) .
l Most of the toaefs'uaed in these methods have
;achieved an improvemenf ih-ihe high-temperature side

éoffset phenorenon, but ‘are %ought to be. further .

jimproved in respect of:theflow-temperature fixing .
20iperformance. On the'oﬁher hand, the low-temperature
; fixing|performance have beéngachieved to a certain

‘extent|in some of thesé methods. A further .

-improvement, however, is sought in respect of
develoiment performance and blocking resistance.

25;SUMMAR OF THE INVENTION

An object of the pﬁeeent invention is to

________;__——4——
Has Been Replaced
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::-5- such as a wep of a wind-up type ig used together. However,
t aki ng account of the recent demand for small size, |ight weight: and hlgh
reliability, it iS5 necessary and preferred to renove such a: supplenmentary
devi ce. Accordlngly no counterneasure ' '

1 providée a toner that has solved the above problems.
Another object of the present invention is to
;providé a toner that can be fixed at a low temperature
‘and also has anti-offset in a broad temperature region
> 5 ;of from low temperatures to high temperatures. .
Still anotﬁer object of the present inventibn
fis to provide a toner fhat'may cause no melt-adhesion
- - gand filming to a photoée@sftive member in a high-speed
:system even after use for a long period of time.
10§ A further objeét'og the present invention.is
ito proyvide a toner tha% heé a superibr blocking
iresistance and particuiafly can be well used even in a
fhigh-tamperature etmqsphere in a small-sized machine.
A still-furthe# ebjeet of the present
15§invention is to pro&ide a toner fhat can be
%continuousiy produced in'aigood effieiency because of
;no melt—adhesion of a ground product to the inner wall
of an apparatus in the. course of grinding.
According to the present 1nvention, there is
E:; : 20! prov1de a toner for developing an electrostatic
:image, comprising a b1gder,re81n and a colorant,
;wherein said binder reein'eontaiﬁs a THF-insoluble
fmatter in an amount ef.less then 10 wt.% based on the
ibinder resin, and, ig the.ﬁolecular weight
25§distribution measureé ey'éPc (gel permeation

i chromajtography) of a'TﬁFésdluble-matter, has a weight

This Sheet Has Been Replaced
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can be conpletely taken unless the flxipg per formance
the toner are further | npr oved.
i mprovemnent : unl essibi nder
As a technique con¢ern|ng t he i nprovenent of
JapanesejPat

cross-

whi ch a

10

15

20 ?§Sd.

25 medium)

weight

xRyl
|nle

and auti-offset of
It- . Ts difficult to achieve the

resins for toners are further inproved.,

bi nder resins of toners,

e PAGEPhE1e8L:280SES @ toner in
I s used as a blnder resin.

18, a molecular weight peak MA in

! xh&i‘éé@ﬂar Nee 1 gt Ardmte

po yner
(Mw/Mn) of 2

ithe region of a molecular weibht of from 3,000 to

20,000,

a molecular weight peak MB in the region of a

"molecular weight of from 380,000 to 1,000,000, a

Emolecu]ar weight minimu? Md in the region of a

‘molecular weight of from 20,000 to 380,000, provided

fthat MB/MA is in the rahgé of:from 30 to 150, and a

‘molecul

'SA:SB:S

t.'d of 1 .

o ———

.

ar wezght dlstributlon curve area ratio

0.3 to 0.8_: 0.35 to 0.8 when the’érea

;of a molecular-weight'distribﬁtion curve of a

%molecu]
iby SA,
écurvé ¢
%5,000,(
%a strai
%corres:
f.'a}_.':e:i:_B

ipeak ME

Einvent:

ar weight of from 400 to the Md is represented

the area of a molecular weight distribution

yf a molecular yegght_of frqm the Md to

)00 by SB, and fhg argé of the region defined by
ght line connebt;ng;the apex A (apexA)

\onding to the l:no_’,:lecula=r weight peak MA and the

(apexB) corresbo?dihg Eo the molecular weight

3 and a moleculér.weight distribution curve by

According to aﬂbthéf hspect of the present

on, there is provided a heat fixing method

compris1ng,

ﬁcomprises a binder resin and a colorant,

PR

imparting a toner Jmage onto a recording

wherein a toner that forms said toner image

wherein said

-
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i



According t
| mpr ovenent
hand an in

the fixipg
sufficiéﬂtl
wi nd- ar ound
in order to

10

15

o the nmethod disclosed thersin, the toner is effective for the
in antiyoffset and wi nd-around resistance, but on the other

crease ih the degree of cross-linking results in an increase in

tenperatpre. Hence it is dlffICU|t to obtain a toner having a

Pinder megiy qankdng & FHErngRiykle (it et M fset and

resi staphce, and suff|C| nt fixin erfo nce. 1ln general,
£ Jess than 10 wt‘% based oh fhie visder r951n,g

and, in |the molecular weight distribution measured by
éPC (gel permeation chromatography) of a THF-soluble
matter, lhas a weight average'molecular weight/numﬁer

everage molecular weight (Mw/Mn) of = 18, a molecular

éeight eak MA in the rebion of a molecular weight of
from 3, ?00 to 20,000, a molecular weight pesk MB in
the regzon of a molecular weight of from 380, 000 to

1 000,000, a molecular we;ght minimum Md in the region
of a mo ecular weight of from 20,000 to 380,000,
orovide that MB/MA is in the range of from 30 to 150,
and a molecular weight distfioution curve area ratio
éA:SB:S of 1 : 0.3 to d.SZ::O.BS to 0.8 when the area

of a molecular weight distribution curve of a

.moleculLr weight of froﬁ 400 to the Md is represented

20

25 -

ﬁy'SA, the area of a molecular we1ght distribution
ourve of a molecular welght of from the Md to
5.006,000 by SB, and the area_of the region defined by
e straight 1line conneoting:fhe apex A (apexi) )
oorresponding to the molecular welght peak MA and the
epex B |{{apexB) corresponding fo~t§e molecular weight
peak MB| and a moleoula:;weiéhf distribution curve by
%d; and
.heat~-fixing saio,toﬁer image to said recording

3

medium by means of a heeter;elemeht stationarily

————
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fixing performance,
weight to lower its
i mprovenent of

t he

1

10

15

20

25

BRIEF D

support

to said

t he binder resin nu be made to have a | ow nol ecul ar
5oftening point, ThPs conflicts with the measur e for
hnti -offset. Since the binder resin is

ed and a pressure member that stands opposite

heat element in pressure contact and brings

said recording medium into close contact with said

heater element through a film interposed between :them.

ESCRIPTION OF THE DRAWINGS

éxample

Fig. 1 is a schematic illustration of an

of a fixing device used for carrying out the

f1x1ng method of the present invention.

Fig. 2 illustrates a molecular welght

distribution curve obtalned by GPC.

overhea

plunger

Fig. 3 is a schematic illustration of an
d-type flow tester.

Fig. 4 shows a flowftester flow-out eurve (a
fall quantity-tempefafure curve).

Fig. 5 illustrates a DSC curve for determining

Tg using a DSC (differential scenning calorimeter).

DESCRIP,

TION OF THE PREFERRED EMBODIMENTS

The present inventors made intensive'studies

1n order to achieve the objects stated above. As a

result

they have d1scovered that the objects can be

achieved when the blnder resin contaxns a THF-

1nsolub

le matter in an amount of less than 10 wt.% and

also has a specific constltution in respect of the

molecular weight distribution measured by GPC of a

is Sheet Has Been Replaced.
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made to have a | ow.softening point,
resin is necessaril:y |owered

bl ocki ng

probl em Japanese Patent
“cont ai ni ng d bi nder

t oner

1

10

15

0™

20

25

of toner

t he gl ass
.occurs during storage.

resin conprlsed of a | ow nol ecul ar

THF- soluble matter.

They have also discovered that the effect of

the pres

ent invention becomes remarkable when the

toner contains a release'agent having a specific '

molecula

also has

can be Hetter achieved particularly when the binder

r weight and molecular weight distribution and
a specific melting po1nt.

They have further discovered that the objects

résin_is prepared by mixing a low-molecular wéight_

polymer land a high-molecular weight polymer in a

solvent jand thereafter removing the solvent.

vﬁéible
dlscover
convent1
éystem W

a record

In regard to the heat-fixing of a toner
image to a recoraihg'médium. they have

ed that the toner is sultable for, besides

onal heat roll f1xing dev1ces, a heat .fixing

herein a toner’ vgs;ble_lmage is heat—flxed to

ing medium by means. of a heater element

stationarily supported and a pressure member that

étands opposite to said beéteﬁ element in pressure

contact
contact

interpos

toner cd
less ths

ﬁt.%, ba

and brings saia }ebbi&ing hedium into close
with said heatér%eleﬁéhﬁ through a film

ed between themJ

The binder'resii that bonsiitutes the above

ntains a THF-insblublé matter in an amount of

n 10 wt.%, and prefersbly not less than 5

sed on the bindef rgéin. A THF-insoluble-g

transition point of the
to bringgahout an undesirabl e phenonenon that
To cope with this

Application Laid-open No. 56-158340 proposes a

This Sheet Has Been Rc laced




wei ght pol yner and a hi gh-nol ecul ar wei ght polyner. This binder resin can
achi eve an inprovenent in respect of fixing performance, but can not stil
be satisfactory in resect of anti-offget. It is difficult for this toner
to highly satisfy the anti- offset and fixing performance.

Japanese Patent Application Laid-open No. 58- 203453 proposes a toner
contai ning a binder resin

1  patter contained in an amount more than 10 wt.% can
contribute an improvement i# anti-offset but tends to
result ié a lowering of fixing performaﬁce, making it
difficuli to highly satisfy the both. |

5 ihe binder resin, when its THF-soluble matter

is measu%ed by GPC, may preferably have a weight
average molecular weight/number averagé molecular -
weight (ﬁwiﬁn) of 2 18, a molecular weight peak MA in
the regién of a molecular weight of from 3, 000" to |

10 20 000, a molecular weight peak MB in the region of a
molecular weight of from 380,000 to 1,000,000, a
molecula; weight minimum Md in the region of a
moleculaé weight of-from 20,000 to.380,000; provided
that MB/Ii'!A is in the range of from 30 to 150, and a

15 molecula; weight distribution curve area ratio-
SA:SB:Sd;; of 1 : 0.3 to 0.8 : 0.35 to 0.8 when the area
of a molécular weight distribution curve of a
molecula; weight of from 400 to the Md is=represented
by sa, the area of a molecular weight dlstrlbutlon |

20 curve of a molecular weight of from the Md to .
5,000,009 by SB, and the area of the region defined by
a straig#t line connecting the apex corresponding to
the mole;ular weight.peak MA and the apex
correspo;ding to the molecular weight peak MB and a

25 molecula; weight distribution curve by Sd. It is

difficult to achieve the objects of the present

This Sheet Has Been Rep
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conprised of a lowtenperature softening resin and a high-tenperature
softening resin. THis binder resin can achieve an inprovement ir.respect
of fixing perforngnce, but can not _spphl L be satisfactory in resect of
anti-offset. It ig difficult for this toner to highly satisfy the _
Japanese Patent Publication

No. 60-20411 propdses a process for producing a resin conposition

anti-of fset and figing per f or mance.

10

15

20

25

inventi

n if the above conditions are not satisfied.

Fig. 2 shows the results from & GPC chromatogram.

molecula
preferab
éhe rang
f8, the

the anti

and anot
region o
and in t

380,000

The average molecular weight/number average
r weight (Mw/Mn) should be not less than 18,
ly not less than 20, and more preferably in
e of from 25 to ?o; If the HWw/Mn is less than
fixing performanée tends to be improved but
~offset is'lowéfédlmmm~*' . '

The binder res;néhaé-dne molecular weight peak
her molecular weight peak (MB and MA) in the

f a molecular weight of from 3,000 to 20,000

he region of a_mblécular weight of from

to 1,000,000, respectively, and a molecular

weight minimum in the re?iohfdf & molecular weight of

from 20
éange of
éhe bind
énother
éolecula
éegion g
300,000,
in the

300,000

40 to 100.

only in
20,000 t

'
1
H

{000 to 380,000, provided that MB/MA is in the

from 30 to:lsb.; In?é préferred embodiment,
er resin has ohe mplécular weight peak and
molecular weightépeak;in the region of a

r weight of frém:s{obd to 15,000 and in the

f a molecular ﬁeighfiof from 450,000 to
respectively,_aﬁd a}moledular'weight minimum
egion of a molécﬁiar'weight of from 30,000 to
provided thatiM@/MAjfs in the range 6f from
If it has §h§ molecular weight minimum
the region of tﬁé ﬁo;éculér weight of froﬁ

o 380,000, thezfixingfperformance can be
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conbrising.a polymer with a | ow degree of polynerization and a pol yner
with a high degree of. . s
. - 23 -

1 improved;but the anti-offset becomes clearly poor. If
the molecular weight peak MA is less than 3,000, the
blockinggresistance becomes poor to tend to cause
filming br melt-adhesion to a photosensitive membe;;

5 On the o%her hand, if fhe MA is more than 20,000, the
Fixing p;rformance may become poor. If the molecular
weight p;ak MB is less than 380,000, the anti-offset
becomes ?oor-to tenﬂ'ta‘briné'about a melt-adhered
product %n a device in the ceurse of grinding. If it

10 35 more ihan 1,000,000, the fxxing performance may
become poor, and also the grindability tends to become
poor, resulting in a lowering of productivity.

The molecular weight. peak ratio MB/MA should
be in the range of from 30 to 150, preferably from 30

15 to 120, and more preferably from 40 to 100.

If the MB/MA is less then 30 or more than 150,
it becom?s difficult to highly satisfy both the fixing
performahce and antl-offset.

T ' In the case when two or more molecular welght

20 peaks ar% present in the region of the molecular
weight o% from 3,000 to 20,000, the molecular ﬁeight

‘ - .
correspo?ding to the position of a higher or highest

pesak amohg the peaks in the GPC chromatogram is
regarded| as the MA,
25 éimilarly, in the case when two or more
{ -

molecula% weight peaks are pﬁeéent in the region of;f

—
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pol yneri zation. \Wen this resin is used as a binder resin for a toner,

the resin tends tq achieve an inprovenent in respect of f|X|ng perfornane

but can not still| be satisfactory~if#resect of anti-offset. "Thus there is
much room for inpriovenent. In relation to a toner containing a

bi nder resin congrised of a blend of a | ow nol ecul ar wei ght polynmer and a

cross: b1 kg, Rl YIB! 1o J3REiRe S EMa 488 b63! 18" 1668, 8667 MR °0 20558

mpleéular weight corresponding to the position of a
higher or highest peak among the peaks in the GPC
cﬁromatogram is regarded as the MB. : | -
5 ;. In fhe case when two or more molecular weight
mlnimums are present in ihe-fegion of the molecular
w;ight of frdm-20,000,fo;380;060, the molecular weight
—— -mmwécefeesponding to the positloﬁ of a lower or lowest-— — —— —— =
mlnimum among the molecular Weight_minimums in the Q?C
10 cﬁromatogram is regardediae fhe Md.

i The molecular weight:distribution'curve area
rétio SA:SB:Sd should begi : 0,3 to 0.8 : 0.35 to 0.8,
pieferably 1:0.3 to O.é'::q.g to 0.7; and -more
preferebly 1 : 0.3 to 0.(;' os to 0.7. If the SB is

15 1éss thah 0.3, the anti-éfféet tends to be lowered,
aéd if it_is more fhan 0.8, gné fixing performance and
also the grindabilit§ teﬁd te become poor. If the sd
ie 1ese than 0.35, the fIXJnQ performance and/or the
aéti—offset tend to be 10wered, and if it is more than
20 0;8, the|anti-offset tends to become poor.

E The release agent preferably used in the toner
o% the present invention maylp#eferably have a number
aéerage molecular weight-of'ﬂot more than 1,000, a
weight average molecular Weight of ‘not more than

25 2 500, a|weight average molecular weight/number

average molecular weight': (Mw/Mn) of not more than 3.

1

t
1
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proposes a toner conprising a | ow nol ecul ar wei ght
i nsol ubl e i nfusi blie high-nol ecul ar
conmponents. According to
per f or mance

to satls[f

d|ff|cult
grindi
nol ecul

10

15

20

25

.on the L

AP G——

and a me

preferre

pol ymer and an
wei ght polynmer as main resin
t he net hod 2f scl osed therein, the fixing

and glrlndablllty tend to be inproved. However, it is
y in a high perfornance both the anti-offset and the
I|ty becajuse 't he wei g average nol ecul ar wei ght/nunber average

lting po1nt of from °C to 120°C. na

d embodiment, the toner contains a release

egent in an amount of from Q0.1 wt.% to 20 wt.% based

inder resin. In a more preferred embodiment,

the release agent has a humber average molecular

éeight q

weight Q

2 5 and |a melting point of from 60 C to 100°€.—The—-

f from 400 to 700, a. weight average molecular

f from 500 to 1 500, an Mw/Mn of not more than

- ——— o

release;agent may more preferably be contained in an

Qmount g
éesin.

ﬁresent
éonditic
120°C, .t
énd if i

ﬁlocking

f from 1 wt.% to 10 Wt.% based on the binder

If fhe release aéent used in the toner of the
invention dees net setlsfy the above

ns, €.g., if the melting point is higher than
he fixing performance is adversely affected,

t is lower than §0 c, the anti-offset and the

resistance of the toner are adversely

éffecte ]

amount ore than 20 wt. %,

f;xlng

If the release agent is contained in an

the blocking resistance and

rformance tend to he adversely affected when

the toneL is left in a high-temperature environment,

and if i
preventi
present

in a sol

t is less then 0.1 wﬁ.?, the effect of

ng offset of toner tends to be insufficient.
The binder resinzused in the toner of the
invention may ?refepebly be prepared by mixing

vent a polymer~A:having a weight average

This Sheet Has Been Replaced
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wei ght (M~ Mh) of the | ow nol ecul ar weight polynmer is as small as not nore
than 3.5 and the content of the insoluble infusihle high-nolecular weight
polymer is as large as from40 to 902t % Thus, it is very difficult
froma practical viewpoint to give a toner well satisfying the fixing
performance (in particular, in high-speed fixing), the offset resistance

and the, grindability unless a Xi n senbl IS provided with a device
f or fee&‘ngmaﬁeﬁﬂéﬁroVFégptfpﬁlf %e@@ %0 000 and' & polymer

B hav1ng a weight average molecular weight of from
400,000 to 1,500,000 and thereafter removing the "
solvent.; It may more preferably be. prepared by m1x1ng
_5 in a solyent a polymer A having a weight average
molecula; weight_of from 7,000 to 25,000 and a polymer
B having a weight average moiecular weight of from
450,000 to 1,000,000 =d Thereafter removing the
solvent.. The solvent may be ény of those capable of

10 gissolving the polymer A and polymer B. It includes,

for example, tocluene, xylene and z-propanol.
tn preparing the binder resin used in the
toner of| the present inventiqn, thg polymer A may
preferabily be prepared by solution?polymerizafion or
15 suspension polymerization, and the'polymer B by

suspension polymerization of;emulsion polymerization.
More preferably thé polymer A shouid be brepared by
solutioni polymerization and fhe polymer B by
suspension polymerization.

. 20 In order to prepare a uniférmly dispersed

binder resin, the binder resin may preferably be

prepared; by mixing the polymers A.and B in the solvent

and thergafter removing the solvent. It is difficult

to obtaiL a binder resin in é uniformly dispersed
i .

25 state if;prepared by a method wherein materials are

heated, helted and mixed using a kneader. Such a .|
f —
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t he toner
usual

10

15

20

25

nmust be heat-kneaded at a tenperature far
| nst annces or

higher t han t hat
heat - kneaded at ‘

27 -

@ethod makes it difficult to satisfy both the fixing

ﬁerformance and anti-ofﬁset as aimed in the present

invention,

adhered

adhesion
device in the course of grinding,

ﬁreferred.

i ) : oo
manufacture of toners isialso Jowered.

noleculdr weight of less than 5,000,

and tends to cause the formation of a melt-
product on a photosensitive member or the melt-
of a ground product to the inner wall of a

thus being not

if the-polymer%A*has+a:weight average

the anti-offset

is lowered and the grindability at the time of the

If it has a

Qeight average molecular welght of more than 30 000,

@he fixing performance 1s lowered.

If the polymer B_has a weight average

molecular weight of less theh 400,000, the

gr1ndab1lity tends to'beoomefpoor,'also undesirably

caus;ngla lowerlng of anti—offset "a lowering of
blocklng resistance and the formatiou of a melt-
adhered Froduct on a photosens1t1ve member. If it has

a weight

average molecular welght of more than

g,SO0,000, the grlndability is lowered.

present

'dsed alone as a binder resin for a toner..

It is difficult to achieve the objects of the

invention when the polymers A and B are each

The objects

can be better achleved by the method in which the

polymersrA and B are mlxed in a solvent and thereafter

il

e —
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a hi gh shear,

pol ymer

as a result of the

As a result,

of ot her
1

——— e e e s e -

 present

10

because the insol uble infusible high-
used in a]Iarger anount turns

in the instance where it
the toner charactefristics may be
additivels.

nol ecol ar wei ght

to have a very high nelt viscosity
heat - kneadi ng car2@ ed out when the tonér i's prepared.
Is kneaded at a high tenperature,

| ower ed because of thernmal deconposition
In the instance where it is kneaded at a

the solvent is removed than the method in which they

are melted and mixed.

The:polfmer B makes it possible

to preferably satisfy the nutually conflicting

ﬁerforma

nces such as the anti-offset, the low-

ﬁemperaﬁure fixing performance and the grindability at

the time of the manufacture of toners,

when the toner

is prepared by the method of the present invention.

pblymer

Fi e., a

——— . r———. . =

The THF—lnsoluble matter referred to in the
invention indica%esﬂthe weight proportion of a

component that,has'become insoluble to THF

giant molecule polymer or a cross-linked

polymer) in a resin compbsitioh in the toner. The THF-

insoluble matter is measured in the following way.

A toner.sample is welghed in an amount of from

15 0.5 to 1.0 g (W, g}, which is then put in a

c&lindr1cal filter paper (for example, No. 86R,
ava;lablF from Toyo Roshi K. K ) and set on a Soxhlet

extractor. Extraction is carried out for 6 hours

using from 100 to 200 ml. of THF es a solvent, and the

20

sbluble component . extracted by the use of the solvent

is evaporated, followed by vacuum dry;ng at 100°C for

several

hours. Then the THF—soluble resin component

is WElgHEd (W2 gl. The welght of insoluble components

other thgn the resin components, such as a magnetic

25

materlal is

and a plgment contalned in the toner,

répresented by W3 g. The THF—:nsoluble matter is.

This Shest Has Been Réep
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hlgh shear,

Thus,

with difficulty.
166958 proposes a
pol ynmeri zi ng nono

poly([err]-

nmet hyl

from 300 Setérmoa!

10

i5

20

25

THF-inso

t he nol ecul es of the binder
there is th

————— ————— —

resin may be excessively cut.

e problemthat the desired anti-offset can be -achi eved
Japanese Batent Application Laid-open No. 60-

toner conprising a resin conposition obtained by

ers in the presence of a | ow nol ecul ar

styrene) having a nunber average nol ecul ar wei ght (M) of

ed from thel foldokiitiy Axpridyssionubl i cation di scl oses that

luble matter (%) = WI-(W3+W2)/(W1~W3) x 100

at the p

btaineJ

measured

heated t
témperat
fiowed a

to 200 p

In the present inventibn, the mdiecular weight

bak and/or shoulder on the chromatogram

by GPC (gel permeatlon chromatography) is/are
under the following conditions.

Columns are stabilized in a heat chamber

0 40°C. To the columns kept at this

ire, THF (tetrah&dfqéu;an) as a solvent is

t @ flow rate of 1 ml per minute, and from 50

P of a THF sample solution of a resin prepared

tb have

wt.% is injected thereinto to make measuremént.

measurin
mblecula

is calcu

sample concentration of from 0.05 to 0.6
In
the molecular éeight:of the sample, the
r weight distfibution éscribed to the sample

lated from the rélatioﬁship between the

logarithm1c value of a. callbration curve prepared

using se
s?andard
t;me. A
t;e prep
sﬁitable
wéights

531 x 10
aﬁd 4.48

Chemical

4

veral kinds of monodlsperse polystyrene
samples and the count number for flow-out
E the standard pqugtyrene samples used for
aration of the:célibrafibn curve, it is

for eia@ple; samples with molecular
2 2.1 x10%,'4 x 103,

, 1.1 x 10°, 3. é x-10°

6

to use,

bt 6 x 10 1.75 x 10%,
. 8.6 x 10°, 2 x 10°
x 107, which are ava1lab1e from Pressure

Co. or Toyo Soda Manufactur1ng Co., Ltd., and

——

— e
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-the nunber averag
from9,000to 30
anti-offset, the
“the tine the tone
practi cal viempoi

perforgan

e nol ecul ar weight (M) may preferably be in the range of

,000. Wth an increase in M for the purpose of inproving

tixing performance 3 the toner and the grindability at
Is prepared may becone nore questionable froma
nt. Hence it is.difficult to satisfy in a high

to use at least about 10 standard polystyrene samples.

An RI (refractive 1ndex) detector is used as a

detecton.

Columns may prefErabiy:be used in combination

5 of a plurality of commercielly available polystyrene

gel columns so that the ?egions of molecular weights

ef from

102 to 2 x 10% cén be accurately measured.

For example, they may preferabiy comprise a

3 4 5

cbmbination of u-Styragel 500, i0™V, 10" and 107,

10 gvailablle from Waters Co;; Shodex KF-80M or a

'cbmbination of KF-802, 803 804 and 805, available

from Showa Denko K.K.; or a comblnatlon of TSKgel

G1000H,
GBOOOH,

G2000H, G2500H, G3QOOH3 G4000H, GSO000H,

GIO00H and GMH, available from Toyo Soda

15 Manufactliring Go., Ltd.

In the working e&amples as described later,

the molecular weight distribution of the binder resin

is measuEed under the foilowing conditions.

o cbnditio for measuremen% bnyPG:
- 20 | Apparatus: LC-GPG, 150C. (Waters Co.]
Cojlumn: KFSOl-KFBOZ (Showdex Co. )

Collumn temperature. 28 to 30 Cc

Sollvent: Tetrahvdrofuran (THF)

The molecular weight distributlon possessed by

25 a'- sample] is calculated’ from the relation between a

logarlthm1c value, measured under the above

| — ———
!
|' This Sheet Has Been R

T Ili I




both the anti-offg
grindability at th
producti on

10

15

20

25

distribv

effici

et and the grindability. Thus, the toner having a poor
e tinme the toner s prepared brings abeut a.lowering of
ency, and al so ceaBsse-t oner partlcles tend to be

conditidns, of a calibration curve prepared using a

polystyr

measured

toner of

calculat

The SA, SB and.sﬁ of the molecular weight

ene standard sample and the number of count

under the abovegconditians.

tion curve in the binder resin used in the
the present invention are determined by

ing the weight'r?tios of a sample cut out from

& chromdtogram obtained by GPC and calculating the

area rafy

the mole
15 measu

ﬁnder th

ios thereof.

In the working examples as descrlbed later,
cular weight dlstrlbutlon of the release agent
red by GPC (ge; permgaﬁloq chromatography)

e following conditions.

| Agparatus: LC-GPG, 150C (Waters Co.)
? Cglumn: GMHG;(&OYO spda-ﬂanufacturing Co.,
é Ltd.),’ 60 om
? . Cdlumn temperature} 140;0
Sdlvent: o—dichiofobehzene

The molecular weight'dﬁstribution'posséssed by

a samplé is calculated from the relation between a

iogarittmic value measuréd undér the above conditions,

df a cal

standard

ibration curve prepared using a polyethylene
sample and the humber of count.

In the présent 1nvent10n, the melting p01nt of

the relqase agent is measured us:ng a differential

scanning

calorimeter DSC—? (manufactured by Perkln—

—_——
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included into the foner, undesirably resulting in black spots around a
toner inmage. Japanese Pat ent Application Laid-open No. 56- 16144
proposes a toner cpntaining a binder ggsin conpanent having at [ east’ one
maxi mum val ue in epch regiou of a nolecular weight of fron110[err] to 8 x
10[err] and a nol pcul ar wei ght of from10[err] to 2 x 10[err], in the
nDIecuIar wei ght dj stribution neasured by gel

Elmer Cﬂ ) to determine an endothermic peak of the

sﬁmple,J:hich peak is reba:ded as a maximum melting

ﬁeak value.

I

ig. § shows aﬁ example of the endothermic *
5 peak in [the DSC.
' - [In the toner of the present invention, the °

binder resin may preferaﬁly contain i) two kinds of

——— s dmees s e - cm—— S

.sﬁyrene—acrylate copolymers,_a low—-temperature

sbften::i resin and a hlgh*tgmperature softening
d

10 r?sin, ii) a Iow—meiiiﬁgzgraft—modified polyolefin

release agent.

The low-temperatﬁre $oftening resin may have

a; Mw off from §.0 x 103 ?o 3§0'x 164, and preferably
3

from 5.0l x 10% to 2.0 x 10%, a ratio of Mw to Mn

15 (Mw/Mn) of not more than 3.0, a flow-out point (herein

the temprrature at which: the resin begins to flow out)
in a flow tester, of £rom 75°C to 90°C, a softening
pbint ofrfrom 80°C to 11@'0,-ahd a glass transition

.point {hbreinafter “Tg*)iof from 55°C to 10°C,

f"-«

20 preferably from 55°C to 65 . .The high~temperature

sbftening resin may have an Mw of from 4.0 x 105 to

5

115 X 10, an Mw/Mn of not more than 3 0, a flow-out
point of from 110°C to 150 C, a softening point of

from 150°C to 230°C, andfrg of not less than §5°C.

25 If the Mw of the low—-temperature softening |

re51n is;less than 5.0 X, 103, the b10ck1ng re51stance

This Sheet Has Been Replaced
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per meati on chronatography (GPO) .
i mproved i
Pat ent Applicati on
resin i) gontaining 10 to 60 w.
I nsol uble matter,

further
bi nder

-nnlecuiar
t he

10

15

20

25

The toner, however,
n fixing performance and anti-offset.

based on the binder resin, ii)
OF AL BSDET e L 298, TRLETY! AL uShgnL LM VI, of > 5
storage stability may be:damagedm and the phenomenon
of melt—adhesion of the toner to a photosensitive
member may occur at the time ef development to tend to

pversely affect fixed. 1mages.. If the Mw is more than

3.0 x 10%,

it becomes d1fficnlt to achieve the desired
fow-temperature fixing:performance, also resulting in
an increase in the power eensumption required for the
fix1ng of the toner to.a;recording_medlum. When the
Mw/Mn ofi the low-temperature softening'resin ls
controlled to be not more than 3.0, the low-
temperauure fixing performance can be improved.

_ If the flow-out poznt of the low-temperature

softening resin in a flow tester is lower than 75°C,

the blocking resistance of the toner may be seriocusly
dgterlorated On the other hand if it is higher than
Qb'c, itf becomes dlfficult to achieve the low-
temperature fixang performance when used in .
combinatlon with the hlgh—temperature softening resin.
1f the softenlng po;nt of the low—temperature

¥
v

softening resin is lower than 80° C, an excessive melt-~

adhesion of the toner tends to.occur in the step of

heat fixing even when used 1n combinatlon with the

high—te Lerature softening reszn, tending to bring
je disadvantages that flxed—lmage surfaces

about t

ﬁecome glossy, toner materials penetrate into or

—
e ——

I's sought to be

Japanese

Lai d- open No. 63- 33223662 proposes a toner conprising a
% of a THF(tetrahydrofuran)-
havi ng a wei ght average

a peak in

\\

Thls Sheet Has g
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regi on of a nol ecul

shoul der

matter,

£

ar wei ght of from 2,000 to 10,000 and a peak or
I n the regi
t he nol ecul ar

on of a nolecular weight of from 15,000 to 100, 000,

wei ght di stribution nnaggred by. GPC of a THF- squbIe

and iii) containing a conponent with a

10

15

20

25

strike through a recordihg medium such as transfer

paper, @

a molten toner.

110°C,

temperat

i

ind images are Blhrred because of the spread of
If the softening point is higher than
t becomes difficult to achieve the low-

ure fixing performanCe, also resulting in an

increase in the power consumptﬁon'required for the

fixing q

f the toner toxa:reporaing medium.

Use of the speei?ic lon-temperature softening

resin as described aboveéenéblks achievement of a:good

ﬁow—temp

étudies

phenonen

found t¢

erature fixing:pérfefmence,

On the other hsnd,-es a result of intensive
nade by thelprESentiinQentors on the offset
jon, the iow—tehp?ratnre sdftening'resin was

» be preferably cbntained in an amount of not

less than 50 wt.%, more preferably not less than 65

wt.%, arn
én the ¢
éring ou
%ttribut

i
componer]

1d most preferably not less than 70 wt %, based
otal weight of the binder resin, in order to
1t the low—temperature fixing performance ]
able to the low~temperature softening resin
nt..

The high-temperature softening resin is sought

to prevent the offset phenomenon by its addition in a

very small amount.

dombinat

resin fc

It has been madé cieef that the resin used in
ion with the above low—temperature softening

r the purpose of preventing the offset

:

———
T ——

———————
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- 10 - nol ecul ar ; wei ght of not nore than 10,000 in an anount of from 10
to 50 % by weight ih the binder resin. In this instance, the resin can
bring about-a superfority in the gringgbility, fixing performance, filn ng
or nelt-adhesion resistance to a photosensitive nenber,
1 ﬁhenomenon must be the high—temperature softening

resin extremely different in molecular weight and melt

ﬁiscosity characteristics from.the low;temperature

softening resin. S g

5 In the present ihventibn, if the Mw of the

high—temperature soften1ng re31n is less than 4.0 x

1b5, thJ offset phenomenon tends to occur when this

T T PR

resxn is used in combinatlon w;th the low~temperature

§oftening resin in such a proportion that enables ‘low-

10 t@mperature fixing. On the other hand, if it is more
éhan 1.5 x 10%, the low~;empereture fixing performance
ﬁends ta be damaged. .

: If the flow-ouf iempereture of the high-
gemperature soften1ng resin in.a flow tester is loﬁer

15 éhan 110°C or the soften1ng p01nt is lower than 150°C,
the offset phenomenon tends to occur when this reszn
;s used |in combination w1th the low~-temperature

i
softening resin in such a prepprtlon that enables low-

P

temperature fixing. Oh @he'othen haﬁd. 1f the flow-
20 éut temperature is highei thé& 160°C of the softening

éoint iqd higher than 230‘0, the low—temperature fixing

éerformence tends to be damaged.

% The hlgh—temperatu;e'softening resin may have
é Tg of {not lower than'§5°c, ﬁreferably from 60°C to
25 {0°C and more preferably from 65 to 70°C. This is

due to the fact that, when materlals are melt-kneaded




i mage form ng performance, and anti-offset (in particular, anti-offset at
the high-tenperature; side), but is sought to achiéve a further | mprovenent:
in the anti-offset and fixing performdfce of the toner. particular, it
is difficult for this resin to cope wth the severe condltlon that both
the fixing perfornahce at a low tenperature and the anti-offset at a high

ratyre are required to be i mul t aneousl sat i sfi ed.
tenpe 1 fn tﬂeqmenugacture o toners, polymeric molecular

chains are cut to decrease the molecular weight of the

polymerlc component, and _hence, if the Tg is lower

than 55°C, the melt—adhesion of the toner to a : .

p@otosen%itive member terds to occur at the time of

dévelopmgnt.

) rhe low—tempereture.softening resin and high-
t?mperature softening resin cortained ia—thebinder— =
resin may be in a proportion'renging from 50:50 to

.10 9?:10; preferably 65:35 to 90:;0, in wt.%.

If the amount ef:the 16w—temperature softening

rbsin is less than 50 wt % and also the amount of the

h&gh—tem erature softening res:n is more than 50 wt.%,

i

1t becomes difficult to achleve the low-temperature
15_fix1ng performance. On the other hand, if the amount

of the 10wetemperature softenlng resin is more than 90

wt % and the amount of the h1gh—temperature Softenlng

resin ig less than 10 wtl%, the offset phenomenon
tends tc occur to adversely affect fixed images.

20 ; If the amount of the: 1ow—temperature softening
ﬁes1n ig more. than 50 wt %, the gr1ndab111ty at the
tJme the toner is prepared tends to be ser1ously
towered to lower the produetlop effic1ency of the
toner. : i - |

25 An additional feisltnre _fin the constitution of

ﬁhe tonér of the preseht?inyen%ion is that the

T—

—

\
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-

- 1n addition,
with fixing and the
the grindability reMU|red when toners3dre prepared is

the recent trenmd in which

on .

resolutlon nd hi r

£00- Lep

“for
di anet er

10

i5

20

25

it is

accou

obtained

temperat

—_—

very difficult to achieve both the properties_concerned

grindability at a high performarce. "I n particul ar
an inportant factor
toners are made to have a smaller particle
of the demand for a higher quality level, higher

fine-line regroductlon of
erature softenl g resin of the binder resin is

n

by solution polymerlzatxon, and the high-

ure softening resin by suspension

pblymerization, and that the both‘tare mixed in a o

. solvent

capable of dissolving the both.

Suspension polymerization and emulsion

pblymeriLation are availéble;in order to obtain the

high-temrerature softeﬁiﬁg“résin”having the moleculer

w;ight di
as descr

however,

1

characte&:stzcs.

stribution and melt viscosity characteristics
ibed above. In the émulsion polymerization,

it is difficuit?to'prévent an emulsifying

abent from remaining, reéulting in a lowering of toner

)

It is preferred for the low~temperature

softening resin to be synthes1ged by solution

ﬁolymerization taking account of its solution mixture

w1th thj

high-témperatnré softéning resin, carried out

after completion of the polymer1zation.

The mixing of the low—;emperatnre softening

ﬁesin and the high—tembeiature:softenipg resin is

carried

dan not

out by solut1on m1x1ng Other mixing methods

achieve un1form mlxture to adversely affect

toner characteristics.

remove x

éhe solv

H
H
H
H
i

The solution m1x1ng makes it possible to

emalning.monomers when the step of removing

i

ent is taken.

i

cet Has Been Replaced
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copi ed i mages,

and

fromthe viewpoint
step of grlndlng

_11_

10

the i nprovenent
bf energy since a very large ener

in the grlndablllt |s ver

i nport ant
opn Beplicpd t he

The phenon%ﬂ?n t hat toner

i

&he melting characteristics of the binder

resin can be measured using an overhead-type flow

tester as illustrated in Fig.

CFT-500

s#mple 3

3 (Shimadzu Flow Tester
Type). In the first place, about 1.0 g of a

molded using a pressure molder is extruded

from a nozzle 4 of 1 mm in diameter and 1 mm in length

under application of a'léad of 20 kgf using a plunger

1i at a temperature r;s1ng rate of 5.0°C/min, during

which the fall quantity of the plunger of the flow

tbster

iis measured

Pere, when the he;ght of an S-shaped curve in

'the plunger fall quantity—temperature curve of the

15

20

25

fﬂow tesiter (see the fiow tester flow-out curve. shown

ih Fig.
ﬁoint of
ﬁhe temp

is regan

ﬁsing a
éemperat
ﬁésition
éhe cent
éndother
éndother

regarded

DSC

4) is reppesenfeﬁ by "h", the temperature at a
h/2 is regarded as the softening point and
erature at whlch the. sample beg;ns to flow out
ded as the flow—out point or temperature.
The Tg is measurgd in ;he_followzng way:
curve Obtain;d ai ?he time of the second
ure j

rise, the iehpéféthre corresponding to the

of the point étiwhi¢ﬁ; as shown in Fig. 5,
er line between'; béSeiline (1)'before the
mic peak and a:b?sé line (2) after the

mic peak interbe@ts thk riéin& curve is

[ as the Tg.

The Tg in the present .inventicn is measured

M



the i oner wal |
good fixing perforngnce,

ef ficiency.

t oner

hlghly

havi ng r emai ne
fromthe V|emp0|nt q

1

10

15

20

25

.ﬁresent

of a
In the

using a

(manufac

rising x

82).

éolymeri

grinding apparatus tends to occur in atoner

therefore
process of copyinggethere is the step of ¢
d on a photosensitive nenber after transf
f making apparatus small-sized, Ilghtlmel
differential scanning calorimeter DSC-7

tured by Perkin-Elmer Co.), at a temperature

ate of 10°C/min and according to ASTM (D3418-

The resin composition in the toner of the
invention may préferaﬁly be those obtained by

zing at least one kind of monomers selected

from styrenes, acrylic abids, hethacrylic acids and

éerivatﬂ

ves thereof. Iﬁese are preferable in view of

development properties'énd'triboelectric properties.

As for examples of monomers that can be used,

styrene

Y1ny1toluene, and chlofdsfjﬁe@e.

@ethacr

4

écrylic

the
include styrepe, a—methylstyrene,
The.acrylic acids,
lic acids and hérivetives:thereof include

acid and acrvfafes éuéh as mefhyl acrylate,

ethyl acrylate, propyl acrylate, butyl acrylate, octyl

écrylate,

—ethylhexyl acrylate, n-tetradecyl

acrylate, n-hexadecyl aerylate, lauryl acrylate,_

cyclohexyl acrylate, diethylaminoethyl acrylate, and

dimetylamznoethyl acrylate, methacrylic acid and

pethacrtletes such as'méthyl ﬁethécrylate, ethyl

hethacr
amyl me

iethacr

hodecyl

l

late, propyl methacrylate, butyl methacrylate,

thacrylate, hexyl methacrylate, 2—-ethylhexyl

vlate, octyl methacrylate, decyl methacrylate,

methacrylate, lauryl methacrylate, cyclohexyl

methacr&late, phenyl methacrylate, z—hydroxyethyl

having a

bringi ng about a -poor grImﬁlsﬁ&masaeenneplaced

IR



'reliable,

it has bgcome common to carry out cleaning by theuse of

(i.

bl ade cl eani

particul ar,
i [ymgﬁhaggylgxg, 2-hydroxypropyl methacrylate,

put

10

15

20

25 hiacrylate (MANDA, avaiiablé from Nippon Kayaku Co.,

.the nel

menber s have been nore strictly required i
.anor phgus silicon photosensitive

ng) .
si zed and - sys

t-adhesi on resistance and film ng resi

dimethylaminoethyl methacrylate, glycidyl

ﬁethacrylate, and stearyl methacrylate.

)

ﬁe used

Eesides the above monomers, other monomers may

in a small amoun% so loné as the objects of

the pregsent invention can be ach:eved which 1nc1ude,

for exa%ple, acrylonltr11e, 2-vinylpyridine, 4-

W

menbers havi ng been recently

a biade

As photosensitive nenbers have a fiéﬁﬁ H&]
_photosen5|t|ve mermjer drums are nmade 4@mfl - is et Has Bety &’ &

hi gh- speed,
photosensitrve

ginylpyridine, vinylcarbazole, wvinyl methyl ether,

éutadier
éaleic g
éinyl ag
of the [

iinking

le, isoprene, mafeic anhydride, maleic acid,
icid monoesters, ?aiei@ acid diesters, and
etate. 7 -

A cross~linkin§§agént:mayfbe used in the toner
nresent.inventio&, énd;a bifunctional cross-

agent can be uséd,'wpich includes,

divinylBenzene, bis(4-acryloxy-

éolyethoxyphenyl) propane, ethylene glycol

éiacryl

butaned ol d:acrylate,

te, 1, 3-butv1éné glfcél diacrflate, 1,4-

1 5—pentaned101 dlacrylateﬁ 1,6~

hexaned ol diacrylate, neopentyl glycol diacrylate,

§1ethy1 ne gliycol diacrylate,

triethylene glycol

diacrylate, tetraethyleée'giycdl diacrylate, -

#600,

@iacrylites of polyethyiene giycol #200, #400 and

respectively, dipropylene glycol diacrylate,

bolypropylene glycol diécfylate, polyester type

Ltd.),

and those in whi@h {hefacrvlate units of the



are very highly durable,
menbers (OPCs) have
toners have becomne

conponent s
smal |

the space thr

nmust be

and al so organic photoconductl

| onger lifetinmes. Hence, the perfor

hi gher . I 4dr der to make appar
S0 designed as to be successfully tiass
ough which the air flows. |In addition,

for a fhglngb e ..
_ bove acrylate type cross-linking agents have been

respectively replaced with methacrylate units.

b? used,

érimethy

A polyfunctionalfcross-linking'agent can also
which includes bentaerythritol triacrylaie,

lolethane triacrylate, trinethylolpropane

tr:acryﬂate, tetramethylolmethane tetraacrylate,

oligoest

er acrylate and methacrylate thereof, 2,2~

| his(4—methacryloxy, polyethoxyphenyirpropane, diallyl

10

15

20

ghthalat
ﬁriallyl

diaryl g

&ot inca

éontrol]

e, triallyl cyanurate, triallyl 1socyanurate,
isocyanurate, t?1allyl trlmellltate, and
hlorendate.

These cross—linking agents may preferably be
rporated so that the THF—lnsoluble matter is

ed to be less than 10 wt %. In the case when

the cross—-linking agent us 1ncorporated it should be

used in

an amount of 1ess than 1 wt %, preferably not

more then 0.5 wt.%, and more preferably not more than

0 2 wt. %.

ﬁresent

The binder resiﬁ usedfin the toner of the

invention is synthesized from monomers in the

Qresence or absence of fhe cross-llnkxng agent and

elso wit

h use of a polymerization initiator.

The polymer1zat10n initlator may include di-t-

-_fButyl peroxide, benzoyl‘peroxide,'lauroyl peroxide, t-

25

butyl peroxylaurate, 2 2‘-azob1s;sohutyronitrile, 1,1~

bls(t~b$tylperoxy) -3,3, 5 trlmethylcyclohexane,

Ot osensitive

EFF Reglackd

T

heat sources



assenbly and an expgsure system cone very near to-a  toner hopper or a
cleaner. As a result, toner is 3 This Sheet Has Beep Repla

exposed to.a high-te¢nperature at m)sph@a‘Hence’ "ﬂu Hg g ,,,"

1 lil-bis(t—butylperoxy)cyolohexene, 1,1-bis(t-
'bhtylperoxycarbonyl)cyclohexane, 2,2-bis(t~
.bhtylperoxy)octane, n—bu£y1~4,Q—bis(t—butylperoxy)
v?lylate, 2,2-bis(t~butylperoxy)butane, 1,3-bis(ts

5 b;tylperoxy—isopropyl)benzene, 2,5~dimethyl-2, é-di(t-
ﬁutylpeﬂoxy)hexane, 2, 5—d1methy1—2 5~di (t~butylperoxy)

ﬁexyne-3, 2 5-d1methy1-2 5~d1(benzoylperoxy)bexane, d1-

-butylperoxy:sophthalate, 2 2—blsrl 4-di-t-
butylperoxycyclohexyl)propane, d1-t-buty1peroxy—a-
10 methylsucc:nate, di—t-butylperoxydlmethylglutarate, di-
—butylderoxyhexahydroterephthalate, dz—t-butylperoxy-
azelate, 2 5—d1emthy1-2 5—d1(t~buty1peroxy)hexane,
iiethylepe glycol-bls(t—butylperoxycarbonate), di-t—
Sutylperoxytrimethyladipate, tris(t—butylperoxy)
15 triazzne, and vinyl tris(t—butylperoxy]silane.
o The above polymer:zat:on 1n1tiators may be
ésed algne or by mlxturegtek;ng account of -the amount,
éhe pol#merization temge%atﬁreéand the half-life ; .
éeriod; | ? . l “
20 g In the toner used in the present invention, at

least one kind of a release agent bhaving a number

average molecular weight (Mn) of not more than 1.0 x

103, a weight average molecular weight (Mw) of not

more than 2.5 x 10 . an Mw/Mn of not more than 3.0,
25 qnd a melting point (mp)gof ﬁqom 60° C_to 120°C. The
ﬁelease agent may prefeﬁably’ﬁe used in amount of;from




toner can any |ongey be put into practical use unless: it has a better
bl ocki ng resistance; For exa%‘S the perfornaﬁ&e§mwe iBeerReplaced
t al

toners conflict with each other in al
and

_ . properti esy
performance and bl ocki ng resistance, and yet it is incre
~studied to satisfy all of themin a high performance. No satls actory

resul ts.1 hoyeyer, bgve bgen 9 Yiifhrably fron A & 96 YElY, Stated, as a

nmet hod of f|X|ng
-based on the binder resin.

Release agents pieferably used in the toner of
the present invention 1nc1ude, for example, paraf?in
S wax, a low-~molecular weight polyethylene wax, a low-

mplecular weight ethylene-propylene copolymer, a low-

molechijr weight polypropylene=wax, and a polyolefin
- - WAX-gT

a? styrene and styrene'derivatives, an

10 u%saturated fatty acid;oi an;uhsaturated fatty acid

e%ter. Of these, the graft-modified polyolefin wax is

#

particularly preferred from the viewpo;nt of the
advantages that the llfet1me of developers and of

qachlnej such as copylng machines making use of the

{
15 developers cen be elongated and the machznes can be

@ade maintenance-free.

The graft—modifled polyolefln wax may have an

3

ﬁn of ngt more than 1.0 x 10 and preferably from 400

to 700, Han Mw of not more than 2.5 x 103, and

20 preferably from 700 to 1 500 an Mw/Mh of not more
than 3.0, and preferablv not more than 2 0, and a

meltzng Foznt of from 60 Cc to 120 C, and preferably
from 60°C to 100°C. '

Use of this release'agent makes it possible to

25 éarry out the heat fixing of.the toner to a recording
i T :
medium under fixing condﬁtions of low temperatures’

t=modified with an arohatic vinyl monomer such - -—-————



vi sible irrége of toner to a recording medium the heat- rehl;shdexsiddBeaREH12M
Is widely used, in which a recordi_ngume_di um r et ai ni ng thereﬁm__' '

vi si bl e

i mage havi ng not been fixed i's heated while it is h

carried between a heat roller maintained at a given tenpera
_ roller having an elastic layer and conming into pressure contact
with ghe Reehotel tllusing offset, and thus to achieve a lower

pressure

10

15

20

power cinsumption.

%Intenéive studies made by the present
inventoés havé revealed that-what is required is a;
release_%gent which'rénders good release properties at
a low te%perature with respegt to the low—~temperature
melting ;indep resin wﬁich'énables the low—-temperature
fixing, %hat the temperature at which the release
égent re?ders release properties correlates with thg

! : :
melting point of the release agent, and that a release
i _

agent ha&ing a lower melting.point is more
advantag%ous for the-low—temﬁeratufe fixing. When,
however,%a release agent with a low melting point is
used; th% release agent makes poor the blocking

resistance of a toner and has an ill influence that

the filming of toner to a carrier occurs when the

product is used in two=component type development.
Accordingly, in the present invention, the release

agent isi made to have the molecular weight

distribution which is relatively sﬁarp as described
above, sb that the blocking resistance can be
improved;, the release agent can render release

propertigs at a lower temperature,:and the good

. performance without causing the offset phenomenon can

25 be obtained.

However, although the low-temperature fixing

ol

i



The heat-roll fixing, however, has the follow ng problefs that should be
settled. (1) Awaiting tinme (a tinme during which an | nelhés fmﬂ#ﬁ%ﬁk emmxd
operation is prohibifed) is required-uasit+ the heating r ol

gi ven tenperature. 2) The heating roller nust be nalnta

proper tenperature ih order to prevent poor fixing
vari ations of; heat-r

10

15

20

25

'r981n as

caused by
| I er tenperaturés
can be achieved to a certaln extent when the release

agent with a low melting;point and binder resin as

descrlbeL above are usedgin combinatioﬁ, it is |
technlcaily difficult to disperse the release agent in
the mixeL resin comprised of ‘the low-temperature
softenin resin and the h1gh~temperature softening
resin. An 1nsuffic;ent dlspers1on adversely affects

the devefloping performance of " toner.

; Now, the present 1nventors made further
H

intensiv studies to have discovered that the above

problems

performance and further low—temperature fixing

can be e11minated and a good development

pérformanoe can be aohieVed when the 1ow-me1t1ng

_pblvolefin wax is graft—modif;ed in order to improve

the dlspersion of the releese egent in the binder
described above. .

é _ . {fhe binder resin in the toner of the present

1nventsz may preferably be’ obta;ned by mixing the low-
tbmpera re softening resin and the hzgh-temperature
softenldg resin, and both the res;ns may preferably be

Qinder.resins comprls1ng-the'same components.

- The low—melting graft-modlfied polyolefin
éelease agent used in the present 1nventlon may
fnclude a polyolefin wax graft-modlfled with an
éromatic vinyl monomer,sich'as stfrene and styrene
ierivatives, or an unSE€urete& fatty acid or an




- 13- t hat may ocgur when the recording nmediumis passed or—because—of
other external factors, and also to prevent the phenonmenon of _offset of

toner on the heat i ng rol ler. This n‘ak&es-ﬂ necessary toﬂﬁ]iﬁ Hiﬁﬁ"iﬂﬁ

1

unsa;urated fatty acid ester.

. The polyolefin'wéx may include polyethylene
w?xes; homopolymers of a—olefins such as propylene, 1-
bﬁtene, 1-hexene, 1-decene, and 4-methy1-1~pentene,

3 c%polymers of two or morg k1nd§ of.a-olefins; and
cbpolvmers of ethylene;with an:a-olefin. It may
fhrther include oxides of polyoleflns.

' The unsaturated fatty ac1d or unsaturated
f;tty acid ester used for synthes1z1ng the graft-;l

10 modlfled’polyolef1n may include methacrylic acid;

methacrylates such as methyl methacrylate, ethyl

mgthacrylate, propyl methacrylate, n-butyl
m;thacrylate, isobutyl methacrylate, n-octyl
m;thacryléte, Z-ethylhexyl pethacrylate, lauryl

15 m;thacrylate, stearyl @e?haéfyﬁate, dodecyl

iethacrylate, phenyl methacgyl?te, dimethylaminoethyl

xéethacrylate, diethyla;niizoéthyil me‘thac}ylate, 2-

éydroxyethyl methacrylate, 2 2 2- trifluoroethyl _

géthacrylate, and glyc1dyl methacrylate- acrylic acid

]
acrylat s such as methyl acrylate, ethyl acrylate,

20
propyl gcrylate, n-butyl acrylate, isobutyl acrylate,
q*octyl acrylate, 1aury1 acrylate, stearyl acrylate,
iodecyl acrylate, 2—ethv1hexyl acrylate, phenyl
écrylat . 2—chloroethy1 acrylate, —hydroxyethyl

25 acrylate, cyclohexyl acrylate, d;methylamlnoethyl
gcrylate, diethylam1noethyl acrylate,'_




heat capacity of the heating roller or a heater
| ar ge el ect rTlﬂsahew\HarsBe

over the heat ﬂl g}
er an

on the recordi
res

the heatiing

becone figher Iting in a state

el enent,

which requires a-

laced After the recording nedlun1has been passed
~di schargegl the recording medi um and 't he toner
slowly cool ed because of a high tenperature of

‘s0 because of the atnospheric

t enper at ure havi ng

dlbutyla inoethyl acrylate, 2—ethoxy acrylate, and 1,4~

butanediol diacrylate;

itaconic

maleic acid, fumaric acid,

acid, citraconic acid} and unsaturated

dibasic acid esters suehfas mohoethyl maleate, diethyl

5 meleate.

monopropyl maleate, d;propyl maleate,

mbnohutyl maleate, d1butyl maleate, dl-z—ethylhexyl

meleate,

fumarateu dl—z-ethylhexyl fumarate, monocethyl

monoethyl fumarate, diethyl fumarate, dibutyl

itaconate, dxethyl itaconate, monoethyl citraconate,

10 and d1ethy1 citraconate._

These can be used alone or

i5

in combi

styrene,

nation of two or: more kinds.
The eromatic vinyl monomer may include

o-methylstyrehe, m¥ﬁeihylstyrene; P

methylstyrene, a—methylstyrene, z-l-dimethylstyrene, P-

ethylsty

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

n;dodecylstyrene,
chlp:ostyrene.
cbmbinat1on of two or more kinds..

20 conventionally known"methods;

-phenylstyrene, and p-

These can be used alone or in

The polyolefin cen be graft—modified using

- For example, a reaction

of the polyoclefin with the aromatlc v1nyl monomer and

the unsaturated fatty acad or unsaturated fatty acid

}

ester whiich are in a molten state or dlssolved in a

solvent may be conducted.by heatxng in the atmosphere

25 or under

qf a radical initiator.

application of pressure and in the presence

EA graft—modlf1ed polyolefin



in whi ch a—high~adhesion or the toner is maintained. Thus, there may often
- occur offse§m$gﬁamapmknRQMWﬂcaused by the wi nding of the recordlng medi um

around the M % It is_eygestly sought to realize a fixing
met hod t hat ﬂ@ probl ems, and may require only a short waiting
tine and a lo on of . electric power while achieving excellent
perfornance of fixing a toner latent image to a recordi ng nmedi um
1 can be thus obtained. The grafting using the aromatic
v1ny1 monomer and the unsaturated fatty acid or

unsaturamed fatty acid ester may be carried out using

both at the same t1me or maY be carrled out using them

5 separately.

The initiator used in the grafting reaction

may incl-de benzoyl perokide, dzchlorobenzoyl

| i; di-tert-butyl perox1de, lauroyl peroxide,
tert-buﬂyl perphenyl acetate, cumine pivarate,

10 agoblsisobutylonitrlle, gimethy1a201sobutyrate, and
éicumyl peroxide. | : : .-_ t

g }As to the proporiion'o} the grafting agent to
fhe polyolef1n, the former may preferably ‘be in an
amount of from 0.1 part by welght to 100 parts by

15 %eight,iand more preferably from 1 part by weight to
50 parts by weight, based on 100 parts by weight of
ﬁhe latter. An amount less than 0.1 part by weight

' can not*bring about little effect of graft1ng, and . an
amount more than 100 parts by we:ght may result in

20 1oss of |advantageous propert:es 1nhergnt in the
éolyoleﬁin. g :

’ The aromatic vinyl monomer and the unsaturated
fatty acid or unsaturated fatty acid ester may be used
preferably in a weight ratio'of from 95:5 to 5:95, and

25 more preferably from 80: 20 to 20 80. ;An excessive

amount for the unsaturated fatty acid or unsaturated

H




and excellent anti-pffset. Such a fixing nethod gre tlyhggwgﬂggkgng
properties

, and one| of the inportant,graperties is the
fixing performance} of toner. As means for pr evH“]I“vﬂm%ﬂm
of the _

10

15

20

25

fatty aciid ester tends to result in a decrease in the

réleasing effect inherent in the polyoiefin. aAn

exce551ve amount for the: aromatic vinyi monomer can
not so m'ch bring about an improvement in the
dlsper31I111ty of the polvolefin in the toner.

lhe graftemodlfled polgelefin used ‘in the
p?esent fnventioh nay gréfefabiy be added in an amount
et frem .1 part by welght to_ZQ_pantS+b¥uwe&ght and

mere preferably from O. 5 part by weight to 10 parts by

- weight, based on 100 parts by weight of the binder

resin, An amount less then’ q.} part by weight makes
it diffibult to brihg.a:bc%mt-a' éufficier‘xt releasing
effect, and an amount more thah 20 parts by weight
tends to| result in a 1ower1ng of the blocking
resistanue of the toner.;

| The graft—modif1ed polyolefln used in the
p?esent invention may preferably have a melt ViSCOSltY
ih the range of from 1 to 250 cps (centlpoise) at
1?0'0.' melt viscoszty less than 1 cps tends to;f
c;use th£ blocking of toner. A melt v1scosity more
t;an 250 cps makes it ha;d forithe_mod;fied polyolefin
té bleed| from the toner énd.haées it hard for the
releas:ng effect to be. exhlblted In the fixing
method of the present inventzon, it is preferred that

in general a releasable ¢omponent hav1ng a lower melt
; : H

viscosity is used when a’'lower: fixing temperature is

BAE"

ce



14 -

- st at ed:

(i)

binder

of f set phenonenon, the follow ng nmethods are known as previously

(i) The method in which the fixing is carried out while applying a
rel ease agent such as silicone oil T®@%he surface of .a heating roller;
t he net hod in{which a high-nol ecul ar- wei ght polyner is *® used as a
resin for toner, and (iii) the nethod
1 selected,
The melt viscosity referred to in the present

inventiop is based on a value measured with a

Brookfiejld type viscometér. -
S he toner used in the present invention may

c?ntsin Ft least one kin@ ofjagrelease agent having a

melting Eoint of highef than I?O'C so long as used in

shch an ount that mey~&ot~ad%ersely«affect'the

10

" & charge control agent:

15

20

25

fﬁxing performance of'the toner.

or negatl

charge fe

1nclude

(_ﬁl)

pbs:t:vz

Nigrosi

The toner of tﬁeépfeSeét invention may coetain
%ch;eﬁtionall§ known positive
ive charge contrél_aée?ts can 5e used as the

ontrol agent. T@e cba?ge eontfol.agent may

the following:

Those capable of controllzng the toner to have

charge may 1nc1ude the follow1ng materials:

e, azine dyes containlng an alkyl group having

2 to 16lcarbon atoms (Japanese Patent Publication No.

42—1627)
gellow 2
ﬁed 1 (d

Basic Vi

(C.I.42855), C.I.

éasic.VJ
(C.I.42C

Blue 5 |

. basic dyes as exempl?fled by C.I. Bas1c-
(C.I.41000), c. i 'Bas%c Yellow 3, C.I. Basic

.1.45160), C.I. Ba81c Red 9 (C.I.42500), C.1I.

olet 1 (C.I. 42535), C. I Ba31c Violet 3

Basic V101et-10 (C.1.45170), C.I.

olet 14 (C.I. 42510), C I. Basic Blue 1

28), C.I. Basac Blue 3 (C.1.51008), C.I. Basic

C.1.42140), C. I Bas1c Blue 7 (C.I. 42595),




in which a wax having rel ease properties is incorporated in a toner. .

In the nmethod T lw% rRe oil is heated to-gemerate a snell, and

al so a device f oi | Detbnes necessary to bring about t he
problen1that' e becones-conplicated in structure.

In the method (||) although the anti-offset of the toner can be inproved,

Ttis g fTigtyl t gLl AGlY ave U161 WS FEPET ALY Seld Xl Ny Dscayse of a
(h 1.52030), C.I. Basic Blue 25 (C.I.52025), C.I.
Basic Blue 26 (C.I.44025), C.I. Basic Green 1 )
(C I. 420L0) and C I. BaS1c Green 4 {C.I. 42000), léie
S pigments of these basic dyes {l1aking agents are
exempllfeled by tungstophosphoric ac1d
mplybdopuosphor1c acid, fungstomolybdophosphoric acid,
t?nnio—a~id lauric acid, ga111c acid, ferrxcyanides,. —
.agd ferracyan1des), C.I. Solvent black 3 {C.I. 26150),
10 Hanza Yellow G {C.I. 11680), c I Mordant Black 11,
'C I. Pigment Black 1, beﬁzoylmethyl-hexadecy1ammon1um
chlorlde, decyl- trimethylammonxum chlor1de, dialkyltin

' compounds such as dlbutyltin and diOCtYltln, metal .

elts of | higher fatty acids, inorgan1c fine powders
15 séch as zinc oxide, metal complexes of EDTA or
acetylacetone, and polyamine resins such as v1ny1
polymers containing an am1no group and condensed
polymers containing an aﬁioo group. Nigr031ne, metals
sélts of higher fatty acids, and vinyl ‘polymers |
20 céntaining an amino group are partlcularly preferred
f%om the v1ewp01nt of dlspersiblllty
(é) Those capabhle of controlllng the toner to have.
negatlve charge may include the following materials:
Metal compounds of monoazo dyes, as disclosed in

25 Jepanese Patent Publlcatzons No. 41—20153, No. 42-

27596, No. 44-6397 and No. 45-26478, nitramines and




concurrent
respect of the neth
52-3305, No., 57- 5
di scl ose toners com
exli stiing circ

Under

10

ri se of

salts th
Qpplicat
éuch as
ﬁy the u

écid,.na

iisclosz

42152,

éulfonat
i
dligomer

introduc

bd (iii),

Japanese gzPat ent Publlcatlons
P574, No. 53-155655 and No. 58-12580,
brising a styrene resin and a s
LIMst ances,

ereof, as disclosed in Japanese Patent

however,

a. 58-41508, No.

i he neltfng tenperature of the

t hese

58- 7384 and No.

ed, and chlorinated paraffzns.

t oner.

peC|f|c

nion of Zn, Al, Co, Cr or Fe with salicylic
phthoic acid or ?icapbbxylic acid, as

d in Jepanese Paieﬁt Phblications No. 55-

59-7384,

ed copper phthalocyanihe'pigments, styrene

Metal—~

. dontaining compounds of monoazo dyes, and metal-

15

20

25

T

containi

écid, na

phthoic acid or dlcarboxylic acid are

part1cuﬂar1y preferred from the viewpoint of

dispersﬂbility.

!
L]
1

éptional
ﬁesults.
ieflon,

particu]

e

étrontiu
is prefe
dolloide

hydrophc

ar, polyvinyl1dene fluorlde is preferred);

abra51ves such as cerium oxlde, silicon carbide and

rred); fluidit&-brevidﬁng agedts such as
1 silica and aiuiipum bxide (in particular,

bhic colleoidal silica is preferred), anti-~

This Sheem

ion Laid-open No. 50-133338, dyes or pigments

C.1.14645, metal-containing compounds formed

s into which a nltro group or halogen has been

ng compounds of sallcylic aoid alkylsalicylic

The toner of the-present inventlon may also be
1y 1ncorporated With add1t1ves to obtain good
The addltives may 1nclude 1ubricants such as

zinc stearate and polyv;nylxdene fluoride’ (in

m titanate (injp?rfieu?ar, stﬁontium titanate

caklng agents; and conduct1vity—prov1dlng agents such

!



toners can achi eve
hi gh-tenperature gi
of the | owtenper3

1l
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an i nprovenent partlcularly in regard tTdis Sheet Has Been Replaced

o oifsel “phenonesan b1 {11 ”‘”“i&lﬂﬂ“lllﬂhlfﬂﬂlﬂ

ture

as carbon black, zinc oxide, ahtimony 0x1de and tin

oxide.
ihprover

bﬁack fi

It is also possible to use as a developability
. a small amount of white fine particles and

ne particles having the polarity oppos;te to

the charge polarity of the toner.

use in t

used as

The toner of the present invention may also be

he form of a mlxture w1th carrler powder, when

a two—component type developer. In thlS

instanceu the toner and the carrier powder may be

mixed in
of from

wt.%, an

such a ratio that gives a toner concentratzon
0.1 to 50 wt-%, preferably-from 0.5 to 10

3 more preferahly from 3 to 5 wt %.

As the carrier powder usable in the present

ihventio

They inc

, it is possible to use known materials.

S

ude, for example, powders hav1ng magnetic

propertiLs, such as 1ron-powder, ferr;te powder and

nickle p

surfaces

f}uorine

cpntain
a%magnet
material
The magnétic material contained in the toner may

1nclude

ferrite,

bwder, glass beads, and glass beads whose
have been treated with a re31n such as a
resin or a sil1oone resin. .
The toner of the present invention may further
b megnetic material 80! that it can be used as
In th1s'instance the magnetic

serves as a ooloring agent at :the same time.

ic toner.

iron oxides such;as magnetite,,hematzte and

or compounds of divalént metals with iron.




fixing performance.

| owt enper at ure

to have the rel easi
| ow-t enper ature of f

per f or mance,
perforn?nces

) 0 lpm t
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result

oxide- m

alloys o

as aluminum, cobalt, copper,

z;nc, a
manganes

and mixt

g

agent is used in a bi nder having-a
it is difficult forﬂni%edtﬂhmﬁﬁk epfagkg Nt

When such a rel ease
| ting properties,

ng effect at a |lowgtenperature, tendl
set phenonenon. Thi s causes a-|oweri n y”"l
ing in no achlevenent of | ow tenperatur

Ltals such as iron, cobalt and nickel, or

f any of these metals with any of metals such

lead magnes;um, tin,_

imony, beryllium, bismuth cadmiunm,’ calcium,
e, selenium,

titanium,:tungsteh and vanadium,

ure of any of these.

These ferromagnetic materials may preferably

be thosel having an average particle diameter of from

o 2 um, and more‘preferably from 0.1 um to0.°0.5

Sphtrical materials are particularly preferred.

The magnetic material may be c0nta1ned in the magnetic

toner 1J

an amount of from about 20 to 200 parts by

weight based on 100 parts by weight of the resin

component and particularly preferably from 40 to 180

parts by

resin component . §

@ptional

i

present

weight based on 100 parts by weight of the

¢

The toner of the present invent;on may also

ly contain a colorant.;

As the colorant used in the toner of the

invention, a pigment or a dye may be used.

ﬂhe pigjent may include carhon ‘black, Aniline Black,

acetyre

e black, Naphtol Yellow, Hanza Yellow,

éhodamine Lake, Alizarin Lake,’red 1ron oxide,

i
Phthalodyanine Blue and lndanthrene Blue.

is used

sufficie
;

The pigment

in such an amount that is necessary and

nt for maintaining the opt1ca1 density of



. To prevent the hi
I n which a high-

B .

resin.

The net hod
Appl i cations Lai df

56- 158340 and No.

nmet hods have
1

10

15

20

25

! ach
fixed im

amount o
weight,

w?ight,

d&es, xa

.b§ added

weight t

0;3 part

parts by

f§r deve

pfepared

gh-tenperature side offset phenonenon, nethods are known
nol ecul ar wei ght polymer is incorporated in & binder

s are disclosed, _fgg exanple, in Japanese Patent

open No. 50-134652, No. 54-114245, No. 56-16144, No.

58- 203453. Most of the toners used in these
eved an inprovenent in the high-tenperature side

ages, and should be added preferably in an

f from 0.1 part by weight to 20 parts by

~and more preferably from 2 to 10 parts by .

based on 100 paris by weight of the resin.

The dye may include az§ dyes, énthraquinone

nthene'dyes and ﬁethiné dyes. fThe dye should
preferably in aﬁ émduﬁt of from 0.1 part by
0 20 par€ts by weight and more’ preferably from
by weight to 3 parts by weight based on 100

weight of the re81n.

_rhe toner accord;ng-to the preéent invention

loping an electrostatlc 1atent image may be

by a method compr131ng thoroughly mixing the

resin composition according to the present invention,

tpe rele
!

optionalily together withgthe?mégnetic @aterial

pigment |

b§ means

ase agent and thg charge control agent
, the
br dye as a coloﬁiﬁg;ééent and other additives

of a mixing mac@ine.sﬁch as a ball mill,

thereafter melting and‘kéeé&ihé the mixture by the use

O!_f a hea

kneader |
c@mpatib

dissolve

to effec

i

t kneading machiée:subﬁ as a heating roll, a
af an extruder sé thatirESins ére_mutually
ilized and the pigméﬂt%or dye is dispersed and
i therein, and'céolingztheiresﬁlting product

t solidification; folléwed by crushing,

pﬁlverizrtion end then siricf classification to give a
1 . H : N '

toner wi

th an average paétiélefdiameter of from 3 uﬁ

: —_—

This Sheet Has Been F

i
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~An obhecttgfzbh%

of f set phenonenon but are sought to be further inproved in respect of the

| ow-t enperature fixing performance. On the other hand, the | owtenperature
fixi ng performancg have been achi evéP tv a certain extent in some of these
met hods. I nprovenent, however, is sought in respect of

A furth
devel opnent perfoEnance and bl ocking resistance. SUWMMARY OF THE | NVENTI ON

o resent inventionis to
; : | | |
ffhe present invention also relates to a method
o? heat—Lixing a toner visible'image, wherein the -

method comprises heat- fixing the toner image formed

5 u31ng the toner having the characteristic features as

10

15

20

25

‘interpos

describe
h?ater e
member t
pressure

close co

fixing d
fixing m

limited

element
conventm

part. T]

d above,

to a recording mediun by means of a

lement stationarily supported and a pressure
hat stands opposite toisaid heater element in
contact and brings'said recoraing medium into
htact with said éeateréelement%thrOugh a film
cd between them.i : l

Fig. 1 illustrates the construction of the
evice used in the present invention. The
sthod of the present invention is by ‘no means
bnly to the method embodied in 1t.

In the fixing device shown in F1g 1, =& heater
i1 has a smaller heat capacity than
bnal heat rolls, and has a. llnear heating

he heating part may preferably be made to have

a maximum temperature of from 100 C to 300°C.

!

A film 15 is interposed-between the heater

i
lement

preferab

to 100 nm in thickness. Heat—resistant sheets that

il and a pressure member i8, and may

y comprise a heat-re51stant sheet of from 1

cen be used therefor mav 1nclude sheets of polymers .

having h

igh heat—resistance, such as polyester, PET"

e

Sheet Has Been Replaced

T
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Anot her object of t

10

15 -

20

25

provide a toner that has solved the above problens

ethylene

he present I nvention is to

- 57 -

(bolyethylene terephthalate), PFA (a tetrafluoro-

/perfluoroalkyl vinyl ether copolymer), PTFE

(bolytetrafluoroethylenei, polyimide and polyamide,

s?eets OL metals such astalumiﬁum, and laminate sheets

cbmprise

heat-res

‘

d of a metal sheet and a polymer sheet.

In a preferred constitut;on of the film, these

istant sheets have a release layer and/or a
! o

IOWbres1stance layer.

H

he numeral 11 denotes a- low heat capac;tanoe

linear heater element stationarily supported in the

fixing device.

An example thereof comprises an

aaumxna Luhstrate 12 of 1 O mm in thlckness, 10 mm in

width and 240 mm in longxtudinal length and a

res1stan

e material 13 coated thereon to have a width

of 1.0 m?. which is electrif:ed from the both ends in

the lonthudinal dlrection. The electricity is

applied1
corresp01
e@ission
€ Eemperah
a%period
r%nge ap]
cii)ntact A
t%mperab
agfixing

i
shown in
l
l
;

inder variations of pulse widths of the pulses
nding with the desxred temperatures and energy
quant1ties wh;ch are controlled by a

ure sensor 14, ‘in the pulse—like waveform with
of 20 msec of Dé 100V

proximately from O 5 msec to 5° msec.

The pulse widths
In

with the heater élament 11 the;euergy and

nre of which ﬁav% oeenécontrolled in this way,

£ilm 15 moves‘ié tba éirectioﬁ of the arrow -
.Aé

H

the drawing. exsmple of this fixing film

1
3
]
e —

——

Tas Been Replaced
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provide a toner that can be fixed at a | ow tenperature and also has
anti-offset in a brgad tenperature region of fromlow tenperatures to high
t enper at ur es. Still another_opgect of the present invention is to
provi de a toner that may cause no nelt-adhesion and filmng to a

phot osensitive nmenb¢r in a high-speed systemeven after use for a |ong
period of time. : A further object of the present inventionis to
provi de Ja t(imnfld dmsendopsr FOImbtompt iged of a heat-resistant

sheet off 20 pym thick (corprising, for example,

polylmid . polyether;mlde, PES or PFA) and a release

Iayer (comprising a fluorlne resin such as PTFE or PFA
5 tp which a conductive mater:algls added) coated at
I?ast on the side comingéinto éontect with the image

to have @a thickness of.lé um. - In general, the total

tbickneSﬁ of the film may preferably be less than 100
o

u&, and more preferably less .than 40 pin. The film is

10 moved in the direction of the arrow in a wrinkle-free

state byl the action of tée_drire of, and tension
4 _ Sy j '
bbtween, a drive roller 16 and a follower roller 17.

: The numeral 18 denotes a pressure roller
h%vino OL its surface an elastzc layer of rubber with
15 ggod release properties es ege@pl1fied:by silicone
r?bber. This.pressure roller ls pressed against the

heater element at a total pressure of 4 to 20 kg

_t?rough the £film interposed between them and is

rbtated in pressure contect w1th the fllm. Toner 20

20 having nbt been fixed on a transferr1ng medium 19 is
reios

1§d to the fixing zone_by means of an ;nlet guide 21.

Aéfixed.image is thus obtainedlby'the ?eating
d%es_cr ibef above. ' '

: The above has been desoribed wlth reference to
25 ag embodiment in which- tge f1x1ng fllm comprises an

endless belt. A sheet-feedlng shaft and a w1nd—up
i :

i Lo o . .

i oy ; —

; - This Sheet Has. Been R
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resistance and particularly can be well used even in a high-tenperature

atmosphere in a small-sized machine. A still further object of the
pr esent |nvent|on'|s to provide a toB8r-that can be -continuously produced
in a good eff|C|en?y because of no nelt-adhesion of a ground product to
the inner wall of jan apparatus in the course of grinding.

Accordifg ts%éPte xfélg?saei‘éo'é‘éeﬁts%“’ak eige' fixlng film may not be_
éndless.

: The image forminp apparatus inéludes an
apparatds that forms an imege by the use of a toner,

3 as exemplified by copylng machines, printers. and
facs;m11b apparatus, to which the present fixing
device can be applied. ' '

: khen the temperature detected by the
éemperature sensor 14 in the 1ow heat capac;tance

}0' ﬁinear Heater element 11 is Tl' the surface
éemperature T2 of the lem 15 opposed to the
resistance material 13 is about 10 to 30 C lower than
'il The surface temperature T3 of the film on the
part at which the f11m 15 1s peeled from the toner-—

15 f1xed fdce is a temperature substantlally equal to the

above temperature T2 : :

: Suitable as methods of electrlfying the heater

%lementiaccording to such a temperature control system

%re the |pulse width modulatlon svstem, the frequency '

20 podulation system, the Ap phasp contrcl system, etc.

i

PSP PR
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provided a toner for developing an electrostatic inmage, conprising a

bi nder resin and a colorant, wherein said binder résin tontains a

THF-i nsoluble matter in an anmount %5 |_Less than 10 wt. % based on the

bi nder resin, and, in the nolecular weight distribution nmeasured by GPC
(gel perneation ?hronatography) of a THF-soluble matter, has a wei ght

1 The present invention will be described below
|

in great%r detail by giving synthesis examples and

working %xamples. The "part(s)" in the synthesis

examplesgand working examples refers to “part(si b{
5 weight".g

éynthesis Example 1

i
In a reaction vessel, 200 parts of cumene was

put, and?fﬂ;?féhperature was raised to the reflux
temperatiire. A mixture of 160 parts of styrene
10 monomer aﬁd 6 parts of di-tert-butyl peroxide was
| dropwise: added thereto at 135°C in 4 hours. Under
further reflux of cumene (146°C to-156‘0), the

solution polymerization was completed and then the

. cumene was removed. The pol?styrene thus obtained was

.15 soluble lin THF, and had a weight a§erage molecular
weight o?'7,800, a molécular.weight peak (MA) of 7,200
and a_TJ of 67°C. This is designated as polymer A-1
of the binder resin for the toner of the present

invention.

20 sYnthe51s Exemples 2'to 5

Uszng the monomer compos:tlons, polymerization

initiatqrs and solvents as shown in Table 1, the
: i - . :
solution polymerization was carried out in the same

manner ﬁs in Synthesis Example 1 to give polymers A-2
25 to a-5 if the binder resin for the toner of the

¢ H
present jinvention.

Thls Sheet Has Been Re
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- 17 - aver age; nol ecul ar wei ght/ nunber average nol ecul ar meight

(Mwv Wn) of "> 18, al nol ecul ar wei ght peak MA in the region of "a nol ecul ar
wei ght of from 3,000 to 20,000, a_npl,ecul ar wei ght peak MB |n the region
of a nolecular wej ght of from 380,0 to 1, 000, 000, a

1 Table 1

: Syntheéei.s of P‘olymers A

: Monomer composit1on - Polymlzn.
5 é Polyme (parts) Solvent initiator

synthesfs Example: : :
32 A-2 Styrene i '(85) Xylene Benzoyl
" ' Butyl acrylate.(lsi _ peroxide

3 A-3 Styrene i (80)  Zylene Benzoyl
10 Butyl acrylate (20) o peroxide

k A-4 Styrene f (17) -Ioluéne Benzovyl

2-Ethylhexyl’ -7 peroxide

% acrylate (23) ,

5 A-5|  Styrene | ; (80) Toluene Benzoyl
15 2-Ethylhexyl . . peroxide

acrylate (20)

g

§ Table' 1’ (Coht'd}
20 | T

: Weight average: ‘Molecular weight

Polymer | molecular weight pkak . Tg

i A :

A-3 | 17,000 , | 15,600; 62:C

-4 | 21,0000 i | ! 19,200 57°C
25 -5 24,000 | 22,300 64°C

: . Tkns“ \\\\\



mol ecul ar wei ght n]nlnun1NH in the region of a nolecular weight of from

20,000 to

and a nol ecular w
0.35to O
curve of a "ol ecu
the area of:a nole

to 0.8 :

1l

10

15

20 f

.ahd then t

380, 000,

provi ded

i ght distributiqn G%:eur_y,e area ratio
8 when the area® o

ar weight of from400 :to the Ml is represented by SA
cul ar wei ght di st'ri bution

that MB/IMAis in the range of from'30 to 150,
SA: SB:sd of 1 ::0.3
a nol ecul ar wei ght distribution

water in

product

was added thereto to make up . a suspension.

syspensi

atmosphere.

témperat

completed.

In a reaction vessel

Synthesis Example 6

200 parts of deaerated

which 0.1 part of a- part1ally saponif:ed
of polyvinyl alcOhol was dissolved was put,

the monomer composit1on as shown in Table 2

The

on was heated to 80 C 1n a nltrogen

The suspens1on was maintalned at that

'l

ure for 24 hours, and then polymerlzatlon was

After the reaction mlxture was cooled to

1

room ten erature, spherical polymer particles produced

as.a result of the polymerizataon were filtered, and
t?en thoroughly washed with water, followed by
éehydration and drying’ to glve polymer B-1 of the
glnder resin for the toner of the present 1nvention.
The polymer had a weight average molecular we1ght of.
%52,000, a molecular welght peek of 433,000 and a Tg
§ :T;ble:£
ﬁonomer Composition ? g Mixiqé proportion
étyrene | é i ?2'parts
ﬁeth&l methacrylate ; ; 30 parts
éutyl agrylate 18 parts
%enzoyl peroxide E 20.22 part
: i
i ?

' This Sheet Hag B
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curve of a nol ecular weight of fromthe Ml to 5, OOOPQQQ_by—SB~4%u$44H}—
area of the region; defined by a straight |ine connectin i
(apexA) corresponblng to the nol ecugar -wei ght peak MA p
(apexB) corresponding to the ol ecul ar weight peak MB a " H
‘wei ght dlstrlbutloh curve by Sd. According to of

t he present_ invention, there is provided a heat fixing method
: : $ynthesis Examples 7 to 10

_ US1ng the monomer compos;tions and
polymerizatlon initiators as shown in Table 3, the._
suspen81on polymerizatzon was carried out in the s;re

'S ménner as in Synthesis Example 6 to gzve polymers B—2
tg B-5 of the binder resin for .the toner of the

i |
present invention.

Table 3

3yntheses of Pelymers B
) 10 { : )
: : Monomer composition  Polymerization
. {  Polymer .| (parts) . initiator
! I I

Synthesis Example:.

? B-2 Styrene f ' -(§3) ' éenzoyl peroxide
i ' C :

15 Butyl scrylate (17)

' =i | o : :
8 B—é Styrene § {85) Benzoyl peroxide

Butyl acryiatg;{iS)

9 B-4 Styrene % ' .(fT)_ i,l'—azobis

i Z—Ethylhexyl ; {cyclohexane-1-
~ acry@ate (%3) carbonitrile)
20 1é B-5 Styrene % i'lQO) . Benzoyl peroxide

Butyl acryéate'jiO)

'Divinylbén%enef(d.ozj

ot mom s st mametebeg 1@ im0 112 wp 2

25 |

ey



I nparting a toner image onto a recording nedium

conpri si ng;:
wherein a toner that forns said toner image conprises a binder resin and a
col orant, wherein |said ~ 64 - - 18- °
1 Tabie 3 (Cont'd)
: Weight average Mblecular weight -
Pblymer molecular weight .peak ' Tg
5 B-2 603,000 583,000 64°C
B-3 827,000 804,000 67°C
B-4 956,000 928,000 66°C
i - , _ :
B-5 751,000 692,000 60°C
{ o
10 | :
: The weight average molecular welght (Mw},
K_W/Mn, filow—-out point, soften:.ng p01nt and Tg of each
of the above polymers A—;, A*Z} A-3, A-4, A-5, B~1, B-
! . R -
2, B-3, B-4 and B-5 are shoéwn in Teble' 4 below.
15 | |
; i :
20
25
: BeenRePIaced




bi nder resin contiains a THF-insoluble matter in an anount of |ess than 10
Wt . % based on the binder resin, and, in the nolecul ar wei ght distribution
measured by GPCi(gel perneation chronatography) of -a THF-soluble - matter,
has a wei ght averjage nol ecul ar wer gf®/funber average nol ecul ar wei ght

(Mv Mh) of > 18, ja nolecular weight peak MA in the region of a nolecular
~wei ght of : : l

fable 4
% ! Flow+out Softening
Palymer MW Mw/Mn poiné __point Tg
5 . (=] (o) (°C)
§-1 7,800 2.4 8 105 67
§~2 11,000 2.4 - | sé 102 62
é—s {17,000 2.2 i 8% " 105 62
A-4 21,000 2.3 | . 8f 108 5T
10 A5 f24,000 2.2 .° 99 110 64
B-1 - hs2,000 2.6 | 116 161 57
%—2 503,000 2.5 iaé ; 123 64
?-3 k27,000 2.3 | flsé_ | 1se 67
B-4 556,000 2.1 " ; iaé 182 e
15 B-s  hs1,000 2.6 ' ' 129 . 180 60
| i
i ;.

Comparative Synth951s Example 1

; A comparative poiymer A-G was. prepared in the
20 s%me manner as in Examplg 1 qxgept that the monomer
i ' i : '

cbmpositlion as shown in Table 5 was used. This binder
; A , |
resin hadl & weight average molécular weight of 4,300,

i- ;o T
aj molecullar weight peak of '4,200 and a:Tg of 54°C.

i : ;
: SRR
25 ¢ P
| . S
i : : : ——
' , ; Has Been Replaced
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from 3,000 to 20
nol ecul ar wei ght
Ml in the'iregion

provided that MB/IMA is in the r ange®

© wei ght distributi

0.8 when the ared

000, a nol ecul ar wei ght peak'NB in
of from 380,000 to

the region of a
1, 000, 000, a polecular wei ght m ni mum

of a nol ecul ar mel

f~from 30 to- 15 @hisS

on curve area ratio SA:SB:Sd of 1 -
of a nol ecul ar . wei ght dlstrlbutlon

- wei ghf of §from4CO to the Ml |s.1r£:pi§s§n ed

10

15

20

ht of from 20,000 to 380 000

TR

|

Ménomer éompgsition Mix;ggAéroportion
Sgyrene - 92 parts
B%tyl acrylate 8 parts

' D%-tert—butyl peroxide 9 parts

Comparative 8yﬁtﬁeeis Example 2

. monomer

3
2

A comparative poiymer B~6 was prepared in the

same manher as in Synthsis Example 6 ekcept that the

bomposition as shown iﬁ Table é was used.

-T?is binfler resin had a weightiaverage molecular
w?ight of 217,000, a molecular welght peak of 198,000
a;d a Tg| of 59°C. P § |

§ | iTébieEGi
M?noﬁer Composition % § Mikiné proportion
Sgtyrene g ; : 82 pafts.
Butyl acrylate ; § 18 parts
Divinylbenzene % ? '0.2 part

Benzoyl beroxide ; 0.5 part

25

Preparat:on examples of the b1nder resin

according to the present 1nvention w111 be descrlbed

. aat e

35 to
| ecul ar




by SA,

defined by :

the area of
wei ght of fromthe

a stra

t he nol eculiar weig
mol ecul ar melght

and

1

10

15

20

25

below.

a nol ecul ar weight distribution curve of a nDIecuIar
Ml to 5,000,000 by SB, and the area—of—theregion—

ght |ine connectigy +he apex A (ape¥ﬁgﬁw&@ﬁ§§§pﬂqﬂkgg to

ht. peak MA and the apex B apexB) co the
beak MB and a rml ecul ar wei ght d| stri tH“IIm“ Hﬂﬂmm

Preparation Example 1

1§and 32

séirring.

T

o 200 parts of xylene, 68 parts of polymer A*-
parts of polymer B-4. were added with '

Next, the mixture was heated to about 60°C

to compthely dxssolve the polymers A—I and B-4 added.

After the stirring was dontlnued for about ‘2 hours,

the xyleze was removed.

deszgnat
present

invention.

!
The resu1t1ng product is

d as binder resin 1 for the toner of the

: i
Preparation Examg es 2 to 10 and Comparative

Binder Resin Preparatlon Examples 1 to 3

]
present

{
were obt:

E%ample i except that the

i
were use

[T

e e i s A Rt 8 A =18 ik ren S B e § A B o et (1A bt e

Binder res1ns 2 to 10 for the toner-of the

invention and comparative blnder resins 1 to 3

qined in the same manner as in- Preparat:on

polvmers as shown in Table 7
. S 5 1

i

10 men mmaemme b

i

st nonan gy



heat - fixing said.toner inmge to sald recordlng nedLunyby—ﬁeaﬁs*e+—a~heater
el ement stationarily lnsjs%eetHaSBeustherageked

and a pressure nmenber that stands~09908I te “II“”“I‘”“"'““\

1 i | _ fable f
gPreparation of Binder,éesinsgand Comﬁarative Binder
éResins : : i
5 Péeparation example Polymer A gPolymer B
1B§nder rLsin 2 A-z 66 parts ;B-S | 34 parts
. 3 | A—3 | 'Iz-parts 'B-4 28 parts
! u 4 'A—é 55 parts “B~3 45 parts
: " 5 A—é ; 68 parts 'B-4 32 parts
10 é' n 6 é-é .GO parts. ;8—4 40 parts
'g » 7 | A—é ;'Gséparts' ‘B-3 35 parts
" 8 | A—é .Togparts fé—s 30 part
! " 9 g—é.:.éoipaéés gB-z - 40 parts
" 10 A~é : ésgpa:ts 23—3 35 parts
15 comp. bipder resin 1 é—é iOO%paris é .0 part
é " " 2 Comp 30 partS' :Comp. 70 parts
" " i-s P B~
g " n 3 - ; ;.iogpar{ i B-2 100parts
! T - ; ?
20 ; Note: Comp.= Céméaiafi?e

E
Composition and physical propertles of release

agents used in Examples and Comparat1ve Examples
d@sorlb d below are shnwp 1n'Table 8.
i H : :

25

{
EH

4

; : o
! :

i

4

aann
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di stribution curve pbtai ned by GPC.
iI1lustration of an

Fig. 5illustrates

(differenti al

1l

10

15

20

25 |

im.

overhead-type flow tester.
tester flow:out curje (a plunger fal

Example 1

B?nder rLsin 1

i
Magnetic
N;e gati v]
éraft-m

ﬁenschel

a twin—-yoll m111 heated to 150 C.

d

material

scannj ng cal ori neter).

Fig. 3 is a schematic

Fig. 4 shows a fl ow

quantity-tenperature curve).
DSC curve for ae?grn1n|ng Tg u3|ng a DSC

charge control agent

ified polyethylene wax A

100 parts
60 parts
2 parts

3 parts

The above materlals were premlxed using a

mixer, and then kneaded for 20 minutes using

The kneaded product

was lefﬁ to cool, and then crushed w1th a cutter mlll.

_Thereaf1er the crushed product was f1nely pulverized

by means of a fine grlndlng m:ll maklng use of a jet

stream,

t

followed by c1a581facat10n using an air

class;f:er to give a black fxne powder (a magnetlc

toner} with a volume average partlcle dlameter of 11.2

part of

to give

surfaces of toner partiéles”

i
;oner 1

i'

Based on 100 parts dffthe magnetic toner, 0.4
fine colloidal $ilica!powder was dry-blended

a toner having colloidal silica on the

Th1s is. designated as

of the present inventzon

Grindability of toners ‘can be represented by

%he thrpughput of the - toner that can be pulverized per

H
unit hour.
!

kg/hr

pood.

brindi g

In the case of the toner 1

2

it was 16

an air pressure of 5 6 kg/om . and found very

mill.

!

o melt-adhes1on_or the llke-occurred in the

—
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- DESCRI PTI ON COF THE

PREFERRED EMBODI MVENTS The present inventors

made i ntensive studfes in order to achieve the objects st.ated. ahove.- As a
result, they: have d|scovered that the gbLects can be achieved when the

bi nder resin; cont ai
w. % and also has

ns a THF- |nsolubF matter in a anount of |l ess than 10
p speci fic constitution in respect of the nolecular

wei ght distrj bution| measured by GPC ,of a

1

Blocking re31stance wae exanmined on the basis

of the degree of agglomeration observed when about 10

g of tonLr was put in a polyethylene glass of 100 .CC

ahd left| to stand at 50 C for a day. The degree of

S a§glomerat10n was measured w;th Powder Tester

m?nufactured by Hosokawa M1cron Corporat;on A

ﬁroduct

at 50°C

left at roonm temperature and the product left

for a day showed 9 wt. % and 12 wt.%,

respectfvely, which were substant:ally the same

10 values,

@hese £

and the d1fference (AG) was only 3 %. From

cts it was conflrmed that substantlally no

blocklng occurred.

res 181:8

.f 1F1x1ng performance, aﬂtl-offset wind-around

ce, and. image propertxes or dureb;lity were

15 examined using a modlfzed machzne ‘of a copier NP-6650,

@anufactured by Canon Inc..

?as dro;
-%ut.

20

i
i
bleanin

The preset temperature of its flxlng device

pped by 5°C, at which the tests were carrled

In partlcular, as to the antl—offset the

of mechanlsm for. the f1x1ng roller was detached

from the copyving mach1ne and the evaluation was nmade

sheets

by counflng, as copy durab111ty, the number of copy

at which an 1mage was stazned or the fixing

25 yoller was contaminated

As to the f1x1ng performance, fixed 1mages

— —
T ————
———

—
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- 20- THF- sol ubl e: matter. They have al so %Vﬁgﬂ)e\é 28 Bech RBlactdre

effect of the present invention becomes remarkable m“ “H“I‘IHI“

i - 72 -
1 were rubbed 10 times with lens cleaning paper "Dusper"®
|

(trademark 0ZU Paper Co., Ltd ) under application of

a load of about 100 g, and any peeling of the fixed
xmages was indicated by the rate (%} of decrease in
5 reflection density. The fixed image for evaluation
was the; ZOOth sheet when c0p1es were continuously
taken on 200 sheets. : -
As to the w1nd*around.re31stance, entirely
solid black images were produced on three sheets, -and -
. 1°'the state of traces left on images when the sheets are
peeled with peel claws of the fixing roller was
examined to judge the degree to which the peeling

éelied on the claws. i
: i

As a result, in respect of the fixing

15 performrnoe, the rate’ of decrease was' 3 % and it was

found very good. The. anti-offset was so good ‘that no

'stain oL contamination was seen on 1mages or the

roller even when copies were taken on 50,000 sheets.

The winh—around res1stahce was also found very good
20 although traces made by the claws were slightly left

on the [images. , f 3'f f

Ly ;
: Running tests were carried out on about 10,000
H ;

'sheets, using an 1mage with an image—area percentage

iof abouyt § %. As a result 1mages were reproduced in
!
25 la good !state. Although the melt—adhes:on and filming
i
:to the photosen31t1ve.member;were slightly seen, - the

. pleacn



t oner

nol ecul ar wei ght d
They have furt her
particul arly when
polyner an

‘wei ght

cont

t hereafter

t oner

10

15

20

25
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ains ar

¥ enovin

copied i

{
matter,

. __N\

el ease agent having a specific TGy

Bw
stribution and also has a speC|
i scovered that thhezmpbjects can m"
[ he binder resin is prepared by
H a hi gh- ol ecul ar melght pol ynmer |n a sol vent

Iy the sol vent. : :ln regard to the heat-fi
mages were not affected at all.

The toner had a THF—iqsoluble matter of 4

wt.%, an Mw/Mn according to GPC of the THF-soluble

of 38.2,. & molechlar ﬁeight peak MA of 7,700,

a molecular weight peak MB of 765 000 an MB/MA of 99,

and a mdlecular weight distr1but1on curve area ratio

SA SB:Sd of 1:0.36:0. 60.

i

current

I

Example 2 é """" T —
3inder Yesin 2 = :% 'E3§ 100 parts
agneti¢ material ? 80 parts
ositi ve charge control agent. 2 parts
raft-modified wax B : | 4 parts
j The above mater;ais were premrxed using a
éenschel mixer, and then kneaded for 20 minutes using
é twin-roll mill heated to 150 c. The kneaded product
.;as left to cool, and’ then crushed with a cutter m111.
%hereafter the crushed prodact was flnely pulverlzed

by meang of a fine grlndlng m111 maklng use of a Jet

, followed by classif:catlon uslng an air

classlfier to give a black f1ne powder {a magnetlc

!
toner)
H

L.

bart of

w1th a volume average particle diameter of 8.7

; . ' i
: :

Based on 100 baété ofgthe magnetic toner, 0.4
3 ) . . N

fine colloidal %iliéa;powder was dry-blended

to glve a toner hav;ng colloidal s111ca on the

‘surfac s of toner particles.

This 1s de51gnated‘ES

[ i
}

t .and

eflt

ved -

| ecul ar
and
xi'ng of a



visible image to & recordi ng nedium they have discovered that the toner
is suitable for, ﬁksides conventional heat roll. fixi-ng devices, a heat
fixing systemwhekein a toner visibl®image is heat-fixed to a recording
medi um by mneans of%a heater elenment stationarily supported and a pressure

nmenber that. stands opposite to said heater elenent in pressure contact

and brlfgs’%%gg Qﬁoé“ihé’5¥§géh {ﬁgentfon.

10

air pressure of 5.6 kg/cmz, aqd found:very good.

IGrzndab:llty of the toner was 5.8 kg/hr at an

No

éelt—adlesion or the like occurred in the grinding

mill.

Blocking resistance was examined on the basis

Of the degree of agglomeratxon observed when about 10

g of “tog

and left

at room

r“waS'put“in'a polvethylene glass of 100 cc
to stand at 50‘0 for a day. -A product 1eft

temperature and the product left at 50°C for a

'day showed 11 wt.% and 21 wt % respect:vely, which

15

examine;

20

25

——is s i, awe

were substantially the same values, and the difference

(26) was
that sul
;

éesista

X
manufac

Was dro

ut.

coracems = o sh o...

cleanin

s only 4 %. From these facts 1t was confirmed

hstantially no biocklng occurred.

Fixxng performance, anti-offset, wind-around
nce, and image properties or durablllty were

1 using a mod1f1ed mach1ne of a copzer NP-4835,
tured by Canon’ Inc. . .

The preset temperature of 1ts fixing dev:ce
pped by 10°C, at;wh;chgthe‘tests were carried
In particular, as-to'the antiioffset the

of mechanzsm for the f1x1ng roller was detached

from the copying machine and the evaluatlon was made

py coun

[4
sheets

i
i
?
i

ting, as copy durabillty, the number of copy

at which an 1mage was sta1ned or the fixing’

This Sheet Has Been Rep

- 10

o e kg, g



-

contact with said,heater element through a film interposed between them
The bi nder resin tthat constitutes thf above toner contains a THF-insol uble
matter in an amoudt of |ess than 103t % and preferably not less than 5

" W.% based on thé binder resin. A THF-insol uble

1 r?ller was contaminated..
| The fixing performance and the wind-around
r§sistance were also'eraiuated in the same manner as
i? Example 1. . :
5 ; As a result, in respect of the fixing
pgrformance, the rate cf,decreese was 6 % and it was
fgund very good._ The én%i-offset was so good that no

stain on contamlnatlon was seen on 1mages or the

éoller jven when coples were taken on 1 0G0 sheets.

-1°_The wind-around res1stance was also found very. good
althougq traces made by the claws were slightly left
dn the Jmages. o ? § :

; H ;

: Running tests were carried out on about 30,000
éheets; using an image;w?th aq image—erea percentage

15 gf about 5 %¥. As a resuht; iéages weﬁe reproduced in
é good gtate. No melt;a%hesién nor fflming to the

photosersitlve member was seen.

The toner 2 had a THF~1nsoluble matter of 2

t %, an Mw/Mn according to GPG of the THF-soluble
20

R SR, - S

atter, of 24 1, a molecular WEIth peak MA of 14,000,
s molecular weight peak MB of 680 000 an MB/MA of
48.6 and a molecular welght dlstrlbut1on curve area
ratlo SA:8B:Sd of 1:0. 40 0 59. : ;

Example 3 o .

25 Using the toner :2 preéared iniExample 2,

!

i

i Ny
énfixed images were obtained 5y means ‘of a mddifieqi
‘ . . !

i

——

o aren et Saep
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C- 21 - matter contained in an amount nore than 10 wt. % can contribute an
i nprovenent in anti|-offset but tends & -result in a lowering of- f|X|ng
performance, making it difficult to highly satisfy the both. The
bi nder resin, whenlits THF-soluble matter is nmeasured by GPC, nay

ref er ahl have a \ei
P R-y machlne éga copier FC- 5 manufactured by--Canon Inc.

A test for fixiqg the unfixed'images was

carried| out using the external fixing device as shown

H
H
H

in Fig.{ 1, comprising a’'pressure membér that stands
35 oppos:te to a heater element in pressure coentact and

_brzngs a recording medzum into close contact with the

heater element through a film' 1nterposed between them.

Used asl a mater1a1 of the f1x1ng f11m 15 was an

—— - m—— -

endless £ilm compriSJng a polylmzde f11m coated with

]i);a release layer with a thlckness of 10 um to whlch a

‘l

ifluorine resin and a conductlve materzal were added.

éA silloone rubber was used as the pressure roller 18,

}and the fixing was carrled out w1th a n1p of 3.5 mm,

\ under & total pressure of 8 kg between the heater

15 | element 11 and the pressure roller 18 and at a

§ ,process speed of 50 mm/sec. ;The film was moved in the

i : :
‘directjon of the arrow;1n a wrinkle-free state by the
EactiOn of the drive dff 5nd tension between, the drive

H

Eroller 16 and the follower roller 11.

o,

!
[
20, The heater element 11 was compr1sed of a low
i
heat chpac;tence llnear heater element to which
energy; was . pulsew1se applied and temperature control

was ca#rled out. The res:stance materzal of the

]
t

. heater] element 11 had e power consumptlon of 150 W.
25; Temperjatures were so controlled as to be the same as,

or lowWer by 15°C than ?he'fiking'asskmbly (preset

[P
i
I

heet Has Been Replaced
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average nol ecul ar
a nol ecul ar wei ght
3,000 to 20, 000,
wei ght of firom 38(
region of a nol ed
MB/ VA i § il 3
di stributign curve a
machine

iesult,
i

wei ght/ nunber average nol ecul ar
peak MA in T
a nol ecul ar wei ght

Fol

ea ra

?ate of
5 ot

- éheet running, and found good; In addition,
o i [ ) .

kaiting

peat—ro

1ler fixing system.
10 Example 4
i Binder fresin 8 :
' Carbon black . f%

Pos1t1ve charge control agent

Graft-mbdlfled wax A
15 5

prepargh in the same manner as in’ Example 2.

, at which the tésts were carried out.

wei ght (Mw Wh) of > 18,
the region of a nolecular weight of from

ak MBin the region of a rolecular
, 000 to 1,000,000, a nolecular weight mninmumM in the
ul ar wei ght of from 20,000 to 380,000,

Alad 0 3fbd %) e - A Fo-TUSEHE Poa el Nt

provi ded that

As a

the fixing perfermancé was 2 %-in terms of the
decrease without stain and coétamination'én

both the image and the fixing film even after 3,000

the

time was 3 seéoﬁds orfless ahd the power

consump#ion was s;gn1f1cant1y lower-than that—ia a-

100 parts

4 parts
2 parts

5 parts

Using the aboveimateraals, a toner was

Th1s

xoner and colloidal szlica were m;xed in amounts of

1 l

100 parts and 0.4 part, respect;vely.

;toner ﬁs designated as toner F of the_present
3

invent

20 on.

mesh-pg

jamount of about 10 wt % to glve a developer.

‘toner wWas replenlshed

The grindability of this toner was 15
25 |

5.6 kg/cm?, and was fbuhdfvér& good

The resulting

In iron powder with a:pariicle size of 200

ss and 300 mesh—on, the toner 3 was mixed in an

Only the

.2 kg/hr

in terms of the throughpu; under an air pressure of

. jThere also

.ave

- o I' Thls Shest Has Been Replaced .
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SA: SB: Sd of

wei ght distribution

represented ;

nmol ecul ar me:ght of
regi on defined by
t he nnlegular wei gh

10

15§resu1t, the fixing performance was about 8 % in terms'

-20

A - e ot the abdenrae s b S srbmAl

l: 0.3
by SA,

to 0.8 : 0.35 to 0.8 when the area of a nol ecul ar

peak MA and t.he apeXx:

curve of a nolecular weight of from400 to the Ml is
the area of a noled® ar weight distribution curve of a
fromthe Ml to 5,000,000 by SB, and the area of the

p straight |ine connectlng t he apex corresponding to

occurred no melt—adhesion to the interior of the

grindin

%s AG =

i
‘evaluat

manufag

obtained even after 1; 006 sheet running

gdrum was seen. : -: _-:é

g mill. The blocking re31stance was evaluated
5, and was found not-problemafic at all.
Image properties and %ixing performance were
ed u31ng a modified machine of a copier FC-3,
tured by Canon Ipc. As a result images were

ireproduced in a good state, end stable images were

In addition,

no melt—-adhesion nor filming to the photosen51t1ve

The preset temperatuﬁe of the fixing assembly

iwas dropped by 20°C and also the cleaning mechanism

was detached from the fixing assembly, under the state

;of which the above running Was carried out.

[of the

 offset

igood.

of 1.8

rate of decrease, and was found good.

As a

The anti-

and the w1nd-ar0und resistance were also found

i
!

i

The present toner had a THF-insoluble matter

wt. %, an Mw/Mn according to GPC of the THF-

i

solublg matter, of 29,:a molecular weight peak MA of

: 18,000/, a molecular weight peak MB of 770,000, an

;area ratio SA:SB:Sd of 1: 0 43 0 38.
25!

! ! I

Examples 5 to 8 5

MB/MA bf 43, and a molecular]weight distribution curve

Toners 4 to 7 of the present invention were

fryeny

f

-—_—

This Sheet Has Been Re
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corresponding to th
di stribution. curve

pr esent

S b

cae

10

15

20

25

obtaine
#hat th

resins

e nol ecul ar wei ght peak MB and a nol ecul ar wei ght

Sy.Sd. It is difficult to achieve the objects of t he
- 79 = 22 -

d in the same manner as in Exanple 1 except
e binder resin was replaced with the binder
as shown in Fig.iQ.

Examples 9 to 11

Toners 8 to 10 of the present invention were

ohtalned in the same manner as in Example 2 except

::that th
i
with th

1

:0f Examples 5 to 11 are shown in Tab%e

gmanner
iresin

§A?2 onl

: toner j
‘it was
i

iresult

%the pr

H
1

e binder resin and release agent were replaced
osSe as shown in Flg. i. |

Results of the evaluatlon made on-the toners
10.

Comparative Ekgmpie;f

Comparative toner 1 was obtalned in the same
as in Example 2 except that comparatzve b1nder
1 was used whlch'conta;ned 100 parts of polymer

ly as the blnder re51n.

In the case of,thas qomperative toner, fine
barticles were férned in a larée quantity when
R .
pulverized under an air pressure of 5.6 kg/cmz,

ing in a broad'pérticle size distributijon. Thus

bductivity was:cieerlyginferiof.

'Using the Fc45?modified-machine, the fixing

performance, antl—offset w1nd-around re81stance, and

;; 1mage

gsame m

; stain

broperties or durabilzty were exam1ned in the
Bnner as in Example 2
As a result,'1n respect of the anti-offset,

and contamination Werezrespectively occurred on

i
H F———

\_\\\
Thls she 2

//ll/l///ul///ml?'iiﬂ“d

R



o
. '
'

invention if the above conditions are not satisfied. IﬁIhs§w£HQW§ah& Blaced

results froma GPC 'chromat ogram 80 _The average .nol ﬁ!ﬂljﬂ'u
wei ght/ nunber average nol ecul ar wei ght ( MV Mh) shoul d be H m&w ,
preferably not |ess| than 20, and nore preferably in the 25
to 60. |If the Mv is less than 18, thé fixing. perfornmance tends to be

inproved]bupboghet @t&ﬂgaegﬂa665€H§M¥6¥ier when copies were taken’
;on 20 gheets. In respect of the w1nd—around
Eresistance, traces made by the peel claws were clearly
Eleft on the images. In some instances, no paper-was
5 d1scharged from the flxing assembly.t
The present toner had a THF—lnsoluble matter
;of 0 wt.%, an Mw/Mn accordxng to GPC of the THF-

soluble matter, of 2. 1 . and’ a molecular weight peak MA__.

i
l

:Of 8,900.

10 : Co@paratlve Example 2 and 3

Comparatlve toqers 2 and 3 were obtained in

the saTe manner as in Example 2 except that the binder
res1nsiand release agents were changed to those shown

in Table 9. Results of the evaluatzon made thereon

15,are shlwn in Table 10..

P !
i ' ' 1

R )
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t he binder resin ha
wei ght peak in the
and in the region
respectively, and a
wei ght of from 30,0
from 40to 100. |

regi on of the nol ec
Res:

s one nol ecul ar wei ght peak and another motecutar——
fegion of a nolecugar -wei ght of fromps Q

bf a nol ecul ar wei ght of fron1450 000 N
nmol ecul ar wei ght mininmum in the reg

DO to 300,000, provided that MB/MA i

f it has the nol e¥abae wei ght ri ni num onIy I n the
il ar wei ght of from 1

ults of Evaluatidn on Toners of the Invention

and COmparat;ve Tone;

Block-.-: Melt-—

5 ing : ' adhesion and
: resist- F:.xzng -+ filming to
Grind- ance i perform- Anti- photosensi-~
' ability (AG) . ance ! offset tive member
%xamplé: _ _ §
.5 Good 4 % j"i % é Gooh Same as Ex.1
ol S Good 4 % ax Good  Same as Ex.1
7 Good 5% é 3% § Good  Same as Ex.1
8 - Good 3% E 5 % ? Gooh Same as Ex.1
9. |Good 3% 3% Goo?d Not at all
é 10 Good L% P4k Good - Not occurred
15 g 11 :Geod 4 % ‘ § 2 ? g Goéd Not occurred
iCompardtive Example: 'i .; ] |
: 2 | ‘Poor 4 % f 15 %? Poér Occerred
© 3 Inferior 4 % _% 56-%% - Podr ' Not occurred
20% Preparatlon of resin 11
§ In a reaction vessel 200 parts of xylene was
; gput a?d the temperature wesirazsed to the reflux
gtemperature. A mlxture of 90 parts of styrene
Emonomer, 10 parts of bdtyl acrylate monomer and 7

25

PP

rurmte snaany,



N\

20, 000 to 380, 000,

23 -

10

15

20

25 |

'pf poly

ihproved

parts of

the fixing performance can be i { Has Been Rep

i’

di—tert-butyl éeroxide was mixed therein, and

éhe solution polyﬁerizafion was completed in 6 hours

under reflux of xylene.

The styrene—butyl acrylete copolymer

(here1n?fter “St -BA copolymer“) thus obtalned had the

phy31ca
;empera
11.

?onomer

6 11 pa

suspendedly dispersed.

peated

iitroge

{ properties as shown 1n the column of "Low-

Fure softening res1n on “Re31n 11" in Table

On the other hand 82 parts of styrene
, 18 parts of bu&yl acrylate monomer, 0.3 part

vinyl alcohol,. 200 parts of deaerated water and

rt of benzoyl peroxide were m1xed and

The resultlng suspension was

and maintained. et 8" C for 24 hours in a
i
n atmosphere, and then the- polymer:zatlon was

bompletrd to give a h1gb—temperature softening resin

as shown on "Resin 11"

éoftenl

!

in Table 11.

A dried product of thls hlgh—temperature

ng resin was 1ntroduced in the resin solutlon
I

formed %hen the solutlon polymerlzation for the above

low—temperature softenlng re31n was completed and

Pade to

i
ithe solivent was removed,

I
completely dzssolve 1n a solvent.
!
Res1n 11 was thus prepared.
!'.'l
resins 12 to 15 and comparative

Thereafter

Preparation of

resins 4 to 653

Resins 12 to 15?and'cbmparati&e resins 4 to 6,

i
[
1
i
b}
i
i
1

wrans sanmany



the nol ecul ar weight peak MA is less than 3,000, the blocking resistance
beconmes poor to tend to cause filnm-ngqgor- nelt-adhesion to a photosensitive
menber. On the other hand, if the MAis nore then 20,000, the fixing

per formance .may bedonme poor. If the nolecular weight peak MBis |ess than
380, 000,, the anti-qgffset becones poor to.tend to- bring about a

mel t - adﬂereds phouyctni Rablgelilcewere Fespentdyedy gvotdiesfzad it is nore

than 1,000, 000, the fixing per f or mance nay
and prepared according to the procedure for resin 11.

Example 12

After 100 partsfof'the resin i1 70 parts:of a
S ﬁagnetic material, 2 parts of a p031t1ve charge

' control agent and 4 parts of graft-modlfled

polvetthene wax .J (Mn' 5 3 X i 102~ Mw: 8.0 x 102-

Mw/Mn 1.5; melting p01nt 93"~ C) in Wthh styrene and

butyl acrylates were used as graft components, the

10 mixture was melt—kneaded u31ng a twln-screw extruder.

The kne ded product wds : cooled and then pulverized by

l

means of an Jet—stream grlndlng mill followed by

classif cation using an‘ axr class:fler to give a black
L}
fine powder (a magnetic toner} with a volume average

15 particlh diameter of about 8. 5 pm. Based on 100 parts

of the presulting magnet;c toner, 0.6 part of
hydrophob1c colloidal s1lica powder was added -and
Plended to give toner . A hav;ng hydrophoblc collozdal
;ilica ori the surfaces of toner partlcles.

20 ; Unfixed 1mages of thls toner A were obtained

using a modified mach;ne, a copier NP-1215

(manufactured by Canon lnc.) from wh1ch the fixing

assembly was detached. écommercially available copy

baper, Canon New Dry Paper (54 g/m ,_Canon Sales Inc.)

i
25 was used as a recordlng medxum.

-i A tests for f1x1ng the unfixed images was
{ j :

3 -

This Sheet Has Been Replaced
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beconme poor, and al,so the grindability tends to becone poor, resulting in

a lowering af productivity. — 8Be-nol ecul ar wei ght peak ratio MB/ MA
should be in the rlange of from 30 to 150, preferably from:30 to 120, and
more preferably frgm 40 to 100. _ If the MBIMA is less than 30 or

nore thgn 150, it |becomes difficult to highly satisfy both the fixing
perfOrnancecaﬁalgﬁtpugfpgépg a temperature—varlable heat roller

externa] fixing assembly compr1s1ng an upper roller

comprlsed of Teflon and a lower roller comprlsed of
8111cone rubber, under cond:tlons of a nip of 4 mm, a

5 pressuri between the upper and lower rollers, of 0.4
kg/cm 1ﬁ linear pressure and a process speed of 45 :
mm/sec, and with temperature control at intervals of
5 C w1th1n the temperature range of from 100° C to

l

30 C. The fixed 1mages thus obtazned were rubbed

P

‘10 4ith lens clean:ng paper "Dusper“ (trademark OZU

!
Paper Co., Ltd.) under appllcation of ! ‘a load of 50
i

’/cma, and the temperature at whlch the rate of

decrease in image density before and after the rubbing

was not| more than 7 % was regarded as a flxlng

i
15 Starting temperature. As to anti-offset tests, the

flxed images and the rollers were observed to make

b aluat1on. ;.g :

s e

As a result, the flxlhg start;ng temperature

@as-as low as 120°C and a non—offset reg1on was seen

20-?t 110 to 215°C, show1ng that the- low—temperature
?ixing had been achleved E The toner also showed a
;ood blocking res;stauce.' fhe blockibg resistance was
éevaluated on samples obtalned‘after toners were left
giu a 53°C dry conta1ner for 3 days.
25 Results of the evaluat1on are shown in Table

i3.

t
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In the case when t

regi on of the nol ecul ar

wei ght

Simlarl
in ther

-

correspondi
the peaks in the

igl

10

15

20

25

in the chse when two or

on of

or in the

t he nol ecul ar’

hi ghest peak anong
regarded as .the MA

nor e
Examples 13 to 16

nore nol ecul ar wei ght peaks are present
wei ght of frogy3,.000 to 20, 000,
g to the position of a higher or
chromatogrami s

| Toners B to E were prepared u31ng resins 12 to

15, resrect1ve1v, shown'in Table 11 in_the same manner

as in Example 12.

perform

to 16,

are sho

Evalﬂation%was;made on their fﬁxing
ance.

The resulting'toners are noted as Examples 13

respectively, and the results of the evaluation

aa in Table 13'

Comparative Examples 4 to 6

Toners F to H were prepared u51ng comparat;ve

reslns 4 to 6, respectlvely, shown 1n Table 11 in the

Bame ma
H

, .
?heir f
i

l
evaluat

3

Example 13 except that 3 part

wax) nel

Evaluat

Results

]
yodifi
i
|
i

%xamplj

nner as insExample 12, ! Evaluatzon was made on
i i ' i '
ixing performance. :

H
\

The resultlng toners are noted as Comparative

Examples 4 to 6, respectlvely, and the results of the

ion are shown in Tablet13..

Comparatlve Example 7

Toner I was prepared 1n the same manner as in

5 of wax 3 (polyethylene

1lting at 128°* c was used as. the release agent.

ion was made on 1ts flxlng performance.

obtained are shown 1n§

Comparative Example 8

Table 13.

Toner J was prepared &n the same manner as in
12 exoept that 3 parts of wax 4 (graft-
d polyethylene wax) obxained by subjecting

‘; .

i -

i

eet Has Been Replaced { q
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- 24-

the nol ecul.ar weight of from 380,000 to 1,000, 000,
wei ght correspondlqg to the position_og;a_ hlgher or highest .peak- anDng t he

peaks in the GPC

10

polyeth
3.3) to

was use
its fix
iable 1
;f Exam
%empera
%esista

%egard

| .
: achleva

15

20

25

shows al poor antl—offset.'

pompara

?ﬁxing

6, no 1

ﬁn resp

ing performance.

t he

¥lene wax (Mn: 4.5 x 102; Mw: 1.5 x 103; Mw/Mn:

the same graft modification as in Example 1
d as the release}agent; Evaluation was made on
Results obtained are shown in
3. :

A i

As will be evidént from Table 13, the toners
ples 12 to 16 have-achieved good low-

ture fixing pertormancen antl-offset blocking

nce and developlng performance. However, with

to the toner of CQmparatzve Example 4, thongh
ble of low—temperature f1x1ng performance, it
Wlth regard to the toner of

1t shows a poor low—temperature

tive Example 5,
performance.

In respect of the tonér of Comparative Example

ow-temperature fixing performance is achieved.

ect of the toner of Comparatlve Example 7,

there are problems in the low-temperature fixing

perform

—

i
1

l
?

ance and develop:ng performance.

In respect of the toner of Comparatlve Example

?, it has achleved the low-temperature fixing

!

performance but shows a poor block1ng resistance.

tempera

From the forego:ng,_lt has been made clear

that the toners for developzng electrostatlc images

'accordrng to the present lnventlon have superior low-

ture fixing performance and anti-offset,:and

nol ecul ar

| '.' is Sheet Has Been Replaced !
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chromatogramis regarded as the MB. In the case when two or nore
nmol ecul ar wei ght mninunms are present in the region of the mol ecul ar
wei ght of from 20, 000 to 380, 000, thé&wot ecul ar ‘wei ght corresponding to
the position of ailower or |lowest mininmum anong the nolecul ar wei ght

m ni muns in the GﬁC chromatogramis regarded as the M. The

ol ecubyar ongg%pk% bl e Vit HoR ASE ' Sah i PR pbQULT be 10 0.3

the bloeklng resistance and developing performance.

Example 17 -

Unfixed images were obtalned using as a toner
5 lthe tonér A as used in Example 12.
A test for fixing théiunfixed images was
carriediout using the éxterﬁal fixing device as shown
in-Fig-+1, provided with é.pressure member that stands -— — ——
oppoéite to a heater elemenﬁ in pressure contact agd
10 brings a recording medium into close contact with the.
‘heater element through a film interposed between thenm.
Used as|a material of the fixing film 15 was an

endless| film comprising a'pdlyimide film coated with

a release layer with a thickness of 10 um to which a

15 fluorine resin and a conductive material were added.
] ) ' . )
A silicone rubber was used as the pressure roller 18,

and the!fixing was carried out with a nip of 3.5 mm
|

T
moved T

and at process speed of 45 mm/sec. The £ilm was
the direct1on of the arrow in a wrinkle—free
20 state by the action of the drive of, and tension
-between; the.drive roller 16 and fhe follower:roller
117. | _
The heater element 11 was comprised of a low
heat capacitance linear heater elément, to which

25 energy was pulsewise applied and temperature control

was carried out. Temperatures were controlled in fhe

This Sheet Has Been
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0.7 :.0.4to O and nore preferably 1 : 0.3 to
0.6 : 0.5to 0.7, t he SB S Ies§ tﬁan 0.3, the anti--offset tends to be
|lowered, and if jt is nore than 0.8, the fixing performance and also the
grindability tend{ to becone poor. :If the Sd is less than 0.35, the fixing

performn@aﬁ@%ahnépf ?sai‘ﬁ'sﬂéﬁaﬁﬁ gsnd te be kowﬁftsgivaagdo%f 't Is more

than 0.8,:the anki-offset tends econe
§ C within the range of ‘from 100 to 230 C.

preferably 1 : 0.3 to
| f
[

: As a result, the f1x1ng start;ng temperature

was as low as 120 C and a non—offset reg1on was seen

5 gt 105 to 215°C, showan that:the low-temperature

3

fixing had been achieved. Thé toner also showed a

good wind~around resistance.

Table 12 shows.éhysicél propeéties of the

e éiﬁder resins 11 to 15 énd_ccﬁpafétivé binder resins 4
10 {0 6.

H
H
H

i .

15

20 |

H
1
1
¥
3

25
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In a
i n an anount - of

agent
resin. In a nore preferred

conta 9d a; rel ease
on.the binder

t he toner
. % based
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and a nelting point of from60[err]C to 120[err]C
.%to 20 wt

25 -
preferred enbodi nent|,

fromO.1 wt

eqbodinent,

the rellease agent has a nunber average nol ecul ar

e g il g AAM S m e e R S-S APMEIN L8 oo e s WA AT e A 6rg B 150 spp s SEReR AL SeamhreS fow om YRS (USP £ RD 0w wt SW S TR $1sevs Bh § e ERPRPR R mesonsar @ e - v am
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wei ght of from 400 to 700, a wei ght average nol ecul ar weight of from 500
t:o 1,500, an Mwv Mh jof not nore than: 2g3 and a nelting point of from -
60[err]C to ;100[err{] C. The rel ease agent may nore preferably be cont ai ned
in an annu@t df frlom1 wt.%to 10 wt.% based on the binder resin.

If the release agent used in the tomer of;the present invention does not
satisfy Uhe;above condi tions, e.g.; mighikhgqamel ting point is higher than

Evaluation bn‘Fixing Performance

can ame R by Bame mmnth 3 e s

. :i — . iJdel—
Fixing.- Non— : Block- oping
: . start-. pffset Fixing ing per-
5 ing temp. g temp. resist- form-
: temp. - range range - ance ance
, o (°¢) . (°¢. : (50°C,
. Exampled: R . 3 days)
’ : 12, Tdner A 120 Eo;zisi' 95 A a
i 13, Tdner B 115 110-215 100 A A
; | 14, Tdner ¢ 125 110—210 85 A A
i 10 »
: 15, Tgner D 120 ._110 215 95 A A
: 16, Tdner E 110 195-z1¢ 100 A A
: ' | S
Comparative Example: :
H .: L. !
4, Toner F 115 '1210—155E - 40 A A
5 | 5¢ Tamer G 140 ,'135 210 70 A A
_ i _ ' .
i 6, Tdner H 150 :140 215 65 A a
{ 7, Tdner I 140 "135 210 170 F BC
! 8, Tgner J 115 '110-215 100 BC a
Example: : é ; ' .
17 Tdner A 120 -105-215 95 - a a
20 e T -
i
A: Ggod, BC: Poor 6€ ppobkématic
i ¢
|
25 g
i ,
S l " This Sheet Has Been Replaced‘
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120[err] C,
| ower than 60[err]C,
toner are adversely
anmount nore than 20
tend to be adversel

envi ronnent, : and i §

W .

A

af f ect ed.

cted,

SFRRET o

the fixing performance is adversely affected,
the anti-of fset. an33the
If the rel ease agent
% the blocking resi stance and
t he toner

is left

and if

it
hl ocki ng resi stance of the
is contained in an

S

fixing performance

achleve a low cost in. the operation of copying

machlnes and yet can provide good images, because of

?the supgerior low-temperature fixiug performance aind

5 gdeveloping performance of'the toher.f

H
H

comprises a binder re51n and a colorant.

Such binder

Eresin contains a THFe1nsoluble matter in an amount of

o vn e e o )

molecuiar weight (Mw/Mn) of

less than 10 wt.% baaeé on the binder resin, and,

in

Epermeatlon chromatography) of a THF-soluble matter,

‘has a weight average molecular welght/number average

18, a molecular weight

peak MA in the reglon of ‘a molecular we1ght of from
to 20, 000, a molecular welght peak MB in the

of a molecular &elght of from 380,000 to

of a molecular welght Of from 20 000 to 380,000,

¥ prov1ded that MB/MA 1s 1n the range of from 30 to 150

- 10 _the mo
15 | 3,000
i
iregion
1
;1 000,
, ?
= 20 |
|
| SA:SB:lSd of 1
i _
g
25

:03t0‘08

i

0 35 to 0 8.

i and a molecular welght'dlstrlbutlon curve area rat;o

in a high-tenperature
Yo 1 theoprefentsievension can

a toner for developlng an electrostatlc image,

———

lecular weight disfribution measured by GPC (gel

000, a molecular welght m1n1mum Md in the region

This Sheet Has Been R
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preventlng of fset of toner tends to be insufficient. - L{

resin used in the toner of the present invention may pr MHM‘W“E"“ ﬁ“l

prepared by mxing [in a solvent a polyner A haV|ng a wel c auer ages  *

- 26- 1  gramMs: '

: 1. A toner for:developing an electrostatic
;mage, comprising a b1nder resxn and a colorant,
;herein said binder resin contains a THF insoluble

> ?atter in an amount of ;ess-tpan 10 wt.% based;on the
;inder resin, and, in the.molecuiar weight
aistribution measured5b§ GPC‘kgel permeation
Ehromatography) of a THF—soluble matter, has a weight
Everagexmolecular welgh;/number_average melecular

10 weight {(Mw/Mn) of = 18,=a molecular welght peak MA in
;he reglon of & moleculer_welght of from 3,000 to
i ;
%O ,000,! a molecular welght peak MB 1n the region of a
moleculhr weight of from 380 ooo to 1,000,000, a

molecular welght minzmum Md in the region of a

1
15 holecular weight of from 20, 000 to 380 ,000, provided

that MB/MA is in the range of from 30 to 150, and a

Folecular weight dlstrlpution curve area ratio
§A.SB.Sd of 1 : 0.3 to 0 8 : 0 35 to 0 8 when the area _
%f a mollecular weight dlstrlbutlon curve of a
20 bolecular weight of from 400 to the Md is represented
by SA, #he area of a molecular wezght distribution
curve of a molecular welght of from the MAd to
5 000,000 by SB, and the area-of the reglon deflned by
a straight line connect1ng the apex A corresponding to
25 the molkcular weight peak MA and the apex B

H

corresponding to the mo;ecu;ar wquht;peak MB and a

= ' L : This Sheet Has Been Replaced
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LSRN
i

nol ecul ar wei ght o
average nol ecul ar
reaning t he

sol vent

’“ R L

10

15

20

25

pol yner
to 25, OGO amllecqn

lmage af

|
- in the 1

sol v

i
4

image a

&ef ahi of “trom 100:805 1o 3,850,000 am NIGAAMMEMFL
i%n

nmol ecul'ar wei ght of from 7, 000
meeigRthaisngibusdbahtuaver bgesdnl ecul ar wei ght of from

ohy

nt. It may nore preferably be.prepared By fixtnd'

havi ng.a wei ght average

2. A toner fcr?develeping an electrostatic

ccording to Claim 1, where1n sald binder resln

contalné the THF—1nsoluble matter in an amount of not

more thz

nage ae

[SSPp—y ......u'._

lmage ad

has an !

has a m

as an Mw/Mn of not less than 20

an 5 % by weaghtz

3. A toner for:develéping an.electrostatic

scording to Clalm 1 wherexn said binder resin

H
i t
i H
¥ !

4. A toner fcr?develéping an electrostatic
ccording to Cleii f,zwﬁerein séid binder resin

tw/Mn of from i5§td 605

5. A toner for develdplng an ‘electrostatic
scording to Clalm 1, where1n sa1d binder resin

blecular welght peek MA in the ‘region of a

molecular weight of from 5 000 to-15, 000 a molecular

%ezght ]

from 4 5¢
1

i
300,000}

heak MB in the réglon of a: molecular weight of

) 000 to 900 ODO, a molecular welght minimum M4

region of a moleqular welght of from 30,000 to
. -

i

6. A toner for developlng an electrostatlc

image according to Claim 1, wherein said binder resin

4
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450,000 to 1,000,000 and thereafter +&ww ng the solvent.

be any of those ca@abl e of dissolving the polyner A and pol qmﬂnﬂminummm
|ncludes for exanple, toluene, xylene and 2-propanol .

preparlqg the bindgr resin used in the toner of the present |nvent|on the
pol ymer A nBps preMB/MY PiHd 19T 4 8@ By2%ol ution pol ymeri zation or

suspensi on pol ynerijzation, and the polyner B by suspen3|on pol yneri zati on

or enul sion:pol yneni zati on.

7. A toner for:developing an electrostatic
mage according to Claim i, wherein said binder resin

has an MB/MA of from 40 to 100

(V]
Pp— g’.., H'-'-"-'-'- “

. : ; i
8. A toner for developing an electrostatic

i
|
image ag¢cording to Claim 1 wherein said binder resin _ -
i
‘has a méolecular wéight peak oﬁher than the MA, in the
H H . i i

10 Jegion of a molecular wdight df from 3,000 to 20,000.

9. A toner for developing an electrostatic

image a¢cording to CIaim 1, wﬁerein said binder resin
g
. has a molecular weight peak other than the MB, in the

; 15 fegion of a molecular weight of from 380 000 to
i,000,000. .i i ;§
10. A toner for developing an electrostatic
image according to 01aid 1, " wherein said binder resin
fﬁ‘ 20 has a molecular weight dinimum other than the Md, in

the region of a molecular weight ‘of from 20,000 to

380,000 AR g

11. A toner for developing an electrostatic

25 image according to Claiﬂ 1 wherein said binder resin
i
has a molecular weight distribution curve area ratio

is Sheet Has Been Replaced
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More preferably the polyner A should be prepared by sol u
pol yneri zation anfl the polymer B by suspension pol:ymeriz Bmﬂm'”"j ”mumr
~order to prepare E uni formy dispersed binder resin, the

prefera Iy be ared by mixing the polyners A and Bin the solvent and -
t her eaf $%ﬁ%£1 @ﬁe1soI0e&tt0I@ ¥s: dOf#lth@ 7to obtain a binder resin

in a unlforn1y d|$persed

12. A toner fdr developing an electrostatic

$
H
]
H

iimage according to Claim 1, wherein said binder resin

|

_5 has a Aolecular weight distribution curve area ratio

SA SB:S@ of 1 : 0.3 to 9.5 : O 5 to O 7.

i
i 13. A toner for developing an electrostatic
ﬁmage according to Claim 1 wherein said binder resin

{
10 further comprises a release agent

i _ i14. A toner for developing an electrostatic

|
ﬁmage according to Claim 13, wherein said release

x

g
«Q
@
3
t
fute

L contained 1n-an amount of from 0.1 % by

15 % ight to 20 % by weight Baseé on theébinder resin.

At b

[
=

0]
Q

(1]

15. A toner for developing an electrostatic

according to Claim 13, wherein said release

-
®
=]
+

is contained in an amount of from 1 % by weight

20 %|by weight based on the binder res1n.

i,

't
t

16. A toner for developing an electrostatic

PRI T WP | P
0
b
o

: ]
image according to Glaim 13, wherein said release

égent has a number average molecular weight (Mn) of
25 got more than 1,000, a weight average molecular weight
I
sMw) of jnot more than zﬁsoo,-an Mw/Mngof not more than

4

R
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i xed usi ho & kneader Such a - o8- et ane RAHRININANAT

et hod makes it diffficult to satisfy both the f|X|ng

1. 3, and la melting point of from 60 to-iZO‘CQN e

17. A toner for deveioping an electrostatic
. ‘ t .

image according to Claim 1, wherein said release agent

S has an Mn of from 400-t6 TOO,;an Mw of from 500 to

1 500, an Mw/Mn of not more than 2.5, and a melting

bo1nt of from 60 to 100'C and 1s contalned in an

émount pf from 1 % by welgbt to 10 % by weight based

_ , &n the binder resin.
!
A 10

18. A toner for developxng an electrostatic

;mage according to Cla1m 13 where;n sazd release
i _

égent comprises a graft-modlfied wax,ga low-molecular

weight polyethylene wax, a low~molecu1ar weight

13 ethylen=—propy1ene copolymer, a low-molecular weight
! E ! ; i
: polypropylene wax or'a papaﬁf;n wax.

. H ! .
i ! . "
i 1 i H
i 1 ‘

19. A toner for developlng an electrostatic

image a+cord1ng to Clalm 13, whereln sald release
l

zo_agent cémprlses a polonefin wax graft—modlfled with

an arom tic vinyl monomer,'an unsaturated fatty acid
' l

ér an uﬁsaturated fatty,acid ester.
i H H

P

P 20. A toner for developing an electrostatic
!

25 image ac¢cording to Clalm 19, wherein sa1d graft-

modified polyolefin wax;has gq Mn.of not more than'

\
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performance and angi
to cause the forma
or the nelt}
device in the cours$
t he pol yneri A has
t he ant it of 3159100

nmenber

)
-
Cuhe

10

15

20

25

120°C.

M S+ o ARIR G S 8 b,

adhesi on of a -ground product to the inn

on of o e - sergy et on - ot oAU
. | : * L M s *
| f

e of grinding, thus being not
h wei ght aver age :

preferred.

nmol ecul ar wei‘ght of Iess t han 5, 000,

an Mw of not more than 2,500, an Mw/Mn of not

more then 30 and a meltzng po;nt of from 60°C to

21, A toner fof deVeicping ah electrostatic

image acccrding to C1a1m 19, whereln said graft-

?odified polyolefln wax: has an Mo of from 400 to 700,

%n Mw of from 700 to 1 500, an Mw/Mn of not more than

e

[RRTEIRPR

o e g

3

|

5.0, and a melting po;nt of;fgcm 60 to 100°C.

22. A toner'fof deéeioping aﬁ electrostatic

mage according to CIaim 19, where1n sazd graft-

modifiea polyolefin wax . has a: graft component in an

amount
|

image ac

Gps to 2

i

H

amount of from 0.1 part by wezght to 100 parts by

weight based on 100 parts by we:ght cf the polyolefln.

123. A toner fof deteicping a& electrostatic -
image accordlng to Cla;m 19 Whereln sa1d graft-.
?odzfxeé polyolefln wax has a graft component in an

£ from 1 part by weight tc 50 parts by weight

based oﬂ 100 parts by welght cf the pclyolef1n.

24, A toner fcr deveLOping an electrostatic
;cording to Clalm 19, whereln sa1d graft—
mcdifled polyolefin wax has a melt v1scosity of from 1

250 cps at a temperature of 160 C.

—_—
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is lowered and the grindability at th ime of the ﬂ

is also lowered. |If it has a wei ght 'ig{() rage_ mol ecurgu'llnﬂ ﬂlmmlmumet han
30,000, the fixing performance is | owered. : | f* tfie polYymeY B has a
wei ght averiage | ecul ar wei ght of |ess .than 400,000, the grindability

tends t8 become pdops . al §0+BAAESEBROLLYeAVHTNGI ad bagerig @l sant i -of fset,
a Iomerlng ‘of bl cklng resi stance-and the fornatlon of a

1mage according to Clelm 1, wherezn

said binder reszn contains i) two kinds . of
styrenefacrylate copolymers a low-temperature
5  softenihg resin and a high—temperature softening

iesin, and ii)} a graft—modifled polyolefln-

said low—temperature softenlng resin having a

weight bverage molecular welght (Mw) of from 5.0 x 10°

?o 3.0 x 104, a ratio of Mw to a number average

10 éolecular weight (Mn) (Mw/Mn)sof not more than 3. 0 a
%low—out point ina flo; tester, ‘of from 75°C to 90°C,
: ' é softening point of from 80 C £6 1109 c and a glass
l %ransitlon point (Tg) of from : 55 c tolﬁs *C and being

i
éontain d in said bznden resin in an amount of not
g :

15 iess thén 65 wt.%: said high-temperature softenang

§
l‘

Q
0
et

5 6 i

n hzving a weight average molecular weight (Mw) of
x 107 to 1 5 x 10 . a ratio qf Mw to a number

B
H
o
]
-9

@

verage {molecular weighg (Mn:) (Mﬁan)éof not more than

&) e

.0, a flow-out point iﬁ a f;ow tester, of from 110°C

-

20 {0 160°¢, a softening point of from 150°C to 230°C,

i

and a glass transition'ﬁoint'(Tg) of ﬁot'less than
i

§5'c~ said low-temperature softening re51n and said

éigh—teﬂperature softening re51n be1ng in a proportion

nangxng from 50:50 to 90 10 1n welght proportlon, and

3
25 gaid low-temperature softenzng resin belng obtained by
: i
olution polymerlzation,isa:dfhlgh—teqperature

() V—
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ey
N

adhered product on, a photosensitive er. If it has

mol ecul ar wei ght of nore than 1,500, , the, grindabi |Im|m“m"“ﬂ/um3mﬂn
jt is difficult to|lachieve the objects of the present i*nvéntton® wen *t he
polynmers A and B ale each wused algne as:a binder resin for a toner. The

obj ect 5_1 CaBp?QeB‘i e G %@xdﬂbﬂt‘%ﬁdﬁ W éd%ﬂ@?!s%'&nt he polymers A and
B are mxediin a sblvent and thereafter. °

polymerlzation, and the both ﬁeing mlxed in a solvent

| ?apable!of dissolving the both and

said graft-modlgled.polyolefiu having a number

1 o . :
5 ?verage molecular weight (Mn)!of not more than 1.0 x
303, a weight. average moleculér weigh% {Mw) of not
i
more than 2.5 x 103, an; Mw/Mn of not more than 3.0,

and a mélting point of from 66°C to 120 c.

: 1 i

10 5 26. A heat fixing meéhod'comérising;

!

; imparting a toner 1mage onto a recording

l I

medium, |wherein a toner that forms sa1d toner image
' :

I
comprzses a binder resin and a colorant, wherein said

?inder resin contains a THF—;nsoluble matter in an

15 %mount of less than 10 wt. % bésed on the binder resin,
%nd, ini the molecular wéight oistrlbutlon measured by
éPG'(geL permeation chrcmatography) of a THF-soluble
%atter, has a we1ght average uolecular weight/number
%verage molecular welght (Mw/Mn) of = 18, a molecular

20 %eight peak MA in the réglon of a molecular weight of

l

érom 3 QOO to 20, OOO, a-molecular weight peak MB in

i .

the region of a molecular welght of from 380,000 to

i 000,000, a molecular weight m1n1mum Md in the region

of a molecular weight of from 20 000 to 380,000,

!
25 provided that MB/MA is 1n the range o% from 30 to 150,
!

and a mclecular we;ght dlstrlbutlon curve area rat;o

——
——
——
—
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ahd m xed.

nmut ual | y confllctlnp
'SA:SB:S

1

10

15

20

25

~§molecu1

the sol vent

12 ol mer B makes |1 poser ol o preter o tnel] W0 o

of & mo

%Y Sa,

dof 1: 0.3 to 9.8 : 9.35 to 0.8 when the area
lecular weight distribution curve of a
ar weight of from 400 ko the Md is represented

the area of a moiecula% weight distribution

curve O

'5, 000,
i

lf a molecular we&ght.o? from the Md to

oo ; :
00 by SB, and the areagof the region defined by

% straight line connecting the apex A corresponding to

l

the molecular weight peak MA and the apex B

corresp
S

polecul
]

medium
support
to said

said re
i

i X
heater EIement through

i
26, whe
i

%rom 10

o ctremdhn e sasemte

26, whe
élement
|

through

|
Km.

[V

nding to the molecular weight peak MB and a

ar weight dlstributlon;curve by Sd; and
« ! .'
heat~fixing sa1d toner 1mage to sald recordlng

by means of a heater eiement stationaraly

ed and a pressure member that stands opp051te
| heat element 1n pressure contact and br:ngs

cording medium into close contact with saiad
i
f11m 1nterposed between: them.

R a

27.

A heat flxjng method according.to Claim

rein said heateréeleme?t has aitemperature of

D°C to 300°C. | !
. % Do

A heat fixiné.me1

28. thod according to Claim

tein said toner image uS'heate§ with a heater

having a temperaturé of from 100°C to 300°C,
i :
a film having a;thickness of from 1 pum to 100

i
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perfornances such
per f or mance; and thf
when t he tonher

The THF-insol ubl e
t propOrtl

the wei
THF
<

(i,

as the anti-offset, the low tenperatur
grindability at-tlﬂﬁtwne of the nanu
prepared by the nethod; of the sent

tter referred to in the present

oA o Gt Aot

26, wherein said film has a heat resistance.

i nve

.a giant

1
1
H
¥
]

30. A heat fixing ﬁeéhod accérding to Cldim

?9, wherein said film compr1ses a layer formed of a

Eolymer selected from the group cons1sting of

bolyimzie polyester, polyethylene terephthalate, a

%etrafluoroethylene-perfluoroalkyl v1nyl ether

'copolymer polytetrafluoroethylene and polyamide. .

10

15 .

20

25

.

I B
: 31. A heat flxln@'ﬁe%hod,accérding to Claim
29, whefein said film cémprisés a layér formed of a

< i
. i
! :od

|
metal.

32. A heat fleng me1hod acc ding to Claim

29, wherein said film has at least one of a release

layer and a low—re51sta40e layer;
. §
. ;

A heat f;xing mefhod accordzng to Clazm

rein said film comprises a layer of a polyimide

133.

N_-_‘." P

29, whe

!

gilm and a fluorine resin 1ayer.
i S 2
1 : s
i

1

34. A heat f1x1ng method ac00rd1ng to Clainm

|
§3, wherein said fluorine resin layer comprlses a
;

conductive material dlspersed thereln.

i , t

!
]
H
H

e et Pamaresatien come mn

35. A heat flxing meéhod accérding to Claim
: Do :

i S

|

|nvent|on |nd|cates
becoeF jnsoluble to

\ : . [
} :

1 : SoE i

i B i i This Sheet Flas Been Replaced .
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.,

polymer) in

i's measured ;

a resin

in the
anount of fron1 0.
filter

cylindrical

K. K) and se34pnw1ae

hour s

usingi from 100 to 200 M of THF as.a sol vent,

fol | ow ng way.

paper (for exanple,

-

composi tion in thejpgner. The THF é“[ﬂﬂmmummm

A tonef -sanpl
g), which is then put 1 &

No. 86R, available from Toyo Roshi
ih| ehidefluepine. rebihr aayboh compeasesed out for 6
and the soluble

to 1.0 g (Werr]

conponent expobgtetrdylubroashydénehe solyent

10

15

20

25

st 5 60 mba = e S

I
|
26, whes

with sa
@ember 1
]
i

36. A heat fixlng meéhod accefding to Claim
rein said film'is Srouéht intoipressure contact
id heater element by means of sa1d pressure
inder a total pressure of from 4 kg to 20 kg.

37; A heat flxlng method accordlng to Claim

36 wherein said pressure member is prov;ded with: a

pressure roller having a ruhber elastJC jayer.

i
H

36, wherein said pressuz

38. A heat fleng method accord1ng to Claim

e member is prov1ded with a

pressure-roller having an elast1c layer formed of

silxconT

rubber. . . § . g

39. A heat f1x1ng method accord:ng to Claim

26 whefein said heater element is heated by applyzng

wavefor

N,

6, whe

(¢)

apacit

to a rellstance mater1a1 a current w1th a pulse-llke

40. A heat fixfng-meéhod acc&rding to Claim

gein said heater element has a 1ow heat

ance and has a 11near structure.

' . P ; This Sheet Has Been Replaced
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I S evapor at ed, follomed by vacuumdrying at 100[err] C for
Then the THF4sol ubl g resin conponent. i gg&ei-ghed (Werr] gmmm H ﬂf
i nsol ubl e conponent' other than the:resin conponents,

material and:a pigngnt contained in the toner S represented by Werr] g.
The THF- |nsoluble gtter is

1 41. A heat f1x1ng method according to Claim

——t e

526} wherein said heater element is prov1ded with a
i

re51st£nce material and a temperature sensor, and when
the heater element temperature detected by the
l

9 5temperature sensor is Tl; the surface temperature T2

§of the! film opposed to sazd re31stance material is

i about 10°C to about 30 C lower than the temperature T,

i and the_surface temperature '1‘3 of the film on the part
i at whifch the f11m is: peeled from a flxed toner 1mage

- 10} is a temperature substantlally equal to the
. O !
temperature T,. i
: i
: . : b :
i . . i . .. ! !
' ' 42. A heat flxing method accordzng to Claim

: 26, wherein said toner compr1ses the toner according

g _ 15 to any one of Claims 2 to 25{

e Camirs Satom

{
N
S~ B—

25 o
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- 29- determ nedjfromthe follomnng expr essi on. THF-insqubIe_natterEi
(% Werr]-(Werrf+Werr])/ (Werr]r- Weﬂﬂ)-xloo : ~In the . —
present |nvent|on he nol ecul ar melght - at. the peak and/ or shoul der on

t he chronatogran1 obt ai ned by GPC (gel pbrneatidh chr omat ogr aphy) is/are

1 ABSTRAQT OF THE DISCLOSURE

A toner for developlng an electrostatlc image,
compr1<es a binder re31n and a colorant. Such binder

reszn contains a THF—1nsoluble matter in an amount of

5 1ess than 10 wt.% based on the blnder resin, and, in

the molecular weight dxstrlbution measured by GPC (gel
- l - i

-permearlon chromatography) of a THF-soluble matter,

H

thas a reight average molecular welght/number average

=molec:tar weight (Mw/Mﬁ) of 2 18, a molecular weight

in the region of ‘a molecular welght of from
;3,000 to 20,000, a molecularlweight peak MB in the
éregion of a molecular &elght of from 380,000 to

:1 000,000, a molecular weigh‘c min:.mu;n Md in the region

of a molecular welght of frOm 20 OOO to 380,000,

10 peak

15'prov1ded that MB/MA 1s in the range of from 30 to 150,
and a molecular weight dlstrlbution curve area ratio

SA:SB:jSd of 1 : 0.3 fcogO.G :: 0.35 to. 0.8.

20 5 A

i i

T e——

i : "y B —.

—
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measur ed urider the| fol | ow ng condi ti of .Col utms are stabili zél
in a heat chanber heated to 40 r] C To theé coI ums kept at this
tenmperature, THF ({tetrahydrofur $“a solvent is flowed at a flow rat®
of .1 m peri mnute, and from 50 fto 200 [err] of a THF sanple sol ution of
a resi.n preéepared t : npl.e concentration of fromO0.05 to 0.6
Ww.%is injected therfiffo to gasurentdt. .In

16
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measyring the nol ecul ar me|§2: ok the sanple t he nmol ecul ar wei ght

di stni bution ascribed to the sqnph I s ical culated fromthe relatlonshlp
bet ween t he Iogarlthnlc ue: a calibration curve prepared usi ng
severtal ki nds of nonodi sperse pol ystyrene . standard sanpl es and the count
nunmbgr for fl ow out time.. As the standard pol ystyrene sanples used for
the greparation of the calibration curve, it is suitable to use, for
exanpl e, sanples with nDIecuIar i . -

!
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wei ghts of 6 x 10[err],
x 10ferr], 1.1 x 10[err]:,
and #.48 x 10[err]
Toyoj Soda Manufacturing Co.

PLUNGER FALL GUANTITY-

- 08 At 71

ey

_6UT POINT

LELOW:

jast o o puup 2oy v o 50

o any & emen

-— _——— -

ﬁ.l x 10[err], 4 x 10[err], 1.75 x 10[err], 5.1

% 1Q[err} + 8.6 x 10[err], 2 x 10[err] 25

, Which arg2dvai+abl e fron1Pressure * __Chem cal_ Co. or

, Ltd., and

1
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Electrostatic Image Develdping Tomer and

- solvent wvapor.

960 A 1 e 2
"POS rﬁ@

Fixing Methdd

BACEGROUND OF THE INVENTION

Fiel@ of the invention

The present invention relates to a toner for
developing an electrostatic image, used in an image
forgihg process éuch s eiectrdbhotography, |
eledt?ostatic recordiﬁg 6r magnetic reécording, and a
method of fixing the toner.

Related Background Art

A nunber of _méithoés as dis.closed in U.S.
Patent No. 2,297,691, -Japénese Patent Publication Nos.
42-23910 and No. 43-24748 ‘end 'so forth are
convehtionally known as electréphotography-. In

generdl, copies are obtained by forming an

' electrostatic latent image on a _photosensitive member

by ﬁfilizing a photoconductive material, suf:sequently
develdping the latent imégé by the use of a toner, and
transferring the toner image to a transfer medium such
as paper if necess'ariy,' followed by fixing by the
action of heat, 'p‘i"e'ssure. heat—-and-pressure, Or
0 The toﬁer"that' ._!:gas not transferred to
and has remained on the phﬁfoééns-it_ive membér is

Cleaned by various means, and then the above process

is repgeated. \
e T
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For exanple, they may preferably conprise a conbination of p-Styragel 500,

10[err], 1O0[err] r aval | able from Waters Co.; Shodex KF-80OM or
a conbination CREQEAQ Mﬁ% §HE E and 805, avail abl e frqugmgm@sﬁgm&giimd

K.K : or a conbilndtion of TSKgel |GLO0OOH, G2000H, G2500H,
G5000H, GBO00OH,| G70Q@ENAVAI%EVH] avai l abl e from Toyo Soda
Co., Ltd. | -2 -

(o)

In recent years, such a copying apparatus is
not ¢aly used as a copyin§ machine for offj.ce work to
take copies of originalé_as commonly done, but also
‘'has began to be used in the field of printers serving
as outputs of computers and in the field of personal
copying of private ﬁse. .

Under éuch éircumstances, the appafatus are

' severely sought to be madé small-sized, lightweight
and hiighly reliable:. Copying machines have now been
formed of more simpie comﬁogents in various respects.
As a result, a high'pérfbrmance has become required
for toners, and copying méchine§ are no longer
considered excellent uniéss an improvement in the
performance of tonezsfis achieved.

For example, Qari&us method or devices have
been feveloped in relation to the step of fixing a
toner imgge to a shéei such as paper. A method most
commorly available at'preseﬁt ig the pressure heat
system using & heat rdllér.

The pressure lieat Eystap using a heat roller

; is a method of cargying du#:fixing by causing a toner-

 image surface of en image-receiving sheet té pass the
surface of a heat rdller.whdse surface is formed of a
material having releaéability t0 toner while the
former 1s brought into contact with the latter under

applicdation of a pressure.. Since in this method the



Ln the working exanples as described later, the nolecu

distribution of {he—bi . is neasured under the ||OMAng
conditions. ConfR jﬁﬁdﬁk ENE§§§§¥Enent by GPC as BeeCRRCe
150C (Waters Co. coTomme]  KFB01- KF807 (Shovvdex '

Col um tenperatuge ijmber!r]c Sol vent :

( THF) Thet nol ecul ar melgh{ -di st Bi bution possessed

surface of the heat roller comes into contact with the
toner image of the image-receiving sheet under
application of a pressure, a very good thermal
efficliency can be achieved when the toner image is
melt-bdhered onto the image-receiving sheet, so that
fixing can be'carried;out rapidly. Thus, this method
is very effective in a high-speed electrophotographic
copying machines. In'thié method,; however, since the
surface of the heat roller comes into contact with the
tonei image under appiicetiqn of a pressure, part of
the toner image may sometimes adhere and transfer to
the siirface of the fixing roller, which is re—
transferred to the éuhseq@en: image~receivi§g sheet to
cause an offset phenoﬁenon, resulting in a
contamination of the 1mage—receiving sheet. Thus, it
is considered to be one of essential conditions in the
heat’ rpller fixing system that no toner is adhered to
the surface of the hea}t fizxing roller.

For the purp‘osfe of riot éausing the toner to
adhere to the surface of acﬁixing roller, a measure
has been hitherto takém such that the roller surface
is formed of a materiél such as silicon rubber or a
fluorine resin, haviié an eicellent releasaéility to
toner, and, in order to prevent offset and fo prevent
fatigde of the rollei éurfa&e, its surface is further

covered with a thin f£ilm formed using a fluid having a



rd

a sanple is calculated fromthe relation between a |ogarithmc val ue,

neasured under thgﬂjﬂxnui———~””‘” 'RﬁﬁtA(ImﬁﬁNT'SHEET
a5 Been en Reéphiced |
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good :eleasability as exemplified by silicone oil.
However, this method, though effective in view of the
'prevention of tﬁé offset of toner, reéuires a device
for f?eding an anti-offset fluid, and hence has the
probl%m that the fixing device becomes complicated.

L This is in the opposite direction to the
demand for small size and light weight. In some

1nsta£ces, the silicode oil is evaporated by heat to

contaminate the interior of the machine. Now, based

shoul
i
use of any apparatus for feeding silicone oil, a

on thj idea thet the fluid for preventing offset

be fedlfrom the the inside of a toner without

methoé has been proposed in which a release agent such
" as a low-molecular pbiyethyiene'or a low-molecular
pclypiapylene is added ié the toner. Addition of such
a release agent in g'iarge-quantity in order to attain
a sufficiont effect may cause filming to the
photosensitive member or result 1n a contamination of
the surface of a toner carry;ng member such as a
carrier or a sleeve,-so thgt toner images may be
deteriorated to brin?'ab&uf:a problem in practical
use. |Thus the release agé#t is.added in the toner in
such d small amount that may not cause the
deterioration of toner images, where a releasing oil

is fed in & little amount and a device by which the

toner |that may cause offset is cleaned using a menber



[ e et ks s st 4 v

eonditions of a calibratien—eurve prepared using a ppiyetyreﬁe-siéﬁdard
sanpl e and the nunber of couﬁﬁﬁqeasured under the abpVeé-gonditigng it |

The SA, SB and Suhio$hegt ar- wei ght distributionjcurve in the blnder
resin used in the present invention arel dpt & dNGRA98¢ |
calculating the i a sanple cut out from]|a chronatogram:

obt ai ned by GPC an cal cuI ating the aredratios thergof. .

I
i
i
|

such ARs a web of a wind-up type is used together.
However, taking account of the recent demand
for spall size, light weight and high reliability, it
is neLessary and preferred to remove such a
supplementary device. Accordingly, no countermeasure
can bs completely takén unless the fixing performance
and anti—offset of the tpnef are.further improved. It

is difficult to achieve tﬁe'improvenent unless binder

resins for toners are further improved.

As a technique concernihg the improvement of
binder resins of toﬂeés,'Jaﬁanese Patent Publication
No. 61-23354, fdr exa@ple, broposes a toner'in which a
crossrlinked polyﬁef is used as a binder resin.
According to the methed d;selosed therein, the toner
is effective for the impfbvement in anti-offset and

wind-around resistance, but on the other hand an

increase in the degfeé of cross-linking results in an
increase in the fixiné teﬁperature. Hence if is
difficult to obtain a'tonér'having a sufficiently low
fzx;ng temperature, a superiority in anti-offset and
wind-Tround resistance, and a sufficient fixing
performance. In gereral, in order to 1mprove the
fixin performange, the binder resin must be made to
have a low moleculaé.weigﬁt;to'lower its softening
point| This conflicts with the measure for the

improyement ot anti-offsat. Since the binder resin is



In the working exanpl es as described later, the nolecul ar wei ght
distribution of the release agent is neasured by %gz; l$ Eﬁﬁ
- Thronmat ography) under the follow ng conditions. Us- 8
1500 (Waters Co.) Col um: GvH6 (Toyo Soda Nhnufacturl ﬁ

Ltd.), 60 cm Col unm tenperature: 140[err]C 2 5 NOV 1996

-6 -

- GPC.

nade to have a low softening point, the glass
transition point of the resin is necessarily lowered
to bring about an uﬁdésirable phenome;on that blocking
of toper occurs during storage.

To cope with this: problem, Japanese Patent
Application Laid-open No. '56- 158340 proposes a toner
containing a binder resin compr*sed of a low-molecular
weig:t polymer and a high-molecular weight polymer
This Linder resin oan achieve an improvement in
respect of fixing perforhénce, but can not still be
satisfactory in reséci of:ahti—offset. It.is
difficult for this toner to highly satisfy the anti-
offgset and fixing pgr?orﬁan&e. |
Japanese Patept Abplication Laid-open No. 58—
203453 proposes a toner cbniaining a binder resin

complriised of a low—iemperature softening resin and a

high=tempearature softéning resin. This biﬁder resin

can-qahieve an imprbvémeht ﬁn respect of f;xing
perermance, but ca@ hot étill be satisfactory in
resect of anti-offset. It is diffzcult for this toner
to highly satisfy the anti-offSet and fixing
perfqQrmance. E :

Japanese Pa;ént Ppblicétioq No. 60;20411
pPropdses a process for producing a resin composition
comprising a polyme;'wiih‘é low degree of -

polymerization and aipolyper with a high degree of

This Sheet Has Been Replaced
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polymerization. Whén.this resin is used as a binder
resin for a toner, the resin tends to achieve an
improvement in respéct of=fjxing performance, but can
not still be satisfacfofy.in resaect of anti-offset.
Thus {there is much ?o;m for improvement.

| In relation:tb a:foper pontaining a binder

resin comprised of a blend of a low-molecular weight

polymer and a cross;linkéd polymer, 5apanese Patent
AppliLation Laid-open No. 58-86558, for example,
proposes a toner_coﬁprisﬁég-a low-molecular weight
polymer and an insoiuble infusible high—moiecular
weight polymer as main r;éin coéponents. According to
the method disclosed éhéiei;, the fixing performance
and grindsbility tendf to be. improved. However, it is
difficult to satzsfy 1n a bigh performance both the
anti-pffset and the grindab:l:ty, because the weight
average molecular we§ght/numbar average molecular
weighg (Mw)Mn) of the?ldﬁ;molecular'weight ?o;yner is
as smpll as not moré fhap}335 and the content of the
insoluble'infusible'highémolecular weight polymer is
as large as from 4D'to §O:Nt %. Thus, it is very
difficult from a practical\viewpoint to give a toner

well satisfying tha.f§xing performance (in partioular,

in hi?h-speed fixing), the offset resistance and the
grind%bility unless a:fixiné assembly is provided with

2 dev;ce for feeding an anti-offset fluid. Moreover,
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the t?ner must be heat-kneaded at a temperature far
highe% than that ino usual instances or heat-kneaded et
a higﬁ shear, because the insoluble iufueible high-

' molecular weight polymer used in a larger amount turns
to haye a very high melt viscosity as a result of the
heat-kneading carried out when the toner is prepared.
As a result, in the instance where it is kneaded at a
high temperature, theftoner.characteristics may be
lowered because of thermel decomposition of other
additives., In the inetence:where it is kneaded at a
high shear, the eolecﬁles of the binder resin may be

excessively cut. Thus, there is the problem that the

desirgd anti-offset can be achieved with difficulty.
Japanese Paieet Aﬁplication Laid-open No. 60~
. 166958 proposes a tonér edmérising a resin composition
obtaihed by polymerizing_ﬁoﬁdmees in the presence ef a
low—mrlecular poly(eéﬁetﬁyletyrene) having a number
average molecular wéi?ht‘fnh) of from 500 to 1,500.
In particgler, this publication discloses that

he number average moiecﬁlar weight (Mn) ney

*

preferably be in the range of from 9,000 to 30,000,
With increase in Mn for.the purpose of zmproving
fset, the f;xing performance of the toner and
the Jrzndabil:ty at the t:me the toner is prepared may
beco e more quest1onab1e from a practzcal viewpoint.

Hencg it is dxffzcult;tousatlsfy in a high performance



peak val ue. ElLg. 5 shows an exanple of the endothermic peak in

t he DSC. I REPL present invention, the—btnder—Tesin
:may preferably contgip %@mgmmtf styrene-acryl ate copoI’T eﬁkep?aced

| ow-tenperature so b :zggybm%and a hi gh-tenperature \\\“‘ﬂ“\

and ii) a lowneltipg g d jpol yol efin release

poth the anti-offset and the grindability. Thus, the

toner|having a poor grindability at the time the toner

is prepared briags about a lowering of production
efficiency, and also coarse toner particles tend to be
. incluéed into the toner, undesirably resulting in
black| spots arouﬁd a toner image.
Japaﬂese Pateﬁt Applicaticn-Laid—open No. 56—
16144 |proposes a toner containing a binder resin
| compopent having at least one maximum value in each

region of a molecular weight of from 103 to 8 x 104

5

and a nolecular weighi of from 10" to 2 x 106, in the

molectlar weight distribution measured by gel

' permeation chromatography (GPC). The toner, however,
is éapght to be furfhér improved in fixing performance
and =mti-offset. |

Japanese Pateﬂt Application'naid-open No., 63~
22366f proposes a toner comprising a binder resin i)
containing 10 to 60 wt. % of a THE(tetrahydrofuran)-
insoluble matter, basgd on the binder resin, ii)

" having a weight average hqlecular weightlnuﬁber
averafe molecular weight (Mw/Mn) of 2 5, a peak in the
region of a molecular weight of from 2,000 to 10,000
and a|peak or shoulder infthe region of a m&leculaf
weighL of from 15,000 to 10@,000, in the molecular

weight distribution measured by GPC of a THF-soluble

matter., and 1i1) containing:a component nitﬁ a



The | owtenperature softening resin may have an Mwv of from5.0 x 10[err]
to 3.0 Xx 10[er$—-a from5. 0 x 10[err] to 2.0 x 10[err], a
ratio of Mv to Nt ; qﬁﬁ?@ﬁrééfﬁﬁgt nore than 3.0, a flow out point (herein
t he tenperaturb at “which the rlesin begins to flowout) in a flow tester,
of fron175[err]C t 9@&3#%?6: a Isoftening point of from80[err]Cto

110[err]C, andia: glass transitjop poimtiq herei nafter "Tg") of from
55[err]Cto 70[_err]-c ------------- ] |

s mpesraa
o s o A T

olec lar weight of not more than 10,000 in an amount

of from 10 to 50 % by weight in the binder resin. In

_ this instance, the resin can bring abaut a superiority
in t grindability, fixing-performance, filming or
melt-pdhesion résisia@ce.to‘a photosensitive membeﬁ,
image forming perfo?méncé; and anti-offset (in

particular,. anti-offsét'at the high-temperature side)},

but is sought to achieve a further 1mprovement in the
anti—Lffset and fix1ng performance of the tonmer. In
partanlar, it is dlfficult;for'thls resin to cope
with {the severe con@i;ion_that both the fixing
performance at a low %embérgtu;e and the anti-offset
at a high tegperatuie‘afe'r;quifed to be
simulitanecusly satisf?ed; _
In addition; it.ié VEfy difficult-to achiave

bothlthe properties OOncerned with fixing and the

' grlnéability at a high performance. In particular,
the indability required.when toners are prepared is
an important factor fér ihe:recent trend iﬁ which
toners are made to have a smallar part1c1e diameter on
account of the demand for a higher quality level,
higher resolution and higher fine~-line reproduction of
°Opijd images, and the imbrovement in the grindability

is vary important from the viewpoint of enargy since a

very {large energy is required in the step of grinding.

The pheQOmenon that tomer is melt-adhered to

-
et Has Been Replaced
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rr]C to 230[err]C, and TH50NMGs! e
If the Mv of the | owytenperatufejsoftening re
rr], the bl ocking resistance - ;
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g resin
not

t han
nis

the igner wall of a grinding apparatus tends to occur
1 .

in a {oner having a good fixing performance, therefore

pringl

ng about a poor grinding efficiency. 1In the

process of copying, there is the step of cleaning the

toner

having remained on a photosensitive member after

transfer. Nowadays, from the viewpoint of making

appard
" reliab
by the
photos

photos

tus small-gsized, l1ight weight and highly

le, it has become cbmmon to carry out cleaning
use of a blade ki.e.,'blade cleaningl}. As
ensitive members have & longer lifetime,

ensitive membher drums are made small-sized and

syste

s are made high—speéd, the melt-adhesion

resisﬁance and filming resistance to photosensitive

member% have besn more%striatly required in toners.

In par
nember

are ve

ticular, amorphous silicon photosensitive
s having been recently put into practical use

ry highly durahlé,.aﬁdfalso organiq

photoconductive photdsénsitive members'(OPCs) have

longer

toners

compan

lifetimes. Hence, the performances required in

have become higher.
In order to make gppératus small-sized,

?nts must be so designed as to be successfully

assembled. This makes%sméil the space throuéh which

the ai

flows. In e@ditia&,_heat.sources for a fixing

assembly and an exposure system come very near to'a

"toner

lopper or a cleaner. - As a result, toner is



- 33 - of t
stability may
to a photosenﬁ

he toner nmay be riously deteriorated, the—storage

occur at the tine of d
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éxposed to a high-temperature atmosphere. Hence, no
toher can aﬁy longer be put into practical use unless
it has 2 better blocking resistance.

For example, the performances required in
toners Eonflict with each other in almost all

properties, as in fixing performance and blocking

resistance, and yet it is increasingly sought and

studied to satisfy all of thep in a high performance..

ho satisfactory results} bowever, have been obtained.
As previously,sfatéd,-as a method of fixing a

visiblj image of toner to h:recording medium, the heat-

roll fixing system is=wﬁdely used, in which a

recording medium retaining théreon a toner visible

image having not been'fixéd.is heated'whilé it is held

and carried between s ﬁeaf'ioller maintained at a

given temperature and é preséure roller having an

elastic layer and coming into pressure contact with

the heat roller.

The heat-roll fixing, however, has the
following problems thaf should be settled.
(1) A waiting tige:(é time during which an imagé-
forming operation is:péohibited) is requiredauhtil the
heatint roller reaches:the'giveh temperature.
(2)  The heating roller:mﬁst be maintained at a
propef!temperature in érde: fo prevent poor fixing

caused by the variations of heat-roller temperatures

%1%1933@3@ LSH?E;{/‘he phenonmenon of nelt- EI% i Lﬁ‘wT(i'a‘}e



édversely af fect TixedTmages—H~ the Mvis nore than_ 3.0 x 10[err], it

becones difficukg Y Redi 16 desired | owtenpers
per f or mance, al s 1s§ﬁ%e t nﬁe “Lh increase in the pd ﬁmm ISHIEET

required for the
MV Mh of the |OMF
than 3.0, the | ow

If the flowout point of the | owtenperature

toner to a. recording rfedium Wien the
ftem ng_ rggln is contjrgl | 28 NOV 960 hore
tenperature fixi ng” performance cgn Jbe i nproved. '

- that mdy occur when the recording. medium is passed or

becausg of other external factors, and also to prevent

the pthomenon of offset of toner on the heating

roller

‘heat ©

. This makes it necessary to make large the

dpacity of the heating roller or a heater

.element, which requires a large electric power.

.(3)

over t

nedium

After the recording medium has been passed
he heating roller and discharged, the recording

and the toner .on the recording medium are

slowly cooled because of a high'temperature of the

heatinz roller and also because of the atmospheric

temper
"in whi

‘Thus,

ture having becqme_higher, resulting in a state
¢h a high adhesion of:the toner is maintained.

there may often occur offset, or paper Jjam

caused{by the w1nding of the recording medium around

the roller.

It is earnestly sought to realize a fixing

method| that has solved such problems, and may require

. - : . -~
only ajshort waiting time and a low consumption of

jelectric power while'aéhieﬁiﬁg excellent performance

of fixing a toner latent-image.to a recording medium

and excellent anti-offset. Such a fixing method

greatl

import

vy depends on toner'ﬁfoperties, and one of the

ant properties'ié the low-temperature fixing

perfor(ance of toner.

As means for preiéhting occurrence of the



éoftening I e§A—i-A—a-fow-tester is lower than 75[err]C, the blocklng
resistance o REEbAEEHE%ﬂhSHEEE seriously deteriorat ed. On the other—hand,

i-f it is highef tham—90Terr]jq it becomes difficult t e
tenperature flii “?SFNTN @oganLel when used in combi nat |?ﬁiﬁnp Iﬁﬁﬁﬁ‘mﬂi‘ey
mel t -

hi gh-t enper atute 'Softeni ng rgsj|n. If the softe
| owt enper at yr e—soft-enirg—+Ls| n i s | ower*t han 80[err]

offsetlphenomenon, the following methods are known as
previoﬁslv stated: (i) The method in which the fixing
is carTied out while applyinn a release agent such as
silicode 0il to the surface of a heating roller, (ii)
the me?hod in which a highfmolecular weight polymes is
used as a binder resin:for'toner, and (iii) the method
in whi%h a wax having release properties is
incorpérated in a toner. ‘

In the method (i), however, the oil is heated
to generate a smell, and aiso a neéiee for feeding the
oil beéomes necessary to bring about the problem that
the fléing device becomes compl;cated in structure.

In the method (11), although the anti-offset
of the toner can be ;mproved, it is difficult to
achievé the low—temperstn#e fixing because of a
concurrent rise of the%melting temperature of the
toner. - . |

In respect of the nethod {iidi), Japanese
Patent Publications No. 52-3304, No. 52-3305, No. 57-
52574, No. 53-155655 and No. 58-12580, for example,
disclose toners comprising'aéstyrene resin and a
'specif Cc release agent. -. |

Under exxstzng circumstances, however, these
toners can achieve an zmprovement particularly in
regard'to the h;gh—temperature side offset phenomenon,

but 11Ltle improvement in respect of the low-temperature



adhesi on of the toner tends to occur in the step of heat fixing even when
used i n combinatien—w-th-the— high-tenperature softening resin, tending to
ring abouyt. the disadvantages that fixed-inage surfaces become gl ossy,

B

'fixing performance. When such a' release

agent'%s used in a binder having a low—-temperature
meltiné properties, it is difficult for the release
agent to have the releésing effect at a low
temperature, tending to cause a low-temperature offset
phenomenon. This'causés a -lowering of fixiné
performance, resulting'in no achievement of low-
temperature fixing performance.

To preyent the 'high-temperature side offset
.phenomenon, methods are kﬁown in which a high-
.molecular weight-po;ymér is incérporated in é binder
:resin.| The methods are disclosed, for example, in
Japanese Patent Applic;tioﬂs,naid—open No. 50-134652,
.No. 54+114245, No. 56-16144,.No. 56~158340 ahd No. 58~
.203453?
| Most of the toﬁeré uéed in these methods have
:achieved an improvemenf in the high—temperature side

-offset phenomenon, but ‘are sought to be further -
improvéd in respect of:the low-temperature fixing
‘performance. On the oiher hand, the low-temperature

éfixing performénce have been achieved to a certain
‘extent|in some of fhesé mé;hdds; A further .

.improvement, however, is sought in respect of

:development performance and blocking resistance.

'SUMMARY OF THE INVENTION
1 .

An object of the bfe#ent invention is to
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providé a toner that has solved the above problems.

Another object'of the present invention is to

_provid¢ a toner that can be fixed at a low temperature

and also has anti-offset in a broad temperature region

of from low temperatures to high temperatures.

Still another object of the present invention

is to provide a toner that may cause no melt-adhesion

and fi?ming to a photosensitive member in a high-speed

'systemfeven after use for a long period of time.

‘resist

A further object of the present invention is

. to prot:de a toner that has a superior blocking

ce and particuiarly can be well used even in a

ihigh—tgmpegature atmospheré in a small-sized machine.

A still further dbjeét of the present

inventlion is to proﬁidé a toner that can be

continuously produced in a good efficiency because of

no melL-adhesion of a ground product to the inner wall

of an apparatus in the.course of grinding.

According to the present invention, there is

provided a toner foridéveléping an electrostatic

image,| comprising a binder resin and a colorant,

. wherein said binder resin conta;ns a THF-insoluble

matter! in an amount of less than 10 wt.% based on the

binder| resin, and, in the molecular weight

distribution measured by GPC (gei permeation

chromaFography) of a TﬁFwséluble matter, has a weight

10[err]C, it becones l &QLtho a hleve

EII’I



fixing of the toner to a recording medi um
| owt enper at ur @his Sheeeins Been REfG:
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phenonenon,
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éaverage molecular weight/number average molecular

Use of the specific
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weight | (Mw/Mn) of 2 18, a molecular weight peak MA in
gthe region of a molecular weight of from 3,000 to
E20,000, a molecular weight peak MB in the region of a
molecular weight of from 380,000 to 1,000,000, &

‘molecular weight minimuu Md in the region of a

molecular weight of from 20,000 to 380,000, provided

‘that MB/MA is in the range of from 30 to 150, and a
molecular weight distribution curve area ratio
:SA-SB-Sd of 1 : 0.3 to 0.8 : 0.35 to 0.8 when the area

of a molecular weight d:stribution curve of a

:molecul ar weight of from 400 to the Md is represented -

i
fby SA,ithe area of a molecular weight distribution
Ecurve f a molecular weight of from the Md to
?5,000, 00 by SB, and the area of the reglon defined by
Ea straight line connecting the apex A (apexA)
corres onding to the molecular weight peak MA and the
:apex B (apexB) correspondzng to the molecular weight
Epeak Mé and a molecular.weight distribution curve by
'sd. ' ' |
5 According to another aspect of the present
éinvent on, there is'prcViaea a heat fixing method
Scompriiing;

. imparting a touer iuage onto a recording

medium, wherein a toner that'forms said toner image

:ompriees a binder resin and a colorant, wherein said
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gesin contains a THF-insoluble matter in an
gdf less than 10 wt.% based on the binder'resin,
the molecular weight distribution measured by
I permeation chromatography) of a THF-édluble
has a weight average molecular weight/number
= 18,

nolecular weight (Mw/Mn) of a molecular

eak MA in the region of a molecular weight of

I

lOO to 20,000, a mclecular weight peak MB in

the regxon of a molecular weight of from 380,000 to

1,000,0
of a mo
ﬁrovide
and a m
SA:SB:S
éf a mo
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by SA,
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5,000,0
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and

medium

&O a molecular weight minimum Md in the region
lecular weight of from 20,000 to 380,000,
that MB/MA is in the range of from 30  to 150,
lecular weight distribution curve area ratio
of 1 : 0.3 to 6.81::0.35 to 0.8 when the area
ecular weight:distribﬁtion curve of a
ar weight of from 400 to the MAd is represented
he area of a ﬁoiecuiaf weight distribution
f a molecular we:ght of from the Md to
DO by SB, and the area_of the region defined by
ght line éonnecting_the apex A (apexA)
onding to the moiecuiar weight peék MA and the

(apexB) corresponding t0'tbe molecular weight

Iand a molecular_weiéht distribution curve by.

heat-fixing said,toﬁer image to said recording

by means of a hegter;element stationarily
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Iom#tenperature,ﬁpf @ummeﬂmmdﬂor t he purpose of a7 set

S T[]

supportéd and a pressure member that stands opposite

to saidiheat element in pressure contact and brings

! ' .
said re¢ording medium into close contact with said

heater element through a film interposed between them.

BRIEF DESCRIPTION OF THE DRAWfNGS

Fig. 1 is a schematic illustration of an
éxample'of a fixing dévice used for carrying out the
fixing method of the present invention.

Fig. 2 illustrates a molecular weight
distribution curve obfained by GPC.

Fig. 3 is a schématic illustratiqn of an
6verhead—type flow tester.

| Fig. 4 shows a flow tester flow-out curve (a
blunger fall quantity-témpefature curve).

Fig. 5 illustrates a DSC curve for determining

Tg using a DSC (differential scanning calorimeter).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors made intensive studies
in order to achieve the_objects stéted above. As a
}esult they have discovered fhat the objects can be
achieved when the bxnder resin contains a THF-
insoluble matter in an amohnt_of less than 10 wt.% and

plso has a specific constitution in respect of the

polecuhar weight distiipution measured by GPC of a



phenonenon must be the high-tenperature softening resin extrenely .
different in nmolecul.ar mme+§h%—and melt viscosity chaﬁae%aH4ﬂ44épiLgnLLhe
Iom#tenperaturﬁEpp@@ﬁkﬁ@ﬂb‘HEET . In the present |nvent|on

J turespf [

Mv of the hi IHIik

+enpera ening resin is |ess Ahig Shget;Has B
t he of f set phenc mfgrhé\?m th )cc.ur V\,h_enzot hi s | “ll III"I
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L :
THF-soluple matter.

?hey have also discovered that the effect of
the presknt invention becomes remarkable when the

toner cdntains a release agent having a specific
! _

molecular weight and molecular weight distribution and
i

elso has a speciftic melting point.

- They have further discovered that the objects
can be Qetter achieved particularly when the binder
resin ié prepared by mixing a low-molecular weight
polymer gnd a high-molecular weight polymer in &
solvent land thereafter removing the solvent.

In regard to the heat-fixing of a toner

visible limage to a recoraing medium, they have

: H R Lo ' ~
discovered that the toner is suitable for, besides

|

éqnvent#onal heat rollifixing devices, a heat fixing

eystem Jherein a toner'vgsibiejimage is heat-fixed to

‘a recorQing medium by heEne~efla heater elemeﬁf
etationérily supported ahd a pressure member. that
%tands'opposite to said ?eeteﬁ element in pressure
contact land brings saih Qecoieing hedium into close
eontact with said heatef element through a film
interposed between them..

- The binder resiﬂ that constitutes the above

foner contains a THF-insoluble matter in an amount of

less thdn 10 wt.%, eng-gfeferably not less than 5

wt.%, based on the binder resin. A THF-insoluble



resin is used in_conbination with the | owtenperature softening resin in

such a proportioﬁ_fﬁaf"iﬁﬁﬂﬂ7§§“rcwr— tenperature f o g t Ther
hand, if it is nOrs shtasked RS 19 Lerr] the | owt J&E;‘EEN%%E@]I(

perfornance t ends If the DW- out t enper gt ure of
t he hi gh- terrperat“mll Hlm resm in a flowtpeste2dNOVOWes |t han -
110[err]C or the so

phenonenon tends to occur when this resin
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is |owergf han 150[efr]C, the of fiset.

matter contained in an amount more than 10 wt.% can
contribute an improvement ic anti-offset but tends to
result in a lowering of fixing performacce, making it
difficult to highly satisfy the both. |
The binder resin, when its THF-soluble matter
is measufed by GPC, may preferably have a weight
average molecular weight/nunmber average molecular
weight (Mw/Mn) of = 18, a molecular weight peak MA in
the regicn of a molecular weight of from 3,000 to
20,000, a molecular wezght peak MB in the region of a
molecular weight of from 380,000 to 1,000,000, a
molecula: weight minimum Md in the reg;on of a
mclecula% weight of from 20,000 to 380,000, provided
that MB/?A is in the range of from 30 to 150, and a
molecular weight distribution curve area ratio
SA:SB:Sd%cf 1 : 0.3 to 0.8 : 0.35 to 0.8 when the area
of a mclecular weight distribution curve of a
moleculai weight of from 400 to the Md is represented
by SA, t#e area of a molecular weight distribution
20 curve ofza molecular weight of from the Md tc
5,000,00@ by SB, and the aree of the region defined by
a straigﬁt line connectlng the apex correspoqding to
the molecular weight peak MA and the apex
_correspogding to fhe molecular weight peak MB and.a
25 molecular weight dlstribution curve by sd. It is

diff;cult to achieve the objects of the present



s used in conblnatlon with the lowtenperature softening resin in such a

proportionrtha tenperature fixing. On the otner hand, if
-the flow EBPtAé] &HP 5 hi gher than 160[err] C or the softening point
i s higher thdn N 230[€rr]C, the |owtenperature fixing pelhfsGherele Bedn®aplseed O
be damaged. 25 NOV % h| gh-tenperature softening resin nmlmurm”mmg of
not | ower tihan 55[err]C, pfeferably fLOﬁpGQ[err]C to

invention if the above conditions are not satisfied.
Fig. 2 Jhows the results from a GPC chromatogram.

The average molecular weight/number average
moleculdr weight (Mw/¥Mn) should be not less than 18,

preferably not less than 20, and more preferably in

- 18, the

- and in t

the range of from 25 to 60.

the anti

and anot

region ©

380,000

If the Mw/Mn is less than
fixing performance tends to be improved but
~offset is lowered. | |

The binder resinlhas one molecular weight peak
her molecular weight peak (MB and MA) in the

f a molecular weight of from 3,000 to 20,000
he region of a_mblecﬁlar weight of from

to 1,000,000, respectively, and a molecular

weight minimum in the regiohioE a molecular weight of

from 20,
#ange of
éhe bind
another
ﬁolecula
fegion q
900,000,
in the 1
500,000,
10 to 1

only in

000 to 380,000, Qrovided that MB/MA is in the
from 30 to 150.2 In?a preferred embodiment,
er resin has one mqlécular weight peak and
molecular weightspeak_in the region of a
r weight of from 5,000 to 15,000 and in the
fa molecﬁlar ﬁeighfaof from 450,000 to
respectively,'ahd a;moledular weight minimum
egion of a molécﬁlar_weight of from'S0,000 to
provided that;M%/MA?fs in the range of from
0. If it has fﬁe molecular weight minimum

the region of tﬁe molecular weight of from

20,000 4

o 380,000, the:fixingfperformahce can be



70[err
t hat,

toners,

m65 to 70[err]C This is due to the fact-
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improved but the anti-offset becomes clearly poor. If:
the molecular weight peak MA is less than 3,000, the
-blockingfresistance becomes poor to tend to Cause
filming or melt-adhesion to a photosensitive member.
On the oiher hand, if the MA is more than 20,000, the
fixing performance may become poor. If the molecular
weight peak MB is less than 380,000, the anti-offset
becomnes ?oor to tend to bring about a melt-adhered
product.%n a device in the course of grinding. If it
is more ?han 1,000,000, the fixing performance may
becone peorl and also the grindability tends to become
poor, re;ulting in a loweriné of productivity.

&he molecular ﬁeight peak fatio'MB/MA should
be in the range of from 30 to 150, preferably from 30
to 120, and more preferably from 40 to 100.

;f the MB/MA is less then 30 or more than 150,
it becomés difficult to highly satisfy both the fixing
performance and anti—offset.

?n the case when twc or more molecular weight
peaks are present in the region of the molecular
weight o% from 3,000 to 20,000, the molecular weight
correspoéding to the positioh of a higher or highest
peak amo;g the peaks in the GPC chromatogram is
regardedgas the MA.

éimilarly, in the caee.ﬁhen twO or more

moleculai weight peaks are present in the region of



chai ns are cut
conponent ,

and

devel opment .

N
of the toner toqga
tamaaUMeSMte‘

proportion ranging fromb50:50 to

wt . %

10

20

25

e nol ecul ar wei ght of the polyneric

the moleFular weight of from 380,000 to 1,000,000, the

mbleéula? weight corresponding to the position of a

t
higher or highest peak among the peaks in the GPC

chromato

minimums

grém is regarded as the MB.
In the case when two or more molecular weight

are present in the region of the molecular

weight of from 20,000 to 380,000, the molecular weight

correspopdihg to the position of a lower or lowest

minimum

c'hromato

ratio SA
preferab
preferab

less thah 0.3, the anti-offset tends to

and if i

also the

ié less

Lmong the molecular weight minimums in the GPC
gram is regarded as fhé Md.

The molecuiar weight'distribution curve area

. SB:Sd should beil : 0.3 to 0.8 : 0.35 to 0.8,
ly 1 : 0.3 to d.? :t§.4 to 0.7, and more

ly 1 : 0.3 to 0.6 0.5 to 0.7. 1If the SB is
be lowered,

t is more than 0.8, the fixing performance and
grindability teéd to become poor. If the sSd

than 0.35, the :fixing performance and/or the

aﬁti—offget tend to be lqwered, and if it is more than

0.8, the

anti-offset tends to become poor.

'he release agént p#éferably used in the toner

of the present invention may preferably have a number

average

2;500, a

average

molecular weight of not more than 1,000, a

wéight average molecular weight of not more than

weight average molecular weight/number

molecular weight?ﬁﬁﬁ/ﬁh) of not more than 3

e, Qeplided S | ower than 55] — =rihesi on
§het}ia£Béeﬁ_ § ve nenber tends to mof
mm‘“m“nperature sof teni ng} resin and_hi gh-f -|
tained in_the bindef |reshNOvewobe N a°
90: 10, 2fr&ferabl y p5:35 to 90: 14, fin



If the amount of the lowtenperature softening resin is less than 50 wt.%

and also the a AR Q‘Sﬁﬁﬁh-tenperature softening resin is nore than
50 wt.% it b<g%?g.u@%ﬂg. ettt to achi eve the | ow t enfrisSheayH B"-Pl}&qpﬁr
e

performance. @nithe nd,{if the anount of the
softening resin i|s Sgﬂfﬁgﬁ 9p {wt. % and t he anount o
hi gh-t enperatune|softening rekih is 'és?sst"nan 10 wt. % the offse
phenonenon

and a mélting point of from 60°C to 120°C. In a
preferrgd embodiment, the toner contains a release
agent in an amount of from 0.1 wt.% to 20 wt.% based
. on the binder resin. In a more preferred embodiment,
ﬁhe release agent has a pumber average molecular
éeight gf from 400 to 700, a weight average molecular
weight of from 500 to 1,500, an Mw/Mn of not more than
é.s and |a melting point of froh 60°C to 100°C. The
felease«agent may more preferably be contained in an
émount df from 1 wt.% to 10 wt.% based on the binder
€esin. .
If the release agent used in the toner of the
ﬁresent invention doeS'nbt satﬁsfy the above
éonditicns, e.g., if tﬁe%melti;g point is higher than

LZO’C, the fixing pefformancé is adversely affected,

and if it is lower than 60°C, the anti-offset and the
ﬁlockinj resistance of the toner are adversely

affected. If the release agent is contained in an

1
aﬁount dore than 20 th%; the blocking resistance and
fixing performance tend to bé adversely affected when
the toner is left in a highétemperature environmnent,
and if ilt is less than 0.1 wt.%, the effect of
preventing offset of tonéﬁ_tends to be insufficient.

The binder reéiniusea in the tonér of the

25 p%esent invention may préfe?abiy be prepared by mixing

in a solyvent a polymer'A:having a weight average



tends to occur to adversely affect fixed inmages.

the | ow tenperattre—softenimg—resin is nore than

at the tinme Lheqt opgipdsrdheared tends to be serji

t g
n adinNOW39W§e t

t he productlon the toner. A
the constituti (%ﬂ N“m;mm of the present inve
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ntjion is that the

molecular weight of from 5,000 to 30,000 and a polymer
B haviné a weight average molecular weight of from
400,000 %o 1,500,000 and thereafter removing the
solvent.é It may more preferably be prepared by mixing
in a sol%ent a polymer A having a weight average
molecula; weight of from 7,000 to 25,000 and a polymer
B having%a weight average molecular weight of from
450,000 %o 1,000,000 and thereafter removing the
solvent.% The solvent may be any of those capable of
dissolvi;g the polymer A and polymér B. It includes,
for exam%le, toiuene, xylene and 2-propanol.

i
In preparing the binder resin used in the

toner of%the present invention, ths pslymer A may
preferabay be prepared by solution:polymerization or
suspension polymerization, and the polymer B by
suspens;on polymerization or. emulsion polymerization
More preferably the polymer A should be prepared by
solution polyﬁerization and fhe polymer B by.
suspension polymerization.

In order to prepare a unifsrmly dispersed

binder resin, the binder resin may preferably be

prepared: by mixing the polymers A and B in the solvent

and therfafter removing the-rsolvent. It is difficult
to obtain & binder resin in a uniformly dispersed
state if| prepared by a -method wherein materials are

heated, melted and mixed using a kneader. Such a

nt of
ability
| ower

¢re in



t he bi nder
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method makes it dlfflcult to satisfy both the fixing

performance and ant1—offset as aimed in the present

invention, and tends to cause the formation of a melt-

edhered product on a phdtosensitive member or the melt-

adhesion

of a ground product to the inner wall of a

device in the course of grinding, thus heing not

preferre

d.

If the polymer A has a weight average

ﬁolecular weight of less than.s,ooo, the anti-offset

is lower

ﬁanufacture of toners is also lowered.

ed and the grindability at the time of the

If it has a

ﬁeight average molecular. weight of more than 30,000,

the fixing performance ié 1owered.

If the polymer B has a weight average

molecular weight of less than 400,000, the

grzndabm
éausing

Blocking

édhered Product on a phofosensitive member.

a weight

lity tends to become;poor, also undesirebly

a lowering of anti*offeef,'a lowering of
resistance and the,fofmation of a melt-

If it has

average molecular weight of more than

f,SO0,000, the grindability is lowered.

ﬁ:esent

used alone as a binder resin for a toner,

It is diff1cult to achleve the objects of the
invention when’ the polymers A and B are each

The objects

c}n be better achieved b& the method in which the

pblymerq

A and B are mixed in a solvent and thereafter



tenperature §QLLenLng~LesLn—by—suspension

both are n1xed |n a

Suspensi on pol¥
or der

to obtaln

wei ght dlstrlbu

In the emul sion polynerlzatlon

enul si fying

S

pol yneri zati on,

and that the

¥ &01a capabl e of dissolving the

e

enuIS|on pol ymeri zati on
erature sof tening resin haying the nolec
vi scosity characteristics| gs 260V 2% a

however28it is difficyltf to prevent a
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al ar
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the solvent is removed than the method in which they

are melted and mixed.

to pref

The polymer B makes it possible

rably satisfy the mutually conflicting

performahces such as the anti-offset, the low-

éemperat

ure fixing performance.and the grindability at

the t;mé of the manufacture of toners, when the toner

1s prepéred by the method of the present invention.

p:esent

polymer

The THF-insoluble matter referred to in the
invention indi¢a?es:the weight proportion of a

component thaf_hés becpme insoluble to THF

(j.e., & giant molecule bolymer or a cross-linked

pblymer) The THF-

in a resin composition in the tomer.
ihsoluble matter is meésﬁred in the following way.

A toner sample is weighed in an amount of from

0.5 to 1

c&lindri

-0 g (W, g), which is then put in a

cal filter papérf(for example, No. 86R,

-is weighed (W2

ava;labﬁe from Toyo Roshi K. K ) and set on a Soxhlet

extractqr. Extraction is carried out for 6 hours

using f%om 100 to 200 ml. of THF as a solvent, and the

soluble komponent extracted byithe use of the solvent

i§ evaporated, followed by vacﬁum drying at 100°C for

several hours. Then theiTHF-scluble resin component

g). Theé weight of insoluble components

o}her than the resin combonehté, such as a magnetic

m?terial and a pigment contained in the toner, is

represented by Wy g. The THF-insolublé matter is



égent fromremai ni ng,

It is preferr
by solution

t he high-tenp
pol ymeri zati g

resulting in a lowering of toner characteristics.
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Iperature softening resi be s nthesized
i ng account of its solution m xture

er
n.

ature softening
2 5 NOV 19%he

m I

resin, carried out afte Wﬁﬁﬁiﬁiﬁifﬁme

25

determined from the following expression.

THF-inso

mngoftgglowtemmrmu
3) x 190

luble matter (%) = W1-(W3+W2)/(W1-W

In the present invent;bn, the molecular weight

at the peak and/or shoulder on the chromatogran

obtaineq

measured

by GPC (gel permeation chromatography) is/are
under the following conditions.

Columns are stabilized in a heat chamber

héated t? 40°C.

To the columns kept at this

: i :
temperathre, THF (tetrahydrofuran) as a solvent is

flowed at a flow rate of 1 ml per minute, and from 50

to 200 nh of a THF sample solution of a resin prepared

to have a sample concentration'of from 0.05 to 0.6

wt.% is
measurin
molecula

ié calcu

injected thereinto to make measuremént. 1In
the molecular ﬁeight_of the sample, the
r weight distribution ascribed to the sample

lated from the relatio@ship between the

lbgarithmic value of a célibration curve prepared

using se
standard

time. A

veral kinds of ménod;sﬁerse polystyrene
samples and the?couht number for flow-out

the standard polystyrene samples used for

the preparation of the cal;bration curve, it.is

sﬁitable
weights

5.1 x 10

and 4.48|

Chemical

to use, for example, samples with molecular

3

‘4 x 10°, 1.75 x 10%,

6

L 6 x 102, 2.1 % 10°,

#, 1.1 x 10° ., 8.6 x 10°,
x 10%, which are availsble from Pfessure

, 3.9 x 10° 2 x 10

Ca. or Toyo Soda Manufacturing Co., Ltd., and



resin and the high-tenperature softening resinis carried out by solution

m Xi ng. CIimH_JﬂJQJElJE§JE¥¥;~ can not achi eve unifor ~muey sel y
affect toner characteristic The sol ution Rﬁgaﬁgﬁﬁﬁﬂtﬁbf.uf

sible to nononmers when the stepjoff renoving

pos
solvent is ta% I

.

the
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to use qt least about 10 standard polystyrene samples.

|
An RI (refractive index) detector is used as a

detector.

Columns may preferably be used in combination

of a plurality of commercially available polystyrene

gel colu

of from

mns so that the regions of molecular weights

6

103 to 2 x 10 can be accurately measured.

For example, they may preferably comprise a

cbmbinat
gvailabl
combinat
f;om Sho
G1000H,
Gkooon,

Manufact

jon of p-Styragel 500, 10°, 10% and 105,

e from Waters Co.; Shodex KF-80M or a

ion of KF-802, 803, 804 and 805, available
wa Denko K.K.; or a combination of TSKgel
G2000H, G2500H, G3000H, G40COH, GS5O000H,
GZ000H and GMH, évailaﬁle froﬁ Toyo Soda
aring Co., Ltd. - | -

In the working e&amples as described later,

the molecular weight distribution of the binder resin

ié measured under the following conditions.

Condit:on for measurement by GPC:

A

Cojlumn:

Solvent:

a;sémple

Collumn temperature:

garatus' LC-GPC 150C (Waters Co.)
KF801-KF807 (Showdex Co.)

re: 28 to 30°C

Tetréh?drofuran {THF)

The molecular weight distribution pos%essed by

is calculated'ffou_the_relation between a

logarithpic value, measured under the above
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éonditiéns, of a calibration curve prepared using a
polystyéene standard sample and the number of count
measured under the above conditions.

The SA, SB and Sd of the molecular weight
distribution curve in the binder resin used in the
éoner of the present invention are determined by
éalculating the weight rétios of a sample cut out from
a chromatogram obtained by GPC and calculating the
area ratios thereof.

. Ih the working exampies as described later,
.fhe molecular weight distribﬁtion'of the release agent
is measured by GPC (gei permea}ion chromatography)
ﬁnder tHe followiﬁg qohditions, |

Aﬁparatus: LC—G?C} 1500;(Waters Co.}

Cdlumn: GMH6- (Toyo Soda Manufacturing Co.,
Ltd.), 60 cm

Column temperature: 140;6

Sdlvent: o-dichlorobenzene

The molecular weﬁght distribution possessed by

é samplé is calculatedjffom ihe relation between a

iogarithmic value measured ugd?r the above conditions,

éf a calibration curve'p}epared using a polyethylene

standard semple and the number of count. ]

In the present ihventibn, the melting point of

the release agent is measured uszng a differential

scann1ng calorimeter DSC-7 (manufactured by Perkin-




"froma nozzle 4 of 1 nmin diameter and 1 nmin | ength under application

of a | oad of
-5.0[err]dm
tester is ne
t he pl unger 1
flow tester f

tenperature @t -a

25

{Eﬁ[&fﬁﬁ“ E mmunger 1l at a terrperatUT“(,r—r-l—sr—ﬁg——r—&t—e—ei‘

he fall quantity of themglgﬂ&gﬁ n el ! oW -

hs(iTed™™ re, when the height of ve in
al | 2yNOV 996t enperature c ve of the the
| pw- out curve sho in Fi S repres the

Elmer Cd.) to determine an endothermic peak of the
éample, which peak is regarded as a maximum melting
ﬁeak value.

. Fig. 5 shows an example of the endothermic
peak in |the DSC. |

In the toner of the present invention, the

Qihder desin may preferably contain i) two kinds of
sfyrene-acrylate copolymers, a low-temperature
s?fteni resin and a highétemberature softening
r;sin, d ii) a 1ow—heltiﬂg'gfaft-modified polyolefin
r?lease gent. . |

. The low—temperétﬁre softening resin may have

a? Mw of| from 5.0 x 103 to 3i0'x 104, and preferably

f}om 5.0 x 10° to 2.0 x jO‘,‘a_ratio'of Mw to Mn
(Ew/Mn) of not more than 3.0, a flow-out point (herein

tﬁe temperature at which the resin begins to flow out)

in a flow tester, of from 75°C. to 90°C, a softening

pbint of| from 80°C to 11@‘0,-ahd a glass transition
pbint (hereinafter "Tg") of from §5°C to 70°C,
p?eferably from 55°C to 65'Ca 'The high—temperature
s;ftening resin may haveian ﬁw'of from 4.0 x 105 to
1;5 x 10", an Mw/Mn of'not mére than 3.0, a flow-out
pbint of} from 110°C toiléO'c, a softening point of
from 150°C to 230°C, and' Tg of not less than 55°C.

. If the Mw of theélow—temperature softening

résin is{ less than 5.0 x 108

, the blocking resistance



p0|nt o h/2 is regarded as the sof teni ng point and

the tenperature at

whi ch the sanpte—begins—toftowout is regarded aswﬁ. poi nt or

t enper at ure.

curve obtained a
correspondi ng to
the center |ine
base line (2) after the

25

e second tenperatyr
of the point at whi
I ine (4)3defore the

Ths&iEHthaﬂ%mhaﬁneasured in the folFeitAg

of the qoner may'be seriously deteriorated, the

storage [stability may be damaged, and the phenomenon

df melt—-adhesion of the toner to a photosensitive
mémber ay occur at the time of development to tend to
adverse affect fixed 1ﬁages. If the Mw is more than
3.0 x 1J4, it becomes dlfficult to achieve the desired
low—temjerature fixing performance, also resulting in
an increase in the power consumption required for the
fixing of the toner to aérecording'medium. When the
&W/Mn of] the low—tempefature softening resin is
cbntrolﬁed to be not more than 3.0, the low-
témperature fixing performance-can be improved.

If the flow-out point of the low-temperature
s;fteninL resin in a flow teSter is lower than 75°C,
the blocking resistance of the toner may be seriously
deteriorated On the other hand, if it is higher than
90°C, it becomes difficu;t to achieve the low-
temperature fixing perfo;méhée when-used in

dombination with the high—temperature softening resin.

If the softeningfpoint of the low-temperature

softeni g resin is loweritpan 80°C, an excessive melt-
adhesion of the toner tends to occur in the step of
heat fixing even when used in combination with the
ﬁigh-tererature softepihg fes;n, tending to bring
&bout t digadvantageé %hat fixeinmage surfaces

become glossy, toner materials penetrate into or

n§§t2n$%$§5pe L ang a



endot herm c peak intersects the rising curve is regarded as the Tg.
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strike ﬁhrough a recording medium such as transfer
naper, %nd images are blurred because of the spread of
a molter%. toner. If the softening point is higher than
ilO‘C, it becomes difficult to achieve the low-
temperagure fixing performance, also reeulting in an
increasé in the power consumption required for the
fixing aof the toner to a_recoroing medium.

Use of the specific low-temperature softening
ﬁesin as described aboﬁe%enébl?é achievement of a good
fow—temperature fixing'performEnce.

] On the other hend,-as 5 result of intensive
studies !made by the present 1nventors on the cffset
ohenomenon. the low—temperature softening resin was
éound to be preferably:contazned in an amount of not
iess than 50 wt.%, more brefenably not less than 65

ﬁt %, and most preferabl? notfless than 70 wt.%, based

on the total weight of the bznder resin, in order to
bring odt the low—temperature fzxing performance
attributahle to the low-temperature soften1ng resin
oomponent. ' :

The hlgh—temperature softening resin is sought

to prevent the offset phenomenon by its addition in a
very sm%ll amount. . ’

| It has been medé cjenn that the resin used in
oombina ion with the above log—tempe:ature softening

%esin for the purpose of prenénting fhe offset



Jsing a differential
Per ki n- El mer

pr esent Thisy
| east one k|nd
nmet hacrylic aCIdS

scanning cal orinmeter DSC-7 (manu U
at _a tem:)erature rising rate of 10 @hmhimrf&ﬁﬂ‘
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according to ASTM (D3418- The resin conposition in the §o
%ferably be those obt al ned 25 NQYo1996éer| z
elected fggnlstyrenes, agrylic.acids,

}

'phenomedon'must be the high-temperature softening
resin extremely different in molecular weight and melt
Giscosity characteristics from the low-temperature
.sbftening resin.

In the present inventibn, if the Mw of the

Eigh-teqperature softening resin is less than 4.0 x

105, thJ offset phenomenon tends to. occur when this

resin i§ used in combination with the low-temperature

éofteni g resin in such e proportion that enables low-
éempera'ure fizxing. On fhe other hand, if it is more
ﬁhan 1.8 x 106, the low—ieﬁperéture fixing performance
tends tq be damaged. |

- If the flow-out Eemper;turé of the high-
ﬁemperature softening re?in'id a flow tester is lower
fhan 119°C of the softénﬁng poﬁnt is lower than 150°C,
éhe offset phenomenon tehds to occur when this resin
is used [in combination with the low-temperature
éoftening resin in such a prbp@rtion that enables léw-
temperature fixing. On the other hand, if the flow-
éut temperature is highe% théé 160°C or the softening
éoint id higher than zsd'c; the low-temperature fixing
éerformance tends to be hamaged. .

. The high-temperatu:e éoftening resin may have
é Tg of [not lower than’SS'C ﬁreferably from 60°C to

.iO'G' and more preferably from 65 to 70°C. This is

due to the fact that, when materials are melt-kneaded

er
ng



-derivatives t her eof .

These are preferable in view of

devel oprment

properties and_’LLDQeLee%%rt*prﬁﬁertles As for exa t hat
-can be used, the st aE%eénri&{,\abdﬁa styrene, [err]- 1Y WWW
vinyItquene, arfs The acrylic aC|ds e} hacrﬁllc aci ds jand
derivatives there yI|c acid and acryIaLe 26 NO¥s9%et hy
acrylate, ethyl /| acrylage, -butyl acfy|ate, octyl

acryl ate, 2-ethy|hexy| acrylate n-tetradecyl

in the ménufacture of toners, polymeric molecular
i
chains are cut to decrease the molecular weight of the

polymeric component, and hence, if the Tg is lower
' i

than 55'&, the melt-adhesion of the toner to a

photosen;itive member tends to occur at the time of
déveloment.'

The low-temperature softening resin and high-
_tEmperature softening resin costained in the binder
resin may be in a proportion ranginé from 50:50 to
90:10, preferably 65:35 to 90:10, in wt.%.

1f the amount of'the-lcw—temperature softening

resin is

high-tem

less than 50 wti% and also the amount of the

perature softening resin is more than 50 wt.%,

iﬁ beco
fixing
of the 1

w& % and

resin ig less than 10 wt'%,

tends to

1

pe

s difficult to echieve the low-temperature

rformance. On the other hand, if the amount

ow~temperature sbftenihg resin is more than 90

the amount of the high-temperature softening
thé offset phenomenon

occur to adversely affect fixed images.

If the amount of the- low—temperature softening
re51n is more than 50 wt, x the gr1ndab111ty at the
exme thﬁ toner is prepered tends to be seriously

ﬁowered to lower the pro&uétioh efficiency of the’
ﬁoner.

An additional feature 1n the constitution of

the tonér of the present invention is that the



acryl ate,

di et hyl am noet by
-acid and nethﬁﬁ@L‘

pr opyl

met hacr
met hacryl at e,
net hacryl at e,

low temperature softenlng resin of the binder resin is

obtained! by solution polymerization, and the high-
témperature softening reéin by suspension
pplyﬁerization, and that the both'are.mixed in a
sblvent capable of dissolving the both.

Suspension polymerization and emulsion

pplymeriLation are available in order to obtain the

high-temperature softening resin bhaving the molecular

weight distribution and melt viscosity characteristics

as descriibed above.

however,
abent fr

characte

In the emulsion polymerization,
it is difficult?to prévent an emulsifying

om remaining, resultlng in a lowering of toner
ristics. .

It is preferred for the low~temperature

soften1ﬂg resin to be syntheszzed by solution

polymeri

zation taking account of its solution m;xture

@ith thj high—temperature so:tgning resin, carried out

after completion of the polymerization.

The mixing of thé'low—?emberature softening

#esin aJd the high—tempe%aturefsoftenipg resin is

carried
c¢an not

toner ch

remove r

fhe solv

out by solution mikihgﬁ Other mixing methods

‘achieve uniform'hixturé to adversely affect

aracteristics. _
The solution mixﬁng makes it possible to

emaining monomerﬁ when the step of removing

ent is taken.

n- hexadecyl acrylate, lauryl acrylate, cy hexyl acryl ate,
acrf:h, di nretyl am noet hyl acryl ate; net ac '
léﬂ. ﬁ&ﬂﬁggrnethyl nmet hacryl ate, e hﬂﬂ h&he
greTButyl methagryl ate, anyl nethacry
2- stmgnng6ne.hacrylat octyl nethacr
%—?cyl net hacryl at e, Lﬁ§ met hacryl at e, cyc ohe
8



met hacryl ate, phenyl nethacryl ate, 2-hydroxyet hyl
- 40 - met hagryd - Ypropyl nethacrylate, dinethylam noeth
et hacryl ate, d LKﬁEMENf%@E@% y
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Fhe melting characteristics of the binder
resin cah be measured using an overhead-type flow
tester as illustrated in Fig. 3 (Shimadzu Flow Tester
CFT-500 Type). In the first place, about 1.0 g of a
sample sgmolded using a pressure molder is extruded
from a Ezzle 4 of 1 mm in diameter and 1 mm in length
uhder a:Llicaiion of a laad oszo kgf using a plunger
1: at a temperature rising rate of 5§.0°C/min, during
which the fall quantity of the plunger of the flow
téster is measured. ' |
- Here, when the héight of an S-shaped curve in
" the pluﬁger fall quantity-temperature curve of the
élow tesiter (see the flow tester flow-out.curve.shown
ih Fig. [4) is representea EY “h‘, the temperature at a
ﬁoint of h/2 is regarded as the séftening point and
fhe temperature at whiéh;the_sémple begins to flow out
is regarided as the flpw-gut poﬁnt or temperature.

The Tg is measur§d:in the followiﬁg way:
dsing a |[DSC curve obtain?d at the time of the second
éemperatﬁre rise, the fe%péfatﬁre corresponding to the
éosition of the point étéwhiéﬁ, as shown in Fig. 5,
fhe center line between ? base line (1) before the

- éndothermic peak and a base line (2) after the

endotheymic peak interSe%ts the riSinQ curve is

ﬁegardeﬁ as the Tg.

IThe Tg in the ﬁéesentfinventidn is measured



hethacrylate,
nononers,
obj ects of

and stearyl nethacryl ate. B

6si-8es—t-he—aboy-e—
other monomers may be used in a small aWﬁEﬁLA@bNﬁ@ﬁbSHEET1e

t he—present |nvent|on can be achi eved, rehrnetudeE, DI

acryl omlisheétélasm r| di ne, 4- i nyI |cyr ??ENO I caar bazol é,
dr

ex ,
' eth | soprene, mal eic arjhy
mal ei ¢ aci d nnno aci d dlesﬁers and

cla¢id,

using a /differential scanning calorimeter DSC~17
(manufactured by Perkin-Elmer Co.), at a temperature
ﬁising rate of 10°C/min and according to ASTM (D3418-
82). |
| The resin composition in the toner of the
present {invention may pféferaﬁly be those obtained by
éolymerizing at least on; kind of monomers selected
from styrenes, acrylic aiids; hethacrylic acids and
&erivatjves thereof. These are preferable in view of
'develdpment properties and tr;boelectr:c properties.
és for examples of monoqers tpat can be used, the
étyrenes include styrené,_é4méthy1styrene,

)

éinvltoﬂuene, and chldrdstjréée. The acrylic acids,

iethacr lic acids and hérivétives thereof include
écrylic acid and acrylaées such as methyl acrylate,
éthyl acrylate, propyl écrylafe, butyl acrylate, octyl
acrylate, 2-ethylhexyl écfffaée, n-tetradecyl
écrylate, n—hexadecyl’aérylété, lauryl acrylate,
éyclohexyl acrylate, diethylaminoethyl acrylate, and
dimetylaminoethyl acrylate, methacrylic aciad and
gethacrvlates such as methyl methacrylate, ethyl
;ethacrylate, propyl mefhaqryiate, butyl methécrylgte,
émyl methacrylate, hexyi.ﬁethécrylate, 2-ethylhexyl
;ethacrylate, octyl metéadrfléte. decyl methacrylate,

?odecyl methacrylate, léufyl methacrylate, cyclohexyl

hethacrylate, phenyl ﬁeihaéfylate, 2-hydroxyethyl



;inyl acet ate. A_cross~|inking agent may be used in the toner
Loed v oh | R e b1 s 4 acr y1 oxy oot sers Ca”hﬁﬁ )
EL?gﬁggi’ 0Iet g?/gap‘ I %%wy ngéacr lngziieol ld?alglrjil?/;tege 9 ymésﬂéét e}ﬂ:vlced
diacryl ate, neppentyl glycol diacrylared0 = ”’Mﬂwm Iﬁ ””

methacrylate, 2-hydroxypropyl methacrylate,

dimethylpminoethyl methacrylate, glycidyl

methacryilate, and stearyl ﬁethacrylate:

| Eesides the above monomers, other monomers may

ge used jin a small amount so lbng as the objects of

the present invention can be achieved, which include,

for example, acrvlonztr:le,

vinylpvx
butadier
maleic a

v1ny1 ac

éf the p
iinking
&ivinylb
éolyethn

2-viny1pyridine, 4-

idine, vinylcarbazole, vinyl methyl ether,

e, isoprene, male:c anhydrzde, maleic acid,
cid monoesters, malelc acid diesters, and
etate. '

A cross-linkinééagént?mayfbe used in the toner
resent inventioﬁ, and%a bifunctional cross-
agent can be uééd,'whfch includes,

enzene, bis(4éa¢ryldxf-

xyphenyl) propane,.etﬁylehe glycol

@iacryla
Sutaned
hexanedz

d1ethy1é

te, 1,3-butylene glycol diacrylate, 1,4-

ol diacrylate, 1, S—ﬁeﬁtanediol diacrylate, 1,6~
ol diacrylate, neopentyl glycol diacrylate,

ne glycol dlacrvlate, triethylene glycol

dlacrylate, tetraethylene glycol diacrylate,

diacrylates of polyethyiene glycol #200, #400 and

#600, respectively, dipropylene glycol diacrylate,

bolyproLYlene glycol diééfylate, polyester type

dlacrylate (MANDA, available from Nippon Kayaku Co.,

Ltd )., gnd those in whlch the acrylate units of the

of



" di et hyl ene gl ycol
di acrylate,

gl ycol
. #600,

di acryl ate,

Co. ,

di acryl ate,

triethylene glycol diacrylate,

dlacrylates of pol yet hyl ene gl

veol:

di acryl ate,

REPEACRVIR]

AUANMIT -

asove acrylate type cross-linking agents have been

respecti

b?_used,

érimethy

vely replaced with methacrylate units.

a polyfunctionalfcross-linking‘agent can also

which includes bentaerythritol triacrylate,

lolethane triacrylate, trimethylolpropane

ériacrylate, tetramethylblmethane'tetraacrylate,

oligoest

er acrylate and hethacrylate thereof, 2,2~

bis(4—methacryloxy, polyethoxyphenyl)propana, diallyl

ghthalat

triallyl

diaryl G

ﬁot inca

controll

used in

e, triallyl cygugrate, triallyl Jsocyanurate,
isocyanurate, tiialiyl trimellitate, and

hlorendate.

These cross-lihkﬁng agents may preferably be

rporated so that%the,THF-ipsoluble matter is

ed to be less th%n 10 wt.%. In the case when.

'the cross—-linking agent 1s 1ncorporated it should be

an amount of less than 1 wt %, preferahly not

more than 0.5 wt.%, and more preferably not more than

O 2 wt.

present

The binder resiﬂ used in the toner of the

invention is synthesiéed from moncmers in the

preseﬁce or absence of the cross-linking agent and

élso wit

i .
h use of a polymerization initiator.

The polymerizatfon initiator may include di-t-

-butyl peroxide, benzoyl peroxlde, lauroyl peroxide, t-

butyl peroxylaurate, 2, 2'—azob:slscbutyronitrile, 1,1-

bis(t— ?tylperoxy)—3,3,5~tr1methy1cyclohexane,

tetraet hyl ene
#200, #400 and

r espect i vetis/SheatlH Replaged gl ycol |
pol y cryI ate (MANDA, avd € ﬁfgﬁr
Ltd.), and the acryl ate unitg qf &%ENOV-‘@%

ycol
Kayaku
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-41- above acrylate-type-ergss-|inking agents have be Lvel

replaced with Rﬂqlﬂigg ﬁ eS S. A pol yfunct i tHieBhedt BOSS n | n

R AT e

s ] [T

1,1-bis(t-butylperoxy)cyclohexane, 1,l-bis(t-

bhtylperoxycarbonyl)cyclbhexané, 2,2-bis{t- _
butylperoxy)octane, n—buéyl—d,i-bis(t-butylperoxy)
valylate, 2,2-bis(t-butylperoxy)butane, 1,3-bis(t-
bﬁtylperoxy—igopropyl)benzene,'2,5-dimethy1-2,5-d1(t-
gutylberoxy)hexane, 2, 5—6imeth§1—2-5-di(t-buty1peroxy)'
hexvne-S, 2 5~dimethy1-2 5—d1(benzoylperoxy)hexane, di-
-butleeroxyisophthalate, 2, 2-bis(4 4~-di-t-
Qutylperoxycyclohexyl)prppane,_d:—t~buty1peroxv~a-
ﬁethylsuccinate, di—t-bu%ylpérbxydimethylglutarate, di-
—butylpfroxyhexahydroterephthalate, di—t-butylperoxy—
azelate,| 2,5-diemthyl-2, S*di(t~buty1peroxy)hexane,
diethyl ne glycol-bis(t-butylperoxycarbonate), di-¢-
ﬁutylperoxytrimethyladip;te,:tiis(t—butylperoxy)
triaz:nq, and vinyl tris(t—butylperoxy)s11ane.
The above polvmerizatxon initiators may be
&sed algne or by mlxturegtak;ng account of the amount,
éhe'polymerization temﬁeiatﬁfe;and the half-life
éeriod. : :
- In the toner use? in tﬁe present invention, at
ieast orde kind of a release agent having a number
éverage molecular weightf(ﬁh) ?f not more than 1.0 x

i03, a weight average moiecula} weight (ﬁw) of not

more thdn 2.5 x 10°, an Mw/Mn of not more than 3.0,

énd a melting point (mp)fof from 60°C to 120°C. The
ﬁeleaseT

agent may prefér?blylﬁe used in amount of from



be used, which jncludes pentaerythritol triacryl

triacrylate, tri
tetraacryl ate, l
bi s(4- et hacryl o

cyanurate, triallyl isocyanu
trinellitate, and diaryl chlorendate.~ 43 -

may preferably be

hane
BeeoRepheed triacryl ate, tet Cﬁbgﬁm § .
| at e and nethacrylate t hereof, 2, 2-
amﬁmghenyl ) propane, di /| 25:)NOHé9%6 e, ri al lyl
e, triallyl |socy nurate triallyl .
heseCross-T1nki nd agents

—+

0;1 to do wt.%, and preferably from 1 to 10 wt.%,
based on the binder resin.

Release agents preferaﬁly used in the toner of
the present invention include, for example, paraffin
wax, & low-molecular weight polyethylene wax, a low-
m?lecular weight ethylene-prOpilene copolymer, a low-
molecular weight polypropylene: wax, and a polyolefin
w%xlgraft—modified with an aroﬁatic vinyl monomer such

aa styrene and styrene derivatives, an

unsaturﬁted fatty ac1d or an unsaturated fatty acid
ester. Pf these, the graft—mod;fied polyolefzn wax is
particul ly preferred from the viewpoint of the
ahvantaﬂes that the 1ifet1me of developers and of
machine% such as copy;ng machines making use of the

developers can be elongated and the mach;nes can be

made mat

ﬁn of nag
to 700,

p;eferab
t}an 3.0
m;lting

from 60°

carry ou

ntenance~free.

The graft—modif;ed polyolefzn wax may have an
t more than 1.0 ; 103,?and preferably from 400
an Mw of not more £§anf2.s x 103, and

1y from 700 to 1,500, &n Mw/Mn of not more

, and preferabiyfnot:more than 2.0, and a

point of from 60?0 to iZO‘C, and preferably

C to 100°C.
Use of this release agent makes it possible to

t the heat fix1ng of the toner to a recording

i
medium u

nder fixing conditions of low temperatures



not i ncorporated so that the THF-insoluble matter is controlled to be |ess

than 10 wt. %

shoul d be use

0.5 w.% and
resin used in

nononers in the

tre ™ t he cross-1inking agent—s—i-reorporated;—it
RE&ME@& E’TI ess than 1 wt.% prefer R SKeelRis Bedicfladeld AN

€ preferably n nore than 0.2 wt. er
1h<= tpHN0WII96he| present Lgventlon i s synt ““\ \“l ﬂ “

without causing offset, and thus to achieve a lower
power ceneumption.

fIntensive studies made by the present
inventore have revealed that what is required is a
release ?gent which renders good release properties at
a-low tehperature with respect to the low-temperature
melting binder resin which enables the low-~temperature
fixing, ?hat the temperature at which the release
agent\renders release properties correlates with the
melting %oint of the release agent, and that a release
agent ha&ing a lower meltingﬁpoint is more
advantag;ous for fhe low—temperatufe fixing. When,
however,%a release agent with a low melting point is
used, th; release agent makes poor the blocking
resistan%e of a toner and has an ill influence that
the film%ng of toner to.a cerrier occurs when the
product gs used in two-component type_developmeht.
Accordzngly, in the present invention, the release
agent 1s made to have the molecular weight
dlstr1bu§10n which is relatiyely sharp as described
above, s; that the blocking resistance can be
improved; the release agent can render release
proﬁerti;s at a lower tempefature, and the good
performa%ce without_causing the offset phenomenon can
be obtai;ed.
%owever, although the low-temperature fixing



presence or absence of the cross-linking agent and also with use of
pol yneri zati on |n|t|ator The pol yneri zation.initiator nay

~di-t- butyl per o Ei""" rﬁj‘% oxi de, |auroyl HEMACEMENT SHERY

per oxyl aur at e, ronitrile, 1,1-

bi s(t-butyl peroxy) | oycl ohexane, 25 NOV 199
- 45 -~ '

can be athieved to a certain extent when the release
agent with a low melting point and binder resin as
describeé above are used in combination, it is '
technically difficult to?dispeise the release agent in
the mixe% resin comprised of the low~temperature
sefteninb resin and the high~temperature softening
resin. ﬁn insufficient éisperéion adversely affects
the developing performanée of ioner.

. Now, the present 1nventors made further
intensive studies to have dzscovered that the above
problems} can be el;mlnated and a good development
.p;rformance and further low-temperature fixing
pérformance can be achieved,when the low-melting
polyolefin wax is graff—ﬁodified in order to improve
the dispersion of the reiease egent in the binder
£e$in as described above. :

The binder . resin in the toner of the present
:nventxdn may preferably be’ obta;ned by mixing the low-~
temperaﬁure softening resin and the high-temperature
softeniﬁg resin, and both the res;ns may preferably be
b1nder resins compr1s1ngethe;same components.

The low—-melting braft-@odified polyolefin
ﬁeleasetagent used in the pfes?nt invention may

¢nclude |a polyolefin wax graft-modified with an
éromatic vinyl monomer_shch a% styrene and styrene

derivatives, or an unsaturated fatty acid or an

a
i ncl ude



_42- 1, 1- bi s(t-butyl peroxy)cycl ohexane, 1,1-bis(t-—m8m —737._
but yl per oxycar bonyl ) cycl ohexane 2, 2-bis(t- butyl peroxy)octane,

-n-butyl -4, 4- bi b Fisl alylate, 2,2-bis(t-but
1,3-bis(t- buf m Eﬂ W) benzene, 2, 5- d| met hy Wi’ﬁlmu mm
{zsnww% ' Z 46 -
by

uﬁgﬁturated fatty acid ester.

The polyolefin wax may include polyethylene
waxes; homopolymers of a—-olefins such as propylene, 1-
bptene, ?—hexene, -decene. and 4-methyl-1-pentene;
cgpolymeLs of two or mdrg kinds of a-olefins; and
copolymers of ethylene with an'a-oiefin.' It may
further include oxides of polyolefins.
| The unsaturated fatty acid or unsaturated
f;tty acid ester used for synthesizing the graft;x
mbdified polyolefin may includé methacfylic acid;
m;thacrylates such as mefhyl_methacrylate, ethyl
m%thacrylate, propyl metﬁacryl?te, n-butyl
m;thacrylate, ispbutylzméthacrflate, n~-octyl
m;thacrylate, 2-ethy1héx§1 methacrylate, lauryl
m;thacrylate, steéryl &e}hacryﬁate, dodecyl
ﬁethacrylate, phenyl methacryléte, dimethylaminoethyl
gethacrylate, diethylaﬁinoethyi methacrylate, 2-
hydroxyethyl methacrylate, 2,2, 2 ~trifluoroethyl

gethacrylate, and glycidyl methacrylate acrylic acid;

i

acrylatjs such as methyl acrylate, ethyl acrylate,
ﬁropyl dgcrylate, n-butyl acrylate, isobutyl acrylate,
d-octyl acrylate,.laury15acrylhte, stearyl acrylate,

jodecyl acrylate, —ethylhexyl acrylate, phenyl

écrvlate, 2—chloroethy1 acrylate, 2—hydroxyethy1
acrylate, cyclohexyl acrylate, dzmethylamznoethyl

acrylate, diethylamlnoethyl acrylate.'



butylperoxy)hexane 2,

5-di nmet hyl -2, 5-di (t - butyl peroxy) hexyne-3,

2, 5- d|nethyL;Liith{benzey%pe%exy)hexane di - t-tﬁﬁgmlﬁﬁﬁﬁﬁﬂi irhqlate,
r

2,2-bis(4,4-di-t- but per. x yclohexyl)propane,
nethyISUCC|naﬂB“S as Ei xydinethylglutarate

t- butylperoxyhe
2, 5-di ent hyl -

egcoI bi s(t- butylperoxycarbonate) di -t- putyl pef oxyrrimethytadi-pdt e,

tris(t-butyl peroxy)

W {lerr] -

hal ate, di-t-butyl per ny 25N®N60996

roxy) hexangsq di et hyl png

dgbutylabinoethyl acrylate, 2-ethoxy acrylate, and 1,4-

putanedi

itaconic

ol diacrylate; maleic acid, fumaric acid,

acid, citraconic acid, and unsaturated

d&basic acid esters such as mouoethyl maleate, diethyl

m_'aleate ’
monobuty
maleate,

fumarate

monopropyl maleate, dipropyl maleate,
1 maleate, dibut?l maleate, di-2-ethylhexyl
monoethyl fumarate, diethyl fumarate, dibutyl

. di-z-ethylhexyi fumarate, monoethyl

itaconate, diethyl itaconate, moncethyl citraconate,

and dietLyl citraconate.’ These can be used alone or

! s
in combi

s:tyrene ’

methylst

nation of two 6r}more kinds.
The aromatic vin&llmonbmer may include
o—methylstyreue, m-methylstyrene, p-

yrene, a—methylstyrenei 2 4-dimethylstyrene, P-

_ethylstymene, p—n—butylstyrene, p—tert—butylstyrene, p-

n:dodecy
chlorost

combinat

conventi

lstyrene, p-phenylstyrene, and p-

yrene. These éaﬁ be used alone or in

ion of two or more kinﬁs..

The polyolefin can be graft-modif1ed using

onally known metuods. For example, a reaction

df the polyolefin with the aromatic vinyl monomer and

the uns3turated fatty acld or unsaturated fatty acid

ester which are in a molten state or dissolved in a

'solventlmay be conducted.by heating in the atmosphere

or underni application of pressure and in the presence

qf a rachal initiator. 3A graft-modlfied polyolefin



triazine.
pol yneri zati
. of the amount
In the toner
agent having

and vi nvl triQ(T-hll

The above

/| per oxy) si | ane.

?\EPQ:A&J

u

H_L__

ain UZ%& 6\/

SHERETpe wused alone or by mixture taking account
frerrgati on tenperature and the h'ﬂlllerhteFH@Be
resept invention, at

rage

| east one ase
nmol ecul ar meight (M) of n
_48_

c:an be t

v&nYl mo

hus obtained. The grafting using the aromatic

nomer and the unsaturated fatty acid or

unsaturated fatty acid ester may be carried out using

both at

separateﬂy.

m?y incl

the same time or. may be carried out using them

The initiator used in the grafting reaction

ude benzoyl peroxide, dichlorobenzoyl

péroxidd, di-tert-butyl ﬁeroxide, lauroyl peroxide,

t%rt-but

vl perphenyl acetate, cumine pivarate,

azob;s1sobutylon1tr1le, dlmethylazoisobutyrate, and

d1cumy1

peroxide.

As to the propbrtion'o% the gréfting agent to

the polyvolefin, the former may preferably be in an

amount Q

f from 0.1 part by welght to 100 parts by

weight,:and more preferably from 1 part by weight to

50 parts
the laty

can not

foss of

éolyolef

by weight, based on. 100 parts by weight of
er. An amount lgss than 0.1 part by weight -
bring about littie,efféct of giafting, and an
%mount more than 100 par?s b? yeight may result in
advantageous probertieé inhergnt in the

inc ) f

The aromatic vinyl monomer and the unsaturated

fatty acid or unsaturateh fatty acid ester may be used

ﬁreferaily in a weight rhtio'of from 95:5 to 5:95, and

mcre preferably from 80: 20 to 20 80.

An excessive

amount for the unsaturated fatty acid or unsaturated



iO[err],
10[err],

of from

a Wﬁl ar wei ght ((jMN) o:‘ not gﬂs}@fr
an Mi of not noreé an 3.0, and a ne tpgglgegﬁgh

60[err]C to 1

nore than 2.5 x
from
anount

Repli &l €ase agent may pre

BT

fatty acﬁd ester tends to result in a decrease in the

ef
43 -
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réleasing effect inherent in the pblyolefin. aAn
eicessivg amount for the aromatic vinyl monomer cén
not so m%ch bring about an improvement in the
dgspersiLility of the poiyoiefin in the toner.

The graft—mod1f1ed polyolefin used in the

present anention nay preferably be added in an amount

of from .1 part by we;ght to ?O parts by weight, and
more preferably from 0.5 part by weighf to 10 parts by
w;ight, based on 100 par%s'by weight of the binder
r;sin, An amount lessitﬁan 0.1 part by weight makes
i; difficult to bring abdut a sufficient releasing
e?fect, and an amount more tha@ 20‘parfs by weight
ténds to| result in a lowéring 6f the blocking
résistan*e of the toner.g |

| The graft—modified polyolefln used in the
pfesent invention may preferably have a melt viscosity
1n the rpnge of from 1 to 250 cps (centipoise) at

160 C. h melt viscoszty less than 1 cps tends to
cguse the blocking of tcper. A melt viscosity more
t%an 250} cps makes it ha?difor?the_modified polyolefin
t? bleed| from the toner and makes it hard for the

réleasing effect to be ekhibited. In the fixing

method of the present invention, it is preferred that
in general a releasable éomponent having a lower melt

¥
¢

viscosity is used when 'a lower fixing temperature is



0.1 to 20 w.% and preferably from1l to 10 w. % based on the binder
resin. Rel ease agents preferably used in the toner of t he

present invention include, for exanple, paraffin wax, a |ow nol ecul ar

wei ght pol yet hyl ene wax, a | ow nmol ecul ar wei ght ethytene-propytene—
copolyner, a | ow nmol ecul ar wei ght pol ypropyl ene “aXTm?an?mP&LXﬁ% fin

o LD
selected|.
The melt viscosity referred to in the present
ihventio

cbntain

mélting

n is based on a value measured with a

‘Brookfielld type-viscometér.

The toner used in the present invention may
at least one kind of'agrelease agent having a

point of higher than IéO'C 80 long as used in

such an

Fmount that may hot adversely affect the

fﬁxing pkrformance of'thé toner.

The toner of theipreseht invention may contain

a charge control agent. E(:onvex:xtionally known positive

or negat
charge ©

ibclude

ive charge control agents can be used as the
: -
ontrol agent. The charge control agent may

the following::

i

(1) Tho
éositiv
ﬁig:osin
# to 16
é2—1627)
fellow 2
éed 1 (d

ﬁasic V3

se capable of co@trolléng {he toner to have
charge may include th; following materials:
e, azine dyes éo?tainiﬁg an alkyl groué having
carbon atoms (JabaneSeiPatént Publication No.
. basic dyes aé %xeqpl?fied by C.I. Basic
(C.I.41000), Q.?..Basﬁc Yellow 3, C.I. Basic
.1.45160), C.I. Basic Red 9 (C.I.42500), C.I.

olet 1 (C.I.42535), C.I. Basic Violet 3

60.1.427
éasic Vi
¢c.I.42

élue 5 {

55), C.I. Basic Violet. 10 .(C.I.45170), C.I.
olet 14 (C.I.42530}, C;i. Basic Blue 1
25), C.I. Basic Blue 3 (C.I.5100S), C.I. Basic

C.I1.42140), C.I.. Basic Blue 7 (C.I.42595),



wax graft-nodified mﬁth an aromati c-vinyl -

styrene derlvatrves

-aci d

ester.

particularly prefe
lifetime of develo

use of the

15 dev

c.1. Bas
(C.I.520
Besic Bl
(o.1.420
p;gments
ekemplif
m?lybdop
t?nnic a
a%d ferr

Henza Ye

mononer such; ~
unsaturated fatty aci pf- @ﬁ#é&ﬁ €
&%mﬁ&ﬁmwwﬁd nodi fi ed mﬂy)leﬂr1maX|
i ewpoi nt of the | i NVal88 t hal

machi nes such ag ¢opy|ng machi nkes
eIongated “and the MACHTRES can be

S

jc Blue 9 (C.I.52015), C.I. Basic Blue 24

30), C.I. Basic Blue 25 (C.I.52025), C.I.

ue 26 (C.I.44025), C.I. Basic Green 1
LO) and C.I. Basio Green 4 (C.I.42000), lake
of these basic oyes {laking agents are

eied by tungstophosphoric acid,

hosphoric acid, rungstomolybdophosphoric acid,
cid, lauric acid, gallic acid, ferricyanides,
ocyanides), C.I.éSolveﬁt black 3 (C.I.26150);

Tlow G (C.I1.11680), C.I. Mordant Black 11,

C.T. Pigment Black 1, beﬁzdylmethyl-hexadecylammonium

cﬁloride

, decyl-trimethylammonium chloride, dialkyltin

compounds such as dibutyitin:aﬁd dioctyltin, metal

sélts of

higher fatty ac1ds, inorganlc fine powders

sﬁch as zinc oxide, metal complexes of EDTA or

acetylacetone, and polyamine resins such as v;nyl

polymers
polymers

eélts of

containing an amlno group and condensed

conta1n1ng an.am1no-gr0up. Nigrosine, metals

higher fatty acids, and vinyl polymers

contalnzng an amino group are partzcularly preferred

from the
(g)

negative

Tho

v1ewpo;nt of d:spers1b111ty.
se capable of controllzng the toner to have

charge may 1nolude the following materials:

Métal compounds of monoaio dyeé, as disclosed in

i
Japanese

27596, No.

Patent Publ;cations No. 41-20153, No. 42-

44-6397 and No. 45-26478, nitramines and

ne and
d fatty



made mai nt enance-free. The graft-nodified pol yol efin wax may
have an Vvh {#—4Kn~4nﬁ4+44¥%4—}—0 x 10[err], an & 00
to 700, an Mw of not m)re thapn 2.5 x 10[err], and {- w@;@ HMH m 700

ﬁ’ﬁﬂwrlmd than 3.0, and pfeferably not ngrd than
[

to 1,500, an MM
2.0, and a H mrom 60[gLr]C to 1 e BOVAB96 priefler abl y
frome6O[err]C to 1 e of thip yel ease agent kes it

possible to

I\)
(=)

4

galts tHereof, as disclosed in Japanese Patent
Application Laid-open No. 50-133338, dyes or pigments
éuch as |C.I.14645, metal-containing compounds formed

SY the union of Zn, Al, Co, Cr or Fe with salicylic

écid, naphthoic acid or ?icarbpxylic acid, as
&isclos d in Japanese Pakent Publications No. §5-
42752, jo §8-41508, No. 58-7384 and No. 59-7384,
éulfonated copper phthalbcyanihe pigments, styrene

dligomers into which a nitro-gfoup or halogen has been

Jntroduced, and chlorinaied ba}affins. Metal-

contalnﬂng compounds of monoazo dyes, and metal-

conta1ang compounds of sallcy11c acid, alkylsalicylic

ac:d naphthoic acid or dzcarboxyllc acid are
part;cujarly preferred from the viewpoint of
dispersibil;ty.

The toner of the pregent 1nvent10n may also be

éptionally 1ncorporated With addztlves to obtain good
ﬁesults. The additives’ may include Jubricants such as
.ﬂeflon, zinc stearate and polyv1ny11dene fluorlde (in
Sarticular, polyv1ny11dene fluorlde is preferred);
abr351ves such as cerlum oxlde, silicon carbide and
gtrontltm tltanate (1n'part1cqlar, strontlum titanate
{s preferred); f1uidit§—§roviding ageﬁts such as
éolloidal silica and alumlnum ox1de (in particular,

Hydrophdbic colloidal silica is preferred); anti-

éaking ﬁgents, and condugt1vity-prov1d1ng agents such
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as carbon black, zinc oxide, antimony oxide and tin

oride. Lt is alsoc possible to use as a developability

ihprover, a small amount of white fine particles and

ﬁlack fi

the char

use in t

used as

mixed in

of from

Ce particles having the polarity opposite to

e polarity of the toner.

The toner of theipreseﬁt invention may also be

he form of a mixture with carrier powder, when

a two—-component type developer. In this

instance, the toner and the carrier powder may be

such a ratio that gives a toner concentration

0.1 to 50 wt.%, preferéhly-from 8.5 to 10

w%.%, and more preferably from 3 to § wt %.

.ihventio

As the carrier powder usable 1n the present

h, it is possible to’ use known materials.

They 1ncﬂude. for example. powders hav;ng magnetic

propertiLs, such as iron:powder, ferr:te powder and

nickle o]
surfaces
f?uorine

L

contain
i

a%magnet

material

pwder, glass beads, and'glass beads whose
have been treated witﬂ a resia such as a
resin or a siiioone’resin.

Fhe toner of the present invention may further
B magnet1c material $0. that 1t can be used as

ic toner. In th;s instance the magrietic

serves as a coloring agent atgthe same time.

The magnétic material ooﬂtained in the toner may

jhclude

iron oxides such 'as maénetite, hematite and

ferrite,

or compounds of'divalent'metais with iron



“wi thout causing offset, and thus to achieve a | ower 'pomer consunpti on.
' the present inventors reveal ed that what

| nt ensi ve st

ud+e5~nade_b¥_____~?
.required is a gﬂelease agent which renders good r REPER gy&gﬁf$aé

| ow t enper at ur am@wathelowtemmrMU e Treyn
whi ch enabl es t ure fixin that the %ggﬁﬁuLwe af 3 :
ease pr 6p Fés corfefat 179%n

the rel ease -

4_..

oxzde mbtals such as iron, cobalt an-E§EE§IT“6?“"r-

alloys ok any of these metals with any of metals such
as alumzLum, cobalt, copper, lead magnesium, tin,
z}nc, antimony, beryllium, b1smuth, cadmium, calcium,
m?nganes . Selenium, titénium, tungsten and vanadium,
a%d mixture of any of these.

. These ferromagnet;c materials may preferably
b; those having an average particle diameter of from
6.1 pm to 2 um, and moreipreferably from 0.1 um to 0.5
n@. Sphrrical materiaisfare particularly preferred.
T?e magnetic material ma§ be contained in the magnetic
t%ner in an amount of from;aboht 20 to 200 parts by
weight based on 100 parts by weight of the resin
component and particularly preferably from 40 to 180
parts by weight based on.100 parts by weight of the
res:n cdmponent. : f

The toner of the present invention may also
4ptiona11y contain a colprant”

. As the colorant ?sed in the toner of the
ﬂresent invention, a pigﬁent'or a. dye nay be used.

ﬁhe pigment may include éarbon;black, Aniline Black,

éoetyrene black, Naphtol Yellow, Hanza Yellow,

_Rhodamine Lake, Alizarin Lake, red iron oxide,

Ehthalocyan:ne Blue and indanthrene Blue. The pigment
i

fs used |in such an amount that is necessary and

éufficient for maintazn;ng the optical density of

a

ich

S



mel ting point
| oner nelting

of the release agent, and that a release agent having a

point is nore advantageous for the | owtenperature—fixing.

When, howeyet

S agept with a low nelting point is_used
REPJ&&GE}VAES@?% al bl ocki ng resistance of @Eﬁiﬁm‘iﬁﬁ

rel ease age
I nfluence tha

|

the filmngiof toner to a carrier occur

is used in t{we- cpBINOEARI6t ype| devel opme®S. —

should be added preferably in an
amount oF from 0.1 part by weight to 20 parts by
weight, Lnd more preferably from 2 to 10 parts by
weight, based on 100 parts by @eight of the resin.

' he dye may include azo dyes, anthragquinone
d&es, xanthene dyes and hethiné dyes. The dye should
bé added| preferably in an amount of from 0.1 part by
w?ight to 20 parts by weight; and more preferably from
0;3 part| by weight to 3 parts by weight, based on 100
p;rts by} weight of the resin.

: The toner accordihg tofthe present invention
for devekoping an electréstatio latent image may be
prepared by a method comprising thoroughly mixing the
resin composition according to the present invention,
the release agent and tho chgrge control agent
oot1onaliy together withéthe’mégnetic material,_the
p%gment or dye as a coloéiﬁg;é&ent and other additives

by means! of a mixing mac@ine.sﬁch as a ball mill,

tﬁereafter melting andfkéeéding the mixture by the use

of a hear kneading machizde sucé-as a heating roll, a

k@eader r an extruder so that resins are mutually
c?mpatib[lized and the pigmeﬂtfor dye is dispersed and
dissolveL therein, and'coolingfthe resulting product
to effect solidificationﬁ folléwed by crushing,

pﬁlveriz tion and then strict élassification to give a

toner with an average paéticlefdiaheter of from 3 um

ac

.&%m

oduct



-Accordingly, in the present invention, the rel ease
the nol ecul ar "weight —dirstribution which is relativ REP N@E
v

-above, so that theshl.-0ekisod Hepslest ance can be inpr
can render rel eas at a | ower tenperaturie,
per f or mance V\nthoﬂwﬁﬁmmm of f seL glgenonenon can
However, although rature f|X|ng

to 20 um.

JThe present 1nvention also relates to a method

ME
az e 199¢od
obta

i ned.

of heat—;ixing a toner v151ble image, wherein the
method chprises heat- fixing the toner image formed
using thL toner having the characteristic features as
described above, to a recording medium by means of a

heater ellement stationarily suﬁported and a pressure

mémber that stands opposite to.said heater element in

§ . ;

pressure contact and brings said recording medium into
close contact with said heater element through a film
interpos?d between them.;

?ig. 1 illustrates the construction of the

fixing drv;ce used in the present invention. The
fixing mrthod of the present invention is by no means
limited Fnly to the method embodied in it.

in the fixing dev1ce shown in Fig i, a heater
I

element 11 has a smaller heet capaoity than
conventiLnal heat rolls, end has a linear heating
part. The heating part may preferably-be made to have

a;maximun temperature of ! from 100 C to 300°C.

I
A £film 15 is interposed between the heater

l
element 1 and a pressure menber 18, and nay

preferab y comprise a heat—re51stant sheet of fron 1
to 100 u& in thickness. Heat—resistant sheets that

c?n be used therefor may include sheets of polymers

having hfgh heat-resistance, such as polyester, PET
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a certain extent when the rel ease
f resin as

f~“‘~“~—-~—~—-~_.*
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vlene terephthalate), PFA (a tetrafluoro-

- §7 -

ethyleneyperfluoroalkyl vinyl ether copolymer), PTFE

(polytet

sheets o

rafluoroethylene), polyimide and polyamide,

f metals such as:alumznum, and laminate sheets

agent with

c?mprised of a metal sheet andga polymer sheet.

In a preferred constitution of the film, these
heat—reshstaht sheets haée a'release layer and/or a
low-res:stance layer. . . ‘

&he numeral it denotes a low heat capac;tance

linear heater element stationarily supported in the
fixing dLvice. An example thereof comprises an
alumina

ubstrate 12 of 1 [+ mm in thickness, 10 mm in

width and 240 mm in longitudinal length and a
resistan,e material 13 coated thereon to have a width
o% 1.0 nnm, which is electrified from the both ends in
the longlitudinal direction The electricity is
aiplied under variations of pulse widths of the pulses
correSponding w1th the desired-temperatures and energy
eéission quantities which are controlled by a
t;mperature sensor 14, 1n the pulse~like waveform with

a! period| of 20 msec of DQ 100V The pulse widths

range approximately from;O.S msec to 5 msec. In
contact with the heater element 11 the energy and

temperature of which have beenzcontrolled in this way,
. 1 ' :

azfixing film 15 moves‘ih the diréction of the arrow

shown in| the drawing. Aﬁ example of this fixing film



descri bed above are used in conmbination, it is techn

| C 0
di sperse the reteaseagent in_the n1xed resin conpri ?ﬂ@wﬂ%fﬁlﬁﬁﬁET
-1 owtenperature Ligand the high-tenperatuje softenin
An insufficient H‘llghee‘?ﬁk%ﬂ{ sely affects the devel gpi pf NGV f Qﬂ%ma cé
t oner. No Elmalﬂ [/I nventors made further lintensive studies

to have di scovere
devel opnent

e

probsgns can be elijm

includeé an endless film:comprised of a heat-resistant

sheet ofi 20 um thick (comprising, for example,
polyimide, polyetherimide, PES, or PFA) and a release

lhyer (comprising a fluorine resin such as PTFE or PFA

to which

least on

tb have a thickness of 16 Hm.,

a conductive material is edded) coated at
the side coming. into contact with the image

In general, the total

thickness of the film may preferably be less than 100

up, and
moved in
s&ate by
b;tween;

h?ving

more preferably less than 40 um The film is
the direction of the arrow in a wrinkle-free
the action of tﬁe dri%e of, and_tension

a drive roller iSAandia folloﬁer roller 17.
The numeral 18 denotes;a presspre'roller

its surface en:elast;c layer:of rubber with

o
gpod reltase properties es eiemplifiedzby silicone

rpbber. This pressure roller is pressed against the
h;ater element at a total pressure of 4 to 20 kg
t?rough the film interposed between them and is
r;tated Toner 20

tn pressure contect with the film.

having nbt been fixed enia frapsferriné medium 19 is

a? embod

endless

léd to the fixing zone_b§ meané of an inlet guide 21.
Agfixed image is thus qbfained by the heating
describegt above. '

'
\

The above has been descr:bed with reference to

iment in which- the fixing f11m comprises an

belt. A sheet-feeding:shaft and a wind-up



performance apg—tu Tﬁ T witreiper at ure fixing performance can be achi eved
-when the | ow Aeﬁyﬁg f1n wax is graft-nodified—+n—oerder to inprove
the dispersio {T”the rel easej agent in the binder resin as described

above. ThpsbﬂMﬂﬁWbre ih in the toner of the ﬁP tHas Bepy Berflican rmay

preferably beloljt ai ned by m xin the low tenperature "”M,'ﬁ" n and

t he hi gh-t enpdr at-te ~ 59 -
shaft mady also be used, and the fixing film may not be

——

endless.
The image forminp apparatus includes an
apparatus that forms an image by the use of a toner,
as exemplified by copying machines, printers, and
fac51miﬂe apparatus, to which the present fixing
device can be applied. .

en the temperature detected by the
éemperature sensor 14 im the lew heat Fapacztance
ﬁinear heater element Jliis le the sumface
éemperature Tz of the fiﬁm'ls epposed %o the
re81stance material 13 is about 10 to 30 € lower than
%1' The surface temperature T3 of the film on the
gart at fwhich the film 15 is. peeled from the toner-
fixed face is a temperature substantially equal to the
above temperature Tz ‘ |

: Suitable as methods of electrifying the heater
%lement aecording to sucp a tepperatupe control system

are the [pulse width modulatio@ system, the frequency

@odulation system, the AC phase control system, etc.




softening resin, and both the resins may preferably [ wbﬁn ;“reehﬁ57
conprising the sane conponents. The Iom#nel‘&# ﬂwﬁémmﬁkd
pol yol ef i n “Terease agent—used- i n the present invent on nay TR udy

pol yol ef i n ey g af ks duiled with an aronatid vinylfnnﬁthOVSﬂﬂ? s
styrene and st "ﬁ[g es, or %rd unsat ur at ed faytty acid or an

The present invention will be described below
|
in great?r detail by giving synthesis examples and

working éxamples. The "part(s)" in the synthesis
exampleszand working examples refers to "part(s) by

weight".§

%Ynthesis Example 1

in a reaction vessel, 200 parts of cumene was
put, aﬁdéthe temperature was raised to the reflux
temperat?re. A mixture of_1oo parts of styrene
-monomer %nd 6 parts of di-tert-butyl peroxide was
dropwisegadded.thereto at 135°C in 4 hours. Under
fufther ;eflux of cumene {(146°C to'ISG'C), the
solutiongpglymerization was completed and then the
cumene w;s removed. The polistyrene thus obtained was
soluble %n THF, and-had a weight average molecular
weight o% 7,800, a molecular weight peak (MA) of 7,200
and a Té of 67°C. This is designated as polymer A-1
of the b%nder resin for the toner of the present
inventién.

i
Synthesis Examples 2 to 5

ﬁsing the monomer compositions, polymerization
i

initiatdrs and solvents as shown in Table 1, the
|

solution polymerlzaticn was carried out in the same

manner ﬁs in Synthesis Example 1 to give polymers A-2
to -5 of the binder resin for the toner of the

' .
present jinvention.



- 46- unsaturated fatty acid ester.
waxes; honopol yners of [err]-ol efins such as

I ncl ude pol yet hyl ene
propyl ene,

1-

|
i
\
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Syntheses of Polymers A

Polymer

Monomer composition Polymlzn.

s§nthesis Example:

- {parts) Solvent initiator

(85) Xvylene Benzoyl

? A-2 Styfene

i Butyl acrylate (153_ | peroxide
5 A-3 Styrene i (80) Xylene Benzoyl |
g Butyl adryla;e (205 ' peroxide
? A-4 Styrene f (775 Tolu;ne Benzoyl
g 2—Ethylhexy1: : ' peroxidg
f acryia?e (23)

% A-5 Styrene : (80; Toluene Benzoyl
2-Ethylhexyl’ - | peroxide
5 acrylate (20)

Ta.b:_leg 1: (éofnt’d;)

j ﬁeight averaée% lmblecular weight
P?lymer molecular nggét p?ak | Tg.
';A—z 11,000. E 9,200 62°C
a-3 17,000 15,600. 62°C
:?A-4 21,000 19‘,2005 _ 571°C
A~5 24,000 22, 3005 64°C




but ene, 1-hexene, 1l-decene, and 4-nethyl-1-pentene; copolyners of two or
nore kinds_of [err]-olefins;—and copolyners of e

[err]-olefin. It may furt her i ncl ude oxi des of p)‘l@_@bﬂ@ygﬁﬁ mET The
unsat ur at ed frhis 8! ﬂé®$ &at ur at ed fatty acidjes$ter used for

synt hesi zing t i fied polyolefin may i{ng¢l upiB NGN 1896ry| it acid;
met hacryl at es met hac+y6ate, ethyl thacryl ate, ptopyl

met hacryl ate, n- uty

Synthesis Example 6

In a reaction veesel 200 parts of deaerated

water inl which 0.1 part of a part;ally saponified

product
f

ahd then

was added thereto to make up a suspension.

suspensi

atmosphere.

temperat

of polyvinyl alcohol wes dissolved was put,
the monomer comﬁosition as shown in fable 2
The

on was heated to 80° c 1n a nitrogen

The suspens1on was maintazned at that

ure for 24 hours, and then polymerizatlon was

campletep.

After the reactiou;mzxture was cooled to

" room temterature, spherioal éoiymer particles produced
S

as a res

then thoroughly washed_with-waier.'

!
dehydrat
i
blnder b o

1t of the pol&mérization were filtered, and
followed by
ion and drying’to giveépoiymer58-1 of the

esin for the toner of the present invention.

The polymer had a weight average moleoular wezght of

QSZ,OOO, a molecular weight peek of 433,000 and a Tg
of 57°C. . '

’ friable:z%

ﬁonomer Composition ! ? Mi#iqé proportion
%tyrene ; 72 parts
ﬁethyl nethacrylate i 30 parts

éutyl ecrylate i 18 parts
éenzoyl peroxide ' ; %0.22 part

[




met h

: met hacryl ate, isobutyl late, n-octyl nethacrylate, 2-ethyl hexyl
’ ate, stearyl nethacryl I

nethacrylateTA
- met hacryl ate|R EBB W te, dinethyl am noet hyl nethacrylate
di et hyl ami nodt HyT " net hacr%a el 2- hydroxyet hyl .met hadk ?féfaSBeenReplaced

2,2, 2-trifludr etQﬁNOVré? ciyllate, and gl yci dyl rrethac
such as netHyl} acryta6@,-et hyl acrylat

acid; - acryl af e

! :
Synthesis Examples 7 to 10
]

Using the monomer compositions and
polymerization initiators as shown in Table 3, the

sﬁspension polymerization was oarried out in the same

manner as in Synthesis Example 6 to give polymers B-2
to B-5 of the binder resin for the toner of the
p;esent invention.

Table 3

Syntheses of Polymers B

: Monomer coﬁposition Polymerization
i Polymer © {parts) initiator

i : i .

| . . j
SynthesiT Example:

? B-2 Styrene - (é3) Benzoyl peroxide
. Butyl acfyiafe.(iY) '
é B-3 Styrene : l:(éS) Benzoyl peroxide
Butyl acrylate;(iS) |

9 B-4 Styrene = (177) 1,1'-azobis

: 2-Ethylhexyl = . {cyclohexane-1-
i acrylate (23) carbonitrile)
10 B-5 Styrene © 1 (80) Benzoyl peroxide

- Butyl acrylate (éO)

Divinylbenzene (0.02)




propyl acryl ate,
| auryl acryl ate,
acryl ate,
acryl ate,

phenyl TECInyd: BlisBeer’Replatear oet hyl

di et hyl am npet hyl

et TR

Table 3 (Cont'd)

n-butyl acrylate, isobutyl acrylate, n-octyl acrylate,
stearyl acrylate, dodecyl acrylate, 2-ethylhexyl

| ‘ : T
”Ethylan1ﬁg;¥h§fe §£PB¢gﬁﬁﬁﬁ?S%ﬁ T |
84 - 25 NOV 199

Weight average

Molecular weight'

RIS, EESR——— .

Polymer | molecular weight péak Tg
?-2 603,000 : - 583,000 64°C
?-3 827,000 804,000 67C
?—4 956,000 928,000 66°C
?—5 761,000 692,000 60°C

i

f
; he weight average molecular weight (Mw),
M%/Mn. r

ftow-out point, softenzng point and Tg of each

of the above polymers A—l, A—Z' A-3, A—4, A-§, B-1, B-

2? B-3, B-4 and B-5 are §hown ;n Table 4 below.



__4_

di butyl am noethyl acrylate, 2-ethoxy acrylate, and 1,4-
but anedi ol diacrylate; maleic acid, fumaric acid, i tW
- citraconic acid, and unsaturated di basi ¢ acid esters SmQS@&}ﬂP&m
mal eate, diethyl naleate propyl mal eat e, di propyl
e A | | IIIIIHIIHIHHI
25 NOV 1996
A~£ fable é
|
Flow+out  Softening
Polymer Mw Mw/Mn poin*l:: ~ point Tg_
(*C) (*c) (°C)
iA"l 7,800 2.4 85 105 67
é-z 11,000 2.4 85 102 62
A-3 17,000 2.2 81 105 62
3—4 21,000 2.3 | 87 106 57
é—s 24,000 2.2 90 110 64
%—1 %52,000 2.6 11§ 161 57
B-z2 503,000 2.5 122 173 64
?-3 827,000 2.3 136_ 184 67
B-4 956,000 2.1 132 182 66
%-5' 751,000 2.6 127 180 60
; Comparative Synthes.ts Example 1
: A comparative poiymer A—6 was prepared in the
siame manner as in Example 1 except that the monomer
c::bmpositlon as shown in 'i'able 5 was used This binder
rfesin had a weight average molecular we:ght of 4,300,
a molecullar weight peak gf 4,2@0 and a Tg of 54°C.
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Table 5

Mixing proportion

styrene

Bétfl acrylate

Monomer Lomgosition

Di—tert—hutyl peroxide

92 parts
8 parts

9 parts

Comparative Syntﬁeeie ﬁxample 2

i

A comparative polymer B-6 was prepared in the

s?me manner as in Synthsés Bxaﬁple 6 eicept that the
ménomer composition as séowﬁ in Table § was used.
Tﬁis binder resin had a éeight}average molecular
w%ight of 217,000, a molécular%weight peak of 198,000
aLd a Tgl of 59°C. : .% -

% Tébie_ﬁg'
M;noﬁer Composition é % Mixing proportion
S%yrene § | 82 parts
B?tyl acrylate % § _ j 18 parts
D?vinylbenzene % ; 0.2 part -
B;nzoyl peroxide l ! 0.5 part

v

Preparation examples of the binder resin

according to the present 1nvention w111 be described



N ¥
met hyl styrene, [err]-nethylstyrene, 2,4-dinet$M
p- n-butyl styrene, p-tert-bu

-p- phenyl st yene;
combi nati o Efwhﬁﬂgﬂﬁ;

graft- nDdlf ed usi ng
reaction

| styrene, p- n-¢fdofecyl styrene, ;
ifgr ostyrene. These chn 25 NOYe9al nﬁ or in
-BKilnds. The pol yol efin can| be

conv ntlonally known ne} hods. Fe%—exaanFT_a-_____
thezﬁ@}l(»do‘l‘)&bl nwth the ar ticlvinyl MDOONEL_ AN and the

unsat ur at ed f@tty aci d or uhshturated Fatty acid ~ This Sheet Has Been R

s i o
oot e SR

hélow.

_ T
1§and 32

sfirring

Breparation Example 1

‘o 200 parts of'gylene{ 68 parts of polymer A-

parts of polymer B-4 ﬁere addeéd with

Next, the mlxture was heated to about 60°C

to completely dissolve the polymers A—l and B-4 added.

After tﬂe stirring was continued for about 2 hours,

_tﬁe xyleTe was removed. :The resulting'product is

designatid as binder resin 1 for the toner of the

: present

nvention. ;
i
reparation Exagp}es 2 to 10 and Comparative

nder Resin Preparatzon Examples 1 to 3

were obt
Example

were use

]
!
Pr
I
Bi
bs
present tnvention and comparative bznder resins 1 to 3

inder resins 2 to 10 for the toner of the

ined in the same manner as in’ Preparat;on

except that the polymers as shown in Table 17

A

U



ester which are in a nolten state or
the atnosphere

o
and in the przggﬁtgg~tﬁhzf7?ﬁﬁTﬁﬂ

conducted by
This Shee:

t Has B

] llll

R951ns

di ssolved in a
or

sol vent may be

under appllcatlon of pressure

initiator. A of;

é:f'z A{fmﬁﬁ"‘* kT

olefin

- 68 ~.

2 5 NOV 1996

Prepathxon of Binder Resins ‘and Comparatlve Binder
{-
)
!

Polymer A

Pfeparat;on example :Pelymer B
Bénder résin 2 A-2 'GG?parts jB-5 34 parts
: " 3 A-é 723parts B-4 28 parts
" 4 A-4. 55{parts "B~-3 45 parts
" 5 A-§ '.ﬁsipafts B-4 32 parts
w 6 A-; éogparts .B-4 40 parts
n 7 A-é 'ngparfs ‘B-3 35 parts
" 8 A4$ 70§parts ?B—S 30 part
o 9 A—é . Scépa#ts ;B—z - 40 parts
" 10 A-é : ésgpa:ts 53-3 35 parts
C?mp. binder resin 1 A—é .1Q0§parts ; 0 part
; " " 2 Co%p. §0§pafts Comp. 70 parts
" " A6 B¢
. " 3 . o part . B-2 _ 100parts
Note: Comp.= Comﬁaretiée :

abents u

descrlbﬁd below are shown in Table 8.

Composition and phy51ca1 propertles of release

sed in Examples and Comparatlve Examples
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per oxi de,
acet at e,

agent to

fromO.1 part

di-tert-
cum ne plvarate
“and di currylmpstreetﬁad%ﬂ

the former may preferably [ Brnm @ t of
mm““ “\100 parts_,_byz0 _weight, an | E}V@‘Zr F]f rom

I de, | auroyl peroxide, tert-butyl perphenyl
_ %;ob|3|sobutylonitrile di nmet hyl azoi sobut yr at e,
lace As to the proportiop.of the grafting

1 part by wei : ﬁ !
25NOV 1996 |
i
"
hxamgle 1
Bﬁnder rLsin 1 100 parts
M;gnetid material 60 parts
N?gativi charge control agent 2 parts
draft-m dified polyethylene wa? A 3 parts

ﬁenschel
e twin-—x
ﬁas left

fhereaft

The above materisls we;e premixed using a
mizxer, and then kneaded for 20 minutes using
0ll mill heated to 150°C. The kneaded product
to cool, and thén;cru%hed with a cutter mill..

er the crushed product'was finely ﬁulverized

by means of a fine gr:ndxng mill making use of a jet
stream, followed by class;fzcatlon using an air
c1assif1er to give a black fzne powder (a magnetic
toner) &1th a volume average partzcle diameter of 11.2
gm. é

Based on 100 parts Of;the magnetic toner, 0.4

ﬁart of

io give

surfaces of toner parfiéles;

fine colloidal éilida?powder was dry~blended
a toner having eolloi&al silica on the

Thls is. des1gnated as

ioner 1} of the present 1nvent10n.
: Grindability of toners can be represented by
ihe thrpughput of the tcner that can be pulverized per

unit hour.

H
bood.

In the case of the toner 1, it was 16

kg/hr 7; an air pressure of 5 6 kg/cmz, and found very

o melt—adhesion or the like occurred 1n the

gr:nd:qg mill.



" 50 parts by wei ght, based.on 0 parts by weight of

anount | ess ¥ YERei ght can not bring abo %? of
- grafting, anJﬁgELRCEh 1}1§H bt han 100 parts by melght

| oss of advant 0 rt es i nherent in the pol yol e

The aromati c |vi nyfz%hﬂﬁgﬂé% ndit he unsaturated fatty acid or unsaturat ed
fatty acid estef nay be use prefer@® y-in a weight ratio of from95:5
to 5:95, and :

Blocking resistance was examined on the basis
of,the dggree of agglomerationjobserved when about 10
g?of toner was put in a oolyetéylene glass of 1oo'cc
and left; to stand at 56'& for é day. The degree of
agglomerbtion wes measured with Powder Tester
manufactured by Hosokawa Micron Corporation. A
6roduct left at room temberature and the product left

at 50°C |for a day show'edf 9 wt. '95 and 12 wt.%,

respectrvely, which were substantially the same

values, and the d:fference (AG) was only 3 %. From

these fdcts it was confirmed that substantzally no-
blocking occurred. f o ? '
'Fixing performance. adti-offset, wind—-around

resistance, and image properties or durability were
examined using a modified machine of a copier NP-6650,

nannfactured by Canon Inc..

The preset temperature of its fixing device

was dropped by 5°C, at which the tests were carried
%’ut' f ! o ;

In particular. as to the anti-offset, the

cleaning mechanism for. the fixing roller was detached
from the copying machine and the evaluation was made
by counting, as copy durability, the number of copy

%heets at which an 1mage was stained or the fixing

roller%was contaminated.

As to the fixing performance, fixed images



An excessi v amunt_for the

~AREPLACEMENT SHEET

"nore preferably from 80:20 to 20: 80.
unsatur ated fatty aete—or—unsarur at ed

\\ll\l\\ TN

Has Béen Replaced |
25 NOV 1996
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were ruﬁbed 10 times with lens cleaning paper “Dusper®

(trademark 0ZU Paper CO., Ltd.) under application of

a load of about 100 g, and any peeling of the fixed

was the

reflect%on density.
' |

images was indicated byithe rate (%) of decrease in
; ! _

The fixed image for evaluation

200th sheet when cbpies were continucusly

éaken on 200 sheets.

solid b]
%he ste1
éeeled g
éxamine<

relied |

As to the wind—droundjresistance, entirely

[ack images were?prodﬁeed on tﬁree sheets, and
re of traces left oﬁhiéages when the sheets are
vith peel claws éf-theéfixing roller was

4 to judge the.degnee éo which;the peeling

bn the claws.

As a result, inéresbeét of the fixing

performénce, the rate- of decrease was 3 % and it was

found Lry good. The. anti—offset was: so good that no

etain or contamination was_seen on 1mages or the
;oller ven when copiesgwefe ;aken on: 50,000 sheets.
%he wind-around resisfa@ce'waeqaleo found very good
?lthoug traces made by%tﬁe ciaws were slightly left
?n.the images. i :

j Running testslw;re ca?ried ouk on about 10,000
gsheets. using an image ;ithéa; image—hrea percentage

%of about 5 %.

i
ja good
I
ito the

state.

As a reshlt 1mages were reproduced in

Although the melt—adhesion and filming

photosensitive member yere slightly seen, the

1



fatty acid ester tends to result
i n the {

i nher ent
nonomer

di spersibility of the oI ef ijn
pol yol ef i n used \G g‘#fbsen
of fro

anpunt

can

In a decrease in the relea5|ng ef fect

excessi ve anount for—the—aroratte—H-ay

about an i nprovenent I‘?"Tm 41 od
JiFiE

in the toner.
The toner had a THF—idsoluble matter of 4

SFER]

—

I nve %%on may preferab
ght To'20 parts by melg

0.1 part by \

éopied.images were not affected at all.

wt.%, an Mw/Mn according to GPC of the THF~-soluble
matter, [of 38.2, a molecular weight peak MA of 7,700,

a molecular weight peak MB of 765,000, an MB/MA of 99,

and a melecular weight distribution curve area ratio

I :
SA:SB:Sd of 1:0.36:0.60.

Example 2
éinder resin 2 100 parts
| éagnetic material 80 parts
éositive charge controlgagentf 2 parts
éraft—mudified wax B ; 4 parts

The above materials were prem:xed using a

ﬁenschel mixer, and thep kneaﬁed for 20 minutes using

% twin-foll mill heated'to 150°C. Thé kneaded product

%as left to cool, and'tﬁen crﬁshed with a cutter mill.

i
Thereafter the crushed product was finely pulverized

by means of a fine gr:nding m111 mak1ng use of a jet
current followed by classif1cation u51ng an air

classzf er to give a black fxne powder {a magnetlc
I

: toner) rlth a volume average part;cle diameter of 8.7
i H . :

Bm.
Based on 100 parts of.the magnetlc toner, 0.4

part off fine colloidal silzca powder was dry—blended

’ to g;vq a toner hav:ng colloidal s111ca on the

surfacés of toner particles. This is designated as



“nore preferably fr 0.5 part by weight to 10 parts by
100 parts by weight of the binder
it difficult to bring about a suffici

-wei ght makes
- effect,

| owering of the
graft-nodified p
bave a nelt visc

wei ght,

resin. An anount

based on
less then 0.1 part by

foner 2

eir pressure of 5.6 kg/dm » and found very good.

REPLACEABEN SH

and an aiBKeE HABe@ Replaed 20 parts by wei ght tj,,uo ALY
S| st ance t he toner.
mwulmulwm in the %present i nve tuonzr‘f-’ali’lo\gqg%ardm

:'!

BT,

of the present invention.

Grindability of the toner was 5.8 kg/hr at an

2 No

ﬁelt—adhesion or the like occurred in the grinding

mill.

[

Blocking resistance was examined on the basis

of the degree of agglomeratlon observed when about 10

g of toner was put in a polyethylene glass of 100 cc

end left to stand at 50°C for ‘a day.

at room

‘A product left

temperature and the pfoduct left at 50°C for a

éay showed 17 wt.% and %l wt.*, respectively, which

were sulstantially the $ame values, and the difference

iAG) was only 4 %.

From these facts it was confirmed

%hat substantially no'blodkipé occurred.

L]
i

resista;

manufac

i
i
]

was dro

but.

Eleanin
&rom thi
i

EY coun,

Fixing perforﬁaﬁce, aéti—dffset, wind-around

nce, and imagefpéoperties or durability were

éxamineg using a modified'chﬁine of a copier NP-4835,

tured by Canon’Inc;

The preset te@pérefﬁré of itsgfixing device

pped by 10°C, etfwhich;the tests were carried
In particular, as fq ;he anti?offset, the

g mechanism for %he fi;ing roller was detached
copying machine and ;he evaleation was made

ting, as copy durabillty, the number of copy

sheets Ft which an image was stalned or the fixing

y

a



in the range of f
A nelt viscosity
melt viscosity m
pol yol efin to
rel easi ng effect
I nvention, it is
a lower nelt

~ycentipoise) (1 cP=1_nPas) at 160[err]C.
»Elends to cause the bl ocking of toner. A

DI
b

b ' than 250 C makes it hard for tﬁhsﬁmdmﬁsnankslmxd

t® be exhibited n the_{ixing netho

0]

eepSINGI9Be { oper and mekes it hard f m

ferred-ttat I n geﬁﬁral a rel easabl e V|ng

: i
roller was contaminated.

The fixing performance and the wind-around

resistance were also evaluated in the same manner as

in Examplle 1.

As a result, in respect of the fixing

performance, the rate offdecrease was 6 ¥ and it was

fbund velry good. The antiéoffaet was so good that no

stain or contamination was seen on images or the

éoller éven when copies were taken on 1,000 sheets.

ﬁhe wind-around resistanbe Was?also found very good

élthough.traces made by the-claws were slightly left

on the images.

Running tests ﬁere'car}ied'out on about 30,000

aheets, using an image. w1th an 1mage—area percentage

(

5f about § %¥. As a result, 1mages were reproduced in

a good state. No melt—adhe51on nor f;lmlng to the

photosensitive member was seen.

vét

%,

The toner 2 had a THF—lnsoluble matter of 2

an Mw/Mn accordlng to GPC of the THF-soluble -

matter, of 24.7, a molecular we1ght peak MA of 14,000,

a molecular weight peak MB of 680 000 an MB/MA of

48 6, and a molecular welght disterutzon curve area

ratlo SA:8B:Sd of 1:0. 40 O 59.

Example 3 '

Using the toner: 2 prepared in; Example 2.

gnfixed 1mages were obtalned by means ‘of a modezed
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energy

sel ected.
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machine

carried

in Fig.
opp051t
brlngs

heater

ect Has Been Replaced ’
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of a copier FC-5, manufactured by Canon Inc.
A test for fixing the unfixed images was
out using the external fixing device as shown

1, comprising a:pressure member that stands

e to a heater element 1n pressure contact and

i
a recording medlum into close contact with the

| -

element through a £film. interposed between then.

Used aJ a material of the f;xing film 15 was an

: !
endless £ilm compr131ng a polylmzde f11m coated with

a release layer with a th:ckness of 10 pm to which a

fluorlr

e resin and a conductive mater131 were added.

'A siligone rubber was used as the pressure roller 18,

and the fixing was carrled out with a nip of 3.5 mm,

under a total pressure of 8 kg between the heater

,element

iprocess speed of 50 nmﬁsecm

i
7

‘action

groller

was carried out.

heater

11 and the pressure roller 18 and at a

gThe film was moved in the

‘direction of the arrow.in a wrinkle-free state by the

of the drive of, and tension between, the drive
16 and the foiléwe;r*réuer 11,

The heater element 11 was comprzsed of a low

" heat capacitance linear heater element, to which

was pulsewise applled and temperature control

The re81stance materzal of the

element 11 had a power consumptlon of 150 W.

Tempeﬁatures were so controlled as to be the same as,.

or loqer by 15°C than the fix;ng assembly {(preset



The nelt visc

n the'present i nvention is based on a
val ue neasured (QEEBW§$ﬁ&§Qid type visconeter.

in the.present
having a nelt
an anount that n y not adversql y affect the fixing perf

toner.

nventlon may |{cqntain at |east one k'ndTﬁsmme ﬁasi
g 2B NOVAR9&i dhdr than 120[err]C so | ong

3

tre—tomner—of thg present ¥ venti on may c

%ixing temperature: IBO‘C) of the FC—$ modified

nachine, at which the tests were carried out. As a

result,| the fixing perférmance was 2 %-in terms of the

' rate of decrease without staxn and contamlnatzon on

: both the image and the f1x1ng f11m -even after 3,000

§heet running, and foun¢ good, In add1t1on, the
waiting| time was 3 seconds or?less, and the power
consumption was significantly lower than that in a

heat—roller fixing systém.

; Example 4

%inder resin 8 : é - ; . 5 100 parts
barbon bhlack %. é- ‘ g' 4 parts
%ositzve charge control agent E 2 parts
Graft—mod:f;ed wax A % . ; _ E 5 parts

, Using the above.mater1als, a toner ‘was

prepared in the same manner as in Example 2. This

.toner end colloidal silica were maxed in amounts of

} !

gIOO pants and 0.4 part,grespeptlvely.; The resulting

i i
on. In iron powder with a part:cle size of 200

'i

mesh—pass and 300 mesh-on, the toner 3 was mixed in an

Etoner 15 designated ae toner 3 of thegpresent
!inventi

-amount of about 10 wt. x to nge a developer. Only the
'toner Was replenlshed.§ :

The gr:ndabllity of this toner was 15.2 kg/hr

' in terms of the throughput under an air pressure of

5 6 kg/cmz, and was found_veny good.. There also

i



a charge control agent. Conventionally known positive \V
control agents —cam be uUsed as the charge control agerR%?$%§@§héN§§Htgﬁtro

‘agent may incl Lewiei (1) Thgse capabl e joff controlling he
toner to have 'ﬁ?@s etﬁ-lazﬁ e % may include the foll ow n n2 BN VA Ng95

Ni gr osi-ne, a2|ne g an alkyb group having |2 to 16  carboh
at ons (Japanese i on No.

gccurreh no melt-adhesion to the interior of the
grindlng mill. The blocking resistance was evaluated
as AG = 5 and was found not problematic at all.
; Image propertiea and fixing performance were
Eevaluated using a modified maohine of:a copier FC-3,
%manufactured by Canon Irc.‘ As a result, images were

H

5reproduced in a good state, ahd stable images were

obtained even after 1, OOO sheet running. In addition,
no melt-adhesion nor lemlng ito the photosensitive
'drum was seen.

: The preset temperature of the fixing assembly
EEwas'drcpped by 20°C and also-the clean:ng mechanlsm
'was detached from the f1x1ng assembly, under the state
gof which the above running was carrled out. As a
gresult, the fixing performanqe was about 5 % in terms
iof the|rate of decrease,-andéwas'fouad good. The anti-
Eoffset and the wind-around_resistance were also found
ggood. : é : : g !

The present toner had a THF—insoluble matter
tof 1.8] wt. % an Mw/Mn accord;ng to GPC of the THF-
.solubl% matter, of 29,ja molecular wezght peak MA of
318,000, a molecular welght peak MB. of 770,000, an

MB/MA of 43, and a molecular weight d;str;bution curve

. area ratio SA:SB:Sd of 1! o ny 0.38.

Examples 5 to 8

Toners 4 to 1 of the present invention were

1
H



.42-1627), bas'amdyes as..exenplified by C.I. Basic Yel

1"l RMAREAT SO e T (0 5160 C 1 R
(C. 1.42655), C. &t 10 (Q1 45170), C1. Basic mm”“
(O1.42510), & 8RR 8.1 (C1. ). C.1. Basic B

(C 1.51005), C Basic . Blue 5. 0. 1|. 4214 , C. 1. Basic. Blue 7 (C1.42595),

bbtaineh in the same manner as in Example 1 except
that thle binder resin was replaced with the binder
res;ns as shown in Flg. 9. .

Examples 9 to 11

Toners 8 to 10 of the present invention were
;obtained in the same manner a; in Example 2 except
%that the binder resin and'rel?ase.agent were replaced
gwith thHose as shown in fig. 9;

: Results of the evaluation made on the toners

of Examples 5 to 11 are shown in Tahle 10.

Comparative Example I
Comparative tederil;ﬁas obtained in the same
émanner as in Exampleszgexbepé that cd-parative binder
gresin 1 was used wh;ch'conta;ned ‘100 parts of polymer
gA-Z only as the binder re31n

In the case of thzs comparatzve toner, fine

f

étoner particles were fqrned in a large quantlty when

‘it was{pulverized under an air pressure of 5.6 kg/cm?,

éresulting in a broad pérticle size distribution. Thus

gthe productivity wasjcieerlyginferio#.

: Using the FC;Sfmodified-machine, the fixing
éperformance, anti—offsét;iwiéd-around resistance, and
'iimage broperties or dufabiliiy were examined in the
isame manner as in Exeméle 2.; | . |

As a result, in respect of the anti-offset,

'stain Bnd contaminatiop werefrespeetively occurred on
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C. Im 52015), C.l. Basic.Blue 24 (C .52
O. 1. Basic Bl uerh%%he(eﬁ{:lsﬁ% Basic Bl ue 26/ (EPLACEMENT SHERT
-Geen 1

(i

i 25 0w 93

- 80 -~

;both tHe images and the:rolle} when cﬁpies were taken
-on 20 sheets. 1In respe?t of the wind-around
Eresistance, traces maaejby thé peel élaws were clearly
ileft on the images. InéSome ﬁnstances, no paper was
gdischaqged from the fixang assembly.

' The present tonh; ha& a THF-insoluble matter
gof 0 wt.%, an Mw/Mn acéérdinq to GPC of the THF-
Esoluble matter, of 2.;;Zand'§ molecular weight peak MA
';of 8,900. L

Comparative Ekémpie 2 and 3

Comparative tbéers 2§and 3 were obtained in
éthe same manner as in éxampﬁ% 2 except that the binder
;resins and release agéﬂts ﬁéée changed to those shown
;in Table 9. Results of the evaluatzon made thereon

%a:e shown in Table 10

30),
Basi c
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" chloride, decyl-trinethylammonium chlori de,
dibutyltin and dioctyltin, nmetal salts of higher LaLLyﬂaehde, i

conpl exes q{Eﬁ‘m{}gkﬁf"’ﬁ ﬁi,ﬁﬂ'i

. fine powders s’[lniﬂhmHmBnmeh@é met al

am no group are part|cularly preferred

di al kyltin

conpounds such as

acetyl acet one sins such as vinyl tﬁﬁréln
am no group and mers containing an am n&g
netals salts of at y acrds -ard® w nyl pol ynme ontainin

O

ani c

ng an
si ne,
an:

-Table 10

Results of Evaluatién on Toners of the Invention

and Coﬁparative Toner

' Block- Melt—~
ing _ , adhesion and
resist- Fixing . filming to
Grind- ance .perform~ Anti- photosensi-
ability (AG) ance offset tive member
kxamle: ;
5 Good 4% 1% : Good Same as Ex.1
6 Good 4 % 4 % : Good Same as Ex.1
1 Good 5 % - 3% Good Same as Ex.1
8 Good 3% © 5% Good Same as Ex.1
9 Good 3%  3%!  Good Not at all
10 Good 4% ; 4% Good  Not occurred
11 Good 4% 2 2% Good Not occurred

Comparative Example:

2 Poor 4 % 15 %

Poor

Poor

Occurred

Not occurred

" 3 Inferior 4 ¥ 50 %

Preparation of ‘resin '11

‘put, and the temperature wais ralsed to the reflux

;temperature. A mlxture of 90 parts of styrene

;monomey, 10 parts of bdtyl acrylate monomer and 7

In a reaction Gesselg 200 parts of xylene was



fromthe V|emp0|nt of dlsper5|b|I|ty (2) Those capabl e of controlling the
toner to have v ggge‘nay I nclude the followng materials: Metal
.compounds of J*ﬁ E M discl osed in Japanese PdhisSheetHds Beca®eplod

No. 41-20153, |NOT—22-~"27506, |N. 44-6397 and No. 45- 264” and
{ | 25N0v 1996 | "mm”m

- 83

hJ-

¥

ﬁarts o% di-tert~-butvyl ﬁeroxi&e was mtxed therein, and
the sol&tion polymerization was completed in 6 hours
under reflux of xylene.

The stvrene-butyl acrylate copolymer
(hereznafter “St ~BA copolymer") thus obtalned had the
phys;cai properties as shown rn the column of "Low-
temperature softening resin" on "Resin 11" in Table
o

. On the other hand. 82 . parts of styrene
éonomer; 18 parts of butyl acrylate monomer, 0.3 part
of polyvinyl alcohol, 200 parts of deaerated water and

b 11 part of benzoyl peroxzde were m1xed and

suspendedly dispersed. The resulting suspension was
heated Lnd maintained. at 78*° c for 24 hours in a
nltroge atmosphere, and then the- polymerizatlon was
completrd to give a hlgh-temperature softening resin
as showh on "Resin 11" in Table 11. :

: A dried product of thls high-temperature

softenzng resin was ;ntroduced in- the resin solution

,formed when the solutlon polymerlzation for the above

ﬁow—teqperature softenlng res:n was completed, and
l
made ta completely d;ssolve in a solvent. Thereafter

;the so ent was removed; Resin 11 was thus prepared.

Preparation of iesinsylz to 15 and comparative

resins 4 to 6 ? : é

Resins 12 to 15 and comparative regins 4 to 6,



- -52- salts thereof Sed in Japanese Patent Application

Lai d- open No. 3338, dy LeaPi gnents such as C 1645
. et al - cont ai ni ng Qe by the union of Z kEj KCEMEN‘.F SHEE
with salicylic | aC|d or dicarboxylic {agi

25NOV 1996
- 84 - . ’

és sho in Table 11, were reepeotively synthesized
and prepared according to the procedure for resin 11.

Example 12

Affer 100 parts?of thé resin ll, 70 parts of a
dagnetic material, 2 parts-oféa positfve charge
éontrol|agent and 4 parés of éraft-modified
éolvethvlene wax J (Mn-§s 3 xéloz- Mw-E 8.0 x 102-
&w/Mn' 1.5; melting po;nt 93" C) in whlch styrene and

'butyl acrylates were used as graft components, the

mzxture was melt-kneaded us:ng a tw;n-screw extruder.

The knetded product was: cooled and then pulverlzed by
means oF an jet-stream grlodlng mill, followed by
olassszcatlon using anlalr olassifaer to give a2 black
fine powder (a magnetzc toner) with a volume average
partzclb diameter of ebout 8. 5 nm. Based on 100 parts
?f the resulting magnetlc toner, 0.6 part of
?ydrophoblc colloldal_sillca powder wes added ‘and
ilended to give toner:A; heviég hydrophobic colloidal
;ilice bn the surfaces éf'toner pertioles.

. Unfixed images of th1s toner A were obtained

sing al modified machine, a copier NP-1215

-..

Imanufactured by Canon Inc ) from whlch the fixing
assembly was detached. commerclally available copy
paper, Canon New Dry Paper (54 g/m Cenon Sales Inc.)

was used as a recording med1um

A tests for fixlng the unfixed images was

i ; ;
i 1 '
i
i
|



di sclosed in \ niRybl i cations No. "55- 42752, hb 58- 41508, No.
58- 7384 and NjgﬂﬁgﬂgﬁﬁgﬁT ﬂ¥%nated copper pht hal ocy ment s,
styrene oligantrs into which g nitro group or hal ogen has been

“introduced, ahd| clR2NOVaPR% parlaffins. Metal- containi

nonoazo dyes, {ahd netal- co i ni ng conmpounds of salicyl
al kyl salicylit acid, nephthoic aci d-oB5dicarboxylic acid l,”"’

Q.

éarried out using a temperature-variable heat roller
external fixing assemblf conprising ao upper roller
comprised of Teflon and a lower roller comprised of
eilicone rubber, under‘éondit{ons of a nip of 4 mm, a
pressure between the upﬁer'and'lower rollers, of 0.4
ég/cn in linear pressure and a procese speed of 45 :
ém/sec, and with temperature control at intervals of

é'c within the temperature range of from 100°C to

éSO'C. The f1xed_1maqee thus;obta:ned were rubbed

%ith lens cleaning paper "Dusper“ (tredemark- ozZyu

éaper Co., Ltd.) under eppl;cetion of :a load of 50

é/cmz, and the temperature at- which the rate of

decrease in image density before and after the rubbing

yas not|{ more than 7 % was regarded as a f1x1ng
H

%tartin temperature. As to anti-offset tests, the
%ixed 1Eages and the rollers were observed to make
Lvaluafmon. o ; '

As a result, fné fixiég sterting temperature
was as low as 120°C and a non-offset reg;on was seen
%t 110 to 215°C, show;ng that the- low—temperature
f£ixing had been achleved The toner also showed a
%ood blocking reS1stance.. The blocklng resistance was

bvaluated on sanmples obta;ned after toners were left

éin a 54°C dry contalnerlfor agdays.

~ Results of the ?vaiue?ion are shown in Table

§13. b : :
! H

i
!



particularly preferred fromthe viewpoi nt of
of the present
. additives to obtain good
Tef | This Sheet Hs Bié

rapRdeg and pol yvinylidene ffupri
referred); abrasives spch égg bN
umtitanate8®in particul af strontlun1t

t oner

such as

pol yvi nyl i dené
silicon carbid

di spersibility.

The

I nvention may al so be

15,

as in E;

resj

results.

optiona th
The addi t ! ves rra}kwgim

klcular
xii de,
i tlanat e

Examples 13 to 16

xample 12.

performance.

to 16,

are shoj

resins

same ma

their £

The resulting toners are noted as Examples 13

wn in Table 13.

Comperative Examples 4 to 6

Toners F to H wére prepared using comparative
4 to 6, respectiéely, showﬁ in- Table 11 in the
nner as in Exampie 12.. Evaluation was made on
ixing performance.' :

The resulting tOners are noted as Comparative

Examples 4 to 6, respectively, and the results of the

evaluat

I

ion are shown in;Tablegla..

Comparative Exaﬁple:T‘

Toner 1 was prepared 1n the same manner as in

Exampld 13 except that 3 parts of wax 3 {polyethylene

wex) melting at 128 C was’ used as. the release agent.

Evaluat
i

ion was made on 1ts flxing performance.

Results obtained are shown Jn Table 13.

Comparative Example 8

Toner J was prepared in the same manner as in

Example 12 except that 3 parts of wax 4 (graft-

modifie

d polyethylene wax) ebtained by subjecting

respectively, and'the_results of the evaluation

Toners B to E were prepared using resins 12 to
pectively, shown'in Table 11 in the same manner

Evaluation was made on their fixing



S preferre

' Lding agents such as colloidal silica an
aIunrnunroxrﬂEPK%ﬁ“M@Nﬂ1§HEET hydr ophobi ¢ col | oi dal i preferred);

“anti- caki hgragents;-and-epngductivity-providi ng agents such EpBiced

25 NiOV 996 | e \\“\\\\\\“\\\\\“\\\“\

polyethylene wax (Mn: 4.5 x 192; Mw: 1.5 x 103; Mw/Mn:

3.3) to} the same graft modification as in Example 1 -

%as used as the releaseiagenti Evaluation was made on
;ts fixing performance.; Resuits-obtained are shown in
;able 18. '_ ; '
: As will be evident from Table.ls, the toners

of Examples 12 to 16 have achieved good low-

?

temperature fixing performance, anti—offset, blocking
resistapce and developlng performance. However, with
regard to the toner of Comparat:we Example 4, though
ach:evable of 1ow-temperature fixing performance, it
shows a poor antl-offset W;th regard to the toner of
pomparatzve Example 5, 1t shows a poor low-temperature
%ixing performance. : _

§ In respect of tﬁe tonEr of COmparative Example
6 no low-temperature fixxng performance is achieved.
;n respect of the toner of Comparatzve Example 7,
%here are problems in the low—temperature fzxing
%erformance and developing performance.

f In respect of the toner of Comparat;ve Example
‘8, it has achieved the low-temperature fixing
performance but shows a poor block:ng resistance.

From the forego;ng, 1t has been made clear’

that the toners for developlng electrostatic images

pccord1ng to the present 1nvention have superior low-

temperature fixing performance and ant;-offset, and



as carbon bl ack, zinc oxide, antlnDny oxi de and tin._oxide Lt is al so

possi bl e to use as a devetepabili | nprover, a ﬁEPLACENﬁgﬁ;SHE@N1ite fine

particles and hiagk partlcles havi ng t he pd ..Ly eppesttefo| the

char ge polarlty kwﬂi The toner qf i pventi on
may al so be use ﬂw a mxture with ccrrle 53@@@3$% whep -

- g8 -

have the composition that does not adversely affect

the blocking resistance and developing performance.
i _

iExample 17 -

EUnfixed images were obtained using as a toner
the toner A as used in Example 12.

EA test for fixing the.unfixed images was
carriedgout using the external fixing device as shown

i

in Fig.%l, provided with a pressure member that stands

|
opposite to a heater element in pressure contact and

brings é recording medium into close contact with the

heater element through a2 film interposed between them.
]

Used asia material of the fixing film 15 was an

endlessifllm comprising a polyim;de film coated with

a release layer with a thickness of 10 um to which a

I
fluorine resin and a conductive material were added.

A silicéne rubber was used as the pressure roller 18,
and the!fixing was carried out with a nip of 3.5 mm
and at ; process speed of 45 mm/sec. The film was
moved ih the direction of the arrow in a wrinkle-free

state by the action 6f the drive of, and tension
| - .

betweeni the drive roller 16 and the follower roller

17.

i The heater element 11 was comprised of a low

heat capacitance linear heater element, to which

P :

energy was pulsewise applied and temperature control
l

was carried out. Temperatures were controlled in the



—used as a two-conponent 1. eveloper. In this instance, the toner and
HEEed in such a ratio that gives a

0150 wt.% preferably from O-ﬁlists(ﬂeelﬁas w . % and

% As the carrier p Begn Beplaged
ossible to use known nmateri ”ﬂ@
aving mad@eet4 ¢ properties,

t he present
I ncl ude, for
powder, ferriit

;ame mnanner as iﬁ Example 12,:i.e., at intervals of
$'C withiﬁ the rénge of from 100 to 250'0.

| As a result, the fixing starting temperature
éas és low as 120°C andfa non%offset région was seen
;t 105 to 215°C, showing that;the lowftemperature
fixing had been achieve&. Thé toner élsé showed a

good wind-around resistance.

Table 12 shows physicdl properties of the

Binder. resins 11 to 15 &nd comparative binder resins 4

éo 6.
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al | oys of any of these netals with any of nmetals such as alum num cobalt,
copper, lead, magnesium tin, . zinc, antinony, beryllium.  bjismith,

cadmi um cal cium manganese, selenlun1 titani um tupRE '
and m xt ure offhiasheetdias BdgeBeplaced These ferromag e-PEI]ﬂC ﬂmﬂa y
preferably be q‘mmnﬁmmﬂm aver age B?rt i cl e .diampt artﬁé frvo 0.p

> NgERs

[errfmto 2 [er preferably romO 1[er]m

1%

' Table 13

Evaluation bn Fixing Perfbrmance

: g . f Devel-
: Fixing Non-~ - . Block- oping
start- offsget. Fixing ing per-
ing temp. . temp. . resist- form-
temp. range : range : ance ance
; ‘ (*¢c)  (°C}) . . {80°C,
éExamplé: Lo _ ' 3 days)
! 12, Tdner A 120 '130-215g‘ 95 i A A
' 13, Tdner B 115 110 215: 100 A A
14, Tqner C 125 110-210' 85 A A
15, Tqner D 120 ‘.110 215= o5 | A . A
{ 16, Tdner E 110 105—210 100 a A
%Comparative Example: : é
" 4, Tdner F 115 ’110 155 20 | ' a A
5, Tdoer G 140 _'135-210 70 A
6, Tdner H 150  120-215 65 | A A
7, Tdner I 140 185210 70 a BC
8, Tgner J 115 110-215§ 100 .~ BC A
H . H H
jExamplq: P
17 Toner A 120 gos;g1é 95 | A a
o i '
% ’ ;
i
A: Good, BC: Poor or problematzc




[err]n1 Spheri particularly preferred. The nagnetic

—at-er-al-s—are :
mat eri al may BE EbACENﬁ%H'MHEETE magnetic toner in an _ampupt—of—fTom about
20 to 200 partfs By Wergtt efl on 100 parts by wei ght of t tﬁg%&keplaced

conponent, and par eferably from40 to 180 pa
based on 100 pant ég%\ﬁﬁdgﬁt pf| the resin conponent. of
or

the present i vén%%en~na¥_aLso opti ona®8y-contain a col

. As described above, the present invention can
achleve a low cost in the operation of copying

machans and yet can prov1de good 1mages, because of

the superior 10w—tempereture fix:ng performance.and

:develop1ng performance of the toner. °
, A toner for deieloping an electrostetic image,

.comprises a.binder resin and a colorant. Such binder

iresin contains a THF-iﬁsolubIe matteﬁ in an amount of
gless than 10 wt.% baeeé on the hindef resin, and, in

i the molecular weight disﬁribﬁtion measured by GPC (gel
: o : i :
: permeation chromatograﬁh?)'of a THF-éoluble matter,

ihas a weight average molecular welght/number average

imolecular welght (Mw/Mn) of e 18, a molecular weight

%peak MA in the reglon of a-molecular-welght of from
§3,000 to 20,000, a molecular WEIth peak MB in the
region| of a molecular wezght of from 380,000 to

1,000,000, a molecular wezght mlnlmum Md in the region

" e o o o e e

of a molecular we;ght of from 20, OOO to 380,000,

prov1ch that MB/MA 1s 1n the range of from 30 to 150,
olecular we1ght=dlstr1but1on curve area ratlo

and a
SA:SB:[Sd of_ 1 : 0.3 ;o;o-.s : 0. 35 to 0.8.
| Eo

Pt ks 4 L Bh beem e o Satr o

Jo——



As the colorant used in the toner of the present invention, a pi gnent or a
dye may be used. The pignent may include carbon black An|I|ne Bl ack,

acetyrene bl ack, Naphtol Yellow, Hanza Yellow, Rhodami ne Lake, Alizar

Lake, red iron oxide, Phthal ocyani SiRetBlatBecaRED 1dcaplanthrene ﬁlﬂmnmnljlwl|||l||
pigment is used in such an anount |IM‘II"5“|”IH"Isary and

mai ntai ning the optical density of

ELAIMS:
| !1. A toner for developing an electrostatic
émage, comprising a binder reain and a colorant,
;herein said binder resin con;ains a iHF-insoluble
?atter in an amount of less t?an 10 wt.% based on the
Linder resin, and, in the molacular weight
distribution measured by GPC ngl-permeation
?hromatography) ofla THF—solugle matter, has a weight
;verage.molecular weighr/numbér average molecular
%eight {(Mw/Mn) of = 18,§a-mol%cular W;ight peak MA in
&he region of a molecular weiéht of from 3,000 to
%0,000, a molecular weiéht peak MB in. the region of a
moleculbr weight of fron 380, 600 to 1,000,000, a
;olecular weight mzn;mum Md in the regzon of a

!

molecular weight of from 20, 000 to 380 000, provided

that MB/MA is in the range of from 30 to 150, and a

?olecular weight dzstr:bution;curve area ratio
SA SB:Sd of 1 : 0.3 to 6 8 ; 6 35 to b 8 when the area
of a mollecular weight dlstributlon curve of a
molecular weight of from 400 to the Md is represented
by SA, ithe area of a molecular wezght distribution
curve of a molecular wezght of from the Md to
;,000,000 by SB, and the area;of the reglon defined by
? straight line connecting fh% apex Agcorresponding to

ihe mochdlar weight peak MA and the apex B

corresponding to the molecular we;ght peak MB and a

' REPLACEMENT SHEET
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- 55 - fixed i mages, and should be added preferably in an —anmount—of———

e e
T

poleculgr weight distribution curve by sd.

2. A toner for developing an electrostatic
image according to Claim 1, wherein said binder resin
contains . the THF-insoluble matter in an amount of not

Qore than 5 % by weight;

3. A toner for developing an electrostatic
image according to Claim 1, wﬁerein said binder resin

ﬁas an Mw/Mn of not lésé than?ZO.'

: 4. A toner for:develéping an electrostatic

1mage according to Claiﬁ 1, wﬁerein said binder resin

pas an Mw/Mn of from 25 to 60
5. A toner fdrfdeveléping anielectrostatic
image asccording to CIalm 1, where:n sald binder resin

has a molecular weight peak MA in the regxon of a

molecular weight of from 5, OOO to 15, 000, a molecular
yelght peak MB in the rgg;on qf a-molgcular weight of
%rom 450,000 to 900,000; a ﬁo%ecular éeight minimum M4
%n the region of a moieéular éeight Qé from 30,000 to
%00,000. _ ; :__; , é
6. A toner fo:ideveléping an%electrostatic

image agcording to 0131ﬁ 1, wﬁerein séid binder resin

i REPLACEMENT SHEET
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wei ght, and nore preferably from2 to 10 parts by wei ght’, based om 66—
parts by wei ght of the resin. The dye may incl udjwﬂﬂwﬂm”"
- ant hraqui none dyes, xanthene dyes and nethine dyes. The ",”",
added preferably in an anount of fromO0.1 part by weight to 20 parts by *

wei ght, and nore preferably from O. 3_part by weight to 3 parts by weight,
based on 100 parts by weight of the resion.

This Sheet Has Been Repla

o o 103015017 BT

7. A toner for develodping an electrostatic
image according to Claiﬁ 1, wherein said binder resin

éas an MB/MA of from 40 'to 100.

: 8. A toner for developing an electrostatic

image according to Claim 1 wherein said binder resin
has a melecular weight peak other than the MA, in the

region of a molecular weight_qf from 3,000 to 20,000.

9. A toner for5develdping an;electrostatic

image agcording to Claim 1, wherein said binder resin

has a molecular weight peak other than the MB, in the

region ©f a molecular weight of from 380 000 to
i ;

4,000,000.

P - ]

; 10. A toner for developing an electrostatic
|
image according to Clain 1, wherein said binder resin

has a molecular weight ﬂinimum other than the Md, in

the regicn of a molecular weight of from 20,000 to

! '-
380,000 :
i

é 11. A toner for developing an electrostatic
i

1mage aocording to 01aim 1, wherein said ‘binder resin

has a molecular wezght distribution curve area ratio

e

1 N i et B -

L . |REPLACEMENT SHEET
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The toner according to the present invention for devel opi

a

electrostatic latent image nay be prepared by a method con?ﬂﬂlﬂ

t horoughly m xing the resin conposition according to the p m”'m”m””"’
i nvention, th :
t oget her mnth the magnetic material, the pignment br dye as a colorlng

agent and other additives by neans of a % xi ng machi ne such as a ba

thereafter nelting and kneadi ng the m xture by t he WUBieSheet Has Been Re

-mll,

SA:SB:Sd of 1 : 0.3 to 0.7 : 0.4 to 0.7. ”m'"

e rel ease agent and the charge control agent o tforta

Il

12. A toner for developing an electrostatic

110

:image according to Claim 1, wherein said binder resin

fhas a Holecular weight distribution curve area ratio

SA:SB:Sd of 1 : 0.3 to 0.6 : 0.5 to 0.7.

i 13. A toner fof deveioping an electrostatic

1mage according to Clalm 1, wherezn sa1d binder resin

turther comprises a release agent

14. A toner for deveioping ah electrostatic

3mage.according to Claim 13 where;n sazd release

'%gent is contained in - an amount of from 0.1 % by

weight to 20 % by weight base@ on the;blnder resin.

15. A toner fof deveioping an electrostatic
image according to Clain 13; ﬁherein éaid release
agent 1% contained in an amount of from 1 % by weight

#0-10 %|by weight based on the binder ‘resin.
! : o :

- 16. A toner fof deéeioping an electrostatic
P - SR ﬁ

image according to Claim 13, wherein said release
égent has a number average moiecular weight (Mn) of

not more than 1,000, a welght average molecular weight

(Mw) of i[not more than zﬁsopy-qn Mw/Mnfof not more than
o i |REPLACEMENT SHEET
| | 25Nov 199




of a heat kneading machine such as a heating roll,

kneader or an

a
extruder so that resins are nmutual | y conpati bilized and thHlm mlllﬂmﬂﬂﬂl
is dispersed and This Sheef{HapBeen Renlas¢dn, and cool i ng the result

effect solidificati
classification to di

[err]m

i

mm!tny crushing, pulverization and then'stfici

th an average particle dianeter of from3

3, and!a melting point of fron 60 to 120°C.

17. A toner for developing an electrostatic

image according to Claim 1, wherein said release agent

has an Mn of from 400 to 700,;an Mw of from 500 to

1,500, an Mw/Mn of not nore tﬁan 2.5, and a melting

: boint of from 60 to 100° C and is contalned in an

amount of from 1 % by welght to 10 % by weight based

bn the binder resin.

18. A toner for deveioping an electrostatic

1 i : :
image according to Claim 13, wherein said release

agent comprises a graft4modified wax,?a low-molecular

welght polyethylene wax. a low-molecular weight

ethyleng—propylene copolymer, a low-molecular weight

polypropylene wax or a paraffin wax.

19. A toner for dsvelopzng an electrostatic

image accord;ng to Clalm 13, where1n sa1d release

agent comprises a polonefin wax graft-modlfled with

an aromatic vinyl monomer, an unsaturated fatty acid

ér an upsaturated fatty acid ester.

H
H

20. A toner for daveioping an electrostatic

image according to Claim 19, wherein said graft-

modified polyolefin wax has an Mn of not more than

e PP R

25 NOV 1996




. 56 -
nmet hod

to 20 [err]lm

of heat-fixing a toner visible imge
- This Sheet Has Been Replaced

H,OOO, a

The present

- 99 -

i nvention also relates to a

0 A

: i
n Mw of not more than, 2,500, an Mw/Mn of not

hore than 30 and a melting_point of from.GO'C to

i
120°C.

A toner for develop:ng an electrostatic

image according to Clalm 19, whereln said graft-

@odified polyolefin wax has an Mo of from 400 to 700,

én Mw of from 700 to 1, 500, an

Mw/Mn of not more than

5.0, and a meltzng poznt of from 60 to 100°C.

P

22. A toner for deveioping an electrostatic

!
;mage according to Clain 19, wherein sazd graft-

nod1f1eé polyolefin wax has a graft component in an

l
amount
& eight
!

l

of from 0.1 part by weight to 100 parts by

based on 100 parts by wezght of the polyolefin.

.123. A toner fof deveioping an electrostatic

l

image according to Cla;m 19,'where1n sa;d graft-

modif:e polyolefln wax has a graft component in an

amount

T

l

@f from 1 part by weigﬁt to 50 parts by weight

based or 100 parts by welght of the polyolefin.

1
»

24. A toner fbf déveﬁoping an electrostatic

l
image according to Claln 19, whereln said graft-

]
mo
]
!
?ps to
i

odified polyolefin wax has a melt v;scosity of from 1

250 cps at a temperature of 160 C.

REPLACEMENT SHEET
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met hod conprises heat-fixing the toner inmage forned
the characteristi¢c features—as—descri bed above,

means of a heat ehl@hgm}Bchﬁo

t hat stands opposi
brings said record ” m
25. A toner for developing au electrostatic

through a film
ccording to Claim 1, wherein;

u5|ng the toner havin

2 o pr dRURHAARE

arily supported and a pr
er element in pressure cont act “and
el ement

cl ose contact wth said heater _
n them 100 - Fig. 1 illustrates the

]

construction of the

;mage a

said binder resin contains i) two kinds of
styrene-acrylate copolymers, a low—teuberature

éoftening resin and a high-teuperature softening

resin, &nd ii} a graft-modified polyolefin;

said low—temperéture softeniné resin having a

3

&eight average molecular weigﬁt {Mw) 6f from 5.0 x 10

to 3.0 3

molecul r weight (Mn) (Mw/Mn) of ‘not more than 3.0, a

X 10 , & ratio of Mw to a number average

flow—ou point in a flou tester, ‘of from 75°C to 90°C,
l l
a softemning point of from 80 C to 110 c and a glass

4

transit%on point (Tg) of from : 55 C to; 65 C and being

|
éontained in said binder resin in an amount of not

less than 65 wt.%; sard-highrtemperature softening

i

res:n having a weight average molecular weight (Mw) of

' I
from 4.0 x 105 to 1.5 x 106; a ratio of Mw to a number
}

average molecular weight {Mn) (Mw/Mn) of not more than

é.o, a flow-out point in a flow tester, of from 110°C

to 160°C
3
and a gl

§5°c- se

>, a softening pq1nt pﬁ from 150 C to 230°C,

ass transition point (Tg) of not less than

1

1id low-temperature'sbftening fesin and said

high—tedperature softening re31n being in a proportion

ranging from 50:50 to 90:10 in weight proportion, and
said low—-temperature softening resin being obtained by
olution polymerization,'said high—temperature

REPLACEMENT SHEET
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fixing device used in the present
invention_is by no neans:

pr esent
i-t.
a smal |l er

heating part.
tmmaaUMeoffmm

heat capds ShﬁthhEBccnbnptht i onal

i
. average
i

I nvention. The
limted only to the net
In the fixing device shown in Fig. 1, a heater
heat rolls, and

preferably be nade to
OO[err]

softenlng resin being obtalned by suspen31on

The

fixing method of the

BIIET munmnnm

havet & nmaxi /U

polymerlzation. and the. both belng mixed in a solvent

capablel of dissolving the both; and

103, a

more than 2 5 x 10

and a melting point of from 60 C to 120 C.

i

medlum,

26. A heat fixing method comprising;

said graft-modified polyolefin having a number
. RS !

molecular weight (Mn}:iof not more than 1.0 x

weight average mOleculér weight (Mw) of not

, an Mw/Mni of not more than 3.0,

imparting a toner imaée onto a recording

wherein a toner. that forms sa1d toner image

comprises a binder resin and a colorant, wherein said

binder resin contains a THF—xnsoluble matter

in an

émount of less than 10 wt % based on the binder resin,

and, in

the molecular weight dlstrzbutlon measured by

| permeation chromatography) of a THF-soluble

éPC {gel
. l
matter,

has a weight average molecular weight/number

average molecular we;ght (Mw/Mn) of 2 18, a molecular

éeight peak MA in the reglon of a molecular weight of

i I
from 3, QOO to 20,000, a molecular we;ght peak MB in

fhe region of a molecular we1ght of from 380,

000 to

i,OO0,000 a molecular weight m1n1mum Md in the region

of a molecular weight of from 20 000 to 380,000,

érovided that MB/MA is 1n the range oﬁ from 30 to 150,

]
H : o
! ; H !

and a mdlecular weight Qistrlhution curve area ratio

REPLACEMENT SHEET
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Afilmi5 is I nt er posed between the heater elenent 11 and.a pressure
menber 18, and may preferably conprise a heat-resistant sheet

t-o 100 [err]min thickness. Heat-resistant sheets that can MHM‘W uw”m

theref or may include she@tisShedt kmﬁhaV|ng hi gh heat - eS|
as pol yester, PET ""“l I

0.3 to 0.8

r

sA:SB:Sd of 1 : 0.35 to 0.8 when the area

}f'a molecular weight distribution curve of a

.molecuﬁar weight of froh 400 to the Md is represented

by SA, !the area of a moleculat weight distribution

curve df a molecular we1ght of from the Md to

5 000, 00 by SB, and the area of the regzon defined by

? straight line connect;ng the apex A corresponding to

the molecular weight peak MA and the apex B
corresppnd1ng to the molecular we:ght peak MB and a

polecular weight dlstribution curve by Sd; and
! |

‘ heat-fixing salg toner image to said recording
hedium

supportfd and a pressure member that stands opposite

to saidl heat element 1n pressure contact .and brings

by means of a heater eiement stationarily

sald recording med1um into close contact with said

i l
heater element through a f11m.1nterposed between them.

27. A heat fixing method according to Claim
26, wherein said heater:element has a' temperature of

%rom 100°C to 300°C.

28. - A heat fixing method accordlng to Claim

?6, whe
EIement

through

rein said toner image 1s heated with a heater
having a temperature of from 100 C to 300°C,

a film having a thickness of from 1 um to 100

i
Pm.
i

REPLACEEN] SHEET
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' 57 -
et hyl ene/ per fl uor oal
(pol ytetrafl uoroethy

I
as al um num and Iam‘% ﬁ
sheet .

26, whe

éQ, whe
bolymer
boiyimi

ietrafl

ponethyLene tE%ephfhafarej

PFA (a tetrafluoro-~—~\~§‘h‘\\““\‘~‘\h
ﬁ&ﬁc&ppolyner) PTFE
d | yami de, sheets o
H‘H rrgpl sgg g? a metal sheet a!m#’mmm, ”,

29. A heat fixing method according to Claim

rein said film has a héat'resiStance.
30. A heat f1x1ng method accordzng to Claim
rein said film compr1ses a layer formed of a
selected from the grogp consisting of

je, polyester, pélyethilene terephthalate, a

Joroethylene—perfluoroalkyl v1nyl ether

copolymer, polytetrafluoroethylene and polyamide.

29, whe

i
metal.

29, whe

layer a

!
29 whe

31. A heat fixing method accordlng to Clainm

rein said film comprlses a layer formed of a
i
i

32. A heat ffxiné meéhod:aCCérding to Claim
rein said film hésfaf ieast oné of a release
nd a low—resistaﬁce lafer. !
A heat fixing meéhod according to Claim

rein said film comprisés a layer of a polyimide

33.

f:lm anh a fluorine resin layer.

?3, whe

i
conducti

REPLACEMENT SHEET
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34. A heat f1x1ng method accordzng to Clazm
rein said fluorine resin layer comprises a

ive material dlspersedgthere1n§

35. A heét fixiné meﬁhod accérding to Claim




I'n a preferred constitution of the film these heat-resis

f-eor—a—towresist
sorcleese 2szhe3ﬂae‘ i ﬁ% Ligear heater o erent st o IN| RPN

"~ supported in the imﬂ n exanpl e t her eof corrprl ses*arr a

, 10 Mm.in wdth and 240 mMmin

substrate 12 of 1.0
nce naté??aT 13 coated thereon to have a

| ongi t udi nal Iength
wi dt h

34, wherein said fluorine resin layer' comprises

bolytetrafluoroethylene;

36. A heat fixing merhod accerding to Claim
éG, wherein said film is brought into-: pressure contact
with said heater element by means of sa1d pressure

member under a total pressure;of-from;4 kg to 20 kg.

37. A heat fixing mefhod according to Claim
56 wherein said pressure member is prov1ded with a

pressure roller having a rubber elastzc layer.
§ L i
38. A beat fixing method accordlng to Claim

és wherein said pressure member is prov1ded with a

pressure roller having an elast:c layer formed of
%111cone rubber. .E . -§ ' é

? 39. A heat fixéngimeéhod accérding.to Claim
és, wherein said heaterielepeét is heéted by applying
éo a reIistance materieﬁ a_cuérent wirh a pulse-like

vaave form.
i A

i !
M

40. A heat fixfng meﬁhod accérding to Claim
26, wherein said heater element has a low heat

dapacitance and has a linear structure.

L i REPLACEMENT SHEET
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ef 1.0 mMm which is electrified fromthe both ends in the |ongitudinal
direction. The Lcity i appl i ed under variations of pul se w dths of
t-he pul ses correspondlng mnth the desired tenperatures and ener

em ssi on quant | t'i ebhisgheat HascBeen Repratedol | ed by a tenperature H 1! “E |H|I|
t he pul se-1ike, wave riod of 20 nsec of DC 10
w dt hs range appro .5 nBe % 5 nsec, - | ]

I
1
|
| { : .
26, wherein said heater element is provided with a

41. A heat fi#ing method according to Claim
re51stance material and a temperature sensor, and when
the heater element temperature detected by the
temperature sensor is Tl’ the surface temperature T2

;of the| film opposed to . said reslstance material is

'about 10°C to about 30° C lower than the temperature T

1

and the surface temperature T3 of the film on the part
I

5at which the film is- peeled from a fixed toner image

i is a temperature substantlally equal:to the

?temperature Tz.

42. A heat fiXIDQ method accordzng to Claim

26 wherein said toner comprlses the toner according

to any one of Claims 2 to 25.




contact with the heater elenment 11 the energy and tenperature
have been controlled in this way, a fixing film15 noves iThidde., rectl

of the arrow shown in the drawing. An exanple of this fixin ”’7 ml”’l

ELECTJOSTATIC IMAGE DEVELOPING TONER: ‘AND
§ FIXING METHOD !

’ |
ABSTRAGT OF THE DISCLOSURE

A toner for develop;ng an electrostat:c 1mage,

i

comprlses a binder re51n and a colorant. Such binder

.re51n contains a THF-insoluble matter in an amount of

less t?an 10 wt.% based on the blnder resin, and, in

the molecular we;ght d1str1bution measured by GPC (gel
!

permeatlon chromatography) of a THF-soluble matter,
l

ihas a Ve1ght average molecular welght/number average

'molecular weight (Mw/Mn) of a 18, a molecular weight

peak in the region of a molecular weight of from
3,000 o 20,000, a molecular weight peak MB in the
region; of a molecular we;ght of from 380,000 to
1,000,000, a molecular welght m1n1mum Md in the region
of a molecular welght of from 20, OOO-to 380,000,

provided that MB/MA 1s in the range of from 30 to 150,
i
and a molecular we1ght dlstrlbutlon curve area ratio

SA:SB:lSd of 1 : 0.3 to 0.8 :30 35 to 0.8.

Fleuﬂs 1 §

on
Replaceq

I



- 58 - i ncludes an endless filmconprised of a heat-resistant sheet of
20 [err]mthick (conprising, for exanple, polyimde, polyetherimde, PES,

or PFA) and a release |layer (conprising a fluorine resin such as PTFE or
PFA- to which a conductive materi al |s added) coated at |east on the SI e
com ng |nto contact with the image to Bave a thickness fhis8heef us BhdiiRep

Corer e i IHIII

REPLACEMENT SHEET{
25 NOV 1996




“thickness of the filmmy preferably be less than 100 [err]m and nore
preferably less than 40 [err]m The filmis noved in the direction of the
.arrow in a winkle-free state by the action of the drive of, and tension
between, a drive roller 16 and a'follower roller 17. The nuneral 18
denotes a pressure roller having on-+tx -surface an elastic |ayer of rubber

with good release properties as exenpliified by S|I|cone rubber. This
pressure roller is pressed agalnst t he

This Sheet Has Been Replaced - : l
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heater element at a total pfessure of 4 to 20 kg through the film
I nt erposed between themand is rotated In pressure contact with the film
Toner 20 having nbt been fixed on a transferring nmedium-19—+s—led to the _

fixing zone by neans of an inlet guide 21. -A fixed imge |,s thus obtained
by the heating described above. - 3 -The above has be ’mimiﬁ "| 'ﬁili’teu

reference to

REPLACEMENT SHEET
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e

* an embodi rrent mgx&uchethe fixi ng fllmcorrprlses an endless belt. A
' sheet feeElTn’g’shaft and_a, w,nd-up

haft may a

CALORIR

\\\\\\\\\\\\ﬁ\ii\\ﬁiif

BLUNGER FALL QUANT v~

| - 59 -

the fixing film may not be

. ELOW=-0UT _POIN

o reesveams vies ol o

S SOFTENING POINT- -

'TEMP

i
¢

BASE LINE (1)

BASE LINE (2)
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endl ess. The i rm ng apparatus incl-tfes an apparatus that

>forms an iTﬁﬂﬂ?ﬂﬁ'—ﬂ——ﬂ-ﬂﬁge—ag t oferhis sﬂEEéﬁéﬁmBE&N d by copying machi nes,
o R 1 e e i

sensor 14 in the | ow heat capa itancegé I near heater glemermt—IT TS T[pkrg],

the surface | ,(70685"_} ) 07 AUG 1997
TP |

1. A toner for developing an electrostatic image,
comprising a binder resin and a colorant, wherein
said binder resin contains a THF-insoluble matter in
an amount of less than 10 wt. % based on the binder
resin, and, in the molecular weight distribution
measured by GPC (gel permeation chromatography) of a
THF-soluble matter, has a weight average molecular
weight/number average molecular weight (Mw/Mn) of >
18, a molecular weight peak MA in the region of a
molecular weight of from 3,000 to 20,000, a molecular
weight peak MB in the region of a molecular weight of
from 380,000 to 1,000,000, a molecular weight minimum
Md in the region of a molecular weight of from 20,000
to 380,000, provided that MB/MA is in the range of
from 30 to 150, and a molecular weight distribution
curve area ratio SA:SB:Sd of 1 : 0.3 to 0.8 : 0.35 to
0.8 when the area of a molecular weight distribution
curve of a molecular weight of from 400 to the Md is
represented by SA, the area of a molecular weight
distribution curve of a molecular weight of from the
Md to 5,000,000 by SB, and the area of the region
defined by a straight line connecting the apex A
corresponding to the molecular weight peak MA and the
apex B corresponding to the molecular weight peak MB
and a molecular weight distribution curve by sd.

Claims:

2. A toner for developing an electrostatic image

. according to Claim 1, wherein said binder resin

contains the THF-insoluble matter in an amount of not
more than 5 % by weight.

3. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
an Mw/Mn of not less than 20.

4. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
an Mw/Mn of from 25 to 60.

5. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight peak MA in the region of a
molecular weight of from 5,000 to 15,000, a molecular
weight peak MB in the region of a molecular weight of
from 450,000 to 900,000, a molecular weight minimum
Md in the region of a molecular weight of from 30,000
to 300,000.

6. A toner for developing an electrostatic image
~ according to Claim 1, wherein said binder resin has

an MB/MA of from 30 to 120.
This Sheet Has Been Replaced




tenperature T[err] of the film 15 opposed to the resistance materi al

+ about 10 to 3 1C Iomer t han
the filmon-t il!ﬂ umtt
face is a te

Sui t abl e as net hods of electrlfy

Tl err

Q)

negrt—accor di n

QD

tenperature control system g 7 AUG 188

7.

10.

11.

12.

95

13 is

ace tenperature T[err] of

S5HAS BEEN|
%‘Bleg;%ﬂ{_;\g@the 'bﬁéﬁlgﬁ@“ M Tagﬁfg

fixed
Hlerr].
o ljsuch a

A toner for developing an electrostatic _image
according to Claim 1, wherein said binder resin has
an MB/MA of from 40 to 100.

A  toner for developing an electrostatic image

according to Claim 1, wherein said binder resin has’

a molecular weight peak other than the MA, in the
region of a molecular weight of from 3,000 to 20,000.

- A toner for developing an electrostatic image

according to Claim 1, wherein said binder resin has
a molecular weight peak other than the MB, in the
region of a molecular weight of from 380,000 to
1,000,000.

A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight peak other than the Md, in the

region of a molecular weight of from 20,000 to

380,000.

A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight distribution curve area ratio
SA:SB:sd of 1 : 0.3 to 0.7 : 0.4 to 0.7.

A toner . for developing an electrostatic image

according to Claim 1, wherein said binder resin has
a molecular weight distribution curve area ratio

f_ SA:SB:Sd of 1 ¢ 0.3 to 0.6 : 0.5 to 0.7.

13.

14.

15.

16.

A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin
further comprises a release agent.

A toner for .developing an electrostatic image
according to Claim 13, wherein said release agent is
contained in an amount of from 0.1 % by weight to 20
% by weight based on the binder resin.

A toner for developing an electrostatic image
according to Claim 13, wherein said release agent is
contained in an amount of from 1 % by weight to 10 %
by weight based on the binder resin.

A toner for developing an electrostatic image
according to Claim 13, wherein said release agent has

.a number average molecular weight (Mn) of not more

than 1,000, a weight average molecular weight (Mw) of
not more than 2,500, an Mw/Mn of not more than 3, and
a melting point of from 60 to 120°C.
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17. A toner for developing an electrostatic image
according to Claim 1, wherein said release agent has
an Mn of from 400 to 700, an Mw of from 500 to 1,500,
an Mw/Mn of not more than 2.5, and a melting point of
from 60 to 100°C, and is contained in an amount of
from 1 % by weight to 10 % by weight based on the
binder resin.

18. A toner for developing an electrostatic image
according to Claim 13, wherein said release agent
comprises a graft-modified wax, a low-molecular
weight polyethylene wax, a low-molecular weight
ethylene-propylene copolymer, a low-molecular weight
polypropylene wax or a paraffin wax. ‘

19. A toner for developing an electrostatic image
according to Claim 13, wherein said release agent
comprises a polyolefin wax graft-modified with an
aromatic vinyl monomer, an unsaturated fatty acid or
an unsaturated fatty acid ester.

20. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has an Mn of not more than 1,000, an
Mw of not more than 2,500, an Mw/Mn of not more than
30 and a melting point of from 60°C to 120°C.

2l1. A toner for developing an electrostatic image
: . according to Claim 19, wherein said graft-modified
polyolefin wax has an Mn of from more than 400 to
700, an Mw of from 700 to 1,500, an Mw/Mn of not more

than 2.0, and a melting point of from 60 to 100°C.

22. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has a graft component in an amount of
from 0.1 part by weight to 100 parts by weight based
on 100 parts by weight of the polyolefin.

23. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has a graft component in an amount of
from 1 part by weight to 50 parts by weight based on
100 parts by weight of the polyolefin.

24. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
wax has a melt viscosity of from 1 m Pas (cP) to 250
m Pas (cP) at a temperature of 160°C.

25. A toner for developing an electrostatic image
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according to Claim 1, wherein;

said binder resin contains 1) two kinds of
styrene-acrylate copolymers, a low~temperature
softening resin and a high-temperature softening
resin, and ii) a graft-modified polyolefin;
said low-temperature softening resin having a
weight average molecular weight (Mw) of from 5.0
x 10® to 3.0 x 10%, a ratio of Mw to a number
average molecular weight (Mn) (Mw/Mn) of not
more than 3.0, a flow-out point in a flow
tester, of from 75°C to 90°C, a softening point
of from 80°C to 110°C, and a glass tramnsition
point (Tg) of from 55°C to 65°C and being
contained in said binder resin in an amount of
not less than 65 wt. % said high-temperature
softening resin having a weight average
molecular weight (Mw) of 4.0 x 10° to 1.5 x 10°,
a ratio of Mw to a number average molecular
weight (Mn) (Mw/Mn) of not more than 3.0, a
flow-out point in a flow tester, of from 110°C
to 160°C, a softening point of from 150°C to .
230°C, and a glass transition point (Tg) of not.
less than 55°C; said low-temperature softening
resin and said high-temperature softening resin
being in a proportion ranging from 50:50 to
90:10 in weight proportion; and said low-
temperature softening resin being obtained by
solution polymerization, said high-temperature
softening resin being obtained by suspension
polymerization, and the both being mixed in a
solvent capable of dissolving the both; and
said graft-modified polyolefin having a number
average molecular weight (Mn) of not more than
1.0 x 10®, a weight average molecular weight
(Mw) of not more than 2.5 x 10°, an Mw/Mn of not
more than 3.0, and a melting point of from 60°C
to 120°C.

26. A heat fixing method comprising;

imparting a toner image onto a recording medium,
wherein a toner that forms said toner image
comprises a binder resin and a colorant, wherein
said binder resin contains a THF-insoluble
matter in an amount of less than 10 wt. % based
on the binder resin, and, in the molecular
weight distribution measured by GPC (gel
permeation chromatography) of a THF~soluble
matter, has a weight average molecular
weight/number average molecular weight (Mw/Mn)

- —
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of > 18, a molecular weight peak MA in the
region of a molecular weight of 3,000 to 20,000,
a molecular weight peak MB in the region of a
molecular weight of from 380,000 to 1,000,000,
a molecular weight minimum Md in the region of
a molecular weight of from 20,000 to 380,000,
provided that MB/MA is in the range of from 30
to 150, and a molecular weight distribution
curve area ratio SA:SB:Sd of 1 : 0.3 to 0.8 :
0.35 to 0.8 when the area of a molecular weight
distribution curve of a molecular weight of from
400 to the Md is represented by SA, the area of
a molecular weight distribution curve of a
molecular weight of from the Md to 5,000,000 by
SB, and the area of the region defined by a
straight line connecting the apex A
corresponding to the molecular weight peak MA
and the apex B corresponding to the molecular
weight peak MB and a molecular weight
distribution curve by Sd; and
heat-fixing said toner image to said recording
medium by means of a heater element stationarily
- supported and a pressure member that stands
opposite to said heat element - in pressure
contact and brings said recording medium into
close contact with said heater element through
a film interposed between them.

A heat fixing method according to Claim 26, wherein
said heater element has a temperature of from 100°C to

- 300°C.

A heat fixing method according to Claim 26, wherein
said toner image is heated with a heater element
having a temperature of from 100°C to 300°C, through
a film having a thickness of from luym to 100um.

A heat fixing method according to claim 26, wherein
said film has a heat resistance.

A heat fixing method according to Claim 29, wherein
said film comprises a layer formed of a polymer
selected from the group consisting of polyimide,
polyester, polyethylene terephthalate, a
tetrafluoroethylene-perfluoroalkyl vinyl ether
copolymer, polytetrafluoroethylene and polyamide.

A heat fixing method according to claim 29, wherein
said film comprises a layer formed of a metal.

A heat fixing method according to Claim 29, wherein
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said film has at least one of a release layer and a
low-resistance layer.

33. A heat fixing method according to Claim 29, wherein
said film comprises a layer of a polyimide film and
a fluorine resin layer.

34. A heat fixing method according to Claim 33, wherein
said fluorine resin layer comprises a conductive
- material dispersed therein.

35. A heat fixing method according to Claim 34, wherein
said fluorine resin layer comprises
polytetrafluoroethylene.

36. A heat fixing method according to Claim 26, wherein
said film is brought into pressure contact with said
heater element by means of said pressure member under
a total pressure of from 4 kg to 20 kg.

37. A heat fixing method according to Claim 36, wherein
said pressure member is provided with a pressure
roller having a rubber elastic layer.

38. A heat fixing method according to Claim 36, wherein
said pressure member is provided with a pressure
roller having a elastic layer formed of silicone
rubber. '

39. A heat fixing method according to Claim 26, wherein
said heater element is heated by applying to a
resistance material a current with a pulse-like
waveform.

40. A heat fixing method according to Claim 26, wherein
: said heater element has a low heat capac1tance and
has a llnear structure.

41. A heat fixing method according to Claim 26, wherein
- said heater element is provided with a resistance
material and a temperature sensor, and when the
heater element temperature detected by the
temperature sensor is T,, the surface temperature T,
of the film opposed to said resistance material is
about 10°C to about 30°C lower than the temperature
T, and the surface temperature T; of the film on the
part at which the film is peeled from a fixed toner
image is a temperature substantially equal to the
temperature T,.

42. A heat fixing method according to Claim 26, wherein
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said toner comprises the toner according to any oné
of Claims 2 to 25.
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ABSTRACT OF THE DISCLOSURE

l .
A toner for developing an electrostatic image,

.compriges a binder resin and a colorant. Such binder

.resin ¢ontaihs a THF-insoluble matter in an amount of

- less than 10 wt.% based on the binder resin, and, in

the molecular weight.distrfbﬁtion measured by GPC (gel
permeation chromatograghy)_of'a THF-soluble matter,
“has a weight average:méleculér weight/number average.
molecular weight (Mw/Ma) of 2 18, a molecular weight
peak MA in the region 6: a mélecular weight of from
3,000 to 20,000, a mélécular weight peak MB in the
region of a molecular weight of from 380,000 to
1,000,000, a molecular;wéight minimum Md in the region
of a mblecular weight &f from 20,60C to 380,000,
provided that MB/MA is in the range of from 30 to 150,
and a molecular weight distribution curve area ratio

SA:SB:Sd of 1 : 0.3 to 0.8 : 0.35 to 0.8.

Figure 1
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- conventionally known as eiectrophotography.

Electrostatic Image Developing Toner and

Fixing Method

BACEGROUND OF THE INVENTION

Field of the invention

Tﬁe present iﬁveﬁtion relates to a toner for
develsping-an slectrosgtatic image, used in an image
forming process éuéh as eiectrobhotography,
electrostatic recording or magnetic recording, and a
method of fixing 'the tonmer.

Related Background Art

A number of methods es disclosed in U 8.
Patent No. 2,297,691, 'Japanese Patent Publication Nos.
42-23910 and No. 43-24?48'836'30 forth are
. In
general, copies: ere obtained by forming an
electrostatic 1at§nt image on a photosensitive member
by utilizing a photocondnctivE-néierial, suﬁsequently

develdping the latent image by the use of a toner, end

transferring the toner image to a transfer medium such

" as paper if necessary, followed by fixing by the

- action of heat, pressure, heat-and-pressure, or

~solvent vapor.

The toner that.has not transferred to

and has remained on the photosensitive member is

cleaned by various means, and then the above process

is repeated.
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In receat years, such a copying apparatus is
not only used as a copying machine fqr office work to

take copies of originals as commonly done, but also

has began to be used in the field of printeés serving

as outputs of computers and in the field of personal
copying of.private use.

Under such circumstances, the appa;atus are
severely sought to ﬁe'madg small-sizeqd, lightﬁeight
and highly reliable. Copyving machines have now baan
formed of more simple components in various respects.
As a result, a high pérférmancé has become required

for toners, end copying machines are no_lbnger

consicered excellent unless an improvement in the

performaence of toners is achieved.

For example, various method or devices have
been developed in relation to the stap-of fixing a
toner imsge to a sheet such as paper. A method most
comnoﬁly available at present is the pressure heat
systes using a heat roller.

The pressure lieat system using a heat roller
is a éethod of carrying out Zixing by causing a toner
image surface of an image-receiving sheet té pass the
surfacde of a heat rdliér whose éurface is formed of a
material baving rgleaéability to0 toner while the
former is brought into contact with the latter under

application of a pressure. Since in this method the



.

Synt hesi s Exanple 6 In a reaction vessel,
water in which 0.1 part of a partially saponified REP
al cohol was di ssolved was put, and then the nong
in Table 2 was added thereto to nake up a suspe
heated to 80[err]C in a nitrogen

r at ed

ENT SHEBTVi ny!

i corpositiofjag shown

ong 3-”]?” ﬁé@pe ngi on was

-3 -

surface of the heat roller comes into contact with the
toner image of the image-receiving sheet under
application of a pressure, a verf good thermal
efficiency can be achieved when the tomner image is
melt-adhered onto tﬁé image—receiving sheeg, so that
£ixing can be carried out rapidly. Thus, this method
is very effective in a high~speed electrophptograpﬁic
copying machines. In this method, however,_since thé
surface of the heat roller comes into contact with the
toﬁer 1mage_under application of a pressure, part of
the toner image may sometimes a&here and transfer to
the surface of the fixing réllef. which is re-

. transferred to the éubsequent image~receiviﬁg'sheet to
cause an offset phenomencon, resulting in a
cpntaﬁination pf the image~receiving sheet. Thus, it
is caﬂsideréd to be ane of egsential conditions in the
beat’ roller fixing system that no toner is adhered to
the surface of the heat fixing roller.

For the purpose ofinof causing the toner to
adhere to the surfacé_of a'fixing roller, a measure
has béen hitherto takén such that the roller surface
is formed of a material such as silicon rubﬁer or a
fiuorine resin, havihé an excellent releasaéilify to
toner, and, in order to prévent offset and to prevent
fatigue of the roller Su:fa&e,'its surface is further

covered with a thin fiim formed using a fluid having a’



at mosphere. The suspension was naintained at that tenperature for 24

hours, and then pol ynerization was conpleted. After

was cooled to
result of the

rpom tenperature, spherical polymer pg
pol ynmeri zation were filtered, and then

with water, followed by dehydration and drying to gijv quﬁ[ 15%1 of the
" binder resin for the toner of the presentgqiavention. Img polyneﬁ

wei ght average nol ecul ar wei ght of

good releasability as exémplif;ed by silicone oil.
However, this method, though effective in view of the
prevehtipn of the offset of toner, requires a de?ice
for feeding an anti-offset fluid, and hence has the
problem that the fixing device becomes complicated.
This is in thg opgosita direction tp{tﬁa
demand for small size:aad'liqht weight. In some
instances, the silicode oil is evaporated by beat to
contaminate the interior of fhe machire. Now, based
on the idea that the fluid for preventing offset
should be fed from the the inside of a toner without
use of any apparatué for feeding silicone oil, a
method has been proposed in which a release agent such
as a low-molecular polyethylene or a low-molecular
polypropylene is added in tHe toner. Addition of such
a reléase agent in a large-duantity in order to attain

a sufficiont offect may cause filming to the

photosensitive member or result in & contamination of

the surface of a tomer carrying member such as a

carriér or a sleeve, s¢ that toner images may be
deteriorated to bring'abdut:a problem in practical
use. Thus the release agent is-added in the toner in
such a small amount that mﬁg not cause the
deterioration of toner images, whefe a releasing oil
is fed in a little amount and a device by which the

toner that may cause offset is cleaned using a member
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such.as a web of a wind-up type is used together.

However, taking account of the recent demand
for small size, light weight.and high reliabilit?. it
is necessary and preferred to remove such a
supplbméntaxy device. Accordingly, no countermeasure
can be completely taken unless the fixing performance
and auti-offset of thé toner are further “improved. It-
is difficult to achieve the improvement unless binder .
resins for tcnérs are- further improved.

As a technique concérﬁing the improvement of -
binder resins aof toners, Japznese Patent Publication
No. 5&-23354. for example, proposes a toner in which a
cross—~linked polymer is used as a binder resin.
According to the method disclcsed therein, the toner
is efrective for the improvement in anti-offset and
wind~around resistance, but on the other-hahd an
increase in the degree of brossflinking results in an
increase in the fixing temperature. Hence it is
difficult'to obtain a toner baving a sufficiently low
fixing temperature, a superiority in anti—o?fsét and
wind-around resistarice, and a sufficient fixing
perfornance. In general, in order to inproﬁe the
fi#iné performance, the hinder resin must be made to
bave 8 low molecular weight to 'lower its softening
point., This conflicts with'the.measure for the

improvement of anti-offset. Since the binder resin is
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made to have a iou softeaing point, the glass
transition point of the resin ig necessarily lowered
to bring about mn undesirable phenomeﬁon that blocking
of toner occurs during storéée.

To cope with this problem, Japenese Patent
Application Laid-open No. 56-158340 propnses a toner
contaiining a binder resin comprised of a low-molecular _
waighit polymer and a high-molecular weight polymer.
This binder resin can achieve an improvement in
respect of fixing pérforménce, but can not still be
-sétisﬁactcry in resgct of anti-offset. It is
difficult for this toher-to bighly satisfy the anti-

. offset and fixing pgrforﬁanbe.

Japanese Patent Application Laid-open No. 58~
203453 proposes a toner coantaining a binder resin
comprised.of a low—temperature softening rasin and a
high-temperature softening resin. This hiﬁder resin
can &chieve an improvement in respect of f%xing
perfdrmance, but can not still be satisfactory din
resedt of anti-offset. It is difficult for this tomer
to highly satisfy the anti-offset and fixing
perfdrmance.

Jepenese Patent Publication No. 60-20411
propéses.a process for producing a resin composition
comprising a polymer with a low degree of |

polyderization and a polymer with a high degree of.



pol ynmeri zation initiators as shown in Table 3, the suspensi on

pol yneri zation was carried out in the sane manner ' tresits—E
6 to give polyners B-2 to B-5 of the binder resin E A EME&&rSEE??
present invention. Table 3
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polymerization. When this resin is used as'a bindefl
resin for a toner, the reéin tends to achieve an
improvement in respéci of: fixing performance, but can
not still be éatisfactorz in resedf of anti-offset.
Thus there is much room for improvement.

In relation to a tomer containing a binder
resin comprised of a blend of a low-molecular weight
polymer and a cross-linked polymer, Japanese Patent
Applibation Laid—opea.ub. 58-86558, for example,
proposes a toner comprisinag a low-molecular weight
polymer and an.insolublé infusible high-molecular
weighit polymer as maih resin'coﬁponents. According to
the method disclosed therein} the fixing performance
and grindability tend to be- improved. However, it is
difficult to satisfy in a'high performance bath the
anti-offset and the giindéb;lity, becsause ﬁhe weight
average molecular weight/number average molecular
weight (Mwynn) ot tﬁe_ldﬁrmblecula;'weight ?oiymer is
as small as not moré thdn 3.5 and the content of the
insoliible infusible high-molecular weight polymer is
as large as from 40 to.SO wt.%. Thus, it is very
difficult from a practicsl viewpoint to give a toner
well satisfying tha'fixinq performance (in barticular.
in high~speed fixing), the offset réaistanc;-and the
grindability unless a_fixing assembly is provided with

a device for feeding an anti-offset fluid. Moreover,

npl e



Mononer comnposition Pol yneri zati on Pol ymer (parts)

initiator Synthesis Exanple: 7 B- 2 Styrene (83) Benzoyl
per oxi de Butyl acrylate (17) 8- -
(85) Benzoyl peroxide But yl acry@?&%ﬁﬁm SWEEE 4
Styrene (77) 1,1 -azobis ' 2-|Et hyl hexyl
(cycl ohexane- 1- o acrylate (23) oqugodtit 1988e

-8 - '

the toner must be heat-kneaded at a teﬁperafure far

' highe¥ than that in usual instances or heat-kneaded at
a high shear, because the insoluble infusible high-
m&lecﬁlar weight polymer used in a larger amount turns
t§ have a very high'meit viscosity as a result of the
heat-kneaﬂing cgrried out when the toner is prepared.
As a fesult, in the'iﬂstance'whére it is knéaded at a .
high temperature, the tomer characteristics may be
lowered because of thermal decomposition of other
additives. 1In the instance whers it is kneaded at a
high shéar, the mclectles of the binder rasin may be
exces'sivély cut. Thus, there is the problem that the
desirgd anti-offset cen be achieved with difficulty.

Japanese Patent Application Laid-open No. 60~
165955 proposes a tonér comprising a resin compositién
obtaihed by polymerizing monomers in the présence of a
low-molecular poly(z-methylstyrene) haviﬁg a number
average molecular weiﬁt_zt' (Mn) of from 500 to 1,500.

In partiaqlér. this publication discloses that
the namber average molecular weight (Mn) ney
prefeirably be in the range of from 9,000 to 30,000.
With an increase in Mn for the purpose of improving
anti-offset, the fixing performance of the toner and
the grindability at the time the toner is ﬁrepared may-
become more questionable from & practical viewpoint.

Hence it is difficultjto_saiisfy in a high'ﬁerformance

3
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both the anti-offset and the grindability. Thus, the
toner having a poor grindability at the time the toner
is prepared brings about a lowering of production
efficiency, and also coarse toner particles tend to be
included into ﬁhe tdﬁer, undesirably resulting in
black spots around a éonef image.

Japanese Patent'Application'Laidropen No. 56— -
16144 proposes a toneé vuntaining a binder résin
component having at least one maximum value in each
regiou of a molecular weight of from 103 to 8 x 104
and a molecular weight of from 105 to 2 x 106, in the
molectlar weight distribution measured by gel
permeation chroma:ogréphy-{GPc). The toner, however;
is éoﬁght to be furthér improved in fixing berformanca
and anti-offset. ‘

.Japanese Patent Application Laid-copen No. §3-
223662 proposes a toner comprising a biﬁder resin i)
containing 10 to 60 wt.% Of a THF(tetrahydrofuren)-
insolioble matter, based on the binder resiﬁ; ii)
having a weight average mdleculgr.weight/nuﬁber
averagie molecular weight (Mw/Mn) of 2 5, a peak in the
regioh of a molecular weight of from 2,000 to 10,000
and a pesk or shouideé in ‘the region of a m&lecular
weight of from 15,000 to 100,000, in the molecular
weight distribution measured by_GPc of a THF-soluble

mattelr, and i1ii) containing a component with a
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molecular weight of nst more than 10,000 in an amount
of from 10 to 50 % by weight in the binder resin. In °
this instance,‘the resin can bring about a Superiority
in the grindability, fixing performance, filming or
melt-gdhesion resisfance to a photqsensitive mamber,
imagé forming perfofmanée, and anti-offset (in
particular, anti-offset at the high-temperature side},
but is sought to achieve a further improveﬁent in the
anti-offset and fixing pegfprmaﬁce of the toner. 1In
particular, it is difficﬁlt-for'this resin to cope
with the severe condition that both the fixing
perfarmance at a low température and the aﬁti—offset
at a high tempergtuie'aée'required to be
simultanecusly satisfied. :

In addition; it is very difficult-to achievs
both the properties concefned with fixing and the
grindability at a high performance. In particular,
the grindability required when taners are.prepared is
an important factor for ihe'recant trend ié which
toners are made to ﬁaVE a smaller pérticle diameter on
account of the demand for a higher quality level,
bigher resolution and higher fipe—line reéroduction of

copied images, and the improvement in the grindebility

is very important from the viewpoint of energy since a o

very lerge emergy is required in the step of grinding.

The phenomenon that toner is melt-adhered to
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point and Tg of each of the above polyners A1, A-2, ) fﬁﬁq”ﬁpl,
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the igner wall of a grianding apparatus tends to occur
in a toner having a godd fixing performance, therefore
bringidg about a poar grinding efficieucy. In the
process of copying, there is the step of cleaning the .
toner having remaine@_on a photosensitive member after
transfer. waadays, from the viewpoint of making
appardtus small-sized,:lighf waeight and ﬁigﬁly
reliatile, it has becﬁme cormon to carry out cleaning
by thd use of a blade (i.e., blade cleaning}. As
photcSensitive members have a longer lifetime,
photosensitive membeﬁ Qruhs are made small-sized and
systems are made high-sveed, the melt-adhesion
resistance and filming resistance to photosensitive
members have been more striucly required in toners.
' In perfticular, emorphous silicon photosensitive
-members having been re¢ently put into practical use
are very highly durableé, and alss organic
photoconductive photosensitive members (OPCs} have
longer lifetimes. Hence, the performances required in
toners have becumé higher.

. In order to make aﬁbératus small-sized,
componénts must be so designed aé:té be snccgséfully
essembled. This mekes small the space through which
the air flows. In addition, beat.sources fof.a fixing
assemblvy and an exposure syatem come very near to' a

toner Ropper or a cleéner.' fs a result, toner is
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exposed to a high-temperature atmosphere. Hence, no
toner can any longer be put into practical use unless
it has @ better blocking resistanée.

For example, the performances required in
toners tonflict with each other in almost all
properties, as in fixing pefformance and blocking
resistance, and yet it is increasingly sought and
studied to satisfy all of them in a high performance.
No satisfactory results, however, have been obtained.

As previously stated, as a method of fixing a
:visiblq image of toner to a recording medium, the heat-
Toll fixing system is widely used, in which a
"recording medium réta;ning théreon a toner visible
image having not been fixed is heated whilé it is held
and carried between a heat roller maintained at a
.given temperature and & pressufé roller having an
elastic¢ layer and co@idg into pressure contact with
the heat roller.

The heat-roll fixing, however, has the
"following problems that should be settled. |
(1) . A waiting time (é tiﬁe during which an image-~-
forping operation is'prohibited) is required until the
heating roller reaches the given temperature.

{2) The heating roller must be maintained at a
proper temperature in order fo prevent poor fixing

caused by the variatiomns of ﬁeat-roller temperatures
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that may occur when the recording medium is passed or
because of other external factors, and also to prevent
the phdnomenon of offset of toner An the heating
roller. This makes it necessary to make large the
‘heat capacity of the heating roller or a heater
element, which requires a large electric power.
| (3). After the recording medium has been passed
over the heating roller and discharged, the recording
medium and the toner .on the’fecording medium are
slowly cooled because of & high temperature of the:
heating roller and also because of the atmospheric
temperature having become higher, resulting in a state
in whi¢h a high adhesicn ot ;he toner is maintained.
Thus; there méy ofteﬂ dccuf offset, or papér Jam
caused by the winding of the recording medium around
the rﬁller.

It is earnesfl? sought to realize a fixing
method that has solved such problems, and may require
only a short ﬁaiting.time and a low consumption of
electric power while achieving excellent performance
of fixjing a toner latent-image to a recording medium

;and extellent anti-offset. _$uch a fixing method
greatly depends on toner’properties, and one.of the
important properties'ié the low-tenmperature fixing

performance of toner.

As means for preventing occurrence of the
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prepared in the same manner as in Exanple 1 except that jthe nonomer
composition as shown in Table 5 was used. This binder | fefi8 My 1998w

average nol ecul ar wei ght of 4,300, - 14 -

751, 000 2.6 127 180 60
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offset phenomenon, the following methods are known as

previously stated: (i) The method in which the fixing

'is carried out while applving a release agent such as

silicone oil to the surface of a heating roller, (ii)

.the method in which a high-moiecular weight polymer is

‘used as a binder resin for toner, and {(iii) the method

in whi¢h a wax having release properties is
.incorpérated in a toner. _ | _

In the method (i), however, the oil is heated
to generate a smell, and aisé a deviég for feeding the
oil becomes qecessarﬁ to Sriﬁg about the problem that
the fixing device becomes -complicated in structure.

In the method (ii), althbugh the anti-offset

of the toner can be improved, it is difficult to

achievé the low-tempérgturq fixing because of a

concurrent rise of the melting temperature of the

toner.

In respect of the method {iii), Japanese

'Patent Publications No. 52-3304, No. 52-3305, No. 57—
. 52574, No. 53-155655 and No. 58-12580, for example,

disclose toners comprising a styrene resin and a
specific release agent.

Under existiﬁg_cirqumstances. however, these
toners can achieve an improvement particularly in
regard to the high—tenperaéute side offset phénomenon,'

but liktle improvement  in reépect of the low-temperature



a nol ecul ar wei ght peak of 4,200 and a Tg of 54[err]C
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fixing performance. When such a releasé

agent is used in a binder having a low-tempeﬁature
melting properties, it is difficult for the release
‘agent to have the :eleasiné effect at a low
temperature, tending to ééusé a low-temperature offset
‘phenomenon. This catuses a -lowering of fixing
performance, resulting.in no aéhievement of low-
temperature fixing performance.

To prevent the ‘high-temperature side offset
.phenoménon, methods are known in which a high-
molecular weight polymer ié_incorporgted in é binder
resin. The mefhods are disclosed, for example, in
Japanese Patent Applications Laid-open No. 50-134652,
No. 54+114245, No. 56-16144. No. 56-158340 a#d No. 58~
203453, |

Most of the toners used in these methods have
achievéd an improvement in the high-temperature side
offset phenomenon, but ‘are sought to be. further |
improved in respect of the ldw-temperature fixing
performance. On the other hand, the low-temperature
fixing performance have been achieved to a certain
extent in some of thesé methods. A further .
improvément, however, is sought in respect of
development performance arnd blocking resistance.

SUMMARY OF THE INVENTION

An object of the present invention is to



Styrene 92 parts Butyl actyl ate

8 parts Di-tert-butyl peroxide

Conpar ative Synthesis Exanple 2 A conp rﬁgﬁgﬂtaMhNMNSHEETE was
prepared in the same manner as in Synthsis Exanpl g 6 except thaf the
nononer conposition as shown in TabI_elGG was used. 03 JUL 1998

.providg a toner that has solved the above problems.

Another object of the present invention is to
_providé a toner that can be fixed at a low temperature
and also has anti-offset in a broad temperature region
of from low temperatures to high temperatures.

Still another object of the present invention
is to prdvide a toner that may cause no melt-adhesion
and filmiﬁg to a photoéensitiﬁe member in a high-speed
system even after use :or a long period of time.

A further object of the present invention is
to provide a toner that has a superior blocking
resistance and particularly can be well used even in a
high—temperatu:e atmosphere in a small-sized machine.

A still further object of the present
inventiion is to provide a tomer that can be
continuously produced in a good effiéiency because of
no mel%-adhesion of a ground product to the inner wall
of an gpparatus in the'course of grinding.

According to the present invention, there is
provided a toner for}deve1¢ping an electrostatic -
image, comprising a binder resin and a coloraant, -
wherein said binder resin'contaiﬁs a THF-insoluble
matter in an amount éf less than 10 wt;% based on the
binder resin, and, in the nolecuiar weight |
distribution measured by GPC (gel permeation

chromatography) of'a'TﬁF—séluble matter, has a weight



Thi s bi nder

resin had a wei ght average nol ecul ar we 3
mol ecul ar wei ght peak of 198,000 and a Tg of 59[err]ﬁ¥ﬁLA€ENﬁmﬁ’% 24

Table 6 Mononer Comnposition M xing prgportion Styr
82 parts Butyl acrylate , 18 pargg Jo vigag!
0.2 part - - - 17 -
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zaverage molecular weight/aumber average molecular

weight (ﬁw/ﬁn) of 2 18, a molecular weight peak MA in
the region of a molecular weight of from 3,000 to

20,000, a molecular weight peak MB in the region of a

molecular weight of from 380,000 to 1,000,000, a
molecular weight minimum Md in the region of a

molecular weight of from 20,000 to 380,000, provided |

that MB/MA is in the range of from 30 to 150, and a

molecﬁlar weight distribution curve area ratio

SA:SB:Sd of 1 : 0.3 to 0.8 : 0.35 to 0.8 when the area

of a molecular weight distribution curve of a

molecular weight of from 400 to the Md is represented

by SA, the area of a molecular weight distribution
curve of a molecular weight of from the Md to
5,000,000 by SB, and the area of the region defined by

a straight line connecting the apex A (apexA)

corresponding to the molecular weight peak MA and the -

apex B (apexB) corresponding to the molecular weight
peak MB and a molecular weight distribution curve by
sda. '

According to another aspect of the present

invention, there is provided ‘a heat fixing method

comprising;

imparting a toner image onto a recording

medium; wherein a toner that forms said toner image

comprises a binder resin and a colorant, wherein said

zene



Benzoyl peroxide ' 0.5 part REPLACEMENE&HE&&::

exanpl es of the binder resin according to the present
descri bed

nvention wll
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binder éesin contains a THF-insoluble matter in an
amount of less than 10 wt.% based on the binder resin,
and, in the molecular weight distribution measured by
GPC (gel permeation chromatography) of a THF-soluble
matter, has a weight average molecular weight/number
average molecular weight (Mw/Mn) of = 18, a molecular
weight peak MA in the region of a molecular weight of
from 3,000 to 20,000, a molecular weight peak MB in
the region of a molecular weight of from 380,000 to
i,OO0,0QO, 2 molecular weighi minimum Md in the region
. of a molecular weight of from 20,000 to 380,000,
provided that MB/MA is in the range of from 30 to 150,
and a molecular weight distribution curve area ratio
SA:SB:S@ of 1 : 0.3 to 0.8 .: 0.35 to 0.8 when the area
of a molecular weight distribution curve of a
molecular weight of from 400 to the Md is represented
by SA, the area of a molecular weight distribution
curve of a molecular weight of from the Md to
5,000,000 by SB, and the area of the region defined by
é straight line connectinq the apex A (apexA)
corresponding to the molecular weight peak MA and the
hpex B .apexB) corresponding éo-the molecular weight
peak MB and a molecular weight distribution curve by
8d; and

‘heat-fixing said:toner image to said recording

medium by means of a heater element stationarily



- 67 - bel ow. Preparation Exa REPﬂAQFMFNj SHEET ffo 200
parts-of xylene, 68 parts of polyner. A- 1 and 3?-parts”o. peryner B-4
~60[err]C

were added with stirring hbxt, the m xture Sihﬁaé?ﬂl£%SQPOUt
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supportéd and a pressure member that stands opposite
to said heat element in pressure coatact and brings
said recording medium into close contact with said

heater €lement through a film interposed between them.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic illustratidn of an
éxample of a fixing deyice used for carrying out the
fixing method of the present invention.

Fig. 2 illustrates a molecular weight
distribution curée obtaine& by GPC.

Fig. 3 is a schématic illustration of an
overhead-type flow tester.

Fig. 4 shows a flow'tester flow-out curve {a
ﬁlunger fall quantity—temperafure_curve).

Fig. 5 illustrates a DSC curve for determining

Tg using a DSC (differential scanaing calorimeter).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

r The present inventors made intensive studies
in order to achieve the objects stated above. As a
result, they have discovered that the objects can be
achieved when the binder resin cohtains a THF-~
insoluble matter in an amount of less than 10 wt.% and

‘ also has a specific constitution in respect of the

molecular weight distribution measured by GPC of a



to conpletely dissol ve the polyners A-1 and B-4 added. After the

stirring was continued for about 2 hours, t he x 1crg
resulting product is desi gnat ed as bi nder resin REP@R“?MEV onkkE bf
10 present invention. Preparati on Exanplles~2 to 10 and]
Conmparative Bi nder Resin Preparation Ex

j®N

I 1
Bi nder resins 2 to 10 for the toner of “tk& - preseén {%ﬁ%emﬁég%an
conparative binder resins 1 to 3 .

THF-soiuble matter.
They have also discovered that the effect of
the present invention becomes remarkable when the

tener contains a release agent having a specific

- molecular weight and molecular weight d;stribution and

also has a specific melting point.

They have further discovered that the objects
can be better achieved particularly when the binder
resin is prepared by mixing a low-molecular weight
polymer and a high-molecular weight polymer in a '
solvent and thereafter removing the solvent.

In regard to the heat-fixing of a toner
visible image to a recording medium, they have
discoveried that the toner is sﬁitaﬁle for, besides
conventional heat roll fixing devibes, a heat .fixing
system wherein a toner visible image is heat-fixed to
a recording medium bv means of a heater element
stationarily supported and a pressure member that
stands opposite to said heater element in pressure
contact and brings'seih recording medium into close
eontect with said heater element through a film
interpoSed between them.

The binder resin that constitutes the above
toner cdntains a THF-insoluble matter in an emount of
i less thdn 10 wt.%, and preferably nothless than §

Wt.%, based on the binder resin. A THF—insoluble

The
t he
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matter contained in an amount more than 10 wt.¥ can
contribute an improvement in anti-offset but tends to
result in a lowering of fixing.pErformaﬁce, making it
difficult to highly satisfy the both.

The binder_resih, when its THF-soluble matter
is measured by GPC, may preferably have a ﬁeight
average molecular welight/number averagé molecular

weight (Mw/Mn} of 2 18, a molecular weight peak MA in

the region of a molecular weight of from 3,000 to

20,000, a molecular we;ghi peak MB in the region of a

molecular weight of from 380,000 to 1,000,000, a

.molecular weight minimum Md in the region of a

molecular weight of from 20,000 to 380,000, provided

that MB/MA is in the range of from 30 tc 150, end a

- moleculer weight distribution curve area ratio

" SA:SB:Sd of 1 : 0.3 to 0.8 : 0.35 to 0.8 when the area

of a molecular weight distribution curve of a
molecular weight of from 400 to the Md is represented
by SA, the area of a molecular weight distribution
curve of a molecular weight of from the Md ta
5,000,000 by SB, and the area of the region defined by
a straight line connecting the apex corresponding to
the molecular weighf peak MA and the apex

corresponding to the molecular weight peak MB and a

" molecular weight distribution curve by Sd. It is

difficult to achieve the objects of the present
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inventidn if the above conditions are not satisfied.
Fig. 2 shows the results from a GPC chromatogran.

The average moleoular weight/number average
molecular weight (ﬁh/ﬁn)‘should be not less than 18,
preferably not less than 20 and more preferablv in
the range of from 25 to 60. If the Mw/Mn is less than

18, the fixing performance fends.to be improved but

the anti-offset is lowered.

The binder resinghae one molecular weight peak

‘and another molecular ﬁeight_peak {MB and MA) in the

region df a molecular weight3of from 3,000 to 20,000

and in the region of a molecular weight of from

380 000 to 1,000,000, respectively, and a molecular
weight minimum in the region of a molecular weight of
from 20,000 to 380, OOO, provided that MB/MA is in the
range of from 30 to 150.: In_a preferred embodipent,
the binder resin has one molecular weight peak and
another molecular weightzpeaﬁ in the region of a
moleculsr weight of from 5,000 to 15,000 and in the
region df a molecular ﬁeigﬁt{of from 450,000 to
800,000, respectively._aod a}molecular weight minimum
in the region of a molechler_weight of from 30,000 to
300,000, provided thafEﬁB/MA:fs in the range of from

40 to 100. If it has the molecular weight minimum

" - only in the region of the molecular weight of from

30,000 o 380,000, the'fixing:performance can be



5 A-5 68 parts B-4 32 parts T AreriEA——680—parts
B-4 40 parts 7 A-2 65 parts gﬁfg'jﬁﬁ-%ﬁ!p‘*éh%!ﬁa

8 A-3 70 parts B-3 30 part : 91 A-4. “Bﬂ“qarts-
B- 2 40 parts 10 A-5 65 parts [B-[3 g 33!3;\;@{%3 Cgnp.
binder resin 1 A-2 100 parts 0 part Conp.
30 parts Conp. 70 parts R - 23 -A-6 )

1mprovéd‘but the anti;offset becomes clearly'poor. tf
the molécular weight peak'MA is less than 3,000, the
blocking resistance becomes poor-to tend to cause
filming or melt-adhesion to a photosensitive member;
On the other hand, if fhe MA is more than 20,000, the
fixing performance may become poor. If the molecular
weight peak MB is less than 380,000, the anti-offset
becomes poor to tend to brind-aboat a melt—-adheted
product in a device in the course of grinding. If it
is more than 1,000,000, the fixing performance may
become poor, and also the gfindabiiity tends to become
poor, resulting in a lowariné of productivity.

The molecular Qeight.peak fatio MB/MA should
be in the range of from 30 to 150, preferably from 30
to 120, and more preferably from 40 to 100. |

If the MB/MA is less than 30 or more than 150,
it becomes difficult to highly satisfy both the fixing
performance and anti-offset.

In the case when two or more molecular weight
peaks are present ig the region of the molecular
weight of from 3,000 to 20,000, thé molecular weight
corresponding to the position of a higher or highest
peak among the peaks in the GPC chromatogram is
regarded as the MA.

Similarly, in the cage'when'twc or more

molecular weight peaks are pﬁesent in the region of
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the molecular weight of from 380,000 to 1,000,000, the
molecular weight corresponding to the position of a
higher or highest peak among the peaks in the GPC
c?romatoéram is regarded as the MB.

in the case when two or more molecular weight
mlnimums are present in the region ot the molecular
weight of from 20,000 to:380,000, the molecular we_ight
corresﬁonding to the'position-ef a Yower or- lowest
minimum emong the molecular weight minimums in the GPC
chromatogram is regarded as fhé Md.

The molecular weight distribution curve area
ratio SA;SB:Sd should be 1 : 0.3 to 0.8 : 0.35 to 0.8,
preferably 1 : 0.3 to 0.7 :.0.4 to 0.7, and-more
preferebly 1 : 0.3 to 0.6 : 0.5 to 0.7. If the SB is
léss than 0.3, the anti-offset tends to be lowered,
and if it is more than 0.8, the fixing performance and
also the grindability teﬂd to become poor. If the Sd
i< less than 0.35, the fixing'berfSrmanca aend/or the
anti-offfat tend to be lowered, and if it is more than
0.8, the anti-offset tends to ﬁecome poor.

The release agent preferably used in the toner
of the present invention may:prefefably have a number
average molecular weight of ﬂot more than 1,000, a
weight average molecular‘weighg of not more than
2,500, a weight average molecular weight/number

average holecular weight (Mw/Mn) of not more than 3 -

1
-
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and a melting point of from 60°C to 120°C. 1In a
preferred emhodiment, the toner contains a release
agent ig an amouat of from 0.1 wtl% to 20 wt.% based
on the Binder resin. In a more preferred embodiment,
éhe relédase agent has a number average molecul#r
weight df from 400 to 700, a. weight average molecular
weight df from 500 to 1,500, an Mw/Mn of not more than
2.5 and a-melting point of féo# 60°C to 100°C. The
release aﬁent may more pfefarably be contained in an
emount df from 1 wt.% to 10 wt.% based on the binder
resin. |

I[f the release agent'used in the.toner of the
present invention does not sétﬁsfy the above
conditidns, e.g., if theiméltipg-point is higher than
iZO‘C, the fixing perforiance is adversely affected,
and if it is lower than éo'c; the anti-offset and the
blocking resistance of the toner are adversely -
dffected. If the release agent is contained in an
amount more than 20 wt;x; thé blocking resistance and

fixing performance tend to be adversely affected when

.the toner is left in a high-temperature environment,

and if it is less than 0.1 wt.%, the effect of

preventing offset of tongr tends to be insufficient.
fhe binder resin.used in the toner of the

present invention nay préferabiy be prepared by mixing

in a solvent a polymer A having a weight average
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molecular weight of from 5,000 to 30,000 and a polymer
B having a-weight average mﬁleculér weight of from
400,000 to 1,500,000 and thereaéter removing the
solvent. It may more preferably be prepared by mixing
in a solvent a polymer A having a weight average
molecular weight of froﬁ 7,000 to 25,000 and a polymer

B having a weight'average molecular weight of from

450,000 to 1,000,000 and thereafter removing the

solvent. The solvent may be any of those capable of

" dissolving the polymer A and polymer B. It includes,

for example, toluene, xylene and 2-propanol.

In preparing the binder resin used in the

toner of the'present inventiqn, the polymer A may

p:eferab;y be prepared by solutionfpolymerizaticn or
suspension polymerization, and the'polymer B by
suspensibn pelymerization oi;emulsion polymerization.
More preferably the polymer A shouid be prepared by
solution polymerization and fhe polymer B by
suspension polymerization.

In order to prepare a uniformly dispersed

- binder resin, the binder reain may p:eferably be

prepared by mixing the polynérs A and B in the solvent
and thereafter removing the solvent. It is difficult
to obtain a binder resin in e uniformly dispersed
state if prepared by a method wherein materials are

heated, melted and mixed using a kneader. Such a -

100



The above materials were prem xed using a Henschel mxer, and then kneaded
for 20 m nutes | mll heated to 150[err]C The kneaded
SGEBTY St

product was | len crushed with a cutter mll. Thereafter
t he crushed pr t was flnel pyl verized by means of a fine grinding mll
maki ng use of jfetd 3stJMQatﬁS8fcl lfowed by classification using an air

classifier to gyve a black fing powder_ &%,nagnetlc

method makes it difficult to satisfy both.the fixing
performdnce and anti-offset as aimed in the present
invention, and tends to cause the formation of a melt-
adhered product on a photosensitive member or the melt-
adhesion of a ground pro@uét to the inner wall of a

- device in the course of grinding, thus being not
preferred.

If the polymer A has a weight average
solecular weight of leés thanjs.ooo, the anti-offset
is lowerad and the grindability at the time of the
ﬁanufacéure of toners is also lowered. If it has a
weight dverage molecular weiéht of more than 30,000,
the fixing performance is lowered.

If the polymer B:has.a.weight average
ﬁoleculdﬁ weight of less than 400,000, the
grindability tends to become poor, also undesirably
causing a lowering of anii—offset,'a lowering of
blocking resistance and the_fofmation of a melt~-
adhered product on a photoseﬁsitive'meﬁber. If it has
& weight average moleculer weight of more than
1,500,000, the grindability is lowered.

It is difficulﬁ to achieve the objects of the
§resent invention when the polymers A and B are each
used al&ne as a binder resin for a toner. The objects

~ ¢an be better achieved by the method in which the

pﬁlymers A and B are mixed in a solvent and thereafter



toner) with a volume average particle dianmeter of 11.2

100 parts of tnc ”quu 0.4 part of fine coll oidal
*“Wéﬁﬁ@&ir having colloidal silica on the surfaces

was dry- bl enddd

Based on
silica powder

of toner partlcles ThIS |s designated as toner 1 of the present
I nventi on. ? §3'| d ijty of toners can be represented by the
t hr oughput of {t he toner t ¢an be_pggvgrized per

the solvent is removed then the method in which'they
are melted and mixed. The polymer-B makes it possible
to preferably satisfy the mutually confiicting
performances such as the'anti—offset, the low- ¢
ﬁempera&ure fixing performanca.and the grindability at
the time of the manufaétnre_of.toners, when the toner
is prepdred by the method of the present invention.

The THF-insoluble matter referred to ia the
present invention indieakeSnghe weight proportion of a
pBlymer component that has become insoluble to THF
{i.e., & giant molecule polymer or a cross—liﬁked
polymer) in a resin composition in. the toner._ The THF-
insoluble matter is measured in the following way.

A toner sample is weighed in an amount of from
0.8 to 1.0 g (W1 g), which is then put in a
cylindrical filter paper. (for example, No. 86R,
availabls from Toyo Roshi K.K.) and set on a Soxhlet
extractor. Extraction 1? carried out for 6 hours
using friom 100 to 200 ml. of THF as a solvent, and the
soluble bomponent extracted by the use of the solvent
is evaporated, followeé by vacﬁum drying at 100;0 for
several hours. Then the THF-soluble resin component
is weighed (W2 g). Thée weight of insoluble combonents
other than the resin cemponents, such as a magﬁetic
material and a pigment contained in the toner, 15

represented by W3 g. .The THF-insoluble matter is



unit hour. 1In the case of the toner 1, it was 16 kg/hr at an air pressure

f 5.6 kg/cn] ef+}—ard—Fot good. No nelt-adhesion or the |ike
occurred i n 1 hAREBLAGENIE] rOHEET S
03 Jui 1998
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determined from the following expression.
THF-insoluble matter (8) = WI-(w3+WZ)/(w1—W3) x 100

In the present invent;on, the molecular weight
at the peak and/or shoulder on the chromatogram
obtained by GPC (gel permeation chromatography) is/are
measured under the following conditions.

Lolumns are stabilized in a heat chamber
hezted to 40°C. To the columns kept at this
témperathre, THF (tetrahydﬁoéuran) as a solvent is -
'fiowed at a flow'raté of 1 ml per minute, and from SO
t§ 200 p0. of a THF sample soluiion'of a resin prepared
to heve & sample concentration of from 0.05 to 0.6
wt.%¥ is injected thereinto. to make measuremént. In
measuring the molecular weight of the sample, the
molecular weight distribution ascribed to the sample
ié calcullated from the'rélatioﬁship between the
logarithimic value of a caliﬁration_curve prepared
using several kinds of monodisperse polystyrene
standard samples and the count number for flow-out
time. Ak the standard pqusfyrene samples used for
the preparation of the.célibrafibn curve, it is
suitable to use, for example, samples with molecular

2 3, 1.15 x 104,

5.1 x 10%, 1.1 x 10%, 3.9 x 105, 8.6 x 105, 2 x 10°

25 and 4.48 x 10°, which ere avéilablé from Pressure

weights of 6 x 102, 2.1 x 10°, ¢ x 10

Chemical Co. or Toyo Soda Manufacturing Co., Ltd., and



Blocklng resi stance was exan1ned on the basis of the degree of

aggl onerati on ob grp %@ﬁﬂg 10 g of toner was put in a polyethyl ene
gl ass of 100 cc pdﬂgnﬁ -0 ﬂk at 50[err]C for a day. The degree of
aggl oneration wak hreasured wi th|Pgwder Tester manufactured by Hosokawa

M cron Corporatipn. 0A Jimothaet [l ¢f t at room t enperature and the -pr oduct

|l eft at 50[err]C_for a day s oyed 9 w QQﬁpd_lz w . %

=

to use at least about 10 standard polystyrene samples.
An RI (ﬁetractive.index) detector is used as a
detectod _

_ uolumns may preferably be used<«in comhination
Sf a plurality of commercially available polystyrene
gel columns so thét thé Eegicns of molecular weights

6

of from 103'to 2 x 10° can be accurately measured.

For example, they may preferably comprise a

3, 10* end 10%,

combination of n-Styragel 500, 10
available from Waters Co.; Shodex KF-8OM or a
combination of KF-802, 803, 804 and 805, available
from Shoha Denko K.K.; or a combination of TSKgel
G1000H, G2000H, GZSOOH, G3000H; G4000H, GS00OH, '
G6000H, G7000H and GMH, aveilable from Toyo Soda
° Manufacturing Co., Ltd. '
in the working examples as described'latgr,
the molecular weight disfribution of the bindgr.resin_
is measured under the foilowing condifions.'
Condition for measureméni by GPC:
= Apparatus: LC-GPC, 150C (Waters Co.)
Column: KF801-KF807 (Showdex Co.)
Column temperatufe: 28 to 30°C
Sollvent: Tetréhydrofuran (THF)
The molecular weight distribution possessed by
a: sample is calculated from the relation between a

logarithmic value, measured under the above



respectively,

which were substantially the same values, and the difference

([err]G was onplyv. 3 % From these facts it was confirnmed that

substantially rREfﬁpftgamsxmgrqggzt redtTHbsnéH E?\glﬁgxagm performmh%ethasBeenRep
E.

anti - of f set,
were exam ne
by Canon I nc.

nek-ar ound anc propefties o
USI@ a nDdlfl d|machi ne oREH ler - 6650,
3 Jui"je0g
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conditidns, of a calibration curve prepared using a
ﬁolystyﬁene standard sample and the number of count
measured under the above conditions.

The SA, SB and Sd of the molecular weight
distribdtion curve in the binder resin used in the
toner of the present invention are determined by
calculating the weight ratios of a sample cut out from
a chromdtégram obtained by GPC end calculating the
area ratios thereof.

In the working examples as described later,
the molécular weight distribution of the release agent
is measured by GPC (géi-bermeatioq chromatography)
under the following conditions.

Apparatus: LC-GrU. 150C (Waters Co.)

Column: GMHE .(Toyo Soda Manufacturing Co.,

Ltd.), 60 cm
- Column temperature} 140°C

Sdlvent: o-dichlorobenzene
_ The molecular weight Qistribution'possessed by
a sample is calculated from the relation between a
logaritlimic value measﬁrgd under the above conditions,
of a ca;ibration curve'prepared using a polyethylene
standard sample and the number of count.

In the present invention, the melting.point of
the reldase agent is measured ﬁsing a differential

scanning caloriméter DSC-7 (manufactured by Perkin-

laced

Ilfl L]



The preset tenperature of its fixing device was drdpped by 5[err]C, at
which the tests were carried out. In particular, as to the
anti-offset, t ’sc e ismfor the fixing roller was detached
fromthe copyi ﬁ ch??r@gngﬁ eval uati on was made by counting, as copy
durability, th ?ﬁ of copyl pheets at which an inage was stained or the
fixing roller 3nd kit dﬁ a2 .

LY

Elmer Co.) to determine an endothermic peak of the
semple, which peak is regarded as a maximum melting
peak value.

Fig. § shows an example of the endothermic
peak in 'the Dsc.

In the toner of the present invention, the
binder rasin may preferably contain i) two kinds of
styreneﬂacrylate'copcljmers;.a low-temperature.
softening resin and a hibh‘temberature softening
resin, and ii} a low-melting graft-modified polyolefin
release agent.

The low-temperature softening resin may have
an Mw of from 5.0 x 10% to 3.0 x 10%, end prefersbly
from 5.6 x 103 to 2.0 x 10%, a ratio of Mw to Mn
(Mw/Mn) of not more than 3.0, a flow-out point (herein
the temperature at whiéh.tqe resin begins to flow out)
in a flow tester, of from 75°C to 90°C, a softening
point of from 80°C to 110°C, and a glass transition
point (hereinafter'"rg*) of from 55°C to 70°C,
preferably from §5°C to 65‘0, 'The high—-temperature
softening resin may ha%e‘an Mw of from 4.0 x 105 to
1.5 x 105. an Mw/Mn of not more than 3.0, a flow-out
pbint of from 110°C to 160°C, a softening point of
from 15C°C to 230°C, and Tg 'of.- not less than 55°C.

If the Mw of the low-temperature softening

3

resin is less than 5.0.x 107, the blocking resistance



As to the fixing.performnce, fixed inages

72 -

wer g Rmmp 'S’IEET M th | ens cleani ng' paper "Dusper"
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of the toner may be seriously deteriorated, the
siorage stability may be damaged; and the phenomenon
of melt-adhesion of the tomer to a photbsensitive
member may occur at the time of development to tend to
adversely affect fixed.images. If the Mw is more than
3.0 x 104, it beconmes di!ficéit to achieve the desired
low-temperature fixing'perfo:ménce, also resulting in
an incrdase in the pdwet coﬁéumption required for the
fixing of the toner to a.recording medium. When the
Mwlun.oﬂ the low-tempeiature sbftening'resin is
controlled to be not more ﬁhan-s.o} the low-

temperat ire fixing'perfofmance can be improved.

If the flow-out boint of the low-temperature
softening resin in a flow tester is lower than 75°C,
the bloaking resistance of the toner may be seriously
deteriorated. On the other hand, if it is higher than
90°C, it becomes difficult to achieve the low-
temperature fixing performance when used in
combination with the high-temperature softening resin.

If the softening point of the low-temperature

softening resin is lower than 80°C, an excessive melt- -

- adhesion of the tonmer tends ﬁo"occﬁr in the step of

heat fixing even when used in combination with the

high-teﬁperaturé softening resin, tending to bring

' about tha disadvantages that fixed;image surfaces

become ¢lossy, toner materials penetrate into or



(trademark; OZU Paper Co., Ltd.) under application of a load of about 100

g, and any pee

decrease in

I mges was indicated by the rate (% of

Thg-of—the—+i-xed
reﬁE@&G@ﬂEMﬁfé{&H The fixed i mage for evaluation was the

200t h sheet when{coprés wWere qorti nuously taken on 200 sheets. As
to the w nd-arpupdpresigt e, gntirely solid black images were produced
dresi! 8 ere produce

on three sheetsk,
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strike fhroﬁgh a recording medium such as transfer
vaper, dnd images are Blurred because of the spread of
a molter tonmer. If the softening point is higher than
110°C, it becomes difficult to achieve the low-
temperature fixing periormance, also resulting in an
increase in the power consumption required for the
fixing of the toner to. a recording medium.

Use of the speéific low-temperature softening
resin as described abobegqublié achievement of a good
Iow-temgerature fixing performance.

Jn the other hand, as a result of intensive
studies made by the present inventors on the offset
phenomenon, the 1ow-tehperatu:é softening resin was
found to be prefersbly contained in an amount of not
less than §0 wt.%, mor§ brefefably not less than 6§
wt.%, and most prefergb{y not ‘less than 70 wt.%, based
on the total weight of the binder resin, im order to
bring out the low-tempézatiréffixing performance
attributable to the loﬁ-tempéfature softening resin
componert.

The high-temperature softening resin is sought
to prevent the offset phenomeron by its addition in a
very small amount.

It has been made clear that the resin used in

' ¢ombination with the above low-temperature softening

resin for the purpose of prekénting the offset



the state of traces left on i mages when the sheets are
claws of the fixing roller was exam ned to judge thg
relied on the claws. As a result,

peel i ng

fixing performance, the rate of decrease was 3 %and fit mes'“T

good.

The anti-offset was so good that no stain of
on images or the roller even when copies were take
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phenomerion must be the high—teyperature softening
resin extremely different in molecular weight and melt
fiscosiﬁy characteristics from the low-temperature
softening resin.
In the present inveptibn, if the Mw of the
high-temperature softening resin is less than 4.0 x
5

107, the offset phenomenon tends to occur when this

resin is used in combination with the lcw-teméerature

softening resin in such e proportion that enables low-

' temperature fixing. On thé other hand, if it is more

than 1.8 x 106, the low-temperature fixing performance

tends ta be damaged.

If the flow-oqf temperature of. the high-.
temperatiure softening resih'in a flow tester is lower
than 110°C or the softenming point is lower than 150°C,
the offset phenomenon tends ta-oqcur'wben this resin
is used in combination with the low-temperature
softenirig resin in such a proportion that enables low-

temperature fixing. On the otner hand, if the flow-

' cut temperature is higher thar 160°C or the softening

point is higher than 230°C, the low-temperature fixing
performénce tends to be damaged.

The high-temperature softening fesin may have
a Tg of not lower than 55°'C, preferably from 60'0 to
20°C, and more preferably from 65 to 70°C. This is

due to the fact that, when materials are melt-kneaded

peeled with peel
$ A- ch the



The wi nd-around resistance was al so found very good although traces nade
by the cl aws slightly left on the imges. Running tests were
carried out ¢RERD T0. eets using an imge with an inmage-area

per cent age f5 QQEN%HJQQRF Fa result, inmages were reproduced in a good
state. Altheou e . nmelt-adhesion and filmng to the photosensitive
menber were $I gﬁté]y-'%!eé?ﬂgtih - 36 -

in the manufacture of toners, polymeric molecular
chains are cut to decrease the molecular weight of the
polymeric component, aﬁd,hence, if the Tg is loweg
then §5°C, the melt-adhegioh of the toner to a
photosensitive member tends to occur at the time of
uevelopment.

The low-temperature softening resin and high-
tgmperdfnre softening resin coétained in the binder
resin may be in a proportion ranging from 50:50 to
90:10, preferably 65:35 to 90:10, in wt.%.

If the amount of the low-temperature softening
resin ie less than 50 wtl¥% and also the amount of the
high-temperature softening resin is more than 50 wt %,
it becomes difficult to achieve the low-temperature
fixing pgrfornancé. On the other hand, if the amount
of the low-temperature softening resin is more than 920
w1.$ and the amount of the yign-temperature soffening
resin is less than 10 ﬁt}x, the offset phenomencon
tends tc occur to adve;sély affect fixed images.

If the amount of the: low-temperature softening
resin id more than S0 wt.%, the grindability at the
time thé toner is prepared tends to be seriously
lowered to lower the broductiop efficiency of the
toner. '

‘An additional feature in the comstitution of

the toner of the preéent invention is that the



-73- copied i mges were not affected at all. The toner had a
"THF-i nsoluble matter of 4 w.% an My Mn according?ﬁ%p?y‘ f—the—
THF-sol ubl e . LxﬁEN@NT SHEET
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low-temperature softening resin of the binder resin is
obtained by solution polymerization, and the bigh-
temperathre softening resin by suspension
polymerization, and that:the both are mixed in a
solvent capable of dissolving the both.

Suspension polymerization and emulsion
polymerization are availeble in order to obtain the
hﬁgh—temperatqre softening resin having the molecular
weight distribution and.ﬁelt-viscosity-characteristics
as described above. In the émulsion polymerization,
however, it is difficult to préevent an emulsifying
agent from remaining, resﬁlting in a Jowering of toner
characteristics.

_ It is preferred for-{he low~tehperature
sbftening resin to be synthesized by solution
polymerization taking account of its sQIution qixture
with the high-temperature so:téning resin, carried out
after completion of the polymerization.

The mixing of the low-temperature softening
resin and the high-tembe:ature?softenipg resin is
carried out by solutioh mixing. Other mixing methods
can not achieve uniforﬁ hixturé to adversely affect
toner characteristics.

The solution mixing makes it possible to
remove remaining monomeré whien the step of removing

ithe solvent is taken.



resin

matter, of 38.2, Nt peak MA of 7,700, a nolecular weight
peak MB of 765,00@E lAﬁﬁ%%ﬁﬁigﬁ% 9. and a nol ecular weight distribution
curve area ratio A: SB: Sd of 1:{0.{36: 0. 60. Exanpl e 2 Bi nder

2 - 03 JJI {998 109 parts Magnetic nateri al

80 parts

Positiye| charge contrdl

agent 2 parts
[ - 38 -

The melting characteristics of the binder
resin can be measured using an overhead-type flow

tester as illustrated in Fig. 3 (Shimadzu Flow Tester

CFT-500 Type). In the first place, about 1.0 g of a

sample 3 molded using a pressure molder is extruded
from a nozzle 4 of 1 mm in diameter and 1 mm in length
under spplication of a load of 20 kgf using a plunger
1 at a temperature rising rate of 5.0°C/min, during
which the fall quantity of the plunger of the flow
tester is measuréd.

Here, when thejhéidht of an S-shaped curve in

" the plunger fall quantity-temperature curve of the

flow tester (see the fiow tester fiow-out'curve.shown
in Fig. 4) is represented by "h", the temperature at a
point of h/2 is regarded as the softeniﬁg point and
the temperature at which the sample begins to flow out
;s regarided as the flow-out point or temperature.

The Tg is measured in the following way:
ﬁsing a DSC curve obtaingd'ai the time of the second
temperature rise,'the'iehperature corresponding to the
position of the point ét,which; as shown in Fig. 5,
the center line between h base line (1) before the
endothermic peak and a base line (2) after the
endothermic peak intersects the rfsiné curve .is
regarded as the Tg.

The Tg in the béesentTinvention is measured



¢

Gaft-nodified wax B _ 4 parg-s T ove
materials were prem xed using a Henschel m xer, an Eﬁk&ﬂﬁNﬂ@&Béﬁ' n 20

mnutes using a twin-roll mll heated to 150[err] rTrie"Knéaded gr qduct
was | eft to cool, and then crushed with a cutter m|l ?? lﬂ?gﬁﬁr t He
crushed product was finely pulverized by nmeans of fine S; Ing mil
maki ng use of a jet ~current, followed by classificathep—~ustag—amrair{

classifier to give a black fine powder. (ggnmgnetic

using a differential scanning calorimeter DSC-7
(nanufadtured by Perkin-Elmer Co.), at a temperature
rising rate of 10°C/min and according to ASTM (D3418-
82). |

The resin composition in the toner 6f the
present invention may prererably be those cbtained by
polymerizing at least one kind of moncmers selected

“from styrenes, acrylic acids, hethacrylic acids and
derivatives thereof. These ééé pfeferable in view of
development properties and triboelectric properties.
As for éxamples of monomers that can be used, the
styrenes include styrene, e-meéthylstyrene,
vinyltoluene, and cﬁldrdstyteqe. The acrylic acids,

' methacrvlic.acidé and herivatives'théreof include
acrylic acid_and acry;ates éuqh as mefhyl acrylate,
ethyl ac¢rylate, propyl écrylafe, butyl acrylate, octyl
acrylate, 2-ethylhexyl scrylate, n-tetradecyl
acrylate, n-hexadecyl ‘acrylate, lauryl acrylate,
¢yclohexyl acrylate, éiéthylaminogthyi acrylaté, end
daimetylaminoethyl acrylété;'mgthacrylic acid and
methacrylates such aé méthyl methacrylate, ethyl
methacrylate, propyl methacryiafe, butyl methacrylate,
amyl methacrylate, hexyl methacrylate, 2-ethylhexyl
methacriylate, octyl methacrflate. decyl methacrylate,
dodecyl methacrylate, lauryl methacrylate, cyclohexyl

methacrylate, phenyl methacrylate, 2-hydroxyethyl



toner) wth a volunme average particle dianeter of 8.7 [err]m
Based on 100 parts of the magnetic toner, 0.4 part o

fe—eolloidal

I TTC SO

silica powder was dry-blended to give a toner having BEPl&GEﬂEN§i$HEET
the - surfaces of tonger particles. This is designated ps o
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methacryilate, 2-hydroxypropy1'methacrylate,
dimethylaminoethyl metharrvlate, .glycidyl
methacry late, and stearyl methacrylate. -

Besides the above monomers, other monomers may
be used in a small amount so léné as the objects of
the present invention can be achieved, -which include,
for example, acrylonitrile, 2-vinylpyridine, 4-

_ vinylpéﬁidiné, vinylEarbazole( vinyl methyl ether,
butadiene, isoprene, maleic anhydride, maleic acid,
maleic gcid monoesters, maleic acid diesters, and
?inyl agetate. .

A cross-linkinéiagent;méy'be used in the toner
éf the present invention, aﬁd;a bifunctional cross-
linking agent can be used, which includes,
divinylbenzene, bis(4~a¢rylo¥y-
polyethoxyphenyl) prqpane,.éthylene glycol
diacrylate, 1,3—buty1§né glycol diacrylate, 1,4~
butanédiol diacrylate, i,S-ﬁeﬁtanedioi diacrylate, 1,6-
hexanediol diacrylate, nenpentyl glycol diacrylate,
diethylene glycol diacrylate, triethylene glycol
diacrylate, tetraethylene glycol diacrylate, -
diacrylates of polyethyiene giycol #200, #400 and
#600, réspectively, dip:opyleﬁe glycol diacrylate,
polypropylene glycol diacrylate, polyester type
diacrylate (MANDA, availabie from Nippon Kayaku Co.,

Ltd.), Bnd those in which the acrylate units of the
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toner 2 of the present invention. .&Gindability of

al

toner was 5.8 kg/hr at an air pressure of 5.6 kg/cnf&rlim —totm
good. ﬁﬂﬁﬁﬁ%ﬁNfﬁﬁH

No nelt-adhesion or the |like occurred in the

LK)
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above acrylate type cross-—linking agents have been
respectively replaced with metﬁaérylate units.

A polyfunctional cross-linking agent can also
be used, which includes pentaerythritol triaciylafe,
trimethylolethane triacrylate, trimethylolpropane
triabry]ate._tetramethylolmethéne tetréacrylate.
oligoester acrylate and hetpacrylate thereof, 2,2-
bis{4-mgthacryloxy, polyéthoiyphenyi)propane, diallyl
phthalate, triallyl cyanurate, triallyl isocyanurate,
triallyl isocyanurate, triallyl trimellitate, and
Q1ary1 Ghlorendate. '

These cross—liﬁking agents may preferably be
not incorporated so that the THF-insoluble matter is
controlled to be less than 10 wt.%. In the case when
the crogs-linking agent is incorporated, it should be
used in an amount of less thé@ 1 wt.%, prereraply not
gore than 0.5 wt.%, and more preferably not more than
0.2 wt.%.

The binder resin used in the toner of the
present invention is synthesized from monomers in the
preseﬁbe or absence of the cross—iinking agent and
also with use of a pol}merizéfion initiator.

The polymerization initiator may include di-~t-

butyl peroxide, benzoyl peroxide, lauroyl peroxide, t-

butyl péroxylaurate, 2,2'-azobisisobutyronitrile, 1,1~

bis(t-bhtylperoxy)-3,3,5-trimethylcyclohexane,

t he
gery

EET



Bl ocki ng resistance was exanined on the basis of the degree of

aggl oner ati on observed when about 10 g of toner was [
glass of 100 cc and left to stand at 50[err]C for a d
at roomtenperature and the product left at 50[err]C f{o
Ww.%and 21 wm.% respectively, which were substanti g
and the difference ([err]G was only_44%6_ From t hesq
confirned

}{E?l AGEH

—r —
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a day showe
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acts it was
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1.1-bis(t-butylperoxy)cyclohexane, 1,l-bis(t-

bntylperbxycarbonyl}cyclbhexane, 2,2-bis(t~

butylperpxy)octane, n—buty1-4,a-bis(t-butylperoxy)

valylate, 2,2-bis(t-butylperoxy)butane, 1,3-bis(t-

bptylperbxy—isoprcpyl)be*zena.'z,s-dimethyl-Z.S-di(t-

bptylperaxy)hexane, 2,5~-dimethy1-2,5~-di(t~-butylperoxy)

hexyne-3, 2,5-dimethy1+2;5¥di(benzoylperoxy)hexane, di-

t—butymeroxyisophthalgte ., 2,2-bis(4,4~di-t~-

bﬁtylpenoxycyclohexyl)prbpane, di-t-butylperoxy-a-

methylsuccinate, di-t-butylperoxydimethylglutarate, di-

-butylderoxyhexahydroterephthalate, di-t-butylperoxy-

azelate, 2,5—diemthyl—?,5—di(t-butylperoxy)hexane,

diethylene glycol-bis(t-butylparoiycarbonate), di-t-

Qutylpen:xytrimethyla&ipaté.:tbis(t-buxylperoxy)

triazine. end vinyl tris{t<butylperoxy)silane.

The above polymerizatibn initiators may be

used aldne or by mixture taking account of the amount,

the polymerization temperature end the half-life

Qeriod.

In the toner used in the present invention, at

Ieast one kind of a relehsé;aggnt having & number

dverage molecular weight (Mn) of not more than 1.0 x

10°

more thanlz,s x 103

. a wWeight average molecular weight (Mw) of not

. an Mw/Mn of not more than 3.0,

" @nd a melting point (mp) of from 60°C to 120°C. The

release agent may préférpbly'ﬁe used in amount of from

ne
fit
7
S,



t hat subst ant
anti - of f set,

were exam ned using a nodified machine of a copier

by Canon I nc. The preset tenperature of itg
dropped by 10[err]C, at which the tests were carri ec O%fq o
~particular, as to the anti-offset, the 43 3 4L 1398
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ially no bl ocking occurred. Fi xi ng performance

W nd-around resistance, and inmage properties_or durabilj
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6.1 to 20 wt.%, and preferably from 1 to 10 wt.%,
based on the binder resin.

Release agents pieferably,used'in the toner of
the present invention include, for example, paraffin
wax, a low~molecular wei&ht polyethylene wax, a low-
moleculdr weight ethylene-propylene copolymer, a low~
molecular weight polypropyléne?wax; and a polyoléfin
wax graft-modified with an aroﬁatis—viay&-zaaaaee—3uch
as styrene and styrene derivatives, an
uhsaturéted fatty acidiof an;unsaturatéd fatty acid
ester. Of these, the éréft—modified_polyolefin wax is
particularly preferred from the viewpoint of the
advantages that the lifetime: of developers and of
machines such as copyiﬁgjmachipes makjng use of the
developdrs can be elongated éna thé maphines can be
ﬁade maintenance~free.

The graft-modifiéd polyolefin wax may ﬁave an

Mn of nct more than 1.0 x 103, and preferably from 400

to 700, an Mw of not more than 2.5 x 10°

. and
preferatly from 700 to 1,500, an Mw/Mn of not more
than 3.0, and preferably nof:mére than 2.0, and a
melting point of from éol-c to 120°C, end preferably
from 60°C to 100°C. |

Use of this release agent makes it possible to

Carry out the heat fixing of. the toner to a recording

medium uynder fixing conditions of low temperatures’



cl eani ng mechanismfor the fixing roller was detachred—fromthe cQpying

machi ne and the eval uati on was made by counting,iﬂfRﬁﬂ@ENﬂMﬂa@HEETB the
nunber of copy sheets at which an i mage was stai e or—the—ti
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without causing offset, and thus to achieve a lower
power consumption. )

Intensive studies made by the present
inventors havé revealed thaf.ﬂbat.is réduired is a'
release agent which renders good release'properties at
a low temperature with respect to thé low—~temperature
melting binder resin wﬁich enables the low-temperature
fixing, that the temperatuee é& which.the.release
agent renders release properties correlates with the
melting point of the release agent, and that & release
agent having a lower nelting point is mnore
advantageocus for the low-temperatufe fixing. When,
'however, a release agent with a low melting point is
used, the release agent makes poor the blocking
resistance of a toner and hés'an ill influence that
the filming of toner to a cérrier occurs when fhe
product is used in two-component type developmeht.
Accordingly, in the present invention, the release
agent is made to have the molecular weight
distribu%ion which is relatively sharp as described
ebove, so that the blocking resistance can be
improved, the release agent can render release
properties at a lower tempefature,'and the good
éerformance without causing the offset phenomenon can

‘ be obtained.

However, although the low-temperatu;e fixing



- 75- roll er was contam nat ed. The fixing performance and

t he wi nd-ar ound resi stance were al so evaluated in tgf-Sﬁﬁ§~ﬁgﬂﬂeL~&&
in Exanmple 1. As a result, in respect of tH&EPLAGAMENT SHEET

performance, the rate of decrease was 6 % and it was
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can be athieved to a certain extent when the release
agent with a low melting point and binder resin as
described above are used in combination, it is
technically difficult to disperse the release agent in
tie mixed resin comprised of the low-temperature
softening resin and the hidhjtemperature softening
resin. An insufficient dispersion adversely affects
the developing performance of toner.

Now, the present inventors made further

' intensive studies to have discgveréd that the above
problems can be eliminatéd-aﬁd'a good development
performahce and further low-teéperéture fixing
performance cah be achieved when the lbw-melting
polyolefiin wax is graft-modified in order to improve
the dispersion of the releaseé agént in-the binder
resin as described aboie;

The binder resin in the toner of the present
inventicn may ﬁreferabiy'be“gbfained by mixing the low-
temperatiure softening :esin'énd tﬁe hibh—temperature
softening resin, and bbth the ?esins may preferably be
binder riesins comprisipg-theféhme compbnents.

The low~melting graft—hodified polyolefin
release agent used in the present invention may
include a polyolefin an graft-modified with an
aromatic vinyl monomer such as stjrené and styrene

derivatives, or an unsafurated fatty acid or an



found very good. The anti-offset was so good that no stain or

‘contam nati on was seen on inmages or the roll er even when copi es were
t aken on 00 —<teets: e W nd-around resistance was al so found very
good aIFﬁbﬁQEENE1 eSHEEﬁa by tne claws were slightly left on the

| mages. Runni ng fests were carried out on about 30,000

sheets, uging @R ijNRAGaY 1 hjan i mage-area percent age
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unsaturated fatty acid ester.
rhe polyolefin wax may include polyethylene
waxes, homopolymars of a—olefins such as propylene, 1- :
butene, 1-hexene, l-decene, and 4-methyl—-l-pentene;
~ copolymers of two or more kinds of a-olefins; and
copolymers of ethylene with én'd-olefin. It may
further include oxides of polyolefins. |
The unsaturated fatty acid or unsaturated
fatty acdd ester used fof synthesizing the graft-
modified polyolefin may includa methacrylic acid;
methacrylates such as methyl_méthacrylate, ethyl
methacrylate, propyl méthacrylate, n-butyl
m?thacrylate. isobutyl'mefhécr?late, n~octyl
methacrylate, Z-ethylhéxYI methacrylate, lauryl
methacrylate, stearyl nefhacryiate, dodecyl
methacrylate, phenyl methacrvlaté, dimethylaminoethyl
methacry late, diethylahi’poethy-l methacrylate, 2-
hydroxyethyl methacr?lgte, z,z;z—t;;flﬁoroetﬁyl
methacry late, and glycidyl methacrylate; acrylic acid;
acrylates such as meth;l'acrylhte, ethyl acrylate,
propyl dcrylate, n-butyl acrylate, isobutyl acrylate,
n-octyl acrylate, lauryl acfylate, stearyl acrylate,
aodecyl acrylate, 2-ethylhexyl acrylate, phenyl
dcrylate., 2—-chloroethyl acrylate, 2-hydroxyethyl
acrylate, cyclohexyl acrylate. dimethylaminoethyl.

acrylate, diethylaminoéﬁhyi acrylate,



of about 5 %
mel t - adhesi on
The toner 2 h

and a nol ecul
1: 0. 40: 0. 59.

Vi

As a result, inmages were reproduced in a good state.

r fwei ght distribufion curve 4@{ ea rati o SA: SB: Sd of

dibutylaminoethyl acrylate, 2-ethoxy acrylate, and 1,4-
butanediol diacrylate; maleic acid, fumaric acid,
itaconic acid, citracomic acid, and unsaturated
dibasic acid esters such as moncethyl maleate, diethyl
maleate, monopropyl maléaté,_dipfopfl maleate,
monobuty! maleate, dibutyl maleate, di-2-ethylhexyl
maleate, monoethyl fumarate, dieth?l fumarate;!dibutyl
fumarate . di-2-ethylhexyl fumarate, moncethyl
itaconate, diethyl itaéopate; ionoethyl citraconate,
and diefhvl citraconate. These can be used alone or
in combihation of two or more kinds.

fhe aromatic vinyl mqnomeg may_inglude
styrene,_o-methylstfrehe, m-methylstyrene, p-
methylsﬁyrene, a-methylstyrene, 2, 4-dimethylstyrene, p-
ethylstmrene, p-n-butylstyrene. p-tert-butylstyrene. p~
n-dodecyilstyrene, p-phenylstyrene. and.p-
chlorosﬁyrene. These can be used alone or in
combination of two or more kinds..

The polyolefin'cén be graff-modified using
conventivonally known méethods. For example, a reaction
of the plolyolefin with the aromatic vinyl monomer and
the unsqturgted fatty écid or unsaturated fatty acid
ester which are in a molten state or dissolved in a
solventgﬁay be conducted by heating in the atmosphere
or undef application of bressu;e and in the presence

of a raaical initiator. A graft-modified polyolefin

No

g&gﬁﬂgﬂ@gﬁk%ﬁ%fi phot osensitive nenber was seen.

ol-ti-e jmatt er of 2 wt.% an MM Mh according to
GPC of the THH-doluble 20 mafter, of 24.7, a nolecul ar wei ght peak MA of -
14, 000, a |ndl &3l dHivistght peak MB of 680, 000, an MB/ MA of 48. 6,



Exanple 3 Using the toner 2 prepared in Exanple 2, unfi xed i mages were
obt ai ned by neans of a nodified - 76 -
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can be thus obtained. The grafting using the aromatic
vinyl mohomer and the unsaturated fatty acid or
unsaturated fétty acid ester may be carried out using
both at the same time or may be carried out using thenm
s?parateﬂy. _

The initiator used in the grafting reaction
may include benzoyl.perokiée, dichlorobenzdyl
peroxide, di-tért-butyi peroxide, lauroyl peroxide,
tert-butyl perphenyl aéétaté, cunine pivarate,

"~ azobisisobutylonitrile, dimethylazoisobutyrate, and
dicumyl peroxide. -

As to the proportion of the grafting agent to
the polyslefin, the farmer may'preféraﬁly be in an

- gmount of from 0.1 pari by wéight fo 190 pérts by
weight, and more preferably frbm 1 part by weight to
50 parts by weight, based on 100 parts by weight of
the latter. An amount less than 0.1 part by weight
Can not bring about little effect of §rafting, and an
amount njore than 100 p;rts ﬁy weight may result in
loss of advantagecus properties inherent in the
polyoletin. |

The aromatic vin&llmbnbner and the unsaturated
fatty acid or unsaturated fatty acid ester may be used
preferably in a weight ratio of from 95:5 to 5:95. and

* dore préferably from 80:20 to 20:80. An excessive

amount for the unsaturated féfty acid or unsaturated



machi ne of a copler FC-5, manufactured by Canon Inc. A-t-est
fixi

fixing the ut S1 capied-out “°in:_t$e ext erpal
as shown Ifh@bﬁﬁ&“éﬁﬁﬂ%y‘! k[ hg a FHISs SHEET HAGREEN jhat st a hee
a heater el ¢nyg I'n pressur

q
cl ose conta Wlé‘}g ?t}E_‘iQ?EO

t hem Used mat eri a

|33

g’f—f'
n

he- f|X|ng4§|Ln115 was an -

fatty acid ester tends to result in a decreése in the
releasing effect inhergné in the polyolefin. An
excessive amount for the 'aromatic vinyl monomer can
not so. mitch bring about an improvement in the .
dispersibility of the ﬁo%yolef;n in the toner.

The graft-modifiéd polyolefin used in the
present jinvention may ﬁrefeiahlv be added in an amount
of frém O.leart by weight-to.zo parts:by weight, and
more preferably from 0.5 part by weight to 10 parts by
weight, based on 100 parts by weight of the binder
resin. An amount less -than Q.l part by weight makes
it difficult to bring'ébéut a suff;cieht releasing
effect, Bnd an amouhf ﬁoie than 205parfs by weight
tends tc result in a lowérind of the blocking
resistante of the toner.

fhe graft-modified ﬁoléolefin used in the
present ianvention may preferably have'é melt viscosity
in the range of from 1 to 250 cps (centipoise) at
160°C. A melt viscosity less than 1 cps tends to
cause theg blocking of ﬁoﬁe?. A melt viscosity more
than 250 cps mekes it haid'for the modified polyolefin
to bleed from the toner and hakes it hgrd for the
releasing effect to be ekhibitéd. In fhe fixing
method of the present in?enfioﬁ, it is'preferred that
in genergl a reieasable ¢omponent having a lower melt

viscosity is used when 'a lower fixing temperature is



endl ess film

prising a polyimde filmcoated with a rel ease | ayer with

a thickness ofl REP +ch a fluorine resin and a conductive
Aptea VR, SHECT

materi al were

rubber was used as the pressure roller 18,

and the fixing arried out Wwth anip of 3.5 nm under a total
k EE§ 1898

pressure of 8
and at a pro
of the arrow

hepter elenent 11 and the pressure roller 18,
be speed of 5 1sec. The filmwas noved in the direction

n a winkle-free jstate by ioe -

selected.

The melt viscosity referred to in the present
invention is based on a value yeasured'with a
Brookfield type viscometér.

The toner used in the ﬁresent invention may
contain at least one kin& of a reléase agent having a
melting point of higher than 120°C so long as used in
such an gﬁount that may Qot adversély affect . the
fixing performance of thée tonetr. _

ihe toner of the present invention may contain
& charge control agent. 'COQbehtionally known positive
or negative charge contr61 agents can be used as the
charge control agent. The charge contfol.agent may
include the following: . _

(1) Thase capable of controlling the toner to have
positive charge may include the fo;lowin§ materials:
Nigrosire, azine dyes éontaihihg an alkyl grouﬁ having
2 td 16 carbon atoms (5abaneée Patent Publication No.

42-16217), basic dyes @s exemplified by C.I. Basic

‘Yellow 2 (C.I.41000), C.I. Basic Yellow 3, C.I. Basic

Red 1 (G.I.45160), C.I. Basic Red 9 (C.I.42500), C.I.
Basic Violet 1 (C.I.42535), C.I. Basic Violet 3
(C.1.42855), C.I. Basic Violet 10 (C.I.45170), C.I.
Basic Violet 14 (C.I.42510), C.I. Basic Blue 1
¢C.I.42025), C.I. Basic Blue 3 (C.I.51005), C.I. Basic
Blue § (C.I.42140), C.I. Basic Blue 7 (C.I.42595),



action of the drive of and tension between, the drive roller 16 and the

foll ower roller The heater elenent 11 was conprised of a | ow
heat capaci tandﬂ[PLAQEMENQ’aSHEF‘p enent, to which energy was .pul sew se
appl i ed and t efpgrature—ecert+e{ | was carried out. The resistance materi al

of the heater ]elie qﬁst %ﬂ Qﬁf A power consunption of 150 W  Tenperatures
were so controlfl ¢d 6L d hg sane as,
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C.I. Baslic Blue 9 (C.I.52015), C.I. Basic Blue 24
(C.1.52030), C.I. Basic Blue 25. (C.I.52025), C.I.
Basic Blue 26 (C.I.44025), C.I. Basic Green 1 _
(C.I.42080) and C.I. Basic Green 4 (C.I.42000), lake
pigments of these basic dyes (laking ageats are
exemplifeied by tungstophosphoric acid,
molybdophosphoric acid, tungstomolybdophosphoric acid,
tannic acid, lauric acid, gallic acid, ferricyanides,
and ferrocyanides), C.I. Solveat black 3 (C.I.26150),
Hanza Yellow G (C.1.11680), C.I. Mordant Black 11,
C.I. Pigment Black 1, benz@flmethyl-hexadecylammonium
chloride, decyl-trimethylammonium chloride, dialkyltin
compounds such as dibutyitin and dioctyltin, metal
salts of higher fatty gcids, inorganic fine powders
such as kinc oxide, metal conplexes of EDTA or
acetylacétone, and'poljaqine,resins such as vinyl
polymers containing an'anino'grouéiand:condenséd
polymers containing an .amino group. Nigrosine, metals
salts of higher fatty acids, ‘and vinyl polymers
containihg an amino group are perticularly preferred
from the viewpoint of diépéréiﬁility.

(2) Those capable of controlling the toner to have
negative. charge may include the following materials:
Métal compounds of monoazo dyes, as disclosed in
Japanese Patent Publications. No. 41-20i53, No. 42~
27596, No. 44-6397 and No. 45-26478, nitramines and



or lower by 15[err]C than the fixing assenbly (preset
- 77 - fixing teq%gqgﬁg%g p i&ﬁﬁT]CD of the FC-5 nodified machine, at

which the tests wey a result, the fixing performnce was
2 %in ternms of the
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salts thareof, as disclosed in Japanese Patent
Application Laid-open No. §0-133338, dyes or pigments
such asic.1;14645, metal-containing compounds formed
by the union of Zn, Al, Co, Cr or Fe with salicylic
.acid, nsdphthoic acid or dicarboxylic acid, as
disclosed in Japanese Patent Publications No. §5-
42752, No. 58-41508, No. 58-7384 and No. 59-—‘1384.
sulfonated copper phthalocyanine pigments, styrene
dligomers into which a nitro group or halogen has been
introduded and chlorinated paraffins. Metal-
containing compounds of monoazp dyes, and metal-
containilng compounds of salicylic acid, alkylsalicylic
scid, naphthoic acid or dicarboxylic acid are
ﬁarticularly preferred:from'thg viewpoint of
dispersibility.

The toner of the=pr§seht inweétién may also be
dptionailv incorpcratea ?itﬁ additives to obtain good
results. The additivesfmpy‘inqludg luﬁricants such as
Teflon, zinc stearate and poizviqylidene fluoride (in
particular, polyvinylidene fluoride is preferred);
abrasiveds such as derium oxide, sﬁlicqn carbide and.
gtrontium titanate (in particular, strontium titanate
is preferred); fluidity-providing ageﬁts such as
colloidal silica and aluminum oxide (in particular,
hydrophgbic colloidal silica is preferred); anti-

caking agents; and condﬁctiviﬁy—proviqing agents such



rate of decrease w thout stain agd contam nation on both the inmage and the
fixing filmeve et running, and found good. In addition,
the waiting tiﬁ\Ep GEME%EOSHéfpor | ess, and the power consunption was
significantly Rower than that a heat-roller fixing system

Exanpl e 4 Bindet Qe3i b 1893 - 3 100 parts

as carbon black, zinc oxide, antimony oxide and tin
oxide. It is also possible to use as a developability
improver, a small amount of white fine'pafticles and
black fine particles having the po;arity oppositefto
tpe charge polarity of the toner.

The toner of the:present invention may also be
use in the form of a mixture with carrier powder, when
used as & two-component type developer. In this
instance, the toner and the tafrie: powder may be

‘mixed in such a ratio that gives a toner concentrétion
of from 0.1 to 50 wt.%, preférably;from 0.5 to 10
wt.%, and more preferably from 3 to 5 ﬁt.%.

As the catrier-p¢wder usable in the present
iﬁventiop, it is possiﬁlé to ‘use kﬁown_materials.

They incllude, for exanplé.:powders having magnetic
properties, such as iron powder, ferrite'powder and
nickle pbowder, glass beads, and glass beads whose
surfaces have been treatéd with a fesip such as a
fluorine resin or a silicone résin.

- The toner of the present invention may further
contain & magnetic material so that it can be used as
a8 magnetfiic toner. In this'instancg the magnetic _
material serves as a céléring agent at the same time.
'The magnétic material contained in the toner may
include iron oxides sudh.as magnetite, hematite and

territe, or compounds of divalént metals with irdq



Car bon black

4 part Pos+t+-ve—charge
control agent 2 parts Gaft- nndifiéEEﬁikG@%rNT SHEET
5 parts Usi ng the above materials, a tonef MﬁT"TWE' n{ t he
same manner as in Exanple 2. This toner and col | di Jlak? @'l@gﬁ?% mxed
In anounts of 100 parts and 0.4 part, respectively. he n t oner
I s designated as toner 3 of the present inventionj ! ' Wi th a

pariticle size of 200 - 54 -

oﬁide: retals such as iron, cobalt and nickel, or
alloys of any of these metals with any of metals such
as alumipum, cobalt, cepﬁer, lead, magnesium, tin,.
zinc, anjtimony, beryllium, bismuth, cadmium, calcium,
menganesb, selenium, titanium, tuggsteh and vanadiunm,
and mixture of any of these. |

These ferromagnetic materials may preferably
be thosq having an averacefparticle diameter of from

0.1 um to 2 um, and mo#e prefefably from 0.1 pum to. 0.5

 nm. Spherical materiais-are-particula;ly preferred.

The magn?tic material may be contained in the magnetie
toner in an amount of fromiaboit 20 to 200 parts by
weight based on 100 parts by weight ofgthe resin
componenit, and particularly preferably from 40 to 180
parts by weight based on 100 parts by weight of the
resin ccaponent. | o .

The toner of tﬁe pfeeent inven%idn may also
dptioeally contain a colorant.

‘As the colorant used in the toner of the

_ ﬁresent'inveation, a pighentjor a dye may be used.

The pigment may include carbon  black, Aniline Black,
acetyrene black, Naphtel Yellow, Hanza Yellow,
Rhodamine Lake, Alizarin Lake, red iroﬁ oxide,
Phthalocyanine Blue and Indanthrene Blﬁe. The pigment
is used .in such an amount that is necessary and

sufficient for mainéeinihg’fhe optical density of



mesh- pass and 300 nesh-on toner 3 was mxed in an anount of about 10

w.%to give
grindability

an air pressune ofu?’ _}!Hk'l%gg

evekegenT SYEEY| the toner was repl eni shed. : The
R ?g‘bﬂ@'ﬁT V) 5.2 kg/hr in terms of the throughput under

efr], and was found very good. There also
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fixed images, and should be added preferably in an
amount of from 0.1 part by weight to 20 parts by
weight, and more preferably from'z-to 10 parts by .-
ﬁgight. based on 100 parts by weight of the resin.

Thé dyermay inclﬁée azo dyés,';nthréquinone
dyes, xanthene dyes and methine dyes. The dye should
be added'preferahly in an amount of from 0.1 parf by
weight to 20 parts by weigﬁt; and more preferably from
0.3 part by weight to 3 parts By weighf,-based on 100
parts by weight of the resinﬂ :

The toner according to the preéent invention
for developing an electr@stafic.latent_image may be
prepared by a method comprising thoroughly mixing the
resin composition according'éo the present invention,
the release agent and theé chérge control agent
optionally together with the ‘mégnetic material, the
pagment br dye as a colofiﬁg;agent and other additiveé
by meéns of a mixing machine such as a:ball mill,
thereaftér melting and kneading the mixture by the use
of a heat kneading machine such as a heéting roll, a
kneader Or an extruder so that resins ére mutually
compatibilized and the pigment or dye is dispersed and
dissolved therein, and cdoling the resulting product
to effaect sclidification, folldowed by érushing,
pulverizhtion and then-sérict ¢lassification to give a

toner with an average particle diameter of from 3 pnm



- 78 - occurred no nelt-adhesion to the interior of the grinding mll.
The bl ocking resistance was evaluated as [err]G = 5r—and.-was found not

problematic at all. | mmge properties and f|(ﬂﬁ@[5@ﬂ%8§pgﬂq?-mere

i o
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to 20 um;

The present invehtiou also relates to a method
of heat-fixing a toner visible image, wherein the
method cpmprises heat-fixing the toner'image formé&
uSing the toner having the characteristic features as
described above, to a re¢ording'medium by means of a
heater element stationarily supported and a pressure
member that stands opposite to said heéfer element in
pressure. contact and bfings said recording medium into
close contact with said heater elehent?through a film
interposed between ﬁhem. .

rig. 1 illustrétés the construétion of the
fixing device used in the présent invention. The
fixing méthod of the present invention is by no means
limited only to the method eﬁbédie& in it.

In the fixing device shown in fig. 1, a heater
element i1 has a smaller heat éapacity;than .
cqnventional heat rolls,_an&:haé allinéar heating
part. The heating part nam'ﬁréferably§be made to have
a maximum temperature df{fzbm i00°C to:300'c.

A film 15 is idterﬁosed-betweeh the heater
element 11 and a pressure member 18, and may
preferably comprise a heat-reszstant sheet of from 1
to 100 um in thickness. Heat-resistant sheets that
can be used therefor may include sheets of polymers

having high heat-resistance, such as polyester, PET



eval uat ed usi
Inc. As are

ng a nodified machine of a copier FC-3, manufactured by Canon
ult _inmages reproduced in a good state, and stable

| mages were
nmel t - adhesi on
The preset tdg
al so the cl eg
the state

¢§§Qﬁ@§ﬁ&?ﬁé8ﬂgﬁ? r 1,000 sheet running. In addition, no

=t e photosensitive drumwas seen
erature, o he §ixing assenbly was dropped by 20[err]C and.
ni nﬁheéﬁ&n'{gs&n s detached7romthe fixing assenbly, under
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(polyethylene terephthalate), PFA (a tetrafluoro-
ethylene/perfluoroalkyl vinyl ether copolymer), PTFE
(polytetrafluorcethylene), polyinide and polyamide,
sneets of metals such as alumiﬁhm, and laminate sheets
comprised of a metal sheét and a polymer sheet.

| In a preferred cénétitﬁtion'of'the film, fhese
heat-resdistant sheets have a rélease layer and/or a
low-resiktance layer. o

The numeral 11 dénotes a low héét-capacitance

linear heater element stationarily supported in the
fixing device. Aan exaﬁp1e5tﬁefeof comﬁrisés an
alumina substrate 12 of i.O‘ﬁm_in thickness, 10 mm in
wiath angd 240 mm in loégitudingl length and a
resistance material 13 coated thereon to have a width
of 1.0 mm, which is electrified from the both ends in
the longitudinal directidn. The électficity is
applied tnder variations of puise widths of the pulses
correspohding with the‘desfféd-temperatures and energy
emission;qdantities which.are controlled by a
temperatire sensor 14, 'in the pulse-liie wavefbrm with
a period of 20 msec of DG 100V. The pulse widths
range epproximately frqm_o{s'méec to 5 msec. 1In -
contact with the heater element 11 the snergy and
temperatiire of which ﬁévé been controlled in this way,
a fixing film 15 moves in the direction of the arrow

shown in the drawing. An example of this fixing film



of which the above running was carried out. As a result, the fixing
performance was about 5 %in terns of the rate of decrease, and was found

good. The anti- offset and the w nd-around resistaﬁfe*me+e—aLsg_Loun
good. The present toner had a THF-i nsol ubl [RERUACEMENT SHEETt . %
an Mv Mh according to GPC of the THF- soluble mattegr,[0of 29 aTotgcul ar

wei ght peak MA of 03 JuL 1998
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includes an endless film comprised of a heat-resistant
sheet of 20 pum thick (comprising, for example,
polyimide, polyetherimide, PEs; or PFA} and a release
layer (comprising a fluorine resin such as PTFE or PFA
to which a conductive meterial’ is added) coated at
least on the side coming into contact with the image
to have a thickness of 10 um. In general, the total
thickness of the film may preferably be less than 106
u@, and more preferably less than 40 pm. The film is
moved in the direction of the arrow in a wrinkle-free
state by the action of the d;ive of, and tension
between, a drive roller i6 a#d a follower roliler 17.

The numeral 18 dénotes a presé@re'roller
having on its surface an elastic layer:of rubber with

-- good release properties @s exemplified by silicone

rubber. This pressure roller is pressed against the
heater ellement at a total pressure of } to 20 kg
through the film interposed Befweeg thém and is
rotated in pressure coqtéét'with the film. Toner 20
having nbt been fixed én a transféfring medium 19 is
led to the_fixing zone by means of an inlet guide 21.
A fixed image is thus qbtained-by the ?eating
describeld above. '

The above has beén described wﬁth reference to
an embodiment in which.thejfixing £film comprises an

ehdless belt. A sheet-féeding shaft and a wind-up



18, 000, a nol ecul ar_wei ght peak MB of 770,000, an ©MB/ MA of 43, and a

nmol ecul ar wei ght EPMMW%&? area ratio SA: SB: Sd of 1:0.43:0. 38.

Exanples 5 to 8

to 7 of the present invention were
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shaft may also be used, and the fixing film may not be
endless. _

iIThe image forning apparatus includes an
apparatus that forms an image by the use of a tonér,

as exemplified by copying machines, printers, and

facsimile appératus, to which the present fixing

cevice cdan be applied.

When the temperature detected by the
temperatiure sensor 14 in the low heat capacitance -
¥inear Heater element 11 is T,, the surface
temperature Tz of the fzimfls opposed to the
resistarce material 13 is about 10 to 30°C lower than
T,- The surface temperature Ta,of the film on the
part at which the film 15 is p;eleﬁ from the toner-
fixed face is a temperaturé'substantiélly equal to the
above temperature Tz.

Suitable as methods of electrifying the heater
element according to such a temperatuge control system
are the pulse width modulation system, the frequency

riodulation system, the AC phase contrcl system, etc.



- 79 - obtained in the sane manner as in Exanpl e 1 except that t he
bi nder resin was replaced with the binder resins a<ga¥$mr~J“ Fig
Exanples 9 to 11 Toners 8 to 10 of the pre;g PGEMENTOSHEET
obtained in the same manner as in Exanple 2 except

03 JuL 1998
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The present invention will be described below
in greater detail by giving synthesis examples and
working examples. The "part(s)" in the synthesis
examples_and working examples refers to "part(s) by
weight™.

Synthesis Example 1

In a reaction vessel, 200 parts of cumene was
put, and the temperature was raised to the reflux
temperature. A mixture of 160 parts of styrene
monomer and 6 parts of di-tert-butyl peroxide was
dropwise added thereto af 135°C in 4 hours. Under
further reflux of cumene (146°C to.ISE'C), the
solution polymerization was completed and then the
cumene was removed. The polystyrene tbhus obtained was
soluble :n THF, and had a weight-average molecular
weight of 7,800, a moleculer weight peak (MA) of 7,200
and a Tg of 6§7°C. This is designated as polymer aA-1
of the binder resin for the ;oner of the present

invention.

Synthesis Examples 2 to 5

Using the monoﬁer compositions, polymerization
initiators and solvents as shown in Table 1, the
solution polymerizatioh was carried out in the same
manner as in Synthesis Example 1 tp give polymérs-A—z
to A~5 cf the binder resin for the toner of the

preseﬂt invention.



that the binder resin and rel ease agent were replaced wth those as shown

in Fig. 9. . Results of the evaluation nmade on the toners - of
Exanples 5 to 11 _are shown in Table 10. Conpar ative Exanple 1
Conpar ative t OREP ] i in the sane -nmanner as in Exanple 2 except
that conparative %&%@Egm'reggﬂpl was us%glmhich cont ai ned 100 parts of
ol ymer ' - -
Pory 03 JuL 1998
Table 1
Syntheses of Polymers A
Monomer composition ' Polymlzn.
Polymer - (parts) Solvent initiator

Synthesis Example:

2 A-2 Styrene {85) Xylene Benzoyl
Butyl acrylate (15) ‘ peroxide
3 A-3 Styrene (80) | Xylene Benzoyl
Butyl acrylate (20) | | peroxide
& A-4 Styrene & &4 Toluene. Benzoyl
2-Ethylhexyl peroxide
acrylate (23)
5 A-5 Styrene (80)  Toluene Benzoyl
Z-Ethylhex'yl | | peroxide
acrylate (20)
Table 1 (Cont'd)
Weight averaée thlecular weight
Polymer . molecular weight peak Tg
A-2 : 11,000 9,200 62°C
A-3 17,000 15,600_ 62°C
A4 21,000 19,200 51°C

A-5 24,000 22,300 64°C




A-2 only as the binder resin. In the case of this conparative

toner,

toner particles were forned in a large quantity when it was
pul veri zed under an air pressure of 5.6 kg/cnferr],

—broad
particle size distribution. Thus the productivity Qﬂ“ﬁmilunﬁgior.

Using the FC-5 nodified nmachine, the fixing perfor ce, anti-offsSgt,

- Wi nd-around resistance, and inmage properties or durfa |H]GyJu@rgggx n1ned

in the

-Gz-

Synthesis Example 6

In a reaction vessel, 200 parts of deaerated
water in which 0.1 part of a partially saponified_

product of polyvinyl alcohel.was dissolved was put,

and then the monomer composition as shown in Table 2

was added thereto to make up a suspension. The
suspension was 5eate§ to 80°C in a nitrogen
atmosphere. The suspension was maintained at that
temperature for 24 hoﬁfs; and iheu_polimerization was
cbmpleteu._ After the éeéction'mixiure was cooled to
roonm temperature, spherical polymer particles produced
as a resilt of the pclymerizat;on were filtered, and
tpen thoroughly washed_with water,'followed by
dehydration and drying’ to give polymer: B-1 of the
binder r:sin for the toner of the present invention.
The polymer had a weight average molecular weight of

Qsz,oooﬂ a molecular weight peak of 433,000 and a Tg

of 57°C.

:'.l‘fable: 2
Monomer Jomposition ___Mixing proportion
Styrene | 12 parts
Methyl methacrylate - 10 parts
Butyl adrylate ' 18 pafts

Benzoyl peroxide ’ : 0.22 part




sane -nanner
anti-of f set

as_in Example 2. As a result, in respect of the

REP£@¢HWEN¥ SH@Ep&ination were respectively occurred on

03 JulL 1998
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Synthesis Examples 7 to 10

Using the monomer compositions end
polymerization initiators as shéwn in Table 3, the
suspension polymerization was gafried out in the séme
manner as in Synthesis Example 6 to give polymers B-2
to B-5 of the binder resin for.the,tonér of the
present invention.

Table 3

Syntheses of:?OJymers B

Monomer composition = Polymerization
Polymer {parts) initiator

Synthesis Example:

Y B-2 Styrene '(éa) ' Benzoyl peroxide
| Butyl acévlate:(iz)

8 B-3 Styrene _ (85) Benzoyl peroxide

Butyl acrylate .(15)

9 B-4 Styrene @ (17) 1,1'-azobis
2-Ethylhexyl ‘ (cyclohexane-1-
acrylate (23) carbonitrile)
10 B-5 Styrene (80) Benzoyl peroxide

Butyl acrylate.(éo)
Divinylbenzene (0.02)




both the imges and the roller when copies were taken on 20 sheets. In
respect of the wi nd-around resistance, traces nade by the peel claws were

clearly left on the images. In sone instances, no di schar ged
fromthe fixing assenbly. The present toner ﬁﬁﬁ ' Taml e
matter of O wf.% an Mv Mh according to GPC of the [THF tier,
of 2.1, and a nol ecul ar wei ght peak MA 03 JuI- 1998
- 64 - o
Table 3 (Cont'd)
- Weight average Molecular weight
Polymer . molecular weight peak Tg
B-2 603,000 583,000 64°C
B-3 827,000 804,000 67°C
B-4 956,000 928,000 . 66°C

B-5 751,000 692,000 60°C

Fhe weight ave#age'nblécular weight (Mw),
Mw/Mn, flow-out point, softening point and Tg of each
of the above polymers A-1, A-2, A-3, A-4, A-5, B-i, B-

2. B-3, B-4 and B-5 are shown in Table 4 below.



of 8, 900. Conparative Exanple 2 and 3 Conpar ative toners
2 and 3 were obtained in the sanme manner as in Exanple 2 except that the
bi nder resins and rel ease agents were changed to those shown in Table 9.
Results of the evaluation nade thereon are shown in Table 10.

REPLAGEMENT SHEET
03 Ju 1998 T8
Table 4
. Flow-<out Softening
Polymer . Mw Mw/Mn point point Tg
(*c) AL (*C)
A-1 7,800 2.4 - 85 108 87
A-2 11,000 2.4 - 85 102 62
A-3 17,000 2.2 81 " 105 62
A-4 21,000 2.3 87 106 57
A-5 ° 24,000 2.2 : 90 110 &a
B-1 - 452,000 2.6 116 161 57
B-2 503,000 2.5 122 173 64
B-3  B27,000 2.3 130, 184 67
B-4 956,000 2.1 132 182 66

B-5 751,000 2.6 127 .- 180 60

bomgarative Synthesis Example 1

A comparative polymer A-6 was prepared in the
same manﬁer as in Exaﬁblé 1 except that the monomer
composition as shown in Table 5 was used. This binder
resin had a weight average molecular wgight of 4,300,

a molecuilar weight peak of 4,200 and a Tg of S54°C.
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Table 5
Monomer Composition ' 'Mixiggﬁﬁroportion
‘Styrene : 92 parts
5 Biityl actylate : 8 parts
Di-tert-butyl peroxide | 9 parts

tomparative 5yﬁt§eéi§ Exanple 2

A comparative polymer B-6 was prepared in the
same manher as in Sgntﬁsis'Exaﬁole 6 excebt that the
monomer tomposition as shown in Table 6 was used.
This binHer resin had a weightlaverage-molectlar
waight of 217,000, a ﬁéi_écul’gr weight peak of 188,000
apd a Tg of 59°C.

Téble 6
Mbncﬁer Composition : | Miiiné proportion
Sityrene , | 82 parts
Butyl ackylate : o | 18 parts
Divinylbenzene o - 0.2 part
Benzoyl peroxide | o 0.5 part

Preparation examples:of the binder resin

according to the present inventiom will be described



-82- Tabl e 10 Resul ts of Eval uati on on

Toners of the Invention and Conparative Toner
REPLACEMENT SHEET |
03 Jul 1998
_.‘ 6'1.-
below.

Preparation Example 1

o 200 parts of xylene, 68 parts of polymer. A-
1 and 32 parts of polymer B-4 were.addéd with
stirring: Next, the mixture was hqéted to about 60°C
to completely dissclve the polymers A—; and B-4 added.
After the stirring was continued for sbout 2 hours,
the xyleme was removed. The résulting product is
designatéd as binder resin i.fqr the toner of the

10 present invention.

Preparation Examples 2 to 10 _and Comparative

Binder Resin Preparation Exampies 1 to 3

Binder resins 2 to 10 for the toner of the
present invention aﬁd comparative binder resins 1 to 3
15 were obtained in the samé mauner as in Preparation |
Example 1 except that the polymers as shown in Table 7

werae used.
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Table 7

iPreparétion of Binder Resins ‘and COmﬁarative Binder

Resins

Preparation example Polymer i ‘Polymer B

Binder resin 2 A-2 '65 paris B-§ | 34 parts
" 3 a-3 72 parts B-4 28 parts
" 4 A-4 55 parés B-3 45 parts
" 5 A-$ 68 parts B-4 32 parts
" 6 A-4 60 parts B-4 40 parts
" 7 A-2 65'parts 'B~3 35 parts
n 8 A-3 70 parts .B-3 30 part
w 9 A-¢. 60 pa;ts- B-2 40 parts
" 10 A-5 j 65 parts B-3 35 parts

Comp. bihder resin 1 A-2 .100 parts .0 part
o " 2 Conp. SO;pafts Comp. 70 parts
" " i-6 B-%
" " 3 ”d.par¥: B-2 100parts

flote: Comp.= Comparative

Composition and ﬁhyéichl pfbpefties of release

agents used in Examples and Comparative Examples

described below are shown in Table 8.
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put, and the tenpérature was raised to the reflux tenperature. A mxture
of 90 parts of styrene nononer, 10 parts of butyl agH-ate—nmonnoner and 7

e’ REPLACEMENT SHEE

| .
o - 03 JuL 1998
- - Example 1
Binder rlesin 1 | | . 100 parts
Mégnetic:material | 60 parts
ngativ%_charge'control agent | 2 parts
Qraft-md;ified_polyethylene wai A 3 parts

The above materials ﬁe?e premixed using a
ﬁenschei mixer, and then kneaded for 20 minutes using
a8 twin-doll mill heated to ;50?0. The kneaded produc%
was lefﬁ to cool, and then crushed with a cutter mill.
Thereafter the crushed product was finely pulverized
by mean$ of a fine grinding mill making use of a jet
Stream, followed by cléssificétion usfng an air
classifjer to give a black fine powder (a magnetic
toher) with a volume #veraée_particle‘diemeter of 11.2

. im. o .

Based on 100 parts of ‘the magnetic toner, 0.4
part of fine colloidal silica powder was dry-blended
to give a toner having colloidal silica on the
surfaces of toner particles. This is.designated as
toner 1 of the present inveﬁtion.

' Grindability of toners can be represented by
the thrpbughput of the:tOnerithat can be pulveriéed per
unit hour. In the case of thé toner 1, it was 16
kg/hr at an air.pressﬁré of 5.6 kg/cm?, and found very
gocd. No melt-adhesion or &hé like occurred in the

prindidg mill.



~ge was m xed therein, and the sol ution
pol yneri zati | SHEETi{n 6 hours under reflux of xyl ene.
The styrene-jutyl éﬁ?ylate opol ymer (hereinafter "St-BA copolyner") thus

obt ai ned had theo hn g@b prgperties as shown in the colum of "Low
tenperature s ftenlng r n "Resin 1%& in Table 11. '

parts of di-

élocking resistance was examined oo the basis

' of the d@gree of agglomeration observed when about 10
g of toner.was ﬁut in a polyetﬁylene g;ass of 100.cc
ahd left to stand at 56'3 for a day. The degree of
agglomeration was measurea with Powder Tester
mnanufactured by Hosoka&a-uicron CO£poration. a
product left at room temperature and the product left
at 50°C for a day showed 9 wt.% and 1# wt.%,
respectively, which were substantially the same
values, and the diffefénbe (AG) was only 3 %. From |
these fdcts it was confirmed that subétantiglly no
blocking occurred. o

Fixing pérforméqcé; anti4offsét, wind-around
resistaidce, and image ﬁtopérties or durability were

- éxamineq¢ using a modiﬁiéd iacgine'of a copier NP-6650,
manufactured by Canon Inc.:.

The preset temperatureé of its fixing device
was dropped by §°C, at which the'test§ were carried
but.

“ . In particularé as to the aﬁtiéoffset. the
' cleaning mechanism for.the fixing roller was detached
from the copying machiné and the evaluation was made
by couniting, as copy durability, the number of copy
sheets at which an imég? was stained or the fixing
' roller was cpntaminatéd&

As to the fixing perfbrmancef fixed images



On the ot her

hand, 82 parts of styréne nononer, 1@—part-s—et—buiyd—acrylate

monomer, 0.3 part of polyyinyl alcohol, 20 parts @REBBQ@FMPE& QHEEF and
0.11 part of benzoyl peroxide were mxed and susp¢nfiedly di spersep.| The
resul ting suspension was heated and maintained at |7 [@ ﬂ] “f qg$é4 hours in

a nitrogen atnosphere, and then the pol ynerizationp
a high-tenperature softening resin as shown on "Rg

tb give
e 1.

- 72 -

were rubbed 10 times with lens cleaning paper "Dusper"
(trademark; O0ZU Paper Co., Ltd. ) under application of
a load of about 100 g, end any peeling of the fixed
images was indicated hy_the “rate (%) of decrease in
reflection density. The fixed_imege for evaluation

was the 200th sheet when copies were continuously

- taken on 200 sheets.

As to the wind;eroﬁnd'resistadce, entirely
solid black images were:produced on three sheets, and
ihe state of traces left od:imageé when the sheets are
peeied with peel claws of the fixing roller was
éxamined to judge the dégree to whichthe peeling
relied on the claws.

As a result, in respect of the fixing
pertormance, the rate of decrease was'3 % and it was
found very good. The.anti—qffset was so good that no
stain or contamination was seén on ‘images or the

roller even when copies were taken on: 50,000 sheets.

‘The wind-around resistance was_.also found very good

although traces made by the claws were slightly left
‘on the images. | .
Running tests were carried out on about 10,000
sheets,” using an image with’an image—-area percentage
of about 5 %. As a result, images were repreduced in
a good ;state. Although the melt-adhesion and filming

to the photosensitive member were slightly seen, the



A dried product of this high-tenperature softening resin was introduced in
the resin thgéigé +oraed—when the sol ution pol ynerization for 'the above
a

| owt enper a EMENTr@'iE[Hsi n was conpleted, and made to conpletely

di ssolve in solvent. Thgrgafter the solvent was renoved. Resin 11 was
t hus prepargd rgpgration of resins . 12 to 15 and conparative
resins 4 tol6 03 JuL 1998 ' 173 - ' '

copied images were not affected at all.

.The toner had a THF-insoluble matter of 4
wt.%, an Mw/Mn according to GPC of the THF~-soluble
natter, of 38.2, a molecular weight pgak MA of 1,?00,
a molecular weight peak MB of 765,000, an MB/MA of 99,
and a m¢lecular weight distribution c#rve area ratio

SA:SB:Sd of 1:0.36:0.60.

Example 2
Binder fesin 2 : 100 parts
Magnetic material. ' 80 parts
Positivé'charge control ‘agent 2 parts
Graft—m@dified wax B . _ 4 parts

The above materiafs were premixed using a

Hensche! mixer, and then Enéaded for 20 minutes using
' a twin-roll mill heatéd to 150°C. Theée kneaded prodﬁct

was left to cool, and'theﬁ crushed with a cutter mill.
Thereafter the crushed product was finely pulvérized
by meané of a fine grinding mill making use of a jet
current. followed by classification using an air
classifier to give a black.fine powder {(a magnetic
toner) with a volume gveragé barticle'diameter of 8.7
fam.

Based on 100 parts of the magnetic toner, 0.4
ﬁart of fine colloidal silica powder was dry-blended
to give a toner having colloidal silica on the

surfaces of toner particles. This is designated as



Resins 12 to 15 and conparative resins 4 to 6,

as sho

RE#LA@BM@NTJSHEFFG respectively synthesized

03 Jut 1398

- 74 -~

toner 2 of the present invention.
.Grindability of the toner was 5.8 kg/hr at an

éir pressure of 5.6 kg/ém2

., and found very good. No
melt-adhesion or the like occurred in‘the grindind
mill. |

Blocking resisténce ﬁas e#amined on the basis

of the degree of agglomeration observed when about 10

- g of toner was put in a polyethylene glass of 100 tc

and left to stand at 50°C for a day. ‘A product left
at room temperature and the product left at 50°C for a

day showed 17 wt.% and 21 %ﬁ.*, respectively, which

were substantially the same values, and the difference

(AG) was only 4 %. From theseé facts it was confirmed
that substantially no blodk;pg occurred.

Fixing performance, aﬁti-éffsét, wind-around
resistance, and image properties or durability were
examinedl using a modifiéd machine of a copier ﬁP-4835,
manufactured by Canon Iac. -

The preset température of itsffixing device
was dropped by 10°C, étfwﬁich the tests were carried
out. |

In particular, as to the anti-offset, the

~ cleaning mechanism for the fixing roller was detached

from the copying machine and the evaluation was made
by councting, as copy durability, the number of copy

%heets at which an image was stained or the fixing

84



and prepared according to the procedure for resin 11 Exanple 12
After 100 parts of the resin 11, 70 parts of a nmagn REBL‘ % '
of a positive charge control agent and 4 parts of g aft=nod: I
pol yet hyl ene wax J (Wn: 5.3 x 10Q[err]; Mwv 8.0 x 10[efr]: vn: 1.§; '
melting point: 93[err]C) in which styrene and butyl cr@l Y4 1888e {uded as
graft conponents, the

- 78 -~

roller was contaminated.

The fixing perfofmance and the wind-around
resistance were also evaiuated in the sané manner as
in Examgle 1. | |

As a result, in respect of the fixing
performance, the rate of decrease was B % and it was
found very good. The énti-off?et was so good that no
stain of contamination:uas.seep.on-imsbes.or the
roller even when copies were taken on 1,000 sheets.
The wind-around resistance was also found very good
althougl traces made by tne claws were slightly left
an the images. |

Running tests were carried oyt on about 30,000
sheets,'using an image. with an imﬁge-area percentage

 of ebout § %. As a result, images were reproduced in
d good state. No melt-edhesion ndr filming to the
photoserisitive member was seen. '
~ The toner 2 had @ fHFqinsolubie matter of 2
Wt.%, an Mw/Mn according to GPC of the THF-soluble
20 gatter, of 24.7, a moleéu;ﬁr weight peak MA of 14,000,
a molecular weight peak MB of 680,000 an MB/MA of
48.6, aid a molecular héigﬁﬁ.distribution curve area
ratio SA:SB:Sd of 1:0.40:0.59.
Example 3
T Using the toner 2 prepared in Example 2,

unfixed images were obtained by means of a modified

'i



m xture was a twin-screw extruder. The kneeded product
was cooled a , df by neans of an jet-streamgrinding mll,
foll owed by f{clkassitication usjng an air classifier to give a black fine
powder (a magnét i 3tﬂﬂgg§93"’i { hf a vol une average particle dianeter of about
8.5 [err]m [Base n 1l partsl of the resykting magnetic toner, 0.6 part
of  hydr ophobi ¢—cottordat—s+l ijca powder was added and bl ended to give
toner A, having hydrophobic cof | oi dal

*

machine of a copier FC-5, manufactured by Canon Inc.
A test for fixing the unfixed images was
carried out using the external fixing device as shown
in Fig. 1, comprising a‘'pressure member that stands
opposite to a heater elément in pressﬁre contact and
brings a recording medium into close contact with the
pegter Elemént through a £ilm interposed between them.
Used as a material of‘tbe fixing £ilm 15 was an
endless film-comprisiﬁg'a polyimide f?lm coated with
a relegse layer with a thickness of 1? um to which a
fluorine resin and a éopdﬁctibe material were added.
A silicone rubber was used as the préssure roller 18,
and the fixing was carried out with a nip of 3.5 mm,
under a total pressure of 8 Kg between the heater
element 11 and the pqeésufe roller 18, and at a
process speed of 50 mm/sec.. ‘The filﬁ was moved in the
direction of the arrow in a wrinkle~free state by the
action of the drive of. anﬁ tension between, the drive
roller 16 and the folldwer roller 17,

: The heater element 11 was comprised of a low
heat chpacitance lineatr heater element, to which
energy was pulsewisefabpligd;and temperature control
was calrried out. The resistance material of the
heater element 11 had a power consumption of 150 W.
Tempeﬁatureé were so controlled as to be the same as,

or lower by 15°C than the fixing ass;mbly {(preset



silica on the surfaces of toner particles. Un ﬁﬁﬁy ge _Lﬁ ThIS
toner A were obtained using a nodified nmachine, a cop i

(manuf actured by Canon Inc.) fromwhich the fixing agsgnbly wa ;
Commerci ally avail abl e copy paper, Canon New Dry Papér (Q]tl?g./j%e@é non
Sales Inc.) was used as a recordi ng fEdium . - {Ajtests

the unfi xed i mages was

fi xing temperature: 180;8) of the FC—$ modified
machine; at which the tests were carried out. As a
result, the fixing performance was 2 %-in terms of the
rate of decrease without stain and coatamination on
both the image and the fixing film even after 3,00b
sheet running, and foﬁnd good, 1In ad&ition, the
waitinq time was 3 seconds or less, aﬁd the power
bonsumpkion was significantly:lcwer tian that in a

heat-ro;ler fixing systém.

" Example 4
Binder resin 8 f c 100 parts
Carbon black | ' 4 parts
rositivie charge control agent . 2 parts
-Graft-modified wax A : ? : _ 5 parts

Using the above matgrials; a toner was
prepared in the same mahner as in Example 2. This
toner and colloidal silic@ were mixed in amounts of
100 parts and 0.4 part, respectively. The resulting
toner is designated a% ;o@eﬁ 3 of the present
invention. In iron powder with a particle size of 200
mesh-pass and 300 mesh-on, thie toner 3 was mixed in an
amount of about 10 wt.% to give a developer. Only the
toner was replenished. :

‘ The grindabil.itv of this toner was 15.2 kg/hr
in terms of the througnput under an air pressure of

5.6 kgﬁcmz, and was found very good,' There also



- 85 - carried out using a tenperature-variable heat roller external
fi xing assenbl O j ber roller conprised of Teflon and a | ower
‘roller conpri sadf UQ\CEMEN% SHFET)
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occurred no melt-adhesion to the interior of the

grinding mill. The blocking résistance was evaluated
as AG = 5, and was found not problematic at all.
| -Image properties and fixing pgrformance Qere
'evaluated using a modified-ha;hine of a copier FC-3,
manufactured by Canon Inc. As a result, images were
reproduced in a good state, and stable images were
,obtainéd even after 1,000 sﬁéet runaning. In addition,
ao melt-adhesion nor fflming to the photosensitive
' drum was seen. | |

The preset temperature Of the fixing assembly
was dropped by 20°C and also ithe cleaning mechanism
was detached from the fixﬁqp.assémbly; under the state
of whi¢h the ebove running ;as céﬁriéd out. As a
‘result, the fixing performance was about 5 %X in terms |
of the rate of decrease, and was fou?d'good. The anti-
offset and the wind-arQund'bésistancé were also found

good.

The present toﬁer'ﬁa& a THF-insoluble matter

of 1.8 wt.%, an Mw/né according to GPC of the THF-
soluble matter, of 2§,-a.m§1¢cular weight peak MA of
18,000, a molecular weight péeak MB of 770,000, an
MB/MA of 43, and a molecular weight distribution curve

area retio SA:SB:Sd of 1:0.43:0.38.

- Examples 5 to 8

Toners 4 to 7 of the presentzinvantion were



silicone rubber, under conditions of a nip of 4 nm
upper and lower rollers, of 0.4 kg/cmin linear pre
speed of 45 misec, and with tenperature control atf{i
within the tenperature range of from 100[err]Cto 2BO egr EEUnggl
| mages thus obtained were rubbed w th | ens cleaningj ppper '
(trademark; zU Paper Co., Ltd.) under application

- 79 -

obtained in the same manner as in Example 1 except

that the binder resin wés reblaced with the binder

resins ms shown in Fig. 9.

'Exagg;es 9 to 11
Toneré 8 to 10 of the presentjinvention were
{obtainéd in the same mannér as in Example 2 except
that thHe binder resin:apd release agent were replaced
iwith tﬁose as shown in Figg*sﬁ' -
: Results of the evaluation madé on the toners

of Examples § to 11 are shown in Table 10.

Comparative Example 1
- Comparative toner 1 was obtained in the same
manner:as in ExamplefzfexCepﬁ that comparative binder
resin 1 was used which contained ‘100 ‘parts of polymer
a-2 on;y as the binder ‘resin.
; In the case offthis'compérative toner, fine
toner particles werejférme@ in a large quantit} when

it was:pulverized under anjair ﬁressﬁre of 5.6 kg/cm2

’

resulting in a broad particle size distribution. Thus
the productivity was'cleariy inferioé;
| Using the FG-5 modified machine, the fixing
performance, antz-offset, w;nd-around resistance, and
image properties or durability were eéxamined in the
same ménner as in Exémple 2.
As a result, in reépect 6f the anti-offse;,

stain and contamination were respectively occurred on




g/cnferr], and.the tenperatuieqat which the rate of decrease in imge

density beforg gm\ﬁgﬁ,gaitMJbebi ng was not nore than 7 % was regarded as
a fixing sta As to anti-offset tests, the fixed inages

and the rollefs mﬁdf-gﬁp$¥§?. to make eval uati on. - As a result,
i t _
1.0-t-0

the fixing star rq was as ggw.as 120[err]C and a non- offset
regi on was seen 5[lerr] C, show ng that the |lowtenperature

both tHe images and the coller when'éspies were taken
-on ZO:Sheets. In respeét of the wind-around
;resistasce, traces made by the peel slaws were clearly
left od the images. In some instances, no papeftwas
discharged from the fixing assembly.

The present toner hai a fHF—insoluble matter
‘of 0 wt.%, an Mw/Mn according to GPC of the THF-
solublé matter, of 2.1, and &, molecular weight peak Ma
of 8,90Q0.

~ Comparative Eiémpie i and 3

.Comparativelt?ders 2 %nd 3 were obtained in
the same manner as in Exahpie 2 exceet that the binder
resins and release agents were changed to those shown

in Table 9. Results of the evaluat:on made thereon

are shown in Table 1Q..
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resins 12 to
Exanpl e 12.

Exanmples 13 to 16
15, respectivel

(i3

RCEMENT SHEET

03 JuL 1998

shown in Table 11 in the sane nanner

Toners B to E were prepared using

on their fixing

- 82 -

Table 10

Resiilts of Evaluatién on Toners of the Iaveantion

and COﬁparative Toner

“Block- Melt-
ing adhesion and
. resist- Fixing .+ f£ilming to
Grind- ance perform~ Anti- photosensi-
ability (AG) ance - offset tive member
hxamplé:
5 Good 4 % 1% Good  Same as Ex.1
6§ Good 4% 4% Good  Same as Ex.1
7 Good 5 % 3% Good Same as Ex.1
8 f Good 3% 5“% Gooa Same as Ex.1
9 Good 3% 3 % Good Not at all
10 Good 4% 4 % Good Not occurred
11 Good 4 % 2 23 Good Not occurred
-Comparétive Example:
2 Poor 4 % i5 % Poor Occurred
3 iInferior 4 % : 50.-% Poor ~ Not occurred

Preparation of?reéihlli

In & reaction ﬁessel; 200 parts of xylene was

ﬁput, and the temperature was raised ﬁo the reflux °

‘temperature. A mixturé of 9u parts Of styrene

‘monomer, 10 parts of bityl ‘acrylate monomer and 7

as in



per formance

: The resulting toners are noted 16,
respectively, and the results of the evaluation are B PﬁﬁeawgﬁgégﬁEE

Conparative
conparative

Exanples 4.to 6 Toners F to H werk Brepared usifn
resins 4 to 6, respectively, shown in Thbl eD13 jiH 1998 [sdne

‘manner as in Exanple 12. Evaluation was made on thefrffixing perforindnce.

- 83 - j

parts of di-tert-butyl deroxide was mixed therein, and
the solition polymerization was completed in 6 hours
under reflux of xylene.:

The styrene-butyl acrylate copolymer
ihereinafter *"St-BA copolymer”) thus obtained had the
bhysicai properties aS'éhown in the column of "Low-
temperature softening:résin“ on "Resin 11" in Table
11. |

On the other band, 82 parts of styrene
monomer| 18 parts of butyl acrylate monomer, 0.3 part
of polyvinyl alcohol, 200 pargs of deaerated water and
0.11 part of benzo?l'petoiide:wefe mixed and
Suspendgdly dispersed. fTﬁe'resulting;suspension was
heated and maintained-ai Z8°C for 24 hours in a
nitrogen atmosphere, and ﬁhén the-polfmerization was
completed to give a higﬁ—temperature softening resin
as shown on "Resin 11" infTable 11.

A dried proddét of this high-temperature
softening resin was intioduceé in the, resin solution
‘formed when the solutiop'éoly@erizatibn for the above
Jow—teﬁperatdre softening resin was cbmpletéd, and
made ta completely dissolve in a solvent. Thereafter
the solivent was removed. Resin 11 was thus prepared.

Preparation of :esins:lz to 15 and comparative

resins 4 to 6

Resins 12 to 15 and cnmparative resins 4 to 6,



The resulting toners are noted as Conparative Exanples 4 to 6,

respectively, and the results of the evaluation are.shown in Table 13.
Conpar ati ve EX

AP oner | was prepared in the sane manner as
in Exanple 13 %’P&G&Mﬁ%ﬁ SHE E ts of wax 3 (pol yethylene wax) nelting at
128[ err] C was juged as the rel ¢age agent. Evaluation was nade on its fixing
per f or mance. 0 3 Jui 1998
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]
1]

as shown in Table 11, were respectively synthesized

and prepared according to the procedure for resin 11.

.Exagple 12
. After 100 parts .of the resin il, 70 parts of a
magneti¢ material, 2 parts of :a positive charge

¢ontrol agent and 4 parts of graft-modified

2 2

polyethylene wax J (Mn: 5.3 x 10%; Mw 8.0 x 107;
ﬁw/Mn: 1.S:Ime1ting'poiht: 9316) in which styrene and
butfl acrylates were used as graft components, the
mixture was melt-kneaded @sing a twin-screw extruder.
The kneaded product was :coocled and then pulverized by
means of an jet-stream érinding mill, followed by
classification using an air classzfier to give a black
fine powder (a magnetic toner) with a: valume average

- particle diameter of about 8.5 um. Based on 100 parts
of the resulting maguetic.t&ner, 0.6 part of
hydrophbbic colloidal silica powder was added -and
blended to give toner .A} hﬁv:hg hydrophobic colloidal
éilicg pri the surfaceé of tonér partitles.

Unfixed images of ‘this toner A were obtained
?sing a modified machine, a copier NP-1215
{manufactured by Canoa Inc.) from which the fixing
stembly was detached. : Commercially available dopy
paper, Canon New Dry Paper (54 g/mz: Canon Sales Inc.)
was used as a recording mgdium.

A tests for fixing the unfixed images was



Resul ts obtai ned are shown in Table 13. Cxﬁﬁigiﬁ44ﬁ;42quMJa 8
Toner J was prepared in the sane manner as in Exaf LA@EM&N&bgHEEPl 3
parts of wax 4 (graft- nodified polyethyl ene wax) [optar ned by—s ecting

| 03 Jut 1998
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carried out using a temperature-variable heat roller
éxterhai'fixing assembly comprising an upper roller
comprised of Teflon and é lower roller comprised of
silicone rubber, under‘donditions of a nip of 4 mm, a
pressur#d between the upper and lower rollers, of 0.4
kg/cm i linear pressure and a process speed of 45
mm/sec, and with temperature dontgol at intervals of
5°C within the temperature range of from 100°C to
éso°c. .rhe fixed images thus obtained were rubbed
with lens clsaning paper 'buéper"'(trademark: ozU
Paper Co., Ltd.) under applicétién of a load of S0

g/cm?

. &and the temperature at ‘which the rate of
decrease in image denéity'before and after the rubbing
was not more than 7 %:was regarded as a fiﬁing
starting temperature. As to anti-offset tests, the
fixed images and the fo;leré were observed to make
evaluation.

As a result, the fixing starting temperature
was as low as 120°C and.a non-offset region was seen

Vf.at-llo to 215°C, showing that the low-temperature
fixing had been achieved. Thé toner also showed a
good blocking resistaﬁce. fhe bl&ckihg resistance ﬁas
evaluated on samples obtained after tbners were left
in a 56'0 dry-containér:fér 3 dafs. |

Results of the evaluation are shown in Table

13-



- 87 - pol yet hyl ene wax (Mh: 4.5 x 102; Mwv 1.5 x 103; MM Wn: 3.3) to
the sane graft nodification as in Exanple 1 was used as the rel ease agent.

Eval uati on (51 Xi ng perfornmance. Results obtained are shown
in Table 1 BREPLACE iﬁt\ﬁ‘ﬁﬁzﬁl be evident from Table 13, the toners

03 JuL 1998
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Examples 13 to 16

~Toners B to E were prepared using resins 12 to
15, respectively, shownliq Iaﬁle 11 in the same manner
as in Example 12. Evaluation was made on their fixing
performance.

‘The resulting'ténefe are noted ee.Examples 13
io 16, respectively, agd the Fesults of the evalﬁation
are shown in Table 13.

Comparative Examples 4 to 6

Toners F to H were prépared using comparative
resins 4 to 6, respectively, snoﬁe in Table 11 in the
same maﬁner as in Example 12. Evaluation was made on
their flixing performance.

- The resulting toners are noted as Comparative

- Examples 4 to 6, respectively, and the results of the
evaluatﬂon are shown in: Table 13..

Comparative Example 7

Toner I was piepafed in the same manner as in
Example 13 except that 3 parts of wax 3 (polyethylene
~ Nax) melting at 128°C was ‘used as:tbe release agent.
Evalua;ion was made oﬁ its fixing performance.
Results obtained are shown in Table 13.

Comparative Example 8

_ . Toner J was pgepared in the same manner as in
Example 12 except that 3 parts of:wag 4 {(graft-~

modified polyethylene wax) obtained by subjecting



of Exanples 12 to 16 have achi eved good |l ow tenperature fixing
performance, anti-offset, blocking resistance and—develaping perfornmance.

However, with regard to the toner of Conparative EKH#WQ?MENFEF
achi evabl e of | owtenperature fixing perfornmance, strows—a

anti-offset. Wth regard to the toner of Conpar atji Ve (fé L 33 it {shows a
poor |owtenperature fixing perfornmanc8 - QB t19 {he toner
. of Conparative Exanpl e

=]

polyethiylene wax (Mn: 4.5 x 102; Mw: 1.5 x 103; Mw/Mn:
3.3) to the same graft rodification as in Example 1
was used as fhe release - agent, .Evaluagion was made on
its fixang performance. Results obtained are shown in
Table 13.

As will be ev:dent frém Table 13, the toners
of Exambles 12 to 16 have achieved good low-
remperarure fixing perfOrmance. anti—oﬁfset, blocking
resistance and developing performance. However, with
regard to the toner of Comparative Example 4, though

' ach;evable of low-temperature fixing performance, it
shows a poor anti-offset. With regard to the-toner of
Comparaitive Example §, it shows a poor 1or—temperature
gixing performance. o

In respect of the toner of Comparative Example
6, no low-temperature fixing performance is achieved.
.In respect of the toner of Qomparative Example 7,
there are problems in tne low-temperature fixing
performance and developing performance.

In respect of the toner of co@parative Example

' 8, it has achieved the iow-te;pereture fixing
perforﬂance but shows a poor blocking resistance.

From the forepoing.;it has been made clear
tpat tﬂe toners for developing electrostatic images
according to the present invention have superior low-

temperature fixing performance and anri-offset, and



6, no lowtenperature fixing performance is achleveq-—-Ln-LespenL,Qf t he
toner of Conparative Exanple 7, there are problens EPLA@HWENT'SHUEFFature

fixing performance and developlng per f or mance. t-respeesy of t he
toner of Conparative Exanple 8, it has achieved the ow—ée e;@s fixing
performance but shows a poor bl ocking resistance. % €
foregoing, it has been nade clear ~

—88_

have the composition that does not adversely affect
the bloéking resistance and developing performance.

Example 17

Jdnfixed images were obtained using as a toner
the toner A as used in Example 12.

A test for fixing the.unfixed images was
carried out using the external fixing device as shown
in Fig. 1, provided with . a pressure member that stands

opposité to a heater element in pressure contact and

brings a recording medium into close contact with the

heater élement through a.film interposed between them.
Used.as é.material of the fixing film 15 was an
endless f£ilm comprising a pdlvimide £film coated with
a releaée layer with a thickness 6f 10 um to which a
fluoriné resin and a conductive material were added.
A silicone rubber was used as the pressure roller 18,
and the fixing was carried éut with a nip of 3.5 mm
and at a process speed of 45 mm/sec. The f£film was
moved in the direction of the arrow in a wrinkle-free
state by the action of the drive of, and tension
between, the drive roller 16 and the follower:roller
17. |

?The heater element 11 was comprised of a low
heat capacitance linear heater eleﬁent, to which
energy was pulsewise applied and temperature control

was carried out. Temperatures were controlled in the



that the toners for devel oping electrostatic imges according to the
“present invention have superior |low tenperature fixing perfornmance and

ot ==t [AEPLAGENENT SHEF e
03 JuL 1998
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same mahner as in Example 12, i.e., at intervals of
$'C within.the range of from 100 to 250‘0.

| As a result, the fixi@g starting temperature
was as low as 120‘C.andfa non-offset tégion was seen
at 105 to 215°C, showing that the low-temperature
fixing had been achiaveq. The toner élso showed a
good wifpd-around resistance.

Table 12 shows physical propefties of the

binder fesins 11 to 15 &nd comparative binder resins 4

to 6.
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opposite to a heater elenment in pressure contact and brings a recording
mediuminto close contact wwth the heater elenent through a film

i nt er posed | 1 ke as a material of the fixing film 15 was an
endl ess fil MEEMEKG aHbk yimide filmcoated with a release layer with
a thickness 10 [err]mtolwhich a fluorine resin and a conductive

mat eri al mere aqygdyyy A998 | | cbne rubber was used as the pressure roller 18,
and the fi xijng \;\qgg '(J:glr'rlge put with ardp -of 3.5 mm
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and at a process speed of 45 mmsec. The filmwas noved in the direction

of the arrowin a winkle-free
t ensi on

The heater element 11 was conprised.of a | ow heat capacit

to which energy was pul sewi se applied andaﬁqgggﬂzgﬁg ! SHEET

heat er
contr ol

state by the action of the drive of, and

bet ween, the drive roller 16 and the follower roller_  17.

el enent ,

- 82 -

Table 13

03 Jul 1998

Evaluation on Fix;ué Performance

L Devel-
Fixing Non- Block- oping
start- offset Fixing ing per-
ing tenmp. temp. resist- form-
temp. range range ~ ance  ance
(*C) . [(°*C). (50°C,
Example: S 3 days)
12, Tdner A 120 ~130-215 ' 95 A a
13, Toner B 115 110-21§ 100 a a -
14, Tdper C 125 110-210 8s A A
15, Tdner D 120  110-21% 95 A A
16, Tdner E 110 105-21C 100 A A
- Compardtive Example: |
4, Toner F 115 ~11n-185 40 A
5, Tdner G 140 135-210 170 A a
6, Tdner H 150 [ 140-215 65 A
7, Taner I 140 - 135~210 70 A BC
8, Tdner J 115 110-215 100 BC A
Examplé:
a A

17 Tdner A 120  105-215 95

A: Gdod, BC: Poor or problematic



was carried out.

- 89- sane nannermas—FH-E*aaneﬁlz I.e., at intervals of
- This Sheet Has Been Rep THIS SHEET HAS BEEN
BT ==

Tenperatures were controlled in the

- 93 -

As described above, the present invention can

achieve a low cost in the operation of copying
machin€s and yet can provide good images, because of
the superior low-temperature fixing pérformance and

develoﬁﬁng performance of the toner.

~ A tonmer for developing an electrostatic image,
comprises a binder resin and a colorant. Such binder
resin contains a THF4iﬁsoiubIe matteé in an amount of
less than 10 wt.% based on the binder resin, and, in
the moiecular weight.diSQrithion medsured by GPC (gel

permeation chromatography) of a THF-$oluble matter,

has a weight average ‘mélecular weight/number average

molecular weight (Mw/Mn) of 2 18, a molecular weight
peak MA in the regxon of a molecular weight of from
3,000 to 20,000, a molecular weight peak MB in the
region of a molecular weight of from 380,000 to
1,000,000, é moleculér wéigh£ minimum M4 in the region
of a moiecular weight of from 20,000 to 380,000,
providéd that MB/MA is in the rahge of from 30 to 150,

and a tmolecular weight distribution turve area.ratio

SA:SB:Sd of 1 : 0.3 to 0.8 : 0.35 to 0.8.



5[err] EPENCEWEN? SREEE of from 100 to 230 err As a result,
the fiki) eratufe lmtm 20[err] OO BEER
regi on W Eieﬂ 3@5891) o] 215[ at the | t m ure
fixing had8 I The ' t oner also shomed a good wind e
resi st ance Ie 12 shows phy5| al properties of the binder
resinsfll to 15 and conparatlve bi nder ins 4

CLAIMS:

1. A toner for developing an electrostatic
image, comprising a binder resin and a colorant,
wherein seid binder resin contains a THF-insoluble
matter iin an amount of less then 10 wt. % based on the
binder resin, and, in tbe molecular weight

 distribution measured by GPC {gel permeation
phromatbgraphy) of a THS-soluble.matter, has a weight
average molecular weighy/ﬁnmber ayerabe molecular
weight (Mw/Mn) of = 18, a molecular ﬁeight peak MA in
the regiion of a molecular weight of from 3,000 to
20;000; a molecular weight peak MB in the region of a
moleculhr weight of from 380,000 te 1,000,000, a
molecular weight minimum n& in the reﬁion of a
molecular weight of froim 20,000 to 380,000, provided
that ME ‘MA is in the range of from 30 to 150, and a
molecular weight distribution curve area ratio
SA.SB.SQ of 1 : 0.3 to 0.8 : 0.35 to 0.8 when the area
of a molecular weight distribution curve of a
molecular weight of from 400 to the M; is represented
by SA, the area of a molecular weight distribution
curve of a molecular weight of from the Md to
S;OO0,0bO by SB, and ihe area of. the ?egion defined by
a straight line connectiné the apex A corresponding to
the molecular weight peak MA and the apex B

corresponding to the molecular weight' peak MB and a

¢«
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‘moleculhr weight distribution curve by Sd.

2. A toner for developing an electrostatic
image agcording to Claim 1, wherein séid binder rgsin
contains the THF-insoluble matter in an amount of not

more than 5 ¥ by weight.

3. A toner for dévalqping an.electrostatic
image abcarding'to Clai@ 1, wherein said binder resiﬁ_

has an Yw/Mn of not léss than 20.

.4. A toner for develdping an electrostatic
image atcording to Claim 1, wherein said binder resin

has an Ww/Mn of from 25 to 60,

§. A toner for develoning an’'electrostatic
image atcording to CIaim 3, wherein said binder resin
has a mplecular weight peak MA in the region of a
ralecular weight of from 5,006 to-IS.dOO, a molecular
weight peak MB in the région 6f a molecular weight of
from 450,000 to 900,000, é molecular weight minimum Ma
in the tegion of a noiegulaf ﬁéigﬁt of from 30,000 to
300,000} | ”

6. A toner for dévéléping an electrostatic

image aécording to Claim 1. wherein said binder re;in

This Sheet Has Been Replaced
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- has an UB/MA of from 30 to 120.

{1. A tomer for developing an electrostatic
image a¢cording to Claim 1, wherein said binder'resin

@as.an MB/MA of from 40 to .100.
}

8. A toner for developing an electrostatic
image a¢cording to Claim 1, where;n sazd binder resin
hias a meolecular weight peak other than the MA, in the"

. ¥egion ¢f a molecular wéight of from 3,000 to 20,000.

9. A toner for develdping an ‘electrostatic
image according to Cléiﬁ 1, whieréin sa8id binder resin
has a molecular weight peak oﬁherzthad the MB, in the

. region of a molecular wéight‘qf from 380,000 to

i,000,000.

10. A toner for developing an electrostatic
_image according to CIéid 1}'wﬁerein said binder resin
Ras a molecular weight minimum oﬁhér than the Md, in
the region of a molecqlqr-keﬁght of from 20,000 to
380,000, o

11. A toner for developing an electrostatic
image according to Claism 1, wherein sdid binder resin

has & mdlecular weight distribution curve area ratio
—
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'SA:SB:$d of 1 : 0.3 to 0.7 : 0.4 to 0.7.

12. A toner for developing an electrostatic

.image dccording to Claim 1, wherein said binder resin
‘has a molecular weight distribution curve area ratio

SA:SB:Sd of 1 : 0.3 to 0.6 : 0.5 to 0.7.

13. A toner for deveioping an electrostatic
image according to Claim 1, wherein said binder resin

further comprises a release agent.

14. A toner for developing an electrostatic
image according to Claim 13, wherein said release
agent is contained in an amount of from 0.1 % by

weight to 20 % by waiéht based on the binder resin.

15. A toner for developing an electrostatic
image according to Clainm is;-wherein said release
agent i$ contained in an amount of from 1 % by weight

to .10 % by weight hgséd on the binder resin.

16. A toner for developing an electrostatic.
image according to Claim 13, wheréig said release
agent has a number average'moieculéi weight (Mn) of
fot more than 1,000, a weight average molecular weight

(Mw) of not more than 2,500, &n Mw/Mn of not more than

O ROF more thes
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3, and la melting point of from 60 to 120°C.

17. A toner for developing an electrostatic
image according to Claim 1, wherein said release agent
bas an Mn of from 400 to 700, an ﬁw of from S00 to
1,500, an Mw/Mn of not more than 2.5, and a melting
point of from 60 to 100;0,-an¢ is contained in an
amount 6f from 1 % by.weight to 10 % by weight based

~ on the binder resin.

18. A toner for developing an electrostatic

image apcordiné to Claim 13, wherein said releesse
agent compriseé a graft*mddified wax, a low~molecular
weight polyethylene wdx; a ;ow-molecuiar weight
ethylené-propylene copolymer, a low-molecular weight

palypropylene wax or a paraffin wax.

19. A toner for developing an electrostatic
image a¢cording to Claim 13, wheééin said release
agent comprises a polyolefin wax graft-modified with
an aromatic vinyl monomeér, an unsaturated fatty acid

ér an uhsaturated fatty ecid ester.

20. A toner for developing an electrostatic
- image adcording to Claim 19, wherein said graft-
ﬁodifiéd polyolefin wax has an Mn of not more than
This Sheet Has Been
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1,000, an Mw of not more than;Z,SOO, an'Mw/Mn of not
more than 30 and a melting point of from 60°C to

120°C.

21. A tonér fot &eveloping an electrostatic
image apcording to Claim 19, wherein said graft-
modlfzea polyolefin wax has an Mn of from 400 to 700,
an Mw of from 700 to ;,500, ag Mw/Mn Of not more than

2.0, and a melting point of from 60 to 100°C.

22. B toner for developing an electrostatic
image according to Claim 19, wherein said graft-
modif:e& polyoclefin wax has a graft component in an
amount of from 0.1 part by we:ght to 100 parts by

weight pased on 100 parts by weight of the polyolefin.

23. A toner for developing an electrostatic
image a¢cording to Claim Isg-ﬂhergin said graft-
modified polyolefin wax has a graft component in an
amount ¢f from 1 part by weight fo 50 parts by weight

based oﬁ 100 parts by ﬁéight df the polyolefin.

24. A toner fbf dévgloping an electrostatic
image ac¢cording to Claim 19, wherein said graft—
modified polyolefin wax ‘has é.melt vigcosity of from 1

cps to 250 cps at a temperature of 160°C.

Th1s Sheet Has Been Replaced
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25. A toner for developing ah electrostatic

;mage atcording to Claim 1, wpereiﬁ;
 said binder resin contains i) two kinds of

styrgnehacrylate ccpolyiers, & low-temperature
softening resin and a high—te@perature softening
resin, and ii) a graft-modified polyolefin;

said low-temperature softening resin having a
weight average molecula; weight (Mw) of from 5.0 x 103
to 3.0 k 10%, a ratio of Mw t6 a number average
molecular weight (Mn) (Mw/Mn) of not more than 3.0, a
flow-out point in a flow geétert'of'ffom 75°*C to 90°C,
a softening point of frdm 80°C td-lloéc, and a glass
transif;on point (Tg) of from 55°C :o'65'c and being
éontaiﬁed in said bind_eé r:eéih in an amount of not
;ess than 65 wt.%: said:hibﬁ-temperatﬁre softening
resin héving a weight aéeréée mo;éculqr weight (Mw) of

from 4.9 x 10° t015x106

. @ ratio of Mw to a number
avergge molecular weighg (Mm)'(Mwan) of not more than
3.0, a flow-out point in & flow tester, of from 110°C
to 160°¢, a softening point of from 150°C to 230°C,
@nd e glass transition point (Tg) of not less then
§5°C; sdid low-temperature softening resin and said
high-temperature softehﬁng resjn Being in a propoftion
ranging from 50:50 to 90:10 in weight proportion: and
said low-temperature soﬁtenipd ré#in being obtained by

solution polymerization, said high—-temperature

PR—
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softening resin being_oetainea by suspension
bolymerﬁzation, and the_botﬁ being mixed in a solvent
Eapable.of dissolving the both; aand

said graft-modified polyolefin haviﬁg a number
average molecular weight (Mn) of not more than 1.0 x

303, a ﬁeight average molecular weight {(Mw) of not

more than 2.5 x 103, an Mw/Mn of not more than 3.0,

and a mélting point of from 60°C to 120°C.

26. A heat fixind method comprising;

imparting a toner image onto a recording
medium, wherein a toner that forms said toner image
comprises.a binder resin ana & colorant, wherein said
binder fesin contains a THF-idsoluble matter in an
amount 6f less than lq wt.% based on the binder resin,
and, in the molecular-weiéht distribution measured by
GPC (gel permeation chromatography) of a THF-soluble
matter, -has a weight average molecular weight/number

average molecular weight (Mw/Mn) of & ‘18, a molecular

. weight peak MA in the :égiqe.df a molécular weight of

25

from 3,000 to 20,000, a molecular weight peak MB in
the region of a molecn;ar weight ef from 380,000 to
1,000,000, a molecularéﬁeight minimum Md in the region
of a molecular weight of from 20,000 to 380,000,

provided that MB/MA is in the range of from 30 to 150,

‘and a mdlecular weight distribution curve srea ratio

© . This Sheet Has Been Replaced .
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94 Claigﬁi;if—iﬁgﬂfugﬁg—d or developin an electrostatic imge,
conpri si RERLACK r O8ERT 4ind a cﬁ"ﬂi "ﬁumﬂ j l sai d bi nder resin
of

THF-1 nsol ubl ej natt er:

measur ed {by

matter, Has

egg”?ﬁ[ 1008 |resin, and, in‘thé nolecul ar wei g tTNSS?gHEEEBuM%@EEN

| ess t ha

gel permeatlon chromatography) of a F- solgHpLAGED
rage ol ecul-al02 -  wei ght/ nunber a

wei ght (M~ M) of > 18, a nol ecul ar wei ght peak MA in the region of
nol ecul ar wei ght of from3,000 to 20,000, a nolecul ar wei ght peak MB
in the region of a nol ecul ar wei ght of from 380,000 to 1,000, 000, a

nmol ecul ar melgﬁﬂ §BASSU@E 1 : 0.3 to 0.8 : 0.35 to 0.8 when the area

of a molecular weight distributlon curve of a

molecular weight of fypam 400 to the Md is represented
by SA, the area of a molecular weighf.distribution

curve of a molecular weight of from the Md to

5,000,000 by SB, and the area of the region defined by

a straight line. connecting th= apex A corresponding to

the molecular weight peak MA and the apex B

corresponding to the molecelar weight peak MB and a
molecular weight dzstribution curve by Sd; and
heat-fixing said toner image to said recording
medium by means of a heater eiement stationarily
supported and a pressure member that stands oppos;te
to sazd,heat element in pressure cogxect and brzngs
said recording medium_igto slgse contact with said

heater element through a fiim.interposed between them.

27. A heat fixing method according to Clainm
26, wherein said heater element has &' temperature of

from 100°C to 300°C.

28. A heat fixiné_eeﬁhod according to Claim
26, whetein said toneé-#mege is heated with a heater
élement having a-temperétu:é éf from 100°C to 300°C,
through a film having:a‘tﬁickﬁess of from 1 pm to 100
Hm.
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wei ght df sfTrrbutt+oen gurve ared rati o TmsOS\&&ToH. g 4. 35
to . B a&e Iliﬁhgqg%r ga jof a nol ecul ar wei ght distri utlomEpLAGEﬂ:urve of
a nol ecu} af d L frjom 400 to the Ml is r epr esened—y t he
area of Lecul ar_wei dht di stributi 83carve of a mol ecul ar melght of

fromth Ml to 5,000,000 by SB, and the area of the region
defi ned ' R connecting t he apex A corresponding to the

' di I I
wei ght peak M8 | and 2moibirar GARERE aﬁiﬁ%ﬁ%{c’%ﬁc’*%gﬁ%@fﬁi 2 A
f d
whorei n said bi iy PeRrAln Saf§ KPIAChaE, of HEAY, pestaBRASRS (2,7 aim

resi contal ns natter in an
anount of not

30. A heat fixing method accnrding to Claim
29, wherein said film cémpfisés a layer formed of a
polymer selected from fhe group consisting of
polyimifie, polyester, polvethylene terephthalate, a
tetraflioroethylene-perfluoroalkyl vinyl ether

copolymer, polytetrafluoroethylene and polyamide.

31. A heat tixing nethod according to Claim
29, wherein said film comprises a layér formed of a

metal.

32. A heat fixing method. according to Claim
29, wherein said film hgsfat least oné of a release

layer and a low-resistance layer.

33. A heat fixing method according to Claim
29, whetein said film comprises a layer of a polyimide

film and a fluorine resin layer.

34. A heat fixing method according to Claim
33, wherein said fluorine resin layer comprises a

25 conductive material dispersed therein

35. A heat fixin§ method accérding to Claim
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el ectrostati:

t Cordlng to daim1, wherein sai
has an My tha?"fl'rlorﬁ%t 60. 5. A ‘toner for dev PL
5

el ectrostati

age acglor{ding to dai 44, ~wherei n said bi nder resin

has a no ecular wei'ght pegk MA in the region of a

of fromb5, 000770 15,000, —aTrotecul ar meight peak MB in the region of a
000, ;a nol ecul ar. wei ght m ni num

nmol ecul ar melght

Mi in the region gT h%%ﬁ%%u?%fgmggﬁﬂflﬂ? FP3hPadaygeg comprises

26, whetrein sald film is brought 1nto pressure contact

Polytetrafluoroethylene,

36. A heat fixing method according to Clain

with sald heater elemqnt hv meéans of said pressure

member under a total bréséureiof=from:4 kg to 20 kg.

37. A heat fixing method according to CIaim
36, wherein said pressure member is provided with a

pressuré¢ roller having a'éubber elastic layer.

38. A heat fixing method according to Claim
36, wherein said pressuée member is provided with a
pressure roller having &n elastic layer formed of

siliconeé rubber.

39. A heat fixing method accdrding to Claim
26, wherein said heater elemedt is hedted by applying
to a resistance material a current with a pulse-like

waveform.

40. ‘A heat fixing method according to Claim
26, whexein said heater element has a low heat

capacitance and has a linear structure.

k ———
—
———
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according to Caiml, mhereln sai d an MB/ MA of from 30

to 120. 95 7. t oner an electrostatic

to 300,000. 6. A toner for dEVE|O$Inﬂ“ an electrostatlc I mage
I mage

- 105 -

41. A heat fixing method according to Claim
26, whérein said heater element is provided with a
,resisfénce material én¢ a teﬁperaturé sensor, and when
;the heater element temperature detected by the
‘temperature sensor is T,, the surface temperature T,
of the film opposed to said resistance material_is
about 10°C to about 30°C lowér than the temperature T,
and the surface tempéréturg_?3.pf tbé_film on the part
at which the £ilm is peeled from a fixed toner image
is a temperature substéngially equal to the

temperature Tz.

42. A heat fikiﬁgiméthod acbor@ing to Claim
26, wherein said toner comprises the toner according

to any one of CIaims.Z to 2§5.
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according to Claim1l, wherein said binder resin has an MB/ MA of from
40 to 100. 8. A toner for developing an electrostatic image .. .
according to Claim1l, wherein said binder resin has : X
peak other than the MA, in the regi on of a nol ecul ar Eﬂﬁgﬁ f é
3,000 to 20,000. 9. A toner for developing an ele trostB&HuM;

according to Claim1, wherein said binder_rgggn_ has : ecul ar wei ght

peak other than the MB, in the region of 'a nol ecul ar wei ght of from
380,000 to 1,000,000. 10. A toner for developing an
el ectrostatic image according to Claim1l, wherein said binder resin

has a nol eculygsTaich oriTHEN D SELEsURHan the MI, in the
A toner for developing an electrostatic image,

.comprises a binder resin and a colorant. Such binder
resin contains a THF-insoluble matter in an amount of
less tban 10 wt.% based on the binder resin, and, in
the molecular weightzdistrfbﬁtion measured by GPC (gel
permeation chromatograghy)_of a THF-soluhle matter,
_has a weight average’mdleculér weight/number average.
molecular weight (Mw/Mn) of 2 18, a molecular weight
peak MA in the region_éf'a'mélecﬁlar weight of from
3,000 %o 20,000, a molécular weight peak MB in the
region of a moclecular &e;ght'of from 380,600 to
1,000,000, é molecularzwéight minimum MA in the region
of a mblecular weight bf from zo,boc to 380,000,
provided that MB/MA is in thée range of from 30 to 150,
and a molecular weigbt distribution curve area ratio

SA:SB:Sd of 1 : 0.3 to 0.8 : 0.35 to 0.8.

Figure 1

REPLACEMENT SHEET
03 JuL 1998

' . This Sheet Has Been Replaced

L llll



region of a nolecular weight of from 20,000 to 380, 000. 11. A toner
for developing an electrostatic inmage according to Caiml, wherein
sai d binder resin has a nol ecul ar wei ght distributi op—tturve—akea ratiQ
SA:'SB:Sd of 1: 0.3tp 0.7 : 0.4to 0.7. 12. A toner fof RMWFM@ &H‘T;
electrostatic image - according to Claiml, wherein sa Brder—restfhds
a nol ecul ar weight distribution curve arealratio SA: SB Sﬁf"#&g % 3 tjo
0.6 : 0.5to 0.7. 13. Atoner for developing an el ectrostpat 139
according to Caim1l, wher i d binder resin furtheft—eonprises a
rel ease agent. '
/ 15
s~ O
14 l? t
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14. A toner for developing an electrostatic image according to
Claim 13, wherein said rel ease agent is cont ai ned |n an amount of from
0.1 % by weight to 20 % by wei ght based on t herfitce A
toner for developing an: electrostatic inmge ﬁtéb%ﬁﬂﬂﬁ%;gﬂﬂEﬂain113
wherein said rel ease agent is contgined in an pnpunt of from L % by
wei ght to 10 % by wei ght based o £he bi nder rgs na 3:é§. @Egoner for
devel opi ng an electrostatic inage , according to da in said
rel ease agent has a nunber average nol ecul ar wei ght—(r—of—mot jnore
than 1,000, a wei ght average nol ecul ar wei ght (Mw)] of not nore tihan
2,500, an MV Wn of not nore than 3, and a nelting point of Trom60 to

120[err] C.
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96 17. A toner for developing an electrostatic inmge according to

Claiml, wherein said rel ease agent has an M of from 400 to.700, an
Mv of from 508—6-1.-500 an Mv Mh of not nore than 2. HIS‘ E%[WAS* E
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bi nder resin. 18. A toner for developing an electrostatic inage
according to Claim13 ' I d rel ease ac - i conprises a’
graft-nodified WAGEMENWVGHEE‘Q ul thyTﬁp .?’2
| ow nol ecul ar [ ‘ Rr, ecu
wei ght polyd oF| .
devel opi ng an g accmm ﬂll I“ HiiE re| n sai d
rel ease agent pdl yol ef i n with an
aromatic vinyI nonomer, an unsaturated fatty acid or ' an unsat ur at ed
fatty aci(ij:,11 ' 20—A—tomer—1or devel opi ng an el r HEFRge
accordi ng % v a’{l m 19, wherein said graft-nodified R@LA%EI\{ENWCS
1. A toner for developing an electrostatic image,
comprising a binder resin and a colorant, wherein
said binder resin contains a THF-insoluble matter in
an amount of less than 10 wt. % based on the binder
resin, and, in the molecular weight distribution
measured by GPC (gel permeation chromatography) of a
THF~soluble matter, has a weight average molecular
weight/number average molecular welght (Mw/Mn) of >
18, a molecular weight peak MA in the region of a
molecular weight of from 3,000 to 20,000, a molecular
weight peak MB in the region of a molecular weight of
from 380,000 to 1,000,000, a molecular weight minimum
Md in the region of a molecular weight of from 20,000
to 380,000, provided that MB/MA is in the range of
from 30 to 150, and a molecular weight distribution
curve area ratio SA:SB:Sd of 1 : 0.3 to 0.8 ¢ 0.35 to
0.8 when the area of a molecular weight distribution
curve of a molecular weight of from 400 to the Md is
represented by SA, the area of a molecular weight
distribution curve of a molecular weight of from the
Md to 5,000,000 by 8B, and the area of the region
defined by a straight line connecting the apex A
corresponding to the molecular weight peak MA and the
apex B corresponding to the molecular weight peak MB
and a molecular weight distribution curve by Sd.

2. A toner for developlng an electrostatlc 1mage'
according to Claim '1l, wherein said binder resin
contains the THF-insoluble matter in an amount of not
more than 5 $ by weight.

3. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
an Mw/Mn of not less than 20.

4. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
an Mw/Mn of from 25 to 60.

5. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight peak MA in the region of a
molecular weight of from 5,000 to 15,000, a molecular
weight peak MB in the region of a molecular welght of
from 450,000 to 900,000, a molecular weight minimum
Md in the region of a molecular weight of from 30,000
to 300,000.

6. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
an MB/MA of from 30 to 120.
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pofyb]ef i n.wax has an Mh of not nore than 1,000, an

than 2,500, an Mv Mh of not nore than 30 and a nel um J l”ﬂ""fﬂ'gm
60[err]C to 120[err]C 21. A toner® for: developlng an

according to _Claiwm

an M of frog&pgmﬁﬂé

MV Mh of nok
100[err] C

wei ght bage

for devel oplogowan

9.

10.

11.

12.

13.

14.

15'

16.

r af polyolefln

, an Lﬁgtglng ppint of from®60 to
! |l ectr
sai d graf t-modi fi ed W?}QEMFN

A Q:'b
19lgetld @Al O, 'Wein said binder resin has
an MB/MA of from 40 to 100.

A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight peak other than the MA, in the
region of a molecular weight of from 3,000 to 20,000.

A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight peak other than the MB, in the
region of a molecular weight of from 380,000 to
1,000,000.

A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight peak other than the Md, in -the
region of a molecular weight of from 20,000 to
380,000.

A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight distribution curve area ratio
SA:SB:Sd of 1 : 0.3 to 0.7 : 0.4 to 0.7.

A toner for developing. an - electrostatic image

according to Claim 1, wherein said binder resin has:

a molecular weight ‘distribution curve area ratio
SA:SB:Sd of 1 : 0.3 to 0.6 : 0.5 to 0.7.

A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin
further comprises a release agent.

A toner for developing an electrostatic 1mage
according to Claim 13, wherein said release agent is
contained in an amount of from 0.1 $ by weight to 20
$ by weight based on the binder resin.

A toner for 'developing an electrostatic image
according to Claim 13, wherein said release agent is
contained in an amount of from 1 % by weight to 10 %
by weight based on the binder resin.

A toner for developing an electrostatic image
according to Claim 13, wherein said release agent has
a number average molecular weight (Mn) of not more
than 1,000, a weight average molecular weight (Mw) of
not more than 2,500, an Mw/Mn of not more than 3, and
a melting point of from 60 to 120°C. -
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acbéfding tq Caim19, wherein said graft-nodified pol yol efin wax has a
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devel opi ng an gl ctrostatic

17. A toner for developing an electrostatic image
according to Claim 1, wherein said release agent has
an Mn of from 400 to 700, an Mw of from 500 to 1,500,
an Mw/Mn of not more than 2.5, and a melting point of
from 60 to 100°C, and is contained in an amount of
from 1 % by weight to 10 % by weight based on the
binder resin.

18. A toner for developing an electrostatic image
according to Claim 13, wherein said release agent
comprises a graft-modified wax, a low-molecular
weight polyethylene wax, a low-molecular weight
ethylene-propylene copolymer, a low-molecular weight
polypropylene wax or a paraffin wax.

19. A toner for. developing an electrostatic image
according to Claim 13, wherein said release agent
comprises a polyolefin wax graft-modified with an
aromatic vinyl monomer, an unsaturated fatty acid or
an unsaturated fatty acid ester.

20. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has an Mn of not more than 1,000, an
Mw of not more than 2,500, an Mw/Mn of not more than
30 and a melting point of from 60°C to 120°C.

21. A toner  for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has an Mn of from more than 400 to
700, an Mw of from 700 to 1,500, an Mw/Mn of not more
than 2.0, and a melting point of from 60 to 100°C.

22. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has a graft component in an amount of
from 0.1 part by weight to 100 parts by weight based
on 100 parts by weight of the polyolefin.

23. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has a graft component in an amount of
from 1 part by weight to 50 parts by weight based on
100 parts by weight of the polyolefin.

24. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
wax has a melt viscosity of from 1 m Pas (cP) to 250
m Pas (cP) at a temperature of 160°C.

25. A toner for developing an electrostatic image
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97 according to Claim1l, wherein; _ sai d bi nder

contains i) two kinds of styrene acryl at.e ,copol y
| owt enper at ur e . qnftgn.;‘ng resin and a hi gh tenpemmtﬂ&
fxd op

resin,.and ii)
sof teni ng resi
from5.0

26.

P i ﬂé%j

—9T"

| -

La.oco;d-a'.—ng—-td"cﬁi'm 1, whei‘ein;

said binder resin contains i) two kinds of
styrene-acrylate copolymers, a low-temperature
softening resin and a high-temperature softening
resin, and ii) a graft-modified polyolefin;

said low-temperature softening resin having a
weight average molecular welght (Mw) of from 5.0
x 10° to 3.0 x 104, a ratio of Mw to a number

_average molecular weight {Mn) (Mw/Mn) of not

more than 3.0, a flow-out point in a flow
tester, of from 75°C to 90°C, a softening point
of from 80°C to 110°C, and a glass transition
point (Tg) of from 55°C to 65°C and being
contained in said binder resin in an amount of
not less than 65 wt. % said high-~temperature
softening « resin having a weight average
molecular weight (Mw) of 4.0 x 10° to 1.5 x 10°,
a ratio of Mw to a number average molecular
weight (Mn) (Mw/Mn) of not more than 3.0, a
flow-out point in a flow tester, of from 110°C
to 160°C, a softening point of from 150°C to
230°C, and a glass transition point (Tg) of not
less than 55°C; said low-temperature softening
resin and said high-temperature softening resin
being in a proportion ranging from 50:50 to

-90:10 in weight proportion; and said low-
temperature softening resin being obtained by
solution polymerization, said high-temperature

softening resin being obtained by suspensn.on
polymerization, and the both being mixed in a
solvent capable of dissolving the both; and
said graft-modified polyolefin having a number
average molecular weight (Mn) of not more than
1.0 x 10°, a weight average molecular weight
{(Mw) of not more than 2.5 x 103, an Mw/Mn of not
more than 3. 0, and a melting point of from 60°C
to 120°C.

A heat fixing method comprising;

imparting a toner image onto a recording medium,
wherein a toner that forms said toner image
comprises a binder resin and a colorant, wherein
said binder resin contains a THF-insoluble
matter in an amount of less than 10 wt. % based
on the binder resin, and, in the molecular
weight distribution measured by GPC (gel

. permeation chromatography) of a THF-soluble

matter, has a weight average molecular
weight/number average molecular weight (Mw/Mn)
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average rml ecul ar wei ght (M)

fl ow out- poi Nty
sof t eni ng poi tREPLACé\&%To§H?ETO
por nt ( Tg)

transition
contained in spill RinddiL A

Mh) of not
tester, of from75[err]Cf H ﬂ
80ferr] Cto 110[err]C, an ’ ',Hmﬁ”m
m-55 65[ err]C and bel ng
5H\Sal$ﬁﬁnlﬁ‘te"‘8‘£ l not | ess than 65
wt. % said high{ténperature sBEEléWF-Hq having a weight
‘aver age

mol ecul ar wei ght o1 4.0 x 1 t . 10{err],
aTatio of Mv o anurrber . Frg;wacul ar %Eﬁé\éﬂ&g'ﬁ@%ﬁéf(nhm% of

f

not nore than 3° a flowout point in a flowtester, of from 110C

to-160C, a softenl ng point of from 150C to 230[err C, and a gl ass

transition point (Tf 2f i a moleculaasswelmﬂntssg@a @Asand the

| owt enper at ure sofregiom of a molecndernwaightaps @Atf@rﬁ@n&%e

softening resin a molegelay weighgr iMh Fmn ‘F\grﬁgéﬁPSOfS@ to
molecular weight of from 380,00 1,000,000,

a molecular weight minimum Md in the region of
a molecular weight of from 20,000 to 380,000,
provided that MB/MA is in the range of from 30
to 150, and a molecular weight distribution
curve area ratio SA:SB:Sd of 1 : 0.3 to 0.8 :
0.35 to 0.8 when the area of a molecular weight
distribution curve of a molecular weight of from
400 to the Md is represented by SA, the area of
a molecular weight distribution curve of a
molecular weight of from the Md to 5,000,000 by
SB, and the area of the region defined by a
straight line connecting the apex A
corresponding to the molecular weight peak MA
and the apex B corresponding to the molecular
weight peak MB and a molecular weight
distribution curve by Sd; and
heat-fixing said toner image to said recording
medium by means of a heater element stationarily
supported and a pressure member that stands
opposite to said heat element ' in ' pressure
~ contact and brings said recording medium into
close contact with said heater element through
-a film interposed between them.

27. A heat fixing method 'accord:x.ng to Claim 26, wherein
said heater element has a temperature of from 100°C to
300°C.

28. A heat fixing method according to Claim 26, wherein
said toner image is heated with a heater element
having a temperature of from 100°C to 300°C, through
a film having a thickness of from lym to 100um.

29. A heat fixing method accordJ.ng to claim 26, whereJ.n
said film has a heat resistance.

30. A heat fixing method according to Claim 29, wherein
said film comprises a layer formed of a polymer
selected from the group consisting of polyimide,
polyester, polyethylene terephthalate, - a
tetrafluoroethylene-perfluoroalkyl vinyl ether
copolymer, polytetrafluoroethylene and polyamide.

31. A heat fixing method accordiﬁg to claim 29, wherein
said film comprises a layer formed of a metal.

32. A heat fixing method according to Claim 29, wherein
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] to 120[err]C. 26. A heat fixing nethod

said filmRak! akJleakeNOnd THWQ OFéTedsd ETy €l Nngndedi um
wherein the tonew-tésistange saydrioner inmage

resin and a col orant, wherein

33.

34.

35.

36.

A heat fixing method according to Claim 29, wherein

said film comprlses a layer of a polyimide film and
a fluorine resin layer.

A heat fixing method according to Claim 33, wherein
said fluorine resin layer comprises a conductive
material dispersed therein.

A heat fixin§~method according to Claim 34, wherein
said fluorine resin layer comprises
polytetrafluoroethylene., . :

A heat fixing method according to Claim 26, wherein
said film is brought into pressure contact with said
heater element by means of said pressure member under

‘a total pressure of from 4 kg to 20 kg.

37.

38.

39.

40.

41.

42.

A heat fixing method according to Claim 36, wherein
said pressure member is provided with a pressure
roller -having a rubber elastic layer.

A heat fixing method according to Claim 36, wherein
said pressure member is provided with a pressure

roller having a elast:.c layer formed of s:.l:.cone

rubber.

A heat.fixing_methcd according to Claim 26, wherein

said heater element is heated by applying to a
resistance material a current with a pulse-like
waveform.

A heat fixing method according to Claim 26, wherein
said heater element has a low heat capacitance and
has a linear structure. :

A heat fixing method accordlng to Claim 26, wherein
said heater element is provided with a resistance
material and a temperature sensor, and when the
heater element temperature detected by the
temperature sensor is T,;, the surface temperature T,
of the film opposed to said resistance material is
about 10°C to about 30°C lower than the temperature
T, and the surface temperature T, of the film on the
part at which the film is peeled from a fixed toner
image is a temperature substantially equal to the
temperature T,.

A heat fixing method according to Claim 26, wherein

e B “QQMHMIIBUM -
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98 of > 18, a nolecular weight peak MA in the . regi on of
a nol ecular wei rﬁEpUAcEy@ﬁWESQEg} o 20, 000, . . ., anolecular weight
eqLon. of _a

peak MB in the nol e¢ul ar melght of from 380,000 to
1, 000, 000, a C r ight mninumM in the region of

ht a%ﬂbﬁﬂgé@o DO it 0_380,.000, provided that M/ NVA
to 0 and a nol ecul ar wei ght

a mol ecul ar wei
curve area f#atio SA:SB:Sd of 1 : 0.3 to 0.8 :

is in the rangejoflfrom 3Q
di stribution

0.35 to 0.8 whe ecul ar wei ght dlstrlbutlog$%g§ye
of a nol ecul ar wei ght of from ABSTRAQ® to the Mi is rePEBAR
the area of nol ecul ar wei ght distribution curve of a

ELECTROSTATIC IMAGE DEVELOPING TONER AND FIXING METHOD

A toner for developing an electrostatic image,
,coﬁprises a binder resin and a colorant. Such bioder
.resin ¢ontains a THF-irisoluble matter in an amount of
less tRhan 10 wt.% based on the binder resin, and, in
the molecular weight distribuition medsured by GPC (gel
permeaticn chromatograghy)‘of'a THF-soluble matter,
_has a weigﬁt average mdlecular weight/number average.
molecular weight (Mw/Ma) of X 18, a molecular weight
peak MA in the.region ot a'nélééular weight of from
3,000 to 20,000, a molécular waight peak MB iz the
region of a molecular weight of from 380,000 to |
1,000,000, a molecular.weight minfmum Md in the region
of a mblecular weight of from 20,00C to 380,000, '
provided that MB/MA is in the range of from 30 to 159.
and a molecular weight distribution curve area ratio

Figure'l



nol ecul ar wei ght of fromthe M to 5, 000, 000 by SB, and the area

of the region defined hy -a— ~=1 ‘straight |ine conn ot
apex A ﬁgmggmm'ﬂlﬁ’n@E o| t he AN @@Nht éa&b%«qs j]'e)
and the apex B cp h wei ght gk MB and a
nmol ecul ar wei ght pﬁ
heat -fi xi ng said
a heater el enment

and
medi um by nmeans of

2 2 g .
supported andREP!plkG:ESMSENTeS%ETber t hat

stands cpp03|te to said]| heat elenment in pressure

contact and bringE_sa+ér.cbura|ng medi um; gt @ cl ose contact wth
sai d heater elenent through : a filn1interposed betmeen them 27. A
heat fixing nethod according to C aim 26, whe ai d heater el enent
has a tenper atlihEgTRﬁSTﬂImnmgmi[ QEVQL@PM)G TONER AND FIXING METHOD

.ABSTRACT OF THE DISCLOSURE

A toner for developing an electrostatic image,
.comprises a binder resin and a colorant. Such binder
.resin contains a THF—idsolubxe'matte: in an amount of
less than 10 wt.% based qp the binder.resin, and, in.
the mo}ecular weightadistrfb@tion measured by GPC (gel
permeation chfomatograghyj_of a TﬁF‘sa;uble matter,
_has a weight averége‘méleculér weight/number average.
molecular weight (Mw/MR) of = 18, a molecular weight
peak MA in the region O6f a mélecular weight of from
3,000 o 20,000, a molécular weight peak MB in the
region of a molecular weight of from 380,000 to
1,000,000, a moleculgr;wéight minimum M3 in the region
of a mblecular weight &f from 20,00C to 380,000,
provided that MB/MA is in the range of from 30 to 150,
and a molecular weig@t distribution curve area ratio

SA:SB:Sd of 1 : 0.3 to 0.8 : 0.3§ to 0.8.

Figure 1
-
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i 31? jA heat. fi xi ng nmethod according to claim29, wherein said film

conprises a Iaver-fnrngd-e$1a nmetal. 32. A heat fixi.ng TE hod according to

Cl ai m 29, J\_Ilﬁ@l [CRMENT SHEET 0 z&m?ﬂ?i _
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conditidns, of a calibration curve prepared using a
polystyxene standard sample and the number of count
measured under the above conditioms.

The SA, SB end Sd of the molecular weight
distribdtion curve in the binder resin used in the
toner of the present invention are determined by
Galculating the weight ratics of a sample'cut out from
& chrométogrem obtained by GPC end calculating the
area ratios thereat. '

In the working exanples as described later,
the nalécuiar_weight distribution of the release agent
is measured by GPC-(gei permeation chromatography)
under tHe following conditiocis.

Apparatus: LC-GPC. 1S0C (Waters Co.])
Column: GMHE (Toyo Soda Manufacturing CQf,
Ltd.), 60 cm
_ chunn temperature: 140°C
Saqlvent:  o-dichlorcbenzene

The molecular weight distribution possessed by

& sample is calculeted from the relation between a
- logaritlimic value measured under the aone conditions,
of a célibration curve of a polyethylene _standard and the

number of count.

In the present invention, the melting point of
the reldase agent is measured using a differential

scanning calorimeter DSC-7 (manufactured by Perkin-



“|ow resi st agee r“;{q‘ﬁ%f,ﬁﬁggégﬁf-heat fixing method according to C ai m 29,

wherei n sBEBL , s a layer of a polyimde film and a
fluorine regi nftayer.  34. eat fixing method according to C ai m 33,

wher ei’n - saj dof §ER 1898r dsifn 1 ayer conpri.ses a conductive mat eri al

di spersed therkin. 35. A Rje fixing -nethod according to C aim 34,

wher ei n a — fluorine resin  |ayer conpri ses

pol yt etraf | uproet hyl ene. 36 A heat_ f{ging nmethod according to: Claim 26,
wherein Sard r1Imis brought into pressure cont aggPICEM iHEET  heater

el ement by nmeans of said pressure nenber under

fatty acid ester tends to result in a decrease ian the
releasing effect inherent in the polyclefin. Aa |
excessive amount for the arcomatic vinyl moncmer can
not so mitch bring sbout an improvement in the .
dispersibility of the polyolefin in the toner.

The graft-modified polyclefin t.:sed in the
present invention na.y p;referablv be added in an amcunt
ot frc;n 0.1 part by mighf. to .20 parts-ﬁy waight, and
more preferably from 0.5 part By weight to 10 parts by
waight, based on 100 parts by weig!;t of the binder
resin. An amount less than O.i part by weight makes
it difficult to brinq'a‘.bdut a sufﬁcient releasing
e'ftec_t, ;nd en emount more than 20 parts by weight
‘tends tc result in e lowéring Gf the blocking

' resistante of the toner. |

fhe graft-modified poljolefin used in the

present ianvention may preferably have i melt viscosity

in the range of from 1 to 250 cP - (centipoisae) (1 cP=1 mPas)

at 160°C. A melt viscosity less than 1 cp tends to
cause thia blocking of toner. A melt viscosity more
than 250 cP .makes it haid for the modified polyolefin
to bleed from the toner and makes it hard for the

. releasinly effect to be exhibited. In the fixing

- method of the present invention, it is preferred that

in general a releasable Ccomponent having a lower melt

viscosity is used whea 'a lqwer' fixing temperature is



a'total pressure of from4 kg to 20 kg. 37. A heat fixing nethod

according to Claim gai d pressure nmenber is provided with a
. pressure ro||erﬁ§%k$&ﬁ¥éﬂTF§B%%F elastic layer. 38. A heat fixing

met-hod accordi ng tjo [Carm 36, wWheReijn said pressure nenber is provided

with a pressure r of PefFRal@RBg|alel astic | ayer formed of silicone

rubber. 39. A hdatj fixing nethod dccording to C aim26, wherein sai d

heater el-ement islheated by applyind to 823 -~ resistance naREP[is

current with a puljse-1ike wavefgrm 40. A heat fixing nethogwgigaﬁﬂﬁﬂg

to Caim26, wherein
As described above, the present invention can
gchieve'a low cost in the operstion of copying
machinds and yet can provide good images, because.ot
the superior low-temperatﬁre fixing performance and

developing performance of the toner.



said heater el enent has a | ow heat capaci tance and ' has a |inear

=structure. 41. A heat fixing method according W

“sai d heater el epert—ts—provige th a resistance nmat eri
t enper at ur e senscﬂﬁﬂ&ﬂﬂ“ﬁ%@ﬁﬁﬁg@ﬂ heater el e'r'rﬂ mu 'mqmw
det ect ed by t e~ Tenperakuf e sensor is T[erk], ¢ m,
tenperature T2. ~ af 9 tHEP 38 bppose¥4t o said resistance nat e i al is |
about 10[err]C tojabout 30[err]Cijlower than the tenperature &]gﬁﬁh and
t he surface tenpe ure Ilerr] of |[the filmon the. . parﬁEp@ACWh‘\E e
filmis peeled froma fixed toner} I mage is a tenperature substantially

equal to Qlaims’ tenperature T[err]. 42. A heat fixing nmethod according to

C ai m 26, wherein . . :
1. A toner for developing an electrostatic 1image,

comprising a binder resin and a colorant, wherein
said binder resin contains a THF-insoluble matter in
an amount of less than 10 wt. % based on the binder
resin, and, in the molecular weight distribution

- measured by GPC (gel permeation chromatography) of a
THF-soluble matter, has a weight average molecular
weight/number average molecular weight (Mw/Mn) of >
18, a molecular weight peak MA in the region of a
molecular weight of from 3,000 to 20,000, a molecular
weight peak MB in the region of a molecular weight of
from 380,000 to 1,000,000, a molecular weight minimum
Md in the region of a molecular weight of from 20,000
to 380,000, provided that MB/MA is in the range of
from 30 to 150, and a molecular weight distribution
curve area ratio SA:SB:sSd of 1 : 0.3 to 0.8 ¢ 0.35 to
0.8 when the area of a molecular weight distribution
curve of a molecular weight of from 400 to the Md is
represented by SA, the area of a molecular weight
distribution curve of a molecular weight of from the
Md to 5,000,000 by SB, and the area of the region
defined by a straight line connecting the apex A
corresponding to the molecular weight peak MA and the
apex B corresponding to the molecular weight peak MB
and a molecular weight distribution curve by Sd.

2. A toner for developing an electrostatic image
according to Claim ‘1, wherein said binder resin .
contains the THF-insoluble matter in an amount of not
more than 5 $ by weight. :

3. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
an Mw_/Mn of not less than 20.

4. A toner for developing - an electrostatic image
according to Claim 1, wherein said binder resin has
an Mw/Mn of from 25 to 60.

5. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight peak MA in the region of a
molecular weight of from 5,000 to 15,000, a molecular
weight peak MB in the region of a molecular weight of
from 450,000 to 900,000, a molecular weight minimum
Md in the region of a molecular weight of from 30,000
to 300,000. ' :

6. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
an MB/MA of from 30 to 120.
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7. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
an MB/MA of from 40 to 100.

8. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight peak other than the MA, in the
region of a molecular weight of from 3,000 to 20,000.

9. A toner for developing an electrostatic image
according to.Claim 1, wherein said binder resin has
a molecular weight peak other than the MB, in the
region of a molecular weight of from 380,000 to
1,000,000. ' :

10. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has

a molecular weight minimum other than the Md, in the
region of a molecular weight of from 20,000 to
380,000. _ . _

11. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has:
a malecular weight distribution curve area ratio
SA:SB:Sd of 1 : 0.3 to 0.7 : 0.4 to 0.7.

12. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin has
a molecular weight -distribution curve area ratio
SA:SB:Sd of 1 : 0.3 to 0.6 : 0.5 to 0.7.

13. A toner for developing an electrostatic image
according to Claim 1, wherein said binder resin
further comprises a release agent.

14. A toner for developing an electrostatic image
according to Claim 13, wherein said release agent is
contained in an amount of from 0.1 § by weight to 20
% by weight based on the binder resin.

15. A toner for developing an electrostatic image
according to Claim 13, wherein said release agent is
contained in an amount of from 1 % by weight to 10 %
by weight based on the binder resin. ,

16. A toner for developing an electrostatic image
according to Claim 13, wherein said release agent has
a number average molecular weight (Mn) of not more
than 1,000, a weight average molecular weight (Mw) of
not more than 2,500, an Mw/Mn of not more than 3, and
a melting point of from 60 to 120°C. -
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17. A toner for developing an electrostatic image
' according to Claim 1, wherein said release agent has
an Mn of from 400 to 700, an Mw of from 500 to 1,500,
an Mw/Mn of not more than 2.5, and a melting point of
from 60 to 100°C, and is contained in an amount of
" from 1 % by weight to 10 % by weight based on the

. binder resin. '

18. A toner for developing an electrostatic image
according to Claim 13, wherein said release -agent
comprises a graft-modified wax, a low-molecular
weight polyethylene wax, a low-molecular weight
ethylene-propylene copolymer, a low-molecular weight
polypropylene wax or a paraffin wax.

19. A toner for. developing an electrostatic image
according to Claim 13, wherein said release agent
comprises a polyolefin wax graft-modified with an
aromatic vinyl monomer, an unsaturated fatty acid or
an unsaturated fatty acid ester. -

20. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has an Mn of not more than 1,000, an
Mw of not more than 2,500, an Mw/Mn of not more than
30 and a melting point of from 60°C to 120°C.

21. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has an Mn of from more than 400 to
700, an Mw of from 700 to 1,500, an Mw/Mn of not more
than 2.0, and a melting point of from 60 to 100°C.

22. A toner for developing an electrostatic image
according to Claim 19, wherein said graft-modified
polyolefin wax has a graft component in an amount of
from 0.1 part by weight to 100 parts by weight based
on 100 parts by weight of the polyolefin.

23. A toner for developing an electrostatic ' image
according to Claim 19, wherein said graft-modified
polyolefin wax has a graft component in an amount of
from 1 part by weight to 50 parts by weight based on
100 parts by weight of the polyolefin.

24. A toner for developing an electrostatic image
according to claim 19, wherein said graft-modified
polyolefin wax has melt viscosity of from 1 m Pas .
(cP) to 250 m Pas (cP) at a temperature of 160°C.

25. A toner for developing an electrostatic image
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acdesding—toClaim 1, wherein;

said binder resin contains i) two kinds of
styrene-acrylate copolymers, a low-temperature
softening resin and a high~temperature softening
resin, and ii) a graft-modified polyolefin;
said low-temperature softening resin having a
weight average molecular weight (Mw) of from 5.0
x 10® to 3.0 x 10* a ratio of Mw to a number
.average molecular weight (Mn) (Mw/Mn) of not
more than 3.0, a flow-out point in a flow
tester, of from 75°C to 90°C, a softening point
of from 80°C to 110°C, and a glass transition
point (Tg) of from 55°C to 65°C and being
contained in said binder resin in an amount of .
not less than 65 wt. 8% ;said high-temperature
softening resin having a weight average
molecular weight (Mw) of 4.0 x 10°% to 1.5 x 10¢,
a ratio of Mw to a number average molecular
weight (Mn) (Mw/Mn) of not more than 3.0, a
flow-out point in a flow tester, of from 110°C
- to 160°C, a softening point of from 150°C to
230°C, and a glass transition point (Tg) of not
less than 55°C; said low-temperature softening
resin and said high-temperature softening resin
being in a proportion ranging from 50:50 to
-90:10 in weight proportion; and said low-
" temperature softening resin being obtained by
solution polymerization, said high-temperature
softening resin being obtained by suspension
polymerization, and the both being mixed in a
solvent capable of dissolving the both; and
said graft-modified polyolefin having a number
average molecular weight (Mn) of not more than
1.0 x 10°, a weight average molecular weight
(Mw) of not more than 2.5 x 10°, an Mw/Mn of not
morfztzxan 3.0, and a melting point of from 60°C
to 0°C. '

26. A heat fixing method comprising;

imparting a toner image onto a recording medium,
wherein the toner that forms said toner image
comprises a binder resin and a colorant, wherein
said binder resin contains a THF-insoluble
matter in an amount of less than 10 wt. % based
on the binder resin, and, in the molecular
weight distribution measured by GPC (gel
permeation chromatography) of a THF-soluble
matter, has a weight average molecular
weight/number average molecular weight (Mw/Mn)
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of > 18, a moflecular weight peak MA in the

region of a molecular weight of from 3,000 to 20,000,
a molecular weight peak MB in the region of a
molecular weight of from 380,000 to 1,000,000,
a molecular weight minimum Md in the region of
a molecular weight of from 20,000 to 380,000,
provided that MB/MA is in the range of from 30
to 150, and a molecular weight distribution
curve area ratio SA:SB:Sd of 1 : 0.3 to 0.8 :
0.35 to 0.8 when the area of a molecular weight
distribution curve of a molecular weight of from
400 to the Md is represented by SA, the area of
a molecular weight distribution curve of a
molecular weight of from the Md to 5,000,000 by
SB, and the area of the region defined by a
straight line connecting - the apex A
corresponding to the molecular weight peak MA
and the apex B corresponding to the molecular

. weight peak MB and a molecular weight

" distribution curve by Sd; and :
heat-fixing said toner image to said recording
medium by means of a heater element stationarily
supported and a pressure member that stands
opposite to said  heat element - in pressure
contact and brings said recording medium into
close contact with said heater element through
a film interposed between them.
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27. A heat fixing method .according i:o Claim 26, wherein
said heater element has a temperature of from 100°C to
300°C.

28. A heat fixing method according to Claim 26, wherein
said toner image is heated with a heater element
having a temperature of from 100°C to 300°C, through
a £ilm having a thickness of from lym to 100um.

29. A heat fixing method according to claim 26, wherein
said £ilm has a heat resistance.

30. A heat fixing method according to Claim 29, wherein
said film comprises a layer formed of a polymer
selected from the group consisting of polyimide,
polyester, polyethylene terephthalate, a
tetrafluoroethylene~-perfluoroalkyl vinyl ether
copolymer, polytetrafluoroethylene and polyamide.

31. A heat fixing method accordixig to claim 29, wherein
40 ysaid film comprises a layer formed of a metal.

32. A heat fixing method according to Claim 29, wherein



