Lfﬁa". « - Magnetic Toner and Process.far Producing Magnetic Toner
-BACKGROUND OF THE | NVENTI ON 5 . Fi [eTHISOSHEETeHASBBEN ijon The g?%p7 a
imventi‘dn relates to a magnetic toner f &EPUACED opi nd an elééfﬁg i%ﬁ

I mage, used in an inmage formng-process such as electr %@@rqghy,

el ectrostatic recording or electrostatic'br%nting, and a, process for
produci ng the nagnetic toner. Rel ated Background Art As eleéﬁ éhomo phy,
a nunber of nethods are known as disclosed in U S. Patent No. 2,297,%91,
Japanese Patent Publications No. 42-23910 and No. 43- 15 24748 and so
forth. -In general, copies are obtained by formng an electrostatic |atent

i mage utilizing a photogRiistid/erdiderdi Prssedli f ik tPrddid means on a
phot osensi tive nmenber subsequently devel oping the |atent inmage by the use
of a toner to forma tonpigmkic iTegs and transferring the toner inmage to
a transfer medium such as paper if necessary, followed by fixation with
heat, pressure, heat-and-pressure, or solvent vapor. The .toner renained on
t he photosensitive nenber is renoved by various neans, and 25 t hen t he
above process CcSBACKSROINIIGR].THE INVENTION

5 Field of the invention

The present invention relates to a magnetic
toner for developing an electrostatic image, used in
an image fo;ming process such as electrophotoéraphy,
electrostatic recordiﬁg or electrostatic printing, and

10 a process for producing'the magnetic toner.

Related Background Art

As eléctrophotography, a number of methods are
known as disclosed in U.S. Patent No. 2,297,691,
Japanese Patent Publications No. 42—23910 and No. 43-
15 24748 and so fdrth. In general, cdpies are obtained
by forming an electrostatic latent image utilizing a
photoconductive material, according to various means
on a photosensitive member subsequen#ly developing
the latent image by the use of a-toner”to fd#m a toner
20 image, and transferring the toner image to a transfer
medium such as paper if necessary, followed by
fixation with heat, pressure, heat-and-pressure, or
solvent vapor. The toner remained on the -
photosensitive membef is removed by various means:.and

25 then the above.proéess can be repeated.

( M



=2+ 1- . In recent years, such a copying apparatus is not only used
a$ a copying machine for office work to take copies of originals, but also
has begun to be used as an information output machinery .connected with 5
otther informati on processor since the introduction of digital techniques,
or as a printer for making fresh originals betause the

mul tifunctionalization has nade it easy to process or edit inage
information. There is also an increasing use as a personal printer for 10

private use. Under such gircunstances, for the co gﬁn and priptin
appar at us, Hi gh-speed, htn"FHEY ﬁﬁ%f?tyfu%%ﬁ$53¥ %ﬁg@ %%%gf?gﬁfmg§ght
have been pursuegd,, aénikg!x';sé‘a Sﬁ?ée%%%iﬂ%%{ﬂﬁébf&té’ff%@é”&é@kketow
pursui ng cost down, CcOpyi hg machi hes d printers are now conprising nore

o1 TP1 & componentskd dap1aUSoFCSREELfals Sy [ER thed NBogEAlLEcRENT T

the toner performanc conme higher and ecause w thout the
inprovemmt of tRgsd@®NgE KR IRESBRSLIEA oB¥SEL | RAEh BASEY ' OPRREEYEAPREER

apparatus are no longer able to work. For exanple, for fixing the toner

| mage onto g other information processor since the introduction of
digital techniques, or as a printer for making fresh
originals because the multifunctionalization has made
it easy to process or edit image information. There
is also an increasing use as a personal printer for

10 privaté use.

Under such circumstances, for the copying and
printing apparatus, high-speed, high image quality,
compact size and lightweight have been pursued, as
well as éxtremely high reliability. Meanwhile,

15 .pursuing cost.down, copying machines and printers are
now comprising more simple components in various
respects. As a resuit, the requirement for the toner
performance has become higher and higher, because
without the improvemnt of the toner performance

20 excellent electrophotographic apbaratus are no longer
able to work.

For example, for fixing the toner image onto
the recording ﬁedium such as paper, various methods
have been developed. At present the pressure heat

25 system is most common, where the heat roller fixiﬁé

system is widely used.



t e :r ecordi ng medi um such as paper, various nmethods have been devel oped.

At present the pressure heat 25 systemis nost common, where the heat
raller fixing systemis w dely used. -3- 1 The heat roller
frxing systemis a nethod conprising of briynging a toner inmage on the
surface of a recording nediumin contact with the surface of a heat roller
where the roller's surface consists of a 5 material having releasability
to toner, and applying heat and pressure during the passage. Since in this

method the surface of theeherlat Yd19%erC FBI NgNsY st 36t Vrdtdie t oner
| mage on the recordi ng nmedi um under pressure, a very good thernal

efficiency can bemp®isiaghiorved iMidhd e tomeer im2Ree ons tHd swdheted pnt o
the recording medium so that fixing can be carried out rapidly. In the
heat roll fixing, rbooeddng medivn i@ domacr mAeeSIaky sieirddee dead rol ler
to reach a given 15 tenperature. As it is attenpted to shorten this.
wai ting tinme, ahdatopypiligrnaehieres thee noddersr susifeedy conad stiseof o a
toner image fixation on a :

5 material having releasability to toner, and applying
heat and pressure during the passage. Since in this
method the surface of the heat roller comes into
contact with the toner image on the recording medium
under pressure, a very good thermal efficiency can be

10 achieved when the toner image is melt-adhered onto the
recording medium, so that fixing can be carried out
rapidly.

In the heat roll fixing, however, a waiting
time is necessary for the heat roller to reach a given

15 temperature. As it is attempted to shorten this
waiting time, and copying machines are made more
speedy, the time for a toner image fixation on a
recording medium becomes shorter. Accordingly, the
temperature of the fixing rolier may fall when the

20 recording medium passes'and faulfy fixation tends to
occur.

In addition, as the surface of the heat roller
comes into contact with the toner image under
application of a pressure, part of the toner image may

25 transfer and adhere to the surface of the fixing

roller, which is re-transferred to the subsequent



recardi ng nmedi um becones shorter. Accordingly, the tenperature of the
fixing roller may fall when the 20 recording nedium passes and faulty
fixation tends to occur. In addition, ‘as the surface of the heat roller
conmes into contact with the toner inmage under application of a pressure,
part of the toner image may 25 transfer ~add-adhere to the surface of the
fixing roller, which is re-transferred to the subsequent -4- 1
recordi ng medi um causi ng an of fset phenonenon. Thus, in order to achieve a
shorter waiting tinme, .a higher fixing speed %nd a hi%her | mage qual ity
whi | e mai nt&i ni R§CLTHIBg A ’ﬁﬂ‘ﬁ@WF%PﬁgﬁPe° £SESnBPEROMENBY e | mages to
recordi ng nmedi uns mﬁthoqﬁlno I.ma e&ftain du$&to t he ﬁffg@t phenonenon, it
is inportant for toners t0SHad® PERFehfePIOdPESs B SRGT P& S and

anti-of fset properties., kor the .purpos fo L_O@r Qvin he .l .
R§ e %f hr1 her Ei‘lxd. usl?)&%tdy ag@ QVihi hter ltn%gecé%aalrﬁtr%t i on

tenperature fixing perfo nce “an " tonérs or

Lfi Litsglncfso“ t 3R80 PR TNIAITRTRE'S g6 A% iR HRIBTnante T M rier 2
5 visible images to recording mediums without no image
stain due to the offset phenomenon, it is important
for toners to have low-temperature fixing perfbrmance
~and anti-offset properties. |
For the purpose of improving the low-

16 temperature fixing performance and fluidity of toners
or the contamination resistance of toner bearing
members such as photosensitive members, a proposal is
made in Japanese Patent Publication No. 63-32182.
This publication discloses a toner whose binder resin

15 componentis  a vinyl polymer having in its molecular
weight distribution pattern at least one peak each in
each specific region.of low molecular weight and high
molecular weight. This toner coﬁtains the low |
molecular weight component in comparatively large

20 quantity to improve its fixing pérformance. _Further
studies made by the present inventors, however, have
revealed that many components not effectively
contributing_to the fixing performance are present,
whose molecular weights distribute between both peaks

25 in the low molecular weight region and the high i

molecular weight region. Thus, there remains some



mide i'n Japanese Patent Publication No. 63-32182. This publication

di scl oses a toner whose binder resin 15 conponentis a vinyl polynmer having
in its nolecular weight distribution pattern at |east one peak each in each
specific region of |ow nolecular weight and high nol ecul ar weight. This
toner contains the | ow nol ecul ar wei ght corponent in conparatively |large 20
quantity to inprove its fixing performance. Further studies nmade by the
‘present inventors, however, have revealed that many conponents not

ffect I wh
ol ol o ﬁféﬂ%&'ﬁ‘”éﬁdﬁ?b‘f}?&ﬁ AR B Y A 36 e o ar
wei ght regi on apd idig. il T EUIRY MPighl JA%R pHibor &hgse romi ns

some -5- 1 room for further 1 nprovenent not onIy I'n f|X|ng per formance

but also in anti-offset MIARA{1LS adRRMde 8D BIRAS Wi IPepObVE the
of f set phenonenon problem it is known to add a release agent 5 such as a

| ow ol ecul ar Wph@honiediare tybdie e 0ri 4 oM Nl ARl @hirddlagy oRysgee to
a toner. It, however, is usually difficult to produce a toner

5 such as a low molecular weight polyethvlene or low
molecular weight polypropylene to a toner. 1It,
however, is usually difficult to produce a toner
containing a release agent in an optimum state. 1In
the manufacture of conventional toners, a binder

iO resin, a colorant such as a magnetic material,
optiona;lv together with other additives, and a
release agent are premixed. Thereafter the mixture is
heated and melt-kneaded, and the kneaded product is
céoled, followed by the steps of pulverization and

15 classification to give a toner with the desired
particle diameter. In such a manufacturing method,
however, the binder fesin shows poor cdmpatibility
with the release agent at the stage of heating and
melt-kneading so that particles mainly composed of the

20 release agent are produced at the stage of
pulverization, and it is difficult to obtain a toner
containing a release agent uniformely dispersed in the
resulting toner particles. Moreover, if at the stage
of pulverization, particles solely consisting of -the

25 release agent and particles mainly composed of thé

release agent tend to be produced, it means that a lot



toentaining a rel ease agent in an op&LnuanLa%c.':u e manuf act ure of
conventional toners, a binder 10 eBHIA SHEET &4 r%?ﬁJ;uch as a nmagnetic
ngterial, optionally together wth ather Bﬁﬁhﬁqa'nc, ahd a rel ease agent are
ptem xed. Thereafter the m xture is heated.and nelt-kneaded, and the
kneaded product is cooled, followed by t he st eps of pul verization and 15
classification to give a toner with the desired particle dianeter. In such
a_gﬁn?Lacturing nmet hod, however, the binder resin shows poor conpatibility
Wi e rel] ease_agent. .at; the s e _af ti n Readi indat
particles_n%inléfcgéﬁggg e%f%Ehgigbr%gfgggéhgggﬁtggggbgfﬁduceéﬂg?ﬁgﬂgfstage
of pul ver i zat i 0By 3Gyl ichiell bRl dsd oA ThB FebAN@ nORGHAN Ngorkis

rel ease agent uii or me y dispersed in the resulting toner particles.
Moreover, if at (bheaHQe 10k R1vRidez @it kil Gl es sol el y consisting of
the 25 rel ease agent and particles mainly conposed of the rel ease agent
tend to be produced, it MRARDIRAUaDdse Paténtl Pubdficaariidre|Nes. 33+ he

rel ease agent are present aparting fromthe toner particles and the

resul ting tegner 3RaBds also discloses a toner in which an ethylene type

olefin homopolymer or copolymer that can serve as a
release agent is incorporated by kneading. This
toner, however, comprises a binder resin containing a
low molecular weight component iﬁ a relatively large
i0 quantity, so that it is difficult to apply sufficient
shear force when the ethylene type olefin polymer and
other components are melt-kneaded, often resulting in
the poor dispersion of the polymer in toner particies.
Even if the release ageni is well dispersed and mixed
15 in the toner particles, the combination of such binder
resin and the release agent is not still satisfactory
for fixing performanée and anti-offset propertiesf
therefore, it cannot be said that releasability
according to the-release.agent is fully demonstrated.
20 In order to affect the releasability of the
toner, the release agent may be added in a large
quantity. This, however, causes a further increase in-
the free particles of release agent among toner
particles. If such a toner is used in a copying-
25 machine, its fluidity in a developing assembly ma§

become poor, the surfaces of carrier particles and a

e



te have a | ow rel ease effect when T ' s

63- 5 32182 al so di scloses a toner nmmmSHEEhHAéﬁﬁﬁNe e type ol efin :
honopol yner or copol yner that can sg¢rve 2 pgent i s incorporated
by kneadi ng. This toner, however, conprises a binder resin containing a | ow
nol ecul ar wei ght conponent in a relatlvely |'arge 10 gquantity, so that it
is difficult to apply sufficient shear force when the ethylene type olefin
pol ymer and other conponents are nelt-kneaded, often resulting in-the poor

dispersion of the Kol f%gﬂgtﬂgﬁ%epaéﬁbﬁlgé aEH§0e1$pEH§ s¢begaemagent is

wel | dlspe ed an n1xed e toner particles, the conbination of
such binder resid a0ditd8 b8! eR&CtaABR! tb8a80toShithéreatbshaft amugeor
fixing performance and anti-offset properties, therefore, it cannot be said
that rel easabi ldidasCe@F dh§Idéoel bpmest casehegenhnay schukkyadenonstrated. 20
In order to affect the releasability of the toner, the rel ease agent may be
added in a | argei gfpealty. subhsashoiemeng oauske phbtioskesitiaweease in the
free particles of release agent anong toner particles. If such a toner is
used in a oppyimgmér amdhhercei peot| dedeligped amdgesl tphdgtasbenbl y nay
becone poor, the surfaces of carrier particles and a

produced.

For the purpose of uniformly dispersing a
release agent in a toner, a proposal has been hitherto
made in Japanese Patent Publication No. 62-195683.

10 According to this proposal, a low molecular weight wax
is mixed in a binder resin solution followed by
removal of the solvent with heating, and the resulting

“binder resin is used to give a toner improved in
dispersion of the wax in toner particles. In this

15 toner, the binder resin has a weighﬁ average molecular
weight (Mw) of not more than 23,000, that is,
comprised of a poiymér with a vgry low molecular
weight. Further studies by the present inventors,
however, have revealed that when the binder resin

20 containing no high molécular weight component and
comprised of only a low molecular weight component as
in said binder resin is used, the increase in
viscosity during removal of the solvent in the binder
regin solution in which the wax has been mixed is- low,

25 so that after the removal of the solvent or after-fhe

subsequent step of cooling the binder resin, the low



~7-.1 toner carrying menber such as a devel opi ng sl eeve may be stained or
the toner tends to adhere to non inmage areas during devel opnent. These may .
cause a difficulty such as filmng on the photosensitive 5 menber and
hegnce poor devel oped i mages tend to be produced. For the purpose of
uniformy dispersing a rel ease agent in a torer, a proposal has been
hitherto nade in Japanese Patent Publication No. 62-195683. 10 Accor di ng
to this proposal,-a | ow nol ecul ar weight wax is mxed in a binder resin
solution follo I |. of ol vent, W neat j. sul ting
bi nder resiir‘l [ \éﬁ%%g utlgi@g?‘%élggltt tc")"nggtr Si“lerlppﬂreso\;cé)d altdr%lgl'l % g’rlgjlmc?n &ré_t ene{%ax I n
toner particles: t b . i Iy r3eSi i ..aver age
nol ecul ar wei ghtla%%l/ev) Bg?trjllo%tl%%g{q P%Jr%%zl?,%%g;e tlﬁl;tt@ﬁe}s]?ﬁé%r%?i%gdugf a .
polymer with a ¥gkkus@WoDi8Gl foMRidiilat fB4NLHRSL. STHliLSHOrd N fisent
I nventors, however, have revealed that when the binder resin 20 contal ni ng
no hi gh ol ecul 3bméeirgdin FHH FUheNd nipfeiveneed Gh Allspeddidi B eenid ar
wei ght conponent as in said binder resin i.s used, the increase in

5 release agent in such toner particles. Moreover,

sihce the toner containing such a binder resin
contains no high molecular wéight component, the
elasticity of the melted toner at fixing is so low
that it is difficult to achieve the anti-offset

10 properties of a higher level.

SUMMARY OF THE INVENTION

An object of the present invention is to solve
the problems as discussed above.

15 Another object of the present invention is to
provide a magnetic toner having superior low-
temperature fixing pérformance and anti-offset
properties.

Still another object of the present invention

20 is to provide a magnetic toner héving superior anti-
blocking properties.

A further object of the present invention is

. to provide a magnetic toner containing minor if any,
free fine particles of olefin among magnetic toner

25 particles. ' -

A still further object of the present



‘'VEsgosity during renoval of the solvent in the binder resin solution in
whi ch the wax has been mxed is low, 25 so that after the renpval of the
solvent or after the subsequent step of cooling the binder resin, the | ow
-8- 1 nol ecul ar wei ght wax tends to again agglonerate into | arge
particles and precipitate in the binder redi i because of its poor
conpatibility. Thus there remains some roomfor further inprovenent in

di spersion of the 5 rel ease agent in such toner particles. Moreover,

el aht componentSVPRE1BPAde: Bt §UoR Eio nirpEd tancorer PR oo ow
ovel - suvnry SEOFEESEABERRBO Y ob] ect of the present invention is to
sol ve the problens as daSes3qd hatRr bbject of theAPpi@ntobl ect of the
present invention is to provide a magnetiC toner having superior |ow
tenmperature fiXxjRgeRe5ibar 18NGe Prdvadld Ohbdtle tiicORSherethat may less
5 cause the staining of the surface of a developing
sleeve and the surface of a photosensitive drum.
The above objects of the present invention can
be achieved by a magnetic toner comprising a binder
resin and a magnetic material, said binder resin
10 comprising a non-crosslinked styrene polymer, a noﬁ—
crosslinked styrene copolymer or a mixture of these,
and a polyolefin, wherein;
said binder resin has a molecular weight
distribution pattern measured by gel permeation
15 chromatography (GPC), in which at least one peak
(maximal point) is present in each region of a low
molecular weight of from 5,000 to 20,000 and of a high
molecular weight of from 200,000 to 1,000,000, where
the height Hl1l of the highest peak Plmax in the low
20 molecular weighf region, the heiéht H3 of the highest
peak P3max in the high molecular weight region and the
height H2 of the minimal point V2min between both of
said peaks satisfy the relationship H1:H2:H3 of 3 - 25
: 1 : 1.5 - 12; and has a weight average molecular
25 weight Mw and a number average molecular weight Mﬁ

with a ratio Mw/Mn of from 15 to 80.



St |11 anot her object of the present invention 20 is to provide a nmagnetic
toner having superior anti- blocking properties. A further object of the
~present invention is to provide a nmagnetic toner containing mnor if any,
free fine particles of olefin anong nmagnetjpc_toner 25 particles. A stil
further object of the present -9-1 invention is to provide a
magnetic toner having a superior durability. A still further object of the
present invention is to provide a magnetic toner that may less 5 cause
the staining of the surface of a devel oping sl eeve and the surface of a
phot osensitive drum The above objects of the present invention can be
achi eved byl a ngRIEFi DESCREPTIONDOFSITAE SRAWINGS resin and a magnetic
material, said binder resin 10 conprising a non-crosslinked styrene
pol ymer, a non- crossli Figd 4t yiseme scheaatier sarug tureflunedes ttdiese, and a
pol yol efin, wherein; said binder resin has a nolecul ar wei ght

illustrate an image forming process to which the

magnetic toner of the present invention can be
S applied.
Fig. 2 is a partially enlarged view of Fig. 1,
to illustrate a developing process.
Fig. 3 illustrates a molecular weight
distribution pattern measured by GPC of the binder
10 resin in the magnetic toner of Example 1.
Fig. 4 illustrates a molecular weight
distribution pattern measured by GPC of the binder

resin in the magnetic toner of Comparative Example 1.

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present inventors have discovered tha;, in
order to impart a superior low-temperature fixing'
performance to a toner concomitantly with anti-offset
properties, the molecular weight'distribution of a

20 binder resin must be controlled so that the binder
resin can effectively act on achievement of these
performance and properties, and at the same time a
release agent must be contained in the toner so that
it can effectively act on achievement of such

25 performance and properties. However in the



distribution pattern neasured by gel perneation 15 chr omat ogr aphy (GPCO),
In which at | east one peak (maxinmal point) is present in each region of a
| ow nol ecul ar wei ght of from5,000 to 20,000 and of a high nol ecul ar wei ght
of from 200,000 to 1,000,000, where the_hghght Hl of the highest peak Plmax
in the low 20 nol ecul ar wei ght region, the height H3 of the highest peak
P3max in the high nol ecul ar weight region and the height H2 of the m ninal
poi nt V2mi n between both of said peaks satisfy the relationship Hl: H2: H3 of

3-25: 3! dofventZondldtBasra wheghheZfectgeenobmpohentasnotei ght Mv
and a nunber average nol ecul ar weight Mh with a ratio MV Mh of from 15 to

80. - 10 - BREE-DESERhETEONtBE TlilkibBAYENESrmagcelare a schematic
structural viewto illustrate an inage form ng process to which the
magnetic toner sépéhflpusignpreseent i ohosenmbdeulagppeiighitsriaye 2 is a
partially enlarged view of Fig. 1, to illustrate a devel oping process. Fig.
3 illustrates doebtieenl bothepghks in low and high molecular weight

5 regions in molecular weight distribution pattern of
the binder resin and the uniform dispersibility of the
release agent has not vet well settled. They have
made researches in this regard, and as a result have
accomplished the present invention.

10 The reason why the magnetic toner of the
present invention can achieve the objects stated above
is considered as follows: The binder resin contained
therein is comprised of a non-crosslinked polymer so
that the molten toner has a low viscosity to promote

15 its low-temperature fixing.performance,-while by
setting the value of Mw/Mn in the molecular weight
distributioﬁ of the binder resin larger, the melt_
elasticity of the toner can be increased, to theréby
ensure anti-offsét properties,.and also in the

20 ° molecular weight distribution pattern the height H2 at
the minimal point V2min between the maximal peaks
Plmax and P3max in low and high molecular weight
regions respectively, is controlled to be small so
that the components not contributing to the fixing

25 performance can be reduced. Thus the whole

constituents over the whole molecular weight



dhstribubibn pattern neasured by GPC of the binder 10 resin in the
magnetic toner of Exanple 1. Fig. 4 illustrates a nol ecul ar wei ght

di stribution pattern neasured by GPC of the binder

t dner of Conparative Exanple 1. 15 DESCR} BTL. ON OF THE PREFERRED

EMBODI MENTS The present inventors have discovered that, in order to inpart

resin in the nagnetic

a superior lowtenperature fixing performance to a toner concomtantly with

anti-of fset properties,

achi evenment of these performance and properties, and at the same tine a

rel ease agent nmusérbermantei aad anttiherreserpsopéhtiest cas af resuilwgl y act
on achi evenent of such 25 performance and properties. However in the

conventi onal

t onelis magnendef coheveoforhenpnésentt invantibot hag aa t he
fixing performance are superflously present,

bet ween bot h peakmpravédwlawdthmphratieeufixingi garfermanegi snd emti-

mol ecul ar wei ght distribution pattern of the binder resin and the uniform

di spersi'bilifty o?ffpet properties. In addition, when a polyolefin is

10

15

20

25

added to the binder resin as a release agent,
previously in the presence of the components of the
high molecular weights, the release agent is not -
liable to fe—agglomerate after dispersion and
precipitation occurs in very small particles which are
uniformly dispersed, so that the free particles of
release agent, if any, occurs in a very small
guantity. . .Hence, the anti-blocking properties,
fluidity, durability and the steady image fbrmation
can be achieved.

It is required for the binder resin used in
the present invention to be a non-crosslinked polymer,
to have, in its molecular weight distribution patfern
measured by gel permeation chromatography (GPC), at
least one peak (maximal point) in each region of the
low molecular weight of from 5,000 to 20,000 and the
hibh molecular weight of from 200,000 to 1,000,000,
whg;g_the height H1 qf the higheest peak Pimax in the
low molecular weight region, a héight H3 of the

highest peak P3max in the high molecular weight région

.and a height H2 of the minimal point V2min between

t he nol ecul ar wei ght distribution of a 20 bi nder
resin must he copigerisdtsent bPahgbhenbtRderesefii Bafiadf ebEectheelfixdely on

whose nol ecul ar wei ghts are

1



rel ease agent has not yet well settled. They have nade researches in this
regard, and as a result have acconplished the present invention. 10

The reason why the nagnetic toner of the present invention can achieve the
ol ects stated above is considered as foll.ows: The binder resin contained
therein is conprised of a non-crosslinked "pol yner so that the nolten toner
has a | ow viscosity to pronote 15 its | owtenperature fixing performance,
while by setting the value of MV Mh in the nol ecul ar wei ght distribution of

the binder fesigokfr 88" saliff gBalds VeASld G (ohePird1R ilRRSN £ 31 2 imgT eased,
to thereby ensure anti-offset properties,” and also in the 20 nol ecul ar

wei ght distribubgon pagiern it he ihg ght1 32 zaig tthe HEve BRwaIQGHY aPeFdige
bet ween the maxi mal peaks Plmax and P3max in | ow and hi gh nol ecul ar wei ght
regi ons respectingebiuliay ighy IMd drl ke rAiMldr swdriagje Witd exanyminent s not

contributing to the fixing 25 performance can be reduced. Thus the whole
constituents oveeighe wnolim molvecduleaMwMmgidf from 15 -tol 80 .disgid ibati on
range in the resin can effect the fixing
5 further contain a polyvolefin. Preferably in the
molecular weight distribution pattern measured by GPC,
the binder resin may have at least one peak each in
the region of a low molecular weight of from 8,000 to
16,000 and the region of a high molecular weight of
10 from 400,000 to 800,000, where the height H1l of the
highest peak Plmax in the low molecular weight region,
the height H3 of the highest peak P3max in the high
molecular weight region and the height H2 of the
minimal point V2min between both of said peaks satisfy
15 the relationship H1:H2:H3 of 6 - 20 : 1 : 3 - 9; and
have a weight average molecular weight Mw and a number
avérage molecular weight Mn in a ratio (Mw/Mn) of from
22 to 60.
More preferably, in the molecular weight
20 distribution pattern measured by GPC, the height H1
may be higher than the height H3. Still more
preferably, the high molecular weight components
present in the region of a molecular weight of not
less than 500,000 may be contained in an amount of

25 from 5% to 30%, and preferably from 7% to 25%. A.”

binder resin satisfying these conditions is preferable



performance and anti-offset properties. As-a result, the magnetic toner of
the present invention has an inproved | owtenperature fixing performance

and anti- 5 of fset properties. 1In addition, when a polyolefin is added
td the binder resin as a rel ease agent, prfﬁigusly in the presence of the
conponents of the high nolecular weights, the rel ease agent is not |iable
to re-agglonerate after dispersion and 10 precipitation occurs in very

smal | particles which are uniformy dispersed, so that the free particles

of rel ease agentfor ftii@ygo®E CatsiévemeN el ¥Yf SHBLh Eh@NtikingHence, the
anti - bl ocking properties, fluidity, durability and the steady inmge
formation 15 qer fermahdcevatd amtisof egat rpdopertide. bi nder resin used in
the present invention to be a non-crosslinked polyner, to have, in'its
nmol ecul ar wei ght di stri blfj oin ptih¢ emolecatar ede bghyediptr bipation
chromat ography (GPC), at 20 | east one peak (meximal point) in each region
of the | ow nol ematkeneingrswfed rioyn GPO00f t bhe Obbadexrres e, htha pekkcul ar
wei ght of from 200,000 to 1,000,000, where the height HlL of the higheest
peak Plmax iSn t Hen | ehe n%ﬂ‘écm%@c\hkﬁgh‘t’ei%Foﬁ?gh"‘he:l-@mr%e%?: afheths
hi ghest peak P3max in the high nolecular weight region and a_hej ght H2 of
t he mi ni mal pdlﬂO\EﬁH+ﬁ%éW%k%Rt less than 5,000, e anti-blocking
properties of the toner may lower often causing
staining of the toner carrying member such as a
developing sleeve as well as fogging during
10 development. On the other hand, if the peak in low
molecular weight region is present at the molecular
weight more than 20,000, the low-temperature fixing
performance may become undesirably poor. If the
molecular weight of the peak in the high molecular
15 weight region is less than 200,000, the anti-blocking
properties and anti-offset properties may lower, and
on the other hand the molecular weight of' the peak in
the high molecular weight region is m5£e than
1,000,000, the viscosity begins to increase when the
20 toner is melted, making the low-temperature fixing
performance undesirably poor. If the height Hl.of the
peak in the low molecular weight region is less than 3
or the height Hé of the peak in the high molecular
weight region is more than 12, the low-temperature

25 fixing performance may become poor undesirably. On

the other hand, if the H1 is more than 25 or.  the H3 is



-.13 - 1 both of said peaks satisfy the relationship HL: H2: H3 of 3 - 25 :
1 1.5 - 12; and to have a wei ght average nol ecul ar wei ght Mv and a nunber -
average nol ecul ar weight M in a value MV Mh of from15 to 80, and to 5
farther contain a polyolefin. Preferably .i.n_the nolecular weight
distribution pattern nmeasured by GPC, the glnder resin may have at | east

one peak each in the region of a | ow nol ecul ar weight of from 8,000 to

16, 000 and the region of a hlgh mol ecul ar melght of 10 from 400, 000 to

800, 000, wh e hehght e e LI s snfge drwv ol ecul ar
wei ght regqi é%%shghgﬂ 1H§' %¥%4¥ ghest pegf P3max in the high

mol ecul ar wei ghalésabeabariqttyh%med@tréi%ae‘e teien® miayalbepeinti V2ni n
bet ween bot h of sal d peaks satisfy 15 the relationship Hl: H2: H3 of 6 - 20

1: 3 -. 9 uaRdshaud1y WiGh! average walghnuleare nagieghto IMewlal a nunber
average mol ecul ar weight Mhin aratio (Mv M) of from22 to 60. Mre

preferably, in wheghRl ecubar waicige o llicatIehue igh thAMweitn neks utesis by
GPC, the height. HL may be higher than the height H3. Still nore

5 than 15, the anti-offset properties begin to
deteriorate, and if it is more than 80, the low-
temperature fixing performance begin to deteriorate
undesirably.

The binder resin of the present invention may

10 preferably be prepared by a process comprising
dissolving a low molecular weight polymer in a good
solvent, wherein the low molecular polymer has the
molecular weight distribution pattern measured by GPC,
'in'which the highest peak is present in the region of

15 a molecular weight of from 5,000 to 20,000 and having
a value Mw/Mn of not more than 3.0, to give a polymer
solution, alternatively the solution may be prepared

by conducting solution polymerization to prepare a
solufion of such low molecular_weight pqumer;

20 introducing in the resulting'sqlﬁtion a high molecular
weight polymer and a polyolefin, the high molecu;ar
weight polymer having the highest distribution peak in
the region of the molecular weight of from 200,000 to
1,000,000 and containing not more than 30% by weigﬁt

25 of components having the molecular weight of from“SOO

to 100,000; dissolving them while heating; and



preferably, the high nol ecul ar wei ght components present in the region of a
nol ecul ar wei ght of not |ess than 500,000 may be contained in an anount of
25 from5%to 30% and preferably from7%to 25% A binder resin
satisfying these conditions is preferable ;g ~14- 1 for the good

achi evement of both the fixing performance and anti-offset properties. If,

i n the nol ecular weight distribution pattern neasured by GPC of the binder
resin, the peak 5 in the | ow nol ecul ar weight region is present at the

mol ecul ar wWei ght-eh@®%S nidhathed Redthe anti - bl ocki ng properties of the toner
may | ower often causing staining of the toner carrying nenber such as a

devel opi ng sl eeve: as welTheath fRQHINEANdMGrelibht dmepeRly On the ot her
hand,. if the peak in |ow nol ecul ar weight region is present at the

nmol ecul ar wei ghprefesabian H20,0@Hh 1 virexr |cmettecinpigrgatfom 404 e BO% cvfrance
may become undesirably poor. If the nol ecul ar weight of the peak in the
hi gh nol ecul ar ¢&mporendist hesyginen a ndlegm g we@h t0EF, nate less -thacki ng
properties and anti-offset properties nmay |ower, and
5 500,000. '
The low molecular weight polymer as described
above can be obtained by any of solution
polymérization, suspension polymerization, bulk
polymerization and emulsion polymerization. Taking
10 account of the subsequent step of obtaining the
solution of the low.molecular weight polymer, the low
molecular weight polymer may preferably be prepared by
solution polymerization so that the solution or
splvent for solution polymerization can be used in the
15 next step. The solvent used in such solution
polymerization may include hydrocarbon type organic
solvents such as benzene, xylene and cyclohexane;”
ketone type organic solvents such as acetone, metﬁyl
ethyl ketone, methyl isobutyl ketone and |
20 cyclohexanone; and amide type organic solvents such as
dimethylformamide and dimethylacetamide. Any of fhese
solvents can be used also as the good solvent used
when the low molecular weight polymer is dissolved to
give the polymer solution. _

25 An initiator used to polymerize polymerizéble

monomers may include radical initiators as exemplified



on®t-he ot-her hand the nol ecul ar wei ght of the peak in the high nol ecul ar
wei ght region is nore than 1,000, 000, the viscosity begins to increase when.
the 20 toner is nelted, nmaking the | owtenperature fixing performance
undesirably poor. If the height HlL of the peak in the | ow nolecul ar weight
region is less than 3 or the height H3 of the peak in the high nol ecul ar
wei ght region is nore than 12, the | owtenperature 25 fixing performance
may become poor undesirably. On the other hand, if the HL is nore than 25
or the H3 i3 by #Sbutebspehanyi25ethhithexapoatéset—pusperties and the
dispersibility of the rel ease agent nmay become undesirably poor. If the
wei ght average PeneetykaunRtght PaoaeEl Borewide nolavrPut Rergridemy vh) is
less 5 than 15, the anti-offset properties_begin to deteriorate, and if
it is nore thanogFangiel |ReFOXEABer diukePRE%! nREHRK1S? nahcBUbEdin to
deteriorate undesirably. TQS bi nder resin_of the pée$ent inveation may 10
preferably be pCHATREIRNZLAD, oFELEOREAPY 1RPAZERF sR¥FVPRGTI* L8R nBlrecul ar

wei ght p0|yger Mééﬁéﬁgxkydroperoxide, 2,2'-azobisisobutyronitrile,
2,2'-azobis(2-methylbutyronitrile) and 2,2'-azobis(4-~
methoxy-2,4-dimethylvaleronitrile), which may be used
alone or in the form of a mixture. The radical
polymerization initiator may suitably be used in an
10 amount of from 0.1% to 15% by weight, and preferably
.ffom 1% to 10% by weight.
As for the high molecular weight polymer
‘satisfying the moleculér weight condition as described
above, it can be obtained by a method in whiéh_a
15 polymerization initiator for polymerizable monomers is
selected so that the production of polymers having a
molecu;ar weight of not more than 100,000 is inhibited
.during synthesis, a method in which polymers havihg
‘the molecular weight of not more than 100,000 are
20 fractionated and removed so that the content of the
polymers having a molecular weight of not more than
100,000 can be reduced, or using both of these methods
- in combination.
The polymerization may be carried out by any
25 of bulk polymerization, solution polymerization, -

suspension polymerization and emulsion polymerization.



sol vent, «wherein the

ow nol ecul ar pol ynmer has the nol ecul ar wei ght

distribution pattern neasured by GPC, in which the highest peak is present

in the region of 15

a nol ecul ar weight of from5,000 to 20,000 and havi ng

a‘value MW Mh of not nore than 3.0, to gi vi® & pol yner sol ution
alternatively the solution nmay be prepared by conducting sol ution

pol yneri zation to prepare a solution of such | ow nol ecul ar wei ght pol yner;
20 introducing in the resulting solution a high nol ecul ar wei ght pol yner
and a pol yollef i fhet Ismsipiegis imwl @ouilyare niggegtitorpdlsy e flieguiasy e whiighest

di stribution peak in the region of the nolecular weight of from 200,000 to
1, 000, 000 and cbdgh Podymest aasy et tralgoxedy wsaghitl 2 Db tgrinashsatk i
havi ng the nol ecul ar wei ght of from 500 to 100, 000; dissolving them while
heating; and  wWhich &b, med agyd agomadght He 1y o GaraPswigatti bl yner

may preferably be a paq

a mol ecul ar wei GRRtgP IS

|.yner containing from40%to 80% of components having
| ess than 5 500, 000. The | ow nol ecul ar wei ght

pol ymer s gescribed abgue gan be htal e DY YLl et on

polymerizable monomers, a bifunctional radical

initiator should be used, which may include

bifunct

ional radical initiators as exemplified by 1,1-

bis(t-butylperoxy)-3,3,5—trimethylcyclohexane, 1,1-

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

butylperoxycarbonyl)cyclohexane, 2,2-bis(t-

butylperoxy)octane, n—butylf4,4-bis(t-butylperoxy)

valylat

e, 2,2-bis(t-butylperoxy)butane, 1,3-bis(t-

butylperoxy-isopropyl)benzene, 2,5-dimethyl-2,5-di(t-

15 butylperoxy)hexyne-3, 2,5-dimethyl-2,5-di(t-

benzoyl

peroxy)hexane, di-t-butyl peroxyisophthalate,

2,2-bis(4,4-di-t-butylperoxycyclohexyl)propane, di-t-

butyl peroxy-a-methylsuccinate, di-t-butyl

peroxydimethylglutarate, di-t-butyl

20 peroxyhexahydroterephthalate, di-t-butyl

peroxyazelate, 2,5-dimethyl-2,5-di(t-

butylperoxy)hexane, diethylene glycol-bis(t-butyl

peroxycarbonate) énd di-t-butyl

._peroxyt

rimethyladipate. Any of these can be used

25 alone or in the form of a mixture, or may be used”

optionally in combination with other radical



pel ynmerization, suspension polynerization, bulk polynerization and emul si on
pol yneri zati on. Taking 10 account. of the subsequent step of obtaining
the solution of the | ow nol ecul ar wei ght polyner, the | ow nol ecul ar wei ght
pol ymer may preferably be prepared by sol ygi on polynerization so that the
sol ution or solvent for solution polyneriZzation can be used in the 15

next step. The solvent used in such solution polynerization may include
hydrocarbon type organic solvents such as benzene, Xxylene and cycl ohexane;

ket one typ or 9apk 1§%¥E“tSTEBQE 28436810p61 yHBEA¥h tebhy i nsatieneraet hyl
I sobut yl one an cycl ohexanone; and am de type organi c solvents such

as di met hyl formﬁa%,dseaﬁgedl rat Byl aseLari &¢. frony 00b5%hese 5%0lbgent s can be
used al so as the good sol vent used when the | ow nol ecul ar wei ght polynmer is

di ssol ved to giwgeighe,pahunpreFelrubilgnfram 0.1% to 3%Aby metightor used to
pol yneri ze pol yneri zabl e nononers may include radical initiators as
exenplified baddd- oh theyweipbttybfppodyperieahy)ehmpaerers, thajut yl
peroxyl aurate, benzoyl peroxide, |auroyl peroxide,

5 constitute the high molecular weight polymer.

The polymer components can be fractionated by
a method including fractional precipitation,
fractional.dissolution, column fractionation and GPC.
In particular, it is preferred to reduce the content

10 of'thé polymer with a molecular weight of not more
than 100,000 by fractional précipitationa A solvent
used to dissolve the high molecular weight polymer by
fractional precipitation may inciude hydrocarbon type
solvents such as benzene, xylene and cyclohexane;.

15 ketone type solﬁents such as acetone, methyl ethyl
ketone and cyclohexane; apd ether type solvents such
as tetrahydrofuran and methyl cellosolve. A solvent
used to again separate and precipitate the high
molecular weight polymer from the solution in which

20 polymers have been dissolved may'iﬁclude alcohol type
solvents such as methanol, ethanol and iso-propvyl
alcohol.

The binder resin used in the present invention
is comprised of a styrene polymef or a styrene .

25 copolymer. As the low molecular weight polymer, a

stvyrene polymer or styrene copolymér having from 75%



octanoyl peroxide, . di-t-butyl peroxide, t-butyl cunyl peroxide,

di i sopropyl benzene hydroperoxide, p- 5 nmet hane hydr oper oxi de,

2,2' -azobi si sobutyronitrile, 2,2'-azobis(2-nethylbutyronitrile) and

2, 2" - azobi s( 4- nethoxy-2,4-dinethylvalerqnh*;LJe), whi ch may be used al one
or in the formof a mxture. The radical polynerization initiator may
suitably be used in an 10 anmopunt of fromO.1%to 15% by wei ght, and
preferably from 1% to 10% by weight. As for the high nol ecul ar wei ght

pol yner satisfyi kg tlbeyvecd igh e fghit@d [doporente S igtetfertyre it
can be obtained by a method in which a 15 pol ynerization initiator for
pol yneri zabl e nodaneriew ®fSeleacilap ity tgtf drimanaeqd bhekitorf iofiml ymer s
havi ng a nol ecul ar - wei ght of not nore than 100,000 is inhibited during
synt hesi s, a mnet ped fiormamnosh gl yareris-difisaty priopenrdliesul aMoams ght of not
nore than 100, 000 are 20 fractionated and renoved so that the content of
t he pol ymers havprgfenabllac @ stymsnghtcario vme mbvay imiga f roon, 803 tad e
reduced, or using both of these nmethods in conbination. The polynerization
may be carri®d of¥ Mpight =f sfivuans qgupaRant ghogdd bs wsesh

pol ymeri zation, suspension polynerization and enul si gn pol yneri zati on.
The high molecular weight polymer ‘may

preferably be a styrene copolymer having from 60% to
99% by weight (preferably from 70% to 90% by weight)
of styrene component.

10 Monomers for synthesizing the styrene polymer
may include styrenes as exemplified by styrene, a-
methylstyrene, vinyltoluene and chlorostyrene.
Monomers for synthesizing the styrene copolymer may

- include, besides the above styrene monomers, acrvlic

15 acid, and acrylates such as methyl acrylate, ethyl
acrylate, propyl acrylate, butyl acrylate, octyl
acrylate, 2-ethylhexyl écrylate, n-tetradecyl
acrylate, n-hexadecyl acrylate, lauryl acrylate,

- cyclohexyl acrylate, diethylaminoethyl acrylate and

20 - diﬁetylaminoethyl acrylate; methacrylic acid, and
nethacrylates such as methyl methacrylate, ethyl
methacrylate, propyl methacrylate, butyl methacrylate,
amyl methacrylate, hexyl methacrylate, 2—etﬁylhexyl
methacrylate, octyl methacrylate, decyl methacry{ate,

25 dodecyl.methacrylate, lauryl methacrylate, cyclohexyl

methacrylate, phenyl methacrylate, 2-hydroxyethyl



- 18- 1 The suspension polynerization is preferred, by which a high polyner
can be relatively readily obtained and in which the nol ecul ar wei ght
distribution can be readily controlled. 5 As the initiator for
pdl ynmeri zi ng pol yneri zabl e nononers, a bifypctional radical initiator.
shoul d be used, which may include bi functidhal radical initiators as
exenplified by 1,1- bis(t-butyl peroxy)-3,3,5-trinethylcycl ohexane, 1,1- 10
bi s(t-butyl peroxy)cycl ohexane, 1,4-bis(t- butyl peroxycarbonyl)cycl ohexane,

2,2-bi s(t- ButylRenxydprdegde, zﬂﬁ{?&li-a’k ArdpPl Shbehatyy peeaxy) valyl ate,
2, 2-bi s(t-butyl peroxy) but ane, ¥ but yl per oxy-1 sopropyl ) benzene,

2, 5-di net hyl - 2, %ﬂﬁéthyﬂ&nnlwé*yﬂx@ﬂ:@éyhﬁeﬁynét@ Z1pc IdvEt Bgthdchydatk-
benzoylperoxy)hexane, di -t-butyl peroxyi sophthal at e,

2,2-bi s(4, 4-di - tarhdityt ger9X yaythabeygyai el opatker dhnoheménsythat may be
per oxy- a- net hyl succi nate, di-t-butyl peroxydinethylglutarate, di-t-butyl 20
per oxyhexahydr otesesphbdml belude; t fbut gkapplexyaceyhveitrile, 2-
2,5-di methyl -2,5-di (t- butyl peroxy) hexane, diethylene glycol-bis(t-butyl
5 vinylpyridine, 4-vinylpyridine, vinvlcarbazole, vinyl
methyl ether, butadiene, isoprene, maleic anhydride,
maleic acid, maleic acid monoesters, maleic acid
diesters and vinyl acetate. Together with the styrene
monomers, these monomers are used alone or in
10 combination of two or more ones.

In addition to the binder resin components
described above, the toner of the presenf invention
méy also contain any of the following compounds in an
amount smaller than the content of fhe binder resin

i5 components. The compounds can be exemplified by
silicone resins, pélyester, polyurethane, polyamide,
epoxy resins, polyvinyl butyral, rosin, modified
rosin, terpene resins, phenol resins, aliphatic of
alicyclic hydrocarboﬁ resins,“aromatic petroleum

20 resins, chlorinated paraffin and paraffin wax.

The polyolefin used in the present invention
may include homopolymers of e¢-olefins such as
ethylene, propyvlene, l-butene, l-hexene and 4-methyl-1-
pentene; copolymérs of two or more kinds of a-olefins;

25 and oxides of polyolefins. These polyolefins may also

be vinyl type graft-modified polyolefins, which are



per oxycakbonate) and di-t-butyl peroxytrinethyladi pate. Any of these can be
used 25 alone or in the formof a mxture, or may be used optionally in
conbi nation with other radical - 19 - initiators. These radical

pOl yneri zation initiators may be used i n_apzamount of from 0.05%to 5% by
wei ght, and preferably fromO0.1%to 3% by wei ght, based on the wei ght of
pol yneri zabl e nononers that 5 constitute the high nol ecul ar wei ght

pol ymer. The pol ymer conponents can be fractionated by a nethod including
fracti onal pxecigrasti-nodifiedt winal vdinydomonhoeryrscshohnabr sttyiremat.i on and
GPC. In particular, it is preferred to reduce the content 10 of the

pol ymer with a nol ecul ar Thei ghnhydf type wred tt-hedifded0polyplefdet i onal
precipitation. A solvent used to dissolve the high nol ecul ar wei ght polyner
by fractional preemprisesofthgapolyeilledd nhgomponebsnasydessalibes abavesh as
benzene, xylene and cycl ohexane; 15 ketone type solvents such as acetone,
nmet hyl ethyl ket®8R@ anBog}éieRdigne compenenter Thgemegifdredi®Ofch as

t et rahydrof uran and neth¥l.cellosolve. A_sol vent .
5 component is grafted to the polyolefin component. As

the modification component, a vinyl monomer is used,
including, for example, as aliphatic vinyl monomers,
methacrylic acid, methacrylafes such as methyl
methacrylate, ethyl methacrylate, propyl methacrylate,

10 n-butyl methacrylate, isobutyl methacrylate, n-octyl
methacrylate, 2-ethylhexyl methacrylate, lauryl
methacrylate, stearyl methacrylate, dodecyl
methacrylate, phenyl methacrylate, dimethylaminoethyl
methacrylate, diethylaminoethyl methacrylate, 2-

15 hydroxyethyl methacrylate, 2,2,2-trifluoroethyl
methacrylate and glycidyl methacr&late; acrylic acid,
acrylates such as methyl acrylate, ethyl acrvlate,
propyl acrylate, n-butyl acrylate, isobutyl acryl;te,
n—-octyl acrylate, lauryl acrylate, stearyl acrylate,

20 dodecyl acrylate, 2-ethylhexyl acrylate, phenyi
acrylate, 2-chloroethyl acrylate, 2-hydroxyethvyl
acrylate, cyclohexyl acrylate, dimethylaminoethyl
acrylate, diethylaminoethyl acrylate,
dibutylaminoethyl acrylate, 2-ethoxy acrylate ang 1,4-

25 butanediol diacrylate; maleic acid, fumaric acid,’

itaconic acid, citraconic acid, monoethyl maleate,



used to again separate and precipitate the high nol ecul ar wei ght polynef
fromthe solution in which 20 polyners have been di ssolved may i ncl ude .
al cohol type solvents such as nethanol, ethanol and iso-propyl .al cohol.

bi'nder resin used in the present |nvent|on | s conprised of a styrene

pol ymer or a styrene 25

copolynmer. As T 1ow ol ecul ar wei ght pol yner,

The'

a

styrene polyner or styrene copolynmer having from 75% - 20 - to 100% by
wei ght of styrene conponent is preferable in view of devel opi ng

perfornance

he f| n t t @y éggﬁ e
preferably a st?&ene clogn%i;e/érgetﬁg'haw nﬂ%sﬁ?% lcgtgotséSS% %/i \;\Q}Z?lg M%f

styrene componeglonefiplyl hes ek , Wi g Wil @6td ard 1483 Gbth PORYRPE MRY

preferably be a styrene copol yner’ haV|ng from 60%to 99% by wei ght

(preferably fromai@%ded, HYARIRWMEI IinadtS] Yd Poeh gD NRGEfdte 10dibutyl
Mononers for synthesizing the styrene polyner may include styrenes as

exenplified by Fumesitfte a-dived+edisiianel finytdod Uaneneechghl or ost yrene.

5

10

15

20

25

itacohate, diethyl itaconate, mqnoethyl citraconate,
and diethyl citraconate. These can be used alone or
in combination of two or more kinds.

The graft modification:components may also
include, as aromatic vinyl monomers, styrene, o-
methylstyrene, m-methylstyrene, p-methylstyrene, a-
methylstyrene, 2,4-dimethylstyrene, p-ethylstyrene, p-
n-butylstyrene, p-tert-butylstyrene, p-n-
dodecylstyrene, p—-phenylstyrene and p-chlorostyrene.
These can be used alone or in combination of two or
more kinds.

The polyolefin can be graft-modified using
conventionally known.methodé. For example, the
polyolefin, the aromatic vinyl monomer and the

aliphatic vinyl monomer which are in the state of a

solution or in a molten state may be reacted by

heating in the atmosphere or under application of
pressure and in the presence of a radical initiator.

A graft-modified polyolefin can be thus obtained. The
grafting using the aromatic vinyl monomer and the -
aliphatic vinyl monomer may be carried out

simultaneously or separatedly.



Monohers for synthesizing the styrene copol ymer may include, besides the
above styrene nononers, acrylic 15 acid, and acryl ates such as net hyl
acryl ate, ethyl acrylate, propyl acrylate, butyl acrylate, octyl acrylate,
2-ethyl hexyl acrylate, n-tetradecyl acrylajg,_n-hexadecyl acrylate, lauryl
acrylate, cyclohexyl acrylate, diethylam noethyl acrylate and 20 '
di netyl am noet hyl acrylate; nethacrylic acid, and nethacrylates such as
met hyl nethacryl ate, ethyl nethacrylate, propyl nethacrylate, butyl

met hacryl atq, anyl nethaghgl pbeyohekyh aBblaghytnéeprdsehbylihesykion

nmet hacryl ate, octyl nethacrylate, decyl nethacrylate, 25 dodecyl

nmet hacryl ate, | astighldeblaar yowut Roléyalahexyighet patyylafén phefigrably
nmet hacryl ate, 2-hydroxyet hyl - 21 -1 met hacryl ate, 2-hydroxypropyl
met hacryl at e, dilmetiygaai wedghyl avetrhger pbdeeulgt yweilght nefhécopl at, 608nd
stearyl nethacrylate. OQher nononers that nmay be used may include, for
exanpl e, acryl onter3Pe00Q. 8nd wong| pyefdrably4fyomy$ pQoddtael s, 000,

vi nyl carbazol e, vinyl methyl ether, butadiene, isoprene, maleic anhydride,
mal ei ¢ aci d,5 nal&$ creaFuragnbeshigh-tauperatyeeGPC using ortho-

dichlorobenzene as a solvent.
In the magnetic toner of the present
invention, the polyolefin may preferably be added to
the binder resin in an amount of from 0.1 part to 20
10 parts by weight, and more preferably froh 0.1 part to
10 parts by weight, based on 100 parts by weight of
the binder resin. When it is added in an amount less
than 0.1 part by weight, it is difficult to effect
anti-offset properties. When it is added in an amount
15 more than 20 parts by weight, the particles of
polyolefin that separate in the binder resin become
large, resulting in a loweriné of the anti-blocking
properties of the toner. |
In the present invention, the molecular weight
20 distribution pattérn in the chromatogram obtained by
GPC is measured under the following conditions, using
THF (tetrahydrofuran) as a solvent.
Columns are stabilized in a heat chamber of
40°C. To the columns kept at this temperature, THF as
25 =@ solvent is passed at a flow rate of 1 ml per minute,

and about 100 pl of THF sample solution is injected



di est'ers and vinyl acetate. Together with the styrene nononers, these
mononers are used alone or in 10 conbi nation of two or nore ones. In
addition to the binder resin conponents descri bed above, the toner of the
present invention may al so contain any of e_follow ng conpounds in an
amount snaller than the content of the binder resin 15 conponents. The
conpounds can be exenplified by silicone resins, polyester, polyurethane,
pol yam de, epoxy resins, polyvinyl butyral, rosin, nodified rosin, terpene

resins, phepol rgalns %'P&@tmgagar&},z'?&yc" wgéﬁﬁfﬁ’%tﬁgﬁg§ec? ggat i C

petrol eum 20 resins, rinated paraffin an ara fin

used in the preg,eé}ltgﬂpv tﬂ(i)él lt,j_élcl vgle Mi@&?ié’ﬁ%él&fxt[e”] oI efl ns

such as et hyl ene, . propyl ene, ene, 1-hexene and 4-nethyl-1- pentene;

copol yners of t\marfmi@wﬁwf Ohe 3sQhFié NSs dR1c@lskodi #86mOh
pol yol efins. These polyolefins may al so be vinyl type graft-nodified

pol yol ef i ns, whicdl @¥@ation A@rve l(thgrfélatDshshas bétkedh nyhenononer s
such as styrene. The vinyl type graft-nodified polyolefin
S logarithmic value of molecular weight and elution
time) prepared using several kinds of monodisperse
polystyrene standard samples. As the standard
polystyrene samples used for the preparation of the
calibration curve, it is suitable to use samples with
10 molecular weights of from 102 to 107, which are
available from Showa Denko KK. or Toso Co., Ltd., and
tb use at least about 10 standard polystyrene samples.
As a detector, an RI (refractive index) detector is
uséd. As columns, a combination of a plurality of
15 commercially available polystyrene gel columns should
be used. For example, they may preferably comprise a
combination of Shodei GPC KF-801, KF-802, KF-803, KF-
804, KF-805, KF-806, KF-807 and KF-800P, available
from Showa Denko K.K.; or a combination of TSKgel

20 G1000H(H G2000H(H

XL)’ G3000H(H

XL)' XL).
GTOOOH(HXL) and TSK guard

XL)' G4000H (H

G5000H (H G6000H (H

xt) - xu!
column, available from Toso Co., Ltd.

In the present invention, LC-GPC150C
(manufactured by Waters Inc.) is used as the GPC _

25 measuring apparatus, and Shodex KF-801, KF-802, KF-

803, KF-804, KF-805, KF-806, KF-807 and KF-800P



conpri‘ses the polyol efin conmponent as descri bed above and a nodification
conponent. The nodification 5 conponent is grafted to the polyolefin
conmponent. As the nodification conponent, a vinyl nononmer is used,

i ncl udi ng, for exanple, as aliphatic vinyl nononers, nethacrylic aC|d
met hacryl at es such as nethyl nethacryl ate, 2@thyl nethacrylate propyl

net hacryl ate, 10 n- butyl nethacryl ate, isobutyl nethacrylate, n-octyl
nmet hacryl ate, 2-ethyl hexyl nmethacrylate, |auryl nethacrylate, stearyl

met hacryl ate, dogdecy]|. net hacryl aj.e hen thacryl ate I met hyl am noet hyl
met hacryl at & 'g?‘f%’r%l"f\}?in%efﬁg?‘ %ﬁ?ﬂgcﬁﬁﬂﬁ’nﬁ g ] %re 'ﬁ%g ?ﬁ

met hacryl ate, 2,2, 2-trifluoroethyl nethacrylate and gl ycidyl nethacrylate
acrylic acid, acTTHPRR: such as met hyl acrylate ethyl acryl ate, propyl

acryl ate, n-butyl acryl y 50 ryI
acrylate, stearyl acrylate ﬁ %RBY% %egé%gécry ate €é¥ ﬁE ﬁé%&? cryl ate,
phenyl acryl at e, ogs olpl QaEE! Pigglﬁcsw Ehe. magnasiexysasyl 1§cba£aaﬁ THF,
cycl ohexyl acrylate, dinethylam noethyl acrylate, diethylam noethyl

acryl at e, dgput yaRd f9eibyt 86" ¥kah8 £drcibPEYadChyhas¢ 88901dwdd BY

but anedi ol diacrylate; maleic acid, fumaric acid, itaconic acid, citraconic
aci d, nonoethyl ¢®bLeEEh shaking so as to be well mixed with the THF
(until coelescent matters of the sample has
disappeared), which is further left to stand for at
least 12 hours. The sample should be left in THF for _
10 at least 24 hours in total. Thereafter, the solution
having been passed through a sample-treating filter
{pore size: 0.45 to 0.5 um; for example, MAISHORI
DISKH—ZS—S, available from Toso Co., Ltd. or EKICHRO
- DISK 25CR, availéble from German Science Japan, Ltd.,
15 can be utilized) to be used as the sample for GPC.
The sample is so adjusted to have resin components in
a concéntration of from 3 to 7 mg/ml.
When the sample is prepared, components
insolublé to THF are removed and components soluble in
20 THF are measured by GPC. |
In the present invention the whole molecular
weight distribution measured by GPC of the binder
resin means the molecular weight distribution measured
cﬁ components having a molecular weight of not less
25 than 500.

The content of the components with the



-+ 23 - 1 di et hyl mal eate, nonopropyl mal eate, dipropyl nal eate, nonobutyl
mal eat e, di butyl mal eate, di-2-ethyl hexyl nal eate, nonoethyl fumarate,

di et hyl fumarate, dibutyl fumarate, di-2-ethyl hexyl funmarate, nonoethyl 5
itaconate, diethyl itaconate, nonoethyl citraconate, and diethyl
citraconate. These can be used al one or 7i f’conbi nation of two or nore

ki nds. The graft nodification conmponents may al so include, as aromatic

vi nyl nononers, styrene, o- nmet hyl st yrene, m net hyl styrene,

10
p- met hyl st yy ene - vy St € 2 40l BB oSt 90 k=Rl e styrene, p-
n- but yl styr ne,mBiFggﬁ%%uk%ﬁé?ggéﬁg,f%P%-%?odecylstyrene, p- phenyl st yrene

and p chl or ost Y ey 1 TSR bALRatit 2h@NGelghis oimutatings dirdmo or 15
nore kinds. The polyolefin can be graft-nodified using conventionally known

nmet hods. For exagl Bpct BRreat@gilam). thiee warigiat iof they Iregirenesf and t he
ali phatic vinyl nononer which are in the state of a 20 solution or in a

mol ten state majohecuaast «@ilghthedt ifien 1500he catlifds BI0dr evicth urider
application of pressure and in the presence of a radical initiator.

S weight of the region of the molecular weight of
100,000 or more.

The content of the component with a molecular
weight of 500,000 or more can be calculated by
comparing the weight of a cutting from the region of a

10 molecular weight of not less than 500,000 in a
chpomatogram obtained by GPC, with the weight of the
portion of other regions. It can also be calculated
by comparing the area of the molecular weight of not
less than 500,000, with the areas of other regions.

15 The toner of the present invention further
contains a magnetic material. The magnetic material
contained in the maghetic toner of thé-present
invention may include iron oxides such as magnetite, 7-
_iron oxide ferrite and iron-excess ferrite; metals

20 such as iron, cobalt and nickel; or alloys of any of
these metals with any of metals such as aluminum,
cobalt, copper, 1ead, magnesium, tin, zinc, antimony,
befyllium, bismuth, cadmium, calcium, manganese,
selenium, titanium, tungsten and vanadium, and mixture

25 of any of these. |

These ferromagnetic-materials may preferably



A=graft-nodified polyolefin can be thus obtained. The grafting using the
aromati c vinyl nononmer and the 25 aliphatic vinyl nonomer nmay be carried
out sinultaneously or separatedly. - 24 -1 The pol yolefin
used in the present invention should .be_a,how nmol ecul ar wei ght polyolefin
preferably having a wei ght average nnlecu?ar wei ght of from 2,000 to
30,000, and nore preferably from5,000 to 18,000, 5 as neasured by

hi gh-t enperature GPC using ortho- dichlorobenzene as a solvent. In the

nmagnetic toner R& thH8sB' REGRhg! AXCALESAget Parpetyel aliafefay pireffaicabl y be
added to the binder resin in an anmount of fromO.1 part t0 20 10 parts by

wei ght, and norg. prgheeabhyuhl 08hE. hopar brédetfbpgr £aohy Ouai ght ,tdbased on
100 parts by weight of the binder resin. Wen it is added in an anount |ess
than 0.1 part bymwei ghe, magnesidi hbtenlitlt magf bectoantinedf dat Yhreoperti es.
When it is added in an anmount 15 nore than 20 parts by weight, the
particles of pohgghetia thaersépasat smpunthefbifndar 6fesion 18€8c o Ysaiye,
resulting in a lowering of the anti-bl ocking
5 weight based on 100 parts by weight of the resin
component, and particularly preferably from €5 to'100
parts by weight based on 100 parts by weight of the
resin component. ‘
In the magnetic toner used in the present
10 invention, a charge control agent may preferably be
used by compounding it into toner particles (internal
addition) or blénding it with toner particles
{external addition). The charge control agent enables
the optiﬁum electrostatic charge control in conformity
15 with developing systems. Particularly in the present
invention, it enables more stable balance between the
binder resin and charging. A positive charge control
agent may include Nigrosine and products modified'with
a fatty acid metal salt; quaternary ammonium salts
20 such as tributylbenzylammonium l-hydroxy-4-
naphthoslulfonate and tetrabutylammonium
teterafluoroborate; diorganotin oxides such as
dibutyltin oxide, dioctyltin oxide and dicyclohexyltin
oxide; and diorganotin borates such as dibutyltiq_

25 borate, dioctyltin borate and dicyclohexyltin borate.

Any of these may be used alone or in combination of



properties of the toner. In the present invention, the nol ecular weight 20
distribution pattern in the chronmat ogram obtai ned by G°PC i s neasured under
the followi ng conditions, using THF (tetrahydrofuran) as a solvent. Col unms
are stabilized in a heat chanber of 40[err]C. To the columms kept at this
tenperature, THF as 25 a solvent is pass at a flowrate of 1 m per

m nute, and about 100 [err]| of THF sanple solution is injected - 25 -
thereinto for neasurenent. |n neasuring the nolecul ar weight of the

sanpl e, theynol [,aht, di st ri [ & U E 4 ed from
a calibration c&g\g}e%ﬁ ﬁ@%lkaﬁ%fshitdg btce}{bv\%ege'n P{Bﬁge 5 ?o%%??%&na%:s%al ue of
mol ecul ar wei ghts G-l Wddtt tdMRjudV SRANSH difiditi Bf\Gd Bt {ypdScRbrge
nonodi sperse pol ystyrene standard sanples.” As the standard pol ystyrene
sanpl es used fodiia-dI eREitd AhPipdie GalddIPind prafeeabél is suitable
to use sanples with 10 nol ecul ar weights of from10[err] to 10[err],

whi ch are avail abl e fromduup@l ¥t dK ndtioners *spreddnited dpg theuse at
| east about 10 standard pol ystyrene sanpl es. '

5 following Formula:

R

CH2=C

1

R

/2

|

COOC2I~I4N\R
3

wherein R1 representé H or CHB; and R2 and R3

10 -each represent a substituted or unsubstituted
alkyl group, prefe;ably 01 to C4 alkyl group,
or copolymers of polymerizable monomers such as
styrene, acrylates or methacrylates as described above
may also be used és positive charge control agents.
1o In this case, these charge control agents can also act
as binder resins (as a whole or in part}).

As a negative charge control agent usable 'in
the present invention, for example, organic metal
complex salts and chelate compounds are effective. 1In

20 particular, acetvlyacetone metal complexes, salicylic
acid type metal complexes, or salts thereof are

preferred, as exemplified by aluminumacetylacetonato,

iron {(II) acetvlacetonato, chromium 3,5-di-tert-

25,



As a detector,.-an Rl (refractive index) detector is used. As colums, a
conbi nation of a plurality of 15 commercially avail abl e polystyrene gel
colums shoul d be used. For exanple, they may preferably conprise a

conbi nati on of Shodex GPC KF-801, KF-802, KF-803, KF- 804, KF-805, KF-3806,
KF- 807 and KF-800P, avail able from Showa 3%hko K. K.; or a conbination of
TSKgel 20 GlOOOH(H err]), G2000H(H err]), G3000H(H err]), G4000H(H err]),
Gb000H(H err]), GBOOOH(H[err]) GWOOOH(H[err]) and TSK guard col um,

avail able from Toso e re _ |
( manuf act ur&d b?u\SV\Xt1§F§1° Cla)te ar‘ﬁ;«? &l \(IE%B? %téhurl ng'lgppar at us,
and Shodex KF-80Q1, KE- I (S F , 8 and
KF- 800P - 269- fartﬁavalﬁbl Q‘T?icaﬁléﬁ d[<)enko I?e:?‘;il g’?)eméljis:ee,g@%s t he
coLumms. ae SATHLE LRI fzﬁemalme@mdlm nder resin or

the magnetic to I's put THF, 5 and 1s left to stand for several
hours, follovedgRy ;iBQUH) %’tﬂi('é!ﬂﬁﬁ(ﬁ% te e tWeld mEverrl ghibst he THF

(until coelescent matters of the sanple has
5 (including monoalkyl derivatives and dialkyl
derivatives) are preferred.
The charge control agents described above
(those having no action as binder resins) may
preferably be used in the form of fine particles. 1In
10 this case, the charge control agent may preferably
have a number average particle diameter of
specifically 4 um or less, and more preferably 3 um or
less.
When 1nterna11y added to the toner, such a
15 charge control agent may preferably be used in an
amount of from 0.1 part to 20 parts by weight, and
more preferably from.o.z part to 10 parts by weight,
based on 100 parts by weight of the binder resin.
The toner according to the present invention
20 may be optionally mixed with various additives by
internal addition or external addition. As a
colorant, dyes and pigments conventionally known can
be used, which may be used usually in an amount of
froﬁ 0.5 part to 20 parts by weight based on 100 parts
25 by weight of the binder fesin. Other additives méy

include lubricants such as zinc stearate; abrasives



dissappeared), which is further left to stand for at |east 12 hours. The
sanpl e shoul d -be left in THF for 10 at least 24 hours in total.
Thereafter, the solution having been passed through a sanmple-treating
filter (pore size: 0.45 to 0.5 [err]m fq_r3 xanpl e, MAI SHORI DI SKH- 25- 5,
avai l abl e from Toso Co., Ltd. or EKI CHRO DI’SK 25CR, avail able from Ger man
Sci ence Japan, Ltd., 15 can be utilized) to be used as the sanple for
GPC. The sanple is so adjusted to have resin components in a concentration

of from 3 t 7 ”g{xgh ag\h?:grtllﬁﬁl B sIS.LlF.)Lr gﬁa %&ﬂbl&%”&%@e% éﬂrEtsﬂl bl el to

THF are I'EITDVEd and conponents soO are neasure

the present inveptigpathe \fﬁa'l%lw—%%wdl\e@ WfendisS bi @ch%éi@ﬁ?d"ed by

GPC of the binder resin nmeans the nol ecul ar "weight distribution neasured on
conponents havi ngganes! Qéub&’ém\bﬁh&medobyn@ol'l%iﬁaa5sﬂh@& 200 alhenGam ent

of the conponents mnth t he 27 - nolecul ar weights of from 500 to
100, 000 can be cekédkat atdbyondmeariviig vi-ipe-ordiddines agentst tasngs from

5 exemplified by carbon black and tin oxide.

The magnetic toner of the present invention
can be produced by thoroughly mixing magnetic iron
oxide and the binder resin containing the polyolefin,
optionally together with the pigment or dye serving as

10 a colorant, the charge control agent and other
additives by means of a mixer such as a ball mill,
melt-kneading them using.a heat kneading machine such
as a heat roller, a kneader or an extruder, to
mutually compatibilize resins. dispersing or

15 dissolving a pigment or dye in the kneaded product,
and solidifying it by cooling, followed by
pulverization and cléssificatibn. Thus the magne;ic
toner according to the present invention can be
obtained.

20 . " In the toner according fo the present
invention, a fine silica powder may'be mixed by
internal addition or external addition. It is
preferable to mix it by external addition. When the
magnetic toner is triboeléctricallv chargéd by -

25 bfinging magnetic toner particles into contact wifh

the surface of a cylindrical conductive sleeve having



the Gic chromat ogram the weight of the region of a nolecul ar wei ght of
from500 to 100,000 with the 5 wei ght of the region of the nol ecul ar

wei ght of 100,000 or nore. The content of the conponent with a nol ecul ar

wei ght of 500,000 or nore can be cal cul at by conparing the weight of a
cutting fromthe region of a 10 nol ecul & wei ght of not |ess than 500, 000
i n a chromat ogram obtained by GPC, with the weight of the portion of other
regions. It can also be cal cul ated by conparing the area of the nol ecul ar

wei ght of n?t |gsﬁa§g%qigpqgg¥§ d&#é}é{ﬁ?gﬂﬁéghéﬁiﬂ“{%g {591 885 ta

The toner of the présent invention turther contains a nmagnetic material.

The magneti c mMaG@Lrdlasq@Rf dirRfhddty ¥ MBI idtdPNPe BlebNCLtRECSSALr |
i nvention may include iron oxides such as nagnetite, r- iron oxide ferrite

and iron-excessph@rlicies MiPlthe?GletE Elfdddtenddatd eadsai akak, o@r
al l oys of any OP these netals with any of metals such as al um num cobalt,

copper, 1|ead, nmgmesi partidles NConbindmivn derghe imagndt soutbneeadsi um
cal cium manganese, selenium titanium tungsten and vanadi um and m xture
25 of any gf thaeeprEsess fiorveoneipretand ndieerfiales sildpa cpewdelry
brings about a remarkable decrease in friction because
of interposition of fine silica powder between the
toner particles and the sleeve surface. This enables
achievement of better running performance of the
10 magnetic toner, and enables it possible to give a
developer having a much superior magnetic toner for a
long time use.
As the fine silica powder, both of fine silica
powder produced by the dry process and that produced
15 by the wet brocess can be used. In view of anti-
filming and running performance, it is preferred to.
use the dry process fine silica powder.
The dry process herein means a process for
prbduding fine silica powder formed by vapor phase
20 oxidation of a silicon halide. For example, it is a
process that utiiizes heat decomposition oxidation
reaction in the oxyhydrogen of silicon tetrachloride
gas. The reaction basically proceeds as follows.
SiCl4 + 2H2 +.O2 - SiO2 + 4HC1 -

25 In this production step, it is also possible

to use other metal halide such as aluminum chloride or



--28 - 1+ Dbe those having an average particle dianmeter of fromO.1 [err]m
to 1 [err]m and nore preferably fromO.1 [errlmto 0.5 [err]m The
magneti c material may be contained in the nagnetic toner in an anount of
from60 to 110 parts by 5 weight based 33 100 parts by weight of the
resin conmponent, and particularly preferablfy from65 to 100 parts by wei ght
based on 100 parts by weight of the resin conponent. In the magnetic toner
used in the present 10 invention, a charge control agent may preferably

be used by fo”pﬁ'i'@gh%m EnnBLe dteo?‘ér eRRLH With (chl! 8113 AlH o

blending it"wth toner partic Reernal tiron). The charge control.

agent enabl es t ge,gpgi %mpgtsq%r 2313 b6wala 82 SANLE. | ARl Ly 15

wi t h devel opi hg  syst ens rticularly in the present invention, it enables

more stabl e bal 38§8chepiR@B ! B2 RhRIBoeHtN ARG BNII MG 1 IS,
charge control agent may include N grosine and products nodified with a

fatty acid netakgsalt; quaternary anmmonium salts 20 such as
tri butyl benzyl anmoni um 1- hydr oxy-4- napht hosl ul fonate and
t et rabut yl agmoni um t et eCammeecidlgt avadilabjendline @dilden puthicass

usable in the present invention, produced by the wvapor
phése oxidation of the silicon halide; include, for
example, those which are on the market under the
following trade names.

10 Aerosil 130, 200, 300, 380, 0X50, TT600, MOX80,
MOX170, CbK84 (Aerosil Japan, Ltd.);

Ca-0-silk M—-5, MS-7, MS-75, HS-5, EH-5 (CABOT CO.);
Wacker HDK N20, V15, N20E, T30, T40 (WACKER-CHEMIE
GMBH) ;

15 D-C Fine Silica (Dow-Corning Corp.); and
Fransol (Franzil Co.).

The fine silica powder used in the pfesent
in&ention can be produced by the wet process, using
conventionally known various methods. For example,

20 there is a production method in which sodium silicate
is decomposed using an acid, as shown by the following
feaction schene.

NaZO-XSiO2 + HC1 + HZO - Sioz-nHZO + NaCl

Besides, there are a method in which sodium

25 silicate is decomposed using an ammonium salt or

alkali salt, a method in which an alkaline earth metal



di-butyl ti-n oxi de, dioctyltin oxide and dicycl ohexyltin oxide; and

di organotin borates such as dibutyltin 25 borate, dioctyltin borate and .
di cycl ohexyltin borate. Any of these may be used al one or in conbination of
-*29 - two or nore kinds. OF these, N grogine type charge control agent or
guat ernary anmmoni um salt type charge control agents may particularly be
pref erabe. Honmopol yners of nononers represented by the 5 fol |l ow ng
Forrmula: [err] wherein Rlerr] represents Hor CHerr]; and Rerr] and

Rlerr] 10 each rgpieegek asspbshiubebed¢roh 4baydbmt sintiedtal kw1 1@wad.b
preferably CJerr] to (Jerr] al kyl group, or copolyners of polynerizable

mononers such asdétynpositachyuaiay ah aetidacbybavessasiddeciddiel], above may
al so be used as positive charge control agents. 15 In this case, these
charge control agsethsdcan ahichaeh agukondesoddsmnsilisazensa laitoion nis
part). As a negative charge control agent usable in
passed through an ion-exchange resin to give silicic
5 ac;d, and a method making use of naturally occurring
silicic acid or silicate.

To the fine silica powder herein.referred to,
it is possible to apply ény of anhydrous silicon -
dioxide (colloidal silica), and other silicates such

10 as aluminum silicate, sodium silicate, potassium
silicate, magnesium silicate and zinc silicate.

Commercially available fine silica powders
produced by the wet process include, for example,
those which are on the market under the following

15 trade names.
Carplex Shionogi & Co., Ltd.
Niﬁsil Nippon Silica Industrial Co., Ltd.

Tokusil, Finesil 'Tokuyamé Soda Co., Ltd.

Vitasiil Taki Seihi Co.
20 Silton, Silnex Mizusawa Industrial Chemicals, Ltd.
Starsil Kamishima Kagaku Co.
Himesil Ehime Yakuhin Co.
Sairoid Fuji-Davison Chemical Ltd.
Hi-sil Pittsburgh Plate Glass Co. i
25 Durosil Fiillstoff-Gesellschaft Marquaff

Ultrasil "



the.present invention, for exanple, organic netal conplex salts and chelate
conpounds are effective. In 20 particul ar, acetylyacetone netal conpl exes,
salicylic acid type netal conplexes, or salts thereof are preferred, as
exenplified by al um numacetyl acetonato, ir (11) acetyl acetonato, chrom um

3,5-di-tert-

25° -30 - 1  butylsalicylate and zinc

3,5-di-tert-butylsalicylate. In particular, salicylic acid type netal
conpl exes (i ncluding nonoal kyl derivatives and dial kyl derivatives) and
salicylic agid
di al kyl
above (those haygusdw action as bthRagisERS! PabriMYHPESERI RBEY be used in
the formof fine particles. In 10 this case, the charge control agent may
preferably have sirusisse aver age pgtbhel RubbeseCer of specifically 4 [err]m
and nore preferably 3 [err]mor |ess.

or

| ess,

derivat

10

15

20

25

tMHK%é?ia| salts 5 yafhRshudh8onsvaesl kyl derivatives and
Ives) are preferred. The charge control agents descri bed

Nalco Nalco Chemical Co.
Quso Philadelphia Quartz Co.
Imsil Illinis Minerals Co.

Calcium Silikat Chemische Fabrik Hoesh K-G

Calsil Flillstoff-Gesellschaft Marquart
Fortafil Imperial Chemical Industries, Ltd.
Microcal Joseph Crosfield & Sons, Ltd.
Manosil Hardman and Holden

Vulkasil Farbenfabiken Bryer, A.-G.

Tufknit Durham Chemicals, Ltd.

Silmos ' Shiraishi kogyo Kaisha, Ltd.
Starlex ) Kamishima Kagaku Co.

Fricosil Taki Seihi Co.

Of the above fine silica powders, a fine
silica powder having a surface specific area, as
measured by the BET method using nitrogen absorption,
of not less than 30 mZ/g, and pafticularly in the
range of from 50 to 400 m?/g, can give good results.
The fine silica powder should preferably be used in an
amount of from 0.01 part to 8 parts by weight, and
more preferably from 0.1 part to‘5'parts by weight.,
based on 100 parts by weight of the toner. :

When the toner used in the present invention



Waen i nternal | y added to the toner, such a 15 charge control agent may
preferably be used in an anmount of fromO0.1 part to 20 parts by weight, and.
nmore preferably from0.2 part to 10 parts by wei ght, based on 100 parts by
wei ght of the binder resin. The toner accaggi-ng to the present invention 20
may be optionally mxed with various additives by internal addition or
external addition. As a colorant, dyes and pignents conventionally known
can be used, which may be used usually in an amount of from0.5 part to 20
parts by weilght Iweedred(d pesitivsly hyhawdephleftaner biadersitdivaly

O her additives may include |ubricants such as zinc stearate; abrasives

- 31 - 1 such ¥4¥reeaie okine, sili¢zoprwdeni dEHERY sthamtaum tit anat e;
fluidity-providing agents or_ anti-caking agents as exenplified by coll oi dal

silica and al umBRAREXTHLY ChATEIRRILRtPRE t VIGF RE JROKRP Rjesferakls.

exenplified by carbon hlack and tin oxide. The nagpetic topner of the
present inventi &it¥&n %@e péb%fﬁ%osfﬁb}hbﬂbu’g?ﬂﬂpﬁﬁ%%ﬂlmet ic iron oxide

and the bi nger resin con s"’"rﬁ‘é%oéé‘efc?x‘?'g&'aeﬂ{‘ng the positively

chargeable fine silica powder, there are a method in
which the untreated fine silica powder as described
above is treated with a silicone o0il having an organo
group which has at least one nitrogen atom on its side
10 chain, and a method in which it is treated with a
nitrogen-containing silane coupling agent, or a method
in which it is treated with both of these.
In the present invention, the positively
chargeable silica means those having a plus
15 triboelectric charge with respect to iron powder
carrier when measured by the blow-off method.
As the silicone o0il having a nitrogen atom on
the side chain for treating the fine silica powde;, it
is possible to use a silicone o0il having at least a
20 unit structure represented by the following formula:

R . R

& 11
-Si-0- and/or -Si-0-
l |
R R
2
1 }gf
N
/ A\ 5 -
25 Ry R,



optironaliy together with the pignent or dye serving as 10

charge contro

di spersing or

solidifying it by cooling,
Thus the magnetic toner according to the present

20

I
powder may %e

a col orant,

t he

agent and ot her additives by neans of a m xer such as a ball .
mll, nelt-kneading them using a heat kmed&di mg nachi ne such as a heat
roller,  a kneader or an extruder, to nmutually conpatibilize resins,

15 dissolving a pignment or dye in the kneaded product,

Wi dEeiRNR

m xed by i hternal addition or external addition.

preferable to My dfyPYgpshfl Bal apddiikbry1 ¥bsdpthe Meepekkenitenemn i s

triboelectrically charged by 25

contact with thelepréddeegpbup 6l aNPhenglenenguoupyersyl aaderavann

-1 a magnetic field generating neans in its inside;” the iiicreasing
frequency of thsepwadéént dchypdeogbheatongr apaalikellegrang blrcasl @ewa surface
tends to cause wear of

5

10

15

20

25

group; and R5 represents a nitrogen-containing
heterocyclic group.

In the above formula, the alkyl group, aryl
group, alkvlene group and phenvlene group may each.
have an organo group having a nitrogen atom, or may
have a substituent such as a halogen so lqng as the
charge performance is not disturbed.

The nitrogen—containing silane coupling agent
used in the present invention generally have a |
structure represented by the following formula:

Rm--Si—Yn
wherein R represents an alkoxyl group or a halogen
atom; Y represents am amino group or an organo group
having at least one nitrogen atom; and m and n are
each an.integer of 1 to 3, provided fhat'm + n= 4,

The organo group having ae least one nitrogen
atom can be exemplified by an amino group having an

organic group as a substituent, a nitrogen-containing

bri ngi ng nmagnetic foner particles into

and

foll owed by pulverization and cl assification.
i nvention can be obtai ned.

| 26686d6Rds! 8 hiArBHEACEoR]YER! bORy1ghcHp S1 | i ca
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toner' particles. Conbination of the magnetic toner of 5 t he present
invention and the.-fine silica powder brings about a remarkabl e decrease in -
friction because of interposition of fine silica powder between the toner
particles and the sleeve surface. This enajyg es achi evenent of better
runni ng performance of the 10 magnetic toner, and enables it possible to
gi ve a devel oper having a nmuch superior magnetic toner for a long tinme use.
As the fine silica powder, both of fine silica powder produced by the dry
process andjt hathdyexbisgsl 1S dyoudhe eta pyromeas shavaindea usetirogenvi ew of
anti- filmng and running performance, it is preferred to use the dry
process fine sildostgimiiey . hdteroryc hiooessumher eFe mebtsogepr ocess for
producing fine silica powder formed by vapor phase 20 oxi dation of a
silicon halide. cdiraiximg|ketérodychi proreun nawmtinglyde cunpagurated
deconposition oxidation reaction in the oxyhydrogen of silicon

tetrachl ori de gdmteitroyehic|onownsien| $3tprated RERIPSYFLIS. I5PBPFerr] +
2H err] + Jerr] [err] SiJerr] + 4HOA 25 . I n thi roducti on
step, it isSal s@ybIAIR FHOURE GRMe faRRlied) for ERRFCas T8 num

chloride or : . . e
unsaturated heterocyclic groups can be exemplified by

the following:

1

TP mm & go o

15 K " The saturated heterocyclic groups can be

exemplified by the following:

fo) H
N “NH
20 L& b/ (Nj [1\_1:' - L N
H H H H H . H

The heterocyclic groups used in the present
25 invention should preferably be those of structure of 5

members or 6 members, taking account pf stability.



-.33 ¢+ 1 titaniumchloride together with the silicon halide to give a
conposite fine powder of silica. The fine silica powder of the present

i nvention includes these, too. 5 Commercially avail able fine
stlica powders usable in the present invention, produced by the vapor phase
oxidation of the silicon halide, include; 3%r~exanple, those which are on

t he market under the follow ng trade names. 10 Aerosil 130, 200, 300,

380, Ox50, TT600, MOX80, MOX170, COK84 (Aerosil Japan, Ltd.); Ca-O-SiL M5,

M5-7, Ms-75, HS-5, EH5 (CAB CO% V\b}gker %\;%)K N20, V15, NZOtI)E T30, T40
(WACKER- CHEM E GVBH) ; 13R85, L5 F1eh Frr 29 M9 SorB?Y : P8nd Fransol -
(Franzil Co.). Epedgrg%sni4§§%é¥wg§eSyfgd in the present invention can be
produced by the Wt 6?05@%3, usThg ¢ nveh??bnally known vari ous net hods.

o oD P g LS AU PlpE! ot 1wt ch 2o oL cate 1
Na[err] O XSi J eldimetHfdani ddSFSpd t§ Hhé thoxysd fddd, nH err] O + Nadl
5 diethylaminopropyltriethoxysilane,
dipropylaminopropyltrimethoxysilane,
dibutylaminopropyldimethoxysi1ane;
monobutylaminopropyltriethoxysilane,
dioctylaninopropyltriethoxysilane,

10 dibutylaminopropyltrimefhoxysilane,
dibutylaminopropylmonomethoxysilane,
dimethylaminophenyltriethoxysilane, trimethoxysiiyl—T—
propyiphenylamine and trimethoxysilyl-7r-
prbpvibenzylamine. As the nitrogen—-containing

15 heterocylic group, those having the above structure
can be used. Examples-of such compounds may be
methoxysi1y1—T~propyipiperidine, trimethoxysilyl—t—
propylmorphorine and trimethoxysilyl-7-
propylimidazole.

20 These treated positively chargeable fine
silica powder can be effective when it is applied in
an amount of from 0.01 part to 8 parts by weight based
on 100 pérts by weight of the toner, and, in
particular, can exhibit positive chargeability with an

26 excellent stabilify when added in an amount of frém

0.1 part to § parts by weight. As to a preferred



Besi des, there are a nmethod in which sodium?25 silicate is deconposed
using an anmoniumsalt or alkali salt, a nmethod in which an al kaline earth
net al - 34 -1 silicate is produced fromsodiumsilicate followed by
deconposi tion using an acid to give SI|ICIC acid, a nethod in which an
aqueous sodiumsilicate solution is passéd Phrough an ion-exchange resin to
give silicic 5 acid, and a nethod meki ng use of naturally occurring
silicic acid or silicate. To the fine silica powder herein referred to, it

5 Possible,0 appl Yo aa0f ¢8ANYALOUSAS! LECORATEOXhIC Al BORALARY oo1 1 Ca).

and ot her si I'ca sod um si |cate

POt assi um 11| 024 fa o MRAGNERLUT b L6BLEEANE1AENE 131 bECBbRACEORIE 3l ¥

avai l able fine silica powders produce wet process inc

exanpl e, those %%@ﬁﬂtoaft?@omabke Cgapéer:otbﬁfawusownueiéht b%%%‘a

nanmes. Carpl ex Shi onogi I psi | Ni ppon
Silica Industriabn Cpeg ;béﬁltsTsifus:éhghEl Besthe Tokuyans Segasfred ltlod.

5 the toner particle surfaces. The untreated fine

silica powder may also be used in the same amount.
The fine silica powder used in the present

invention may be optionally treated with a treating
agent such as a silané coupling agent or an organic

10 silicon compound for the purpose of making the powder
hydrophobic, which treating agent reacts with or is
physically absorbed by the fine silica powder. Such a
tréating agent may include, for example,
hexamethylsilane, trimethylsilane,

is trimethylchlorosilane, trimethylethoxysilane,
dimethyldichlorosilane, methyltrichlorosilane,
allyldimethylchlbrosilane, allylphenyldichlorosilane,
benzyldimethylchlorosilane, '
bromomethyldimethylch;orosilane, a—chloroethyltri-

20 chlorosilane, B—chldroethyltricﬁlorosilane,
chloromethyldimethylchlorosilane, tirorganosilyl
mercaptan, trimethylsilyl mercaptan, tirorganosilyl
acrylate, vinyldimethylacetoxysilane,
dihethylethoxysilane, dimethyldimethoxysilane, -

25 diphenyldiethoxysilane, hexamethyvldisiloxane, 1,3;

divinyltetramethyldisiloxane, 1,3-diphenyltetramethyl~-



Vitasil - Taki Seihi Co. 20 Silton, Silnex M zusawa

Industrial Chemcals, Ltd. Starsil Kam shi ma Kagaku Co. Hi nesi
Ehi me Yakuhin Co. Sairoid Fuji-Eavison Chem cal Ltd. Hi-Si
Prttsburgh Plate d ass Co. 25 Dur osi . Fiillstoff-Cesellschaft
Mar quart U trasil -3 -1 Manosi T 41 - Har dman and Hol den
Hoesch Chem sche Fabri k Fbesch K-G Si | -Stone St one
Rubber Co. Nal co- Nal co Chem cal Co. 5 Quso

Phi | adel phi,a CHf{ llﬁﬁﬁﬂ K %é%s% ﬂi%?tgyéP?i§égf$§aA@ngégtaiggth@‘%éﬂn

Silikat em sc
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Manosi | si ide] €48, apd E@éggﬂoﬂgﬁk§§'£he termlnalgarbSBBanken
Bryer, A -G Tufknit Chem cal s, Ltd.

these may be used alone or in the form of a mixture of
5 two or more kinds.

It is also possible to add to the magnetic
toner of the present invention a fine powder of
fiuorine—containing polymer as exemplified by a fine
powder of polytetrafluoroethylene, polyvinylidene

10 fluoride or a tetrafluoroethylene-vinylidene fluoride
copolymer; In particular, fine polyvinylidene
fluoride powder is preferred in view of fluidity and
abrasive properties. Such a powder may preferably be
added to the toner in an amount of from 0.01% to 2.0%

15 5y weight, and particularly from 0.02% to 1.0% by
weight. |

In particulai, although the mechanism is
unclear, when the fine powder described above is
externally added to the magnetic tonef with the fine

20 siiica powder, the stabilization'of the silica
deposited to the tbner can be obtained, so that the
silica deposited thereto no longér becomes separate
frsm the toner not causing wear of the toner or
staining of the sleeve, making it possible to more

25 increase the charge stability. |

An example of specific apparatus usable for



‘

Si4 nos

Shirai shi kogyo Kai sha, Ltd. 15 Starl ex

Kam shi ma Kagaku Co. Fricosil Taki Seihi Co. O the above fine
silica powders, a fine silica powder having a surface specific area, as
ngasured by the BET nethod using nitrogen g sorption, 20 of not |ess than
30 nferr]/g, and particularly in the range from50 to 400 nferr] /g, can

gi ve good results.
anount of from0.01 part to 8 parts by weight,

The fine silica powder should preferably be used in an
and nore preferably fromO0.1

part to 5 pajts Q)ér‘ﬁ'%’ﬂﬁhou?@ arpal%é)rfomﬁr@rdl%c@és\’\ﬁ'rﬁhcthé)fplté?eﬁf)ner

VWhen the toner used in

e present invention Is used as a

posi tively charggalled ti®meiwiia wldés*&sbéawawmth &féﬁdﬂéd—‘@e pexvder ,
rat her than a negatively chargeabl e one, may be nore preferable, since the
charge stabilityFig.nat sdicFidie® which is an erAangeidhadew Gf aigy n ng
the positively chargeable fine silica powder, there are a nmethod in which
the untreated fine silicRgfemtarceanwiese] (2o dexodhes s dorexiee hssdnb by
silicone oil having an organo

5 which is a means for electrostatically charging a

photosensitive drum 1. It, for example, charges the

photosensitive drum to the negative polarity so that

an electrostatic latent image is formed thereon upon

exposure. The latent image thus formed is developed

10 using a positively chargeable magnetic toner 10 of the

present invention, held in a developing assembly 9

equipped with a magnetic blade 11 made of iron and a

non—-magnetic developing sleeve 4 in which a magnet 40

is provided, serving as a developer carrying member.

15 The developing sleeve 4 is comprised of a stainless

steel sleeve (SUS304) sandblasted with Carborundum

#400. In the develéping zone, an AC bias, a pulse

bias and/or a DC bias is/are applied across-a

conductive substrate of the photosensitive drum and

20 the developing sleeve 4 through'a bias applying means

iz2.

A transfer sheet P 'is fed and delivered to a

transfer zone, where the transfer sheet P is

electrostatically charged from its back surface by a

transfer corona assembly 3 having a voltage applying

25 means ‘14, so that the developed image (toner image) on

the surface of the photosensitive drum 1 is



group whi'ch has at |east one nitrogen atomon its side 10 “chain, and a
nmethod in which it is treated with a nitrogen-containing silane coupling
agent, or a nethod in which it is treated with both of these. In the
present invention, the positively chargealls£ silica means those having a
plus 15 triboelectric charge with respect to iron powder carrier when
nmeasured by the blow off nethod. As the silicone oil having a nitrogen atom
on the side chain for treating the fine silica powder, it is possible to

use a silicpne gikchavishta tilcd B85 trantFerridd ttostthec tta@sifey egrided by the
following formula: [err] 25 - 37 - 1 wherein Rerr] represents a

hydrogen atom ®@healtknsfleaupherst aF WegHitedremsm abeoxyl group; R2
represents an al kyl ene group or a phenylene group; R err] and R err] each
represent a hydpbogepnsasnemtiae aldad igr dig smbjec tady [tob fgxdmy weihdR{@r 1 |
represents a nitrogen-containing heterocyclic group. In the above forml a,
the al kyl groupheatypressure roller fixing unit 7 so that the toner
5 image on the transfer sheet P can be fixed.
The magnetic toner remaining on the
photosensitive drum 1 after the transfer step is
removed by the pperation of a cleaning assembly 8
having a cleaning blade. After the cleaning, the
10 residual charges on the surface of the photosensitive
drum 1 is eliminated by erase exposure 6, and thus the
procedure again starts from the charging step using
the corona assembly 2.
The basic constitution and characteristic
15 features of the present invention have been described
above. The present invention will now be described
below by giving Examples. These by no means limit the
present invention. In the following formulation,.
"parts(s)" refers?to fpart(s) by weight".
20 . Example 1 -
In a four—necked flask equipped with a
nitrogen gas guide pipe, a condenser, a stirrer and a
thermometer, 200 parts of ion-exchanged water, 80
parts of styrene, 20 parts of n-butyl acrylate and 0.4
25 part of 1,4-bis(t-butylperoxycarbonyl)cyclohexane

(HTP) as a polymerization initiator were put, and



group, al kyl ene -group and phenyl ene group may each have an organo group
having a nitrogen atom or nmay 10 have a substituent such as a hal ogen so
| ong as the charge performance is not disturbed. The nitrogen-containing
silane coupling agent used in the present jsvention generally have a
structure represented by the following formula: 15 R err]
Si-Y[err] wherein R represents an al koxyl. group or a hal ogen atom Y
represents am anmi no group or an organo group having at |east one nitrogen

atom and m and g e BN p) ynldraGRt i¥n W) hrd¥ewiclad dthai m+ n = 4.

20 The organo group having .at | east one nitrogen atom can be
exenplified by golaMdidtA¢h RRAMpEEaAurer gemid0 @ digr &8t chaubstituent, a
ni t rogen-contai ni ng 25 - 38 -1 het er ocyclic group, or a group having

a nitrogen- contmigrieds teat eruiny aldar giraou puisfther enivas gap lesbntvashed
heterocyclic group may include unsaturated heterocyclic groups or saturated
het erocyclic greupgh watemmhdkrvied)rousiverg guiglpmaelarylgr (weight The

S polymer (resin P). In 1,000 parts of methyl ethyl
ketone, 100 parts of this high molecular weight
polymer was dissolved, and thereafter ethanol was
dropwise added in the resulting solution until the
high molecular weight polymer component.was

10 precipitated by 95% by weight. The precipitated high
molecular weight polymer component was washed with
water and then dried to give binder resin component I.
The molecular weight distribution of this binder resin
component I was measured by GPC to reveal that as

15 shown in Table 1 it had a peak distribution (P2) at a

" molecular weight of 630,000 and the ratio of the
components having molecular weight of from 500 to_
100,000 was 12.0%.

' Next, in a four—-necked flask equipped with a

20 nitroggn gas guide pipe, a condenser, a stirrer and a
thermometer, 800 parts of xylene was put, which was
then stirred under a nitrogen gas stream and
maintained at 90°C. A mixture of 83 parts of styrene,
17 parts of n-butyl acfylate and 4.3 parts of di-t-

25 butyl peroxide (DTBP) as a polymerization initiator

was dropwise added thereto over a period of 6 hours



umsat urated heterocyclic groups can be exenplified by the following: [err]
15 The saturated heterocyclic groups can be exenplified by the
foll owi ng: 20 ' [err] The heterocyclic groups used
in the present .25 invention should prefergpLy be those of structure of 5

menbers or 6 nenbers, taking account of st bility. -39 -1

Exanpl es of such treating agents nmay be am nopropyl tri nethoxysil ane,
am nopropyl tri et hoxysil ane, dinmethyl am nopropyltrimethoxysilane, 5

di et hyl am nppr ogglfgbi gt W,{% YRR FENR, RN IHoTRidIR Si | ane,

di but yl am nopr opy!l di met hoxysi nonobutyl am nopropyl tri et hoxysi | ane,

di octyl am nopr ogyh{nkeliB@eidr a3l cHiridd bty hmgierr epWdintmiMoxysi | ane,
di but yl am nopr opyl nonomnet hoxysi | ane, di net hyl am nophenyl tri et hoxysi | ane,
trinethoxysilylwhgeh]a low molecular weight polymer, binder resin
component B, had been dissolved. The molecular weight
S distribution of the binder resin component B was
measured by GPC to reveal that as shown in Table 1 it
haﬁ a peak distribution (P1l) at a molecular weight of
12,000 and its Mw/Mn was 1.95.
To the above solution (containing 60 parts of
10 binder resin component B), 40 parts of binder resin
component I and 4 parts of low molecular weight
polypropylene (weight average molecular weight: about
10,000) were added, and dissolved and mixed therein
with thorough stirring at 100°C for about 4 hogrs,
15 followed by removal of xvlene. An final binder resin
for toner was thus obtained.

Based on 100'parts of the above bindef resin
for toner, the following materials were well blended
using a blender.

20 Triiron tetraoxide (average particle diameter: 0.2 um)
' | 80 parts
Nigrosine ' 2 parts

Thereafter, the blend was kneaded using a twin-

screw kneading extruder kept at 80°C. The resulting
25 kneaded product was cooled, and then crushed with.a

cutter mill, followed by pulverizafion using a fine



pr opyl phenyl ami ne and trinethoxysilyl-r- propyl benzyl am ne. As the
nitrogen-containing 15 het erocylic group, those having the above
structure can be used. Exanples of such conmpounds may be

met hoxysilyl -r-propyl pi peridine, trimethoyygsilyl-r- propylnorphorine and
trimethoxysilyl-[err]- propylimdazole. 2 These treated
positively chargeable fine silica powder can be effective when it is
applied in an amount of from0.01 part to 8 parts by wei ght based on 100
parts by wej ghtgpfnhh8qt RBEhin8Ndsihg BafkkCBk@eancanThshifhinelgositive
chargeability wth an 85. excellent stability when added in an anmount of
“from 0.1 part tgowra8akhs pkvdoeitgithusAsbttaidedr aber cédssified0usihg a

enbodi ment for the node of addition, a preferable state is that the treated
fine silica powdgltaddedisioancaessifielr making ttpadzatdod odr tthehy wei ght

based on 100 parts by weight of the toner is deposited to 5 t he toner
particle surfaceeandéhefifeciteatted gfiviee aspoisd4 iyediiechaageabd® be used in
t he sane anount. The fine silica powler used in the present
) magnetic fine black powder (magnetic toner) with a
voiume average particle diameter of 8.5 um.
To 100 parts of the magnetic toner obtained,
.0.6 part of poéitively chargeable hydrophobic dry
process fine silica powder (BET specific surface area:
10 200 m?/g) and 0.1 part of fine polyvinylidene fluoride
powder were added, which were blended using a Henschel
mixer to give a positively chargeable insuléting
magnetic toner having silica particlés on the magnetic
toner particle surfaces.
15 | The molecular weight distribution of the
binder resin for the above magnetic toner was measured
bf GPC under the following measuring conditions to
obtain tﬁe results as shown in Fig. 3.
- GPC measuring conditions -
20 Apparatus: LC—G?C i5OC (manufactured by Waters Inc.)
. Columns: Shodex KF-801, KF-802, KF-803, KF-804, KF-
805, KF-806, KF-807 and KF-800P (Showa Denko K.K.)
Temperature: 40°C
Solvent: Tetrahydrofgfan (THF)
25 Flow rate: 1.0 ml/min

Sample: A sample with a sample concentration of 3 to _



ianvention may be optionally treated with a treating agent such as a sil ane
coupling agent or an organic 10 silicon conpound for the purpose of
maki ng t he powder hydrophobic, which treating agent reacts with or is
physi cal |y absorbed by the fine silica po r. Such a treating agent may

I ncl ude, for exanple, hexanmethylsilane, trinethylsilane, 15

trimethyl chlorosil ane, trinethyl ethoxysilane, dinethyldichlorosilane,

met hyltrichl orosilane, allyldinmethylchlorosilane,

al | 'yl phenyl gdi chizomgym1an@s bieiyad thdrethyd € s lon®. 1 ml. _
br ononet hyl di met hyl chl orosi | ane, a-chloroethyltri- 20 chl orosi | ane,

[err]-chloroethyltrichl epd sl €hl thiormidly | (@ mixy hadd eros | ane,
tirorganosilyl nercaptan, trinmethylsilyl nercaptan, tirorganosilyl’

acryl ate, vinyl sioleclleac stedgist |@hel 2 D0k hHeetdemky (iH3mee;) was at a

di et hyl di met hoxysi |l ane, 25 di phenyl di et hoxysi |l ane, hexanet hyl di si | oxane,
1, 3- divinyl t et mafgechnliadi sdighanef 1630 APhergnd dtheamstight H1 of 4the 1

di si |l oxane, and a dinethyl pol ysil oxane containing 2 to 12 siloxane units
and a hydroxyl Bee¥pPimededn dhaiclpw molecular weight region, the

height H3 of the peak P3max in the high molecular
weight region and the height H2 of the minimal point
V2min between both the peaks were in a ratio H1:H2:H3
of 9.5:1:4.5; and the Mw/Mn was 28.0.

10 : In the developing assembly of a modified
machine of an electrophotographic copier NP4835
(manufactured by Canon Inc.) from which its fixing
assembly was removed, the above magnetic toner was
loaded, and unfixed images were obtained. Meanwhile,

15 thg fixing assembly removed from the copier NP4835 was
modified to be usable as a temperature—variable, heat-
pressure roller type external fixing.assembly. Using
this fixing assembly, a fixing test and an offset-test
were made on the unfixed images. |

20 : The external fixing assembly was set to have a
nip width of 4.0 mm and a process speed of 150 mm/s,
and its temperatures were conditioned at intervals of
5°C within the temperature range of from 100°C to
240°C, where the unfixed images were fixed at each

25 temperature. Fixed images thus obtained were rubbéd

with a lens cleaning paper "Dusper" (trade name;



S Inits units positioned at the termnals. Any of these may be used al one
or inthe formof a mxture of 5 two or nore kinds. It is also possible
to add to the magnetic toner of the present invention a fine powder of

fa uori ne-contai ni ng polyner as exenplified oy a fine powder of

pol ytetrafl uoroethyl ene, polyvinylidene 10  fluoride or a

tetrafl uoroethyl ene-vinylidene fluoride copolyner. In particular, fine

pol yvi nyl i dene fluoride powder is preferred in view of fluidity and

abrasi ve prpper bies.1aPHE SRPWRS pgipe e &f aly. pamiteddpl idwtioner in
an anount of fromO0.01%to 2. 0% 15 by wei ght, and particularly from0.02%

to 1.0% by wei gt o NdRAT tdcWmrg/ @ 1.houghe fshimgreahaniremire i waichwhen
the fine powder described above is externally added to the nagnetic toner
with the fine 2@magd ldetss vdartert hthes tralbb imatdemraxdsaddwi 2% car deposi t ed
to the toner can be obtained, so that the silica deposited thereto no

| onger becones desar atas fregardes] tenefixahle danperatame oftenpexratereor
staining of the sleeve, making it possible to nore 25 increase the charge
stability. gn eednpihdalf igmmasd ihecquerbixabigho| A & result, the

fixable temperature was as low as 160°C, showing that
the toner had a superior low-temperature fixing
performance. Offsetting temperature (temperature at
which offset beginé to occur) was as high as 240°C or
10 more, showing that the toner had superior anti-offset
properties. An image reproduction test was also
carried out using an electroﬁhotographic copier NP3725
(manufactured by Canon Inc.) having a developing
sleeve having been blasted with amorphous pérticles,
15 and the state of staining on the surface of the
developing sleeve was obsérved. A running test was
also carried out continuously making image
reproduction 5,000 times. Both images formed at.fhe
initiél stage and upon running on 5,000 sheets had a
20 high image density Dmax and were fog-free and Sharp,
showing a high image quality, without causing no stain
due to toner on the .surface of the developing sleeve.
The above magnetic toner was left to stand at
50°C- in a dryer for 2 weeks to test anti-blockng_
25 Dproperties of the toner. As a result, there was no

problem at all.



542 - 1 -carrying out an inmage formng process in the present invention
W Il be described belowwth reference to Fig. 1 and Fig. 2 which is an
enlarged view of Fig. 1. Reference nuneral 2 denotes a corona assenbly 5
which is a neans for electrostatically q_h@r gi ng a photosensitive drum 1.

It, for exanple, charges the photosensiti € drumto the negative polarity
so that an electrostatic |latent image is forned thereon upon exposure. The
| atent image thus formed is devel oped 10 using a positively chargeabl e
magnetic toper 10 of theparesend r‘é%‘(%”cti'xg]ztcﬁféxd Wes driURIDi ngirgsenbly 9
equi pped with a magnetlchbl ade 11 nmade of iron and a non-magnetic

devel opi ng sl eeyg14riBathich nfi JFREWIpARd Thifdtinathatseihs NG Bsase

devel oper carrying nenber. 15 The égveloping sleeve 4 is conprised of a
st ai nl ess st eel agbaev&acSURIFYrman dilsirdredkdv irh tCardromanduie ¥eddOandn t he
devel opi ng zone, an AC bias, a pulse bias and/or a DC bias is/are applied
acr oss-a conduchbvgreebparatic lafs tdfe qHwtretleassd iagerdr weznds€dn at he

devel opi ng sl eeve 4 through a bias applying nmeans 12. A transfer sheet P is
fed and del sver adlt beaweandarerz @axrtidiea=s the transfer sheet P is

Results obtained are shown in Table 2.

Comparative Example 1

A magnetic toner was produced in the same
manner as in Example 1 except that the binder resin
10 component B (as the low molecular weight polymer
component} and the binder resin component I (as the
high molecular weight polymerwcomponent) were mixed in
amounts of 90 parts and 10 parté, respectively.
Evaluation was also made in the same manner.

15 Comparative Example 2

A magnetic toner was produced in the same -
manner as in Examplé 1 except that only the low
molecular weight polymer component, binder resin
component B, was used as the binder resin component

20 for toner in an amount of 100 parts. Evaluation was
also made in the same manner.

Results of Comparative Examples 1 and 2 are
shown in Table 2. Compared with Example 1, both-
Comparative Examples showed the same or better

25 performance with regard to fixing performance buf were

greatly poor in respect of offsetting temperature, and



ehedtfostatically charged fromits back surface by a transfer corona
assenbly 3 having a voltage applying 25 neans 14, so that the devel oped
i mage (toner image) on the surface of the photosensitive drum1l is - 43
-1 electrostatically transferred to thotgansfer sheet P. The transfer
sheet P separated fromthe photosensitive drum 1l is subjected to fixing
using a heat-pressure roller fixing unit 7 so that the toner 5 | mage on
the transfer sheet P can be fixed. The nagnetic toner remaining on the
phot osensi tiyve dgalm 1na£tﬁ£~etéﬁasﬁan§£§r pShERik&1" 8gBYEdulYht hagaper ald on
of a cleaning assenbly 8 having a cleaning blade. After the cleaning, the
10 residual chghggs ghalheyssef age 9hitkhalpbengeeandt a¥eedr Binhing
el imnated by erase exposure 6, and thus the procedure again starts from
t he chargi ng st epnus|0Qgot SRee0soandaanetibbyo2kilmpepbapectdenst bbuwhi on and
characteristic 15 features of the present invention have been descri bed
above. The presctwmpavehivenExehplaswwbeeddésferbod bel Brabplegi \i.ng
Exanpl es. These by no neans limt the

5 Comparative Example 1 showed a little better results

than Comparative Example 2. This was presumably due

to the addition of the high molecular weight polymer

component, which brought about an improvement in the

dispersibility of the release agent. To confirm this
10 fact, the toners of Comparative Examples 1 and 2 were

observed using a polarization microscope. As a

résult, in Comparative Example 2 free particles of the -

release agent were present between toner particles in

a larger quantity than in Comparative Example 1.

15 Comparative Example 3

A magnetic toner was produced in the same
manner as in Example ‘1 except that the resin P itself
as shown in Table 1, which was used for preparing the
binder resin component I by fractional precipitation,

20 was used as the high molecular weight polymer
component. Evaluation was also made in the same-
manner. Results obtained are shown in Table 2.
Compared with Example 1 described above, the fixable
temperature became as high as 170°C and the offsetting

25 temperature became as low as 220°C. This was

presumably due to an increase in components present in



present 'invention. In the following formulation, "parts(s)" refers to
"part(s) by weight". 20 Exanple 1 In a four-necked flask equi pped
with a nitrogen gas gui de pipe, a condenser, a stirrer and a thernoneter,
200 parts of ion-exchanged water, 80 part of styrene, 20 parts of n- butyI
acrylate and 0.4 25 part of 1,4-bis(t-butyl peroxycarbonyl)cycl ohexane
(HTP) as a polynerization initiator were put, and - 44 - 1 suspensi on
pol ymeri zation was carried out at a polynerization tenperature of 90[err]C

for 24 hoys. m%@aietﬂatet %f&&?ﬂdﬁmﬂdﬂ#f&dﬁ%%scoq{&é washed with

water and dried to give a high nolecular weight 5 polynmer (resin P). In

1,000 parts of c@lttfﬁﬁlbtﬁth? el Ok 1 il Garfe el 1040 et hivati dW| €subaa wei ght
pol ymer was di ssol ved t hereafter ethanol was dropw se added in the

resul ting sol upoetr WHikiindg Resdunpl v me Wrayi WwH Gt pdopert begiponent was 10
precipitated by 95% by wei ght. The precipitated high nol ecul ar wei ght
pol ymer conpon&hiernsaswesss ed p/mdlhle/sm eridndregzard dra eidnage gi ve bi nder resin
conponent |.
5 characteristics and anti-blocking properties.
Next, polymers A, C to H and J to 0 as shown
in Table 1, comprised of a styrene—-n-butyl acrylate
copolymer, were prepared in the same manner as in
Example 1 but changing the type and amount of the
10 polymerization initiator, the type of the solvent, the
polymerization temperature-and so forth, and were used

in the following Comparative Examples and Examples.

Comparative Example 4

A binder resin was produced and subsequently a

15 magnetic toner was prepared in the same manner as in
Example 1 except that the resin 0 as shown in Table 1}
obtained using 0.4 part of BPO (benzoyl peroxide) as a
polymerization initiator, was uéed as the high
molecular weight polymer component as it was, without

20 carrying out the fractional precipitation. Evaluation
was also made in the same manner. The molecular
weight distribution of the binder resin, measured in
the same manner as in Example 1, is shown in Fig. 4.
As a result of fhe evaluation, as shown in Table 2,

25 slight fogging was observed even on images at the

initial stage, and extreme fogging was seen on images



The nol etul ar wei ght distribution of this binder resin conponent | was
nmeasured by GPC to reveal that as 15 shown in Table 1 it had a peak
distribution (P2) at a nol ecul ar wei ght of 630,000 and the ratio of the
conmponents having ol ecul ar wei ght of from500 to 100,000 was 12.0% Next,
in a four-necked flask equi pped with a 20 ﬁztrogen gas gui de pipe, a
condenser, a stirrer and a thernoneter, 800 parts of xylene was put, which
was then stirred under a nitrogen gas stream and nmaintained at 90[err]C A

mxture of 8 u y{a% bl i ¥J gngsllm%@ew ?:froﬁuﬁ%% 8er %!, 809 %@:%e4ts3 parts

of di-t- 25 per oxi zation ini'tiator
dropwi se added tﬁgiﬁtgeaégﬁ Qop%r&Q%gogs@eQQQQsalso,_4ﬁe f;xaﬂfa i e

continuous dropping device, and solution polymerization was carried out to

gi ve a solution pacuhkChsanlign Rl ace- @r WicghhgPaby gBbd hbgder resin
conponent B, had been dissol ved. . The nol ‘ecul ar wei ght 5 di stribution of

t he bi nder reS|ntéﬁﬁagaen&eBfwagn@e@@&meﬁmbmcGPC e aevesulithalf ageshown in
Table 1 it had a peak distribution (P1l) at a nolecul ar weight of
) offset test, the offsetting temperature was 200°C,
‘which was inferior to that of Example 1. In the
evaluation of anti-blocking properties, heavy
agglomeration of the toner occurred compared with
Example 1 described above. This was presumably caused
10 bf the poor dispersibility of the re;ease agent
because the peak P3max is exist at-much lower
molecular weight in the high molecular weight region.
Example 2
A magnetic toner was produced in the same
15 maﬁner as in Example 1 except that a low molecular
weight polymer solution containing binder resin
component D was uged. Evaluation was also made in the
same manner. )
Example 3
20 A magnetic toner was préduced in the same
mahner as in Example 1 except that a low molecular
weight polymer solution containing binder resin
component E was used. Evaluation was also made in the
séme manner. -

25 Results obtained in Examples 2 and 3 are shown

in Table 2. Compared with Example 1, the offsetting



12,000 and its MV Mh was 1.95. To the above solution (containing 60 parts

of 10 bi nder resin conponent B), 40 parts of binder resin conponent | and.
4 parts of |ow nol ecul ar wei ght pol ypropyl ene (wei ght average nol ecul ar

wei ght: about 10, 000) were added, and dLsgglyed and m xed therein with

t horough stirring at 100[err] C for about hours, 15 foll oned by renoval
of xylene. An final binder resin for toner was thus obtained. Based on 100
parts of the above binder resin for toner, the following materials were

CFamerer: 0 ' SoperBbGRS) n&pacTiblceR:hg! peosees

2 parts Thereafigiget BRabheRdr1as ikBeadedrusi, 000ashvel- radhawgkRead ng
extruder kept at 80[err]C. The resulting 25 kneaded product was cool ed, and
t hen crushed wi higheuit ebwsirkl, ihoEkewpdeby , pahderhezatiicabuei ng a fine

- 46 - 1 grinding machine using a jet stream The finely powdered
product thus obtempetavase;! aasEkamglesBng However, good results were

5 obtained.

Comparative Example 5

A magnetic toner was produced in the same
manner as-in Example 1 except that a low molecular
weight polymer solution containing binder resin

10 component F was used. Evaluation was also made in the
same manner.

Comparative Example 6

A magnetic toner was produced in the same
manner as in Example 1 except that a low molecular
15 weight polymer solution containing binder resin
component G was used. Evaluation was also made in the
same manner. '
Results obtained in Comparative Examples 5 and
6 are shown in Table 2. Compared with Example 1, the
20 offsetting temperature, the imagé characteristics
after 5.000 sheet running and the anti-blocking
properties greatly lowered in Comparative Example 5,
and the fixing performance, in Comparative Example 6.
Example 4 -
25 A magnetic toner was produced in the same-

manner as in Example 1 except that binder resin K was



msl ti -division classifier making utilization of the Coanda effect, to give
a positively chargeable 5 magnetic fine black powder (magnetic toner)
with a volune average particle diameter of 8.5 [err]m To 100 parts of the
megneti c toner obtained, 0.6 part of posltgyely char geabl e hydrophobi c dry
process fine silica powder (BET specific surface area: 10 200 nmerr]/Q)
and 0.1 part of fine polyvinylidene fluoride powler were added, which were
bl ended using a Henschel m xer to give a positively chargeabl e i nsul ating

magnetic toper RAdGhS| the an PGht hEL 88U P L IAEi RO NSY 1 ¥ind ©NESmPEhENE]. €

surfaces. 15 The nol ecul ar wei ght distribution of the binder
resin for the almnxsyagish i was 08BE0WAAdEERS UtiDsl daméKanmster the fol | ow ng
measuring conditions to obtain the results as shown in Fig. 3. - GPC

measuring conditions - Zkamgppabatus: LC GPC 150C (nmanufactured by Waters
Inc.) Columms: Shodex KF-801, KF-802, KF-803, KF-804, KF- 805, KF-3806,
KF- 807 and KF- 800P ( Shows meghet KcKtpnFenpes apreduced|in r {ige Seament :
Tetrahydrofuran (THF) 25 Flowrate: 1.0 mi/mn Sanple: A sanple with a
sanpl e concént r aamenfasy ip Example 1 except that binder resin L was
used as the high molecular weight polymer component.
Evaluation was also made in the same manner. “
Results obtained in Examples 4 and 5 are shown
in Table 2. Compared with Example 1, the offsetting
10 temperature was slightly lowered in Example 4, and the
fixable temperature, in Example 5, but not on the
level particularly questioned. Other performances

were as good as those in Example 1.

Comparative Example 7

15 A magnetic toner was produced in the same
manner as in Example 1 except that binder resin M was
used as the high molecular weight polymer component.
Evgluation was also made in the same manner.

Comparative Example 8

-20 A magnetic toner was produced in the same
manner'as in Example 1 except that binder resin N was
used as the high molecular weight polymer component.
Evaluation was also made in the same manner.

Results obtained in Comparative Examplesﬁ? and

25 8 are shown in Table 2. Compared with Example 1, the

offsetting temperature and the anti-blocking



-. 47 - 2 7 mg/m was injected in an anount of 0.1 m. As a result, the
peak (Plmax) was at a nol ecul ar weight of 12,000; the peak (P3max) was at a.
nol ecul ar wei ght of 630,000; and the height H1L of the 5 peak Plmax in the
low nol ecul ar wei ght region, the height H0f_ the peak P3max in the high

nmol ecul ar wei ght region and the height H2 of the m nimal point V2m n

bet ween both the peaks were in a ratio HlL: H2: H3 of 9.5:1:4.5; and the Mw Wnh
was 28.0. 10 In the devel opi ng assenbly of a nodified nmachi ne of

an el ect r ophot ogy e ot £ ved r NRHESSL [ PRI éacionr eth byorisamoative. ) from
which its fixing assenbly was renoved, the above magnetic toner was | oaded,

and unfixed | mMgBamEle DPtandethe Mepoiny | ger idrmande, fixi Cgmpasatbire
renoved fromthe copier NP4835 was nodified to be usable as a

t enper at ure- var iEatdmpldemt - pressure roller type external fixing assenbly.
Using this fixing assenbly, a fixing test and an offset test were nmade on
the unfixed i mages. 20 Example 6The external fixing assenbly was set to
have a nip width of 4.0 nmand a process speed of 150 nmm’s, and its

t enper at ures$ were condi td oregneti¢ nteren| wapfproduced in the same -

manner as in Example 1 except that into a solution
containing binder resin C as the low molecular weight
polymer component binder resin H used as the high
molecular weight polymer component was added so that
10 the resin C and resin H were contained 50 parts to 50
parts as binder qgsin components. Evaluation was also
made in the same manner.
Example 7
‘A magnetic toner was produced in the same
15 manner as in Example 1 except that a solution
containing binder resin A as the low molecular weight
polymer component and binder resin I used as the high
ﬁolecular weight polymer component were mixed so fhat
the resin A and resin I were contained in amounts of
20 70 parts and 30 parts respectively, as binder resin
components. Evaluation was also made in the same
manner.
Results obtained in Examples 6 and 7 are shown
in Table 2. Compared with Example 1, the offsetting
25 temperature, the image characteristics after running

. on 5,000 sheets and the anti-offset properties were



5[ert]G within the tenperature range of from 100[err]C to 240[err]C, where
the unfi xed images were fixed at each 25 tenperature. Fixed i mges thus
obt ai ned were rubbed with a | ens cl eani ng paper "Dusper" (trade nane; -
43 - 1 avail abl e from QZU paper Co., Ltgz)_under application of a |oad of
50 g/cnferr]. Afixing tenperature at which inmage density after the rubbing
decreased by 2% or |ess was regarded as fixable tenperature (tenperature 5
at which i mages becone fixable). As a result, the fixable tenperature was
as |ow as T]160[ %rlrj]gqxtﬁfhoﬂ)ﬂgréaaintﬁﬁaﬁnﬁl‘@r'lhaﬂe@uBtEp&ﬁf owhiehst enperat ure
fixing performance. OTfsetting tenperature (tenperature at which offset
begins to occumowdfes B8 860d40[ ethéf perfdrmamves, wehewaaggbhst t he
toner had superior anti-offset properties. An inage reproduction test was
al so carried ows Whdge apnekgahpophot ogr aphi ¢ copi er NP3725 (manuf act ur ed
by Canon I.nc.) having a devel oping sl eeve having been blasted with

anor phous particles, 15CompadatlieesEzampd® 8t ai ni ng on the surface of the

devel opi ng sl eeve was observed. A running test was al so carried out
conti nuousls maki'ng i nejemagnetic toner was produced in the same

manner as in Example 1 except that a solution
containing binder resin E as the low molecular weight
polymer component and binder resin H used as the high
molecular weight polymer component were mixed so that

10 the resin E and resin H were contained in amounts of
35 parts and 65 parts respectively, as binder resin
components. Evaluation was also made in the same
manner.

Comparative Example 10

15 ‘- A magnetic toner was produced in the same
manner as in Example 1 except that a solution
containing binder resin D as the low molecular weight
polymer component and binder resin L used as the high
molecular weight polymer component were mixed so that

20 the resin D and resin L ﬁere contained in amounts of
65 parts and 35 parts respectively, as binder resin
components. Evaluation was also made in the same
manner.

Results obtained in Comparative Examples 9 and

25 10 are shown in Table 2. Compared with Example 1, the

fixing performance was greatly inferior in Comparative



reproduetion 5,000 tines. Both images fornmed at the initial stage and upon
running on 5,000 sheets had a 20 hi gh i nage density Dmax -and were :
fog-free and sharp, showing a high inmage quality, w thout causing no stain
due to toner on the surface of the devel oping sl eeve. The above magnetic
toner was left to stand at 50[err]C in afd?@e? for 2 weeks to test
anti-blockng 25 properties of the toner. As a result, there was no
problem at all. - 49 - 1 Then the resulting toner was observed

using a polariz i%ﬁ#fgc§osgg e, gcgggéégglﬁ%a%eﬁgggéghggsesgggg was

uni formy disper n-toher "par es and n ree particles of the rel ease

agent were seenjﬁh%%e Cﬁé%aggéﬁggﬂ%%§n§£pfﬂét5ﬁh€§alF§§HbésaﬁatQEQ%@ are

shown in Tabl e onparative nmagnetic toner was produced in
the same manner ,]amfngxaﬁpbeoéoegﬁea%stgaa the Bhedeplberingl0  conponent
ar

B (as the .l ow nol ecu wei ght pol yner conponent) and the binder resin’
component | (as 4R spdi-ghe8D! eaUCBRpYLAEIVe PRkYRAPLeCOOPONENt) were m xed in
5 Example 8
A magnetic toner was produced in the same
manner as in Example 1 e#cept that a solution
containing binder resin B as the low molecular weight
polymer component and binder resin H used és the high
10 molecular weight polymer component were mixed so that
the resin B and resin H were in amounts of 65 parts
and 35 parts, respectively, as binder resin
components; Evaluation-was also made in the same
manner.
15 . Example 9
A magnetic toner was produced in the same
manner as in Examplé 1 except that a solution
containing binder resin A as the low molecular weight .
polymer component and binder resin J used as the high
20 molecular weight polymer component were mixed so that
the resin A and resin J were contained in amounts of
35 parts and'65-barts-respectively; as binder resin
components. Evaluation was also made in the same
manner. ' : -
25 Results obtained in Examples 8 and 9 are-shown

in Table 2. Although compared with Example 1, the



amount s rof 90 parts and 10 parts, respectively. Evaluation was al so nmade in
t he same manner. 15 Conparative Exanple 2 A magnetic toner was
produced in the sane manner as in Exanple 1 except that only the | ow

nol ecul ar wei ght pol ynmer conponent, binderggesin conponent B, was used as
t he binder resin conponent 20 for toner in an anount of 100 parts.

Eval uation was al so nmade in the sanme manner. Results of Conparative
Exanples 1 and 2 are shown in Table 2. Conpared - with Exanple 1, both

Conpar at i ve 1Exanyd fase shibng dt éhipesatere| beét tmagdd chardotembseiwst h regard
to fixing performance but were greatly poor in respect of offsetting
tenperature, andafter S@nringrenndiOOectkeeabs candrthpe santiapffiset Wth
regard to inage quality at the initial stage and after running on 5, 000
sheets and anti -iptersd hiepropiohtdy, lovehedoipFsarnte BRanprdsther e
inferior to Exanple 1. 5 Conmparative Exanple 1 showed a little better
results than Co%&#%hl%etfmaﬂﬁﬁéu2?'-#ﬂigxﬁﬂglﬁr%suﬁ%%lVeﬁﬂétﬁowFH@

addi ti on of the high pol ecul ar. wei ght polgner
5 excellent. Other performances were as excellent as

-those in Example 1.

Comparative Example 11

A magnetic toner was produced in the same

manner as in Example 1 except that a solution

10 containing binder resin A as the low molecular weight
polymer component and binder resin K used as the high
molecular weight polymer component were mixed so that
the resin A and resin K were contained in amounts of
70 parts and 30 parts respectively, as binder resin

15 components. Evaluatipn was also made in the same
manner.

Comparative Example 12

A magnetic toner was produced in the same
manner as in Example 1 except that a solution
20 containing binder resin A as the low molecular weight
polymer domponent and binder resin L used as the high
molecular weight polymer component were mixed so that
the resin A and resin L were contained in amounts of
30 parts and 70 parts respectively, as binder resin
25 components. Evaluation was also made in the same

manner.



conpohent, whi ch brought about an inprovenment in the dispersibility of the

rel ease agent.
Exanpl es 1 and

result, in Conparative Exanple 2 free partdg
present between toner particles in a larger quantity than in Conparative

Exanple 1. 15

in Table 1,3 which was useEiQ's RIARAMHY i edRipelt ikeS iFkaimesem | by

To confirmthis 10 fact, the toners of Conparative
2 were observed using a polarization mcroscope. As a

|_es of the rel ease agent were

Conparative Exanple 3 A magnetic toner was produced
in the sane manner as in Exanple 1 except that the resin P itself as shown

fractional -precipitation, 20 was used as the high nol ecul ar wei ght

pol ymer conponeahd Eeakuat ishibwhBSrdlTeb r@de | TdnbareaiTey g Bxanes ul | s
obtained are shown in Table 2. Conpared with Exanple 1 described above,

fi xabl e t enper atheeolffcats iay MHeyipeas thii@ ,eruheC ianagyel lhapfdostedt 1 s9i @S

tenperature becane as |ow as 220[err]C.
i ncrease in conpbnéhes ipridsendt stage andhfter runmigaredi & .00 shedts

wei ght regi ons,
' 5

10

15

20

25

This was presumably due to an

t he

not contributing the fixing and anti-offset, which caused

and the anti-blocking properties greatly lowered in
Comparative Example 11, so the fixing performance, in
Comparative Example 12.

Example 10

A magnetic toner was produced in the same
manner as in Example 1 except that a solution
containing binder resin E as the low molecular weight
polymer component and_bindef resiﬁ H used as the high
moiecular weight polymer component were mixed so that
the resin E and resin H were contained in amounts of
70 parts and 30 parts respectively, as binder resin
components. Evaluation was also made in the same
manner.

Example 11

A magnetic toner was produced in the same
manner as in Example 1'except that a solution
containing binder resin E as the low molecular weight
polymer component and binder resin L used as the high
molecular weight polymer component were mixed so that
thé resin E and resin L were contained in amounts of
35 pafts and 65 parts respectively, as binder resin

components. Evaluation was also made in the same



paor TiXi ng assenbly and anti-offset properties. There were no problens
"With regard to image 5 characteristics and anti-bl ocking properties.
Next, polyners A, Cto Hand J to O as shown in Table 1, conprised of a
styrene-n-butyl acrylate copol ynmer, were_ pédep_ared in the sane manner as in
Exanpl e 1 but changing the type and anount of the 10 pol ymeri zati on
initiator, the type of the solvent, the polynerization tenperature and so
forth, and were used in the foll owi ng Conparative Exanples and Exanpl es.
Conpar ati ve, Exagple 4. A binder resin was produced and subsequently a 15
magnetic toner was prepared in the same manner as in Exanple 1 except that
the resin 0 as shown in Radk e, olobd fhd@di viSE kPl s PEO tagd BPQabenzoyl
peroxi de) as a polynerization initiator, was used as the high nol ecul ar
vei ght pol yner eopeneit Tabidé 28S,AVihdwsh Snpawed Iwitly Examphe 1,
fractional precipitation. Evaluation was also nade in the sane manner. The
nol ecul ar wei ghtthdi ifrfideit ¢ big cfenperdtucke; thsiinageashaedctartibeisane
manner as in Exanple 1, is showmn in Fig. 4. As a result of the evaluation,
as shown i nsTable¢ tar 2unmsinghen f HRPOgshest ard vethe aarbhionf Faages at the
initial stage, and extreme foggi ng was seen on inages _
properties slightly lowered in Example 11, so the

fixable temperature, in Example 11, the results were
still excellent. Other performances were as excellent
as those in Example 1.

10

15

20

25




2,52 5 % after running of image reproduction of 5,000 sheets. Wth regard
to fixing assenbly also, the fixable tinme becane as high as 170[err]C,
showi ng no good | ow- tenperature fixing performance. As a result of the 5
offset test, the offsetting tenperature wag,200C, which was inferior to
that of Exanmple 1. In the evaluation of anti-blocking properties, heavy
aggl oneration of the toner occurred conpared with Exanple 1 descri bed
above. This was presunmably caused 10 by the poor dispersibility of the
rel ease agemt because thgoppalkak3Irex Exampliesty3at - much | ower nol ecul ar

wei ght in the high nol ecular weight region. Exanple 2 A magnetic toner was
produced in the sane 15 A nmagher ias tiofekx sl prodecedptint thie asdnewy

nol ecul ar wei ght pol ymer sol uti on containing binder resin conponent D was
used. Eval uati omamperabsoimisamplehd ssceptarnhert. absadpita o 20

A magnetic toner was produced in the sane manner as in Exanple 1 except
that a | ow nol ecedatannigbt bpokdereresdnut @s ddwet diowi .m@ lsiovdar msight

S polymer component and binder resin K used as the high
molecular weight polymer component were mixed so that
the resin E and resin K were contained in amounts of
75 parts and 25 parts respectively, as binder resin
components. Evaluation was also made in the same

10 manner.

Comparative Exémple 14

A magnetic toner was prpduced in the same
manner as in Example 1 except that a solution
containing binder resin B as the low molecular weight

15 polymef component and binder resin L used as the high
molecular_weight polymer component were mixed so that
the resin B and resin L were contained in amounts of
25 parts and 75 parts respectively, as binder resin
components. Evaluation was also made in the same

20 manner.

Results obtained in Comparative Examples 13
and 14 are shown in Table 2. Compared with Example 1,
the offsetting temperature, the image characteristics
at the initial stage and after running on 5,000 sheets

25 and the anti-blocking properties in Comparative

Example 13, and the fixing performance, in Comparative



cenpohent E was used. Evaluation was also made in the same nmanner. 25
Results obtained in Exanples 2 and 3 are shown in Table 2. Conpared with
Exanple 1, the offsetting - 53-1 tenperature, the anti-bl ocking
properties and the inmage characteristics after 5,000 sheet running were
slightly lowered in Exanple 2, and the fix86l e tenperature, in Exanple 3.
However, good results were 5 obt ai ned. Conparative Exanple 5 A nagnetic
toner was produced in the sane manner as in Exanple 1 except that a | ow

nol ecul ar g ghtePahYTET 130kULE0B-E8RYY Ni2g Biader resin 10  conponent F
| |

was used. val uation was al so made in'the sanme manner. Conparative Exanple
6 A magnetic toner was prRdWsed 1R the sane nanner as in Exanple 1 except
~that a | ow nol ecul ar . 15 — welght pol yner solution containing binder resin

conponent G was used. Exahdghb®ic\WadnakrS@agBieodicbiet ifnaRBe"BIARY -

manner as in Example 1 except that the low molecular

5 weight polypropylene used therein was not previously
added but édded in the step of roughly mixing as with
the matérials such as the triiron tetraoxide and.
Nigrosine. Evaluation was also made in the same
manner. Compared with Example 1, the image |

10 characteristics (fogging), the anti-offset properties
and the anti-blocking properties were slightly poor.
To investigate the reason why the anti—blécking
properties was slightly poor, the toner before use in
the processing was observed using a polarization

15 microscope to reveal that a number of free particles
of the release agent were present between toner
particles. Such free particles of the release agent
are presumed to have caused slightly poor anti-

blocking properties compared with Example 1.

20
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Resul t s* obtai ned in Conparative Exanples 5 and 6 are shown in Table 2.
Conmpared with Exanple 1, the 20- offsetting tenperature, the inmage :
characteristics after 5,000 sheet running and the anti-bl ocki ng properties
greatly lowered in Conparative Exanple 5, and the fixing performance, in
Conparati ve Exanple 6. Exanple 4 25 - 63 - A magnetic toner was produced
in the sanme manner as in Exanple 1 except that binder resin K was - 54 -
1 used as the high nol ecul ar wei ght pol yner conponent. Eval uation was al so
made in the same manner. Exanple 5 A nagnetic toner was produced in the
sane 5 manner as in Exanple 1 except trhbllebiinder resin L was used as the
hi gh nol ecul ar wei ght pol ynmer conponent. Eval uation was al so made in the
same manner. Results obtained in Exanples 4 and 5 are shown in Table 2.
Conmpared with Exanple 1, the offsetting 10 tenperature was slightly

| onered in Exanple 4, GHE efelowxnplecudapergighs podymeanpl e 5, but not on

the level particularly questioned. O her perfornances
Component with

Polymer Peak value Mw/Mn molecular weight
5 P1 ' of >500,000
(xa0t) (%)

A 0.82 2.01 0

B 1.20 1.95 0
10 - C 1.50 1.83 0

D 0.60 2.09 d

E 1.80 _ 1.69 0

F 0.42 2.13 0

G 2.5 1.61 0
15
20
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were as*good as those in Exanple 1. Conparative Exanple 7 15 A
magneti c toner was produced in the same manner as in Exanple 1 except that
bi nder resin Mwas used as the high nol ecul ar wei ght pol yner conponent.

Bval uati on was al so nade in the sane manner. Conparative Exanple 8 20

A magnetic toner was produced in the sareggarner as in Exanple 1 except
that binder resin N was used as the high nol ecul ar wei ght pol yner

conponent. Eval uation was al so made in the sane manner. Results obtained in
Conpar ative Exanples 7 and 25 8 are shown in Table 2. Conpared w th Exanple

1, the offdetting tenperature and tHebdet iil- Hicoalti'dd - 55 - 1 properties
were greatly inferior in Conparative Exanple 7, and the fixing perfornmance,
in Cbnparative Exanple 8 Exanple 6 5 A magnetic toner was _
produced in the sane manner as in Exanple 1 except that into a sol ution
.cont ai ni ng bi nder_resi@P¢ af hhmmmﬂﬁémlifmer
Component with Component with
Poly- Peak value molecular weight molecular weight
S mer Pl of 500 to 100,000 of >500,000
4 .
{x107) : (%) (%)
H 40.5 14.5 45.2
I 63.0 12.0 _ ~ 54.0
10 J 79.0 9.2 61.9
K 29.0 7.3 40.1
L 87.0 4.1 16.0
M 18.0 - 18.5 22.3
N 106.0 2.0 83.0
15 0 14.0 36.0 14.8
P 53.0 ~ 32.5 39.5
20

25



pol ymér 'conponent binder resin H used as the high nol ecul ar wei ght pol yner
conponent was added so that 10 the resin C and resin H were contained 50
parts to 50 parts as binder resin conponents. Evaluation was al so nade in
tthe sanme manner. Exanple 7 A magnetic toner &fs produced in the sanme 15
manner as in Exanple 1 except that a solution containing binder resin A as
the | ow nol ecul ar wei ght pol yner conponent and binder resin | used as the
hi gh nol ecul ar wei ght pol yner conponent were mixed so that the resin A and
resin | were contained in anounts of 20 70 parts and 30 parts respectlveiy,

as bi nder rgsin.coffponents. Eval uation was al so made in the same manner§
. . m
Resul ts obtai ne®in Exanflles & RIS & g dhovidolall 8 2.« 2@maE gd M ¢h
Exanpl e 1, tlhe offgetting 25 tenperature, the inage characteristics jaf er
runni ng on 5 00@:%§eets and the anti-offset properties were - 56 -| 19
slightly Iow%r.e@iq; Exarmal e 7, resul t & of which, bowever, were geod. |Ctfer
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a§' t‘hoSe in Exanple 1. Conparative Exanple 9 5 A magnetic toner
was produced in the same manner as in Exanple 1 except that a solution .
cont ai ning binder resin E as the | ow nol ecul ar wei ght pol yner conponent and
bi nder resin H used as the high nol ecul ar_vgeé' ght pol yner conponent were

m xed so that 10 the resin E and resin H were contained in anounts of 35
parts and 65 parts respectively, as binder resin conponents. Evaluation
was al so made in the same manner. Conparative Exanple 10 15 A
magnetic tongr was producgd tdbide2 SaEt fRN NG mRS1d M AXANPAE 1584CgRt t hat
a solution containing binder resin D as the |I'ow nol ecul ar wei ght pol yner

conponent and bi FdgitH egidlidatsLk RS £HE1 sy Mol ecul ar wei ght pol yner
conponent were m xed so that 20 the resin D and resin L were contained in

amounts of 65 par Imagk Fhoddteraspaed ivel y, as binder resin conponents.
Eval uation was al so made in the same manner. Results obtained in
Conpar ati ve Exanpl es &2 arb 2ogdinagraet sdablvn in Table 2. Conpared with
Exanple 1, the fixing performance was greatly inferior in Conparative
5 AB: Fogging slightly occurred.
B: Fogging greatly occurred.
BC: Fogging very greatly occurred.
- Anti-blocking -
A: No blocking at all.
10 AB: Slight blocking'occurred.
B: Agglomeration a little occurred.
BC: Agglomeration considerably occurred.
C: Almost solidified.
CC: Completely solidified.
15

Comparative Example 15

A high molecular weight polymer Q was prepared
in the same manner as the resin P in Example 1 e#cept
for using benzoyl peroxide as the polymerization

20 initiator. The high molecular weight polymer Q thus
obtained had a distribution peak (P2) at a molecular
weight of 220,000, containing the component present in
the region of a molecular weight of from 500 to
100,000 by 32%, and the component present in the_

25 region of a molecular weight of not less than 506,000

by 11%, and had a value Mw/Mn of 1.7.



-57 ' 1 Exanple 9, and the offsetting tenperature, so the inmge
characteristics at the initial stage and after running on 5,000 sheets and
the anti-bl'ocki ng properties, in Conparative Exanple 10. 5

Bxanpl e 8 A magnetic toner was produced in.the same manner as in Exanple 1
except that a solution containing binder resin B as the | ow nol ecul ar

wei ght pol ynmer conponent and bi nder resin H used as the high 10 nol ecul ar
wei ght pol yner conponent were mixed so that the resin B and resin Hwere in

anounts of g5 parts and ﬁéx?aréslo%eﬁeﬁééhYﬁkyWeééh@'BQQQmE?SRanQﬁDOHEHtS
Eval uati on was al so made in fhe sane nanner.

magnetic toner VgSepaPEdced tﬁetééméaﬂﬁnﬂaﬂnéé €§e|9e513”9|inﬁﬁﬁaﬁmé‘ihat
a solution containing binder resin A as the | ow nol ecul ar wei ght pol yner

conponent and bindexcepsi fod useflgabehBRoyhi gerdkidemakeehkar wei ght pol yner
conponent were mxed so that the resin A and resin J were contained in
anounts of 35 pavdkymenlifstpant $nitiptorivelhe lhoewbmadleculesi weight
5 polymer R thus obtained had a distribution peak (P1)

at a molecular weight of 12,000, had.a value Mw/Mn of

1.7, and contained substantially no component present

in the region of a molecular weight of not less than

500,000.

10 To 300 parts of xylene, 66 parts of low
molecular weight polymer R, 34 parts of high molecular
weight polymer Q and 4 parts of low molecular weight
po}ypropylene were added, and mixed therein while
heating them to 100°C, followed by the removal of

15 xXylene. A binder resin was thus prepared.

The binder resin obtained had Pimax at a
molecular weight of 12,000, P3max ét 220,000, H1:H2:H3
of 9.5:1:4.5 and Mw/Mn of 21, and contained 3% of the
component present in the region of a molecular weight

20 not less than 500,000.

Except for using this bindér resin, a magnetic
toner was produced in the same manner as in Example 1.
An image reproduction test was also carried out in the
same manner as in Example 1 to make evaluation. _As a

25 reéult, the fixable temperature was 160°C, but thé

offsetting temperature was 200°C, which was lower than



conponents. Eval uation was al so nade in the same nmanner. 25

Results obtained in Exanples 8 and 9 are shown in Table 2. Although
conpared with Exanple 1, the - 58 -1 of fsetting tenperature, the
iyrage characteristics after running on 5, 000 sheets and the anti-offset
properties slightly lowered in Exanple 8; @hdthe fixable tenperature, in
Exanple 9, the results were 5 excellent. Oher performances were as
excellent as those in Exanple 1. Conparative Exanple 11 A magnetic toner
was produced in the same manner as in Exanple 1 except that a sol ution 10

cont ai ni ng bi nd&hate8ifn Example,d oﬁ%l%ﬂﬂ’%ﬁ?aW%]h'fa’b%‘F yHervwibehoheat-and
bi nder resin K used as t hi gh m)l cul ar Jel %t'é\ ﬁgl]a/ onponent were

m xed so that tRESPEYFT A% VETRERS |91°%1 unts of 70 parts
and 30 parts resge%t.l V%Iry,wa%s '%or[}%% resin 15 conponents. Eval uati on was

al so made in thE RAASPENNES nparative Exanple 12

10

15

20.

25 |



A. magnetic toner was produced in the same manner as in Exanple 1 except
that a solution 20 contai ning binder resin A as the | ow nol ecul ar wei ght
pol ymer conponent and binder resin L used as the high nol ecul ar wei ght
pélyner conmponent were m xed so that the resin A and resin L were contained

I n anounts of 30 parts and 70 parts r nder resin 25
conponents. Eval uation was al so made i WHISHRHEE %ﬁﬁﬂ%r - 59 - Results
obtained in Conparative Exanples 11 and 12REPeAGERWN id Table 2. Conpared

with Exanple 1, the offsetting tenperatugg, _the i mage charaeteristics at

F e

the initial stage and after running on 5,000 sheets 5 and
anti-bl ocking properties greatly |owergglargsConparative ExaH"mu MIIHHMJJH",
fixing performance, in Conparative Exanpl € 12. Exanple 10 A UcCw *

was produced in the sane 10 manner as in Exanple 1 except that a solution

cont ai ning binder resin E as the | ow nol ecul ar wei ght pol yner conponent and

bi nder resin H used as the high

1. A binder resin for use in making a magnetic toner
5 comprising a non-crosslinked styrene polymer, a
non-crosslinked styrene 'copolfmer or a mixture of
these and which has in its molecular weight
distribution pattern measured by gel permeation
chromatography (GPC), at least one maximal point
10 (peak) in each region of a low molecular weight of
from 5,000 to 20,000 and of a high molecular'weight of
from 200, 000 to 1, 000, 000 where a height H1 of a
maximum peak . in the low molecular weight region, a
height H3 of a maximum peak in the high molecular
15 weight region and a height H2 of a minimal point
between both of séid peaks satisfy the relationship
HI:H2:H3 of 3 - 25 : 1 : 1.5 - 12; and has a weight
éverage molecular weight Mw and a number average
molecular weight Mn in a ﬁalue Mw/Mn of from 15 to

20 80. .

2. A binder resin according to claim 1, which has in’
its molecular weight distribution measured -by GPC a
value Mw/Mn of from 22 to 60. ”

25
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mol écul ar wei ght pol ymer conponent were m xed so that the resin E and resin
H were contained in amunts of 15 70 parts and 30 parts respectively, as
bi nder resin conponents. Eval uation was al so nade in the same nanner.

Exanpl e 11 A magnetic toner was produced |n manner as

nmol ecul ar wei ght pol yner conponent |@EAC?' Shgeg jﬂm “l“"!ﬂ”m”““l

nol ecul ar wei ght pol ynmer conponent X€d so that the resin E and resin
L were contained in anounts of 25 35_papts and 65 parts respectively, as
bi nder resin conmponents. Evaluation was al so made in the sane - 60 -1
manner. Results old ai nedl ipikiespl eesif agdotrdiagetshedaimniTakl €,2which
Al t hough conpared with Exanple 1, the offsetting tenperature, the inmage
characteristics 5 hasaftid rimosi ngodectlaf0 swkéghs addstirébattionof feedttern
properties slightly lowered in Exanple 11, so the fixable tenperature, in
Exanpl e 11, the reosedseredreby GPC a peak in each region of a low

molecular weight of from 8, 000 to 16, 000 and of a

5 high molecular weight of from 400, 000 to 800, 000.

4. A binder resin according to any preceding claim

which has in its molecular weight distribution pattern

measured by GPC the relationship H1:H2:H3 of 6 - 20

10 1 :3 - 9.

5. A binder resin according to claim 1, which has in
its molecular weight distribution pattern measured by
GPC a value Mw/Mn of from 22 to 60, and a maximal
15 point (peak) in each region of a low molecular weight
of from 8,060 to 16, 000 and of a high molecular
weight of from 400,000 to 800,000 where a heigﬁt H1l of
a maximum peak in the low molecular weight region, a
height H3 of .a maximum peak in the high molecular
20 weight region and a-H2 of a minimal point between both
of said peaks satisfy the relationship H1:H2:H3 of 6 -

20 ¢ 1 : 3 -~ 9.

This Sheet Has Been Replaced




still excellent. Other performances were as excellent as those in Exanple

1. 10 15 20 25 - 61 - Cbnparatlve Exanpl e 13 A magneti ¢ toner was
produced in the same manner as in Exanple 1 except that a sli“m“m’“lu llll II“I
contai ning binder resin E as the | ow nol ecul ar wei ght 5 pol

and binder resin K used as the high nplecular wei ght pol yner® cSnpbnefit %ere
m xed so that the resin E and resin K WBISSKERT BhO@dEN T} anounts of 75 parts
and 25 parts respectively, as binder fesinREpbpoEent s. jEval uati on was al so
made in the sanme 10 manner . Conpar atdi va Exa magneti c toner was
produced in the sane manner as in Exanple 1 except that a solution

cont ai ni ng binder 6esih Biadetrheelsdw mmicecdiag wei giny & qiaiymerl coapobent

and binder resin L used as the high
which contains from 5% to 30% of a high molecular

-~

weight component presenﬁ in the region of a molecular

weight of not.less than 500, 000.

7. A binder resin according to any of claims 1 to 5,
which contains from 7% to 25% of a high molecular
weight component present in the region of a molecular
weight of not less than 500, 000.

10
8. A process for preparing the binder resin of any
of claims 1 to 7, which comprises the steps of:
dissolving in é solvent a low molecular weight polymer
having, in the molecular weight distribution pattern

15 measured by GPC, a maximal point (peak) in the region
of a molecular Weight of from 5,000 to 20,000 and
having a value Mw/Mn of  not more than 3:0, a high
molecular weight polymer having a maximal point (peak)
in the region of a molecular weight of from 200, 000

20 to 1, 000, 000 and containing not -more than 30% by
weight of a component present in the region of a
molecular weight of from 500 to 100,000 and an
olefin; and -
removing said solvent. |

25

Sheet Has Been Replaced
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mol écul ar wei ght polymer conponent were mixed so that the resim B and Tesin
L were contained in amounts of 25 parts and 75 parts respec“"'ﬂl)mmmuum”l"
bi nder resin conmponent s. Eval uati on was al so nade in the sa l
Resul ts obtained in Conparative Exanples 13 and 14 are shown”in®Tabl & 2.5 *
Conmpared with Exanple 1, the offsetting tenperature Re | mage
characteristics at the initial stage g#g g@rnmamﬁﬁﬁ bn 5, 000 sheets 25
and the anti-blocking properties in uﬁﬁé tdpr@CERanpl el 13, and the fixing
performance, in Conparative - 62 - 5 pre 14 were greatly inferior.
Exanpl e 12 A magnetic toner was produced in the sane manner as in Exanple 1
except that the | ow.nol ahd Frdressieifyhdl ik ypryipateine smiadl Idweredhepaiapot
previ ously added but added in the step of roughly mxing as with the
materials such as wedght ipodiynteat r aadidichiagid mé posiar . waghtugpebymersantso
made in the sane manner. Conpared wth Exanple 1, the inmage 10
characteristics (faggiol@fin kerantisssiiwet yhioberhéasing them.

5 10. The process of claim 8 or 9, wherein said low
molecular weight polymer is a polymer prepared by

solution polymerization.

11. The process of claim 8, 9 or 10 wherein said low
10 molecular weight polymer is a polymer prepared by
solution polymerization, and the same solvent as used
in said solution polymerization is used as said
solvent for dissolviﬁg said high molecular weight
polymer and a polyoefin.
15
12.. The process of any of claims 8 to 11 whergin said
high molecular weight polymer is a polymer prepared by

suspension polymerization.

20 13. The process of any of claims 8 to 12, ‘wherein
said high molecular weight polymer is prepared by
fractionation so as to contain 30% or less by weight
of the component with a moleculér weight of -from 500
to 100, 000. “

25
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apd’the-anti-blocklﬁg‘properties mere'slightly poor. To investigate the

reason why the anti-blocking properties was slightly poor, the toner before.

use in the processing was observed using a polarization 15, I croscope to—— , Crosc
I

reveal that a number of free parthIeg of the release gen mjlﬁﬁ"ﬂ""l,

bet ween toner particles. Such free pa?fmﬁSSBEEﬂHA&@EEEIeas
presumed to have caused slightly poorianti -REBL&EEPng prjoperties conpare

with Exanmple 1. 20 25 - 63 -1 Table 1 GPC
of | ow nol ecul ar wei ght pol yner Conponeng w th Pol ymer Peak val ue
Mn~ Vh nol ecul ar wei ght 5 P1 of
>500, 000 (x10[err])4a. The process of t¥iRA 13, where@n82said highOl
0B 1.20 1.95 010 =~ C 1.50
1.83 O mdlecular weflgh@ polymer2. 28 prepared by fractional
precipitation.
5 15. A magnetic toner composition comprising a binder

resin as claimed in any of claims 1 to 5 or made by
the process of any of claims 6 to 14, a magnetic

material and a polyolefin.

10 16. The magnetic toner of claim 5, wherein said
polyolefin is present in an amount of from 0.1 part by
weight to 20 parts by weight based on 100 parts by

weight of said binder resin.

15 17. The magnetic toner of claim 6, wherein said
polyolefin is preéent in an amount of from 0.1 part by
weight to 10 parts by weight based on 100 parts by

weight of said binder resin.

20 18. The maghetic toner according to any of claims 15
to 17, wherein said magnetic material is present in an
amount of from 60 parts by weight to 110 parts by
weight based on 100 parts by weight of said- binder
resin. |

25

This Sheet Has Been Replaced

T




E : 1.80 1.69 0 F 0.42 2.13
0°G 2.5 1.61 0 15 20 25 - 64 - 1

Table 1 (cont'd) GPC of high nol ecul ar wei ght pol yner Conponent with
Conmponent with Poly- Peak value nolecul ar weight ul ar _wei

N L el T
(%9 H 40.5 14.5 TH;S REPL%%EQ I 5 - ﬂ) L N 0§ &
7.0

12.0 54.0 10 J !

61.9 K 29.0 7.3 - 74 - 40.1 L 8

4.1 . 76.0 M 18.0 , 18.5 22.3 N
106. 0 £99 | The mggpgtics%d%e¥5accd¥%§ﬁ? td“ﬁﬂ& of claims $8-0

14.8 P 53.0
' to 18, wherein said magnetic material is contained in

an amount of from 65 parts by weight to 100 parts by
weight based on 100 parts by weight of said binder

S resin.

20. The magnetic toner according to any of claims 15
to 19, wherein said polyolefiﬁ has  a weight average
molecular weight of from 2,000 to 30, 000.

10
21. The magnetic toner according to any of claims 15
to 20, wherein said polyolefin has a weight average

molecular weight of from 5,000 to 18,000.

15 - 22. The magnetic toner accordingg to any of claims 15
to 20, wherein said polyolefin comprises a
polypropylene having a weight average molecular weight

of from 2, 000 to 30, 000.

20 23. A method for developing and fixing electrostatic
image which comprise applying to the image a toner as
claimed in any of ciaims 15 to 22, transferring the’
image to a recording sheet and passing the recording

sheet through a heated roller fixing station.

25 _—
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20 25 . -65- [err]" - 66 - 1 I(m%’ € 2, I!et‘ SSTEE |- werom
"AB" and so forth indicates the foll oW ng=d-s scttibalct|e st kﬁgﬁ? ﬁtﬁl@o
fogging at all. 5 AB: Foggi ng sl curred. B \.Eogg-Ag—grearTy .

occurred. BC: Fogging very greatly occurt&d —~ Anti - bl ocki ng- A No
bl ocking at all. 10 AB:  Sli ghip&t hng occurred. B: Aggloneration a
little occurred. BC. Aggloneration considerably occurred. C Al nost

solidified. ClD Complan et ¥c sediek f AxSl. PROCESS FOR PRODUCING MAGNETIC TONER

A magnetic toner which is excellent in the low
temperature fixability and the anti-offset properfies
is disclosed. The binder resin of the toner comprises

5 a non-crosslinked styrene polymer, a non;crosslinked
styrene copolymer or a mixture of these, and a
polyo}efin, wherein;

the binder resin has, in its molecular weight
distribution pattern measured by gel permeation

10 chromatography (GPC), at least one maximal point
(peak) in each region'of a low molecular weight of
from 5,000 to 20,000 and of a high molecular weight of .
from 200,000 to 1,000,000, where a height Hl of a
maximum peak in the low molecular weight region, a

15 heiéht H3 of a maximum peak in the high molecular
weight region and a height H2 of a minimal point_
between both of said peaks satisfy the relationship

H1:H2:H3 of 3 - 25 : 1 : 1.5 - 12; end has a weight
average molecular weight Mw and a number average

20 molecular weight Mn in a value'Mw/Mn of from 15 to 80.

e
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15 Conparative Exanple 15 A hi gh nol ecul ar wei ght pol yner Q was prepared in
the sanme manner as the resin P in Exanple 1 except for using benzoyl

per oxi de as the polynerization 20 initiator. The high nol ecul ar wei ght
pol ymer Q thus obtained had a distribution peak (P2) at a nol ecul ar wei ght
of 220,000, containing the conponent present in the region of a nolecular
wei ght of from 500 to 100,000 by 32% ahg’Zhe conponent present in the 25
region of a nol ecular weight of not |ess than 500,000 by 11% and had a
val ue Mv M\n of 1.7. - 67 -1 Next, a | ow nol ecul ar wei ght

pol ymer R was prepared in the sane asqthe resin B in Exanple 1
except for using benzoyl peroxide qEP z;tpo?Znerization initiator. The | ow
nol ecul ar wei ght 5 pol ymer R thus obtained had a distribution peak (P1)
at a nol ecul ar weight of 12,000, had a value Mv Mh of 1.7, and contai ned
substantially no cqnponent-prese in the region of a nol ecular wei ght of

not |ess than SOOEQEFLJS

(



1g ' To 300 parts of xylene, 66 parts- of |ow nol ecul ar wei ght
polymer R, 34 parts of high nolecular weight polyner Q and 4 parts of | ow
npl ecul ar. wei ght pol ypropyl ene were added, and mi xed therein while heating
themto 100[err]C, followed by the removal of 15 xyl ene. A binder resin
was thus prepared. The binder resin obtaiped had Plnax at a nol ecul ar

wei ght of 12,000, P3max at 220, 000, HL: B2’ of 9.5:1:4.5 and Mv Wnh of 21,
and contai ned 3% of the conponent present in the region of a nolecul ar

wei ght 20 = not |ess than 500, 000. Except for using this binder resin, a
magneti c toner was produced in the sane er as in Exanple 1. An inmage
reproduction test was also carried ouyﬁzzzgﬂe me manner as in Exanple 1
t-o make evaluation. As a 25 result,’ the’fi | e tenper ajA4Pgnaes
160[err]C, but the offsetting tenperature was 200[err]C, ich was | ower

t han - 68 -1 that of Exanple 1. The tenperature r%ﬂgznin whi ch heat --

pressure fixing can be conducted in a good contition wa arrow. 5

P3_ma_x

{
5x106 M3 M2 MU 500

'LOG MOLECULAR WEIGHT



10 15 20 25 69 The clainms defining the invention are as follows: 1. A
magneti c toner conprising a binder reS|p and a magnet i erla sai d

bi nder resin conprising a non-crosslinked styrene polyié 3&»2’
.non-crosslinked styrene copolyner or a ggxture of thes and a IOM/nDIecuIar
wei ght pol yol efin, wherein: said non-Crdsslinked styrene p d
non-crosslinked styrene copol ymer or sald m xture of these’In sald ¥ nder

Lgflrrgatlﬁgn ;:hr oérrbgl?f ogr W (%@ gﬂ{?@# ag;%ﬁ%l%#iﬁrﬁ%weg%@l %eleach

‘region of a | ow nol ecul ar wei ght fron15 000 to 20,000 and of a high

nol ecul ar wei ght from 200, 0Q8g5@a&r0B8, RRR, pHaeteshRe hei ght Hl of the
~mexi num peak in the | ow nol ecurar Wergnht region, the height H3 of the

“maxi mum peak in the high nol ecular weight region and the height H2 of the
m ni mal poi nt between both of said peaks satisfy the relationship Hl: H2: H3

of 3-25:1:1.5-12, amdmagﬁeaweit@hbrawme i®| eedbBlenei ght tMy arsly a nunber
average nol ecul ar_wei yal ue My.Mh from to 80 and t?sal d bi nder

Fesi n° s or epet ePAtite FiFH 146y SPEIGEERS e BEEP
non- crossl i nketls sdigchesedl yiMhe bidder eepdhystrtiaviorer reduyerimdsecul ar

wei ght di stribytlgn paLLgs B REASWEGHeRY BoTyasd® PHIRlc RO 1SRN 11

t he regi on of
styrene copolymer or a mixture of these, and a

polyolefin, wherein;

the binder resin has, in its molecular weight
distribution pattern measured by gel permeation
chromatography (GPC), at least one maximal point
(peak; in each region of a low molecular weight of
from 5,000 to 20,000 and of a high molecular weight of
from 200,000 to 1,000,000, where a height Hl of a
maximum peak in the low molecular weight region, a
height H3 of a maximum peak in the high molecular
weight region and a height H2 of a minimal point
between both of said peaks sat.ilsfy the relationship
H1:H2:H3 or 3 - 25 : 1 : 1.5 - 12; and has a weight
average molecular weight Mw and a number average
molecular weight Mn in a value Mw/Mn of from 15 to 80/.
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mol ecul ar Wert . 20, 000 an Q%&Fg» a?val u 2 rle
“than 3.0, ahﬂ%“ﬂiﬂmm ght non-crgssl I nked styreEehﬁ%%@ NES’HFEP
topol yner hav : mex | rfal *poi nt  ( peak) |:Egg§e j onjof a nol ecul ar :
wei ght from 200, 000 to 1, 000, 000, and said nol | a meiZgbtAUﬁ)ﬂ?R?l efip;
and renoving_said solvent therefrom 2. Theggragnetic toner according t
-claim 1, wherel c%l? kst [ e W | ecul ar rgnt_di stributi gn
nmeasur ed by G?@ga va lﬁ?%&?@%lgﬁ?&ézﬁtfgﬁ%g@ 70 31 The nmagnetic :
toner according to ¢l ai MagnifiCtcher copsiky Abiider@edifl 2% thigrelis niddpg UiAd
wei ght distribution patterr% measured by GPC a peak in each region of a |ow
ol ecul ar wei gifidepkesid Qbin! rieﬁg 2 fonléroS¥iiaked sryeénecpdlydibr, OhGCeHoss iriked Styteref
from 400, 000 to 800, 000. 4. he magnetic toner according to claim1,
wherein sai d Rppsigmet osamixasreiof thdss and adowl molevwlagveight polyolzfin, eherridit er n
measured by GPC the relationship Hl: H2: H3 of 6-20: 1 :3 -9. 5. The

magneti ¢ toner accsaidi nop-¢rossiinkednstyrenstpoiymer, saiddndn-crdssiinked styrémescopolyimes or
‘mol ecul ar wei ght distribution pattern nmeasured by GPC a value Mv Mh of from
22 to 60, and ssaidmaixrurglofshesatin Spiddiinderresin dns,ripgisomoletular weightdissihution

wei ght of from 8,000 to 16,000 and of a high nol ecul ar weight of from
400, 000 to 80QawWHD, megsurast bmgelr@r@mtxqalcmmwmiﬁ(ﬁi?rﬁ)péhl%astmnp eaxiga} point

nol ecul ar wei ght . region, the height H3 of the Xi eak in the hjgh
mol ecul ar wei &ﬂak{ BhFaH réﬁﬂ’nt‘?fé_ ﬁ@'l @HW W‘Shggf‘?ﬂqgi ‘°§t9'$90 H@t%ééeh‘gﬁot h
of said peaksxﬁso?ét:'ufgrywéigﬁt frgtlna‘idoc,)&%] {dp 1 %%,ﬁh&l{e tgé %gight H1 of the maximum

peak in the low molecular weight region, the ﬁeighl: H3 of the maximum peak in the

high molecular weight region and the height H2 of the minimal point between both of
- said peaks satisfy the relationship H1:H2:H3 of 3-25:1:1.5-12, and has a weight

average mélecula.r weight Mw and a number average molecular weight Mn of a value
Mw/Mn from 15 to 80 and

said binder resin is prepared by dissolving in a solvent a low molecular weight
non-crosslinked styrene polymer and/or copolymer having in the molecular weight |
distribution pattern measured by GPC, the maximal point (peak) in the region of a
molecular weight from 5,000 to 20,000 and having a value Mw/Mn of not more.than
3.0, a high molecular weight non-crosslinked styrene polymer and/or copolymer having
the maximal point (peak) in the region of a molecular weight from 200,000 t0
1,000,000, and said low molecular weight polyolefin; and re;moving said solvent
therefrom.

2.  The magnetic toner according to claim 1, wherein said binder resin has in

its molecular weight distribution measured by GPC a value Mx/Mn of from 22 to 60.



dissolving in a SolVertt & | 6w mol ecul ar wei ght pol yner havi 7 8 AbG 1997
nol ecul ar wei ght distribution pattern neasured by GPC, the xi mal poi nt
(peak) in the region of a nolecul ar weight dP from5, 000 tq 26-666—amd
havi ng a val ue Mv Bh ofTheahagnetie tdneaacc®rding do dlagh hoviereinasdidvwnddrt reginl hassdn J
havi ng, the maximal point (peak) in the region of a nolecular werght of
from 200, 000 tis mole@danweighhdiszbution parerniesaswisddn GBE Bpeakoin gacheragion of a a
conmponent present in the region of a nolecular weight of from50Q to

100, 000, and doW eplesnlarcweight Qlcliremi8.0H) spol%wwnr&ﬁcgja highomplegulan weighs { &rom

71 7. The magneti to% % cording to claim6, wherein said | ow nol ecul ar

wei ght pol ymal"f,0050§pd° 5@*9 ﬁol ecul ar wei ght polyner and said | ow nol ecul ar

wei ght polyolefin gre di,ssolved while heatin he . _.The, pnetic toner
according to clai m™, (TRREReEG fQper 6%°@P&é%FMi“§H°*Béﬁg¢:Eﬁd?f§e§n has in
pol ymer prepar.ed ol ut. POl rizatiaon e [1C,: I ONEl vrs v74. 77~
Bocoraing to- 4 e HeRBl 4 SEHEE o Masties MECERINE Hisudpplay moars
pol yner prepargg _bzq spl.yti@n polynerization, and the sane solvent as used
in said solution pol yrnerization is used as said solvent for dissolving

sai d hi gh nol ecul a5, polyEBhagreak thrdt dEbot@ing ¢! CRImVE ivtiereiR QhidBAd@ YEsiAHall in

ol efi n.

¥ ] ’ : : : AL ET
Fesin v a or noo AMEARHIIUREFIN5y% o ocess “conpr i ng ?ga Hfhtt
nd, _

its molecular weight distribution pattern measured by GPC a value Mw/Mn of from 22 |
to 60, and a maximal point (peak) in each region of a low molecular weight of from
8,000 to 16,000 and of a high molecular weight of from 400,000 to 800,000, where the
height H1 of the maximum peak in the low molecular weight region, the height H3 of
the maximum peak in the high molecular weight region and the height H2 of the
minimal point between both of said peaks satisfy the relationship H1:H2:H3 of 6 -20:
1:3-9.

6. The magnetic toner according to claim 1, wherein said binder resin is a
binder resin prepared by a process comprising the steps of:

dissolving in a solvent a low molecular weight polymer having, in the molecular
weight distribution pattern measured by GPC, the maximal point (peak) in the region of
a molecular weight of from 5,000 to 20,000 and having a value Mw/Mn of not more
than 3.0, a high molecular weight polymer having the maximal point (peak) in the
region of a molecular weight of from 200,000 to 1,000,000 and containing not more
than 30% by weight of a component present in the region of a molecular weight of
from 500 to 100,000, and a low molecular weight polyolefin; and

removing said solvent.



10. The magnetic l] MI Utl Luglio claim6, wherein saifd

- wei ght pol yrer iISI I H d by suspension poly rld;yggﬂgww)é“ﬁcgh
magneti c toner according “to cIa|n16 wherein said high cul ar wei ght

polymer is prepared by fractionation so a to contain 309

of the conponent | ec frrom 500.t0.
magneti c '[rgne_r accor dlﬁbgﬁﬁg%ﬁlﬁ&%ﬁ?%eacgaﬁqé‘?%fondgng WPE;W
" polynmer is pr r
Bocordi ng t 6 SrEolyMel A hER Mol Mitiglt ddifmed dug JIE |
- from 0. % par hololemi gllgtdlggg,l.,?eg WRild Redtih §w‘ﬂht based on 100 parts by wei ght
of said bindér ‘resin. . he nmagneti € toner according to claim1, wherein

sai d polyolefin is. connwm etié taflerauBordingoo dlaipi™s Owheded $aid iy dr0 10
parts by wei ght based on g%Z 100 parts é§&VE|ght of saldlb¥ﬁ§§¥ reé#n

15. The magneteightipolymerniscaopelimer prepated by solutidicpslymetigdtibnragnet i c materi al
is contained in an

9.  The magnetic toner according to claim 6, wherein said low molecular .

o

i ght

weight polymer is a polymer prepared by solution polymerization, and the same solvénz '

as used in said solution polymerization is used as ‘said :: : solvent for °

dissolving said high mnhxmhm:wenﬂﬂ:pdhmer saulhnjlnnlanﬂar
weight polymer and said olefin.

10. The magnetic toner according to claim 6,
wherein said high molecular weight polymer is a

polymer prepared by suspension polymerization.

il1. The magnetic toner acco;ding to claim 6,
wherein said high molecular weight polymer is prepared
by fractionation so as to contain-30% or less by |
weight of the component with a molecular weight of

from 500 to 100,000.

12. The magnetic toner according to claim 11,

wherein said high molecular weight polymer is prepared

by fractional precipitation.

13. The magnetic toner according to claim 1,
wherein said polyolefin is contained in an aﬁount of
from 0.1 part by weight to.ZO parts by weight based on
100 parts by weight of said binder resin.

14. The magnetic €oner according to claim 1,

wherein said polyolefin is contained in an amount of

from 0.1 part by weight';o 10 parts by weight based on
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t

amount of fro ight to 110 parts by wei ght based on 100 parts:

Qy wei ght of gk gmﬂim th 16. The magnetic toner accopsi.fg.l.o. clajl.m

1, wherein said% «lal is contained in an anmount{ o8Pl AOPMB®T SHEET

parts by weight to 100 parts by wei ght baﬁgd on 100 parts b ' '

[ in. 17. Th tict [ t laim1, h

bi nder resin e magnetic toner according to claim r§3?£§&%%€7
olefin has a{

pol yol efin has a wei ght average nol ecul ar. wei ght of from 2,0
wei ght average nol ecul ar wei ght of from5,000 to 18,000. 19} The magnetic

o~

18. The magnet i c1Q®near o coy dreighto of aaid  biMderiresiri d ppl
toner according to claim1, wherein said polyolefin conprises—a
pol ypropyl ene having a wei ght average nol ecul ar weight of from2,000 to

30, 000. 73 20. The mabdet i the gragneticnriiner tacedrding , tovwlaim Sai d

bi nder resin contains from5%to 30% of a hlgp ol ecul ar wei ght conponent
q&ﬁgﬁgn said magnetic materla is contained in an

present in ther
amount of from 60 parts by weight to 110 parts by
weight based on 100 parts by weight of said binder

resin.

16. The magnetic toner according to claim 1,
wherein said magnetic material is contained in an
amount of from 65 parts by ﬁeight to 100 parts by
weight based on 100 parts by weight of said binder

resin.

17. The magnetic toner according to claim 1,
wherein said polyoclefin has a weight average molecular

weight of from 2,000 to 30,000.

18. The magnetic toner according to claim 1,
wherein said polyolefin has a weight average molecular

weight of from 5,000 to 18,000.

19. The magnetic toner according to claim 1,
wherein said polyolefin comprises a polypropyvlene
having a weight average molecular weight of from 2,000

to 30,000.
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of . a nol ecul ar wei ght of not |ess than 500, 000. 21. The magnetic toner
according to claim 1, wherein said binder resin contains from7%to 25% of
a high nDIecuIar weli ent present in the region of a nol ecul ar
wei ght of not w 2. A magnetic toner conpfTsing—a—biader
resin and a magn i!“ﬁ d bi nder resin conprisin EPLACEMENT SHEET
non- cr ossl i nked neLpoFy a . non- crosa inked styren opo
m xture of these, and a polyol efl n substantially as herei npef gﬁci}; 9e
corrpar 3

with reference to any one of the Exanples but excl uding tHhe
exanpl es.

20. The magnetic toner according to claim 1,
wherein said binder resin contains from 5% to 30% of a
high molecular weight component present in the region

of 2 molecular weight of not less than 500,000.

21. The magnetic toner according to claim 1,
wherein said binder resin contains from 7% to 25% of a
high molecular we_ight component present in the region

“¢f 'a molecular weight of not less than 500,000.

22. A magnetic toner comprising a binder resin and a magnetic
material, said binder resin comprising a non-crosslinked styrene polymer, 2 non-
crosslinked styrene copolymer or a mixture of these, and a polyolefin substantially
as hereinbefore described with reference to any one of the Examples but excluding
the comparative examples.

DATED this EIGETEENTH day of JUNE 1992
Canon Kabushiki Kaisha
Patent Attorneys to the Applicant
SPRUSON & FERGUSON
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ABSTRACT

MAGNETIC TONER AND PROCESS FOR PRODUCING MAGNETIC TONER

A magneﬁic toner which is excellent in the low
temperature fixability and the anti-offset properiies
-_isediscloeed. The binder resin of the toner comp:isee
a non-cfpsslinked styrene polymer; a.non;crosslinked
styrene copolymer qr.a mixture of these, and a
pol&olefin{ wherein;

the binder reein hes, in'its molecular weight

distribution pattern measured by gel permeation
-chromatography (GPC}, at least one maximal point
(peak) 1n ~each reglon of a 1ow molecular weight of
from 5,000 to 20, 000 and of a high molecular weight of.
from 200 000 to 1, 000 000, where a height H1l of a
maximum peak 1n the low molecular weight region, a
height H3 of a maximum peak in the high moleculer
weigh; regioe and a height H2 of a minimal point
between both of seid peaks satisfy the felationship
H1:H2:H3 of 3 - 25 : 1 : 1.5 - 12; and has a weighf
..ave;aee"holeqular weight_Mw and a number average

molecular weight Mn in a value Mw/Mn of from 15 to 80.
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'MAGNETIC TONER AND PROCESS FOR PRODUCING MAGNETIC TONER

_ABSTRACT OF THE DISCLOSURE

-

A magnetic toner which is excellent in the low
temperature fixability and the anti-offset properties
is disclosed. The binder resin of the toner comprises

a non-crosslinked styrene polymer, a non-crosslinked

.styrene copo_lyiner or a mixture of these, and a

polyolefin, wherein; _
the binder_ resin has, in its molecular weight

distribution pattern measured by gel permeation

chromatography (GPC), at least one maximal point
(peak) in each regién of a low molecular weight of
from 5,000 to 20,000 and of a high molecular weight of
from 200,000 to 1,000,000, where a height H1 of a
maximum peak in the. low molecular weight region, a
height H3 of a maximum peak in the high molecular
weight region and a height H2 of a minimal point
between both of said peaks satisfy the relationship
H1:H2:H3 or 3 - 25 : 1 : 1.5 - 12; and has a weight
average molecular weight Mw and a number average
molecular weight Mn in a value Mw/Mn of from 15 to 80.

FIGURE 3



